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ARTICLE INFO ABSTRACT

Non-small cell lung cancer (NSCLC) is one of the leading causes of cancer-related mortality
worldwide, highlighting the urgent need for novel therapeutics to overcome resistance and
improve patient outcomes. This study employed an in silico pipeline to evaluate the potential of
bioactive compounds from Holothuria scabra as inhibitors of epidermal growth factor receptor
(EGFR) and KRAS, which are key NSCLC drivers. Selected H. scabra compounds retrieved from
PubChem were screened for toxicity using ProTox 3.0, docked with PyRx/AutoDock Vina against
EGFR (PDB: 2ITY) and KRAS (PDB: 7LGI) with Lazertinib as a comparator; the top-ranked
complexes were further analyzed through 100 ns molecular dynamics simulations in YASARA
(AMBER14/TIP3P) to assess stability. Several H. scabra ligands demonstrated stronger docking
affinities than Lazertinib (e.g., C3: EGFR AG =—9.4 kcal-mol; C4: KRAS AG = —8.7 kcal-mol),
) . o while toxicity predictions indicated that all compounds were nontoxic. Docking analysis further
Copyright: ©2025 Nugraha and Febriza.. Thisisan  reyegled that compounds C3, C5, and C8 exhibited stronger affinities toward EGFR, with C3
open-access article distributed under the terms of the jnteracting with key binding residues (VAL726, LYS745, and ASP855). Compounds C4, C3, and
Creative Commons Aftribution License, which 7 ghowed superior affinities for KRAS, with C4 binding to critical residues (LYS117 and
ﬁfr?r:ts '“I'gézsig:gted ruos\‘/ai‘ ddelgtrtlrl?:ugrni' ?r:‘glrea%rt?]%'}'cggg LYS147), similar to Lazertinib. Molecular dynamics simulations confirmed that the top ligands,
sourcgare credite dp g particularly C3 and C4, maintained stable interactions without inducing significant protein

' unfolding or persistent root mean square deviation fluctuations. These findings indicate that H.
scabra-derived ligands, especially C3 and C4, represent promising in silico candidates for
subsequent biochemical and cellular validation as potential NSCLC inhibitors.
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Lung cancer is a malignant disease that begins in the bronchi or lung
tissue; it is primarily categorized into two types: small cell lung cancer
(SCLC) and non-small cell lung cancer (NSCLC). NSCLC is the most

Introduction

Lung cancer is one of the deadliest diseases and has become

a major health concern worldwide.* According to data from the Global
Cancer Observatory (GLOBOCAN) in 2022, lung cancer cases have
risen, representing approximately 2.5 million new cases, or 12.4% of all
cancers types.? In Indonesia, lung cancer is also one of the leading
cancers in terms of incidence and mortality, with over 38,904 new cases
and 34,339 deaths, making it the leading cause of cancer-related deaths
(14.1%) in 2022.2 Furthermore, a report from BPJS Kesehatan indicates
that collected in 2018, the total expenditure on cancer treatment reached
IDR 1.4 billion, with the proportion of direct medical costs per patient
being 50.3% for males and 49.7% for females.* These data show that
lung cancer not only affects individual health but also places a
significant burden on the national healthcare system.
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prevalent, accounting for approximately 85% of all lung cancer cases,
whereas SCLC accounts for approximately 15%.° Current lung cancer
treatments include surgery, chemotherapy, radiotherapy, targeted
therapy, and immunotherapy. However, these approaches have several
limitations, including resistance to therapy, poor prognosis, and high
costs. Therapies targeting mutations, such as epidermal growth factor
receptor (EGFR), ALK, KRAS, and G12C, have demonstrated
improvements in patient outcomes survival.® Although effective at
extending the life expectancy of patients with advanced-stage cancer,
these treatments face challenges, such as drug resistance, which reduces
their long-term effectiveness. Therefore, there is an urgent need for new
therapeutic agents that are effective and target specific mechanisms of
NSCLC.

Mutations in the EGFR are among the most important and commonly
seen genetic changes, acting as key driver mutations in NSCLC. EGFR
is a transmembrane protein that functions as a tyrosine kinase receptor
for various ligands, playing a crucial role in controlling cell growth,
differentiation, and survival.” Additionally, KRAS mutations are
present in approximately 40% of NSCLC cases, with the KRAS G12C
variant being the most prevalent subtype, accounting for approximately
10%-13% of all NSCLC cases.® With over 17,000 islands, Indonesia is
the largest archipelagic country in the world. About 70% of its territory
consists of oceans, and its coastline extends more than 81,000
kilometers, making it the country with the second-longest coastline in
the world, after Canada.® The province of South Sulawesi, for instance,
is abundant in marine natural resources. The sea cucumber is a highly
nutritious marine resource with medicinal properties. Holothuria
scabra (commonly known as sandfish) is a species of sea cucumber
found around Sulawesi. A study published in SAGE Open Medicine
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reported that extract from H. scabra exhibits significant anti-
proliferative and anti-inflammatory activity against cancer cells.'
Conventional drug discovery is a lengthy, complex, and expensive
process. On average, developing a single new drug costs over 1.8
million US dollars and takes over 12 years from discovery to clinical
trials.* The exploration of bioactive compounds from H. scabra
(sandfish) as potential therapeutic agents for NSCLC can be effectively
performed using in silico methods supported by in vitro studies. In silico
techniques, such as molecular docking and molecular dynamics, enable
early prediction of the affinity and stability of interactions between
active compounds and key target proteins involved in the development
of NSCLC. These methods help identify the most promising therapeutic
candidates before moving on to more complex experimental stages.'?13
The aim of this study was to evaluate the anticancer potential of
bioactive compounds from H. scabra against NSCLC using in silico
approaches by targeting the EGFR and KRAS signaling pathways. The
specific objectives of this study were to (i) screen bioactive compounds
for toxicity, (ii) assess their binding affinity to EGFR and KRAS
through molecular docking, and (iii) evaluate the stability of ligand—
protein interactions via molecular dynamics simulations. The novelty
of this research is that it is the first comprehensive in silico study to
explore H. scabra bioactives as dual inhibitors of EGFR and KRAS,
providing new insights into marine-derived therapeutic candidates for
NSCLC.

Materials and Methods

The hardware used was a laptop Asus Vivobook Go 14 E1404FA AMD
Ryzen 3-7320U RAM 8GB, Windows 10. The software used was
website ProTox 3.0, PubChem, RCSB, PyRx (Autodock) application,
YASARA software, BIOVIA discovery, and KEGG pathway. The test
ligands used in this study included Holothurin A (PubChem CID:
23675050), Holothurin B (PubChem CID: 23674754), Holothurinoside
C (PubChem CID: 102036379), Scabraside (PubChem CID: 159134),
Holothurinoside G (PubChem CID: 102036382), Bivittoside A
(PubChem CID: 157053), Cousteside E (PubChem CID: 102234628),
Cousteside I (PubChem CID: 102234632), Eicosapentaenoic acid
(PubChem CID: 446284), and Nobiliside E (PubChem CID:
102144660), which are bioactive compounds derived from sea
cucumbers and can be seen in Table 1, which can be downloaded from
PUBCHEM in pdb format.® A comparison ligand, Lazertinib
(121269225), was used as a positive control.

Table 1: Compound active code and PubChem ID H. scabra.

Ligand code PubChem ID
(Compound Name)

Lazertinib 121269225
C1 (Holothurin A) 23675050
C2 (Holothurin B) 23674754
C3 (Holothurinoside C) 102036379
C4 (Scabraside) 159134

C5 (Holothurinoside G) 102036382
C6 (Bivittoside A) 157053

C7 (Cousteside E) 102234628
C8 (Cousteside 1) 102234632

C9 (Eicosapentaenoic acid) 446284
C10 (Nobiliside E) 102144660

Ligand Preparation

Bioactive ligands of sea cucumbers were determined based on research
conducted by Wargasetia et al., Caulier et al., and Mitu et al (Table 1).2°
The two-dimensional (2D) structure of the active compound was
obtained from the PubChem database
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(https://pubchem.nchi.nlm.nih.gov/).1* After the ligands were obtained,
the three-dimensional (3D) structure of each peptide was downloaded
from the PUBCHEM website and visualized using the Discovery
Studio’s BIOVIA software.’® Subsequently, all ligands were prepared
using the PyRx software.

Target Protein Preparation

Target proteins were selected from the literature and analysis of various
NSCLC pathogenesis and pathophysiology pathways. Data on several
crucial NSCLC pathogenesis and pathophysiology pathways were
retrieved from the KEGG pathway website (https://www.kegg.jp/).
Based on these data, the EGFR [PDB ID: 2ITY] and KRAS [PDB ID:
7LGI] proteins play important roles in NSCLC proliferation and
apoptosis.” The structure of the selected target protein can be
downloaded from the RCSB website (http://wwwi/rcsb.org). Each target
protein was then cleaned using the BIOVIA Discovery Studio’s
software.

Toxicity Prediction Test

The toxicity of compounds from sand sea cucumbers (H. scabra) was
predicted using the Protox Web Server, which is freely accessible at
http://tox.charite.de. Protox is a virtual platform that analyzes the
toxicity of small chemical compounds.®'’ The process begins by
opening the ProTox website and selecting the “TOX PREDICTION”
menu in the menu bar to be directed to the prediction page. In the
“PubChem-Name” field, the name of the compound to be tested is
entered. Once the compound is found, its 2D structure will appear in the
workspace. Next, all available prediction models in the “additional
models” section should be activated, and the “start tox-prediction”
button in the bottom right should be clicked. After a few moments, the
system will display the prediction results, including the LDso value,
average similarity, and prediction accuracy level.

Molecular Docking

Docking assays were performed using PyRx software. This process was
performed by arranging the grid boxes to correspond to the ATP-
binding pocket location on each predetermined target protein.*® Grid
box adjustments were made via the Site Vina Wizard feature in PyRx,
with reference to the amino acid residues that form the ATP-binding
pocket of each protein (Table 2).° Once the setup was completed, the
docking process was initiated clicking “Start,” then selecting “Add
Ligand” to include the ligand to be tested, followed by selecting “Add
Macromolecules” to add the target protein, and finally clicking
“Forward” and “Run.” After obtaining the docking results, the data
were saved in a .sdf file format.

Table 2: Amino acid residues of ATP-binding pocket protein

Protein target ATP-binding pocket

EGFR LEU718, VALT725, ALAT743
LYS745, GLU762, LEU78S,
GLN791, MET793, PRO79%,
GLY796, LEU844

KRAS GLY13, VAL14, GLY15, LYS16,
SER17, ALA18, PHE28, VAL29,
ASP30, TYR32, PRO34, ASN116,
LYS117, ALA146, LYS147

Visualization of 2D and 3D Structures of Ligand—Protein Complexes

The molecular docking results obtained in the previous stage were
visualized using the PyRx application.?’ The docking result file, saved
in .sdf format, can be opened by selecting File > Open and then selecting
the desired file. Once the 3D view of the ligand—protein complex
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appears, click “Show 2D Interaction” to display the structure and type
of binding interaction between the ligand and protein.

Molecular Dynamics

To assess the stability of the complex from the best conformation
identified during molecular docking, further analysis was performed
using molecular dynamics simulations with YASARA Structure
software.?>?2 The molecular dynamics simulation was performed using
the Amber14 force field with periodic boundary conditions.?® The
system was maintained at a temperature of 310 K and a physiological
pH of 7.4. Solvation was performed using the TIP3P water model, and
counterions (Na*, ClI") were added to neutralize the overall charge.? The
simulation was run for 100 ns with a time step of 0.25 fs. Trajectory
data were recorded every 25 ps and then analyzed to calculate the root
mean square deviation (RMSD), root mean square fluctuation (RMSF),
and the radius of gyration (RG).

Data Analysis

Ligands resulting from de novo modeling were selected based on
toxicity.? The selected ligands were then analyzed through molecular
docking against the EGFR and KRAS target proteins, which are
involved in cell cycle progression and apoptosis. The binding scores
were compared with those of Lazertinib as a control ligand. The lower
binding score of Lazertinib indicates the potential of the ligand as a
candidate cell cycle inhibitor and antiapoptotic agent in NSCLC.%
Ligand—protein interactions were examined based on bond type and
residue similarity to Lazertinib, suggesting its function as a competitive
inhibitor. Subsequently, the optimal complex was studied through
molecular dynamics simulations using YASARA. The analyzed
parameters included RG, RMSD, and RMSF.
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Results and Discussion

Toxicity Prediction Test

Toxicity prediction tests were conducted using ProTox 3.0 website. The
results indicated that all compounds from the sand sea cucumber H.
scabra were nontoxic, as shown in Tables 3 and 4. Predicting toxicity
is a crucial part of drug research and development to ensure safety for
clinical use.?” Based on analysis using the ToxinPred website
(https://tox.charite.de/protox3/), all ligands from the H. scabra were
predicted to be nontoxic. In this virtual toxicity test, the Protox Web
Server was used to estimate various toxicological parameters, including
acute toxicity, hepatotoxicity, carcinogenicity, immunotoxicity, and
cytotoxicity, as well as the potential adverse effects on specific
toxicological pathways and targets. The prediction results revealed that
compounds C1, C2, C3, C4, C5, C6, C7, C8, and C10 were categorized
under toxicity class 5, whereas C9 was classified under class 6, which
represents the safest toxicity prediction. For comparison, Lazertinib was
classified under class 4. According to the Protox Web Server, the lower
the toxicity class number, the higher the compound’s potential toxicity.
Conversely, the higher the class number, the lower or safer the
compound’s toxicity level.

Based on the prediction results for target organs, compounds C1, C2,
C3, C4, C5, C6, C7, C8, and C10 showed potential toxic effects on the
immune system. Meanwhile, Lazertinib, as a control ligand, was
predicted to have toxic effects on the immune system and to be
carcinogenic. In contrast, compound C9 did not show toxic effects on
target organs in the virtual prediction. Therefore, the active compounds
from H. scabra generally have a safer toxicity profile than Lazertinib.

Table 3: Toxicity prediction results

Compound LDsy mg/kg Predicted Toxicity Class Similarity Accuracy
Lazertinib 1000 4 40.37% 54.26%
C1 3220 5 62.55% 68.07%
c2 3220 5 62.63% 68.07%
C3 4000 5 81.75% 70.97%
C4 2190 5 59.25% 67.38%
C5 4000 5 81.75% 70.97%
C6- 4000 5 83.57% 70.97%
c7 4000 5 82.65% 70.97%
C8 4000 5 82.99% 70.97%
C9 10000 6 100% 100%
C10 4000 5 62.56% 68.07%
Table 4: Organ toxicity results
Compound Hepatotoxicity Carcinogenicity Immunotoxicity Cytotoxicity
Lazertinib Inactive Active Active Inactive
C1 Inactive Inactive Active Inactive
c2 Inactive Inactive Active Inactive
C3 Inactive Inactive Active Inactive
C4 Inactive Inactive Active Inactive
C5 Inactive Inactive Active Inactive
C6 Inactive Inactive Active Inactive
c7 Inactive Inactive Active Inactive
C8 Inactive Inactive Active Inactive
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C9 Inactive Inactive

C10 Inactive Inactive

Inactive Inactive

Active Inactive

Molecular Docking

The molecular docking results between active compounds from H.
scabra and the EGFR protein showed that compounds C3, C8, and C5
have potential as competitive inhibitor candidates against Lazertinib on
the EGFR protein (Table 5). This potential is supported by their lower
binding affinity values compared with Lazertinib, the control ligand
(—5.2 kcal/mol). Compound C3 binds at the Lazertinib binding site with
an affinity of —9.4 kcal/mol, followed by C8 with the same value (-9.4
kcal/mol) and C5 with —8.9 kcal/mol. Overall, all active compounds
from H. scabra exhibited stronger binding affinities than Lazertinib.

However, two compounds, C10 and C1, showed higher (weaker)
binding affinity values compared with the control ligand Lazertinib,
indicating a lower potential as competitive inhibitors. EGFR activity is
a major genetic factor contributing to lung cancer. It is typically caused
by mutations in the EGFR tyrosine kinase receptor, resulting in
excessive and uncontrolled activation, which can lead to lung cancer
progression. To address this condition, various tyrosine kinase
inhibitors have been developed specifically for lung cancers with EGFR
mutations.?®

Table 5: Docking results between the H. scabra ligand and the EGFR target protein.

Compound PubChem id Docking results RMSD (A)
(Kcal/mol)
Lazertinib 121269225 -5.2 0.0
C3 102036379 -9.4 0.0
C8 102234632 -9.4 0.0
C5 102036382 -8.9 0.0
C4 159134 -7.9 0.0
C6 157053 -75 0.0
Cc7 102234628 -7.0 0.0
Cc2 23674754 -6.2 0.0
C9 446284 -6.0 0.0
C10 102144660 -34 0.0
C1 23675050 39 0.0

Based on the results of molecular docking analysis, the active
compounds C3, C8, and C5 from H. scabra showed potential as
competitive inhibitor candidates against Lazertinib targeting the EGFR
protein. These three peptides exhibited lower binding affinity values
than Lazertinib, along with RMSD values below 2 A, indicating good
binding stability. The C3 ligand interacted with the amino acid residues
VALT726, LYS745, and ASP855, which are also involved in Lazertinib
interactions. These findings indicate that the C3 ligand has strong
potential as a competitive EGFR protein inhibitor, with a mechanism of
action similar to Lazertinib.

The molecular docking results between the active compounds from H.
scabra and the KRAS protein indicated that compounds C4, C3, and C7
have potential as competitive inhibitors against Lazertinib on the target
protein (Table 6). This potential is based on their lower binding affinity
values compared with Lazertinib, the control ligand (—5.2 kcal/mol).
Compound C4 exhibited the strongest binding affinity at —8.7 kcal/mol,
followed by C3 with —8.0 kcal/mol and C7 with —7.8 kcal/mol. Overall,
most active compounds from H. scabra demonstrated stronger binding
affinities than Lazertinib. However, compound C1 had a higher
(weaker) binding affinity value compared with Lazertinib, indicating a
lower potential as a competitive KRAS inhibitor.

Table 6: Docking results between the H. scabra ligand and the KRAS target protein.

Compound PubChem id Docking results RMSD (A)
(Kcal/mol)
Lazertinib 121269225 -4.8 0.0
C4 159134 -8.7 0.0
C3 102036379 -8.0 0.0
Cc7 102234628 -7.8 0.0
C8 102234632 -7.5 0.0
C5 102036382 -6.7 0.0
C9 446284 -6.5 0.0
C6 157053 -6.1 0.0
Cc2 23674754 -5.4 0.0
C10 102144660 -5.2 0.0
C1 23675050 -2.7 0.0
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KRAS is part of the human RAS (rat sarcoma viral oncogene homolog)
gene family; it is frequently mutated in several types of cancer,
including pancreatic ductal adenocarcinoma (PDAC), colorectal cancer
(CRC), and NSCLC. In lung cancer, activating KRAS mutations are
among the most common oncogenic drivers, occurring in
approximately 20%-30% of cases.?® Furthermore, mutations in the
KRAS gene, a member of the RAS family, constantly activate
oncogenes and inhibit apoptosis while contributing to cancer cell
growth. This occurs by increasing the levels of antiapoptotic proteins,
such as Bcl-xL and survivin, and reducing the levels of proapoptotic
proteins, such as TDG and TRAIL.* In this way, KRAS promotes
therapy resistance and worsens the prognosis for cancer.

The molecular docking analysis indicated that the active compounds
C4, C3, and C7 from H. scabra have potential as competitive inhibitors
against Lazertinib on the KRAS protein. These three ligands showed
binding affinity values of —8.7 kcal/mol (C4), —8.0 kcal/mol (C3), and
—7.8 kcal/mol (C7), which are stronger than those of ATP, the natural
ligand (—4.8 kcal/mol). In addition, all ligands had RMSD values below
2 A, suggesting solid binding stability. Ligands C4 and Lazertinib also
displayed similar interactions with two amino acid residues, LYS117
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and LYS147, indicating that C4 could inhibit Lazertinib binding to
KRAS. However, both ligands are predicted to have toxic effects on the
immune system; therefore, further research is necessary before they can
be considered for clinical use in humans.

Visualization of Molecular Docking

In interactions with EGFR, Lazertinib and compound C3 bind to the key
residues ASP855, LYS745, and VAL726 through hydrogen bonds and
hydrophobic interactions. This similarity in binding sites indicates that
C3 can potentially mimic the mechanism of Lazertinib for inhibiting
EGFR activity, especially because ASP855 and LYS745 are crucial
residues within the tyrosine kinase domain involved in phosphorylation.
In KRAS, Lazertinib and compound C4 interact with LYS117 and
LYS147 residues via hydrogen bonds and Pi-alkyl interactions. The
similarity in these residues indicates that C4 may bind to KRAS at the
same critical site as Lazertinib, possibly inhibiting KRAS function in
cell proliferation and signal transduction. Therefore, the shared binding
residues between the test ligands and Lazertinib for EGFR and KRAS
highlight the potential of these ligands to effectively inhibit the
functions of both target proteins (Table 7 and Figure 1).

Table 7: Types of interactions and similarities of amino acid residues resulting from molecular docking

Ligand-Protein

Types of Interactions

Amino Acid Residues

Lazertinib-EGFR Van der Waals

Carbon hydrogen bond

Pi-cation

Pi-Sigma

Pi-Alkyl
C3-EGFR Van der Waals

Conventional hydrogen bond

Alkyl
Pi-Alkyl

Lazertinib-KRAS Van der Waals

Conventional hydrogen bond
Carbon hydrogen bond

Pi-cation
Pi-Alkyl
C4-KRAS Van der Waals

Conventional hydrogen bond

Carbon hydrogen bond

Alkyl
Pi-Alkyl

LYS745*

ASP855*

LYS728

VALT726*

LEU718, LEU792, LEU844

ASP855*, LYS745*

VALT726*

ALAT722, CYS797, PHET723, LEU747
ASP30, ASN85

LYS117**
LEU120, LYS147**

LYS16, GLU31, TYR32, LYS117**,
ALA146
GLY15

PHE28, LYS147**

Description: *Same amino acid residue as EGFR, **Same amino acid residue as KRAS
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Molecular Dynamics

Molecular dynamics simulations were conducted for 100 ns, focusing
on the Lazertinib, C3, and C4 ligand complexes, which served as
positive controls. These ligands were docked into the EGFR and KRAS
active sites. They were chosen based on their lower binding energies
compared with other ligands evaluated during the molecular docking
analysis. The RG measures the overall equilibrium conformation of a
protein system. Lower values indicate a folded protein, whereas higher
values indicate an unfolded state.

Figure 2A displays the RG profiles of EGFR in complex with
Holothurinoside C and Lazertinib over a 100 ns simulation. Both
complexes remained fairly stable, fluctuating within a narrow range of
approximately 20.2-21.3 A. Holothurinoside C showed slightly more
variation, with an average RG of 20.8 A compared with Lazertinib’s
20.6 A, though the differences were minimal. These results suggest that
the overall compactness of the EGFR-ligand complexes was preserved,
indicating no significant structural disturbance upon ligand binding.
Figure 2B shows the RMSD profiles of EGFR complexes, indicating
that both systems reached equilibrium within the first 10-20 ns. The
EGFR-Holothurinoside C complex fluctuated between 2.5-4.8 A
(average, 3.54.0 A), whereas the EGFR-Lazertinib complex
maintained slightly lower deviations of 1.7-3.4 A (average, 2.5-3.0 A).
Although Holothurinoside C had marginally higher RMSD values, the
differences were not significant enough to indicate structural instability,
implying that both complexes remained stable throughout the
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Acceptor = B
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Figure 1: Visualization of molecular docking interaction results for ligand—protein complexes. A: Lazertinib—-EGFR(2D/3D); B: C3-
EGFR (2D/3D); C: Lazertinib—KRAS (2D/3D); D: C4-KRAS (2D/3D).

simulation. Figure 2C displays the residue-wise RMSF profiles of
EGFR complexes, showing that most residues fluctuated within 1-4 A,
with the terminal regions exhibiting higher peaks of 8-12 A.
Holothurinoside C and Lazertinib exhibited similar fluctuation patterns,
with only minor deviations in certain loop regions. These results suggest
that ligand binding did not cause major changes in EGFR flexibility,
and the overall residue mobility remained within normal dynamic
ranges.

Figure 2D—F shows the structural stability and flexibility analyses of
KRAS when bound to Lazertinib and Scabraside. The RG values
(Figure 2D) were similar for both ligands, ranging from 15.2 to 17.6 A
with averages around 15.8-16.2 A, indicating that KRAS remained
compact and structurally stable.®*> The RMSD plots (Figure 2E)
showed that Lazertinib remained stable within 5-7 A after equilibrium,
whereas Scabraside generally had lower deviations (2-5 A) but
experienced a temporary spike up to 10-11 A between 60 and 80 ns,
indicating brief conformational changes or ligand reorientation.®
Despite this fluctuation, Scabraside maintained overall stable
interactions with KRAS. Residue-wise flexibility profiles (Figure 2F)
revealed that most residues fluctuated between 0.5 and 3.5 A for both
ligands, with terminal regions reaching 6-7 A. Although Scabraside
showed slightly higher flexibility at some sites, the patterns were mostly
similar, implying that it may subtly affect local dynamics without
significantly disrupting KRAS structure.
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Figure 2: Structural stability analysis of EGFR and KRAS ligand complexes during 100 ns molecular dynamics simulations. A: Radius
of gyration (RG) plot of EGFR; B: Root mean square deviation (RMSD) plot of EGFR; C: Root mean square fluctuation (RMSF) plot
of EGFR; D: Radius of gyration (RG) plot of KRAS; E: Root mean square deviation (RMSD) plot of KRAS; F: Root mean square
fluctuation (RMSF) plot of KRAS complexes.

Conclusion

Based on the results of the research, it can be concluded that all tested
ligands showed nontoxic properties according to the toxicity prediction
analysis. Furthermore, ligands C3 and C4 derived from H. scabra
(sandfish) demonstrated potential as inhibitors of cancer cell cycle
proliferation in NSCLC through in silico methods using molecular
docking and molecular dynamics simulation. Both acted as competitive
EGFR protein inhibitors, which is the target of the drug Lazertinib.
Furthermore, ligand C4 also showed potential as a competitive KRAS
protein inhibitor, which plays a role in regulating the anti-apoptotic
pathway in lung cancer cells. Therefore, the active compounds C3 and
C4 from H. scabra hold promising potential for further development as
alternative therapeutic candidates for NSCLC treatment.
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