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Anti acetylcholine esterase activity

(T.R. Fukuto et al, 1956)

x&_\ —

plso: p-NO, > p-SO,Me > p-Cl > p-Bu

(o,= 0.78, 0.72, 0.23, -0.29)

3.0

2.0

Linear Free-Energy Principle (1)

Louis P. Hammett, Physical Organic chemistry, McGraw-Hill, 1970
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Fig. 11.5 Comparison of specific rates for mercuration
Of substituted benzenes with ¢* constants.




New Azole Fungicides

launched in 1994
from Kureha Chemical
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Ipconazole Metconazole
(Techlead ) (Caramba)

Seed treatment on rice Foliar treatment on cereals

"Bakanae" disease Rust

Helminthosporium leaf spot Powdery mildew

Blast Septoria
Fusarium

Ergosterol Biosynthetic Pathway
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Azole-type Fungicides
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Fluotrimazole
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Diniconazole Flusiconazole

Metoconazole Ipconazole

Generalized Substructural Pattern in Azole
Fungicides and Design Principle of New Analogs
(Kumazawa et al. 1984)

"Generalized" Model Design Principle

A HO P
@ - @ d:\ c HZB_ \;N
CH

CytP450, 0, CytP450,

A : "Hydrophobic" moiety Conformationally fixed "A",
often with OH. and "flexible" rings.




QSAR (1)

plCs, = steric parameters log P log P2
=-0.833L,-0.711W - 0.435D + 2.896 log P — (0.356 log P)? +8.735

(n=16,r=0.938, S =0.237, log P°rt = 4.07)

G.f (in vitro)

3D Shape Comparison with that of Precedent
(Chuman et al. 1985)

"Metconazole (1S, 5R )" Diniconazole(R )
(Sumitomo)

Circled atoms are used in 3D
superposition with the flexible fitting
method similar to

the least squares procedure.




QSAR (II)

I =0when (Ry, Ry) = (H, H)
I =1when (R, Ry) ¥ (H, H)

plCs, = steric parameters indicator variable
log P log P2

=-0.790L,-0.270 D +1.012 | +3.350 log P - 0.471 (log P)2 + 6.145
(n =30, r =0.966, s = 0.245, log P°P! = 3.56)

G.f (in vitro)

“Structure”

5000 equations

(Hammett o, =, TaftEg, ...)

Hansch-Fujita
: Quantitative Structure-Activity Relationships)

log(1/C)=aoc+bm+cE,.




Three Dimensional QSAR

Ligand - Receptor Interaction

Complementarily

Similarity mm)  Electrostatic Field
Steric Field

Voronoi Field Analysis (3D QSAR)

Classical QSAR

Metconazole derivatives plCso = (steric parameters) + (indicator variable)
2
(in vitro, Gibberella fujikuroi) * (log P) + (log P)
=-0.790L, — 0.270D + 1.012I + 3.350 log P
—0.471(log P)2 + 6.145
n=30, r=0.966, s=0.245, log P°Pt = 3.56

Voronoi Field Analysis

\

3

giid plCso = (steric field) + (log P) + (log P) 2

= 0.928Zste; + 2.505log P — 0.337(log P)2 + 1.795
n=30, r=0.977, s=0.198, S,=0.398, log P°Pt=3.72

Zste3 = (steric parameters) + (1)

=0.714L, - 0.270 D + 1.2711 + 5.052
n=30, r=0.966, s=0.221




E Classical QSAR }

LFEP
for “Congeneric” Series

wose

Structure — Activity Relationship

“Structure-Pattern” — Activity Relationship

Binding mode of metconazole

fluconazole Hydrophobic 1 Hydrophobic 2
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Hit from Combinatorial / HTS Universe

2D World

High Performance
Cc nputing Environment

/
W

Molecular calculations / simulations
Informational Sciences

Platform for Drug Discovery

for Hit from Combinatorial / HTS Universe

Filtering / Data mining Phamacophore
Overlap scoring / Clustering Mapping / Docking
Kohonen mapping calculations
Drug-likeness

Candidates
for Docking

Exhaustive
Conformational
Analysis

Scoring based on AG

Hitlist

3D-Drug

2D-D . .
o Libraries

Libraries

Data Grid

Parallel computing on Grid with special purpose LSlIs

Exhaustive Conformational Analysis : SOM Replica-exchange MD
CONFLEX, Xsi, GAMESS Parallel data treatment Ab initio FMO




High Throughput Computing
for Drug Discovery

A. Parallel Computing

B. Special Purpose Machine
C. Combinatorial Computing Using GRID

Large Scale Molecular Calculations
Utilize QSAR / Informational Chemistry
Large Scale DB for Drug Design
Application for HIV-virus Inhibitors

N~

Platform Architectures for Logic

Embedded High-Performance Computing
(1999-)

Sponsored by Ministry of Education, Culture, Sports, Science and Technology

Current System

11



Special Purpose Computer

:
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* Molecular Mechanics

* Molecular Orbital

* Density functional theory
* Fluid dynamics

Grid Technology for Drug Discovery

Combinatorial Combinatorial
Computing “ and HTS

Peta Scale Data Processing !

Exhaustive computations for enormous cases
# mol > conformation > configuration > temperature >< pH,,,

oW -

Cluster & Grid

12



Grid and Parallel Applications

» “Typical” Grid Applications
— Parametric execution: Execute
the same program with
different parameters using an
large amount of computing
resources

— Master-workers type of parallel
program

« “Typical” Grid Resources En

— A Cluster of Clusters: some
PC Clusters are available

— Dynamic resources:
load and status are
changed time-to-time.

— Special computing resources
like GRAPEG

Gird Network for Drug Discovery Project

Univ. of Tsukuba ! wide-area network | AISTI

Control & monitoring  Development of large-scale == =
= *Scheduling and  ab-initio MO , MD / MC —
= X monitoringof Ll e

... computations

= ¥ -distributed data base

= management

compas *Design of Grid

middleware

Toyohashi Inst. of Tech. I

Tokushima Univ. & {

Fuii R h Institut Cluster for CONFLEX
ujl keésearch Institute development of conformation search

Structure Based Q
3D structure database

program (CONFLEX)

Database
for calculation results
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High Throughput Computing
for Drug Discovery

1. Large Scale Molecular Calculations

Exhaustive Conformational Search (Conflex / Xsi )
Replica Exchange Molecular Dynamics (REMD)
Ab initio Fragment MO (FMO)

2. Utilize QSAR / Informational Chemistry
3. Large Scale DB for Drug DB
4. Application for HIV-virus Inhibitors

Conflex
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123 456 7 8 910111213 14 15 16
No. Slave Processors

Speedup

No. Slave Processors 1 2 3 4 6 8 12 16

21 E
j 4

Elapsed Wall Time (h) 2151 1081 736 573 397 3.1 236 195
ReactionlCoordinges Efficiency (%)* 10000 99.48 97.38 93.87 90.29 8589 75.93 69.09
Sgeedugh 100 199 375 375 542 6.8 9.11 1105

2 Efficiency = (Search Tim e for single CPU used) / (No. CPUS) * (Search Time for each No. CPUS uged).
® Speedup = (Search Time for single CPU) / (Search Time for each No. CPUs used).

Reservoir filling algorithm




Xsi (ku-su-shi: . Pharmacist )

® MMFF Force Field

® Exhaustive Conformational Search

® Docking Calculations

® Normal Mode Analysis / MD / Monte Carlo

B Generate 3D Descriptors g 7 3
B Superimposing Facilities E; 18 /
W Similarity / Cluster Analyses 6 A
4
@ Configurable by Scripts 20:2 R s

‘nghly Para”eled (On PC Cluster) Number of Processors

REMD (replica exchange molecular dynamics)

Accelerating conformational sampling and Parallelizing Molecular

Simulations
A set of MC/MD simulations are performed  Sampling efficiency of the system
simultaneously and independently with subverted ergodicity can be
for a given steps enhanced by Replica Exchange

Method.

g

7 X Conformation)

X i+1

MC step

Xi ‘{
_ Every pair of adjacent
B;i Higher Bi;éml_o:rlaetrure temperatures are exchanged
temperature p with the probability
YBeject

Accep satisfying the detailed
X ¥ xXin balance condition.

e
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REMD (2)

\ﬁﬁrgwﬁa Hp-;‘.*l*.'ﬂ'#'urrnm -

™

Fig.1 Time series of the potential Fig.2 The sampling rate as a function of
energy and structures the num. of cpu’s

* Object-oriented framework

— Extensible through combination with various force field
implementations and Grid middle-wares

* Combined with NAMD package (CHARMM force field)

— Efficient secondary structure sampling and evaluation of
thermodynamic properties through WHAM

— Parallel efficiency 94% MPI

Ab initio Fragment MO for Biological Polymers
(FMO)

Problems in current MM and ab initio MO methods

MM: Unreliability in estimating interaction energy between drug and receptor
ab initio MO : Enormous computational time

Fragment Molecular Orbital (FMO) as a New Approach

Divide a system into fragments

R o R
1 H 3 H
N N
HoN N N
H |
0 R 0 R

Advantages of FMO

Compute a whole system by adding contributions from fragments and fragment pairs
- Dramatic reduction of computational time
4 5 hrs (256 cpu) with HF/STO-3G basis set for 250 residues (4000 atoms)
- Without loss of accuracy
Error = 0.4 kcal/mol for 50 residues
Obtain binding energy between drug and receptor
Analyze interaction energy among fragments

T.Nakano, T.Kaminuma, T.Sato, Y.Akiyama, M.Uebayasi and K.Kitaura, Chemical Physics Letters, 318, 614-618, 2000.

16



FMO (2)

Estrogen Receptor — Ligand Interaction

20 joa
R=0.883 O f)
10 | Q- -
ol OHT
2 */DES
T -10 ¢
i~ Ho A~ o~ BEN
E 20 H\/iix,f\,\f
< =30 4 Human
-40 o | ®Predcton
-50 BISA TAM
.
-60 : ‘ ‘ : :
250 residues (4000 atoms) 5 4 3 2 4 0 1 2
FMO-HF . log(RBA/100)
STO-3G (12000 basis sets)
— hrs

Hitac SR8000(256CPU) at TACC

High Throughput Computing
for Drug Discovery

2. Utilize QSAR / Informational Chemistry
Beyond LFEP ?
WHIM-like Descriptors

Self Organization Maps (Kohonen Maps)

1. Large Scale Molecular Calculations
3. Large Scale DB for Drug Design
4. Application for HIV-virus Inhibitors
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Alignment Independent 3D Descriptors

WHIM (Weighted Holistic Invariant Molecular)

k=2 Wi (fj — <r>)(rik — <ne>) / £ wi A3

where n is the number of atoms, wi is the weight of the i-th atom, rijk)

represents the j(k)-th coordinate [j(k)=1,2,3 (x,y,z)] of the i-th atom,

and <rjx> is the average of the j(k)-th coordinates (<r/(k;> =3 Wil | = wi). r2
9m=AmlEAm (Mm=1,2,3) A

where X1, A2and L3 are the eigenvalues of the covariance matrix (o).

R.Todeschini and P. Gramatica, in 3D QSAR in Drug Design, Volume 2, pp.355-380, KLUWER/ESCOM, 1997.

Comparative Moment Molecular Analysis

Multipole Moment Expansion (monopole, dipole, quadrupole, ....) @
V(ry,rp,...,l) =X cm QM (1=0, 1,...,c0, M=-l, ..., +l)
ei represents the net atomic charge on the i-th atom. @ @

< dipole moment >

d=Zeirj (i=1,2,3) @

< quadrupole moment >
g == ei[r2-r2/3] (j=1,2,3)
Ok = Z € i ik (,k =1,2,3,j ZKk)
B. D. Silverman, Quant.-Act. Relat., 19, 237-246 (2000)

Self-Organization Map
(Kohonen Map)

® 0O
®o o0 ®
|
® 0O

my(t+1) = my(t) + [a(t)x(t) — my(t)] < Classification of 20 amino acids >

f i2 /Miz Min

X1 Xp  Xg Xn

18



High Throughput Computing
for Drug Discovery

3. Large Scale DB

Drug-ML as XML Schema for drug design

1. Large Scale Molecular Calculations
2. Utilize QSAR / Informational Chemistry
4. Application for HIV-virus Inhibitors

Prototype DB System

0
[E L,L-L \
éonformation / Dynami
w#ra.m Electronic Structure e
5 i
- Data Gritdz” "
il
ACtIVIty € Import tags from CML
as much as possible Data_
®Add tags for Conversion
®Results from Conflex/Xsi, Interface
O®REMD, FMO,,,
®3D Descriptors

Platform for Drug-Design Platform
Drug Discovery DB Library
(XML/CML)

19



High Throughput Computing
for Drug Discovery

4. Application for HIV-virus inhibitors

1. Large Scale Molecular Calculations
2. Utilize QSAR / Informational Chemistry
3. Large Scale DB for Drug Design

Analyses of HIV virus Protease Inhibitors (1)

HHQHH""
é?ﬁ SV

Hsc/leﬁys ©/HO>_%:\©

Viracept* SB-203386 DMP-323 * Calculation time(sec) /
Conformation = 0.97 <Kusushi>
(AG-1 343) (total elapsed time = 2111 sec
# of Initial 8,748 39,366 26,244 on 1+4 Pentium933MHz
conformation Processors)
# Stable 1,188 2,398
conformation

683
Reduce # of Candidates
1 1 & Alignment Independent
Three-Dimensional
Clustering by RMSD ?

Descriptors /
# of Clusters 155 93 29 MD. MC

Kohonen Mapping
3D Alignment by Overlap Scoring ab initio FMO
Candidates for Docking | j=-===========m===aunoe- o

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

' Docking Study ||
6 V:
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Analyses of HIV virus Protease Inhibitors (2)

Family 1 1
. Family 2 L (e
Vlracept (AG-1 343) Family 3 " |
# of Families = 155 e
# of Stable Conformers = 1188 Family 6

Family 7
[J o RMsD< 1 .
Family 8
L1 1 RmsD<2 .
- Family 9 -
2 RMSD < 3 Family 10
L 3 RMSD Family 11

Family 12
RyISD = 2.5 angstroms

.|. || || I'l ﬂl |1| ' n .I o 'I
'Tfﬂ.\l!‘.'l11|"\l*ﬂrﬂlrm |l|l|'wrh"ﬂ1; i !lllfl‘llu'llfﬂlflﬁfﬂ'Iﬂlﬂ,!lﬂ"lh i 1|'||llmmmltmmmﬂnﬂr mu mmnn 1'lllr?lll'ﬂlllll]ul'll'lﬂﬁ? T’|T‘HIM||IHT‘IIW|‘WIﬁw

Analyses of HIV virus Protease Inhibitors (4)

Kohonen Maps Based on WHIM Descriptors of Stable Conformers

5'.;?*‘3{: ¥

Points which satisfy RMSD from X-ray conformation < 2.5 A are marked

® AG-1343 - X-ray conformation with HIV-protease
® DMP-323 - X-ray conformation with HIV-protease
@® SB-203386 - X-ray conformation with HIV-protease

Weight = HB-donor
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Analyses of HIV virus Protease Inhibitors (3)

Overlap Score between A and B mols

Total Score = = ay [(2 Score of atom ; (A) x = Score of atom (B))]"2

o forC=1, @ forO,N,, =2
z

Score of atom i (A)

1.0

0.0 r v
c1 c2
atom i (A) atom j (B)

Freq.
180000

4,266,840 sets .. 4 160000

I 4 140000
rer=1.0 X-ray 4 120000
fp=20A 0.379  { 100000
0.318 1 80000
0.303  rank 1 A

H rank 26 60000
‘ H \ 1 40000
1 20000

mﬂm .. >0 :

008 0.10 012 0.14 0.16 0.18 020 022 024 026 028 030 032
score(Vira,SB) * score(SB,DMP) * score(DMP, Vira)

Analyses of HIV virus Protease Inhibitors (5)

: X-ray RMSD =1.85
: X-ray 2.34
DMP-323  : X-ray 1.68 A RMSD > 2.5A
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Analyses of HIV virus Protease Inhibitors (6)

198 3200
FMO: single point : 8000 (sec) 80 CPU (AIST)
AM1-LocalSCF: optimization : 4000 sec (Pent V)

Development of Platform
for Drug-Design By Grid Technology

2001-2004
Sponsored by Japanese Science and Technology Corporation, Japan

Hiroshi Chuman  (University of Tokushima), Project leader

Umpel Na_gaslhlma (National Institute of Advanced Industrial Science and Technology )
TakeShI NIShIka\Na (National Institute of Advanced Industrial Science and Technology )

MasakatSU |t0 (National Institute of Advanced Industrial Science and Technology )
Hitoshi Goto (Toyohashi University of Technology)

Hisashi Nakayama (Toyohashi University of Technology)

Taisuke Boku (University of Tsukuba)

Mitsuhisa Sato (University of Tsukuba)

Cheng Feng (University of Tokushima / Fuji Research Institute Corporation)

Yuichiro Inagaki  (Fuji Research Institute Corporation)
March, 2003
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