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Multi-scale simulation of protein-ligand binding process

Terada, Tohru
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I established a method to reproduce the protein-ligand binding process in a
coarse-grained molecular dynamics (MD) simulations. This method was applied to many protein-ligand pairs
that differ in terms of the shape of the ligand-binding pocket and the physicochemical ﬁroperties of the
pocket and the ligand. The comparison of the results suggested that the ligands enter the ligand-binding
pockets through specific pathways. Furthermore, 1 also established a method to refine the ligand-binding
pathway with all-atom MD simulations and to calculate free-energy profile along the pathway.
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PDB ID

I DAHPS 10FB 1HFB
I AST 1AAW 1ASM
1 6PGL 2J0E 3EB9
1 HAP 3IT2 3IT1
11 PNP 10DL 10DdJ
i NdRT 1F8X 1F8Y
v Lev 10YG 1PT2
v PAL 1S1A 2ARE
\% LinB 1177 1G5F
\% PGA 1PNK 1AI7
Vi KSI 3VSY 2PZV
VI PDE4D  3SL3 1Y2B

3:
x
DAHPS PEP 10 5 ps X 50
AST MA 50 2 us X 50
6PGL CA 10 5 ps X 50
HAP TA 30 2 us X 50
PNP Gua 10 5 us X 50
NdRT dCyt 15 5 us x 50
Lev sucrose 5 4 ps x 50
PAL glucose 5 1 s X 100
LinB 1,2-DCE 10 1 s x 100
PGA phenol 30 5 s x 50
KSI phenol 4 2 us X 50
PDE4D  EDPC 5 5 ps X 50

aPEP: phosphoenolpyruvate; MA: maleic
acid; CA: citric acid; TA: tartaric acid; Gua:
guanosine; dCyt: 2’-deoxycytidine;
1,2-DCE: 1,2-dichloroethane; EDPC: ethyl

aDAHPS: 3-deoxy-D-arabino-heptulosonate
7-phosphate synthase; AST: aspartate
aminotransferase; 6PGL:
6-phosphogluconolactonase; HAP: histidine
acid phosphatase; PNP: purine nucleoside
phosphorylase; NdRT: nucleoside
2-deoxyribosyltransferase; Lev:
levansucrase; PAL: Pterocarpus angolensis

lectin; LinB: haloalkane dehalogenase
LinB; PGA: penicillin G acylase; KSI:
ketosteroid isomerase; PDE4D:
phosphodiesterase 4D.
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3,5-dimethyl-1H-pyrazole-4-carboxylate.

glucose
sucrose MARTINI
Phenol tyrosine
1,2-DCE
C4
4
4.
DAHPS 127 52
AST 313 262
6PGL 45 0
HAP 769 693
PNP 128 44
NdRT 94 20
Lev 49 18
PAL 1054 1045
LinB 80 60
PGA 22 3
KSI 245 145
PDE4D 111 62
kon koff
Lev

kon =6.6 X 10% M- s1
Kot = 8.3 X 108 s-1 Kop =
7.4 X106 M1 s Kot = 6.5 X 104 1
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5:
[MmM] [MmM]

AST 19 21.7
HAP 0.2 16.3
PNP 0.8 2.97
Lev 13 8.80
PAL 0.53 98.1
LinB 2.31 196
PGA 0.82 17.9
KSI 0.135 0.187
PDE4D 0.082 0.282

AST PNP Lev KSI PDE4D

4

HAP PAL LinB PGA

10
HAP PAL
LinB
1.3 6
6
6:
[mM] [mM]
HAP 0.2 0.273
PAL 0.53 3.19
LinB 2.31 3.02
PGA 4
1

Lev
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