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Computer Aided Molecular Design of Materials and Drugs
Supot Hannongbua
Chemistry Department, Faculty of Science, Chulalongkorn University, Bangkok, Thailand

The project under the TRF senior researcher scholar contains three parts of research
activities, biological science, material science and human resource development.

Biological Science

The propose of this work aims at the HIV-1 and influenza viruses. At HIV-1, molecular
dynamics (MD) simulations were applied on the C,, derivatives binding to the catalytic pocket of
HIV-1 protease with aiming to find the new potent inhibitor. Based on, the fundamental data of drug-
target interactions and binding free energy (AG}”." ), the selected C, derivatives were proposed as the
new anti-HIV agents. At this target, a large set of natural product was screened by docking procedure
to discover the bioactive compounds against the HIV-1 protease. Besides, we focused at the method
development on the AG,}M , calculation with higher accuracy and in good agreement with /C,, from
experimental data.

For influenza, the MD simulations were used to investigate the inhibitory activity and
mechanism of the available anti-influenza drugs toward the neuraminidase (NA) and M2 of H5N1
virus. The results were analyzed in terms of drug binding, hydrogen bond interaction and AG,, , as
well as the structural change between wild-type and mutant strains. It was found that the calculated

G,,, values were in correspondence with the experimental /C,, and K, values. At hemagglutinin
(HA), the binding specificity between different HA strains and host cell surface was studied. In
addition, the investigation on the three HA cleavage loops (high pathogenic H5, and low pathogenic
H5 and H3) binding inside the furin protease was carried out using MD simulations. The mechanism
details on cleavage process between HS5 and furin were further studied by higher accuracy method,
QM/MM. The evaluated energy barrier agreed well with experimental k. Moreover, the 3D
structures of NA, HA and M2 of influenza A HIN1-2009 were built by homology modeling, where
the inhibitory activities of oseltamivir and adamantane drugs were calculated. At last, the oseltamivir
efficiency against the probable HIN1-2009 mutants was predicted.

Material Science

The adsorption and diffusion behaviors of guest molecules in zeolites were investigated.
These behaviors of guest molecules in metal organic framework (MOF) are now focused for the
petrochemical applications. MOF can be used not only for the hydrocarbon storage and also for
carbon dioxide adsorption in order to reduce the environmental problem. The results show the
adsorption sites of gases in the pores of MOF, including their arrangement and adsorption energy.

Human Resource Development

To create human capacity as well as to transfer methodological know-how from central to
other Universities, two activities were organized annually, ;) Summer school: focused to promote and
encourage young generation (more than 100 students each year) to learn and practice more detailed
basic and new knowledge from senior researchers in the field of theoretical chemistry both from
Thailand and outside and ii) Annual Symposium: aimed to get together among researchers in the
group as well as those in related fields (100-200 participants each year) in order to present progress
reports and exchanges their research experiences.

Outputs

During 3 years of this research grants, the following outputs were achieved: 27 papers in
international journals with the total impact factor (IF 2010) of 75.795; 25 young and mid-career
researchers; 3 M.Sc. students; 2 15 contributions in the national and international conferences (8
posters, 3 invited lecturers and 2 plenary 2lecturers) and organize and/or co-organize 3 summers
school and 3 annual meeting).
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