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1. 
PG H-PGDS

H-

PGDS

HQL-79

PG

X H-PGDS

native H-PGDS

1 IC50, Km, Kd

[1, 2]

X 2-3 1 HQL-

79 Mg2+ 2 Cibacron-blue Ca2+

2

2

HQL piperidine cation- π

Cibacron-blue anthraquinone π -π

2. 
H-PGDS 198

GSH

H-PGDS

X

- 2 HQL-79 Cibacron-blue H-PGDS Binding Affinity

HQL-79 piperidine Trp104

indole cation-π Cibacron-blue anthraquinone Trp104 π -π

4.5 5.7 kcal/mol

Binding Affinity

QM

MM

1 H-PGDS 4 QM/MM
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QM/MM 1

4 2

QM

MM

QM/MM

AMOSS MIDI-4

H-PGDS HQL-79 Cibacron-blue

T r i p o s

SYBYL Ver.7 Conjugate

gradient

3. HQL
1

1 HQL

HQL X

Trp104 piperidine

Cation- π [3] QM/MM

Cation-

π –5.74 –6.39 kcal/mol

Gao [4] –5.6 –9.3 kcal/mol

A.S. Reddy G.N. Sastry[5] 

indole ring NH4
+ NMe4

+

HQL NH+ Cation- π

–20, –10 kcal/mol

HQL-79 Tyr8 –1.92 , –7.93

QM/MM

2 HQL79 MO

4 5 Trp104 HQL Cation-π

HOMO 4 HQL

Trp104 Cation- π

4. Cibacron–blue
1

anthraquinone

Cibacron-blue PGDS

Cibacron-blue 3 anthraquinone Trp104

stack 2 π -π stacking ener-

gy –4.61 kcal/mol

QM/MM –117.91 kcal/mol

2 Blue MO

Blue Trp104 HOMO LUMO

HOMO LUMO Blue

N
N

N N

N

O

2 HQL-79 Mg2+

HO3S

HO3S

HO3S

H
N

N

N

CI

N

O

O

NH

NH2

NH

3 Cibacron-blue Ca2+

アミノ酸 HQL（真空中） HQL（QMMM）

Trp104 –5.74

Tyr8 –1.92

Arg14 –19.84

–6.39

–7.93

+3.24

1 HQL-79 kcal/mol

* Trp104 piperidine Cation-π

*

∆E AB E AB – E A + E B

4 Trp104 HQL Cation-π interaction

5 Trp104 HQL HOMO
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5. H-PGDS
2 HQL-79 Cibacron-blue

H-PGDS Binding Affinity Cation-

π π -π

1 HQL Trp104

Cation-π HQL

piperidine N-H + Trp104 indole inter-

action piperidine 2

HQL Tyr8 GSH GSH--

HQL --Tyr8

3 blue Trp104 Trp104 π-π

1

A.S. Reddy G.N. Sastry [5] 

NH4
+ indole 6 5

N 2.88

HQL X N

indole ring 3.97 A 3.77 D

HQL
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* Trp104 anthraquinone π – π stacking energy

6 Blue Trp104 HOMO

7 Blue Trp104 LUMO

アミノ酸 Blue（真空中） Blue（QMMM）

Trp104 –4.61

Arg14 –134.91

Tyr8 –13.16

–117.91

–124.29

–9.18

2 Cibacron-blue kcal/mol
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Research for Method of Protein Structure Analyzing using
X-ray by using Drug Design System on Computer
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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 inter-

actions 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-π interaction between piperidine of HQL-79 and indole of Trp104, and π-π interac-

tion between anthraquinone of Cibacron-blue and indole of Trp104 are found to be important. As the result, those cation-π and

π-π 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


