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ABSTRACT 

INVESTIGATION OF PHTHALOCYANINE – DNA BINDING WITH IN SILICO 

METHODS 

Owing to the central role of DNA in replication and transcription, it has been a major target 

for antibiotic, anticancer, and antiviral drugs. The effects of DNA-binding drugs are known 

for various diseases such as cancer, malaria, AIDS, and other bacterial infections. Cationic 

porphyrins are considered as functional compounds that strongly bind to DNA and photo 

dynamically modify the target site of a DNA molecule by a mechanism similar to that of anti-

cancer drugs. On the other hand, despite spectrophotometric studies on phtalocyanines (Pc)– 

having similar structure with porphyrins- are abundant, studies involving molecular modelling 

techniques have not yet been recorded in the literature to our knowledge. With this study, it is 

aimed to fill this gap, to investigate the interactions between DNA and Pc derivatives 

possessing varying metals (Zn, Ni, Cu, Fe, Mg and Ca) by molecular docking, and to direct 

future experimental studies.   

 

Quaternized Zn Pc (Q-ZnPc) structure was optimized by quantum mechanical 

DFT/wb97xd/6-31 G (d,p) calculations and docked into a B-form DNA segment (PDB ID: 

2DND) employing Autodock Vina software. The same procedure was carried on for Ni, Cu, 

Fe, Mg and Ca derivatives as well as core Pc structure (ZnPc) and Q-Pc devoid of metal (Q-

H2Pc) in order to make comparisons. Docking trials were repeated by using Molegro docking 

program to obtain more reliable results and make comparisons. 

 

Analysis of Vina outputs showed that each Q-MPc derivative (M=Zn, Fe, Ni, Cu, Mg, Ca) 

binds to DNA very strongly with very similar binding energies (ΔG ≈ -11.3 kcal/mol, Kb ≈ 

19x10
7
). Binding mode of each Q-MPc derivative is almost identical. They bind both grooves 

of DNA by constituting attractive interactions between phospate groups of DNA and 

chromophore regions of the Q-MPc’s, namely the metal center, π-electrons of isoindole rings 

and quaternary amine groups. Although changing the metal has no significant effect on 

binding, quaternary amine substituents increase binding constant Kb by 4.5 fold comparing to 

the core Pc (ZnPc).  
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Contrary to Vina, the calculated Molegro binding scores of Q-MPc’s with different metals 

have been more diverse indicating that Molegro scoring function is better in differentiating 

these metals.   

 

We propose that Q-MPc derivatives designed in this thesis are promising anti-tumor lead 

compounds since they tightly bind to DNA with considerably high Kb values. Cationic 

substituents and presence of metal have both positive effects on DNA binding which is crucial 

for designing DNA-active drugs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

December, 2016        Lalehan Özalp  



vi 

 

ÖZET 

FTALOSİYANİN – DNA BAĞLANMASININ İN SİLİKO YÖNTEMLERLE 

İNCELENMESİ 

DNA, replikasyon ve transkripsiyon işlevlerinden faydalanılarak geliştirilen antibiyotik, 

antitümör ve antiviral ilaçlar için önemli bir hedef madde olmuştur. DNA’ya bağlanan 

ilaçların kanser, AIDS, sıtma ve birtakım bakteriyel enfeksiyonlar gibi çeşitli hastalıklar 

üzerine etkileri bilinmektedir. Katyonik porfirinler, DNA’ya bağlanan ve anti-kanser ilaçların 

mekanizmasına benzer bir şekilde hedef bölgeyi fotodinamik olarak modifiye eden 

fonksiyonel moleküller olarak kullanılmaktadır. Diğer yandan, yapısal olarak porfirinlere 

benzeyen ftalosiyaninlerin (Pc) DNA ile etkileşimlerini inceleyen spektrofotometrik 

çalışmalara rastlanmasına rağmen, bildiğimiz kadarıyla şimdiye dek molekül modelleme 

metotlarının yer aldığı bir çalışma literatürde bulunmamaktadır. Bu çalışma ile, literatürdeki 

bu eksikliğin giderilmesi, farklı metallere sahip Pc türevlerininlerin DNA ile etkileşimlerinin 

moleküler doking ile incelenmesi ve Pc-DNA bağlanmasına ait mekanizma açıklanarak ileriki 

deneysel çalışmalara yön vermek amaçlanmıştır.  

Bu amaca yönelik olarak, kuaternize ZnPc (Q-ZnPc) yapısı bir kuantum mekaniği yöntemi 

olan DFT/wb97xd/6-31G (d,p) hesaplamalarıyla optimize edilmiş ve B-formundaki DNA 

segmentine (PDB ID: 2DND) Autodock Vina yazılımı kullanılarak dok edilmiştir. Aynı 

işlem, karşılaştırmalar yapmak amacıyla; Ni, Cu, Fe, Mg ve Ca türevleri ile metal içermeyen 

Q-Pc (Q-H2Pc) ve çekirdek Pc yapısı (ZnPc) için tekrarlanmıştır. Docking işlemleri, daha 

güvenilir sonuçlar elde etmek ve karşılaştırma yapmak amacıyla Molegro programı ile de 

tekrar edilmiştir. 

 

Vina ile elde edilen sonuçlar göstermiştir ki, Q-MPc türevleri (M= Zn, Fe, Ni, Cu, Mg, Ca) 

DNA ile çok yakın bağlanma enerjileriyle (ΔG ≈ -11.3 kcal/mol, Kb ≈ 19x10
7
) güçlü bir 

şekilde bağlanmıştır. Her Q-MPc türevinin bağlanma modunun neredeyse aynı olduğu 

gözlenmiştir. DNA’nın fosfat grupları ve Q-MPc’lerin kromofor bölgeleri (metal merkezi, 

izoindol halkaları, kuaterner aminler) arasında çekici etkileşimler ile DNA’nın her iki 

oyuğuna birlikte bağlandığı tespit edilmiştir. Metal değiştirmenin bağlanma üzerinde önemli 

bir etkisi olmadığı gözlendiyse de, çekirdek Pc (ZnPc) ile kıyaslandığında,  kuaterner amin 

yan gruplarının, bağlanma üzerinde etkisi olduğu gözlenmiştir (Kb 4.5 kat artmıştır).  
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Vina’nın verdiği sonuçların aksine, farklı metallere sahip Q-MPc’lerin Molegro bağlanma 

skorlarında çok daha fazla çeşitlilik vardır. Bu sonuçlar Molegro’nun, metallerin farkını 

tanımada daha iyi olduğunu göstermektedir.  

 

Q-MPc türevleri, önemli derecede yüksek Kb değerleriyle, DNA’ya sıkıca bağlandıklarından 

dolayı, umut vaat edici ilaç ön bileşikleridir. Katyonik yan grupların ve metalin varlığı DNA-

aktif ilaçların tasarımı için hayati öneme sahip olan DNA’ya bağlanmayı olumlu yönde 

etkilemektedir. 
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CLAIM FOR ORIGINALITY 

Phthalocyanines are planar compounds having an extended conjugated pi system. DNA has 

been interesting as a target molecule for over 20 years. Phthalocyanines (Pc) are known for 

their properties such as making complexes with nucleic acids and ability to be adjusted by a 

number of modifications. DNA-Pc complexes have been drawing attention in virtue of 

discovering new medical treatments. However, in silico methods in this field of research has 

not yet applied. In fact, there is no molecular docking study on DNA-Pc complex to our 

knowledge.  

Another novelty the present thesis study involves is the application of Boltzmann Distribution 

to the docking scores, which is expected to yield more realistic results while comparing to the 

experimental data.  

Finally, the present thesis study proposes iron (II), calcium (II) and zinc (II) as the most 

suitable and potent metals incorporated into Pc since the binding affinity of Q-FePc, Q-ZnPc 

and Q-CaPc ranked the top three ligands during the docking assessments of both Molegro and 

Autodock Vina softwares.  
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1. INTRODUCTION 

1.1. Introduction and Aim 

Today, nucleic acids are of great importance as drug targets and therefore developing novel 

drugs that are able to interact with those molecules is the basic and crucial step for drug 

design. It has been demonstrated that metalloporphyrins easily binds to nucleic acids, leading 

to fracture in DNA strands (Pitie et al., 1992). 

Phthalocyanines, having a very similar structure with that of porphyrins, show difference as 

they possess isoindole rings, providing them a larger pi system.  Thus, they absorb light at 

longer wavelengths. Pcs draw attention as it is easy to add substituents such as quaternized 

amino groups or phosphate groups to their structure, which provide them a cationic/anionic 

character; making them water-soluble (Kurt et al., 2015).  In addition to this, by altering the 

metal atom in the center, biological and electrical properties of Pcs can be modified. 

According to a study, central metal atom in Pcs has a considerable effect on cytotoxicity of 

them (Ali & van Lier, 1999). 

As being DNA binders, Pcs have been subject to a number of studies (Dezhampanah et al., 

2011). Similar to porphyrins, Pcs form complexes with DNA through three binding modes; 

outside-binding, groove binding and intercalation (Kuznetsova et al., 2008). Among these, 

intercalation has an exclusive place as Pcs are known to be good intercalators. However, 

according to substituents they possess, other binding modes may also occur. 

Pcs with positive charge are found to be the best DNA-binders among a variety of Pcs; having 

either neutral or anionic character. This is due to negative charge of DNA (Uslan & Sesalan, 

2012).  Hence, synthesis of cationic Pcs have been exclusively appealing.  In the present 

thesis study, contribution of cationic substituents to Pcs’ affinity to DNA is demonstrated. 

Additionally, Pcs are remarkable for their ability to produce singlet oxygen species which 

damage a nearby cell in an organism. This is accomplished through a mechanism where 

reactive oxygen species are transformed to singlet oxygen. Photodynamic therapy (PDT) 

basically makes use of this mechanism, which has been increasingly popular. The foremost 

benefit of PDT is that cells that are desired to undergo apoptosis or necrosis can be targeted 

(Uslan et al., 2012).  
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In spite of a number of experimental studies that aim to enlighten the binding mechanism of 

Pcs to DNA (Kurt et al. 2015), there is a gap in the literature regarding computational studies 

on this subject. The main goal of the present thesis study is to contribute to fill this gap, to 

investigate the interactions between DNA and Pc derivatives possessing varying metals (Zn, 

Ni, Cu, Mg, Ca and Fe) in search of the effect of substituents and central metal, and to direct 

future experimental studies. A Pc derivative was modelled, which was formerly synthesized 

in the laboratory by our biochemistry group and its interactions with DNA were investigated 

in silico. We have also studied a similar Pc structure that was investigated experimentally 

(Evren et al., 2013), by making use of computational methods.  

Furthermore, two different docking programs (Autodock Vina and Molegro) were utilized in 

search of affinity of the Pc derivatives to DNA. The obtained results were compared and an 

assignment was carried out in purpose to determine the most appropriate docking program for 

exploring Pc-DNA interactions. 
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1.2. General Background 

1.2.1. DNA Structure and Basic Functions 

DNA is considered today as a very valuable scaffold for drug design. In order to develop 

novel drug lead compounds, one needs to understand the structure and functions of DNA. 

There are a number of aspects of DNA regarding drug design. The preeminent one inarguably 

being its double-stranded helical geometry and nucleotides. The two strands of DNA are anti-

parallel to each other, held together by hydrogen bonds, formed by two nucleotides one from 

each strand (Figure 1.1.).  

 

Figure 1.1   a) Helical geometry of DNA    b) Chemical structure of DNA  

The width of DNA is 20 Å and the distance between two adjacent base pairs is 3.4 Å. These 

mathematical aspects are of importance to computational chemists as they provide guidance 

in detecting any changes in DNA.  

Four types of nucleotides are present in the structure of DNA, named after the bases 

(Adenine, Thymine, Guanine and Cytosine) they bear. Guanine bases are always opposite the 

Cytosine bases, so are Adenine and Thymine bases. Three hydrogen bonds are formed 

between the former two, whereas two hydrogen bonds are formed between the latter two. 
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Hydrogen bonds are of great importance to geometry and stability of DNA. However, 

stability of DNA is prominently due to base stacking interactions (Yakovchuk et al., 2006). 

DNA has a direction; one strand goes from the 5ꞌ end towards 3ꞌ end and the other strand 

follows the opposite path. Template strand (from which protein synthesis is started) is known 

to be from 5ꞌ end to 3ꞌ end. The “prime” notation is for C atoms in sugar rings.  It replicates 

itself from 5ꞌ end to 3ꞌ end whereas transcription takes place from 3ꞌ end to 5ꞌ end. Replication 

and transcription are two processes vital for cell living. These processes are significant to 

researchers of drug design as they both play critical role in tumor cell development.  

A pivotal aspect of DNA is being universal. Unlike proteins, they can be inserted to another 

living organism and it will be able to express itself in the presence of necessary biochemical 

substances. Hence genetic engineering is possible and also popular today. Regarding the 

present thesis study, this stands as a fundamental fact since our target DNA molecule, though 

not completely, is common in all living systems (except viruses possesing only RNA). 

In terms of computational chemistry and molecular docking, DNA as the macromolecule 

(target) should be examined to presume its binding sites upon docking a small molecule 

(ligand). A ligand may bind to ends of DNA, to backbone (alternating phosphate and sugar 

residues), to major groove and minor groove. The major groove is 22 Å wide and minor 

groove is 12 Å wide. This provides easier access to major groove compared to the minor 

groove, allowing regulator proteins to bind readily (Pabo & Sauer, 1984). 

 

1.2.1.1. Formation and biochemical role of major and minor grooves 

The special geometry of DNA leads to grooves of different sizes. A minor groove is formed 

due to the narrow angle between the sugars on one edge of the base pair, whereas a major 

groove generates from the large angle on the other edge (Figure 1.2.) (Watson, 2004).  
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  A       B 

 

 

          C                D 

Figure 1.2. Chemical groups in Major and Minor grooves. A) G-C Base Pair, B) C-G Base 

Pair, C) A-T Base Pair, D) T-A Base Pair. A: Hydrogen bond acceptors; D: Hydrogen bond 

donors; H: Nonpolar hydrogens; M: Methyl groups. 

As shown in the figure; the major groove contains more chemical information than the minor 

groove. This allows one to distinguish whether a base pair is A-T (major groove: A, D, A, M) 

or T-A (major groove: M, A, D, A); G-C (major groove: A, A, D, H) or C-G (major groove: 

H, D, A, A). By looking at the minor groove, however, it is not possible to tell whether a base 

pair is A-T or T-A (or G-C/C-G). It would only provide information whether it is an A-T base 

pair (both minor grooves: A, H, A) or a G-C base pair (both minor grooves: A, D, A). 

Recognition pattern is of great importance for proteins binding to DNA. Proteins with varying 

functions (transcription, regulation, replication, repair) are thus able to recognize a certain 

sequence without disturbing the double helix, by means of rich chemical information in major 
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grooves. On the other hand, proteins such as histone proteins, ribosome and DNA polymerase 

are known to be minor groove binders, which bear less chemical information (Watson, 2004). 

Today, however, not all anti-cancer drugs are major groove binders. 

1.2.2. DNA-drug interactions 

There are two major classes of binding of drug molecules to DNA; covalent and non-covalent 

binding (Barone et al., 2013). Covalent binding may lead to breaks in both strands of DNA, 

which means cell death as repair is difficult at this point. Nucleophilic reactions are popular 

tools in such studies, with DNA having purine bases affected by covalent attack. The first 

anticancer drugs acting on DNA were acquired from the First World War poison gases, the 

mechanism of action of which involves covalent binding (Neidle, 2008). 

Today many antibiotics and drugs are known to function by virtue of their non-covalent 

interactions with DNA, which may lead to disruption of transcription and replication. It has 

been demonstrated that these drug substances exert activity against many bacterial infections, 

viral diseases and cancer. Foremost chemotherapy medications include DNA-interacting 

drugs, many of them clinically in use today. The mechanism of drug action may involve; 

inhibition of topoisomerase enzymes (e.g Anthracycline), subsequently leading to cell death 

and prevention of transcription (e.g Actinomycin D). Nevertheless, such cytotoxic drugs 

mentioned above are toxic to healthy cells as well as cancer cells. Hence, designing high-

selective new DNA-interacting drugs has drawn a big deal of attention in recent years (Neidle, 

2008).  

As subject of the present thesis study involves Phthalocyanine-DNA interactions which are 

non-covalent; only binding modes within this class of interactions will be detailed and 

discussed. 

 

1.2.2.1. Non-covalent interactions: Binding modes 

Intercalation 

The notion of intercalative binding was first suggested by Lerman (Lerman, 1961) showing 

that planar molecules having a conjugated pi system permeate DNA between two adjacent 

base pairs. Hence chromophores, such as phthalocyanines, are known to be intercalators. 

Much of the interest in those compounds arises from their anti-cancer activity (Hurley, 1989) 

owing to their mechanism of action; they inhibit replication or transcription through 
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intercalation, resulting in apoptosis. Anthracyclines, a class of anti-cancer drugs widely used 

today, exert their activity through intercalation binding mode (Takimoto & Calvo, 2008). 

 

                               

                    a                                                                      b 

Figure 1.3. DNA complexed with a) ellipticine, a DNA intercalator (*PDB ID: 1ZF3) b) 

pentamidine, a DNA minor groove binder. (*PDB ID: 1D64) 

Polarization, van der Waals forces and π-π stacking between the planar site of drug 

chromophore and base pairs are responsible for its stabilization. A polarized character in 

intercalating chromophore is more desirable for excellent attractive interactions. Presence of 

heteroatoms, namely, nitrogens is thus favorable (Neidle, 2008) (Figure1.3.a). 

Minor groove binding 

Molecules comprising of a long chain and having a crescent shape are known to be minor 

groove binders. Those types of molecules mostly choose A/T regions of DNA (Zimmer & 

Wahnert, 1986). Distamycin and Netropsin are known minor groove binders that function as 

antibiotics and are in use today. Their mechanism of action involves inhibition of RNA and 

DNA biosynthesis (Figure 1.3.b) (Hahn, 1975). 

Major groove binding 

A few number of natural products are major groove binders. Intercalating sites of these 

compounds and alkylation of the nucleophilic sites on DNA mainly prompts this type of 

binding. Examples of major groove binders include neomycin, pluramycin and nogalamycin 

(Hamilton & Arya, 2012). 
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Outside binding (external binding)  

This mode of binding mainly takes place between DNA and a cationic molecule. For cationic 

porphyrins, it was recorded that they may either bind to DNA through electronic interaction 

with the backbone or stacking along the DNA helix (Asadi et al., 2004). 

1.2.3. Computational methods in drug design 

It has been over thirty years since computer-aided drug design (CADD) was developed for 

designing therapeutic molecules. As CADD utilizes search in a much more focused fashion 

than traditional methods, hit rate of new drug compounds has escalated. New therapeutics for 

a number of diseases have been developed that had passed clinical tests (Sliwoski et al., 

2014). A compelling example is discovery of HIV protease inhibitors; which reversed 

growing death rates due to AIDS in the Unites States in 1990’s (Van Drie, 2007).  

Conversion of a compound to a drug is not a single step procedure. It requires repetitive 

cycles of chemical synthesis and in vitro tests in order to obtain a “lead”, which is expected to 

have a higher affinity and to be satisfactory regarding structure-activity relation and ADMET. 

Thenceforth lead-to-drug optimization and in vivo analyses take place to attain drug that 

complies with DMPK/ADMET properties (Jorgensen, 2004). 

CADD can mainly be categorized as structure-based and ligand-based (Figure 1.4.). 

Structure-based CADD is chosen in cases where there is accessible structural data for the 

target protein. Ligand-based CADD is employed when structural data of target protein is not 

present, or insufficient. Hence, known compounds are explored on the basis of chemical 

similarity. Structure-based CADD is built on the knowledge of target protein structure, i.e, 

crystallized protein,  for calculating interaction energies of compounds of interest. The main 

goal of structure-based CADD is designing compounds that bind tightly to the target 

macromolecule, meanwhile tracking several parameters; target specificity, large reduction in 

free energy, enhancement in ADMET (Absorption, Distribution, Metabolism, Excretion, 

potential for Toxicity) properties (Jorgensen, 2010).   
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Figure 1.4. CADD flowchart in drug discovery (Sliwoski et al., 2014) 

 

The theory underlying in structure-based CADD is that desired biological effect of a molecule 

after binding to a target depends on its affinity to favorably interact with a specific site on that 

target. Studies on drug discovery have led to increased information on target structure, which 

plays a key role in the development of clinical drugs. This has been achieved by either X-ray 

crystallography or NMR techniques (Sliwoski et al., 2014). PDB Databank deposits X-ray 

crystal structure, NMR solution/solid structure and Electron Microscopy structures. The 

structure of interest can be downloaded and utilized for further process; i.e., docking (Figure 

1.4).  Homology modeling, which exploits bond lengths and bond angles of a structure, 

(Anderson & Wright, 2005), aims to predict the 3-D structure of a target, given that proteins 

with homologue aminoacid sequence share similar structures (Guedes et al., 2016).  

Once the target structure is obtained and binding site is determined; a computational chemist 

chooses a method to investigate binding affinity and interactions of selected ligands with the 

target depending on the purpose and nature of target/ligand. Computational techniques such 
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as molecular dynamics and docking offer extensive knowledge on binding potential of ligands 

of interest. 

The field of modeling drug-DNA interactions by means of CADD has long been active. 

Monte Carlo methods, molecular dynamics calculations and docking experiments have been 

used for this purpose in the field of CADD (Neidle, 2008). 

The present thesis study involves structure-based CADD, with a known target structure of 

DNA (PDB ID: 2DND), data obtained by X-Ray crystallography. Different phthalocyanine 

derivatives were used as ligands to investigate their binding affinities to DNA by docking 

technique.  Full procedure will be detailed in “Materials and Methods” section. 

 

1.2.3.1. Docking 

In all biological processes, interactions between biomolecules play a pivotal role as they 

constitute regulatory and metabolic networks, which are basic requirements for life. 

Molecular modeling techniques aim to monitor and analyze these interactions and also to 

predict unknown interactions or structures of interacting biomolecules. Comprehensive 

knowledge of the three dimensional structure of a molecule is of great interest for analysis of 

molecular interactions (Lengauer & Rarey, 1996). In the field of computer-aided drug design 

(CADD), docking stands as a very important tool to predict affinity of a molecule to another, 

namely, a macromolecule (target). Hence, interactions between the two can be observed at the 

molecular level and studied.  

Docking method basically aims to predict one molecule’s conformation and orientation when 

it is bound to a second molecule, forming a stable complex. Docking programs have two main 

components, both functioning for the sake of finding the most compatible conformation and 

pose of the molecule (ligand) of interest (Figure 1.5). First of them are scoring functions, 

which are essential for the prediction of binding affinity, binding mode and conformation in 

the bound form. Scoring functions are typically energy-based and the main idea is that lower 

energy scores depict better target-ligand binding than higher energy scores (Thomsen & 

Christensen, 2006). The second component is algorithm, which is responsible for the 

“mathematical search”, serving to determine whether a given ligand fits the active site, 

namely, posing (Kitchen et al., 2004).  
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Workflow in docking comprises two stages; the first one is generating the binding pose, 

whereat the position and conformation of the molecule to the target’s binding site is predicted. 

The second stage, that is scoring, involves evaluation of ligand’s binding affinity to the target 

(Ain et al., 2015). Search algorithm is responsible for the first stage and scoring function is 

for the second. 

              

 

 

Figure 1.5. A diagram showing main components of docking programs  

 

Target selection 

The structure of the target molecule of interest is essential for the docking procedure. 

Research Collaboratory for Structural Bioinformatics (RCSB) Protein Database deposits a 

large number of structures of variant molecules obtained either from X-ray crystallography or 

NMR experiments. Typically, a sufficient crystal structure should have a diffraction intensity 

preferably below 2 Å meaning that the model of subject is more accurate. The R-value is 

expected to be lower than 0.25 (Anderson et al., 2005).  

Binding site identification 

Identification of the target’s binding site is of great importance for docking experiments. In 

case of enzymes, binding site is often known a priori. For DNA, binding site can be detected, 

or the uncertainty can be diminished, by means of the ligand’s behaviour of binding, being 

Docking 

Scoring Function 

* Force-field based 

* Empirical 

* Knowledge-based 
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* Genetic Algorithm 

* Shape Complementarity 
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* Molecular Dynamics 
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either an intercalator or a groove binder (Trent, 2001). An intercalator generally intercalates 

into major grooves and groove binders enter the cavity of minor grooves.  

Ligand and target flexibility 

In most docking packages, ligand is treated as flexible whereas target is assigned as rigid. 

Although target can also be rendered flexible through necessary procedure, it is a challenging 

task. Target’s flexibility is appealing to many users as biomolecules in reality are not rigid. 

Nevertheless, this choice may not be applicable to receptors functioning due to their special 

shape such as DNA. 

Drug – DNA docking protocol 

Today, many docking softwares have been parameterized for protein-ligand docking. 

However, there is a considerable shortage in procedures for DNA-ligand docking. Since the 

receptor (DNA) is kept rigid and the ligand flexible in many docking programs, it is essential 

to know the binding mode of the ligand prior to docking experiments. For example; if a 

groove binder ligand is docked into a DNA segment that is devoid of minor groove, its 

binding mode and binding location will be deceptive (Al-Rashida & Ahsen, 2015). To 

overcome this problem, one needs to identify whether the ligand is an intercalator or a minor 

groove binder and the target DNA posseses the related binding sites. 

 

1.2.4. Phthalocyanines 

Phthalocyanines are basically macrocyclic compounds with vivid green-blue colour. 

Structurally, they are closely related to porphyrins, which are vital for biological systems 

(Figure 1.6a). They are utilized as dye and pigments in industry and academic research. 

Phthalocyanines constitute roughly 25% of all artificial organic pigments (Löbbert, 2000).  
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       a                  b 

Figure 1.6. a) Heme b, oxygen-binding of haemoglobin, responsible for aerobic respiration in 

all vertebrates. b) Core structure of free-base phthalocyanine 

The first trace of phthalocyanine obtained was actually a by-product that was recorded in 

1907. Twenty years later, two Swiss researchers unintentionally synthesized a blue-coloured 

mixture of copper- phthalocyanine and two similar compounds, however, they could not 

identify them. Finally, Scottish Dyes Ltd also discovered phthalocyanine and subsequently 

started employing in dye production (Steed & Atwood, 2013). Later, a scrupulous analysis 

was accomplished by Linstead (Linstead & Weiss, 1950), who used the term phthalocyanine, 

named after naphtha (rock oil) and cyanine (dark blue) (Schubert et al., 2008). 

Phthalocyanines (Steed et al., 2013) and porphyrins (Erdem, 2001) are easily made water 

soluble by adding cationic or anionic groups.  

1.2.4.1. Phthalocyanine-related compounds 

Phthalocyanines and porphyrins have similar structures and features. Tetrabenzoporohyrin 

and porphyrazine also draw attention by ways of porphyrins and phthalocyanines. Both 

phthalocyanines and porphyrins can be synthesized by Schiff base type condensation reaction 

(Steed et al., 2013). 

1.2.4.2. Functional properties of phthalocyanines 

Owing to its conjugated ring system consisting of 18 π electrons, Pcs have been used in 

varying fields aside from dye industry. Examples include; molecular semi-conductors, liquid 

crystals, optical data storage, cancer therapy, photoelectrochemical cells, photovoltaic cells. 
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The term metallophthalocyanine or metal phthalocyanine is used when a metal ion is 

introduced into the Pc, hence the abbreviation is MPc. It is recorded that the central cavity of 

Pcs is able to shelter 62 different elemental ions (Sakamoto & Ohno-Okumura, 2009) and 

stability of Pcs increase upon incorporation of metals (Turanli-Yildiz et al., 2011). 

 

Figure 1.7. Varying functions of phthalocyanines and their derivatives (Sakamoto et al., 

2009) 

 

1.2.4.3. Medical use of phthalocyanines 

Various chemical properties of phthalocyanines on account of their special structure render 

them excellent photosensitizers. They also catalyze oxidation of organic molecules in the dark 

(Chernonosov et al., 2006). Those features of Pcs are employed in photodynamic therapy 

(PDT) of cancer (Spikes, 1986b). The underlying theory in PDT is that a photoactivatable 

substance binds to the target cell where it can be activated by light of a certain wavelength. 

The term photosensitizer is commonly used for the photoactivatable substance. Free radicals 

are formed (also singlet oxygen) concurrently with the activation process, which consequently 

cause a toxic impact to the target cell (Dolmans et al., 2003). PDT is of great importance as 

this method targets only tumor cells and not the healthy cells. Hence, phthalocyanines have a 

pivotal role in cancer therapy.  

The efficiency of PDT depends on the affinity of the photosensitizer to the tumor cell and its 

photophysical properties (Jori, 1992). It has been demonstrated that a Pc derivative had been 

retained in rat tumor cells (Spikes, 1986a), excluding healthy tissue. This is a remarkable 
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evidence regarding selectivity of Pcs. Furthermore, having a very similar structure with 

phthalocyanines, porphyrins are also good candidates as photosensitizers. Nevertheless, 

owing to the fact that phthalocyanines possess a longer conjugate pathway than porphyrins, 

due to isoindole rings instead of pyrrole rings, they absorb light at longer wavelengths. Thus, 

phthalocyanines are more favoured in PDT (Maduray & Odhav, 2013).   

 

Figure 1.8. Mechanism of Photodynamic Therapy (Dolmans et al., 2003) 

It has been established that incorporation of metals to phthalocyanines increases their stability 

and biological activity (Turanli-Yildiz et al., 2011). However, the choice of metal is crucial 

since certain metals or certain amount of biologically important metals can be toxic to 

humans. Metallic copper, for example, is regarded as non-toxic to mammals, whereas free 

copper ions are liable to produce reactive species, which would disrupt the integrity of tissue. 

On the other hand, when complexed with macromolecules such as Pcs, they might contrarily 

inhibit the production of such reactive species. An in vivo study demonstrated that a Cu(II)Pc 

derivative has activity against HIV-1 and is non-toxic to human cervical epithelial cells 

(Styczynski et al., 2015). Another study shows that a Pc derivative complexed with Zn (II) 

proved insignificant cytotoxicity towards fibroplast cells upon photosensitization (Maduray et 

al., 2011).  

Nevertheless, metals’ tendency for cytotoxic effect should be handled seriously. It is desired 

that MPcs would be utilized for destroying tumor cells exclusively. Toward this end, a variety 

of MPcs with different metal atoms should be investigated. It has also been recorded that 

positively charged sensitizers are more effective in the eradication of tumor cells than neutral 

or negatively charged sensitizers (Dezhampanah et al., 2011). 

 



16 

 

1.2.4.4. Interactions of phthalocyanines with DNA 

In recent years, interactions of many molecules with DNA has drawn a considerable amount 

of attention due to the need of alternate treatment for diseases such as cancer, tumor and 

AIDS. 

Modification of DNA is regarded as a key factor in development of such treatments as DNA 

has two major unique abilities; replication and transcription. Therefore, research in this field 

mainly aims to intervene in one or two of these processes as mentioned in section 1.2.2. 

DNA-drug interactions.  

Phthalocyanines, from the viewpoint of DNA-interacting drug design, are a suitable choice 

for this purpose. Having an extended planar aromatic ring system, they readily bind to DNA, 

predominantly through intercalation (see section 1.2.2.1. Non-covalent interactions) by non-

covalent interactions. π-π interactions are the main responsible factor for intercalating 

between adjacent base pairs, as both Pc and the bases possess ring structure and π electrons. 

In case Pc has one or more cationic substituents, electronic attraction between them and 

phosphate groups of DNA is added to the overall interaction.  

In addition to Pcs’ ability to readily bind to DNA owing to their unique electron structure, Pcs 

may interact with DNA through photochemical modification in the presence of light. This 

process requires photosensitization. In literature, absorption spectra of Pcs are recorded to be 

in the range of 600-700 nm, which makes them sensitive to light at this wavelength. It is of 

importance to remark that light at such wavelength can penetrate living tissues (Jori, 1992). 
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2. MATERIALS AND METHODS 

Several computational methods have been utilized throughout this study. Therefore a brief 

information about computational methods is given below. 

2.1. Computational Methods 

In contrast to the conventional understanding of chemistry, which refers to laboratory 

experiments, computational methods do not involve laboratory experiments and mostly rely 

on computing by means of various components of computers; hardware, software, operating 

system, program and such that are mostly familiar to us. Computer technology and 

programming is so well exploited that, it has been possible for about three decades to run 

various experiments that would have to be undertaken in laboratory, and to examine unknown 

molecules, intermediates and transition state of a given reaction. Experience to date has 

shown that results obtained by computational methods are reliable as long as an appropriate 

method is selected (Erdem, 2006). 

 

    Computational Methods 

     

 

Molecular Mechanics (Force Field)             Quantum Mechanics 

 

                                                         Semi-Empirical 

                             

Figure 2.1. A diagram summarizing computational methods                                                                       

 

Molecular mechanics use empirical atomistic models to predict the energies of different 

molecules or interaction energies (Cowen et al., 2016). In molecular mechanics, classical 

mechanics are the main tool for modeling molecules, such as force field, allowing calculation 

Ab initio DFT 
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of the potential energy of a system. The potential energy of movements of atoms in a 

molecule is calculated considering electrostatic and Van der Waals interactions, rotation of 

bonds. 

Quantum mechanics-based computation relies on the principles of quantum mechanics, 

rendering the calculations much more complicated comparing to molecular mechanics. The 

course of explaining the electronic structure of a molecule was first proposed by Schrödinger 

in 1927, known by Schrödinger’s Equation: 

Hψ = Eψ                  (2.1) 

Where H is Hamiltonian operator, E is Energy and ψ is Wave function. Hamiltonian operator 

symbolizes energies of particles in the molecule and the sum of electrostatic interactions 

between particles (Erdem, 2006). 

The Schrödinger equation has been solved only for Hydrogen to date. The solution of the 

Schrödinger equation gets exponentially harder, even impossible as the number of electrons 

increase. In order to overcome this problem, various approaches have been proposed by 

Douglas Hartree and Vladimir Fock (Pratt, 1956). Hartree-Fock methods soon inspired 

descendent scientists to devise new models. Hence, three main methods in Quantum 

Mechanics evolved: Semi-Empirical, Ab initio and DFT (Density Functional Theory). 

The methods executed in this thesis study are basically a combination of computational 

methods. Thus, a classification has been made to clarify the workflow. The whole process is 

summarized in Figure 2.2. 
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Figure 2.2. A workflow summarizing computational methods used in the present thesis study 

 

2.2. Ligand Preparation of Q-MPcs and 1Q 

2.2.1. Preparation of Q-MPcs 

2.2.1.1. Drawing three dimensional structure of the phthalocyanine structure 

The 3-D structure of the phthalocyanine derivative, synthesized by the biochemistry group in 

Marmara University, is drawn by using Spartan software (Wavefunction, 2016). 
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Figure 2.3. 2-D Structure of  {2, 10, 16, 24 – tetrakis – 4 - ((4- (dimethylamino) 

phenyl)diazenyl)phthalonitrile) phthalocyaninatozinc (II) (Cakirca, 2016). 

As shown in Figure 2.3, this Pc molecule has four quaternary ammoniums; hence the total 

charge of the molecule is +4. This cationic structure and its derivatives with varying metals 

will hereinafter be referred to as quaternary metalloPcs (Q-MPc). 

Spartan enables one to create molecules in compliance with the essential rules of chemistry. 

Thus, 3-D structures of Q-Pcs were drawn in Spartan having +4 charge and singlet 

multiplicity, except Q-CuPc with doublet multiplicity. All metals coordinated to Pc in this 

study were in +2 state. 

 

2.2.1.2. Conformational analysis 

Rotation around a single bond leads to a vast number of different organizations of atoms in 

space; namely conformer or conformations. The term conformational isomers and rotamers 

are also in use. Unlike isomers, conformations cannot be separated or isolated. They are 

different forms of the same molecule. Thermodynamic and kinetic properties of a molecule, 

such as energies, depend on the molecule’s conformation. Conformational analysis 

investigates these properties and their chemical consequences (Dragojlovic, 2015). It is of 
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great importance to find the conformer with the lowest energy, since the aim is to orient a 

molecule properly without additional energy for reaction or docking (Hehre & Ohlinger, 

2014).    

Running conformational analysis on Spartan 

In order to employ a conformational analysis, a molecular mechanics method; the Merck 

Molecular Force Field (MMFF) is utilized (Halgren, 1996). This yields a number of 

conformations, generally as many as X
n
, where n is the number of rotatable bonds, namely 

sigma bonds, and X is the number of folds a sigma bond is to rotate. It is preferable to change 

the number of folds on Spartan.  

Once the conformational analysis is finished, a list of obtained conformers is produced. Since 

our aim was to find the conformer with the lowest energy and since MMFF is a molecular 

mechanics method, a geometry optimization using PM6 (Stewart, 2009) was employed to 

each model in the list (PM6 is a semi-empirical quantum mechanics method and is found to 

be suitable for big and porphyrin-like compounds). Thereby, an evaluated and more reliable 

list was obtained. The first-row model is the lowest-energy conformer when the list is sorted 

according to increasing energy. Generally, this model is left alone and saved for further 

computational process. The best conformer of Q-ZnPc shown in Figure 2.4 is achieved by 

following the procedure described above. 

 

    a 
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         b 

Figure 2.4.  The best conformer of Q-ZnPc structure found by running conformational 

analysis in Spartan Software. a) Frontal b) Side view, depicting bond orders  

 

2.2.1.3. Geometry Optimization 

Computational chemistry studies typically involve geometry optimization as the structure or 

reactivity of a molecule is of great importance. A molecule has a particular energy for a given 

structure and electronic state. (Schlegel, 2011). The course of alteration in energy occurring in 

accordance with changes in the structure of a molecular system is described by potential 

energy surface (PES). PES can be seen as a mathematical link between molecular structure 

and resultant energy (Foresman & Frisch, 1996). Diatomic systems are represented by a two-

dimensional plot; with X-axis and Y-axis. Unless the molecular system is diatomic, the 

potential energy surface will have many dimensions (Figure 2.5). The bottom of a valley is 

called minimum and the peak is called maximum. Saddle point is the point that is maximum 

in one direction and minimum in the other.  
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Figure 2.5. A potential energy surface model displaying minima and saddle points (Schlegel, 

2011) 

The main goal of geometry optimization is finding the minima on the potential energy 

surface, and therefore the term minimization is also used. Stationary points are indicators of a 

successfully employed geometry optimization, where the forces are zero (Foresman et al., 

1996). 

Running geometry optimization in Gaussian 

Gaussian (Frisch et al., 2009) is a computer software for performing several calculations, e.g. 

geometry optimization, detection of single point energy of a molecule or transition state of a 

reaction. In order to run a geometry optimization, an input, which describes the starting 

structure was introduced to the program. Prior to starting optimization, details of the 

calculation were entered through calculation setup where the method desired for the 

optimization job is described. The method chosen for our Pc structure was a DFT (Grimme, 

2011) method; wb97xd functional with a basis set of (6,31G) (d,p). This is a hybrid DFT 

method, which was previously proven to give the best performance (smallest mean error) in 

geometry optimization of MPc’s (Salman, 2013), also including dispersion interactions by 

means of wb7xd functional. The algorithm computes the energy and detects the distance and 

the direction of the next step. A geometry optimization is finished when the forces are zero; 

this is also referred to as the optimization being converged (Foresman et al., 1996). In trying 

to detect whether our structure Q-ZnPc  was optimized, the output file (with .log extension) 

was surveyed and the following criteria were checked: 

* The forces, which are shown as maximum force, must be zero or below 0.00045. 
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* The root-mean-square of the forces (RMS Force) must be zero or below 0.0003. 

* Maximum displacement must be below 0.0018. 

* RMS displacement must be below 0.0012 

The criteria above were checked to prevent getting false positives, which are minimums 

incorrectly predicted. 

 

 

Figure 2.6. A section of a Gaussian output file depicting that the optimization is successful. 

 

2.2.1.4. Generating Pcs incorporating various metals: Fe(II), Ni(II), Cu(II), Ca(II), 

Mg(II) 

Studying different metals in the field of computational chemistry has been drawing a great 

deal of attention as they possess distinct electronic structures, like each element in the 

periodic table and also their capability of being coordinated with ligands. Phthalocyanines 

have been investigated by introducing a variety of metals to the center of the Pc core in 

pursuit of discovering a negative or positive effect to the activity of the Pc, e.g. an enhanced 

anti-tumor effect or a decreased cytotoxic effect as mentioned in section 1.2.4.3. Medical use 

of phthalocyanines. 

In the present thesis study, it is aimed to see an impact of metal on the affinity of Q-Pc to 

DNA. To accomplish this, the same procedure beginning from preparation of input (as 

mentioned in geometry optimization section) has been performed several times, changing 

only the central metal atom in the Pc structure: Iron, Nickel, Copper, Magnesium and 

Calcium. The same Pc, excluding any metal, was also prepared to see the effect of the 

presence of metal, serving as a blank test. Unlike conformational analysis, geometry 

optimization is substantial, as metal has no effect on sigma bond rotations in the rest of the 
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molecule, whereas it may exhibit a huge effect on its electronic structure. Hence, only 

geometry optimization was employed for each new Pc. 

 

2.2.1.5. Obtaining optimized quaternary metalloPcs (Q-MPc) on Gaussian 

In order to obtain new Q-MPc input files, the first input file, Q-ZnPc was simply duplicated 

and modified by using Gaussview 5.0.9 (Dennington et al., 2009) tools. The Zn metal in the 

center was deleted and a new metal was added, forming new bonds. Geometry optimization 

was employed for each of the new molecule and the optimized structures given in Figure 2.7 

were saved in pdb file format, for docking experiments to be performed later. The same 

procedure was repeated for each of the remaining metals; Fe(II), Ni(II), Cu(II), Ca(II) and 

Mg(II).  

                

     a           b 

                      

       c        d 
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        e                    f  

Figure 2.7. Gaussview images showing a) Q-FePc, b) Q-NiPc, c) Q-CuPc, d) Q-CaPc, e)Q-

MgPc, f)Q-H2Pc 

2.2.1.6. Generating Core Pc (ZnPc) 

One of the objectives of the present thesis study is to observe the effect of ligand substituents 

on binding to DNA upon docking. To date, there have been a number of studies regarding the 

substituent effect in an aromatic structure (e.g. porphyrin, porphyrazine and phthalocyanine). 

Similar to other chromophore structures, phthalocyanine is also very suitable for adding 

various substituents. The choice of substituents may vary according to the purpose of 

subsequent uses. The Q-ZnPc derivative the present study mostly focused on, was designed to 

possess cationic substituents, in order to observe good binding upon UV-VIS spectral 

analyses (Cakirca, 2016).  

To obtain the core Pc structure, the substituents from the initial quaternary ZnPc (Q-ZnPc) 

structure were deleted and the structure was subjected to a geometry optimization, as absence 

of substituents is considered to alter the electronic structure. Therefore, a new Gaussian input 

file for geometry optimization was prepared and the method for calculations was selected as 

DFT, with wb97xd functional and a basis set of (6-31G)(d,p). The optimized ZnPc structure 

was saved in pdb file format for future docking experiments. 
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Figure 2.8. Gaussview image showing ZnPc. 

 

2.2.2. Preparation of 1Q 

Since DNA-binding drugs have been increasingly popular for the last two decades, a vast 

number of studies have been made. However, a great majority of these studies involve 

experimental studies while computational studies on DNA-drug binding are still infrequent. 

Hence, the present thesis study additionally involves an attempt to validate experimental 

results of a DNA-binding molecule by computational studies. The molecule of subject was 

retrieved from a publication from Istanbul Technical University, which demonstrates the 

DNA-binding properties of 1Q (Figure 2.9.) by UV/VIS titrations and fluorescence 

measurements (Evren et al., 2013). 
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Figure 2.9. 2-D Structure of 2,9(10),16(17),23(24)-Tetrakis[(7-(trifluoromethyl)quinolin-4-

yl)oxy] phthalocyaninato zinc(II), named as 1Q (Evren et al., 2013). 

For preparation, 1Q has undergone the same procedure as explained in section 2.2.1. 

Preparation of Q-MPcs. The 3-D structure was drawn in Spartan by means of 2-D structure 

demonstrated by Evren et al. Charge was selected as +4, which is due to four quaternary 

ammoniums in quinolin rings. MMFF conformational analysis and PM6 geometry 

optimization were employed, respectively. The resulting structure was saved in pdb format for 

use in later geometry optimization in Gaussian. Geometry optimization for 1Q was employed 

as described in section Running geometry optimization in Gaussian. The method chosen for 

1Q was also DFT, wb97xd functional with a basis set of (6,31G)(d,p) as this method was 

validated for the Pc structures previously demonstrated. The optimized structure was saved in 

pdb file format for later use in docking trials.  
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Figure 2.10. A Gaussview image of 1Q after DFT optimization 

 

2.3. Target Preparation 

The receptor of our interest, DNA segment in X-ray crystal structure (PDB ID: 2DND) with a 

resolution of 2.2 Å and an R-value of 0.202 was downloaded from Protein Data Bank. This 

DNA segment, that is in B-DNA form, was readily crystallized with a ligand; distamycin, an 

anti-tumor drug. The sequence of this segment is 5ꞌ-

D(*CP*GP*CP*AP*AP*AP*TP*TP*TP*GP*CP*G)-3ꞌ. In order to prepare an accurate 

receptor file, it is crucial to complete certain steps using Autodock Tools 1.5.6 software 

(Sanner, 1999). Distamycin molecule from the DNA segment was deleted since the minor 

groove, an important cavity of DNA, should not be occupied prior to docking trials. Deletion 

of all water molecules in the receptor file is also critical unless interactions with certain water 

molecules are to be investigated. 

 

2.4. Docking 

In pursuit of discovering new therapeutic agents, docking has been an effective tool as it 

suggests probable binding modes and affinities to a target macromolecule. Docking is 

regarded today as a method to validate experimental results in the course of ligand-DNA 
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binding as DNA purchased for experiments are extremely long sequences, and therefore make 

it difficult to accurately determine the ligand’s binding location (Bykowska et al., 2015).  

In the present thesis study, two different docking programs were utilized, each for having 

unique assets and superiorities; Autodock Vina (Trott & Olson, 2010) and Molegro (Thomsen 

et al., 2006).  

 

2.4.1. Autodock Vina 

Autodock Vina has been widely used for small molecule-DNA dockings (Bykowska et al., 

2015). The simplified scoring function of Autodock Vina provides results accurately and fast. 

Furthermore, the multicore performance of Vina also contributes to its speed. The scoring 

function of Vina is known to be knowledge-based/empirical since it exploits information from 

experimental affinity calculations and also conformational choices of target-ligand 

complexes. However, partial atomic charges are not included in the scoring function of 

Autodock Vina (Trott et al., 2010). Thus, differentiating of substrates, especially in the case 

of varying metals, is weak (Dhoke et al., 2015). Unless flexible docking is performed, 

Autodock Vina treats the macromolecule -in this study, DNA– as rigid and the ligand as 

flexible. The flexibility of the ligand is easily adjusted by choosing torsions about the 

rotatable bonds (Matanovic et al., 2016). 

The mathematical expression of the scoring function of Autodock Vina is:  

           (2.2) 

Where rij depicts interatomic distance; ti and tj are type i and j atoms; and ftitj is set of 

interaction functions. 

c = cinter + cintra (2.3) 

The c value is attributed to the sum of intermolecular and intramolecular contributions. 

The interaction function ftitj is expressed as: 

ftiji (rij)  ≡ htitj (dij)                      (2.4) 

Where dij is the surface distance; dij=rij – Rti – Rtj    (Jain, 1996).     (2.5) 
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Rt stands for Van der Waals radius of t type atom. 

htitj is the weighted sum of steric interactions which involve hydrogen bonding and 

hydrophobic interactions between hydrophobic atoms. 

It is important to state that in this scoring function, metals are treated as hydrogen bond 

donors (Trott et al., 2010).  

2.4.1.1. Docking trials 

Docking with Autodock requires certain steps involving separate file creation due to absence 

of graphical user interface in Autodock Vina. 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.11. Workflow of docking procedure using Autodock Vina 

 

Preperation of the receptor file 

Once water molecules and all other molecules or ions that are of no interest were deleted as 

described in section 2.3. Target Preparation. Hydrogens were added to the DNA and a 

gridbox was prepared using Autodock Tools 1.5.6. A Gridbox refers to the search space that 

Preparation of receptor pdbqt file 

pdbqt file file 

Preparation of ligand pdbqt  files 

Writing a configuration file 

Docking (Autodock Vina) 

Observation and evaluation 

of docking results 
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is used in Autodock and Autodock Vina. The location of the gridbox was chosen around the 

center of the DNA (with coordinates x:15; y:21; z:73) and the dimensions of the gridbox were 

specified (x:60; y:58; z:126 number of points) as to include the whole DNA segment, in order 

to avoid misdirection of ligands. In contrast to the procedure traditionally followed while 

working with enzymes, the gridbox was not constrained to a specific site as DNA has no 

certain active site and it was aimed to observe whether a ligand could bind to the major or the 

minor groove. Thus, this can be referred as blind docking. After gridbox specification, a pdbqt 

file was generated using necessary modules in Autodock Tools 1.5.6 (Figure 2.12a).  

                                                   

  a            b  

Figure 2.12. Images showing a) A prepared DNA receptor file from Autodock Tools. b) 

Different base pairs of 2DND DNA segment. Purple: Cytosine, Green: Guanine, Red: 

Adenine, Blue: Thymine 

Preparation of the ligand input files 

The ligand structures (Q-MPcs,H2Pcs and ZnPc) were drawn, put through conformational 

analysis, the best conformer was geometrically optimized and each ligand was saved in pdb 

file format. Each pdb file was opened and its rotatable bonds were identified. Subsequently, 

pdbqt files were generated and saved in the same folder where the pdbqt file of the receptor 

was saved. 

3ꞌ 

3ꞌ 

5ꞌ 

5ꞌ 

3ꞌ 

3ꞌ 

5ꞌ 

5ꞌ 

  Minor Groove 

  Major Groove 
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Preparation of the configuration file 

A configuration file is necessary to launch docking in Autodock Vina by using the command 

prompt. For this purpose, a new text file was created as shown in Figure 2.13 and complete 

filenames of the receptor, the ligand, coordinates and dimensions of the gridbox were 

specified as instructed in the Autodock Manual (Huey et al., 2012).  

 

Figure 2.13. A configuration file written before docking trials. 

It is important to save the configuration file in the same directory with the pdbqt files of the 

receptor and the ligand. 

Docking 

Autodock Vina was launched by using the command prompt as it does not have its own 

graphical user interface. Before docking, certain parameters were checked; population size 

was set to the default value of 150, maximum number of evaluations were 2500000, 

maximum number of conformations was kept at default value of 9. 4 independent docking 

runs were executed. 

For each ligand, the procedure described above was repeated. It is of importance to note that, 

for each ligand, a separate folder should be created and other necessary files should be 

duplicated therein. 

At the end of a docking, a log file in text format (Figure 2.14) and an out file in pdbqt format 

were generated by Autodock Vina. The log file consists of energy values and RMSD of 9 

conformations, beginning from the conformation with the lowest energy. The out file enables 

the user to visualize all the conformations estimated during docking in Autodock Tools.  
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Figure 2.14.  A log file listing energies of calculated conformations 

2.4.1.2. Observation and Evaluation of Docking Results 

Once the docking results in pdbqt file format were generated, one or more of the 

conformations were selected to monitor their conformation, binding site and interactions with 

DNA. For this purpose, Discovery Studio Visualizer 4.5 was utilized (Systemes, 2015). 

Additionally, log files consisting of binding energies were examined. All log files are 

provided in Appendix. 

Boltzmann Distribution 

The law of Boltzmann Distribution was utilized to evaluate docking scores obtained from 

Autodock Vina docking trials. The Boltzmann Distribution is applied in statistical mechanics 

to find the probability of a certain state among other states in the system (McQuarrie, 2000).  

        (2.6) 

The state of the subject is given as a function of its energy and also the temperature of the 

system.  

pi : the probability of state i  

εi : the energy of state i  

k: the Boltzmann constant 

T: the temperature of the system 

M: number of states accessible to the system 
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The term system can be used here as to encompass all energies. According to the Boltzmann 

Distribution, states with lower energy will occur with a higher probability than those with 

higher energy (Atkins, 2010). 

If the Boltzmann Distribution is applied to our data set consisting of docking scores, we will 

obtain the expression below:  

         (2.7) 

where G is Gibbs energy, namely the docking score. The number 36 shows the summation of 

all energies obtained from 4 docking trials for a single ligand, each giving 9 conformations. 

Hence, the expression below is derived and applied for the calculation of Boltzmann-

Averaged Gibbs free energy of binding: 

ΔGBA =    [ 𝑝𝑖 G𝑖] / 36          (2.8) 

Finally, a Boltzmann-Averaged Gibbs free energy (ΔGBA) for each set of docking scores of a 

ligand was calculated and demonstrated in section 3. Results and Discussion  

Calculation of Binding Constant, Kb 

A binding constant is considered a reliable tool as it indicates the affinity of a given ligand to 

a macromolecule. Similarly, studies searching for metal compounds’ affinity to DNA also 

utilize binding constants that are obtained from various experimental methods (Barone et al., 

2013). 

Subsequent to the Autodock Vina docking trials, binding constants were calculated by using 

Gibbs energy values, which were given as docking scores/binding energies at the end of each 

docking, using the formula (Huey et al., 2012); 

Kb = exp [-(ΔG x 1000) / R x T],           (2.9) 

where ΔG refers to binding score, R refers to gas constant (1.987 cal/mol K) and T refers to 

temperature (298.15 K). 
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2.4.2. Molegro 

Like Autodock Vina, Molegro performs docking treating the ligand as flexible.   Hence, an 

excellent geometry for binding is detected during docking. Molegro docking mainly consists 

of three parts; recognition of binding site, inspection of search space (a batch of probable 

ligand conformations and positions on the receptor surface), namely search algorithm, energy 

calculation or scoring function (Morya et al., 2012). 

The main superiority of Molegro over Autodock Vina is the inclusion of metal recognition 

(Adeniyi & Ajibade, 2013). Therefore, the use of Molegro is considered to give more reliable 

results regarding ligands bearing different metals. One of the aims of the present thesis study 

is determining the effect of metals in the ligand (phthalocyanine) upon docking. The results 

from Molegro docking will be evaluated in accordance with this knowledge. 

A simple mathematical expression of Molegro scoring function is: 

Escore = Einter + Eintra               (2.10) 

Where Einter is the interaction energy between receptor and ligand. This term includes: 

           (2.11) 

EPLP is piece-wise linear potential and it consists of two groups of parameters; estimation of 

Van der Waals interactions between atoms and hydrogen bonding.  

The second term depicts electrostatic Coulomb interaction between charged atoms with a 

dielectric constant of 4r. The value of 332.0 is for conversion of Coulombic interactions into 

kcal/mol. 

Eintra is the internal energy of the ligand.  

          (2.12) 

The sum is doubled to show interactions between all atom pairs in the ligand except pairs, 

which are attached with two bonds at most. The torsional angle of the bond is symbolized 
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with θ. In case of several torsions, the average of the torsional energy bond is utilized. The 

term Eclash eliminates unusable ligand conformations. 

 

2.4.2.1. Docking trials in Molegro 

Since the Molegro docking program has a user-friendly graphical user interface, preparation 

of both the DNA and the ligands were performed within the same working space.  

To start a docking in Molegro, firstly, DNA was defined as a cofactor and a random protein 

was incorporated to it since a cofactor cannot be identified alone. Thus, we created a file 

containing our DNA segment and the random protein which was not in close proximity to 

DNA. Since the random protein does not interfere with our target, it is not expected to 

influence our results.  This step was a necessary trick to accomplish docking as Molegro was 

designed to recognize protein-ligand complexes and not DNA-ligand complexes (Adeniyi et 

al., 2013). Molegro accepts file formats of pdb, mol2 and sdf. The DNA segment was 

introduced to the program in pdb file format. However, the ligands were first converted from 

pdb to mol2 file format to ensure proper reading of bonding information (Thomsen, 2011). 

All the necessary parameters were specified by using Molegro Docking Wizard. The search 

space (gridbox in Autodock Vina) was specified in consistence with the values used upon 

docking in Autodock Vina. Instead of specifying dimensions, a radius value is required in 

Molegro which was determined as 25. Hence, the whole DNA segment was included in the 

search space. “MolDock SE” was selected for search algorithm due to the number of rotatable 

bonds and the magnitude of the ligands (Thomsen, 2011). Population size was increased to 

150 against the default value 50. Maximum number of iterations (minimization at each step of 

MolDock SE algorithm) were also increased to 2500 against 1500, the default value. Number 

of poses was increased from 5 to 9 as specified during the Autodock Vina pre-docking 

process. 4 independent docking runs were made. 

 

2.4.2.2. Observation and evaluation of Molegro docking scores 

Evaluation of docking scores are not exactly the same with Autodock Vina as the scores 

obtained after the docking do not refer to real energies. However, it is inferred from the 

literature that, numbers between -350 and -250 show good affinity, whereas numbers above -

120 show poor affinity. For the scores obtained from Molegro, see Appendix A.I.  
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3. RESULTS AND DISCUSSION 

The present thesis study aims to analyze the effects of certain modifications a ligand is 

exposed to in order to enhance its binding affinity to DNA. DNA-binding molecules are 

promising as drug-lead compounds. Thus, it is important to tune these molecules in pursuit of 

designing compounds that bind more easily and even selectively. Studies in this field are 

considered to give insight to future studies which aim to develop drug-lead compounds.  

Our results achieved through computational methods were compared with the results of 

experimental studies of Q-ZnPc formerly executed by our biochemistry group (Cakirca, 

2016). Hence, a computational insight will have been added to the experimental results. 

Similarly, a Pc structure extracted from an independent study was also explored 

computationally and the results were compared with the experimental results of the said study 

(Evren et al., 2013). 

In addition to this, investigation on various modifications in the molecule Q-ZnPc and its 

consequences regarding DNA binding will be demonstrated. 

3.1. Results From Autodock Vina 

3.1.1. Binding Modes of Q-MPcs, Q-H2Pc and ZnPc 

Binding modes of Pc derivatives are initially monitored by Autodock Tools 1.5.6. For further 

investigation and viewing the interactions between Pc derivatives and DNA, Discovery Studio 

Visualizer 4.5 was utilized. Docked images are given in Figure 3.1 – Figure 3.8. 
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Q-ZnPc 

               

a) (-11.3)  -  (-9.6) kcal/mol  b)  -11.3 kcal/mol  

Figure 3.1. Docked images of Q-ZnPc. a) 9 conformations obtained from a docking and the 

binding energy range. b) The lowest-energy conformation from the same docking. 

 

Q-FePc 

                

a) (-11.3) – (-9.1) kcal/mol   b) -11.3 kcal/mol 

Figure 3.2. Docked images of Q-FePc. a) 9 conformations obtained from a docking and the 

binding energy range. b) The lowest-energy conformation from the same docking. 
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Q-NiPc 

                    

a) (-11.3) – (-8.8)  kcal/mol   b) -11.3 kcal/mol 

Figure 3.3. Docked images of Q-NiPc. a) 9 conformations obtained from a docking and the 

binding energy range. b) The lowest-energy conformation from the same docking. 

As shown in figures 3.2 and 3.3, Q-FePc and Q-NiPc prefer binding to between major and 

minor grooves. In general, chromophore structures tend to bind to DNA through intercalation; 

developing pi-pi interactions, which were not observed. Instead, pi-anion interactions were 

observed due to the vertical orientation of Q-MPcs. However, due to the cationic substituents 

of Q-MPcs, the binding does not only stem from pi-anion interactions, but also electrostatic 

interactions (Table 3.2). Docking complexes shown in Figures 3.4 to 3.7 depict no 

considerable difference in binding modes and sites of Q-MPcs and Q-H2Pc. However, ZnPc 

shows a slight difference of binding site, located somewhat lower than others (Figure 3.8). 

This is predicted to be due to absence of substituents, which were inclined to wrap phosphate 

backbone from side to side, therefore locating the Q-MPc slightly towards upper side of the 

helix.   

Furthermore, it is inferred from those images that, elecrostatic interactions in the minor 

groove favor binding of Q-MPcs, due to the fact that electrostatic interactions are stronger as 

the distance between opposite charged sites decreases. 
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Q-CuPc 

               

a) (-11.3) – (-9.7) kcal/mol   b) -11.3 kcal/mol 

Figure 3.4. Docked images of Q-CuPc. a) 9 conformations obtained from a docking and the 

binding energy range. b) The lowest-energy conformation from the same docking. 

 

Q-CaPc 

                               

a) (-11.5) – (-9.7) kcal/mol   b) -11.5 kcal/mol 

Figure 3.5. Docked images of Q-CaPc. a) 9 conformations obtained from a docking and the 

binding energy range. b) The lowest-energy conformation from the same docking. 
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Q-MgPc 

                                      

a) (-11.4) – (-9.6) kcal/mol   b) -11.4 kcal/mol 

Figure 3.6. Docked images of Q-MgPc. a) 9 conformations obtained from a docking and the 

binding energy range. b) The lowest-energy conformation from the same docking. 

 

Q-H2Pc 

                                          

a) (-11.2) – (-9.7) kcal/mol   b) -11.2 kcal/mol 

Figure 3.7. Docked images of Q-H2Pc. a) 9 conformations obtained from a docking and the 

binding energy range. b) The lowest-energy conformation from the same docking. 
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ZnPc 

                                        

a) (-10.4) – (-10.2) kcal/mol  b) -10.4 kcal/mol 

Figure 3.8. Docked images of ZnPc. a) 9 conformations obtained from a docking and the 

binding energy range. b) The lowest-energy conformation from the same docking. 

3.1.2. Binding Modes of 1Q 

Binding mode of 1Q has been observed to be in the same major groove as of Q-MPcs. It was 

inferred that, both cationic substituents and chromophore structure of 1Q led to bindings that 

are almost identical with Q-MPcs.  

3.1.3. Evaluation of Autodock Vina Binding Scores 

Binding scores obtained from docking trials for each ligand were evaluated by employing the 

Boltzmann Distribution. In general, the best docking score is selected and used in docking  

studies in the literature. However, we think that this is not realistic because all the remaining 

scores are neglected. One approach to handle this can be the arithmetic averaging of the 

scores obtained. This method was utilized in only a few studies in the literature (Paulsen & 

Anderson, 2009).  On the other hand, we propose the use of Boltzmann-weighted average to 

obtain a more realistic docking score to compare experimental data. Such an approach will be 

superior to calculating the average (arithmetic mean) of binding scores since the contribution 

of each energy value is not equal in reality. The application of Boltzmann distribution in 

docking studies is very limited and to our knowledge there is only one article where Paulsen 

et al used Boltzmann averaging for a different purpose. They had utilized this method to 

account for receptor flexibility by Boltzmann averaging of the various MD snapshots of the 

receptor prior to docking studies. We instead use this method to docked poses and evaluate 
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their occurence by applying Boltzmann-weighted average. We believe this approach will give 

insight for future docking studies.  

Boltzmann-Averaged binding energies were calculated by applying Boltzmann Distribution to 

a data set of 36 energy values; with 9 conformations for each docking runs of 4. Binding 

energy of best conformers belongs to the conformer having the lowest energy at the end of a 

docking. Binding energies of 4 runs for each ligand are given in Appendix A II and a 

summary of the binding energies are given in Table 3.1. 

 

Table 3.1. Binding energy (ΔG) and binding constants (Kb) of the best conformer, and 

Boltzmann-Averaged binding energies (ΔGBA) and respective binding constants (Kb(BA)) 

Compound 
ΔG* 

(kcal/mol) 

Kb**  

(x10
7
)(M

-1
) 

ΔGBA 

(kcal/mol) 

Kb(BA)  

(x10
7
) (M

-1
) 

Experimental 

Kb 

ZnPc -10.4 4.2 -10.38 4.1  

Q-H2Pc -11.2 16 -10.47 4.7  

Q-ZnPc -11.3 19 -10.82 8.6 
1.1 x 10

7
 

(Cakirca, 2016) 

Q-FePc -11.3 19 -10.81 8.5  

Q-CuPc -11.3 19 -10.69 6.9  

Q-NiPc -11.3 19 -10.66 6.6  

Q-CaPc -11.5 27 -10.80 8.3  

Q-MgPc -11.4 23 -10.60 5.9  

1Q -12.1 75 -11.58 31 

4.5 (x10
3
) 

(Evren et al., 

2013) 

ΔG*: Decimal numbers given in Vina output files are have one digit after decimal point. 

Kb**= exp[(-∆Gx1000) /RT] 
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3.2. Results From Molegro 

3.2.1. Binding Modes of Q-MPcs, H2Pc and ZnPc 

Among 4 docking runs, each producing 9 poses; binding poses with the best score were 

detected and added to the same workframe in Molegro Viewer (Figure 3.9.). 

a   

  a       b 

Figure 3.9. a) A Molegro image showing the best poses of each ligand obtained from 4 runs. 

Red: Q-FePc, Orange: Q-MgPc, Purple: Q-CuPc, Pink: Q-H2Pc, Blue: Q-CaPc, Green: ZnPc, 

Black: Q-NiPc, Cyan: Q-ZnPc b) Reversed image, showing sterically favored region, 

depicted by green fog. 

3.2.2. Observing frequency of bindings sites of each ligand: Q-MPcs, Q-H2Pc and ZnPc 

According to Figure 3.10 and Figure 3.11 showing all binding modes of each ligand; Q-FePc, 

the strongest DNA-binder among all, binds mostly to minor groove, yet extends to the 

subjacent major groove. Binding site of Q-ZnPc shows a bit more diversity, with poses 

occurring in upper groove of DNA, major groove and also the minor groove. Q-CaPc, again a 

strong DNA-binder, binds to the proximity of Q-FePc binding site, also showing a 

consistency in terms of binding region as Q-FePc does (Figure 3.11). Q-MgPc, having a 

relatively wide range of binding scores, shows diversity regarding the binding site, as one 

outside binding mode is also observed. Similar to Q-MgPc, Q-CuPc also exhibits variety, yet 
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binding poses appear to be more condensed about the lower major groove. Q-NiPc is also 

found to be residing mostly in the major groove as well as Q-CuPc, with binding scores 

falling in the margins similar to that of Q-CuPc. Binding region of Q-H2Pc seems to be 

extended, similar to Q-FePc, although binding scores of the two are quite different. ZnPc 

shows a strong consistency for choice of binding region, which is minor groove, yet with 

critically low binding scores. This stands out as a remarkable indicator that, the presence of 

substituents affect the binding affinity of ligands to DNA.  

Q-ZnPc      Q-FePc 

                           

a)   (-317.223) – (-225.032)  b) (-348.656) – (-270.879) 

Q-NiPc       Q-CuPc 

                       

c)  (-318.268) – (-232.21)   d) (-320.829) – (-230.988) 

Figure 3.10. Images demonstrating frequency of binding modes in the DNA segment, with 

given MolDock scores. a) Q-ZnPc b) Q-FePc c) Q-NiPc d) Q-CuPc  
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Q-CaPc      Q-MgPc 

      

e) (-319.821) – (-258.718)   f) (-321.843) – (-219.104) 

 

                 

Q-H2Pc     ZnPc 

               

g) (-293.354) – (-199.059)   h) (-186.044) – (-176.298)  

Figure 3.11. Docked images of e)Q-CaPc, f)Q-MgPc, g)Q-H2Pc, h)ZnPc with 36 poses 

obtained from 4 runs. The MolDock score ranges are given under each image. 
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3.2.3. Binding modes of 1Q-DNA complex      

 

 

 

 

      

    

      

a       b   

          

                                     

  c       d 

Figure 3.12. Images from Molegro Viewer, showing variant poses of 1Q upon docking to 

DNA. Each picture demonstrates poses from one run. a) Run 1, b) Run 2, c) Run 3, d) Run 4 

Blue=Best pose; Green= Second best pose; Pink= Third pose; Yellow=Fourth pose. 
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Figure 3.13. A Molegro Viewer image showing all poses of 1Q after 4 docking trials (36 

poses) with DNA. 

According to the pictures in Figure 3.12 demonstrating docking poses of 1Q to DNA, it can 

be concluded that binding site of 1Q shows variance with increasing docking runs. However, 

in 2 docking runs out of 4, 1Q shows preference to the minor groove over the major grooves. 

This was also observed for Q-FePc and Q-CaPc, which were shown to be good DNA binders. 

 

3.2.4. Evaluation of Molegro scores   

3.2.4.1. Q-MPcs, H2Pc and ZnPc 

According to MolDock scores provided in the Appendix, Q-FePc shows the strongest affinity 

among all Q-MPcs. Q-CaPc and Q-CuPc alternatively take the second place among different 

docking runs, followed by Q-MgPc. Q-ZnPc shows a better binding comparing to Q-NiPc. A 

histogram graph generated in Molegro Virtual Docker shows that absence of metal decreases 

binding, yet even lower scores than that of Q-H2Pc can be observed in both Q-NiPc and Q-

CuPc. This suggests that, although metal incorporation to the Pc structure prompts a stronger 

binding, not every atom affects binding to the same extent. Another noteworthy indication is 

that, ZnPc shows a huge frequency within the borders of lowest Moldock Scores and no other 
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ligand falls within this range. This implies that even if the scores are very low, the prediction 

of the binding site can be quite consistent, agreeing with Molegro Viewer images. 

 

Figure 3.14. A histogram graph showing the trend of different ligands’ binding energies in 

MolDock Scores (x-axis) versus Number of poses (y-axis). 1: Q-FePc, 2: Q-FePc 3: Q-FePc, 

Q-CaPc, Q-ZnPc, 4: Q-ZnPc, 5: Q-H2Pc  6: Q-MgPc, Q-H2Pc 7: Q-CuPc, Q-NiPc  8:Q-H2Pc  

9: ZnPc 

 

3.2.4.2.  1Q 

According to MolDock scores of 1Q, it can be deduced that binding of 1Q to DNA is 

considerably strong. The Moldock scores are given in Appendix A I. 

3.3. Comparison of Docking Scores and Images of Autodock Vina and Molegro 

Autodock Vina and Molegro give binding scores in a fashion different from each other. 

Autodock Vina gives binding scores in kcal/mol unit, while Molegro’s scores are not in 

certain units and they are evaluated in the order of increasing Moldock Scores. On the other 

hand, Rerank scores are interpreted as to compare poses of the same ligand.  

According to Autodock Vina results, no significant difference is detected between Q-MPcs, 

presumably due to scoring function of Autodock Vina. However, presence of metal is found 

to be affecting binding positively. In addition to this, absence of substituents made a critical 

difference on binding, lowering the binding constant to 4.1 x 10
7
 mol/L. 
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Images of DNA-ligand complexes from Autodock Vina demonstrates that the most frequently 

preferred binding site is the turning point between the minor and the major groove of DNA 

according to the images in the present thesis study.  

In concord with Autodock Vina results, Molegro scores also reveal that the presence of metal 

remarkably affects the binding of Pcs to DNA as well as the presence of substituents. In 

addition to this, Molegro gives different binding poses and scores due to varying metals in Q-

Pcs. However, majority of the poses accumulate slightly above the turning point. Among all 

Q-MPcs, Q-FePc was found to bind strongest to DNA. 

Docking trials performed by Molegro showed a remarkable difference in docking poses of 

1Q. It was observed that after 4 Molegro dockings, 1Q seemed to prefer minor groove over 

major groove, whereas Autodock Vina exhibited that major groove was considerably more 

favored. 

According to Autodock Vina binding scores; the affinity of Q-MPcs can be ordered as 

follows: Q-ZnPc > Q-FePc > Q-CaPc > Q-CuPc > Q-NiPc > Q-MgPc > Q-H2Pc; while 

Molegro indicates the affinity order as: Q-FePc > Q-CaPc > Q-ZnPc > Q-MgPc > Q-CuPc ≈ 

Q-NiPc > Q-H2Pc. This implies a common ground between Autodock Vina and Molegro; 

since Q-ZnPc, Q-FePc and Q-CaPc appear to be the best three DNA binders; Q-CuPc, Q-NiPc 

and Q-MgPc constitute the second ranking group in affinity while Q-H2Pc takes the last place 

among Q-MPcs. ZnPc; having no substituents, is ranked last by both docking programs. 

1Q shows a more enhanced affinity than others according to Vina results. However, it may 

rank among top three ligands when Molegro scores are taken into account. It is important to 

note that those energy values obtained from Autodock Vina docking trials are very close to 

each other and fall within the error margin of 2.85 kcal/mol (Trott et al., 2010). 

Furthermore, it has been observed that, as docking runs in Molegro increase, the variety in 

docking scores also increase. However, increase in docking runs in Vina does not make a 

significant change on the docking scores. 
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Table 3.2. Observed interactions between Pc derivatives and DNA (2DND) in Discovery 

Studio 4.5; showing Pi-Anion (PA), Metal-Acceptor (MA), Attractive Charge (AC), Pi-Pi 

(PP), Hydrogen Bond (HB) and Alkyl-Pi (AP) interactions in Å. DG: DNA Guanine, DT: 

DNA Thymine 

Pc Derivative Docking Program Interactions 

ZnPc 

Autodock Vina MA: DC11 O3ꞌ – Pc Zn (3.20) 

PA: DNA phosphate groups – Pc isoindole rings (3.72 

– 4.23) 

 

Molegro 

 

AP: DNA sugar carbons – Pc isoindole rings (4.25 – 

5.11) 

Q-H2Pc 

Autodock Vina PA: DNA phosphate groups – Pc isoindole rings ( 

3.33 –  4.82) 

AC: DG12 OP1 – Pc N (4.56), DT8 OP1 – Pc N 

(4.33) 

HB: DG10 H21 – Pc N’ (2.38)* 

PP: DA16 – Pc phenyl ring (5.75) 

Molegro AP: DNA sugar carbons – Pc isoindole rings (4.07 – 

5.29) 

Q-ZnPc 

Autodock Vina PA: DNA phosphate groups – Pc isoindole rings (3.59 

– 4.80) 

AC:  DG10 OP1 – Pc Zn (4.85), DT8 OP1 – Pc N 

(4.33) 

HB: DG10 H21 – Pc N’ (2.40) 

PP: DA16 – Pc phenyl ring (5.81) 

Molegro AP: DNA sugar carbons – Pc isoindole rings (4.44 – 

5.34) 

Q-FePc 

Autodock Vina PA: DNA phosphate groups – Pc isoindole rings (3.38 

– 4.24) 

AC: DG12 OP1 – Pc N (4.62), DT8 OP1 – Pc N 

(4.31), DG10 OP1 – Pc Fe (4.66) 

HB: DG10 H21 – Pc N’ (2.48) 

PP: DA16 – Pc phenyl ring (5.69) 
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Molegro AP: DNA sugar carbons – Pc isoindole rings (4.05 – 

5.36) 

Q-CuPc 

Autodock Vina PA: DNA phosphate groups – Pc isoindole rings (3.64 

– 4.90 ) 

AC: DG12 OP1 – Pc N (4.89), DT8 OP1 – Pc N 

(4.33), DG10 OP1 – Pc Cu (4.80) 

HB: DG10 H21 – Pc N’ (2.34) 

PP: DA16 – Pc phenyl ring (5.69) 

Molegro AP: DNA sugar carbons – Pc isoindole rings (4.33 – 

5.40) 

Q-NiPc 

Autodock Vina PA: DNA phosphate groups – Pc isoindole rings (3.60 

– 4.93) 

AC: DG12 OP1 – Pc N (4.72), DT8 OP1 – Pc N 

(4.37), DG10 OP1 – Pc Ni (4.62) 

HB: DG10 H21 – Pc N’ (2.39) 

 

Molegro 

PP: DA16 – Pc phenyl ring (5.65) 

AP: DNA sugar carbons – Pc isoindole rings (3.99 – 

5.48) 

Q-CaPc 

Autodock Vina PA: DNA phosphate groups – Pc isoindole rings (3.89 

– 4.77) 

AC: DG12 OP2 – Pc N (4.97), DT8 OP1 – Pc N 

(4.25), DT19 OP1 – Pc Ca (5.28) 

HB: DG10 H21 – Pc N’ (2.62)  

PP: DA16 – Pc phenyl ring (5.77) 

Molegro AP: DNA sugar carbons – Pc isoindole rings (4.44 – 5 

.44) 

Q-MgPc 

Autodock Vina PA: DNA phosphate groups – Pc isoindole rings (3.51 

– 4.88) 

AC: DG10 OP1 – Pc Mg: 4.54, DG12 OP1 – Pc N 

(4.71), DT8 OP1 – Pc N (4.29) 

HB: DG10 H21 – Pc N’ (2.36)  

PP: DA16 – Pc phenyl ring (5.87) 

Molegro AP: DNA sugar carbons-Pc isoindole rings (4.34-5.44  
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1Q 

Autodock Vina PA: DG10 OP1 – Pc isoindole rings (4.42-4.51) 

AC: DG10 OP1 – Pc Zn (5.02) 

HB: DC15 H4’ – Pc F (2.21) 

Molegro AP: DNA sugar carbons – Pc isoindole rings (4.19 – 

5.23) 

*N’ symbolizes the Nitrogen which belongs to the diazo group of Q-MPcs. 

Based on the information demonstrated in Table 3.2, cationic substituents contribute to the 

attractive charge interactions, which are absent in the case of ZnPc – DNA. This results in a 

noticeable difference on binding, as implied in Table 3.1. Pi-anion interactions appear to be 

the most common among other interactions. This is due to the insertion of all Pc derivatives to 

DNA in such a way that the ring system of Pc is in close proximity to the phosphate groups of 

DNA. The attractive nature of pi-anion interaction can be ascribed to the diminished pi-

electron density on Pc ring due to the strong electron-withdrawing ability of the four 

quaternized amine substituents. This binding mode, though involves pi-interactions, is groove 

binding, encompassing either minor or major groove depending on the resultant receptor-

ligand complex. The choice of groove varies depending on the docking program. In Molegro, 

minor groove binding is frequently observed especially in the case of Q-FePc, Q-CaPc, Q-

H2Pc and 1Q. However, Autodock Vina results do not imply minor groove binding in general. 

Instead, Vina results consistently demonsrate that Q-MPcs and 1Q bind to the same region of 

DNA; which is the turning point between the minor groove and the major groove that is in the 

lower part of DNA.  

Interactions observed in Discovery Studio Visualizer show that DNA-Pc complexes from 

Autodock and DNA-Pc complexes from Molegro show dissimilarity. Only one type of 

interaction is visible when Molegro complexes are investigated, which is Pi-Alkyl interaction. 

This interaction seems to be between the sugar carbons of DNA and the isoindole rings of Pc 

derivatives. On the other hand; complexes obtained from Autodock Vina docking display 

more diversity in terms of interactions. The most frequently observed interaction is pi-anion 

interaction, which confirms the insertion of the planes of Pc derivatives to DNA between the 

two phosphate chains. Since pi-pi interactions are observed very rarely and the images of Pc-

DNA complexes depict that the Pcs are not stacked between the base pairs of DNA, the 

binding mode is not intercalation but groove binding. Although the two docking programs’ 

assessment on binding site shows a considerable difference, binding mode is not differing 

much. In comparison to distamycin which is known as a minor groove binder, the binding 
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position of Q-MPc’s overlap with the lower part of distamycin and extent towards the major 

groove as shown in Figure 3.15. 

  

  a            b 

Figure 3.15. Docked image of Q-FePc (orange) and crystal structure of distamycin (green) in 

DNA. a) From front b) Reversed side   

A close look at the interactions is important for understanding the binding modes better. First 

of all, each Q-MPc (including 1Q) has an attractive charge interaction with a phosphate group 

(oxygen) of DNA through its metal in the center. Among four substituents of each Q-MPc, 

three of them are entirely interacting residues of DNA (Figure 3.16). The two of those four 

which stand opposite to each other, contribute to attractive charge interactions via the 

quaternary nitrogen they bear at the end. Those substituents interact phosphate groups close to 

Thymine (DT8) and a Guanine (DG12) base. The third interacting substituent constitutes both 

hydrogen bond and a pi-pi interaction. Hydrogen bond is formed by the nitrogen on the diazo 

group (N’) and a hydrogen of Guanine base (G10) (Table 3.2). Pi-pi interaction occurs by 

means of the phenyl ring and the Adenine ring (DA16). Those two interactions account for a 

validation of Pc penetration in the groove. 1Q behaves similarly to Q-MPc’s, as it forms 

hydrogen bond with fluorine in its groove-entering substituent (Table 3.2). In general, due to 

a large chromophore region and extended substituents, Q-MPcs show features of both groove-

binding, the upper arm extending in the minor groove while the below arm extending in the 

major groove of the DNA in Fig. 3.16.   



56 

 

 

 

Figure 3.16. A close look at the interactions between Q-MPcs and DNA. Purple: Cytosine, 

Green: Guanine, Red: Adenine, Blue: Thymine  

The overall difference regarding the binding sites as shown in the images (Figure 3.1 – 3.11) 

is predicted to stem from the difference in the scoring functions of Autodock Vina and 

Molegro. Autodock Vina utilizes a scoring function that treats metals as hydrogen bond 

donors. This mainly explains why binding sites in Autodock Vina images are very similar. On 

the other hand, metals are parameterized in Molegro which enables the program to recognize 

metals. This is in accordance with varying binding sites of Pcs shown in the images. 

Furthermore, images from Autodock Vina docking show that binding sites of Pcs are 

generally the same, with small shifts towards upside of the helix. An assumption we have 

made is that, although the two sites on the top and the bottom of the helix look symmetrical, 

there are differences in the depth size and the width size (between the opposite phosphate 

chains) of the grooves (Figure 3.17). This may be explained by the upmost site not having 

completed its helical turn, therefore not constituting a full major groove. The reason that Pcs 

prefer lower site (Figure 3.17) may be that they are more stabilized by close pi-anion 

interactions from both backbones. This is inferred from the overall distances measured 

between two phosphate backbones. The images also reveal that there is a difference in depths 
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of the two sites. It can be understood that, resemblence of the two sites about a minor groove 

may lead to wrong attributes to the sites. It must be taken into account that, despite the 

grooves resemble, one of them might not have completed its helical turn, resulting in being a 

poor shelter for ligands (Figure 3.17.b). 

                     

 

      

   a         b 

Figure 3.17. Two Discovery Studio Visualizer images showing a) Residing Pc in DNA, 

shown as identical to the docking images in the study, b) The same picture turned upside 

down and sideways, resulting in no change in 3ꞌ-5ꞌ annotation.  

3ꞌ 

3ꞌ 

5ꞌ 

5ꞌ 

3ꞌ 

3ꞌ 

5ꞌ 

5ꞌ 
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4. CONCLUDING RESULTS AND RECOMMENDATIONS 

DNA is considered as an important target in the field of CADD. Studies on DNA-binding 

drug lead molecules are improving by virtue of computational methods as well as 

experimental analyses. MD and docking simulations have been found to be enlightening in 

the understanding of potential drug molecules’ binding mechanism to DNA.  

Potential medical use of phthalocyanines is promising. Various modifications on Pcs may 

render them a competent drug lead, with enhanced binding properties or low cytotoxic effects. 

During this study, the best choice of metal for medical use was inquired to give further insight 

to future drug design studies. According to our results, although all Pc-metal complexes used 

in this study are good DNA binders, Q-FePc and Q-ZnPc appear to exhibit the strongest 

binding among other Q-MPcs. These two structures exhibit the best affinity alternatingly 

depending on the selected docking program. The two docking programs showed similar order 

of affinities of Q-MPcs. 

Considering iron’s being a vital constituent for vertebrates and Fe(II) derivative being the 

most potent ligand according to Molegro, Q-FePc can be seen as the best candidate for 

medical use. Q-ZnPc and Q-CaPc can be the next candidates since they are among the most 

three potent ligands. It is obvious that these compounds should be subjected to a series of 

ADMET tests prior to clinical trials. We believe these results will give insight to future 

studies on medical potential of metallocompounds.  

Since docking studies pursued in the present thesis study involves a DNA segment that was 

formerly crystallized with distamycin, it must be taken into account that DNA might have 

been distorted due to distamycin’s presence.  In order to overcome this problem, DNA may be 

relaxed by virtue of Molecular Dynamics simulation prior to docking studies. Alternatively, 

other DNA segments in pdb can also be used for docking Q-MPcs to ensure their binding 

modes. This is one of our future goals.  
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APPENDIX 

A. I . Molegro Docking Scores  

      RUN 1 

      Ligands  MolDock Score Rerank Score  

[01]Q-FePc  -347.078 -181.596  

[01]Q-MgPc  -321.843 -166.328  

[01]Q-CuPc  -308.277 -157.855  

[01]Q-NiPc  -295.188 -150.168  

[01]Q-ZnPc  -295.619 -149.714  

[01]ZnPc   -186.042 -95.3036  

[01]Q-H2Pc  -292.706 -155.673  

[01]Q-CaPc  -300.7  -153.48   

[02]Q-FePc  -348.656 -182.1   

[02]Q-MgPc  -316.951 -162.268  

[02]Q-CuPc  -315.17 -162.101  

[02]Q-NiPc  -289.876 -146.045  

[02]Q-ZnPc  -295.983 -149.248  

[02]ZnPc   -186.034 -95.2994  

[02]Q-H2Pc  -244.974 -125.32   

[02]Q-CaPc  -301.357 -153.736  

[03]Q-FePc  -325.261 -167.407  

[03]Q-MgPc  -316.057 -161.578  

[03]Q-CuPc  -307.306 -157.528  

[03]Q-NiPc  -294.884 -150.245  

[03]Q-ZnPc  -237.221 -114.456  

[03]ZnPc   -186.023 -95.2924  

[03]Q-H2Pc  -227.78 -116.329  

[03]Q-CaPc  -299.261 -152.155  

[04]Q-FePc  -336.8  -173.596  

[04]Q-MgPc  -244.118 -120.228  

[04]Q-CuPc  -313.763 -161.03   

[04]Q-NiPc  -279.414 -140.038  

[04]Q-ZnPc  -234.607 -113.823  
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[04]ZnPc   -180.047 -91.6943  

[04]Q-H2Pc  -223.261 -112.329  

[04]Q-CaPc  -301.72 -153.771  

[05]Q-FePc  -309.286 -157.916  

[05]Q-MgPc  -238.233 -116.111  

[05]Q-CuPc  -299.185 -152.729  

[05]Q-NiPc  -245.743 -121.179  

[05]Q-ZnPc  -230.255 -110.687  

[05]ZnPc   -180.037 -91.6888  

[05]Q-H2Pc  -221.312 -112.757  

[05]Q-CaPc  -293.037 -148.007  

[06]Q-FePc  -322.218 -166.758  

[06]Q-MgPc  -228.728 -110.665  

[06]Q-CuPc  -289.137 -145.767  

[06]Q-NiPc  -245.83 -120.856  

[06]Q-ZnPc  -235.9  -114.069  

[06]ZnPc   -186.035 -95.3   

[06]Q-H2Pc  -283.841 -148.095  

[06]Q-CaPc  -291.035 -145.303  

[07]Q-FePc  -320.766 -164.674  

[07]Q-MgPc  -236.046 -114.208  

[07]Q-CuPc  -277.344 -139.151  

[07]Q-NiPc  -241.741 -118.231  

[07]Q-ZnPc  -232.049 -112.595  

[07]ZnPc   -179.394 -91.3018  

[07]Q-H2Pc  -221.804 -112.702  

[07]Q-CaPc  -297.921 -151.702  

[08]Q-FePc  -317.528 -163.982  

[08]Q-MgPc  -219.104 -104.964  

[08]Q-CuPc  -274.873 -137.316  

[08]Q-NiPc  -238.492 -116.536  

[08]Q-ZnPc  -230.202 -110.299  

[08]ZnPc   -186.026 -95.2941  

[08]Q-H2Pc  -225.215 -114.648  
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[08]Q-CaPc  -309.607 -158.686  

[09]Q-FePc  -306.65 -156.688  

[09]Q-MgPc  -236.952 -115.288  

[09]Q-CuPc  -285.115 -143.632  

[09]Q-NiPc  -239.8  -117.057  

[09]Q-ZnPc  -225.032 -107.147  

[09]ZnPc   -176.298 -89.4384  

[09]Q-H2Pc  -199.059 -99.4517  

[09]Q-CaPc  -297.815 -150.925  

 

 

     RUN 2  

      Ligands  MolDock Score Rerank Score  

[01]Q-FePc  -347.396 -181.332  

[01]Q-MgPc  -318.651 -163.563  

[01]Q-CuPc  -317.944 -164.312  

[01]Q-NiPc  -293.826 -148.447  

[01]Q-ZnPc  -316.809 -162.669  

[01]ZnPc   -186.042 -95.3039  

[01]Q-H2Pc  -284.075 -149.019  

[01]Q-CaPc  -319.821 -164.201  

[02]Q-FePc  -339.138 -176.799  

[02]Q-MgPc  -307.994 -156.501  

[02]Q-CuPc  -300.055 -152.819  

[02]Q-NiPc  -308.548 -158.044  

[02]Q-ZnPc  -317.223 -163.206  

[02]ZnPc   -186.039 -95.3015  

[02]Q-H2Pc  -293.354 -155.156  

[02]Q-CaPc  -314.756 -162.208  

[03]Q-FePc  -341.606 -177.571  

[03]Q-MgPc  -247.715 -121.796  

[03]Q-CuPc  -296.602 -150.767  

[03]Q-NiPc  -308.418 -157.902  

[03]Q-ZnPc  -312.819 -160.892  
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[03]ZnPc   -186.026 -95.2938  

[03]Q-H2Pc  -226.517 -115.866  

[03]Q-CaPc  -315.977 -161.76   

[04]Q-FePc  -329.653 -171.26   

[04]Q-MgPc  -237.066 -115.774  

[04]Q-CuPc  -306.911 -156.42   

[04]Q-NiPc  -296.027 -149.053  

[04]Q-ZnPc  -314.324 -161.641  

[04]ZnPc   -180.048 -91.6951  

[04]Q-H2Pc  -228.397 -116.123  

[04]Q-CaPc  -304.802 -155.969  

[05]Q-FePc  -334.773 -173.391  

[05]Q-MgPc  -234.231 -113.505  

[05]Q-CuPc  -287.881 -145.037  

[05]Q-NiPc  -307.658 -157.82   

[05]Q-ZnPc  -302.649 -153.532  

[05]ZnPc   -180.041 -91.6908  

[05]Q-H2Pc  -221.042 -111.553  

[05]Q-CaPc  -300.506 -153.159  

[06]Q-FePc  -319.332 -164.481  

[06]Q-MgPc  -235.874 -114.833  

[06]Q-CuPc  -278.052 -139.881  

[06]Q-NiPc  -239.539 -117.341  

[06]Q-ZnPc  -275.622 -137.931  

[06]ZnPc   -180.03 -91.6841  

[06]Q-H2Pc  -225.908 -114.523  

[06]Q-CaPc  -297.84 -151.86   

[07]Q-FePc  -322.75 -165.52   

[07]Q-MgPc  -238.681 -116.599  

[07]Q-CuPc  -286.95 -145.495  

[07]Q-NiPc  -239.214 -116.02   

[07]Q-ZnPc  -242.641 -118.683  

[07]ZnPc   -179.403 -91.3075  

[07]Q-H2Pc  -220.344 -112.003  
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[07]Q-CaPc  -297.334 -151.168  

[08]Q-FePc  -313.387 -161.077  

[08]Q-MgPc  -230.159 -110.098  

[08]Q-CuPc  -314.641 -162.332  

[08]Q-NiPc  -246.565 -120.968  

[08]Q-ZnPc  -262.635 -129.9   

[08]ZnPc   -179.392 -91.3008  

[08]Q-H2Pc  -224.441 -114.696  

[08]Q-CaPc  -307.214 -156.72   

[09]Q-FePc  -311.357 -159.825  

[09]Q-MgPc  -234.534 -113.51   

[09]Q-CuPc  -272.448 -136.307  

[09]Q-NiPc  -236.098 -115.213  

[09]Q-ZnPc  -283.356 -143.277  

[09]ZnPc   -176.299 -89.4391  

[09]Q-H2Pc  -235.318 -119.932  

[09]Q-CaPc  -282.26 -140.669  

 

 

RUN 3 

Ligands  MolDock Score Rerank Score  

[01]Q-FePc  -349.004 -182.938  

[01]Q-MgPc  -299.581 -152.241  

[01]Q-CuPc  -316.452 -162.378  

[01]Q-NiPc  -318.268 -164.334  

[01]Q-ZnPc  -280.135 -140.766  

[01]ZnPc   -186.043 -95.3043  

[01]Q-H2Pc  -277.268 -145.282  

[01]Q-CaPc  -297.949 -151.413  

[02]Q-FePc  -344.309 -180.145  

[02]Q-MgPc  -315.496 -162.093  

[02]Q-CuPc  -307.735 -157.093  

[02]Q-NiPc  -248.1  -122.858  

[02]Q-ZnPc  -244.243 -118.325  
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[02]ZnPc   -186.039 -95.3013  

[02]Q-H2Pc  -283.228 -149.151  

[02]Q-CaPc  -286.458 -144.061  

[03]Q-FePc  -344.28 -179.572  

[03]Q-MgPc  -249.84 -123.566  

[03]Q-CuPc  -293.456 -148.46  

[03]Q-NiPc  -240.451 -117.657  

[03]Q-ZnPc  -244.123 -119.962  

[03]ZnPc   -186.029 -95.2962  

[03]Q-H2Pc  -270.434 -141.162  

[03]Q-CaPc  -291.04 -146.881  

[04]Q-FePc  -325.669 -168.077  

[04]Q-MgPc  -250.003 -123.666  

[04]Q-CuPc  -243.518 -120.211  

[04]Q-NiPc  -242.988 -119.028  

[04]Q-ZnPc  -241.727 -118.25   

[04]ZnPc   -186.02 -95.2895  

[04]Q-H2Pc  -270.554 -140.08   

[04]Q-CaPc  -281.951 -141.145  

[05]Q-FePc  -339.409 -177.278  

[05]Q-MgPc  -247.074 -121.832  

[05]Q-CuPc  -245.146 -119.912  

[05]Q-NiPc  -234.166 -113.278  

[05]Q-ZnPc  -245.698 -120.666  

[05]ZnPc   -180.043 -91.6924  

[05]Q-H2Pc  -269.82 -139.754  

[05]Q-CaPc  -285.763 -142.89   

[06]Q-FePc  -335.346 -174.113  

[06]Q-MgPc  -238.573 -116.051  

[06]Q-CuPc  -231.408 -112.069  

[06]Q-NiPc  -237.973 -115.489  

[06]Q-ZnPc  -242.68 -118.631  

[06]ZnPc   -180.044 -91.693   

[06]Q-H2Pc  -295.148 -156.494  
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[06]Q-CaPc  -279.845 -139.077  

[07]Q-FePc  -338.285 -175.122  

[07]Q-MgPc  -240.556 -116.457  

[07]Q-CuPc  -232.274 -113.284  

[07]Q-NiPc  -242.758 -119.272  

[07]Q-ZnPc  -233.137 -112.873  

[07]ZnPc   -180.027 -91.6827  

[07]Q-H2Pc  -281.116 -147.619  

[07]Q-CaPc  -279.913 -140.485  

[08]Q-FePc  -345.725 -180.606  

[08]Q-MgPc  -246.779 -119.635  

[08]Q-CuPc  -231.294 -111.554  

[08]Q-NiPc  -232.21 -112.458  

[08]Q-ZnPc  -241.593 -118.071  

[08]ZnPc   -180.023 -91.6799  

[08]Q-H2Pc  -264.196 -137.031  

[08]Q-CaPc  -292.56 -148.481  

[09]Q-FePc  -328.62 -170.337  

[09]Q-MgPc  -304.217 -154.897  

[09]Q-CuPc  -234.553 -113.83   

[09]Q-NiPc  -233.832 -112.298  

[09]Q-ZnPc  -242.205 -118.23   

[09]ZnPc   -179.401 -91.3056  

[09]Q-H2Pc  -264.35 -136.701  

[09]Q-CaPc  -258.718 -127.454  

 

 

RUN4  

Ligands  MolDock Score Rerank Score  

[01]Q-FePc  -350.975 -183.855  

[01]Q-MgPc  -295.219 -148.584  

[01]Q-CuPc  -320.829 -165.763  

[01]Q-NiPc  -299.267 -152.697  

[01]Q-ZnPc  -312.646 -159.848  
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[01]ZnPc   -186.044 -95.3068  

[01]Q-H2Pc  -268.392 -140.114  

[01]Q-CaPc  -301.528 -153.591  

[02]Q-FePc  -346.94 -182.254  

[02]Q-MgPc  -285.229 -142.823  

[02]Q-CuPc  -309.021 -158.043  

[02]Q-NiPc  -312.69 -160.658  

[02]Q-ZnPc  -305.558 -156.213  

[02]ZnPc   -186.04 -95.303   

[02]Q-H2Pc  -265.186 -136.543  

[02]Q-CaPc  -309.797 -158.891  

[03]Q-FePc  -341.974 -178.133  

[03]Q-MgPc  -276.02 -137.103  

[03]Q-CuPc  -238.447 -116.142  

[03]Q-NiPc  -281.242 -141.889  

[03]Q-ZnPc  -303.34 -154.269  

[03]ZnPc   -180.045 -91.6936 

[03]Q-H2Pc  -267.299 -138.958  

[03]Q-CaPc  -302.929 -154.324  

[04]Q-FePc  -338.744 -176.678  

[04]Q-MgPc  -276.029 -137.802  

[04]Q-CuPc  -240.015 -117.554  

[04]Q-NiPc  -277.135 -139.192  

[04]Q-ZnPc  -291.293 -147.182  

[04]ZnPc   -180.041 -91.6909  

[04]Q-H2Pc  -248.023 -126.859  

[04]Q-CaPc  -294.663 -148.961  

[05]Q-FePc  -344.356 -180.07   

[05]Q-MgPc  -266.359 -131.32   

[05]Q-CuPc  -243.193 -119.411  

[05]Q-NiPc  -245.049 -120.483  

[05]Q-ZnPc  -294.444 -148.469  

[05]ZnPc   -179.065 -91.1027  

[05]Q-H2Pc  -246.932 -126.515  
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[05]Q-CaPc  -302.59 -154.526  

[06]Q-FePc  -309.13 -158.777  

[06]Q-MgPc  -246.834 -121.31   

[06]Q-CuPc  -233.241 -112.949  

[06]Q-NiPc  -262.983 -130.122  

[06]Q-ZnPc  -278.809 -139.324  

[06]ZnPc   -179.416 -91.3159  

[06]Q-H2Pc  -263.998 -137.151  

[06]Q-CaPc  -305.447 -155.128  

[07]Q-FePc  -309.647 -158.64   

[07]Q-MgPc  -248.066 -122.076  

[07]Q-CuPc  -235.512 -114.604  

[07]Q-NiPc  -236.562 -114.387  

[07]Q-ZnPc  -271.12 -135.198  

[07]ZnPc   -176.298 -89.4381  

[07]Q-H2Pc  -221.936 -111.536  

[07]Q-CaPc  -276.301 -137.869  

[08]Q-FePc  -314.451 -161.42   

[08]Q-MgPc  -235.578 -114.431  

[08]Q-CuPc  -230.988 -111.681  

[08]Q-NiPc  -241.274 -118.555  

[08]Q-ZnPc  -250.341 -123.761  

[08]ZnPc   -176.288 -89.4325  

[08]Q-H2Pc  -259.591 -132.598  

[08]Q-CaPc  -285.915 -143.222  

[09]Q-FePc  -270.879 -136.092  

[09]Q-MgPc  -236.075 -114.853  

[09]Q-CuPc  -232.461 -112.284  

[09]Q-NiPc  -233.614 -114.117  

[09]Q-ZnPc  -245.985 -119.546  

[09]ZnPc   -176.049 -89.2887  

[09]Q-H2Pc  -215.106 -108.618  

[09]Q-CaPc  -277.792 -139.075  

 



77 

 

Docking Scores of 4
th

 Run, Classified Per Ligand 

 

Q-FePc  MolDock Score  Rerank Score 

[01]Q-FePc  -350.975 -183.855  

[02]Q-FePc  -346.94 -182.254  

[03]Q-FePc  -341.974 -178.133  

[04]Q-FePc  -338.744 -176.678  

[05]Q-FePc  -344.356 -180.07   

[06]Q-FePc  -309.13 -158.777  

[07]Q-FePc  -309.647 -158.64   

[08]Q-FePc  -314.451 -161.42   

[09]Q-FePc  -270.879 -136.092  

 

Q-CaPc MolDock Score  Rerank Score  

[01]Q-CaPc  -301.528 -153.591  

[02]Q-CaPc  -309.797 -158.891  

[03]Q-CaPc  -302.929 -154.324  

[04]Q-CaPc  -294.663 -148.961  

[05]Q-CaPc  -302.59 -154.526  

[06]Q-CaPc  -305.447 -155.128  

[07]Q-CaPc  -276.301 -137.869  

[08]Q-CaPc  -285.915 -143.222  

[09]Q-CaPc  -277.792 -139.075  

 

Q-MgPc MolDock Score  Rerank Score  

[01]Q-MgPc  -295.219 -148.584  

[02]Q-MgPc  -285.229 -142.823  

[04]Q-MgPc  -276.029 -137.802  

[03]Q-MgPc  -276.02 -137.103  

[05]Q-MgPc  -266.359 -131.32   

[07]Q-MgPc  -248.066 -122.076  

[06]Q-MgPc  -246.834 -121.31   

[09]Q-MgPc  -236.075 -114.853  

[08]Q-MgPc  -235.578 -114.431  
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Q-CuPc     MolDock Score Rerank Score  

[01]Q-CuPc  -320.829 -165.763  

[02]Q-CuPc  -309.021 -158.043  

[05]Q-CuPc  -243.193 -119.411  

[04]Q-CuPc  -240.015 -117.554  

[03]Q-CuPc  -238.447 -116.142  

[07]Q-CuPc  -235.512 -114.604  

[06]Q-CuPc  -233.241 -112.949  

[09]Q-CuPc  -232.461 -112.284  

[08]Q-CuPc  -230.988 -111.681  

 

Q-NiPc  MolDock Score Rerank Score  

[02]Q-NiPc  -312.69 -160.658  

[01]Q-NiPc  -299.267 -152.697  

[03]Q-NiPc  -281.242 -141.889  

[04]Q-NiPc  -277.135 -139.192  

[06]Q-NiPc  -262.983 -130.122  

[05]Q-NiPc  -245.049 -120.483  

[08]Q-NiPc  -241.274 -118.555  

[07]Q-NiPc  -236.562 -114.387  

[09]Q-NiPc  -233.614 -114.117  

 

Q-ZnPc MolDock Score Rerank Score  

[01]Q-ZnPc  -312.646 -159.848  

[02]Q-ZnPc  -305.558 -156.213  

[03]Q-ZnPc  -303.34 -154.269  

[05]Q-ZnPc  -294.444 -148.469  

[04]Q-ZnPc  -291.293 -147.182  

[06]Q-ZnPc  -278.809 -139.324  

[07]Q-ZnPc  -271.12 -135.198  

[08]Q-ZnPc  -250.341 -123.761  

[09]Q-ZnPc  -245.985 -119.546  
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ZnPc  MolDock Score Rerank Score  

[01]ZnPc  -186.044 -95.3068  

[02]ZnPc  -186.04 -95.303   

[03]ZnPc  -180.045 -91.6936  

[04]ZnPc  -180.041 -91.6909  

[06]ZnPc  -179.416 -91.3159  

[05]ZnPc  -179.065 -91.1027  

[07]ZnPc  -176.298 -89.4381  

[08]ZnPc  -176.288 -89.4325  

[09]ZnPc  -176.049 -89.2887  

 

 

Q-H2Pc  MolDock Score Rerank Score  

[01]Q-H2Pc  -268.392 -140.114  

[03]Q-H2Pc  -267.299 -138.958  

[02]Q-H2Pc  -265.186 -136.543  

[06]Q-H2Pc  -263.998 -137.151  

[08]Q-H2Pc  -259.591 -132.598  

[04]Q-H2Pc  -248.023 -126.859  

[05]Q-H2Pc  -246.932 -126.515  

[07]Q-H2Pc  -221.936 -111.536  

[09]Q-H2Pc  -215.106 -108.618  

 

 

Molegro Scores of 1Q 

Run 1 

Ligand  MolDock Score Rerank Score  

1) 1Q  -273.793 -101.144  

2) 1Q  -271.768 -120.47  

3) 1Q  -258.506 -99.1165  

4) 1Q  -248.384 -99.5961  

5) 1Q  -244.514 -102.065  

6) 1Q  -243.167 -111.915  
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7) 1Q  -230.205 -82.8153  

8) 1Q  -226.546 -102.858  

9) 1Q  -218.522 -75.7053  

 

Run 2 

Ligand MolDock Score Rerank Score  

1) 1Q  -314.772 -147.712  

2) 1Q  -308.944 -139.813  

3) 1Q  -293.372 -129.915  

4) 1Q  -288.272 -131.113  

5) 1Q  -286.146 -133.688  

6) 1Q  -285.585 -125.473  

7) 1Q  -275.975 -127.679  

8) 1Q  -233.669 -90.6784  

9) 1Q  -231.243 -92.7268  

 

Run 3 

 Ligand MolDock Score  Rerank Score  

1) 1Q  -295.084 -122.731  

2) 1Q  -288.758 -127.512  

3) 1Q  -274.502 -116.321  

4) 1Q  -257.753 -116.255  

5) 1Q  -256.499 -102.004  

6) 1Q  -252.546 -100.136  

7) 1Q  -244.379 -92.6711  

8) 1Q  -227.833 -77.0719  

9) 1Q  -225.281 -86.7633  

 

Run 4 

Ligand MolDock Score Rerank Score  

1) 1Q  -282.563 -123.678  

2) 1Q  -244.712 -110.045  

3) 1Q  -244.677 -110.542  

4) 1Q  -242.549 -109.378  
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5) 1Q  -239.506 -107.895  

6) 1Q  -229.756 -102.588  

7) 1Q  -219.426 -81.4865 

8) 1Q  -207.725 -85.9909  

9) 1Q  -200.935 -73.3456  

 

A. II. Autodock Vina Binding Energies (kcal/mol) 

Q-FePc 

 

 

 

 

 

mode |   affinity | dist from best mode 

     | (kcal/mol) | rmsd l.b.| rmsd u.b. 

-----+------------+----------+---------- 

   1        -11.3      0.000      0.000 

   2        -10.4      5.463     14.663 

   3        -10.4      2.573      3.615 

   4        -10.2     10.874     23.099 

   5        -10.0      5.190     18.086 

   6        -10.0      4.088     13.666 

   7         -9.7      5.986     13.324 

   8         -9.7      6.025     14.884 

   9         -9.3      6.172     15.582 

mode |   affinity | dist from best mode 

     | (kcal/mol) | rmsd l.b.| rmsd u.b. 

-----+------------+----------+---------- 

   1        -11.3      0.000      0.000 

   2        -10.2      5.477     14.644 

   3        -10.2      5.910     18.051 

   4        -10.0      3.388      4.154 

   5         -9.9      4.320     14.185 

   6         -9.9      3.415     16.062 

   7         -9.9      3.328     13.265 

   8         -9.7      6.110     15.000 

   9         -9.6      6.107     13.468 

mode |   affinity | dist from best mode 

     | (kcal/mol) | rmsd l.b.| rmsd u.b. 

-----+------------+----------+---------- 

   1        -11.3      0.000      0.000 

   2        -11.1      0.638     12.639 

   3        -10.0      3.385     12.885 

   4        -10.0      5.434     18.146 

   5         -9.8      3.810     16.346 

   6         -9.6      6.071     13.322 

   7         -9.6      6.060     14.913 

   8         -9.2      5.661     12.817 

   9         -9.2      3.400     12.986 

mode |   affinity | dist from best mode 

     | (kcal/mol) | rmsd l.b.| rmsd u.b. 

-----+------------+----------+---------- 

   1        -11.3      0.000      0.000 

   2        -11.2      0.480     12.575 

   3        -10.5      1.526     12.623 

   4        -10.3      5.170     18.316 

   5        -10.3      5.262     18.084 

   6        -10.2      5.373     14.706 

   7        -10.1     10.849     23.678 

   8        -10.0      4.247     14.143 

   9         -9.9     15.009     27.196 



82 

 

 

Q-ZnPc 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

mode |   affinity | dist from best mode 

     | (kcal/mol) | rmsd l.b.| rmsd u.b. 

-----+------------+----------+---------- 

   1        -11.2      0.000      0.000 

   2        -11.2      0.540     12.618 

   3        -10.1      5.426     18.143 

   4        -10.0     10.304     23.002 

   5        -10.0     14.851     29.605 

   6         -9.9      3.928     13.665 

   7         -9.9     14.303     26.803 

   8         -9.9      4.130     17.085 

   9         -9.9      3.312     15.841 

mode |   affinity | dist from best mode 

     | (kcal/mol) | rmsd l.b.| rmsd u.b. 

-----+------------+----------+---------- 

   1        -11.3      0.000      0.000 

   2        -11.3      0.336     12.781 

   3        -10.2      5.610     18.261 

   4        -10.2      5.432     14.779 

   5        -10.0      4.205     17.219 

   6        -10.0      2.501      3.104 

   7         -9.8      3.481     15.982 

   8         -9.8     10.805     23.573 

   9         -9.6      2.591     12.674 

mode |   affinity | dist from best mode 

     | (kcal/mol) | rmsd l.b.| rmsd u.b. 

-----+------------+----------+---------- 

   1        -11.3      0.000      0.000 

   2        -10.2      5.794     14.597 

   3        -10.1      2.519      2.943 

   4        -10.0     14.537     29.368 

   5         -9.7      6.091     13.524 

   6         -9.6      6.289     15.150 

   7         -9.4      4.202      5.379 

   8         -9.1      4.214     13.002 

   9         -9.1      6.616     14.958 

mode |   affinity | dist from best mode 

     | (kcal/mol) | rmsd l.b.| rmsd u.b. 

-----+------------+----------+---------- 

   1        -11.3      0.000      0.000 

   2        -10.2      5.104     15.634 

   3        -10.2      5.552     18.202 

   4        -10.1      5.560     14.543 

   5         -9.9     14.267     26.694 

   6         -9.9      4.424     14.201 

   7         -9.9      3.638     16.553 

   8         -9.9      3.608     13.464 

   9         -9.7      3.579     15.744 
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Q-NiPc 

 

mode |   affinity | dist from best mode 

     | (kcal/mol) | rmsd l.b.| rmsd u.b. 

-----+------------+----------+---------- 

   1        -10.3      0.000      0.000 

   2        -10.1      0.824     12.209 

   3        -10.0      6.961     14.846 

   4        -10.0     20.634     29.662 

   5         -9.9      6.825     14.233 

   6         -9.6      3.356     12.961 

   7         -9.6     19.903     30.989 

   8         -9.5      3.281     15.270 

   9         -9.5     19.066     30.600 

mode |   affinity | dist from best mode 

     | (kcal/mol) | rmsd l.b.| rmsd u.b. 

-----+------------+----------+---------- 

   1        -11.3      0.000      0.000 

   2        -10.3      1.615      2.300 

   3        -10.3      5.863     18.052 

   4        -10.2      5.745     14.388 

   5         -9.9     14.943     29.488 

   6         -9.7      6.098     13.476 

   7         -9.7      6.253     15.022 

   8         -9.6     13.444     28.052 

   9         -9.2      3.944     12.920 

mode |   affinity | dist from best mode 

     | (kcal/mol) | rmsd l.b.| rmsd u.b. 

-----+------------+----------+---------- 

   1        -11.3      0.000      0.000 

   2        -11.2      0.767     12.664 

   3        -10.3      5.588     17.860 

   4        -10.3      5.651     14.392 

   5        -10.1      3.125     12.547 

   6         -9.9      4.758     17.655 

   7         -9.7      6.045     14.969 

   8         -9.7      6.053     13.417 

   9         -8.8     17.165     29.114 

mode |   affinity | dist from best mode 

     | (kcal/mol) | rmsd l.b.| rmsd u.b. 

-----+------------+----------+---------- 

   1        -11.1      0.000      0.000 

   2        -10.5      2.189      2.696 

   3        -10.4      5.453     14.382 

   4        -10.2      5.803     18.156 

   5        -10.2      4.992     17.848 

   6        -10.0      3.985     16.927 

   7         -9.8      3.610     13.446 

   8         -9.7      5.986     13.459 

   9         -9.6      6.135     15.083 
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Q-CuPc 

 

 

 

 

 

 

 

 

 

 

mode |   affinity | dist from best mode 

     | (kcal/mol) | rmsd l.b.| rmsd u.b. 

-----+------------+----------+---------- 

   1        -11.1      0.000      0.000 

   2        -10.3      5.451     14.318 

   3        -10.1      4.069     16.840 

   4        -10.0      3.305     17.004 

   5         -9.8      4.322     13.707 

   6         -9.7      6.022     14.973 

   7         -9.7      6.055     13.323 

   8         -9.5      6.050     13.426 

   9         -9.3      6.116     15.328 

mode |   affinity | dist from best mode 

     | (kcal/mol) | rmsd l.b.| rmsd u.b. 

-----+------------+----------+---------- 

   1        -10.1      0.000      0.000 

   2        -10.1      0.644     12.187 

   3        -10.0     20.701     31.240 

   4        -10.0      6.782     16.899 

   5         -9.9      7.523     17.340 

   6         -9.9      6.729     14.414 

   7         -9.8      6.741     14.713 

   8         -9.6      3.471     13.323 

   9         -9.5      3.700     15.139 

mode |   affinity | dist from best mode 

     | (kcal/mol) | rmsd l.b.| rmsd u.b. 

-----+------------+----------+---------- 

   1        -11.3      0.000      0.000 

   2        -10.3      5.488     16.294 

   3        -10.2      5.441     18.111 

   4         -9.7      6.009     15.150 

   5         -9.7      6.018     13.411 

   6         -9.0     17.455     30.436 

   7         -8.8     17.766     29.404 

   8         -8.8     23.503     31.231 

   9         -8.8     24.152     31.353 

mode |   affinity | dist from best mode 

     | (kcal/mol) | rmsd l.b.| rmsd u.b. 

-----+------------+----------+---------- 

   1        -11.3      0.000      0.000 

   2        -11.3      0.860     12.599 

   3        -10.2      3.235      3.697 

   4        -10.2      4.654     17.967 

   5        -10.0     14.268     26.685 

   6         -9.9      3.297     16.870 

   7         -9.8     13.663     28.542 

   8         -9.7      6.060     13.611 

   9         -9.7      6.068     15.375 
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Q-CaPc 

mode |   affinity | dist from best mode 

     | (kcal/mol) | rmsd l.b.| rmsd u.b. 

-----+------------+----------+---------- 

   1        -11.4      0.000      0.000 

   2        -10.7      3.703     15.030 

   3        -10.1      3.639     14.537 

   4        -10.0      3.530      4.060 

   5         -9.9      4.310     16.674 

   6         -9.7      6.698     15.213 

   7         -9.6      6.376     13.878 

   8         -9.4      4.532      5.394 

   9         -9.3      7.087     15.657 

mode |   affinity | dist from best mode 

     | (kcal/mol) | rmsd l.b.| rmsd u.b. 

-----+------------+----------+---------- 

   1        -10.6      0.000      0.000 

   2        -10.3      7.660     15.932 

   3         -9.9     14.919     27.826 

   4         -9.7      6.823     14.234 

   5         -9.4      7.211     14.729 

   6         -9.3      7.650     18.582 

   7         -9.3      1.995      2.451 

   8         -9.2      7.955     16.449 

   9         -9.2      7.869     19.126 

mode |   affinity | dist from best mode 

     | (kcal/mol) | rmsd l.b.| rmsd u.b. 

-----+------------+----------+---------- 

   1        -11.5      0.000      0.000 

   2        -11.0      3.057     12.568 

   3        -10.8      1.527      2.068 

   4        -10.8      3.905     14.924 

   5         -9.9      4.259     12.431 

   6         -9.9      3.098     14.004 

   7         -9.7      4.254     17.547 

   8         -9.6      6.201     13.552 

   9         -9.4      7.087     15.715 

mode |   affinity | dist from best mode 

     | (kcal/mol) | rmsd l.b.| rmsd u.b. 

-----+------------+----------+---------- 

   1        -10.9      0.000      0.000 

   2        -10.7      5.046     13.546 

   3        -10.3      4.600     18.543 

   4         -9.6      5.839     15.225 

   5         -9.3      6.126     13.670 

   6         -9.3      5.695     12.896 

   7         -9.0      5.317     14.408 

   8         -8.9      5.877     16.157 

   9         -8.9      6.182     18.919 
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Q-MgPc 

 

 

 

 

 

 

 

 

 

mode |   affinity | dist from best mode 

     | (kcal/mol) | rmsd l.b.| rmsd u.b. 

-----+------------+----------+---------- 

   1        -11.2      0.000      0.000 

   2        -10.2      5.655     14.884 

   3        -10.1      3.266     16.891 

   4        -10.0      3.444     16.171 

   5         -9.9      2.408      3.013 

   6         -9.9      4.325     14.207 

   7         -9.7      6.048     15.336 

   8         -9.6      6.041     13.528 

   9         -9.5      6.245     13.851 

mode |   affinity | dist from best mode 

     | (kcal/mol) | rmsd l.b.| rmsd u.b. 

-----+------------+----------+---------- 

   1        -10.2      0.000      0.000 

   2        -10.2      7.441     16.629 

   3        -10.1      0.768     12.200 

   4         -9.8      6.552     14.736 

   5         -9.8      6.542     15.979 

   6         -9.7      6.485     16.578 

   7         -9.5      3.234     15.391 

   8         -9.4      3.283     13.088 

   9         -8.9      3.082     14.155 

mode |   affinity | dist from best mode 

     | (kcal/mol) | rmsd l.b.| rmsd u.b. 

-----+------------+----------+---------- 

   1        -10.2      0.000      0.000 

   2        -10.1      0.453     12.487 

   3         -9.9      7.071     16.476 

   4         -9.7      6.941     14.575 

   5         -9.5      3.390     12.959 

   6         -9.5     13.428     26.490 

   7         -9.5      7.206     16.180 

   8         -9.5      3.371     15.246 

   9         -9.2     13.674     26.816 

mode |   affinity | dist from best mode 

     | (kcal/mol) | rmsd l.b.| rmsd u.b. 

-----+------------+----------+---------- 

   1        -11.4      0.000      0.000 

   2        -11.2      0.710     12.773 

   3        -10.3      5.684     14.498 

   4         -9.9      4.163     13.977 

   5         -9.9      3.595     13.417 

   6         -9.8     15.100     29.758 

   7         -9.7     14.743     29.268 

   8         -9.7      6.086     14.969 

   9         -9.6      6.081     13.434 
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Q-H2Pc 

mode |   affinity | dist from best mode 

     | (kcal/mol) | rmsd l.b.| rmsd u.b. 

-----+------------+----------+---------- 

   1        -11.1      0.000      0.000 

   2        -10.1      5.243     14.638 

   3         -9.8      3.444     16.340 

   4         -9.8      3.114      3.704 

   5         -9.8      3.332     13.848 

   6         -9.8      4.122     14.365 

   7         -9.5      5.845     13.511 

   8         -9.5      4.628     17.912 

   9         -9.5      5.863     15.399 

mode |   affinity | dist from best mode 

     | (kcal/mol) | rmsd l.b.| rmsd u.b. 

-----+------------+----------+---------- 

   1        -10.2      0.000      0.000 

   2        -10.0      0.983     12.313 

   3         -9.9      1.222      1.586 

   4         -9.6      6.917     16.107 

   5         -9.5      3.291     15.342 

   6         -9.4      3.222     13.169 

   7         -9.2      3.165     14.759 

   8         -9.0      4.167     13.268 

   9         -8.9      3.244     12.862 

mode |   affinity | dist from best mode 

     | (kcal/mol) | rmsd l.b.| rmsd u.b. 

-----+------------+----------+---------- 

   1        -11.2      0.000      0.000 

   2        -10.7      2.077      3.118 

   3        -10.2      5.465     18.345 

   4        -10.1      5.717     14.856 

   5         -9.9      3.526     16.297 

   6         -9.9      6.460     15.717 

   7         -9.8      3.529     13.473 

   8         -9.8     15.084     27.666 

   9         -9.7      5.765     18.844 

mode |   affinity | dist from best mode 

     | (kcal/mol) | rmsd l.b.| rmsd u.b. 

-----+------------+----------+---------- 

   1        -11.1      0.000      0.000 

   2        -10.3      5.591     18.382 

   3        -10.2      5.426     15.129 

   4        -10.1      2.541      2.989 

   5         -9.9      3.589     16.327 

   6         -9.8      4.096     14.268 

   7         -9.6      3.535     13.427 

   8         -9.5      5.785     15.493 

   9         -9.5      3.887      4.821 
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ZnPc 

 

 

 

 

 

 

 

 

 

mode |   affinity | dist from best mode 

     | (kcal/mol) | rmsd l.b.| rmsd u.b. 

-----+------------+----------+---------- 

   1        -10.4      0.000      0.000 

   2        -10.4      0.080      6.536 

   3        -10.4      0.080      6.507 

   4        -10.4      0.092      6.507 

   5        -10.4      0.111      9.202 

   6        -10.4      0.089      6.507 

   7        -10.4      0.341      6.515 

   8        -10.4      0.287      6.531 

   9        -10.3      2.318      6.884 

mode |   affinity | dist from best mode 

     | (kcal/mol) | rmsd l.b.| rmsd u.b. 

-----+------------+----------+---------- 

   1        -10.4      0.000      0.000 

   2        -10.4      0.192      6.509 

   3        -10.4      0.240      6.511 

   4        -10.4      0.083      6.480 

   5        -10.4      0.081      6.507 

   6        -10.4      0.082      9.202 

   7        -10.4      0.080      6.507 

   8        -10.3      2.285      2.347 

   9        -10.3      2.221      6.857 

mode |   affinity | dist from best mode 

     | (kcal/mol) | rmsd l.b.| rmsd u.b. 

-----+------------+----------+---------- 

   1        -10.4      0.000      0.000 

   2        -10.4      0.272      6.512 

   3        -10.4      0.360      9.208 

   4        -10.4      0.293      6.513 

   5        -10.4      0.056      6.507 

   6        -10.4      0.287      6.551 

   7        -10.4      0.275      6.483 

   8        -10.4      0.272      6.512 

   9        -10.3      2.377      6.918 

mode |   affinity | dist from best mode 

     | (kcal/mol) | rmsd l.b.| rmsd u.b. 

-----+------------+----------+---------- 

   1        -10.4      0.000      0.000 

   2        -10.4      0.004      6.507 

   3        -10.4      0.112      6.443 

   4        -10.4      0.005      9.202 

   5        -10.4      0.005      6.505 

   6        -10.4      0.004      6.507 

   7        -10.3      2.259      6.880 

   8        -10.3      2.294      6.579 

   9        -10.2      2.224      9.255 
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1Q 

mode |   affinity | dist from best mode 

     | (kcal/mol) | rmsd l.b.| rmsd u.b. 

-----+------------+----------+---------- 

   1        -11.9      0.000      0.000 

   2        -11.6      2.424      3.027 

   3        -11.6      2.668      3.310 

   4        -11.5      3.589     12.795 

   5        -11.5      3.678     12.362 

   6        -11.5      1.934      2.682 

   7        -11.5     12.826     27.481 

   8        -11.5     13.143     27.756 

   9        -11.5      7.745     19.291 

mode |   affinity | dist from best mode 

     | (kcal/mol) | rmsd l.b.| rmsd u.b. 

-----+------------+----------+---------- 

   1        -12.1      0.000      0.000 

   2        -11.9      1.275      2.070 

   3        -11.8      0.447     12.954 

   4        -11.7      2.285     12.247 

   5        -11.5      7.876     17.170 

   6        -11.4      1.883     12.273 

   7        -11.4     12.916     25.095 

   8        -11.4      7.392     18.348 

   9        -11.4      7.426     17.109 

mode |   affinity | dist from best mode 

     | (kcal/mol) | rmsd l.b.| rmsd u.b. 

-----+------------+----------+---------- 

   1        -11.3      0.000      0.000 

   2        -11.2     21.582     30.173 

   3        -11.2     21.291     30.104 

   4        -11.2      6.946     12.852 

   5        -11.2      6.995     12.810 

   6        -11.2      6.987     11.969 

   7        -11.2      6.945     12.621 

   8        -11.1      2.314      2.902 

   9        -11.1      1.910     16.874 

mode |   affinity | dist from best mode 

     | (kcal/mol) | rmsd l.b.| rmsd u.b. 

-----+------------+----------+---------- 

   1        -11.9      0.000      0.000 

   2        -11.7      2.517      3.160 

   3        -11.7      1.944      2.552 

   4        -11.5      7.840     19.201 

   5        -11.5     12.818     27.344 

   6        -11.5     13.128     27.601 

   7        -11.4     12.846     27.571 

   8        -11.4      7.357     18.799 

   9        -11.4      4.098      6.297 

 

  



90 

 

BIOGRAPHY 

 

Name, Surname       : Lalehan Özalp 

Date of birth            : 02.02.1987 

E-posta                    : lalehanozalp@marun.edu.tr 

 

 

EDUCATION                

Master Program Marmara University – Biochemistry Program (2014-2016) 

  

Undergraduate Yıldız Technical University – Department of Chemistry (2004-2010) 

 Aarhus University - Kemi (Exchange Program, 2008) 

High School Üsküdar Fen Lisesi (2001-2004)  

   

 

PUBLICATIONS AND PRESENTATIONS                                                      

In silico Modelling of DNA - Quaternized Metallophthalocyanine Binding (M= Zn, Ni, Cu), 

Poster Presentation, 4
th

 International BAU Drug Design Congress,  October, 2016, 

ISTANBUL. (poster) 

Investigation of Phthalocyanine –DNA Binding with in silico Methods,  Poster Presentation, 

4
th

  Drug  Congress, March 2016, Kuşadası.(poster) 

Investigation of Phthalocyanine –DNA Binding with in silico Methods, Discovery Studio 

Workshop (BIOVIA), May 2016. (oral) 

Effect of Concentration on Pectinase Induction, Undergraduate Thesis, Istanbul, 2010. 

 


	ACKNOWLEDGEMENTS
	INDEX
	ABSTRACT
	ÖZET
	CLAIM FOR ORIGINALITY
	SYMBOLS
	ABBREVIATIONS
	LIST OF FIGURES
	LIST OF TABLES
	1. INTRODUCTION
	1.1. Introduction and Aim
	1.2. General Background
	1.2.1. DNA Structure and Basic Functions
	1.2.1.1. Formation and biochemical role of major and minor grooves
	1.2.2. DNA-drug interactions
	1.2.2.1.  Non-covalent interactions: Binding modes
	Intercalation
	Minor groove binding
	Major groove binding
	Outside binding (external binding)


	1.2.3. Computational methods in drug design
	1.2.3.1.  Docking
	Target selection
	Binding site identification
	Ligand and target flexibility
	Drug – DNA docking protocol

	1.2.4. Phthalocyanines
	1.2.4.1.  Phthalocyanine-related compounds
	1.2.4.2.  Functional properties of phthalocyanines
	1.2.4.3.  Medical use of phthalocyanines
	1.2.4.4.  Interactions of phthalocyanines with DNA


	2. MATERIALS AND METHODS
	2.1. Computational Methods
	2.2. Ligand Preparation of Q-MPcs and 1Q
	2.2.1. Preparation of Q-MPcs
	2.2.1.1. Drawing three dimensional structure of the phthalocyanine structure
	2.2.1.2. Conformational analysis
	Running conformational analysis on Spartan

	2.2.1.3. Geometry Optimization
	Running geometry optimization in Gaussian

	2.2.1.4. Generating Pcs incorporating various metals: Fe(II), Ni(II), Cu(II), Ca(II), Mg(II)
	2.2.1.5. Obtaining optimized quaternary metalloPcs (Q-MPc) on Gaussian
	2.2.1.6. Generating Core Pc (ZnPc)
	2.2.2. Preparation of 1Q

	2.3. Target Preparation
	2.4. Docking
	2.4.1. Autodock Vina
	2.4.1.1. Docking trials
	Preperation of the receptor file
	Preparation of the ligand input files
	Preparation of the configuration file
	Docking

	2.4.1.2. Observation and Evaluation of Docking Results
	Boltzmann Distribution
	Calculation of Binding Constant, Kb

	2.4.2. Molegro
	2.4.2.1. Docking trials in Molegro
	2.4.2.2. Observation and evaluation of Molegro docking scores


	3. RESULTS AND DISCUSSION
	3.1. Results From Autodock Vina
	3.1.1. Binding Modes of Q-MPcs, Q-H2Pc and ZnPc
	3.1.2. Binding Modes of 1Q
	3.1.3. Evaluation of Autodock Vina Binding Scores

	3.2. Results From Molegro
	3.2.1. Binding Modes of Q-MPcs, H2Pc and ZnPc
	3.2.2. Observing frequency of bindings sites of each ligand: Q-MPcs, Q-H2Pc and ZnPc
	3.2.3. Binding modes of 1Q-DNA complex
	3.2.4. Evaluation of Molegro scores
	3.2.4.1. Q-MPcs, H2Pc and ZnPc

	3.2.4.2.  1Q

	3.3. Comparison of Docking Scores and Images of Autodock Vina and Molegro

	4. CONCLUDING RESULTS AND RECOMMENDATIONS
	REFERENCES
	APPENDIX
	A. I . Molegro Docking Scores
	A. II. Autodock Vina Binding Energies (kcal/mol)

	BIOGRAPHY



