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ABSTRACT

INVESTIGATING THE INTERACTIONS OF POLY(A)-CORALYNE IN
CROWDED ENVIRONMENTS AND THE EFFECT OF DNA
METHYLATION ON DDD-LYSINE AND DDD-ARGININE
INTERACTIONS

Suvaci, Zeynep
Master of Science, Chemistry
Supervisor: Assoc. Prof. Dr. Ozgiil Persil Cetinkol

January 2022, 98 pages

Poly(A) tail is an essential determinant of mMRNA stability and maturation and is
required for translation initiation. Small molecules recognizing poly(A) tails might
interfere with mRNA processing. Hence, they have the potential to act as therapeutic
agents. Coralyne (COR), a strong poly(A) binder, is shown to induce the formation
of a stable, double-stranded poly(A) self-structure under dilute solution conditions.
Although studies in dilute solutions are very informative, they do not necessarily
reflect DNA structure and stability in vivo. Within the first part of this thesis,
poly(A)-COR interactions under molecular crowding conditions were investigated
to shed light on the behavior of poly(A)-COR in intracellular environments.
PEG200, sucrose, and glycerol were used to mimic the cellular environment. Results
of thermal denaturation experiments revealed a decrease in poly(A)-COR stability,
especially with increasing PEG concentration. CD spectroscopy results confirmed
that while the characteristic spectrum of poly(A)-COR was conserved, it was altered
slightly in the presence of crowding agents, especially PEG. In the second part of

this thesis, the effect of DNA methylation on the interactions of Dickerson



Dodecamer (DDD) with lysine (Lys) and arginine (Arg) amino acids, which are
profoundly found in histones, was investigated. The methylation of cytosines at the
5t position (d5mC) is one of the most common epigenetic modifications and is
believed to alter gene expression. CD spectroscopy results revealed the conservation
of B-form structure upon DNA methylation. Increasing the amino acid
concentrations is found to alter the B-DNA structure, where the effect was
noteworthy in the unmethylated DDD compared to DDD8, which has 8 methylated
cytosines. In addition, the effect of Arg on DNA stability was found to be more

substantial compared to Lys via UV-Vis thermal denaturation experiments.

Keywords: Poly(A), Coralyne, Molecular Crowding, DNA Methylation, Dickerson

Dodecamer
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KALABALIK ORTAMDA POLY(A)-CORALYNE ETKILESIMLERININ
VE DNA METILASYONUNUN DDD-LiZiN VE DDD-ARGININ
ETKILESIMLERINE ETKIiSININ INCELENMESI

Suvaci, Zeynep
Yiiksek Lisans, Kimya
Tez Yoéneticisi: Dog. Dr. Ozgiil Persil Cetinkol

Ocak 2022, 98 sayfa

Poly(A) kuyrugu, mRNA stabilitesi ve olgunlagsmasinin temel bir belirleyicisidir ve
translasyonun baslatilmast i¢in gereklidir. Poly(A) kuyruklarimi tanityan kiigiik
molekiiller mRNA igeren siireclere miidahil olabilirler ve bu nedenle terapétik ajan
olarak kullanilma potansiyeline sahiptirler. Poly(A)’ya gii¢lii bir sekilde baglanan
Coralyne’in seyreltik ¢ozelti kosullar1 altinda kararli, ¢ift sarmalli bir poly(A) 6z
yapisinin olusumunu indiikledigi gosterilmistir. Seyreltik ¢ozeltilerdeki ¢alismalar
oldukca bilgilendirici olsa da in vivo DNA yapisinm1 ve kararliligimi tam olarak
aciklayamamaktadir. Bu tezin ilk boliimiinde, poly(A)-COR’un hiicre ig¢i
ortamlardaki davranmisina 1sik tutmak i¢in molekiiler kalabalik kosullar1 altinda
poly(A)-COR etkilesimleri arastirilmistir. Hiicresel ortami taklit etmek i¢cin PEG200,
stikroz ve gliserol kullanilmistir. Termal denatiirasyon deneylerinin sonuglari
ozellikle artan PEG derisimi ile poly(A)-COR kararliliginda bir diisiis oldugunu
ortaya ¢ikarmigtir. CD spektroskopi sonuglart poly(A)-COR’un karakteristik
spektrumunu korurken, kalabaliklagtirici ajanlarin, 6zellikle PEG’in varliginda

poly(A)-COR yapisinin hafif degistigini dogrulamistir. Bu tezin ikinci boliimiinde,

vii



DNA metilasyonunun Dickerson Dodecamer (DDD) ile histonlarda fazlaca bulunan
lizin (Lys) ve arginin (Arg) amino asitlerinin etkilesimleri {lizerindeki etkisi
aragtirtlmistir. Sitozinlerin 5. pozisyonda metilasyonu (d5mC) en yaygin epigenetik
modifikasyonlardan biridir ve gen ekspresyonunu degistirdigine inanilmaktadir. CD
spektroskopi  sonuglari, DNA metilasyonunun, DNA’nin  B-form yapisin
degistirmedigini ortaya ¢ikartmistir. Amino asit derisimlerinin arttirilmasinin ise B-
DNA yapisinda degisikliklere sebep oldugu ve bu etkinin metillenmemis DDD’de,
8 adet metillenmis sitozin bulunduran DDD8’e kiyasla daha belirgin oldugu tespit
edilmigtir. Ayrica, UV-Vis termal denatiirasyon deneyleri ile Arg’nin DNA

kararlilig1 tizerindeki etkisinin, Lys’ye kiyasla daha fazla oldugu tespit edilmistir.

Anahtar Kelimeler: Poly(A), Coralyne, Molekiiler Kalabaliklasma, DNA
Metilasyonu, Dickerson Dodecamer
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CHAPTER 1

INTRODUCTION

1.1 Nucleic Acids

Nucleic acids are the class of macromolecules that carry genetic code in all living
organisms. They are long chainlike molecules composed of nucleotides as building
blocks. A nucleotide has three components: a nitrogenous base, a phosphate group,
and a pentose (five-carbon) sugar. Phosphodiester bonds link together nucleotides to
form nucleic acids. A nucleoside is formed by a base linked to a sugar molecule
through a glycosidic bond. The nitrogenous bases for coding the genetic information
in deoxyribonucleic acid (DNA) are purines, adenine (A), and guanine (G); and
pyrimidines, cytosine (C), and thymine (T), whereas in ribonucleic acid (RNA) A,
G, C and uracil (U) in place of T [1].

1.2 Structure of DNA and RNA

The structure of genomic DNA was firstly revealed by Watson and Crick in 1953
[2]. According to their report, DNA has a helical structure composed of two
antiparallel strands with H-bonded bases in the core and phosphate groups located
outside of the helix. Forces that give stability to this so-called B-form DNA helical
structure are base stacking (hydrophobic forces), H-bonding between bases, and
ionic interactions. Watson-Crick base pairs were defined in this report for the first
time as A base pairs with T and G base pairs with C. Base pairing is given in Figure
1.



() \
< M
/N /A\N ------- H—N T\
o} \R
() o H_N/H
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T N—H-------- O/>7N\R
H/

Figure 1. Watson-Crick base pairing. (a) A base pairs with T, (b) G base pairs with
C. Dotted lines represent the H-bonding.

1.3  The Central Dogma

The Central Dogma, first stated by Francis Crick in 1958 [3], is an explanation of
flow of information within the living organisms. Crick originally hypothesized that
in all living cells, including human cells, the flow of information is from DNA to
RNA to proteins. Even though, it was revised in 1970’s by Crick, the Central Dogma

of molecular biology is still valid today guiding many scientists [4].

replication

n transcription 4 %  translation _

Figure 2. The Central Dogma of Molecular Biology



The first process in the Central Dogma is the DNA replication. DNA replication is
the process in which two identical DNA strands are produced in a semi-conservative
way [5]. DNA is made up of two strands that are in opposite directions. These strands
are separated during the replication process, and new daughter DNA strands are
synthesized from the parent DNA molecule. DNA replication occurs in all living
organisms and is the most critical element of biological inheritance. This process is
also essential for cell division during damaged tissues' growth and repair
mechanisms [2,6,7].

The transcription is the process of copying a region of DNA into an RNA molecule.
The segments copied into messenger RNA (mRNA) are later utilized mostly to
synthesize proteins. Other regions copied into RNA are called non-coding RNAs
(ncRNAs). The transcription process has three stages; initiation, elongation, and
termination [8].

The translation process is the event of decoding the genetic information found within
the mRNA molecule to generate a specific sequence of amino acids in a polypeptide
chain. Translational machinery reads the ribonucleotides in a series of nucleotide
triplets (codons). One triplet encodes one specific amino acid. It occurs in the
cytoplasm of the cell. Similar to the transcription process, translation has initiation,

elongation, and termination steps [9-11].

1.3.1 Post-Transcriptional Modifications

At the end of the transcription process, immature mRNA (precursor mRNA, pre-
MRNA) is produced. Post-transcriptional modifications are essential for the pre-
mRNA’s maturation, stability, and degradation. These modifications can be divided

into three parts; splicing, 5’-capping, and polyadenylation [12,13].



1.3.1.1  Splicing

The process of removal of introns (non-coding sequences) and ligation of exons
(coding sequences) in order is called constitutive splicing. Alternative splicing is the
process that includes skipping specific exons and producing various forms of mature
mMRNA. This concept was first proposed in 1978 by Gilbert [14]. The mechanism
explains the difference between the number of generated proteins and the number of
protein-coding genes in humans [15].

The essential and fundamental role of alternative splicing in biological systems has
been reported in the literature [16]. Higher eukaryote species have been shown to
have a higher fraction of alternatively spliced genes, implying that the mechanism
has played a significant role in evolution. Alternative splicing is involved in various
biological events throughout an organism's existence [17]. Conserved and species-
specific splicing is very critical in differentiation of species and genome evolution
[18].

1.3.1.2  5°-Capping

After initiation of the transcription process, a 5’ cap (also called RNA m’G cap, RNA
cap, or RNA 7-methylguanosine cap) is added to the first transcribed nucleotide,
forming a 5°-5’-triphosphate bond. This cap contains a 7-methylguanosine
(methylated guanosine at 7™ position) residue at the terminal position. 5’-capping is
essential for the protection of mMRNA from phosphatases and other nucleases at the
terminal position. The process also acts as a promoter for initiating the translation
event [19].

1.3.1.3  Polyadenylation

All eukaryotic and prokaryotic mRNAs have a long adenosine chain at their 3’- end
that is synthesized by poly(A) polymerase (PAP) at the end of the transcription



process. This sequence contains about 200-250 repeats of adenosines and is called
the poly(A) tail. The poly(A) tail is essential for nuclear transportation, mRNA
stability, and translation process initiation [20,21]. Prokaryotic poly(A) tails are

usually shorter than that of eukaryote’s [22].

1.3.2 Targeting Poly(A) with Small Molecules

It has been reported that the poly(A) tails of mMRNA may represent a tumor-specific
target since the discovery of the overexpression of Neo-PAP, a human PAP, in
human cancer cells, compared to normal cells [23-25]. Several molecules have been
found to bind poly(A) with high affinity and selectivity (Figure 3) [25-28]. These
molecules mostly have four fused six-membered rings and crescent shapes. For
instance, coralyne (COR) and palmatine have dimethoxy groups, and berberine and
sanguinarine have methylenedioxy groups. Stable self-structure formation is induced

by coralyne and sanguinarine upon their binding to poly(A) [25,27].

The binding of coralyne and sanguinarine and self-structure formation of poly(A) is
similar to that of poly(dA) upon binding of COR. The self-structure of poly(dA)
formed in the presence of COR is an antiparallel duplex that is most stable under
neutral pH conditions [29]. On the other hand, the parallel duplex structure of

poly(A) is hemi-protonated and stable only under slightly acidic conditions [25].
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Figure 3. Chemical structures of (a) coralyne, (b) berberine, (c) palmatine, (d)
sanguinarine.

1.3.21  Coralyne and Its Binding to Poly(A)

Coralyne (2,3,10,11-tetramethoxy-8-methylisoquinolino[2,1-b]isoquinolin-7-ium)
is a proto-berbinium alkaloid, a class of isoquinoline alkaloid family related to the
benzo[c]phenanthridines. A unique structural feature is present in this alkaloid which
is a quaternized nitrogen atom at a bridgehead position in the tetracyclic fused ring
system. COR has been reported to show significant antitumor activity against both
P388 and L1210 leukemias in mice [30]. The activity together with relatively low
toxicity has emerged an interest in this compound. The binding of COR to many
nucleic acid structures was reported previously [31-34]. COR binds to triplexes more
favorably than duplexes. The reason is that the shape of Pu-Py-Pu base triplets
matches the shape of COR more closely than that of Watson-Crick base pairs. Also,
COR binds preferentially to poly(dA) than Watson-Crick DNA [31]. The binding of
COR to DNA triplexes occurs through intercalation [33,35]. Intercalators bind to
nucleic acids by obeying the nearest neighbor exclusion principle. The binding of an
intercalator between base pairs prohibits the binding of another intercalator between

the next base pair, or neighboring binding site, according to this principle. The



reasons of an intercalating molecule to be unable to bind to a binding site that is
already occupied by an intercalator are not known; it could be steric factors, changes
in DNA structure caused by the first molecule's binding, electrostatic changes in
DNA structure, or repulsion between two closely-placed intercalators. For the first
time in 2005, Xing et al. reported that the COR binds preferentially and strongly to
poly(A) and induces the formation of a duplex structure. Also, they determine the
binding constant of COR to poly(A) at pH 7.0 as 1.8 x 10® M [25]. After that, in
2009, Persil Cetinkol determined -by using a different method- that COR binds with
the highest affinity to poly(A) among other poly(A) binding small molecules which
were acquired [36]. According to their results, the binding affinity of COR to poly(A)
was even higher. Then, several studies were conducted especially in sensor area by
taking advantage of poly(A)-COR interactions [37-40]. All these works conducted
under dilute aqueous conditions. Even though they are informative in
thermodynamic and kinetic findings, they do not reflect the in vivo conditions in a

complete and absolute manner.

1.4 Molecular Crowding

Various oligonucleotide technologies benefit significantly from quantitative data of
nucleic acid interactions. The efficiency and stability of nucleic acid structures are
determined by the strength of interbase H-bonding and base stacking. Hydration is
also an important determinant of nucleic acid stability because water and cations are
associated with polar purine and pyrimidine bases and the negatively charged
phosphate backbone. The composition of the solution in which the nucleic acid is
present significantly affects the dissociation or association of water molecules and
ions, consequently, the base-pairing formation [41-44]. Watson-Crick base pairing
stability has been studied extensively in dilute aqueous solutions containing salts
[45-48]. According to the thermodynamic data obtained, accurate predictions could
be made about the secondary structures of sequences [49-51]. The energy

characteristics of oligonucleotide sequence design are crucial. In addition,



incorporating the chemical modification data helped improve the predictions for
large RNA sequences. The prediction parameters found for RNA*DNA hybrid
duplexes [46,52,53] can be utilized as a guideline for developing antisense DNA
sequences as an example of mRNA targeting treatments employing antisense

oligonucleotides.

Living cells are composed of several organelles, biomolecules, soluble and insoluble
components [54-59]. Biomolecules occupy up to 40% of the cellular volume [60].
Cations are also present in cells, and they play important roles in regulating the
biological functions of nucleic acids [43,61,62]. Crowded conditions of the cell
significantly affect the activity coefficients and the chemical potentials of
biomolecules due to the excluded volume effect. The physical properties such as
viscosity, osmotic pressure, and dielectric constant differ for crowded and dilute
solutions [59]. Hence, the stability and structure of biomolecules are different

according to the changes in the physical properties of the environment.

15 Chromatin Structure

DNA is a heteropolymer that is both lengthy and strongly charged. It has one
elementary negative charge per 0.17 nm of the double helix on average. The diameter
of DNA is roughly 2 nm, yet the length of a stretched single molecule, depending on
the organism, might be several dozens of centimeters [63]. The size of the DNA
molecule in eukaryotes is substantially larger than the size of the DNA in viruses and
bacteria [64].

DNA is organized in nucleoprotein particles called nucleosomes, which are only the
first level of DNA packing. A nucleosome is a structure that has 147 base pairs
wrapped around an octamer of histone proteins containing two copies of H2A, H2B,
H3, and H4. These polynucleosomal arrays are seen as “beads on a string” with
electron microscopy in which the string is the DNA, and the beads are nucleosomes

[65]. Individual nucleosomes are distinguished by many characteristic properties.



For instance, the position of a nucleosome concerning the underlying genomic
sequence impacts the accessibility of regulatory regions. Hence nucleosome’s
translational position can have a significant regulatory impact [63]. A chromatin is
the structure whose repeating unit is nucleosome. The nucleosomal structure of
chromatin is an effective packing strategy that allows chromosomal DNA to be
densely packed and tightly condensed to the lowest level while maintaining full

access to its specific regions for highly regulated expression [66].

Additionally, histones come in several isoforms that combine to generate a variety
of octamers. They can also undergo multiple covalent modifications. Since the
discovery of the nucleosome's fundamental structure in 1974, the importance of
chromatin structure has been understood in many different functions, including
recombination, transcription, cell cycle control, and cancer. Furthermore, although
it is widely assumed that at least some parts of chromatin architecture are

epigenetically inherited, this is not as well established as many believe [67].

1.6 Epigenetics

Epigenetics is a relatively recent field that refers to the regulation of gene expression
without changes in the DNA sequence and with a heritable pattern during cell
division. Progresses in this field were mainly made by using the data of normal and
diseased tissues [68,69]. In fact, these modifications are reversible and play an
essential role in the evolution of numerous disorders including neurodevelopmental
disorders (multiple sclerosis, epilepsy, Parkinson’s, Alzheimer’s, and Huntington’s
diseases) [69,70], and autoimmune disorders (type 1 diabetes, lupus erythematosus,
and rheumatoid arthritis) [71-73]. The main types of epigenetic modifications are

DNA methylation, non-coding RNAs, and histone modifications.



1.6.1 DNA Methylation

DNA methylation involves the covalent attachment of a methyl group to the 5%
carbon of cytosine (d5mC) via the catalysis of DNA methyltransferases (DNMTS)
[74]. dSmC makes up 1% of the human genome’s nucleic acids with the fact that the
brain has some of the greatest levels of DNA methylation of any tissue in the body,
[75]. A partial widening in the major groove and a partial narrowing in the minor
grove provided by methyl groups are observed as a result of the methylation of
cytosine residues. The sterically hindered methyl groups were positioned close to the
phosphate backbone in the major groove. This situation is thought to limit the weak
interactions of DNA with histone proteins. As interactions decrease, unpacking of
the nucleosome becomes more manageable, and DNA becomes more accessible
[76,77]. Moreover, due to the hydration of cytosines, the 3D structure of DNA
recognition regions may be changed. With this chance, recognition of cytosines by
polar groups in DNA-binding proteins might be highly affected [77,78]. DNA
methylation predominantly occurs in CpG islands, which are cytosines preceding a
guanine nucleotide. CpG islands are about 1000 bp long sections of DNA with a
higher CpG density than the rest of the genome yet are frequently unmethylated [79].
Most of the CpG islands are initiation sites starts [80]. CpG islands appear to be
conserved sequences to promote gene expression by regulating the structure of
chromatins and binding of transcription factors. Nucleosomes are tiny, packed pieces
of DNA that are wrapped around histone proteins on a regular basis. DNA becomes
less permissive for gene expression as it becomes more closely bound with histone
proteins. CpG islands have fewer nucleosomes than other DNA regions, which is
one of its most distinguishing characteristics [81-83]. Very few of the CpG islands
are methylated throughout embryonic development, resulting in transcriptional
silencing of the associated genes. Methylation of CpGs is thought to have an
essential role in regulating tissue-specific gene expression [84-88], X chromosome
inactivation [89], silencing retroviral elements [90], and genomic imprinting [91—
93].
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1.6.2 Non-Coding RNAs

Non-coding transcribed regions, or non-coding RNAs, have been implicated as
crucial participants in a variety of gene regulation mechanisms [94,95]. It was
recently discovered that eukaryotic genomes transcribe up to 90% of genomic DNA,
including a large number of RNAs with no coding ability, using second-generation
sequencing methods such as RNA-Seq [96], tiling arrays [97,98] and whole
transcriptome analyses [99]. Furthermore, these new technologies revealed that
eukaryotic genomes are highly dynamic, with numerous structural changes emerging
in normal cells, such as large deletions and insertions [100]. Until recently, it was
considered that eukaryotic genomes contained just a small number of protein-coding
genes (2-3%) and a few non-coding RNAs (ncRNAs) that functions in protein
translation, such as ribosomal RNAs and transfer RNAs. Yet, many long ncRNAs
related to chromatin modifications [101,102], small RNAs transcribed from
promoter regions [103], and bidirectional promoters generating ncRNAs of various
sizes [104,105] have recently been discovered. There has also been evidence of
widespread transcription of repetitive sequences [106,107] and noncoding RNAS
produced by mitochondrial DNA [108]. MicroRNAs (miRNAS), Piwi-interacting
RNAs (piRNAs), small RNAs, and long or large RNAs (IncRNAS) are the types of
ncRNASs with different functions [109].

1.6.3 Histone Modifications

Histone proteins, together with DNA, form the nucleosomes, the basic building
blocks of chromatin. As the essential subunits of chromatin, nucleosomes, include
octamers of histones H2A, H2B, H3, and H4, as described in section 1.5. And these
proteins are among the most evolutionarily preserved proteins known [110,111]. In
eukaryotic cells, this preservation reflects the invariant way that DNA is wrapped
around the histone proteins [112]. Besides histone proteins, histone tails are

hypothesized to interact with DNA and neighboring nucleosomes in a secondary and
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more flexible manner, allowing for dynamic changes in the accessibility of the
underlying genome [113]. Histones proteins are highly basic and abundant in lysine
and arginine residues [114,115]. Post-transcriptional modifications (PTMs) of
histones (methylation, acetylation, phosphorylation, and ubiquitylation) construct an
epigenetic layer with DNA methylation [116-118], affecting gene transcription.
Acetylation of histones at lysine residues is often linked with transcriptionally active
genes, while lysine methylation, depending on the specific site and degree of
methylation, causes gene activation or repression [116,117,119]. Changes in histone
PTMs and their interactions with other nuclear proteins on gene promoter regions
may result in very stable epigenetic modifications that affect chromatin structure. As
a result, long-term gene expression dysregulation and disease progression may occur
[120].

1.7 DNA-Protein Interactions

Protein recognition of DNA and particular interactions of these proteins with the
nucleic acid bases of DNA are required for the basic functions of living cells such as
growth, differentiation, maturation, and so on. The complicated interplay of non-
covalent contacts is at the heart of biomolecular recognition. These include canonical
hydrogen bonds, electrostatic and van der Waals interactions, as well as non-
canonical interactions such as cation—r interactions, CH-m interactions, and
stacking. Many of these non-covalent interactions guide the recognition principles
of protein—protein and protein—~DNA interfaces. The cation—r interactions are found
to be operational between a side chain carrying a positive charge, such as arginine
(Arg), lysine (Lys), or a side chain carrying a partial charge, such as asparagine (Asn)
or glutamine (Gln), and a © system, among the non-canonical interactions. The =
system might be a nucleic acid base or an aromatic ring of phenylalanine (Phe),
tyrosine (Tyr), tryptophan (Trp), or histidine (His) [121]. Many ligand-receptor
interactions in proteins are recognized by cation — & interactions [122]. Cation —«t

interactions, ® — 7 stacking, and hydrogen bonds were discovered as molecular
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determinants of ATP binding in proteins [123]. The presence of the cation — =
interaction between a divalent cation like Mg?* and DNA bases has previously been
demonstrated [124]. The cation — & interaction has been identified as having a role
in the specificity and stability of the protein — DNA interface [125,126]. H2A, H2B,
H3 and H4 are small, positively charged proteins. Because the phosphate groups in
DNA’s sugar-phosphate backbone are negatively charged, histone proteins bind to
DNA very tightly [111].

1.8  Purpose of the Study

The first part of this thesis focuses on revealing the effects of molecular crowding

on poly(A) double helical structures in the presence of COR.

It is known that both DNA and RNA can transform into unusual nucleic acid
structures that can act as switches that respond to parameters such as temperature,
pH, ions, and small molecules [127-132]. RNA is similarly known to form more
diverse, higher-order structures, including the homopolymer duplex formed by
poly(rA), first described by Rich, Davies, Crick, and Watson [133]. The long poly(A)
tail is an important determinant of mRNA stability and maturation and is required
for translation initiation [20,21]. Poly(A) polymerase (PAP) catalyzes the synthesis
of poly(A) participates in an endonucleolytic cleavage step and is a key factor in the
polyadenylation of the 3’-end of mMRNA. Neo-PAP, a human PAP, is significantly
overexpressed in human cancer cells compared to its expression in normal or virally
transformed cells [23] and may represent a tumor-specific target. Drugs that can
recognize and bind to single-stranded A-rich regions of mMRNA may interfere with
the full processing of mMRNA by PAP and represent a new type of potential

therapeutic agent.

Despite many studies examining the interactions of small molecules with nucleic
acids, little is known about the recognition of single-stranded, A-rich RNAs by small

molecules. Depending on solution conditions such as pH, salt, and temperature,
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poly(A) can adopt a parallel double-stranded conformation created by the
involvement of adenine bases at the N1 position [133-136]. The formation of such
structures has strengthened the hypothesis of the existence of double-stranded
poly(A) in eukaryotic cells. The termination of the polyadenylation process is
thought to occur with the formation of the double-stranded poly(A) structure [137].
Therefore, the transition of poly(A) from a single-stranded to a double-stranded
structure is of great importance for nucleic acids in terms of the structure-function
relationship. Small molecules that can bind strongly to double-stranded poly(A) may
be an opportunity to modulate double-stranded poly(A) and nucleic acid structure-
function relationships of single-stranded poly(A). It was reported in the studies of
Giri and Kumar in 2008 [138] as well as Xing et al. in 2005 [139] that COR binds to
poly(A) and stabilizes the resulting double helix structure. In these studies, the
stoichiometry of the binding was determined as four nucleotides per one coralyne
molecule. Moreover, thermodynamic parameters showed that the binding is
exothermic and both enthalpy and entropy driven, typically intercalative binding.
The ability of this alkaloid to interpolate and stabilize the double helical structure of
poly(A) has made it clear that this alkaloid will be an important agent for its
therapeutic potential. Coralyne's therapeutic potential is also enhanced by its binding
to other nucleic acids. It has been proven by studies that Coralyne binds T*A-T triple
helices, transforms duplex poly(dT)spoly(dA) into triplex
poly(dT)*poly(dA)*poly(dT) and stabilizes triplex structures [33,140-142].
However, all these studies were carried out using very dilute solutions prepared in
vitro. The existence of these structures and how their formation mechanisms will
respond in case of molecular crowding, similar to intracellular conditions, have not
been studied before and are not available in the literature. It has a great importance
to examine the double helix structure formed by poly(A), which acts as a key factor
in gene expression, in the presence of molecular crowding, apart from in dilute
aqueous vitro studies. Consequently, we aimed to design crowded environments for

the formation of self-structure of poly(A) in the presence of COR by using
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polyethylene glycol (PEG, MW 200), sucrose and glycerol (Figure 4) as crowding

agents.

Figure 4. Chemical structures of (a) PEG, (b) sucrose and (c) glycerol.

The second part of this thesis focuses on the effects of DNA methylation on DNA-

amino acid interactions.

In eukaryotic cells, DNA is packaged into a structure called a nucleosome. This
structure acts as a barrier that prevents or enables replication, transcription, and
repair. For DNA in the nucleosome to become available, nucleosome stability must
be reduced. Studies have shown that the more flexible nature of DNA, the stronger
the attachment of histone proteins to the structure formed [74]. The formation of 5-
methylcytosine can prevent alterations in the 3D structure. The methyl group gets
close to the phosphodiester bonds and prevent structural changes [77], reduce DNA
flexibility and nucleosome stability, prevent transcription activators from binding to
promoters and ensure gene regulation by binding their repressors, and as a result, it

can cause gene silencing [76].

It is known that DNA-protein interactions depend on the degree of methylation of
DNA, but the mechanisms by which proteins recognize and bind to DNA are not yet
fully understood. The first observed results of the studies are the effects of cytosine
modifications on the geometry, dynamics and thermal stability of the DNA helix. It
was understood by observing the increase in melting temperatures of long DNA helix

structures that cytosine modifications stabilize the DNA helix. However, in shorter
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DNA helix structures, smaller changes were observed as the result of modifications.
In the thermal denaturation temperatures of these double helical structures, only a
few degrees of temperature increase was observed as a result of methylation,
depending on the sequence [143]. It is thought that possible causes of thermal
stability resulting from modifications may be due to changes in enthalpy, entropy or
Gibbs free energy [144]. The smallest change in Gibbs free energy (hence the DNA
melting temperature) may be the result of large changes in enthalpy and entropy. For
this reason, observing the change in the thermodynamic properties of DNA by
methylation will give better results than observing the change in thermal stability
alone [143]. With this thesis, we created a model system in order to follow the effects
of DNA methylation on interactions of Dickerson Dodecamer with positively
charged amino acids, Lys and Arg (Figure 4). We aimed to observe the alterations in
the thermal stability of DDD and methylated DDD (DDD8) upon their interactions
with Lys and Arg.

Figure 5. Chemical structures of (a) lysine and (b) arginine.
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CHAPTER 2

MATERIALS AND METHODS

2.1 Investigating the Interactions of Poly(A)-COR in Crowded

Environments

211 Sample Preparation

The poly(A) sequence used in the experiments was purchased from Boehringer
Mannheim (West Germany) and Coralyne Chloride (C22H22CINOs, COR) was
purchased from Sigma Aldrich (USA). The concentration of the stock solution of
poly(A) was calculated by UV-vis absorption spectroscopy using the molar
extinction coefficient poly(A); e258 = 9800 M cm™ nucleotide™ [25]. COR stock
solution was prepared in Millipore water, and its concentration was determined by
UV-vis spectroscopy using the molar extinction coefficient value of €420 = 14500 M"
Lem L. All of the samples contained 1X BPE buffer with 20 mM NaCl salt at pH 7.0
[36]. The buffer and salt solutions preparations were described in Appendix A.
Concentration of poly(A) was 30.0 uM in all samples. For the samples containing
COR, poly(A):COR ratio of 4:1 (nucleotide:molecule) was used, hence the
concentration of COR in these samples was 7.5 pM. PEG200, sucrose, and glycerol
were purchased from Sigma Aldrich (St. Louis, MO, USA). 60 % (w/v) stock
solutions of PEG200, sucrose, and glycerol were prepared, and required amounts

were added to samples to reach the desired concentrations of crowding agents.
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21.2 UV-Vis and CD Absorption Experiments

UV-Vis and CD absorption experiments were performed via UV-vis absorption
spectroscopy (Agilent Technologies Cary 8454) and CD spectroscopy (JASCO J-
1500 spectropolarimeter) with CTU-100 Circulating Thermostat Unit. UV-Vis
absorption spectra of the samples were collected between 190 nm and 800 nm. CD

spectra of the samples were collected between 200 nm and 400 nm at 5°C and 15°C.

2.1.3 UV-Vis Thermal Denaturation Experiments

Thermal denaturation experiments were performed via UV-vis absorption
spectroscopy (Agilent Technologies Cary 8454) with Peltier Temperature Control
Unit. The UV-Vis thermal denaturation experiments were carried out by changing
the temperature between 15°C and 95°C with 2°C/min increments. Thermal
denaturation experiments were performed for all of the samples whose descriptions

were given in section 2.1.1. Igor Pro software was used for the data analysis.

2.1.4 Fluorescence Experiments

COR itself is a fluorescent molecule, and fluorescence experiments were performed
with the samples containing COR. The parameters for the fluorescence
measurements were: Emission spectra were collected from 425 to 650 nm, the
excitation wavelength was 420 nm, excitation and emission slits: 5.0 nm and 5.0 nm,

operation 600 V, scan rate 600 nm/min.
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2.2 Investigating the Effects of DNA Methylation on DDD-Lysine and
DDD-Arginine Interactions

2.2.1 Sample Preparation

The Dickerson Dodecamer (DDD) and the methylated Dickerson Dodecamer
(DDD8) sequences used in these experiments were purchased from Integrated DNA
Technologies (IDT, Leuven, Belgium). DDD and DDD8 sequences are given in
Appendix C. The concentrations of stock solutions of DDD and DDD8 were
calculated with UV-Vis absorption spectroscopy by using the molar extinction
coefficients DDD; £260=110700 M* cm™ and DDD8; £260=103900 M cm™. In order
to ensure that the secondary structures of DDD and DDD8 were correct, each
oligonucleotide was heated at 95°C for 3 minutes and allowed to cool to room
temperature overnight. L-Arginine monohydrochloride (CeH14N4O2.HCI) and L-
Lysine monohydrochloride (CsH14N202.HCI) were purchased from Alfa Aesar,
ThermoFisher (Kandel, Germany). All of the samples were prepared in 1X BPE
buffer with 185 mM NaCl salt at pH 7.0. The preparations of the buffer, salt, and
amino acid stock solutions were described in Appendix A. Concentrations of DDD
and DDD8 were 30.0 uM (base pair) in all samples. Concentrations of amino acids

in samples were given in figure legends.

2.2.2 UV-Vis and CD Absorption and Thermal Denaturation

Experiments

Absorption experiments were performed via UV-Vis absorption spectroscopy
(JASCO V-730 spectrophotometer) and CD spectroscopy (JASCO J-815
spectropolarimeter). The UV-Vis thermal denaturation experiments were carried out
by varying the temperature between 15°C and 85°C with 1°C/min increments.

Thermal denaturation experiments were performed for all of the samples described
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in section 2.2.1. Data obtained during thermal denaturation experiments were

analyzed by using Igor Pro software.
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CHAPTER 3

RESULTS AND DISCUSSION

3.1 Investigating the Interactions of Poly(A)-COR in Crowded

Environments

311 UV-Vis Absorption and Circular Dichroism Measurements

UV-Vis absorption spectra are usually used for demonstrating the binding of ligands
to nucleic acids. As COR binds to poly(A), a redshift is observed in the UV-Vis
absorption peaks of the COR due to the n-n stacking of the COR with the adenine
bases [25,145-148]. Figure 6 shows the UV-Vis absorption spectra of poly(A) in the
absence and presence of COR. In Figure 6, the green line represents COR, and the
red line represents poly(A). The addition of COR to the poly(A) sample is
represented with the blue line. As can be followed with the red line, poly(A) exhibits
absorption maxima at 260 nm. COR has several peaks in the UV-Vis range. Yet, its

peaks between 400 and 450 nm becomes more distinct upon addition of COR to
poly(A).
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Figure 6. UV-Vis absorption spectra of poly(A), COR and poly(A) + COR
samples.
Similarly, Circular Dichroism Spectroscopy is widely used in investigating small
molecule-nucleic acid interactions [149,150]. Its working principle is based on the
differential absorption of left and right circularly polarized light. Optically active chiral
molecules such as nucleic acids will preferentially absorb one direction of the circularly
polarized light. Then, the difference between the absorption of the left and right
polarized light is measured. CD is generally measured in ellipticity (0), with units of
millidegrees (mdeg). Since COR is an achiral molecule, it does not give rise to a
particular CD signal. However, the presence of interactions between an achiral molecule
and nucleic acids can induce chirality in the small molecule’s structure, resulting in the
formation of a new CD band. Induced CD bands, between 290 and 350 nm, can be seen
only upon binding of COR to poly(A) [25,36]. Therefore, these bands can be followed
in assessing poly(A)-COR interactions. In figure 7, the green line represents the COR,
and the red line represents poly(A). The addition of COR to poly(A) demonstrated by
the blue line results in the appearance of induced CD bands between 290 nm and 350
nm. With the appearance of these induced CD bands, it is confirmed that COR binds to
the chiral environment of poly(A). Also, the characteristic CD spectrum of poly(A) did
not change upon addition of COR [36,139]. CD bands belonging to poly(A) are observed
at 264 nm, 248 nm, 220 nm, and 205 nm. Intensities of the two maxima at 264 nm and
220 nm were determined as 17.8 mdeg and 7.25 mdeg, respectively. With the addition

of COR to poly(A), intensities of these maximum points decreased to 10.25 mdeg and
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3.32 mdeg, respectively. Also, ellipticity value on the minimum point at 248 nm was -
12.63 mdeg. Adding COR to the poly(A) was resulted in a decrease in the ellipticity to
-7.17 mdeg. Reports in the literature indicates similar changes in CD spectra with the
addition of COR to poly(A) [25,36].

Ellipticity (mdeg)

Ellipticity (mdeg)

— paly(A)
= coralyne
= poly(A) + coralyne

[ | T 1
200 250 300 350 400
Wavelength (nm)

Figure 7. CD Spectra of poly(A) and COR samples. The inside spectra were
obtained by expanding the wavelength range from 300 nm to 350 nm.

In order to understand the effect of molecular crowding, poly(A) + COR samples
with varying concentrations of PEG were prepared. The change in UV-Vis
absorption spectra upon addition of different concentrations of PEG onto poly(A) +
COR can be observed in Figure 8. With the addition of increasing concentrations of
PEG, a gradual increase in the absorbance of poly(A) at 260 nm was observed mainly
due to absorbance of PEG [151]. No other significant change was observed in the
UV-Vis spectrum of poly(A) + COR upon addition of PEG. CD spectra of the same
samples are given in Figure 9. As the concentration of PEG is increased, a gradual
increase in the CD spectra of the samples at around 340 nm is observed. Poly(A)
maintained its characteristic spectrum in the presence of both COR and PEG. The
maximum point at 220 nm which belongs to poly(A) + COR sample (the red line)
has the ellipticity value of 3.45 mdeg. With the addition of 5% PEG to this sample
(the yellow line), ellipticity decreased to 2.28 mdeg. On the other hand, addition of
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10% (the green line) and 20% (the blue line) PEG to poly(A) + COR sample resulted
in increases in the ellipticity values to 5.53 mdeg and 13.71 mdeg, respectively. In
addition, 2 nm shift in the wavelength of maximum absorbance to 218 nm was
observed in the spectra of both poly(A) + COR + 5% PEG and 10% PEG. The
greatest change in the ellipticity upon addition of PEG was seen at this wavelength.
Moreover, the minima at 248 nm of poly(A) + COR sample has the ellipticity value
of -7.17 mdeg. With the addition of 5%, 10% and 20% PEG, the ellipticity was
lowered to -3.81 mdeg, -3.38 mdeg and -6.39 mdeg, respectively. Addition of PEG
was resulted in the 1 nm wavelength shift to 249 nm for all three samples.
Furthermore, the poly(A) + COR sample has another maximum point at 264 nm with
ellipticity of 10.26 mdeg. 5% and 10% PEG containing samples have decreased
ellipticities of 4.61 mdeg without a shift in that wavelength. Addition of 20% PEG
shifted the wavelength of the maxima to 265 nm and resulted in the ellipticity value
of 6.32 mdeg. Induced CD peaks of poly(A) + COR sample were increased with the
addition of increasing concentrations of PEG. Between 260 nm and 360 nm, induced
CD bands were observed due to the binding of COR to the chiral environment of
poly(A). At 322 nm, ellipticity of poly(A) + COR sample was determined as 0.37
mdeg and at 335 nm, it was 0.73 mdeg. Addition of increasing concentrations of
PEG gradually raised the ellipticity values at both wavelengths. Ellipticity values
were increased to 1.10 mdeg and 1.51 mdeg with the addition of 5% PEG, to 1.42
mdeg and 2.10 mdeg with the addition of 10% PEG and to 3.06 and 4.51 mdeg with
the addition of 20% PEG, at 322 nm and 335 nm, respectively for all of the samples.
The intensity in the CD spectrum increased the most with the addition of 20% PEG

at around 325 nm.
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Figure 8. Change in UV-Vis absorption spectra of poly(A) + COR sample upon
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Figure 9. Change in CD spectra of poly(A) + COR sample upon addition of

different concentrations of PEG.

In Figure 10, a change in UV-Vis absorption spectra upon addition of different
crowding agents to poly(A) + COR is shown. Poly(A) sample containing COR was

represented with the red line. Green, yellow and blue lines represent the addition of

20% PEG, sucrose, and glycerol, respectively. The addition of crowding agents
increases the absorption of poly(A) at 260 nm. The most significant increase was

observed with the addition of 20% sucrose to the poly(A) + COR sample. Figure 11
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shows the change in CD spectra upon addition of different crowding agents to the
poly(A) + COR sample. Again, the poly(A) sample containing COR represented by
the red line. As seen in the spectra, poly(A) kept its characteristic spectrum due to
the addition of crowding agents. At 200 nm, the maximum point of poly(A) + COR
sample has an ellipticity value of 3.64 mdeg. Addition of sucrose (the yellow line)
and glycerol (the blue line) decreased the intensity of the CD peaks to 2.33 mdeg and
1.21 mdeg, respectively with 2 nm shift in the wavelength to 222 nm. On the other
hand, the addition of PEG (the green line) significantly increased the ellipticity to
13.88 mdeg. The ellipticity minima at 248 nm of the poly(A) + COR is -7.59 mdeg.
With the addition of 20% PEG and glycerol to this sample, intensity decreased to -
6.72 mdeg and -7.03 mdeg while addition of sucrose raised it to -8.72 mdeg without
a shift in the wavelength. Another maxima, at 264 nm, was observed in the spectrum
of the poly(A) + COR sample with an ellipticity of 11.19 mdeg. Addition of
crowding agents was resulted in the following decreased ellipticity values; 7.04
mdeg with PEG, 10.84 mdeg with sucrose, and 7.57 mdeg with glycerol. The greatest
decrease was observed with the addition of PEG where sucrose had the lowest effect
on the intensity. Induced CD peaks of poly(A) + COR sample at 322 nm and 336 nm
have the ellipticities of 0.55 mdeg and 0.62 mdeg, respectively. Ellipticity values were
raised to 3.00 mdeg and 4.43 mdeg with the addition of PEG, to 1.12 mdeg and 2.02
mdeg with sucrose and to 2.27 and 3.57 mdeg with glycerol, at 322 nm and 336 nm,
respectively for all of the samples. It can be seen in the spectra that the lowest effect was
obtained with the addition of 20% sucrose. The CD profile of the sample containing
sucrose is very similar to that of poly(A) + COR. In fact, even the induced peaks are
very weak. Furthermore, the peak associated with the binding of COR to poly(A) at
around 325 nm was observed in each spectrum. With the addition of 20% PEG to
poly(A) + COR sample, the intensity was increased the most among the addition of
crowding agents. These results indicate that the addition of PEG alters the nucleic
acid structure and affects interactions of poly(A) with COR more than sucrose and

glycerol.
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Figure 11. Change in CD spectra of poly(A) + COR sample upon addition of

3.1.2

different crowding agents.

UV-Vis Thermal Denaturation Experiments

Thermal denaturation (melting) is a commonly used method performed by breaking

the base stacking interactions and hydrogen bonds via heating to observe and

determine the nucleic acid's stability via melting temperature (Tm) determination. An

increase in the Tn indicates the increase in the thermal stability of the nucleic acid

structure. In this part of the study, we aimed to demonstrate the effects of crowding
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agents on the thermal stability of poly(A) double-helical structure, which is formed
in the presence of COR.

In practice, poly(A) does not have a thermal denaturation profile since its structure
is a random coil. However, with the intercalation of the COR, it forms a double-
stranded helical structure [36,139]. Figure 12 demonstrates the thermal denaturation
of poly(A) in the absence of COR. Red and blue lines represent the heating and
cooling curves, respectively. As expected, the profile, due to the unstacking of the
random coil poly(A) structure, was not suitable to determine a melting temperature
for this sample. On the other hand, in Figures 13 and 14, a broad melting profile was
observed with the addition of COR to poly(A). The red and blue lines represent the
heating and cooling curves in both figures, respectively. Thermal profiles were also
performed at 420 nm, where the absorption of COR occurs. From Figure 13, Tm was
determined as 81°C (melt at 260 nm). From Figure 14, it was determined as 85°C

(melt at 420 nm) using the normalized absorbance values.
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Figure 12. UV-Vis thermal denaturation profiles of 30.0 uM poly(A) at 260 nm.
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Figure 13. UV-Vis thermal denaturation profiles of 30.0 uM poly(A) in the
presence of 7.5 uM COR at 260 nm.
The comparison of the melting curves of poly(A) in the absence and presence of COR
can be seen in Figure 15. The green line represents poly(A) in the absence of COR, and
the blue line represents poly(A) in the presence of COR. Change in the thermal
denaturation profile of the poly(A) indicates the intercalation of COR to the poly(A)
followed by the formation of the double-helical structure [36,139].
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Figure 14. UV-Vis thermal denaturation profiles of 30.0 uM poly(A) in the
presence of 7.5 uM COR at 420 nm.
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Figure 15. Change in thermal denaturation profile of poly(A) upon addition of
COR at 260 nm.

Figures 16 and 17 display the thermal denaturation profiles of poly(A) + COR after
the addition of 5% PEG to poly(A) at 260 nm and 420 nm, respectively. As can be

seen, samples maintain to have a thermal denaturation profile. Melting temperatures
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determined for these samples were 72°C and 75°C using the absorbance change at
260 nm and 420 nm, respectively. The change in the Tr, represents the change in the
stability of poly(A) self-structure. The decrease in the stability is due to the more
crowded medium, 5% PEG. The presence of the PEG reduces the water activity and
decreases the melting temperature and, consequently, stability [152,153]. It is noted
that the self-structure still occurs in the presence of 5% PEG since the melting profile

was obtained during thermal denaturation.
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Figure 16. UV-Vis thermal denaturation profiles of 30.0 uM poly(A) in the
presence of 7.5 uM COR and 5% PEG at 260 nm.
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Figure 17. UV-Vis thermal denaturation profiles of 30.0 uM poly(A) in the
presence of 7.5 uM COR and 5% PEG at 420 nm.

Tm of the sample poly(A) + COR is further decreased in the presence of 10% PEG
and reached to 65°C at 260 nm. The addition of PEG has resulted in a decrease in
the thermal stability of the self-structure of poly(A). Figures 18 and 19 represent the
thermal denaturation profiles of poly(A) + COR + 10% PEG sample at 260 nm and
420 nm, respectively. As observed, increasing the crowding agent concentration

clearly resulted in a decrease in the Tr and stability.
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Figure 18. UV-Vis thermal denaturation profiles of 30.0 uM poly(A) in the
presence of 7.5 uM COR and 10% PEG at 260 nm.
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Figure 19. UV-Vis thermal denaturation profiles of 30.0 uM poly(A) in the
presence of 7.5 pM COR and 10% PEG at 420 nm.

Melting curves of poly(A) + COR sample obtained at 260 nm and 420 nm in the
presence of 20% PEG are shown in Figures 20 and 21, respectively. The addition of
20% PEG to poly(A) + COR sample lowered the stability resulting in melting
temperatures of 61°C at 260 nm and 53°C at 420 nm.
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Figure 20. UV-Vis thermal denaturation profiles of 30.0 uM poly(A) in the
presence of 7.5 uM COR and 20% PEG at 260 nm.
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Figure 21. UV-Vis thermal denaturation profiles of 30.0 uM poly(A) in the
presence of 7.5 pM COR and 20% PEG at 420 nm.

In order to compare the melting temperatures of poly(A) self-structure in the
presence of 0%, 5%, 10%, and 20% PEG, figures 22 and 23 were created. Trends in

the thermal stability of self-structure can be seen clearly in figures. An increase in
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the final concentration of PEG in the sample has resulted in a decrease in the stability

of poly(A) double-helical structure. As the sample becomes more crowded, self-

structure is destabilized. In other words, the formation of the self-structure of poly(A)

was prevented with increasing concentrations of PEG.
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Figure 22. Change in UV-Vis thermal denaturation profiles upon addition of

different concentrations of PEG to poly(A) + COR sample at 260 nm.
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Figure 23. Change in UV-Vis thermal denaturation profiles upon addition of
different concentrations of PEG to poly(A) + COR sample at 420 nm.

In view of the fact that the 20% PEG was destabilizing the self-structure of poly(A)
the most, the effect of other crowding agents was examined at this concentration. In
Figures 24 and 25, thermal denaturation profiles obtained at 260 nm and 420 nm,
respectively for poly(A) + COR sample in the presence of 20% glycerol are given.
With the addition of glycerol, T of poly(A) self-structure decreased to 79°C at 260

nm. Tmobtained by monitoring the absorbance change at 420 nm was 73°C.
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Figure 24. UV-Vis thermal denaturation profiles of 30.0 uM poly(A) in the
presence of 7.5 uM COR and 20% glycerol at 260 nm.
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Figure 25. UV-Vis thermal denaturation profiles of 30.0 uM poly(A) in the
presence of 7.5 pM COR and 20% glycerol at 420 nm.

Similarly, thermal denaturation experiments were performed for poly(A) + COR

sample in the presence of 20% sucrose. Sucrose was used as a small cosolute in this
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study. The melting profile of the sample remained relatively the same with the
addition of sucrose. The melting temperature and, consequently, the stability of
poly(A) + COR decreased less in the presence of sucrose compared to the presence
of other crowding agents, in an agreement with our CD results. Tm was determined
as 73°C at 260 nm and 77°C at 420 nm. Figure 26 and 27 shows the melting profiles
of poly(A) + COR in the presence of sucrose.
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Figure 26. UV-Vis thermal denaturation profiles of 30.0 uM poly(A) in the
presence of 7.5 uM COR and 20% sucrose at 260 nm.
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Figure 27. UV-Vis thermal denaturation profiles of 30.0 uM poly(A) in the
presence of 7.5 uM COR and 20% sucrose at 420 nm.

Melting temperatures of samples determined from differential absorbance values are
shown in Table 1. According to determined Tr values from normalized absorbance
values, 20% sucrose decreased the Tm of poly(A) self-structure by about 8°C. With
the addition of 20% glycerol, the decrease in the T was determined as about 2°C.
In the presence of 20% PEG, the T decrease was about 20°C. Figures 28 and 29
show the changes in the melting temperature with different crowding agents at 20%
concentration in the poly(A) + COR sample at 260 nm and 420 nm, respectively.
This significant change in the Tm and hence the stability has resulted from the
presence of the small cosolute. Large and small cosolute effects on nucleic acid
duplexes were well studied in the literature [152—-155]. Polysaccharides and PEG are
highly soluble in water and have relatively low vapor pressure values. These physical
properties are important to perform experiments to determine the stability change of
the nucleic acid structure in the presence of a crowded environment. Studies
employing high molecular weight cosolutes revealed that the stability of the duplex
structure of both DNA and RNA have increased. For example, poly(l)+poly(C) RNA
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duplex’s stability was increased with PEGs (MW = 4000 and 20000) and dextrans
(MW = 10000 and 70000) at 10% (w/v) [154]. Moreover, the Tm of
poly(dA)+poly(dT) DNA duplex was also raised with increasing amount of PEG
(MW = 8000) [153]. In contrast, studies conducted by using low molecular weight
cosolutes (small cosolutes) such as EG, sucrose and glycerol show that the stability
was decreased due to less steric hindrance of these agents and reduced water activity
[152,153]. Also, in a study of calf thymus DNA in the presence of polyols, a
decrease in the stability was observed due to the increased electrostatic repulsion
between the DNA phosphates and the electrostatic interaction modification with
counter ions [156].
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Figure 28. Change in UV-Vis thermal denaturation profiles upon addition of
different crowding agents to poly(A) + COR sample at 260 nm.
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Figure 29. Change in UV-Vis thermal denaturation profiles upon addition of
different crowding agents to poly(A) + COR sample at 420 nm.

In order to understand whether poly(A) samples that do not contain COR form
double-helical structures with a certain Tm or not in the presence of crowding agents,
thermal denaturation experiments were performed for these samples. Firstly, 20%
PEG was added to the 30.0 uM poly(A) sample in the absence of COR. Figure 30
shows the results of this experiment at 260 nm. Thermal denaturation curves were
not created for 420 nm since these samples do not contain COR. As expected, a
melting profile was not observed, and a melting temperature was not determined for
the sample that does not contain COR since the formation of self-structure of poly(A)

did not occur.
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Figure 30. UV-Vis thermal denaturation profiles of 30.0 uM poly(A) in the
presence of 20% PEG at 260 nm.

Figure 31 shows the thermal denaturation profiles for the 30 uM poly(A) + 20%
glycerol sample. To our surprise, the heating curve obtained was resembling to the
melting curve of a duplex structure. Since there was no COR in this sample, it was
surprising to have such a melting profile. Therefore, as a control, a thermal
denaturation experiment was performed for the sample containing only 20%
glycerol. Figure 32 shows the absorption spectra of 20% glycerol obtained during
the thermal denaturation experiment. As absorbance at 292 nm increases upon
heating, the melt graph was constructed for this sample and given in Figure 33. As
shown in Figure 33, an increase in the absorbance of 20% glycerol was reflected as

a melting curve in the thermal denaturation experiment.

Thermal denaturation profiles of poly(A) in the presence of 20% glycerol at 260 nm
are given in Figure 34. The heating curve of glycerol was very similar to that of
poly(A) + 20% glycerol sample. In order to make a comparison between the melting
curves of 20% glycerol and poly(A) + 20% glycerol samples, the graph in Figure 35
was created. In the figure, the green line represents poly(A). The yellow line
represents poly(A) in the presence of 20% glycerol, and the blue line represents

glycerol only. As observed, the melt curve obtained for the poly(A) + 20% glycerol
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sample was not resulted from the self-structure of poly(A) but from the increase in
the absorption of glycerol itself.
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Figure 31. UV-Vis thermal denaturation profiles of 30.0 uM poly(A) in the
presence of 20% glycerol at 260 nm.
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Figure 32. UV-Vis absorption spectra of 20% glycerol sample obtained during
thermal denaturation.

43



Normalized Absorbance

Normalized Absorbance

1.0

0.8
0.6
0.4 —
0.2
—— Heating curve
—— Cooling curve
0.0 B ] T T | T T I |
20 30 40 50 60 70 80 90 100

Temperature (°C)

Figure 33. UV-Vis thermal denaturation profiles of 20% glycerol at 292 nm.

1.0

0.8 —

0.6 —

0.4 —

0.2

—— Heating curve
—— Cooling curve

| | | | | | | I 1
20 30 40 50 60 70 80 20 100
Temperature (°C)

Figure 34. UV-Vis thermal denaturation profiles of 20% glycerol at 260 nm.
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Figure 35. Change in UV-Vis thermal denaturation profile of poly(A) upon
addition of 20% glycerol.

Thermal denaturation of poly(A) + 20% sucrose sample was also performed, and
results of the experiment are given in Figure 36. As expected, a melting temperature
cannot be determined since there was no poly(A) self-structure formation due to the
absence of COR.
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Figure 36. UV-Vis thermal denaturation profiles of 30.0 uM poly(A) in the
presence of 20% sucrose at 260 nm.

Table 1. Melting temperatures of samples obtained from normalized absorbance

values.
Sample Tm (°C) at 260 nm | T (°C) at 420 nm
poly(A) - -
poly(A) + COR 81 85
poly(A) + COR + 5% PEG 72 75
poly(A) + COR + 10% PEG 65 67
poly(A) + COR + 20% PEG 61 53
poly(A) + COR + 20% sucrose 73 77
poly(A) + COR + 20% glycerol 79 73

poly(A) + 20% PEG

poly(A) + 20% sucrose

Poly(A) + 20% glycerol
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3.1.3 Fluorescence Spectroscopy Experiments

Further studies were performed with fluorescence spectroscopy in order to
investigate poly(A) — COR interactions. Here, changes in the fluorescence intensity
of COR upon the addition of poly(A) and cosolute molecules were monitored. As
shown in Figure 37, poly(A) does not show any fluorescence peak upon excitation
at 420 nm since it is not fluorescent. On the other hand, the sample that contains 7.5
uM COR has a fluorescence peak with a maximum intensity at 481 nm (Figure 37,
red line). The sample that contains poly(A) and COR (final concentration of
poly(A):COR 30.0:7.5 uM) has a lower intensity than 7.5 uM COR itself revealing
the interaction of COR with poly(A). With the intercalation of COR in poly(A)
strands and the formation of self-structure, the free COR amount in the sample is
thought to be decreased, resulting in a decrease in intensity. The decrease in the
intensity is shown with the blue line in Figure 37. Moreover, the fluorescence
intensity of 7.5 uM COR in the presence of poly(A) and 20% PEG is represented
with the green line in Figure 37. The most significant change in the thermal stability
was observed with the addition of 20% PEG to poly(A) + COR sample in Section
3.2. Therefore, this sample was selected for the fluorescence experiments. The
fluorescence intensity of this sample (the green line) was observed as greater than
the sample in the absence of PEG (the blue line). The addition of PEG to poly(A) +
COR sample prevents the maximum interaction of COR and poly(A) and thought to
increase the free COR amount, thus the intensity. It does not reach the intensity of

COR only (the red line), which means some of the COR still interacts with the
poly(A).
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Figure 37. Change in the fluorescence intensity upon addition of 30.0 uM poly(A)
and 20% PEG to 7.5 uM COR.

Figure 38 represents the changes in the fluorescence intensity of COR upon addition
of different crowding agents. Intensity of COR (the red line) significantly increased
and even over ranged with the addition of all of the three cosolutes. The greatest
increase was observed with the addition of 20% PEG to 7.5 uM COR. On the other
hand, when poly(A) was added to these samples (Figure 39), fluorescence intensities
were lowered. The addition of poly(A) to COR samples that contain 20% sucrose
and glycerol have lower intensities than poly(A) + COR sample. Yet, the intensity
obtained by adding poly(A) to COR + 20% PEG sample, is higher than the intensity
of poly(A) + COR sample.
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Figure 38. Change in the fluorescence intensity upon addition of 20% crowding
agents to 7.5 uM COR.
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Figure 39. Change in the fluorescence intensity upon addition of 30.0 uM poly(A)
and 20% PEG, sucrose, and glycerol to 7.5 uM COR.
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3.2 Investigating the Effect of DNA Methylation on DDD-Lysine and DDD-

Arginine Interactions

3.2.1 UV-Vis Absorption Spectroscopy

Within the scope of the study, firstly, the effect of amino acid (Lys or Arg)
concentration on the thermal denaturation temperature of DDD was studied to
determine the amino acid concentration that affects the structure and thermal
denaturation temperature of DDD. In this context, experiments were conducted with
only DDD and with different Lys concentrations. DDD + Lys samples of 50 mM,
250 mM, 500 mM and 1000 mM were prepared. Afterwards, they were carried out
with Arg (250 mM, 500 mM and 1000 mM). The change in DNA stability was
observed in samples containing 500 mM and 1000 mM amino acids. Therefore,
DDD8-amino acid samples were also prepared at these concentrations. The UV-Vis
absorption spectra of DDD and DDDS8 in the absence and presence of different
concentrations of amino acids at 15°C are given in Figure 40 — Figure 43. Intensity
of the absorbance value of DDD and DDD8 were increased with the addition of

increasing amino acid concentrations due to absorbance of the amino acids [157].

1.2 = “

1.0 =
® 0.8 —
Q
g
2 0.6 — DDD
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2 DDD + 50 mM Lysine
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= DDD + 500 mM Lysine
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0.2 —
0.0 - e ——
| | 1 | | 1
200 250 300 350 400 450 500
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Figure 40. UV-Vis absorption spectra of DDD, Lys and DDD + Lys samples at
15°C.
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Figure 41. UV-Vis absorption spectra of DDD, Arg and DDD + Arg samples at
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Figure 42. UV-Vis absorption spectra of DDD8, Lys and DDD8 + Lys samples at

15°C.
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Figure 43. UV-Vis absorption spectra of DDD8, Arg and DDD8 + Arg samples at
15°C.

3.2.2 UV-Vis Thermal Denaturation Experiments

In order to determine the effects of Lys and Arg on the stability of DNA, UV-Vis

thermal denaturation experiments were carried out.

Thermal denaturation (or melting) experiments are employed to enlighten the
changes in the stability of DNA. Upon heating, the absorbance of oligonucleotides
or polynucleotides increases at 260 nm due to base unstacking and strand separation.
In the case of single strands, a gentle rise is usually observed in the absorbance due
to unstacking of the bases. On the other hand, upon heating a double-stranded
oligonucleotide, usually an S-shaped increase is obtained with the separation of the
double-strand. Since double strand — single strand equilibrium is a phase change, the
increase in the absorption is mostly very abrupt. The temperature where half of the
double-strand is turned into single strands is the melting temperature and denoted as

Tm. Higher Tr, indicates higher stability [158].

Thermal denaturation experiments were performed in order to determine the changes

in the thermal stabilities of DDD and DDD8. The thermal denaturation profiles
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obtained from the temperature-dependent change of absorbance at 260 nm are shown
in Figures 44 — 49. The thermal denaturation temperatures obtained using these
profiles are shown in Table 2.

Figure 44 represents the change in the melting temperature of DDD upon addition of
different concentrations of Lys. With the addition of 50 mM and 250 mM Lys, an
insignificant change was observed. With the addition of 500 mM and 1000 mM Lys,
the melting temperature of the DDD was increased by about 2°C, from 61°C to 63°C.
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Figure 44. Thermal denaturation profiles of DDD in the absence and presence of
Lys.
The thermal denaturation profiles of DDD in the absence and presence of Arg are
given in Figure 45. The addition of Arg decreased the Tm of DDD. The red line
represents the sample containing only DDD and has a melting temperature of 61°C.
The addition of 250 mM Arg to DDD lowered the Tm to 60°C. The addition of 500
mM and 1000 mM Arg to DDD decreased the Tm to 58.5°C and 56°C, respectively.
Even though the 1°C change in melting temperature does not represent a critical
consequence of interactions and might possibly be in our experimental error range,

the trend is noticeable among the samples.

53



1.0 -
— DDD

g 0.8 —— DDD + 250 mM Arginine
s DDD + 500 mM Arginine
2 —— DDD + 1000 mM Arginine
® 0.6
Q2
<
?
N 0.4
E
)
Zz 0.2

77T T T T T T T T T T 1

15 20 25 30 35 40 45 50 55 60 65 70 75 80 85
Temperature (°C)

Figure 45. Thermal denaturation profiles of DDD in the absence and presence of
Arg.
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Figure 46. Thermal denaturation profiles of DDD upon addition of different
concentrations of Lys or Arg.

As shown in Figure 46, 50 mM Lys addition did not change the T, of DDD.
However, addition of 250 mM and 500 mM Lys to DDD increased the Tm of DDD
slightly. The stability of DDD was decreased upon increasing the Lys concentration

to 1000 mM, plausibly due to higher charge neutralization. Tm of 62.5°C was
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obtained in the presence of 1000 mM Lys. In fact, this Tm value is still higher than
that of DDD only. On the other hand, the addition of increasing Arg concentrations
to DDD has resulted in a decrease in the stability and T of DDD. Within the scope
of these results, it is possible that the positively charged amino acids interacted with
the negatively charged phosphate groups of DDD and reduced the repulsion between
the phosphate groups. Usually, presence of salt in the medium increases the stability
of nucleic acids up to high concentrations since helix structure is stabilized by ions.
At high concentrations, helix becomes saturated due to strong interaction between
cations of the salt and the negatively charged phosphate backbone and the further
enhancement of the stability is small [159]. There are several studies displaying the
fact that the DNA stability is reduced in the presence of salts at above a specific salt
concentration [160,161].

Figures 47 and 48 display the addition of 500 mM and 1000 mM Lys and Arg to
DDDS8, respectively. The addition of Lys did not have a considerable effect on Tr, of
DDD8, which is 63.5°C. Only a slight increase was observed. The effect of Arg on
DDD8 was more profound, but perplexing. The addition of 500 mM Arg raised the
Tm of DDDS to 65°C. However, further increase in Arg concentration to 1000 mM
decreased the Tm of the DDDS to 60°C.
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Figure 47. Thermal denaturation profiles of DDD8 in the absence and presence of

Lys.
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Figure 48. Thermal denaturation profiles of DDD8 in the absence and presence of
Arg.

Figure 49 represents the changes in the melting temperature upon the addition of 500

mM and 1000 mM amino acid to DDD8. These results show that the DDD sequence

is more easily destabilized than DDD8. The reason is probably that the methyl groups

in the grooves reduce the effect of cations by shielding the charges. Hence, d5mC
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substituted DDD becomes less flexible, resulting in an increase in the melting
temperature and stability [162,163]. Moreover, it was observed that Arg affected the
melting temperatures of DDD and DDD8 samples more than Lys. A similar case has
been reported in the literature by Solovyev et al. [164]. In their study, thermal
degredation of poly(dA)*poly(dT) was investigated in the presence of L-amino acids
namely Lys, Arg, Pro, Glu and Asp. DNA melting temperature comparison in the
presence of amino acids reveals a slight increase in Tn in the case of basic amino
acids (Arg, Lys), whereas the acidic amino acids (Glu, Asp) decrease the Tm.
Moreover, the change in the Tm with Arg was + 3.9°C and with Lys, it was + 0.6°C.
The stability change was greater with Arg than with Lys, in a consistency with our
results. Arg and Lys both are positively charged amino acids at pH 7.0. However,
they interact with DNA molecule in different ways because the charge distribution
is different [165]. Arg has a guanidinium moiety with three amine groups in its side
chain whereas only one amine group is present in the Lys side chain. Even though
electrostatic interactions occur in between the negatively charged phosphate group
of DNA and both Lys and Arg, the interaction mode may differ. The guanidinium
moiety with three amine group of Arg permits zwitterion H-bonding with the
phosphate group of DNA. By doing so, it provides binding strength which is coming
from its charge and structural organization. The interaction of Arg through additional
H-bonding with the DNA backbone and the bases such as guanine is also possible
[166]. Furthermore, the guanidinium group containing three amine group is bulkier
than only one amine group, which might provide steric constrains that might alter
the interactions [167]. Therefore, Arg can interact with DNA in several manners. On
the other hand, less steric hindrance is expected in the Lys side chain with a single
amine group. Previously, it was reported that the Lys peptides can interact with DNA
cooperatively, with a higher chance of a second peptide associating with Lys
homopeptide-bound DNA than with the free DNA molecule [168]. On the other
hand, for homoarginine peptides, interactions occur in a noncooperative way. Partial

cationic residues of polyarginine were found to be effective for occupying DNA
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phosphate groups in DNA-homoarginine complexes, whereas all residues in
polylysine were found to be capable of occupying phosphate groups [165,169,170].
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Figure 49. Thermal denaturation profiles of DDD8 upon addition of different
concentrations of Lys or Arg.

Table 2. Melting temperatures of samples

Sample Tm (°C) | Sample Tm (°C)
DDD 61 DDD8 63.5
DDD + 50 mM Lys 61

DDD + 250 mM Lys 62

DDD + 500 mM Lys 63 DDD8 + 500 mM Lys 64
DDD + 1000 mM Lys 62.5 DDD8 + 1000 mM Lys 65
DDD + 250 mM Arg 60

DDD + 500 mM Arg 58.5 DDD8 + 500 mM Arg 65
DDD + 1000 mM Arg 56 DDD8 + 1000 mM Arg 60
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3.2.3 CD Spectroscopy Experiments

CD spectroscopy gives characteristic information about oligonucleotides and
polynucleotides. Its working principle is based on the differential interactions of
molecules with left and right polarized light. Information about secondary structures
of nucleic acids and their conformational changes upon interactions and binding
(with small molecules and amino acids) can be revealed by using CD spectroscopy.
In this study, CD spectroscopy was used to determine the conformational changes

observed in DDD and DDDS8 in the presence of Lys or Arg.

In order to determine DNA-amino acid interactions by CD spectroscopy, samples
were prepared by adding different concentrations of amino acids into a buffer
solution containing 60.0 uM nucleic acid base. Only Lys and only Arg samples at
250 mM concentration were prepared as controls to show that they did not give rise
to a CD peak in the absorbing region of DNA. DNA is a chiral molecule, and it gives
to CD spectrum. The local maximum ellipticities of DDD and DDDS8 (at wavelengths
of approximately 245 nm and 275 nm) indicate that these sequences adopt the B-
form of DNA [158]. Little to no effect was observed in the structure of DDD upon

methylation since the main features in the spectrum were conserved.

In Figure 50, changes in the CD absorption spectra of DDD upon addition of
increasing concentrations of Lys are displayed. Sample containing DDD only
(represented with the red line in Figure 13) has a local maximum around 279 nm and
a local minimum at 250 nm with ellipticities 6.80 mdeg and -9.46 mdeg, respectively.
The addition of 250 mM Lys to DDD (the light blue line) significantly increased the
minimum ellipticity without a shift in the wavelength to -20.3 mdeg. The addition of
500 mM Lys to DDD (the blue line) slightly raised the minimum ellipticity value to
-10.22 mdeg, with a shift in the wavelength to 253 nm. Sample containing DDD and
1000 mM Lys (the yellow line) increased the minimum ellipticity value of DDD to
-15.9 mdeg with a shift in the wavelength to 255 nm. The addition of increasing

concentrations of Lys did not change the structural form of DDD.
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Figure 50. CD spectra of Lys, DDD and DDD + Lys at 5°C.

Figure 51 represents the addition of different concentrations of Arg to DDD. Slight
changes in the ellipticities occurred with the addition of Arg. Upon addition of 250
mM Arg (denoted with the light blue line), the minimum ellipticity wavelength
shifted to 253 nm and its intensity was raised to -10.6 mdeg from -9.46 mdeg. The
maximum ellipticity did not change. The addition of 500 mM Arg (the yellow line)
increased the minimum ellipticity to -10.9 mdeg at 254 nm and decreased the
maximum ellipticity to 5.6 mdeg at 281 nm. Moreover, the addition of 2000 mM Arg
to the DDD sample (the blue line) has a similar profile with the sample DDD + 500
mM Arg sample. As observed compared to the addition of Lys, the addition of Arg
did not change the structure of DDD. Local maximum and minimum ellipticities kept
their position (with slight shifts) in the spectra, and the CD absorption profile of

DDD remained similar with increasing concentrations of Arg.
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Figure 51. CD spectra of Arg, DDD and DDD + Arg at 5°C.

Figure 52 displays the CD spectra of DDDS in the absence and presence of Lys.
DDD8 was represented with the red line in the spectra. It has a local minimum at 252
nm with an ellipticity of -16.1 mdeg and a local maximum at 280 nm with an
ellipticity of 8.42 mdeg. The blue and yellow lines represent the DDD8 samples
with 500 mM and 1000 mM Lys, respectively. The profiles of the spectra are pretty
similar to each other. The minimum ellipticity value was slightly decreased to ~ -
16.5 with a shift to 254 nm. The addition of 500 mM and 1000 mM Lys to DDD8
also decreased the maximum ellipticity value. Overall, DDD8 kept its B-form

structure as its profile did not change with the addition of Lys.

Figure 53 represents the changes in the CD spectra of DDD8 upon the addition of
increasing concentrations of Arg. Again, DDD8 was represented with the red line.
The addition of 500 mM (the blue line) and 1000 mM (the yellow line) Arg to DDD8
increased the local minimum ellipticity, with a 2 nm shift to 254 nm, to -16.5 mdeg
and -16.9 mdeg, respectively. On the other hand, the local maximum ellipticity was

decreased to 7.12 mdeg and 7.71 mdeg, respectively.
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Figure 52. CD spectra of Lys, DDD8 and DDDS8 + Lys at 5°C.
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Figure 53. CD spectra of Arg, DDDS8 and DDDS8 + Arg at 5°C.
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Figures 54 and 55 represent the change in the spectra of DDD and DDD8 upon the addition
of Lys and Arg, respectively. Since Lys and Arg do not absorb at wavelengths where the
absorption of DDD and DDD8 occurs, decreases in the spectra were associated with the
interaction of Arg and Lys with DDD and DDD8. Although these interactions do not change
the B form structure of DDD and DDDS, it shows that the DNA structure and base
interactions are affected by Lys and Arg [63].
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Figure 54. CD spectra of Lys, DDD, DDDS8, DDD + Lys and DDDS8 + Lys at 5°C.
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Figure 55. CD spectra of Arg, DDD, DDDS8, DDD + Arg and DDD8 + Arg at 5°C.
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CHAPTER 4

CONCLUSION

4.1 Investigating the Interactions of Poly(A)-COR in Crowded

Environments

Within the scope of this thesis, interactions of poly(A) and COR in the presence of
crowding agents were investigated. PEG200, sucrose and glycerol were used as
cosolutes to mimic the cellular environment. UV-Vis absorption spectra results
revealed that the absorption of poly(A) increased in crowded environments.
Absorption maximum point increased with increasing concentrations of PEG and
among crowding agents, the maximum increase in the absorption of poly(A) was
observed in the sample which contains 20% sucrose. CD spectroscopy was used in
order to determine the conformational changes upon the addition of crowding agents
to poly(A) + COR. Induced self-structure of poly(A) (formed in the presence of
COR) did not change with cosolutes. Yet, intensities of the CD peaks were altered
upon changing the medium with crowding agents. Thermal denaturation experiments
were employed in order to determine the melting temperatures, consequently, the
stabilities of the samples. Melting temperatures of the samples were lowered upon
addition of crowding agents. The greatest decrease in stability was observed in the
sample containing 20% PEG. These results were reasonable since gradual increase
of the cosolute concentration was reflected as a gradual decrease in the stability.
Also, fluorescence spectroscopy experiments showed that the binding of COR to
poly(A), in other words, the formation of self-structure of poly(A) was affected from
the presence of PEG. In the light of these information, one can conclude that the
mechanism of formation of self-structure of poly(A) and its interactions with COR

in the cellular environment will probably differ from dilute and buffered conditions.
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4.2 Investigating the Effect of DNA Methylation on DDD-Lysine and DDD-

Arginine Interactions

In the second part of this thesis, we investigated the effects of DNA methylation, the
most common epigenetic modification, on interactions of DDD with Lys and Arg
amino acids. UV-Vis absorption measurements displayed that the absorption of
DDD and DDD8 were increased upon increasing the amino acid concentration of the
samples. We did not observe any significant changes in the CD spectra of the
samples. It was determined that the B-form structure of DDD and DDD8 did not
change noticeably upon interactions with Lys or Arg. Thermal denaturation
experiment results revealed that positively charged amino acids stabilized the DNA
structure. However, as we increase the concentration of amino acids, phosphate
groups were pulled by amino acids and resulted in a decrease in the melting
temperature and hence, the stability. DDD sequence is found to be more easily
destabilized than DDDS8 by the Lys or Arg. And the effect of Arg on the melting
temperatures of DDD or DDD8 was greater than the effect of Lys on the melting
temperatures of DDD or DDD8. However, further studies may be with longer DNA
sequences and longer peptide sequences, or proteins are required to have a

comprehensive understanding of the effect of DNA methylation on protein binding.
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APPENDICES

A. Preparation of 10X BPE Buffer and Stock Solutions

10X BPE Buffer (100.0 mL, pH = 7.0) contains
e 60.0 MM NaxHPO4 (from 300.0 mM stock)
e 20.0 mM NaH2PO4 (from 300.0 mM stock)
e 10.0 mM Na2EDTA (pH = 8.0) (from 100.0 mM stock)

Preparation of 300.0 mM 50.0 mL Na;HPO4 (stock)

M = %,M = 0.300 M,V = 50.0 mL therefore, n = 0.015 mol

n=-—- My =141.96 g/mol, m=213g
My,

2.13 g Na;HPOs is dissolved in 50.0 mL Millipore water.

Preparation of 300.0 mM 50.0 mL NaH»PO, (stock)
M= %,M = 0.300 M,V = 50.0 mL therefore,n = 0.015 mol

n=-—- My =11998g/mol, m=180g
My,

1.80 g NaH2POq is dissolved in 50.0 mL Millipore water.

Preparation of 100.0 mM 100.0 mL Na,EDTA (stock)
M = %,M =0.100 M,V = 100.0 mL therefore, n = 0.010 mol

n=-—— My =37224g/mol, m=3.72g
My

3.72 g Na;EDTA is dissolved in 100.0 mL Millipore water.

Preparation of 250.0 mM 250.0 mL NaOH (stock)
M= %,M = 0.25 M,V = 250.0 mL therefore, n = 0.063 mol

n=-—— My =39.997 g/mol, m=250g
My

2.50 g NaOH is dissolved in 250.0 mL Millipore water.
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Dilution from stock HCI

Stock HCI concentration: 11.457 M, desired dilution: 10% (1.1457 M)

MV, = M,V, ,11.457 M «V = 1.1457 M = 100.0 mL , therefore V = 10.0 mL
10.0 mL HCI from stock is diluted to 100 mL with Millipore water.

Using the formula MV, = M,V,,

60.0 mM 100.0 mL Na;HPO4: 300.0 mM *V = 60.0 mM * 100.0 mL ,
V = 20.0 mL, 20.0 mL from stock Na2HPO4

20.0 MM 100.0 mL NaH,PO4: 300.0 mM =V = 20.0 mM * 100.0 mL ,
V = 6.67 mL, 6.67 mL from stock NaH,PO4

10.0 mM 100.0 mL Na2EDTA: 100.0 mM =V = 10.0 mM * 100.0 mL ,
V =10.0 mL, 10.0 mL from stock Na,EDTA

20.0+6.67 +10.0=36.7 mL
50.00 mL —36.67 mL =13.33 mL dH-O is added.

pH is adjusted to 7.0 with prepared HCI solution. Added HCI volume is recorded as
Vhci. Desired buffer volume is 100.0 mL.

100.0 mL — 50.00 mL — Vy¢; = Vau,o » Van,o is added accordingly.

Preparation of 200 mM 100 mL NacCl (stock)
M = %,M = 0.200 M,V = 100 mL therefore, n = 0.020 mol

n=-—— My =5844g/mol, m=1.17g
My,

1.17 g NaCl is dissolved in 100.0 mL Millipore water.

Preparation of Amino Acid Stock Solutions

e Preparation of 2.0 M Arginine Stock Solution

M= %,M =2.00M,V =10.0 mL therefore, n = 0.020 mol

n=-—— My =210.67 g/mol, m=421g
My

4.21 g Arginine is dissolved in 10.0 mL Millipore water.
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e Preparation of 2.0 M Lysine Stock Solution

M = g,M =2.00 M,V = 10.0 mL therefore, n = 0.020 mol
m

n=-— My =182.65g/mol, m=3.65¢g
My

3.65 g Lysine is dissolved in 10.0 mL Millipore water.
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B. Thermal Denaturation Experiments

Investigating the Interactions of Poly(A)-COR in Crowded Environments

UV-Vis Spectra of Samples
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Figure 56. UV-Vis absorption spectra of 30.0 uM poly(A) sample obtained during
thermal denaturation experiment (a) heating and (b) cooling.
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Figure 57. UV-Vis absorption spectra of 30.0 uM poly(A) + 7.5 uM COR sample
obtained during thermal denaturation experiment (a) heating and (b) cooling.
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Figure 58. UV-Vis absorption spectra of 30.0 uM poly(A) + 7.5 uM COR + 5%
PEG sample obtained during thermal denaturation experiment (a) heating and (b)
cooling.
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Figure 59. UV-Vis absorption spectra of 30.0 uM poly(A) + 7.5 uM COR + 10%
PEG sample obtained during thermal denaturation experiment (a) heating and (b)
cooling.
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Figure 60. UV-Vis absorption spectra of 30.0 uM poly(A) + 7.5 uM COR + 20%
PEG sample obtained during thermal denaturation experiment (a) heating and (b)
cooling.
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Figure 61. UV-Vis absorption spectra of 30.0 uM poly(A) + 7.5 uM COR + 20%
glycerol sample obtained during thermal denaturation experiment (a) heating and
(b) cooling.
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Figure 62. UV-Vis absorption spectra of 30.0 uM poly(A) + 7.5 uM COR + 20%
sucrose sample obtained during thermal denaturation experiment (a) heating and
(b) cooling.
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Figure 63. UV-Vis absorption spectra of 30.0 uM poly(A) + 20% PEG sample
obtained during thermal denaturation experiment (a) heating and (b) cooling.
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Figure 64. UV-Vis absorption spectra of 30.0 uM poly(A) + 20% glycerol sample
obtained during thermal denaturation experiment (a) heating and (b) cooling.
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Figure 65. UV-Vis absorption spectra of 30.0 uM poly(A) + 20% sucrose sample
obtained during thermal denaturation experiment (a) heating and (b) cooling.
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Figure 66. UV-Vis absorption spectra of 20% glycerol obtained during thermal
denaturation experiment (a) heating and (b) cooling.
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Investigating the Effect of DNA Methylation on DDD-Lysine and DDD-

Arginine Interactions

Comparison of Thermal Denaturation Profiles
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Figure 67. Thermal denaturation profiles of DDD and DDDS8 in the presence and

absence of Lys obtained by monitoring the change in absorbance at 260 nm with
varying temperature.
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Figure 68. Thermal denaturation profiles of DDD and DDD8 in the presence and

absence of Arg obtained by monitoring the change in absorbance at 260 nm with
varying temperature.
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C. DDD and DDD8 Sequences Used in DNA-Amino Acid Interactions

Table 3. DDD and DDD8 sequences used in DNA-amino acid interactions

Sequence Name

DNA Sequence

Double Helical Structure

DDD (Dickerson
dodecamer)

5’-CGCGAATTCGCG-3’

5’-CGCGAATTCGCG-3’
3’-GCGCTTAAGCGC-5’

DDD8 (Methylated
Dickerson
dodecamer)

5-
MCGMCGAATT™CG™CG-
3 b

50
MCGMCGAATT™CG™CG-
3
3
GM™CG™CTTAAG™CG™C-
5
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