Bulletin of Environment, Pharmacology and Life Sciences ﬁﬁg 'hfg@
Bull. Env.Pharmacol. Life Sci., Vol11 [4] March 2022 : 67-75 §’ % ‘%
©2022 Academy for Environment and Life Sciences, India = =
Online ISSN 2277-1808 ¢ 5§
Journal’s URL:http://www.bepls.com i?e‘% g §
CODEN: BEPLAD Ty, S5

ORIGINAL ARTICLE OPEN ACCESS

Virtual Screening of Gentiobiose Treat for Breast Cancer Based
on Molecular Docking Modeling

Marimuthu Koperuncholan2*, Thanaraj Baskarant, Vengadesan Aravindha?
aDepartment of Botany, Srimad Andavan Arts and Science College (Autonomous), Affiliated to
Bharathidasan University, Tiruchirappalli, Tamil Nadu - 620 005, India.
bDepartment of Botany, Thanthai Periyar Government Arts and Science College (Autonomous),
Bharathidasan University, Tiruchirappalli, Tamil Nadu -620 023, India.
Corresponding author. Tel.: (+91)-97508 85216
E-mail address: kingcholaB5@gmail.com

ABSTRACT
The breast cancer cell (MCF7 cell) protein and the ligand Gentiobiose were used in a molecular docking investigation.
Those compounds' greatest binding affinity would be -8. MET2846, IIE2873, GLU2828, PRO2825, UNK1, and ASN2881
are the residues that interact with the macromolecule's active site. The Root Mean Square Deviation value can also be
used to study the interaction of protein and ligand in various conformations. The tiny chemical is strongly linked to the
Breast cancer cell's active regions. Gentiobiose is a medication that is effective in the treatment of breast cancer.
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INTRODUCTION

Cancer is currently one of the major causes of death from diseases around the world, and without
additional improvements and screening in producing new treatments to treat this sickness, it is expected
to remain the leading cause of death from diseases in the coming years [1, 2]. Current-cure treatments
diagnose breast cancer or metastatic breast cancer as an incurable disease. Breast cancer is the most
frequent malignant disease in women, with over 400 fatalities each year [3, 4]. Because current therapies
are limited by the formation of treatment-resistant cancer cells, mortality from this type of cancer
remains high [5, 6]. BC starts off as a local disease, but it can spread to other parts of the body via
metastases, such as lymph nodes and organs [7].

This process involves the expression of a number of genes that control cancer cell survival and invasion.
Immunotherapy, surgery, radiation, and chemotherapy are commonly used in the treatment of breast
cancer [8]. The inhibition or activation of a protein or pathway as a therapeutic impact in a medical
condition is frequently the initial step in research [9, 10]. Indeed, selecting a target, which can be a
variety of biological entities such as proteins, RNA, and genes that can be picked by ioinformatics analysis
[11], is an important part of the research process. The potential drug molecule must have access to an
ideal target, and the binding drug-target complex must elicit a biological response. The goal of this
research is to determine the binding affinity, interactions, binding distances, and key amino acid residues
involved in docking molecule binding. The molecules were docked using molecular docking software
(Protein: human 3-alpha hydroxysteroid dehydrogenase type 3 and ligand: Gentiobiose).

The affinity of an association and the conditions for creating a complex are determined by the binding
free energy of target-drug interactions [12]. Because of its low molecular weight, the tiny molecule
attaches quickly to the receptor molecule [13]. As a result, atomic docking could be a useful tool for
discovering treatments for breast cancer and other disorders. The potential therapeutic molecule must be
able to access an ideal target, and the drug-target combination that binds to it must induce a biological
response. The purpose of this study is to figure out what factors influence docking molecule binding, such
as binding affinity, interactions, binding distances, and important amino acid residues. Molecular docking
software was used to dock the compounds (Protein: human 3-alpha hydroxysteroid dehydrogenase type
3 and ligand: Gentiobiose).
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MATERIALS AND METHODS

Protein Preparation

The crystal structure of human 3-alpha hydroxysteroid dehydrogenase type 3 (PDB ID:4X06) was
downloaded in PDB format from the Protein Data Bank (PDB) database for molecular docking. With a
resolution of 1.20Ao0[14], it is an X-Ray diffracted structure. The discovery studio software was used to
remove side chains, water molecules, and other ligands from the protein structure (Figurel). Finally, for
docking compatibility, it was converted to PDBQT format [15].

Ligand Preparation

Gentiobiose(PubChem CID:3D 441422)(Figure 2) was chosen as the ligand for our docking and was
retrieved in SDF format as a 3D structure from the PubChem database. Open babel software was used to
convert it to PDB format. The energy was reduced and the tiny molecule was converted to a PDBQT
format [16].

Molecular Docking

Autodock vina is one of the greatest molecular docking programmes available. The docking's major
molecules were acquired and readied for docking. The molecules' format was altered to make docking
easier. 15.9353, -1.5377, and 2.998 were used to centre the grid box, which was 72X64X25 in size.
Docking was performed after selecting the docking macromolecule and ligand. The MD's findings were
saved in a discovery studio file. Protein and ligand interactions with their molecular surfaces, known as
H-bonds, were recorded as PNG files. JPEG files were used to save the 2d interactions and various
visualisations of the interactions.

RESULTS AND DISCUSSION

Around 80% of breast cancer cells are oestrogen receptor-positive, with 65 percent also being
progesterone receptor-positive, while 13% of total breast cancer cells are oestrogen receptor-positive but
progesterone receptor-negative, and 2% are oestrogen receptor-negative but progesterone receptor-
positive. Drug discovery is a labor-intensive and time-consuming process. A new medicine takes an
average of 10-15 years to create. Because of its low cost and risk-free properties, drug repositioning, or
the use of old treatments for new conditions, is an effective technique [17]. In order to develop an
effective treatment against breast cancer, molecular docking was performed in a computer. Autodock
tools were used to perform molecular docking investigations, and Gentiobiose was docked with human 3-
alpha hydroxysteroid dehydrogenase type 3 (PDB ID:4X06).

The energy minimization of the ligand Gentiobiose would be 378.53 if protein and ligand were
preprocessed. The maximum negative protein binding affinity will be -8. The discovery studio file was
used to examine the interactions between proteins and ligands. The distances between H bonds in
various aminoacids were computed. MET2846, 11E2873, GLU2828, PR02825, UNK1, and ASN2881 are
key residues in interactions. H-bond distances and H-bond interaction residues were measured (Table 1).
The root mean square deviation will be 0 in those conformations. The binding affinity of those
compounds with the macromolecule in various conformations, as well as the Root Mean Square Deviation
(RMSD) values of the interacting molecules (Protein and Ligand), were in agreement (Table 2). Protein-
ligand interactions (Lupeol) were studied (Figures 3, 4, 5, 6, 7, 8, and 9). It is also displayed in other
charts such as the Ramachandran plot (Figure 10), the Hydrophobicity plot (Figure 11), and several
contact plots such as the CAlpha plot (Figure 12), the CBeta plot (Figure 13), the Sidechain plot (Figure
14), the H bond plot (Figure 15), and the Residue plot (Figure 16). (Figure 16). As a result, Gentiobiose is
an excellent breast cancer treatment.

Table 1. The molecular docking studies of compounds with human 3-alpha hydroxysteroid
dehydrogenase type 3
S.No | Compound name | Docking score H-Bond Distance

Interaction
1. Gentiobiose -8 MET2846 2.86
1IE2873 2.36

GLU2828 2.38
PR0O2825 2.63

UNK1 2.17
ASN2881 2.63
1.52

2.48
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Table 2 shows the various binding affinity and root mean square deviation (RMSD) Upper and Lower
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Bound values of Gentiobiose

ligand Binding affinity | Rmsd/ub | Rmsd/lb
Protein_A_Gentiobiose_uff E=378.53 -8 0 0

-8 6.9 1.215

-8 6.323 1.734
-7.9 6.598 1.383
-7.8 3.672 1.931
-7.8 3.934 2.185
-7.7 7.238 1.931
-7.6 6.245 3.406
-7.5 2.843 2.091

Figure 1 shows the 3D structure of human 3-
alpha hydroxysteroid dehydrogenase type3

\

AsnZda1

Figure 2 shows the 3D structure of Gentiobiose

igure 4 shows the interaction of Gentiobiose
and human 3-alpha hydroxysteroid
dehydrogenase type 3

Figure 3 shows the interaction of Gentiobiose
and human 3-alpha hydroxysteroid
dehydrogenase type 3
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Figure 5,6 shows the interaction of Gentiobiose and human 3-alpha hydroxysteroid
dehydrogenase type 3
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Figure 7,8 shows the interaction of Gentiobiose and human 3-alpha hydroxysteroid

dehydrogenase type 3
N
o
(E_LN o I_—II ST
120 p— SER AT ABE
eSS e e
— LYW'S — - -
ASP A8 k- - =
S g TWR — —
" - A2 6 =
S - c( P L
LEWS H - —
268 o~ \
o _'"Q\ F S # -
~ F
N £ S o e 0
GLY " - \‘k
L e o .,
d( LEWL) l:i/
A =2086
THR
L N = ] R HIS
S Lo N e TREP
LS 22T
S 2TF0
G
S22
Figure 9 shows the 2D diagram of interaction of Gentiobiose and human 3-alpha hydroxysteroid
dehydrogenase type 3
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Figure 10 shows the interaction of Gentiobiose and human 3-alpha hydroxysteroid dehydrogenase type
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Figure 11 shows the interaction of Gentiobiose and human 3-alpha hydroxysteroid dehydrogenase type 3

BEPLS Vol 11 [4] March 2022

in Hydrophobicity Plot

71|Page

©2022 AELS, INDIA



Residue Index

Koperuncholan et a/

complex2:CAlpha

1307

1204

100 4

a0+

»

20 40

a0

80 100 120 140 150 150 200 220
Residue Index

240 250 280 300 32C

Figure 12 shows the interaction of Gentiobiose and human 3-alpha hydroxysteroid dehydrogenase type 3
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Figure 13 shows the interaction of Gentiobiose with human 3-alpha hydroxysteroid dehydrogenase type
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Figure 14 shows the interaction of Gentiobiose with human 3-alpha hydroxysteroid dehydrogenase type
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Figure 15 shows the interaction of Gentiobiose with human 3-alpha hydroxysteroid dehydrogenase type

BEPLS Vol 11 [4] March 2022

3 in H-bond Plot

73|Page

©2022 AELS, INDIA



Koperuncholan et al

complex2:ResidueType

320+ ) 2 e

-

s

300 1

260+ °

24904

200 %
180 +

160 +

Residue hdex

140 +
120 1
100+

sod4 - o

'h-. - L -+ -
A s
e P 4 4

N -

O 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320
Residue Index

Figure 16 shows the interaction of Gentiobiose with human 3-alpha hydroxysteroid dehydrogenase type

3 in Residue Plot

CONCLUSION

Various medications were utilised to treat breast cancer, the most malignant illness that affects women.
Human 3-alpha hydroxysteroid dehydrogenase type 3 and Gentiobiose were used in computational
studies. -8 is the greatest binding score. MET2846, 11E2873, GLU2828, PR02825, UNK1, and ASN2881
would be the interacting residues in the pocket atoms. The receptor-ligand interactions in other plots,
such as hydrophobicity plots and side-chain plots, were also investigated. As a result, Gentiobiose is a
promising medication for the treatment of breast cancer.

ACKNOWLEDGEMENT
The authors would like to thank the Department of Botany at Srimad Andavan Arts and Science College
(Autonomous), Tiruchirapalli-620005, Tamil Nadu, India, for Docking Studies.

REFERENCES

1. Arthur, D. E. (2017). Toxicity modelling of some active compounds against k562 cancer cell line using genetic
algorithm-multiple linear regressions. Journal of the Turkish Chemical Society Section A: Chemistry, 4(1), 355-374.

2. Cava, C, Pini, S, Taramelli, D., & Castiglioni, I. (2020). Perturbations of pathway co-expression network identify a
core network in metastatic breast cancer. Computational Biology and Chemistry, 87, 107313.

3. Koperuncholan, M, & Ahmed John, S. (2011). Biosynthesis of Silver and Gold Nanoparticles and Antimicrobial
Studies of Some Ethno medicinal Plants in South-Eastern Slope of Western Ghats. IJPI'S Journal of Pharmacognosy
and Herbal Formulations, 1(5), 10-15.

4. Koperuncholan, M, & John, S. A. (2011). Antimicrobial and Phytochemical Screening inMyristica dactyloides
Gaertn. Journal of Pharmacy Research, 4(2), 398-400.

5. Fazal Mohamed, M. I, Arunadevi, S., Koperuncholan, M., & Mubarak, M. S. (2011). Synthesis and antimicrobial
activity of some naphthyl ether derivatives. De r Chemica Sinica, 2, 52-57.

6. Koperuncholan, M. (2015). Bioreduction of chloroauric acid (HAuCl4) for the synthesis of gold nanoparticles
(GNPs): a special empathies of pharmacological activity. Int. J. Phytopharm, 5(4), 72-80.

7. Ahmed John, S., & Koperuncholan, M. (2012). Direct root regeneration and indirect organogenesis in Silybum
marianum and preliminary phytochemical, antibacterial studies of its callus. The International Journal of
Pharmaceutics, 2, 52-57.

BEPLS Vol 11 [4] March 2022 74|Page ©2022 AELS, INDIA



10.

11.

12.

13.

14.

15.

16.

17.

Koperuncholan et al

Koperuncholan, M., & Manogaran, M. (2015). Edible plant mediated biosynthesis of silver and gold nanoflakes
against human pathogens. World Journal of Pharmaceutical Research, 4(1), 1757-1775.

Sinthiya, A., & Koperuncholan, M. (2015). In-silico characterization for Multiple sclerosis: A special emphasis on
Tetrakis (4-aminopyridine-kN1) dichloridocopper (II) monohydrate with sphingosine 1phosphate lyase. Crystal
Research, 89, 36824-36826.

Baskaran, T., Kandavel, D., & Koperuncholan, M. (2018). Investigation of trace metals and secondary metabolites
from Pavetta indica and study their antimicrobial efficacy. Research Directions, 6(6), 273-282.

Sinthiya, A, & Koperuncholan, M. (2019). Synthesis and characterization of l-amino acid doped 2-aminopyridine
co-crystals for anti-cancer activity. Life Science Informatics Publications-Research Journal of Life Sciences,
Bioinformatics, Pharmaceutical, and Chemical Sciences, 5(2), 754-762.

John, S. A, & Koperuncholan, M. (2012). Antibacterial Activities of various solvent extracts from Impatiens
balsamina. International Journal of pharma and bio sciences, 3(2), 401-406.

Koperuncholan, M., Sathish Kumar, P., Sathiyanarayanan, G., & Vivek, G. (2010). Phytochemical Screening and
Antimicrobial Studies of Some Ethno medicinal Plants in South-Eastern Slope of Western Ghats. Int. J. Med. Res, 1,
48-58.

Harinee, S., Muthukumar, K., Dahms, H. U.,, Koperuncholan, M., Vignesh, S., Banu, R. ], & James, R. A. (2019).
Biocompatible nanoparticles with enhanced photocatalytic and anti-microfouling potential. International
Biodeterioration & Biodegradation, 145, 104790.

Santhakumar, M, & Koperuncholan, M. (2019). Gold nano-drug design for antimicrobial activity. Life Science
Informatics Publications-Research Journal of Life Sciences, Bioinformatics, Pharmaceutical, and Chemical Sciences,
5(2), 720-731.

Ramesh, T., Koperuncholan, M., Praveena, R. Ganeshkumari, K, Vanithamani, ]., Muruganantham, P, &
Renganathan, P. (2019). Medicinal properties of some Dendrobium orchids-A review. Journal of Applied and
Advanced Research, 4(4), 119-128.

Ramesh, V., Ahmed John, S., & Koperuncholan, M. (2014). Impact of cement industries dust on selective green
plants: a case study in ariyalur industrial zone. International Journal of Pharmaceutical, Chemical & Biological
Sciences, 4(1). 152-158.

CITATION OF THIS ARTICLE

M Koperuncholan, T Baskaran, V Aravindha. Virtual Screening of Gentiobiose Treat for Breast Cancer Based on
Molecular Docking Modeling.Bull. Env. Pharmacol. Life Sci., Vol11 [4] March 2022 : 67-75.

BEPLS Vol 11 [4] March 2022 75|Page ©2022 AELS, INDIA



