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Abstract

Aim: This research deals with the identification of drug synthetic inhibitors docked with PARP
enzyme by In silico screening using patch Dock for targeted ovarian cancer.

Materials and methods: The sample size (N= 51) preparation is of two-dimensional structures for
50 synthetic compounds and a reference compound (Rucaparib) that were retrieved and collected
from the NCBI-PubChem compound database. The ligand molecule was prepared using the LigPrep
wizard of the Schrddinger suite. Patch Dock software was used to conduct a molecular docking
study of PARP with plant-derived compounds. This program uses an algorithm to generate output
complexes based on biomolecule shape complementarity. The best poses were analyzed for
non-covalent interaction using PLIP and discovery studio visualizer. Results: Molecular docking
analysis revealed (Lyngabyabelline, Sansalvamide, Dolastatin, Beta-carotene, Butulinic) from Plant
derived could bind PARP protein with higher affinity, ability to competitively inhibit PARP as a
stable drug candidate in comparison with Rucaparib and also show similar residue interaction
patterns when compared with other PARP inhibitors that would report an affirmative prognostic
factor. Conclusion: The identified inhibitor complexes from plant derived synthetic molecules are
expected to bind with PARP protein with better efficiency in comparison with Rucaparib, hence they
can be further considered for in vivo and in vitro analysis.

Key-words: PARP (Poly (ADP)-ribose Polymerase), Reference Compound, Molecular Docking,
Shape Complementarity, Synthetic Medicament, Novel Drug Inhibitor, Computational Biology.
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1. Introduction

The study investigates the role of small molecule inhibitors of poly (ADP-ribose) polymerase
(PARP) enzyme in cancer using sources derived from plant synthetic molecules. A method of cancer
treatment that uses drugs to recognize and attack cancer cells. The PARP enzyme participates in a
variety of cell processes, including DNA repairs, certain anticancer medications and radiation for
cancer that can cause damage to the DNA molecule inhibitors (Staples and Goodm 2013) of PARP
enzyme in cancer using sources derived from plant synthetic molecules. Studies suggest that PARP is
over-expressed in tumor cells, hence small molecule inhibitors are identified as being involved in
targeted ovarian cancer. Such therapies target the inner workings of the cancer cells, that makes them
separate from healthy cells. Each type of targeted therapy performs differently, but all of them alter
the way cancer cells expand, split, repair or incorporate itself (Oche and Olaposi 2018). The
importance of this study is to establish safe and efficient drugs for treating cancer and eventually cure
them. The major application is to find inhibitors with higher affinity that are in use and focus on the
current and future use of targeted therapy in Epithelial ovarian cancer (Bazzaro 2018).

Based on the literature survey, “PARP inhibitors in ovarian cancer” (Staples and Goodm
2013) is stated one among the best reviews over the information related to PARP enzyme. We
searched for most cited articles in Google Scholar and science direct database and ended up with 302
articles published in this area. The medicines known as inhibitors of PARP (poly(ADP)-ribose
polymerase) are Olaparib, Veliparib, Rucaparib, 3-aminobenzamide and Niaparib (Staples and
Goodm 2013). These medications make it impossible for tumor cells with an abnormal BRCA gene
to repair damaged DNA, which is also responsible for the death of the cells, by blocking the PARP
pathway. Studies state the development process in finding the drug inhibition molecules docked with
PARP as a protein enzyme for ovarian cancer in the past 10 years. (Gien and Mackay 2010). As
compared to the complete simulated screened compounds with preferable affinity, the overall energy
of Rucaparib inhibitor interacting with the PARP is higher that states to be the best study among the
available literature.

Previously our team has a rich experience in working on various research projects across
multiple disciplines (Sathish and Karthick 2020; Varghese, Ramesh, and Veeraiyan 2019; S.R.
Samuel, Acharya, and Rao 2020; Venu, Raju, and Subramani 2019; M. S. Samuel et al. 2019; Venu,
Subramani, and Raju 2019; Mehta et al. 2019; Sharma et al. 2019; Malli Sureshbabu et al. 2019;
Krishnaswamy et al. 2020; Muthukrishnan et al. 2020; Gheena and Ezhilarasan 2019; Vignesh et al.
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2019; Ke et al. 2019; Vijayakumar Jain et al. 2019; Jose, Ajitha, and Subbaiyan 2020). Now the
growing trend in this area motivated us to pursue this project.

The lacunae in the existing research is the lack of effective inhibitor molecules for PARP in
treatment of targeted ovarian cancer. The study was intended to check if inhibitors derived from plant
synthetic could inhibit PARP enzyme than other prevailing drugs in the market. The primary function
of PARP (found in the nucleus of the cell) is to recognize and activate an instant cellular reaction by
communicating the enzymatic mechanism involved in the repair of the SSB to metabolic. It also plays
a significant part in inhibition caused by cleavage (Gien and Mackay 2010). The authors of this study
have experience in the computational biology field which allowed us to efficiently carry out our
research, based on the detection of small molecular inhibitors of different anticancer medicines for
targeted ovarian cancer therapy as stable drugs. The aim states by identifying a synthetic inhibitor
molecule for Human poly (ADP-ribose) polymerase 2 inhibitor enzymes using patch dock. The study
aims at identifying small molecule inhibitors derived from plants against PARP in treatment of

ovarian cancer.

2. Materials and Methods

The research work was done by online softwares (PLIP, Discovery studio Visualizer, PyMol,
Patch dock) that resulted in identification of stable drug compounds and internet based work was
provided by Saveetha School of Engineering. The power calculation was done using pretest power g
of 80% (Jung et al. 2018). Ethical approval is not applicable as no human samples were considered
for analysis. Two groups were considered for this research work i.e synthetic compounds and a
reference compound. By retrieving the list of 50 plants derived synthetic compounds that act as
inhibitors agents for anti cancer therapy. These compounds were listed out and were carried out in
Patch dock software that was extracted as an individual ligand compound in PDB format along with
the results by finding their higher binding affinity in (Table 1). So, N=51 samples were considered for
identifying an stable drug inhibitor.

Table 1 - List of Retrieved Hit Compounds: Lyngbyabellin, Sansalvamide, Dolastatin, Beta-Carotene & Butulinic which
has shown Higher Affinities when compared with the Reference Compound (Rucaparib) of -178.88 kcal/mol in given table
below. Among these 5 hit Compounds Beta Carotene shows the Highest ACE of -323.06 kcal/mol

Compound Name Score (kcal/mol) Area ACE
Lyngbyabellin B 6350 686.60 -253.88
Sansalvamide 4716 621.30 -314.48
Dolastatin 7360 1003.90 -320.77
Beta carotene 7536 933.40 -323.06
Butulinic 5354 687.80 -289.50
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The two-dimensional structure of 50 synthetic compounds derived from plant sources
considering them as a drug inhibitor were retrieved and collected for molecular docking and analysis
using PyMol software. Considering 50 synthetic compounds as Group 1.

The two-dimensional structure of a reference compound (Rucaparib) is derived as a PARP
drug inhibitor that was retrieved and collected for molecular docking and analysis using PyMol
software. Considered the derived reference compound as Group 2.

The interaction between amino acids residues of PARP and ligand was evaluated using the
testing setup of Discovery Studio Visualizer. Binding affinity with association of the active site
residue in PARP protein are the best confirmatory conditions for ligand. The optimal locations for the
use of Discovery Studio Visualizer 2.5 and PLIP (Salentin et al. 2017) were analyzed in non-covalent
interactions. PyMOL is a molecular and renderer capable. Protein-Ligand Interaction Profiler (PLIP)
is the following testing procedure that is used to retrieve the ACE measurements of drug complex
inhibitors that is fully automated detection and visualization of relevant noncovalent protein-ligand
contacts in 3D structures.(Annunziata and Zorn 2016). PLIP a new web service for complete
identification and analysis of associated non-covalent protein—linking contacts in 3D structures.
(Oche and Olaposi 2018; Morales et al. 2014).

3. Results

In Table 1, it is observed that five hit compounds (lyngbyabellin, sansalvamide, dolastatin,
Beta-Carotene & Butulinic) were retrieved from 50 Synthetic molecules based on its atomic contact
energy that describes the affinity complex of the drug inhibitor which is considered for further
analysis and are called the novel drug inhibitors for this research. These five-hits lyngbyabellin,
sansalvamide, dolastatin, Beta-Carotene & Butulinic which showed higher affinities when compared
with the reference compound (Rucaparib) of -178.88 kcal/mol. Among these 5 hit compounds, Beta
carotene shows the highest ACE of -323.06 kcal/mol. Atomic contact energy is high for the
above-listed compound, and it is further suitable for finding drug inhibitors for targeted therapies.
These novel classes of anti-cancer medicines to be used as single agents or in combination with
radiation and chemotherapy.

In Figure 1, results in Interaction analysis of PARP with plant derived compounds using
discovery studio visualizer. Interaction of PARP with 1A.lyngbyabellin, 1B.sansalvamide,
1C.dolastatin, 1D. Beta-Carotene & 1E. Butulinic. The structure of inhibitors and amino acids

residues of PARP are represented in blue and black sticks respectively. Interaction of PARP with 1F.
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Rucaparib in red and black sticks. Table 1(a) shows the binding affinity of the reference compound
(Rucaparib) of -178.88 kcal/mol.

Table 1(a) - The Binding Affinity of the Reference Compound (Rucaparib) of -178.88 kcal/mol is Given in table Below

Reference Compound Name | Score (kcal/mol) | Area | ACE
Rucaparib 4466 519.70 | -178.88

Fig. 1 - Interaction Analysis of PARP with Plant Derived Compounds Using Discovery Studio Visualizer. Interaction of
PARP with 1A. Lyngbyabellin, 1B. Sansalvamide, 1C. Dolastatin, 1D. Beta-Carotene & 1E. Butulinic. The structure of
inhibitors and amino acids residues of PARP are represented in blue and black sticks respectively. Interaction of PARP with
1F. Rucaparib in red and black sticks. Atomic contact energy is high for the above listed hit compounds and it is further
suitable for finding drug inhibitors for targeted therapies

1ALyngbyvabellin 1B Sansalvamide 1C Dolastatin

YS903
$862
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1D Beta carotene 1E Butulinic
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From Table 2 & Fig. 2, results in Interaction of Lynbyabelin with HIS862, TYR896, TYR907,
TYR889, ARG878, ALAB880 as active binding residues with cartoon, ligand residue and Surface
representation that showed highest in TYR889 with a bond length of 3.72 pm that bonds with
hydrophobic interaction and with higher Atomic contact energy of -253.88 kcal/mol.
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Fig. 2 - Interaction analysis of PARP with plant derived using Discovery studio visualizer. Interaction of PARP with
Lyngbyabellin with (a) cartoon (b) ligand residue and (c) Surface. The structure of inhibitors and amino acid residues of
PARP are represented in Orange and pink sticks, respectively with higher Atomic contact energy of -253.88 kcal/mol.

a b C

Table 2 - Interaction of Lynbyabelin with HIS862, TYR896, TYR907, TYR889, ARG878, ALA880 as active binding
residues that showed highest in TYR889 with a bond length of 3.72 pm that bonds with hydrophobic interaction

Index | Residue | AA | Bond length | Nature of interaction
1 889A TYR | 3.72 Hydrophobic

2 896A TYR | 3.03 Hydrophobic

3 907A TYR | 3.54 Hydrophobic

4 864A SER | 3.57 Hydrophobic

5 878A ARG | 2.53 Hydrogen

6 878A ARG | 2.47 Hydrogen

7 889A TYR | 3.09 Hydrogen

From Table 3 & Fig. 3, results in Interaction of Sansalvamide with LYS903, HIS862,
TYR907, TYR896, ARG878, TYR889 as active binding residues with cartoon, ligand residue and
Surface representation that showed highest in GLU988 with a bond length of 4.13pm that bonds with

Hydrogen interaction and with higher atomic contact energy of -314.48 kcal/mol.

Fig. 3 - Interaction analysis of PARP with plant derived using Discovery studio visualizer. Interaction of PARP with
Sansalvamide with (a) cartoon (b) ligand residue and (c) Surface. The structure of inhibitors and amino acid residues of
PARP are represented in Orange and pink sticks, respectively with higher atomic contact energy of -314.48 kcal/mol.
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Table 3 - Interaction of Sansalvamide with LYS903, HIS862, TYR907, TYR896, ARG878, TYR889 as active binding
residues that showed highest in GLU988 with a bond length of 4.13pm that bonds with Hydrogen interaction.

Index Residue AA Bond length Nature Of interaction
1 889A TYR 3.80 Hydrophobic

2 907A TYR 3.41 Hydrophobic

3 864A SER 3.63 Hydrophobic

4 878A ARG 2.75 Hydrogen

5 897A PHE 3.43 Hydrogen

6 988A GLU 4.13 Hydrogen

From Table 4 & Fig. 4, results in Interaction of Dolastatin with SER864, PRO881, ILE879,
ILE872, ASN868, TYR907, TYR896, TYR907, TYR889, HIS862, ARD878 as active binding
residues with cartoon, ligand residue and Surface representation that showed highest in LYS903 with
a bond length of 3.97pm that bonds with hydrophobic interaction and with higher atomic contact
energy of -320.77 kcal/mol.

Fig. 4 - Interaction analysis of PARP with plant derived using Discovery studio visualizer. Interaction of PARP with
Dolastatin with (a) cartoon (b) ligand residue and (c) Surface. The structure of inhibitors and amino acid residues of PARP
are represented in Orange and pink sticks, respectively with higher Atomic contact energy of -320.77 kcal/mol
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o
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Table 4 - Interaction of Dolastatin with SER864, PRO881, ILE879, ILE872, ASN868, TYR907, TYR896, TYR907,
TYR889, HIS862, ARD878 as active binding residues that showed highest in LYS903 with a bond length of 3.97pm that
bonds with hydrophobic interaction

Index | Residue | AA Bond length | Nature of interaction
1 872A ILE | 2.28 Hydrophobic

2 877A LEU | 3.58 Hydrophobic

3 878A ARG | 3.42 Hydrophobic

4 880A ALA | 2.86 Hydrophobic

5 889A TYR | 2.26 Hydrophobic

6 896A TYR | 3.90 Hydrophobic

7 903A LYS | 3.97 Hydrophobic

8 907A TYR | 3.80 Hydrophobic

9 907A TYR | 1.23 Hydrophobic

10 907A TYR | 2.97 Hydrophobic

11 864A SER | 2.08 Hydrogen

12 868A ASN | 3.58 Hydrogen

13 907A TYR | 2.02 Hydrogen
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From Table 5 & Fig. 5, results in Interaction of Beta carotene with TYR907, TYR896,
HIS862, ILE872, LYS903, TYR986, LEU985, HIS826, ARG878 as active binding residues with
cartoon, ligand residue and Surface representation that show highest in ARG878 with a bond length

of 3.97 pm that bonds with hydrophobic interaction and with higher atomic contact energy of -323.06

kcal/mol.

Fig. 5 - Interaction analysis of PARP with plant derived using Discovery studio visualizer. Interaction of PARP with Beta
carotene with (a) cartoon (b) ligand residue and (c) Surface. The structure of inhibitors and amino acid residues of PARP

are represented in Orange and pink sticks, respectively with higher Atomic contact energy of -323.06 kcal/mol.

Table 5 - Interaction of Beta carotene with TYR907, TYR896, HIS862, ILE872, LYS903, TYR986, LEU985, HIS826,

ARG878 as active binding residues that show highest in ARG878 with a bond length of 3.97 pm that bonds with
hydrophobic interaction

Index | Residue | AA | Bond length | Nature of interaction
1 825A THR | 3.50 Hydrophaobic
2 872A ILE |3.04 Hydrophobic
3 872A ILE |3.26 Hydrophobic
4 877A LEU | 3.19 Hydrophobic
5 878A ARG | 3.97 Hydrophaobic
6 896A TYR | 3.53 Hydrophobic
7 903A LYS | 3.54 Hydrophobic
8 903A LYS |3.81 Hydrophobic
9 907A TYR | 3.84 Hydrophobic
10 907A TYR | 1.53 Hydrophaobic
11 907A TYR | 1.82 Hydrophobic
12 985A LEU | 1.20 Hydrophobic
13 985A LEU | 0.81 Hydrophaobic
14 985A LEU | 181 Hydrophobic
15 985A LEU | 0.76 Hydrophaobic
16 986A TYR | 3.74 Hydrophobic
17 986A TYR | 3.87 Hydrophobic
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From Table 6 & Fig. 6, results in Interaction of Butulinic with LYS903, TYR907, ILE872,
ALAB880, TYR889, HIS862, TYR896 as active binding residues with cartoon, ligand residue and
Surface representation that show highest in TRY907 with a bond length of 3.58 pm that bonds with

hydrophobic interaction and with higher atomic contact energy of -289.50 kcal/mol.

Fig. 6 - Interaction analysis of PARP with plant derived using Discovery studio visualizer. Interaction of PARP with
Butulinic with (a) cartoon (b) ligand residue and (c) Surface. The structure of inhibitors and amino acid residues of PARP

are represented in Orange and pink sticks, respectively with higher Atomic contact energy of -289.50 kcal/mol.

Table 6 - Interaction of Butulinic with LYS903, TYR907, ILE872, ALA880, TYR889, HIS862, TYR896 as active binding

residues that show highest in TRY907 with a bond length of 3.58 pm that bonds with hydrophobic interaction.

Index | Residue | AA | Bond length | Nature of interaction
1 862A HIS | 1.58 Hydrophobic
2 872A ILE | 3.06 Hydrophobic
3 889A TYR | 2.56 Hydrophobic
4 896A TYR | 2.56 Hydrophobic
5 907A TYR | 1.13 Hydrophobic
6 907A TYR | 3.58 Hydrophobic
7 907A TYR | 2.23 Hydrophobic
8 907A TYR | 1.82 Hydrophobic
9 880A ALA | 2.17 Hydrogen
10 889A TYR | 3.49 Hydrogen
11 903A LYS | 241 Hydrogen

4. Discussion

The research was developed to identify the optimal lead and drug compounds with stronger

affinity to PARP with a ligand- protein complex inhibitory results. The PARP enzyme was docked to

50 synthesis molecules. (Badria 2017). Among them, 5 synthesis compounds (lyngabyabellin,

salvanide, dolastatin, beta-carotene, and butulinic) that bind to Have high affinity between the 50

complex molecules. Results show that 5 hits are the safety drug candidates that were selected for

further analysis. Since in water they have a good degree of solubility and a good level of adsorption
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(Hashemzadeh and Raissi 2021). Despite their other possible toxicities, the remaining 45 molecules
have the possibility of fibers in the drug production.

As PARP protein was docked with 50 plant derived synthetic compounds using Patch Dock
software. Prevailing studies have reported Rucaparib as a potential PARP inhibitor in ovarian tumor
cells (Skalniak et al. 2017). Interestingly, our docking results revealed that lyngbyabellin,
sansalvamide, dolastatin, Beta-Carotene & Butulinic compounds from plants that demonstrated
higher binding affinity in comparison with Rucaparib (Strosznajder 2016). It was found that
Rucaparib binds with PARP with the binding affinity of -178.kcal/mol, whereas the anticancer
inhibitor, namely lyngbyabellin, sansalvamide, dolastatin, Beta-Carotene & Butulinic, binds with a
higher affinity of -253.88, -314.48, -320.77, -323.06 and -289.50 Kcal/mol, respectively. (Shen and
Zhao 2018).

Similar findings state that PARP and its inhibitors exhibit improved efficacy and solubility
with small molecules when compared to other protein enzymes (Lord and Ashworth 2008). Opposite
findings results that iniparib is not an actual polymerase inhibitor (PARP) of ADP-ribose, so the
clinical outcome should not be extrapolated in development of any cancer drugs therapies (Mateo et
al. 2013). Prior to the initiation of clinical studies or clinical trials of iniparib, the mechanism of
activation of this agent was not sufficiency elucidated when compared to PARP enzyme. So. PARP
was taken and docked with synthetic compounds.

Our institution is passionate about high quality evidence based research and has excelled in
various fields ((Vijayashree Priyadharsini 2019; Ezhilarasan, Apoorva, and Ashok Vardhan 2019;
Ramesh et al. 2018; Mathew et al. 2020; Sridharan et al. 2019; Pc, Marimuthu, and Devadoss 2018;
Ramadurai et al. 2019). We hope this study adds to this rich legacy.

The limitations state that the above listed top complexes will have to undergo clinical trials to
determine its efficiency towards PARP enzyme for the treatment of targeted ovarian cancer (Salentin
et al. 2017; Kumar et al. 2021). Since in-silico screening is the initial step considered for finding the
drug inhibitor in the research. (Nussbaum 2014; Strosznajder 2016). This lengthy pipeline of
development has to cope with increased costs and other limitations such as lack of validity for
existing animal models, insufficient awareness of underlying disease mechanisms, heterogeneity of
patients, lack of targets and biomarkers, a high rate of failing clinical trials and regulatory difficulties.
(Forum on Neuroscience and Nervous System Disorders, Board on Health Sciences Policy, and
Institute of Medicine 2013). The future study is to consider these compounds lyngbyabellin,
sansalvamide, dolastatin, Beta-Carotene, and Butulinic that can yield to model and produce better

anticancer drugs after consideration for in-vivo and in-vitro analysis.
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5. Conclusion

The Novel small molecule inhibitors are derived from plant synthetic compounds using in-
silico analysis. Among the five hit compounds, the beta-carotene is having the highest atomic contact
energy which is suitable to treat targeted ovarian cancers.
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