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Certain variations of the BRCA1 gene lead to an increased risk for breast cancer. Researchers have
identified hundreds of mutations in the BRCA1 gene, many of which are associated with an increased
risk of Breast cancer. The 3D structure of protein brcal is retrieved from PDB. Then the new drug is
designed by obtaining similar features from the cyclophosphamide and then that structure is
chemically modified using Chemsketch. The various biochemical parameters are checked by Log p,
Molsoft, Lipinski, ADMET properties etc. Finally the newly designed drug was allowed to dock with
the protein and the energy score was calculated. Finally the tabular column was drawn to compare the
Energy score. The lowest free Energy Binding has high Energy score. Thereby From the tabulation,
the newly designed structure can also be used in the treatment of Breast cancer. Further modification

Chemsketch, Molsoft,
Lipinski, ADMET

of ligand molecule can increase the property of active site binding.

Copyright © 2015 Praveena et al. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION

Cancer is a multistep process resulting from an accumulation of
genetic mutations leading to dysfunction of critical genes,
including tumour suppressor genes. Epigenetic changes are
now also recognised as an important alternative mechanism of
gene inactivation. In particular, aberrant methylation of the
promoter region of a gene can lead to silencing ultimately
contributing to the initiation or malignant progression of
tumours. BRCAI1, a breast and ovarian cancer susceptibility
gene, is a tumour suppressor gene involved in the maintenance
of genome integrity. Recent evidence for BRCAI
hypermethylation corroborates the view that this epigenetic
alteration may play a determinant role in tumour suppressor
silencing and possibly tumorigenesis. Here, we offer a
summary of the data providing evidence for BRCAIl
hypermethylation in tumours, and an investigation into the
associated mechanism leading to BRCA1 silencing. We also
discuss the impact of BRCA1 hypermethylation, as a form of
epigenetic change, versus BRCA1 genetic mutations in tumour
development. (Aurélie Catteau et al.) Breast cancer is one of
the most frequent malignancies affecting women. The human
breast cancer gene 1 BRCAl gene is mutated in a distinct
proportion of hereditary breast and ovarian cancers.

*Corresponding author: Dr. P. Praveena,
School of Genomics and Bioinformatics Department of Advanced
Zoology and Biotechnology, Loyola College, Chennnai-600034.

Tumourigenesis in individuals with germline BRCAI1
mutations requires somatic inactivation of the remaining wild-
type allelle. Although, this evidence supports a role for BRCA1
as a tumour suppressor, the mechanisms through which its loss
leads to tumourigenesis remain to be determined. Neither the
expression pattern nor the described functions of human
BRCA1 and murine breast cancer gene 1| BRCAI can explain
the specific association of mutations in this gene with the
development of breast and ovarian cancer. Investigation of the
role of BRCA1 in normal cell differentiation processes might
provide the basis to understand the tissue-restricted properties.

MATERIALS AND METHODS
PDB

The Protein Data Bank originally developed at the brookhaven
national  laboratories, is now managed by the research
collaboratory for structural bioinformatics. The collection
contain all publically available three-dimensional structure of
protein, nucleic acids, carbohydrates, and a variety of other
complexes  experimentally determined by  x-ray
crystallographers and NMR spectroscopists. The PDB at the
RCSB offers a number of service for retrieving and submitting
three- dimensional structure data. The structure record
accessioning scheme of the protein data bank is a unique four-
character alphanumeric code, called a PDB-ID or PDB code.
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The PDB file format is column oriented and These files are
often paradox.

Pathway constructed using yEd software

yEd can be used to automatically lay out complex graph
structures. Several highly sophisticated layout algorithms have
been implemented and shipped with yEd. They can be used
either to automatically arrange the items or to support the user
when undertaking a manual layout. yEd enables users to create
groups of nodes, which can be visualized and nested to
virtually any degree. Furthermore, the new layout algorithms
fully support this type of visualization. Using this unique
feature, complex structures can be visualized and laid out even
more clearly than before. Another of yEd's excellent features is
its ability to automatically assign label positions. This will
enable the user to easily build improved diagrams, with each
label clearly readable. Further, yEd has an intuitive user
interface that complies with modern design guidelines for
applications. yEd can be used to build, modify, and visualize
graph structures in an effective and efficient manner. They can
be loaded and saved using a variety of different file format.

Q-SiteFinder

Q-SiteFinder is a new method of ligand binding site prediction.
It works by binding hydrophobic (CH3) probes to the protein,
and finding clusters of probes with the most favourable binding
energy. These clusters are placed in rank order of the likelihood
of being a binding site according to the sum total binding
energies for each cluster.

ACD CHEMSKETCH

ChemSketch is designed to be used on its own for drawing
chemical structures, reactions, schematic diagrams or
integrated with other ACD applications and as the front end to
our software. Able to import Windows Metafile, MDL MOL,
CS ChemDraw, or ISIS/Sketch BIN file. Export Bitmap, TIFF,
Metafile, MOL, Paintbrush, ISIS/Sketch, GIF, and ChemDraw.
Fully loaded with useful pre-drawn structures including lab
equipment, DNA/RNA building kit, amino acids etc. Structures
can be 2D "cleaned" as well as 3D optimized using ACD's
powerful algorithm. Publish a professional quality report from
within ChemSketch or drag drop structures/text into MS
applications i.e. MS Word.

The ChemBasic language, which is integrated with
ACD/ChemSketch chemistry drawing software, is intended to
be a tool for

e Manipulating chemical structures, both 2D- and 3D;

e Customizing ACD/Labs software, through direct access to
its embedded functionality;

e Developing add-ons to ACD/Labs chemistry software.

e ACD/Tautomers checks and generate the most reasonable
tautomeric forms of drawn organic structures.

CORINA

CORINA is a fast and powerful 3D structure generator for
small and medium sized, typically drug-like molecules. Its

robustness, comprehensiveness, speed and performance makes
CORINA a perfect application to convert large chemical
datasets or databases.

CORINA matured through a series of versions during the past
decades and has become the recognized world-wide gold
standard in industry and academia to generate 3D molecular
models of high quality. Currently, CORINA is used by Symyx,
NCI/NIH and most major pharmaceutical and chemical
companies to convert their 2D structures into 3D.

Lipinski's rule of five

Lipinski's Rule of Five is a rule of thumb to evaluate
druglikeness, or determine if a chemical compound with a
certain pharmacological or biological activity has properties
that would make it a likely orally active drug in humans.
Lipinski's rule says that, in general, an orally active drug has no
more than one violation of the following criteria:

e Not more than 5 hydrogen bond donors (nitrogen or
oxygen atoms with one or more hydrogen atoms)

e Not more than 10 hydrogen bond acceptors (nitrogen or
oxygen atoms)

¢ A molecular weight under 500 daltons

e An octanol-water partition coefficient log P of less than 5

Note that all numbers are multiples of five, which is the origin
of the rule's name.

ADME PROPERTIES

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. 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.

Criteria
Absorption/Administration

For a compound to reach a tissue, it usually must be taken into
the bloodstream - often via mucous surfaces like the digestive
tract (intestinal absorption) - before being taken up by the
target cells. This can be a serious problem at some natural
barriers like the blood-brain barrier. Factors such as poor
compound solubility, gastric emptying time, intestinal transit
time, chemical instability in the stomach, and inability to
permeate the intestinal wall can all reduce the extent to which a
drug is absorbed after oral administration. Absorption critically
determines the compound's bioavailability. Drugs that absorb
poorly when taken orally must be administered in some less
desirable way, like intravenously or by inhalation (e.g.
zanamivir).

Distribution

The compound needs to be carried to its effector site, most
often via the bloodstream. From there, the compound may
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distribute into tissues and organs, usually to differing extents.
After entry into the systemic circulation, either by intrascular
injection or by absorption from any of the various extracellular
sites the drug is subjected to a number of process called as
distribution process that tend to lower its plasma concentration.
Distribution is defined as the reversible transfer of a drug
between one compartment to another. Some factors affecting
distribution include blood flow rates and the drug binding to
serum proteins forming a complex.

Metabolism

Compounds begin to break down as soon as they enter the
body. The majority of small-molecule drug metabolism is
carried out in the liver by redox enzymes, termed cytochrome
P450 enzymes. As metabolism occurs, the initial (parent)
compound is converted to new compounds called metabolites.
When metabolites are pharmacologically inert, metabolism
deactivates the administered dose of parent drug and this
usually reduces the effects on the body. Metabolites may also
be pharmacologically active, sometimes more so than the
parent drug.

Excretion/Elimination

Compounds and their metabolites need to be removed from the
body via excretion, usually through the kidneys (urine) or in
the feces. Unless excretion is complete, accumulation of
foreign substances can adversely affect normal metabolism.

Lazar toxicity prediction

In silico toxicology provides customised solutions for the
computer based prediction of toxic activities.

Docking Server

DockingServer offers a web-based, easy to use interface that
handles all aspects of molecular docking from ligand and
protein set-up. While its user friendly interface enables docking
calculation and results evaluation carried out by researchers
coming from all fields of biochemistry, DockingServer also
provides full control on the setting of specific parameters of
ligand and protein set up and docking calculations for more
advanced users.

The application can be used for docking and analysis of single
ligands as well as for high throughput docking of ligand
libraries to target proteins. DockingServer integrates a number
of computational chemistry software specifically aimed at
correctly calculating parameters needed at different steps of the
docking procedure, i.e. accurate ligand geometry optimization,
energy minimization, charge calculation, docking calculation
and protein-ligand complex representation.

Thus, the use of DockingServer allows the user to carry out
highly efficient and robust docking calculations by integrating
a number of popular software used in in silico chemistry into
one comprehensive web service

RESULTS

Visualization of BRCA1 protein structure using docking
server

Pathway construction and its interaction of BRCA1 protein
using YEd Graph Editor

BRCAI protein binding site shown by Q-SITE FINDER

Ligand Binding Site Prediction

FTransparent Surface
loggle Site Residues
ElToagle Residuc Colours
O Togale background
(black/white)

Start Again
Display Sites

E Toggle Surface
[ Toggle surface
[ Toggle surface
[l Toggle Surface
ElTeoggle Surface
[FlTogagle Surface
[l Toggle surface
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ANALOGUE STRUCTURE DRAWN BY USING ACD CHEMSKETCH
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MOLECULAR PROPERTIES BY MOLSOFT

Molecular formula

C7H15BR2N202P

Molecular weight
Number of hba

Number of hbd

Mollogp

Mollogs

Molpsa

Molvol

Number of stereo centers

347.92

4

1

-0.58
2.92
36.91 A?
231.17A°
1

MOLINSPIRATION: (Drug Likeness property)

1 -1.75
-2.19
-1.87
-2.69

GPCR ligand

Ion channel modulator
Kinase inhibitor
Nuclear receptor ligand
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DRUG LIKENESS MODEL SCORE :0.45

LIPINSKI DRUG FILTER
MOLECULAR WEIGHT 213
HYDROGEN BOND ACCEPTOR 3
HYDROGEN BOND DONOR 1
LOGP 2.780
MOLAR REFRACTIVITY 66.319

The Pharmacokinetic and the Phamacodynamic propertics of new analog from cyclophosphamide were studied using

ADME/TOX WEB.The results are shown below

Property Value

Oral Bioavailability More than 70%
Log P 1.27

Maximum Absorption  passive 100%

Active Transport _

Plasma Protein Binding 58.04%
Volume of Distribution 1.41L/Kg

Log pKa No Acid pKa
Solubility in pure water LogSw: -1.38 Sw: 14.7mg/ml
Solubility in pure water No Base pKa
PgP inhibitor specificity _

PgP substrate specifity _

Molecular weight 349.99

H-Bond donor 1

H-Bond Acceptors 4

TPSA 51.38

NO. of rotatable bonds 5

Result for toxicity studies

Probability of positive AMES test 0.818
Probability of effect on: _

Blood 0.57

CVS 0.02

GI system 0.60
Kidney 0.44

Liver 0.28
Lungs 0.24
LD50(mouse): _
Interaperitoneal 280 mg/kg
Oral 630 mg/kg
v 150 mg/kg
Subcutaneous 5300 mg/kg
LD5o(rat): _
Intreaperitoneal 270 mg/kg
Oral 300 mg/kg
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Analogues of cyclophospamide

HN\P/O
N No

Br Br
N,N-bis(2-bromoethyl)-1,3,2-oxazaphosphinan-2-amine 2-oxide.

Log P:1.27

Molecular Formula = C;H;5Br,N,O,P
Formula Weight = 349.987962
Composition = C(24.02%) H(4.32%)
Br(45.66%) N(8.00%) O(9.14%) P(8.85%)
Molar Refractivity = 63.88 + 0.4 cm®
Molar Volume = 199.4 5.0 cm®
Parachor = 532.7 + 6.0 cm®
Index of Refraction = 1.553 + 0.03
Surface Tension = 50.8 + 5.0 dyne/cm
Density = 1.75 £ 0.1 g/cm®
Dielectric Constant = Not available
Polarizability = 25.32 + 0.5 10*cm’
Monoisotopic Mass = 347.923774 Da
Nominal Mass = 348 Da
Average Mass = 349.988 Da
M+ =347.923225 Da

-=347.924322 Da
[M+H]+ = 348.93105 Da
[M+H]- = 348.932147 Da
[M-H]+ = 346.9154 Da
[M-H]- = 346.916497 Da

HN )
Np”

HO OH

2,2'-[(2-oxido-1,3,2-oxazaphosphinan-2-
yl)imino]diethanol

Log P: 2.22+/- 0.37

Molecular Formula = C;H7N,0O,P
Formula Weight = 224.194642
Composition = C(37.50%) H(7.64%) N(12.50%) ©O(28.55%)
P(13.82%)

Molar Refractivity = 51.49 + 0.4 cm®
Molar Volume = 167.7 £ 5.0 cm®
Parachor = 461.0 £ 6.0 cm’

Index of Refraction = 1.526 + 0.03
Surface Tension = 57.1 + 5.0 dyne/cm
Density = 1.33 0.1 g/em’

Dielectric Constant = Not available
Polarizability = 20.41 + 0.5 10**cm?
Monoisotopic Mass = 224.092593 Da
Nominal Mass =224 Da

Average Mass =224.1946 Da

M+ =224.092044 Da

M- =224.093142 Da

[M+H]+ = 225.099869 Da

[M+H]- =225.100967 Da

[M-H]+ = 223.084219 Da

HN. O
NS

HO Br

2-[(2-bromoethyl)(2-oxido-1,3,2-oxazaphosphinan-2-
yl)amino]ethanol
Log P: 0.62+/- 0.37

Molecular Formula = C;H,;4,BrN,O;P
Formula Weight = 287.091302
Composition = C(29.29%) H(5.62%) Br(27.83%) N(9.76%)
0(16.72%) P(10.79%)

Molar Refractivity = 57.68 + 0.4 cm®
Molar Volume = 183.6 £ 5.0 cm’
Parachor = 496.9 + 6.0 cm®

Index of Refraction = 1.540 + 0.03
Surface Tension = 53.6 + 5.0 dyne/cm
Density = 1.56 £ 0.1 g/em®

Dielectric Constant = Not available
Polarizability = 22.86 + 0.5 10*cm®
Monoisotopic Mass = 286.008183 Da
Nominal Mass = 286 Da

Average Mass = 287.0913 Da

M+ =286.007635 Da

M- =286.008732 Da
[M+H]+=287.01546 Da
[M+H]-=287.016557 Da
[M-H]+=284.99981 Da

[M-H]- = 285.000907 Da
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Cl Br

N-(2-bromoethyl)-N-(2-chloroethyl)-1,3,2-0xazaphosphinan-2-amine 2-
oxide

Log p: 0.61+/- 0.36

Molecular Formula = C;H,;5sBrCIN,O,P
Formula Weight = 305.536962
Composition= C(27.52%) H(4.95%) Br(26.15%) CI(11.60%) N(9.17%)
0(10.47%) P(10.14%)

Molar Refractivity = 60.98 + 0.4 cm®
Molar Volume = 197.5 £ 5.0 cm?
Parachor = 518.8 + 6.0 cm®

Index of Refraction = 1.529 + 0.03
Surface Tension = 47.5 + 5.0 dyne/cm
Density = 1.54 £ 0.1 g/cm®

Dielectric Constant = Not available
Polarizability = 24.17 £ 0.5 10*cm’
Monoisotopic Mass = 303.974296 Da
Nominal Mass = 304 Da

Average Mass = 305.537 Da

M+ =303.973748 Da

M- = 303.974845 Da
[M+H]+=304.981573 Da

[M+H]- = 304.98267 Da
[M-H]+=302.965923 Da

[M-H]- = 302.96702 Da

cl OH

2-[(2-chloroethyl)(2-oxido-5,6-dihydro-2H-1,3,2-0xazaphosphinin-2-
yl)amino]ethanol
Log P:-0.06

Molecular Formula = C;H4CIN,O;P
Formula Weight = 240.624422
Composition= C(34.94%) H(5.86%) Cl1(14.73%) N(11.64%) 0O(19.95%)
P(12.87%)

Molar Refractivity = 53.81 = 0.5 cm®
Molar Volume = 163.0 = 7.0 cm®
Parachor = 455.3 £ 8.0 cm®

Index of Refraction = 1.573 + 0.05
Surface Tension = 60.7 = 7.0 dyne/cm
Density = 1.47 £ 0.1 g/cm®

Dielectric Constant = Not available
Polarizability = 21.33 £ 0.5 10*cm’
Monoisotopic Mass = 240.043056 Da
Nominal Mass = 240 Da

Average Mass = 240.6244 Da

M+ = 240.042507 Da

M- = 240.043605 Da
[M+H]+=241.050332 Da

[M+H]- = 241.05143 Da
[M-H]+=239.034682 Da

[M-H]- =239.03578 Da

LAZAR TOXICITY PREDICTION

Information about toxicity and its relationship to structure lazar toxicity prediction

EPA Fathead Minnow Acute Toxicity (EPAFHM) - 96 he LCS0 [ Validation and endpoint definition ]

Predicted Activity Measured Additional

Structure
R Acthty
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RESULT TABLE
Rank Est Free Energy of Est. Inhibition Vdw+Hbond+desolEnergy  Electrostatic Energy Total inter molecular Frequency
Binding Constant ki Energy
1 -4.10kcal/mol 994.77mM -5.16kcal/mol -0.13 kcal/mol -5.28 kcal/mol 20%
2 -4.09 kcal/mol 1.00mM -5.19 kcal/mol -0.05 kcal/mol -5.24 kcal/mol 60%
3 -3.72 kcal/mol 1.89mM -4.86 kcal/mol -0.07 kcal/mol -4.93 kcal/mol 10%
4 -3.71 kcal/mol 1.90mM -4.85 kcal/mol -0.11 kcal/mol -4.95 kcal/mol 10%
DOCK RESULT
Rank Est Free Energy of Est. Inhibition Vdw-+Hbond+desol Electrostatic Total inter Frequency Interact surface
Binding Constant ki Energy Energy molecular Energy
1. -4.10 kcal/mol 994.77mM -5.16 kcal/mol -0.13 kcal/mol -5.28 kcal/mol 20% 458.374

Based on docking result overall docking score and scoring function evaluate the binding affinity of the drug to the receptor. so BRCA1 with the analog

molecule shows binding affinity which is -4.10 kcal/mol.

Conclusion

e The newly predicted drug which was chemically modified
was allowed to dock with the target BRCA1 protein to
contain the binding energy.

e The newly designed drug can be further tested for Toxicity
and Lipinski rule of five and effectively can be analysed.

e The analysis of the pharmacodynamic  and
pharmacokinetics properties of new drug revealed that the
molecule has favorable number of H-bond donors and H
bond acceptors. The number of rotatable bonds, TPSA and
Passive transport are also in favour of the drug molecule.

e All rotatable torsions were released during docking.

e The docking analysis was done using docking server. The
binding sites were detected using Q-site finder. These
results could provide useful insights into the drug-protein
interactions.

e Further modification of ligand molecule can increase the
property of active site binding.
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