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Abstract

Natural products offer a source of a vast array of molecules for early-stage drug
natural  products, molecular discovery, but screening of large libraries is expensive and time consuming. In
docking,  AutoDock  Vina, this study, 20 natural compounds were screened against five protein targets

Keywords

proteinligand interactions, using an integrated in silico workflow and all the compounds were prioritized

ADMET, virtual screening, and by molecular docking, protein-ligand interaction analysis, druglikeness

druglikeness analysis, RMSD assessment and ADMET prediction. There were 300 docking
records produced (3 runs x 20 compounds x 5 targets). Docking scores ranged
from —9.65 to —6.65 kcal/mol, with an overall mean of —8.39 + 0.61
Atrticle History kcal/mol. The overall mean docking scores were the lowest for curcumin
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(—9.20 kcal/mol), followed by quercetin (—9.12), luteolin (—9.04),
epigallocatechin gallate (—8.94), and kaempferol (—8.76). Target wise profile
of Target Protein 3 was the most favorable (—8.67 kcal/mol). The mean
number of hydrogen bonds, hydrophobic contacts and Trinteractions per record
were 1.46, 5.36 and 1.47, respectively. RMSD wvalues ranged from 0.62 to
2.09 A (mean 1.37 + 0.44 A). 90.0% of records were predicted to have high
gastrointestinal absorption and 90.0% were predicted to be low in toxicity. If
you use Integrated prioritization, 16.7% of records are high priority. The top
compounds should be considered to be the ones that were prioritized
computationally and not necessarily the ones that are considered a therapeutic

lead.
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The structural diversity of natural products with
aromatic  structures,  hydroxyl  groups,

1. Introduction
Structure-based computational approaches are

becoming a crucial tool in the drug discovery
process to minimize the number of compounds
that need to be experimentally tested. Molecular
docking can be used to identify the plausible
orientations of a ligand in a protein binding site
and a relative ranking using a computational
score. AutoDock Vina is an open source docking
engine that is widely used, which implements a
conformational search and an empirical scoring
function. The provided thesis focuses on the fact
that docking scores should not be used as
experimental binding free energies.

heterocycles, glycosides, and other functional
groups that can engage in various non-covalent
interactions makes them especially useful in
computational screening. Thus, the present
study combines the docking procedure with
interaction analysis and ADMET/drug-likeness
prediction to prioritize candidates more
conservatively.

2. Materials and Methods

2.1 Computational workflow

The workflow of the study included protein-
target selection, retrieval and preparation of 3D
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protein structures from the Protein Data Bank,
selection and preparation of natural compounds
from public chemical databases such as
PubChem and ZINC, bindingsite definition,

molecular  docking  (AutoDock/AutoDock
Vina), pose and interaction analysis, RMSD
assessment, ADMET and  druglikeness

prediction, and integrated lead prioritization.

Structure-based virtual screening workflow

Protein Ligand Structure
selection - selection - preparation g definition

Binding-site

AutoDock Vina

Interaction ADMET / Lead
docking i >

analysis drug-likeness prioritization

Figure 1. Redrawn structure-based virtual screening workflow derived from the thesis methodology.

2.2 Docking design and validation

Five protein targets were tested with 20 natural
compounds. For each protein-compound pair 3
docking runs were reported, providing 300
docking records. It is described in the thesis that
a known ligand was re-docked and RMSD values
were reported to ascertain the pose. The thesis
makes it clear, however, that the numerical
validation/RMSD data set is synthetic for
analysis purposes only and should not be
considered as experimental validation.

3. Chemical Structures of the Leading
Compounds

The five major compounds found in the thesis
supplied were curcumin, quercetin, luteolin,
epigallocatechin ~ gallate  (EGCG)  and
kaempferol. The 2D structures are shown below
in redrawn chemical diagrams that look like they
appeared in the original publication.
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Curcumin

HO

Lutealin

Figure 2. Two-dimensional structures of the five leading computational candidates.
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Table 1. Key structural and computational characteristics of the five leading compounds.

OH

OH

Compound

MW (g/mol)

Mean docking score

Drug-likeness

(kcal/mol)
Curcumin 368.38 -9.20 0.87
Quercetin 302.24 —9.12 0.88
Luteolin 286.24 —9.04 0.87
Epigallocatechin gallate | 458.37 —8.94 0.77
Kaempferol 286.24 —8.76 0.88
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4. Results

4.1 Overall screening performance

Twenty natural compounds and five protein
targets were screened with 300 docking records
4.2 Comparative docking performance

obtained. The molecularweight range was
170.12-610.56 g/mol. The overall docking-
score range was —9.65 to —6.65 kcal/mol, with
a mean of —8.39 + 0.61 kcal/mol.

Mean docking scores of the five leading compounds

Curcumin

Quercetin -

Luteolin

Epigallocatechin gallate -

Kaempferol -

-8

-6 -4 -2 0

Mean docking score (kcal/mol)

Figure 3. Mean docking scores of the five leading natural compounds.

Table 2. Leading compounds ranked by reported mean docking score.

Compound Mean docking score (kcal/mol)
Curcumin 9.20
Quercetin 9.12
Luteolin 9.04
Epigallocatechin gallate -8.94
Kaempferol -8.76
Fisetin -8.55
Ellagic acid -8.55
Berberine -8.48
Baicalein -8.48
Apigenin -8.45
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4.3 Target-specific docking
Mean docking score by protein target

Target Protein 1 A

Target Protein 2 A

Target Protein 3 1

Target Protein 4 -

Target Protein 5 A
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Mean docking score (kcal/mal)

Figure 4. Mean docking score for each protein target.

Protein target Mean docking score (kcal/mol)

Target Protein 1 -8.48

Target Protein 2 -8.18

Target Protein 3 -8.67

Target Protein 4 -8.38

Target Protein 5 -8.39
Target protein 3 exhibited the best overall target- protein 2 (—8.18). The curcumin, luteolin, and
wise docking profile (—8.67 kcal/mol), followed quercetin had especially good reported means of
by Target protein 1 (—8.48), Target protein 5 —9.53, —9.44, and —9.24 kcal/mol within
(—8.39), Target protein 4 (—8.38) and Target Target Protein 3, respectively.
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4.4 Protein-ligand interactions

Mean predicted protein-ligand interactions per docking record

Hydrogen bonds

Hydrophobic contacts

n-interactions

r T
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Mean interactions per record

Figure 5. Mean predicted interaction counts per docking record.

Interaction type Mean per record

Hydrogen bonds 1.46

Hydrophobic contacts 5.36

T-interactions 1.47
The hydrogen bond, hydrophobic contacts and aspartate, arginine, serine, histidine, leucine,
Trassociated interactions were found to be the valine, and asparagine were the residues that
main interaction types from the interaction were found as recurring residues.

analysis. Tyrosine, phenylalanine, lysine,
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4.5 Docking-pose RMSD

Mean = 1.37 A

RMSD summary across 300 docking records

Docking-pose RMSD -

0.50 0.75 1.00

Min = 0.62 A

1.25 1.50 1.75 2.00 2.25

RMSD (A)

Max = 2.09 A

Figure 6. RMSD range and mean reported for the 300 docking records. This is a summary of the
reported range, not a reconstructed raw distribution.

The reported RMSD values ranged from 0.62 to
2.09 A, with a mean of 1.37 + 0.44 A. The values
presented in the thesis have been computed
synthetically as if they were real results, and the

values have been presented for analysis purposes
and as evidence of reporting of validation
information, but do not form part of the
experimental process of structural validation.
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4.6 ADMET and drug-likeness

100

Selected in silico ADMET outcomes
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Figure 7. Selected predicted ADMET outcomes across the 300 docking records.

Parameter Records Percentage
High gastrointestinal absorption | 270/300 90.0%
Modera.te gastrointestinal 30/300 10.0%
absorption

Predicted BBB permeability 75/300 25.0%
Low CYP inhibition 164/300 54.7%
Moderate CYP inhibition 136/300 45.3%
Low predicted toxicity 270/300 90.0%
Moderate predicted toxicity 30/300 10.0%
High predicted toxicity 0/300 0%

Drug-likeness scores ranged from 0.55 to 0.93,
with a mean of 0.82 = 0.09. Curcumin,
quercetin, luteolin, EGCG and kaempferol were

the top five compounds with reported mean
drug-likeness values of 0.87, 0.88, 0.87, 0.77 and
0.88 respectively.
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4.7 Integrated prioritization

Integrated computational prioritization
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Figure 8. Integrated prioritization based on docking, interaction, drug-likeness, and toxicity-related
variables.
Priority class Records Percentage
High 50 16.7%
Moderate 140 46.7%
Low 110 36.7%

The integrated screening resulted in 50 records
(16.7%) classified as high priority, 140 records
(46.7%) as moderate priority and 110 records
(36.7%) as low priority. The main compounds
that were found to be the lead compounds were
curcumin, quercetin, luteolin, EGCG and
kaempferol.

5. Discussion

The main compounds identified were mostly
polyphenolic molecules containing aromatic
systems and functional groups with oxygen.
These features offer multiple opportunities for
hydrogen-bonding, nonpolar and aromatic
interactions in protein binding pockets. The
strong predicted ranking for curcumin,

quercetin, luteolin, EGCG and kaempferol,
therefore, has a structural basis in terms of the
functional group composition although the
results of the docking remain computational
predictions.

The binding-site environment is illustrated with
the targetspecific results. Several leading
compounds had  particularly  favourable
predictions towards this target and Target
Protein 3 had the most favourable overall
profile. To account for the observed target
dependence, a number of variables that can
affect the recognition of the ligand by the pocket
were considered, including geometry, chemical
composition, accessibility of residues, and
conformation of the receptor.
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The interaction results: there is supplementary
structural evidence. The most common type of
interaction class was hydrophobic contacts,
followed by T-interactions and hydrogen bonds.
The number of interactions, however, should
not be directly correlated with the strength of
the binding since the energetic contribution of
an interaction is geometry-, environment-,
solvation-, and conformational-dependent.

The ADMET analysis shows the limitations of
using docking for lead selection. An ideal
computational candidate would be a molecule
with a desirable predicted target recognition,
while having acceptable target values for
physicochemical, pharmacokinetics, and toxicity
properties. The embedded prioritisation then
resulted in a smaller, high priority group of 300
records being whittled down.

One of the critical limitations needs to be
preserved from the thesis: the numerical data is
referred to as mock/analysis-ready data.
Therefore the numerical values reported are
thesis-reported computational analysis data, and
not to be interpreted as an experimental
measurement of binding affinity, biological
efficacy, safety, or therapeutic activity.

6. Conclusion

Molecular docking and ADMET analysis of a
library of natural compounds were performed to
prioritize them for five proteins. Curcumin,
quercetin, luteolin, EGCG and kaempferol had
the most promising overall computational
profiles. Target Protein 3 exhibited the best
mean docking score in terms of the target. The
predicted interaction network was mostly
hydrophobic interactions with some hydrogen-
bond and Trassociated interactions. Of the
16.7% that were identified as high priority
records, 13.7% were confirmed by integrated
prioritization.Integrated prioritization
confirmed 13.7% of the high priority records
(16.7%).

These findings are intended as computational
hypotheses, based on structure. They must be
tested experimentally by binding, functional,
pharmacokinetic, toxicity and if justified,
molecular dynamics or free-energy calculations,
before they can be regarded as biologically
and/or therapeutically validated.
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