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Development of target-based molecular docking method by means of machine
learning and molecular simulation
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In this stud¥, We have developed a new target-based molecular docking method
by means of machine learning and molecular simulation method to predict an accurate ligand-receptor
binding structure. We monitored the binding pocket properties (size, shape, hydrophobicity, and

hydrophilicity) of the target receptor structures obtained by molecular dynamics (MD) simulations

and analyzed the druggability with the target ligands. Thus, we can select appropriate receptor
structures from the MD structures, the accuracy to predict the correct ligand binding pose and the

throughput for ligand screening were improved.
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1. WFEBAAAR S WO 5

EERNICIBWTE VR BITFFED ) T RROXRTF R - Z RV B L, FHAELEH - 4
TEATDHI LTIV ZOMEELRETD. 20X RZ LT EDOS TR A =X Wik
B A MIEIZRIT 20 THEESCH A I 7 2 (@) CEERBERBH Y, KT LT
OIEEZC E M AEROFEMEWLNCT D2 ENEETHDH. KR, FREAIORFEOZDIC
X, U EOMREEREARET 2 Ao R A A A MEREL, ARG
SyFEFME (O FRIFEVER) OFMEZHA LT HINEDLY, T b2 - mkEE B -
TR - FET T D720 D FEER - BRI TFEDRENIIE S TN D,

A 2= RN T R=2 R EOREBED TR F Ry FERS D, —
BIZAT Ry X733, VAV REREART vy b T ofifgzied 2 (Thabb T#e
B O) FEEREARBET 27T Y ZARHNLNA TS, FHRa X My Ad7<, EEIR S
U—=2 7% - b & D 72O OEMERIN & U CAIBEDRFSE - BIRICHW O TN D.
LinLens, 20T Ryx 7 7ar s K30y B2 0 R0 BOBEERHEENBEAM O
BT S0~60%FREE LONEMED U 1 ROMEMEZBE LRV, 2, FyF 7o
LE 7 X =D THEEERIEE L TR TV D ZENRKRERERTHD LEHIN TS [S.
Mukherjee, et al. J. Chem. Info. Mod., 50 (2013) 1986-2000]. 4FlZ % v /X7 B OFEEY A b OB
Wi, U FEeoIRAE (TgEL 8 ) aoraimte GRE/ER), #FE#S (induced-fit)
BIRET D EERETH D Z & ) B [F. Feixas et al. Biophys. Chem. 186(2014)31], % > 737 & DO
EZLX eV T4 2 BE LT Ry X ZIEORRBITETRETH L.

LT H—OfE7 LX)V T A BB LI Ry XU 7RIS (7o TV Ry o7k
NdH5. ZOFEZ DTFEIFMD)Y I 2L —y g THU 7 vEani- Lt 77 —fEickt
LCRyx 795 FIET, EEICKEODOENHZ X7 EIZIGEH &3 T & 72[F. Feixas et al.
Biophys. Chem. 186(2014)31]. EWN TIZKIKFZ 37 WFFERT O A ER R FiEZ W25+
A7) == T DRFGE%AT - C & 7=[Y. Fukunishi, et al., J. Chem. Info. Model. 50, (2010)1233]. L 7>
L2 G, LETX—OED S EDTDIZY T REMRFERT v N OEEMENBRWIEAIT
Wi, BT En=EL oLy —EEIC L CIEMARMAEEEZ LT L TE R
W B D [f&E 7, EEL 512011) 252]. 3B, Fx ORMGEFIREICB N TS, 707 AIC#
WL LT H =S LT Ry XU 7 2{To70 & 25 10%RRE Lo EfffiE 2 T35 2
EBHEARN T EAUR ST EERE, 4 T RHE2(2015)].

2. MHEOBE®

AR DRFEOIRR DT DIZIE, Ny ¥ V3R AT ORNCY o R & ECAEAEEH OHiE
MBWLET X —HEEOBRN AT Y [ REaEE(Druggability HE ) 2179 LETHY, =
NEATOHAETFEORENEERECH D, RPFFEME T [RBE - @R T -
NI BOREGHEE TR 2B T2 —OfiE 7 ¥ 2 v U 7 1 X Druggability =5 & L
T Ry X ZIEORR) 2175,

3. WD Ik

AWFFELY T2 RBFEA L TCWARWT R X LR D MD ¥R = Lb—y a3 a0y, (1)
WART v FOREILEZEDIZLE T EZ—D [T oY TAME] 2015 ZnbL
Y —REEICH LT (2) BRFEET LY XL EAWEREER Sy b0 U By REAHE
(Druggability) HIE 1TV, Ry ¥ 785U H 2 KEOHECHAEEROMENREVWLE T



B —REEOBRHZAT ). BISEH LI L 7 X — &I LT, L7 —Ofa A otk
WA EBRE LTz (3) #5585 A (Induced-fit) 77 7- K v ¥ > V3R L &G B B =L X —3 i 217
W, @R Y T ROREEREE TIA EBRT 5. 3 LICHETFIEE (4) ABESROEE S
=7y NEURTEIZHEA L, 1A V== ZIZXDHHO U — NMEEWOFFE & it
BT, =7y ML U EIIAMRICBWTEE A EOEYRBICEET 2 N5 NT
WHY b7 r P40 &L, ARENTBIE-T 2 BBl OGAEA DR E & Bt 217 5 .

4. WFFERUR

AWFIE TG -7 37 B OREEREE D X SAEIERATIC L0 3 TITMPNTW D ET VAR
A L72(PDB ID 2HI4), Z® PDB 7 7 A A5 U A REHEANEZ RV BRE, L7 X —0DJFY
(ARG T Bl S TS 2 (ER L 7o, BADITER « EFE MD FHR(T=300K, P = latm) % 52
ITL. 2 37 B OB S VT S 2 /ER T %, MD @ J)3513 Amber99-ILBN # vy, 7K
- DFT L TIP3P % HV 72, MD FH5IZ1% Gromacs5.1.2 & H 72,

S Ry ¥ ZEHEIT MD GHRICK > TER SN LT X —07 U o 7 ARSI LT
1T9. ATV S X =D FFEEGEET NT D720, FyX U ZICkRanif
BN —AOWEREC AT 9. £ D%, faifl S A E IS L MM-GBSA ¥£[2]% VT
YAy F-Lbe 7 ¥ —OfGHEBT R VX — (Ra7 M) ZiHhid 5, &EIC, fERLZ) T
RA3FEEEIZ 6 LT fil il D B JEAE % reference |2 L7212 H BN RMSD) R 21TV,
BOEYMAITET 5, FEHEEDT Ny X0 V3BTRS LTz L B OTF—% %
TATW Iz ABFFETIE 1000 O Lt 7 & — I L CRREEEG 2 Ry F o 73R 21TV
ZNHDOFEGR—RIZHTHAaTfEE RMSD jtHEZ1T-72, Fyd v ZICHW -7 v s T A
X Dock6.6 & vy, U H > KD F)3,3F A —# 1% Generalized Amber Force Field (GAFF) [3], JF+
DER5yEATIL AM1 5% FVC RESP B A H L7, &k b & fEA B =k —51REIC
1% Amberl4 % 7=,
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X 1:RMSD fEIZxT B ST RN F— L F ST — FTORER— X g

Ry X 7o THlSNTE2TOREREDO A 2T E (FHGHBTZRL¥—) % RMSD
fEIZR LT ry FLIERZIK 1ITRT, Ry F o Z7ofEE, e —Xi3kE < 32084
T RIZEEINHERI RSN, AT — K 1 TiZ RMSD OEN/NE L 72D I0h - THES
TRAF =R RDFERDG I, HWIZFEORIMEIN R I N, RbGT L= K
Mo TFED Y H2 KD RMSD EIE ~ 0.6 A RETH Y, & TR - WEEE 2 1 21E— 8
DRERA TR LTz, fEGE— R 2130 FREMUE S I KR Le &9 RELA T, #HE—R3 T



T FRFANICKEE LT L 9 72l & e o> Tz, I TIRSND X 51, fiaE— N3 Tidfh
A LESTORRBEROEMOFEOHEE L IZFER LI RR—RLh-oTEY, £-4
BATZINX—H EOMRAER—ADEERBETHL Z E0RENT, 2O &b, HEt—
K3 OFEER—AHLEEEDOR—X LY 25 E 2615,
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