Journal of Life Science 2018 Vol. 28. No. 2. 195~200

ISSN (Print) 1225-9918
ISSN (Online) 22873406
DOl : https://doi.org/10.5352/JLS.2018.28.2.195

In Silico Analysis and Molecular Docking Comparison of Mosquito Oviposition
Pheromone and Beta-asarone on the Mosquito Odorant Binding Protein-1

Dong-Chan Kim*

Department of Biomedical Laboratory Science, Gimcheon University, Gimcheon 39528, Korea
Received January 3, 2018 /Revised January 27, 2018 /Accepted January 29, 2018

Beta-asarone is the well-known active ingredient of Rhizoma acori graminei. In this study, we inves-
tigated and compared the binding affinity of mosquito oviposition pheromone (MOP; (5R,65)-6-ace-
toxy-5-hexadecanolide) and beta-asarone on the A domain of the mosquito odorant binding protein
1 (CquiOBP1) by in silico computational docking studies. The three-dimensional crystallographic struc-
ture of CquiOBP1 was obtained from the PDB database (PDB ID: 30GN). In silico computational auto-
docking analysis was performed using PyRx, Autodock Vina, Discovery Studio Version 4.5, and the
NX-QuickPharm option based on scoring functions. The beta-asarone showed optimum binding affin-
ity (docking energy) with CquiOBP1 as -6.40 kcal/mol as compared to the MOP (-6.00 kcal/mol).
Among the interacting amino acids (LEU76, LEU80, ALA8S, MET89, HIS111, TRP114, and TYR122),
tryptophan 114 in the CquiOBP1 active site significantly interacted with both MOP and beta-asarone.
Amino acids substitution (mutation) from non-polar groups to the polar (or charged) groups of the
CquiOBP1 dramatically changed the X, Y, Z grid position and binding affinity of both ligands. These
results significantly indicated that beta-asarone could be a more potent ligand to the CquiOBP1 than
MOP. Therefore, the extract of Rhizoma acori graminei or beta-asarone can be applied to the fields of

insecticidal and repellant biomaterial development.
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Fig. 1. 3D chemical structure of the mosquito odorant-binding
protein ligand MOP (A) and beta-asarone (B).
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Fig. 2. (A) Three dimensional molecular docking pattern and binding position of the MOP (yellow color) and the beta-asarone
(blue color) on the OBP1 for Culex quinquefasciatus (CquiOBP1) (grey ribbon). (B) Amino acid sequence of CquiOBP1 A
domain. Red colored amino-acids interact only with the MOP and purple colored amino-acids interact only with the be-
ta-asarone. Green colored tryptophan interacts with both MOP and beta-asarone. In silico molecular docking pattern of the
MOP (yellow color stick) and beta-asarone (blue color stick) with the CquiOBP1 active site. Three dimensional (C and E)

and two dimensional (D and F) patterns.

Table 1. List of the interacting amino acids and patterns of the MOP and beta-asarone on the CquiOBP1 active site

Interaction Alkyl

Ligands (bond length A)

Pi-Alkyl
(bond length A)

Pi-Pi T shaped
(bond length A)

MOP on the CquiOBP1 Met 89 (4.71)

Tyr 122 (5.47)
His 111 (5.19)
Trp 114 (4.99)

Leu 76 (4.18)
Ala 88 (3.98)
Leu 80 (4.98)

Beta-asarone on the
CquiOBP1

Trp 114 (5.03)
Leu 76 (5.21)
Leu 80 (4.68)

Trp 114 (5.02)
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Table 2. Binding affinity of the MOP and beta-asarone on the wild type and mutated CquiOBP1 active site

Max binding affinity Average binding affinity SEM
(kcal/mol) (kcal/mol) (n=# of binding mode)
MOP on the CquiOBP1 -6.00 -5.68 +0.29(n=8)
MOP on the mutated CquiOBP1 -5.70 -5.29 +0.26(n=7)
Beta-asarone on the CquiOBP1 -6.40* -5.73 +0.71(n=8)
Beta-asarone on the mutated CquiOBP1 -5.70%* -4.65 +0.57(n=8)

*p<0.05, **p<0.01.
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Fig. 3. Hydrophobicity surface patterns (brown color) of the MOP (A) and beta-asarone (B) on the CquiOBP1 active site. 2D molecular
docking pattern of the MOP (C) and beta-asarone (D) on the amino acid substituted (mutated) CquiOBP1 protein A domain.
Green dot line and red star represent hydrogen bonding between the beta-asarone and CquiOBP1.
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