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Abstract

QM/MM calculations based on ab initio molecular orbital theories are carried out to
investigate a possible drug against prostaglandin D2 synthetase which causes allergic
reactions in human bodies. The two ligands are selected to study the interactions
between them and the protein, from the complex structures determined by X-ray
structure analyses by Inoue et al, that is, HQL-79 and Cibacron-bule. The cation- =
interaction between piperidine of HQL-79 and indole of Trpl104, and =-7 interaction
between anthraquinone of Cibacron-blue and indole of Trp104 are found to be important.
As the result, those cation-= and =n-n interactions are considered to be a guiding

principle to design new drug for prostaglandin D2 synthetase.

Keywords: ab initio molecular orbital theory, QM/MM method, drug design,
prostaglandin D2 synthetase, inhibitor

Main Text
1. Introduction

Prostaglandin D2 synthetase produces prostaglandin in human bodies, which causes
allergic reactions such as hey fever. Therefore, it is needed to find out inhibitors against
prostaglandin D2 synthetase to control allergic reactions. The X-ray structures of the
protein and two compounds were reported by Inoue et al. [1, 2]. Here, these inhibitors,
HQL-79 and Cibacron-blue are chosen to carry out QM/MM calculations based on ab
initio molecular orbital theories to investigate guiding principle to design new drugs for

the hey fever.



2. Method of Calculations

The human prostaglandin D2 synthetase is a tetramer consisting of 198 amino acids
and two glutathione(GSH) as co-enzyme and realizes its functions as two dimers. Using
the X-ray structures of the tetramer, the QM/MM method is applied to the dimer to
evaluate the binding affinities. Fig. 1 schematically shows the QM and MM space
separation of the dimer. Figs. 2 and 3 show the molecular structures of HQL-79 and
Cibacron-blue. '

To describe the QM region, Hartree-Fock method is taken with the basis set of MIDI-4.

Fig. 1 Structure of human prostaglandin D2 synthetase and schematic illustration of
QM and MM regions
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Fig. 2 Molecular structure of HQIL-79
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Fig. 3 Molecular structure of Cibacron-blue



3. Results and Discussions
The binding energy of prostaglandin D2 synthetase and HQL-79 is calculated with the
model shown in Fig. 1. It is noticed that the interaction of Trp104 of the protein and
piperidine of HQL-79 is estimated to be -5.74 kecal/mol in the case of the QM space only
and -6.39 kcal/mol with all the atoms in the QM and MM regions. The importance of
this cation- 7 interaction is pointed out by Ma et al [3] and the values here are closed to
those reported by Subramanian et al [4]. The HOMO of the complex is shown in Fig. 4,
indicating the delocalization between Trp104 and HQL-79.

The similar results are obtained for Cibactron-blue. That is, the binding energies are
-4.61 and -117.91 kcal/mol, respectively. But, the delocalization of HOMO 1is less in
comparison with HQL-79.

Fig. 4 Highest occupied molecular orbital (HOMO) of Trp104 and HQL-79 complex

4. Conclusions

From the present calculations, the cation- = interactions between Trp104 and ligands
are a key to design the inhibitors against prostaglandin D2 synthetase. Since HQL-79 is
a inhibitor against prostaglandin D2 synthetase, it is a proper approach to modify the

side chains of HQL-79 to have stronger cation- = interactions for design of new drugs.
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