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ORIGINAL ARTICLE

ABSTRACT

Background/Aims: This study examines the crystal receptor structure of the BRCA1 gene and its 
relationships with natural agents like curcumin, resveratrol, and quercetin, aiming to discover 
alternative natural agents to 5-Fluorouracil (5FU) and their therapeutic potential.
Method: The study focuses on the crystal structure of the BRCA1 gene, mutated into wild-type and 
mutant-type 3FA2, and evaluates binding affinities and structural stabilities with natural ligands like 
curcumin, quercetin, resveratrol, and 5FU chemical ligands.
Results: As a result of molecular dockings performed using mutant-type and wild-type 3FA2 
receptors and natural agent and chemical drug ligands, the binding affinities of natural agents 
were found to be -6.6 kcal/mol and below, while the affinity score of the chemical drug ligand 
was -5.6 kcal/mol. RMSD, RMSF, Rg and RDF analyses performed as a result of molecular dynamics 
simulation show that receptor-ligand complex structures formed especially with natural agents 
have a very good stability. Among these structures, it was found that curcumin, which has the 
lowest binding score and stable values, has a strong binding affinity with receptors, a stable 
structure, and pharmacokinetic properties that carry the potential to be a good drug candidate 
compared to other ligands.
Conclusion: Curcumin, quercetin, and resveratrol indicate that natural agents may be alternative 
therapeutic drug candidates to the chemical drug 5FU in the treatment of breast cancer caused 
by BRCA1 gene mutation. Especially, curcumin has a good binding interaction score with receptors 
associated with BRCA1 genes, forms a stable structure, and has the expected pharmacokinetic 
profile, which promises hope for the discovery of new therapeutic natural agents for breast cancer 
treatment.

Keywords: Breast cancer, BRCA1, molecular docking, molecular dynamics simulation

ÖZ

Arka Plan/Amaçlar: Bu çalışma, BRCA1 geninin kristal reseptör yapısını ve kurkumin, resveratrol ve 
kuersetin gibi doğal ajanlarla ilişkilerini inceleyerek, 5-Florourasil (5FU)’e alternatif doğal ajanları ve 
bunların terapötik potansiyellerini keşfetmeyi amaçlamaktadır.
Yöntem: Çalışma, vahşi tip ve mutant tip 3FA2’ye mutasyona uğramış BRCA1 geninin kristal yapısına 
odaklanmakta ve kurkumin, kuersetin, resveratrol ve 5FU kimyasal ligandları gibi doğal ligandlarla 
bağlanma afinitelerini ve yapısal kararlılıklarını değerlendirmektedir.
Bulgular: Mutant-type ve wild-type 3FA2 reseptörleri ve doğal ajan ile kimyasal ilaç ligandları 
kullanılarak yapılan moleküler yerleştirmelerin sonucunda doğal ajanların bağlanma afiniteleri 
-6.6 kcal/mol ve altında değerlerde bulunurken kimyasal ilaç ligandının afinite skoru -5.6 kcal/mol 
değerindedir. Moleküler dinamik simülasyon sonucunda yapılan RMSD, RMSF, Rg ve RDF analizleri 
özellikle doğal ajanlar ile oluşturulan reseptör-ligand kompleks yapılarının oldukça iyi bir stabiliteye 
sahip olduğu sonucunu göstermektedir. Bu yapılardan en düşük bağlanma skoru ve stabil değerlere 
sahip kurkuminin diğer ligandlara kıyasla reseptörler ile güçlü bir bağlanma afinite, kararlı bir yapı 
ve iyi bir ilaç adayı olma potansiyelini taşıyan farmakokinetik özelliklere sahip olduğu bulgularına 
ulaşılmıştır.
Sonuç: BRCA1 gen mutasyonu kaynaklı meme kanseri tedavisinde kurkumin, kuersetin, resveratrol 
doğal ajanların kimyasal ilaç 5FU’ya alternatif terapötik ilaç adayları olabileceğini göstermektedir. 
Özellikle kurkuminin BRCA1 genleri ile ilişkili reseptörlerle iyi bir bağlanma etkileşim skoruna sahip 
olması, kararlı bir yapı oluşturması ve beklenen farmakokinetik profilinin olması meme kanseri 
tedavisine yönelik yeni terapötik doğal ajanların keşfedilmesi için umut vaadetmektedir.

Anahtar Kelimeler: BRCA1, meme kanseri, moleküler yerleştirme, moleküler dinamik simülasyon

Introduction

The most well-known type of cancer, whose incidence 
is increasing day by day worldwide, is breast cancer. 
It is characterized by normal cells in the breast area 
becoming abnormal and multiplying uncontrollably, 
leading to the formation of malignant tumor cells (1, 
2). Given that this type of cancer has led to a rise in 
the mortality rate among women in recent years, it 
has become an even more serious disease for which 
alternative treatment methods must be sought (1). 

One of the major factors contributing to the onset of 
breast cancer is mutations in genes (3, 4). The most 
well-known gene associated with breast cancer is 
BRCA1 (Breast Cancer Gene 1). The BRCA1 gene is a 
tumor suppressor gene that regulates cell division and 
the repair of DNA damage (5). This tumor suppressor 
gene encodes a protein that plays a role in repairing 
damaged DNA mechanisms, thereby preventing 
abnormal cell division and the formation of breast 
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cancer by restoring the damaged DNA mechanism 
(6, 7). As a result of the mutation of the BRCA1 gene, 
the DNA repair mechanism does not function properly, 
leading to negative events such as DNA damage, 
unrepaired DNA, and abnormal cell growth and 
division (5, 6). The occurrence of these conditions 
caused by mutations in the BRCA1 gene increases the 
risk of developing breast cancer and accelerates the 
progression of existing cancer (8). For all these reasons, 
the BRCA1 gene, a tumor suppressor gene, is crucial 
for maintaining genomic stability, and mutations in this 
gene pose significant challenges in the treatment of 
breast cancer. (9). For this reason, it is crucial to explore 
alternative treatment methods, especially for breast 
cancer caused by BRCA1 gene mutations (10, 11). 

When literature studies are examined, methods such 
as radiotherapy, chemotherapy, and immunotherapy 
are utilized in the treatment of various types of cancer, 
particularly breast cancer (12). Radiotherapy slows 
down the growth of cancerous cells and destroys 
them with the assistance of high-energy rays. The high-
energy rays utilized in this method fragment the DNA 
material within cancer cells (5). In this way, it leads to the 
death of cancerous cells. Radiotherapy, also known 
as radiation therapy, aims to eliminate potentially 
cancerous cells left behind after lumpectomy and 
mastectomy in BRCA1-related breast cancer type 
(12, 13). In chemotherapy, drugs targeting cancer 
cells are utilized to eliminate damaged cells. This 
method is employed to reduce tumor size before 
surgical procedures or to eradicate cells deemed 
potentially cancerous post-surgery. Immunotherapy 
is a significant method capable of enhancing DNA 
repair mechanisms and anti-tumor immune responses 
(14, 15). These methods are the most common 
treatment options utilized in addressing various types 
of cancer such as breast cancer. However, while 
these treatments combat cancer, they also induce 
numerous side effects on the human body (16, 17). 
For example, following radiotherapy, patients may 
experience fatigue, hair loss, difficulty breathing and 
swallowing; increased risk of infection and anemia 
may occur after chemotherapy; susceptibility to 
autoimmune diseases after immunotherapy can lead 
to irregularities in the functions of vital organs such 
as the liver (18). For these reasons, it is important to 
discover alternative solutions in the treatment of breast 
cancer caused by BRCA1 gene mutations that do not 
have side effects on human health (19). 

It is crucial to utilize therapeutic natural agents in the 

treatment of breast cancer that have minimal side 
effects on human health. Naturally sourced agents 
such as plant extracts and algae pigments exhibit 
anticancer properties by combating cancerous cells 
(20). Thus, it is of great importance for human health 
to discover new treatment methods using alternative 
therapeutic drug agents instead of treatment practices 
that involve chemical drugs and their associated side 
effects (17). The natural agents curcumin, resveratrol, 
and quercetin obtained from extracts of turmeric, 
red grapes, and various fruits and vegetables used 
in this study possess numerous bioactive properties 
(20, 21). Curcumin exhibits antioxidant properties by 
combating free radicals and oxidative stress in the 
body. Additionally, it possesses anti-inflammatory 
properties for conditions such as inflammation in the 
body, and it has anti-cancer properties by fighting 
cancer cells (21). Resveratrol battles free radicals 
similar to curcumin. It safeguards the DNA mechanism 
from oxidative damage through its antioxidant 
properties. Additionally, it combats cancerous cells by 
inhibiting the proliferation of breast cancer cells (22, 
23). Another natural agent, quercetin, is a flavonoid. It 
possesses bioactive properties such as antioxidant and 
anti-inflammatory effects. This natural agent prevents 
the growth of cancerous cells by stimulating apoptotic 
processes (24). In this way, it addresses situations such 
as metastasis, causing tumor cells to spread to other 
parts of the body (25).

In the literature studies of Thai et al., it was emphasized 
that BRCA1 somatic gene mutations are associated 
with breast cancer (26). In addition, many literature 
studies have revealed that the valine amino acid 
at position 695 in the BRCA1 gene is mutated and 
somatically transformed into a leucine amino acid, 
and its relationship with breast cancer (26, 27). The 
utilization of molecular modeling approaches with 
different perspectives, such as molecular docking 
and molecular dynamics simulation, in studies found 
in the literature, will shed light on the discovery of 
treatment methods for vital diseases such as breast 
cancer (28, 29). Taking the studies of Thai et al. as a 
reference, within the scope of this study, the valine 
amino acid at position 695 of the A chain bound by 
the ligand was mutated by converting it to leucine 
in the crystal structure receptor with double chain 
3FA2 PDB ID, A and B, obtained from the Protein 
Data Bank (PDB) (26). It was aimed to discover a new 
treatment method by performing molecular docking 
and molecular dynamics simulations of the obtained 



54

Genel Tıp Dergisi

mutant-type 3FA2 and wild-type 3FA2 receptors with 
the chemical drug 5-Fluorouracil (5FU), as well as such 
natural agents as curcumin, resveratrol, and quercetin 
ligands, which are among the most widely used drugs 
in the treatment of breast cancer in the market. 
One of the main aims of this study on breast cancer 
caused by BRCA1 gene mutation is to understand the 
interaction of ligands selected as therapeutic natural 
agents in breast cancer treatment with wild-type and 
mutant-type receptors associated with the BRCA1 
gene, and to compare the biological structure of the 
mutant-type complex with the wild-type structure, 
giving meaning to their functions.

Within the scope of this study, the relationship between 
the wild-type and mutant-type 3FA2 crystal receptor 
structures, obtained by normal and point mutation 
of the BRCA1 gene associated with breast cancer, 
and chemical drug and natural agent ligands was 
examined through molecular docking. The mutation 
mechanism was analyzed by examining the molecular 
docking results in both wild-type and mutant-type 
receptor structures. A molecular dynamics simulation 
was conducted based on the docking results obtained. 
As a result of the simulation, graphics including RMSD 
(Root Mean Square Deviation), RMSF (Root Mean 
Square Fluctuation), Rg (Gyration Radius), and RDF 
(Radial Distribution Function) were obtained. Due to 
the data obtained, the therapeutic potential of the 
natural agents curcumin, resveratrol, and quercetin, 
as well as the chemical agent 5FU, on the wild-type 
and mutant-type receptors associated with the 
BRCA1 gene, was analyzed. The pharmacokinetic and 
pharmacodynamic properties of the ligands belonging 
to the most stable and favored conformations 
obtained as a result of docking and MD simulations 
were compared with ADMET analysis, revealing 
that these ligands possess therapeutic bioactive 
components. In summary, this literature study aimed 
to demonstrate that natural agents such as curcumin, 
resveratrol, and quercetin serve as new drug agents of 
natural origin, showcasing their therapeutic potential 
in breast cancer caused by gene mutations to be as 
effective as chemical drugs. This research contributes 
to the exploration of alternative treatment methods 
for breast cancer caused by BRCA1 gene mutation.

Computational Setup

Provision and Mutation of The Receptor

Criteria such as resolution, organism, and PDB validation 
table values of many receptor structures related to 

the BRCA1 gene were analyzed for use in this study. 
The Crystal Structure of the BRCA1 Associated Ring 
Domain (BARD1) Tandem BRCT Domains structure with 
PDB ID 3FA2, which has two repeated chains, A/B, and 
a resolution of 2.20 Å, was chosen as the most suitable 
structure. The 3FA2 receptor Figure 1 was obtained in 
3D format from the Protein Data Bank (https://www.
rcsb.org/) (30).

Figure 1. The structures of the ligand molecules shown in 
3D models. The ligands are the chemical drug substance 
curcumin (A), quercetin (B), resveratrol (C), and 5FU (D). 
Dark gray, light gray, red, blue, and cyan colors for ligands 
are carbon (C), oxygen (H), oxygen (O), nitrogen (N), and 
fluorine (F), respectively. Red and blue ribbons for the 6M14 
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structure are A and B chains, respectively. The receptor is 
the solution Crystal Structure of the BRCA1 Associated Ring 
Domain (BARD1) Tandem BRCT Domains (PDB code: 3FA2) 
(E). The 3FA2 structure comprises two chains, designated as A 
and B, respectively.

The 3FA2 crystal receptor structure was opened using 
the PyMOL program. Later, based on the location 
of the breast cancer mutation associated with the 
BRCA1 gene in their study, Thai et al. transformed the 
VAL amino acid at position 695 in the A chain into the 
LEU amino acid, and somatic mutation was carried 
out (26, 27). Since the ligand-binding region of the 
3FA2 receptor is on the A chain, it was decided that 
the mutation would only occur in the A region of this 
structure, which has A and B chains. At the end of all 
these stages, in this study, both mutant-type and wild-
type 3FA2 receptors were obtained to understand 
the interactions between mutated and unmutated 
receptors, natural agents, and chemical drugs (27, 
31).

Preparation of Receptors for The Docking Step

3FA2 receptors, both wild-type and mutant-type, 
were opened separately using USCF Chimera 1.17.3. 
Template ligands, such as GOL and PO4, along with 
water molecules, were deleted from the receptor 
structures. The structures underwent the dock prep 
process and were saved in ‘.mol2’ format. Both 
receptor structures, wild-type, and mutant-type 3FA2, 
were then prepared for the molecular docking step 
(30, 32).

Preparation of Ligands for The Docking Step

Within the scope of this study, one drug and three 
natural agents, 5FU, curcumin, resveratrol, and 
quercetin, were selected as ligands. These ligand 
structures were obtained in 3D format from PubChem 
(https://pubchem.ncbi.nlm.nih.gov/). Each ligand 
structure was opened via USCF Chimera 1.17.3. 
Hydrogens were added to minimize the ligands, and 
the charge assignment process was applied. Then, the 
charges of the ligands were neutralized and recorded 
in ‘.mol2’ format. The ligands are now ready for the 
docking phase.

Determination of The Active Regions of The Receptors

The position of the binding site amino acids, created 
with the template ligands of the crystal structure 
with PDB ID 3FA2, was examined in the PDB. It was 
determined that the binding site of the 3FA2 receptor 
is around amino acids at positions 650 to 750. In line 

with this information, the AutoGridFR 1.2 program, 
a bioinformatics tool, was used to determine the 
coordinates of the active site (33). The 3FA2 receptor 
and ligands, converted to the ‘.pdbqt’ format via 
the AutoDock Vina program, were transferred to the 
AutoGridFR 1.2 program. Binding site amino acids at 
positions 650 to 750, referenced from the PDB, were 
selected. A target file with a ‘.trg’ extension was 
created. The codes required to create a grid box 
were written in the Git CMD interface (27, 33). These 
steps were also repeated for the mutant-type 3FA2. 
According to the coordinates obtained, grid box 
parameters were determined for the docking stages 
with wild-type and mutant-type receptors and various 
ligands. In wild-type and mutant-type 3FA2 structures, 
the grid box parameters are 11.451, 18.284, and -35.160 
for the center and 70, 70, and 70 for size, respectively, 
according to the XYZ coordinates.

Molecular Docking Analysis

A previously prepared receptor and a ligand in ‘.mol2’ 
format were opened one above the other in the USCF 
Chimera 1.17.3 program. Using the Surface/Binding 
Analysis and AutoDock Vina options in the program, 
the previously determined grid box parameters were 
set for the appropriate receptor and ligand. Then, 
docking was performed (34, 35). In this step, eight 
docking processes were performed by applying 
wild-type and mutant-type 3FA2 receptors and 5FU, 
curcumin, resveratrol, and quercetin ligands. As a 
result of the docking processes for all receptor-ligand 
pairs, eight different lowest binding energy scores 
were obtained.

Molecular Dynamics Simulation

A 25 ns molecular dynamics simulation was performed 
via the GROMACS program to understand the 
stability, energy interactions, and hydrogen bond 
analysis of the receptor-ligand complex structures 
obtained from the eight lowest binding energy scores 
for each receptor and ligand (34). As a result of the 
simulation, RMSD (Root Mean Square Deviation), RMSF 
(Root Mean Square Fluctuation), gyration radius, and 
RDF (Radial Distribution Function) graphs were drawn 
to understand the interaction between receptors 
and ligands. The obtained results were analyzed and 
interpreted (4, 10).

Results

Molecular Docking and Interaction Analysis

A separate docking process is carried out with the 

Breast Cancer Solution via Molecular Modeling- Sazlı and Karataş



56

Genel Tıp Dergisi

natural agents, including curcumin, quercetin, and 
resveratrol, which are predicted to have therapeutic 
potential in the treatment of breast cancer associated 
with mutant-type and wild-type 3FA2 receptors and 
the BRCA1 gene, as well as with the chemical drug 
5FU, which is widely used in the market. The result of 
these receptor-ligand complexes is the binding affinity 
data shown in Table 1.

Table 1. Energy-based docking results for each model.

Receptor Name of Ligand Binding affinity (kcal/mol)

Mutant-type 3FA2

Curcumin -7.8

Quercetin -7.9

Resveratrol -6.6

5FU -5.8

Wild-type 3FA2

Curcumin -7.6

Quercetin -8.1

Resveratrol -6.8

5FU -5.6

Binding affinities obtained with curcumin, quercetin, 
resveratrol, and 5FU for the mutant-type 3FA2 receptor, 
which was created by somatic mutation by converting 
the VAL amino acid at position 695 in the A chain to 
the LEU amino acid of the crystal structure with PDB ID 
3FA2 associated with the BRCA1 gene, are -7.8, -7.9, 
-6.6, and -5.8 kcal/mol. The results obtained from the 
docking phase of the wild-type 3FA2 receptor and the 
ligands are -7.6, -8.1, -6.8, and -5.6 kcal/mol.

The interactions of complexes formed between 
mutant-type 3FA2 and wild-type 3FA2 receptors, 
along with other ligands, are depicted in Figure 2 and 
Figure 3, respectively. The Discovery Studio 2021 Client 
program was employed to visualize the interactions 
within the receptor and ligand complex. In A1 of Figure 
3, the bond interactions between the 3FA2 receptor 
and the curcumin ligand resulting from docking 
are observed. Curcumin interacts with the receptor 
through the Van der Waals amino acid Serine (SER) 
at position 761. Additionally, amino acids Serine (SER), 
Lysine (LYS), and serine (SER) numbered 616, 688, and 
760, respectively, are also visible. Additionally, alkyl 
and pi-alkyl interactions are evident in amino acids 
680, 684, and 764, namely Lysine (LYS), Isoleucine (ILE), 
and Tryptophan (TRP). Amide-pi stacked interactions 
are also evident in the receptor-ligand complex 
map obtained after A2 docking in Figure 3. When 
examining the receptor-ligand map of the wild-type 
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3FA2 and quercetin receptor in A2 after docking, 
conventional hydrogen bonds are observed at amino 
acid residues Arginine (ARG) and Tyrosine (TYR) at 
positions 705, 745, and 678, respectively. Additionally, 
unfavorable donor-donor interactions are observed 
between amino acid number 765 of asparagine (ASP) 
and amino acid number 688 of Lysine (LYS).  Upon 
examination of the wild-type 3FA2 and resveratrol 
complex map in A3, a pi-donor hydrogen bond is 
found in the SER amino acid at position 616, van der 
Waals interaction in the SER amino acid at position 
761, and a conventional hydrogen bond in the 686th 
Histidine (HIS) amino acid, 688th LYS. Additionally, there 
is pi-cation interaction, amide-pi stacking at SER at 
position 760, and pi-alkyl interactions at the ILE amino 
acid at position 764. In the A4 image in Figure 2, in 
the complex formed with the 5FU ligand and mutant-
type 3FA2, conventional hydrogen bonds are present 
in the HIS and GLU amino acids at positions 686 and 
740. Carbon hydrogen bonds and pi-donor hydrogen 
bonds are present in the HIS amino acid at position 
685 and the SER amino acids at positions 760 and 761. 
When examining the interaction of the 5FU ligand and 
wild-type 3FA2 complex with amino acids in the A4 
image in Figure 3, there are conventional hydrogen 
bonds and unfavorable hydrogen bond interactions in 
the HIS amino acid at position 686. While there is only 
a conventional hydrogen bond in the GLU amino acid 
at position 740, there are pi-donor hydrogen bonds in 
the SER amino acids at positions 760 and 761. Upon 
inspecting the curcumin complex map in B1 of Figure 
3 after MDS, it is observed that amino acids PRO, 
ALA, Glutamic acid (GLU), and Methionine (MET) are 
located at positions 610, 613, 655, and 768, respectively. 
When examining the receptor-ligand maps of the 
mutant-type 3FA2 and various ligands after docking 
and MDS in images A1 and B1 in Figure 2, it is observed 
that the amino acids TRP at position 680, LYS at position 
688, SER at position 761, ASP at position 765, and MET 
at position 768 remain consistent. When images A2 
and B2 in Figure 3 are examined, it is observed that 
the amino acids ARG, ASP, and LEU, numbered 705, 
763, and 773, respectively, remain unchanged in 
the quercetin complex map. Additionally, In the B4 
image in Figure 2, in the complex formed with the 
5FU ligand and mutant-type 3FA2, the amino acids 
GLY at position 681 and SER at position 761 contain 
carbon-hydrogen bonds, THR at position 682 and GLU 
at position 740 contain conventional hydrogen bonds, 
ASP at position 741 contains unfavorable donor-
donor interactions, and HIS at position 685 contains 
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pi-pi stacked interactions. In the B4 image in Figure 
3, when examining the interaction of the 5FU ligand 
and wild-type 3FA2 complex with amino acids, LYS at 
position 684, GLU at position 740, and SER at position 
760 contain conventional hydrogen bonds, and HIS at 
position 685 contains unfavorable donor-donor and 
pi-pi stacking interactions.

Root Mean Square Fluctuation (RMSF)

RMSF values for receptor-ligand complexes, comprising 
four distinct ligands - namely, curcumin, quercetin, 
resveratrol, and 5FU - utilizing the mutant-type 3FA2 
receptor depicted in Figure 4A, are presented. 
Throughout the 25 ns simulation, the mean RMSF 
values of the complex structures involving the mutant-
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Figure 2. The images generated by Discovery Studio 2021 Client depict interactions between the ligands curcumin, 
quercetin, resveratrol, 5FU, and the mutant-type 3FA2 receptor, respectively. The top row modes represent the lowest binding 
conformations calculated in binding studies (A1, A2, A3, A4), while the bottom row frames represent final snapshots from MD 
simulations (B1, B2, B3, B4), respectively.

Figure 3. The images generated by Discovery Studio 2021 Client depict interactions between the ligands curcumin, quercetin, 
resveratrol, 5FU, and the wild-type 3FA2 receptor, respectively. The top row modes represent the lowest binding conformations 
calculated in binding studies (A1, A2, A3, A4), while the bottom row frames represent final snapshots from MD simulations (B1, 
B2, B3, B4), respectively.



58

Genel Tıp Dergisi

type 3FA2 receptor paired with curcumin, quercetin, 
resveratrol, and 5FU ligands are 0.20, 0.15, 0.30, and 
0.25 nm, respectively. Upon detailed examination of 
the RMSF graph of the mutant-type 3FA2 and curcumin 
complex, peaks are observed at atoms 2347, 3472, 
and 4521. Similarly, in the RMSF graph of the complex 
formed with quercetin, peaks are identified at atoms 
2353, 3337, 4508, and 5692. In the RMSF graph of the 
mutant-type 3FA2 and resveratrol complexes, peak 
values are observed at atoms 1182, 2424, 3305, and 
4476. Additionally, in the RMSF graph of the complex 
formed with 5FU, peak values occur at atoms 1203, 
3333, 4490, and 5567. Figure 4B depicts the RMSF 
graphs of the receptor-ligand complexes formed with 
the wild-type 3FA2 receptor and four different ligands: 

curcumin, quercetin, resveratrol, and 5FU. The average 
RMSF values of the complex structures formed with 
curcumin, quercetin, resveratrol, and 5FU ligands of 
the wild-type 3FA2 receptor are 0.20, 0.30, 0.25, and 
0.28 nm, respectively. Upon examination of the RMSF 
graph of the wild-type 3FA2 and curcumin complex, 
peaks are observed at atoms 1206, 1937, 3656, and 
4464. In the RMSF graph of the complex formed with 
quercetin, peaks are identified at atoms 3310 and 
4471. Furthermore, in the RMSF graph of wild-type 3FA2 
and resveratrol complexes, it is noted that the values 
peak at atomic positions similar to quercetin. 

Radial Distribution Function (RDF)

The RDF graphs of the complexes formed by curcumin, 
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Figure 4. RMSF graph depicting the fluctuations of the mutant-type 3FA2 receptor (A) and wild-type 3FA2 receptor (B) in 
complex with ligands, respectively.

Figure 5. RDF graph illustrating the radial distribution function between the ligands and the binding sites of the mutant-type 
3FA2 receptor (A) and wild-type 3FA2 receptor (B), respectively.
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quercetin, resveratrol, and 5FU ligands with the 
mutant-type and wild-type 3FA2 receptors during 
the 25-nanosecond molecular dynamics simulation 
are shown in Figure 5. Upon inspection of the values 
for the complex formed with curcumin in Figure 5A, 
a peak is observed at 0.81 nm with a value of 13.23. 
The peak value for the quercetin complex is 12.91 at 
0.84 nm. Although a distinct peak is not observed in 
the resveratrol complex, its highest value is 17.75 at 
0.86 nm. 5FU is at a distance of 17.48 with a value of 
0.73 nm. The graphical results show that curcumin and 
quercetin ligands are densely present in the receptor 
structure at a distance of 1 nm and establish strong 
interactions. When examining the RDF graphs depicted 
in Figure 5B, it is observed that the complex formed 
with the natural agent curcumin and the wild-type 
3FA2 receptor lacks a distinct peak point. However, 
the highest value is 9.23 at a distance of 1.40 nm. In 
contrast, distinct peak points are observed in the RDF 
values for the complexes formed with quercetin and 
resveratrol. These values are 15.46 at 0.81 nm and 
14.64 at 0.77 nm, respectively. There is a distinct peak 
in the chemical ligand 5FU complex. If it is necessary 
to specify the peak value of the RDF value, it is 16.34 
at 0.67 nm. 

Root Mean Square Deviation (RMSD)

The results of the RMSD analyses conducted to examine 
the stability of the protein and ligand complexes 
are shown in Figure 6. When examining the RMSD 
values of different ligand complexes with the mutant-
type 3FA2 receptor in Figure 6A, it is evident that the 
graphs of the curcumin and quercetin complexes 
exhibit remarkable stability. The values for these two 

complexes range from 0.2 to 0.3 nm. The resveratrol 
complex was observed to stabilize at approximately 
0.2 nm after 6.80 ns. The graph of the 5FU complex 
progresses quite stable throughout the simulation. 
The average RMSD values of this complex are around 
0.3 nm. In the RMSD graphs of the wild-type 3FA2 
receptor and various ligand complexes in Figure 6B, 
the curcumin complex exhibits overall stability. Upon 
closer inspection, it adopts a more stable form around 
1.43 nm after 13 ns. Similar results were obtained for the 
graphs of the quercetin and resveratrol complexes. 
The RMSD values of both complexes are around 0.5 
nm, indicating a highly stable graph representation. 
The graph of the receptor-ligand complex formed 
with 5FU, a chemical ligand, is quite stable. In general, 
stability was reached around 0.4 nm after 3 ns of 
simulation. 

Radius of Gyration (Rg)

Rg analyses were conducted to understand the 
compactness of the complexes formed by the mutant-
type and wild-type 3FA2 receptors with curcumin, 
quercetin, resveratrol, and 5FU ligands. The Rg analysis 
data for all structures are shown in Figure 7. When 
examining the Rg graphs of the mutant-type 3FA2 
receptor and other ligand complexes in Figure 7A, it 
is observed that the values of the curcumin complex 
remained stable at around 2.5 nm throughout the 25 
ns simulation period, corresponding to 25000 ps. The 
quercetin complex exhibited stability around 2.3 nm 
between 5 and 16 ns, although some fluctuations are 
present in the graph. The Rg values obtained for the 
resveratrol complex fluctuated between 2 and 2.5 
nm. 5FU showed values around 2.48 nm. When the 
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Figure 6. RMSD graph showing the structural deviations of the mutant-type 3FA2 receptor (A) and wild-type 3FA2 receptor (B) 
during the simulation in the presence of ligands, respectively.
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Rg graphs of the wild-type 3FA2 and different ligand 
complexes in Figure 7B are examined, it is observed 
that the Rg values of the complex formed with 
curcumin ranged between 2.4 and 2.6 nm throughout 
the simulation. The quercetin complex fluctuated 
between 1.75 and generally 2 nm, the resveratrol 
complex ranged generally between 2.18 and 2.4 nm, 
and finally, the 5FU complex hovered around 2.5 nm. 
The value of the complex formed with curcumin is 
higher than the other ligands, but the difference is only 
0.1 nm. The quercetin complex stabilized around 2.3 
nm after 7.5 ns. In the resveratrol complex, a smoother 
graph is observed around 1 ns at approximately 2.5 
nm, yet increasing fluctuations persist throughout 

the simulation period. The average Rg values of the 
5FU ligand complex throughout the simulation are 
between 2.4 and 2.6 nm, but there is a constant 
fluctuation. 

ADMET Properties Prediction of Ligand Molecules

When examining the data in Table 2, the results of 
ADMET analysis of the complexes formed by the 
mutant-type 3FA2 receptor with different natural agent 
ligands after docking and MDS are observed. In the 
docking results section, curcumin exhibits a Consensus 
Log Po/w value of 3.03, indicating its high lipophilic 
properties. While the Log Kp (skin permeation) value 
was -6.28 cm/s in the data obtained after docking, it 
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Figure 7. Rg graph representing the compactness of the mutant-type 3FA2 receptor (A) and wild-type 3FA2 receptor (B) in 
complex with ligands throughout the simulation, respectively.
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decreased to -2.28 cm/s post-MDS. When examining 
Table 3 for the ADMET analyses of wild-type 3FA2 and 
natural ligands after docking and MDS, similar results to 
Table 2 are observed. In Table 3, while the Consensus 
Log P/o (Log Po/w) value of the quercetin ligand after 
docking was 1.23, it decreased to 0.51 after MDS. 
The ADMET analysis results generally demonstrate 
favorable outcomes for each natural agent for both 
the mutant-type and wild-type 3FA2 receptors. Based 
on these analyses, curcumin emerges as the ligand 
with the most favorable properties. Subsequent data 
for both docking and MDS of ADMET assays obtained 
with mutant-type and wild-type 3FA2 receptors of the 
5FU ligand in Table 2 and Table 3 are identical. This 
ligand is generally good as a drug. 

Discussion

Within the scope of this study, natural and chemical 
ligands of mutant-type and wild-type 3FA2 receptors 
associated with the BRCA1 gene were analyzed using 
molecular modeling techniques such as molecular 
docking and molecular dynamics simulations. As a result 
of these analyses, the binding affinities and structural 
stability of the receptor-ligand complex structures were 
evaluated. According to the findings, it is an expected 
result that 5FU, which is widely used in the treatment of 
breast cancer, has a high affinity with the receptors. 
The fact that the docking results obtained with natural 
agents are higher than -6 kcal/mol, and especially the 
result of the quercetin ligand being even better than 
the 5FU ligand, shows that natural agents provide a 
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Table 2. ADMET properties prediction results for ligands from mutant-type.

Results Ligand

Con-
sensus 

Log 
Po/w

Log Kp 
(skin) 

perme-
ation, 
cm/s)

GI 
Absorp-

tion

BBB 
Perme-

ant

P-gp 
Subst-
rate

CY-
P1A2 
Inhibi-

tor

CY-
P2C19 
Inhibi-

tor

CY-
P2C9 
Inhibi-

tor

CY-
P2D6 
Inhibi-

tor

CY-
P3A4 
Inhibi-

tor

Bioa-
vaila-
bility 

Score

Docking

Curcumin 3.03 -6.28 High No No No No Yes No Yes 0.55

Quercetin 1.23 -7.05 High No No Yes No No Yes Yes 0.55

Resveratrol 2.48 -5.47 High Yes No Yes No Yes No Yes 0.55

5FU 0.13 -7.73 High No No No No No No No 0.55

MD

Curcumin 3.03 -2.28 High No No No No Yes No Yes 0.55

Quercetin 1.23 -7.05 High No No Yes No No Yes Yes 0.55

Resveratrol 2.49 -5.52 High Yes No Yes No No Yes Yes 0.55

5FU 0.13 -7.73 High No No No No No No No 0.55

Table 3. Wild-type 3FA2 receptors and natural agents ligands ADMET properties prediction results�

Results Ligand

Con-
sensus 

Log 
Po/w

Log Kp 
(skin) 

perme-
ation, 
cm/s)

GI 
Absorp-

tion

BBB 
Perme-

ant

P-gp 
Subst-
rate

CY-
P1A2 
Inhibi-

tor

CY-
P2C19 
Inhibi-

tor

CY-
P2C9 
Inhibi-

tor

CY-
P2D6 
Inhibi-

tor

CY-
P3A4 
Inhibi-

tor

Bioa-
vaila-
bility 

Score

Docking

Curcumin 3.03 -6.28 High No No No No Yes No Yes 0.55

Quercetin 1.23 -7.05 High No No Yes No No Yes Yes 0.55

Resveratrol 2.48 -5.47 High Yes No Yes No Yes No Yes 0.55

5FU 0.13 -7.73 High No No No No No No No 0.55

MD

Curcumin 3.05 -6.58 High No No No No No Yes Yes 0.55

Quercetin 0.51 -7.48 High No No No No No No No 0.55

Resveratrol 2.49 -5.52 High Yes No Yes No No Yes Yes 0.55

5FU 0.13 -7.73 High No No No No No No No 0.55
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strong binding with the receptor. This proves that the 
natural agents curcumin, quercetin, and resveratrol 
provide much better interactions with the crystal 
receptor structures of the BRCA1 gene associated 
with breast cancer (23, 35). In our study, the binding 
energy results presented in Table 1 indicate that the 
scores for wild-type and mutant-type BRCA1 receptors 
are relatively similar. While this finding suggests that 
the control and experimental group ligands exhibit a 
broad interaction spectrum, it also raises the possibility 
of a lack of selectivity between the two receptor types. 
Reduced selectivity, in particular, could potentially 
result in off-target effects and lead to drug-related side 
effects. Nevertheless, this study specifically focuses on 
evaluating the individual effects of each ligand on 
BRCA1-related wild-type and mutant-type receptors. 
It is crucial to highlight that no combinatorial effects 
of the ligands were investigated within the scope of 
this study.

Amino acids and interactions formed between 
mutant type 3FA2 and wild type 3FA2 receptors 
and other ligands are visualized both after docking 
and MDS to determine the stability of the complex 
structures and are shown in Figures 2 and 3. Van der 
Waals interactions between receptors and ligands, 
conventional hydrogen bonds, alkyl, and pi-alkyl 
interactions, amide-pi stacked, unfavorable donor-
donor, pi-anion, pi-alkyl, pi-donor interactions, 
hydrogen bond, and pi-cation interactions can be 
seen. Conventional hydrogen bonds are observed 
on these amino acids, facilitating hydrogen bond 
formation between the curcumin ligand and the 
hydrogen bond donor (35). Amide-pi interaction type 
is characterized by the electrostatic attraction forces 
between the amide hydrogen or carbonyl oxygen 
of the amide group and the pi-electron cloud in the 
aromatic ring 34. These interactions occur between 
aromatic amino acid residues in the active site of the 
receptor and amide groups in the ligand (35, 36). The 
resulting interactions and bond types influence the 
biological activities of the receptor and ligand by 
enhancing their binding affinity to each other (37). 
Pi-anion interactions indicate the attractive force 
between a negatively charged anion group and an 
aromatic system. Their effect on the receptor and 
ligand is to assist in identifying specific binding sites 
(38). Thanks to these interactions, the ligand binds to 
the receptor more compactly. Unfavorable Donor-
Donor Interactions occur when the distance between 
two hydrogen bond donors is short, but no energy is 

sought here (39). This type of interaction can affect 
the binding energy and stability state of the ligand (39, 
40). Pi-donor hydrogen bond and pi-cation interaction 
types increase the binding affinity by strengthening 
the stability between the protein and the ligand.

Examining the receptor-ligand complex maps after 
the molecular docking and molecular dynamics 
simulation phase is very important in terms of 
understanding the interactions between structures, 
the changing behavior of the interactions over 
time, and the changing behavior depending on the 
changing environment. Upon inspecting the curcumin 
complex map in B1 of Figure 3 after MDS, it is observed 
that amino acids PRO, ALA, Glutamic acid (GLU), 
and Methionine (MET) are located at positions 610, 
613, 655, and 768, respectively. These amino acids 
and their positions differ from those observed in A1. 
This variation may be attributed to factors such as 
receptor and ligand flexibility, solvent effects, and 
ion interactions. While the docking stage occurs in a 
simplified solvent or vacuum environment within the 
in-silico setting, molecular dynamics simulations are 
typically conducted using solvent models and ions 
that closely mimic experimental conditions (41). Such 
environmental distinctions possess the capability to 
alter the behavior and interactions of the receptor and 
ligand within the binding region. Despite the presence 
of different amino acid residues in the wild-type 3FA2 
and quercetin complex map in B2, it encompasses the 
amino acid residues obtained following the docking 
stage. Nevertheless, certain types of bond interactions 
between amino acids have undergone alterations. 
This phenomenon can be attributed to various 
factors, including binding stability and conformational 
modifications (37). The consistent identification of the 
same amino acids obtained during docking through 
molecular dynamics simulation indicates stable binding 
between the ligand and the receptor (36). The shift in 
bond types is indicative of robust interactions. When 
examining the ligand complex maps of resveratrol in A3 
and B3, the sole common amino acid observed is ILE. 
Generally, all other amino acids exhibit variations. This 
observation suggests that the binding site of the wild-
type 3FA2 receptor displays flexibility, while the ligand 
undergoes conformational changes. Moreover, they 
strive to achieve stable binding by minimizing energy 
when the receptor and ligand interact. The rationale 
behind this alteration post-docking and MDS is to 
attain an appropriate docking position that adheres 
to the specified criteria. The consistent presence of the 
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ILE amino acid in the receptor-ligand map following 
both steps signifies its pivotal role in stability during 
receptor-ligand binding. Overall, upon scrutinizing 
the receptor-ligand bond maps of the wild-type 3FA2 
receptor and various ligands after docking and MDS, 
it becomes evident that quercetin, with similar amino 
acid residues and offering the highest stability, stands 
out. When examining the receptor-ligand maps of 
the mutant-type 3FA2 and various ligands after 
docking and MDS in images A1 and B1 in Figure 2, it 
is observed that the amino acids TRP at position 680, 
LYS at position 688, SER at position 761, ASP at position 
765, and MET at position 768 remain consistent. These 
findings suggest that the amino acid composition of 
the mutant-type 3FA2 receptor and the curcumin 
ligand remains unchanged, indicating stability in the 
binding interactions and positioning of the complex 
(41). The fact that the curcumin ligand interacts with 
the same amino acids in both stages reveals that the 
conformations of the complex structure are highly 
minimized (40). The formation of the same receptor-
ligand map after docking and MDS shows that the 
binding affinity is quite good (41). When images A2 
and B2 in Figure 3 are examined, it is observed that 
the amino acids ARG, ASP, and LEU, numbered 705, 
763, and 773, respectively, remain unchanged in 
the quercetin complex map. Additionally, TRP at 
position 762 and LEU amino acids at position 775 are 
newly identified following MDS. The persistence of 
quercetin’s interaction with the same amino acids 
post both docking and MDS suggests the stability of 
the ligand within the binding site. The emergence 
of new amino acids after MDS may be attributed to 
conformational changes in the receptor and ligand-
induced by factors such as solvent and ion presence 
during MDS (38, 41). Furthermore, this phenomenon 
may be due to the optimization of bonding 
configurations to minimize energy. When examining 
the interaction map between the receptor-ligand 
in A3 and B3, it is observed that only the LYS amino 
acid number 688 remains consistent with resveratrol 
after both docking and MDS. With the mutant-type 
3FA2 receptor, the resveratrol ligand appears to 
exhibit significantly lower stability and binding affinity 
compared to the curcumin and quercetin ligands. In 
the B4 image in Figure 2, in the complex formed with 
the 5FU ligand and mutant-type 3FA2, the amino acids 
GLY at position 681 and SER at position 761 contain 
carbon-hydrogen bonds, THR at position 682 and GLU 
at position 740 contain conventional hydrogen bonds, 
ASP at position 741 contains unfavorable donor-

donor interactions, and HIS at position 685 contains 
pi-pi stacked interactions. In the B4 image in Figure 
3, when examining the interaction of the 5FU ligand 
and wild-type 3FA2 complex with amino acids, LYS at 
position 684, GLU at position 740, and SER at position 
760 contain conventional hydrogen bonds, and HIS at 
position 685 contains unfavorable donor-donor and 
pi-pi stacking interactions.

As a result of the molecular dynamics simulation, 
RMSF, RDF, RMSD, and Rg analyses were performed. 
These analyses are conducted to evaluate the 
stability of receptor-ligand complex structures formed 
by natural and chemical agents (42). Root Mean 
Square Fluctuation (RMSF) measures the average 
deviations in the positions of atoms over time (43). 
RMSF values serve as analytical tools to evaluate 
the stability, flexibility, and dynamic behavior of 
receptor and ligand structures and to understand the 
conformational changes occurring in the active site of 
the receptor (42, 43). When the RMSF values of mutant-
type and wild-type receptors and ligand complexes in 
Figure 4 are compared, it is seen that the complexes 
formed with natural agent ligands are close to the 
complex formed with chemical drug ligands when 
the RMSF is examined. This is because natural agents 
exhibit greater stability with the mutant-type 3FA2 
receptor associated with breast cancer and form 
stronger binding interactions than chemical drugs 
(12, 42). As a result of RMSF analyses, it is concluded 
that the structure showing the highest stability among 
natural agent ligands and mutant-type 3FA2 receptor 
complexes is the complex formed by the quercetin 
ligand. This is due to the strong structure and bioactive 
properties of quercetin (44). From the results of RMSF 
analyses of wild-type 3FA2 receptors and ligands, it 
has been revealed that curcumin shows drug potential 
that can perform various tasks such as regulating the 
DNA mechanism of the breast cancer-related BRCA1 
gene. This shows that curcumin exhibits a strong 
interaction with the BRCA1 gene receptor associated 
with breast cancer and has the potential to strengthen 
the repair mechanism of this gene (45). The fact that 
both mutant-type and wild-type 3FA2 receptors give 
the best results with curcumin shows that it has the 
potential to be an alternative therapeutic agent, 
especially to the chemical ligand 5FU, in the treatment 
of breast cancer.

RDF analysis is a mathematical function used to 
discover the particle pair density of entities such as 
atoms and molecules located at certain distances 
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(46). In the field of molecular dynamics simulation, 
RDF plots are used to analyze distance distributions 
between proteins and ligands. These RDF plots allow for 
the investigation of the locations of strong interaction 
regions between the protein and ligand and the study 
of the formation mechanisms of complex structures 
and conformational changes (47). When the RDF 
graph in Figure 5A is examined, it is seen that the peak 
values of curcumin and quercetin are more prominent 
than resveratrol. The sharp peaks in the RDF graphs 
formed by these two ligands and the mutant-type 
3FA2 receptor are interpreted as the ligands providing 
strong stability and structural order with the receptor 
structure (42, 46). The absence of distinct peaks in 
the graph of the resveratrol complex indicates that, 
according to the RDF definition, atom pairs at a 
certain distance are distributed over a wide area 
and the stability of the receptor-ligand complexes 
decreases (46). As a result of examining the RDF values 
of the complexes obtained with the mutant-type 3FA2 
receptor, it can be said that the curcumin complex is 
the most suitable. The presence of a single peak in this 
structure suggests a strong binding affinity between 
curcumin and the mutant-type 3FA2 receptor. The 
decrease in RDF values of curcumin beyond a 1 nm 
distance indicates that there is a specific binding 
site between the receptor and the ligand. The fact 
that there is a distinct peak in the RDF graph of the 
mutant-type 3FA2 complex formed with RDF indicates 
that it has a specific binding point. In general, good 
results were obtained in the complexes obtained with 
the wild-type 3FA2 receptor in Figure 5B. Particularly 
distinct peaks are observed for quercetin and 
resveratrol ligands. High RDF values indicate that the 
interactions between the receptor and the ligand are 
strong (42, 47). The absence of peaks and lower RDF 
values in the graphs of curcumin complexes indicate 
conformational changes in the receptor-ligand 
binding regions (47). The fact that curcumin does not 
give the expected RDF results in the wild-type 3FA2 
receptor but gives good results in the mutant-type 3FA2 
receptor of the BRCA1 gene associated with breast 
cancer suggests that the natural agent curcumin has 
the potential to play a therapeutically effective role 
in BRCA1-induced breast cancer (46, 47). When the 
values of wild-type 3FA2 and ligands are examined, it 
appears that the natural agents curcumin, quercetin, 
and resveratrol have the potential to regulate and 
repair the BRCA1 gene mechanism (46). However, all 
three natural agents give similar and good results in 
mutant-type 3FA2 complexes, such as the complexes 

formed with the chemical ligand 5FU, indicating that 
they are natural therapeutic agents that can be used 
in cancer treatment.

In mathematical terms, RMSD is the deviation of 
the mean squares of the positions of atoms over a 
given time (48). In this study, RMSD plots are used to 
analyze the stability and structural changes of protein 
and ligand complexes. The graphs of curcumin and 
quercetin complexes formed with the mutant-type 
3FA2 receptor in Figure 6A show remarkable stability, 
indicating an extremely compact, stable, and 
favorable interaction (46). The fact that the values of 
the resveratrol complex are slightly higher and irregular 
compared to other natural agent complexes is due to 
the structure of resveratrol (44). The fact that the RMSD 
values of the mutant-type 3FA2 receptor and the 5FU 
chemical ligand are so stable indicates that they have 
a strong binding affinity. In the RMSD analysis of the 
complexes formed with wild-type 3FA2 in Figure 6B, it 
was seen that quercetin, resveratrol, and 5FU formed a 
more stable graph compared to the other complexes. 
It shows that the wild-type 3FA2 receptor binds tightly 
and consistently to the binding site of quercetin and 
resveratrol ligands (48). The reason why the graph 
of the receptor-ligand complex formed with the 
chemical ligand 5FU progresses quite stably is that the 
chemical structure of the 5FU ligand is quite small and 
simple, it has a good binding affinity with the receptor, 
and stable RMSD values are emphasized (29, 46). In 
our RMSD graphs, it is observed that particularly for 
wild-type and mutant-type receptors, curcumin and 
resveratrol ligands show noticeable fluctuations at 
the beginning of the simulation (44). However, those 
mentioned ligands are natural agents containing 
various functional groups and aromatic rings (25). 
Therefore, they can undergo conformational changes 
by exhibiting flexibility during binding to the receptor, 
which can be reflected in the RMSD graphs (48). The 
fact that each ligand-receptor complex eventually 
reaches a stable form and that the RMSD values, 
including fluctuations, remain below 1 nm aligns with 
values accepted in other literature studies (29). This 
demonstrates that the protein-ligand complex and 
the simulation system are stable. Numerous studies by 
Singh and colleagues suggest that such fluctuations 
are caused by the dynamic conformational changes 
of the ligands and the flexibility of the receptor’s 
binding pocket(44). Consequently, the RMSD results 
obtained in this study fall within the 0 to 1 nm range 
accepted in the literature and are consistent with 
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studies indicating that the overall system stability is not 
adversely affected, as expected.

The term Rg is defined mathematically as the square 
root of the weighted average of the squares of the 
distances of their masses, taking the center of mass of 
the molecules as a reference (49). Within the scope of 
molecular dynamics simulation, Rg is used to measure 
the compactness of the protein and ligand complex 
and to analyze the behavior of the complex over time 
(50). The reason why there are some fluctuations in the 
graphs of the complexes obtained with the mutant-
type 3FA2 receptor in Figure 7A is that the ligands 
undergo some conformational changes during 
binding with the receptor (49). According to the 
results obtained, it is seen that although the binding 
stability of resveratrol with the receptor is moderate, 
it exhibits a strong binding affinity with curcumin. The 
quercetin ligand also showed positive results within 
the scope of Rg graphs, revealing that it formed a 
compact structure with the receptor and the values 
stabilizing around 2.3 nm after 7.5 ns.  Low Rg values 
and ensuring certain stability are critical features for 
potential drug candidates in the treatment of BRCA1 
gene-related breast cancer (51). When the Rg graphs 
of the wild-type 3FA2 receptor and different ligand 
complexes in Figure 7B are examined, the fluctuations 
in the curcumin complex are much lower than the 
others, resulting in a more stable and smooth graph. 
Therefore, it is concluded that the complex formed 
with curcumin maintains a stable conformation 
throughout the simulation (50). The quercetin complex 
with the wild-type 3FA2 receptor appears to stabilize 
after a certain point. This reveals that there are 
conformational changes due to increased fluctuations 
compared to the curcumin results. The observation 
of greater fluctuation in the 5FU complex and other 
ligand complexes is due to conformational changes 
(49, 51). The average Rg values   of the 5FU complex 
were observed to have small fluctuations throughout 
the simulation, indicating that a stable complex 
was formed. In conclusion, when the Rg values and 
graphs are examined, the stability of the graphical 
fluctuations of the curcumin complex indicates that 
the complex formed with the wild-type 3FA2 receptor 
is stable and its binding is compact. This complex has a 
potentially high affinity. As a result, in wild and mutant-
type receptor species, curcumin ligand Rg showed 
low fluctuations and a stable structure in graphical 
values   and showed the best compactness compared 
to other complexes (44). Although resveratrol and 

quercetin ligands showed good results in terms of Rg 
value, the fluctuations they showed indicated that 
both ligands underwent conformational changes. 
The control group ligand 5FU showed a good stability 
profile with the receptors, but it did not fully reach the 
binding properties as good as natural agents (48). 

Consisting of five basic concepts: absorption, 
distribution, metabolism, excretion, and toxicity, ADMET 
analyzes the pharmacokinetic and pharmacodynamic 
properties of natural or chemical substances during 
the drug discovery process (52). While the binding 
behavior of the ligand to the receptor is examined 
as a result of docking and MDS, the properties of the 
ligand in biological systems are examined through 
ADMET analysis (53). Evaluations from these analyses 
help to understand the clinical applicability of natural 
or chemical ligands with discovered therapeutic 
potential (54). The analyses obtained with SwissADME 
yield terms such as Consensus Log Po/w value, Log Kp 
(skin permeability), GI absorption, BBB passage, P-gp 
substrate, and CYP enzyme inhibitors (53). Considering 
these concepts, the consensus Log Po/w value 
represents the lipophilicity level of the ligands (55). A 
high lipophilicity value of the ligands indicates that 
they can easily cross the cell membrane. The Log Kp 
(skin permeability) value indicates the ability of ligands 
to pass through the skin, and GI absorption indicates 
the absorption potential in the gastrointestinal tract 
(52, 55). BBB passage indicates the ability to cross 
the blood-brain barrier, and P-gp substrate indicates 
whether the ligand is a substrate for p-glycoprotein 
(56). CYP enzyme inhibitors show the potential to 
inhibit P450 (CYP) enzymes (55). ADMET analysis results 
of ligands after docking and MDS are compared. The 
reason for this comparative analysis is to measure 
the stability of data such as the Consensus Log Po/w 
obtained after the ADMET analysis of the ligands and 
to determine the stability of the ligands accordingly 
(54, 56). When the results were examined in general, 
it was seen that the Log Kp (skin permeability) value 
obtained after docking in the curcumin ligand 
decreased after MDS. This can be explained by the 
fact that during MDS, it is affected by the presence of 
solvents and ions in the environment, leading to the 
formation of new interactions (e.g., van der Waals) 
(54, 57). However, the decrease in this value during 
MDS indicates an increase in the skin permeability of 
the ligand. Repeating the ADMET analysis with an in 
silico experiment is important to ensure the reliability 
of both the ligand and the resulting data (57, 58). 
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In both scenarios, the curcumin ligand shows high 
absorption in the gastrointestinal tract. However, data 
obtained after docking and MDS lack BBB passage, 
P-gp substrate, and CYP2C19 and CYP2D6 inhibitors. 
The lack of BBB passage prevents the curcumin 
ligand from passing into the central nervous system 
(53). In this case, if this ligand has any neurotoxic 
effects, it helps reduce them. However, the lack of 
BBB permeability of the curcumin ligand intended for 
breast cancer treatment reveals its inability to reach 
metastases spread to the central nervous system. The 
absence of a P-gp substrate indicates the potential 
to increase the intracellular concentration of the 
curcumin ligand. Thus, curcumin may exhibit more 
effective biological activity within the cell. Many drugs 
are metabolized in the presence of CYP2C19 and 
CYP2D6 enzymes. The fact that the curcumin ligand 
does not inhibit these enzymes reduces the risk of side 
effects that may occur with other drugs. Additionally, 
the fact that curcumin does not inhibit these enzymes 
is very important for liver health. When the presence of 
CYP2C9 and CYP3A4 inhibitors is examined, curcumin 
shows the potential to remain in the body for a longer 
time due to this feature. However, these enzymes are 
also capable of metabolizing many drugs. Therefore, 
it is important to monitor for possible side effects of 
curcumin and other medications. The bioavailability 
score of the curcumin ligand is 0.55, like other ligands, 
and shows moderate bioavailability and therapeutic 
properties. This ligand is effectively absorbed into the 
body orally and is viewed as a potential therapeutic 
natural agent that specifically targets the breast 
cancer-associated BRCA1 gene structure (54). 
When ADMET analyses of other natural ligands were 
examined, similar data were observed with curcumin. 
The Log Kp (skin permeability) value of the resveratrol 
ligand obtained after docking decreased by 5 cm/s 
after MDS. Although this decrease is relatively small, it 
indicates that the skin permeability of the resveratrol 
ligand decreased after simulation (55). In Table 3, 
the decrease in the Consensus Log P/o (Log Po/w) 
value of the quercetin ligand after docking and MDS 
shows that there is a decrease in the lipophilicity of 
the quercetin ligand, its hydrophobic interactions 
decrease, and its hydrophilic properties increase. For 
other ligands, no significant changes were observed 
in the data obtained after docking and MDS. ADMET 
analysis results generally show positive results for both 
mutant-type and wild-type 3FA2 receptors for each 
natural agent. Based on these analyses, curcumin 
stands out as the ligand with the most favorable 

properties. Subsequent data of docking and post-
MDS ADMET assays of the 5FU ligand with mutant-type 
and wild-type 3FA2 receptors in Tables 2 and 3 are 
identical. This ligand is generally considered a good 
medicine. However, low lipophilicity means that it may 
be inadequate in exceptional cases such as central 
nervous system metastasis of breast cancer. Therefore, 
these chemical drug ratios indicate that natural 
agents have better drug potential (57, 58).

Based on molecular docking and molecular dynamics 
simulation approaches, this study shows that the 
natural agents including curcumin, quercetin, and 
resveratrol may be alternative therapeutic drug 
candidates to the chemical drug 5FU in the treatment 
of breast cancer due to the BRCA1 gene mutation. In 
particular, the fact that curcumin has a good binding 
interaction score with receptors associated with 
BRCA1 genes forms a stable structure, and has the 
expected pharmacokinetic profile is promising for the 
discovery of new therapeutic natural agents for breast 
cancer treatment.

Conclusion

Breast cancer arises when normal cells in the breast 
region undergo abnormal changes, proliferating 
uncontrollably and forming malignant tumor cells. 
Gene mutations within the BRCA1 gene, associated 
with breast cancer, represent significant contributing 
factors to the advancement of this disease. Various 
chemical drugs, such as 5FU, are available to prevent 
harm to this gene and rectify mutations. Nevertheless, 
chemical drugs often entail numerous side effects 
that adversely affect the organs of the body, further 
exacerbating the toll of cancer treatment. Therefore, 
the discovery of new drug agents of natural origin 
with minimal side effects presents promising strategies 
for treating breast cancer associated with BRCA1 
gene mutations. In this study, the receptor linked to 
the BRCA1 gene was identified and point-mutated. 
Natural agents including curcumin, quercetin, and 
resveratrol, targeted for discovering anticancer 
bioactive properties, along with the widely used drug 
5FU in the market, were selected for comparison of 
results. Through separate molecular docking and 
dynamic simulations with wild-type and mutant-type 
3FA2 receptors and other ligands, it was revealed that 
natural agents offer interactions akin to the chemical 
drug 5FU. These natural agents demonstrated strong 
stability with receptors and exhibited favorable 
pharmacokinetic properties as assessed by ADMET 
assays. It was observed that curcumin exhibited the 
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most favorable pharmacokinetic properties among 
the natural agents, meeting the feasibility criteria for 
a therapeutic natural drug in the treatment of breast 
cancer associated with BRCA1 gene mutation. This 
study underscores the significance of plant-derived 
natural agents as potential treatments for critical 
cancer diseases like breast cancer. By shedding light 
on other literature studies aimed at discovering and 
developing the bioactive and therapeutic properties 
of these natural agents, such as their anticancer 
effects, in the in silico environment, this research offers 
hope for survival to numerous cancer patients and 
humanity at large.
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