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Identifying new targets and new drugs has always been a daunting task, especially in
cancer research. This studyexamines the binding interaction and the drug-likeness properties
of small molecules derived from marine sponge Dysideaherbacea to breast cancer receptors:
epidermal growth factor receptor and estrogen receptor. The receptor’s interaction with the
ligand was evaluated using the Schrodinger Glide package, and affinities were assessed based
on the glide score. Ligand molecules that have higher binding affinity were evaluated further
for their ADMET properties using Molinspiration.We found multiple ligands binding to these
targets; however, Pyridine 3 carboxyamidewas found to have binding affinity to both the
receptors. Compared to the other small molecules,further simulation studies could be taken up
to ascertain its structural dynamics and ensuing in-vitro experiments that could prove growth

inhibition of breast cancer cells.

Keywords: Dysideaherbacea; Breast Cancer;Estrogen Receptor;
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Breast cancer affects women mainly
becausespecific cells in the breast tissue behave
abnormally due to mutation and multiply rapidly
in an uncontrolled manner. It is hormonal cancer
where glandular tissues are susceptible to hormonal
changes. The expression status of the estrogen
receptor (ER) and cell surface tyrosine kinase

human epidermal growth factor receptor (EGFR)
stays important in employing suitable therapy'.
Estrogens play an essential role in
mitogenic activity in both normal and cancerous
breast tissues. Numerous studies have reported
the potential role of estrogens in the proliferation
and progression of breast tumors by provoking
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multiple growth-promoting signals***. Studies
on estrogen reveal that 17 a-estradiol upregulates
c-Myc and cyclinD1 expression and initiates a
shift over the cell cycle event from G1 to S phase.
Hence, developing drugs based on ER’s structure
to inhibit their active process will be worthwhile
for treating breast cancer’.

The ER, Progesterone receptor and HER-
2 receptor influence in the progression of breast
cancer. Among all these receptors, ER serves as a
potential target as its expression rate in breast cancer
patient is comparatively high.Over expression of
ER in 70% breast cancer patients has been observed
hence a prime target for developing drugs however,
ER fails to exhibit in certain patients®. Under the
circumstances, the EGFR plays a significant role
in triple negative breast cancer (TNBC). In the
absence of triple receptors i.e. TNBC, the level
of EGFR is found to be increased which serves
as a key target for promising treatment strategies.
The EGFR activated by ligand and promotes
signal transduction for cellular proliferation,
differentiation, migration and its survival. Hence,
targeting the ATP binding cleft of the tyrosine
kinase domain of EGFR by potential inhibitors led
an effective treatment for breast cancer patients’.

The compounds derived from nature
especially marine organisms are proven to have
potential in treating cancer and serve as better
anti-cancer lead molecules®. Molecular docking
is a method widely used to study the affinity of
molecules on target structure. Considering the
role of certain target receptors ER, EGFR in the
initiation and progression of breast cancer, small
molecules derived from the marine sponge with
anticancer properties are examined individually to
understand the binding affinity. This study focusses
on validating the small molecules reported from our
previous study which were derived from the marine
sponge, Dysideaherbacea to target the receptors
ER and EGFR.

METHODOLOGY

Target and ligand structures

Small molecules derived from the marine
sponge, Dysideaherbacea,were tested forthe
binding affinity with the target receptors. The
structures of the small molecules were retrieved
from pubchem database in SDF format and

were converted in to 3D PDB format. The three-
dimensional structure of ER (PDBID-5T97) was
downloaded from PDB. However, the structure of
EGFR was modelled using [-Tasser’ software by
threading method because of lack of experimental
structure in PDB database. Both these structures
were subjected to energy minimization and were
later found to be of acceptable quality based on
Ramachandran plot.
Preparation and docking of target and ligand

The target protein was prepared using
Schrodinger’s molecular docking software,
utilizing the protein preparation wizard. During
the target protein preparation, the water molecules
and the hetero atoms were removed, charges and
bond orders were doled out, hydrogen atoms were
added to the stunning particles, thereby achieving
exact ionization and tautomeric states of amino
acids like serine, glutamic acid, arginine, aspartic
acid and histidine to achieve efficient binding'*'".
Similarly, the ligand molecules were prepared
using the ligand preparation module of Schrodinger
where these ligand molecules were optimized
energetically. Molecular docking was performed
using Glide module with default parameters and
the best poses were selected based on glide score.
Importance was also given to the no. of hydrogen
bonds formed between the molecules and other
parameters as well'2,
Evaluating the small molecule using
molinspiration

The small molecules that had higher
binding affinity and docking score with the target
receptors were checked using the molinspiration
tool for observing its molecular properties, drug
likeness and bioactivity. Small molecules such as
pyridine 3-carboxamide, 1-Chloro-3-(naphthalen-
1-yl) propan-2-one, 13-Oxabicyclo[10.1.0]
tridecane were assessed to develop as a drug based
on its properties. The canonical SMILES string
of each small molecule retrieved from Pubchem
database used as an input for Molinspiration to
assess the small molecule for drug likeliness
properties.

RESULTS

Inssilico - structures of target receptors in breast
cancer
In the present study, two receptors namely
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ER and EGFR were chosen as target since ER is
active in almost 70% of breast cancer patients
and EGFR in TNBC patients which serves as an
important target even in the absence of breast
cancer receptors such as Estrogen receptor,
Progesterone receptor and Her-2 receptor.

Estrogen receptor

In this study, the ER structure was
retrieved from PDB database, which stands as a
potential target receptor in breast cancer. The ER
structure mainly has a-helices (red ribbon) few
a-strands (Yellow arrow) and few coils (green wire)
represented in Fig. 1A.

Fig. 1A & 1B. Structure of ER (PDBID-5T97) & EGFR model generated by I-Tasser Interaction of
Dysideaherbacea compounds EGFR

Fig. 2. A: Interaction of pyridine-3-carboxamide with EGFR, 2B- Interaction of 1-chloro-3-naphthalen-1-yl-
propan-2-one with EGFR, 2C- Interaction of Cyclodecanol with EGFR, 2D- Interaction of 13-Oxabicyclo[10.1.0]
Tridecane with EGFR
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Epidermal growth factor receptor

Primary amino acid sequence of EGFR
was retrieved from Uniprot database and used as
input to I-Tasser server for predicting its secondary
structure. The top five models which were
generated by I-Tasser were analysed quantitatively
by C-score, which is calculated based on the
significance of threading template alignments
and the convergence parameters of the structure
assembly simulations. C-score was in the range of
-5, 2, in which higher value usually specifies model
with higher confidence. The first model had a better
quality with C-Score of -2.95 and C-score >-1.5
specifies a model with good global topology. The
predicted EGFR model is shown in Fig. 1B which
mainly consists of coils (green wire), few 4 helices
(red ribbons) and a sheets (yellow arrows).

In this study, 3D ligand structures
of nine compounds found to be present in
D.herbaceawere docked with EGFR and ER
using glide software. The compound 1-Chloro-3-
naphthalen-1-yl-propan-2-one accepted an h-bond

from Met600 to facilitate its interaction (Fig. 2B).
Cyclodecanolbinding to EGFR was facilitated by
Asp262 that donates hydrogen atom to hydroxyl
group of Cyclodecanol (Fig. 2C).The compound
13-Oxabicyclo[10.1.0] tridecane did not show any
promising hydrogen bond property though it was
able to interact with the receptor in around similar
active sites of the target (Fig. 2D).

Similarly, Cholesta-4,6-dien-3-one didn’t
form any hydrogen bonding interaction with the
active site of target (Fig. 3A). The compound
1,3,4-Triazoleinteracts with the Thr263 of the target
(Fig. 3B). Though the compound cyclohexanone
had the ability to bind with the receptor, it was only
due to non-bonding interactions (Fig. 3C).

Amino acids Asp262 and Thr263 were
found to facilitate hydrogen bond formation by
donating a hydrogen to Glutaric acid (Fig. 3D).
Heptadecanenitrile accepted hydrogen atom from
the Thr263 a polar uncharged amino acid in the
target receptor (Fig. 3E). The highest binding
affinity could be predicted by observing the

Fig. 3. A: Interaction of Cholesta-4,6-dien-3-one with ER, 3B- Interaction of 1,3,4-Triazole with ER,
3C- Interaction of Cyclohexanone with ER, 3D- Interaction of Glutaric acid with ER, 3E- Interaction of
Heptadecanenitrile with ER
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hydrophobic interactions which are optimised at
the cost of hydrogen bonds. On analysing the
docking data of the compounds targeted against
EGFR, Pyridine-3-Carboxamide and 1-Chloro-
3-naphthalen-1-yl-propan-2-one shown better
docking and glide score as represented in table 1.

The docking score of Pyridine-3-
Carboxamide and 1-Chloro-3-naphthalen-1-yl-
propan-2-one were -5.376 and -5.315 respectively,
which represented a good binding affinity towards
the target receptor. The glide ligand efficiency for
Pyridine-3-Carboxamide was -0.597 and 1-Chloro-
3-naphthalen-1-yl-propan-2-one was -0.354.
The glide lipo for Pyridine-3-Carboxamide was
-1.089 and 1-Chloro-3-naphthalen-1-yl-propan-
2-one was -1.787. The glide H bond contribution
for Pyridine-3-Carboxamide was -0.320 and
1-Chloro-3-naphthalen-1-yl-propan-2-one was
-0.307. Data represented in table 1 suggested

that the compounds pyridine -3-carboxamide and
1-Chloro-3-naphthalen-1-yl-propan-2-one had
better binding affinity as in comparison with the
other compounds that were docked against the
target.

The interaction of pyridine-3-carboxamide
ligand with the receptor EGFR represented in Fig.
4 & 5 suggested the ligand bound with the amino
acid Val599 by hydrogen bonding at 2.9 A and in
theother instance it bound with Gly598 by forming
a hydrogen bonding distance of1.7 A. Based on the
interaction and docking score, it was evident that
the ligand pyridine-3-carboxamide has the potential
to bind and therefore may inhibit the activity of the
target receptor EGFR that aids to possibly treat the
breast cancer.

Interaction of Dysideaherbacea compounds ER

The compound 13-Oxabicyclo[10.1.0]
tridecane, it accepts the hydrogen atom from the

Table 1. Docking data against the target EGFR

S. Compound Name (Pubchem ID) Docking Ligand Lipo H bond
No Score Efficiency

1 Pyridine-3-Carboxamide (936) -5.376 -0.597 -1.089 -0.32
2 1-Chloro-3-naphthalen-1-yl-propan-2-one (588162) -5.315 -0.354 -1.787 -0.307
3 Cyclodecanol (15166) -5.14 -0.467 -1.535 -0.18
4 13-Oxabicyclo[10.1.0] tridecane (9248) -4.815 -0.37 -1.719 0

5 Cholesta-4,6-dien-3-one (3034666) -4.571 -0.163 -2.504 0

6 1,3,4-Triazole (20746465) -3.782 -0.756 0.263 -0.32
7 Cyclohexanone (7967) -3.617 -0.517 -0.407 0

8 Glutaric acid (743) -3.109 -0.345 -0.488 -0.299
9 Heptadecanenitrile (79388) 1.742 0.097 -1.852 -0.118

Fig. 4. Docking pose depicting the interaction of Pyridine-3-Carboxamide with target receptor EGFR
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Fig. 5. Overall Picture of Docking result of Pyridine-3-Carboxamide with target receptor EGFR

Fig. 6. A:Interaction of Pyridine 3-carboxamide with target receptor ER, 6B- Interaction of
13-Oxabicyclo[10.1.0] tridecane with target receptor ER, 6C- Interaction of 1-Chloro-3-naphthalen-1-yl-propan-
2-one with target receptor ER, 6D- Interaction of Cyclodecanol with target receptor ER, 6E- Interaction of
Cyclohecanone with target receptor ER
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Arg394 thereby forming hydrogen bond (Fig. 6B).
The receptor having Lys449 donated one hydrogen
atom to the compound 1-Chloro-3-naphthalen-1-
yl-propan-2-one thereby forming hydrogen bond
and Arg394 forming pi-cationicinteraction (Fig.
6C). Pro325 facilitates the interaction of ER with
Cyclodecanol by forming a h-bond (Fig. 6D)

whereas the same was done by Lys449 in the case
of Cyclohexanone (Fig. 6E).

The receptor having Lys449 donated one
hydrogen atom to the compound 1,3,4-Triazole
and glutamic acid accepted one hydrogen atom
from the compound (Fig. 7A). In the same way,
the compound 26-Nor-5-cholesten-3. beta.-ol-25-

Table 2. Docking data against ER

S.  Compound Name (Pubchem ID) Docking Ligand Lipo H bond
No Score Efficiency

1 Pyridine-3-Carboxamide (936) -5.372 -0.597 -0.592 -0.379
2 1-Chloro-3-naphthalen-1-yl-propan-2-one (588162) -4.934 -0.380 -1.415 -0.117
3 Cyclodecanol (15166) -4.746 -0.316 -1.073 -0.160
4 13-Oxabicyclo[10.1.0] tridecane (9248) -4.450 -0.405 0.467 -0.320
5  Cholesta-4,6-dien-3-one (3034666) -4.247 -0.607 -0.244 -0.160
6 1,3,4-Triazole (20746465) -4.063 -0.813 -0.405 -0.160
7 Cyclohexanone (7967) -3.071 -0.110 -0.622 -0.160
8  Glutaric acid (743) -3.067 -0.341 -0.524 -0.361

9 Heptadecanenitrile (79388) -2.154 -0.077 -0.433 0.000

Fig. 7. A: Interaction of 1,3,4-Triazole with target receptor ER, 7B- Interaction of 26-Nor-5-Cholesten-3.beta.-
ol-25-one with target receptor ER, 7C- Interaction of Glutaric acid with target receptor ER, 7D- Interaction of
Cholesta-4,6-dien-3-one with target receptor ER
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one accepts the hydrogen from Lys449 exhibiting
a similar interaction (Fig. 7B). Same residues as
above Lys449 and Arg394 favoured h-bond with
Glutaric acid (Fig. 7C). The receptor exhibiting
arginine at the 394" position donated one hydrogen
atom to the compound Cholesta-4,6-dien-3-one
thereby forming hydrogen bond (Fig. 7D).

On analysing the docking results of
the compounds targeted against ER, Pyridine-
3-Carboxamide and 13-Oxabicyclo[10.1.0]

tridecane showed better glide score. The
docking score of Pyridine-3-Carboxamide and
13-Oxabicyclo[10.1.0] tridecane were -5.372 and
-4.934 respectively, which represented a good
binding affinity towards the target receptor. The
Glide ligand efficiency for Pyridine-3-Carboxamide
was -0.597 and 13-Oxabicyclo[10.1.0] tridecane was
-0.380. The Glide lipo for Pyridine-3-Carboxamide
was -0.592 and 13-Oxabicyclo[10.1.0] tridecane
was -1.415. All Data represented in Table 2 suggests

Fig. 8. Docking pose of interaction of Pyridine-3-Carboxamide with ER

Fig. 9. Overall picture of docking of Pyridine-3-Carboxamide with target receptor Estrogen Receptor



THAMBIDURALI et al., Biomed. & Pharmacol. J, Vol. 14(1), 391-402 (2021) 399

Table 3. Assessing the Drug likeness and bioactive properties of small molecule with high
docking score

Properties Pyridine 3 1-chloro-3- 13-Oxabicyclo

carboxamide (naphthalene-1-yl) [10.1.0]tridecane
propan-2-one

miLogP -0.48 3.05 4.58

TPSA 55.99 17.07 12.53

Natoms 9 15 13

MW 122.13 218.68 182.31

nON 3 1 1

nOHNH 2 0 0

Nviolations 0 0 0

Nrotb 1 3 0

Volume 110.16 194.16 201.61

GPCR Ligand -2.02 -0.56 -0.39

Ion channel Modulator -1.51 -0.08 -0.03

Kinase Inhibitor -1.70 -0.62 -0.28

Nuclear receptor Ligand -2.86 -0.44 -0.33

Protease Inhibitor -2.11 -0.29 -0.12

Enzyme Inhibitor -1.42 -0.07 0.27

the compounds pyridine -3-carboxamide and
13-Oxabicyclo[10.1.0] tridecane had better binding
affinity compared with the other compounds that
were docked against the target.The interaction of
pyridine-3-carboxamide ligand with ER is shown
in Fig. 8 & 9 suggested the ligand bound with the
receptor at three different amino acids: Lys449 (2.0
A), Glu353 (1.8 A) and Arg394 (2.7 A).

Evaluation of small molecules in molinspiration

The druglikeness of small molecules
obtained from marine sponges is assessed for
a combination of its molecular properties and
structural features. This included hydrophobicity,
electronic distribution, hydrogen bonding
characteristics, size of the molecule and flexibility;
along with other pharmacophoric features
influencing the behaviour of a molecule in a living
organism that employs bioavailability, transport
properties, protein affinity, reactivity, toxicity and
metabolic stability.

From table 3 it can be seen that small
molecule pyridine 3 carboxamide has miLogP of
-0.48, polar surface area of 55.99, molecular weight
of 122.13, number of hydrogen bond acceptors is
3, number of hydrogen bond donors is 2, number
of molecule violating Lipinski rule is 0, number
of rotatable bonds is 1 and molecular volume is
110.16. The bioactivity score of the molecule

GPCR ligand is -2.02, Ton channel modulator is
-1.51, Kinase inhibitor is -1.70, Nuclear receptor
ligand is -2.86, Protease inhibitor is -2.11, and
Enzyme inhibitor is -1.42. As the small molecule
pyridine 3 carboxamide doesn’t violate Lipinski
rule, the molecule is predicted to have druglike
properties. Similar properties were witnessed in
the case of 1-chloro-3-(naphthalene-1-yl)propan-
2-one.

DISCUSSION

Higher level of estrogen secretion was
related with increased risk of breast cancer. Its
biological effects includes genesis, progression of
malignancy, cell apoptosis and various important
roles by binding to ER that occurs in major breast
cancer cells'*!"*. The ER occurs in two different
forms: ER-4 and ER-4. Irregular expression of
ER-4 positive has been reported in about 70% of
the breast cancer patients'>'¢!"1#1°. The ER—4 stays
as an important receptor in controlling transcription
of nuclear DNA for the development of mammary
gland' and it is also an important factor for breast
cancer signalling network. Therefore, the inhibition
of ER is important for preventing and treating
breast cancer®.
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The members of estrogen growth family
interact specifically with the cell surface receptor
EGFR?'. Over expression of EGFR is due to the
amplification of EGFR gene that has been involved
in breast cancer’’. Hence EGFR stands as a prime
target for developing active drugs for breast cancer.
Interaction of small molecules with EGFR

Generally, growth factor involves in
the regulation of cell division, development and
differentiation. The receptors have the capability
to identify their specific messenger based on the
shape, structure and chemical composition of
the active sites. This allows the receptors and
the messengers to interact with selectivity. They
attach to the active site and inhibit their actions,
and block the communication of the message. The
binding affinity of each compound was ascertained
by observing the glide score and the one which has
highest binding affinity may impede the activity of
the target receptor®.

On observing the results of docking
it was evident that the compound Pyridine-3-
Carboxamide accommodating itself around
Lys261, Thr263, Cys264 Pro265 and interacts
with higher binding affinity with EGFR. The
amino radical of pyridine 3-carboxamide donates
hydrogen to polar uncharged Thr263 (Fig. 2A).As a
result of this interaction, extracellular region could
get blocked in autocrine and paracrine growth
factor loops, and induce receptor dimerization and
downregulation*%.

The tyrosine kinase domain in EGFR
encompasses two lobes that are connected to each
other by ten amino acid sequence represented as
“hinge”. The NH2 terminal lobe (N-lobe) and
COOH terminal is mostly dominated by strands
with few helix. In adjacent to the lobes and the
hinge, the active site holds the hole-binding domain
of ATP, ATP analogues and ATP-competitive
inhibitors®. Thus, small molecule tyrosine kinase
inhibitors (TKIs) that competitively block ATP
binding were designed as potential anticancer
agents®”*. As the small molecule pyridine 3
carboxamideimpedes the ATP-binding site of
EGFR, it is predicted that it interferes in the
downstream signaling process essential for cellular
transformation.

Interaction of small molecules with ER

Steroid receptors (SRs), act as ligand-

dependent transcription factors, and their activity

is associated with the cell cycle[29].The ER-4 and
ER-a are transcription factors that regulate the
expression of specific genes in different tissues on
aligand dependent manner®. Several recent studies
support the feasibility of using a high throughput
screening (HTS) approach to identify small
molecules that act directly at the binding interface,
or allosterically by inducing a conformational
change in the protein. This affects the formation of
a functioning macromolecular interface that in-turn
impedes ER-4 mediated transcription in intact cells.
A concentration-dependent inhibition of reporter
gene expression upon treatment to sponge extract
has been reported?'.

The compound Pyridine
3-carboxamideinteracts with ER by accepting
hydrogen atom (Lys449) and donating (E353) to
ER. Arg394 forms pi cation with the compound
which is a noncovalent molecular interaction
between the face of the electron rich 0 systems
(Fig. 6A). Hence, pyrimidine 3 carboxamide by
binding at the ligand binding site, the estrogen
receptor is predicted to be inactivated for further
gene expression and thereby the growth and
proliferation of breast cancer cells is halted.Based
on the interaction and docking score, it is evident
that pyridine-3-carboxamide had the potential to
inhibit the activity of the target receptor ER that
could to possibly be used to treat the breast cancer.

The derivatives of pyridine were found
to act as have numerous biological activities
such as anticancer, antimicrobial, antiviral,
antidiabetic and antithrombic agents in the
pharamaceuticalindustry??. As the marine
sponge Dysideaherbacea contains pyridine
-3-carboxamide which was found to be effective in
targeting receptors such as EGFR and ER, further
the compound could be isolated and purified and
tested on animal models to ascertain as a potential
drug to treat breast cancer.

Evaluating the drug-likeness of compound of
interest

The LogP of a small molecule is based
on the sum of fragment-based contributions
and correction factors especially of all organic
and organometallic molecules. By measuring
the hydrophobicity of the small molecule,
the absorption properties, bioavailability, its
interaction with the receptor and metabolism of
the molecule and its toxicity could be predicted



THAMBIDURAI et al., Biomed. & Pharmacol. J, Vol. 14(1), 391-402 (2021) 401

and are used in QSAR studies and rational drug
design which measures molecular hydrophobicity.
Predicting the polar surface area and molecular
volume determines the transport characteristics of
specific molecules such as how well the molecule
is intestinally absorbed or penetrate blood brain
barrier. The volume determines its molecular
properties and biological activity that aids in QSAR
studies.

The rule of five properties is a set of
simple molecular descriptors used by Lipinski, to
assess the behavior of small molecule as a drug.
The rule states that most drug like molecules have
logP =5, molecular weight <=500, number of
hydrogen bond acceptors <=10, and number of
hydrogen bond donors <=5. Molecules violating
more than one of these rules may have problems
with bioavailability®.

CONCLUSION

This study showcases the importance of
small molecules identified fromDysideaherbacea
and their ligand efficiency on target receptors such
as ER and EGFR. The conformation of the docked
compounds had shown more binding affinity
towards the active site region of the receptor by
observing the docking score and ligand efficiency.
The findings suggest that the molecules pyridine-
3-carboxamide, 1-Chloro-3-(naphthalen-1-yl)
propan-2-one and 13-Oxabicyclo tridecane could
stands as a drug molecule to treat breast cancer.
Further, these compounds could be simulation to
understand the structural dynamics and isolated and
tested for their anticancer property by performing
in-vitro studies.
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