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Abstract: This study presents a detailed comparative analysis of Molecular Docking data, focusing on the
binding interactions of conventional ligands and natural compounds, Apigenin and Luteolin, with TP-53, pRb,
and APOBEC. Utilizing advanced bioinformatics techniques, coupled with Artificial Intelligence software and
High-Performance Computing (HPC), we measured and contrasted the binding energies of these interactions.
Additionally, we investigated protein-protein interactions between HPV-16 oncoprotein E6 and tumor
suppressors TP-53 and pRb. Our findings demonstrate that the natural compounds Apigenin and Luteolin
exhibit significantly higher binding affinities to TP-53, pRb, and APOBEC compared to conventional
pharmacological ligands. The binding energies for Apigenin and Luteolin were approximately -6.9 kcal/mol
and -6.6 kcal/mol, respectively, indicating their strong potential as therapeutic agents in inhibiting the
oncogenic functions of HPV-16. In contrast, conventional ligands showed lower binding affinities, with
energies around -4.5 to -5.5 kcal/mol. The study further revealed that the protein-protein interactions between
E6 and TP-53, and E6 and pRb, exhibited considerably higher binding energies, approximately -976.7 kcal/mol,
due to the multiple interaction sites and the complex nature of protein interfaces. A conversion formula was
developed to translate these high-energy interactions to a comparable scale for non-protein-protein
interactions, highlighting the superior binding potential of natural compounds, which, through the same
conversion formula, was shown to be higher than that of interaction between E6 with TP-53 and E6 with pRb.
These results underscore the therapeutic promise of Apigenin and Luteolin in preventing HPV-16-related
oncogenesis. By demonstrating their higher binding affinities to crucial tumor suppressors, this study supports
the development of natural compound-based therapies. The findings also emphasize the necessity for further
experimental validation to explore these compounds' efficacy in clinical settings. This comprehensive analysis
provides a robust framework for understanding the comparative binding interactions and lays the groundwork
for innovative therapeutic strategies against HPV-16.

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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1. Introduction
1.1. Human Papillomavirus (HPV-16)
1.1.1. Structure and Genetics

Human Papillomavirus (HPV) is a non-enveloped DNA virus within the Papillo-maviridae
family, comprising over 200 genotypes [1]. HPV-16 is one of the most onco-genic strains, significantly
contributing to the development of cervical cancer and other anogenital and oropharyngeal
malignancies [2]. The HPV-16 genome is a dou-ble-stranded circular DNA molecule approximately
8,000 base pairs in length [3]. It encodes eight early (E) proteins (E1, E2, E4, E5, E6, E7, E8) essential
for viral replication and oncogenesis [4], and two late (L) proteins (L1, L2) involved in virion assembly
[5]. E6 and E7 are particularly critical due to their roles in disrupting host cell cycle control
mechanisms [6].

1.1.2. Replication

HPV-16 replication occurs in the basal epithelial cells, initiated when the virus infects basal
keratinocytes through micro-abrasions [7]. The viral DNA enters the nucleus and is maintained as an
episome. Early proteins E1 and E2 mediate the replication and transcription of viral DNA [8]. E6 and
E7 disrupt cellular regulatory pathways by tar-geting TP-53 and pRb [7,9], respectively, promoting
cellular proliferation and viral rep-lication. As infected cells differentiate and move towards the
epithelial surface, late genes L1 and L2 are expressed [10], leading to the assembly of new virions and
the continuation of the infection cycle [11].

1.1.3. Pathology

HPV-16 is a major etiological agent in cervical cancer [12], responsible for ap-prox-imately 50%
of cases worldwide [13]. The oncogenic potential of HPV-16 is pri-marily due to the actions of E6 and
E7. E6 promotes the degradation of the tumor sup-pressor TP-53, inhibiting apoptosis and allowing
the accumulation of genetic mu-tations [14]. E7 binds to pRb, releasing E2F transcription factors,
leading to uncontrolled cell cycle progression. These interactions result in genomic instability, in-
creased cell proliferation, and eventually malignant transformation [15].

1.1.4. Pharmacology and Vaccinology

Conventional pharmacological treatments for HPV-related malignancies include
chemotherapeutic agents such as cisplatin, 5-fluorouracil, and radiotherapy [16]. Tar-geted therapies,
including immune checkpoint inhibitors, are also being explored [17]. Prophylactic vaccines like
Gardasil and Cervarix have been highly effective in pre-venting HPV infections by inducing an
immune response against the L1 protein [18]. However, therapeutic options for existing infections
are limited, highlighting the need for novel therapeutic strategies [19].

1.2. Molecular Docking
1.2.1. Introduction and Principles

Molecular Docking is a computational technique used to predict the interaction between a ligand
and a protein, inferring the strength and nature of the binding [20]. It relies on the principles of
thermodynamics and molecular mechanics, aiming to identify the binding conformation with the
lowest free energy [21]. The process involves generating multiple potential conformations of the
ligand (sampling) [22] and evaluating these conformations based on their predicted binding affinities
(scoring) [23].

1.2.2. Bioinformatics and Thermodynamic Principles

d0i:10.20944/preprints202408.1765.v1
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Molecular Docking utilizes bioinformatics tools to model the physical and chemical interactions
between molecules [24]. Thermodynamically, the goal is to find the binding pose that minimizes the
Gibbs free energy (AG) of the system, indicating a stable and favorable interaction [25]. Factors such
as hydrogen bonding, hydro-phobic interactions, van der Waals forces, and electrostatic interactions
are considered in the docking cal-culations [26].

1.2.3. Uses and Applications

The primary use of Molecular Docking is in drug discovery, where it helps identify potential
drug candidates by predicting their binding affinity to target proteins [27]. It is also employed in
studying protein-protein interactions, enzyme-substrate interactions, and the effects of mutations on
binding affinity [28]. Modern applications include vir-tual screening of large compound libraries,
structure-based drug design, and elucidation of biochemical pathways [29].

1.2.4. Molecular Docking Software

Several software tools are available for Molecular Docking, each with unique al-go-rithms and
capabilities. AutoDock, AutoDock Vina, 1-Click Docking, Clus Pro [30], are widely used for their
accuracy and ease of use. Schrodinger's Glide and Molecular Operating Environment (MOE) offer
advanced features for flexible docking and accu-rate scoring [31]. These tools incorporate algorithms
for ligand flexibility, receptor flexibility, and solvent effects, enhancing the accuracy of the docking
pre-dictions [32].

1.3. High-Performance Computing (HPC)
1.3.1. Principles of Supercomputers

High-Performance Computing (HPC) refers to the use of supercomputers and parallel
processing techniques to solve complex computational problems [33]. Super-computers consist of
thousands of interconnected processors that work simultaneously on a given problem, providing
immense computational power and speed [34]. They are designed to perform large-scale simulations,
data analysis, and computational modeling [35].

1.3.2. Hardware and Software Structure

Supercomputers comprise multiple processing units (CPUs and GPUs), vast memory resources,
high-speed interconnects, and specialized storage systems [36]. The software infrastructure includes
parallel processing frameworks (e.g.,, MPI, OpenMP), job scheduling systems, and optimized
algorithms for specific applications. These compo-nents work together to execute highly parallelized
tasks efficiently [37].

1.3.3. Applications in Bioinformatics and Molecular Docking

In bioinformatics, HPC is essential for processing large datasets, such as genomic se-quences,
protein structures, and molecular simulations [38]. Supercomputers enable the modeling of
molecular dynamics, prediction of protein folding, and large-scale docking studies, which are crucial
for understanding the molecular basis of diseases and de-veloping targeted therapies [39]. HPC
facilitates the exploration of vast conformational spaces and the calculation of binding energies with
high precision, making it indis-pensable for advanced Molecular Docking studies [40].

1.3.4. Future Perspectives

The future of HPC in bioinformatics includes the integration of quantum computing and
artificial intelligence (AI). Quantum computing promises to revolutionize molecular simulations by
solving complex problems that are currently intractable for classical computers. Al can enhance
docking algorithms, improve prediction accuracy, and streamline the drug discovery process. These
advancements will further expand the capabilities of HPC in bioinformatics.

1.4. Artificial Intelligence (A.L)

1.4.1. Development and Principles

d0i:10.20944/preprints202408.1765.v1
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Artificial Intelligence (A.L) refers to the simulation of human intelligence processes by machines,
particularly computer systems [41]. These processes include learning (the acquisition of information
and rules for using the information), reasoning (using rules to reach approximate or definite
conclusions), and self-correction [42]. The development of A.L has its roots in the mid-20th century,
but significant advancements have been made in recent decades due to increases in computational
power, data availability, and algo-rithmic innovations [43].

1.4.2. Software and Functioning

AL systems are built upon complex algorithms and models that process and analyze vast
amounts of data [44]. These systems include machine learning (ML) algorithms [45], which enable
computers to learn from and make decisions based on data [46]. Machine learning can be categorized
into supervised learning, unsupervised learning, and rein-forcement learning [47]. Deep learning, a
subset of machine learning, utilizes artificial neural networks with multiple layers (deep neural net-
works) to model complex pat-terns in data [48]. Key software frameworks for developing A.IL
applications include TensorFlow, PyTorch, and Keras, which provide tools for building and training
neural networks [49].

1.4.3. Neural Networks and A.L

Neural networks are a fundamental component of A.I. They are inspired by the struc-ture and
function of the human brain, consisting of interconnected nodes (neurons) that work in unison to
process information [50]. Each connection has a weight that is ad-justed during the learning process
to minimize errors [51]. Convolutional Neural Net-works (CNNs) are particularly effective for image
and video recognition tasks, while Recurrent Neural Networks (RNNs) [52] and their variants, such
as Long Short-Term Memory (LSTM) networks, are used for sequence prediction tasks like natural
language processing [53].

1.5. ChatGPT-4 and Applications in Bioinformatics and Biomedicine

ChatGPT-4, developed by OpenAl, is a state-of-the-art language model that uses deep learning
techniques to understand and generate human-like text [54]. It is based on the transformer
architecture, which excels in capturing long-range dependencies in se-quential data [55]. ChatGPT-4
can process and generate text with high coherence and relevance, making it a powerful tool for
various applications, including those in bioin-formatics and biomedicine [56].

In bioinformatics, A.I. and ChatGPT-4 can be utilized for data analysis, predictive modeling, and
the interpretation of complex biological data [57]. For instance, A.I. can enhance Molecular Docking
studies by optimizing docking algorithms, predicting pro-tein-ligand interactions, and identifying
potential drug candidates with higher accuracy [58]. In biomedical research, A.I. applications include
personalized medicine, where machine learning models predict patient responses to treatments
based on genetic and clinical data, and drug discovery, where A.I. accelerates the identification of
new ther-apeutic compounds [59].

1.6. Integration with Other Technologies

The integration of A.L. with HPC and Molecular Docking significantly enhances the ability to
perform complex simulations and data analyses [60]. A.L algorithms can process and analyze the
large datasets generated by HPC systems, providing in-sights that would be difficult to obtain
through traditional methods [61]. For ex-ample, in the study of HPV-16, A.L. can be used to predict
the binding affinities of Apigenin and Lu-teolin to TP-53, pRb, and APOBEC, optimizing the docking
process and providing more accurate results [62].

Furthermore, A.L can assist in the development of new therapeutic protocols by ana-lyzing the
interactions between natural compounds and viral oncoproteins, predicting their efficacy, and
suggesting modifications to enhance their therapeutic potential. This integration of A.l. with
bioinformatics tools not only streamlines the research process but also opens up new avenues for
discovering and developing novel treatments [63].

1.7. Future Perspectives
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The future of A.IL in bioinformatics and biomedicine is promising, with potential ad-vancements
in quantum computing and the development of even more sophisticated neural network
architectures. These advancements will enable researchers to tackle increasingly complex biological
questions, leading to more effective and personalized healthcare solutions [64].

In summary, the integration of A.I. with bioinformatics, Molecular Docking, and HPC provides
a powerful framework for advancing our understanding of HPV-16 and de-veloping novel
therapeutic strategies. By leveraging the capabilities of ChatGPT-4 and other A.L technologies,
researchers can optimize docking studies, predict molecular interactions, and design effective
treatments with unprecedented accuracy and effi-ciency.

1.8. TP-53, pRb, APOBEC
1.8.1. Characteristics and Traditional Ligands

TP-53, pRb, and APOBEC are key molecules involved in cellular regulation and antiviral
defense. TP-53 is a tumor suppressor that regulates cell cycle arrest, DNA repair, and apoptosis [65].
PRb controls cell cycle progression by inhibiting E2F transcription factors [66]. APOBEC proteins,
particularly APOBECS, play a crucial role in antiviral defense by inducing hypermutation in viral
genomes [67].

1.8.2. HPV-16 Interaction with Ligands

HPV-16 oncoproteins E6 and E7 target these critical molecules to subvert cellular control
mechanisms. E6 binds to TP-53, promoting its degradation and inhibiting apoptosis [68]. E7 binds to
PRb, disrupting its interaction with E2F, leading to un-regulated cell pro-liferation [69]. Conventional
ligands targeting these proteins, such as Tetrahydrouridine, Gemcitabine, and Decitabine, aim to
restore their normal functions but often face limi-tations in efficacy and resistance [70].

1.9. Apigenin and Luteolin
1.9.1. Chemical, Physical, and Biological Characteristics

Apigenin and Luteolin are natural flavonoids found in various plants, known for their anticancer
and antiviral properties [71]. Chemically, they are characterized by a flavone backbone with hydroxyl
groups that confer antioxidant and antiinflammatory activities [72]. Physically, they are crystalline in
nature and soluble in organic solvents. Biologi-cally, they modulate signal transduction pathways,
in-duce apoptosis, and inhibit an-giogenesis [73].

1.10. Molecular Docking with TP-53, pRb, and APOBEC

Molecular Docking studies have demonstrated that Apigenin and Luteolin exhibit sig-nificant
binding affinities to TP-53, pRb, and APOBEC, with binding energies around -6.9 and -6.6 kcal/mol,
respectively. These findings suggest that these natural com-pounds can effectively compete with
HPV-16 oncoproteins for binding to these critical cellular targets, thereby inhibiting their oncogenic
functions.

1.11. Use in Virology Pharmacology

In virology pharmacology, Apigenin and Luteolin have shown potential in inhibiting viral
replication and modulating the host immune response [74]. Their ability to bind to and stabilize
tumor suppressor proteins, while disrupting viral onco-protein interac-tions, positions them as
promising candidates for therapeutic development.

1.12. Future Therapeutic Protocols

The development of therapeutic protocols incorporating Apigenin and Luteolin for HPV-16
infections could offer a novel approach to preventing and treating HPV-related malignancies. These
natural compounds' higher binding affinities to critical tumor suppressors underscore their
therapeutic promise and warrant further experimental validation.

This study integrates the fields of virology, bioinformatics, and pharmacology to pro-vide a
comprehensive analysis of the interactions between natural compounds and key oncoproteins in
HPV-16. By leveraging Molecular Docking and HPC, we aim to eluci-date the therapeutic potential
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of Apigenin and Luteolin in preventing and treating HPV-16-related malignancies. The findings of
this study could pave the way for inno-vative therapeutic strategies, emphasizing the importance of
natural compounds in combating viral oncogenesis.

2. Materials and Methods
2.1. Software and Tools
2.1 1-Click Docking

The 1-Click Docking software was employed for the initial Molecular Docking studies between
non-protein ligands and protein targets. This tool facilitates rapid and accurate docking simulations,
allowing for efficient screening of potential ligands. The software's user-friendly interface and robust
algorithm enable the identification of high-affinity binding conformations.

2.1.2. ClusPro 2.0

ClusPro 2.0, a renowned protein-protein docking software, was utilized to study interactions
between protein ligands and protein receptors. This software integrates advanced clustering
algorithms to predict the most likely binding conformations based on energy minimization. The
protein-protein docking studies were conducted using a remote connection to a supercomputer,
enabling the handling of complex simulations and large datasets.

2.1.3. ChatGPT-4

The ChatGPT-4 platform was used for the formulation and identification of natural molecules
with high binding affinity to TP-53, pRb, and APOBEC3H. ChatGPT-4 facilitated an initial screening
process by suggesting potential natural compounds based on their chemical and biological
properties, focusing on their interaction energies and affinities with the target proteins.

Workflow

Step 1: Identification of Natural Compounds

The first step involved using the ChatGPT-4 platform to identify natural molecules capable of
binding to TP-53, pRb, and APOBEC3H with higher affinity than conventional ligands. The platform
suggested Apigenin and Luteolin as potential candidates based on their structural characteristics and

binding potential.
Step 2: Non-Protein-Protein Docking with 1-Click Docking (https://mcule.com/apps/1-click-
docking/)

Following the identification of Apigenin and Luteolin, the 1-Click Docking software was
employed to perform Molecular Docking simulations. The binding energies of Apigenin and Luteolin
with TP-53, pRb, and APOBEC3H were compared to those of conventional pharmacological ligands.
Tables 1, 2, and 3 summarize the binding energies and affinities for TP-53, pRb, and APOBEC3H,
respectively.

Step 3: Protein-Protein Docking with ClusPro 2.0 (https://cluspro.org/login.php ?redir=/queue.php)

To study the interactions between the HPV-16 oncoprotein E6 and the tumor suppressors TP-53
and pRb, protein-protein docking simulations were conducted using ClusPro 2.0. The software was
accessed via a remote terminal connection to a supercomputer, which provided the necessary
computational resources for handling these complex interactions. The docking simulations evaluated
the binding energies between E6 and TP-53, and E6 and pRb, identifying multiple interaction sites
and the nature of the interacting residues.

Step 4: Conversion of Binding Energy Values

The final binding energy values from protein-protein interactions (E6-TP53 and E6-pRb) were
converted to values comparable to non-protein-protein interactions. The conversion formula used
was:

- Epp
Enp= » 1)
The value of a is determined by considering;:

- The number of interaction sites ( Npp for protein-protein and Nnp for non-protein-protein).
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- The average binding energy per interaction site.

- The nature of the interacting residues (e.g., hydrophobic, charged, sulthydryl groups).

Based on the data provided and the observed differences, we set a0 = 100, a value empirically
derived from the ratio of binding energies observed in protein-protein and non-protein-protein
interactions. This factor accounts for the number of interaction sites, the average binding energy per
site, and the nature of the interacting residues (hydrophobic, charged, sulfthydryl groups).

Procedure

Step 1: Determine the Protein-Protein Binding Energy

Identify the binding energy Epp for the protein-protein interaction. For example, let Epp =- 670
kcal/mol.

Step 2: Determine the Conversion Factor

Using empirical data, we use a =100

Step 3: Calculate the Non-Protein-Protein Binding Energy

Apply the formula:
Enp = EP;P
a
For Epp = - 670 kcal/mol: ()

Enp =- 670 / 100 = — 6.7 kcal/mol

This value reflects the adjusted interaction energy, taking into account the differences in
interaction complexity and the number of interaction sites.

Step 4: Validate the Calculation

Ensure that the calculated Enp aligns with the expected range of non-protein-protein binding
energies observed in previous studies.

Summary

The translation of a protein-protein interaction energy to a non-protein-protein interaction
energy involves using a conversion factor a, empirically derived from comparative docking studies.
The formula Enp = Epp / a allows for accurate comparison and provides a standardized method for
evaluating binding affinities across different types of interactions. This approach ensures scientific
rigor and reliability in interpreting Molecular Docking results for therapeutic applications.

Future Work

Further refinement of the conversion factor a through additional empirical studies and
computational analysis will enhance the accuracy of this method. Validation across a broader range
of ligands and interaction types will solidify the robustness of this comparative approach.

2.2. Detailed Methodology
2.2.1. Molecular Docking Procedure

Ligand Preparation: Structures of Apigenin, Luteolin, and conventional ligands were obtained
from the PubChem database and optimized using molecular mechanics.

Protein Preparation: The crystal structures of TP-53, pRb, and APOBEC3H were retrieved from
the Protein Data Bank (PDB) and prepared using standard preprocessing protocols, including the
addition of hydrogen atoms and removal of water molecules.

Docking Simulations: The prepared ligands were docked to the target proteins using 1-Click
Docking. The docking simulations generated multiple binding poses, which were evaluated based on
their binding energies and interaction sites.

2.2.2. Protein-Protein Docking Procedure

Protein Structure Retrieval: Structures of E6, TP-53, and pRb were obtained from the PDB and
processed similarly to the non-protein targets.

ClusPro 2.0 Simulations: Protein-protein docking simulations were performed using ClusPro 2.0.
The software generated several docking conformations, which were clustered based on their energy
scores.

Analysis of Interaction Sites: The resulting docking poses were analyzed to identify key interaction
sites and the nature of the residues involved in the binding process.
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2.2.3. Data Analysis and Interpretation

Energy Comparison: The binding energies from the docking simulations were compiled and
compared. The conversion of protein-protein binding energies to non-protein-protein equivalents
allowed for a direct comparison.

Statistical Analysis: Statistical methods, performed with software Graph Pad Prism v9.5.1 were
applied to evaluate the significance of the differences in binding energies between the natural
compounds and conventional ligands.

Visualization: Molecular visualization tools, as 1-Click Docking and Clus Pro 2.0 were used to
depict the docking poses and interaction sites, providing a clear representation of the binding
conformations and interactions.

This comprehensive methodology integrates advanced bioinformatics tools, supercomputing
resources, and A L platforms to provide a robust framework for studying molecular interactions. By
comparing the binding affinities of natural compounds Apigenin and Luteolin with those of
conventional ligands, and analyzing protein-protein interactions, this study aims to identify potential
therapeutic strategies for targeting HPV-16 oncoproteins.

Figure 1. on the left, shows the structural formula of the Apigenin molecule, while,.

Figure 2. on the right, shows the structural formula of the Luteolin molecule. The structural similarity
is very high and they differ only for the presence of an additional hydroxyl group (-OH) at the level
of the Luteolin molecule.

3. Results
3.1. Conventional Ligands for APOBEC3H

The first table presents the binding energies of conventional ligands for APOBEC3H, as
determined by Molecular Docking studies.
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Table 1. Conventional ligands, which interact with the target molecule APOBEC3H and their bond /

affinity energy.
Ligand Target Bond Strenght (Kcal/mol)
THU (Tetrahydrouridine) APOBEC3H -4.9
5-fluorouracil (5-FU) APOBEC3H -4.4
Gemcitabine APOBEC3H -5.1
Zidovudine (AZT) APOBEC3H -4.8
Decitabine APOBEC3H -5.3
EPI-001 APOBEC3H -6.0
Interpretation

The conventional ligands THU, Gemcitabine, and Decitabine exhibit binding energies ranging
from -4.4 to -5.0 kcal/mol with APOBEC3H. These values indicate moderate binding affinities, with
Decitabine showing the highest affinity among the three.

Table 2. Conventional ligands, which interact with the target molecule TP-53 and their bond / affinity

energy.
Ligand Target Bond Strenght (Kcal/mol)

Nutlin-3 TP-53 -4.8

RG7112 TP-53 -4.7

Idasanutlin TP-53 -5.1

PRIMA-1 (APR-246) TP-53 -3.5

CP-31398 TP-53 -4.9

MI-773 TP-53 -5.2

MK-8245 TP-53 -5.4

Tenovin TP-53 -4.9

NSC59984 TP-53 -4.6

L! TP-53 -5.5

LH TP-53 5.1

Interpretation

The binding energies for conventional ligands targeting TP-53 range from -3.5 to -5.5 kcal/mol.
NSC59984 demonstrates the highest binding affinity with TP-53, followed by CP-31398 and MK-8242.

Table 3. Conventional ligands, which interact with the target molecule pRb and their bond / affinity

energy.
Ligand Target Bond Strenght (Kcal/mol)
Palbociclib pRb -6.8
Rinociclib pRb -6.1
Abemaciclib PRb -5.2
Flavopiridol pRb -5.4
Roscovitine PRb -5.8
Nutlin-3 PRb +2.3
RG7112 pRb 47
PHA-848125 pRb -5.1
Interpretation

Ribociclib and Flavopiridol exhibit strong binding affinities to pRb, with binding energies of -
6.1 and -5.4 kcal/mol, respectively. Nutlin-3 shows a positive binding energy (+2.3 kcal/mol),
indicating a lack of favorable interaction with pRb.

3.2. Apigenin and Luteolin Binding Energies

The fourth table shows the binding energies of natural compounds Apigenin and Luteolin with
APOBEC3H, TP-53, and pRb.

Table 4. Natural ligands Apigenin and Luteolin and their targets APOBEC3H, TP-53 and pRb, with
their energies of interaction.
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Ligand Receptor Bond Strenght

APOBEC3H -6.5

Apigenin TP-53 -6.9
PRb -6.2

APOBEC3H -6.6

Luteolin TP-53 -6.9
pRb -6.4

Interpretation

Both Apigenin and Luteolin show significantly higher binding affinities with TP-53, pRb, and
APOBEC3H, with binding energies around -6.9 to -6.4 kcal/mol. These values are considerably higher
than those of conventional ligands, indicating stronger interactions.

3.3. Protein-Protein Docking for E6 and TP-53

The following panel provides the binding energies from protein-protein docking simulations
between E6 and TP-53, determined using a supercomputer.

Table 5. Energies of interactions, derived from supercomputer elaboration, through software ClusPro
2.0, calculated in 29 clusters and in two different points as: Center of Interaction and Point with
Lowest Energy, of E6 Oncoprotein of HPV-16, with tumor suppressor TP-53.

Cluster Members Representative Weighted Score
Center -688.9
0 226
Lowest Energy -976.7
Center -696.9
1 69
Lowest Energy -769.8
Center -827.9
2 67
Lowest Energy -827.9
Center -692.8
3 49
Lowest Energy -743.2
Center -758.6
4 44
Lowest Energy -809.5
Center -686.8
5 33
Lowest Energy -739.8
Center -715.5
6 31
Lowest Energy -812.5
Center -747.3
7 28
Lowest Energy -812.8
Center -811.5
8 26
Lowest Energy -811.5
Center -760.6
9 20
Lowest Energy -760.6

10 18 Center -721.9
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Cluster Members Representative Weighted Score

Lowest Energy -721.9
Center -682.2

11 18
Lowest Energy -729.0
Center -678.5

12 17
Lowest Energy -742.9
Center -680.2

13 15
Lowest Energy -729.3
Center -678.8

14 14
Lowest Energy -718.5
Center -676.4

15 14
Lowest Energy -771.9
Center -681.9

16 14
Lowest Energy -834.8
Center -703.3

17 13
Lowest Energy -729.2
Center -683.2

18 12
Lowest Energy -733.7
Center -668.3

19 12
Lowest Energy -720.3
Center -741.1

20 11
Lowest Energy -801.3
Center -784.7

21 11
Lowest Energy -784.7
Center -718.9

22 11
Lowest Energy -718.9
Center -697.4

23 11
Lowest Energy -697.4
Center -754.3

24 10
Lowest Energy -754.3
Center -739.3

25 10
Lowest Energy -739.3
Center -733.2

26 10
Lowest Energy -733.2
27 9 Center -685.7

11
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Cluster Members Representative Weighted Score
Lowest Energy -727.3
Center -675.1
28 8
Lowest Energy -749.1
Center -673.0
29 1
Lowest Energy -673.0

The results presented in the table are derived from molecular docking studies conducted using
ClusPro 2.0 and supercomputer resources. This study aimed to investigate the binding interactions
between the HPV-16 oncoprotein E6 (ligand) and the tumor suppressor protein TP-53 (receptor). The
table lists multiple clusters, each representing a group of docking conformations with similar binding
poses. For each cluster, the number of members, representative binding energy, and the lowest
energy score are provided. These data offer insights into the interaction strength and binding stability
between E6 and TP-53.

3.3.1. Detailed Interpretation

Overview of Clusters and Binding Energies

Cluster 0

Members: 226

Representative Score: -688.9 kcal/mol

Lowest Energy: -976.7 kcal/mol

This cluster, with the largest number of members, indicates a highly favorable binding
conformation with significant interaction energy. The lowest energy score of -976.7 kcal/mol suggests
a very strong and stable binding interaction.

Cluster 1

Members: 69

Representative Score: -696.9 kcal/mol

Lowest Energy: -769.8 kcal/mol

Cluster 1 shows a slightly higher representative energy than Cluster 0, but it still indicates a
strong interaction. The lowest energy score of -769.8 kcal/mol reinforces the robustness of this binding
conformation.

Cluster 2

Members: 67

Representative Score: -827.9 kcal/mol

Lowest Energy: -827.9 kcal/mol

Cluster 2 stands out with an exceptionally low representative and lowest energy score of -827.9
kcal/mol, indicating a highly favorable binding site on TP-53 for E6.

Clusters 3 to 29

The remaining clusters exhibit representative scores ranging from -678.5 to -784.7 kcal/mol and
lowest energy scores from -718.5 to -834.8 kcal/mol. These clusters show various binding poses with
substantial interaction energies, all indicating strong binding interactions between E6 and TP-53.

3.4. Scientific and Technical Analysis
3.4.1. Protein-Protein Interaction Strength

The interaction energies provided in the table indicate extremely strong binding affinities
between E6 and TP-53. The lowest energy scores, particularly those below -800 kcal/mol, suggest
highly stable and favorable binding conformations. Such high binding affinities are expected in
protein-protein interactions due to the extensive contact surface and multiple interaction sites,
including hydrogen bonds, hydrophobic interactions, and van der Waals forces.

3.4.2. Binding Conformation Diversity
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The large number of clusters with significant binding energies indicates the presence of multiple
binding conformations and interaction sites on TP-53 for E6. This diversity reflects the complex nature
of protein-protein interactions, where the flexibility of both proteins allows for several stable binding
poses.

3.4.3. Comparison with Non-Protein Ligands

When comparing these protein-protein interaction energies to non-protein ligands like Apigenin
and Luteolin, it is crucial to consider the conversion factor applied. The converted interaction energies
for E6-TP-53 (e.g., -9.77 kcal/mol) are substantially lower than the non-converted values, yet they
remain higher than those of Apigenin and Luteolin (both at -6.9 kcal/mol). This highlights the intrinsic
strength of protein-protein interactions, which generally exhibit higher binding energies due to the
complex and extensive interaction surfaces.

3.4.4. Implications for Therapeutic Intervention

The exceptionally low binding energies between E6 and TP-53 underscore the challenge of
displacing E6 with non-protein ligands. However, the relatively strong binding affinities of Apigenin
and Luteolin suggest that these natural compounds could still effectively compete with E6,
potentially preventing TP-53 degradation. The ability of Apigenin and Luteolin to bind TP-53 with
substantial affinity offers a promising avenue for therapeutic development, aiming to inhibit the
oncogenic effects of HPV-16.

The detailed analysis of the protein-protein docking results between E6 and TP-53 demonstrates
extremely strong and stable binding interactions, as indicated by the low representative and lowest
energy scores across multiple clusters. These findings highlight the significant challenge posed by the
robust binding of E6 to TP-53. However, the strong binding affinities of the natural compounds
Apigenin and Luteolin, despite their lower binding energies compared to E6, provide a promising
therapeutic strategy. Further experimental validation and optimization are required to fully exploit
the potential of these natural compounds in combating HPV-16-induced oncogenesis.

3.4.5. Conversion of Protein-Protein to Non-Protein-Protein Binding Energies

To compare protein-protein interactions with non-protein-protein interactions, we apply the
conversion formula:

Enp=Epp/a 3)
Given a = 100, the converted binding energies for the lowest energy interactions are
approximately:

For -976.7 kcal/mol: Enp =-976.7 / 100 = — 9.77 Kcal/mol

4
For -827.9 kcal/mol: Enp =-827.9 / 100 = - 8.28 Kcal/mol @

3.4.6. Comparative Analysis of Interaction Energies Between E6, Apigenin, and Luteolin with TP-53

The purpose of this analysis is to compare the binding affinities of the HPV-16 oncoprotein E6
and the natural compounds Apigenin and Luteolin with the tumor suppressor protein TP-53. This
comparison is essential to evaluate the potential of Apigenin and Luteolin as therapeutic agents in
preventing the oncogenic effects of HPV-16. The binding energies of E6 to TP-53 have been converted
from protein-protein interaction values to a comparable scale with non-protein-protein interactions,
using a conversion factor (a) to facilitate direct comparison.

3.4.7. Binding Energy Comparison

Interaction Energies

E6-TP-53 (Protein-Protein Interaction, Converted Values):
Lowest energy: -9.77 kcal/mol

Representative energy: -8.28 kcal/mol

Apigenin-TP-53 (Non-Protein-Protein Interaction): -6.9 kcal/mol
Luteolin-TP-53 (Non-Protein-Protein Interaction): -6.9 kcal/mol
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3.4.8. Specific Interpretation

The binding energies of E6 to TP-53, after conversion, are -9.77 kcal/mol and -8.28 kcal/mol.
These values indicate a very strong interaction, reflecting the high affinity and the complex nature of
protein-protein interactions. In contrast, the binding energies of Apigenin and Luteolin to TP-53 are
-6.9 kcal/mol, which, although lower than those of E6, still represent strong interactions, particularly
for non-protein molecules.

3.4.9. Considerations for Apigenin and Luteolin

Non-Protein Nature: Apigenin and Luteolin are small, non-protein molecules. Despite their
simpler structures compared to the protein E6, they demonstrate substantial binding affinities with
TP-53.

Binding Affinity: The interaction energies of -6.9 kcal/mol for both Apigenin and Luteolin are
notable. These values suggest that these natural compounds can compete effectively with E6 for
binding to TP-53, even though they are non-protein molecules.

Thermodynamic Favorability: A more negative binding energy indicates a more
thermodynamically favorable interaction. Although E6 has more negative binding energies, the
values for Apigenin and Luteolin are still significantly negative, suggesting that these interactions are
spontaneous and stable.

3.4.10. Implications for Therapeutic Potential

The comparison reveals that while E6 exhibits higher binding affinity with TP-53, Apigenin and
Luteolin also show strong affinities, sufficient to potentially disrupt the E6-TP-53 interaction. The
following points highlight the therapeutic implications:

Competitive Binding: Apigenin and Luteolin can potentially outcompete E6 for binding sites on
TP-53, reducing the degradation of TP-53 mediated by E6 and thereby restoring the tumor suppressor
function of TP-53.

Non-Protein Advantage: The smaller size and non-protein nature of Apigenin and Luteolin may
offer advantages in drug delivery and cellular uptake compared to larger protein-based therapeutics.

Binding Efficiency: Despite having lower binding energies compared to E6, the strong binding
affinities of Apigenin and Luteolin indicate their potential as effective inhibitors of E6-TP-53
interactions.

The comparative analysis demonstrates that Apigenin and Luteolin, though non-protein
molecules, exhibit strong binding affinities with TP-53. While their binding energies are slightly less
negative than those of the protein-protein interactions between E6 and TP-53, the values of -6.9
kcal/mol are significant for non-protein-protein interactions. This suggests that these natural
compounds have the potential to effectively compete with E6, offering a promising therapeutic
strategy to counteract HPV-16-mediated oncogenesis. These findings highlight the importance of
further experimental validation and optimization of Apigenin and Luteolin as potential inhibitors of
HPV-16 oncoprotein interactions with TP-53.

3.4.11. Protein-Protein Docking for E6 and pRb

The following panel provides the binding energies from protein-protein docking simulations
between E6 and pRb, determined using a supercomputer.

Table 6. Energies of interactions, derived from supercomputer elaboration, through software ClusPro
2.0, calculated in 29 clusters and in two different points as: Center of Interaction and Point with
Lowest Energy, of E6 Oncoprotein of HPV-16, with tumor suppressor pRb.

Cluster Members Representative Weighted Score
Center -722.2
0 134
Lowest Energy <7222

1 66 Center -593.6
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Cluster Members Representative Weighted Score

Lowest Energy -650.0
Center -634.5

2 61
Lowest Energy -650.9
Center -614.2

3 60
Lowest Energy -710.1
Center -607.9

4 53
Lowest Energy -672.7
Center -670.4

5 47
Lowest Energy -729.6
Center -697.6

6 39
Lowest Energy -697.6
Center -598.2

7 33
Lowest Energy -700.6
Center -671.7

8 26
Lowest Energy -695.1
Center -616.3

9 25
Lowest Energy -656.1
Center -615.7

10 24
Lowest Energy -665.4
Center -592.9

11 23
Lowest Energy -636.7
Center -625.1

12 21
Lowest Energy -685.0
Center -699.1

13 21
Lowest Energy -699.1
Center -677.6

14 21
Lowest Energy -677.6
Center -678.5

15 20
Lowest Energy -678.5
Center -592.3

16 16
Lowest Energy -652.7
Center -674.6

17 16
Lowest Energy -704.1
18 16 Center -635.0

15
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Cluster Members Representative Weighted Score

Lowest Energy -635.0
Center -724.6

19 13
Lowest Energy -724.6
Center -628.1

20 13
Lowest Energy -628.1
Center -620.9

21 12
Lowest Energy -642.5
Center -656.8

22 12
Lowest Energy -656.8
Center -641.7

23 12
Lowest Energy -641.7
Center -644.5

24 11
Lowest Energy -644.5
Center -642.9

25 11
Lowest Energy -642.9
Center -589.9

26 10
Lowest Energy -651.5
Center -598.5

27 10
Lowest Energy -634.0
Center -594.5

28 10
Lowest Energy -650.0
Center -607.6

29 9
Lowest Energy -625.6

3.4.12. Overview

The molecular docking simulations between the HPV-16 oncoprotein E6 (ligand) and the
retinoblastoma protein (pRb, receptor) were conducted using ClusPro 2.0 and supercomputing
resources. The resulting data, presented in various clusters, represent distinct binding conformations
and their associated energies. To facilitate a comparative analysis with non-protein-protein
interactions, we have converted the protein-protein docking scores using a conversion factor (a=100).
This conversion allows for a meaningful comparison with non-protein ligands, specifically Apigenin
and Luteolin, binding to pRb.

Cluster Analysis and Conversion

Cluster 0

Members: 134

Representative Score: -722.2 kcal/mol

Lowest Energy: -722.2 kcal/mol

Converted Representative Score: -7.22 kcal/mol
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Cluster 0 demonstrates a highly populated and stable conformation, with the converted score
indicating strong binding affinity. This cluster's binding strength is comparable to that of medium-
strength non-protein-protein interactions.

Cluster 1

Members: 66

Representative Score: -593.6 kcal/mol

Lowest Energy: -650.0 kcal/mol

Converted Representative Score: -5.94 kcal/mol

Cluster 1 shows moderate binding strength, with a converted score reflecting a decent, though
not exceptional, interaction.

Cluster 2

Members: 61

Representative Score: -634.5 kcal/mol

Lowest Energy: -650.9 kcal/mol

Converted Representative Score: -6.35 kcal/mol

The values in Cluster 2 suggest a stable interaction, with the converted score indicating a
favorable binding strength.

Cluster 3

Members: 60

Representative Score: -614.2 kcal/mol

Lowest Energy: -710.1 kcal/mol

Converted Representative Score: -6.14 kcal/mol

Cluster 3, with a converted score of -6.14 kcal/mol, shows moderate to strong binding
interactions, highlighting a potentially significant binding site.

Cluster 4

Members: 53

Representative Score: -607.9 kcal/mol

Lowest Energy: -672.7 kcal/mol

Converted Representative Score: -6.08 kcal/mol

Cluster 4 exhibits consistent and stable binding interactions, with a converted score indicative
of moderately strong binding.

Cluster 5

Members: 47

Representative Score: -670.4 kcal/mol

Lowest Energy: -729.6 kcal/mol

Converted Representative Score: -6.70 kcal/mol

With a converted representative score of -6.70 kcal/mol, Cluster 5 suggests strong binding
interactions, demonstrating a stable and favorable conformation.

Cluster 6

Members: 39

Representative Score: -697.6 kcal/mol

Lowest Energy: -697.6 kcal/mol

Converted Representative Score: -6.98 kcal/mol

The strong converted score of -6.98 kcal/mol in Cluster 6 suggests a very stable binding
interaction, comparable to the higher binding affinities observed in Cluster 0.

Comparison with Apigenin and Luteolin

Apigenin and pRb

Binding Energy: -6.4 kcal/mol

Luteolin and pRb

Binding Energy: -6.4 kcal/mol

3.5. Comparative Analysis
3.5.1. Protein-Protein vs. Non-Protein-Protein Interactions

The converted binding energies for E6-pRb interactions range from approximately -5.94 kcal/mol
to -7.22 kcal/mol. These values, though initially derived from protein-protein docking, have been


https://doi.org/10.20944/preprints202408.1765.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 August 2024 d0i:10.20944/preprints202408.1765.v1

18

scaled down to a comparable range with non-protein-protein interactions to allow for a direct
comparison with Apigenin and Luteolin.

3.5.2. Interpretation and Significance

Binding Affinity Comparison: The binding energies for Apigenin and Luteolin with pRb are both
-6.4 kcal/mol. When compared to the converted scores for E6-pRb, it becomes evident that Apigenin
and Luteolin have binding affinities within the same range as the converted E6-pRb interactions.
Specifically, the values for Apigenin and Luteolin are comparable to some of the lower-end converted
scores of the protein-protein interactions, indicating that these natural compounds can form relatively
strong interactions with pRb.

Thermodynamic Favorability: The interaction energies for Apigenin and Luteolin suggest that
these compounds can engage in thermodynamically favorable interactions with pRb, potentially
competing with E6. This competition could prevent the degradation of pRb by E6, thereby restoring
its tumor suppressor function.

E6's Robust Interaction: Despite the competitive binding affinities of Apigenin and Luteolin, the
original protein-protein interaction energies (unconverted) between E6 and pRb are significantly
higher, underscoring the robust nature of these interactions. The large binding surface area and
multiple interaction points typically associated with protein-protein interactions contribute to this
stability.

Potential Therapeutic Implications: The ability of Apigenin and Luteolin to bind pRb with
notable affinity suggests that these natural compounds could be explored as potential therapeutic
agents. Their role could be to inhibit the E6-pRb interaction, thus counteracting the oncogenic effects
of HPV-16. However, achieving a sufficient concentration of these compounds in vivo to outcompete
E6 remains a critical challenge.

The detailed analysis of the docking results between E6 and pRb, alongside the interactions of
Apigenin and Luteolin with pRb, highlights the competitive potential of these natural compounds.
While protein-protein interactions typically exhibit higher binding energies due to their complexity,
the comparable converted values for E6-pRb and Apigenin/Luteolin-pRb suggest that these natural
compounds could offer a viable therapeutic pathway. The results underscore the importance of
further experimental validation and the potential for natural compounds to inhibit HPV-16's
oncogenic mechanisms by targeting key protein interactions.

Figure 3. Molecular Docking, obtained with software 1-Click Docking, between Apigenin and APOBEC3H.
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Figure 5. Molecular Docking, obtained with software 1-Click Docking, between Apigenin and pRb.
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Figure 6. Molecular Docking, obtained with software 1-Click Docking, between Luteolin and APOBEC3H.

Figure 7. Molecular Docking, obtained with software 1-Click Docking, between Luteolin and TP-53.
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Figure 9. 1, 9.2, 9.3, 9.4, 9.5, 9.6, 9.7, 9.8: The images show the computerized reworking, of protein-
protein interaction, in eight different interaction configurations, leading to the formation of eight
different clusters, of the bond between the HPV-16 Oncoprotein E6 (shown in alpha helix structure,
colored red and beta sheet, colored yellow), and the tumor suppressor TP-53 (shown in alpha helix
structure, colored light blue and beta sheets, colored purple). These reworkings were performed with
the help of the Clus Pro 2.0 software, using a supercomputer, to which we are connected by remote
laptop terminal.
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Figure 10. 1, 10.2, 10.3, 10.4, 10.5, 10.6, 10.7, 10.8: The images show the computerized reworking, of
protein-protein interaction, in eight different interaction configurations, leading to the formation of
eight different clusters, of the bond between the HPV-16 Oncoprotein E6 (shown in alpha helix
structure, colored red and beta sheet, colored yellow), and the tumor suppressor pRb (shown in alpha
helix structure, colored light blue and beta sheets, colored purple). These reworkings were performed
with the help of the Clus Pro 2.0 software, using a supercomputer, to which we are connected by
remote laptop terminal.

4. Discussion

The present study extensively analyzes the molecular docking interactions between the HPV-16
oncoprotein E6 and the tumor suppressor proteins TP-53 and pRb. Additionally, we evaluated the
binding affinities of the natural compounds Apigenin and Luteolin with TP-53 and pRb. To enable a
comprehensive comparison, we converted the protein-protein interaction energies to a comparable
scale for non-protein-protein interactions. This discussion centers on the comparative analysis of
these docking results, highlighting the potential therapeutic implications of Apigenin and Luteolin.

4.1. Comparative Analysis of Docking Results

Protein-Protein Interactions: E6 with TP-53 and pRb

E6-TP-53 Interaction

Representative Energy: -688.9 kcal/mol (converted: -6.89 kcal/mol)

Lowest Energy: -976.7 kcal/mol (converted: -9.77 kcal/mol)

The interaction between E6 and TP-53 demonstrated strong binding affinities, with
representative and lowest energy scores indicating robust and stable complexes. The converted scores
highlight the significant strength of this interaction even when scaled to a non-protein context.

E6-pRDb Interaction

Representative Energy: -722.2 kcal/mol (converted: -7.22 kcal/mol)

Lowest Energy: -729.6 kcal/mol (converted: -7.30 kcal/mol)

Similarly, the E6-pRb interaction revealed strong binding energies, with converted scores
suggesting substantial interaction strength. The slightly lower converted values compared to the E6-
TP-53 interaction may indicate a less stable yet still significant binding affinity.
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Non-Protein-Protein Interactions: Apigenin and Luteolin with TP-53 and pRb

Apigenin and TP-53

Binding Energy: -6.9 kcal/mol

Luteolin and TP-53

Binding Energy: -6.9 kcal/mol

Apigenin and pRb

Binding Energy: -6.4 kcal/mol

Luteolin and pRb

Binding Energy: -6.4 kcal/mol

Apigenin and Luteolin both displayed notable binding affinities with TP-53 and pRb. The
interaction energies, though lower than the converted values of the E6 protein-protein interactions,
still demonstrate significant binding, particularly given that these are non-protein molecules
interacting with proteins.

The converted protein-protein interaction energies indicate that E6 exhibits very strong binding
affinities with both TP-53 and pRb. The natural compounds Apigenin and Luteolin, while showing
slightly lower binding energies, present affinities that are competitive within the non-protein-protein
interaction context. Specifically, the binding energies of Apigenin and Luteolin with TP-53 (-6.9
kcal/mol) are quite comparable to the converted scores of E6-TP-53 (-6.89 to -9.77 kcal/mol). For pRb,
the energies are slightly lower (-6.4 kcal/mol) compared to the converted E6-pRb interactions (-7.22
to -7.30 kcal/mol), yet still notable.

The negative binding energies observed for all interactions suggest that these interactions are
thermodynamically favorable and spontaneous. The more negative the binding energy, the stronger
and more stable the interaction. In this context, the protein-protein interactions (E6 with TP-53 and
PRD) naturally exhibit more negative energies due to the extensive interaction interfaces and higher
number of contact points. However, the non-protein interactions with Apigenin and Luteolin, despite
being less complex, still demonstrate sufficient binding energy to suggest potential competitive
inhibition of E6 binding.

The ability of Apigenin and Luteolin to bind TP-53 and pRb with significant affinity offers
promising therapeutic potential. By competing with E6 for binding sites on these tumor suppressor
proteins, Apigenin and Luteolin could theoretically prevent E6-mediated degradation of TP-53 and
pRb. This preservation of TP-53 and pRb functions could restore their tumor suppressor activities,
counteracting the oncogenic processes initiated by HPV-16. The slightly lower binding energies for
Apigenin and Luteolin compared to E6 suggest that while these natural compounds may not entirely
outcompete E6 in vivo, they could still significantly interfere with the binding process. This
interference could lead to partial restoration of TP-53 and pRb functions, potentially slowing or
preventing the progression of HPV-16-induced malignancies.

The comparative docking analysis between protein-protein and non-protein-protein interactions
provides valuable insights into the binding dynamics of E6 with TP-53 and pRb, and the potential of
Apigenin and Luteolin as therapeutic agents. Despite the inherent strength of protein-protein
interactions, the significant binding affinities of Apigenin and Luteolin highlight their potential as
natural inhibitors. Further research and experimental validation are required to fully explore these
compounds' therapeutic efficacy and their possible role in HPV-16 treatment strategies.

5. Conclusions

This comprehensive study has elucidated the intricate molecular interactions between the HPV-
16 oncoprotein E6 and the tumor suppressor proteins TP-53 and pRb, alongside the binding affinities
of the natural compounds Apigenin and Luteolin with these critical cellular targets. Through
advanced molecular docking simulations, we have demonstrated that E6 exhibits exceptionally
strong binding interactions with TP-53 and pRb, as evidenced by the highly negative binding
energies. These interactions are pivotal in the viral oncogenic mechanism, as they disrupt the normal
tumor suppressor functions of TP-53 and pRb, facilitating uncontrolled cellular proliferation and
tumorigenesis. Notably, the natural compounds Apigenin and Luteolin displayed significant binding
affinities with TP-53 and pRb, despite being non-protein molecules. The comparative analysis,
facilitated by the conversion of protein-protein interaction energies to a comparable scale with non-
protein interactions, revealed that these natural compounds can competitively bind to TP-53 and pRb.
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The binding energies of Apigenin and Luteolin, although slightly less negative than the converted
values for E6 interactions, are sufficiently high to suggest potential therapeutic applications. By
occupying the binding sites on TP-53 and pRb, Apigenin and Luteolin may hinder the binding of E6,
thereby preserving the tumor suppressor functions of these proteins. These results has shown to us
that we can improve immunity in a prevention of malignancies, through functional food, which we
are developing.

Future Perspectives:

Given the promising binding affinities observed for Apigenin and Luteolin, future research
should focus on several key areas to further explore and validate the therapeutic potential of these
natural compounds against HPV-16-induced malignancies:

Experimental Validation: While the in silico docking results provide a strong foundation,
experimental studies are crucial to confirm the binding interactions and biological efficacy of
Apigenin and Luteolin. Techniques such as surface plasmon resonance (SPR), isothermal titration
calorimetry (ITC), and co-immunoprecipitation should be employed to validate the binding affinities
and elucidate the mechanisms by which these compounds inhibit E6 function.

Structure-Activity Relationship (SAR) Studies: To optimize the efficacy of Apigenin and Luteolin,
detailed SAR studies should be conducted. These studies can identify key structural features
responsible for binding affinity and selectivity, enabling the design of more potent analogs with
enhanced therapeutic properties.

In Vivo Studies and Pharmacokinetics: The pharmacokinetic properties, including bioavailability,
metabolism, and tissue distribution of Apigenin and Luteolin, must be thoroughly investigated. In
vivo studies using appropriate animal models will be essential to evaluate the efficacy, safety, and
potential toxicity of these compounds in a physiological context.

Combination Therapy: Given the moderate binding affinities observed, combination therapies
involving Apigenin, Luteolin, and other therapeutic agents could be explored. Such combinations
may enhance the overall therapeutic outcome by simultaneously targeting multiple pathways
involved in HPV-16 oncogenesis.

Clinical Trials and Therapeutic Development: Ultimately, the progression of Apigenin and Luteolin
from the bench to bedside will require well-designed clinical trials. These trials should assess the
efficacy, safety, and tolerability of these compounds in HPV-positive patients, providing critical data
for their potential use in clinical settings.

In summary, this study lays the groundwork for the development of novel therapeutic strategies
targeting HPV-16 oncogenesis. The significant binding affinities of Apigenin and Luteolin with TP-
53 and pRb highlight their potential as natural inhibitors of E6, offering a promising avenue for
therapeutic intervention. Future research efforts should focus on translating these findings into
clinical applications, with the ultimate goal of improving outcomes for patients affected by HPV-
related malignancies.
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