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Young Hun Kim, Minsung Kim,
Miyoun Yoo, Ji Eun Kim, Heung
Kyoung Lee, Jung-Nyoung Heo,
A Inatural cqmpqulnd, . Chong Ock Lee, Minjin Yoo, Biochemical and Biophysical
1 aristoyagonine, is identified as a h b I
otent bromodomain inhibitor Kwan-Young Jung, Chang-Soo Research Communications
E mid-throughout screenin Yun, Sung Woong Moon, Hye 2018, 503(2), 882-887
y gnp 9 Kyung Chang, Chul-Woong
Chung, Suhkneung Pyo, Sang Un
Choi*, Chi Hoon Park*
Fluvastatin activates sirtuin 6
) eSOy e iee g ATl Bostyc
. 9 protein: . Hoon Kim, Kwang Rok Kim*
AMP-activated protein kinase in 2018, 503(3),1415-1421
HepG2 cells
Anti-inflammatory effects of a
3 ”OV?' cpmpound, MPQP,_thro_ugh Ba Reum Kim, Young-Chang BMB Reports
the inhibition of IRAK1 signaling .
oathways in LPS-stimulated RAW Cho & Sayeon Cho 2018, 51(6), 308-313
264.7 macrophages
o = , Korean Journal of Dental
AlBIR SIA 2 AHM |20 A B} ,
4 GEsEE ;'fM;L'ET' 2 AZ2|, ZJ0Rl, O&3 HIXIY*  Materials
e TEee 2018, 45(2), 139-146
Synthesis and Biological giziovl\_/zingogiisiﬁgnl\ggon'
5 E\(alua“glon of FTY72Q . Shrestha, Sang Mi Shin, Joo- Chem(ca/ and Pharmaceutical
(Fingolimod) Derivatives with Youn Lee. Sanahee Kim. Eun- Bulletin
Aromatic Head Group as 'k* 9 q ' 2018, 66(10), 1015-1018
Anticancer Agents Young Park*, and Dong Jae
Baek*
Jitendra Shrestha, Sung Hwan Ki,
Synthesis of Novel FTY720 Sang Mi Shin, Seon Woong Kim, Molecules
6 Analogs with Anticancer Activity Joo-Youn Lee, Hee-Sook Jun,

through PP2A Activation

Taeho Lee, Sanghee Kim, Dong
Jae Baek* and Eun-Young Park*

2018, 23(11), 2750-2761
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Identification and Characterization Eun-Julng In, Yuno Le_e, Sushruta K lecul
7 of NTB451 as a Potential Inhibitor ~0PPUl8, Tae-Yeon Kim, Jun-Hyu Molecules
of Necrontosis Han, Kwang-Ho Lee*, and Tae- 2018, 23(11), 2884-2899
P Bong Kang*
Identification of N-(5-
(phenoxymethyl)-1,3,4-thiadiazol- Bonsu Ku, Hye-Yeoung Yun, Kyung . .
. e Wonlee, Ho-Chul Shin, Sang-Rae Bioorganic & Medicinal
8 2-ylhacetamide derivatives as novel . )
rotein tyrosine phosphatase Lee, Chang Hyean|m, Hwangseo Chemistry Letters
protein tyros| i . Park, Kyu Yang Yi, Chang Hoon 2018, 26(18), 5204-5211
epsilon inhibitors exhibiting anti- A
. . Lee, Seung Jun Kim
osteoclastic activity
DBU-Promoted Dynamic
Kinetic Resolution in Rh-
Catalyzed Asymmetric Transfer . . .
9 Hydrogenation of 5-Alkyl Cyclic Hyeong Rae Kim, Raghavendra Journal of Organic Chemistry
Sulfamidate Imines: Stereoselective Achary, and Hyeon-Kyu Lee* 2018, 83(19), 11987-11999
Synthesis of Functionalized
1,2-Amino Alcohols
Salinomycin Inhibits Influenza Virus  Yejin Jang, Jin Soo Shin, Yi-Seul
10 Infection by Disrupting Endosomal  Yoon, Yun Young Go, Hye Won Journal of Virology
Acidification and Viral Matrix Lee, Oh Seung Kwon, Sehee Park, 2018, 92(24), e01441-1
Protein 2 Function Man-Seong Park, Meehyein Kim*
Restoring Let-7 microRNA
1 Biogenesis Using a Small-Molecule  Donghyun Lim, Wan Gi Byun, and  ACS Medicinal Chemistry Letters
Inhibitor of the Protein-RNA Seung Bum Park 2018, 9(12), 1181-118
interaction
Suppression of NRF2/ARE by June Lee, Jong-Su Kang, Le Ba ,
12 convallatoxin sensitises A549 cells  Nam, Ok-Kyung Yoo, and Young- free Radcal Research

to 5-FU-mediated apoptosis

Sam Keum*

2018, =2l A
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Ciet Y52 FHo= =Rl 4 Ql=d|, 0] YoM 7HY 015 EEAZ |= F22 7|41AI012k= 7t HE4EI0
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<7 ||l HHEO| DM A 9IS 820l 25>
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w [
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SRS DOMES 22|53t HIKIS S AMYHS S510] TUIEN 22 HRRISO] MAR SXIYS
RPHIGHA ZHEEE 4 QU S OIZI01 AB0IC Tis [esoibiofl AlSl= Z 14 ZFEIRl ATZiFE| wlte
YA TR0 XIS OlE BOpBI0| JH5EHA SR

Ol OJAIHRI MAIE stiMot=d UM2| 0129 oA, Aeio| eAIE ==5t
SollM EXTAIAHIC] SfsiEhS H7{LE 24 & AR e 2S4S ZAfohs AS SHE SIT &80| gAY,
%ﬂ of AIARIS] 2= LOLY| QoM =2 e

=
Zo17] (iR SEEE Y2 4 UCH 0|H ZAHS 23l | 2ol %.tH(AMBER), 28 A(GROMACS)
Q(CHARI\/II\/I), NAMD 59| CiQfst T2 IHE0| HFEMO 2 80| AR E| D Q)
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mjo
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4>
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t-_l

Martin___ |Michagel,
Karplus Levitt

Arieh ...,
Warshel

A
H
nE
tolt
2
OE

MBS 24T SRS OlESITk

E35| EXt=st molAst ma2 T2 25 ZHCHARMM, Chemistry at HARvard Macromolecular Mechanics)2] 73%
2013E0] 0] RIS JHEGH TSRS A(RIZEE Arieh Warshel, Martin Karplus, Michael Levitt) =
SfobM0| 04 b QAT 21 AedohX| Y= AHIEAR] S AU sleitSE oIEe +~ U= AV 1S ofsto]

=l =
sfel2 & P!, AxiZstol 0[27|7tX| chet 20foll X|chet Feks 0|xl 328 Qlgee Zuc
MSHQI lophd IR AHE Fedohs BMHEIES 20t 0IZ ANich= U=2 27| floll 2 2l 2fplEEs
FARIZ A AlgE A=sli0F o7 | 20 20| E2 S &= 37| flaiM AlZhat HIE0| 0| S0{7t= HE0|
Qlct.
012 S=517| Qs HEAIO WAI0l ZEEIS 015t 7|8 AIA we0] Q/Ct. BN MEX o=
0TI EHITIO| 379 TEZ 015101 FUCHARMM)I 262 HXIS st mojusis Saf Zantalol ZafE
7t580| =2 sfpfESt FUHoh MY X=X 22/, =2 X|=2H EO|IEF, 62 00|= X2H & B2
AUZS0] 0f2fet HAIO = TR (ULt
Three—Layers of Biomolecular Simulation
Quantum Chemical (QM) M?Iecular Dynamics (MM) Coarse—Grained Model (CG)

"‘__\ \( =

S )
Coupling between Structure changes and Large spatial/temporal scale
reactions and motions molecular interactions events in cellular context

ZEX: http://www.riken.jp/csrp-mol/research.html

<R OIS Al iAol e M| 7HX] THE RFE Q| A7 2>
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mechanics (QM), ®IXIE 5iLtC] XL & 1 AASR= molecular mechanics (MM), 0f0[L=AF x| =& side
chain 2} backbone RIXIS2 L0 51L+Q] bead 2 9,; HASHE coarse-grained (CG) modelt 20| AAGH= Z|A FO|
OfCI7IX| T2ISS0] T2 M 21| C12 RiElo] USSR 78 4 SUCk S8 S0 multscale HTISOF
ZOAE0|2[ T 51 QMMM &2 I\/II\/I/CGEE} g2 o2 JMst| = Sict. QI\/I/MI\/IOI 2, sfetEts

385t 2[Zt= 3 binding pocket £2TIE QM2 Aot HEHAIS| LIHA| EES2 M ﬁl**ofOM
20|10 Et FREO| Fetyr =0|= YYo= DoAY

2ofaed Al iAol wet M7EX] THE f%gl 2Es Us o o XS] JEf7EX] AlMsk= quantum
HOEZ
|

xS
E=}

(e)
O
=

1=}
=

n <

HJ\O
>
OO\I

Q'E
1
0
(ml

Flow chart of MD simulation procedures

-
Preparing the E> Generate topology
system from PDB file

Determine box
E>[ and solvation JE>
Position E>
Restrained run(PR)

-

. . Energy
Addition of ions ]E> | Minimization (EM)

( 3 s
Production run E> Analysis

\ J \
3 MD processes

— |

SRIS2fs DB AA Fb| 0 A0 EIEEE T clofE] 20N 2 CE 2E elzs

=3 = = E
ZtH gh(coordinates) 1t {X[0f|LAX] B2t HAAE 4~ Qli= topology IS ot SAXHwater box)E PFHE0
CHUIALS HE Q0| tiX[St = S2XIE MY E=0h O A9 Mot SQSIE ol 0128 7ot 2421 Aklof
S07HA 2t HUXIE ZXNSA7 |1, SEXES HHMEIE IS '

AlZto] 2 22U H7| 2/t production run THAIZ 3 7HX| HAIE HA ALt otA| EICH
EXEHe2 FEAS0| U2toto] Alttel=d], 7] YRt /X, £, 7T F0XH, time step t A[7F 20
xR =

SE7FHEA =X 0|5 4= UCE 0|12 M= 74§I4£ LOZEI 2l&(force field) =& AX|0f|LK]
IXIHIEHX] V (11,12, ... m)= defd(bonded) 2 H|Z&Hd(non-bonded) ASZHE o4 X|S2)

2! .- 2
sloz o2 & Q171 ZASHA0|l= bond, angle torsion Of|L4X|7} H|Z&EH0ll= electrostatic, van der Waals Of|L{X|=
F= ¢ U2 4 UD LT S FEEFmo=z

[XIOIEX|V E x| r 2 0|E351H (Fi = -dv/dn)
Rl JKAE a (dv/ dt = F/m)E 78 4 9/t SAIS AsHoR ertn BH
2H0IEISS 27|% SHRIZ AlEHO R XIROIUR| SHS 6 A4S HiEtoz 33| nft

ROl AR| Ak microscopic DIAERI MAIS Gi=0h= 02t macroscopic HAXRI MAIM S8 ==
|HA £ Q= 71 kS STt EXfESist BoASIE 0

B
il
R

o A

U
Al x| A Ol 2510 free energy landscape2 0|=5t1 012
E5f Qo{X|= 28 XFR0{|LHX|(binding free energy)S AlAtE 2= QICt 0= ZIEHAMOZ dG = -RT log (KaKd) £
Soff Aeloz AoX= et e 4 QUTE 07 [N dGe ZA Zef XR0IHX|, R2 0|47 M A=, T= 25,
Ka association rate constant, Kd= dissociation rate constantO|C}.

g 2 STlofE YHOR ChH| 2ZiC S BRI B Zi0) ZERCE 0jESID
1 ZSRISIEE ALSH 7t AT 2] H(virtual screening)S |

Crefot m=2 12HS(CDOCKER, GOLD, Glide, AutoDock S) O]
et & gh= If2t0|E 22 T2 122 MENSI AFRE 4 QICt

201810} 435t m2HE S0 SRk 20| SRS BLA5H| siM RISt ZoINHS M50 1 X2
SZ3E All7H 9101 012 ECH2 BXiE 20| SHESS MHD T2 5ht. Ut BRIl 7y 2 2HHS
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EF-012 AJARIO| complexity 9 EHSt ATOIRIO 2 HEEIS ZNIS 2YE TH5 40| HCH=G) ct

1) flexibility 2| : EFZIEEE RS MESE 0 apo form (2|7tE7t Gl MENS MEEH =t 2XSksH Zapt
L= 7Hs40] =Lt 012 Et6P| QeliMe=, ekart £2 2[7HE2t co-aystalized = HHEELZ|ZHE complex 22E
MﬁoVM %JP HEE2 Elﬁ_% TN SR = EARES Rojdsoz T 27te st HEl Ao

1S

2) implicit solvent 24| : Explicit water moleculeS 11245kX| 2517 | IF20] 2ol £26t bound water/| QS [T,
‘:UHQ XS] 7E4_l}_ xEHol- A OIE|,

[y

0[91 22 % JHx|o| EXl= 2 SRSS 35 XSS DojEos 2xig 328 4 ULt

134,400 ps
(NTB451)

= 199,300 ps
(U0126)

(NTB451)

| 0 I . |

| .
0 50 100 150 200 0 50 100 150 200
Time (ns) Time (ns)

101
Time (ns)

NTB451 uUo126
T

— Electrostatic Energies
120]- |— VAW Energies
— Nonbond Energies

Energy (kcal/mol)
Energy (kcalimol)

: | |
o 50 100 750 200
Time (ns)

<EXIRY2| 0712 E5t RIPK1 1} NTBA519| ASER 05>

o L o Eog_l_aoaﬂ —
[SH NTBA511} RIPK12| 2Xt =21 435t RIPKT2]
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M= EXtSYe! 2olalels SallM Bt 2ZiE 19| S AEs Solt 2At=Z| EAESE siZs! bt
o
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|

SHRIZH EXI=ZR et B2, ZEXI2(9] RS HUA siteQ] 72K Hobr §l7| W20 NTBAST 1t
U0126 sat=9| ZBEE = 842 T30ol7| 0f2{RT 22iM HHEe RA-0| H30] & 20 Z3=
XI0IE 27| ot 2AtEHSHMD) AlZ2f0l4d5 200 ns SO £85I, non-bond OfLAX] AittE Sall &
SEEut HIgy sii=ol Faet X0 st (= O)

d= ofHx|el Blu2RH, 27| =3 & 7252 non-bond O|HX|9f 2f2 RAGIA LK -80 keal/mol),
ANZ2|0|d SOt K45 £E7]9] LStz Q1510 2|7HE Aol e =M NTB4512| g2 -130 kcal/mol=
oM Zef=0] Zetd A= SRl oL, HlZhd stz 91 U01269] Z2 TR AlZa(0]d Azt 52t

40

~-80 keal/molofl THZZ(CH. 0[213t ZaH= RIPK1 9] ZIExl A5 XIS ZHEHS SOt OlL|2} lead /x5t
H
A

— =
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EAse Roldgloz AlMGHK] EoH M 2igst #XE R0 ket Ze= ol=0] O{F). whatA
Halst o= S Qe e YEFMQI B o|AlS] B Q|0f = umbrella sampling, thermodynamic integration (T1),
free energy perturbation (FEP) S CIQSH MEZ BHHES A[25101 free energy landscape 71611 047 | ZAgl2lg
O=Sitt ofX|2 7 |& 2AtsHe Y 5! 0I5 =T Y™l = A7 U=, BIZ ALt 2|4 AZES B0

LRICH= HOICH AlZ0| 0| Z2l= 01F= SRAETIK] R AlMtE0F sh= A UXITE 2] /e 202
27| loliid= HetEl U2 AIZIHEE 2HEoh= 210 | H|2h MA| PSS 2oF oh=0| 0|5 OFFE M2 7|8
20| YUF DOIMS WRHTIoR Hi= AR 01F2| ARE £/t Heltll) stH2te iAoz ofgct 2120
01 aliZ5t7] e A upperwall restraining 2 enhanced sampling 7|21=(REMD, simulated annealing,

metadynamics, guided MD 5)0| AF=2=ICt 11 S0 ME enhanced sampling 7221 metadynamics7} Z0|
2I6I%=0|, metadynamics= gaussian depositioning bias potentials Sal ot A6t space= CHA| f2
SfA| = Yo = HEHoM 46k A HIES 27 1Moz 2 4 T U2, #2F7C| FEP+=
enhanced sampling 7|21 replica exchange with solute tempering (REST)S AF2510] free energyS At
SiCt.

%ﬂ%‘f‘.a 0= oAl Chet 2Ol AEE1 U, Yoz Jof 71 G0 TS MEE o~ UCH
EAtESeto| 71y 2 =4 3 YES EAt fE0AMQ] FE 1t EFAITEE 71| AS A0 SRt 0
(microscopic origin)2 AIAIEh 220t OfL | & E
4 QICh= Z0|Lt.

A
ch Crefet 22|atety £4 245 Sl 20 L2 Lo =2 0[01E

Flowchart of Advanced Computer-Aided Drug Designing (ACADD)

Structure-based Drug Design (SBDD) Ligand-based Drug Design (LBDD)
Protein data bank (PDB) Protein slruclure I Ab initio | %vr:t‘: IL:Z:LT&”G I
database homolo, rotein modelin; Iy
‘ i structure-activi
G pro(em coupled and nuclear receptors, calculation relationship (QSAR)

Validation kinases, phosphatases, cytochrome Comparative molecular
| Ramachandran plot P450s, histone deacetylases, ion Descriptors selection field analysis
| channels, and transporters by genetic algorithm (GA)

ProSA Z-score plot
———  Structure based 3D QSAI 1 Comparative molecular
similarity index analysis
Bayesian |

| Protein quality check models
networks | 3D QSAR

(BNs) rrlmdels models

Multiple linear
regression
(MLR) models

L

Support vector
machine
(SVM) models
|

‘ Filtration by Lipinski's Rule of five and ADMET | J

v

Drug-like database KCB Asinex ‘ ChemBndge ChemDiv ZINC PubChem
generation (~600,000) (416,349 (433,669 1,138,381 database
) | ioactivi predlcllon from MLR, SVM, BNs,
‘ Molecular Docking J) ‘ CoMFA, CoMSIA, and pharmacophore models
[~ = metadynamics |

e

/alidated by molecular dynamics (MD) si

MD simulation analysis

Protein-ligand
complex

Root mean squared deviatlonl Principal componenl analysis

(RMSD)

Binding free energy calculation: |
T A -

i Root mean squared fluctuatior . umbrella sampling,
( M"":S‘;[a_" dY"a_'"IVCS ) ‘ (RMSF) "I ‘ Clustering analysis TS
e = " =
‘ Radius of gyration I
(Rg)

Dictionary of protein seconda Distance analysls of
structure (DSSP) analysis

Deep learning

" Potential leads
Energy calculation of system I Pair correlation function for | \—l

r
.

i

<ZREIZ 0183 Ao el

[

_|

ZEE(Z 0185 A Helols A 5 JHKI2 Lis 4 m+ra%gem4aﬂ:ﬂzwgan%%
AL 225t £ Q1= Ligand based Virtual Screening ( =IA 5
QIO Structure based Virtual Screening (SBVS)EIES A& @Ef HY 2
TROIAM 2XH 315K 2(chemical fingerprmt) 2l 22|35}
descripton 2 Af2oh= B 3XF SigtERAE J7[HIOoZ of

EO '-E poul TXHiOW Mg sl=
21O 2= Multiple linear regression (MLR), Support vector ma VM),

Bayesian networks (BNs)
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s= 8ol 2= 75 o Ut 2EEC 3kt FAE Ve R ot W o== x| 3XMH QSARE 0|Z¢t
BHHOI Comparative molecular field analysis (COMFA), Comparative molecular similarity index analysis

(COMSIA), 2f2| %8 PH2l(pharmacophore modeling) 5 E3f RUS 7EE 4 QIct 047]4 Of2|xg
DO R 242 242 ZH= S5 S4(chemical feature)S2| 3x12! BIAIS OlDJslE 202 S5 EFl0 240
B2 27IC 3719 TXSS ANM BT SH5S NEG10 TET 4 /0 FR SN SN0 2AZE
27K 2! #H(hydrogen bond donor and acceptor), 475 and negatively
charged group), A4 28, gigfd 12| 50| 1 240 520t oot E4S2 A8 & 3xtEECR

M
HIZEA7 5 R2E 7t 2329 HHZ AIZSIT,.

(o]
ya
0jo
2
ol
i
=
rr
|
mH
i=3
(@]
25
g.
(LR
— <<

2i7tE 7|8t M= ofg |2t el MEHO| = Sk&(training) 2 ZS(validation) MES| 2[7IESS S8l E74X
OF FOI0Igt Tx-2h TAIE 2| EC}. EfZITHA RS Sgst £ Qe F27(8H A= AA0 e Holit!
ekt eIt 7| R0 27t MEES W2 MEGH] o411 ZeiX2|olN et ENES FE0610 222
AEBiC

SIR[2H T Akt 727t Q0IE 7K UZ0 (Lt EHEAT T E0A 2EHS} O|R 0T ZgAi2|2f A
ANES AT, 71 TO| EAfele T2 5 QFHEQI RAES (RS 4 Ql0f0F BiCE. 02 Yl METloR o2
x-ray CHEHAN SIRDE 71X k2| AE REIEES fdishe A2 HeE 20E 7| 20 2X=d 2 24t
S ZOMAS AIESH0] LT T YANES S2{AEZEH AEoHiof sict. Yetdo=z 02 A HoE
3D-QSAR ofZ|At2 BEIS TE2 AR50 71 AT 2| (virtual screening)2 AlEFSHD, £ O 9F=0| = OISt
StRfES daiUi7AL z|&s Al7|7] Yot etz BXte 3 S9st RolAd SO0| CHA| ABE 4= Tt

ZZol= 2l7t= 7t S R V(8BS Sl AIESI0 SletEs MEstn EAt=Zel FEe SHMC
ARt EXtsHst AE2f01H9] AlZt HIE ZH0|MC| BAE SAloll == 4 U= upperwall restraining 5!
enhanced sampling 7|#1=(REMD, simulated annealing, metadynamics, guided MD §)2 X &5t H7E
2351 ULk 0] ZS HetE, AlZtHIS SR0lM 25 0[F0| QS It 0FLI2t CHSH AD0| 29 14

HEE 2=k dynamic pharmacophore 2EIE ASGHH 714 AT 2| H0| 22617 | = it}

o
0o = Ir

Ligand-based Drug Design (LBDD) Training set 26 compounds selected from 381

literature compounds

Topic(select the protein)

Database generation (gef/compounds from article)

1

Yde

1l good
Pharmacophore validation with test set L
Il '

Database search(vnew compounds)

Docking(training set & new compounds)

= X,
b Final hit compounds

38,819 - o
NCI Database j
ﬂ Four featured pharmacophore D

|
(Less than 1 nM predicted activity) N

Iy

<&l Lipinski’s rule-of-five

a@

- Docking using GOLD
(GOLD score cutoff of 65 was taken)

|

NCI0152763 NCI0614426
Estimated activity = 0.011 Estimated activity = 0.011
(. Estimated fit = 10.5341 Estimated fit = 10.5198

Y. Lee et al, "Adenosine Kinase Inhibitor Design Based on Pharmacophore Modeling.” Bull. Korean Chem. Soc. 28(4) 561-566 (2007.04).

<2[Zt= (g8t otz A ol of>
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» Structure-based Drug Design (SBDD)

Crystal structure of @-glucosidase from B. cereus Aim of this study
(template, PDBID: 1UOK)

To find out the reasonable binding modes of stilbene urea derivatives
within active site of @-glucosidasese

e least active
s 2 ¢ 3k
Sem
aeprin $k 3 ‘Gomgomas Compound? o

‘Compolund 1

e
t[ \The highest actjve
et o ot s ot s e g et -
“Catalytic triad residues: Asp214, Glu276, Asp349” w w
a-glucosidase shares around 38.0% sequence identity and 62.0% Compound 14 Compound 16

sequence similanity with the template
Generation of Receptor-ligand pharmacophore model

Based on the final structure, receptor-ligand phamacophore model was

Molecular docking result : initial binding modes of
generated for the further virtual screening

the stilbene derivatives

o [}
% : xR

“It's difficult to find difference of binding modes in initial poses”

¥ lee et af. “Binding mode analyses and pharmacophore mode! development for Stilbene Derivatives, a Novel and Competitive Class of a-Glucosidase inhibitors.” PLoS One 9(1), e85827 (2014.01)

<7 7|2 ofE A el of>

047|M upperwall restraining &HE 0S S0{ MY5tH, THHHEIO] 27 F4l(center of mass) Q22 H
30 AS H0IM SEAD} S X0 X sotes

binding barrier7} unbinding barrier 2t &M =2 2H|Z2 §l{Z5t0] HHEHA FHE

Metst 73 Kf2I2 2 4 Q=S Melsis wros 0/ X Zale
52502 NSY 4 YA Ht. 2XIS%S BoMEozs
7|8t 2 receptor-ligand pharmacophore models #=5t1
Lo} 215 BHEEl= SIEI2 48 S01= SA0) Hit 25 B82S S0/ 5O Ji4AIaldS Tgsct,

I
d
N
Lall
ra
n
>
mr.
JE
A
B3
|0
HU

HI >~
Ral
O
18
1o
Hd
1o
=
ool
N o

— = O =0 —
2IZIE 71t 77 |2k of=H Y H enhanced sampling S AR AT 7IHSS et 280t HAIE
3

Procedure of virtual screening Receptor-ligand 3D QSAR Ligand-based 3D QSAR

pharmacophore model pharmacophore model
Database
TT

Ligand pharmacéphore mapping

_— ————
~150,000

L ritvalue> 295

_————
~10,000 b
A5

Lipinski rule of five .

MADMET_RlogPoe
Meseon

& ADMET properties
34
= {.
(19
| Molecular Dynamics Simulation I e L S E

Molecular Docking Study

Selection of lead scaffolds
Similarity search (ECFP, FCFP, etc.)
Lead optimization

5t SR AIH Ef710| SN 31512 M 2 ADME/Tox 0 E X[S>

=
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AP AN =0l e efElEsS Z7|0) 2= A0] SR, =4 oS F20l= 7120 QSAR
WSS Soll P2 =9 JESETU ofL2t of=F thAL 2ol St HHES stgfEs =2 A7 1A

o
metadynamics DOIAEIS 48510 ZEIS 055101 HTt LIS S H oS

(@)

5t blood brain barrier (BBB) £11} 04|= 29|50 2 POPC membrane systemdi| A umbrella sampling2 2
membrane2 £ 1kA|7 free energy2 AL S0i| permeability OIS = JFs3ICE oz MESHH 2hd o =9
o O Ot et 2 &, 25, AL A 2 S4(ADME/Tox) OIS SaES flalf 7|&

— 1 O

lofl At

S S0 MB35t 7| S U SXE (A 2 54 5
2 WO} ESE 05 2RSS TESHD KIstnnt Bic.

knowledge-based &f

't
Sofl sleAlA Bl E

Eo ROl TE5HD Qs 92 D
SRRYY U HeYHs S S2 BT B850 M2 oA, BN HuE
MU B9 4 UTE B2 YENSS BAGHIN BiC,

1) https://www.xvivo.net/animation/the-inner-life-of-the-cell/

2) Physical Biology of the Cell by R. Philips et. al

3) elife, 2016, 5, e19274

4) http://dl.dongascience.com/magazine/view/5201311NO11

5) Bulletin-Korean Chemical Society, 2007, 28/4), 561

6) PLoS One, 2014, 9(7), 85827

7) Molecules, 2018, 23(77), 2884

8) Computer simulation of liquids by M. P. Allen & D. J. Tildesley.

9) Understanding Molecular Simulation by Daan Frenkel, Berend Smit.
0

(
(
(
(
(
(
(
(
(
(

10) The Art of Molecular Dynamics Simulation by D. C. Rapaport.

QSAR &ttt

HOIHE 7St H Eeids

B (Integrity, SciFinder &), 2 DB (PubChem, ChEMBL, eMolecule 5),
XZataL, ARt
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S BioGRID
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) . Genomic Proteomic Drug Disease Pathway .
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|| S " N e O HGNC | ?PDB |orucsavk| Orphanet @
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(a2 elememtl | ey |[Rices| Shivmaen | 0O
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x|§ 7 Go ClinVar O SRAVpedis
g —o— Vega*
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(RESTful API
Python module &IZ)
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Engine Server
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® 24 A0l
: CID:DB Ao
Chemical ————  PubChem_001 ® N ASi|olg
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INFO:Name  INFO:MW  INFO:MOL file » MssiH 42
® 2t Foixt
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i
<ROF:Description ROF:! MEF = hur Ilur|-cf Document-1'">

<CTDDR RDFZHRFF = "WPubChen,
</ROF :Description>

<RDF:Description TD="PubChem_681'">
<INFOName>benzeno</INFOName>
CINFO:MM>78.1133</INFO:MM>
NFOt LogP>1.23</TNIO: LogP>
</Iwk :Description:
</RDF :ROF.
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Kinase Library

- SI&E 4 13,000
- 712 ®IBEF 1 5 ul (DMSO ¢, Hs: 5 mM)
- 2fo|=zq2| M
EX2 A Docking)g HEst 04 kinase EFZU2]
active sitedf] Z&Et THsM0| =2 stelez 7

J

HMAHE Library

- 3RE 401,020
L71= xﬂa—ar 5 ul (DMSO 24,
- 2fo|=zq2| A

Elely Fii2 o

HHZ -,C-’r)\l—'—”(NaturaI product-like) 2FetE

st 5mM)

-

Fragment Library

st2 A -

- 3132 4 1 1,000
- 712 M2 : 5 ul (DMSO 8% THsE 5 mM)
- Bfo|=iafa) 24

EX[ZF 30005} 20|22

== 2 2xi2 AS(UPLC-MS)

-

PharmaCore Collection

- BIEE 4 QS
- 712 M3 : 5 UL (DMSO 8%, Hrs: 5 mM)
- 2toj=Ez| 1Y

QFTzoZ MH LM 51EH=

2fo|2e2| &

-

LHE Library
- 3IghE 4= 1 7,000
- 7|2 ®MiB2F : 5 UL (DMSO 8¢ HH=SE 5 mM)

- 2lo[=E2| 7
x| stEtES thEsks 2tol2ed2|
2 2 BX2F ZE(UPLC-MS), 7[BT0l B2 A

-

QlagIetE Library

- BIEE 41 2,150
- 712 M3 : 5 ul (DMSO 2,
- 2lo|E2{2|
A | -l A afekE ¥ &2 A=
(Clinically Active Compounds)

BHsE 5 mM)

-

GPCR ¥ PPI Library

- 3} 4 1 10,000
- 712 HiZ2 5 UL (DMSO 2% WHAsE 5 mM)

- 2tol=fa] 714
52| Vendorz SEf Mg o

Virtual Screening Collection

. 2}°+= A —d_'

- 712 HIBEF 1 5 ul (DMSO ¢, Hs: 5 mM)

. |.°}J:-|E°} al ;}E:-IIEI Hlu-ﬁi; 11%
TIeE M

- EPU iR el Ee

ror

x| Library

stEtE = 612HE

IE Xil-s%‘
5mM, 5 uL
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