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Preface

This conference proceedings volume contains the written versions of most of the
contributions presented during the conference of ICCVBIC 2021. This conference
provided a setting for discussing the recent developments in a wide variety of topics
including computational vision, fuzzy, imageprocessing andbio-inspired computing.
This conference has been a good opportunity for participants coming from various
destinations to present and discuss topics in their respective research areas.

ICCVBIC 2021 conference tends to collect the latest research results and appli-
cations on computational vision and bio-inspired computing. It includes a selection
of 63 papers from 252 papers submitted to the conference from universities and
industries all over the world. All of the accepted papers were subjected to strict peer-
reviewing by 2–4 expert referees. The papers have been selected for this volume
because of quality and the relevance to the conference.

ICCVBIC 2021 would like to express our sincere appreciation to all authors for
their contributions to this book.We would like to extend our thanks to all the referees
for their constructive comments on all papers, and especially, we would like to thank
the organizing committee for their hard working. Finally, we would like to thank the
Springer publications for producing this volume.

Coimbatore, India
Porto, Portugal
Arad, Romania

Dr. S. Smys
Dr. João Manuel R. S. Tavares

Dr. Valentina Emilia Balas
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Molecular Docking Analysis of Selected
Phytochemicals for the Treatment
of Proteus Syndrome

Tanwar Reeya and Das Asmita

Abstract Proteus syndrome is a rare hamartomatous disorder that is characterized
by the overgrowth of tissues in a mosaic manner. Since drug therapy was not seen
to be a component of standard care for Proteus syndrome, this paper focuses on
finding phytochemicals against AKT-1 protein whose mutation is responsible for
Proteus syndrome. Lipinski’s rule of 5 was applied to check the drug-likeliness of
the selected phytochemicals followed by 3 rounds ofmolecular docking, computation
of bioavailability radar and MD simulations. Simulations revealed Tanshinone-II A
to be a potent inhibitor of AKT-1. Further, in-vivo studies can be performed on
Tanshinone-II A for clinical use of the compound. In the above study, Miransertib
(ARQ 092) was used as a positive control since it has recently shown to have a
therapeutic effect on a teenager with Proteus syndrome and ovarian carcinoma.

Keywords Proteus syndrome · Molecular docking · AKT-1 · Miransertib ·
Phytocompounds

1 Introduction

Proteus syndrome is a rare disorder which involves an atypical skeletal growth [1].
This disease was first reported in the year 1979 followed by similar reports in the year
1983 byWiedemann et al. It begins postnatally and progresses in a rapid and dispro-
portionate manner which usually results in the distortion of the normal tissue [2].
There are cases in which many affected individuals are born without any perceptible
symptoms, and the overgrowth usually begins during the time frame of 6–18months.
The severity and extent to which this disease can affect a patient vary greatly from
one to another, but a few common manifestations of this disease are asymmetric,
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distorting bony overgrowth, CCTN or cerebriform connective tissue nevi, dysregu-
lation of fatty tissue and vascular anomalies [3]. The patients affected by this disease
are susceptible to mesothelioma, breast cancer and papillary thyroid carcinoma since
they have predisposition to benign and malignant tumours [4]. Although the exact
cause of Proteus syndrome is not very clear, it has been seen that mutations in the
AKT-1 gene that occurs after fertilization of the embryo (somatic mutation) are an
important cause. AKT-1 is a part of the PI3K/AKT signalling pathway which is
responsible for the regulation of various cellular processes such as the cell growth,
proliferation and apoptosis [5]. The activation of AKT takes place due to its PH
domain’s interaction with a lipid or a secondary messenger called the phosphatidyli-
nositol 3,4,5-trisphosphate [PI (3,4,5) P3]. Following this interaction, AKT-1 is
then phosphorylated at threonine 308 (T308) by phosphoinositide-dependent kinase
which also binds to [PI (3,4,5) P3]. AKT is fully activated when it is phosphorylated
by mTORC2 complex at position 473 (Serine 473) [6]. Since bioinformatics helps in
the reduction of cost of designing experiments, their execution and laboratory trials,
we use it with the aim to produce results which would help us bring about the use of
phytocompounds extracted from plants like Sanguinaria canadensis, Evodia rutae-
carpa, Salvia miltiorrhizae, Trigonella foenum, etc. These plants have been selected
due to their ability to participate in targeted therapeutic activity againstAKT-1 protein
in cancer. Miransertib has been used as a positive control for conducting molecular
docking studies since the use of Miransertib (ARQ 092) has recently shown to have
a therapeutic effect on a teenager with Proteus syndrome and ovarian carcinoma
in 2019 [7]. Miransertib is an allosteric inhibitor of our target protein AKT-1 which
binds to the combined interface of PH domain and the N and C lobe of kinase domain
(Fig. 1). This binding enables the target protein to be locked in a closed conforma-
tion which results in the blocking of the phospholipid binding site by the kinase
domain. The consequence of this conformation enables the allosterically inhibited
AKT-1 to remain cytosolic and inactivated (activation occurs through phosphory-
lation) (Fig. 2). The nature of inhibition of Miransertib poses an advantage since a

Fig. 1 a The following figure represents the orientation of the PH domain (orange) relative to the
N-lobe (pink) and C-lobe (yellow) of the kinase domain and Inhibitor VIII shown in green. b In the
same orientation as Panel A, the kinase domain is surface rendered. c Structure of AKT1(1–443):
Inhibitor VIII rotated approximately 180° compared to Panel B. Courtesy: https://doi.org/10.1371/
journal.pone.0012913.g003 [8]

https://doi.org/10.1371/journal.pone.0012913.g003
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Fig. 2 Model of AKT activation and inhibition. In the cytoplasm, the ‘PH-in’ and ‘PH-out’ confor-
mations of AKT are in equilibrium. AKT is recruited to the plasma membrane via interactions with
the products of PI3K and is subsequently phosphorylated on two sites, T308 and S473 in AKT1,
which results in kinase activation. The allosteric inhibitor stabilizes the ‘PH-in’ form of the inactive
enzyme (top left); whereas the ATP-competitive inhibitor binds to the activated form of the kinase
(bottom left). Surface representations derived from the following structures: PDB code: 3CQW
(active and ATP-competitive inhibitor bound kinase), PDB code: 1UNQ (membrane-bound PH
domain) and PDB code: 3O96 (cytoplasmic PH and kinase domains and membrane-bound kinase
domain). Colouring as follows: kinase domain (yellow), PH domain (orange), IP4 binding residues
(cyan), phospho-T308 (red), allosteric inhibitor (green), ATP-competitive inhibitor (blue) and PI3K
products (violet). Phospho-S473 is not visible in these orientations of AKT. Courtesy: https://doi.
org/10.1371/journal.pone.0012913.g003 [8]

study conducted by Wu et al. in 2010 [8] hypothesized allosteric inhibitors to have a
higher efficacy than small ATP-competitive molecules. They proposed this since the
competitive inhibitor is not able to close the PH domain fully upon its binding due
to which the kinase domain and the phospholipid binding site remain exposed [8].
This exposure enhances the ability of AKT to localize to the membrane, whereas
the allosteric inhibitors restrict both membrane association and activation by phos-
phorylation. Although, a clinical perspective with respect to this observation is still
needed [8]. Lastly, it is the first drug to go through clinical trials (Phase-II) in May,
2021 for Proteus syndrome. Hence, this research explores the properties of selected
phytocompounds with respect to our target protein; AKT-1 keeping Miransertib as
the positive control.

https://doi.org/10.1371/journal.pone.0012913.g003
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2 Methods and Materials

Building of Phytochemical Library: NPCARE (silver.sejong.ac.kr/npcancer/) or
the Natural Products CARE is a database built by the Department of Bioscience and
Biotechnology, Sejong University, consisting of a list of natural products that can
regulate specific genes involved in cancer [9]. Each entry in this database is annotated
with the name of genus and species of the biological source, the type of cancer it is
involved with, the name of the cell line used to determine its anti-cancerous property,
its PubChem ID and lastly a myriad of information about the target gene/protein.
Since our research focusses on down regulating the effects AKT-1 gene for the
treatment of Proteus syndrome, a list of 21 phytochemicals were obtained for AKT-1.
(as shown in Table 1).

Protein/macromolecule and Ligands: Protein Data Bank or PDB (https://www.
rcsb.org/) is a database that contains three-dimensional structural information of large
biological molecules such as nucleic acids and proteins [10]. Our target protein AKT-
1was retrieved from the following database by using thePDB ID:3O96 in.pdb format.
The structure contained a single A chain with an amino acid length of 446 along with
a Covalent-Allosteric AKT Inhibitor. The publicly accessible PubChem repository
has served as a resource of chemical information to the scientific community since
2004 (https://pubchem.ncbi.nlm.nih.gov/), and it contains information regarding the
chemical and physical properties of the substance along with its structural repre-
sentation (2-D,3-D, etc.) [11]. Three-dimensional structures of the ligands were
obtained from PubChem repository using their respective PubChem IDs obtained
from NPCARE database in.sdf format followed by their conversion to.pdb format
using Biovia Discovery Studio.

ADME Analysis: In order to begin the screening of ligands, ADME analysis
was conducted by applying Lipinski’s rule of 5 [12]. The factors involved (molec-
ular weight (<500 Da), high lipophilicity (LogP <5), hydrogen bonds donors (<5)
and hydrogen bond acceptors (<10)) in conducting the same were retrieved from
PubChem repository. According to this analysis, any ligand that violates more than
2 of the above stated parameters will be debarred from further analysis.

MolecularDockingAnalysis: It is a regularly used computational tool which aids
the process of designing drugs since it provides information regarding the binding
mode of the known ligands, identification of potent drug candidates and their binding
affinity. The following tool was used in three rounds to identify the binding affinity
and the type of interactions our selected phytochemicals displayed. The first round
of molecular docking was conducted by PyRx. It is an open-source (https://pyrx.sou
rceforge.io/) virtual screening tool which contains a combination of software’s such
as AutoDock Vina, AutoDock 4.2 and Open Babel [13]. For the following round of
docking studies, AutoDock Vina tool compiled in PyRx was used. The dimensions
used for this screening were centre (x, y, z) = (9.3494, −7.9442, 10.1538) and
dimensions in angstrom (x, y, z)= (18.0256, 25.000, 24.4774). The water molecules
and the allosteric inhibitor were removed beforehand. Lastly, an exhaustiveness of 8
was set to give the output of the lowest energy possible with the help of AutoDock

https://www.rcsb.org/
https://pubchem.ncbi.nlm.nih.gov/
https://pyrx.sourceforge.io/
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Table 1 ADME analysis of selected phytochemical

S.No. Species Compound name PubChem
ID

2-D diagram ADME analysis

1 Cordyceps
militaris

Cordycepin
3′-deoxyadenosine

CID 6303 Molecular
weight
(<500 Da)
251.24 g/mol
Lipophilicity
(LogP <5) −
1.94
H bond donor
(<5) 3
H bond acceptor
(<10) 6
Violations 0

2 Citrus spp. Hesperetin CID
72281

Molecular
weight
(<500 Da):
302.28 g/mol
Lipophilicity
(LogP <5): 0.41
H bond donor
(<5): 3
H bond acceptor
(<10): 6
Violations: 0

3 Dendrobium
loddigesii

Moscatilin CID
176096

Molecular
weight
(<500 Da):
304.34 g/mol
Lipophilicity
(LogP <5): 1.94
H bond donor
(<5): 2
H bond acceptor
(<10): 5
Violations: 0

4 Larrea
divaricata

Nordihydroguaiaretic
acid

CID 4534 Molecular
weight
(<500 Da):
302.36 g/mol
Lipophilicity
(LogP <5): 2.74
H bond donor
(<5): 4
H bond acceptor
(<10): 4
Violations: 0

(continued)
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Table 1 (continued)

S.No. Species Compound name PubChem
ID

2-D diagram ADME analysis

5 Oridonin Oridonin CID
5321010

Molecular
weight
(<500 Da):
364.43 g/mol
Lipophilicity
(LogP <5): 0.86
H bond donor
(<5): 4
H bond acceptor
(<10): 6
Violations: 0

6 Rabdosia
coetsa

Rabdocoetsin B CID
10452999

Molecular
weight
(<500 Da):
390.47 g/mol
Lipophilicity
(LogP <5): 2.01
H bond donor
(<5): 2
H bond acceptor
(<10): 6
Violations: 0

7 Silybum
marianum

Silibinin CID
16211710

Molecular
weight
(<500 Da):
482.44 g/mol
Lipophilicity
(LogP <5):-0.40
H bond donor
(<5): 5
H bond acceptor
(<10): 10
Violations: 0

8 Andrographis
paniculata

Andrographolide CID
5318517

Molecular
weight
(<500 Da):
350.45 g/mol
Lipophilicity
(LogP <5): 1.98
H bond donor
(<5): 3
H bond acceptor
(<10): 5
Violations: 0

(continued)
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Table 1 (continued)

S.No. Species Compound name PubChem
ID

2-D diagram ADME analysis

9 Capsicum
spp.

Capsaicin CID
1548943

Molecular
weight
(<500 Da):
305.41 g/mol
Lipophilicity
(LogP <5): 2.69
H bond donor
(<5): 2
H bond acceptor
(<10): 3
Violations: 0

10 Salvia
miltiorrhizae

Cryptotanshinone CID
160254

Molecular
weight
(<500 Da):
296.36 g/mol
Lipophilicity
(LogP <5): 2.36
H bond donor
(<5):0
H bond acceptor
(<10):3
Violations:0

11 Allium
sativum

Diallyl trisulfide CID
16315

Molecular
weight
(<500 Da):
178.34 g/mol
Lipophilicity
(LogP <5): 2.35
H bond donor
(<5): 0
H bond acceptor
(<10): 0
Violations: 0

12 Isaria
sinclairii

FTY720 CID
107969

Molecular
weight
(<500 Da):
343.93 g/mol
Lipophilicity
(LogP <5): 3.24
H bond donor
(<5): 3
H bond acceptor
(< 10):3
Violations: 0

(continued)
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Table 1 (continued)

S.No. Species Compound name PubChem
ID

2-D diagram ADME analysis

13 Arctium
lappa

Arctigenin CID
64981

Molecular
weight
(<500 Da):
372.41 g/mol
Lipophilicity
(LogP <5): 2.12
H bond donor
(<5): 1
H bond acceptor
(<10): 6
Violations: 0

14 Plumbago
zeylanica

Plumbagin CID
10205

Molecular
weight
(<500 Da):
188.18 g/mol
Lipophilicity
(LogP <5): 0.59
H bond donor
(<5): 1
H bond acceptor
(<10): 3
Violations: 0

15 Pterocarpus
marsupium

Pterostilbene CID
5281727

Molecular
weight
(<500 Da):
256.30 g/mol
Lipophilicity
(LogP <5): 2.76
H bond donor
(<5): 1
H bond acceptor
(<10): 3
Violations: 0

16 Stephania
tetrandra

Tetrandrine CID
73078

Molecular
weight
(<500 Da):
622.75 g/mol
Lipophilicity
(LogP <5): 3.73
H bond donor
(<5): 0
H bond acceptor
(<10):8
Violations: 1

(continued)
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Table 1 (continued)

S.No. Species Compound name PubChem
ID

2-D diagram ADME analysis

17 Punica
granatum

Punicic_acid CID
5281126

Molecular
weight
(<500 Da):
278.43 g/mol
Lipophilicity
(LogP <5): 4.38
H bond donor
(<5): 1
H bond acceptor
(<10): 2
Violations: 0

18 Salvia
miltiorrhizae

Tanshinone-IIA CID
164676

Molecular
weight
(<500 Da):
294.34 g/mol
Lipophilicity
(LogP <5): 2.24
H bond donor
(<5): 0
H bond acceptor
(<10): 3
Violations: 0

19 Trigonella
foenum

Diosgenin CID
99474

Molecular
weight
(<500 Da):
414.62 g/mol
Lipophilicity
(LogP <5): 4.94
H bond donor
(<5): 1
H bond acceptor
(<10): 3
Violations: 0

20 Evodia
rutaecarpa

Isoevodiamine CID
151289

Molecular
weight
(<500 Da):
303.36 g/mol
Lipophilicity
(LogP <5): 3.16
H bond donor
(<5): 1
H bond acceptor
(<10): 1
Violations: 0

(continued)
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Table 1 (continued)

S.No. Species Compound name PubChem
ID

2-D diagram ADME analysis

21 Sanguinaria
canadensis

Sanguinarine CID 5154 Molecular
weight
(<500 Da):
332.33 g/mol
Lipophilicity
(LogP <5): 2.72
H bond donor
(<5): 0
H bond acceptor
(<10): 4
Violations: 0

Vina-PyRx, and the ligands were then filtered out on the basis of their binding energy.
The selected ligandswere thendocked further in twomore rounds using another open-
source docking tool, AutoDock 4.2 (http://autodock.scripps.edu/) [14]. Optimization
of both the protein and the ligand was carried out by eliminating water, including
polar hydrogens followed by adding Kollman and Gasteiger charges. The final step
of optimization was carried out by removing the native ligand of the protein. The
output utilized for docking studies with an exhaustiveness set to 10 was Lamarckian
GA, and the best results out of the two were then used for further analysis.

Bioavailability Radar: SwissADME is an online tool (http://www.swissa
dme.ch/) which was used to obtain a bioavailability radar, and this radar scrutinized
the phytocompounds on the basis of six parameters (saturation, flexibility, solubility,
size, polarity and lipophilicity). The region coloured in pink defines the limit within
which the parameters should lie, and any deviation from the region indicated that the
drug is not orally bioavailable.

MolecularDynamics: The docked complexwas subjected tomolecular dynamics
simulation by the use of Demond-Maestro module [15]. Since the software provides
high performance algorithms in its default settings itself, they were used to obtain
high speed and precise results. The docked complex was subjected to submersion
in TIP3P water model in an orthorhombic shape, after which the entire system was
neutralized by addition of seven chlorine ions at 0.15M concentration. All the atoms
in the systemwere aligned by optimized potentials for liquid simulations-AA (OPLS-
AA) 2005 force field. SHAKE/RATTLE algorithm along with NVT as the ensemble
class was used to limit the movement of the atoms covalently bonded. The conditions
set in order to start the simulations were temperature: 300 K and pressure: 1 bar for
100 ns. Integration of all the parameters of dynamic simulation was carried out using
the RESPA integrator. Finally, to analyse the component stability and dynamic nature
of interaction, a trajectory of 100 ns was set to show in 1000 frames.

http://autodock.scripps.edu/
http://www.swissadme.ch/
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3 Results and Discussion

ADME Analysis: 21 compounds were screened with respect to Lipinski’s rule of 5,
and the parameters used for the same were molecular weight (<500 Da), hydrogen
bonds donors (<5), high lipophilicity (LogP <5) and hydrogen bond acceptors (<10).
This screening helped in determining the drug-likeliness of the selected phytocom-
pounds. Usually, compounds are eliminated if they violate more than two parameters
of Lipinski’s rule of five. Out of the 21 compounds, 20 showed 0 violations leaving
Tetrandrine with PubChem ID: 73078with one violation (due to its molecular weight
being greater than 500) as shown in Table 1.

Since all 21 of them fell within the parameters, it helped us conclude that all 21
compounds do not show any poor absorption or permeation, and hence, they were
all used for further investigation.

Docking Analysis: The 21 selected phytochemicals were then introduced into
a virtual space to conduct molecular docking studies. This was conducted in three
rounds, first being conducted by PyRx and the last two by AutoDock 4.2. The active
site residues for AKT-1 were obtained from a research study of the crystal structure
of AKT-1 protein with an allosteric inhibitor by Wen-I Wu et al. in [8]. The residues
at the active site of AKT-1 were VAL201, SER205, VAL270, THR82, CYS296,
VAL83, GLU85, ILE84, ARG273, ASN54, ASP274, VAL271, TYR272, THR211,
THR291, ILE290, ASP292, LEU210, LEU264, TRP80 and LYS268. These active
sites are present at the linkage of PH domain and the N and C lobe of kinase domain.

Docking Analysis using AutoDock Vina-PyRx: The first round of docking anal-
ysis was conducted to identify the phytocompounds that have the ability to compete
withMiransertib as a potent inhibitor by comparing their resultant vina binding affini-
ties. As depicted by Table 2, results obtained by PyRx revealed that the binding ener-
gies ofDiosgenin (−12.6 kcal/mol), Sanguinarine (−12.2 kcal/mol) andTanshinone-
IIA (−11.7 kcal/mol) are to be greater than that of Miransertib (−11.6 kcal/mol)
which was taken as a positive control due to its therapeutic properties. Due to their
depiction of greater binding strength than the positive control, these three phytochem-
icals, Disogenin, Sanguinarine and Tanshinone-IIA, were then selected for further
docking.

Docking Analysis using AutoDock 4.2: The three phytocompounds, namely
Disogenin, Tanshinone-II and Sanguinarine, were selected for two more rounds of
molecular docking studies which were conducted by Autodock 4.2. The residues
used for this round were the same as mentioned above.

The value of the best confirmation of Disogenin out of the 20 obtained was seen
to be −11.39 kcal/mol. The four different types of interactions observed were pi-
alkyl conventional hydrogen bond, van der Waals, and alkyl, and TRP80, LEU210,
LEU264 and VAL270 were seen to be interacting via alkyl and pi-alkyl bond while
LYS268, THR211 were seen to be interacting via conventional hydrogen bond,
respectively. The remaining residues weakly interacted with the ligand via van der
Waals interaction. (Fig. 1).
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Table 2 Molecular docking
results of 20 compounds with
3O96 using AutoDock Vina
tool compiled in PyRx

S. No. Compound name Vina binding affinity
(kcal/mol)

1 Cordycepin
3’-deoxyadenosine

-7.7

2 Hesperetin −9.6

3 Moscatilin −8.4

4 Nordihydroguaiaretic
acid

−9.4

5 Oridonin −8.6

6 Rabdocoetsin B −8.5

7 Silibinin −7.7

8 Andrographolide −9.9

9 Capsaicin −8.2

10 Cryptotanshinone −11.6

11 Diallyl trisulfide −4.1

12 FTY720 −7.8

13 Arctigenin −10.1

14 Plumbagin −7.9

15 Pterostilbene −8.4

16 Tetrandrine −6.3

17 Punicic_acid −7.2

18 Tanshinone-IIA −11.7

19 Diosgenin −12.6

20 Isoevodiamine −9.2

21 Sanguinarine −12.2

22 Miransertib (Positive
Control)

−11.6

The value of the best confirmation of Sanguinarine out of the 20 obtainedwas seen
to be −9.57 kcal/mol. A total of eight interactions were observed including van der
Waals, alkyl, pi-alkyl, conventional hydrogen bond, pi-sigma, pi-pi stacked, pi-anion
and carbon hydrogen bond. LEU 264 was seen to be interacting via pi-stigma bond,
TRP80 was seen to be interacting via pi-pi stacked bond, LEU210, VAL270 were
seen to be interacting via alkyl and pi-alkyl bond, ASP 292 was seen to be interacting
via pi-anion bond, ILE 290 was seen to be interacting via carbon hydrogen bond,
lastly LYS268 and SER 205 were seen to be interacting via conventional hydrogen
bond, and the rest weakly interacted with the ligand via van der Waals interaction.
(Fig. 2).

The value of the best confirmation of Tanshinone-IIA out of the 20 obtained was
seen to be −9.19 kcal/mol. A total of six interactions were observed including van
der Waals, alkyl, pi-alkyl, conventional hydrogen bond, pi-sigma and pi-pi stacked.
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VAL270was seen to interacting via pi-sigma bond, TRP80was seen to be interacting
via pi-pi stacked, LEU210 and LEU264 were seen to be interacting via alkyl and
pi-alkyl, lastly LYS268 was seen to be interacting via conventional hydrogen bond,
and the rest weakly interacted with the ligand via van der Waals interaction. (Figs. 3
and 4).

Even though the three compounds displayed a lesser binding energy than that of
our positive control they were further investigated since they had an added advantage
of being derived from natural resources, we have further created the bioavailability

Fig. 3 Visualization of the docked complex Disogenin-3O96 a 3O96 is represented in the form
of surface, and the ligand coloured in black is represented in the form of spheres illustrating the
binding pocket. b A closer look at the interactions can be observed wherein the structure coloured
in metallic purple represents the protein, the blue coloured sticks represent the protein groups,
the green coloured ball and stick representation depicts the ligand: Disogenin, and the light green
coloured surface around the ligand represents the binding pocket

Fig. 4 2-D interaction
diagram of Disogenin
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Table 3 Results based on different techniques

S.
No.

Name Binding
energy (�G)
(Kcal/mol)

Ligand
efficiency

Inhibition
constant
(NM)

Intermolecular
energy

Vdw H bond
desolvation

1 Diosgenin −11.39 −0.38 4.5 −11.69 −11.55

2 Tanshinone-IIA −9.19 −0.37 182.78 −9.36 −9.11

3 Sanguinarine −9.57 −0.44 97.04 −9.57 −9.29

4 Miransertib
(positive
control)

−11.47 −0.35 3.94 −13.25 −12.77

Fig. 5 Visualization of the docked complex Tanshinone-IIA-3O96 a 3O96 is represented in the
form of surface, and the ligand coloured in black is represented in the form of spheres illustrating the
binding pocket. b A closer look at the interactions can be observed wherein the structure coloured
in metallic purple represents the protein, the blue coloured sticks represent the protein groups, the
green coloured ball and stick representation depicts the ligand: Tanshinone-IIA, and the light green
coloured surface around the ligands represents the binding pocket

radar and conducted molecular dynamics which is shown in Table 3 (Figs. 5, 6, 7
and 8).

Bioavailability Radar: The three selected compounds, Disogenin, Tanshinone-II
A and Sanguinarine, were then further investigated by computing the bioavailability
radar, and this helped us in giving a closer look at the drug-likeness of the phyto-
compound. The area in pink depicts the optimal range for each property; size: MW
between 150 and 500 g/mol, lipophilicity: XLOGP3 between −0.7 and +5.0, solu-
bility: log S not higher than 6, polarity: TPSA between 20 and 130 Å 2, saturation:
fraction of carbons in the sp 3 hybridization not less than 0.25, and flexibility: nomore
than nine rotatable bonds. This analysis found that Disogenin and Tanshinone-IIA
were both orally bioavailable. Sanguinarine on the other hand was not found to be
orally bioavailable since it very clearly disobeyed the saturation parameter (Fig. 9).

Molecular Dynamics: The stability of the protein upon binding of a small
molecule is the most integral property to be explored, and in order to do the
same, the docked complexes of the two compounds: Disogenin and Tanshinone-IIA
were further subjected to molecular dynamics for 100 ns using Demond-Maestro


