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Protein-ligand interaction energy analysis between anti-trypanosome
drug candidate and target protein using fragment molecular orbital

NOBUAKI YASUO™ YOHSUKE HAGIWARA™
KAZUKI OHNO™ MASAYA ORITA™® MASAYUKI INOUE™
SHIGEHARU HARADA™ TERUKI HONMA™ INAOKA DANIEL KENT
KIYOSHI KITA™ MASAKAZU SEKIJIMA 2

RYUNOSUKE YOSHINO'!

Abstract : Chagas' disease caused by Trypanosoma cruzi is known as neglected tropical diseases (NTD’s). To develop effective
anti-Trypanosome drug, we remarked dihydroorotate dehydrogenase which assumed synthesis of orotic acid and studied inhibitor
of the enzyme. Although X-ray structure of target protein with inhibitor is clarified, important protein-ligand interaction is not
determined for elucidation of inhibition mechanism. Then, in this research, we analyzed interaction energy between target
proteins and inhibitors using fragment molecular orbital method. As a result, it was revealed that hydrogen bonding with Lys and
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Asn was important. It is expected that these results are useful for anti-Trypanosome drug design.

Keyword : Tropical diseases, Trypanosoma cruzi, Dihydroorotate dehydrogenase, Fragment molecular orbital method

1. OOoOno

gooobooobobobooboobobobobobbo
gobooboooboobobooboobooboobooon

1 000000 OO0OoOoOoooooOo
Global Scientific Information and Computing Center, Tokyo Institute of
Technology, Meguro, Tokyo 152-8550, Japan

2000000 Ooooo
Department of Computer Science, Tokyo Institute of Technology, Meguro,
Tokyo 152-8550, Japan

3 00000000000 0OO0O0O0O0O0O0oo
Chemistry Research Labs, Drug Discovery Research, Astellas Pharma Inc,
Tsukuba, Ibaraki 305-8585, Japan.

40000000 000000
Graduate School of Pharmaceutical Sciences, The University of Tokyo,
Bunkyo, Tokyo 113-0033, Japan

500000000 000000
Graduate School of Science and Technology, Kyoto Institute of Technology,
Sakyo, Kyoto 606-8585, Japan

t6 0000000 000000000
Graduate School of Medicine, The University of Tokyo, Bunkyo, Tokyo
113-0033, Japan

2013 Information Processing Society of Japan

gboooobooobooboboobooboboooo
00Oo000doO0oobDOo0ObOobOOoobOoboboOoooon
000000000000 OoDOO00 Trypanosoma cruzi
(Teruziy 00O ODOOODOOOODOOODOOODOOOO
000000 20000000000000001MO00
1500 0000000000 DOObOODOOoOrRO
000000000 DOO0ODOO0DOO0o0DbOOoooOooDoa
o0DbO00o0ODb00ob0bO000ObO0O0 Xoooobooo
000000 pBuooOoobOooOoooooboooon
gboooobooobooboboobooboboooo
O0OO0000d00O0O0DOoODbOoOOoOobDOooOoOoooon
gboooobooobooboboobooboboooo
O0OO0000d00O0O0DOoODbOoOOoOobDOooOoOoooon
gboooobooobooboboobooboboooo
oboo0odobO0oobOoobOobooboboboboooo



oooooooooo
IPSJ SIG Technical Report

gobooooobobobooboooboobobobbooboo
goboobooobobobooboobobbobbooboo
gobooooobobobooboooboobobobbooboo
goboobbooboobbuobo-=oobb0oOoboDbOoo
goboooooboboboboooboobobbooboo
gobooooobobobooboooboobobbooboo
g (FMO) 4lj0oobobobbooooooboboogooo
gobooooobobobooboooboobobbooboo
goooboooboboooboon

2. 0O0O0oooooooood

21 O00OOOOODOOOOOOO
gboooobooboobobooboboboboo
gobooboooboooboooDb (bHODH) DOdOoOO
go00oo0o00ooooon denovo DOOOOOOOO
goooooobobobooboooboobobbooboo
gooobooooooooog 1™

(o]

0
e DHODH | W
—
o LA ot L
” 0 E 0
(v] 0

Dihvdroorotic acid

010000000

Orotic acid

goobD0O0 DNAOOODODDOOOODOORNA O
goboobooobobobooboobobbobbooboo
T cruzi 3 DHODH 00 X O0OO0OO0OO0OOO0OOOOODOO
0000 DHODH-OOUODOOO Teuzi OOOO0OODODO
gbooooooboboOopBsObHODH DO0O0oooogn
goooboooboboooboob

DHODH 0000000000000 O00DOOFMNO
obD0o0obD0O0Ob0OFMN ODOO0D0O0ODOOFMNHO
gooooo 20000000000D00000D0OO
gob00o0o0oonb 30 DHODH DO0O0OO0OOO0OOO0OD0OO0O
gooobooobooooooooobooboooooobooo
O FMN OODOOO »n-r OOD0OOO0OOO0OODOODOO
gooooboobooooooooobooboooooobooo
goooobooobD FMN ODOOD0OOO0ODOOOODOOO
goooooooboboobboO0odg 30000 DHODH O
goboobooobobbobooboobbOiLligand OO
goboooooboboboboooboobobbooboo
gdodod DHODH ODO0O0OOoOOoOOODOO0OO0OO000
DHODH DO 0OD0OOO0OOOD0OODOO

22 OOOO0OO

gobob FMO ODOOO0ODOOOODOOODOFMO O
0 1999 0000000000000 Schrédinger O 0O O

2013 Information Processing Society of Japan

Vol.2013-MPS-96 No.5

Vol.2013-BIO-36 No.5

2013/12/11
gboooobooobooboboobooboboboo

Ligand 0000000000 ODOOO0ODOOOODOO
gboobooboboboobo 4mFMOODDOODOOO

gboooobooobobobobooboboboboon

gboooobooobooboboobooboboon
O0O0O0OO0OO0OFMO OD0OD0O0OODO Gordon O Schmidt O O

HO HO
HO HO
oH oH
[+] Q
| |
HO—P ——OH HO—P ——OH
I I
o o
{7 (FMN) EIER (FMNH,)

Oz200000000000D0O00OO0

Trypanosoma cruzi DHODH

PDBID : 2E6A —_
e

0O 3.DHODH OO0 O0OD0O0O00O



oooooooooo
IPSJ SIG Technical Report

goooooobobobOobooobOo0b GAMESS[6]
goooooon

g
o -9%‘
5 : g I/ =
k(ﬁa “a%_g & TE/EETRE
o7 ' 2 - BT
%5 Frag. 4 Woi
&
Frag_ o F‘,ag_e

04 00D00O0O0OOODOOD

OO0D00O000DOOFedorov OO O0OOO Pair interaction
energy decomposition analysis [7] OO OO 0O0O0O00O0OO0O
O Facio[8] UODODOOO sOD000DOOOODOODO
000 Ligand DOOD0OOODOOODODOOODODOOO
gobooboooboobooboobobobooboobooo
o000 NODOO cOoOobooboooboobooo
Ligand 0000000 D0OOPDB OODOODOOODOOO
0000000ODO0O0ODOOO0OD0O0OD Ligand O Lys401 O
Phe408 0O DODOOODOODOODO

=
A

(kecal'mol) —ip=3eH @ =

L | o

L ||
Lys401 | i
5113 | Phe 408

] -29.16
fiiilh . 757 A hEE

O s5 0000000 (kcal/mol)

FMO OD00O0OD0OO0ODO0ODOOOLigand ODDOOOOODO
gobooboooboboboobooboobobooboobon
goooooobmoboooooDoobd e OO0
00 m-cation, CH-n U0 0OOO0OO00O0OO0DOO0OOOO
goooooboobooboboooboobOoboOd DHODH
gobooooboo FPMO ODOODOOODOOODO
O0Ligand 0000000 OO0DOOODOOOODOODO

3. ooooooaoao

gooboooobbooobbo0od DHODH OO
gobooooobobobobooobobobobbooboo
goboobooobobboboonD Discovery Studio O U
gobooobooboonog FMO DO0O MP2/6-31G O
gooog

3.1 DHODH-OOOOOODOOOOO
goob0O0 DHODH D0O0O0OO0OD0OOO0O0O0DOO0O0

2013 Information Processing Society of Japan

Vol.2013-MPS-96 No.5

Vol.2013-BIO-36 No.5

2013/12/11

gboooobooobooboboobobobobooon

FMO O0OO0O0O0OODOOOOODOOOO e DOODOO

00O 0OLys43, Asn67, Asnl94 0000000000000

oobooooDb Asn0DO00O0ODOOO0OO0DOOOO0OC0OO

gooo0oooooObb0O0o0oobobODbO0o00n0 FMN 00 rn-rm
00000 -6.29kcal/mol DO OODO

| s N cpcons *

| e )
; Lys43 Asn67

-13.02 3
- -33.71
[] A =+
I

20 I-:MN
Asnl194 02
%0 -24.79

0O 6.DHODH-ODOOOOODODOODOODOODO (keal/mol)

.,—"‘ﬂ-._\_\_\_“

=~

A :-:‘_ s ’-};-: . . \,”
Y S P

| > _/ '
P — | S SR,
‘N { ll

J

Donor —— Acceptor

[ FMN )

07 000000000

w



oooooooooo
IPSJ SIG Technical Report

goobooooboobobooboboboobooDbo
o000 7 0000Asn67,Asnl94 ODO0O0O0OO 20000

HO
R
o} NAO
H
@\/\. F>|/©\/\ r \Q\/\ ) N%\@/\ {
: ! ]
Comp. 1 Comp. 2 Comp. 3 Comp. 4
3 L
F. o]
j@\/\ . I;\/\ b \@\/\ 8
Comp. § Comp. 6 Comp. 7 Comp. 8

Comp. 9 Comp. 10 Comp. 11 Comp. 12
O, OH "'\0
C|’©\/\ &\/\ m/\ m\/\ )
Comp. 13 Comp. 14 Comp. 15 Comp. 16
&i |
ot OO, OCC.
Comp. 17 Comp. 18 Comp. 19 Comp. 20
U/
o | | o
0
Comp. 21 Comp. 22 Comp. 23 Comp. 24
=~ 0Oy OH = ¢
0
HO N
Comp. 25 Comp. 26 Comp. 27 Comp. 28
Comp. 29 Comp. 30 Comp. 31 Comp. 32
o
Fuy O
! @\/\ '@\/\ ’@\/\ ¢
F J | -
- " g T~ N kom/\: £
Comp. 33 Comp. 34 Comp. 35 Comp. 36
o - o o
o, A, o Tou,
o I~ I B !
Comp. 37 Comp. 38 Comp. 39 Comp. 40
0 oH
ey Clogr OB
Comp. 41 Comp. 42 Comp. 43

O 8 00ooooooooon

2013 Information Processing Society of Japan

Vol.2013-MPS-96 No.5
Vol.2013-BIO-36 No.5
2013/12/11
gbooooboooboobobooboboboboon
gbooboobooobOO0OO0ODHODH ODO00O0o00a4an
gbooooboooboobobooboboboboon
gbooboooao

32 DHODH-OOOOOOOOOOOOOOO

Ud DHODH OUOOO0OO000O0DOOO0OO0O0ODbO0O00
gbooooboooboobobooboobobooo
Ub 43 00000O0DHODH DOOOOO0OOO0OO0O0DO
gbooomoboooboobooboobg soooo
ooooOOoOoooooboooooobooobooog (o
000 ooooboooboob0o4 00000
00 Lys43,Asn67,Asn194, FMN OO0 000O0O0000O O
1000000000000 4000000000000

0 1.DHODH 0 00O0000000D0O0ODO (kecal/mol)

PDBID Compound Lys43 Asn67 Asnl194 FMN

3WIR 1 -11.40 -36.98 -25.47 -9.64
3WIT 2 -10.26 -35.07 -23.67 -8.39
3WIU 3 -11.01 -36.88 -30.16 -8.92
3WIX 4 -12.89 -38.06 -24.23 -9.78
3w2J 5 -1.78 -40.08 -25.61 -10.69
3W2K 6 -9.97 -39.10 -26.14 -9.37
3W2L 7 -13.14 -35.55 -24.46 -8.65
3W2M 8 -8.87 -39.46 -26.45 -10.48
3W2N 9 -13.00 -39.49 -27.22 -8.41
3wW2U 10 -5.28 -37.27 -24.90 -9.33
3W30 11 -14.69 -36.40 -28.38 -1.77
3W22 12 -12.59 -37.19 -27.71 -8.49
3w23 13 -8.46 -37.26 -24.82 -9.77
3W6Y 14 -14.43 -34.32 -25.60 -8.09
3W7C 15 -14.39 -36.21 -25.72 -8.73
3W7D 16 -15.93 -38.93 -28.17 -7.48
3W7E 17 -12.63 -39.04 -27.31 -8.50
3W7G 18 -2.71 -39.69 -23.95 -10.71
3W7H 19 -12.81 -38.30 -24.42 -8.36
3W7I 20 -16.99 -34.75 -23.45 -8.51
3W7J) 21 -10.24 -39.80 -27.15 -9.62
3W7K 22 -17.90 -34.85 -29.04 -7.66
3W7L 23 -5.54 -39.55 -24.21 -9.74
3W7M 24 -11.72 -39.73 -26.86 -7.00
3W7N 25 -13.58 -40.59 -26.87 -1.37
3W70 26 -11.13 -37.11 -25.37 -9.26
3W7P 27 -8.50 -37.28 -25.71 -9.76
3W7Q 28 -13.21 -32.89 -26.72 -7.85
3W70 29 -17.93 -31.13 -27.90 -4.56
3W71 30 -14.88 -37.71 -25.69 -8.27
3W72 31 -15.76 -38.29 -30.00 -8.21
3W73 32 -12.73 -39.97 -29.00 -8.74
3W74 33 -10.35 -33.38 -27.55 -10.09
3W75 34 -17.08 -40.20 -29.55 -8.96
3W76 35 -15.64 -39.26 -28.43 -9.97
3W83 36 -16.05 -25.20 -25.57 -6.43
3W84 37 -10.78 -34.59 -24.88 -7.99
3W85 38 -13.72 -34.61 -29.44 -8.75
3W86 39 -11.87 -42.10 -29.49 -8.79
3W87 40 -15.37 -39.60 -27.92 -8.41
3W88 41 -13.33 -39.38 -29.22 -9.34
4]1D4 42 -16.41 -38.66 -29.45 -8.39
4JDB 43 -14.67 -36.77 -26.81 -8.33



oooooooooo
IPSJ SIG Technical Report

goooooboooooooooooobooobooobooo
Asn67, Asnl94 OO 0OO00OOO0OOOOOOOOOOO0
gobooooobobobooboooboobobobbooboo
goboobooobobobooboobobbobbooboo
goooooobobon 20000 00O 2500000
goooooobobobobooobobobobbooboo
gobO00 Leu 71, Cys130 DO ODOOOO0OOOODOOO
o000 90000 50 Leu7l,Cys130 DOODODOODO
UO00OLew7l OOOO0ODODOOO SsOO000O0DO0OOOO
goboooooboboboboooboobobbooboo
Cys131 0 o O0OO0OO0O0O0O SOO0DOOOO0OOOOOODO
U000OCHr OOOODOO0OODOOO0ODOODbOOOOODn

0 2.DOHD D0OOO0OO0OO0D0OO0DOODOOADO (keal/mol)

PDBID Compound Leu71 Cys130 Lys214
3WIR 1 -4.72 -3.73 1.72
3WIT 2 -0.21 -2.23 3.17
3W1U 3 -6.26 -3.04 0.17
3WIX 4 -8.46 -5.50 2.66
3w2J 5 -4.12 -5.18 -11.89
3W2K 6 -1.98 -3.11 0.26
3W2L 7 -4.33 -3.12 441
3W2M 8 -3.99 -5.60 -7.13
3W2N 9 -7.81 -2.45 -2.00
3W2U 10 -5.17 -4.55 -7.48
3W30 11 -1.22 -2.66 2.84
3wW22 12 -2.90 -1.21 0.46
3wW23 13 -1.54 -3.76 2.78
3W6Y 14 -4.68 -3.31 5.73
3W7C 15 -6.27 -2.85 3.13
3W7D 16 -5.91 -1.86 0.58
3W7E 17 -5.96 -3.14 1.59
3W7G 18 -8.16 -2.78 0.69
3W7H 19 -3.28 -2.05 1.51
3WTI 20 -5.29 -3.82 2.58
3W7J 21 -4.19 -3.98 1.88
3W7K 22 -3.15 -0.70 -3.67
3W7L 23 -4.29 -3.99 1.06
3W7M 24 -4.63 -3.38 4.99
3WTN 25 8.04 -2.92 1.93
3W70 26 -3.65 -5.00 2.05
3W7P 27 -1.38 -3.94 -13.55
3W7Q 28 -7.88 -1.37 -1.95
3W70 29 -5.37 -1.67 -0.07
3W71 30 -3.51 -2.87 5.48
3W72 31 -2.86 -3.52 0.78
3W73 32 -7.66 -3.56 -1.02
3W74 33 -2.60 -5.09 -3.62
3W75 34 -5.89 -4.04 3.53
3W76 35 -4.05 -3.87 4.56
3W83 36 -3.24 -1.40 0.84
3W84 37 -7.55 0.89 4.40
3W85 38 -5.11 -3.29 -0.12
3W86 39 -6.19 -0.43 6.61
3W87 40 -8.75 -2.18 -3.40
3W88 41 -7.43 -0.79 -4.98
4JD4 42 -5.37 -4.44 -1.31
4JDB 43 -7.65 -6.26 1.24

2013 Information Processing Society of Japan

Vol.2013-MPS-96 No.5
Vol.2013-BIO-36 No.5
2013/12/11

0 9.000 50 Leu7l,Cys130 00000 O (keal/mol)

010000 2700000



oooooooooo
IPSJ SIG Technical Report

goooooobO ys214 000000000 O0O 27
U Lys214 DO00OO0O0DOOO0OOODOOODOOOOODOOO
oo 5,810, 0 Lys214 O0OOO0O0OOOOO0O 10000
U227 go00oboboboobooobobobobooboo
goboobooooooDbO ys214 0D0O0OOOOOO
gob0o0d0Oys214 OOO0OOO0ODOOODOOOOODOOO
go000 Ligand OOOODOOOOODOOODOOOO

gopooo 27 00b0bo0obobobooboooobg
goboobooboobooDb bOoo 21 000 Lys214
gooooobooobb0oo nooOoQg 21,270
Lys214 OO0 000000000 210 2700000
goboooooboboboboooboobobboboo
027 000ys214 O0000O00O0ODOOOODOOOO
goboooo 27 00b00b00obboobobboooo
Lys214 O Ligand OOD0OOO0O0DOOODOOOODOO
gobooooobobobooboooboobobbooboo
goooobooog

O 11. 000 21,27 O Lys214 ODO0OO

4. OO

FMO DO00OO0D0OOOOO0OOOOOODODOOOODODOO
UoO0000 Lys43, Asn67, Asnl94 U0 OO 0O OFMN O
- 00000000 000000 Lew71 ODOOO
ob000,Cys130 0 CHr OODOODOODOOOODOOODO
goboobooooobobobon ys214 0000ODO0OO
goboooboboOoobOoobboOoO0Ob Ligand ODODOO
oo0ooDO0o0o0O0o0o0o0om 12000000 Lys OO
go0oooobbAss O00ODODODODODOOOOOOOO
Lew71 OOOOO0O0CDODOOOO0OCDODOOOOODO Cysl130
goobb00o0o0oo0obb0000 DHODH O0ODODOO00
goooobooobooooooboooboobooobooobooo
goooooboboboobooboboboooo

2013 Information Processing Society of Japan

Vol.2013-MPS-96 No.5

Vol.2013-BIO-36 No.5

2013/12/11

CH-n 00000000000 DOO000ODbO00ODbO0On

oobooooboooobooboobooooooooon

gob000o00b0b0000b0b000 DHODH OO0

oobooooboooobooboobooooooooon

gboooobooobooboboobooboboon

gbooooboooboobobooboboboboooo
gbooboboboobooobg

0 12. 000000000000 DOO0OO0bOOOO0ODO

Acc : Acceptor, Don : Donor

Aro : Aromatic, Hyd : Hydrophobic
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