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ABSTRACT
An important role is played by tumor suppressor protein p53 which is a transcription factor in the
prevention of cancer development. The p53 cancer mutation Y220C induces formation of a cavity on
the protein's surface that can accommodate stabilizing small molecules. A virtual screening and
molecular docking study was carried out to see the binding mode of 1-hydroxy-2methylanthraquinone derivatives (an anti-cancer agent) in the cavity of protein surface.
Molecular docking approach using Lamarckian Genetic Algorithm was carried towards different
classes of 1-hydroxy-2-methylanthraquinone. Combining a novel algorithm for rapid binding site
identification and evaluation with easy-to-use property visualization tools, the software has provided
an efficient means to find and better exploit the characteristics of cavity. Total molecules of 3000
were virtually screened from different databases on the basis of the structural similarity &
Substructure 1-hydroxy-2-methylanthraquinone.
The docking result of the study of 3000 molecules demonstrated that the binding energies were in the
range of -15.09 kcal/mol to -3.85 kcal/mol, with the minimum binding energy of -15.09 kcal/mol.
We report molecule SK-6, SK-5, SK-12, SK-8 and SK-3 which showed H- Bonds with active site
residue and promising ADMET results.
The molecule SK-3 showed Drug Likeness score of -0.95 with Mol PSA as 67.98 A2 and MolVol as
312.60 A3. The MolLogS was -4.00 (in Log (moles/L)) 38.16 (in mg/L). The molecule showed no
indication for mutagenicity, & tumorigenicity. Also, no indication for irritating & reproductive
effects found. The LD 50 calculated for Rat/Intraperitoneal as 0.59 (moderate) and Rat/Oral as
0.57(moderate). The maximum passive absorption (Human Intestinal), transcellular route is 100%.
Permeability for Human Jejunum scale (pH 6.5) is 8.09X13-4 cm/s and absorption rate, Ka is 0.056
min -1.
Further in-vitro and in-vivo study is required on this molecule to design new derivatives with higher
potency and specificity.
Keywords: In- Silico Drug Discovery, P53, Y220C, 1-hydroxy-2-methylanthraquinone, Virtual Screening,
Molecular Docking.
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1. Introduction
p53 (also known as protein 53 or tumor protein 53), is a tumor suppressor protein that in
humans is encoded by the TP53 gene [1, 2, 3, 4]. p53 is important in multicellular organisms,
where it regulates the cell cycle and, thus, functions as a tumor suppressor that is involved in
preventing cancer. The tumor suppressor protein p53 is a transcription factor that plays a key
role in the prevention of cancer development. In response to oncogenic or other stresses, the
p53 protein is activated and regulates the expression of a variety of target genes, resulting in
cell cycle arrest, senescence, or apoptosis [5]
Human p53 is 393 amino acids long and has seven domains:
1. An acidic N-terminus transcription-activation domain (TAD), also known as activation
domain 1 (AD1), which activates transcription factors: residues 1-42. The N-terminus
contains two complementary transcriptional activation domains, with a major one at
residues 1–42 and a minor one at residues 55–75, specifically involved in the
regulation of several pro-apoptotic genes [6].
2. Activation domain 2 (AD2) important for apoptotic activity: residues 43-63.
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3.

Proline rich domain important for the apoptotic activity of
p53: residues 64-92.
4. Central DNA-binding core domain (DBD). Contains one
zinc atom and several arginine amino acids: residues 100300.
5. Nuclear localization signaling domain, residues 316-325.
6. Homo-oligomerisation domain (OD): residues 307-355.
Tetramerization is essential for the activity of p53 in vivo.
7. C-terminal involved in downregulation of DNA binding of
the central domain: residues 356-393 [7].
A tandem of nine-amino-acid transactivation domains (9aaTAD)
was identified in the AD1 and AD2 regions of transcription factor
p53 [8]. KO mutations and position for p53 interaction with TFIID
are listed below: [9]

9aaTADs mediate p53 interaction with general coactivators –
TAF9, CBP/p300 (all four domains KIX, TAZ1, TAZ2 and IBiD),
GCN5 and PC4, regulatory protein MDM2 and replication protein
A (RPA) [10, 11]

Mutations that deactivate p53 in cancer usually occur in the DBD.
Most of these mutations destroy the ability of the protein to bind to
its target DNA sequences, and thus prevents transcriptional
activation of these genes. As such, mutations in the DBD are
recessive loss-of-function mutations. Molecules of p53 with
mutations in the OD dimerise with wild-type p53, and prevent them
from activating transcription. Therefore OD mutations have a
dominant negative effect on the function of p53.
Wild-type p53 is a labile protein, comprising folded and
unstructured regions that function in a synergistic manner [12].
1-hydroxy-2-methylanthraquinone derivatives has shown a wide
range of chemotherapeutic activities such as antitumor,
antimicrobial, antiviral etc. [13-19]. In order to reveal the anti-tumor
value of the derivatives of 1-hydroxy-2-methylanthraquinone this
research is performed to discover the activity of p53.
2. Materials and Methods
2.1. In silico screening
1-hydroxy-2-methylanthraquinone also known as Anthraquinone
also called anthracenedione or dioxoanthracene, is an aromatic
organic compound with formula C14H8O2. Derivatives of the
parent compound find wide use as drugs. 3,000 compounds from
ChemBank [19] and PubChem [20] were screened on the structural
similarity of 1-hydroxy-2-methylanthraquinone.
2.2 Substrate selection
Top 3,000 molecule structures most 2D-similar to 1-hydroxy-2methylanthraquinone (Fig 1a, b) were chosen based on screening
from ChemBank and PubChem. Derivatives of 1-hydroxy-2methylanthraquinone were chosen, drawn and converted by
software so to carry out in-silico work. The 1-hydroxy-2methylanthraquinone.
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Fig 1a: 3D Structure of 1-hydroxy-2-methylanthraquinone
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Fig 1b: Structure of 1-hydroxy-2-methylanthraquinone
From ChemBank which is created by the Broad Institute's
Chemical Biology Program and funded in large part by the
National Cancer Institute's Initiative for Chemical Genetics (ICG)
structures were made by similarity and substrucutre search
compound collection to a structure (may be specified via a
SMILES string, or drawn with JME Molecular Editor) (Fig 2). The
molecules were screened where the structure is similar to
CC1=C(C2=C(C=C1)C(=O)C3=CC=CC=C3C2=O)O using the
Tanimoto metric with a distance of .8.

Fig 2: ChemBank window snapshot
2.3. Protein selection/enzyme preparation:
Structure of the p53 core domain mutant Y220C bound to a 2amino substituted benzothiazole scaffold PDB ID- 2X0U [21] was
taken as a protein (Fig- 3). To study the binding mode of ligand, the
active site of the protein has to be found out and it was done by
software online/offline. Combining a novel algorithm for rapid
binding site identification and evaluation with easy-to-use property
visualization tools, the software will provide with an efficient
means to find and better exploit the characteristics of ligand
binding sites. We used PAR 3D and SCFBio from IIT Delhi for the
prediction of Active site. Active Site Prediction of Protein server
computes the cavities in a given protein.
The protein was optimized by the removal of X0U- 6,7DIHYDRO[1,4]DIOXINO[2,3-F][1,3]BENZOTHIAZOL-2AMINE co-ordinates and the protein was left with Zn and HOH
heteroatoms. Then the Energy Minimization of the protein was
done using Steepest Descent method.

Fig 3: Structure of the p53 core domain mutant y220c bound to a
2-amino substituted benzothiazole scaffold
2.4 Docking setup
Docking was performed using Autodock 4.0, which combines
energy evaluation through grids of affinity potential employing
various search algorithms to find the suitable binding position for a
ligand on a given protein [22]. While docking, polar hydrogen’s
were added to ligands using the hydrogen’s module in Autodock
tool and thereafter, Kollman united atom partial charges were
assigned. Docking of ligands onto p53 core domain mutant Y220C
protein was carried out using LGA with standard docking protocol
on the basis a population size of 150 randomly placed individuals;
a maximum number of 2.5*107 energy evaluations, a mutation rate
of 0.02, a crossover rate of 0.80 and an elitism value of 1. Ten
independent docking runs were carried out for each ligand and
results were clustered according to the 1.0 Ǻ rmsd criteria. The grid
maps representing the proteins were calculated using auto grid and
grid size was set to 60*60*60 points with grid spacing of 0.375 Ǻ.
The coordinate of the docked protein along with the ligand was
visualized using UCSF chimera [23] within 5 Ǻ region.

3. Results and Discussion
Docking result of 3000 molecules showed the binding energies
were in the range of – 8.64 kcal/mol to -3.62 kcal/mol with the
minimum binding energy of – 8.64 kcal.mol. The molecule SK-3
(Fig-4) showed least binding energy and H-Bonds interaction with
active site residue Val 147 and Asp148 active site residue (Fig-5).
The molecule SK-3 showed Drug Likeness score of 0.95 with Mol
PSA as 67.98 A2 and MolVol as 312.60 A3. The MolLogS was 4.0 (in Log(moles/L)) 38.16 (in mg/L). The health effects as well
as LD 50 value was also calculated and it showed promising results
(Fig 6). The molecule showed no indication for mutagenicity, &
tumorigenicity. Also, no indication for irritating & reproductive
effects found. Docked conformations (Fig 7a. b, c) were rated by a
scoring functions that include terms for Van der Waal’s, hydrogen
bond & electrostatic interactions plus internal energy of ligands.
The solubility of the docked compound was related with the
binding energy with the help of the log P value. Maximum passive
absorption calculated as 100% which was 100% from Transcellular
route. The permeability for Human Jejunum scale (pH=6.5) was
equal to 8.09X10-4 cm/s and absorption rate Ka = 0.056 min-1
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Fig 4: Structure of SK 3

(a)

Fig 5: 3 D conformation of H-Bond Interaction

(b)

Fig 6: Health Effects & LD 50 of SK 3
(c)
Fig 7a, b,c: Docking conformation of all the ligands
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4. Conclusion
Based on the Molecular Docking study of 3000 molecules we
found that 1 molecules SK-3 showed better affinities with the
active site residue of P53 core domain mutant Y220C. The
molecule follow Lipinski’s Rule of 5 and showed promising Drug
Likeness score.
Human Oral Bioavailability of the compound SK-3 is between
30% and 70% and Probability that compound has: %F(Oral) >
30%: 0.884and %F(Oral) > 70%: 0.432. Probability of positive
Ames test: 0.32 and Volume of distribution (Vd): 4.33 L/kg was
Hydrophobic neutral drug (no acid groups with pKa<7.5, no base
groups with pKa>=7, logP>1). Most of the drugs in this group have
moderate Vd values. (90% of values are in the range of 0.5-10
L/kg). Vd can be larger for very hydrophobic drugs.
The extent of the work stretches to the in-silico approach for
determining the binding mode. Further there is need to generate invitro and in-vivo activity of the generated data to synthesize and
test so to design new drugs with better specificity and metabolism.

Fig- Bioactivity of SK3

Fig- Genotoxocity Hazards of SK3

Fig- Passive Absorption of SK3
Fig- Physical Properties of SK3
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