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Computational Design of Potent siRNA for BRAF Oncogene Silencing for
Enhancing Cancer Therapy

Abstract

The discovery of oncogenic BRAF mutations has prompted the development of inhibitors, yet resistance
remains widespread. A more effective strategy involves targeting BRAF mRNA with siRNA to overcome
resistance to BRAF inhibitors. This study aims to design potent siRNA for BRAF oncogene silencing using
a computational approach. The full coding sequence of BRAF was retrieved from the NCBI database and
potential siRNAs were predicted using the Ui-Tei, Reynolds, and Amarzguioui rules. Identified siRNAs were
further analyzed using various prediction systems and parameters, including their interaction with the
hAgo2 protein. The results identified that seven siRNAs (siRNA 23, siRNA 24, siRNA 26, siRNA 34, siRNA
37, and siRNA 38) with high potential for targeting BRAF mRNA. These siRNAs demonstrated a GC
content above 30%, a high prediction score, a low probabilities of self-folding, and strong binding affinities
to the target mMRNA. Among these, three siRNAs (siRNA 28, siRNA 34, and siRNA 38) exhibited the most
negative binding energy values, namely -352.88, -353.48, and -356.46 kcal/mol, respectively. Structural
analyses of hAgo2, siRNAs, and their interactions revealed that siRNA 34 (5-
UUCCAAAUGCAUAUACAUCUG-3') and siRNA 38 (5-UUGUUGAUGUUUGAAUAAGGU-3') had the highest
potential as BRAF silencers. The siRNA 34 and siRNA 38 exhibited the highest potential for BRAF
silencing. This study provides a comprehensive computational approach for designing siRNAs, aiming to
enhance the effectiveness of siRNA-based therapeutic strategies.
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Abstract

The discovery of oncogenic BRAF mutations has prompted the development of inhibitors, yet resistance remains
widespread. A more effective strategy involves targeting BRAF mRNA with siRNA to overcome resistance to BRAF
inhibitors. This study aims to design potent siRNA for BRAF oncogene silencing using a computational approach. The
full coding sequence of BRAF was retrieved from the NCBI database and potential siRNAs were predicted using the Ui-
Tei, Reynolds, and Amarzguioui rules. Identified siRNAs were further analyzed using various prediction systems and
parameters, including their interaction with the hAgo2 protein. The results identified that seven siRNAs (siRNA 23,
siRNA 24, siRNA 26, siRNA 34, siRNA 37, and siRNA 38) with high potential for targeting BRAF mRNA. These siRNAs
demonstrated a GC content above 30 %, high prediction score, low probabilities of self-folding, and strong binding
affinities to the target mRNA. Among these, three siRNAs (siRNA 28, siRNA 34, and siRNA 38) exhibited the most
negative binding energy values, namely —352.88, —353.48, and —356.46 kcal/mol, respectively. Structural analyses of
hAgo2, siRNAs, and their interactions revealed that siRNA 34 (5'-UUCCAAAUGCAUAUACAUCUG-3’) and siRNA 38
(5'-UUGUUGAUGUUUGAAUAAGGU-3’) had the highest potential as BRAF silencers. The siRNA 34 and siRNA 38
exhibited the highest potential for BRAF silencing. This study provides a comprehensive computational approach for

designing siRNAs, aiming to enhance the effectiveness of siRNA-based therapeutic strategies.

Keywords: BRAF, Cancer, hAgo2, siRNA, Oncogene
1. Introduction

I n mammalian cells, the RAF protein family plays
a crucial role in regulating cell proliferation,
differentiation, and survival [1]. The RAF family
consists of three conserved domains known as
conserved regions 1, 2, and 3 (CR1, CR2, CR3).
These domains have distinct functions: CR1 serves
as a self-regulatory domain for RAS GTP-binding,
CR2 functions as a serine-rich hinge region, and
CR3 acts as a catalytic domain for serine/threonine
protein kinase, responsible for phosphorylating a
consensus sequence on protein substrates [2].

The RAF family comprises three proteins: ARAF,
BRAF, and CRAF. Among these, BRAF mutations
are the most common alterations in the RAF kinase
family, frequently observed in various cancer types,
including nearly 60 % of melanomas, 60 % of thyroid

cancers, 15 % of colorectal cancers, and 5—8 % of
non-small cell lung cancers (NSCLCs). Mutations in
BRAF lead to over activity of the ERK signaling
pathway resulting in uncontrolled cell proliferation
[3]. Therefore, research to develop effective BRAF
inhibitors is progressing rapidly.

The discovery of oncogenic BRAF mutations has
driven the development of inhibitors targeting BRAF
[4]. Vemurafenib and Dabrafenib are small molecule
inhibitors that specifically target BRAF. Both com-
pounds act as ATP inhibitors that bind to the ATP
binding domain of BRAF protein [5]. In addition small
molecules, antibody-based BRAF inhibitors have also
been developed to specifically inactivate BRAF [6].
However, resistance to BRAF inhibitors is a signifi-
cant challenge. Previous clinical research involving
132 samples reported that 58 % of patients experi-
enced resistance to BRAF inhibitor [7]. Resistance
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mechanisms include gene amplification and muta-
tion mechanisms in BRAF. The amplification of the
BRAF gene resulted in a substantial increase in BRAF
protein expression, leading to the reactivation of ERK
in the presence of BRAF inhibitors. Additionally, in-
hibitor molecules can also induce mutation in BRAF,
making the protein resistant to inhibitors [8]. Due to
the emergence of various cases of BRAF resistance, a
more effective strategy BRAF inhibition is needed.
Targeting BRAF at the mRNA level using siRNA of-
fers a promising alternative.

The siRNA-based cancer therapy method has
high prospects as an anticancer alternative because
it directly silences the expression of specific genes
[9]. One of siRNA advantages is the ability to over-
come resistance to small-molecule inhibitors and
monoclonal antibody inhibitors [10]. For example,
previous research demonstrated that siRNA target-
ing the HER3 protein effectively overcomes resis-
tance to small-molecule HER3 inhibitors. Another
study stated that siRNA targeting MDM2 induces
apoptosis in chemotherapy-resistant non-small cell
lung cancer [11]. These findings highlight the
effectiveness of siRNA as a promising approach to
address designing siRNAs targeting oncogenes
frequently associated with drug resistance mecha-
nisms is an urgent necessity.

The increasing resistance of cancer to drugs em-
phasizes the critical requirement for innovative
therapeutic approaches. Our research addresses this
challenge by employing computational design to
enhance cancer therapy. We concentrate on the
precise development of powerful siRNA molecules
to selectively silence the BRAF oncogene. The
following sections will detail the computational
design methodology and the rationale for selecting
specific siRNA candidates.

2. Methods
2.1. BRAF sequence retrieval

The complete coding sequence (CDS) of BRAF
oncogene (NM_001378474.1) were obtained from
NCBI (https://www.ncbi.nlm.nih.gov/) with RefSeq
as the Source database. This sequence was obtained
from chromosome 7q34 from humans suffering
from thyroid cancer [12]. The CDS sequence was
saved in fasta format. The BRAF sequence obtained
was continued to the next stages as shown in the
flowchart in Fig. 1.

2.2. siRNA sequence prediction

The sequences of the siRNA targeting the BRAF
mRNA were predicted using siDirect 2.1 web server

(https://sidirect2.rnai.jp/) using Human (Homo sapi-
ens) transcript RefSeq release 220 as the reference.
siRNA prediction uses a combination of the Ui-
Tei + Reynolds + Amarzguioui algorithm [13]. Se-
quences that have a melting temperature of 20—60 °C
were chosen because they have good silencing
activity.

2.3. Validation and off-target analysis of predicted
siRNA

Validation of siRNA obtained from siDirect 2.1 was
carried out using siExplorer (http://rna.chem.t.u-
tokyo.ac.jp/cgi/siexplorer.htm) [14]. And OligoWalk
(https://rna.urmc.rochester.edu/cgi-bin/server_exe/
oligowalk/oligowalk_form.cgi) [15]. Prediction of
siRNA inhibition ability was performed using
siPRED (http://predictor.nchu.edu.tw/siPRED/) [16].
Off-targets of each siRNA were analyzed using
BLAST NCBL

2.4. siRNAs folding probability analysis

The secondary structure and the free energy of
folding of the designed siRNAs guide strands were
predicted using default parameters in the Max-
Expect webserver (https://rna.urmc.rochester.edu/
RNAstructureWeb/Servers/MaxExpect/MaxExpect.
html) [17]. The low energy value implies more
possible folding and the high energy value implies
less possible folding, and thus the siRNA guide
strands showing high energy will be the more
suitable candidates.

2.5. siRNAs-mRNA binding analysis

The interaction binding energy of siRNA with
target mRNA was predicted using DuplexFold
web server (https://rna.urmc.rochester.edu/RNA
structureWeb/Servers/DuplexFold/DuplexFold.html)
[18]. The simulation was carried out at human
physiological temperature (310.15 K). A low binding
energy value indicates a stable interaction and is an
important point for siRNA efficacy.

2.6. Heat capacity and melting temperature calculation of
siRNA-mRNA

The DINAMelt web server (http://www.unafold.
org/hybrid2.php) was employed to predict the
temperature-dependent ensemble heat capacity
(Cp), considering the melting temperature at the
endpoint (Tm (Cp)) [19]. Additionally, the server
was used to calculate the melting temperature at
one-half concentration of double-stranded mole-
cules (Tm (Conc)) for the mRNA—siRNA complex.


https://www.ncbi.nlm.nih.gov/
https://sidirect2.rnai.jp/
http://rna.chem.t.u-tokyo.ac.jp/cgi/siexplorer.htm
http://rna.chem.t.u-tokyo.ac.jp/cgi/siexplorer.htm
https://rna.urmc.rochester.edu/cgi-bin/server_exe/oligowalk/oligowalk_form.cgi
https://rna.urmc.rochester.edu/cgi-bin/server_exe/oligowalk/oligowalk_form.cgi
http://predictor.nchu.edu.tw/siPRED/
https://rna.urmc.rochester.edu/RNAstructureWeb/Servers/MaxExpect/MaxExpect.html
https://rna.urmc.rochester.edu/RNAstructureWeb/Servers/MaxExpect/MaxExpect.html
https://rna.urmc.rochester.edu/RNAstructureWeb/Servers/MaxExpect/MaxExpect.html
https://rna.urmc.rochester.edu/RNAstructureWeb/Servers/DuplexFold/DuplexFold.html
https://rna.urmc.rochester.edu/RNAstructureWeb/Servers/DuplexFold/DuplexFold.html
http://www.unafold.org/hybrid2.php
http://www.unafold.org/hybrid2.php

M.H. Widyananda, R. Raissa / Karbala International Journal of Modern Science 11 (2025) 317—327

319

BRAF sequence retrieval

~

J

¥

siDirect 2.1
Prediction of siRNA sequences
using the Ui-Tei + Reynolds +

Amarzguioui algorithm

~

!

siExplorer
Prediction of optimum
siRNA sequence based on
siExplorer probability score
(%) and GC content

OligoWalk
Prediction of optimum
siRNA sequence based on
hybridization free energy

N

SiPRED
Prediction of optimum
siRNA sequence based on
siRNA inhibition ability

BLAST NCBI
Off target prediction of the
siRNA candidate

A\ 4
maxExpect DINAMelt
Prediction of folding . .D“ le)‘(Fold Calculation of Heat capacity
. Prediction of siRNA-mRNA . 3
conformation and free energy bindin and melting temperature of
folding of siRNA candidate e siRNA-mRNA
( )\
3dRNA 2.0

(.

3D structure modeling of siRNA

J

v

~

(&

HDOCK
Molecular docking between siRNA
and hAgo2

J

!

\§

YASARA
Analysis of siRNA-hAgo2
interaction stability

Fig. 1. The flowchart describes the methodology used in the current study along with the respective tool/web server.

2.7. Molecular docking

The 3D structure of siRNA was modeled using the
3dRNA 2.0 web server with Bi-residue as loop
building method (http://biophy.hust.edu.cn/new/
3dRNA/) [20]. The model used is the model that
has the lowest 3dRNA score value. The 3D structure
of siRNA was minimized using AMBER with {f14SB
force field. The 3D structure of human Argonaute 2
protein (hAgo2) was obtained from the RCSB PDB
database (https://www.rcsb.org/) with ID 5]JS1 and
prepared by removing contaminant molecules using
Biovia Discovery Studio 2019 software. Molecular
docking between siRNA and hAgo2 was carried out
using the HDOCK web server (http://hdock.phys.
hust.edu.cn/) [21]. Docking results were visualized
using Biovia Discovery Studio 2019.

2.8. Molecular dynamic (MD) simulation
Molecular dynamics simulations were conducted

using Yet Another Scientific Artificial Reality
Application (YASARA v23.4.25) software with

AMBER 14 as a force filed [22]. The system is ar-
ranged in the form of a cube filled with water with a
density of 997 kg/m> and 0.09 % salt. The system
conditions are adjusted to human physiological
conditions, namely temperature 37 °C, pH 7.4, and
pressure 1 atm. The simulation was carried out for
50 ns with autosave enabled every 25 ps. Running
the simulation using the md_run program and
analyzing the simulation results using md_analyze
and md_analyzeres.

3. Results

3.1. Identification and screening of siRNAs sequence
targeting BRAF mRNA

The identification of potential siRNAs targeting
BRAF mRNA was performed using the siDirect 2.1
webserver, which applies the Ui-Tei, Amarzguioui,
and Reynolds rules to enhance the accuracy of
siRNA predictions. The analysis identified 39 po-
tential siRNAs targeting various regions of the BRAF
mRNA. From these, siRNAs with the most favorable
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melting temperature (Tm) values were selected.
Among the 39 siRNAs, seven candidates (siRNA 23,
siRNA 24, siRNA 26, siRNA 28, siRNA 34, siRNA 37,
and siRNA 38) were predicted to have the highest
potential, as they exhibited Tm values above 20 °C
(see Supplementary Materials, Table 1 (https://
kijoms.uokerbala.edu.iq/cgi/editor.cgi?article=3405&
window=additional_files&context=home)).

3.2. Validation of siRNAs sequence

The seven potential siRNAs were validated using
various parameters, including GC content, free en-
ergy, siRNA score, and off-target potential. All
seven siRNAs exhibited a GC content above 30 %
and showed no indication of off-target effects
(see Supplementary Materials, Table 2 (https://
kijoms.uokerbala.edu.iq/cgi/editor.cgi?article=3405&
window=additional_files&context=home)). The Oli-
goWalk and siExplorer scores were used to predict
the likelihood of each sequence being an optimal
siRNA, with OligoWalk scores ranging from 0.59 to
0.85 and siExplorer scores between 62.31 % and
76.7 %. The siPred inhibition values, which estimate
the ability of siRNAs to inhibit gene expression,
ranged from 66.88—81.03 % for the seven candidates
(Table 1). Overall, these results suggest that the
seven siRNA sequences are highly likely to be
effective in targeting BRAF mRNA.

3.3. Potential siRNA secondary structure prediction

This study predicted the potential for siRNA to
form secondary structures. The predicted secondary
structure conformations and their corresponding
free energy folding values are presented in Fig. 2. A
positive free energy folding value suggests the
likelihood of secondary structure formation. The
formation of secondary structures is crucial for
preventing siRNA degradation.

3.4. mRNA-siRNA interaction prediction

The potential interactions between candidate
siRNAs and target mRNAs were predicted using
DuplexFold. The results, including free binding
energy values and interaction conformations, are
presented in Fig. 3. The free binding energy values
ranged from —29.5 to —33.8 kcal/mol, with lower
values indicating more stable interactions.

3.5. Heat capacity analysis of potential siRNAs

The heat capacity of the potential siRNAs was
evaluated using the endpoint temperature (Tm(Cp))

Table 1. siRNA validation using various parameters and system prediction.
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Energy: 1.8 kcal/mol

Energy: 1.7 kcal/mol Energy: 1.6 kcal/mol 2 Energy: 1.7 kcal/mol

Fig. 2. Self-folding probability and folding energy of potential siRNA guide strand. A) siRNA 23, B) siRNA 24, siRNA 26, siRNA 28, siRNA 34,
siRNA 37, siRNA 38.

and the melting temperature at half-concentration = mRNA. In this study, the Tm(Cp) values of the
of the mRNA-siRNA complex (Tm(Conc)). High  seven potential siRNAs ranged from 70.5 °C to
Tm(Cp) and Tm(Conc) values indicate a greater  77.9 °C (Fig. 4A), while the Tm(Conc) values were
likelihood of effective siRNA targeting of the  within the range of 71.6 °C—78.4 °C (Fig. 4B).

Energy =-33.3 Energy = -33.8 Energy =-31.1 Energy = -33.6 Energy = -32.0 Energy = -30.2 Energy = -29.5
kcal/mol kcal/mol kcal/mol kcal/mol kcal/mol kcal/mol kcal/mol

Fig. 3. Probability binding conformations of the siRNA guide strand with the target mRNA and their binding energy values. A) siRNA 23, B) siRNA
24, siRNA 26, siRNA 28, siRNA 34, siRNA 37, siRNA 38.
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Fig. 4. Heat capacity of the mRNA-siRNAs. A) melting temperature at
the endpoint [Tm (Cp)l. B) Melting temperature at one-half concen-
tration of double-stranded molecules [Tm (Conc)].

3.6. Molecular interaction of hAgo2 and potential
siRNAs

The interaction between potential siRNAs and
hAgo2 is critical, as it underpins the mechanism of

recognition and binding to target mRNA. The visu-
alization of the hAgo2-siRNA interaction is presented
in Fig. 5. Docking analysis revealed that three com-
plexes exhibited the most stable binding energy
values. Specifically, hAgo2-siRNA28 (—352.88 kcal/
mol) formed interactions with 18 residues, hAgo2-
siRNA34 (—353.48 kcal/mol) formed interactions with
20 residues, and hAgo2-siRNA38 (—356.46 kcal/mol)
formed interactions with 20 residues (see supple-
mentary materials, Table 3 (https://kijoms.uokerbala.
edu.iq/cgi/editor.cgi?article=3405&window=additional
files&context=home)).

3.7. hAgo2-siRNA complexes dynamic

The three complexes exhibiting the most stable
interactions from the docking results (siRNA28-
hAgo2, siRNA34-hAgo2, and siRNA38-hAgo2) were
further analyzed using molecular dynamics simu-
lations to examine the dynamics of their in-
teractions. The molecular dynamics analysis
revealed that the backbone RMSD and radius of
gyration values were highest for the hAgo2-
siRNA28 complex, suggesting that the hAgo2

Fig. 5. Molecular interaction between hAgo2 and siRNAs. A) hAgo2 protein structure, B) hAgo2-siRNA 23, C) hAgo2-siRNA 24, D) hAgo2-siRNA 26,
E) hAgo2-siRNA 28, F) hAgo2-siRNA 34, G) hAgo2-siRNA 37, H) hAgo2-siRNA 38.
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protein structure became less stable after binding to
siRNA 28 (Fig. 6A and C). However, the number of
hydrogen bonds in all complexes showed minimal
fluctuations, indicating no evidence of hAgo2 pro-
tein degradation despite the observed structural
instability after binding to siRNA 28 (Fig. 6D).

The hAgo2-siRNA 28 complex exhibited the
highest RMSD value, suggesting that siRNA28 was
less stable when interacting with hAgo2 (Fig. 6B).
Additionally, the DCCM analysis of the hAgo2
protein and hAgo2-siRNA complexes showed a
trend comparable to that of the control, indicating
minimal conformational changes in the hAgo2-
siRNA complexes (Fig. 6E—H).

Analyzing the movement of each amino acid in
hAgo2 and each nitrogen base in siRNA is essential
for a deeper understanding of structural stability.
Most residues exhibited RMSF values below 3 A,
indicating that the hAgo2 protein structure remains
relatively stable. In contrast, the RMSF values for
the nitrogen bases comprising siRNA were higher,
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Fig. 7. Root mean square fluctuation of hAgo2-siRNA complex and
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particularly for siRNA 28 and siRNA 38, suggesting
significant structural flexibility of the siRNA upon
binding to hAgo2 (Fig. 7).
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4. Discussion

BRAF is a serine-threonine (Ser/Thr) protein ki-
nase and a key component of the RAS/RAF/MEK/
ERK signaling pathway. Upon activation by RAS,
BRAF phosphorylates MEK, which subsequently
activates ERK. This pathway plays a critical role in
regulating cell proliferation, survival, and motility
[23]. Mutations in BRAF are a primary driver of
cancer cell formation, with the V600E mutation
being the most frequently reported, accounting for
approximately 80 % of all mutation cases. This mu-
tation results in hyperactivation of BRAF kinase ac-
tivity. Additionally, other mutations, such as V600D,
V600K, and V600G, also contribute to increased
BRAF activity [24]. Although the siRNA used in this
study was designed based on the wild-type
sequence, it remains effective in silencing mutant
transcripts, particularly when mutations occur
outside the siRNA binding region. This strategy
enables suppression of both wild-type and mutant
alleles, as previous studies have shown that point
mutations in the siRNA target gene (CD46) did not
affect silencing efficiency [25]. Various inhibitor
compounds have been developed to suppress BRAF
activity; however, many have failed due to resistance
mechanisms, particularly BRAF amplification. BRAF
amplification increases protein abundance and re-
duces the efficacy of inhibitors in blocking BRAF
phosphorylation. Consequently, siRNA-based ther-
apeutics are a promising approach for inhibiting
BRAF expression.

This study predicted siRNA sequences targeting
the BRAF gene by applying the Ui-Tei, Reynolds,
and Amarzguioui guidelines. The Ui-Tei rules
specify the presence of A/U at the 5 end of the
antisense strand, G/C at the 5 end of the
sense strand, at least five A/U residues in the 5
terminal one-third of the antisense strand, and
the absence of GC stretches exceeding nine nucle-
otides [26]. Reynolds identified key criteria for
effective siRNA functionality, including low G/C
content, low internal stability at the 3'-terminus
of the sense strand, absence of inverted repeats,
and specific base preferences at positions 3, 10, 13,
and 19. Similarly, Amarzguioui's guidelines
suggest that effective siRNAs have A/U at the ter-
minal ends of the sequence and exclude Ul and
G19 [27]. The selected siRNA sequences conform
to these criteria, ensuring a melting temperature
(Tm) above 20 °C, a range recommended for
improved silencing efficiency [28]. This analysis
identified seven potential siRNA candidates, which
were subsequently validated using multiple
parameters.

The seven potential siRNAs were validated based
on GC content, heat capacity, and various prediction
systems. The GC content significantly influences
siRNA efficacy, with a negative correlation observed
between GC content and siRNA functionality.
siRNA targets with higher GC content are more
prone to folding, potentially reducing target acces-
sibility. Optimal siRNA effectiveness is generally
associated with a GC content range of 30—52 % [29].
The calculated Tm(Cp) and Tm(Conc) values for the
predicted siRNAs serve as indicators of their effi-
cacy, with higher values suggesting enhanced
silencing potential. Additionally, the seven siRNAs
demonstrated favorable scores in siPRED, Oligo-
Walk, and siExplorer prediction systems. According
to siPRED, a predicted inhibition value of >70 %
indicates high efficacy [16]. The OligoWalk system
identifies siRNAs with a probability score of >0.7 as
efficient [15] while the siExplorer system considers
siRNAs with a score of >60 % as potential candi-
dates [30]. The selected siRNAs also exhibited a low
probability of self-folding and a high likelihood of
binding to target mRNA. Further analysis of in-
teractions between the siRNAs and hAgo?2 is crucial
to ensure their functionality and stability.

The human Argonaute2 protein (hAgo2) is struc-
tured into different regions: The N-terminal region
along with Linkerl (1—-225), the PAZ domain with
Linker2 (226—449), the MID region (450—572), and
the PIWI domains (573—859). It contains catalytic
sites at D597, E637, D669, and H807, which are
responsible for its silencing activity [31]. Short
double-stranded siRNA molecules bind to the
hAgo2 protein, where one strand, termed the guide
strand, is selected and retained within the complex.
Subsequently, the hAgo2-siRNA complex recruits
additional proteins to assemble the RNA-induced
silencing complex (RISC). The RISC specifically
binds to complementary mRNA sequences, and
hAgo2 mediates the cleavage of the target mRNA,
leading to its degradation [32]. The results of mo-
lecular docking in this study showed that three
siRNAs had the most negative binding affinity when
interacting with hAgo2, namely siRNA 28, siRNA 34,
and siRNA 38.

Then molecular dynamic simulation analyzes the
stability of the hAgo2 structure, the siRNAs struc-
ture, and the hAgo2-siRNAs interaction. The struc-
tures of hAgo2 and siRNA tend to be stable during
the simulation. During the 50 ns molecular
dynamics simulation, siRNA 34 (5'-UUCCAAAUG-
CAUAUACAUCUG-3') and siRNA 38 (5'-UUGUU-
GAUGUUUGAAUAAGG- U-3) demonstrated a
shift in their binding orientation on the hAgo2
protein. Specifically, both siRNAs repositioned such
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that their 5'and 3’ends interacted with the MID and
PAZ domains, respectively (Fig. 7). These results are
reinforced by previous research which states that for
effective gene silencing, the guide strand of siRNA
must be correctly positioned within hAgo2, with its
5 and 3’ termini anchored to the MID and PAZ
domains, respectively. This interaction is essential
for maintaining the structural conformation, stabil-
ity, and catalytic activity of the RNA-induced
silencing complex (RISC) [30].

In addition to identifying optimal siRNA candi-
dates for BRAF silencing, this study offers a novel
computational pipeline for predicting functionally
effective siRNAs. Previous computational ap-
proaches have been employed to predict siRNAs
targeting genes such as KRAS, as well as viral
nucleocapsid proteins from Nipah virus and coro-
naviruses [30,33,34]. However, those studies did not
explore the dynamic interactions between siRNA
and human Argonaute 2 (hAgo2). In contrast, the
present study examines this critical aspect by
analyzing the positional shifts of siRNA 34 and
siRNA 38 during their interaction with hAgo2, which
contributes to their optimal functional performance.
The siRNA—hAgo2 dynamic interaction is a key
factor in determining whether an siRNA can effec-
tively participate in gene silencing, and therefore,
must be considered in functional siRNA design [35].

Previous research stated that the use of siRNA
was very effective in inhibiting the expression of
oncogene proteins. For instance, siRNA has been
shown to more effectively suppress AKT expression
compared to small molecule-based drugs in human
glioblastoma cell lines [36]. Additionally, research
has highlighted the efficacy of siRNA in targeting
and inhibiting the KRAS oncogene [37]. This study
identifies two siRNAs with the highest potential for
silencing BRAF expression. Despite the remarkable
effectiveness of siRNA in gene silencing, its appli-
cation is limited by challenges such as low cellular
uptake and susceptibility to degradation by nucle-
ases. Consequently, the development of an appro-
priate delivery system is essential to maximize
siRNA stability and therapeutic efficacy.

The use of siRNA as anticancer agent faced several
limitations, including low cell membrane perme-
ability and easily degraded by cytosolic nucleases
[30]. Therefore, further research for siRNA delivery
system is required. Several delivery systems have
been proposed to enhance the efficacy of siRNA,
including siRNA-ligand conjugates, lipid-based de-
livery systems, and siRNA-polymer bio conjugates.
Among these, conjugating ligands directly to siRNA
has emerged as a promising approach for improving
delivery efficiency. Various ligands, such as small

molecules, carbohydrates, aptamers, peptides, and
antibodies, have been chemically attached to siRNA
to enhance cellular uptake and facilitate specific cell
targeting [38]. Additionally, liposomes have been
extensively developed as drug delivery carriers,
utilizing a variety of synthetic lipids. These lipo-
somes not only protect siRNA from enzymatic
degradation but also enable its efficient penetration
through the cell membrane [39].

Polymers play a crucial role in enhancing the
intracellular delivery of nucleic acids, including
antisense oligonucleotides (ASOs) and plasmid
DNA (pDNA). Cationic polymers facilitate nucleic
acid condensation through electrostatic interactions,
thereby improving cellular uptake. The precise
chemical modification of polymeric nucleic acids
enables the development of diverse nanostructures
with tailored properties. Several polymer-based
siRNA delivery systems have demonstrated thera-
peutic potential in clinical trial [40]. Further research
is needed to determine the most suitable delivery
system for siRNA 34 and siRNA 38.

5. Conclusions

This current study predicted the most potent
siRNA for BRAF silencing, namely siRNA 34 and
siRNA 38. These two siRNAs meet various parame-
ters used in this study such as melting temperature,
GC content, heat capacity, hairpin probability, abil-
ity to bind with target mRNA, and the interaction
with hAgo2. This study also provides a compre-
hensive computational method for siRNA design so
that the siRNA obtained is more effective. The low
stability of siRNA necessitates an effective delivery
method, highlighting the need for further research to
identify the most suitable delivery system. Further
research using cell lines or animal models is also
necessary to validate the findings of this study.
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