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Navigating chemical space
for biology and medicine
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Virtual screening EYaom EYRsSFeed

Virtual screening is a computational approach used to identify chemical structures that are predicted to have particular
properties. For example, in the context of drug discovery, it may involve computationally searching large libraries of

chemical structures to identify those structures that are most likely to bind to a drug target.

Latest Research and Reviews

Research | 16 September2016 | OPEN ﬁiff —Cs ‘i
Identification of Doxorubicin as an Inhibitor of the IREla-XBP1 Axis 2o M
of the Unfolded Protein Response - N
" Nature R U'B8&E
Dadi Jiang, Connor Lynch [...] Albert C, Koong : i - -
cientific Reports 6, 33353 E% ': % ﬁ H m ; 9
[Cvirtual
Research | 17 August2016 | OPEN . N
Understanding the structural basis of substrate recognition by 5 5 screenin g & ;E m

Plasmodium falciparum plasmepsin V to aid in the design of potent #§

inhibitors = ; Lf:gll ¥$ﬁ" 75§$E

P nsed

Rajiv K. Bedi, Chandan Patel [...] Prasenjit Bhaumik ' i éh T L \ 6
=

Scientific Reports 6, 31420

Research | 09 August2016 | OPEN
Repositioning organohalogen drugs: a case study for identification
of potent B-Raf V60OE inhibitors via docking and bioassay

Yisu Li, Binbin Guo [...] Weiliang Zhu

Scientific Reports 6, 31074
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Informatics vs Simulation in Pfizer &8
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Compound

Database
100,000 - 10,000,000

In silico screening
Special purpose server

K computer

LAILAPS 6 -

Japanese governmental Supercomputer,
One of the fastest servers in the world

800K CPU cores, 10P FLOPS
|

RIKEN Wako RIC

1820 CPU cores

—

e — N RIKEN supercomputer

Compound Database — ~30K CPU cores

Preprocessed for in silico screening
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Protein Database

(R o
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Known AMPK
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Preprocessed for in silico screening (s

activator, Membrane
protein ligands

\tructure 2D/3D SimI/
-~

L& Rad 5

LAILAPS

-

% ey
-

X

Learning

Univ Tokyo library: 200K cpd Y
ComAvail, Literature: 3M cpds | ... ..

in: 1.8 uM

diabetes and short life in obesity

A small-molecule AdipoR agonist for type 2

Iwabu Honma, et al, Nature,
2013, 503, 493-499
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This figure is based on ca. 3,000 complex data with P.
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Category 1

Is the following protein druggable ?




Target: Piml

Ser/Thr family kinase PI m 1 In h I b I tO rS ;g?%

Acute Myelogenous Leukemia
16 hits / 236 cpds— 6 8%

1st round

B : Glu12‘l : ) IC50 <1O nM
.‘-_ % ' 4}__&:‘ ----- Ly'" q nghly selective
of - vs other kinases

Compound Database
Preprocessed for in silico screening

l Promising drug

G171

T candidates

| Aspt2s

Univ Tokyo library: 200K cpds
ComAvail, Literature: 4M cpds

| ICn: 400 NM Nakano, Nagano, J Med
PALLAS >0 Chem, 55(11), 5151, (2012)

Ogawa, Yuki, Expert Opin
Drug Discov, 7(11), 1177,

84 hits / 685 cpds= 12 . 3% (2012)

Tsuganezawa, Yuki, Honma,
J Mol Bio, 417(3), 240, (2012)

2"d round

| m)p Back up compounds

" ICso: 140 NM

T Honma CLST/RIKEN 34



; ‘ \ B [ 2 SHARE (M AL
.6 17 I/ N\ A o A Pyrrolo-Pyrimidine Derivative Targets Human
y;-' ”®N e Primary AML Stem Cells in Vivo
= . 2 e s S S e
- Saito, Yuki, Honma, Ishikawa, et al,

IC,: 7.7 nM _ Other 11 hits (IC50 < ca 2000 nM)
IR, KBEIIRFr—%F
SRALL . [EEM E BRI
(2@ (F TEEfR P

\_/.j o o[ N
r i~ ",\: i \ A ‘ '
4. X ... '\‘ N
* : i f SN
& A A R\ Saito, Ishikawa, et al,
— -3\ AGENT FOR TREATING OR CONTROLLING
_® i 3 L 3 $ 333 RECURRENCE OF ACUTE MYELOGENOUS
% "%y b RK-24408 RK-20448 LEUKEMIA, PCT/JP2013/070436
(\\) RK-0020449 Clinical candidate .
' ICs: 0.43 nM @ %

®
RIKEN  CLST
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Category 2

Is the following protein drugaable ?

M 226 A-" shallow and Flyﬂ/phoblc



RERBAREDOCKIIAERNORER AR
S o KRR

Val1539 N or
Met1540_N

. Gly1541_N Val36_O H-bond

Hydrophobic
Phe1459 C Val36_C coikach

Asp38_O H-bond

DOCK2fID#EE Y A MEHD A\

. . \ \
site ID Mean Docking Competitive w/ >

score RAC1 2DMXIREEE™

1 -3.61 No \ AEL . RACIED

2 -3.92 No \ MEERZEBRTS

3 -3.78 Partially yes \\\ /. 4%‘3”584&53&

- -5.25 No % dengpn/ W[ =
**— \ P anis 584 cpase 0. 7 %0

HYETLESNERL. B

#E i
YrEFHHFEE A (PCTR4TH)
AMED-LEAPI|Z#£iR !
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. BUBRERERRE |

Bt - BlllkE
HCK

‘v. £ 14 BB A 5

-

Science Translational Medicine

RS ER R

MR

BX - FifgsEr ~
AdipoR i
mEs O CL

BK - BEEEAE
ALK2
FOP

K - EBHEE
DOCK1/2 ,
NA. BCREKSE |

K - REEES
Pim1

naure........

Ar | ANz

| 2 FTN

A small-molecule Adipq
diabetes and short life i

AEEREEa MR .G

BT - EfheE
MdmX

A

AR - EEEE i}}\w

Tan kyrase
nA

*: B— #vh@znbﬁnjD97A=hk%§%W$¥

RAMP2**
Tob1**
Tau**
DHOD*, **
GK*’ *%*
TAO*, *%*
c-Cbl-pTyr*
Cathepsin K*
p70S6K*
Atg4B*
ATC*
AMPK*
ACC2*
CLK1
H-PGDS
G9a
MTH1
Ras
Ras-Raf
LSD1
Sult2B
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MEADRAOT7 HIBR—RODOCK R

RIKEN  CLST

& #dDscoring function 1982
FIZKuntzbIZEKH>THEERSN
= #MDauto docking
software T&HHDOCKD
scoring function
NFHhEOTFREEEERSF
B5#FEZDFEFFH

*\ Kuntz, JMB, 269 (1982)

Van der Waals force Electrostatic interaction
(Lenard-JoneT approximation) (Coulomb’T equation)

[

[ | \
DOCK score =XX(A/r?—=B /r;®+332q,q;/Dr;)

100

ry: distance between ataill
atom i and atom j g i

A,B: constants determined '
by atom type

Qi g partial charge of %0
atom i and atom | ¢ —

D: dielectric constant 30 40 S50 60 70 80
r/A

' Repulsive +A/r?

"
>

.
0 b . L L L X XXX E LN EN YWy




A7 DR
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RIKEN  CLST

MD [ OM T FF "
Molecular Quantum | Molecular mechanics
dynamics mechanics force field
1980s 1987 1982 Kuntz
DOCK score '
FEP s
FF + empirical terms |
1993
1994 Boehm
Tl ’ LUDI score
PLP score -
Focused on
1990s FlexX score particular
Chem score protein/family |
1998
GOLD score E
QM-MM AutoDock score
EXP
BAR AFMoC
2003
Jarzynski Eq. eHITS
2000s EMO
2004 COMBINE
GLIDE score
MP-CAFEE 2008-
MUSES (SN
2010s FMO-PBSA J

Special FF
based on PDB

1999

PMF score
2000 [N

Drug score

FF + solvent
continuum model

2000
MM-PBSA

2003 r |

MM-GBSA Kollman

|
MM-GBVI

-l



MMAR—ZDFERMESRNETADOBRR R

RIKEN  CLST

12 -
Empirical Force Field-based Docking |
Score (Glide, GOLD, ...) .
s
Force Conf. 2 5
AH AS ) : E
, field 3z,
Protein Fair air Fair / Bad .
2 -
Ligand air / Ba Bad 0 i I
Solvent " Bad / Not air Bad / Not " 2 * ® 8 = 2 2 18
Considered Considered -log(Kd)
AGiing = Ciipo-tipo )11 + PDB bindiX& D 8001t &M D X#REE +1C,
C A A + - S — =
hbond—neut—neut g(Ar) h(Aa) (Kd/KI) h\%67_9€1ﬁof:*ﬁﬁﬁ
Chbond—neut—charged g(AI') h(AU.) ¢ — - -
Chbond_Charng_Charged 2(AD h(A) + Scoring function N Rp SD ME
Cmax—mctal—ion j(rlm) + Crothrotb + eHl.TS A 500 O.?“ bk l-Of
Cpolar—phob Vpolar—phob e CcoulEcoul g X-Score::-HMScore 800 0.57 1.82 142
_ C,wE.qw + solvation terms DrugScore::Pair 800 0.47 1.94 1.51
Glide Score AlScore+XFurcate 799 0.46 1.96 1.54
_ ’ sisipsd FlexX Score(Opt) 799 0.43 1.99 1.55
c\ /“ | AR02 i o GOLD::ChemScore 762 045 1.96 1.52
C=OJ' ;T“’—” s A NS GOLD::GoldScore 772 0.37 2.06 1.63
/ .‘ AR 1 ~02A<AR<02A
A y B © 3 AR-0.2
Cl'vt:!-.‘.l Ao £ e onvive of Blemartos oy l _% - OG [\ a ARS - 0‘2 ;x R2 : O 2-0 S*EFE_
i 1 o AR + 0.6 ; . - ~ = N
M are-0sd T TIC,EISL TL0ENSI00EDIMEN o o,
Judgement of forming a HB  Strength of HB (FlexX, distance) eHiTS 2009 Binding Affinity technical note.: L o7 o
(FlexX) http://www.simbiosys.ca/ehits/eHiTS_2009_binding.pdf 44



http://www.simbiosys.ca/ehits/eHiTS_2009_binding.pdf

RRIEEMT1T ) —DOWEIZLDRE 5

ZDESIZRyFY
ICso (UM) SUEBRTTBL.
100 ”fl’%id)’)'l—’f“/b%t
R2>08 - e )—XIZRY”
4 BB ELNS
10 ] MII-4-53 _5&%’&3%’
"a /= ICp: 4 uM | |
OO,
1 L O N/KO
MII-6-040 ' Naphthalene Library
ICso: 0.15 pM Docking Score (kcal/mol)
HO OO O/ :: .
0 NAO @2
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MM(FF) EQM®D:ELY g‘%

Charge

MM(molecular
mechanics, called
force field (FF) &40
Ehd) . FEFD
RILDDHZEREE
U+ TLNS,

QM(gquantum

mechanics) TlX.
Schrodinger57f8X T o, ¥
Rt sEFEEC (KA @
LT, ERDMAEFEN . A ﬁ
BRSNS, e

Strain energy

MMTIZL, ECEEDE
IRIILF—IE. TV
10¥3:[DYAE ST ]
TREINDS,

P

QMTIX. Schrodinger AR IZEDUT,
MEDELGYICEST, FEENRTENT L
EMNEEREIND,

. Og
@ “%e
RIKEN  CLST
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Interaction energy (kcal/mol)

CH-n BEERADMMEQMMDELY &84

Distance (normalized by the
most stable distance in QM)

0.9 1

1 kcal/mol

;
20%

20% of distance error and 1
kcal/mol of interaction energy
error were observed in MM

“= MM (MMFF94x)
< QM (CcsD(T)/CBS)

Hobza, Accounts of Chemical Research, 663, 2012
http://www.begdb.com

Q%

& st
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A8 TAQVEHEE FMO R

19994, JLimnld, E<HFHLLY KELRITXT
DNEHREFNEFEETHS
FMO(fragment molecular orbital);xZi2ZEL 1=,

FMOEIZ. ZVNNDBE R FET7I/BEAICY
ZL. ENoDTI/HBEREBEELI-TI /B
DEDIRILF—FHHAEHLESZEITEY.,

BERGIEEZHIHTES,
® o o
i ww&m
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Activity Cliff@%l Pim1fAEF#l

< I!"*{"J\;H T IIL - j\ I La;liwq
Ay Ao U | CERRAesE
IC5,=2nM b ICg=20M T L IC5=3nM Jﬁ?,xd\ ZlT
T. IC. fEAS. 2-200
W s W I
5 e ol 1.:.,\7&%)

T N T '-x s T E'J.-h N
Cpd1l2 . G Cpdll ] M cpdl3 . | i
p Ham "L'a -2 . Hy™ H[ g 1":-—“’ _LH_,:’ -, |*“-:H\[--':'\5_j"
IC;,=53nM 7 [C50=92nM

P P T
L { { IC5=447nM y
J. Med. Chem. 55 (2012) 5151-5164. O v~ }

LEEDH>H. 4ELEWY
(THR) DXIREEE
(FEAERL !
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MM-PBSATCGTFAITEZS?

B

R NN

MM+PB/SA

[ . -
£| QM-MMopt )
8 Cpd 6
= 1 ‘ Cpd 10
é . ‘Cpd 11
E ® ; ‘ Cpd 12

o 4
! 0 Cpd 13
2 . L 4 S
S -8 /7 6 5 -4 < Cpd14
z ’ aiR
O . 5 1
3 R<=0.26

N9

log 1Cx,

MM-PBSATIL. BT DIERIEHHEDD . 1HEIXIEREIZELY
HAZ, FTEIZFESH#EiEEL TMMoptEQM-MmoptZ fE-71-15
&lF. R2=0.26&kYEHLEI5IZELY
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EULTEER

FMO+MM-PBSAIZ& 5D

SHEOEEFALEREEDIA)T14—

RIS
W

oy

_AAGI’\K)

Zl ~ ™\
) ) - Protein-ligand complex
Cpd 1 Cpd 2 Cpd 3 _ structure
_RIC=2nM IC5=2nM IC5=3nM | Optimllzation =
xRk ' 1 -
Protein-ligand Ligand structure
Cpd 4 Cpd 5 Cpd 6 complex structure in solvent {iﬂEODMMT H-
ICsp=53NM ICs= 92 NM ICyy = 447 NM (QM-opt) | (QM-opt) TIlE R?=0.26
Ny 2ot=h,
275 | =™ R>=085%T
v Protein-ligand :,:gegr;d;c;os';::?: \ E“HQJ[:[EI]J:
Ry L= _ interaction Ligand deformation
i \)f in vacuo AE™qq enegy AE%
}’\ \ ” \_ i .
REMETOLO | [ samssvwBElt | [ gamssovmaElt |
107 1 IS ID m|
*ﬁiﬁEQM’Cnﬁit‘é'hI;E}Eﬁ%,ﬂila)ﬁﬁtr‘]t
_;. 5
- 6 4 ~
i I ® l
‘ " 5
R=0.49 | R=0.24 R=0.85
7 8 9 6 7 8 @ 6 7 8 9
J. Chem. Inf. Model. 2017 pIC50 T HonmawCLST/RIKEN. 52



FMOD BEIFTE 70—

Automated search X-ray structures
of activity values from PDB
» 1C50, Ki, Kd or docked ones

» PDB with activity data

@g Automation by Pipeline pilot

v ol A 2=
2 [ - ‘ =
‘ ‘ F QU " -:-..& 2
g
Structure Structure
construction optimization FMO and
» Complementation of > MM method MM-PBSA input
missing atoms/residues x M/MM method eneration
» Modifying unfavorable > QN o 8
structures
|: I
- |l ,|L|._. o | T v
& T wswhe 2 ;;; l ::" - ." .
‘ 20 ‘ Construction of
Automated analysis IFIE-database

with Excel macro etc.

» FMO calculation
» MM-PBSA

Parallel
computation Results extraction
/visualization

calculation

IFIE/PIEDA

VISCANA

NPA charge

Affinity data .
®

o
@ ‘%% 00
RIKEN  CLST
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e
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&

(Y]

3%

Estrogen receptor a (38 structures with 22 types of compound)

FMO

-protocol (kcal/mol)

Coefficient of determination between FMO-protocol
and manual labor data [Anzaki’s data]

Manual labor (kcal/mol)

» Good agreement between FMO-
protocol and manual labor data.

Manual labor (kcal/mol)

MM-PBSA IFIE-SUM FMO+MM-PBSA

30 100 0 . .
20 S 50 B
10 — 0 T T T — 40

0 . S .50 S
10 4 = -100 ’O/— < -60
20 ’4 S -150 S .80
- O _ (@]
0 S 250 gl e
50 -~ & -300 o g0
) 2— O- 2— @) 2—
o0 R=081 | 9 g 0‘ R?=0.98 2 -140 R?=0.90 _
70 -400 -160

80 -60 -40 20 O 400 -300 -200 -100 O 160  -110  -60

Manual labor (kcal/mol)

€ Negative charged ligand
€ Neutral ligand
€ Positive charged ligand

N %

RIKEN  CLST
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FMO IFIE T—4~R—2X

PDBDE£EEAKRT—2NDFMO
EREREZINE T 5T —3IN—
AFEETEL TS, I8, AR
AR ot=ET A, KEE, HH
ROOWHEENEZDHLSIZA
RS

FMO IFIE DATABASE

1ERE

HINAN ESTROGEN RECTPTOR LIGAND- HNGING COMAN N
COMPLEX WITH 1THETA ESTRADICL

Semi-automated
FMO calculation
protocol
& Data of FMODD

» Used structures
+ Affinity data

http://drugdesign.riken.jp/
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