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Abstract: JAB1 or C-Jun activation domain-binding protein-1 plays a role in controlling cellular
proliferation, cell apoptosis, cell cycle, and regulating genomic instability as well as DNA damage
response. JAB1 dysregulation contributes to oncogenesis via deactivating tumor suppressor genes. Vitis
vinifera, Tabernaemontana corymbosa, and Aloe vera have been known for their antitumor functions.
However, the inhibitory role of phytocompounds derived from Vitis vinifera, Tabernaemontana
corymbosa, and Aloe barbadensis miller (Aloe vera) against JAB1 has not yet been elucidated.
Therefore, we studied the naturally derived compounds from Vitis vinifera, Tabernaemontana
corymbosa, and Aloe vera, which can interact and decrease the activities of JAB1 using in-silico
analysis. Eighty-one compounds were screened using PyRx and further analyzed via Lipinski's rule.
Further, on executing molecular docking studies on the sixty selected compounds, Iboluteine was found
to be a potent inhibitor of JAB1 and should further be explored in in-vitro studies to substantiate these
assertions. Phytocompounds are a reservoir of bioactive molecules that can be particularly useful in
treating cervical cancer due to their limited toxicity and amenability from the development of drug
resistance. Thus, this study aims to identify possible naturally derived compounds from Vitis vinifera,
Tabernaemontana corymbosa, and Aloe vera, which can selectively decrease the activities of JAB1 that
has the potential to be a crucial anti-cancer therapeutic molecule against cervical cancer.
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1. Introduction

Cancer is amongst the biggest causes of mortality globally, with cervical cancer being
the third most prevalent cancer among women. It is primarily caused by uncontrollable cell
proliferation that results in a tumor [1,2]. Carcinogenesis in the cervix is caused by a variety of
genetic as well as epigenetic changes. Even though HPV (Human papillomavirus) remains a
major cause, several investigations show that the incidence is not a result of a single factor [3].

Jabl or COPS5 (COP9 signalosome subunit 5) was found to be the 5th element of a
constitutive photomorphogenic 9 signalosome (i.e., COPS5), a multi-purpose protein known
to play a role in controlling a broad range of cell development mechanisms, such as cell
signaling, growth, and differentiation, cell cycle, programmed cell death, DNA damage
responses, but also tumorigenesis [4]. It has been regarded as an oncogene, which gets
overexpressed abnormally in several cancers. An inverse relationship between p27 and Jabl
oncogene was found during the development of cervical cancer. Jabl plays a pivotal role in

https://nanobioletters.com/ 1 of 16


https://nanobioletters.com/
https://nanobioletters.com/
https://doi.org/10.33263/LIANBS123.066
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0003-0164-4521
https://orcid.org/0000-0003-2603-0999
https://orcid.org/0000-0001-5749-9672
https://orcid.org/0000-0001-9846-1005

https://doi.org/10.33263/LIANBS123.066

regulating the cell cycle by promoting the breakdown of several cyclin-dependent kinase
inhibitors (CKIs) and cyclins. P27, known as a ubiquitous CKI, caused the inhibition of
enzymatic activities of cyclin-cyclin dependent kinase complex, which resulted in a cell cycle
halt at the G1 stage [5]. Jabl represses p27 expression by facilitating the proteasome route,
thus promoting cell growth. p27 deposition inside the nucleoplasm, halt in the cell cycle
growth, and proliferation were observed when Jabl1 was knocked out [6].

Furthermore, it was observed that Jab1 controls the release of Bcl-XL, cyclin-D, c-myc,
pl6, and p21, among other cell cycle regulators [7]. Besides, Jabl can also act as a
transcriptional co-factor for MYC that results in transcriptional activation of genes associated
with processes like cell growth, angiogenesis, and invasion. It can also stabilize protein
molecules like hypoxia-inducible factor-1o and c-Jun [8]. Such studies have shown that Jabl
interacts with the related cancer signaling mechanisms, indicating that it could be a prospective
treatment target in cancers. Because Jabl overexpression was linked to bad prognostics, the
invention of the Jabl selective inhibitor could have a big impact on cervical cancer treatment.
However, to date, very few studies have given any evidence to the claim. Pandey [9] explained
the potential of methanolic extract of Moringa oleifera against JAB1 in cervical cancer. The
results showed enhanced ROS (Reactive oxygen species) production and caspase-3 activation,
further explaining the probable mechanism behind the inhibitory effects of this plant's extract
towards JAB1 in cervical cancer cells (particularly HeLa). As a result, this study proved the
role of phytocompounds in targeting JABL1 in cervical cancer. Another study by Pandey et al.
[10] established the relation of hesperidin with JAB1, which had the potential of preventing
the progression of cervical cancer. The study further demonstrated that treatment using
hesperidin ended up in the downregulation of JAB1 in a dose-dependent manner in the HelLa
cell line, thus suggesting JAB1 as a promising therapeutic target for suppression of cell growth
in HelLa cells. Pandey [11] also hypothesized that rutin exhibited inhibitory effects towards
JAB1 and caused the considerable arrest of growth in SiHa cancer cells in a dose-dependent
manner. This study further showed that rutin produced anti-cancer effects by modulating the
expression of oncogenes and tumor suppressor genes.

Surgical intervention, particularly pelvic lymphadenectomy or radical hysterectomy, is
the primarily opted treatment method for this cancer type. In addition, therapy with radiation
therapy or chemotherapy is also resorted to. Unfortunately, each of these treatments is linked
to serious adverse impacts, including bleeding, organ failure, and the danger of blood clots.
Radiation therapies may cause menstrual irregularities, including menopause, irritation,
discomfort during sexual activity, or even fertility issues. In contrast, chemotherapy can trigger
cytotoxic effects throughout the entire body and not just in tumors [12]. Natural compounds
have the potential to act as drugs or as a basis for the development of new drugs [13,14].
According to a recent study, over the last four decades, around 929 out of 1881 newly approved
drugs have a natural origin, ranging from antibacterial, antitumor, antifungal, antiparasitic,
antiviral, and so on [15]. Naturally, derived compounds are less toxic, and their extracts also
show synergetic behavior [16]. Thereby, targeting cancer via these natural compounds is a
useful alternative. The most economically effective treatment option for a variety of diseases
possessing lesser adverse effects is making use of medicinal herbs [17, 18, 19]. Because of the
antioxidant, anti-inflammatory, and antiproliferative properties of Vitis vinifera extracts, its
phytochemicals can be used for nutraceutical formulations in treating and managing different
cancers [20]. Different secondary metabolites derived from Tabernaemontana species (for
instance, Tabernaemontana corymbosa) like terpenes, phenolics, lactones, flavonoids, steroids,
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and alkaloids, have also been utilized as therapeutics due to their biological effects like anti-
cancer, antimicrobial, analgesic, antioxidant, wound healing, anti-inflammatory, larvicidal,
anticholinesterase, antivenom, antidiabetic and antihypertensive action [21]. In addition to this,
another plant, Aloe vera, has properties like growth suppressor evasion, prevention of immune
destruction, tumor-promoting inflammation, activation of invasion and metastasis, induction
of angiogenesis, genome instability and mutation, cell death resistance, deregulation of cellular
energetics, as well as sustainment of proliferating signaling, thus proving its anti-cancer
activities [22]. For this reason, these three plants have been considered in the present study to
find potential natural inhibitors of Jab1 using computational techniques.

2. Materials and Methods

2.1. Tools required for in silico studies.

The software and databases used in this study are IMPPAT (Indian Medicinal Plants,
Phytochemistry And Therapeutics) database, Protein Data Bank, PubChem, Alpha fold protein
structure database, Discovery studio visualizer Biovia, PyMOL, SwissADME, PyRx, and
AutoDock v4.2.6. 2.2.

2.2. Ligand selection.

In total, eighty-one ligands were selected from the phytochemical constituents of three
different plants: Vitis vinifera, Tabernaemontana corymbosa, and Aloe Vera from the literature
[23-25] and database called IMPPAT:- https://ch.imsc.res.in/imppat [26]. The base of selection
of ligands majorly depends upon the phytocompounds showing anti-cancer properties. The
structures of these ligands molecules were procured from a database known as Pubchem [27].
The ligands (Refer to Table 1) were downloaded into 3D structures in .sdf format. These
downloaded ligands structures were further converted into .pdb format through Biovia
discovery studio's visualizer to run molecular docking through Autodock v4.2.6.

2.3. Receptor molecule.

The three-dimensional structure of Jab1l/CSN5 protein (with Uniprot ID: Q92905 and
https://alphafold.ebi.ac.uk/entry/Q92905), which has a major role in the progression of cervical
cancer, was obtained from AlphaFold Protein structure database (https://alphafold.ebi.ac.uk/),
an Al-based online system used for predicting 3D structures of a protein via its amino acid
sequence. The structure was downloaded in .pdb format.

2.4. Virtual screening of ligands.

The screening of phytocompounds of all three plants was done through virtual
screenings software: - PyRx [28]. This software was used to screen out the ligands which were
showing minimum binding energy with the targeted protein (Refer to Table 1). The
phytocompounds showing minimum binding affinity were further investigated for ADME
analysis. The protein and ligands present in PyRx run on .pdbqt format. The procedure of PyRx
started with loading the macromolecule (protein) present in .pdb format. The macromolecule
was further converted into .pdbqt format. After the conversion of the macromolecule, ligands
that were converted into .pdb format were loaded in PyRx. The energy of all ligands was
minimized, followed by the conversion of ligands into .pdbqt format. The docking of all ligands
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and the macromolecule was performed by forming a grid, and molecules having lower binding
energy were screened out for further analysis. The resultant structures of the docked complex
were saved into .pdb format.

2.5. ADME analysis.

Drug likeness property analysis or ADME analysis was done through a tool known as
SwissADME (https://www.swissadme.ch/). It is an online tool used to do the screening of
compounds that follow the five Lipinski rules of drugs [29]. The compounds violating the rules
were eliminated, and leftover ligands were used for molecular docking. Here, the SMILE
notations of screened ligands were taken from PubChem and were pasted to the online server
of SwissADME. The five Lipinski rules state that: - The H-bond donor should be less than 5,
the molecular weight of the compound should be less than 500Da, the H-bond acceptor should
be less than 10, lipophilicity (LogP) should be less than 5, and molar refractivity should be in
between 40 to 130. The phytocompounds that violated more than one of Lipinski's rules were
not considered for molecular docking [30].

2.6. Protein preparation.

Before carrying out the docking process, the Jabl/CSN5 protein was prepared by
removing the water molecules. This was followed by removing Hetatoms and saving the file
in .pdb format to perform further analysis.

2.7. Molecular docking.

The docking experiments of ligands against Jabl protein were performed through
Autodock v4.2.6. This software was used to demonstrate the binding energy analysis via energy
potential and grid formation. Different search algorithms were used to find the specific binding
energy features on the targeted protein [31]. In the AutoDock, water molecules were removed
from the prepared macromolecule and shortlisted ligands. In contrast, polar hydrogen
molecules and charges like Gasteiger and Kollman were added to the Jabl protein, summing
up the optimization of ligand and targeted protein. The loaded ligands and protein were saved
into .pdbqgt format. The active site residues of Jabl protein were retrieved from a protein
visualization software, PyMOL. These active site residues were taken to form a grid box of
85x85x85 with a spacing of 0.375A. The .pdbgt format files of both ligand and targeted protein
were used to run autogrid. The genetic algorithm was kept as the search parameter and the
docking research as the output which provided the information on Lamarckian GA. The
docking log files were acquired for further binding energy analysis. This procedure was
repeated three times for every loaded ligand, and the final conformation possessing the highest
negative binding affinity among the ten energy conformations was taken into account. The
docked structure was then converted into a two-dimensional structure used to analyze the
interactions formed at the binding site of Jabl protein and ligand through Biovia Discovery
Studio Visualiser.

2.8. Bioavailability radar testing.

A more reasonable evaluation of physicochemical properties was used to extend the
search for some potent ligand molecules. Bioavailability radars against the ligands that
outperformed the standard compound were created using the SwissADME (an internet tool).
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Six decision variables were used to analyze the compounds: flexibility, lipophilicity, polarity,
saturation, size, and solubility. Molecules that varied from either of the standard values
anticipated being orally inaccessible, so they were removed from a further study [29].

2.9. PASS webserver prediction.

The PASS webserver is an online server that can be used to predict the biological
activity of a ligand or a compound. The SMILES of ligand were taken from PubChem as an
input, and it provides the probability of biological activity. It tells the information about a drug's
activeness or inactiveness in that particular biological activity.

3. Results and Discussion

3.1. Virtual screening of ligands.

The ligands subjected to virtual screening were shortlisted for ADME analysis on the
basis of their binding energy. Eighty-one ligands underwent virtual screening, and the ligands
showing binding energy of -3.5 Kcal/mol and above were selected for ADME analysis. Out of
eighty-one ligands, only seventy-one had binding energy of -3.5 Kcal/mol or more than that.
The remaining ten ligands were not accounted for ADME analysis (Table 1).

Table 1. Results of virtual screening of phytocompounds via PyRx.

Plant Name Phytocompound Name Binding affinity (Kcal/mol)
(-)-Epicatechin gallate -8.7
Ampelopsin A -8.6
29-Nor-20-oxolupeol -8.4
Luoenone -8
Betulin -7.9
(+)-Epicatechin =715
Delphinidin -1.4
Dihydromyricetin -1.4
Resveratol -1.4
Pterostilbene -6.8
2,4-Dihydroxycinnamic acid -6.2
Alpha-terpineol -5.6
8-hydroxygeraniol -5.3
Vitis vinifera (-)-Linalool -5.1
Dehydroascorbic Acid -5
2,6-Dimethyloct-7-ene-2,3,6-triol -4.9
2(3H)-Furanone, 5-ethoxydihydro- -4.6
Eupatin -4.7
Malvidin -4.7
3-beta-Hydroxy-20(29)-lupene -4.6
Brevilagin 1 -4.6
Alpha-Viniferin -4.5
Astilbin -4.4
Carotene -4.3
1,3-Propanediol -35
Vitisin C -3.2
Pseudomonic acid A -3.1
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Plant Name Phytocompound Name Binding affinity (Kcal/mol)
Ervachinine B -9
Ervachinine D -8.7
Velbanamine -8.6

Criofolinine -8.5
Jerantinine C -8.3
Lirofolines A -8.2
Affinisine -8
16-epivobasine -7.9
Iboluteine -7.9
Jerantinine E -7.8
Conolutinine -1.7
Jerantinine F -1.7
Tabernaemontana corymbosa Vobaser?al T
Ervaluteine -7.6
Vernavosine -7.5
19-epi-heyneanine -1.4
Jerantinine B -7.4
Iboxygaine -7.3
Jerantinine A -7.1
Jerantinine D -7
Conodiparine A -6.4
Conodiparine B -6.3
Vincristine -6.2
Heyneanine -3.4
Tabernaricatine C -3.3
Lirofolines B -3.2
(E)-Cycloarta-23-ene-3beta-ol -8.5
Chrysophanol -8.1
10-Hydroxyaloin A -8
Apigenin -8
Lophenol -8
Aloesaponarin | -7.9
Aloin -7.9
Barbaloin -7.8
Emodin -7.8
Aloe-emodin -1.7
Aloe Vera Aloesaponarin |1 -1.7
Aloesone -7.1
Aloesin -6.8
Esculetin -6.4
3,5-Di-tert-butyl-4-hydroxybenzaldehyde -6.3
Umbelliferone -6.2
Benzothiazolone -5.4
Allantoin -5.2
15-Methylhexadecanoic acid -45
7-Hydroxyaloin B -4.4
Trypan Blue free acid -3.8
Octapeptide -3.7
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Plant Name Phytocompound Name Binding affinity (Kcal/mol)
Beta-carotene -3.6
Galactitol -34
CHEMBL518845 -34
Creatinine -3.3
Salicylic acid -3.2
6-Biopterin -2.8

3.2. In-silico bioavailability analysis.

All seventy-one ligands were analyzed using the SwissADME tool on the Swiss
Institute of Bioinformatics page (refer to http:/www.swissadme.ch/ ) for virtual Physico-
chemical features like drug resemblance, water-solubility, pharmacokinetics, lipophilicity,
medicinal chemistry, and pharmacokinetics parameters [29].

3.3. ADME Analysis.

The shortlisted seventy-one phytocompounds derived from the three selected plants
were further subjected to preliminary comparisons (Table 2), conducted with respect to ligand
molecule properties. These comparisons helped rule out the compounds that did not satisfy the
properties of becoming a drug candidate. The five rules of Lipinski were used on seventy-one
phytocompounds for estimating the drug-likeness, and the phytocompounds which obeyed the
Lipinski rules were selected for further investigations. Compounds that did not follow two or
more Lipinski rules were not pursued further. The remaining phytocompounds were considered
for molecular docking studies. Eleven compounds, namely, 3beta-Hydroxy-20(29)-lupene,
brevilagin 1, alpha-Viniferin, astilbin, carotene (derived from Vitis vinifera), conodiparine A,
conodiparine B, vincristine (derived from Tabernaeumontana corymbosa), acemannan, trypan
blue free acid, octapeptide (derived from Aloe vera) violated more than one Lipinski rule.
Therefore, the remaining 60 compounds were examined for docking studies.

Table 2. ADME analysis of selected phyto-compounds.

Plant Name Phytacompound Vweight | acceptors| donors | Refracivity | (LogP<5) | Vielaton
29-Nor-20-oxolupeol 428.69 g/mol 2 1 131.01 7.04 1
3beta-Hydroxy-20(29)-lupene 426.72 g/mol 12 1 135.14 9.87 2
Brevilagin 1 354.22 g/mol 9 7 - -1.76 2
Lupenone 424.70 g/mol 1 0 134.18 9.56 1
(-)-Epicatechin gallate 442.37 g/mol 10 7 110.04 1.53 1
(-)-Linalool 154.25 g/mol 1 1 50.44 2.97 0
(+)-Epicatechin 290.27 g/mol 6 5 74.33 0.36 0
1,3-Propanediol 76.09 g/mol 2 2 18.86 -1.04 0
Vitis vinifera 2,4-Dihydroxycinnamic acid 180.16 g/mol 4 3 47.16 1.16 0
2,6-Dimethyloct-7-ene-2,3,6-triol | 188.26 g/mol 3 3 53.27 0.44 0
5-Ethoxydihydro-2(3H)-furanone | 130.14 g/mol 3 0 31.21 0.56 0
8-hydroxygeraniol 170.25 g/mol 2 2 51.56 231 0
alpha-Terpineol 154.25 g/mol 1 1 48.8 3.39 0
alpha-Viniferin 662.68 g/mol 9 6 185.07 6.83 3
Ampelopsin A 470.47 g/mol 7 6 128.34 3.77 1
Astilbin 450.40 g/mol 11 7 - 0.04 2
Betulin 442.72 g/mol 2 2 136.3 8.28 1
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Plant Name Phytocompound Veight | acceptors| donors | Refractvity| (LogP<5) | Vielaton
Carotene 536.89 g/mol 0 0 - 12.46 2
Dehydroascorbic Acid 174.11 g/mol 6 2 32.85 -1.03 0
Delphinidin 303.24 g/mol 7 6 78.2 1.22 1
Dihydromyricetin 320.25 g/mol 8 6 76.78 0.59 1
Resveratol 228.24 g/mol 3 3 67.88 3.13 0
Pterostilbene 256.30 g/mol 3 1 76.82 3.78 0
Eupatin 360.31 g/mol 8 3 93.47 2.89 0
Malvidin 331.30 g/mol 7 4 87.13 224 0
Jerantinine A 382.45 g/mol 5 2 112.97 2.63 0
Velbanamine 382.45 g/mol 5 1 110.39 2.85 0
Jerantinine B 398.45 g/mol 6 2 112.41 1.79 0
16-epivobasine 402.91 g/mol 4 0 116.79 2.93 0
Jerantinine C 396.44 g/mol 5 2 113.17 1.97 0
Conodiparine A 750.92 g/mol 9 4 218.65 4.44 2
Iboxygaine 326.43 g/mol 3 2 99.62 234 0
Jerantinine D 412.44 g/mol 6 2 112.61 1.25 0
Iboluteine 326.43 g/mol 3 1 101.83 3.12 0
Conodiparine B 750.92 g/mol 9 4 218.65 4.42 2
Tabernaemon Jerantinine E 384.47 g/mol 5 2 113.44 2.74 0
tana Vincristine 824.96 g/mol 12 3 233.11 3.39 2
corymbosa Affinisine 308.42 g/mol 2 1 97.55 2.04 0
Ervachinine D 676.89 g/mol 6 3 206.71 5.61 1
Lirofolines A 648.83 g/mol 6 0 197.94 6.2 1
Criofolinine 398.41 g/mol 6 3 105.84 1.27 0
Conolutinine 312.41 g/mol 3 1 95.07 2.38 0
19-epi-heyneanine 296.41 g/mol 2 2 93.12 2.8 0
Ervachinine B 676.89 g/mol 6 3 206.71 5.61 1
Jerantinine F 398.45 g/mol 6 2 112.41 1.9 0
Vobasenal 352.38 g/mol 4 1 100.32 1.75 0
Ervaluteine 342.43 g/mol 4 2 102.99 25 0
Vernavosine 528.38 g/mol 5 2 128.54 3.03 1
Aloe-emodin 270.24 g/mol 5 3 69.92 1.82 0
Aloin 418.39 g/mol 9 7 101.96 -0.12 1
Chrysophanol 254.24 g/mol 4 2 68.76 3.53 0
Aloesaponarin | 312.27 g/mol 6 2 80.04 3.48 0
Aloesaponarin |1 254.24 g/mol 4 2 68.76 3.07 0
Aloesin 394.37 g/mol 9 5 96.87 -1.28 0
Umbelliferone 162.14 g/mol 3 1 4451 1.58 0
Trypan Blue free acid 872.89 g/mol 16 8 212.77 4.35 3
Aloe Vera :
Esculetin 178.14 g/mol 4 2 46.53 1.22 0
Allantoin 158.12 g/mol 4 39.55 -2.17 0
Emodin 270.24 g/mol 3 70.78 2.72 0
Octapeptide 1081.31 g/mol 12 12 291.73 0.7 3
Aloesone 232.24 g/mol 1 64.25 1.18 0
Apigenin 270.24 g/mol 3 73.99 3.02 0
(E)-Cycloarta-23-ene-3beta-ol 426.72 g/mol 1 1 135.14 9.37 1
10-Hydroxyaloin A 434.39 g/mol 10 8 103.01 -1.21 1
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FlariNams Phytocompoun Veight | acceptors| donors | Refractvity| (LogP<5) | Vielaton
15-Methylhexadecanoic acid 270.45 g/mol 2 1 85.6 7.42 1
7-Hydroxyaloin B 434.39 g/mol 10 8 103.98 -1.19 1
hidioa;éiﬁzgfzwde 234.33 g/mol 2 1 72.39 437 0
Barbaloin 418.39 g/mol 9 7 101.96 -0.12 1
Benzothiazolone 151.19 g/mol 1 1 42 .45 1.76 0
Beta-carotene 536.87 g/mol 0 0 184.43 13.54 2
Lophenol 400.68 g/mol 1 1 128.42 8.72 1

3.4.1. ADME test.

The development of any drug requires analysis of ADME properties, namely, excretion,
absorption, metabolism, and distribution, in the discovery process. Iboluteine was assessed for
Swiss ADME. Distinctive to Swiss ADME, it depicts the graphical representation of the drug-
likeness specifications of an oral bioactive drug. This graph is outlined as a hexagon in Fig. 1.
The pink area present in the hexagon represents the ideal array for each property (lipophilicity,
that is, XLOGP3 was 3.48; molecular weight was 326.43 g/mol; polarity, that is, TPSA was
41.57 A2 solubility, that is log s was 4; saturation value was 0.65 and carbon portions in the
sp3 hybridization, as well as 2 rotatable bonds discovered flexibility) (Figure 1).

LIPO

FLEX

o

m

INSATU POLAR

INSOLU

Figure 1. Structural features and bioavailability radar of ligand Iboluteine by SwissADME.

3.4.2. Drug-likeness.

Drug-likeness properties of Iboluteine are described by the distorted red hexagon inside
the pink color. The molecule lies within the drug-likeness specifications of bioavailable drugs,
further following the Lipinski rule with a bioavailability score of 0.55. The SwissADME even
comprises computational filters, making the Lipinski rule the most common specification for
evaluating small molecules for drug-likeness (Figure 2A).

3.4.3. Medicinal chemistry evaluation.

Evaluation of medicinal chemistry is used to predict drug-likeness of small molecules,
including PAINS (Pan-assay interference compounds) and Brenk screening rules. The PAINS
computer screening model is used to identify compounds that look in various high-performance
biochemical screens as hits (or promiscuous compounds). Our molecule does not display any

such PAINS alertness. In another selection model, this molecule followed the Brenk screening
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law with only an isolated alkene, which determines that the compound is smaller as well as less
hydrophobic and not those defined by Lipinski's rule (Figure 2A).

Druglikeness

Medicinal Chemistry

Pharmacokinetics

Figure 2. (A) Evaluation of medicinal drug likeliness and therapeutic chemistry of ligand Iboluteine, (B)
Bioavailability radar of ligand Iboluteine (in the left panel) and pharmacokinetics (in the right panel) analyzed

3.4.4. Pharmacokinetics.

using SwissADME

Using SwissADME, it was even possible to evaluate whether a chemical is a p-
glycoprotein (P-gp) substrate or CYP (Cytochrome P450) isoenzyme inhibitor. The drug
metabolism via CYP isoenzymes is a crucial cause of drug contacts that might end up in drug
harmfulness and decreased pharmacological results. The model reviews if the molecule is more
probable to be a substrate or not of a specified CYPP-gp substrate or an inhibitor or non-
inhibitor. By inhibiting the CYP2D6 (Cytochrome P450 2D6) inhibitor, our ligand displayed
pharmacological properties. This molecule depicted low Gi absorption and Log Kp (skin
permeation) and falling in a negative range of -5.82 cm/s. Ligand crosses the blood-brain
barrier. Further, in-vitro experiments will be needed to evaluate if Iboluteine is activated or
deactivated by CYP2C19 (Cytochrome P450 2C19), CYP2C9 (Cytochrome P450 family 2
subfamily C member 9), as well as CYP3A4 (Cytochrome P450 3A4) (Figure 2B).

3.5. Molecular docking.

Molecular docking is an important computational analysis step that is used in drug
design. Docking studies can predict the best orientation of the selected ligand with a targeted
protein and helps in the production of conformation of the docked complex with the minimum
binding affinity. All the sixty ligands which were obeying the five rules of Lipinski were
subjected to molecular docking as per the active sites of Jabl protein. The binding energies of
standard drugs [32], which are used in cervical cancer against Jabl protein, namely Irinotecan,
Curcumin, Doxorubicin, and 5 Fluorouracil, were showing binding energies of -7.37 Kcal/mol,
-5.48 Kcal/mol, -4.77 Kcal/mol, and -4.37 Kcal/mol respectively (Table 3).

Table 3. Molecular docking studies of selected phyto-compounds.

Binding Ligand Inhibition Intermolecular Vdw H bond
Plant Name Phytocompound Energy (AG) Effi?;ienc constants ener desolvation
(Kcal/mol) y (uM) ay energy
Lupenone -8.26 -0.27 0.62414 -8.76 -8.72
29-Nor-20-oxolupeol -1.7 -0.25 2.28 -8.29 -8.14
Vitis vinifera Betulin -7.22 -0.23 5.11 -8.41 -8.33
Ampelopsin A -6.87 -0.2 9.17 -9.26 -9.02
Resveratol -6.53 -0.38 16.31 -8.02 -7.69
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Binding Ligand Inhibition Intermolecular Vdw H b_ond
Plant Name Phytocompound Energy (AG) Efficiency constants energy desolvation
(Kcal/mol) (M) energy

(+)-Epicatechin -6.27 -0.3 25.51 -8.06 -7.86
Malvidin -6 -0.25 40.06 -8.09 -7.84
Eupatin -5.55 -0.21 85.59 -7.64 -7.37
Pterostilbene -5.39 -0.28 111.28 -6.89 -6.67
Delphinidin -5.28 -0.24 134.14 -7.37 -7.11
Dihydromyricetin -5.12 -0.22 176.2 -7.21 -7.09
(-)-Epicatechin gallate -4.91 -0.15 252.6 -8.19 -8.02
alpha-TERPINEOL -4.87 -0.44 271.35 -5.46 -5.39
2(3H)-Furanone, 5-ethoxydihydro- -4.52 -0.5 487.99 -5.11 -4.97
2,4-Dihydroxycinnamic acid -4.46 -0.34 534.75 -5.66 -5.66
Dehydroascorbic acid -4.37 -0.36 626.76 -5.56 -5.06
(-)-Linalool -4.26 -0.39 747.86 -5.76 -5.64
8-hydroxygeraniol -3.84 -0.32 1540 -5.92 -5.79
2,6-Dimethyloct-7-ene-2,3,6-triol -3.56 -0.27 2470 -5.94 -5.76
1,3-propanediol -2.57 -0.51 13170 -3.76 -3.28
Iboluteine -8.33 -0.33 15 -8.54 -8.31
Ervaluteine -7.89 -0.31 1.96 -8.68 -8.41
Ervachinine D -7.59 -0.15 -2.73 -9.68 -9.74
19-epi-heyneanine -7.55 -0.34 291 -8.15 -7.8
Ervachinine B -7.46 -0.15 3.42 -9.54 -9.59
Lirofolines A -7.32 -0.31 4.32 -8.21 -7.9
Vobasenal -7.01 -0.27 7.25 -7.91 -7.52
16-epivobasine -6.83 -0.25 -9.92 -7.42 -7.11
Iboxygaine -6.74 -0.28 114 -7.64 -7.19
Tabetr;na;mon Velbanamine -6.73 -0.24 -11.71 -7.62 -7.05
corymbosa Vernavosine -6.6 -0.23 14.59 -7.79 7.2
Affinisine -6.55 -0.28 17.32 -7.09 -6.75
Jerantinine D -6.5 -0.22 17.07 -8 -7.79
Conolutinine -6.44 -0.28 19.09 -7.03 -6.58
Jerantinine B -6.38 -0.22 20.98 -7.87 -7.53
Criofolinine -6.34 -0.22 22.58 -7.53 -7.47
Jerantinine F -6.2 -0.21 28.33 -1.4 -6.5
Jerantinine C -5.88 -0.2 48.88 -7.37 -7.03
Jerantinine A -5.6 -0.2 78.04 -7.1 -7.11
Jerantinine E -5.52 -0.2 90.05 -7.01 -6.67
(E)-Cycloarta-23-ene-3beta-ol -7.99 -0.26 1.38 -9.49 -949
Lophenol -7.56 -0.26 2.85 -9.35 -9.33
Aloesin -6.88 -0.25 9 -9.57 -9.09
apigenin -6.72 -0.34 11.96 -7.91 -7.58
Aloesone -6.49 -0.38 17.47 -7.39 -7.27
Aloe Vera Aloin -6.35 -0.21 22.25 -9.33 -8.84
Aloesaponarin |1 -6.33 -0.33 22.73 -6.93 -6.77
Umbelliferone -6.06 -0.51 36.44 -6.35 -6.18
Emodin -5.96 -0.3 42.61 -6.86 -6.49
Barbaloin -5.88 -0.2 48.99 -8.86 -8.73
Aloesaponarin | -5.83 -0.25 53.24 -7.02 -6.82
Aloe-emodin -5.64 -0.28 73.17 -6.84 -6.66
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Binding Ligand Inhibition Intermolecular Vdw H bpnd
Plant Name Phytocompound Energy (AG) Efficiency constants energy desolvation
(Kcal/mol) (M) energy

Esculetin -5.6 -0.43 79.03 -6.19 -6.08
Chrysophanol -5.57 -0.29 82.9 -6.16 -6.05
10-Hydroxyaloin A -5.35 -0.17 119.11 -8.63 -8.52
hjfr Oa;éeerrfzgfz:]; " 535 031 119.48 -6.54 651
7-Hydroxyaloin B -5.11 -0.16 178.57 -8.39 -8.32
Allantoin -4.98 -0.45 223.91 -5.28 -5.19
15-Methylhexadecanoic acid -4.86 -0.26 273 -9.34 -7.49
Benzothiazolone -4.59 -0.46 432.33 -4.59 -4.59
Irinotecan (Standard) -7.37 -0.17 3.93 -9.16 -9.2
Curcumin (Standard) -5.48 -0.2 96.08 -8.46 -8.52
Doxorubicin (Standard) -4.77 -0.12 317.81 -8.05 -8.1
5-fluorouracil (Standard) -4.37 -0.49 -627.09 -4.37 -4.34

The minimum binding energy among all the complexes of Vitis vinifera,
Tabernaemontana corymbosa, and Aloe vera were -8.26 Kcal/mol, -8.33 Kcal/mol, and -7.99
Kcal/mol, respectively.

L THR
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A:252
THR
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vs Ai265 A:254
A272
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A:207 @ LEU
TYR : L i A:63
A:143 A:176
PRO TYR GLY
A:141 A:261 A:179 AT:T'F;S VAL
A:181
| Pi-Sigm:
""" Alkyl
(] Carbon Hydrogen Bond ] Pralkyl Interactions
I unfavorable Acceptor-Acceptor van der Waals Alkeyl
A B

Figure 3. (A) Interaction between Iboluteine and Jabl; (B) Interaction between Lupenone and Jabl.

The minimum binding energy among all the selected ligands was Iboluteine (-8.33
Kcal/mol), a phytocompound of Tabernaemontana corymbosa. A total of fifteen residues
interacted with ligand molecules. Only one residue, namely GLY142, was seen to form the
strong conventional H-bond with the ligand. TYR261, TYR143, and PRO207 were seen to
form another type of interaction, namely the Pi-Alkyl bond. PRO207 was also seen to form a
Pi-sigma interaction. ASP268 showed unfavorable Acceptor-Acceptor interaction while
GLN265 was forming a carbon-hydrogen bond with the ligand. The remaining residues
interacted with van der Waals formation (Figure 3A) (Table 3).

Figure 3B represents the best docked binding energy conformation of the Lupenone
complex. The binding energy was -8.26 Kcal/mol. Thirteen residues showed interaction with
the ligand. Only two types of interaction were seen, Van der Waals interaction and Alkyl bond
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formation. ILE176, LEU63, VAL66, and MET67 showed alkyl bond formation at different
positions present in the ligand. The remaining residues ARG70, THR249, THR257, SER252,
SER254, ASN258, GLY179, THR175, and VAL181 showed Van der Waals interaction with
ligand (Table 3).

Among the ten energy conformations obtained for (E)-Cycloarta-23-ene-3beta-ol
complex, -7.99 Kcal/mol was the best binding energy conformation. In total, twelve amino acid
residues interacted with the given ligand. Out of twelve, five residues: LEU241, LEU238,
LEUG3, LEUG2, and VALG66, interacted with the ligand by forming an Alkyl bond. TRP242
formed a Pi-sigma bond. The remaining residues like TRP246, TYR245, ASN248, THR249
VAL181, and ALA59 formed van der Waals bonds, as shown in Figure 4A and Table 3.

Ervaluteine, a phytocompound of Tabernaemontana corymbosa, showed the second-
highest binding energy among all the phytocompounds of the same plant and held the fourth
position with respect to binding energy among all sixty phytocompounds (Table 3). A total of
seventeen residues interacted with the given ligand. GLY142 formed a strong conventional
Hydrogen bond while PRO207 interacted via a Pi-sigma bond with the ligand. ILE 206 showed
Amide-Pi stacked bond formation, and TYR261 was interacting through Pi-Alkyl bond
formation. The remaining eleven residues showed weak van der Waals bond formation. Only
GLN265 was seen to form a carbon Hydrogen bond (Figure 4 (B)).

LYs A28 A:143
iy Tyl (E LEY A272 -
Ai242 oy A245 Aza1  A238 fFRO,
7
A:248 A
kgeua AA3SSG A5 AT1$3
THR
A:205 H
K207
ALA AL,EEQ . AA??A GLY
A:59 S48
WYy Ao &R
A:249 A.ngo AN
A6 K62 ;
VAL
A:181
-
[ PI-Sigma
A B
Figure 4. (A) Interaction between (E)-Cycloarta-23-ene-3beta-ol and Jabl; (B) Interaction between Ervaluteine

and Jabl.

3.6. BioavailabilityrRadar.

Iboluteine and Ervaluteine of Tabernaeumontana corymbosa, Lupenone of Vitis
vinifera, and (E)-Cycloarta-23-ene-3beta-ol of Aloe vera were among the top three docked
compounds that were studied subsequently. Bioavailability radar is employed to conduct a
much more detailed and complete analysis. This is a describing method that uses six physical
and chemical parameters to assess the drug-likeness of selected compounds. In the case of
Iboluteine and Ervaluteine, the ligand spectrum completely fitted in the pink-colored region,
indicating that it is orally bioavailable. Both, Lupenone and (E)-Cycloarta-23-ene-3beta-ol, on
the other hand, did not obey the solubility and lipophilicity parameters, concluding that these
two compounds are not orally bioavailable (Figure 5).
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C D

Figure 5. Bioavailability radars of (A) Iboluteine; (B) Lupenone; (C) (E)-Cycloarta-23-ene-3beta-ol; (D)
Ervaluteine.

3.7. PASS Webserver Prediction.

The PASS webserver was used to predict the biological activity of a ligand-based on
its conformation. The shortlist three compounds of Vitis vinifera, Tabernaemontana
corymbosa, and Aloe vera Lupenone, Iboluteine, and (E)-Cycloarta-23-ene-3beta-ol were used
in PASS webserver prediction. All the compounds showed the same biological activity. The
probability of compounds acting as antineoplastic ranged between 0.823 and 0.955 (Refer to
Table 4).

Table 4. Prediction of Biological activities of selected compounds.

Phytocompound Pa Pi Biological activity prediction
Lupenone 0.955 0.004 Antineoplastic
Iboluteine 0.918 0.006 Antineoplastic

(E)-Cycloarta-23-ene-3beta-ol 0.823 0.009 Antineoplastic

Where Pa = probability to be active and Pi = probability to be inactive
4. Conclusions

A total of eighty-one compounds were chosen from three different plants, namely
Tabernaeumontana corymbosa, Vitis vinifera, and Aloe vera, for this research. PyRx was used
for screening all these phytocompounds, after which ten of them were eliminated owing to a
binding affinity of more than -3.5Kcal/mol. The remaining seventy-one compounds were
further estimated for their drug likelihood. In total, sixty compounds were found to be drug-
likable and underwent testing using a computational approach, i.e., molecular docking studies.
For further evaluation, the docked ligands were then compared to the standard inhibitors, i.e.,
Irinotecan, Curcumin, Doxorubicin, and 5-fluorouracil. Nine phytocompounds possessed
higher binding energies than Irinotecan. Among these, the top four compounds were
incorporated for bioavailability radar testing. Iboluteine and Ervaluteine of Tabernaeumontana
corymbosa were observed to be orally bioavailable. Thus, the two compounds of
Tabernaeumontana corymbosa can be used as a potential plant inhibitor against the targeted
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Jabl protein (graphical abstract). Further in-vitro investigations on Iboluteine and Ervaluteine
can indeed be fostered in order to identify an efficient and robust treatment for cervical cancer.
In all, further in-vivo and clinical studies are required to confirm the therapeutic potential of
JABL.
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