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Abstract: The development of effective cancer therapeutics remains a major challenge due to
substantial adverse effects, poor efficacy, modest pharmacokinetic profiles, and limited selectivity.
Thus, identifying novel chemotypes against key oncogenic targets is imperative. Src homology 2
domain-containing phosphatase 2 (SHP2), encoded by the protein tyrosine phosphatase non-receptor
type 11 (PTPN11) gene, controls cellular processes such as proliferation, differentiation, apoptosis, and
survival through tyrosine dephosphorylation. Marine bioactive compounds offer distinctive chemical
scaffolds that are valuable for anticancer drug discovery. In this study, the Comprehensive Marine
Natural Product Database (CMNPD) was explored to identify potential marine bioactives targeting the
allosteric site of SHP2 through integrated computational analyses, including structure-guided
pharmacophore modeling, docking, and molecular dynamics (MD) simulations. Three lead candidates
— CMNPD23791 (Hyrtioerectine E), CMNPD15129 (Hyrtioerectine A), and CMNPD25856 (pre-
pseudomonine) — have higher binding affinities (-54.9 kcal/mol, -58.2 kcal/mol, and -53.3 kcal/mol,
respectively) compared with the reference SHP099 (-39.08 kcal/mol). Moreover, these hits
demonstrated favorable interactions at the allosteric tunnel cavity and desirable drug-likeness
properties. Molecular dynamics simulations (100 ns) confirmed stable complexes with average root
mean square deviation (RMSD) below 1.4 A and consistent compactness (Rg 17.6 A — 17.7 A). These
findings suggest that the identified marine compounds could serve as promising allosteric SHP2
inhibitors and provide a basis for further experimental validation of marine SHP2 inhibitors.
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1. Introduction

Src _homology-2-containing protein tyrosine phosphatase (SHP2), encoded by the
PTPN11 gene, is a non-receptor protein tyrosine phosphatase crucial for cell proliferation,
differentiation, migration, metabolism, and survival [1,2]. It functions through reversible
tyrosine dephosphorylation and plays a pivotal role in oncogenic receptor tyrosine kinase
(RTK) signaling [3,4]. Dysregulated SHP2 activity has strong implications in solid tumors,
including melanoma, esophageal squamous cell carcinoma, lung, and liver cancers [5,6].

Traditional SHP2 inhibitors such as NSC-87877 [7], PHPS1 [8], and NAT6-297775 [9]
targeted the catalytic PTP domain but lacked selectivity and clinical efficacy. Novartis
Pharmaceuticals boosted the discovery of an allosteric inhibitor, SHP099 [10], which stabilizes
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SHP2’s inactive conformation by occupying the tunnel site between the N-SH2 and PTP
domains, leading to significant therapeutic advances. Several SHP099 derivatives, such as
TNO155 [11], JAB-3068 [12], RLY-1971 (GDC-1971) [13], and ARRY-558 [14] have advanced
into clinical phases; however, limited therapeutic benefits and resistance persist [15]. Hence,
these challenges highlight the need for novel allosteric chemotypes that can improve efficacy.

Natural bioactive molecules from marine sources have been an invaluable resource for
the discovery of cancer drugs, owing to their structural diversity and evolutionary optimization
[16]. Marine organisms—sponges, algae, ascidians, and microorganisms produce metabolites
with unique scaffolds and potent bioactivities, offering opportunities to identify new SHP2
inhibitors [17,18]. Structure-based virtual screening and pharmacophore modeling are widely
adopted strategies in the early-stage drug discovery to identify lead candidates from large
chemical libraries [19,20]. These computational approaches provide an efficient and rational
framework for discovering potent inhibitors and predicting their molecular interactions and
stability before experimental validation.

Despite significant advances in SHP2 allosteric inhibitor discovery, most reported
studies have focused on SHP099-derived analogs. However, very few investigations have
explored natural product scaffolds as potential allosteric SHP2 inhibitors [21,22]. To the best
of our knowledge, no study has reported on marine bioactives using computational methods.
This gap limits the understanding of how marine chemotypes could modulate the SHP2
allosteric mechanism.

Hence, we set out to bridge this gap by employing receptor-guided, pharmacophore-
based screening of marine compounds to identify novel, structurally distinct SHP2 inhibitors.
In this study, we systematically explored the Comprehensive Marine Natural Product Database
(CMNPD) using an integrated computational workflow combining receptor-guided
pharmacophore modeling, molecular docking, molecular mechanics- Poisson- Boltzmann
surface area (MM- PBSA) free energy estimation, and molecular dynamics simulations.

2. Materials and Methods

The overall computational workflow adopted in this study is summarized in Figure 1.

Target Preparation Marine Database Curation
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Figure 1. Schematic workflow illustrating the integrated computational pipeline used for identifying potential
allosteric SHP2 inhibitors from marine natural products.

2.1. Structural crystallography preparation.

The crystallographic structure of allosterically bound SHP2 complex (PDB ID: 5EHR)

[10], resolved at a 1.70 A resolution, was retrieved from the RCSB protein data bank (PDB).
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Non-essential crystallographic components, including heteroatoms, cofactors, and solvent
molecules, were removed. The protein structure was examined for missing loops, and hydrogen
atoms were added to ensure proper protonation. Kollmann charges were assigned, and the
system was energy-minimized in Chimera to obtain a relaxed, stable conformation for
subsequent modeling studies.

2.2. Marine virtual database and ligand preparation.

A marine product database containing 32,000 molecules was retrieved from the
Comprehensive Marine Natural Products Database (CMNPD) [23]. Duplicate entries and
ambiguous chemical structures were removed using the RDKit and KNIME workflow
platforms. The resulting unique compounds were further screened for pan-assay interference
(PAINS) compounds, compliance with the Lipinski rule of five (Ro5), and pharmacokinetic
properties using ADMETLab 3.0 [24]. This multistage screening produced 4,926 bioactive
compounds suitable for downstream pharmacophore-based screening. The qualified marine
compounds were optimized using the SQM program with AM1-BCC and the UCSF Chimera
Prep module.

2.3. Pharmacophore development and screening.

The receptor-guided pharmacophore model of SHP2 was developed using Pharmit
(https://pharmit.csb.pitt.edu/) [25]. The pharmacophore features, such as hydrogen bond donor,
hydrogen bond acceptor, hydrophobic, positive, negative, and aromatic ring of the co-crystal,
were considered for screening. The curated marine databases were screened to assess the
alignment score (RMSD, A), which could interact with the key binding residues similar to those
of the co-crystal.

2.4. Receptor grid generation, molecular docking, and MM-PBSA estimation.

MzDOCK is an integrated GUI-based pipeline that computes using MMFF94s force
field, thus providing accurate and reliable docking poses while comparing with any standard
[26]. The grid was centered on the co-crystallized ligand to generate a three-dimensional grid
box surrounding residues within 4.0 A. The docking validation with the co-crystal and best
pharmacophore-aligned marine hits was performed using the default parameters of MzDOCK.
Following the docking execution, the molecular interactions were produced using PyMOL.

The absolute binding free energy (AGuning) Of the top docked complexes was estimated
using the MM-PBSA method implemented in the g_mmpbsa package [27] using the MMFF94s
force field. The last 20 ns trajectory of the 100 ns MD simulation was used for free energy
calculations, and 500 evenly spaced frames were extracted from this segment for MM-PBSA
analysis.

2.4. Molecular dynamics simulations.

Molecular dynamics simulations of all complexes were performed using Desmond
academic version 2024 [28] to evaluate structural stability and conformational flexibility of
SHP2-marine bioactive complexes. The best-docked conformers were solvated using the
TIP5P explicit water model truncated in an orthorhombic box extending 10 A in all directions.
The systems were neutralized with 0.15 M NaCl physiological salts. Energy minimization was
performed using the steepest descent algorithm until a gradient threshold of 25 kcal/mol/A was
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reached. The non-bonded interaction cut-off distance for coulombic and van der Waals forces
was set to 9.0 A, and long-range electrostatics were treated using the Particle Mesh Ewald
(PME) method. A dielectric constant of 1.0 was applied to the system for non-bonded
interactions. Subsequently, each system was equilibrated under isothermal-isobaric (NPT)
ensemble conditions at a temperature of 300 K and pressure of 1.013 bar using the Nose-
Hoover thermostat and Martyna-Tobias-Klein barostat. The time step was set to 2 fs, and the
trajectories were simulated for 100 ns under the OPLS4 force field.

3. Results and Discussion

3.1. Development of pharmacophore model and screening.

The receptor-guided pharmacophore model of the SHP2 complex was developed based
on crystallographic evidence to identify key interactions within the allosteric binding site
(Figure 2). The pharmacophoric features—hydrogen bond donor (HBD), hydrogen bond
acceptor (HBA), hydrophobic group (H), positive ionizable (P), negative ionizable (N), and
aromatic ring (R)— were derived from the co-crystallized ligand and its interactions with
critical amino acid residues. Screening marine compounds that align with these features was
expected to reproduce a binding pattern similar to that of the co-crystal.

The final SHP2 pharmacophore model consisted of five essential features: two aromatic
rings, two hydrogen bond donors, and one hydrogen bond acceptor. The 1,2-dichlorophenyl
ring formed a m-cation interaction (colored in dark green) with Arg111 residue and a halogen
interaction (colored in dark brown) with Thr253 residue. The 2-aminopyrazine moiety
established hydrogen bonds (colored in magenta) with Arg111 and Glu250 residues, while the
amino-cyclohexane group displayed electrostatic interaction (colored in black), and hydrogen
bonding with Glu249 and His114, along with a n-cation interaction with Phe113 residue. These
combined interactions defined the essential pharmacophoric elements required for allosteric
inhibition of SHP2.

Figure 2. Receptor-guided pharmacophore model of SHP2 complexed with co-crystal SHP099 (colored in
magenta). Here, the pharmacophore features such as aromatic rings, hydrophobic, hydrogen bond acceptor, and
hydrogen bond donors are colored in orange, green, red, and violet. The hydrogen bond, halogen interaction, ©-x

stacking, and electrostatic interaction are in dashed lines and colored in pink, brown, dark green, and black,

respectively.

https://biointerfaceresearch.com/ 4 0of 15


https://doi.org/10.33263/BRIAC161.015

https://doi.org/10.33263/BRIAC161.015

Pharmacophore-based virtual screening of the marine compound library was performed
to identify molecules that aligned with the key interaction features defined in the SHP2
pharmacophore model, with a root mean square deviation (RMSD) below 2.0 A. The initial
screening yielded 887 compounds that satisfied all five pharmacophoric features. These
compounds displayed diverse alignment scores. To refine the results, the dataset was further
filtered by alignment score, yielding 121 promising marine hits. These shortlisted compounds
were subsequently evaluated by molecular docking to assess their binding affinities and
identify potential allosteric SHP2 inhibitors.

3.2. Marine compounds interacted at the allosteric SHP2 pocket.

To validate the docking protocol, the co-crystallized ligand (SHP099) was re-docked
into its native allosteric binding pocket with identical grid parameters and docking constraints.
The root mean square deviation (RMSD) between the experimental (co-crystal) and re-docked
pose was 0.42 A, indicating a good superposition and confirming the reliability of the docking
protocol (Figure S1). The re-docked SHP099 also exhibited a comparable binding score of -
4.987 kcal/mol, and the corresponding molecular mechanics Poisson—Boltzmann surface area
(MM-PBSA) was -39.08 kcal/mol. The key binding interactions with Glu110, Arg111, Phel13,
His114, Glu249, Glu250, and Thr253 residues, cconsistent with the crystallographic complex.
These findings validate the docking setup and justify its use for screening marine compounds
in this study.

Following validation, marine compounds were screened and docked into the SHP2
allosteric tunnel using the same force field parameters. From the docking results, eighteen
promising marine hits demonstrated superior docking scores (-7.855 to -5.773 kcal/mol)
relative to SHP099 (Table 1). These hits consistently occupied the allosteric pocket surrounded
by residues Glu110, Arg111, Phell3, His114, Glu249, Glu250, and Thr253—residues known
to stabilize the inactive conformation of SHP2.

Table 1. Docking scores, MM-PBSA, and RMSD profiles of docked marine hits compared with reference

SHP099.
Sr.No. | Marine hits Name Source Dock Score | MM-PBSA | RMSD
. . Red Sea Marine Sponge -5.700 -54.9
1 CMNPD23791 | Hyrtioerectine E Hyrtios [29] kcal/mol keal/mol 0.118 A
. . Red Sea Sponge Hyrtios -6.777 -58.2
2 CMNPD15129 | Hyrtioerectine A erectus [30] keal/mol kcal/mol 0.136 A
3 CMNPD25856 Pre- Pseudomonas fluorescens -5.757 533 0.289 A
pseudomonine kcal/mol kcal/mol
I . " -6.633 -39.08
4 CMNPD3610 Anguibactin Acinetobacter baumannii [31] 0.277 A
kcal/mol kcal/mol
. Philippine Sponge Oceanapia -6.207 -37.05
5 CMNPD7655 Oceanapamine [32] keal/mol keal/mol 0.169 A
. Sea cucumber Cladolabes -5.949 -31.88
6 CMNPD24248 | Cladoloside D schmeltzii [33] keal/mol keal/mol 0.271 A
7 CMNPD11182 Ceratinamine Marine Sponge Pseudoceratina -6.401 -29.30 0234 A
purpurea [34] kcal/mol kcal/mol
. Philippine zoanthid -6.228 -49.18
8 CMNPDI170 Zoamide C Parazoanthus [35] kcal/mol kcal/mol 0391 A
9 CMNPD8539 Volutamide A Atlantic bryozoan Amathia -7.652 -41.44 0.178 A
convolute [36] kcal/mol kcal/mol
. - -6.567 -28.16
10 CMNPD29609 | Terrazoanthine B Terrazoanthus onoi [37] 0.279 A
kcal/mol kcal/mol
11 CMNPD11121 Naamine A Calcareous sponge leucetta -5.977 -43.76 0.174 A
chagosensis [38] kcal/mol kcal/mol
12 CMNPD6654 Prealmazole C Senegalese delesseriacean -6.657 -36.00 0.157 A
seaweed [39] kcal/mol kcal/mol
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Sr. No. Marine hits Name Source Dock Score | MM-PBSA | RMSD
13 CMNPD29608 | Terrazoanthine A Terrazoanthus onoi [37] k;f;’r?]%l k;:i?/lr?lsol 0312 A
14 CMNPD7161 Lissoclin C Tropical Lissoclinum [40] k;ﬁitl k;i?/';%l 0.310 A

. Colonial Ascidian Synoicum -6.059 -49.86
15 CMNPD25624 Pulmonarin B pulmonaria [41] kcal/mol kcal/mol 0.188 A
16 | CMNPD9171 |  Zoamide D Philippine Parazoanthus [35] kg;;?(’)l k;:za?/lrsn?)l 0.336 A
A Marine-Derived Fungus -7.885 -51.44
17| CMNPD23466 | Penilloid A Penicillium ZZ1750 [42] keal/mol kealimol | 0089 A
. . Blue Marine sponge -6.577 -32.52
18 CMNPD11168 Cribrostatin 3 Cribrochalina [43] kcal/mol kcal/mol 0.177 A
19 Co-crystal SHP02Y PDB ID: 5EHR k'c‘;f/’izl k;:i?/'?nil 0.420 A
CMNPD23791 CMNPD15129 CMNPD25856 SHP099
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Figure 3. MM-PBSA and individual energetic components of top marine hits against SHP2. Units are in
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Figure 4. Molecular interactions of the top marine hits and the standard. Here, hydrogen bonding, aromatic-
hydrogen bonds, n-n stacking, and hydrophobic interactions are colored in magenta, yellow, green, and grey,
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To quantify the thermodynamic stability of these complexes, Molecular Mechanics
Poisson-Boltzmann Surface Area (MM-PBSA) binding free-energy calculations were
performed using 500 frames extracted from the last 20 ns of the equilibrated 100 ns MD
trajectories. The convergence analysis confirmed minimal AG, deviations, ensuring the
robustness of the computed values. Among the tested compounds, three marine hits —
CMNPD23791 (Hyrtioerectine E), CMNPD15129 (Hyrtioerectine A), and CMNPD25856 (pre-
pseudomonine) exhibited the most favourable binding free energies of -54.9 kcal/mol, -58.2
kcal/mol, and -53.3 kcal/mol, respectively, surpassing the reference SHP099 (-39.08 kcal/mol)
(Figure 3). The interaction profiling of the best marine hits revealed a diverse and robust
binding affinity landscape across key amino acid residues (Figure 4), which substantially
contributed to their binding affinities (Table 2).

Table 2. Molecular interactions and per-residue energy decomposition of top marine hits

Marine Hits Hydrogen bond Aromatic H-bond | =- & stacking lonic Hydrophobic
His114 (-43.01 k;T;rii?)(_éfigo Arg111l kcaT'/h ":201')9 5‘5525;; ¢
CMNPD23791 | keal/mol), Glu249 | (-61.66 kcal/mol), H'Skll‘l‘/("‘&m (5971 | 3734 keallmob), Prod9l
(-61.33keal/mol) | Thr253 (-30.07 cal/mol) keal/mol) (-16.80 keal/mol),
keal/mol) GIn495 (-74.01
kcal/mol)
Glu249 (-63.63
His114 (-41.87 kcal/mol), Leu254 (-
kcal/mol), Thr218 Argl111 (-59.21 . 37.24 kcal/mol), Pro491
CMNPD15129 | (-27.27 keal/mol), | kcal/mol), Glu250 H'Skll‘:/("‘llm Ag%12111 ¢ (-16.67 keal/mol),
Thr219 (-23.65 | (-61.03 kca/mol) cal/mol) 21) Thr253 (-30.07
kcal/mol) kcal/mol), GIn495 (-
74.01 kcal/mol)
e
‘ Phel13 (-34.33 | Hisl14 (-43.76 | Glu249 (- kcal/mol), Leu254 (-
CMNPD25856 | (-26.16 kcal/mol),
kcal/mol) kcal/mol) 63.68) 37.29 kcal/mol), Pro491
Thr2s3 (-32.75 (-16.84 kcal/mol)
kcal/mol)
Glul10 (-57.35
Phe113 (-33.99 kcal/mol), Thr253 (-
kcal/mol), Glu250 . 32.02 kcal/mol),
SHP099 (-64.93 kcal/mol), Thrkiiflgié'og H'Sklcﬁ/r(;%es ; Leu254 (-37.95
Thr253 (-32.02 kcal/mol), GIn257 (-
kcal/mol) 78.77 kcal/mol), Pro491
(-17.60 kcal/mol)

3.3. Molecular dynamics simulation.

Molecular dynamics (MD) simulations were conducted to evaluate the stability,
conformational flexibility, and dynamic behavior of the best-docked complexes over a 100 ns
simulation period. The root mean square deviation (RMSD), root mean square fluctuation
(RMSF), radius of gyration (Rg), and principal component analysis (PCA) were used to assess
the dynamic behavior and structural properties of each complex. The RMSD reflects the overall
conformational stability of a protein-ligand complex relative to its initial docked poses. All
systems exhibited only minor fluctuations during the early stages of the simulation, indicating
successful equilibration and ligand accommodation within the allosteric binding pocket. The
average RMSD values for CMNPD23791, CMNPD15129, CMNPD25856, and the apo-form
were 1.01 £0.14 A, 1.05+0.30 A, 1.4+ 0.33 A, and 1.77 £ 0.19 A, respectively (Figure 5).
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RMSF analysis was performed to measure residue-level flexibility of the protein
backbone, focusing on a-carbon atoms throughout the trajectory. Lower RMSF values indicate
more rigid and stable regions. All complexes displayed similar RMSF patterns, with minimal
fluctuations near the binding site residues. The average RMSF values of CMNPD23791,
CMNPD15129, CMNPD25856, and the apo-form were 0.41 + 0.36 A, 0.55 + 0.48 A, 0.56 +
0.49 A, and 0.57 + 0.52, respectively (Figure 6).

The compactness of the protein-ligand complexes, evaluated through the radius of
gyration (Rg), further supported the structural stability observed across all systems. The Rg
values for CMNPD23791, CMNPD15129, CMNPD25856, and the apo-form were 17.82 + 0.13
A, 17.63 £0.07 A, 17.8 £0.103 A, and 18.30 = 0.10 A, respectively, suggesting consistent
structural compactness (Figure 7).

Principal component analysis (PCA) of the MD trajectories was carried out to examine
the conformational space and collective motions of the a-carbon backbone. The two-
dimensional projections of the first two principal components (PC1 and PC2) revealed
compact, well-defined clusters for all systems Figure 8, indicating limited large-scale motions
and stable conformational sampling. The MD results confirm that all three marine hits form
highly stable complexes with SHP2, showing minimal conformational drift and strong
structural integrity throughout the simulation.

3 CMNPD25856 — CMNPD15129 —CMNPD23791 Apo
25
—
< 2
o
v 1.5
=
o 1
0.5

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
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Figure 5. RMSD of top marine hits compared with the apo form during 100 ns MD simulations.
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Figure 6. RMSF of top marine hits compared with the apo form during 100 ns MD simulations.
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Figure 7. Radius of gyration (Rg) of top marine hits compared with the apo form during 100 ns MD
simulations.
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Figure 8. Principal Component Analysis (PCA) of top marine hits. The 2D projections of the first two principal
components (PC1 vs. PC2) illustrate the conformational sampling of the a-carbon backbone.

3.4. Physicochemical and pharmacokinetic assessment.

The physicochemical and ADMET properties of the top marine hits SHP099 were
evaluated to assess their drug-likeness and pharmacokinetic suitability (Table S1). All three
marine hits complied with Lipinski’s Rule of Five, showing molecular weights between 330
and 387 g/mol, LogP values within the acceptable range (1.1 to 4.3), and moderate polar surface
areas (111-139 A2), suggesting favorable oral bioavailability. All hits exhibited low aqueous
solubility (4.1 to —4.7), which is typical for hydrophobic marine alkaloids. Among them,
CMNPD25856 demonstrated the best solubility profile and balanced lipophilicity, indicating
potential for formulation optimization.

Toxicity predictions revealed that CMNPD25856 had the lowest oral and cardiotoxic
risks compared with SHP099, which exhibited higher toxicity indices. Conversely,
CMNPD23791 showed higher hepatotoxicity and carcinogenic potential, while CMNPD15129
indicated possible drug-induced liver injury (DILI). Overall, CMNPD25856 appeared to be the
most favorable candidate, balancing drug-likeness, safety, and predicted pharmacokinetic
properties.

3.5. Discussions.

The identified marine hits revealed significantly higher binding affinities and greater
complex stability than the reference SHP099 and other reported SHP2 allosteric inhibitors. The
MM-PBSA results showed AGbind values for CMNPD23791 (Hyrtioerectine E),
CMNPD15129 (Hyrtioerectine A), and CMNPD25856 (pre-pseudomonine) relative to
SHP099. These values suggest a stronger and more stable interaction profile. The predicted
affinities were also comparable, indicating that the marine hits exhibit superior thermodynamic
stability. Structurally, SHP099 and its analogs are characterized by rigid tricyclic frameworks
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that interact mainly through n—x stacking and hydrogen bonds at the central tunnel. In contrast,
Hyrtioerectine A and E possess extended aromatic systems with halogen substituents that
enable broader van der Waals and m-cation contacts with key residues Argl11, Phell3, and
Glu249. This expanded interaction surface enhances conformational adaptability and improves
energetic stability. Pre-pseudomonine, with its flexible heterocyclic core, maintained persistent
hydrogen bonding with His114, Glu249, and Thr253, reinforcing the complex during the 100
ns simulation. The dynamic stability of these complexes was confirmed by low RMSD and
compact Rg profiles, signifying minimal structural deviation and effective equilibration. The
energy decomposition analysis indicated that van der Waals and hydrophobic contributions
were dominant, implying that the marine hits engage deeper non-polar regions of the allosteric
tunnel than conventional inhibitors. Such stable hydrophobic embedding is often associated
with enhanced inhibition efficiency. ADMET analysis satisfied Lipinski’s Rule of Five,
confirming acceptable physicochemical profiles. Marine hits showed optimal hydrophobicity,
moderate solubility, and the lowest predicted cardiotoxicity, outperforming SHP099, which
exhibited higher hepatotoxic and genotoxic probabilities. Hyrtioerectine A demonstrated
moderate oral absorption but a higher potential for drug-induced liver injury, while
Hyrtioerectine E showed elevated carcinogenicity risk linked to its high lipophilicity.

While we truly acknowledge the limitations of our study, as the absence of alchemical
free energy studies and biological evaluation based on our computational findings, we aimed
to accomplish follow-up, cell-based, target-based, and micro-dosing studies with a potential
implication for cancer therapy, which are still underway, and the results are anticipated to be
published in the follow-up studies.

4. Conclusions

This study employed an integrated computational approach combining receptor-guided
pharmacophore modeling, molecular docking, MM-PBSA energy profiling, and molecular
dynamics simulations to identify marine allosteric SHP2 inhibitors. Among the screened
compounds, CMNPD23791 (Hyrtioerectine E), CMNPD15129 (Hyrtioerectine A), and
CMNPD25856 (pre-pseudomonine) exhibited superior binding free energies and strong
interactions with key residues at the SHP2 allosteric pocket compared with the reference
SHP099. The molecular dynamics trajectories confirmed high structural stability and minimal
backbone deviation, while ADMET predictions indicated acceptable physicochemical and
safety profiles. These findings collectively indicate that the identified marine compounds may
serve as lead scaffolds for next-generation SHP2 inhibitors, offering potential improvements
in both affinity and predicted safety relative to existing clinical candidates. Their distinct
structural motifs and favorable binding energetics underscore their translational promise for
the development of novel therapeutics targeting SHP2-driven cancers. However, this study is
limited by the absence of experimental validation. Future work will focus on experimental
confirmation of SHP2 inhibition, cytotoxicity assays, and structural optimization to further
enhance therapeutic applicability.

Author Contributions

Conceptualization, S.K.P. and J.P.; methodology, P.S.; formal analysis, P.S.; investigation,
P.S.; writing—original draft preparation, P.S.; writing—review and editing, S.K.P. and J.P.;

https://biointerfaceresearch.com/ 10 of 15


https://doi.org/10.33263/BRIAC161.015

https://doi.org/10.33263/BRIAC161.015

supervision, S.K.P. and J.P. All authors have read and agreed to the published version of the
manuscript.

Institutional Review Board Statement

Not applicable.

Informed Consent Statement

Not applicable.

Data Availability Statement

Data supporting the findings of this study are available upon reasonable request from the
corresponding author.

Funding

This research received no external funding.

Acknowledgments

All authors gratefully acknowledged Bioinformatics Resources and Advanced Facility (BRAF)
Pune, implemented by the CDAC and supported by the Ministry of Electronics and Information
Technology (MelTY) and the Department of Science and Technology (DST), India. The
authors acknowledge the Amity Institute of Pharmacy, Amity University Uttar Pradesh,
Lucknow Campus, for allowing them to conduct this research.

Conflicts of Interest

The authors declare no conflict of interest.

Abbreviations

The following abbreviations are used in this manuscript:

Abbreviation | Definition

A Angstrom

ADMET Absorption, Distribution, Metabolism, Excretion, and Toxicity
CMNPD Comprehensive Marine Natural Product Database

DILI Drug-Induced Liver Injury
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Rg Radius of Gyration
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Supplementary information

Figure S1. Docking validation of co-crystallized inhibitor SHP099. The experimental SHP099 and re-docked
SHP099 are colored in white and magenta, respectively. Hydrogen bonding and n-n stacking are shown in

magenta and dark green dashed lines, respectively.

Table S1. Physicochemical and ADMET profiling of top marine hits and standard SHP099. The predictive
toxicity values range from 0 to 1, with O representing lower toxicity and 1 representing higher toxicity.

Sr. No. Parameters CMNPD25856 CMNPD15129 CMNPD23791 SHP099
1 Mol Wt. 330.34 387.35 373.37 352.27
(g/mol)
2 HBD 3.00 5.00 4.00 2.00
3 HBA 6.00 5.00 4.00 5.00
4 Rot. Bonds 6,00 3.0 3.0 2.0
5 TPSA (A2 111.04 139.30 111.23 81.06
6 Solubility -4.758 -4.155 -4.451 -4.058
7 LogPow 1.11 3.54 4.28 3.35
8 Caco-2 -5.66 -5.537 -5.359 -5.245
(cm/sec)
9 PPB 73.43 90.808 97.018 79.532
10 Clearance 4.421 0.49 0.872 4.949
11 Half-life (hrs) 1.626 1.533 1.346 1.342
12 Oral toxicity 0.352 0.549 0.555 0.663
13 hERG 0.05 0.143 0.268 0.604
Blockers
14 DILI 0.58 0.949 0.976 0.819
15 Carcinogenicit 0.403 0.45 0.687 0.664
y
16 Eye irritation 0.012 0.947 0.929 0.104
17 Mutagenicity 0.56 0.586 0.712 0.458
18 Hepatotoxicity 0.803 0.766 0.719 0.869
19 Nephrotoxicit 0.925 0.809 0.928 0.885
y
20 Hematotoxicit 0.655 0.388 0.504 0.717
y
21 Genotoxicity 1.0 0.985 0.917 0.966
22 Neurotoxicity 0.836 0.665 0.789 0.941
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