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Marine bioactive compounds have been showing diversified bioactivities such as antifungal, antimicrobial, anticancer, 

and antiviral. Mutations of KRAS G12C and G12D protooncogenes are responsible for colorectal, lung, and pancreatic 

cancers. KRAS G12C and G12D inhibitors sotorasib, MRTX 1133, and adagrasib showed good anticancer potential. In this 

research, we have screened 2000 marine bioactive compouds from marine database and 1699 molecules show highest 

probability as drug like structure. Selected marine compounds have been molecular docked against KRAS G12C and G12D 

using sotorasib and MRTX 1133 as standard structures. In case of KRAS G12C inhibition, Halenaquinone, xestoquinone, 

halenaquinol, and sotorasib show good docking scores of –11.7 kcal/mol, –11.6 kcal/mol, 11.5 kcal/mol, and 

–9.1 kcal/mol, respectively. In case of KRAS G12D inhibition Pseudane V, 1,6,10-trihydroxy-8-methyltetracene-5,12-dione,

Methylaplysinopsine, and MRTX 1133 show good docking scores of –11.0 kcal/mol, –9.9 kcal/mol, and 9.7 kcal/mol, and –

10.2 kcal/mol, respectively. MD simulation and MMPBSA analysis data show that RMSD, RMSF, SASA, Rg and hydrogen

bond analysis reflect the structural integrity and stability of drug-receptor complex. FMO analysis shows that Xestoquinone

and 1,6,10-trihydroxy-8-methyltetracene-5,12-dione represent soft molecules effective against KRAS G12C and G12D,

respectively. This research confirmed the potential of marine ecosystem in the management of cancer by targeting KRAS

mutations.
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KRAS is a proto-oncogene that plays a crucial role in 

regulating cell division, growth, and differentiation
1,2

. 

It encodes a protein that belongs to the RAS family of 

small GTPase, which act as molecular switches within 

cells. When KRAS is functioning normally, it helps 

control these cellular processes by cycling between an 

active and inactive state
3,4

. However, mutations in the 

KRAS gene can lead to uncontrolled cell growth and 

are commonly associated with various cancers, 

including pancreatic, lung, and colorectal cancers
5,6

. 

These mutations often result in a permanently active 

form of the KRAS protein, which continually signals 

cells to divide and grow, contributing to tumor 

development. These mutations cause the KRAS protein 

to be constitutively active, or always in the "on" state
7,8

. 

This continuous activation promotes unchecked cell 

growth, which is a common cause of cancer
9,10

. The 

following are the most common KRAS mutations: 

G12D: Position 12: Aspartic acid to glycine
11

. The 

KRAS gene and protein in their typical, unaltered state 

is known as Wild-Type KRAS. In cells containing 

wild-type KRAS, the protein functions as intended and 

its activity is tightly regulated
12

. The following are the 

three main KRAS isoforms that arise from alternative 

splicing: KRAS4A: Exon 4A is the source. G12V: 

Glycine to valine at position 12, G13D: Glycine to 

aspartic acid at position 13, Q61H: Glutamine to 

histidine at position 61, Q61L: Glutamine to leucine at 

position 61
13

. Wild-Type KRAS: This refers to the 

normal, unmutated form of the KRAS gene and 

protein
14

. In cells with wild-type KRAS, the protein 

functions properly and its activity is tightly regulated. 

KRAS isoforms: KRAS exists in multiple isoforms due 

to alternative splicing, with the main ones being: 

KRAS4A: Produced from exon 4A. KRAS4B: 

Produced from exon 4B
15,16

. Both isoforms have 

similar functions but may differ in their interactions 

with other proteins and their roles in various tissues
17

. 
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KRAS variants: There are various less-common 

mutations and polymorphisms that can occur in KRAS, 

though these are less well-characterized compared to 

the primary oncogenic mutations
18

. Sotorasib, 

adagrasib, and MRTX 849 specifically targets the 

KRAS G12C mutant and showed good inhibition of 

non-small lung and colorectal cancers. GDC-6306 is 

the new molecule with KRAS G12D and G12V 

inhibitors
19

. Trametinib and cobimetinib are the KRAS 

effectors which inhibited MEK/ERK pathways
20

. 

Marine drugs are increasingly used in drug discovery 

such as anticancer drugs, antimicrobial agents also used 

as cosmetics, nutraceuticals and in biotechnology. 

Biodiversity of marine drugs refers to the wide range of 

chemical compounds produced by marine organisms, 

which have significant pharmacological activities in 

human and animal bodies
21

. Bryostatin-1, known for its 

immune-modulating properties, has been isolated and 

its mechanism of action involves the activation of 

protein kinase C, which mediates cell signal 

transduction pathways
22

. Marine microorganisms 

including phytoplankton represent a significant 

reservoir of bioactive compounds with potential 

therapeutic applications
23

. Marine bacteria 

actinomycetes under the genus Salinispora observed 

with antibiotic properties and micromonospora 

including gentamicin, an antibiotic effective in the 

treatment of bacterial infections
24,25

. Marine 

cyanobacteria organisms generate a diverse array of 

secondary metabolites, such as curacin A, which is 

recognized for its anticancer properties
26,27

. Vibrio 

species of marine bacteria showed good activity in the 

treatment of infections. Marine fungi species such as 

Aspergillus and Penicillium played a vital role in the 

treatment of numerous bacterial infections
28

. Eurotium 

and Talaromyces are responsible for antiviral and 

anticancer activities. Cladosporium genus possess with 

anti-inflammatory properties
29,30

. In this research, we 

try to establish the role of marine drugs in the 

inhibition of KRAS G12C and G12D using Virtual 

Screening, Molecular Docking, MD Simulation, 

MMPBSA, Principal component analysis, Gibbs 

Energy Landscape, Density Functional Theory (DFT), 

Principal Component Analysis, and ADMET Analyses.  

Experimental Details 

Virtual Screening and Assessment of Drug like Property 

In this work 2000 marine based compounds 

were obtained from marine database 

(https://www.cmnpd.org/) and passed through drug 

like parameter (Lipinski rule of five). Here marine 

compounds were obtained from marine algae, coral, 

marine bacteria, marine fungi, marine sponges, 

cnidarians, bryozoans, moluscus, ascidians, and 

echinoderms. Drug like property (Lipinski rule of 

five) display the ability of a chemical structure to 

behave like a drug molecule. Lipinski rule of five 

expressed that if a chemical structure observed with 

molecular mass not more than 500 dalton, hydrogen 

bond donor group not more than 5, hydrogen bond 

acceptor group not more than 10, and partition 

coefficient value of the structure not more than 5. In 

this work Lipinski rule of five was considered as 

primary filter to identify drug like marine compounds 

(Table S1). Out of the 2000 marine compounds, 1699 

molecules finally passed the primary filter and these 

molecules were selected for further computational 

studies. 

Molecular Docking Study using AutoDock Vina 

Preparation of protein 

In this work we considered KRAS G12C receptor 

complexed with LXD (PDB id: 8AFB) and KRAS 

G12D receptor complexed with 7L8 (PDB id: 7RT1) 

for molecular docking analysis of selected 1699 

marine drugs
31,32

. KRAS G12C receptor was 

comprised of one chain with 170 amino acids. Inside 

the receptor, complexed ligand LXD was connected 

with GLU 63, ARG 68, ASP 69, TYR 64, MET 72, 

VAL 103, CYS 12, GLU 62, ASP 92, and HIS 95. 

Ramachandran plot of KRAS G12C and G12D 

receptors showed 92.6%, 6.8%, 0.7%, 0.0% and 

94.1%, 5.9%, 0.0%, 0.0% residues comes under most 

favored, additional allowed, generously allowed 

regions, and disallowed regions, respectively (Fig. S2 

and S3) 
33

. In KRAS G12D receptor, one chain with 

170 amino acids were present and the complexed 

ligand 7L8 connected with TYR 64, ARG 68, ASP 

69, MET 72, ASP 12, GLY 60, GLU 62, VAL 103, 

and HIS 95 (Fig. S1). As per verify3d server of 

KRAS G12C and G12D receptors, 86.59% and 

85.80% of the residues have average 3D-1D score 

greater than 0.1 which showed that amino acid 

residues present in the receptors associated with 

protein quality for modeling
34

. Overall quality value 

of the KRAS G12C and G12D receptors as per 

ERRAT were 94.87, and 98.75, which showed good 

resolution (Fig. S2). The VoRoMQA analysis data of 

KRAS G12C and G12D receptors showed 0.510, and 

0.525 revealed that protein structures were good for 
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analysis. If VoRoMQA score greater than 0.4, then 

the model was likely good, score less than 0.3, model 

was likely bad and if score was between 0.3 and 

0.4, model cannot be reliably classified as either good 

or bad (Fig. S3)
35

. After removing the complexed 

ligands, water molecules, receptors were modeled 

through Autodock Tools 1.5.6 for the addition of 

polar hydrogen and gasteiger charge. Finally, the 

structures of the receptors were saved into pdbqt 

format. 

Preparation of marine drugs structures for 

molecular docking 

Avogadro software was used to draw the structures 

of selected marine drugs, sotorasib, and MRTX 1133 

followed by force field- based energy minimization. 

All the structures were saved in pdb format. Then by 

using Autodock Tools 1.5.6 all the structures were 

subjected to addition of gasteiger charge and polar 

hydrogen. Finally, the structures were saved into 

docking feasible pdbqt format
36

.  

Preparation of grid box 

By identifying the interactive amino acid residues, 

the grid box dimension of KRAS G12C and G12D 

receptors were obtained in x, y and z axis, which was 

center_x=18.479, center_y=−8.144, center_z=22.453; 

and center_x=−1.527, center_y=0.218, 

center_z=−21.073 with size_x=24, size_y=24, 

size_z=24 and exhaustiveness = 8, respectively
37

. 

Visualization and validation of docking results 

Biovia Drug Discovery Studio visualizer was used 

to visualize the molecular docking interactions and 

Root mean square deviation (RMSD) values were 

calculated by removing the complexed ligands and 

redocked again within the receptor active site
38

. 

Molecular Dynamic (MD) Simulation of the 

selected Marine Bioactive Compounds  

Here, top3 docked compounds (CMNPD 1953, 

CMNPD 1955, CMNPD 1956) and (CMNPD 238, 

CMNPD 965, and CMNPD 1749) which showed 

good interactions against KRAS G12C and G12D, 

respectively were chosen for 100 ns MD simulation. 

MD simulation showcased the atomic level 

interactions of a ligand molecule within the receptor 

active site in presence of solvent, pressure, 

temperature, and ions
39

. Here GROMACS 20.1 

software package was utilized to perform the MD 

simulation analysis. In the first step, the protein-

ligand complex was transferred into GROMACS 

environment and removes the complexed ligand from 

the complex. Then CHARMM force field and TIP3 

solvents were added in the receptor. Then both 

receptor and ligand were saved in GROMACS 

accessible gro format and also topology file was 

generated. In case of CMNPD 1953, CMNPD 1955, 

and CMNPD 1956: 6561, 7254, 8386 water molecules 

and 7, 7, 7 sodium ions were added in the topology 

files, respectively. In case of CMNPD 238, CMNPD 

965, and CMNPD 1749: 6512, 6510, 6504 water 

molecules and 7, 7, 7 sodium ions were added in the 

topology files, respectively. Then the energy of the 

receptor-ligand complex was minimized, and the 

complex was equilibrated in terms of temperature, 

volume, and pressure
40

. After completion of 

simulation root mean square standard deviations and 

fluctuations were determined for every receptor-

ligand complex to identify the nature of interaction 

and amino acid residues during interaction. Also, the 

receptor-ligand complex stability was identified by 

radius of gyration and solvent accessible surface area 

calculation. MD simulation analysis data was reported 

in comparison with apoenzyme, and sotorasib 

(standard for KRAS G12C) and MRTX 1133 

(standard for KRAS G12D). QtGrace software was 

used to analyze the simulation trajectories
41

. 

MMPBSA Analysis 

Molecular Mechanics Poisson-Boltzmann Surface 

Area (MMPBSA) analysis was used to determine the 

free binding energies of the receptor-ligand complex 

based on van der waal, electrostatic, polar salvation, 

and SASA energies
42

. 

Density Functional Theory Analyses 

Frontier Molecular Orbital (FMO) Analysis 

Electronic behaviour of CMNPD 238, CMNPD 

965, CMNPD 1749, CMNPD 1953, CMNPD 1955, 

and CMNPD 1956 were determined by Beck's (B) 

three-parameter hybrid model and Lee, Yang, and 

Parr's (LYP) correlation functional under the 

B3LYP/6-31G (d,p) basis set. Highest occupied 

molecular orbital and lowest unoccupied molecular 

orbital energies and the gaps between these two 

orbitals were calculated and the data was associated 

with softness, electronegativity, hardness, and 

electrophilicity properties of the structures. GAMESS 

software and WxMacMolPlt (version 7.7.3) were used 

for FMO analysis
43

.  



INDIAN J. CHEM., APRIL 2025 414 

Chemical hardness: 𝜂 =
𝐼−𝐴

2
; softness: 𝜁 =

1

2𝜂
; 

electronegativity: 𝜇 = − 
𝐼+𝐴

2
; electrophilicity index: 

𝛹 =
𝜇2

2𝜂
; where A and I are electron affinity and 

ionization potential. A = −ELUMO and I = −EHOMO. 

Molecular Electrostatic Potential (MEP) Analysis 

MEP map analysis was also performed by Beck's 

(B) three-parameter hybrid model and Lee, Yang, and

Parr's (LYP) correlation functional under the

B3LYP/6-31G (d,p) basis set to identify the possible

zones/functional group for electrophilic and

nucleophilic attack using GAMESS software (version

R2 released on June 30, 2024) with B3LYP/6-

31G(d,p) to identify the MEP analysis. Different

colors in electrostatic map represent different zone in

structure such as red, orange, and yellow linked with

electrophilic behavior and blue linked with

nucleophilic and green hue associated with neutral

zone
44.

Principal Component Analysis and Free Energy 

Landscape Analysis 

Principal Component Analysis (PCA) based on 

covariance-matrix which considers data projection in 

an eigenspace to identify the directions of maximum 

variation in data. PCA can decrease the complexity of 

a multidimensional set of variables to a lower 

dimension. This can be utilized to identify diffusive 

properties during the entire protein folding process
45

. 

A protein's free energy landscape (FEL), a high-

dimensional hypersurface, described how a protein's 

energy changes as its structure changes. 

Understanding the stability and dynamics of proteins 

required an understanding of FEL. PCA and FEL 

analysis performed for CMNPD 1953-KRAS G12C, 

CMNPD 1955-KRAS G12C, CMNPD 1956-KRAS 

G12C, CMNPD 238-KRAS G12D, CMNPD 965-

KRAS G12D, CMNPD 1749-KRAS G12D 

complexes
46

. 

ADMET Analysis 

ADME (Absorption, Distribution, Metabolism, and 

Excretion) and toxicity properties of selected 1699 

marine drugs were calculated using Swiss ADME 

portal and OSIRIS software, respectively
47

. 

Results and Discussion 

Molecular Docking Study Data 

Molecular docking scores of selected 1699 marine 

based compounds against KRAS G12C receptor were 

fluctuated between –4.9 kcal/mol to –11.7 kca/mol. 
CMNPD 1955, CMNPD 1956, and CMNPD 1953 

were the top 3 molecules showed good docking 
interaction scores of –11.7 kcal/mol, –11.6 kcal/mol, 

and 11.5 kcal/mol, respectively with KRAS 

G12C receptor (Table S2). Standard sotorasib and 
complexed LXD showed molecular docking 

interaction scores of –9.1 kcal/mol, and 
–11.0 kcal/mol, respectively

36
. CMNPD 1955

(Halenaquinone) interacted with KRAS G12C

receptor via GLY 10 (3.61 Å), LYS 16 (5.40 Å), THR
58 (4.25 Å) (hydrogen bond interaction); CYS 12

(7.91 Å) (pi-sulfur); ARG 68 (5.96 Å and 7.43 Å) by
(pi-cation); MET 72 (4.72 Å) and VAL 103 (5.28 Å)

(Pi-Alkyl interaction); VAL 9 (4.23 Å), GLU 62 (4.08
Å), TYR 96 (5.45 Å), ILE 100 (3.98 Å) (Pi-Hydrogen

bond donor); and ALA 59, GLN 61, GLU 63, TYR

64, GLN 99, and ARG 102 (van der waals
interactions). CMNPD 1956 (Xestoquinone)

interacted with KRAS G12C receptor via GLY 10
(3.52 Å), LYS 16 (5.59 Å) (hydrogen bond

interaction); CYS 12 (8.27 Å) (pi-sulfur); ARG 68

(5.79 Å and 7.31 Å) by (pi-cation); MET 72 (4.83 Å),
ILE 100 (3.98 Å), and VAL 103 (4.93 Å) (Pi-Alkyl

interaction); GLU 62 (4.08 Å), TYR 96 (5.45 Å), ILE
100 (3.98 Å) (Pi-Hydrogen bond donor); and ALA

59, GLN 61, GLU 63, TYR 64, ASP 69, GLN 99, and
ARG 102 (van der waals interactions). CMNPD 1953

(Halenaquinol) interacted with KRAS G12C receptor

via GLY 10 (2.60 Å), THR 58 (4.52 Å), GLU 63
(4.96 Å) (hydrogen bond interaction); CYS 12

(7.59 Å) (pi-sulfur); ARG 68 (5.82 Å and 7.50 Å) by
(pi-cation); MET 72 (4.92 Å) (Pi-Alkyl interaction);

GLU 62 (4.96 Å), ASP 69 (5.18 Å), TYR 96 (5.69 Å)

(Pi-Hydrogen bond donor); and ALA 59, GLN 61,
TYR 64, GLN 99, ILE 100, ARG 102, VAL 103 (van

der waals interactions). Standard sotorasib interacted
with KRAS G12C receptor via GLU 62 (3.91 Å),

ARG 68 (3.86 Å) (hydrogen bond interaction); CYS
12 (4.47 Å), MET 72 (4.64 Å), VAL 9 (5.17 Å), TYR

96 (5.30 Å) (Pi-Alkyl interaction); GLU 62 (5.09 Å),

and ASP 92 (4.46 Å) by halogen (fluorine) bond;
GLU 62 (3.91 Å) by Pi-Anion bond; and ALA 59,

GLN 61, TYR 64 (van der waals interactions).
Complexed ligand LXD redocked with KRAS G12C

receptor via GLU 63 (5.47 Å), ARG 68 (4.49 Å), ASP

69 (4.26 Å) by hydrogen bond interaction; GLU 62
(6.97 Å), ASP 92 (6.54 Å) by Pi-anion interaction;

TYR 64 (6.96 Å) by Pi-Pi stack interaction; CYS 12
(6.45 Å), HIS 95 (4.32 Å), VAL 103 (5.59 Å) by Pi-

alkyl interaction; MET 72 (5.53 Å) by Pi-sigma
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interaction; and VAL 9, THR 58, ALA 59, GLN 61, 
GLN 99, ILE by van der waals interactions (Fig. 1). 

The common interacting residues between complexed 
ligand, best docked molecules and standard  sotorasib 

confirmed that molecules were effectively docked 

within the receptor active site. Molecular docking 
scores of selected 1699 marine based compounds 

against KRAS G12D receptor were fluctuated 
between (–4.5 to –11.0) kcal/mol. CMNPD 238, 

CMNPD 1749, CMNPD 965 were the top3 molecules 

showed good docking interaction scores of –11.0 
kcal/mol, –9.9 kcal/mol, and 9.7 kcal/mol, 

respectively with KRAS G12C receptor (Table S3). 
Standard MRTX 1133 and complexed 7L8 showed 

molecular docking interaction scores of –10.2 
kcal/mol, and –10.7 kcal/mol, respectively

48
. CMNPD 

238 (Pseudane V) interacted with KRAS G12D 

receptor via SER 39 (4.35 Å), ASP 54 (4.91 Å) 
(hydrogen bond interaction); LEU 5 (4.74 Å), LEU 56 

(5.04 Å), TYR 71 (6.51 Å) (Pi-Alkyl interaction); and 
GLU 37, and ASP 38 (van der waals interactions). 

CMNPD 1749 (1,6,10-trihydroxy-8-methyltetracene-
5,12-dione) interacted with KRAS G12D receptor via 

GLY 10 (2.56 Å), THR 58 (4.20 Å), GLN 61 (6.23 Å) 
by (hydrogen bond interaction); ARG 68 (5.83 Å, 

6.12 Å, and 7.35 Å) by (pi-cation); MET 72 (4.80 Å) 

(Pi-sigma interaction); VAL 103 (6.87 Å) (Pi-alkyl 
interaction); and ALA 59, GLU 62, TYR 64, ASP 69, 

GLN 99, ILE 100, and ARG 102 by (van der waals 
interactions). CMNPD 965 (Methylaplysinopsine) 

interacted with KRAS G12D receptor via ARG 68 

(5.96 Å) (hydrogen bond interaction); MET 72 
(5.47 Å and 6.40 Å) by (Pi-Alkyl interaction); TYR 

96 (5.85 Å) (Pi-Pi T shaped interaction); ALA 59 
(5.23 Å), GLY 60 (4.96 Å), GLN 61 (6.65 Å) by 

carbon-hydrogen bond; and THR 58, GLU 62, GLU 
63, TYR 64, HIS 95, GLN 99, ILE 100, VAL 103 

(van der waals interactions) 
49

. Standard MRTX 1133 

interacted with KRAS G12D receptor via GLY 10 
(4.26 Å), TYR 64 (4.36 Å), ARG 68 (4.99 Å), ASP 

69 (3.19 Å) by (hydrogen bond interaction); ARG 102 
(6.48 Å) (Pi-Cation interaction); ALA 59 (4.04 Å), 

Fig. 1 — Molecular docking interactions data of CMNPD 1955 (Halenaquinone), CMNPD 1956 (Xestoquinone), CMNPD 1953 

(Halenaquinol), and Sotorasib with KRAS G12C receptor. 
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MET 72 (3.98 Å), VAL 103 (6.85 Å) by (Pi-Alkyl 
interaction); and VAL 9, LYS 16, THR 58, SER 65, 

GLN 61, ILE 100, (van der waals interactions). 
Complexed 7L8 interacted with KRAS G12D 

receptor via GLY 10 (4.42 Å), TYR 64 (4.57 Å), 

ARG 68 (5.23 Å), HIS 95 (5.06 Å) by (hydrogen 
bond interaction); ARG 102 (8.01 Å) (Pi-Cation 

interaction); VAL 103 (6.57 Å) by (Pi-Alkyl 
interaction); TYR 96 (5.34 Å) (Pi-Pi interaction); and 

VAL 9, LYS 16, THR 58, SER 65, GLN 61, ILE 100, 

(van der waals interactions) (Fig. 2). The common 
interacting residues between complexed ligand, best 

docked molecules and standard MRTX 1133 
confirmed that molecules were effectively docked 

within the receptor active site 
50

. 

 
MD Simulation Data 

In case of KRASG12C inhibition: KRASG12C 

apoenzyme, CMNPD 1955 (Halenaquinone) -

KRASG12C complex, CMNPD 1956 (Xestoquinone) –

KRASG12C complex, CMNPD 1953 (Halenaquinol) – 

KRASG12C complex, and Sotorasib – KRASG12C 

complex were considered for MD simulation studies. 

Average RMSD value of KRASG12C apoprotein was 

1.76 Å. RMSF data of KRASG12C apoprotein 

showed that maximum fluctuation showed below 2.63 

Å. Average radius of gyration and SASA values of 

KRASG12C apoprotein were 1.21 nm and 92.06 nm
2
, 

respectively. Average RMSD values of CMNPD 1955 

(Halenaquinone)–KRASG12C complex, CMNPD 

1956 (Xestoquinone)– KRASG12C complex, CMNPD 

1953 (Halenaquinol)– KRASG12C complex, and 

Sotorasib – KRASG12C complex were 1.26 Å, 1.69 

Å, 1.27 Å, and 1.99 Å, respectively. RMSD values of 

CMNPD 1955, CMNPD 1953, and sotorasib showed 

maximum stability throughout simulation. KRAS 

G12C apoenzyme and CMNPD 1956 showed 

fluctuations during simulation (Fig. 3A). Among the 

 
 

Fig. 2 — Molecular docking interactions data of CMNPD 238 (Pseudane V), CMNPD 1749 (1,6,10-trihydroxy-8-methyltetracene-5, 

12-dione), CMNPD 965 (Methylaplysinopsine), and MRTX 1133 with KRAS G12D receptor. 
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selected marine drugs CMNPD 1955, CMNPD 1953, 

and standard sotorasib confirmed that all the ligands 

attained a stable configuration within the receptor 

during interactions. RMSF diagram showed that in 

most   of simulation  run   fluctuations   were   limited  

with 2.8 Å except CMNPD 1956 (Xestoquinone). 

In case of KRASG12C apoenzyme, CMNPD 1955 

(Halenaquinone)–KRASG12C complex, CMNPD 

1956 (Xestoquinone)–KRASG12C complex, CMNPD 

1953 (Halenaquinol)–KRASG12C complex, and 

Sotorasib–KRASG12C complex RMSF values 

were fluctuated from (0.39-2.63) Å, (0.33-2.855) Å, 

(0.38-4.086) Å, (0.37-1.92) Å, and (0.32-2.47) Å, 

respectively (Fig. 3B). PRO 34, THR 35, ILE 36, and 

Fig. 3 — (A-E) MD Simulation data of CMNPD 1955 (Halenaquinone), CMNPD 1956 (Xestoquinone), CMNPD 1953 (Halenaquinol), 

and Sotorasib with KRAS G12C receptor. 
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GLU 37 showed maximum fluctuations during 

simulation because these residues were not present 

during the interactions
51

. The average radius of 

gyration values of CMNPD 1955 (Halenaquinone), 

CMNPD 1956 (Xestoquinone), CMNPD 1953 

(Halenaquinol), and Sotorasib complexed with 

KRASG12C receptor were 1.20 nm, 1.18 nm, 1.19 

nm, and 1.20 nm, respectively
52

. CMNPD 1956 

(Xestoquinone) showed some fluctuation in radius of 

gyration value but near 70 ns it reached a lower value 

(Fig. 3C). Here, the continuous decreasing radius of 

gyration values is associated with good stability. 

The average SASA values of CMNPD 1955 

(Halenaquinone), CMNPD 1956 (Xestoquinone), 

CMNPD 1953 (Halenaquinol), and Sotorasib 

complexed with KRASG12C receptor were 89.70 

nm
2
, 91.28 nm

2
, 91.20 nm

2
, and 90.90 nm

2
, 

respectively. SASA values displayed that all 

complexes attained stable structures during simulation 

(Fig. 3D). Hydrogen bond analysis of CMNPD 1955 

(Halenaquinone), CMNPD 1956 (Xestoquinone), 

CMNPD 1953 (Halenaquinol), and Sotorasib 

complexed with KRASG12C receptor showed 

interactive hydrogen bond (10-20, 50-100) ns, and 

(0-100) ns, respectively (Fig. 3E). In case of 

KRASG12D inhibition: KRASG12D apoenzyme, 

CMNPD 238 (Pseudane V) –KRASG12D complex, 

CMNPD 1749 (1,6,10-trihydroxy-8-methyltetracene-

5,12-dione) -KRASG12D complex, CMNPD 965 

(Methylaplysinopsine) -KRASG12D complex, and 

MRTX 1133 - KRASG12D complex were considered 

for MD simulation studies. Average RMSD value of 

KRASG12D apoprotein was 1.82 Å. RMSF data of 

KRASG12D apoprotein showed that maximum 

fluctuation showed below 3.3 Å. Average radius 

of gyration and SASA values of KRASG12D 

apoprotein were 1.19 nm and 92.95 nm
2
, respectively. 

Average RMSD values of CMNPD 238 (Pseudane V) 

-KRASG12D complex, CMNPD 1749 (1,6,10-

trihydroxy-8-methyltetracene-5,12-dione) -

KRASG12D complex, CMNPD 965 

(Methylaplysinopsine) -KRASG12D complex, and 

MRTX 1133 - KRASG12D complex were 1.91 Å, 

1.44 Å, 1.45  Å, and   1.82  Å,   respectively.   RMSD 

value of CMNPD 238 show a sudden increase during 

(30-90) ns and then stabilize. RMSD values of KRAS 

G12D apoenzyme, CMNPD 1749 and CMNPD 965 

almost stable version during the simulation (Fig. 4A). 

Fig. 4 — (A-E) MD Simulation data of CMNPD 238, CMNPD 1749, CMNPD 965, and MRTX 1133 with KRASG12D receptor
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RMSD value of MRTX 1133 showed an increment 

between (0-50) ns, and stabilized between (50-100) 

ns. RMSF diagram of KRASG12D apoenzyme, 

CMNPD 238 (Pseudane V) -KRASG12D complex, 

CMNPD 1749 (1,6,10-trihydroxy-8-methyltetracene-

5,12-dione) -KRASG12D complex, and CMNPD 965 

(Methylaplysinopsine)-KRASG12D complex showed 

maximum fluctuation up to 3.3 Å, and standard 

MRTX 1133 observed with more than 4.5 Å. 

In case of KRASG12D apoenzyme, CMNPD 

238 (Pseudane V)-KRASG12D complex, CMNPD 

1749 (1,6,10-trihydroxy-8-methyltetracene-5,12-

dione)-KRASG12D complex, CMNPD 965 

(Methylaplysinopsine)-KRASG12D complex, and 

MRTX 1133-KRASG12D complex RMSF values 

were fluctuated from (0.33-1.394) Å, (0.35-3.339) Å, 

(0.34-2.29) Å, (0.36-3.037) Å, and (0.43-4.676) Å, 

respectively. THR 35, and TYR 64 showed maximum 

fluctuations during simulation because these residues 

were not directly interacted with receptor
53

 (Fig. 4B). 

The average radius of gyration values of CMNPD 

238 (Pseudane V), CMNPD 1749 (1,6,10-trihydroxy-

8-methyltetracene-5,12-dione), CMNPD 965 

(Methylaplysinopsine), and MRTX 1133 complexed 

with KRASG12D receptor were 1.22 nm, 1.21 nm, 

1.23 nm, and 1.26 nm, respectively. MRTX 1133 

showed higher radius of gyration value than other 

molecules. Here, the continuous decreasing radius of 

gyration values associated with good stability 

(Fig. 4C). The average SASA values of CMNPD 238 

(Pseudane V), CMNPD 1749 (1,6,10-trihydroxy-8-

methyltetracene-5,12-dione), CMNPD 965 

(Methylaplysinopsine), and MRTX 1133 complexed 

with KRASG12D receptor were 93.62 nm
2
, 93.04 

nm
2
, 93.62 nm

2
, and 97.42 nm

2
, respectively. SASA 

values displayed that all complexes attained a stable-

structures during simulation (Fig. 4D)
54

. Hydrogen 

bond analysis of CMNPD 238 (Pseudane V), 

CMNPD 1749 (1,6,10-trihydroxy-8-methyltetracene-

5,12-dione), CMNPD 965 (Methylaplysinopsine), and 

MRTX 1133 complexed with KRASG12D receptor 

showed interactive hydrogen bonds throughout the 

simulation (Fig. 4E). 

MMPBSA Analysis Data 

MMPBSA analysis data showed that binding 

energies of CMNPD 1955 (Halenaquinone), CMNPD 

1956 (Xestoquinone), CMNPD 1953 (Halenaquinol), 

Sotorasib interacted with KRAS G12C receptor were 

–16.132 kJ/mol, –15.211 kJ/mol, –3.953 kJ/mol,

and −3.463 kJ/mol, respectively
55

. Van der Waal,

Electrostatic, Polar solvation, and SASA energies 

were positively contributed in binding energies of 

CMNPD 1955 (Halenaquinone), and CMNPD 1956 

(Xestoquinone), respectively. van der Waal, 

electrostatic, and SASA energies were positively and 

polar salvation energies were negatively impacted in 

binding energies of CMNPD 1953 (Halenaquinol), 

and sotorasib (Table S4). MMPBSA analysis data 

showed that binding energies of CMNPD 238 

(Pseudane V), CMNPD 1749 (1,6,10-trihydroxy- 

8-methyltetracene-5,12-dione), CMNPD 965 

(Methylaplysinopsine), and MRTX 1133 with KRAS 

G12D receptor were –4.903 kJ/mol, –2.794 kJ/mol, –

2.862 kJ/mol, and –2.894 kJ/mol, respectively. 

In all complexes van der waal, electrostatic, SASA 

energies were positively, and polar solvation energies 

were negatively contributed in binding energies 

(Table S5) 
56

. 

DFT Analyses Data 

Frontier Molecular Orbital Analysis data 

Frontier Molecular Orbital Analysis data of 

CMNPD 1955 (Halenaquinone), CMNPD 1956 

(Xestoquinone), CMNPD 1953 (Halenaquinol), 

sotorasib, CMNPD 238 (Pseudane V), CMNPD 

1749 (1,6,10-trihydroxy-8-methyltetracene-5,12-

dione), CMNPD 965 (Methylaplysinopsine), MRTX 

1133 have HOMO and LUMO orbital energies (eV) 

of –7.42, –6.88, –5.74, –6.34, –6.25, –6.09, –5.08, –

5.66 and –3.72, –3.53, –2.34, –2.74, –1.52, –3.23, –

1.49, –2.17, respectively
57

. The HOMO and LUMO 

orbitals' energy gap reveals the molecules' chemical 

strength and reactivity. HOMO and LUMO energy 

gaps of CMNPD 1955 (Halenaquinone), CMNPD 

1956 (Xestoquinone), CMNPD 1953 (Halenaquinol), 

sotorasib, CMNPD 238 (Pseudane V), CMNPD 

1749 (1,6,10-trihydroxy-8-methyltetracene-5,12-

dione), CMNPD 965 (Methylaplysinopsine), and 

MRTX 1133 were 3.70, 3.35, 3.40, 3.60, 4.73, 2.86, 

3.59, and 3.49, respectively. Table 1 included the 

values for the energy gap (ΔE) between the HOMO 

and LUMO, softness, electronegativity, chemical 

hardness, and electrophilicity index. Among the 

selected marine drugs effective against KRAS G12C 

and KRAS G12D, CMNPD 1956 (Xestoquinone) and 

CMNPD 1749 (1,6,10-trihydroxy-8-methyltetracene-

5,12-dione) referred as soft molecule and because of 

the lesser energy gap system. The more excellent 

value of the electrophilicity index designated, the 

higher the chemical reactivity
58

. CMNPD 1955 

(Halenaquinone) and CMNPD 1749 (1,6,10-
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trihydroxy-8-methyltetracene-5,12-dione) showed 

maximum electrophilicity (Fig. 5)
59

. 

Molecular Electrostatic Potential data 

Cyclohex-2-ene-1,4-dione and (5aS)-5a,6,7-
trimethyl-1,3,4,5,5a,8-hexahydroacenaphthylene 
groups are preferred zones of electrophilic 
and nucleophilic attacks for CMNPD 1955 
(Halenaquinone), and CMNPD 1956 (Xestoquinone). 
Cyclohex-2-ene-1,4-diol, and (5aS)-5a,6,7-trimethyl-
1,3,4,5,5a,8-hexa hydroacenaphthylene groups are 
preferred zones of electrophilic and nucleophilic 

attacks for CMNPD 1953 (Halenaquinol)
60,61

. In 
sotorasib, the maximum molecule was covered with a 
blue-colored nucleophilic attack region, and a red 
electrophilic attack region was observed with cyano-
piperazine, N =C-N-C-C= N groups and terminal 
ketone groups of 4-(4-acryloyl-2-methylpiperazin-1-
yl)-6-fluoro-7- (2-fluoro-6-hydroxyphenyl)-1-(2-
isopropyl-4-methylpyridin-3-yl) pyrido[2,3-d] 
pyrimidin-2(1H)-one

62
. In case of CMNPD 238 

(Pseudane V) nitrogen atom and hydroxyl group 
responsible for electrophilic attack, and C=C group of 
phenyl ring responsible for nucleophilic attack. In 

Table 1 — FMO analysis data of CMNPD 1955 (Halenaquinone), CMNPD 1956 (Xestoquinone), CMNPD 1953 (Halenaquinol), 

Sotorasib, CMNPD 238 (Pseudane V), CMNPD 1749 (1,6,10-trihydroxy-8-methyltetracene-5,12-dione),  

CMNPD 965 (Methylaplysinopsine), and MRTX 1133. 

S N Molecule Name EHOMO (eV) ELUMO (eV) ΔE gap (eV) I A η ζ μ Ψ 

1. CMNPD 1955 (Halenaquinone)* –7.42 –3.72 3.70 7.42 3.72 1.65 0.27 5.57 8.38 

2. CMNPD 1956(Xestoquinone)* –6.88 –3.53 3.35 6.88 3.53 1.67 0.29 5.20 8.07 

3. CMNPD 1953 (Halenaquinol)* –5.74 –2.34 3.40 5.74 2.34 1.70 0.29 4.04 4.80 

4. Sotorasib* –6.34 –2.74 3.60 6.34 2.74 1.8 0.27 4.54 5.72 

5. CMNPD 238 (Pseudane V)# –6.25 –1.52 4.73 6.25 1.52 2.37 0.21 3.88 3.18 

6. 
CMNPD 1749 (1,6,10-trihydroxy-8-

methyltetracene-5,12-dione)# 
–6.09 –3.23 2.86 6.09 3.23 1.43 0.34 4.66 7.59 

7. CMNPD 965 (Methylaplysinopsine) # –5.08 –1.49 3.59 5.08 1.49 1.79 0.27 3.62 3.65 

8. MRTX 1133# –5.66 –2.17 3.49 5.66 2.17 1.74 0.28 3.91 4.39 

* = KRAS G12C  # = KRAS G12D

Fig. 5 — FMO analysis data of CMNPD 1955 (Halenaquinone), CMNPD 1956 (Xestoquinone), CMNPD 1953 (Halenaquinol), 

Sotorasib, CMNPD 238 (Pseudane V), CMNPD 1749 (1,6,10-trihydroxy-8-methyltetracene-5,12-dione), CMNPD 965 

(Methylaplysinopsine), MRTX 1133. 
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case of CMNPD 1749 (1,6,10-trihydroxy-8-
methyltetracene-5,12-dione): ketone and hydroxyl 
groups responsible for electrophilic attack and rest of 
the molecule 8-methyl-5,12-dihydrotetracene group is 
electrically neutral

63
. In case of CMNPD 965 

(Methylaplysinopsine): structure is divided into two 
equal electrophilic and nucleophilic attacks. 2-
fluorohexahydro-1H-pyrrolizine, 5,6-dimethyli dene 
cyclo hexa-1,3-diene and F-C = C-N = C-O groups 
of 4-(4-(3-(3,8-diaza bicyclo[3.2.1]octan-3-yl)-8-
fluoro-2-((2- fluorohexahydro-1H-pyrrolizin-7a- yl) 
methoxy) pyrido[4,3-d] pyrimidin-7-yl)-5-ethynyl-6-
fluoronaphthalen-2-ol responsible for nucleophilic 
and electrophilic attacks in case of MRTX 1133 
(Fig. 6) 

64,65
.  

PCA and FEL Analysis data 

PCA is used to identify the complexity of ligand-

receptor complex obtained from MD simulation 

analysis is principal component analysis by modifying 

transitional and rotational movements within the 

trajectory
66,67

. The dynamics of complex structure was 

based on two dimensional projections of trajectories 

on eigenvectors 1 and 2. PCA is also associated 

with atomic movement and motion dynamics
68

. 

The eigenvector values of KRAS G12C apoprotein, 

KRASG12C-CMNPD 1955, KRASG12C-

CMNPD1956, KRASG12C-CMNPD1953, and 

KRAS G12D apoprotein, KRASG12D-CMNPD238, 

KRASG12D-CMNPD1749, and KRASG12D-

CMNPD965 were determined. The essential subspace 

of KRAS G12C apoprotein and KRAS G12D 

apoprotein of eigenvector 1 were in the range from 

(4.0 to –3.0) nm, vs. eigenvector 2 in the range from 

(–3.0 to 2.0) nm, and from (2.0 to –3.0) nm, vs. 

eigenvector 2 in the range from (–2.0 to 2.0) nm, 

respectively present in the larger cluster for 

apoprotein
69

. In case of KRASG12C-CMNPD 1955, 

KRASG12C-CMNPD1956, KRASG12C-CMNPD1953, 

6AYC-abyssinone III, and KRASG12D-CMNPD238, 

KRASG12D-CMNPD1749, and KRASG12D-

 
 

Fig. 6 — MEP analysis data of CMNPD 1955 (Halenaquinone), CMNPD 1956 (Xestoquinone), CMNPD 1953 (Halenaquinol), Sotorasib, 

CMNPD 238 (Pseudane V), CMNPD 1749 (1,6,10-trihydroxy-8-methyltetracene-5,12-dione), CMNPD 965 (Methylaplysinopsine), 

MRTX 1133. 
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CMNPD965, eigenvector 1 values of were (–2.0 to 

3.0) nm, (–4.0 to 3.0) nm, (–3.0 to 3.0) nm, (–3.0 to 

4.0) nm, (–2.0 to 3.0) nm, (–2.0 to 5.0) nm, vs. 

eigenvector 2 in the range from (–2.0 to 3.0) nm, 

(–4.0 to 3.0) nm, (–2.0 to 3.0) nm, (–3.0 to 2.0) nm, 

(–3.0 to 2.0) nm, (–2.0 to 3.0) nm, respectively
70

. 

These data confirmed the well defined internal 

motion observed with KRASG12C-CMNPD 1955, 

KRASG12C-CMNPD1956, KRASG12C-CMNPD 

1953, and KRASG12D-CMNPD238, KRASG12D-

CMNPD1749, and KRASG12D-CMNPD965 

complexes (Fig. 7)
71

. Through PCA, we were able to 

identify the most likely and significant changes in 

protein   conformation   that  occurred  during  ligand 

binding or complex formation in MD. The states of 

global energy minima are displayed in the Gibbs 

energy landscape (FEL)
72

. As per FEL blue/green 

contour reflects stable local global energy minima 

state, unfavorable state represented by yellow color, 

and high free energy landscape unstable 

conformational state associated with red region. The 

free energy landscape values of KRAS G12C 

apoprotein, KRASG12C-CMNPD 1955, KRASG 

12C-CMNPD1956, KRASG12C-CMNPD1953, and 

KRAS G12D apoprotein, KRASG12D-CMNPD238, 

KRASG12D-CMNPD1749, and KRASG12D-

CMNPD965 ranged from (0-12.5) kJ/mol, (0-10.7) 

kJ/mol, (0-14.4) kJ/mol, (0-11.6) kJ/mol, (0-11.5) 

kJ/mol, (0-10.4) kJ/mol, (0-11.6) kJ/mol, and (0-12.7) 

kJ/mol, respectively (Fig. 8)
73

. Most of the central 

Fig. 7 — FEL analysis data of KRAS G12C apoprotein, KRASG12C-CMNPD 1955, KRASG12C-CMNPD1956, KRASG12C-

CMNPD1953, KRAS G12D apoprotein, KRASG12D-CMNPD238(Pseudane V), KRASG12D-CMNPD1749(1,6,10-trihydroxy-8-

methyltetracene-5,12-dione), and KRASG12D-CMNPD965(Methylaplysinopsine). 
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contour regions comprised of blue-green regions 

represents stable conformation of receptor and in 

some instances mixed with central blue-green regions 

tinted with yellow region reflects slightly stable but 

not unstable ligand-receptor conformation
74,75

. 
 

ADMET Analysis data 

Pharmacokinetic behavior analyses of 1699 marine 
based compounds were performed using Swiss 
ADME web portal (http://www.swissadme.ch/) 

accessed within (10.09.2024-17.09.2024). In this 

analysis, molecules were subjected to in silico oral 
solubility (Log S), partition coefficient (Log P), blood 
brain barrier permeability, and cytochrome P450 
microsomal enzyme inhibitor profiling

76
. Molecules 

with solubility parameter (Log S) value within –4 to 
+0.5 were considered as good aqueous solubility.  

Out of 1699 molecules 1052 molecules showed  
less probability to become soluble in aqueous 
environment. Molecules with a partition coefficient 

 
 

Fig. 8 — FEL analysis data of KRAS G12C apoprotein, KRASG12C-CMNPD 1955, KRASG12C-CMNPD1956, KRASG12C-

CMNPD1953, KRAS G12D apoprotein, KRASG12D-CMNPD238(Pseudane V), KRASG12D-CMNPD1749(1,6,10-trihydroxy-8-

methyltetracene-5,12-dione), and KRASG12D-CMNPD965(Methylaplysinopsine). 
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(Log P) value less than 3.0 are considered for good 
permeation of biological membranes. Only 540 
molecules showed good Log P value with greater 
probability to permeate a biological membrane

77,78
. 

Blood brain barrier permeability confirmed the 

molecules with higher probability to cross the 
membrane and reach brain

79,80
. Among the 1699 

molecules 1014 molecules showed higher probability 
to cross blood brain barrier. Also, among the selected 
marine based compounds 330, 696, 868, 330, and 397 
molecules were CYP 1A2, 2C19, 2C9, 2D6, and 3A4 

inhibitors, respectively
81,82

. All microsomal enzymes 
were participated in Phase I biotransformation, so 
these mentioned molecules were either directly 
participated in Phase II biotransformation or there is a 
scope of change in the formulation phase (Table S6). 
All molecules showed good probability as non-

mutagenic, non-tumorigenic, non-irritant, and non-
reproductive toxicant (Table S7) 

83,84
. 

 

Conclusion 

After exhaustive computational research, we 

identified that, Halenaquinone, Xestoquinone, 

Halenaquinol, and Pseudane V, 1,6,10-trihydroxy-8-

methyltetracene-5,12-dione, methylaplysinopsine 

showed maximum binding potentials against KRAS 

G12C and G12D, respectively. These findings open a 

new door for researchers to pharmacologically 

establish the potential of the molecules. 
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