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[ 7] Antiviral agent discovery through computational study and calculation at atomistic level
(Hengphasatporn, Shigeta)

According to the Dr. K. Hengphasatporn’s previous study, FN5Y was used as a template to search for the
novel potent molecule from flavonoid databases using multiple virtual screening strategies that newly
develops in this study. Besides, several computational techniques, such as all-atom MD simulations,
pharmacophore-based virtual screening, molecular docking, binding free energy calculations, and FMO
method, I have also developed a program to predict the possible binding sites of structural protein using a
Python script and confirmed the results by the molecular docking method. In addition, the trajectory from
molecular dynamics (MD) simulation was analyzed the binding affinity using the integration of quantum and
molecular mechanics approaches, including pharmacophore-based virtual screening to search for the novel
potent inhibitors screening [KH4]. The inhibitory effect and binding affinity of flavone derivative (F18) are
greater than FN5Y about three-fold at 4 binding sites, which is confirmed by computational and experimental
assay [KH4].

Another study, our team reveals the inhibitory effect of phenolic lipid; cardol triene, on dengue E protein
using cell-based assay, and the binding pattern and interaction is also supported by the binding free energy
calculation. However, the time of addition study showed the series of inhibition that result indicates the
compound might disturb other proteins and some inhibitors cannot be specified the protein target based on an
experimental study. The possible targets of this compound were predicted using a homopharma concept and
network-based method as shown in my recent article [KH2].

I theoretically estimated pKa of N-containing heterocycles in DMSO by a quantum chemistry method with
a polarizable continuum model, which was previously developed for estimating pKa of molecules in water
[KH3]. Furthermore, I also calculate the permeability of middle-sized drugs through lipid bilayer using
steered MD and umbrella sampling method. Also, my research focuses on structural modeling for biological
systems, for example, to evaluate the rotation of the transient receptor potential cation channels (TRP
channels) and model the 3D structure of CDK-related protein. Recently, the fragment molecular orbital
(FMO) method has been implemented in my latest article in order to carry out the binding pattern and energy
contribution of the anti-HIV drugs on SARS-CoV2 main protease which is the cause of COVID-19 [KH1].
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Fig.5. The overview of this study. (1) FMO study of lopinavir and ritonavir on
SARS-CoV2 3CL pro [KH1l, (2) Dengue viral target identification of phenolic lipids
[KH2], (3) the estimation of acid dissociation (pKa) [KH3], and (4) the study of

multiple virtual screening strategies [KH4].
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