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ABSTRACT 

Scientists from different fields have been coming together and trying to work on 

cancer therapies for many years. Recently, the interaction of perylene derivatives 

with G-quadruplex structures in human DNA has been studied for this purpose. 

Perylene derivatives have the ability to bind to the unusual DNA secondary 

structures called G-quadruplexes that form on specific regions of the human genome. 

In this thesis, two perylene tetracarboxylic dianhydrides (PDA) and a perylene 

diimide (PDI) were observed with regard to their interactions with G-quadruplex 

DNA. A PCR (polymerase chain reaction) amplified region from the human beta 

globin gene was used to prove the formation of G-quadruplex structures in the 

presence of repetitive guanine bases, and c-kit and a-coreTT were used as the 

guanine rich oligonucleotides. The complexations were analyzed using absorption 

and emission spectroscopy and gel electrophoresis techniques. 

Absorption and emission investigations have illustrated a variation in the peaks of 

the primers and compounds when the complexation was performed. Electrophoresis 

results have shown that bands with the PCR product alone migrate faster than the 

bands with the PCR product and the perylene derivative together. Overall, the 

investigated perylene derivatives have a potential binding affinity towards G-

quadruplex structures throughout the human genome. 

Keywords: Perylene derivatives, G-quadruplex, cancer therapy, beta globin gene, 

telomeric region, promoter region.  
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ÖZ 

Farklı alanlardan bilim adamları uzun yıllardır bir araya gelip kanser tedavileri 

üzerinde çalışmaktadır. Kanser tedavisi amacı ile, son zamanlarda perilen 

türevlerinin insan DNA’sındaki G-quadruplex yapılarıyla etkileşimi incelenmiştir. 

Perilen türevleri insan DNA’sının belirli bölgelerinde oluşan G-quadruplex adı 

verilen olağandışı DNA sekonder yapılarına bağlanma yeteneğine sahiptir. 

Bu tezde, iki perilen tetrakarboksilik dianhidrit ve bir perilen diimid türevinin insan 

DNA’sındaki G-quadruplex yapıları ile etkileşimi gözlemlenmiştir. Polimeraz zincir 

reaksiyonu ile insan beta globin geninden amplifiye edilmiş bir bölge, G-quadruplex 

yapılarının ard arda tekrarlayan guanin bazlarının varlığıyla oluştuğunu ıspatlamak 

amacıyla kullanılmıştır. Guanin bazı ile zengin oligonükleotidler olarak da c-kit ve a-

coreTT kullanılmıştır. Kompleksleşme, absorpsiyon ve emisyon spektroskopisi ile jel 

elektroforezi teknikleri kullanılarak analiz edilmiştir. 

Absorpsiyon ve emisyon incelemeleri, kompleksleştirmenin sadece primerler ve 

bileşiklere ait absorpsiyon ve emisyon piklerinde bir varyasyona neden olduğunu 

göstermektedir. Elektroforez sonuçları, sadece polimeraz zincir reaksiyonu ürünü 

içeren bantların polimeraz zincir reaksiyonu ürünü ve perilen türevini birlikte içeren 

bantlardan daha hızlı koştuğunu göstermiştir. Sonuç olarak incelenen perilen 

türevleri, insan genomunda bulunan G-quadruplex yapılarına karşı potansiyel bir 

bağlanma afinitesine sahiptir. 

Anahtar Kelimeler: Perilen türevleri, G-quadruplex, kanser tedavileri, beta globin 

geni, telomerik bölge, promoter bölge. 
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Chapter 1 

INTRODUCTION 

Perylene dyes have a wide range of applications, ranging from dye-sensitized solar 

cells (DSSCs) [1] and electron transfer studies [2] to biomedical applications [3]. 

Their studies are getting more and more interesting for the huge area of science due 

to their potential to act as transcriptional regulators [4], anti-angiogenesis agents [5], 

telomerase inhibitors [6] and antineoplastic agents [7]. The potential of perylene 

analogues to have a role in cancer therapy has been studied before and is still a topic 

of interest today [8, 9]. 

The richness of promoter regions of oncogenes in guanine bases is a potential for the 

formation of the secondary structures called G-quadruplexes (G4). Evidence that two 

G4 forming sequences exist in both the promoter regions of the c-myc and c-kit 

genes was previously found by Nuclear Magnetic Resonance (NMR) spectroscopy 

[10] and the transcription of those genes was silenced by organic molecules [11, 12]. 

Similarly, the G4 structures formed in human telomeres were efficiently studied 

before by the aid of spectroscopic measurements as well as X-ray diffraction [13].  

In 2012, Taka et al. studied several perylene derivatives for their potential 

application as anti-angiogenesis agents and they illustrated that among the molecules 

that were investigated, a perylene derivative was capable of decreasing the activity of 

the Vascular Endothelial Growth Factor (VEGF) gene [5]. In 2013, Taka’s group 
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studied their perylene derivatives again but this time with regard to their ability to 

induce the formation of G4 structures at the single strand overhang of the human 

Telomerase Reverse Transcriptase (hTERT) promoter as well as the human 

telomeres. They have found that both of the perylene derivatives are able to decrease 

both the expression of hTERT and the activity of telomerase, suggesting that 

telomerase inhibition is another promising therapy for cancer [14]. 

Moreover, Sissi et al. studied some perylene derivatives for their deoxyribonucleic 

acid (DNA) telomerase inhibition property and they concluded that further 

investigation could result in antineoplastic agents based on the perylene analogues 

that they investigated. The point behind this mechanism is the role of guanine rich 

(G-rich) tandem repeat in the human telomeres [7].   

Following Taka’s group, in 2014, Xu et al. continued to work on perylenes and they 

have synthesized a unique perylene-based DNA intercalator with a positively 

charged polar side chain that would increase the solubility of the dye. By this way 

the dye will be able to enter into the cell nuclei and then therefore intercalate into 

DNA. There is an emphasis that dyes used for those purposes require water solubility 

and high fluorescence quantum yield in water due to the necessity of further 

investigation in cell lines. Absorption and emission spectroscopy have been used to 

study the binding interaction between the perylene dye and the DNA [9].  

Rossetti’s group found that the inhibition of telomerase by perylene derivatives is 

dependent on both the length and the basicity of the side chains. This group has 

shown that the inhibition of telomerase by perylene derivatives with too short and/or 

a weakly basic side chain was poor [15]. In another study by Kerwin et al, the 
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binding selectivity of the perylene derivatives toward duplex and quadruplex DNA 

was investigated with regard to self-mediated aggregation, suggesting that extensive 

aggregation of perylene dyes causes preferential binding to G4 DNA over duplex 

DNA. This means that the perylene derivatives will not bind anywhere on the human 

genome, but rather on the regions of the genome that have formed a G4 structure 

[16]. 

The aim of this study was to investigate the binding interaction of three different 

perylene derivatives; N,N’-bis(4-benzosulfonic acid)perylene-3,4,9,10-

tetracarboxylic diimide (SPDI), 1,7-di(3,5-diamino-pyrimidoxyl)perylene-3,4,9,10-

tetracarboxylic dianhydride (YPDA) and 1,7-di(thiazolium)perylene-3,4,9,10-

tetracarboxylic dianhydride (CPDA) provided in Figure 1.1 with the guanine rich (G-

rich) oligonucleotides provided in Table 1.1. The two primers, PCO3 and CD6, were 

used to amplify a guanine rich region from the human beta globin gene (exon I, exon 

II and 60 base pairs (bp) of intron II after exon II) using PCR [17, 18]. Their aim was 

to prove the principle that repetitive guanine rich regions throughout the human 

genome are able to fold into G-quadruplex structures. This step was investigated via 

gel electrophoresis. G-rich oligonucleotides from the human telomeres (a-coreTT) 

[19] and promoter region (c-kit) were also used [19] for the interaction with the three 

perylene derivatives. Absorption and emission spectroscopy techniques were used 

for this investigation. The main purpose of this study was to observe if guanine rich 

regions throughout the human genome have a potential to form a G4 structure in the 

presence of perylene dyes. Short oligonucleotides from the human telomeres and a 

promoter region as well as a 595 bp region from the human beta globin gene were 

used for the investigation. 



4 

 

Table 1.1: The Oligonucleotides and Their Sequences 

Oligo Name Sequence (5’-3’) 

a-coreTT AGGGTTAGGGTTAGGGTTAGGGTT 

c-kit AGGGAGGGCGCTGGGAGGAGGAGGG 

PCO3(F) ACACAACTGTGTTCACTAGC 

CD6(R) ATTCGTCTGTTTCCCATTCTAAAC 
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Figure 1.1: Chemical Structures of SPDI, YPDA and CPDA  
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Chapter 2 

THEORETICAL 

2.1 Different DNA Architectures - G-Quadruplex Structures 

Characterization of DNA, the key for genetic material, by Watson and Crick in 1953 

has been one of the most challenging discoveries of all times. They have 

demonstrated that the DNA double helix is made up of adenine bases hydrogen 

bonded to thymine bases and guanine bases hydrogen bonded to cytosine bases [20, 

21]. Figure 2.1 illustrates a detailed structure of DNA [22] and Figure 2.2 shows the 

Watson-Crick base pairing [23]. Additionally, DNA could actually take up various 

conformations other than the right-handed double helical structure of B-DNA that 

was acknowledged in 1953. Higher order structures of DNA were first identified by 

Bang in 1910 and he suggested that guanine rich regions of the genome are the key 

point for this kind of structures [24].  

 
Figure 2.1: Detailed Structure of a DNA Double Helix 
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Figure 2.2: Watson-Crick Base Pairing 

In 1962, tetrameric structures of DNA were observed by Gellert and his colleagues 

by the aid of X-ray diffraction. Guanine bases have a capacity to form Hoogsteen 

hydrogen bonding which is different than the Watson–Crick base pairing in the DNA 

double helix. Figure 2.3 shows the bonding sides of a guanine base.  

 
Figure 2.3: Bonding Sides of a Guanine Base 

G4 structures build up within repetitive guanine rich regions of the human genome 

where each of the guanine bases forms two Hoogsteen hydrogen bonds with two 

adjacent guanine bases. This type of bond forms within the N
1
, N

2
, N

7
 and O

6
 

locations of the four guanine bases. This means that four guanine bases can associate 

through eight Hoogsteen hydrogen bonds to form a planar ring structure called a 

guanine tetrad (G-tetrad). Figure 2.4 illustrates a guanine tetrad. The eight Hoogsteen 
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hydrogen bonds between four guanine bases are indicated with dashed lines. This 

planar structure results in strong van der Waals attractions due to the large planar 

surfaces which in turn causes the tetramers to get stuck on top of each other forming 

the G4 structure [24, 25, 26].  

 
Figure 2.4:  Guanine Tetrad 

G4 structures are classified according to the number of strands involved in its 

formation. That is, the intermolecular type forms by the interactions of two or more 

strands. On the other hand, the intramolecular G4 structure forms as a result of the 

folding of a single strand [26]. Figure 2.5 illustrates the types of G4 structures [25]. 

The squares and the arrows represent the G-tetrads and the direction of the strands, 

respectively. 
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Figure 2.5: Intermolecular and Intramolecular G-quadruplex Structures 

The DNA strand as well as the environmental conditions such as the temperature or 

pH has an influence on the conformation of the G4 structure. Investigation about 

which type of structure is formed could be done by the aid of electrophoretic 

separation technique. It is supposed that the bands that migrate faster are 

intramolecular structures. On the other hand, bands that migrate slower belong to 

intermolecular structures that contain several strands. Moreover, the migration of the 

DNA sample could also be attributed to the sequence itself, its conformation, the 

molecular weight and the protocol used for annealing [27].  

G4 structures have been reported throughout important regions of the eukaryotic 

genome such as the telomeres and promoter regions of humans [13], the promoter of 

the chicken beta globin gene [28] and in living cells [29]. 
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2.2 G-Quadruplex Structures in Human DNA 

2.2.1 Human Telomeres 

Telomeres are located at the end of chromosomes. Telomeres of higher organisms 

are known to contain a short tandem repeat. In humans, this is a hexameric (6 base 

pair long) tandem repeat and the sequence is TTAGGG in the 5’ to 3’ direction [30]. 

It is mostly found in duplex form however, it ends in a 3’ single stranded overhang 

which acts like a cap protecting the ends of chromosomes and also prevents end to 

end fusion [31]. 

Chromosomes shorten with each cycle of DNA replication [32]. The telomerase 

enzyme maintains the length of chromosomes by adding telomeric repeat sequences 

to assure that telomere shortening does not occur [33]. The telomerase enzyme is not 

active in somatic cells, however it is active in most human tumors and this is what 

makes the telomeres a target for the study of cancer therapies. The expression of the 

telomerase enzyme in human tumors prevents the cells from entering senescence 

[34], therefore one way to inhibit cancer cells from growing up to an infinite number 

would therefore be suppressing the activity of the telomerase enzyme [35]. 

The 3’ single stranded overhang with the TTAGGG tandem repeat is a region which 

is uniquely rich in repetitive guanine bases [36]. As mentioned earlier, G4 structures 

were reported throughout the human telomeres due to this richness in guanine [13]. 

Scientists are working on G4 ligands that can induce G4 structures at the 3’ single 

strand overhang of telomeres in order to decrease the activity of telomerase [6]. 

2.2.2 Promoter Regions 

The human genome was found to contain more than 300,000 G4 forming sequences 

according to the results of a genome-wide bioinformatics investigation performed in 
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2005. The abundance of those unusual secondary structures is not just by chance, but 

some regions of the genome are specifically rich in G4 structures [37]. Apart from 

the human telomeric regions that were discussed earlier, promoter regions of genes 

that are attributed to cancer are characterized with their G4 forming potential [38].  

Oncogenes with guanine rich promoter regions that were reported previously include 

c-kit [39], which is going to be used in this thesis, c-myc [40] the human vascular 

endothelial growth factor (VEGF) [40] and the human telomerase reverse 

transcriptase (hTERT) [38]. The presence of G4 forming sequences in the promoter 

regions of oncogenes suggests their important roles in the regulation of transcription 

of oncogenes [42]. Organic molecules such as perylene derivatives have been 

reported to induce the formation of G4 structures on the promoter region of the 

VEGF gene and play a role as transcriptional repressor in cancer cell lines [5].   

2.2.3 Beta Globin Gene Promoter 

According to an investigation done previously, it was demonstrated that the chicken 

beta globin gene contains a region which could form a tetraplex structure in a 

potassium ion dependent way. This region forms a tetraplex structure with a complex 

conformation because it is stated that the sequence does not contain the regular four 

tandem guanine bases observed in other tetraplex structures.  This was an in vitro 

study to stop DNA replication by acting like an obstruction to DNA polymerase 

suggesting that this could be the reason for recombination in this region possibly due 

to exchange of strands. In the absence of potassium ions, G4 structures are not 

formed in vitro and replication is not prevented. On the other hand, in the presence of 

potassium ions, a stable tetraplex is formed with non-guanine bases getting 

incorporated into the complex structure and this hinders DNA synthesis from taking 

place in vitro [43]. 
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Chicken and human DNA show homology in beta globin locus control region and 

this was shown by Reitman et al. when they have found that there are elements in the 

human beta globin gene that resemble the elements in the chicken beta globin gene 

[44].  

In this thesis, a repetitive guanine rich region of the human beta globin gene with the 

regular four tandem guanine bases (exon I, exon II and 60 bp of intron II after exon 

II) has been amplified by PCR and tested for the formation of G4 structures. 

2.3 Molecules Able to Induce and Stabilize G-Quadruplex 

Structures 

G4 ligands have been studied extensively due to their potential application as 

anticancer drugs. Previously, monovalent ions were studied for their G4 stabilizing 

potential by the aid of several spectroscopic measurements. Results indicated that 

both sodium and potassium ions play roles in stabilizing G4 structures. The 

conformation and molecularity were determined with respect to both types of ions 

used and their concentrations. Intermolecular G4 structures are favored when the 

monovalent ion is present at high concentration and there is only one or two 

nucleotides separating the guanine repeats [27].  

Furthermore, there are several classes of organic molecules that were also 

extensively studied with regard to their G4 formation and stabilization potential and 

they were found to have some common characteristics. The first and the most notable 

property is that all of the organic molecules used for this purpose share a large 

aromatic core. This is necessary for the stacking interactions with the guanine 

tetrads. Secondly, they possess side chains preferably with a positive charge. This is 
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required for the interactions with the negatively charged DNA grooves or to increase 

the solubility of the molecule [15, 45]. Thirdly, those molecules mostly own good 

water solubility and high fluorescence quantum yield in water and this is critical 

because drug design needs further investigation in cell lines [9].  

Organic molecules studied for their G4 binding selectivity include perylene dyes [33, 

40], naphthalene dyes [46], porphyrins [47], isoalloxazines [12], coronenes [48] and 

telomestatin [49]. 

2.4 Perylene Derivatives  

Perylene derivatives are among the most famous molecules used for those kind of 

studies. The wide range of applications of perylene derivatives is because of their 

adjustable properties with regard to their area of application[50].  

By the aid of this advantage, perylene derivatives could be modified by producing 

symmetrical or unsymmetrical analogues [6, 51], enlarging their cores [52] or by 

adding charged or uncharged, long or short, weakly or strongly basic [15] 

substituents to them. For example, synthesizing perylene tetracarboxylic 

dianhydrides (PDAs) and perylene diimides (PDIs) with appropriate substituents at 

the perylene core and imide position could enhance their solubility [50]. This might 

make perylene dyes good intercalators with the negatively charged backbone of 

DNA. Those enhancing strategies actually prove that in the near future it should be 

possible to engineer perylene derivatives that will work as G4 binding ligands and 

promise to be a chemotherapy based on telomeres and oncogenes [53]. 
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2.5 Ligand Interactions with G-Quadruplex DNA 

A ligand that would be used for G4 binding studies should preferentially identify the 

structure with high specificity as well as affinity. There are a number of methods 

used for the investigation of interactions between the G4 structure and the ligand and 

each technique is characterized by its own benefits and drawbacks [54].  

As mentioned earlier, the telomeric regions as well as the promoter regions of 

oncogenes are rich in guanine bases and have a potential to form G4 structure. 

Therefore ligands can attenuate telomerase activity either by preventing telomerase 

from accessing its substrate or by downregulating hTERT expression at the hTERT 

promoter [6].  

While binding of ligands to G4 structures has been well investigated, the mechanism 

of binding remains unclear and complicated [55]. Different ligands and side chains 

recognize the G4 structures in different ways and have different binding modes as 

well as stoichiometry towards them [56, 57]. There are several principles by which 

ligands bind to G4 structures: 1) Interaction with the top or bottom external G-tetrads 

through π- π interactions [52]. 2) Interaction with the loops or the grooves by 

hydrogen bonding or electrostatic interaction [56]. 3) Intercalation between G-

tetrads. This mechanism needs high energy because the ligand should distort the G4 

structure [58]. Aromatic compounds have a large planar aromatic core that favors π- 

π interactions via the external G-tetrads. If the compound possesses side chains as 

well, they will surround the G4 structure in a way that resembles an anchor [55]. 

While some ligands interact with only one of the modes described above, some 

others use more than one binding mode [54]. Binding modes of ligands to G4 
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structures are shown in Figure 2.6. The squares represent the G-tetrads, the arrows 

represent the direction of the strands and the red oval shape represents the G4 ligands 

[59]. 

Figure 2.6: Binding Modes of Ligands to G-quadruplexes 
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Chapter 3 

EXPERIMENTAL 

3.1 Materials 

1,7-di(3,5-diamino-pyrimidoxyl)perylene-3,4,9,10-tetracarboxylic dianhydride 

(YPDA) and 1,7-di(thiazolium)perylene-3,4,9,10-tetracarboxylic dianhydride 

(CPDA) were synthesized by Moustafanejad M. and N,N’-bis(4-benzosulfonic 

acid)perylene-3,4,9,10-tetracarboxylic diimide (SPDI) was synthesized by 

Pasaogullari N. earlier and the FT-IR spectra for each compound is provided in 

Chapter 4 (Figures 4.1, 4.2, and 4.3). 

The DNA oligonucleotides were purchased from Oligomer Biyoteknoloji (Çankaya, 

Ankara) and used without further purification. The sequences of the seven 

oligonucleotides are shown in Table 1.1. The Blirt 50X Tris-acetate-EDTA (TAE) 

buffer, Blirt 2xPCR TaqNova-Red - Master mix with Taq polymerase (RP85T), Blirt 

2'-deoxynucleoside 5'-triphosphates (dNTPs) mix and Blirt Extractme DNA clean-up 

& gel-out kit were purchased from En-Ergon Scientific (Nicosia, Cyprus). Biorad 5x 

Orange G Loading Dye, Biorad Genes in a Bottle Lysis Buffer, Axygen 100 bp DNA 

ladder, Invitrogen UltraPure™ Agarose, Thermo Scientific Proteinase K and pure 

alcohol were used. 

3.2 Instruments 

Ultraviolet Absorption Spectrometer 
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All the spectra were investigated in Tris-HCl buffer using a Varian Cary-100 

Spectrophotometer. 

Emission Spectrometer 

All the spectra were investigated in Tris-HCl buffer using a Varian Cary Eclipse 

Spectrophotometer. 

Bandelin Electronic Soronex RK 52H Bath 

The compounds were allowed to dissolve in Tris-HCl with the aid of Bandelin 

Electronic Soronex RK 52H Bath. 

Tanon HE-120 horizontal gel electrophoresis 

The agarose gels were run by Tanon HE-120 horizontal gel electrophoresis. 

Tanon EPS-300 Power Supply 

All gels were run via Tanon EPS-300 Power Supply. 

J.P. Selecta Centrofriger-BL-II 

Gel-out protocol was carried out with the aid of J.P. Selecta Centrofriger-BL-II. 

Bioer Life Express PCR Machine 

PCR were carried out with the Bioer Life Express PCR Machine. 

Bioer Mixing Block MB-102 

Incubations were carried out with the aid of Bioer Mixing Block MB-102. 
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Gel Documentation & Analysis System - Beijing Liuyi Instrument Factory 

All agarose gels were visualized with Gel Documentation & Analysis System. 

OHAUS Balance 

Weight measurements were carried out with the aid of OHAUS Balance. 

Bandelin Electronic Soronex RK 52H Bath 

DNA extraction protocol was carried out with the aid of Bandelin Electronic Soronex 

RK 52H Bath. 

Electrolux Heatwave Compact Quartzgrill 1000W 

Agarose gels were prepared with the aid of Electrolux Heatwave Compact 

Quartzgrill 1000W. 

3.3 Methods 

3.3.1 Preparation of Compound Solutions in Tris-HCl Buffer 

Initially, 100 μM stock solution of each compound SPDI, YPDA and CPDA was 

prepared in 1M Tris-HCl buffer solution at pH 7.4 according to Equation 3.1 (Eqn. 

3.1). The solutions of the compounds in Tris-HCl buffer were then put in the 

sonicator at room temperature for 1 hour for maximum dissolution. 2.5 μM, 5 μM, 10 

μM and 20 μM concentrations of the perylene derivatives were then prepared by 

serial dilutions from the stock solution. 

 m = M × Mw × V     (Eqn. 3.1) 

Where, 

m: Mass of the compound 
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M: Molarity 

Mw: Molecular weight of the compound 

V: Volume of solution 

3.3.2 Absorption (UV-vis) Spectroscopy 

Absorption measurements of the pure compounds (20 μM) and pure primers (20 μM) 

were done in 1M Tris-HCl buffer at pH 7.4. Measurements were taken at different 

time intervals for pure compounds taking care not to disturb the particles (shake the 

cuvettes) between measurements in order to observe their aggregation. 0 hour (0h) 

refers to the spectrum measured immediately after the pure compound solution was 

removed from the sonicator (1 hour at room temperature). 1hour (1h), 3 hours (3h), 6 

hours (6h), 24 hours (24h) and 48 hours (48h) refer to the spectra measured after the 

pure compound solution was left undisturbed at room temperature and darkness. 

Absorption measurements of the primer and compound complexes were done in a 

1:1 ratio of concentration and 1:10 ratio of volume and after 3 hours of incubation at 

room temperature and darkness without any disturbance. 

3.3.3 Emission Spectroscopy 

Emission measurements of the pure compounds (20 μM) and pure primers (20 μM) 

were done in 1M Tris-HCl buffer at pH 7.4. Measurements were taken at different 

time intervals for the pure compounds taking care not to disturb the particles between 

measurements. 0 hour (0h) refers to the spectrum measured immediately after the 

pure compound solution was removed from the sonicator (1 hour at room 

temperature). 1hour (1h), 3 hours (3h), 6 hours (6h), 24 hours (24h) and 48 hours 

(48h) refer to the spectra measured after the pure compound solution was left 

undisturbed at room temperature and darkness.  
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Emission measurements of the primer and compound complexes were done in a 1:1 

ratio of concentration and 1:10 ratio of volume and after 3 hours of incubation at 

room temperature and darkness without any disturbance. Emission measurements for 

the pure compounds and for the primer and compound complexes were carried out at 

λexc= 485 nm and emission measurements for the pure primers were carried out at 

λexc= 250 nm. 

3.3.4 DNA Extraction 

The DNA extraction protocol was carried out with permission from the Eastern 

Mediterranean University Research and Publication Ethics Board. The permission 

letter is provided at the end of this thesis. The inside of the cheeks were chewed well, 

paying attention not to bleed, for 1 minute with 3 mL of distilled water and then the 

liquid was expelled back into a clean falcon tube. 2 mL of lysis buffer was added to 

the same tube and it was inverted a few times gently. Proteinase K solution (100 mg 

in 1 mL) was added and the tube was inverted again. The tube containing the liquid 

was incubated at 50 ℃ in a water bath for 10 minutes and after that cold alcohol was 

added slowly. Inverting the tubes again after a while also allowed DNA to aggregate 

before it was collected in a separate Eppendorf tube. Figure 3.1 illustrates the 

isolated human DNA. 
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Figure 3.1: The Isolated Human DNA 

3.3.5 Polymerase Chain Reaction (PCR) 

Polymerase Chain Reaction (PCR) [17, 18] was carried out for a guanine rich region 

of the beta globin gene (exon I, exon II and 60 bp of intron II after exon II) from the 

isolated human DNA. Figure 3.2 illustrates the amplified region with the location of 

the forward and reverse primers.  

 
Figure 3.2: The Amplified Region of the Beta Globin Gene 
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All the reagents used for the PCR reaction are provided in Table 3.1. The PCR 

buffer, Taq polymerase, dNTP mix, forward (PCO3) and reverse (CD6) primers and 

H2O which make up the master mix were added to the DNA template. The PCR 

tubes were then placed in the thermal cycler. Initial denaturation was carried out at 

94 ℃ for 2 minutes followed by denaturation at 94 ℃ for 30 seconds. Annealing of 

the primers to the DNA was allowed by decreasing the temperature to 57 ℃ for 30 

seconds. The elongation step, amplification of the DNA template by the DNA 

polymerase, was performed for 1 minute at 68 ℃. This made up a total of 30 cycles. 

The conditions for PCR are provided in Table 3.2. 1% agarose gel (1 g in 1X TAE 

buffer) was then loaded with 5 μl of 100 bp DNA ladder and 3 μL of Orange G 

loading dye and 10 μL of the PCR sample and 10 μL of Orange G loading dye. The 

gel was run at 150 volt (150V) for 1 hour. The image of the gel is shown in Figure 

4.26 A.  
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Table 3.1: Components and Amounts of the PCR Reaction 

Components 
Final 

Concentration 
Volume 

Total Volume 

(10 Reactions) 

10X PCR Buffer 1X 5 μL 55 μL 

Taq Polymerase  

5 u/μL 
1 u 0.2 μL 2.2 μL 

Forward Primer (PC03)  

Tm=55 ℃ 100 μM 
10 pmol 1 μL 11 μL 

Reverse Primer (CD6) 

Tm=58 ℃ 100 μM 
10 pmol 1 μL 11 μL 

dNTP mix  

(10 mM each) 
0.2 mM 1 μL 11 μL 

DNA template 0.5 μg 1 μL 11 μL 

H2O ̶ 40.8 μL 448.8 μL 

Total 50 μL 50 μL 550 μL 

 

Table 3.2: PCR Conditions 

  
Temperature Duration 

  
94 ℃ 2 minutes 

35 Cycles  

94 ℃ 30 seconds 

57 ℃ 30 seconds 

68 ℃ 1 minute 

 
4 ℃ HOLD 
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3.3.6 Gel-Out Protocol 

The region with the PCR product was excised from the agarose gel in order to carry 

out the gel-out protocol. Figure 4.26 B shows an image of the gel after it was 

excised. The gel-out protocol was carried out according to the manufacturer’s 

protocol. 

3.3.7 G-Quadruplex Formation Assay 

4% agarose gel (4g in 100mL 1X TAE buffer) was prepared. Each perylene 

derivative was added to the PCR product and 3μL of Orange G loading dye, and the 

complex was immediately loaded into the gel. The gel was loaded with the perylene 

derivative and the eluted PCR product starting with a 1:1 ratio of concentration and 

then applying two-fold dilution to the concentration of the perylene derivative. The 

order of the wells (wells 1 to 13 in Fig. 4.27) from left to right and the amount loaded 

to each well is provided in Table 3.3. The gel was run at 150V for 2 hours. The 

image of the gel under UV light is provided in Figure 4.27.  
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Table 3.3: Order of the Wells in Agarose Gel (Fig. 4.27) 

Well Number Samples Loaded 

Well 1 100 bp DNA Ladder (5 μL) 

Well 2 PCR product alone (10 μL) 

Well 3 PCR product (10 μL) + 2.5 μM SPDI (10 μL) 

Well 4 PCR product (10 μL) + 5 μM SPDI (10 μL) 

Well 5 PCR product (10 μL) + 10 μM SPDI (10 μL) 

Well 6 PCR product (10 μL) + 2.5 μM YPDI (10 μL) 

Well 7 PCR product (10 μL) + 5 μM YPDI (10 μL) 

Well 8 PCR product (10 μL) + 10 μM YPDI (10 μL) 

Well 9 PCR product (10 μL) + 2.5 μM CPDI (10 μL) 

Well 10 PCR product (10 μL) + 5 μM CPDI (10 μL) 

Well 11 PCR product (10 μL) + 10 μM CPDI (10 μL) 

Well 12 PCR product alone (10 μL) 

Well 13 100 bp DNA Ladder (5 μL) 
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Chapter 4 

DATA 

4.1 UV-visible and Emission Spectra 

The results of the absorption and emission measurements of the pure primers, pure 

compounds and the complexes are provided below; 

 



 
Figure 4.1: SPDI, Infrared Spectrum, KBr Pellet 

  



 
Figure 4.2: YPDA, Infrared Spectrum, KBr Pellet 



 
Figure 4.3: CPDA, Infrared Spectrum, KBr Pellet 



 
Figure 4.4: a-coreTT, Absorption Spectrum (1M Tris-HCl Buffer pH 7.4)  



 
Figure 4.5: a-coreTT, Emission Spectrum (1M Tris-HCl Buffer pH 7.4) 

(λexc = 220 nm)  



 
Figure 4.6: c-kit, Absorption Spectrum (1M Tris-HCl Buffer pH 7.4) 

  



 
Figure 4.7: c-kit, Emission Spectrum (1M Tris-HCl Buffer pH 7.4) 

(λexc = 220 nm) 

 



 
Figure 4.8: SPDI, Absorption Spectrum (1M Tris-HCl Buffer pH 7.4) 

  



 
Figure 4.9: SPDI, Emission Spectrum (1M Tris-HCl Buffer pH 7.4) 

(λexc = 485 nm) 

  



 
Figure 4.10: YPDA, Absorption Spectrum (1M Tris-HCl Buffer pH 7.4) 

  



 
Figure 4.11: YPDA, Emission Spectrum (1M Tris-HCl Buffer pH 7.4) 

(λexc = 485 nm) 

  



 
Figure 4.12: CPDA, Absorption Spectrum (1M Tris-HCl Buffer pH 7.4) 

  



 
Figure 4.13: CPDA, Emission Spectrum (1M Tris-HCl Buffer pH 7.4) 

(λexc = 485 nm) 

  



 
Figure 4.14: SPDI and a-coreTT, Absorption Spectrum (1M Tris-HCl Buffer pH 7.4) 

  



 
Figure 4.15: SPDI and a-coreTT, Absorption Spectrum (1M Tris-HCl Buffer pH 7.4) 

 

 



 
Figure 4.16: SPDI and a-coreTT, Emission Spectrum (1M Tris-HCl Buffer pH 7.4) 

(λexc = 485 nm) 

  



 
Figure 4.17: SPDI and c-kit, Absorption Spectrum (1M Tris-HCl Buffer pH 7.4) 



 
Figure 4.18: SPDI and c-kit, Absorption Spectrum (1M Tris-HCl pH 7.4) 

  



 
Figure 4.19: SPDI and c-kit, Emission Spectrum (1M Tris-HCl Buffer pH 7.4) 

(λexc = 485 nm) 

  



 
Figure 4.20: YPDA and a-coreTT, Emission Spectrum (1M Tris-HCl Buffer pH 7.4) 

(λexc = 485 nm) 

  



 
Figure 4.21: YPDA and c-kit, Absorption Spectrum (1M Tris-HCl Buffer pH 7.4) 

  



 
Figure 4.22: YPDA and c-kit, Absorption Spectrum (1M Tris-HCl Buffer pH 7.4) 

  



 
Figure 4.23: YPDI and c-kit, Emission Spectrum (1M Tris-HCl Buffer pH 7.4) 

(λexc = 485 nm) 



 
Figure 4.24: CPDA and a-coreTT, Emission Spectrum (1M Tris-HCl Buffer pH 7.4) 

(λexc = 485 nm) 



 
Figure 4.25: CPDA and c-kit, Emission Spectrum (1M Tris-HCl Buffer pH 7.4) 

(λexc = 485 nm) 
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4.2 Gel Electrophoresis 

All the agarose gel results are illustrated below; 



 
Figure 4.26: A) PCR Product on Gel B) PCR Product Excised From the Gel 

  



 
Figure 4.27: Results of the G-quadruplex Formation Assay on 4% Agarose Gel 

*: YPDA concentration – dependent fragment migration 

(from low to high concentration of YPDA – lanes 6 ,7, 8 in increasing YPDA concentration) 
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Chapter 5 

RESULTS AND DISCUSSION 

5.1 Absorption (UV-vis) Spectroscopy 

Absorption spectra of the pure primers a-coreTT (20 μM) and c-kit (20 μM) are 

provided in Figure 4.4 and 4.6, respectively. Absorption spectra were recorded for all 

the perylene derivatives only in order to observe their aggregation behavior. A 

considerable decrease in absorbance was observed for SPDI over time and 

absorbance at 48h decreased approximately to half the absorbance at 0h as illustrated 

in Figure 4.8.  YPDA showed a gradual slight decrease in absorbance until the 6
th

 

hour but a remarkable decrease in absorbance after 24 hours. This is illustrated in 

Figure 4.10. CPDA on the other hand displayed a gradual slight decrease in 

absorbance over time and this could be observed from Figure 4.12. Overall, CPDA 

seems to aggregate the least, SPDI seems to aggregate the fastest and YPDA shows 

remarkable aggregation after 24 hours. 

Absorption spectrum of the complexation of SPDI with a-coreTT is provided in 

Figures 4.14 and 4.15. There is an easily observable change in the peaks after the 

complexation takes place. This could be observed from the absorbance 

measurements that were taken after 3 hours of incubation at room temperature in 

darkness. In the region where the primer has emission, the compound has 

absorbance. This means that energy transfer is taking place from the primer to the 

compound, i.e. the energy that is emitted from the primer is being absorbed by the 



56 

 

compound. Remarkable splitting of the peaks related to a-coreTT could be observed 

with a huge increase in the absorbance of the peak at 226 nm. Similar conclusions 

also apply to the complexation between SPDI and c-kit but this complex additionally 

formed a new peak at 319 nm that just showed up as a shoulder in the absorption 

spectrum of the compound alone. This is illustrated in Figures 4.17 and 4.18.  

The complexation of YPDA with c-kit also provided a remarkable splitting in the 

peaks of the primer and no new additional peaks were observed. This is illustrated in 

Figures 4.21 and 4.22. This also leads to a conclusion that there is an energy transfer 

from c-kit to YPDA. The energy that is emitted from the primer, c-kit, is being 

absorbed by the compound, YPDA. 

The absorption spectra of the pure primers in Tris-HCl were also taken after 3 hours 

in order to observe whether the change in the peaks is the reason of an interaction 

over time between the Tris-HCl buffer and the primer itself. The absorption spectrum 

after 3 hours was the same as the one taken immediately after the primer was added 

to the buffer. This leads to a conclusion that the change in the peaks upon the 

complexation is the result of an interaction that is causing energy transfer from the 

primer to the compound.  

5.2 Emission Spectroscopy 

The emission spectra of the pure primers a-coreTT (20 μM) and c-kit (20 μM) are 

provided in Figure 4.5 and 4.7. According to the emission spectra of SPDI that is 

illustrated in Figure 4.9, there is a considerable increase in the two peaks with time. 

YPDA and CPDA also provided an increase in the peaks and most remarkably after 

24 hours. Figures 4.11 and 4.13 illustrate the emission spectra of YPDA and CPDA, 
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respectively. This increase in emission intensity suggests energy transfer from the 

substituent to the perylene core, which means that energy transfer is taking place 

within each molecule. 

The emission spectra of the complex of SPDI with a-coreTT (Figure 4.16) illustrate a 

slight increase in absorbance but a stable λmax when compared to the pure compound 

alone. The emission spectra of the complex of SPDI with c-kit (Figure 4.19) illustrate 

an increase in the intensity of the peak at 593 nm but the peak at 550 nm did not 

show an increase in the intensity of emission, but rather stayed constant after 3 hours. 

The interaction of YPDA with a-coreTT and c-kit provided a decrease in the 

intensity of emission at 525 nm for both of the interactions. The results are illustrated 

in Figures 4.20 and 4.23, for YPDA and a-coreTT and YPDA and c-kit, respectively. 

The emission spectra of CPDA with a-coreTT and c-kit illustrate similar results with 

the interaction of YPDA with the two primers. Figures 4.24 and 4.25 illustrate the 

increase in intensity of emission for both of the interactions. 

5.3 Gel Electrophoresis 

The interaction of SPDI, YPDA and CPDA with the PCR amplified guanine rich 

region of the human beta globin gene (exon I, exon II and 60 bp of intron II after 

exon II) was investigated via gel electrophoresis and visualized by gel documentation 

and analysis system. The investigated region is illustrated in Figure 3.2. The results 

of the agarose gel show that bands that contain the PCR product alone migrate faster 

than the bands that contain the PCR product and the perylene derivative together. 

This is illustrated in Figure 4.27. When the band migrations were compared with the 

aid of a straight line as illustrated in Figure 4.27, a difference in the distance run by 
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the bands could be clearly observed. This difference could be attributed to the 

formation of a stable G-quadruplex (G4) structure as a result of the binding of the 

perylene derivative to the PCR product.  

CPDA migrates the slowest when compared to the other two perylene derivatives 

SPDI and YPDA. The possible reasons might be the ionization of the side chains so 

that the positively charged (cationic) nitrogen ion can attract the negatively charged 

DNA backbone strongly. Bands with bigger size (molecular weight, Mw) migrate 

slower than bands with smaller size in gel electrophoresis. Therefore another 

possible reason might be the Mw of CPDA as it has the highest Mw when compared 

with the other two perylenes. Overall, CPDA possibly has a potential of higher 

binding affinity to this G-rich region of the human genome. 

Different concentrations (two-fold dilutions from 10 μM to 2.5 μM) of the perylene 

derivatives were loaded into the agarose gel wells in order to observe the effect of 

concentration on the formation of a stable G4 structure. There was no noticeable 

difference between the bands with the different SPDI and CPDA concentration 

however the bands with YPDA and the PCR product seems to migrate slower upon 

increasing YPDA concentration. This suggests that YPDA induces G4 formation at a 

much lower concentration than the other perylene derivatives. Figure 4.27 illustrates 

the concentration dependent migration of the bands with YPDA and the PCR 

product. This region is shown with a dotted rectangle and an asterisk.
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Chapter 6 

CONCLUSION 

In this thesis, a guanine rich region from the human beta globin gene (exon I, exon II 

and 60 bp of intron II after exon II) was amplified via polymerase chain reaction 

(PCR). This PCR product was then complexed with two perylene dianhydride 

derivatives and one perylene diimide derivative in order to observe whether guanine 

rich regions throughout the human genome could form stable G-quadruplex (G4) 

structures upon the presence of perylene derivatives. Additionally, a-coreTT and c-

kit were used as telomeric and promoter region oligonucleotides respectively, in 

order to study their interaction with the perylene derivatives. The investigations were 

carried out with UV-vis spectroscopy, emission spectroscopy and gel electrophoresis. 

An advantage of perylenes which make them interesting molecules for science is 

their adjustable properties according to the desired field of study. This means that 

perylenes with different side chains at their imide or bay positions could provide 

them better binding affinity to the human genome, which is our study of interest. 

Spectroscopic investigations were carried out to observe if any interaction is taking 

place between the perylene derivatives and the primers from the human telomeres (a-

coreTT) and the promoter of an oncogene (c-kit). Absorption spectroscopy illustrated 

an additional small peak (for SPDI and c-kit) and increase in absorbance of the pure 

compounds and primers upon the complexation. Emission spectroscopy provided 
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increase in the intensity of emission of the compounds when the complexation was 

carried on. Overall, spectroscopic investigations have provided results that could be 

attributed to energy transfer from the primers to the compounds upon the interaction. 

This was proven by the emission of the primers being in the same region as the 

absorbance of the compounds. 

According to the agarose gel electrophoresis results, a difference in the migration 

pattern of the bands with the complex was investigated when compared to the PCR 

fragments alone. This suggests the formation of stable G4 structures with the help of 

the perylene derivatives and furthermore CPDA having the potential of higher 

binding affinity.  Interestingly, this PCR product and perylene complexation study 

was performed and analyzed via the gel electrophoresis technique for the first time at 

our university. Here we were able to join two disciplines which are molecular 

biology and organic chemistry together to end up with an interesting study.  

To conclude, the interaction of three perylene derivatives with a guanine rich region 

from the human beta globin gene and guanine rich primers from human telomeres 

and oncogenes was studied and was decided that further investigation should be 

performed to elucidate the feasibility of the perylene derivatives as future therapeutic 

agents. 
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