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Triple-negative breast cancer (TNBC) represents a highly aggressive form of breast cancer, and
the treatment options available are regarded as particularly challenging. The lack of specific
molecular targets, including estrogen receptor (ER), progesterone receptor (PR), and human
epidermal growth factor receptor 2 (HER2), accounts for this situation. This study investigates
the molecular interactions between natural compounds derived from Stylissa carteri and
Epidermal Growth Factor Receptor (EGFR) and RAF proteins, which are promising targets for
therapeutic strategies in triple-negative breast cancer (TNBC), utilizing in silico techniques.
Nine compounds derived from Stylissa carteri were obtained from the Knapsack and PubChem
servers. These compounds' biological activities and interactions with EGFR and RAF proteins
were analyzed. The findings indicated that the nine compounds exhibited various biological
activities inhibiting TNBC. Docking and molecular dynamics analysis revealed that stevensine
and dibutyl phthalate exhibited the highest binding affinity and the most stable interactions with
the EGFR-RAF protein complex. Docking analysis revealed binding affinity values between
—5.4 and —7.9 kcal/mol. The most robust binding interaction was noted for (Z)-hymenialdisine
with RAF (=7.9 kcal/mol), whereas 1,2-benzenediol exhibited the weakest interaction (=5.7
kcal/mol). Dibutyl phthalate exhibited the highest binding affinity for EGFR, measured at —7.0
kcal/mol. The findings indicate that compounds derived from Stylissa carteri exhibit potential
efficacy in targeting EGFR and RAF in triple-negative breast cancer (TNBC).

Keywords: Epidermal Growth Factor Receptors, docking analysis, molecular dynamics, Stylissa
carteri, Rapidly Accelerated Fibrosarcoma, Triple Negative Breast Cancer.

Introduction

proto-oncogene that promotes cellular proliferation and survival. It is

Triple-negative breast cancer (TNBC) is a specific subtype of breast
cancer, comprising 15-20% of all classifications. This condition is
marked by the lack of estrogen receptor (ER), progesterone receptor
(PR), and human epidermal growth factor 2 (HER2), resulting in an
elevated risk of metastasis, increased invasiveness, and a more rapid
growth rate.!? Certain studies have indicated an elevated recurrence
risk in triple-negative breast cancer linked to resistance to standard
adjuvant treatment. 34 Consequently, the identification of therapeutic
molecules through the targeting of possible biomarkers is essential for
the development of effective treatments with reduced recurrence
risk.EGFR (Epidermal Growth Factor Receptor) is recognized as a
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the prototype of the EGFR family, which includes ErbB2/HER2/Neu,
ErbB3/HER3, and ErbB4/HER4. Numerous studies indicate that
EGFR is more commonly overexpressed in triple-negative breast
cancer (TNBC) than in other breast cancer subtypes. 57 The
stimulation of signaling additionally facilitates angiogenesis and
confers resistance to trastuzumab.® Ryan et al. demonstrated that the
concurrent inhibition of EGFR and RAF enhances outcomes in
BRAF-mutant colorectal cancer by preventing the reactivation of
mitogen-activated protein kinase (MAPK) signaling pathways in these
tumors.® Information regarding the treatment of TNBC through the
targeting of both EGFR and RAF proteins is currently limited. Stylissa
carteri, a species within the Porifera phylum, is frequently identified
in Indonesia and has been documented as a potential anti-cancer agent.
1013 An in vitro study indicated that the ethyl acetate fraction of
Stylissa carteri exhibited cytotoxic effects on TNBC cells. 415
Furthermore, a through investigation into the molecular interactions
between natural compounds from Stylissa carteri and EGFR and RAF
proteins in the context of TNBC utilising an in silico approach
remains absent. This study aims to address the gap by examining the
potential of compounds derived from Stylissa carteri as therapeutic
candidates for TNBC, focussing on the simultaneous targeting of
EGFR and RAF.
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Materials and Methods

Compounds screening

Natural compounds from Stylissa carteri were identified through
literature reviews, as documented in several articles. 2 Numerous
articles indicate. Furthermore, screening was conducted utilizing the
Knapsack server (http://www.knapsackfamily.com/) to verify the
identified compounds. The physicochemical properties were assessed,
and the Lipinski rule served as the criterion for screening. The
Lipinski rule of five emphasizes molecular weight, hydrogen bond
donors, hydrogen bond acceptors, LogP, and molar reactivity. 2422 The
toxicity level was assessed using ADME
(http://Immd.ecust.edu.cn/admetsar2/) to evaluate the potential harm
of the compound to the body. ADME evaluates human oral
bioavailability, yielding either negative or positive outcomes.

Protein-ligand preparation

The natural products utilized in this study were active compounds
extracted from the Porifera Stylissa carteri. The compounds were
sourced from the Knapsack server (http://www.knapsackfamily.com/)
as detailed in Table 1.>* Selected proteins were obtained from the
Protein Data Bank (PDB) (https://www.rcsh.org/).?> The selected
proteins were EGFR and RAF which play a crucial role in the MAPK
pathway. 2

The 3D structure of the Stylissa carteri compounds was generated
utilizing Marvin Sketch and Discovery Studio. The tools were
employed to reduce energy and convert compounds into PDB format.
Document.

Biological activity prediction

The biological activity of ligands was predicted utilizing the PASS
server (https://www.way2drug.com/passonline/). The Pass server is
capable of identifying potential compounds based on the Probable to
Active (Pa) value. Compounds exhibiting a value greater than 0.7 can
be anticipated to possess biological activity.

Molecular docking analysis

Molecular docking was conducted utilizing Autodock Vina within the
PyRx 09.05 software environment.?” The docking process targeted
several proteins, specifically EGFR (PDB Code: 1M17) and RAF
(PDB Code: 30G7), which are involved in the MAPK pathway as
macromolecules. Ligands were derived from active compounds of
Stylissa carteri. The EGFR macromolecule was subsequently docked
with the ligand utilizing a grid setting centered at (X: 27.820; Y: -
3.776; Z: 54.157) and dimensions measured in angstroms (X: 54.375;
Y: 44.966; Z: 44.202).%8

Docking for the RAF protein (PDB code) was performed using a grid
center set at coordinates (X: -1.511; Y: 1.513; Z: 5.108) and
dimensions in angstroms of (X: 52.407; Y: 33.721; Z: 33.200). The
outcomes were subsequently visualized utilizing Biovia Discovery
Studio 2021.

Molecular dynamics (MD) simulation

Molecular dynamics (MD) simulation was conducted using
GROMOS96 43a1 force field and GROMACS 5.1.4 package. 2° The
analysis involved EGFR and RAF to assess the interaction strength
between the two proteins.  The structures were subsequently
solubilized utilizing the SPC water model within a triclinic box. The
system was reduced to 5000 steps through the application of the
steepest descent method. The subsequent stage involved configuring
the MD Simulation for NVT, NPT, and production phases. The NVT
series (constant particle number, volume, and temperature) was
succeeded by the NPT series (constant particle number, pressure, and
temperature) at 298 K and 1 atm for a duration of 20 ns.

The MD trajectories were further examined using the GROMACS
software package. This program was utilized to assess the root-mean-
square deviation (RMSD), root-mean-square fluctuation (RMSF) of
the rotational radius, and the quantity of hydrogen bonds. The binding
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energy of RMSF and MD was investigated using gmxhbond, gmxrms,
gmxgyrate, gmxsasa, and gmxrmsf.

C1. The RMSD is the average of the atomic distances required to
check the equilibrium and structural stability of the protein in the
presence of ligands. *° The values are also used to evaluate changes in
protein MD as well as conformational stability of protein-ligand
complexes. RMSD value was calculated using Equation 1:

RMSD = u":E,"‘_,{X,"" —xE 4 (¥R -v R (2R -2 ()

Where xm, ym; zm, and x1; yl; and z1 represent the initial
coordinates and trajectory coordinates at frame t, respectively. N is the
number of atoms. C2. RMSF (root-mean-square fluctuation) is a value
used to determine the flexibility of a protein affected by compounds
that act as local variations of binding. The variation of this flexibility
is a parameter that determines the tethering in the bond between the
test compound and the target protein. The RMSF graph often shows
the residues in terms of significant changes during the MD simulation.
A high value indicates that the protein has a flexible domain. The
RMSF parameter can be measured using Equation 2:

RMSF = | _Il_E;"_,.:x, —X)? @)
Where T demonstrates trajectory frame numbers .7, while i is the time-
averaged position. C3. H-Bond represents non-covalent bonds formed
between hydrogen atoms and electronegative atoms. The interaction of
Hydrogen with the main chain and amide nitrogen stabilizes the
secondary structure. Hydrogen bonds are also related to the protein
structure stiffness. By analyzing and measuring the molecular
proportion using simulation, H-bonds can be predictably determined.
C4. The Rg (Radius of Gyration) value is an indicator measured in
MD parameters in addition to RMSD, RMSF, H-Bond, and Binding
Free Energy. Rg is one of the basic indicators that play an important
role in measuring the total size of the molecular chain. It evaluates the
compactness and flexibility of a protein in the biological environment,
comparing the protein structure over time with the hydrodynamic
radius that can be monitored experimentally. The measurement of Rg
is shown in Equation 3:

Ryt II_\ E|\-||i'":[:' — Teonter|® ®)

y
C5. The last analysis used as an indicator of parameters in MD testing
is Protein Solvent Accessible Surface Area (SASA). This indicator
plays a role in protein folding and stability through the identification
of protein surfaces using Van der Waals bonds.

Results and Discussion

A total of 11 compounds were derived from Stylissa carteri through
the literature study, but only nine were found in the PubChem
database, including 1,2-Benzenediol, Dibutyl phthalate, 9,12-
Octadecadienoic acid, (2)-3-Bromohymenialdisine, 2)-
Debromohymenialdisine,  (Z)-Hymenialdisine, Debromohymenin,
Hymenin, Oroidin, and Stevensine. These compounds were further
tested, and the results are shown in Table 1. Subsequent examination
was undertaken to explore the prospective efficacy of the compounds
as agents against cancer. The natural compounds underwent screening
in accordance with the Lipinski rule of five, resulting in a selection of
qualified compounds that encompasses 1,2-benzenediol, dibutyl
phthalate, (2)-debromohymenialdisine, (Z2)-hymenialdisine,
debromohymenin, hymenin, oroidin, and stevensine. 3 Additionally,
these compounds underwent evaluation to ascertain the degree of
acute oral toxicity through the AdmetSar methodology. The findings
indicated that dibutyl phthalate was categorized as toxicity class IV,
exhibiting a probability of 0.64, while hymenin was placed in class II,
demonstrating the highest acute oral toxicity level at 0.5121.2%3
These results indicate that the compounds used for molecular docking
and dynamic analysis had a relatively low level of toxicity.
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Nu Compound Name

Chemical 3D Structure

CID

Lipinski Rule of Five

AdmetSar Results

1. 1,2-Benzenediol

2. Dibutyl phthalate

3. 9,12-Octadecadienoic
acid

4 (D
Debromohymenialdisine

5 (2)-Hymenialdisine

6 Debromohymenin

7 Hymenin

8 Oroidin

9 Stevensine

289

3026

3931

1354511
56

1354135

46

2177527
2

10499

6312649

1100358
1

mass: 169.000000
hydrogen bond donor: 5
hydrogen bond acceptors: 4
LOGP: 0.089900
Molar Refractivity: 43.785797
mass: 278.000000
hydrogen bond donor: 0
hydrogen bond acceptors: 4
LOGP: 3.600399
Molar Refractivity: 76.822983
mass: 280.000000
hydrogen bond donor: 1
hydrogen bond acceptors: 2
LOGP: 5.884500
Molar Refractivity: 86.993774

mass: 310.000000
hydrogen bond donor: 6
hydrogen bond acceptors: 3
LOGP: 0.767000
Molar Refractivity: 69.046692
mass: 323.000000
hydrogen bond donor: 5
hydrogen bond acceptors: 6
LOGP: 0.066300
Molar Refractivity: 72.127998

mass: 245.000000
hydrogen bond donor: 5
hydrogen bond acceptors: 6
LOGP: -0.696200
Molar Refractivity: 64.428001

mass: 262.000000
hydrogen bond donor: 1
hydrogen bond acceptors: 4
LOGP: 1.390400
Molar Refractivity: 68.111786

mass: 387.000000
hydrogen bond donor: 5
hydrogen bond acceptors: 4
LOGP: 2.288200
Molar Refractivity: 80.559990
mass: 385.000000
hydrogen bond donor: 5
hydrogen bond acceptors: 4
LOGP: 2.020100
Molar Refractivity: 78.604996

Oral toxicity :

11 (0.4487)

Oral toxicity :

IV (0.6453)

Oral toxicity :

IV (0.8289)

Oral toxicity :

111 (0.5685)

Oral toxicity :

111 (0.5660)

Oral toxicity :

111 (0.5743)

Oral toxicity :

11 (0.5136)

Oral toxicity :

11 (0.5121)

Oral toxicity :

111 (0.5638)

Biological activity prediction

The
pote
ntial
activ
ity
(PA)
and
pote
ntial
inact
ivity
(P1)
value
S
were
asses
sed
utiliz
ing
the
PAS
S
serve
r.
Tabl
e 2
prese
nts a
com
preh
ensiv
e

list
of
com
poun
ds
that
have
been
valid
ated
for
their
pote
ntial
anti-
canc
er
prop
erties
The
com
poun
d
1,2-
benz
enedi

ol exhibited significant potential as a NADPH peroxidase (PA =
0.868) and as an inhibitor of
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Table 2. Biological activities of Stylissa carteri-derived active compounds

No Compound Name Biological Activity PA Pl
. NADPH peroxidase inhibitor 0.868 0.005
1 1,2-Benzenediol ] . o
G-protein-coupled receptor kinase inhibitor 0.769 0.016
G-protein-coupled receptor kinase inhibitor 0.743 0.018
2 Dibutyl phthalate NADH kinase inhibitor 0.603 0.013
S G-protein-coupled receptor kinase inhibitor 0.908 0.004
3 9,12-Octadecadienoic acid . o
NADH kinase inhibitor 0.758 0.005
o MAP kinase 1 inhibitor 0.882 0.002
4 (2)-Debromohymenialdisine
o MAP kinase 1 inhibitor 0.000
. (2)-Hymenialdisine 0.977
MAP3KS inhibitor 0.785 0.001
. Protein kinase (Mos, Mil/Raf, MEKK, RIPK, TESK, LIMK,
6 Debromohymenin . o 0.695 0.003
IRAK, ILK, Activin/TGF-beta) inhibitor
; Hymenin Antineoplastic 0.959 0.004
. . o 0.960 0.001
8 Oroidin MAP kinase 1 inhibitor
Protein kinase (Mos, Mil/Raf, MEKK, RIPK, TESK, LIMK, 0.883 0.002
IRAK, ILK, Activin/TGF-beta) inhibitor
9 Stevensine MAP kinase 1 inhibitor 0.961 0.001
Raf kinase inhibitor 0.664 0.003

e 2o ™

Figure 1. Docking analysis of Stylissa carteri-derived active compounds and native ligands with EGFR protein

(@-Debromohymenialdisine 1,2-Benzenediol Dibutyl phthalate

i

Oroidin 9:12-oclauecaulennlc acid PIxa720native

Erlotinib

Figure 2. Docking analysis of Stylissa carteri-derived active compounds and native ligands with
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No Compound Name

Binding Site

RMSD

Binding

ub

Ib affinity

1 1,2-Benzenediol

Asp831,
Cys773, Lys721,
Leu820,
Leu768,
Leu694, Val702

1.173

1.073 -7

2 Dibutyl phthalate

3 9,12-Octadecadienoic acid

4 (2)-Debromohymenialdisine

5 (Z2)-Hymenialdisine

6 Debromohymenin

7 Hymenin

8 Oroidin

9 Stevensine

Thr766, Met769
Leu 820

Val 702
THR830
Leu694

Lys721

Leu764

Met742

Met769,
GIn767, Thr830,
Asp831, Ala719,
Leu820, Val 702
Thr766, Lys721,
Leu764,
Met742,
Leu694,
Met769,
Leu820, Val702

Val702, Asp831,
Lys721, Thr830,
unk, Leu820

Met769, Thr766,
Val702, Asp831,
Arg817, Ala719,
Leu694, Leu820

Leu694, Ala719,
Leu820, Val702,
Lys721, Thr830

Lys721,
Met742,
Leu764, Ala719,
Asp831

Asp831,

1.302

1.097

3.017

3.733

2.418

2.037

1.483

0.75 -6.6

1.951 -7

1.051 -6.5

2.299 -5.7

1.905 -5.6

1.88 -5.4

1.081 -5.6

1.174 -6.5
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No Compound Name

RMSD Binding
ub Ib affinity

Binding Site

10 Doxorubicin (Kontrol)

11 Erlotinib (Kontrol)

Cys773, Lys721,
Leu820,
Leu768,
Leu694, Val702

Ala721, Ala719,
Leu820,
Leu694, Val702,
Met769

1.509 1.139 -9.6

Val702, Cys773,

Met769,

Gun767,

Leu764, Ala719, 1.718 1.424 -6.8
Thr766, Leu820,

Lys721,

Met742, Unk 0

G-protein-coupled receptor kinase (GRK) (PA = 0.769). The
compound dibutyl phthalate exhibited biological activity as a GRK
inhibitor (PA = 0.743) and a NADPH kinase inhibitor (PA = 0.603).
The compound 9,12-Octadecadienoic acid functioned as an inhibitor
of GRK (PA =0.908) and NADH kinase (PA = 0.758).

Additional analysis utilized an online Pass server (way2Drug) to
evaluate the biological activities of compounds derived from Stylissa
carteri, indicating their potential as anti-cancer agents. The results
indicate that oroidin and debrohymenin may have direct interactions
with RAF proteins, which are integral components of the MAPK
pathway.  Other compounds, including stevensine and dibutyl
phthalate, exhibited potential interactions with NADH Kkinase
inhibitors. These pathways are implicated in the regulation of the
apoptosis mechanism in TNBC.*®%" Therefore, docking analysis was
performed on EGFR and RAF proteins, as the potential drug target in
TNBC.

Molecular docking analysis

Molecular docking analysis was performed to assess the binding
activities of compounds derived from Stylissa carteri to EGFR
receptors, based on the evaluated biological activities (Table 3 and
Fig. 1). A total of 10 compounds were ranked according to their
binding affinity values, which are as follows: 1,2-benzenediol (-7),
9,12-octadecadienoic acid (-7), dibutyl phthalate (-6.9), (2)-
debromohymenialdisine (-6.6), stevensine (-6.5), (Z)-hymenialdisine
(-6.5), debromohymenin (-5.7), oroidin (-5.6), hymenin (-5.6), and an
additional compound (-5.4). The analysis indicated that hydrogen and
hydrophobic bonds were involved in the interactions between
compounds (ligands) and EGFR receptors. The compound 1,2-
benzenediol exhibited interactions with several amino acids that are
significant, including Asp831, Cys773, and Lys721, which
participated in hydrogen bonding, while Leu820, Leu768, Leu694, and
Val702 contributed to hydrophobic interactions. Dibutyl phthalate
involves amino acids Thr766 and Met769 in hydrogen bonding,
alongside Lys721, Leu764, Met742, Leu694, Leu820, and Val702 in
hydrophobic interactions. The molecular docking of (2)-
debromohymenialdisine revealed the binding sites at Thr766, Lys721,
Leu764, Met742, Leu694, Met769, Leu820, and Val702. The
Stevensine compound contains amino acid residues such as Asp831,
Cys773, Lys721, Leu820, Leu768, Leu694, and Val702.

Other compounds exhibit interactions involving hydrogen and
hydrophobic bonds, including 9,12-octadecadienoic acid, which

contains the residues Met769, GIn767, Thr830, Asp831, Ala719,
Leu820, and Val702. Z-hymenialdisine comprises the amino acid
residues Val702, Asp831, Lys721, Thr830, Unk, and Leu820. In
contrast, debromohymenin includes Met769, Thr766, Val702,
Asp831, Arg817, Ala719, Leu694, and Leu820. Oroidin contains
amino acid residues including Lys721, Met742, Leu764, Ala719,
Asp831, and Thr830. Hymenin contains amino acid residues
including Leu694, Ala719, Leu820, Val702, Lys721, and Thr830.

The docking analysis results regarding the interactions between
compounds derived from Stylissa carteri and RAF protein in the
MAPK pathway are presented in Table 5 (Supplementary). The
compound (Z)-hymenialdisine exhibited the highest binding affinity
value of -7.9, while 1,2-benzendiol demonstrated the lowest at -5.7.
The control compounds utilized were Doxorubicin, Erlotinib, and
PLX4720 (native ligand).

The docking analysis of compounds derived from Stylissa carteri and
RAF receptors was performed, focusing on binding affinity and
RMSD values (Table 4 and Fig. 4). The most effective compounds
identified were dibutyl phthalate, 9, 12 octadecadienoic acid, Z-
hymenialdisine, oroidin, and stevensine, with binding affinities of -7, -
7.1, -7.9, -7.3, and -7.5, respectively. Dibutyl phthalate exhibits
hydrophobic interactions with Val471, Phe583, Cys532, Trp531,
Leu505, and Phe595. The compound 9, 12-octadecadienoic acid
exhibits hydrogen and hydrophobic interactions with the residues
Phe468, 11e527, Phe595, Lys483, Val471, Phe583, Cys532, and
Thr529. Simultaneously, Z-hymenialdisine exhibits hydrogen,
hydrophobic, and unavoidable bump interactions with the amino acids
Lys483, 1le463, Val471, Trp531, Gly534, Cys532, Phe583, and
Ala481.0ther compounds including oroidin and stevensine have
hydrogen, hydrophobic, and unavoidable bump interactions. The
amino acid residues in oroidin include Phe583, Lys483, Asp594,
Leu514, Thr508, Leu505, Trp531, Ala481, Val471. Meanwhile, the
amino acid residues in stevensine are Lys483, Asp594, Val47l,
Ala481, Leu514, and Cys532. Compounds 1,2-benzenediol, (Z)-
debromohymenialdisine, debromohymenin, and hymenin also have
hydrogen and hydrophobic interactions. In a docking analysis
involving nine compounds with EGFR and RAF proteins, dibutyl
phthalate and stevensine exhibited the highest binding affinity,
characterized by hydrogen and hydrophobic interactions.
Furthermore, these compounds exhibit analogous amino acid residues
to those found in native ligands (see Table 3 and Table 4).
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native ligand. Doxorubicin exhibits interactions with the stevensine

No Compound Name

Binding Site

RMSD

Binding affinity

ub

1,2-Benzenediol

Dibutyl phthalate

9,12-Octadecadienoic acid

(2)-Debromohymenialdisine

(Z2)-Hymenialdisine

Debromohymenin

Hymenin

Oroidin

Stevensine

Doxorubicin (Kontrol)
10

Lys483, 11e592,
Leu514, Leu505

Phe468, 11e527,
Phe595, Lys483,
Val471, Phe583,
Cys532, Thr529

Val471, Phe583,
Cys532, Trp531,
Leu505, Phe595

Val471, Phe583,
Cys532, GIn530,
Ala481, 11e463

Lys483, 1le463,
Val471, Trp531,
Gly534, Cys532,
Phe583, Ala481

Trp531, Phe583,
11e463, Cys532,
Ala481, Val471,
Lys483

Cys532, 11e463,
Phe583, Val471

Phe583, Lys483,
Asp594, Leu514,
Thr508, Leu505,
Trp531, Ala481,
Val471

Lys483, Asp594,
Val471, Ala481,
Leu514, Cys532

Phe583, 11463,
Ala481, Cys532,
Leu514, Ser536,

2.055

1.886

1.761

4.816

1.563

2.770

2.824

1.509

1.197

2.013

1.094

1.479

1.044

2.426

1.338

2.309

1.790

0.753

0.923

1.439

-5.7

-7

-7.5
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No Compound Name Binding Site RMSD Binding affinity
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Lys483
PLX4720 (Kontrol) THR529, 141 0.027 -11.8

ASP594, Val471,
Phe583, GIn530,
Ala481, Trp531,
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Lys483, Leu514,
Gly593, Leu505,
Phe595

11

Erlotinib (Kontrol) Cys532, Phe583, 1.410 1.104 -8.2
Val471, Lys483,
12 Thr529, Leu514,
Phe595, Ala481,
Leu505, Unk0

= = = < = y : =

Figure 3. The visualization of molecular docking using discovery studio. EGFR interactions with (A) Dibutyl phthalate by hydrogen,
hydrophobic, and van der walls interactions. (B) Stevensine by hydrogen, hydrophobic, unfavourable bump, and sulphur interactions.
(C) Doxorubicin (control) by hydrogen, hydrophobic, and van der walls. RAF interactions with (D) Dibutyl phthalate by hydrogen,
hydrophobic, and van der walls interactions. (E) Stevensine by hydrogen, hydrophobic, unfavorable bump, sulphur, and van der walls
interactions. (F) PIx4720 (native ligand) by hydrogen, and hydrophobic.
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Figure 4. Molecular dynamics results on ligands - EGFR interactions. (A) RMSD values of the ligands. (B) RMSF spike values of each
ligand. (C, D, E) SASA, Rg, and H-bond values, respectively, during the molecular dynamic simulation at 20 ns.

ligand comparable to those of erlotinib, specifically involving residues residues are also present in the native ligand PLX4720. The docking
Leu820, Leu694, and Val702. Furthermore, stevensine and RAF analysis showed that dibutyl phthalate and stevensine had the best
engage with the amino acid residues Lys483, ASP594, Val47l, interactions with EGFR and RAF protein (Table 3 and Fig 2; Table 4
Alad81, Leu514, and Cyss532. The interactions of these amino acid and Fig 4). This was supported by the two-dimensional analysis in
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Table 6 (supplementary), showing there is a consistent hydrogen bond
in the interactions with EGFR at residue MET 769, and RAF at

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

residues CYS 532, ASP 594, LYS 483, and VAL 471. Furthermore,
MD analysis was

nsine

XaT 2O

Figure 5. Molecular dynamics results on ligands — RAF interactions. (A) RMSD values of the ligands. (B) RMSF spike values of each
ligand. (C, D, E) SASA, Rg, and H-bond values, respectively, during the molecular dynamic simulation at 20 ns.

EGF s. carteri compound
VEGFA

EGFRbinding ¢ Stevensine ®

i growih factor () EGFR | il etete ®

Cell membrane H
)

MAPK
PATHWAYS

(ercarz b))

SONON ¢
g (" cres )
Phosporilation of e
Dometetrt ;

=

Figure 6. The EGFR pathway is associated with MAPK
pathways by triggering the phosphorylation of transcription
factors. The binding between Stylissa carteri-derived
compounds EGFR (Epidermal Growth Factor Receptors)
receptors with Stylissa carteri compounds (Stevensine &
Dibutyl Phthalate). Inhibition of the MAPK pathway can
trigger apoptosis in cells. [BioRender object]

conducted to determine the stability of the interactions between
ligands and proteins. 3839

Molecular dynamics

Dibutyl phthalate and stevensine were evaluated for stability through
molecular dynamics simulation using GROMACS 2019 over a
duration of 20 ns in a physiological environment. The RMSD values
over 20 ns presented in Fig. 5A indicate that the interactions between
dibutyl phthalate and stevensine with EGFR were higher, measuring
0.54 nm and 0.73 nm, respectively, in comparison to doxorubicin (the
native ligand), which had a value of 0.52 nm. The RMSF values (Fig.
5B) demonstrate that dibutyl phthalate exhibits the lowest fluctuation
at 0.32 nm, in contrast to stevensine at 0.22 nm and doxorubicin at
0.25 nm in their interactions with EGFR. RMSF quantifies the
flexibility of individual residues or atoms in molecular dynamics
simulations, with lower values generally indicating decreased
flexibility and enhanced stability of the protein-ligand complex. The
lower RMSF value of dibutyl phthalate indicates a more effective
stabilization of the EGFR binding region compared to stevensine and
doxorubicin.

This interpretation aligns with molecular dynamics principles,
indicating that smaller fluctuations suggest a more stable binding
environment for the ligand within the protein structure. The observed

differences among the ligands may indicate variations in binding
modes, with dibutyl phthalate exhibiting increased rigidity around the

active site residues. Previous studies have reported analogous
correlations between low RMSF values and ligand stability. 3132

The SASA value indicates the measure of protein surface, which is
important to determine the presence of Van der Waals**bonds on the
protein surface. During the stimulation, stevensen showed higher
SASA values (181 nm?), compared to dibutyl phthalate (164 nm?) and
doxorubicin (162 nm?) (Fig. 5C).

Rg indicates the density or compactness of the ligand-protein
complex. Stevensine showed higher Rg value (2.24 nm), compared to
dibutyl phthalate (2.15 nm) and doxorubicin (2.09 nm) (Fig. 5D).
Furthermore, H-bond indicates the value of hydrogen bonds in the
protein-ligand complex. The results showed doxorubicin has a higher
H-bond value (200), followed by dibutyl phthalate (208) and
stevensine (214) (Fig. 5E). The RMSD values presented in Fig. 6A
indicate that dibutyl phthalate exhibited the highest value at 0.45 nm,
followed by stevensine at 0.42 nm, and PLX4720 at 0.4 nm.
Additionally, the RMSF values presented in Fig. 6B indicate that
dibutyl phthalate and stevensine exhibit greater stability compared to
PLX4720, with respective values of 0.172 nm, 0.186 nm, and 0.168
nm. Figure 6C shows the average SASA values calculated during the
20ns simulation for dibutyl phthalate which has the higher SASA
value, compared to PLX4720 and stevensine, with respective values of
127 nm?, 126 nm?, and 123 nm?. The Rg value of dibutyl phthalate
was higher compared to stevensine and PLX4720 at 1.84nm, 1.91nm,
and 1.83nm, respectively (Fig. 6D). The average H-bond values of
PLX4720, dibutyl phthalate, and stevensine were 177, 176, and 174,
respectively indicating that stevensine complex has the lowest number
of H-bond compared to the other two complexes (Fig. 6E). The results
of the MD analysis conducted with the 2019 version of Gromacs
software on three EGFR and RAF protein-ligand complexes
demonstrated favorable outcomes across five indicators: RMSD,
RMSF, SASA, Rg, and H-bond. Figures 5 and 6 indicate that the
RMSD results for the protein-ligand complexes exhibited fluctuations
until reaching a duration of 10 ns. The RMSD value exhibited
stability after a duration of 15 ns to 20 ns. The results indicated that
the highest average value was 0.9 nm and below 3 A, suggesting no
significant conformational change in the complex structure of both
EGFR and RAF proteins.®2

The RMSF results presented in Fig. 6B indicate that the fluctuation in
the values of EGFR and RAF protein complexes remained below 2.5
A. The results were classified as low category, indicating that the
EGFR and RAF protein-ligand complexes exhibited stable
conformations. “® The SASA value of stevensine for the EGFR protein
complex exceeded that of dibutyl phthalate and doxorubicin. In the
case of the RAF protein complex, the SASA value for the RAF-
stevensine complex was lower than that of the other two complexes.
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This indicates that the EGFR-stevensine complex value is less stable
in comparison to RAF.

The RAF-stevensine complex exhibited the highest average Rg value
among the EGFR protein complexes, followed by dibutyl phthalate
and doxorubicin. This suggests that the tested ligands are more solid
and compact in comparison to doxorubicin, which served as the
control. The highest Rg value in the RAF protein complex was
observed with dibutyl phthalate, followed by stevensine and
PLX4720, indicating more robust and compact interactions compared
to PLX4720 as a control. The H-bond value indicates whether the
interaction between the complex and the ligand has a strong bond
compared to covalent, hydrophobic, and Van der Waals bonds. * The
MD results indicated that the most favorable hydrogen bonds in EGFR
complexes were derived from doxorubicin, followed by dibutyl
phthalate and stevensine. The RAF complex with PLX4720 exhibits a
greater number of hydrogen bonds than the other two complexes,
indicating stronger interactions in the control relative to the test
ligands.

This study elucidates the molecular interactions between compounds
derived from Stylissa carteri and EGFR and RAF proteins, identifying
them as potential drug targets in TNBC cells, consistent with findings
from Bashari et al. EGFR and RAF proteins, associated with MAPK
pathways, are reported to engage in direct interactions (Fig. 7) that are
crucial for inhibiting cell proliferation and inducing cell apoptosis via
the autophagy mechanism.®”45 As shown in Fig. 7, the mechanisms of
cell proliferation inhibition through MAPK pathways comprise several
proteins, such as RAS, RAF, MEK, and ERK. 6 Based on the in silico
study, Stylissa carteri-derived compounds have good interactions with
EGFR and RAF proteins suggesting great potential as drug targets in
TNBC.

Conclusion

This study identifies the potential biological activities of natural
compounds derived from Stylissa carteri in inhibiting essential
proteins in TNBC. Stevensine and dibutyl phthalate exhibited the
highest binding affinity values, averaging -5.7 for the EGFR complex
and -7.6 for the RAF-ligand complex. The two compounds exhibited
greater stability in their interactions with EGFR and RAF than the
native ligands, doxorubicin and PLX4720. Additional research on in
vitro studies is necessary to evaluate the anti-cancer properties of
compounds derived from Stylissa carteri on various TNBC cell lines.
A thorough examination of molecular signalling pathways,
encompassing interactions with downstream proteins of EGFR and
RAF, will enhance the understanding of the mechanisms behind the
prevention of cancer cell proliferation.  The development of
appropriate pharmaceutical formulations, the analysis of resistance
mechanisms, and the discovery of the biotransformation of active
chemicals in biological systems are significant research domains.
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