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ABSTRACT

Malaria is a major global health problem caused by plasmodium parasites. The alarming spread of drug resistance and its limited
availability underscores the importance of discovering new antimalarial compounds. This study aims to examine the interaction of
curcumin and kaempferol on the triose-phosphate isomerase receptor of P. falciparum strain through an in-silico trial using a structure-based
drug design method. Molecular docking was performed using crystalline protein triose-phosphate isomerase (PDB ID: 105X) from P.
falciparum TIM complexed into 2-phosphoglycerate from protein database (https://www.rcsb.org/). Furthermore, curcumin and
kaempferol compounds have better free energy binding values, which are -8.57 and -9.02 kcal /mol compared to 2-phosphoglycerate which
is -5.97 kcal/mol. Considering the value of the inhibition constant, curcumin and kaempferol compounds also had a lower value of 0.523
and 0.244 uM, compared to 2-phosphoglycerate, which was 41,970 uM. In addition, curcumin compounds have five interactions with 2-
phosphoglycerate, one of which is a hydrogen bonding interaction on the amino acid GLY171 and it interacts with the hydroxy group on the
structure of curcumin. Kaempferol compounds have six interactions with 2-phosphoglycerate, two of which are hydrogen bonding interactions
including amino acids GLY232 and VAL212 which interact with the hydroxy group on the structure. These two compounds have
antimalarial activity through competitive inhibition of 2-phosphoglycerate against triose-phosphate isomerase receptors. They are also better
than 2-phosphoglycerate when assessed from the results of hydrogen bonding interaction, inhibition constants, and types of amino acid
interactions obtained from the in-silico trial using the structure-based drug design method.
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antimalarial drugs, increased immunity of Anopheles mosquitoes

Introduction to chemicals, and the discovery of side effects of these drugs [3].

Malaria is an endemic infection caused by parasitic protozoa of
the genus Plasmodium [1]. In 2020, WHO reported that there
were 229 million cases of infection with 409,000 deaths in the
world [2]. The high number of cases was caused by the
emergence of various obstacles in the eradication of malaria.

These include the resistance of malaria parasites to available
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Currently, the growth and spread of resistance to all the first-line
antimalarial drugs used in the treatment and prevention of
malaria created many problems in the control programs [4-6].
The study to obtain new synthetic and naturally derived
antimalarial drugs is continuing. One of which is through the
exploration of active compounds from natural ingredients,
specifically medicinal plants traditionally used to treat malaria in
various endemic areas in the world. This study aims to obtain
new antimalarial compounds that have mild side effects with low
toxicity [7]. One of the active compounds from natural
ingredients that have antimalarial activity is curcumin and
kaempferol [8-10]. In a previous in-silico antimalarial study, 2-
phosphoglycerate was reported as a new substrate that activates the
glycolysis process in Plasmodium falciparum. When the ligand

interacts with the triose-phosphate isomerase receptor, a
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glycolysis process will occur in P. falciparum [11]. Therefore, new
potential antimalarial compounds should be developed by
examining the interaction of curcumin and kaempferol
compounds with triose-phosphate isomerase receptors in replacing
the 2-phosphoglycerate substrate position, in-silico using the

structure-based drug design method.

Materials and Methods

Protein and grid preparation

Molecular docking studies have been performed to investigate
protein-ligand interactions. The crystal structure of protein
triose-phosphate isomerase (PDB ID: 105X) from Plasmodium
falciparum TIM complexed into 2-phosphoglycerate was obtained
from the protein database (https://www.rcsb.org/) [11]. In this
preparation, the water molecule at the receptor was also
removed to minimize aberrations in the resulting hydrogen bond
interactions, and after the separation, further preparation was
conducted using Autodock 4.0.1 software. The receptor and
ligand were added for Kollman charge (charge added for the
receptor) and Compute gasteiger charge (charge added for native
ligand). Furthermore, the charge increased the interaction
between the ligand and receptor. The polar hydrogen was then
added to the protein molecule while the non-polar hydrogen was
added to the ligand molecule. Then each of the molecules was
stored in a protein data bank partial charge (.pdbqt) format. In the
next step, a grid parameter file (.gpf) and a docking parameter file
(dpf) was prepared by combining the data of ligand.pdbqt and
receptor.pdbt to set other docking parameters (100 GA Runs and
energy 2500000). In the final stage, redocking was conducted
using the command prompt (cmd) and interpreting the data from

the validation results of the docking method [12].

Ligand preparation

In this study, the antimalarial activity of curcumin and
kaempferol was tested using the structure-based drug design (SBDD)
method. The 105X receptor (triose phosphate isomerase) which is

known to have regulation in the glycolytic pathway was used as

the test target, while the activator substrate (2 -phosphoglycerate)
was used as a guide compound [11]. In addition, curcumin and
kaempferol compounds were drawn using Chem Draw 2D, and
energy was minimized using MM2 0.01. The results obtained
after minimizing energy are then stored in the format (.pdb).
Subsequently, preparation continued using Autodock 4.0.1 to
add compute gasteiger charge and non-polar hydrogen, which was
merged to both structures and compounds. In the final stage, grid
(gpf) and docking parameter files (dpf) were created by
combining each test compound with the target receptor [13, 14].

Molecular docking

The in-silico docking process was conducted on molecules with
105X receptors using Autodock 4.0.1 to predict the binding
affinity between the ligand and the receptor. A discovery studio
visualizer was implemented to depict various intermolecular
interactions such as hydrogen bonds, hydrophobic Vander Waals
interactions, and pi-pi interactions. Furthermore, molecular
docking involves selecting the three-dimensional active binding
site of the receptor molecule and calculating the binding affinity
and energy of the resulting orientation [15]. The bond affinity
value was determined by the highest bond affinity or the lowest
bond energy (more negative values) indicating the most favorable

conformation [16].

Results and Discussion

Identification of receptors and lead

compounds

Triose-phosphate isomerization receptor (105X) was obtained using
the X-ray diffraction (XRD) method. This method is considered
better than others such as nuclear magnetic resonance (NMR). The
receptor was obtained from the P. falciparum parasite, while the
resolution value parameter representing the similarity of the
structure was obtained with the original receptor. Generally, this
receptor has a resolution value of 1.10 A, anditis expected to be
<2 [17]. Table 1 showed the results of the identification of

receptors and lead compounds.

Table 1. Identification of receptors and lead compounds.

PDB Code Receptors Classification

Native ligand Method Organism

Resolution

105X Triose-phosphate isomerase Isomerase

2-phosphoglycerate XRD

Plasmodium falciparum 1.10A

Molecular docking method validation

The validation of the docking method conducted on the 105X
receptor emphasized the root mean standard deviation (RMSD)
value. It represents the difference in the native ligand position
before docking and after redocking (with a requirement of <2 A)
[18]. Based on the test data, the 105X receptor has results that
fulfill the requirements of having an RMSD value of 1,552.
Meanwhile, in the validation results of the docking method, the

free energy binding value for the 2-phosphoglycerate ligand is -5.97

kcal/mol, with an inhibition constant of 41.97 uM, it has
hydrogen bonding interaction on the amino acids GLY232, GLY173,
ASN233, THR172, ALA234, VAL212, and non-hydrogen bonding
interaction on SER211, LYS12, and GLY171. The value of the
results was used as a standard to assess the antimalarial activity of

the test compounds in molecular docking screening [19] as seen
in Table 2.
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Table 2. Molecular docking method validation

Receptors Amino acid Free energy Inhibition RMSD
(Resolution) interactions (AG Gibs) constants (uM)
105X GLY232, GLY173, ASN233, THR172, ALA234, VAL212, o
-5.97 kcal/mol 41.97 uyM 1.522 A
(1.1OA) SER211, LYS12, GLY171

Virtual compound screening test

The results showed that the curcumin and kaempferol
compounds have better free energy binding values of -8.57 and -
9.02 kcal/mol compared to native ligan 2-phosphoglycerate, which
is -5.97 kcal/mol. This indicates that the smaller the binding free
energy value, the lower the activation energy. Therefore, the
potential for interactions between compounds and receptors
takes place more quickly (spontaneous reactions) [13, 20, 21].
Based on the value of the inhibition constant, curcumin and
kaempferol compounds also had lower values of 0.523 and 0.244
uM compared to native ligand 2-phosphoglycerate, which was
41,970 uM. These values represent the ability of the test
compound to inhibit receptors or enzymes, where a relatively
low value is considered to have great power. This is because a

low concentration can sufficiently have a large inhibitory ability

[22]. Besides considering the value of free energy binding and
inhibition constants, one of the parameters to determine the
activity of a compound is the interaction between the structure
and amino acids at the receptor. Furthermore, the curcumin
compound has five interactions in common with the 2-
phosphoglycerate, and the hydrogen-bonding interactions on the
amino acid GLY171 interact with the hydroxy group on the
structure. The kaempferol compound has six interactions with
the 2-phosphoglycerate, two of which are hydrogen bonding
interactions including GLY232 and VAL212. These amino acids
interact with the hydroxy groups in the kaempferol structure.
Hydrogen bonding interactions are reversible and relatively stronger
than other types [23, 24]. Table 3 along with Figures 1 and 2
showed the results of the interaction of kaempferol and curcumin

with the triose-phosphate-isomerase receptor.

Table 3. Virtual compounds screening test.

Compounds

Amino acid interactions

Free energy Inhibition constants
(AG Gibs) (uM)

2-phosphoglycerate
(Native ligand)

Curcumin

GLY232, GLY173, ASN233, THR172, ALA234, VAL212,
SER211, LYS12, GLY171

GLU165, LYS12, GLY171, LYS237, ASN213, HIS95, ASN233,

-5.97 kcal /mol 41.970 uM

-8.57 kcal/mol 0.523 uM

ALA234, GLY232, VAL212, LEU230, VAL231, GLY210, GLY209

GLY232, VAL212, GLU165, GLY209, GLY171, ALA234,

Kaempferol
VAI231, HIS95

LEU230, GLY210, ASN233, SER211, ASN213, LYS12, ASN10,

-9.02 kcal/mol 0.244 uM

Description:

Hydrogen bonding interaction

®  2-phosphoglycerate: GLY232, GLY173, ASN233, THR172,
ALA234, VAL212.

e  Curcumin: GLU165, LYS12, GLY171, LYS237, ASN213.

e  Kaempferol: GLY232, VAL212, GLU165, GLY209,
GLY171.

Similar interactions between curcumin and kaempferol with 2-
phosphoglycerate represent the activity in binding to 105X
receptors. The interaction in the two test compounds with the
active site of the 105X receptor can competitively prevent the
activation of these receptors by 2-phosphoglycerate (a competitive
inhibitor) [25, 26]. Furthermore, this mechanism can inhibit the
glycolytic pathway in P. falciparum [11]. The in-silico comparison of
the two test compounds considered kaempferol to be better than
curcumin judging from its lower free energy binding, lower
inhibition constant, and a large number of specific hydrogen-

bonding interactions.
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Acceptor B
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Figure 1. Kaempferol interaction with triose-phosphate-
isomerase receptors. a) 2D visualization; b) 3D visualization.
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Figure 2. Interaction of curcumin with triose-phosphate-
isomerase receptors. a) 2D visualization; b) 3D visualization.

Conclusion

This study showed the antimalarial activity of curcumin and
kaempferol compounds through competitive inhibition of the
native ligand 2-phosphoglycerate against the  triose-phosphate
isomerase receptor (105X). Furthermore, these compounds are
better than native ligand 2-phosphoglycerate considering the results
of hydrogen bonding interaction, inhibition constants, and types of
amino acid interactions obtained from in-silico using the structure-

based drug design method.
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