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Kavitha et al.: Docking analysis of marine algal compounds on BRCA1

Breast cancer is still the commonest cancer among females across the globe; BRCA1 gene mutations play 
a great role in inducing breast cancer. In the exploration for non-traditional therapeutic players, this 
study assesses the anti-cancer effectiveness of phytoconstituents isolated from two red seaweed species 
namely; Kappaphycus alvarezii and Gracilaria debilis using in silico molecular docking. The 3D structure 
of BRCA1 (PDB ID: IGK (4IGK) was used as docking template in Molegro virtual Docker. Ligands 
obtained through gas chromatography-mass spectrometry analysis were filtered for drug-likeness 
properties by Lipinski’s rule and docking simulations were done to determine the binding affinities. 
According to the results, it was found out that the highest score of MolDock by Bromoindole-3-acetic 
acid obtained from Kappaphycus alvarezii and Aplysiatoxin derived from Gracilaria debilis was very 
favourable and good Hydrogen bonding interaction between the aforementioned compounds and BRCA1 
was very strong compared to These results show the prospects of these marine-derived compounds as 
lead candidates for breast cancer treatment and are worth pharmacological confirmation.
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A breast cancer is the number one cancer afflicting 
women everywhere in the world. It manifests in the 
form of uncontrolled growth and division of cells 
in the breast tissues. In the last three decades, the 
incidence of breast cancer has been almost doubled. 
It is estimated that between 50–75% of the breast 
cancers begin in the duct, while 10 %-15 % come 
from the lobules and a little proportion of the same 
arises from other breast tissues[1]. Approximately, 1 
376 111 new cases of breast cancer were reported 
among women in the world in 2008, according to the 
Global cancer Facts and Figures by the American 
Cancer Society. As a rule, the breast cancer rates 
are higher in developed countries in contrast with 
developing countries. Regardless of the reason that 
causes this disparity, lifestyle and reproductive 
factors are said to be contributing significantly.

There are women who have got mutations in the 
BRCA1 and BRCA2 genes and they are at high risk 
of having breast and ovarian cancers. Patients with 

mutations in these genes have a 60-80 % life time 
risk of breast cancer and 15 %-60 % risk of ovarian 
cancer by the age 70[2]. BRCA1 gene (breast cancer 
1, early onset) is a tumor suppressor gene, which 
encodes breast cancer type 1 susceptibility protein. 
Because of its two main domains, i.e., Zinc finger 
C3HC4 type (RING finger) and BRCA1 C Terminus 
(BRCT) the protein BRCA1 is also called RING 
finger protein 53[3].

BRCA1 gene is located in chromosome 17q21 and 
has 24 exons whose total length is estimated to be 
around 100 kilobases. It’s coding sequence starts 
somewhere in the middle of the fourth exon. Upon 
the end, the protein obtained is phosphorylated and 
contains 1863 amino acids, molecular weight of 220 
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alvarezii is a well-known tropical red alga of great 
importance as producer of high contents of cell wall 
polysaccharides being the main source of kappa-
carrageenan-desirable hydrocolloid[16]. Kappa-
carrageenan is widely applied in food industry as 
gelling agent, emulsifying agent, thickening agent, 
and stabilizing agent[17]. Kappa-carrageenan is also 
used in pharmaceutical and nutraceutical products.

Seaweeds, including the K. alvarezii have been known 
to be low in calorific values and have high contents 
of dietary fiber contents, essential minerals, proteins, 
vitamins, trace elements and secondary metabolites 
thus are also lacking in other organisms. In addition 
K. alvarezii has been suggested for the dietary fibre, 
cholesterol reduction agents, antioxidants, antiviral 
and anticancer and hemagglutination activities[18,19].

In terms of nutrition, K. alvarezii have 16.2 % protein 
(w/w), 29.4 % fiber (w/w) and 27.4 % carbohydrates 
(w/w). It also contains a high percentage of unsaturated 
fatty acids (44.5 % of the total fatty acids), such as 
oleic acid (11.0 %) and cis-heptadecenoic acid (13.5 
%) as well as small amounts of linoleic acid (2.3 
%). By contrast, saturated fatty acids such as the 
heptadecanoic acid account for 37.0 % of the total[20]. 
Carrageenan present in K. alvarezii are useful dietary 
fiber, which promotes digestion, safeguards gastric 
mucosa, and protects the intestine from exposure to 
potential carcinogens. Furthermore, this seaweed has 
exhibited potent antiviral activity against some of the 
enveloped viruses such as Human Immunodeficiency 
Virus (HIV), Herpes Simplex Virus (HSV) and 
Human Cytomegalovirus (HCMV) among others. It 
also has quite significant antitumor properties[21,22].

The bioactive compounds present in K. alvarezii 
were identified, the cytotoxic potential of the extracts 
against the Michigan Cancer Foundation-7 (MCF-7) 
breast cancer cell line was evaluated, and the toxicity 
of high-dose extracts in rats, along with their effect 
on 7, 12-dimethylbenz[a]anthracene-induced breast 
cancer, was assessed.

The Gracilaria genus of seaweed has a wide range 
of distribution in tropical and temperate places and 
is one of the largest within Gracilariaceae family[23]. 
We have in excess of 150 000 edible seaweeds in the 
intertidal zones and tropical marine setting where they 
are rich sources of natural products of medicinal and 
commercial value. About 300 species of Gracilaria 
have been identified in the world, and about 160 species 
of the same being taxonomically described. Most of 
these species are basic sources of agar production.

kDa[5]. RING finger domain, having Rad51 binding 
site, is present at the N-terminus; while, the two 
BRCT domains involved in cell cycle checkpoint 
control and Deoxyribonucleic Acid (DNA) repair 
are located at the C-terminus. These BRCT domains 
promote chromatin remodeling and transcription 
processes activation[6].

The location of the BRCA1 protein is in the nucleus 
of the cell[7]. According to recent studies, small 
deletion, insertion, nonsense mutation and splicing 
errors cover 87 % of all pathogenic mutation of 
BRCA1 gene, resulting in the production of abnormal 
BRCA1 protein[8]. This protein is very important in 
sustaining genomic stability since it assists in DNA 
repair or induces cell death in situations where repair 
of DNA is impossible. A BRCA1 gene that is faulty 
interferes with the repair of DNA leaving one most 
susceptible to cancer[9].

The BRCA1 protein associates with other tumor 
suppressors and DNA damage sensor proteins and 
signalling molecules to give form to the BRCA1-
Associated Genome Surveillance Complex (BASC)
[10]. It also attaches to Ribonuclic Acid (RNA) 
polymerase II and connects to histone deacetylase 
complexes via its C-terminal domain, being a part 
of DNA repair process, transcription regulation, 
and protein ubiquitination[9,11]. People with genetic 
abnormalities in either BRCA1 or BRCA2 gene have 
over 80 % lifetime risk of having breast cancer and 
most of the cases are connected with mutations in 
these genes[12]. Since it is more likely that BRCA1 is 
involved in the pathogenesis of breast cancer rather 
than BRCA2[13], the following study is devoted to the 
BRCA1 protein.

Red seaweeds (Rhodophyta) are yet another large 
group of algae that occur in various shores and are 
highly diverse with approximately 6000 known species 
which is more diversified than the other three major 
categories of seaweeds. Earlier, it has been reported 
that annually about 2.8 million tons of red seaweeds 
are harvested in the world. Species of nori gathered for 
edible purposes largely belong to the genus Porphyra, 
while Eucheuma and Kappaphycus are commonly 
employed in the production of carrageenan[14].

Among the most occurring red seaweeds in East 
Malaysia include Kappaphycus alvarezii (K. 
alvarezii). This species is cultivated in many 
countries around the world, namely Malaysia, 
Philippines, Indonesia, and Tanzania[15]. K. 
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Furthermore, compounds isolated from red, brown 
and green algae compounds including Gracilaria spp 
have been reported to exhibit a remarkable spectrum 
of beneficial biological activity like antioxidant, 
anticancer, antibacterial, antifungal, antiparasitic, 
anti-viral and anti-proliferation activities[24]. 
Archaeological discoveries in Chile indicate that 
man’s use of macroalgae goes back at least 14 000 
y to the Neolithic period. The coastal people have 
been harvesting the seaweeds for domestic purposes 
for a long time. This has been one of the practices of 
the traditional life in such countries as Japan (13 000 
BC), China (2700 BC), Egypt (1550 BC), and India 
(300 BC), in which marine algae were traditionally 
utilized as folk remedies for various illnesses.

In the Mediterranean, seaweeds were used in the 
ancient Roman and Greek periods like medicine, 
animal fodder, and dye. According to the pre-
Christian period in particular red algae was applied 
to treat parasitic infections[25]. However, only wild 
seaweed were accessible in this period, and this was 
used only for food purposes until the middle age. In 
the Asian countries such as China, Korea and Japan, 
seaweeds were crucial for traditional medicine, 
cuisine for more than six centuries.

Natural polysaccharides isolated from seaweed have 
attracted more attention during the recent decades 
due to a set of desirable properties-biocompatibility, 
biodegradability, hydrophilicity, non-toxicity, and 
protective capacity, which makes them a very 
interesting object for the pharmaceutical and cosmetic 
industries. Agar, which was initially identified in 
Japan in the 17th century, is usually obtained from 
the Gracilaria species[26]. In China, the Gracilaria 
is grown to be used as a food ingredient as well 
as a binding agent[27]. These species are edible and 
consumed in such places as Japan, Southeast Asia, 
Hawaii, and Caribbean.

Agar isolated from Gracilaria is a food grade 
agent used as a common gelling and stabilizing 
material in sugar-confection production such as jelly 
candies, icing and pies. In the Western cuisine, agar 
is commonly used as a weight-loss agent and as a 
vegan replacement for gelatin. Its use in Japan is in 
the soups, snacks and other culinary dishes[28].

Great beyond these traditional uses, polysaccharide 
extract from Gracilaria species has been found 
to have a variety of therapeutic activities such as 
anticancer[29], anti-inflammatory, anti-diabetic, and 
immunostimulatory effects. Some of the factors 

that affect the degree of these bioactivities include 
molecular weight, monosaccharide composition, 
degree of sulphation, and chain length. These in turn 
are influenced by taxonomy, environmental factor 
i.e salinity, temperature, light, nutrient availability, 
biotic interactions like epiphytism and method of 
extraction and purification[30]. Therefore, optimization 
of such variables is vital for the optimization of the 
level of sulphation, purity and biological activity of 
Gracilaria-derived compounds, the identification of 
new therapeutic agents.

In this study, K. alvarezii and Gracilaria debilis (G. 
debilis) were investigated as potential alternative 
drug treatments for breast cancer. The Molegro 
Virtual Docker program was utilized to target the 
BRCA1 gene. The docking score, which measures 
the phytoconstituent's binding affinity and efficacy 
against the target proteins, was used to evaluate the 
activity of the algae.

MATERIALS AND METHODS

Protein preparation:

The 3D crystal structure of breast cancer target 
protein BRCA1, namely, the BRCT domain (PDB 
ID: 4IGK in both its free and complexed with the 
ATRIP (Ataxia Telangiectasia and Rad3-related 
protein–Interacting Protein) peptide forms was 
retrieved from the Protein Data Bank (www.rcsb.
org/pdb). In order to gain insight into structural traits 
and active binding sectors of the protein, CASTP 
(Computed Atlas of Surface Topography of Proteins) 
tool was utilized besides PyMOL software in drawing 
molecular simulations. This method allowed for an 
overall analysis of the topography of the protein 
surface and possible interaction of ligands.

In order to yield potential drug-like compounds, 
Lipinski’s Rule of five was used. Based on this 
rule, the higher probability of being orally active, 
the lower the molecular weight (<500 g/mol), less 
value of log P (<5), no more than ten hydrogen bond 
acceptors, no more than five hydrogen bond donors, 
and the fewer rotatable bonds (less than ten). Such 
criteria provide good pharmacokinetic properties 
and bioavailability. Only compounds that satisfied 
these criteria were taken through molecular docking 
studies to determine their affinity with BRCA1 and 
BRCA2. This strict process of screening sought to 
determine prospective phytochemicals that may be 
useful in the fight against BRCA-linked breast cancer 
as a potential therapeutic agent.
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Ligand preparation:

The main phytoconstituents that are responsible for 
anticancer activity in K. alvarezii and G. debilis 
were identified earlier by Gas Chromatography-
Mass Spectrometry (GC-MS) analysis carried out by 
other researchers. The three-dimensional structures 
of these bioactive compounds were retrieved from 
PubChem database and prepared for molecular 
docking simulation.

Molecular import and preparation:

The molecular structure files were parsed to pick out 
the relevant components such as ligands, co factors, 
water molecules and proteins and were automatically 
prepared for docking. Molegro Virtual Docker (MVD) 
was used to obtain information about chemical 
bonds, aromatic structures, charge assignment 
tasks, and the inclusion of explicit hydrogen atoms. 
Using the integrated cavity detection facility, it was 
possible to determine the promising areas for the 
ligand interaction on the surface of the protein and, 
the search could be limited by those.

Docking:

Molecular docking is the simulation of the interaction 
of a small molecule, the ligand, and a target protein, 
the receptor or enzyme. The MVD software was used 
to carry out docking simulations in this research. The 
docking scoring function that is used by MVD is derived 
from the Piecewise Linear Potential (PLP), assessing 
for the binding affinity with the help of a mixture of 
electrostatic and hydrogen bonding interactions.

For each ligand, the program determined the best 
orientation of the ligand in the protein-ligand binding 
site. Hydrogen bonds were detected, named and taken 
into the calculation of energy. The computation of 
ligand energies were obtained by using the MolDock 
score, which is a linear combination of the essential 
interaction terms. Before docking, all valence tests and 
hydrogen atoms addition were done. The algorithm 
of cavity detection directed the search method based 
on differential evolution during simulation on the 

detected binding pockets. All the warnings caused by 
the errors related to the structure preparation or data 
(e.g., unknown residues) were checked and fixed. 
Subsequent to this, a re-ranking procedure was used 
in ranking the top scorer binding poses.

Analysis:

Pose organizer tool was used in analysing the resulting 
ligand poses from the docking simulation and this 
allowed dynamic loading and viewing of the docking 
results. This feature allowed an efficient search in 
a wide range of ligand poses. Several parameters 
of energy and interaction type were assessed at the 
same time, additional re-ranking and binding affinity 
were calculated. Hydrogen bonding and electrostatic 
interactions were revised dynamically through the 
course of reviewing poses.

The MolDock scores of the selected ligand then 
compared with a standard drug (Olaparib). The most 
favourable (for this purpose the lowest score of 
MolDock) ligands were recognized as the most likely 
candidates and candidates of future lead compounds 
for breast cancer treatment[2].

RESULTS AND DISCUSSION

MolDock relies on a new heuristic search engine 
combining cavity prediction and differential 
evolution, which increases the efficacy and precision 
of molecular docking. Its scoring function is based 
on the PLP, which is parameterized on a proper 
set of refined electrostatic and hydrogen bonding 
interaction terms. The MolDock score is the principal 
criteria of how the quality of the ligand-target protein 
binding can be estimated.

For the determination of efficacy of ligands MolDock 
score, rerank score, and hydrogen bond interactions 
were studied. A higher (less negative) value of 
MolDock score is indicative of weaker affinity of 
the ligand for the target protein. The outcome of in 
silico docking experiment with selected ligands are 
displayed in Table 1 and Table 2 against the human 
BRCA1 protein.

TABLE 1: RANKING OF LIGANDS FROM K. alvarezii AGAINST HUMAN BRCA-1 BASED ON MOLDOCK 
SCORE

Interday Interday Interday Interday Interday

22485713 Bromoindole-3-acetic acid -114.54 -95.032 -6.514

2794830 6-Bromoindole-3-carbaldehyde -103.48 -93.658 -3.025

23725625 Standard Drug (Olaparib) -101.98 -73.845 -0.639
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Based on the docking results from MVD, we can 
draw several insights about the interaction of the 
selected ligands with the target proteins.

All selected ligands, including the standard, exhibited 
strong binding affinities. The results indicated that 
Bromoindole-3-acetic acid achieved a MolDock score 
of -114.537 against 4IGK, along with a rerank score 
of -95.032. Its hydrogen bonding value was measured 
at -6.514. Bromoindole-3-acetic acid demonstrated 
the highest binding affinity, than 6-Bromoindole-
3-carbaldehyde. A lower (more negative) score 
suggests a stronger binding interaction, which is 
further supported by the substantial rerank score of 
-95.032. The ligand’s significant binding affinity to 

the protein is likely due to the formation of stable 
hydrogen bonds, as indicated by the hydrogen 
bonding score of -6.514 (fig. 1-fig.3).

6-Bromoindole-3-carbaldehyde recorded a MolDock 
score of -103.484 against 4IGK, along with a 
rerank score of -93.658. The hydrogen bonding 
value was measured at -3.025. With a MolDock 
score of -103.484, 6-Bromoindole-3-carbaldehyde 
demonstrates a strong binding affinity. However, 
its rerank score of -93.658 suggests that while the 
initial binding may be robust, the overall stability 
of its binding conformation is likely less favorable 
compared to that of Bromoindole-3-acetic acid (fig. 
3-fig.6).

TABLE 2: RANKING OF LIGANDS FROM G. debilis AGAINST HUMAN BRCA-1 BASED ON MOLDOCK 
SCORE

Ligand Ligand Name MolDock score Rerank score H Bond

21672114 Aplysiatoxin -139.03 -108.28 -8.713

192847 Gigartinine -113.48 -95.772 -3.049

23725625 Standard Drug (Olaparib) -101.98 -73.845 -0.639

Fig. 1: 2D interaction of Bromoindole-3-acetic acid vs. 4IGK protein

Fig. 2: 3D interaction of Bromoindole-3-acetic acid vs. 4IGK Protein
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Fig. 3: Secondary interaction of Bromoindole-3-acetic acid vs. 4IGK Protein

Fig. 4: 2D interaction of 6-Bromoindole-3-carbaldehyde vs. 4IGK

Fig. 5: 3D interaction of 6-Bromoindole-3-carbaldehyde vs. 4IGK

Fig. 6: Secondary interaction of 6-Bromoindole-3-carbaldehyde vs. 4IGK
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Olaparib, a standard treatment for breast cancer, 
achieved a MolDock score of -101.976 against 
4IGK, along with a rerank score of -73.845. Its 
hydrogen bonding value was found to be -0.639. 
While Olaparib exhibits excellent MolDock and 
rerank scores, its hydrogen bonding score of -0.639 
is notably lower than those of the selected ligands.

All selected ligands, including the standard, exhibited 
strong binding affinities. The results indicated that 
Aplysiatoxin achieved a MolDock score of -139.032 

against 4IGK, along with a rerank score of -108.278. 
Its hydrogen bonding value was measured at -8.713. 
Aplysiatoxin demonstrated the highest binding 
affinity, than Gigartinine. A lower (more negative) 
score suggests a stronger binding interaction, which 
is further supported by the substantial rerank score 
of -108.278. The ligand's significant binding affinity 
to the protein is likely due to the formation of stable 
hydrogen bonds, as indicated by the hydrogen 
bonding score of -8.713 (fig.7-fig.9).

Fig. 7: 2D interaction of Aplysiatoxin vs. 4IGK

Fig. 8: 3D interaction of Aplysiatoxin vs. 4IGK

Fig. 9: Secondary interaction of Aplysiatoxin vs. 4IGK
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Gigartinine recorded a MolDock score of -113.484 
against 4IGK, along with a rerank score of -95.772. 
The hydrogen bonding value was measured at -3.049. 
With a MolDock score of -113.484, Gigartinine 
demonstrates a strong binding affinity. However, 
its rerank score of -95.772 suggests that while the 
initial binding may be robust, the overall stability 
of its binding conformation is likely less favourable 

compared to that of Aplysiatoxin (fig.10-fig.12).

Olaparib, a standard treatment for breast cancer, 
achieved a MolDock score of -101.976 against 4IGK, 
along with a rerank score of -73.845. Its hydrogen 
bonding value was found to be -0.639. While Olaparib 
exhibits excellent MolDock and rerank scores, its 
hydrogen bonding score of -0.639 is notably lower 
than those of the selected ligands (fig.13-fig.15).

Fig. 10: 2D Interaction of Gigartinine vs. 4IGK

Fig. 11: 3D interaction of Gigartinine vs. 4IGK

Fig. 12: Secondary interaction of Gigartinine vs. 4IGK
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Fig. 13: 2D interaction of Olaparib vs. 4IGK

Fig. 14: 3D interaction of Olaparib vs. 4IGK

Fig. 15: Secondary interaction of Olaparib vs. 4IGK

This research identifies the growth prospects for 
anti-cancer agents of marine origin from the K. 
alvarezii and G. debilis by in silico docking into 
the breast cancer target protein BRCA1. Among 
the tested ligands, Bromoindole-3-acetic acid, K. 
alvarezii and Aplysiatoxin, G. debilis showed the 
highest binding affinities, even to a higher extent as 
compared to the standard drug Olaparib, in terms of 

MolDock scores and hydrogen bonding interactions. 
These results highlight a great promise of the 
marine red algae as sources of bioactive compounds 
of breast cancer treatment. Some additional in 
vitro and in vivo studies should be used to confirm 
these computational predictions and conduct the 
pharmacokinetics and safety assessments of the 
most promising candidates.
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