Article
Volume 10, Issue 5, 2020, 6174 - 6181
https://doi.org/10.33263/BRIAC105.61746181

Potential of Black Rice (Oryza sativa L.) as Anticancer
Through Mortalin-p53 Complex Inhibitors
Fadjar Kurnia Hartati 1,*, Arlin Besari Djauhari 1
1

*

Department of Food Technology, Faculty of Agriculture, Dr. Soetomo University, Indonesia
Correspondence: fadjar.kurnia@unitomo.ac.id;
Scopus Author ID 57194443683
Received: 23.04.2020; Revised: 5.05.2020; Accepted: 7.05.2020; Published: 12.05.2020

Abstract: This research was conducted because the number of cancer patients continues to increase so
it is very necessary to look for food that has the potential as an anticancer, including black rice (Oryza
sativa L.). The research method uses a docking method to identify bioactive compounds in black rice
which act as anticancer through the mortalin-p53 complex inhibitor. The analysis showed that the
campesterol compound contained in black rice has the potential as a cancer drug that has a mechanism
that is by binding to the binding site ligand on mortalin so that it can inhibit the occurrence of the
mortalin-p53 complex.
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1. Introduction
Black rice (Oryza sativa L.) is a special type of rice that has been consumed since long
ago in China and Southeast Asia [1], because black rice has two advantages, namely as a staple
food and also as a potent drug. This is because black rice contains components of
phenol/flavonoid [2] compounds that can give a positive response to the cytolytic and
proliferative lymphocyte cells, but are toxic and antiproliferative in cancer cells [3].
Several studies have shown that phenol/flavonoid compounds derived from plants show
anticancer activity [4] by modulating cell cycle [5] regulation and/or apoptosis [6]. Failure of
the apoptosis process in pathways often results in mutases of the p53 gene [7]. The p53 gene
is a tumor suppressor gene [7] that accumulates when DNA is damaged and serves to prevent
the replication of genetically damaged cells through cessation of the cell cycle phase of the
interface (G1) so that the cell can repair [8]. If cell damage is quite extensive and there is a
failure of repair, then this gene that functions triggers apoptosis [9].
2. Materials and Methods
The method used in this study includes the following stages:
2.1. Preparation of protein samples and ligands.

The 3D structure of chemical compound samples obtained from the database of
chemical compounds (pubchem.ncbi.nlm.nih.gov), samples are stored in the format data
structure format (sdf), then minimization of the OpenBabel program for the preparation of the
molecular docking analysis phase. Sequences of target protein samples, p53 (ID P04637) and
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mortalin (ID P38646.2) were obtained from the Uniprot database (www.uniprot.org) and NCBI
(www.ncbi.nlm.nih.gov) in the FASTA format [10].
2.2. Protein modeling.

Protein mortal and p53 modeling were carried out at the protein modeling webserver,
Swiss Model (swissmodel.expasy.org), with the method used, was homology modeling [11].
The homology modeling process produces a homologous protein structure that has conserved
protein sequences, but sequences with similarity values below 20% are stated to have different
structures with templates. The modeling results will be validated using the RAMPAGE
webserver (mordred.bioc.cam.ac.uk/~rapper/rampage.php) to determine the quality of the
modeling results [12].
2.3. Small molecule docking.

This study uses molecular docking analysis to determine the binding energy of chemical
compounds contained in black rice when binding to mortalin. The molecular docking software
used is PyRx [13]. Grid docking is directed at the cofactor region of the target protein region
[14], which was previously predicted to use the COFACTOR webserver
(zhanglab.ccmb.med.umich.edu/COFACTOR/).
2.4. Analysis of ligand, protein, and molecular visualization interactions.

The type of chemical interactions that occur between protein ligands after experiencing
docking, identified with the LigPlot software, can analyze the type and distance of chemical
interactions in the molecular complex that is formed [15]. Visualization of results for molecular
simulation in this study using Pymol software (pymol.org) [16].
2.5. Protein docking protein.

PatchDock (bioinfo3d.cs.tau.ac.il/PatchDock) is a web server that is used to simulate
and predict interactions between proteins and complex macromolecules with rigid molecular
docking, to obtain information in the form of conformational structures and atomic interaction
energy (ACE) [17]. The results of PatchDock can be inputted into the FireDock web server
to perform the refinement docking step to obtain flexible structures or protein complexes, the
results of FireDock are one of them is the Van der Waals bond energy, and the molecular
complex. The use of PatchDock and FireDock in this study is to compare the differences in
chemical interaction energy of each atom making up the protein ligand complex [18], when
mortalin interacts with p53 in normal conditions with mortalin which has bound to the query
compound for black rice.
3. Results and Discussion
Sixteen compounds from the chemical compounds contained in black rice (Table 1)
with 3D structures were obtained from the Pubchem database (pubchem.ncbi.nlm.nih.gov).
Pubchem is a database of chemical compounds and biological assay which is part of the central
database, NCBI, in the Pubchem database there are various kinds of information, namely
molecular weight, pharmacology, MSDS, toxicity. About 93.9 million compounds have been
successfully published in the Pubchem database since the end of 2014 [19].
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After a chemical compound sample is obtained, protein modeling is carried out on the
Swiss Model webserver (swissmodel.expasy.org). The homology modeling process produces
a homologous protein structure that has conserved protein sequences, but sequences with
similarity values below 20% are stated to have different structures with templates [20]. Protein
modeling results of p53 and mortalin (Figure.1) have a similarity score with templates above
20% respectively, which shows that the two protein modeling results have a high similarity
with template proteins. The 3D structure of p53 protein and mortalin was then analyzed for the
quality
of
the
model
using
the
RAMPAGE
server
mordred.bioc.cam.ac.uk/~rapper/rampage.php). The results showed that the 3D structure of the
two proteins each had a score of 92%, indicating that the quality of the two protein models was
very good because according to [21] the quality of the protein model must have a score of at
least 90% of the favored region.

Figure 1. Structure 3D of protein mortalin and p53 results from homology modeling. Visualization of chain
staining in the form of transparent surface structures containing cartoons colored cyans (mortalin) and red (p53)
in PyMol software.

The position of the ligand binding site on the mortalin protein is unknown, so further
analysis must be carried out on the COFACTOR webserver (zhanglab.ccmb.med.umich.
Edu/COFACTOR /). This web server functions to predict the active side of a protein based on
the cofactor region. The cofactor region is an area that is not akif on the enzyme which if
attached to a ligand attached to it will cause changes in the biological function of a protein or
enzyme [22]. Thus, the amino acid residue domain of the mortalin protein was obtained as the
candidate binding site (Figure. 2), namely, in model 1 with amino acid residues Gly177,
Gly176, Gly205, Glu243, Lys246, Cys247, Ser250, Met322, Arg321, Met319, Gly318,
Gly317, predictive score or Cscore of 0.59 is greater than other models and the value of conv
or coverage is 66.3%. Model 1 is used because it has the highest Cscore value and between 01, which means that the activedomain is very reliable as a ligand binding site [23]. After the
ligand binding site on protein mortalin is known, then a virtual screening analysis is performed
in the form of small molecule docking which aims to determine the size of the binding affinity
of query compounds derived from black rice when interacting with mortalin. Most molecular
docking methods are used to design drugs computationally, based on their purpose for
screening the potential of a compound, this method is also divided into 2 namely reverse
docking and docking inverse. Reverse docking is a docking that is done with the aim of finding
binding sites on query compounds that have the lowest energy score when binding to the target
protein domain, by clustering software to find low energy binding positions [24].
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Figure 2. Visualization of the ligand binding site. The ligand binding site domain of mortalin is displayed with
the structure of spheres and amino acid residues which comprise the domain in the form of lines of red, each of
which is a structure.

Binding affinity, which means binding energy between ligands and proteins, the more
negative the energy is, the more likely it is to form ligand protein complexes and shows that
the more potential a ligand affects the physiology of a target protein [25]. The amount of
binding affinity is an indicator of the ability possessed by active compounds in the target
protein. That includes spontaneous processes, the bond between protein and ligand occurs due
to the alteration in the negative system of the Gibs free energy (ΔG) when it reaches a state of
equilibrium at constant pressure and temperature because the association between protein and
ligand determines the negative value of ΔG, it can be studied to establish ΔG can provide
stability in protein-ligand complexes [26,27]. The analysis result of protein and ligand
interaction can be seen in Table 2.
This study uses PyRx software to simulate molecular docking [13], the grid docking is
directed at the center coordinate position x: 102.41 (Å), y: 61.08 (Å), z: 2.73 (Å) and
dimensions x: 20.83 (Å), y: 23.50 (Å), z: 20.46 (Å). The small molecule docking results (Table
1) show that campesterol has the lowest binding affinity compared to fifteen other compounds,
which indicates that campesterol has the potential to form protein ligand complexes with
mortalin and these compounds can affect the biological activity of target proteins [28].
After knowing the binding affinity value of each query compound, the next analysis
stage is the interaction of proteins and ligands, in this study using the LigPlus software. LigPlus
is commonly used to analyze the types of chemical bond interactions and the position of amino
acid residues that interact with computational target ligands. The chemical bond interactions
formed are hydrophobic interactions and hydrogen bonds [29]. This study uses the LigPlus
software aimed to find out the possibility that query compounds can interact with the ligand
binding site that was previously predicted. The results of the LigPlot analysis show that almost
all query compounds are adequate in interacting with the ligand-binding site except
omarigliptin compounds because the compound is tethered not to the position of the expected
amino acid residue. Compounds that have the lowest binding affinity value, namely
campesterol, interact with the ligand binding site with hydrophobic interactions, namely the
amino acid residues Cys247, Gly318, and Arg321 (Figure. 4).
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Table 1. Score of docking results.
Ligand

Target Protein

CAMPESTEROL
CYA-3-O-ARAB
CYA-3,5-DIGLU
QUER-3-O-RUTEIN
CYCLO
CYA-3-O-GLU
PEON-3-O-GLU
QUER-3-O-GLU
BETA-KAROTENE
ISHOR-3-O-GLU
PELAR-3-GLU
ZEAXANTHIN
OMARIGLIPTIN
LUTEIN
LYCOPENE
METHYLENE-FERULATE

Mortalin
Mortalin
Mortalin
Mortalin
Mortalin
Mortalin
Mortalin
Mortalin
Mortalin
Mortalin
Mortalin
Mortalin
Mortalin
Mortalin
Mortalin
Mortalin

Binding affinity
(kcal/mol)
-6,5
-6,2
-6,2
-6,1
-5,9
-5,8
-5,8
-5,8
-5,6
-5,6
-5,6
-5,4
-5,3
-5,0
-4,0
-3,8

Table 2. Results of analysis of protein and ligand interactions.
Ligand
CAMPESTEROL

METHYLENE-FERULATE

Interactions
Hydrophobic : Cys247, Lys36, Met33, Thr16, Ala14, Gly318, Asp344,
Asn342, Arg321
Hydrogen : Arg15, Ser250
Hydrophobic : Cys247, Pro343, Arg15, Pro18, Asn342
Hydrogen : Arg321, Lys36, Met33, Arg239
Hydrophobic : Ser250, Glu345, Arg15, Glu243, Met319
Hydrogen : Gly318, Arg321
Hydrophobic : Met33, Thr16, Pro18, Met319, Ala14, Asp344, Gly177
Hydrogen : Arg239, Glu206, Glu243
Hydrophobic : Pro18, Thr16, Glu206, Met33, Met319, Lys36, Arg37, Glu243,
Glu204
Hydrogen : Hydrophobic : Cys247, Glu248, Met319, Arg321, Gly318
Hydrogen : Ser250, Ser251, Asp344
Hydrophobic : Arg37, Met33, Glu206, Arg239, Glu240
Hydrogen : Lys36, Glu243, Gln236
Hydrophobic : Gly205, Lys36, Met319, Met33, Pro18, Thr16
Hydrogen : Lys246, Glu243, Glu206, Gly177, Asp344
Hydrophobic : Glu243, Lys36, Arg239, Glu240, Lys244, Glu248, Ser252,
Ser251
Hydrogen : Hydrophbic : Gly318, Met319, Cys247, Ser250, Arg321, Glu248
Hydrogen : Asp344, Ser251, Asn342
Hydrophobic : Cys247, Glu248, Arg321, Gly318, Met319
Hydrogen : Ser251, Ser250, Asp344
Hyrophobic : Glu248, Glu243, Ser252, Glu240, Lys244, Cys247, Gln236,
Arg37
Hydrogen : Lys36
Hydrophobic : Asp344, Thr16, Met33, Pro18, Lys36
Hydrogen : Arg15
Hydrophobic : Met33, Lys36, Arg37, Glu243, Lys244, Glu248, Ser251
Hydrogen : Ser252
Hydrophobic : Pro18, Glu243, Met33, Glu240, Arg239, Gln236, Lys36, Arg37
Hydrogen : Hydrophobic : Met33, Glu243, Pro18, Ala14
Hydrogen : Arg239, Glu206, Lys36

Predicted Binding Site

Gly177, Gly176, Gly205, Glu243, Lys246, Cys247, Ser250, Met322, Arg321,
Met319, Gly318, Gly317

CYA-3-O-ARAB
CYA-3,5-DIGLU
QUER-3-O-RUTEIN
CYCLO

CYA-3-O-GLU
PEON-3-O-GLU
QUER-3-O-GLU
BETA-KAROTENE

ISHOR-3-O-GLU
PELAR-3-GLU
ZEAXANTHIN

OMARIGLIPTIN
LUTEIN
LYCOPENE

Active compounds predicted to have strong bonds to target receptors or proteins if they
can bind through hydrogen bond interactions and can bind to the same amino acid residue
position in the ligand binding site [24]. So the predicted compound has a strong ability to inhibit
a receptor or protein, ie if there are several amino acid residue positions similar to predicted
binding sites or controls. Hydrogen bonds are electrostatic interactions between hydrogen
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atoms that bind to electronegative atoms and other atoms. The strength of hydrogen bonds is
under covalent bonds, but their presence is very important because it involves the structure and
characteristics of a molecule. In medicine, hydrogen bonds are used to study the design and
interaction between drug molecules and system metabolism [30]. The results of ligand protein
interaction analysis showed that the campesterol compound has a hydrogen bond with a ligand
binding site on Ser250 amino acid residues (Figure. 4), one can assume that the compound can
be a protein mortalin inhibitor.
When conditions for mortalin protein cancer will interact with p53 by direct binding
[7]. This study uses PatchDock and FireDock webserver to simulate the conditions in which
the mortalin protein interacts with p53 when it has not and already has inhibitors of the query
compounds contained in black rice which are binding with the ligand binding site on protein
mortalin.

Figure 3. Visualizing the p53 complex with mortalin without bioactive compounds, the structure of the mortalin
protein is displayed in the form of transparent surfaces and cartoon structures with color cyans while the p53
protein is red.

Figure 4. Visualization of the p53-mortal-campesterol complex. The ligand binding site is displayed in the
structure of red colored spheres and green colored ligands in the sticks structure. Cyans and red colored circles
on the analysis of ligand protein interactions show the position of the ligand binding binding site amino acid
residues in the mortalin that interact with the campesterol compound.

The results of protein docking analysis which is in the form of bond energy (kcal/mol),
show that when the mortalin-p53 complex is formed in the absence of inhibitors
(Figure. 3), the attractive Van der Waals energy is -37.26 kcal/mol and +46.68 kcal/mol for
repulsive. But after there is a campesterol ligand that binds to the ligand binding site in
mortalities there is a change in Van der Waals energy (attractive and repulsive), which is -18.90
kcal/ mol and +165.90 kcal/mol respectively in the mortalin-p53 complex (Figure. 4). Van der
Waals force which consists of attractive and repulsive contributes to the formation of the value
of binding affinity and complex stability formed on a molecule when interacting with other
molecules [26].
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4. Conclusions
Based on the results obtained, this research concludes that the campesterol compound
contained in black rice has the potential as a cancer drug that has a mechanism that is by binding
to the binding site ligand on mortalin so that it can inhibit the occurrence of the mortalin-p53
complex. The bond of campesterol compounds in mortalin resulted in instability of the p53
mortalin complex which was characterized by the addition of attractive and repulsive Van der
Waals energy values so that the complex tended to be positive or repulsive.
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