Molecular Docking Studies of Indenone Ring of Indenoisoquinoline Derivatives of Topoisomerase I Inhibitors

By

POORNIMA.V

(Reg. No. 08PBF10)
A thesis submitted to Avinashilingam Deemed University for Women,

Coimbatore-641043.

IN PARTIAL FULFILMENT OF THE REQUIREMENT FOR THE DEGREE OF

MASTER OF SCIENCE IN BIOINFORMATICS

April-2010

[image: image46.jpg]Setings | Ligands | Constaints | Similary | Cutput |

oy i be ockep e e R

We stongly recomment that you prepare the ligands before docking
(for example, with LigPrep or MacroModel).

Use ligands from
+ File
File name: Brovise
Range: [ 1 o0 M Eng
+ Selected entries
+ Workspace
Do ot dock or score ligands with more than: [ 120 stoms

Do ot dock or score ligands with more than: |20 rotatable bonds

— Scaling of van der Waals radii
“To soflen the potential for nanpolar parts of the ligand, you can scale the
VW radi of ligand atoms with parial atomic charge (absolute vale) less
than the specified cutafl. No otter atoms in the ligand wil be scaled.

Scaleby: [0.80  atoms with [partial atomic charge] less than: [ 0.15

Advarced sefings..|

Start. | Wite.. | Reset |

Close | _Help





PREFACE

This dissertation describes the project work carried out by the candidate under the guidance of Prof.D.Velmurugan, Center of Advanced Study in Crystallography and Biophysics, University of Madras, Guindy campus, Chennai, during the period January-March 2010 and has submitted to Avinashilingam Deemed University for Women, under the guidance of Mrs.A.Shobana, Lecturer, Department of Biochemistry, Biotechnology and Bioinformatics.

This project work reports the results based on the Molecular docking studies of Indenoneisoquinoline as inhibitors of the enzyme 1sc7 in the treatment for cancer.

In this study docking analysis has been done using the software’s GOLDTM and GLIDETM and the protein-ligands interactions for gold result have been studied using SILVER-molecular visualization tool. All the description given for glide and gold soft wares in materials and methods chapter is taken from the respective manuals. Glide is a software suit provide by Schrödinger® (USA) and gold is a protein- ligands docking program provided as a part of gold suite by CCDC Cambridge crystallographic data center software ltd.uk.

For the sake of convenience the project is divided into six chapters. Chapter 1 gives the introduction, chapter 2 is review of literature, chapter 3 explains the materials and methods, chapter 4 is the results and discussion part, chapter 5 is summary and conclusion, and chapter 6 is bibliography. The figures and tables are given at the appropriate places. References cited in the text are collected together in order.
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1. INTRODUCTION

1.1 STRUCTURE BASED DRUG DESIGN (SBDD)

Structure-based drug design is one of several methods in the rational drug design toolbox. Drug targets are typically key molecules involved in a specific metabolic or cell signaling pathway that is known, or believed, to be related to a particular disease state. Drug targets are most often proteins and enzymes in these pathways. Drug compounds are designed to inhibit, restore or otherwise modify the structure and behaviour of disease-related proteins and enzymes. SBDD uses the known 3D geometrical shape or structure of proteins to assist in the development of new drug compounds.

SBDD aims to create a molecule that will bind to the active site of a targeted enzyme, thereby preventing the normal chemical reaction and ultimately halting the progression of the disease (Tisdale, 2004). In structure-based drug design, scientists use detailed knowledge of the active sites of protein targets associated with particular diseases to design synthetic compounds that fight the disease. The active site of the protein was a three dimensional area which is complementary to our candidate drug in terms of shape, charge, and other binding properties.

X-ray and NMR methods can resolve the structure of proteins to a resolution of a few angstroms (about 500,000 times smaller than the diameter of a human hair). At this level of resolution, researchers can precisely examine the interactions between atoms in protein targets and atoms in potential drug compounds that bind to the proteins (Wells et al., 2009). This ability to work at high resolution with both proteins and drug compounds makes SBDD one of the most powerful methods in drug design.

The beauty of the SBDD method is the extremely high level of details that it reveal about how drug - protein interact. One of the key benefits of SBDD methods is the exceptional capability it provides for docking putative drug compounds (ligands) in the active site of target proteins. Most proteins contain pockets; cavities (Edelsbrunner et al., 

1998) surface depressions and other geometrical regions, where small compounds can easily bind. With high-resolution X-ray and NMR structures for proteins and ligands, researchers can show precisely how ligands orient in protein active site.

Figure 1 Protein structure based drug design cycle

1.2 MOLECULAR DOCKING

Molecular docking serves as a main method of SBDD to simulate the interactions of two molecules (such as ligand and receptor) and to predict their binding mode and affinity. Many automated docking approaches have been developed and can be roughly divided into rigid-docking, flexible ligand-docking and flexible protein-docking methods (Kang et al., 2008; Perola et al., 2007; Sivan and Manga, 2009).

Induced-fit approach is potentially more accurate and more promising for two reasons:

1) The conformational space of the protein is not restricted to previously known structures and may thus cover a larger set of conformations of the receptor.

2) The method accounts naturally for changes in the internal energy of the protein, providing a consistent basis for ranking different ligands (Kokh and Wenzel, 2008).
Bio-molecular interactions and binding modes were analyzed using GOLD program (Jones et al., 1995). The GOLD  (Genetic Optimization for Ligand Docking) from Cambridge Crystallographic Data Center, UK, employs a genetic algorithm for docking of complete flexible ligands into partially flexible protein binding sites. The best-docked conformations were selected based on the Gold Score ranking. The GOLD results were analyzed by Silver software, which is a browser for visualizing protein-ligand docked conformation obtained. In order to understand interaction pattern (hydrophobic and hydrogen bonding interactions) between docked ligand and protein active site (Bharatham et al., 2010).

The molecular docking software GLIDE (Grid based Ligand Docking with Energetics). Glide calculations were performed with Impact version v18007 (Schrödinger, Inc.). It performs grid-based ligand docking with energetics and searches for favorable Interactions between one or more typically small ligand molecules and a typically larger receptor molecule, usually a protein (Jones et al., 1997). Schrödinger recommends the performance of test calculations with different scaling factors for the van der Waal radii of the receptor and ligand atom, because steric repulsive interactions might otherwise be overemphasized, leading to rejection of overall correct binding modes of active compounds. Glide docking is reasonable to reproduce the X-ray structure (Shivan and Manga, 2009). Three types of docking algorithm used for the present studies are HTVS (High Throughput Virtual Screening), XP (Extra precision), SP (standard precision), Induced fit docking (Friesner et al., 2004).

DNA Topoisomerase I is a polypeptide enzyme coded by the Topoisomerase I gene, abbreviated as TOP 1. It is found in both prokaryotic and eukaryotic cells. The structural and functional data of Topoisomerase I was obtained through crystallography studies. The amino acids which compose the polypeptide chain number 972. The primary structure is intricately folded by the means of secondary hydrogen bonding, extensively coiling the polypeptide chain through bonds between amino acids. These bonds usually take place every third amino acid. The tertiary structure of DNA Topoisomerase I is also vital to its function. Interactions between R-Groups of the amino acids bend the enzyme into a weighted ring shape. The inner portion of the ring is lined with basic residues (Kevin et al., 2003; Bailly, 2003). 
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Figure 2 Structure of Topoisomerase I

1.3 FUNCTION OF TOPOISOMERASE I

Topoisomerases are essential enzymes that relax DNA supercoiling inside cells during processes such as replication, recombination, and transcription (Staker et al., 2005). They alter DNA topology by generating transient breaks in the double helix. Eukaryotic type I topoisomerases are monomeric enzymes that alter topology by creating transient single-stranded breaks in the DNA Topoisomerase I functions through three major steps: 

a) Nucleophilic attack of DNA by the OH group of the active site of topoisomerase I (tyrosine 723), resulting in a covalent attachment of topoisomerase I to the broken DNA strand and formation of a transient phosphotyrosine ester bond between the Tyr 723 and the DNA scissile strand backbone phosphate; 

b) DNA unwinding (strand passage or free rotation)

c) A second trans-esterification reaction resulting in religation of the DNA strand and dissociation of the topoisomerase I−DNA complex (Nitiss, 2002; Pommier et al., 1998).

Topoisomerases have also attracted great attention for their biophysical properties. Enzymes of this protein superfamily manage a complex series of DNA cleavage and manipulation steps at high speeds and with remarkable fidelity, powered either by the energy of DNA supercoiling or ATP hydrolysis. As such, topoisomerases provide a model system for studying complex enzyme reactions, allostery, and the mechanical motion of molecular machines (Nitiss, 2002).

DNA topoisomerases are important for successful recombination of DNA and chromatin remodeling. The proliferation and survival of eukaryotic cells are dependent on topoisomerases, which are therefore potential therapeutic targets for anticancer therapy. Clinical validation of Top 1 as a drug target has occur, with the camptothecin derivatives topotecan and irinotecan representing the only top 1 inhibitors currently approved by the U.S.Food and Drug Administration for anticancer therapy (Morrell et al., 2007).

Camptothecins are effective against previously resistant tumors and are the only class of topoisomerase I inhibitors approved for cancer treatment, we developed the indenoisoquinolines. Like camptothecins, the indenoisoquinolines selectively trap Top1-DNA cleavage complexes and have been cocrystallized with the Top1-DNA cleavage complexes. Indenoisoquinolines show antitumor activity in animal models. They have several advantages over the camptothecins: (a) they are synthetic and chemically stable. (b) The Top1 cleavage sites trapped by the indenoisoquinolines have different genomic locations, implying differential targeting of cancer cell genomes. (c) The Top1 cleavage complexes trapped by indenoisoquinolines are more stable, indicative of prolonged drug action. (d) They are seldom or not used as substrates for the multidrug resistance efflux pumps (ABCG2 and MDR-1). Among the >400 indenoisoquinolines synthesized and evaluated, three have been retained as leads for clinical development by the National Cancer Institute (Pommier and Cushman, 2009).

The result obtained from this study would be useful in understanding the inhibitory mode of indenoisoquinoline derivatives as well as in rapidly and accurately predicting the activity of newly designed inhibitor on the basis of docking score.

The main objective of the study is

1) To dock the Indenone Ring of Indenoisoquinoline derivatives to the active site of the Topoisomerase I using GOLD.

2) To dock the Indenone Ring of Indenoisoquinoline derivatives to the active site of the Topoisomerase I using Glide.

3) To compare results of docking using gold and glide with literature studies and to select the most effective compound among the derivatives of Top 1 inhibition.
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      Review of   Literature

2. REVIEW OF LITERATURE

The literature pertaining the present study entitled “Molecular Docking Studies of Indenone Ring of Indenoisoquinoline Derivatives of Topoisomerase I Inhibitors” is reviewed and presented under the following headings:

2.1 Topoisomerase

2.2 Mechanism Of Action Of Topoisomerase

2.3 Top I Inhibitors In The Treatment Of Different Types Of Cancer

2.4 Cancer – Mechanism And Treatment

2.5 Molecular Docking

2.1 TOPOISOMERASES

Topoisomerases are enzymes that overcome challenges by their ability to directly alter the topology of DNA. All topoisomerases function by coordinately cleaving, manipulating, and religating DNA strands, thereby regulating DNA superhelicity and disentangling chromosome segments. The activities of topoisomerases are essential, with mutant or deficient cells showing defects in genome replication, chromosome partitioning, and survival. Certain compounds are known to inhibit topoisomerases; because of the need for topoisomerase activity in proliferating cells, these agents have proven useful as both cancer chemotherapeutics and antibiotics (Campoux, 2001; Nitiss, 2002; Sordent et al., 2003).

Human topoisomerase I is an important target for anti-cancer drugs, which include camptothecin (CPT) and its derivatives. Topoisomerases seem to mediate drug induced cytotoxicity independently of free radical production. The selectivity of cytotoxic drugs acting through topoisomerase may be partly explained by the enzyme being present in low concentrations in resting cells and increasing in concentration in tissues proliferating in response to growth factors. The concentration increases in human leukemia cells when they enter the cell cycle and is high in solid tumours such as adenocarcinoma of the prostate. A further interesting finding is that erythroleukaemia cells in the mouse have a high concentration of topoisomerase, which falls dramatically after differentiation is induced by adding hexamethylene bisacetamide (Potmesil, 1987).

2.2 MECHANISM OF ACTION OF TOPOISOMERASE I
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Figure 3  The Mechanism of Topoisomerase I 
In 1998, the discovery of an indenoisoquinoline topoisomerase I inhibitor was reported. This indenoisoquinoline is representative of a novel class of cytotoxic molecules that exert their biological effects by intercalating between the DNA basepairs at Top1’s cleavage site. This mechanism of action is identical to the natural product camptothecin and its clinically useful derivatives topotecan and irinotecan. Recent crystal structures elegantly demonstrate the net effect of drug intercalation at Top1’s cleavage site, indicating an elongation of the DNA such that re-ligation of the DNA backbone and release of competent enzyme cannot occur. This mechanism of action categorizes both the Indenoisoquinolines and camptothecin as Top1 “poisons” and not Top1 “suppressors”, which inhibit Top1’s ability to cleave the phosphodiester backbone of supercoiled DNA (Nagarajan et al., 2003; Pommier et al., 2009). 

Camptothecin (CPT), an extract from the Chinese tree Camptotheca acuminate, (Wall et al., 1996) was showed to have anti-tumour activity against several tumours. In the late 1980s, studies revealed that camptothecin induced single strand DNA breaks in the presence of topoisomerase I, thus identifying this enzyme as a major target for the antitumour effect (Hsiang et al., 1988; Antony et al., 2005; Sirikantaramas et al., 2008). The cellular effects of camptothecin can be entirely attributed to its action on topoisomerase I as has been proven in genetic studies with yeast and mammalian cells (Andoh et al., 1987; Gupta et al., 1988; Kjeldsen et al., 1988; Nitiss et al., 1988; Eng et al., 1989; Hsiang et al., 1989; Antony et al., 2003).

Topoisomerase I cleavable complexes occur preferentially within expressed genes (Stewart et al., 1987; D'Arpa et al., 1989). Topoisomerase I inhibitors are active both in slowly and rapidly proliferating tumors (Liu et al., 1981). Sensitivity of tumor cells to these drugs is related to the topoisomerase I level, topoisomerase I catalytic activity and the interaction between topoisomeraseI and its inhibitor, hence the importance of intracellular drug concentration. TopoisomeraseI is present at relatively high levels in both proliferating and quiescent cells, suggesting that its function may be independent of cellular growth rate (Diaz et al., 2009).

2.3 TOPOISOMERASE INHIBITORS IN THE TREATMENT OF DIFFERENT TYPES OF CANCER

TopoisomeraseI is known as a target for chemotherapy in advanced or recurrent colorectal cancer. In order to prolong the survival of patients with colorectal cancer or to prevent ineffective chemotherapy, clinicopathological characteristics of Top I protein in colorectal cancer were evaluated. Top I protein expression of primary tumors could be a parameter for chemo sensitivity of Top I inhibitor in patients with cancer recurrence. Top I immunostaining was mainly located in the nucleus of cancer cells. (Cassidy and Setzer, 2010).

Topoisomerase inhibitors are drugs that get in the way of the enzymes called topoisomerases. These drugs are used to treat certain forms of leukemia, lung cancer, ovarian cancer, gastrointestinal cancer, and others (Ataka et al., 2007).
 TopoisomeraseI inhibitors topotecan and camptothecin 11 (CPT-11) have been less extensively evaluated in breast cancer therapy. Preclinical studies have indicated that both of these agents are active against breast cancer and some responses have been seen in phase 1 trials of topotecan. An 8% response rate was noted in a phase II trial of CPT-11 in patients with pretreated metastatic breast cancer. Further phase II trials are ongoing at present with both agents (O'Reilly et al., 2009).

Camptothecins are a new class of antitumor agents that target topoisomerase I. Irinotecan and topotecan are the most widely used camptothecin analogs in clinical practice, with documented clinical activity in colorectal and ovarian cancer. Ongoing clinical trials with these agents are further characterizing their spectra of clinical activity and determining their optimal schedule of administration in combination with other anticancer agents. Newer camptothecin analogs in clinical development, such as 9-aminocamptothecin, 9-nitrocamptothecin, GI1147211, and DX-8951f, are also being studied to determine if they have improved toxicity and efficacy profiles compared with existing analogs. The successful development of the camptothecins as antitumor agents demonstrates the importance of topoisomerase 1 as a target for cancer chemotherapy (Arbuck and Takimoto, 1998). Topotecan and irinotecan have shown to be the most effective anticancer agents in S-phase specific agents and their antitumor effect is maximized when they are administered in protracted schedules, promising results have placed in the first line treatment for some malignancies (Rodriguez-Galindo et al., 2000).

2.4 CANCER - MECHANISM AND TREATMENT

The term cancer refers to more than hundred types of disease (Waris and Ahsan, 2006). Cancer is a group of disease with unregulated proliferation of abnormal cells. The spread is not controlled it can result in death (Hanahan and Weinberg, 2000). Cancer is essentially a genetic disease (Vogelstein and Kinzlerk, 2004). Cell division is a genetic process in which a cell processes its gene onto two daughter cells, each of which is a clone or exact of it. Every second in an adult human body, about 100,000 cells divide to compensate for roughly 100,000 cell death. The mutant gene that enables cells to proliferate abnormally as called Oncogenes, cancer genes (Vogelstein and Kinzlerk, 2004).

The cancer related basic science, including cellular and molecular biology, chemical carcinogenesis and molecular virology, focus on the series of specific biochemical, cellular and molecular events in carcinogenesis. These events which have been reviewed extensively in the literature include formation and activation of carcinogenisis, include of genetic damage, stimulate the cell proliferation and disruption or normal cell growth and differentiation. (Kelloff et al., 1994).

Molecular cell growth focuses on caused mechanism on the levels of genes and cell with result that are more useful to treatment and cure (Cairns, 1997). The cancerous cells may occur in liquids, as in leukemia (Auyang, 2005). Treatment of cancer is by surgery, radiotherapy and chemotherapy mainly involves in the use of drug to destroy cancer cell (Gauveia et al., 2008). Some cancers are curable by chemotherapy eg: certain lymphoma, in certain cancer especially is breast (Leung et al., 1999) and colon cancers chemotherapy is used in addition to surgery and radiotherapy to prevent spread of the cancer. Most solid tumors can only grow beyond a critical size by including the formation of new blood vessels, a process called tumor neovascularization (Gourley, 2000). 



Figure 4 Mechanism of Cancer

Cancer can be treated by surgery, chemotherapy, radiation therapy, immunotherapy, monoclonal antibody therapy or other methods. The choice of therapy depends upon the location and grade of the tumor and the stage of the disease, as well as the general state of the patient (performance status). A number of experimental cancer treatments are also under development (Hellam and Weichselbaum, 1995).

Complete removal of the cancer without damage to the rest of the body is the goal of treatment. Sometimes this can be accomplished by surgery, but the propensity of cancers to invade adjacent tissue or to spread to distant sites by microscopic metastasis often limits its effectiveness. The effectiveness of chemotherapy is often limited by toxicity to other tissues in the body. Radiation can also cause damage to normal tissue.

Structural information of biological macromolecule complexed with ligands is being used to the extended degree to the discovery of normal pharmaceutical compounds (Perez et al., 1998; Stroganov et al., 2008). The understanding of structure-function relationship in protein begins with the identification of functionally important residue on protein and identification of the interaction. They make with the other molecule by employing Bioinformatics in silico (Hornak and Simmerling, 2007).

Ligand binding frequently induces significant conformational change in the protein receptor. Understanding and predicting such conformational changes represent an important challenge for computational biology including applications to structure based drug design (Wong and Jacobson, 2007). Originally SBDD was equated with denono design or binding a molecule that complemented it in term of shape, charge and binding component (Henry and Washington, 2001; Friesner et al., 2006).

2.5 MOLECULAR DOCKING

The various structure-based computational methodologies adopted for compound screening, the principal one is molecular docking. When the three-dimensional structure of a target protein is available or can be modeled, molecular docking is often used for the screening of compound libraries. Molecular docking predicts the conformation of a protein-ligand complex and calculates the binding affinity. Most docking programs involve two operations: “docking” and “scoring.” The first involves the generation of multiple protein-ligand conformations, called “poses,” or the sampling of the ligands probable conformations in the binding pocket of the target protein. Most of these programs perform flexible ligand-rigid receptor docking, and some of them are highly capable of predicting poses that resemble the experimental structure for many target proteins. Since such docking programs enable a fast conformational search of ligands in a short time, they are very attractive tools for compound screening (Okimoto et al., 2009).

In this study, GOLD and GLIDE are the two commercial programs used for docking studies. We have used the docking programs to analyze the binding orientation of Indenone ring of Indenoisoquinoline to human DNA topoisomerase I. Glide approximates a complete systematic search of the conformation, orientation and positional space of the docked ligands (Friesner et al., 2004). Comparative studies showed that Glide and GOLD are the best programmes in docking (Moitessier et al., 2007). Englebienne et al, (2007) reported Glide as the best assessed programme for docking.


[image: image9.png]



                                           Materials and Methods

3. MATERIALS AND METHODS

The materials and methods of the present study entitled “Molecular Docking Studies of Indenone Ring of Indenoisoquinoline Derivatives of Topoisomerase I Inhibitors” presented under the following headings:
3.1 Target identification

3.2 Docking analysis-using GOLD

3.3 Docking analysis-using Maestro

3.4 GLIDE/PRIME Induced Fit Docking

3.1 TARGET IDENTIFICATION

 
The protein molecule chosen for the docking studies is topoisomerase 1. There are different types of topoisomerase. Human DNA topoisomerase was used as a target structure in the current study. It was obtained from RCBS protein data bank (http: www.rcbs.org/pdb/home.do) with the PDB ID: 1sc7. The structure details are shown below:

Crystal structure resolution:
3.00

Chains present

:
4-(B, C, D, A)

Total residues


:
636

Crystallography method
:
X-ray diffraction

Space group


:
C 2

R-value


:
0.233(work)

EC#



:
5.99.1.2

3.1.1 LIGANDS

 Drug compounds are designed to inhibit, restore or otherwise modify the structure and behavior of disease-related proteins and enzymes. SBDD represents the idea of how the molecule exactly interacts with its target protein. The structure is used to design potential compounds that will fit the active site of the target.

About 112 compounds (Indenone ring at the 9-position derivatives) were used for docking studies, which were selected using literature studies. The canonical structure or PDB files of the compounds were used for docking.

3.1.2 LIGPLOT ANALYSIS


LIGPLOT generates schematic diagrams of protein-ligand interactions directly from the 3D coordinates of the protein and its bound ligand. It was made to found the interaction with the complex ligand in PDB of protein. Andrew Wallace and Roman Laskowski wrote this program.

1. Open PDBsum homepage (http://www.ebi.ac.uk/pdbsum/) and enter the PDB id in the text box (1sc7) of the protein selected (Top 1).

2. Select the correct ligand.

3. The program automatically generates the diagram of protein-ligand interaction for the given PDB file.

3.2 DOCKING ANALYSIS USING GOLD
GOLD is a program for calculating the docking modes of small molecules in protein binding sites and is provided as part of the GOLD Suite, a package of programs for structure visualizations and manipulation, for protein-ligand docking (GOLD) and for post-processing (Goldmine) and visualization of docking results. GOLD accept the input in mol2 or mol or pdb format but mol2 format is most preferred.

3.2.1 PREPARATION OF PROTEIN MOLECULE

      
The experimental structure of human DNA topoisomerase (top 1) was retrieved from the RCSB Protein Data Bank as a pdb file. The PDB code of the protein was 1sc7. The protein molecules were prepared mainly by using the software Swiss-pdb viewer. Active site residues with in a range of 3.5Å were selected and saved in pdb format. Later, the active site residues were minimized in Argus lab after adding hydrogen bonds. The list of atoms in active site, were saved separately as a list file in text document format, which will be used as an input for GOLD.

3.2.2 PREPARATION OF LIGAND

The ligand compounds were taken from literature. The ligand structures were drawn using Chemsketch and saved in mol format. The saved ligand compounds were 


later import and minimized in Argus lab after adding hydrogen bonds. The molecules thus obtained were saved in pdb format.

 3.2.3 SETTING UP GOLD PARAMETER

The protein molecule was imported into GOLD. The ligands were also imported. GOLD was run in a particular way such that a particular atom number was given from the identified active site. The GOLD was setup to run at an active site radius of 3.5 Å. The output folder was also specified. All the other fitness function parameters and the genetic algorithm parameters were kept in default mode. The GOLD was run and the output was viewed using Silver and PyMOL.

3.2.4 SCORING FUNCTION

A scoring function discriminates correct experimentally verified docking poses from the incorrect. It estimates the binding affinity between the ligand and receptor. To check whether the resultant pose is stable or not, several physics theories such as Gibb’s free energy are applied. Another approach of the scoring function is to establish a conformational relationship from large protein databases and then evaluate the stability and fitness of the pose (Verdonk et al., 2003).

3.2.5 GOLD FITNESS SCORE

The fitness score is calculated as 

Fitness=S (hb_ext)+1.3750*S (vdw_ext)+S (hb_int)+1.0000*S (int)+S (bar)

· S (hb_ext) is the protein–ligand hydrogen-bond score.

· S (vdw_ext) is the protein-ligand van der Waals score.

· S (hb_int) is the contribution to the Fitness due to intramolecular hydrogen bonds in the ligand.

· S (bar) is a barrier/penalty term associated with non-displacement of water.
3.2.6 EVALUATION

One of the major uses of docking is in the ranking of ligands in order of their relative binding affinities. Evaluation of the results may be done by analyzing drugs based on these scores. Due to uncertainty in the approximation in the scoring function it is better to consider a range of top scoring DOCK prediction. There can be minimum energy positions that are redundantly reported, resulting in many nearly identical orientation with slight difference in the score. These redundant orientations can reducing there spatial diversity. The most appropriate method for analyzing the dock results would be correlating the result obtained by docking with the experimentally validated result.

3.2.7 SCREENING CRITERIA

             The output was produced as GOLD Fitness scores and different energy functions. The fitness scores were mainly considered for the results and the screening. The ligands with scores of 50 (GOLD Fitness score for co-crystallized ligand) and above were only considered. The output of these protein-ligand complexes were exported as PDB files using Gold. These complexes were then analyzed using a good molecular graphics viewer like Pymol. The output was analyzed for the properties such as hydrogen bonding interactions.

3.3 DOCKING ANALYSIS USING MAESTRO


Maestro is the graphical user interface for all of Schrödinger’s products: CombiGlideTM, EpikTM, GlideTM, ImpactTM, LiaisonTM, LigprepTM MacroModelTM, PhaseTM, PrimeTM, QikPropTM, QsiteTM, and StrikeTM. It contains tools for building, displaying, and manipulating, chemical structures; for organizing, loading and storing these structures and associated data; and for setting up, monitoring, and visualizing the results of calculations on these structures. Figure 5 shows the Maestro workspace (below).


Figure 5 Maestro Workspace

3.3.1 RUNNING AND MONITORING JOBS


Maestro has panels for each product for preparing and submitting jobs. To use these panels, appropriate product and task from the Applications menu and its submenus should be chosen. Set the appropriate options in the panel, and then click Start to open the Start dialog box and set options for running the job. The Monitor panel is the control panel for monitoring the progress of jobs and for pausing, resuming, or killing jobs. The text pane shows various output information from the monitored job, such as the contents of the log file. While jobs are running, the Detach, Pause, Resume, Stop, Kill, and Update buttons are active. When there are no jobs currently running, only the Monitor and Delete buttons are active. When a monitored job ends, the results are incorporated into the project according to the settings used to launch the job.

[image: image10.emf]
Figure 6 The job-launching window of Glide

 3.3.2 Docking Method – GLIDE (Grid Based Ligand Docking with Energetics)

Glide searches for favorable interactions between one or more typically small ligand molecules and a typically larger receptor molecule usually a protein. Each ligand must be a single molecule, while the receptor may include more than one molecule Eg: a protein and a cofactor. GLIDE can be run in rigid or flexible docking modes; the later automatically generates conformation for each input ligand. The combination of positions and orientation of the ligand relative to the receptor, along with its conformation in flexible docking, is referred to as a ligand pose. The ligand poses that GLIDE generates pass through a series of hierarchical filters that evaluate the ligand interaction with the receptor. The initial filters test the spatial fit of the ligand to the defined active site, and examine the complimentarity of ligand–receptor interactions using the GRID based method patterned after the empirical ChemScore function. 

Poses that pass these initial screens enter the final stage of the algorithm, which involves evaluation and minimization of a grid approximation to the OPLS-AA nonbonded ligand–receptor interaction energy. Final scoring is then carried out on the energy-minimized poses. Schrödinger’s proprietary GLIDE Score multi ligand scoring function is used to score the poses. If Glide Score was selected as the scoring function, a composite Emodel score is then used to rank the poses of each ligand and to select the poses to report to the user. Emodel combines Glide Score non-bonded interaction energy, and for flexible docking, the excess internal energy of the generated energy conformation.
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Figure 7 Glide Docking Hierarchy

3.3.3 PREPARATION OF LIGAND COMPOUNDS

Two types of Docking Algorithm used for our studies are:

· High Throughput Virtual Screening

· Induced Fit Docking

High Throughput Virtual Screening using Glide

1. The grid files produced by a single receptor grid generation task can be used for any number of jobs docking ligands to that receptor.

2. After correcting formal charges and bond orders in the ligand, set up and start the automated preparation and refinement portions of the protein preparation procedure using the Protein Preparation panel. 

3. Ensure that the ligands to be docked are in the right form. 

4. With the prepared receptor-ligand complex in the Workspace, use the Receptor Grid Generation panel to specify settings, and start the receptor grid generation job. 

5. Specify the base name for the receptor grid files you want to use in the Ligand Docking panel, and use the other settings and options in the panel to set up and start a ligand docking job. As many docking jobs as you want can be set up in this panel, using the current receptor grids or specifying a different set of grids to use. 

Glide docking uses the assumption of a rigid receptor, although scaling of van der Waals radii of non-polar atoms, which decreases penalties for close contacts, can be used to model a slight “give” in the receptor and/or ligand.

3.3.4 Grid generation

Choose Receptor Grid Generation from the Glide submenu of the Applications menu. The Receptor Grid Generation panel has three tabbed folders, to specify settings for the receptor grid generation job: 

· Receptor

· Site

· Constraints
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Figure 8 Grid generation window

3.3.5 SPECIFYING THE RECEPTOR GRID

To specify the receptor grid for the docking job, click Browse in the Receptor grid section of the Settings folder to open a file selector and choose a grid file (.grd). The file name, without the .grd extension, is displayed in the Receptor grid base text box. You can also enter the base name directly into the text box.

High-throughput virtual screening (HTVS) docking is intended for the rapid screening of very large numbers of ligands. HTVS has much more restricted conformational sampling than SP docking, and cannot be used with constraints, score-in-place, or rigid docking. Advanced settings are not available for HTVS, but are fixed at predetermined values.
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Figure 9 The setting tab of the ligand docking panel

3.3.6 SETTING DOCKING OPTIONS

Under Options in the Docking section of the Settings folder, you can choose whether ligands are docked flexibly, rigidly, or not at all (score in place), and set options for conformation generation. These options are described below. 

Flexible Docking: This is the default option, and directs Glide to generate conformations internally during the docking process; this procedure is known as flexible docking. At present, conformation generation is limited to variation around acyclic torsion bonds, generation of conformations of nonaromatic five- and six-membered rings, and generation of pyramidalizations at certain trigonal nitrogen centers, such as in sulfonamides. You can control whether ring conformations are generated or with the option Allow flips of 5- and 6-member rings. This option is selected by default.

 3.3.7 ENERGY MINIMIZATION SETTINGS

The energy minimization stage of the docking algorithm minimizes the energy of poses that are passed through the Selection of initial poses scoring phase. The Energy minimization section of the Settings - Advanced Settings dialog box contains two options: Distance-dependent dielectric constant Glide uses a distance-dependent dielectric model in which the effective dielectric “constant” is the supplied constant multiplied by the distance between the interacting pair of atoms. The default setting is 2.0, and Glide’s sampling algorithms are optimized for this value. Although this text box allows you to set the dielectric constant to any real value greater than or equal to 1.0, changing this setting is not recommended.                         


Figure 10 The ligand tab of the ligand docking panel
Glide does not allow for receptor flexibility in docking, but scaling of van der Waals radii of non-polar atoms, which decreases penalties for close contacts, can be used to model a slight “give” in the receptor and the ligand. This may not be sufficient to treat systems where ligand binding induces substantial conformation changes in the receptor (“induced fit”). Schrödinger has developed a procedure for such cases that uses Prime and Glide to perform induced fit docking.

3.3.8 ADME/TOXICITY TESTS

ADME is an acronym in pharmacokinetics and pharmacology for absorption, distribution metabolism and excretion, and describes the disposition of a pharmaceutical compound within an organism. In order to improve the deliverability of a drug substance in the lead optimization process, it is essential to relate changes in molecular properties to structural modifications. The four criteria all influence the drug levels and kinetics of drug exposure to the tissues and hence influence the performance and pharmacological activity of the compound as a drug.
3.3.9 QIKPROP

QikProp is a quick, accurate, easy-to-use absorption, distribution, metabolism, and excretion (ADME) prediction program designed by Professor William L. Jorgensen. QikProp predicts physically significant descriptors and pharmaceutically relevant properties of organic molecules, either individually or in batches. In addition to predicting molecular properties, QikProp provides ranges for comparing a particular molecule’s properties with those of 95% of known drugs. QikProp also flags 30types of reactive functional groups that may cause false positives in high-throughput screening (HTS) assays. QikProp has two modes: normal mode and fast mode. In fast mode, certain time-consuming calculations are omitted, some properties are not predicted, and some have different values.

3.4 GLIDE/PRIME INDUCED FIT DOCKING


The induced fit docking allows the receptor to alter its binding sites so that it more closely conforms to the shape and binding mode of the ligand. The ability to model induced fit docking has two main applications:

1. Generation of an accurate complex structure for a ligand known to be active but that cannot be docked in an existing (rigid) structure of the receptor.

2. Rescue of false negatives (poorly scored true binders) in virtual screening experiments, where instead of screening against a single conformation of the receptor, additional conformations obtained with the induced fit protocol are used.

3.4.1 INDUCED FIT DOCKING PROTOCOL

 
The prepared protein is docked using induced fit protocol using the following system.

1. Constrained minimization of the receptor (Glide protein preparation, refinement only) with an RMSD cutoff of 0.0018 Å.

 2. Initial Glide docking of each ligand using a softened potential (Van der Waals radii scaling). By default, a maximum 20 poses per ligand are retained, and by default poses to be retained must have a Coulombic-vdW score less than 100 and an H-bond score less than –0.05.

3. One round of Prime side-chain prediction for each protein/ligand complex, on residues within a given distance of any ligand pose (default 5 Å).

 4. Prime minimization of the same set of residues and the ligand for each protein/ligand complex pose. The receptor structure in each pose now reflects an induced fit to the ligand structure and conformation.

5. Glide re-docking of each protein/ligand complex structure within a specified energy of the lowest- energy structure (default 30 kcal/mol). The ligand is now rigorously docked, using default Glide settings, into the induced-fit receptor structure.

6. Minimization of the re-docked ligand within the protein.

7. Estimation of the binding energy (Glide Energy) for each output pose.
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Figure 11 The Induced fit Docking panel

            Schrödinger has developed a Python script that automates the induced fit docking process. This Python script has an interface in Maestro, in which we can specify the structures and enter settings for various options, and then the job running. The script then completes the protocol without further intervention. The structures use for induced fit docking must be prepared in the same manner as for Glide. The protein and ligand preparation must precede the use of the protocol. Figure shows the window for induced fit    docking.

 3.4.2 STEP-BY-STEP DOCKING METHOD

1. Import the protein co-crystallized structure; 1sc7 was downloaded from the Protein Data Bank.

2. All the water molecules were deleted.

3. Adjust the ligand bond orders and formal charges.

4. One ligand exists in two active site of the protein.

5. Docking was done, targeting the active site by keeping the appropriate ligand as reference. 

6. Run protein preparation.

Schematic representation of target and ligand fitting

1sc7 target structure was loaded into Glide software

Topoisomerase I inhibitors structure was loaded

Binding site specified

Ligand was docked with 1sc7
Results and docking score was saved

3.4.3 DOCKING OUTPUT JOB FILES

Jobname_lig.mae              The input ligand structure file

Jobname_lig_prep.mae     The post preparation ligand structure file

Jobname_lig_ref.mae        The post refinement ligand structure file if present the receptor 

                               structure file contains only the receptor file

Jobname_prot.mae              The input receptor structure files

Jobname_prot_prep.mae     The post preparation receptor structure file

Jobname_prot_ref.mae        The post refinement receptor structure file 

                                             Contains the Receptor and ligand structure unless                                                                                                                                    

                                             there is a separate Ligand structure file

 Jobname.log                        The log file for the complete preparation                                                                 

                                             and Refinement job

3.4.4 POSE VIEWER PANEL


An analysis tools that display the result of glide docking jobs. The results are recorded in the pose view file, include the ligand name, pose number, overall and score number of contacts and other data. The poses within the file are arranged in the list according to score. Ligands with most favorable interactions with receptor appear at the beginning and ligands with less favorable interactions with receptor appear at the end. The Glide Pose Viewer Panel can also be used to visualize contacts and hydrogen bonds between ligands and receptor molecules, or to write structure files containing one or more ligand poses.


            [image: image15.png]


        Results and Discussion

4. RESULTS AND DISCUSSION

The work entitled “Molecular Docking Studies of Indenone Ring of Indenoisoquinoline Derivatives of Topoisomerase I Inhibitors” results were presented and discussed in this chapter

4.1 Ligplot interaction

4.2 Gold results

4.3 Glide Docking results
4.1 LIGPLOT INTERACTION

The ligplot program automatically generates schematic diagrams of protein-ligand interaction for a given PDB file (1sc7). The interaction shown here were hydrogen bonds and hydrophobic contacts. Hydrogen bonds are shown by dotted lines between the atoms.
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Figure 12 Ligplot interaction of PDB (1sc7) with Ligand (M38)


TABLE I

ACTIVE SITE RESIDUES BEFORE DOCKING USING PyMOL

	S.NO
	PDB
	INTERACTION

        (D-H…A)
	BOND DISTANCE BETWEEN DONOR & ACCEPTOR (Å)

	1


	1SC7
	(ARG364) N-H...O

(ALA351) O-H... O


	3.21 Å
3.13 Å
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Figure 13 PyMOL Interaction of co-crystal compound with the active site residues of target protein Top I

TABLE II LIST OF BEST COMPOUNDS, ITS STRUCTURE AND IUPAC NAME

	S.NO
	COMPOUNDS
	STRUCTURES


	IUPAC NAME

	1.
	CO-CRYSTAL
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	4-(5,11-Dioxo-5H-indeno [1,2-c] isoquinolin-6 (11H)-yl) butanoate

	2.
	COMPOUND 1
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	Camptothecin

	3.
	COMPOUND 22
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	(3S,4R)-2-(3-bromopropyl)-3-(4-ethylphenyl)-7-nitro-1-oxo-1,2,3,4-tetrahydroisoquinoline-4-carboxylic acid



	4.
	COMPOUND 30
	
[image: image21.wmf]N

N

+

O

-

O

I

H

H

Br

O

O

O

H


	(3S,4R)-2-(3-bromopropyl)-3-(4-iodophenyl)-7-nitro-1-oxo-1,2,3,4-tetrahydroisoquinoline-4-carboxylic acid



	5.
	COMPOUND 32
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	(3S,4R)-2-(3-chloropropyl)-3-(4-cyanophenyl)-7-nitro-1-oxo-1,2,3,4-tetrahydroisoquinoline-4-carboxylic acid





	6.
	COMPOUND 34
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	Cis-4-carboxy-N-(3-bromopropyl)-3,4-dihydro-3-[4-(toluene-4sulfonyloxy)phenyl]-1(2H)isoquinolone

	 7.
	COMPOUND 47
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	9-(Methoxycarbon

yl oxymethyl)-6-(3-bromopropyl)-5,6-dihydro-3-nitro-5,11-dioxo-11H-indeno[1,2-c]isoquinoline

	 8.
	COMPOUND      48 
	
[image: image25.wmf]N

O

O

Br

N

+

O

-

O

O

S

O

O

C

H

3


	6-(3-Bromopropyl)

-5,6-dihydro-3-nitro-5, 11-dioxo-9- [4- toluene- 4-(sulfonyloxy) phenyl]-11H-indeno[1,2-c]isoquinoline

	 9.
	COMPOUND 86
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	9-acetamido-6- (3-bromopropyl)-5,6-dihydro-2, 3-dimethoxy-5, 11-dioxo-11H-indeno [1,2-c] isoquinoline

	10.
	COMPOUND 94
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	9-Acetamido-6-(3-azidopropyl)-5,6-dihydro-2,3-dimethoxy-5,-11-dioxo-11H-indeno[1,2-c]isoquinoline


4.2 GOLD RESULTS

Docking of 112 ligand molecules with the target topoisomeraseI protein (PDB ID: 1sc7) was carried out and the result was analyzed using silver. Compounds with highest GOLD fitness score was tested and their structure, interaction with active site, Bond distance of the interaction and GOLD fitness score was discussed in detail.

4.2.1 RESULT OF CO-CRYSTAL

The GOLD Fitness score for the compound 4-(5,11-Dioxo-5H-indeno [1,2-c] isoquinoline-6 (11H)-yl) butanoate was 47.27. The interaction of the ligand with the receptor molecule was viewed using Silver. From the output of the silver, the resulting interaction was analyzed. The ligand has shown good interaction with the residue (ARG364) N-H…O by forming hydrogen bond length 2.682.

4.2.2 RESULT OF COMPOUND 1

The GOLD Fitness score for the compound 2-[4-(4-chloro-3-hydroxyphenoxy) phenyl]-1H-benzoimidazole-5-carboxylic Acid Amide was 47.61. The interaction of the ligand with the receptor molecule was viewed using Silver. From the output of the silver, the resulting interaction was analyzed. The ligand has shown good interaction with the residue (ARG364) N-H…N, N-H…O (ARG364) by forming the hydrogen bond lengths of 2.712Å, 2.168Å respectively.

4.2.3 RESULT OF COMPOUND 22

  The GOLD Fitness score for the compound (3S, 4R)-2-(3-bromopropyl)-3-(4-ethylphenyl)-7-nitro-1-oxo-1, 2, 3, 4-tetrahydroisoquinoline-4-carboxylic acid was 49.90.The interaction of the ligand with the receptor molecule was viewed using Silver. From the output of the silver, the resulting interaction was analyzed. The ligand has shown good interaction with the residues  (ARG364) N-H…O by forming the hydrogen bond lengths of 2.487Å.

4.2.4 RESULT OF COMPOUND 30

 
The GOLD Fitness score for the compound (3S, 4R)-2-(3-bromopropyl)-3-(4-iodophenyl)-7-nitro-1-oxo-1, 2, 3, 4-tetrahydroisoquinoline-4-carboxylic acid was 48.52.The interaction of the ligand with the receptor molecule was viewed using Silver. From the output of the silver, the resulting interaction was analyzed. The ligand has shown good interaction with the residues (ARG364) N-H...O26, (ARG364) N-H...O27 by forming the hydrogen bond lengths of 2.642Å, 2.481Å respectively.

4.2.5 RESULT OF COMPOUND 32

 The GOLD Fitness score for the compound (3S, 4R)-2-(3-chloropropyl)-3-(4-cyanophenyl)-7-nitro-1-oxo-1, 2, 3, 4-tetrahydroisoquinoline-4-carboxylic acid. The interaction of the ligand with the receptor molecule 51.61 was viewed using Silver. From the output of the silver, the resulting interaction was analyzed. The ligand has shown good interaction with the residues (ARG364) NH...O25, (ARG364) N-H...O26, N-H...N (DC112), O-H...O (DA113) by forming the hydrogen bond lengths of 2.692Å, 2.677Å, 2.587 Å, 2.461 Å respectively.
4.2.6 RESULT OF COMPOUND 34

The GOLD Fitness score for the compound Cis-4-carboxy-N- (3-bromopropyl)-3,4-dihydro-3- [4-(toluene-4sulfonyloxy) phenyl]-1(2H) isoquinolone was 41.76. The interaction of the ligand with the receptor molecule was viewed using Silver. From the output of the silver, the resulting interaction was analyzed. The ligand has shown good interaction with the residues (ARG364) N-H...O26, (ARG) N-H.... O28 by forming the hydrogen bond lengths of 2.435Å, 2.125Å respectively.
4.2.7 RESULT OF COMPOUND 47

 
The GOLD Fitness score for the compound 9-(Methoxycarbonyl oxymethyl)-6-(3-bromopropyl)-5,6-dihydro-3-nitro-5, 11-dioxo-11H-indeno [1,2-c] isoquinoline was 47.31. The interaction of the ligand with the receptor molecule was viewed using Silver. From the output of the silver, the resulting interaction was analyzed. The ligand has shown good interaction with the residues (ARG364) N-H...O19 by forming the hydrogen bond lengths of 2.596Å.

4.2.8 RESULT OF COMPOUND 48 

The GOLD Fitness score for the compound 6-(3-Bromopropyl)-5, 6-dihydro-3-nitro-5, 11-dioxo-9- [4- toluene- 4-(sulfonyloxy) phenyl]-11H-indeno[1,2-c] isoquinoline was 49.72. The interaction of the ligand with the receptor molecule was viewed using Silver. From the output of the silver, the resulting interaction was analyzed. The ligand has shown good interaction with the residues (ARG364) N-H…O30, (ARG394) N-H…O29 by forming the hydrogen bond lengths of 2.611Å, 2.090Å respectively.

4.2.9 RESULT OF COMPOUND 86

The GOLD Fitness score for the compound 9-acetamido-6-(3-bromopropyl)-5,6-dihydro-2,3-dimethoxy-5,11-dioxo-11H-indeno[1,2-c]isoquinoline was 40.32 . The interaction of the ligand with the receptor molecule was viewed using Silver. From the output of the silver, the resulting interaction was analyzed. The ligand has shown good interaction with the residues (ARG364) N-H...O, O-H...O (DC112) by forming the hydrogen bond length of 2.521Å, 2.447Å respectively.

4.2.10 RESULT OF COMPOUND 94

The GOLD Fitness score for the compound 9-Acetamido-6- (3-azidopropyl)-5,6-dihydro-2, 3-dimethoxy-5, -11-dioxo-11H-indeno [1,2-c] isoquinoline was 49.18. The interaction of the ligand with the receptor molecule was viewed using Silver. From the output of the silver, the resulting interaction was analyzed. The ligand has shown good interaction with the residues (DC112) O-H...O, (ARG364) N-H...O, (ARG364) N-H...O, by forming the hydrogen bond length of 2.719Å, 2.641Å, 2.699Å respectively.


	S.NO
	COMPOUNDS
	INTERACTION

(D-H…A)
	BOND DISTANCE BETWEEN DONOR & ACCEPTOR (Å)
	GOLD SCORE

	1
	CO-CRYSTAL
	(ARG364) N-H…O


	2.682
	47.27

	2
	COMPOUND 1
	(ARG364) N-H…N, N-H…O (ARG364)


	2.712Å,

2.168Å
	47.61

	3
	COMPOUND 22
	(ARG364) N-H…O

	2.487Å

	43.61



	4
	COMPOUND 30
	(ARG364) N-H...O26,

(ARG364) N-H...O27


	2.642Å

2.481Å


	46.52

	5
	COMPOUND 32
	(ARG364) N-H...O25,

(ARG364) N-H...O26,

N-H...N (DC112),

O-H...O (DA113)
	2.692Å

2.677Å

2.587 Å

2.461 Å
	45.61

	6
	COMPOUND 34
	(ARG364) N-H...O26,

(ARG) N-H.... O28


	2.435Å

2.125Å
	41.76

	7
	COMPOUND 47
	(ARG364) N-H...O19


	2.596Å
	47.31

	8
	COMPOUND 48
	(ARG364) N-H…O30, (ARG394) N-H…O29


	2.611Å

2.090Å
	49.72

	9
	COMPOUND 86
	(ARG364) N-H...O,

O-H...O (DC112)


	2.521Å

2.447Å
	40.32

	10
	COMPOUND 94
	(DC112) O-H...O,

(ARG364) N-H...O, (ARG364) N-H...O,


	2.719Å
2.641Å
2.699Å
	47.18


TABLE III 

TEN INTERACTION, BOND DISTANCE AND GOLD FITNESS SCORE OF

BEST COMPOUND


TEN BEST COMPOUNDS PRINT VIEW RESULT (GOLD)
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Figure 14 Interaction of Co-Crystal Compound with the Active Site Residues of Target Protein Top I
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Figure 15 Interaction of Compound 1 with the Active Site Residues of Target Protein Top I
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Figure16 Interaction of Compound 22 with the Active Site Residues of Target Protein Top I
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Figure 17 Interaction of Compound 30 with the Active Site Residues of Target Protein Top I
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Figure 18 Interaction of Compound 32 with the Active Site Residues of Target Protein Top I
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Figure 19 Interaction of Compound 34 with the Active Site Residues of Target Protein Top I
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Figure 20 Interaction of Compound 47 with the Active Site Residues of Target Protein Top I
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Figure 21 Interaction of Compound 48 with the Active Site Residues of Target Protein Top I
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Figure 22 Interaction of Compound 86 with the Active Site Residues of Target Protein Top I
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Figure 23 Interaction of Compound 94 with the Active Site Residues of Target Protein Top I

4.3 GLIDE DOCKING RESULTS

The structure of topoisomeraseI complexed with the M38 is downloaded from Protein Data Bank with PDB ID: 1sc7 and saved. It is imported into the maestro workspace and the water molecules were deleted. The target protein energy was minimized and the ligand compounds also minimized by minimization procedure. All ligands were undergone through HTVS (High Throughput Virtual Screening) Docking. The best six compounds were selected. Then the induced fit docking is performed to carried out for detecting the potency of the ligand against (Top1) target. By comparing the literature studies six ligands with the lowest docking score were selected for induced fit docking

TABLE IV TOP 6 COMPOUNDS SELECTED FROM VIRTUAL SCREENING 

	S.NO
	COMPOUND
	GLIDE SCORE
	GLIDE ENERGY

(Kcal/mol)
	INTERACTION

(D-H…A)
	DISTANCE BETWEEN DONOR & ACCEPTOR (Å)

	1
	CO-CRYSTAL
	-7.302311
	-51.446514
	O-H...O (DA113)

(ARG364) N-H...O
	3.012

2.845

	2
	COMPOUND 34
	-8.872921
	-52.877524
	(ASN722)N-H...O

DT10...O
	2.955

2.772

	3
	COMPOUND 47
	-7.649707
	-54.942452
	(ASN722) N-H...O

(ARG364) N-H.... O

(ARG364) N-H.... O
	2.955

2.712

2.807

	4
	COMPOUND 48
	-8.861219
	-61.734990
	(MET428) N-H...O

(ASN722) N-H...O

(ARG364) N-H...O


	2.991

2.895

2.709

	5
	COMPOUND 86
	-8.462270
	-60.457900
	(ARG364) N-H...O

N-H...O (ASN722)

(ARG364) N-H...O


	3.144

2.965

2.736

	6
	COMPOUND 94
	-7.014810
	-62.035521
	(ARG364) N-H...O

N-H...O (ASP533)

(ARG364) N-H...O
	3.114

2.934

2.757


TABLE V 

INDUCED FIT DOCKING RESULTS OF BEST COMPOUNDS

	S.NO
	COMPOUND
	GLIDE

SCORE
	GLIDE ENERGY

(Kcal/mol)
	INTERACTION

(D-H…A)


	DISTANCE BETWEEN DONOR & ACCEPTOR (Å)



	1
	CO-CRYSTAL
	-7.195374
	-49.858360
	(ARG364) N-H...O

(ARG364) N-H...O

(ASN722) N-H...O
	3.223

3.185

2.438

	2
	COMPOUND 47
	-8.214773
	-50.978555
	(ARG364) N-H...O

(ARG364) N-H...O


	2.580

2.431

	3
	COMPOUND 48
	--7.795062
	-53.061249
	(ARG364) N-H...O

(ASN352) N-H.... O

(DC112) N-H...O
	2.709

2.307

2.271

	4
	COMPOUND 94
	-8.354376
	-83.286226
	(ASN722) N-H...O

(ARG364) N-H...O

(ARG364) N-H...O
	2.970

2.629

2.167



TABLE VI


ADME RESULTS FOR THE BEST COMPOUNDS

Absorption, Distribution, Metabolism and Excretion (ADME) test was used for all IFD compounds. ADME results are shown in the table


	
	Co-Crystal
	Compound 47
	Compound 48
	Compound 94

	Mol mw

(130-725)


	333.343
	501.289
	583.409
	447.449

	SASA

(300-1000)


	578.351
	741.800
	0
	1

	Volume

(500-2000)


	1011.753
	1305.387
	1470.442
	1321.459

	Donor HB

(0.0-0.6)


	1.000
	0.00
	0.00
	1.000

	Acceptor HB

(2.0-20)


	7.000
	8.000
	10.500
	12.000

	Qplog S
	-3.609
	-5.451
	-5.365
	-4.053

	QplogPo/W


	2.307
	2.698
	2.555
	0.810

	QplogPW


	11.988
	11.108
	14.277
	16.142

	PSA


	106.318
	148.290
	148.218
	165.631

	Human Oral

Absorption
	3
	2
	2
	2

	Percent Human

Oral Absorption


	69.464
	58.591
	54.930
	57.493

	Rule of Five
	0
	1
	1
	0




GLIDE PRINT VIEW RESULT
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Figure 24 Interaction Between Co-Crystal and 1sc7 Receptor
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Figure 25 Interaction Between Compound 47 and 1sc7 Receptor
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Figure 26 Interaction Between Compound 48 and 1sc7 Receptor
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Figure 27 Interaction Between Compound 94 and 1sc7 Receptor


Discussion:


 The present work is proposed and evaluated, the interaction of Indenoisoquinoline and its derivative compounds totally 112 against topoisomeraseI as target by using docking program GOLD and GLIDE.


Two series of Indenoisoquinoline Top I inhibitors are nitrated Indenoisoquinolines and 2,3 dimethoxy-substituted Indenoisoquinolines was taken to investigate. The Indenoisoquinolines were examined for antiproliferative activity against the human cancer cell lines. In general, the nitrated Indenoisoquinolines were usually shows more cytotoxic and better Top I inhibitor than the dimethoxy-substitued derivatives (Morrel et al., 2004). The features impared by nitro group believed to be responsible for the enhanced activity (such as improved π-stacking interaction with the DNA base pair and hydrogen bond interaction Asn722) (Morrel et al., 2006). But here the dimethoxy derivative also shows potent activity against the Top I.


The Ligplot result of the PDB (1sc7) with ligand (M38) has both the hydrogen bond interaction wit residues in Arg364, DC112 and hydrophobic interactions with Ala 351, Asn352, DA113, DT10 and Tgp11.

The co-crystal ligand M38 (4-(5,11-Dioxo-5H-indeno [1,2-c] isoquinolin-6 (11H)-yl) butanoate) was docked using Gold and Gold fitness score was 47.27, showing the interaction with residues Arg364 N-H…O having hydrogen bond length 2.682 Å using glide software both HTVS and Induced Fit Docking was carried out for the co-crystal ligand M38 against the active site of Top I. The HTVS (High Throughput Virtual Screening) gave the docking score –7.302 and its interaction with the residue DA113, Arg364. The induced fit docking result of co-crystal ligand contains10 poses and all were having lowest score between –8.93 to –7.19, showing interaction with the residues Arg364, Asn722.

Most of the Indenoisoquinoline derivatives that were docked have the interaction with the active site residue Arg364, Asn722 and DC112.


From the literature study it was found that compound 46 and 47 (Nitrated Indenoisoquinoline) exhibit strong anticancer activity. But the dimethoxy-substitued Indenoisoquinoline also shows good anticancer activity. The compound 46 and 47 shows the gold fitness scores 47.31 and 49.72 respectively. In induced fit docking the compound 47, 48 and 94 shows the glide score of –8.214, -7.795 and –8.354 respectively, with the active site residue Arg364, Asn352, Asn722 and DC112.


[image: image42.wmf]

                      Summary and Conclusion                               


        5. SUMMARY AND CONCLUSION

TopoisomeraseI is an enzyme required for the release of torsional stress built up during transcription or replication of DNA. This torsional stress is defined by an increase of negative DNA supercoils in front of the transcription or replication machinery. Top1 releases torsional stress by changing the linking number of the DNA. To change the linking number of DNA, Top1 cuts one DNA strand, passes the other through it and then re-anneals the cut strand. 

The ability of molecular docking methods to locate selective inhibitors reinforces our view of structure-based drug discovery as a valuable strategy, not only for identifying lead compounds, but also for addressing receptor specificity. This study focuses on series of ligands that are further screened for a successful candidate drug using rational drug design.

 The present work was proposed and evaluated the interaction of 4-(5,11-Dioxo-5H-indeno [1,2-c] isoquinoline-6 (11H)-yl) butanoate and its derivative compounds totally 112 with topoisomerase I as target by using the docking program GOLD and GLIDE.

The Indenoisoquinolines were examined for antiproliferative activity against the human cancer. The biological activity of Indenoisoquinoline topoisomerase I inhibitors is significantly enhanced by nitration of the isoquinoline ring, the nitrated and dimethoxy analogue shows potent activity.

In present study, two series of Indenoisoquinoline topoisomerase I inhibitors was taken to investigate, which has an Indenone ring at the 9-position. The nitrated isoquinoline ring has enhanced biological activity than the 2,3-dimethoxy-subistituted-isoquinoline.

To study the molecular basis of interaction and binding affinity of 4-(5,11-Dioxo-5H-indeno [1,2-c] isoquinoline-6 (11H)-yl) butanoate and its analogues, these compounds were docked into active site of topoisomerase 1 receptor-using GLIDE. The best 10 compounds were screened out using high throughput virtual screening. These 10 best compounds were further subjected to Induced Fit Docking studies. 

Based on score, energy and interaction three compounds were selected; compounds are 47, 48 and 94. The results of Compounds are found to satisfy all the necessary parameters to act as a Drug.

Based on overall studies, we can conclude that compound 47, compound 48 and compound 94 was found to be more potent inhibitor based on glide score, glide energy and interaction with residues in the active site of the topoisomerase 1. In future this can be taken as an effective drug candidate for the second – generation drug discovery.

Binding affinity of 4-(5,11-Dioxo-5H-indeno [1,2-c] isoquinolin-6 (11H)-yl) butanoate and its analogues, were docked into active site of top 1 receptor using GOLD. Among the compounds, which were docked, compound 47, 48 and 94 has given higher fitness score compared to other compounds (including co-crystallized ligand). The compounds 47,48 and 94 has given highest score of 47.31,49.72 and 47.18 respectively by showing strong interaction with the residues (Arg364) N-H...O having hydrogen bonds of length 2.596 Å, 2.611 Å, 2.641 Å respectively. 

The result of the present study with the Indenoisoquinolines have been further utilized to help define steric limitations of functional group protruding toward the nonscissile DNA strand and highlight the importance of hydrogen bonding and electrostatic interactions with the DNA base pair in ternary complex.  More importantly, the result of the present study indicate a universal nature for structure-activity relationships between the camptothecin and the Indenoisoquinolines, and this relationship may be useful for the design of hybrid top 1 inhibitors.
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