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ARTICLE INFO ABSTRACT

Article history: Background: The Human papilloma virus is the primary cause of cervical cancer.
Received 30 March 2025 The virus integrates with the human genome to produce the E6 oncoprotein.
Accepted as revised 13 July 2025 Therefore, the E6 oncoprotein is a crucial molecular target for cancer progression
Available online 15 July 2025 or treatment. The development of aptamers is beneficial for interacting with the
Keywords: target protein and serves as a new strategy for detection or delivery systems.

RNA aptamer, human papillomavirus,

deep neural network, cervical cancer, Objectives: We aim to explore the candidate aptamer sequence against E6
E6 protein oncoprotein using a computational-based method.

Materials and methods: This study designed the candidate aptamer against the
target protein based on computational approaches using the AptaTrans pipeline.
After obtaining the candidate aptamer sequences, the minimum free energy was
calculated using the RNAfold web server. The tertiary structure was then generated
using RNAComposer. Next, the molecular docking score was acquired from the
GRAMM web server.

Results: The aptamer sequences with the best stability, as indicated by minimum
free energy (MFE), are Sq3_16E6, Sq3_Actn, and Sq3_18E6, respectively. The
aptamer sequences of Sq3_16E6 and Sq2_18E6 showed potential interactions with
8GCR and 6SJV, respectively.

Conclusion: Sq3_16E6 and Sq2_18E6 are appropriate for the development of the
detection of the E6 protein in cervical swabs. Further investigation should be performed.

Introduction

High risk human papilloma virus (HPV) is non
enveloped DNA virus, can cause the abnormalities of cervical
epithelial cells, which primarily cause of cervical cancer. The
individuals with risky behaviors, such as frequently changing
sexual partners, engaging in sexual activity at a young age,
and direct contact with lesions of an infected person, are
at significant risk of developing cervical cancer®. Currently,
HPV DNA testing is promoted with regular screening of
cervical cancer in Thailand. This policy is recommended in
response to these second most common cancers so that
the detection of HPV DNA collected by self-cervical swabs
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strains in its responsible area within Health Region 2.
If patients test positive for HPV types 16 and 18, confirmation
with colposcopy is recommended. For other strains, likely
types 52 and 58, patients are taken liquid-based cytology to
diagnose the progression of cervical cancer®. Notably,HPV
DNA encodes several oncoproteins, including the oncogenic
E6 and E7 proteins, which promote cervical carcinogenesis
and are overexpressed during cervical transformation®.
Therefore, an oncoprotein-based diagnostic test holds
promise for being especially specificin detecting precancerous
lesions that have progressed to a high-grade CIN stage or to
cancer. The E6 protein binds to a short LxxLL consensus
sequence within the cellular ubiquitin ligase E6-associated
protein (E6AP), subsequently leading to degrad pro-apoptotic
tumour suppressor p53. The meta-analysis suggested
that the detection of E6 oncoprotein may be useful for
triaging HPV-positive women by predicting the risk of
developing cervical pre-cancer and cancer®. In consistency
with the study by Ferrera et al. (2019), the detection of
E6 oncoprotein is highly sensitive and serves as a specific
marker for HPV16/18-related High-grade Squamous
Intraepithelial Lesion (HSIL) lesions. Moreover, the
development of lateral flow assays for E6 oncoprotein is
useful for direct triage to treatment in resource-limited
settings’. In summary, detecting HPV DNA, along with
E6 and E7 proteins, is beneficial for identifying high-risk
HPV infections. This approach is particularly important for
assessing cervical cancer progression before the patient
undergoes colposcopy by an obstetrician. Moreover, E6 is
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also the molecular target for treatment of cervical cancer®.
Aptamers are the short nucleotides of DNA and RNA
molecules which can bind to specific targets such as ions,
small molecules or specific proteins. Aptamers are generally
developed by the conventional method known as systematic
evolution of ligands by exponential enrichment (SELEX)°.
The limitation of SELEX is labor- and time- consuming.
Moreover, this method rarely yields the number of effective
candidate aptamers for further performance evaluation
and validation. The use of a computational based method
is alternative precision to predict the candidate aptamer
sequence at the monomer level. AptaTrans, a deep neural
network (DNN) model, was developed to utilize Monte-Carlo
tree search (Apta-MCTS) for the exploration of the
recommending RNA aptamer candidates!®*. This pipeline
pretrain structural representation pretrained encoders
to generates the deep neural network model. Then, the
binding capabilities of aptamer and protein targets can
investigate by the molecular docking tools. The predicted
3D model results explore different poses of the aptamer-
protein interaction and identify the complexes with the
lowest binding energies.

In this study, we aim to investigate the candidate
aptamer sequence using a computational-based method.
Following the AptaTrans pipeline, we predict candidate
RNA aptamers that interact with the protein. We are
initially exploring these RNA aptamers using computational
methods for HPV detection (Figure 1).

The generation of
DNN model

L. Secondary structure
of candidate aptamer

Predict molecular modeling and docking of the candidate
aptamers and target protein sequence using GRAMM

Figure 1. The workflow of this study to generate the candidate aptamer against E6 oncoprotein

Materials and methods
Generating a deep neural network model

The deep neural network model was executed
followed by AptaTrans pipeline https://github.com/
PNUMLB/AptaTrans) in the Windows subsystem for
Linux environment. The core of the model is based on
transformer-based encoders, which effectively capture the
complex interactions between RNA aptamers and their
target proteins. To generate neural network model, we

used a pre-trained encoders of aptamers'? and proteins®®. A
batch size of 16 was used, and the model was trained for 20
epochs. The neural network model was then fine-tuned for
to further enhance performance.

Predicting candidate RNA aptamer using computational
methods in deep neural networks

To obtain the RNA aptamer at the monomer level, the
candidate aptamer was encoded by specifying the targeting
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protein sequence and the depth of the Monte-Carlo search E6-E6AP-p53 complex and E6AP-LXXLL motifs of HPV type
tree. The E6 oncoprotein sequence of HPV type 16 and 18 was 16 and 18, respectively. Whereas, 3BYH represent actin.
retrieved from Uniprot (UniProt IDs: P06463 for HPV16 and The number of iterations for the MCTS was set to 50, ensuring
P03255 for HPV18). 8GCR and 6SJV response to the HPV16 a thorough search for potential aptamer candidates.

Table 1. Candidate aptamer sequence

Candidate aptamer MFE
(-kcal/mol)
HPV16  Sql_16E6 GUUUAGCGAAUGCCCUUCAGUCUCUAACAAGAUGA -1.90

(8GCR) Sgq2_16E6 CGCGGACCCCCUACAUUCCGCCGGGAUAUUACUAAAAGCGCUUUAAUCGU -7.10

Sg3_16E6  GAGGCGCAAGGCCGAACUGUAGAUUUAUAGGGGUGAACCAAGGACAUGC -14.70
CGCGCGACUCC

HPV18 Sql_18E6 GGUGAGCGAGCCCAUAGGUGGCUUACAGAGUUUUG -10.70
(653V) Sg2_18E6  GCGAAUUCGCCUUGGCACGAGAUCCGUAGGCAGGAGACGAAUUCGCGAUU  -19.10

Sq3_18E6 CGCCGCGAGGUUAGCCUUACCGCACCCCCCGUCGACGAGAGGACGGGGLCGG  -23.40
UCUCACGAA

Actin Sql_Actn AGAACACAUCCUUUAGUGCCAGUCCGACUUCUCGUUAGGUUUGACUGGGU  -14.50

(3BYH) 542 Actn  AACCGCGCGGCCAUGUAUGCACGGAGUGUAGCCCUACUGUAGUCAAACUGA  -11.70
AACCGCCGC

Sg3_Actn UAGACGCAGUUCAUACGAGCAGUUCGAUGUAUACUGGAACCCAAGUGAGU  -20.90
GGUGCAGAUUGUACAGCAAAUGGCUCGCCGCCUCCACGUCCGAAUCAAAG
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Figure 2. MFE secondary structure of the candidate aptamer sequence by RNAfold.
Nucleotides are colored according to their positional entropy, as shown on the horizontal
bar. Red colors indicate lower entropy, while blue colors indicate higher entropy
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Molecular modeling and docking of the candidate aptamers

RNA aptamer sequences were converted to PDB
format using RNAComposer web servers, to be used as
ligands in subsequent analyses. The minimum free energy
(MFE) secondary structure was obtained from RNAfold web
server. The PDB format of target proteins, including 8GCR,
6SJV, and 3BYH, was downloaded from the Protein Data

Bank (PDB). To predict the molecular interaction poses,
RNA aptamer-protein dockings were performed using the
GRAMM web server, which did not specify a binding site.
The clustering threshold was set to 5 A. Then, the 3D model
structures were generated using the ChimeraX program
(UCSF, USA).

Table 2. GRAMM'’s docking scores of candidate aptamers to target protein

HPV types Candidate Aptamer Docking scores
sequences 8GCR 6SIV 3BYH
HPV16 Sql_16E6 -630 -523 -634
Sq2_16E6 -686 -654 -649
Sq3_16E6 -802 -719 -712
HPV18 Sql_18E6 -558 -613 -573
Sq2_18E6 -661 -682 -659
Sq3_18E6 -670 -670 -635
Actin Sql_Actn -616 -640 -726
Sq2_Actn -670 -802 -818
Sq3_Actn -709 -664 -780

(A) Sq3_16E6-8GCR

Results
Candidate aptamers generation from DNN model

In this study, we performed deep neural networks to
predict the sequences of aptamers targeting the proteins
8GCR, 6SJV, and 3BYH, which represent the E6 protein of
HPV types 16 and 18, and actin, respectively. The candidate
aptamer sequences are shown in Table 1. Based on the
MFE results, the folding stability of each aptamer depends
on sequence length. Additionally, the use of actin has been
iterated as an internal control in the study. For this purpose,
the RNA aptamer sequence most specific for this protein is
Sqg3_Actn, as it shows the highest binding affinity, indicated
by the lowest docking scores and demonstrates lack of
cross-reactivity with other proteins studied. The secondary
structure of aptamer was shown in Figure 2.

The molecular docking of candidate aptamer to protein
The binding affinities of the candidate aptamers across

all three proteins were evaluated using GRAMM web server

(Table 2). Between candidate RNA aptamer against 8GCR

(B) Sq2_18E6-65IV

(C) Sq3_Actn-3BYH

Figure 3. The representative structure of the interaction illustrates the binding interfaces between the aptamer and target protein

protein, Sq3_16E6 exhibited the highest binding affinity
based on its docking score. The docking scores of Sq2_18E6
and Sql_18E6 against 6SJV protein were -682 and -613,
respectively. Sq3_Actn showed a specific interaction with
3BYH protein, and demonstrated lower cross reactivity
with other studied proteins. The interaction between
representative candidate aptamer and the target protein
has binding interfaces as shown Figure 3.

Discussion

HPV infection is a major risk factor for cervical cancer.
An early region of HPV E6 and E7 genes integrate into
the human genome, encode the oncoproteins playing
a significant role during cervical cancer progression.
The detection of the E6 oncoprotein serves as a specific
marker for HPV-induced cancer progression. However, the
development of detection methods may be problematic
due to issues with the storage of cervical swab samples
and the freeze-thaw cycles. Aptamers not only improve
detection methods but also play a crucial role in the
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development of next-generation drugs***. The process of
obtaining specific recognition sequences, such as antibodies
or high-throughput SELEX (HT-SELEX) aptamers, is still time
consuming. Therefore, computational approaches are an
alternative choice for improving the successful identification
of aptamer sequence.

We obtained the aptamer sequence after inputting the
target protein sequence into a DNN model, which predicted
the candidate aptamer sequence based on Monte-Carlo
Tree Search (MCTS)*. The general size of aptamer is between
30-100 nucleotides, so the length of candidate aptamer
set up in these intervals. The selection and production of
aptamers have been mentioned in which be challenges.
Muhammad et al., 2022 have been generate the novel
aptamer against NT-3 growth factor receptor based on
computational approach with a relatively stable structure?.
Moreover, the use of RNA aptamer, which was designed
in silico, also demonstrated the ability to adhere on the
surface of MCF-7 and MDA-MB-231 cells, which have been
beneficial for cancer cell imaging?’. In our study, Sq3_16E6
and Sq3_Actn expressed the low MFE, which relate to
their stable positional entropy in the secondary structure.
The tertiary structure was obtained from RNAcomposer
webserver. This is the first study to apply the DNN predictive
abilities using Aptatrans for aptamer sequence generation
on cervical oncoprotein.

The molecular docking has been used as bioinformatics
tool to predict the RNA aptamer-protein interactions®®.
Recently, the development of apta-sensors performed
the molecular docking to predict the interaction between
calcium/calmodulin-dependent serine protein kinase (CASK)
protein, which propose to be breast cancer screening
methods, against candidate aptamers®. Therefore, the
molecular docking is the powerful tools to identify how the
aptamer interacts with the target before further verification
with other molecular techniques. In this study, we use
GRAMM web server for protein docking to predict docking
poses based on the Fourier transformation of the possible
interaction sites of macromolecules and proteins®. The
binding interfaces of the Sq3_16E6 groove can interact
with the 8GRC protein, which represents a high docking
score compared to other studied proteins. This interaction
of Aptamers against proteins involves hydrogen bonding,
electrostatic interactions, hydrophobic interactions and
van der Waals forces?!. However, the low binding affinity of
RNA aptamers for HPV18E6 might result from poor shape
complementarity, which is due to rigid and geometric-based
scoring. RNA aptamers are highly flexible, and this limitation
can cause inaccurate or low docking scores. Our result
noticed that candidate aptamers, which expressed low
MFE, had high potential interact with E6 oncoprotein.

Limitation

This study relies on computational approaches using
the existing capabilities of the DNN model, which may
not always accurately predict the complex structures and
behaviors of aptamers. Next, the experimental validation is
necessary to confirm these predictions.

Conclusion

The computational approach is a powerful tool for
generating candidate aptamer. The molecular docking
revealed the potential on the candidate aptamer and
protein interactions. This study suggests that Sq3_16E6 and
Sq2_18E6 are appropriate for further evaluation of their
ability on E6 HPV type 16 and 18 oncoproteins, respectively.
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