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Tatsuya Ishimoto (Tokyo Institute of Technology) "Prediction of
Chemical Reaction Type with Hierarchical Graph Neural Networks”
Shunya Makino (Tokyo Institute of Technology) "Molecular
Optimization by Graph Generative Model using Transformers”
Mami Ozawa (Tokyo Institute of Technology) “An Enhanced Machine
Learning Models for Predicting Retrosynthesis Accessibility”
Takamasa Suzuki (Tokyo Institute of Technology) "Multi-Objective
Molecular Optimization by Monte Carlo Tree Search”

Ryuji Kato (Nagoya University, Tokai National Higher Education
and Research System) "Morphology-based drug effect profiling for
delicate label-free phenotypic screening”

Tori Azuma (Laboratory of Molecular Pharmacokinetics, Graduate
School of Pharmaceutical Sciences, The University of Tokyo) "A
recommendation algorithm for predicting drug effects considering
directionality”
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Keisuke Yanagisawa (Tokyo Institute of Technology) "REstretto: An
Efficient Protein-Ligand Docking Tool based on a Fragment Reuse
Strategy”

Suyong Re (National Institutes of Biomedical Innovation, Health and
Nutrition) "Binding specificity of phosphopeptide recognition
domain analyzed by gREST simulation”

Shuhei Mivakawa (Hoshi University) "Dynamical interaction analysis
of Remdesivir with SARS-CoV-2 RNA-dependent RNA polymerase
by MD and FMO calculations”

Kazuma Harada (Graduate School of Science and Engineering,
Kindai University) “Analysis of interaction energies for SMAD4
variants by computational science”

Tatsunori Miyajima (Kindai University Graduate School of Science
and Engineering) "Interaction analysis of 14-3-3 and p53 using
fragment molecular orbital method”

Yuuki Okayama (Graduate School of Science and Engineering,
Kindai University) "Comparison of conformer models in PDB
structure using Fragment Molecular Orbital Method”
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03-1 Hiraku Oshima (RIKEN Center for Biosystems Dynamics Research)
"Free Energy Perturbation Method in GENESIS”

03-2 Masatake Sugita (Tokyo Institute of Technology) "Lipid composition
is critical for accurate membrane permeability prediction of large
cyclic peptides by molecular dynamics simulations”

03-3 Hiromitsu Shimoyama (University of Tsukuba) ””Molecular
Dynamics Study of 3D-DS dimerization of Cyt ¢”

03-4 Toru Ekimoto (Yokohama City University) "Complex model of the
bile acid transporter NTCP and binding peptides involved in the
HBYV infection explored by molecular dynamics simulation”

03-5 Takashi Matsumoto (Rigaku Corporation) "MAXS for 3D molecular
visualization of human antibody conformational changes”

03-6 YASUHIRO YOSHIDA (University of Occupational and
Environmental Health, Japan) "CrotBiopsy:New methods for lung
inflammation”

<HERKOA> [T—FHA L AN FAL T ART AT AL oo 45

VEE e IR (BMEZEpEZERD . ZH X (EpF BRI - 5 -

041

04-2

04-3
04-4

04-5

04-6

KEWZER)
Chiduru Watanabe (RIKEN BDR) "Development of FMODB and
Auto-FMO protocol through 2022”
Nobuaki Yasuo (Tokyo Institute of Technology) "Hit Identification
for SARS-CoV-2 Main Protease Using Convolutional Neural
Network”
Haris Hasic (Elix, Inc.) “"Evaluating Computer-assisted Single-step
Retrosynthesis: How Significant are Recent Improvements?”
Midori Iida (Kyushu Institute of Technology) "Developing a
network-based combination therapy approach for complex
diseases”
Takayuki Kimura (Tokyo Institute of Technology) "Prediction of
Protein Binding Region on RNA with Transformer and Attention
Augmentation”
Chen Li (Kyushu Institute of Technology) "Molecular Generation
using Sequence-based Transformer Generative Adversarial
Network”
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New concept of medicine will change the medical care

H 1EB8
Tsuneaki Sakata, Ph.D.

PN NSRSl

Co-creation Bureau, Osaka University

PERITIRy FAL AN ER THSTZEE L THLN, TR IV DR RINR T <D
WEIZLD T FOR RE LT D AR EOMRIZED | BB HIN ORI LE OB
P L EBITIEIE L OB S (FX VT 1) B E DS TETND, ZIUTRRUIZE L BHE SAIZ
EEEL-OTRE BN TER RO EWEEBEAIO TN WS RIZERFE OBCRIZE-SWT
W5,

— 5 BUNINRT IO ERR R Th O E LM FUREIE A S<EE R E EIE M,
SO\ RIRE SRR S 1T FBUR T AEE AN, B ERRE I 2 2 T D,

WEAE TR 7 A L A (SARS-CoV-2)IREHIE 5 3R L L CTHER HIZIE FHE 72 mRNA U275
Y DINTH AT T AL A(SARS-CoV-2) DI nBlA23 2020 4F 1 A FETE B RFITL0fE
S Th32y 1 FRVTHICHTIEL TE, L LZOE RAY ALY —R 3B EOWFFLOFE
A H 12 (RNA Effil DDS Ths LNP U IEEATE) IZ 8> TRILAFIZb D ThD, ZHhbDHEA
Rl KE AR R =T KRB IO 4 Arbustus fRIZEVERA 3L TV,

FIATTIE, 7N T TR IT Bl & BE L7z ip i B BR S Cnd, Zhud
ERJETECp | ARTE B UGS | IR DGR DICDIIAY — T BT Ly NeET U8
AR Z W TOIRFEFIELRB SN ->o55, ZOMEICIT, By /T —& L N TAEE (AL
Artificial Intelligence) i& H 23 A ] K Th D,

A A TR RS AR T A DA O E IR B 52 <D, KKK TIEARYE YRS T
MEAEFLET D7 N—T PN ROXTF RO O ThoTe, FEN IR #
—IZBWTHEIBIRILHTROIZEY  FHA T F RGBS UE IR S E B WiEE /eo T D,
ANP, BNP (3206 TH5, £z, HiTIZT 7T L7 (R ANV~ ATV =R (— k4
=RV =7) R EDFUREIRLIZ T T, =7 U AF o TERRIE SR S (VT 7)) (— %4
BRI L) | B FIEEEKa T TV (R AUV S BTSN TS,

7272, BUEDOH LWEI MO ThHOZRREH S | FUREIEMOT X WAREIED AR
FFD 2T B AR TRPINIZLDO TIIR, ZTOTDICHIEERLOE BT, KERT
IZ72 o TS,

Fo FRLEL VT A Z LTI, FFZEOI B 7210 Tided, BARIZIWTAERE,
BIJE . 3RE GRARE DN 2—F =AU 2 EIEEL QLD b T DR DD,

St R CE LD BESAZHOT-OIC, HRAZ) —FTELEHMDSHRLH L MEED
RDHND,

RBHCTIIARAKRZOT =~ THAHRMREL VT 4, TUXLEIE—DREL LA HO BRI
DUNVTHERLZ T,
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Medical research in information era

XH BR=
Ryozo Nagai

BIRERREFR
Jichi Medical University

%L OPRBIL, ETGEERE OBRER T LB ISR E DM BEAER O THERT 5, 20729,
RO PRI, SESFREFEBEL . BHR R N — I DR TRT 2 TR T e b
220, EITEBU L ERR D RO DRI BT, MY L~ Lo B TR ST e L |
TAREARREE T DR E A FENEE L T T VAR T LMD D, LLTE T AL
~ULDEWI NRBR I A S 1T FE M TERN 2D IREDFEEL T T LT — LR T —ZOiE H
TR H STV,

A AV AREYEIZ I T | ST LB R - JE SR SR OE O BRI B Lo
7o FERERFIEI, SRYRIE OMRIA &7 ) WK DGR, LT 7T oR0fianty AL
ZIRDOBAFE IR LI KR ELE R U, MliZe D 7 F o IR R IEBT O Fl2iX, COVID-19 DOyt
AIG . BHERA AT DN RSN T T U A VARG EHED T E D IFIER ST, LinL
AU AVAEYEIL, BT T AF HBIEGLIE LD Ry NT — 7 DI THRAT S IER
T 5, YR ULOHIRTZNT T/ TP - 1BFRIEOFO7- 121X, FIEH & Xk G DB LT
GLEB R A K720, IR IR E 2 B D 1T VT — LR T — 25\ WD ZIEE -
ST Db EERRE THD,

oL, ERICES T OREOT PO EN AL L, ZHUTHEICA TS
A OBRNENIIE | T VAL E A ERWIE SURICE D FTREE R 5, EEE. A AROFF
BRI v 7 — 2R OB EEBITE T LT, BCKORMED I 5722 B3 3% SeAfF 78 L HEH
FEHFOHEED HADE LI EDRVWOTHIVUE, HARNZRUADHD FAAKLFO Ry T
— 7 NWZIHEDIREE M B A KD HZEH— 2D R TH D,

A1, 1980 FARUCMAE FIFAHIA T v DZARNEICB T 284 BlAaL . IR VeI Ao i
B OERER 1 KLF5 (2 A2 Y CTHF A T 7o, iR, ERET2 TRl v/
Ry NI —7 GV M B | i B A B R L TS | L i A SR DI BT RS0 R D
PR . FTLODUE AR /e 8~ BB LT, BRR T —ZIC B3 20501, AL VAR — K
BUBLRRIRRBR . BARDE T AN TNSDYT VT — LR T — Yo hOREEE SEGIHE O Er e
INERWZZ2W S AT ADOBRR A T TE,

AT, ZNOOFED BB ZIRVIRA LEHIZ, ZHBOEZEF DS 5, LIZT 1A=
a RIS D BB ITTAFFE LY T LT — LR T — 2 A OO BB | SHICZNBEEA
SNDE N HIANEF AR AL AT TV AT AORESE | THEISIL CWDERT DXLV A
DORERENZ SN THEA T 5,
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Challenge to COVID-19 infection
-Shionogi healthcare strategy and social issue approaches-

2H #H1r
Takuko Sawada

B BB A S BRI R
SHIONOGI & CO., LTD.

A SUIHRIZE R CTh D700 D FEREx T 2L 2HIIZ DX 0 Al OTE FHAE
TNz, Lol — 5 CESE L ER OAFER RIS THL, 1 HEHIZFFE T D720 DML
ERNC R CHESEEEHEEL, L7 el =M niLde 1 3 KH7-0 2 TEMLL R
HRESEEDLNTND, ZOLIIZFHIIC U B2 E N M IR ENTET TR AFFEBZE I
ARG R SOITIERR D RINHERBIRNEND ZHEITHN TS, A TINETOIE
ALY BEZAON RO B R BRI, 72 Ay h=— 20 @\ GEI T B B 5L
DB IRNEIIZ 72> TWD T e & FEIZ I CTHA B I Ik T 2 E IR E->TRY, [HRD LS
(ZHFZERASE B Fl 22 O EFE M SRS HZ LN N 72> TEIZZERE D, 1000 fEH LA E
DOHiGE S TEDL Ty 7S AZ—3EOA T EICEHE L 2o TR TS,

— 7 T E ZE, ERBOAIE BRI D TRV TFIC, &2 TOTrEAZB W TR/
DHFEMER®HLEL E 2. 4% DXAL OB EA RO REZITHAREEOHLIER L TEI S
ETAT I AT ADZERDEH SN TS,

BEIZZL DERE BB\ T, BERMBEIZIIBEHOWVITEE =— XI5 DX iHH
[ZED HHIE O RAET NV OMELT —ZDHERE, Al ZiEMLzsab—tay N—=YF 54
B—al DA TWEN, ZAUTEZESFEFIZB W THRERETHY, COVID-19 /7 Iv7IC
FOKIFIIESINTND, 7272 R FEFICE A O RSB FEL TD, LU, RIS
ENTIIELEERE Y7 7 —Z O, HifsE FINERICRERHY , BICEFREBIZB VT
flix OFEE Al TR CTER IO AEL T 7 ADOREEICH £ 2L OFERFES L
TWBNPHTHD, Ll BEICAIEROIIE TIE Al OIFFHNBE->TEY, BIRICBOW LT —4
IEIZB W TN ETITNUE CERD ST IO RAETEIE MBI A L XA L TAFTELIONTR, &
Wy 7T — 2 ifE L TS E T, RO AMER L MO IaL —ar O E L LSt
TV ZERFRRIZRDEB 2 HIND, B DR T — RS G OIEMIITE 4 DR AZ D T
WD ORI ZAR ST LT ECENOIRBLZR2G NZEREIZ DOV TE Z THIZN,
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Development of bridged nucleic acids for application to oligonucleotide
therapeutics

N B
Satoshi Obika

RIRRFR B IR DT FEF
Graduate School of Pharmaceutical Sciences, Osaka University
B SR - R - SR DTSR T

National Institutes of Biomedical Innovation, Health and Nutrition

LA BT X VT A L U TR IR 3RS 3 B 24880 T D, R IE 3R AT, TR S D
UNHE AL A D3~ E R RS L 7oA U e TRE RS AL, 20 S BICRIIRES A 2 70
EHEARIMERT2H0 T AL FEARIC IV BLES N DRI | EERSI, 22T F A
B> siRNA, CpG A V= BT 7 5~ —7la K kkx RFBENFAET D, BEEEIR ML, ZivE
TORSFEIE PR EIE L LT B R DA ERA AN = A NS I Z R T 2e0 b, F120R
LD RS TR WA AR RSP IR PEIR B 28 - 2R IR E L L TR R o T
%, 1998 FITKENZIBWTH R ORZER EH S (A PAT ar AL AT LD HENE S| ’iﬁ‘é?‘/
T ABHR) BAGRISNI=O% ZUIVIZ, 4 B ETICH KK TEE 16 5 B OERE FK KRR
SNTEZ(2022 4 7 HRIFR) , 2096, —AREBIE THLT T AERIE, FIRO A
L7258 5+ mRNA X° pre-mRNA [ZEFIRFRAYICHESG L FIRREAELIZOAT T4 7
ZHIET A THESZ R T, AR RNA 725725 siRNA (X, RNAFHE ALV T HER
(RISC) LIEIEND RNA-Z VG EREN LT, LD mRNA SERALEIRRIE R A RE
T D, FIRT 72~ —I13, B DIERT DR 22 LR & S KRR &2 o /3 2
ISRk THN A IS, UL, KRD DNA X° RNA (34N Tl B AYEC) N
IR A E T D120 %@ii**ﬁ&l:%nnkbfﬁﬁb\é LIZTER, EERIZ, ZIVETITHK
BEAUT2 16 dh B OB EH LTSRN T, ] %ﬁx@ftﬂ%ﬁﬂﬁ%)xﬂ%ﬁzzwﬁb BTV,
Fex i, 7/%Jz/zif*ﬁzz/\mi\ﬁ%% HIEL THE & 72 N TR OBHFI 2 2 ETITITR

ST, 1997 AR FUZ BT B I Tk B L7 Z8F6 N T 4% (Bridged Nucleic Acid) 1%
B OREH D 2R R 1L ONLRBIRFDORICAT L R FEA 928 T, if*@a@ﬂwar“
(AR A=Tay) DPLEEIHIL TD, ZIUTED, 7o F B AR IS RNA & HE 8
ERRT DB O ot — R E KIEIKE CE, ZOR R, 268 N TBEEHE LT
T AR RNA LT 2 —HEHIT L E T2, 2L 2GRN TEER OFF IS
T o F R ARG A~DIS UK E R T R AT —U 0D, Fox 1d, ZOZER N TAEREH
ZRAELL T, flE A OB /e N DB ORRE & I KO RERHm A ke L CRL T 5,

AT U, BRI 3K B O BLIRIZ DWW CREBLIZ IR 721212 24BN TR O BR % =
T IBLOZEDEMHERE I DWW TR T 5, F7z, Fox BT ZLED TWDERHT O N T
fi DO IR I 3R 5 & U C OIS IS T AR ZE BN DWW TH B TR LU,

nuh
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Biological response to, and therapeutic regulation by, ectopic nucleic acids

A &
Ken Ishii

FOR K BRI ERT B - U 7 F B0 B
The Institute of Medical Science, The University of Tokyo

30 LU LEATICHRAFEL, 2020 Fam T IS TLZEAMANGIER 2L DT DNA U7F 2,
mRNA U7F 3, DNA X RNA Z[EGEHX &L T, FosXG U O EiEtE2 AET5
[RFTHERZIR ) LT, FEOERIME DN LI/ 7, K12, SARS-CoV2 O Spike Hi/fod
s T2a—RL, JREICDENZ, VANV AL ERINFAD 100 T/ A=k LNP-mRNA &
WO I F BB FEDRRIER) A ) R = a3 AT ZAD T TV T RS WA DB Fia 5§ &
FZLTWD, TR 28 R E LT A RN E DIFEIL, A% <O RE & &AL, £<
D) —~)VEEAEATERERE, RNA T, BR%%E DNA ¥ A— H{ifdsE, =t =17 4
JARENST B B G L BTLUWIFFED THE | 242 A 723 0Tl EARIITIEEIRIL Td,

Bk, 3720 bR OGN EL TOfEmafi->IDNA], [RNAJ7Z23, £ DEGITIE
ISR E ATV, RO DNA, RNA 2L CTZORBIEW T2 1T T | 1 Ml f ok
@ DNA, RNA b sEiz ko THH SN OO &, BEbIZRRD, VANVREGRE LT
177 LIIAELE LT Necroptosis CAME LT A/VA, ZLTT Y aU MREIZES>THERID
A ER7RE O REEIRYZ2 7/ 2 DNA OBtz EOMIlasE Téhd NETosis [E R FTHERZIEIZ L DA
RSB 2 ZEDFEMIZA DN DD 5, I TG MED T, MIIEIZ B LRSS
ThH, AIBAIRESLEL DN ET ML TIX, DNA # A=V RZOMDO AN RAZLHINa R
DNA HRO SR E I BT E L TR L72Y . mRNA OFIFRO B 5 I 8> TRERIC
HPTHERIE L CHIEEZSNDEMRINE S 7 F VB NA IR0 | Z D% DOIFIER RS
HHEIZIRD D DD ZED I ODNT o TEz, Fox 1 XTNHO BT HEERZ & A T Dk 2 &
RNTIE &, EVECTEDHINAZ AT T~ FEE D T D,
(https//www.jst.go.jp/kisoken/crest/project/1111095/1111095 2018.html)

MAT ABOTIvNEETTIF PR N2 IZes TIRS 1T Te 2834 &
TRNSTZZETHY | EYHERLHRIETZ T T O D3 BrE B EIAT AT IR, BRI 85y
HRCHBT LWV E N TETRY . BoB@ e sl el s Tnd, —77 iz i
B &, VIF VR, U F RS EA TOARVELZLGHABIENDHY, HARITL %4
TR F L2 UTHAEL Global health coverage (ZE BRI D2 ENRMIFEIILTVET,
ARi#FEClEI100 Days Mission to Respond to Future Pandemic Threats | PR Ah=z DU
7F L BRFMTFEOF B Ziim CEAUTENTH D,

https://vdesc.ims.u-tokyo.ac.jp/
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BHA MR F RIS T DR EE M ORISR
Drug discovery research for nucleic acid therapeutics
for refractory genetic diseases

NGB

Makoto Koizumi

B4R EH X VT ABFGERT
Modality Research Laboratories, Daiichi Sankyo Co., Ltd.

R IR 13 AR T LB OTURIESE IR & T D2 DN TERUNV TR L TR R SE
ARG HIEN f%éél HEEX VT LU THER SN TND, 2018 4:~2022 HI22FT 10 § H
DEMBEFEMLDABIN TS, FFICEMEMYE ATTR 7IaA R — 3 A7 E L, lipid
nanoparticle (LNP)HiffiE LA E 7= siRNA THY ., £7=, BMEFMER V7 AU AE TR
GalNAc Zf5ESH 72 siRNA THY ., ELITHFE~DEEZ DT T VA — Al a2 F A LI
FRIEFE N T D, SHIT, BEL DA D LR E L U CHITERIR - BRR BRI A TUVVD,

AR EE S ORI OO AL AHER T DB S I/ > T D, RIRKF:
D/NHE A LA T eALL, RNA O 2-FRH 1L 4-RFBFRFEAT L TRIELI XL A
K. 2',4"-Bridged Nucleic Acids/Locked Nucleic Acids (2',4'-BNA/LNA)% RLHL T\%, Fx
I, NS LA T AL OILFEIIFFEED RNA O 2-RFEF 1L 4-kREJR 2T L THE
&L 7= 2'-0,4'-C-Ethylene-bridged Nucleic Acids (ENA)ZA|HL T\ 5, ENA 26§54V
X7V ATFRIE, FEMHEH RNA X325 G 0sm<, ShIiZXIL 7 —BICx L Tl EZ A
LCEY, ERERIEIRIZHONDT-OICBEN 2R 2 AL 0D,

AFEFRTIE, ENA AVIT X7 A4 F R v CERA B R T RBICBIR 2815 FDAT T4
VT Y 2L — MDA RIS W TR T, 7;/1/5(9*'1%‘/%]\1374»—(DMD)
BAEFRORK 3,600 AT 1 ADEIG TIIET DILNHOILTIY, AR DI >TH D
KT NEIT D, ERBINOEICID A TRITIERTOD2, £<13F 20~30 R TIEICE
STUEHIEERBLHERETHS, DMD 1L, BLEE 7 ThHhHVANT T 485 T O— R K
HTHZLIZEWT AT 1 mRNA OaRr OF ARV TNAE 4L (out-of-frame) | A
074 B NTEPNESEESNIRNZENR RN /2o TN D, RIERIEIT ENA VI X70A
FREZANTCEIGFE RSOV AN T 40 preemRNA DT/ B AF oL T FAHZLT, 2
R D@ A EORE% out-of-frame 725 in-frame LU, VAT 4 Z L I EEPEATEDHIIT
THLDTHD,
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Structure Based Drug Design against CYP enzyme
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Z< DEFKBIIENICEV A ENT=%., EICHFBC/NBICTET 22 ORBERICLY
R#BEINTHEIMCHEHEN D, ZORBRIGITEDE T OEEEZ LI T THHERICEE Y 52
57T, FFRATAEERLOBAICEERICOHELZ KT T720, REKGOMIFIIERK
BB OBRERRED—DOTH D, FICHBEIICEYRBEER T HEBRZENH LTk
e, BIRMEEMOBRRBIIR O S22/ T RNIBERBAREBILEL 2D, ZOEYRJBAETRHE
B2 DI Cytochrome P450(CYP) A —/3—7 7 I U — L TN A BERBETH D, — KA
BEROZRETHNIL SBDD &I, Z o7 OEDDILEMESBEICT VA 7
HHEPIGATE S, Ll CYP B~ABKEFDLERY /X7 ETHY . EFPREBOAFIR
A S ERLESHERSERMIZRREL TS, MEEEICESWZER L OfEOK
IR EFRIT D2 ERBDTEH LY, &I T, REl T ofE s OFHAIF OGN F1E
RS L, EREREEHEHREZEUE L C SBDD IFAIKERIT TV Z e NERETHMRERMLE
R TAETCREETHD, AV URYT LTI, VitamineD3 R#iEEE TH 5 CYP24A1,
CYP105A1 Zxtg L LT, X#R, FHT#H, ETHREN L HERZEZRE LGB EYREH
FEEBRBIZOWVWTHEMNT S,

EFL—F—: N ALY (Midori Takimoto-Kamimura)
ITHE SEER (Shiro Kondou)
CBI sttt & TH&E A A #iF5EHT(CBI Research Institute
Quantum-Structural Life Science Labolatories )

1. BFEELEMBEMERO ey =7 & LT CYPIZER D HTeBRIZOWNT
& HEYH (Midori Takimoto-Kamimura)
CBI Wr7ctétE  (CBI Research Institute)
RK7av=zr sOBREHHA,

2. ERGORBMTHUB LCAIES -7y & LTOCYP
fi# FZ (Toshiyuki Sakaki)
B ILIEANT K5 (Toyama Prefectural University)

b b7 DTIE BT DY N7 1 L P450 (P450) NFEIEL, AT uA RELELVDAES
MREIEGDOMRBNIRE REZEHE R LTS, 2 P450 O EHREE 01 - R L
UL THOLMZT B Z ik, BIERIZ D703 5 P450 FLEA| DR FCEIK N OB PRI KX
REFR AR, PA50 WFSEOBL, RE & FEREEICHOW TR~ S,

3. CYP24A1 R#ICEGTT 5 VD3 FEADOERALZE
OMas  #E (Atsushi Kittaka), =% EH (Masashi Takano). JII# (% (Fumihiro
Kawagoe)
HIRKEF (Teikyo University)
UIFZEE CIEMER © 4 2 D3 D 2 (LEHR, FFIZ o FR~DRHEH 1~3 OLFEHE
ERE L T A AL E LTV D, TOHRT, IBERT& L CTHiETH EX I VD &%
BAR~DOFEGEMED . RREMAI % 32 D3 L0 bMARFH UKL SO EE L, =
AUHIXRIFRC, EMR Y Z 22 D3 OE(EAREIEEE CYP24A1 (Txd D GEHETIME 2 &S
LT\, ZhS—HED VD3 FHEROAKER X OYRBIRFICIT TR S 2 REME
WITEMEIC SOV TR T 5,

4. CYP Zxtg & L7z CryoEM ({RE)
OXA zhis (Koji Yonekura). JEHO #6 (Tasuku Hamaguchi), &3E E£E (Kiyofumi
Takaba), JI| £ F#t (Keisuke Kawakami), EAR X3V (Saori Maki-Yonekura)
BEf/EIERK%  (RIKEN/Tohoku University)
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5. CYP Zxt& & L7z X B+ T Al E MR O Y A%
OFEHMH KXBEE (Taro Tamada), Y& & (Yu Hirano)
ETREENER %  (National Institutes for Quantum Science and Technology)

X s e ST 13 PDB BRI DR 9 El 4 5 o DS AW FIT BT 2 LR FIETH
Do —Ji. PHEFIIEFE AT D720, @2 ERE TO X M s TN
KB FALEDORENFRETH D, Fo, XFRUTEANTZ R F—03%) 6 HHEW 72D,
MEHAE - BEox 7 ) —RIENATRETH D Z b, @B Y /X7 HOMEREIZHE LI F
BEEF R D, A Tl CYP Zxt5e & U7 X#rds K O —5fG s A AT B Y AL 72D T
FAIT %,

6. TREELIC & B CYP OYRREEARNT O EER
¥ IEB (Masaaki Sugiyama)
H#BKZ  (Kyoto University)

WIREGEL (B4 - /AMAEGEL) 1%, HERRIRRE 2 m~ R 7T 7 0 —Om LT EOFIE L
HEDED T L THRITITRVIFET — 2 2S5 Z ERARRICR>TWD, BIfE, 20
T — X e HIZ R #HT (Normal Mode Analysis : NMA) % AW TR COSEEREE O
B ZIT-> TV D, T ORISR & fEfsE & OIRIZ LV . R TOREZET & CYP
HRE L OBEAEIAZ B L TV 5, ST ZOERESFEIIZEY I 2L —Y g UofET
AW D Z & TR TE 2R IEEERITIC OV T BRI Lz,

7. CYP O E(FERENT FIE~DOHRF
OXHMH ki (Kinya Toda) #HA&tttr 2 (MOLSIS Inc.)
EH iz (Noriyuki Kurita) EHEHFREIAKY  (Toyohashi University of
Technology)

AR, RHEALZ O3B Cld, CYP HFZEICIE A T& 24 2t TIEEABIR S TRBY ., Zh
F TN L2 o7z, CYP MFZEIZE T 5 i REALFZAIRNT TIE~O IR £ - T D,
CYP ORIGSH L OFFEST, WEHL AW OIS L~DT 78 B Y T ¢ L BFEDRT
fili, ~LEEL OEFIREOMNT 72 L. CYP DRFIG A T = X N2 ffHird 5 7= DAL
ST T a—F RN T B,

8. Bbhiz
T SRR (Shiro Kondou)
CBI #7ctéE  (CBI research Institute)
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VFLIREROAIBIET S v 7 4 — A Elix Discovery™D SNz LES, 720 72y b 71— A
FRBA LT IBAVEL ET.

18 HRA K1 Elix CEO #3193

A=A Al BIET S5y k2 +—L Elix Discovery™>4 77%E
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Z18% A% Elix Business Development ;P B3
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HENESEBL LB HANTEVET,
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HOBFRICHEVWTE. CNETULICHZE - EMAREZEBOIS KL -3V BT —IFZ2=2C2
BZEDT —YYbN\DOXILE. ENSZEINICERT I 8B ARMAKOSNTVNET Fys
VTAVATIR. INSDZ—XCHLTE—TSvhT#—AL ETOASRL—a Vb - He8 T —
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RN SBTVEREEET,

HES:T0H25H(X)12:00~13:30
=152 ®F (BAZZECHELTEDETY)
dmEs Y LI B &

Ry T4 XI2DNT

About Dotmatics

Ry TAORE B T =9 BEREZBON TS RHZHR TR
VIRITTDI—T4 VI N/ Z—T,2021% [CInsightful Scicence
#HERRE L SnapGene. Geneious. Prism. Protein Metrics 7 EDZ <D 7
TVT =23y LMD ELIC. HRAT200H5 A DR ZE
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=k

Ry TR S
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BIEFEEAS VS5 HFE(CEITT= MOE DO;EH
LS-03 10825H (N) 12:00-13:30
=5 7 (2 [8)

BIEEAS T 1 DEHEICHEVN A IRBRDTFOTHA 2 (SIS UTESTEEFIREN RO SN TLY
F9, HIXE SHRGETBIEZEFENMTESINTVD & BILEWVWRT —)LDFDEEMT SIS L
TWBZ & ZLDORFICDVWTEFRYUETE D2 & IRENBE DT 15 7 CENORETZIE
FTRENTEDRZE, RENEFENFET,

MOE (Molecular Operating Environment) (&, CNSDOBEZWE T DMETEALET SV ~D
d—ALTY, BDF. RTIF R, ik, REBDIEHDETY > IHEE. Structure/Fragment/Ligand-
Based Drug Design. QSAR/QSPR ##tfr. J 7 —~X 17 A P&, 92 /I\OBEF YU DI7H1>
EDSERSEIFE VT -2 3 > MEH SN TVWE T AR FNSERED FECTRILVDF
HER CEDDFIEET —IN—R L. D TFORVEDISHEETE. FistFT e T . &= 5(C.
ERABMNYEREE(CHODEEA 25— 1 — A0, 51BRIFEE SVL ZAVVTHEEIERICK D,
BRI ENBN DT ZERIRTEEI ., MOE ZIAREDZHDOHBOELFIRIEETDC
ET. BIEEATROIRIE - hE(EZRNFT,

Attws3>TlE BIEES VT EUTEFESINTULVS, PROTAC, Fifk, ZEEICDWTI A
—HRAU. MOE DMIEF T VT —2 3> E2DERBEHZBNUET.

MO& —guaéw VT4 0)7‘—&50)%\%%7— 1) zb‘iiiﬁ—

GIECi 4 Structure-Based Design ~ MOEsaic — SAR, MMP Ligand-Based Design

K g /
i 4
& lp
! F) N =i R A
i

Fragment-Based Design EEEF

XiRfoaatmE AT TEAZTANTAIAIQSAR

BERASHEIS R s51o0011>28
TEL: 03-3553-8030 E-mail: sales@molsis.co.jp
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[PROTAC ZNUE=TESFHET VU ]

PROTAC (PROteolysis TArgeting Chimera) (&. #IlBRDOIEFF> - TOF 7Y —LFRZEFRALUTEN
B INDEZEIRNICHEERE T BIEEMTY . MERDBEDFENMENETDCENTERVNIINOE
BIEN(CTERCENS., IBF. FEZEDH TVIRIEESF US4 T, PROTAC IR ZEFIET BI(C(E.
HREANTEER=TESK (BN /) UB-PROTAC-E3 UL —T) ZEMIBCENNETHD., 518
7 PROTAC DEREHCIE. COEAREBYICEFTUSIITBTENEETYT. MOE ODHRILT T
4 —> 3> TS PROTAC Modeling Tools ZFWD Z ET. = EERDIREIBEZ SR (CHBETETEY,

ge
e et 2.9
1) Protein-Protein Docking 3) Filtering Ea

o—

2) PROTAC Conformational Sampling

Ensemble of Ternary Complexes

[ &5%5T 70U —<3 > & Developability ¥

I, TAEERBERZDIRILTDEDHICA U ICKDIEENAEETIRBRAEBEERDODTUVET, £
7=, PUAREZFEGRD Developability (FAFEEIAEM) OFFMC(E. FUR DR - EIREOREZIFTTRL,
FUABE BOBERMEREEZFOMIEDTEEN L ZMEERDZ (T T VEMUDIFEBEE T I . MOE (C(F.
REOS—EFUSD, 92/I\0BFT 1>, TE-TIVE> T EW D TERERET ICBR T T U —
>3 >0 . DFREFT. MR, {CFZREEMREEMIORL & UL\ D TZ3Hi4AD Developability DT (C
SERATER 7TV -2 a3 ERESINTUVET,

Red: Asn deamidation sites
Purple: Asp isomerization sites
Blue: Oxidation sites

Yellow: Lys glycation sites
Gray: Glu pyrolytic sites

[BREETVU>Y]

DNA 12> RNA &0\ D BB 7 (&, BIZEDIEND T & UTHRESN S, IE8F., BIEESFUFT14D1 D&
UTEEFESNTED., 7>oFE2 R, siRNA, PTHIY—IREBRLRBRIBEOBRBERRN LHENTET
WET, RO AEEE RV TEERBREZDER ITDH(C(E ARENREEOIIAEISEZE FZRICE
SUITE, DFEEEERZBITTE 3D FET YOV —ILIWATY . MOE (&, D TFDES
U >0 F R BRI Z1T D IcODRITHEE Z 88 L TULE T,
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ty>ahe

- S—RNREFIEI1-FTa 2 IME

- EFVINIIT7HREFY b TKET (a4 wv k)

- EFtBIEETSY I A—A InQuanto (1>07> )
- MR & EESBHDOTEMNT

TKET (4o v b)) (EFYVINIITHEFY b

TKET (&, &'—bREFI>E1—-HDTOTSLZEVERK - EITI DIZHDIHERNR
VI KD VHFEFY BTY, TKET 3T SY hIA—AZEET . REHRDEIEER
BILIL—F>CKD. SHD) A ZXDENWEFFT/\AX (= NISQ 7/ R) DIEE
EERARSIEH T ZENFEETT,

TKET (ZA—T>Y—XTHD. Python /\wH—= pytket Z& U CTREE(CT7 U
ATEFE9,

InQuanto (A>97>R)  EFHEIEETSY N IA—LA

InQuanto (. DF - MBS =ZaL—>3>0FEBRZETIDR, IT>F—-T5404X
ElFOEFTELF/\wHo—=T9, InQuanto DEZ1—J)LRDT—oUTJ0O—(Ck
D, STELEEVCEF VIV TVLEEE L. BRO7ILIUILAEBERYT)L—
FINTS —MWIERMEESR (CHAEDHE. BBFOEFT /A A% FE > TERESL
RIVOFEREBBCENTEET,

DA>FT4 a7 L#tlCDNWT

Quantinuum (OA>7« Za77/,) #tld. Honeywell Quantum Solutions M&x5t
IHMD)\— R 177 & Cambridge Quantum DREIHRD= RILD T 7H KU T7TY
-2 a3 EHEF DHREAROETF I E1—FTa >JBETT ., KE. B, B
ARD7DDHLRT. 300AB EDORIZESE - T2 7RED4002 U LOREERTE
LTCTWERT,

BFFE .- PEERSE) (science led, enterprise driven) T, % 1>E1— FT1>
DEAZE, BAaN—tF21UFTr. £, RBEREDTTUT—> 3> OREZNN
RUTCTWET, IRILF— IR, [UEZE). BFERQREODE T, HARATREEL
BoZEBZERRT BIHODRAT—ST)ILTEENRBREF V) 1—->3>%alEd
BDIEICERZEWNWTUVET,

HBEEE
cqcjapan.business@cambridgequantum.com

15



‘ ‘ QUANTINUUM

Quantum Computational
Chemistry Platform for
Quantum Computers

INQUANTO

5¥#l72 InQuanto AR T OV (3255



https://note.com/quantinuum/n/n7f625d17f2ff

$5-02

CBI #2022 FFRE ARV H—F+t v 3 v ss02
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BIFEMRICE T 27 7Y FIERADOER
~BE =TT — X BRI R~

ITFEDORIEEFRZ I Y B IREIZEX Y 7 4 OMINCEWE L Lt T 0. AN THIBE (Al)CHEM

FEEILD L LERFTEMOEANIC LY 7 — 2BERAEE~DOT 7 —F ML b, i
SEABBEARANT Y v 77 =20 0bD4 ¥ A b {bEWNICBE T 2 IAREE TR QLD A X

> CABBE~DIERIE KN T 5, Kty v g v TlX, Amazon Web Services (AWS) _F ICH#EEE

INFE =T — XA LA e R Ic BE 9 2 AWS H— v 2o BNz, B4t
WA~ — P Y —FHE TV — T OERE L Y . HFE~DIERRICESEHDOFEENEIC DWW

TR G272 4,

AWS ¥ — ¥ 2 %75 L 7= High Performance Computing (HPC) BRI D%
Hh g LI
TVV U7 =R Yy ERIEH BT E A

T =AY A TV RICHFENLHEE (A) OIEA 2 EB S 2 7201Cid, T Ticld e R &5
TRGVIRTZLICX o THRART 70 —F%2TH e BRELRY, ThozHEHT 2007
Ty 7 =0k LT, YIHIRERCHIANERZ 77 Favea—7 4 v 7BREICKE RS
FEOLNTWE, 777 FLEICiZ200 %2 284 e — AR REINTEY, BEKEIENLL
FHAGDLETCHLS ZLICX D, ZNENOHMNICZ 5 AT —F TV AGHEERREEZ 7L X 71
RS 2 e A[RECTH 2, FHINOLD 7 T T FOFREZED L CTF TIC KRR 2N —F v L
A7 Y == v TR, T LEN. 7 7 A A BTSN T E CTEH I TV S, Ky va
Y Cld AWS DA S, AWS RICRIZEMIT M 2 SR I 2 RICIER S d r—ex e L
T. BENWNICHPC 7 7 A X — %553 5 Z L 03T]HE7: AWS ParallelCluster ., AL —7" v b 724y
7 7 AN AT LTH 5 Lustre & AWS =1 — ¥ K CIEfit3 3 Amazon FSx for Lustre. {L&Y1EER
ZHEANT B 72D I B & 7 D rdkit extension 337K — b X 4172 Amazon Aurora PostgreSQL % #3413
%,
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AWS ¥ — e 2 BIEM L 7= 7 — X BB 0 BIRAL ERT R R O RS
AR 52
FH— Ao IR A~— Y b —FHEE L — 7

WA, NTHIEE (A1) 7 =294 TV ADPBIEFRICRE RFEEL G2 BT Y, FHX VK
RPREINTWE, F I B EMEFTICENTH, CNETOME 7 v —icEL DT -2
ATV AFERERY ANSG [ 7 — 2ERERIAIEEA LY ) ZHEEL C& 7o, RADERT ST — ﬂ%[ﬁi]
HIAEEAL 1, Medicinal Chemist 23 A DEKCHEERICH DS WA BRREZITIDTIEI AL, 7

£ RAREAR A COIEME A L <. SATRERI{LAEY T ¥ A /&/\ﬁkﬁﬁn@wﬁfiﬂ:%ﬁﬁbfwé
(1) » KEEZERT 2ICIE. HEOTF—2 Y —ZAhbTF— X &AL, 08 - At L
FHIEFT) v 2Tk o — AL RITHE S N, %ﬂéﬁﬂaﬁﬂﬁj&*ﬁnﬁ_fﬁwﬂ}inﬁ%ﬁzﬁiﬁéd&%ﬁ%50
e, TNHDOWEIF—2DY 7+ Y 2T TEMT S LIIRECH Y, BURTIIEK DY 7 v
=7 RIRDUCIGE L T W T T 3, REFR T, AWS Z 727 — X BRI LA 2 EBH+ 5
72ODT Ty 7 F—LICOWTHENT S,

Data-driven decision making SAR visualization and analysis
with all involved scientists —
o Network analysis
x CADD Make Test *ie5°1 -1 °1°8
” @ '& I DMTA l SAR table / plot = 5= SARM
Ll 444
Medchem | = pesign ! Analysns J

Structure-based protein-ligand t l
interaction analysis C ber

Virtual MTA Compound - .
Evaluation Generation Virtual compound generation by
‘ cy cle ' reagent-based substituent conversion
Z Prediction 0 |G
In-house

substituent 1

Machine learning for bioactivity and ADMET prediction database

Database Target parameter Model / Method y Y
pubtic LightGBM Web tool Y [
—] -— [ Random Forest || /Drawer o o A
— - andom Fores! .& -

Project-specific
data set

SVM Project

member

1. 7= 2D EY T4 v D7 —2 71— (Kunimoto R et al, Drug Discov Today 27, 2065-
2070, 2022. Figure 1(b) X Y 51/)

AWS ~V AT T « A TH A LY ADTHEHR— ¢
https://aws.amazon.com/jp/local/health/
BEIWEHESE : https://aws.amazon.com/jp/contact-us/
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Al BIE - £ FEERTOERL ENEZZIAS GPUY a—3 Y

ITEDHE/A BIROERICIES S 2L —> 3>k Al ZE/#HHOME CARIRLRIRE
P ETHD., CNETHEMLDGPUN—R I 7 CEEY 7 Iz 7I3EOTOHEFEB
LT, ChoDstEEEZZX TETFLT.

N—RIT7ETIE. XEFEKLA THI00 GPUJ ICTAIIICELT 8 Ew MEEV N S=ET
BMEETHRA 4 XY FLOPS O4eEZRIFL. TSIC Al ETILOREZRL LN S C DR
EEEZEWERTA71-OD/N—R/V 7T MEHEKETH S Transformer Engine H3E&E L T
WET,

V7 b T TETIERERLISR—2ILHY A ~ TNVIDIANGC] IZT. GPU ICERE{t T N=E
BT —77—=>0T7L—LT7—2UDOI>7T7}. GROMACS X RELION & ® HPC 7 7)1
—23>DAYTFH. THICKRRABEZEA ETIILHEELRALTULETD,

IRTEISHFIC AlphaFol2 THEBRINTWS Transformer ZBA X L. ARIEBARSET
TIDEIE - £SRFZEFIAOEANIEBITEFEINTED . H1TIE TOpenFolds TESM-
LITProtT5 ) e W e B YNV BZRRE LTZETIILE ALEWZXIRIC L 7=TMegaMolBart
ETIINZBE L TBioNemo JL—LT—7 1 ODRELAZHBTZ L EHIC. ERETD
FRICVFVRAPIBATINSDETILOHRIITAEZYR—Y RF—E X TBioNemo #
—EX] DEREAFECLL>TVWET,

ZIKt w3 TldEE E%Ead; Al E'J% E nR &I D GPU Eﬂx_laﬁﬁ Eﬁ%ﬁl $I§%EBE
e C“E%iﬁalﬁ% F9,

TIAKZAE—H—:
RRIEKRE BHRIEIZER BHRIFER EHIR
KEHSE K&

[FEEEIE]

AlphaFold2 OFEIFH S5 1 FELE o7z, HEEFEIET Al ICKZ R VNI BEIFEEF AR
fiTld. STRBIED FZADOL S ICEMBEPRESFOMERBIEAINTWVS, BAE
EBUEBESBTFCTRELIERETILICELS AlphaFold2 B DEETH A ORRERY. A
I RRE - EHRFDHFO Al FARO—ImZ BN L71=0,
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NVIDIA.

NVIDIA DGX H100
Al 12T SDEFIE

ATHIBE (A) FESRRICE T Z2RBRRELTRRT D IODENBFERICK
DFELT. BEY—EROAL U754 Fz—>0OR#EL. ESXXEDHE
PEARDER. ZFIRTOERICBITZRAEHOEFC T —EXDKETH L.
ANFHEIBICA / R—=>2 a3V ERIRT B ODEHEAERBELET, AIT>T75D
HEIE 7257 NVIDIADGX ™ S X T LlE. TOLSARBEERIRERIRT S
HDEHLEBITRIELIEA TS5y b7 #—LEEMHLE T,

NVIDIA DGX H100 IZE PR ZAD A / RN—> 3 v etz L £9. NVIDIA
DIRERAYZ: DCX Y R T LDRHETILTH D NVIDIA DGX SuperPOD ™D £ A%
Td % DGX H100 &, EHEARYZ: NVIDIA H100 Tensor J77 GPU Z## L. Al D&
Az#HLEDE T, Al RIL—TY b ZRARIETBLSICRFATNTED. BEIC
FHRES N, P RXTLSNTIIRRAIGELE TSy b7+ —LZREICREMHEL. BA
SR, )IAXYT =23y PRT L TEAMBLICEVWT. RENGE
S ERTESLDICKIELET, NVIDIADGX H100 (&, > FL I XICEAT
F2EFN. TEIFERTIELRALEROBRREN S D CEOKRRELFREZ Al
THRRTDIDICREBERNT -V RAZ2RELEFT,

Al DKIRIRERDEZITERS

NVIDIA DGX H100 &t 5 T#J & T NVIDIA H100 Tensor 3 77 GPU Z & & L 7=
SRATLTHD AIDRT—=ILENT =XV ADRAEZZEWL £, NVIDIA
ConnectX®-7 A¥—hk XYy b D=0 4 >Z—T T+ X AH—F (SmartNIC) T
GEBEDONT =T VRE2EBERAERY T —F >4 % 32T L. NVIDIA DGX
SuperPOD [AIFTD/N\TRE—R RT7—ZEUFrZiRELEFT., ZOXRHRT—
FTUFvId. BRASENEBYC T —T7 S—Z2JIC&BLOAXYTF—>ay £
FILRYE, RKIBBETEMER A D3 TICHSTESL5IC@btINTLWES,

NVIDIA Base Command I & 33#1t

NVIDIA Base Command IC& 2 To IARTD DX Y AT LIFEIBIC/NT =T v
Tl BEIFELLENVIDAY I FI T 7 EFATEZLDICBDET, &5
ICNIVA—TSAXLRILDF—T AL =3 e VS AFZER, OV 21—
TAVT AML= XY NT—T AVITSASOFvEERILTE 1T
S A TD—=o0—-RICEBELINARL—T a0 VT S XTLEZSUERIEEH
DTSy bT+—L%ZFERALT. DX DAJREEMZHZARICFISHT N TEE
Yo F7oo DGX 2 X TLICIE NVIDIA Al Enterprise A& ENTHD . Al DREFEE
BAZMERLTIOICRBLLINZY I T TR1— b ERELET,

GPU
GPU XE
NTF—=IX V2R

NVIDIA®
NVSwitch ™

AT L
HEBD

CPU
SRTLXEY

ESA
o—%>7

(535
FybhT=2

b=

VI7hozr

BEREEHE

8x NVIDIA H100 Tensor 37 GPU
&5t 640GB

32 petaFLOPS FP8

4x

&K 10.2kW

727l x86

2TB

4 {BlD OSFP R— T8 BH®D
> >4 L R— I ConnectZ-7 VPI AD
=5

400 Gb/s InfiniBand

200 Gb/s Ethernet
2B0DF 37 )LE— NVIDIA
ConnectX-7 VPI
1x 400 Gb/s InfiniBand
1x 200 Gb/s Ethernet

10Gb/s * > 7K—F NIC (RJ45 {3F)
50Gb/s Ethernet # 7 3 > NIC
R b R=ZFR—RER

v +kO—5— (BMC) (RJ45 f33F)

0S : 2x 1.9TB NVMe M.2
REBR kL —< : 8x 3.84TB NVMe U.2

NVIDIA Al Enterprise - Al
YIboxT

NVIDIA Base Command -
F=rZAbL=>3a,
RrTa—=-V2J, V5R2EE
Ubuntu / Red Hat Enterprise Linux /
Cent0S - ARL—F 1 Y AT L

5°C~ 30°C (41°F~ 86 °F)

NVIDIADGX H100 | T—& > — bt
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AR - RIERBTFED O — A L R R HIT 72 AMED-BINDS DY #7
Initiatives of AMED-BINDS for Seamless Support of Life Science
and Drug Discovery

PR E .

A=A B « AISRAFZE 42 AR S 2% (BINDS) J 1%, FeASE OB IR A A B2 BT 22 (2 ST L
ZDF OB TCAR & AIERMFTE 70 & O ERCAFZER IR T 5 2 L2 B E LTARE 4 A
WZBHME Lo HETH D, MEEMITIC R D KESER CIX. 7 74 4B TIMEBE. BHeiizk,
PSR S 2 2. (LB T A 7T U =0 Cid, RERGRIE T 4 77 ) — F
TG T VR am s TICETOHIRGERIA T TV —, TR A T5 ) — RIWT A
TN BT T T ) — w2 L T D, AIEREFZE O RER ~OSMEM T+ 5 IR R
TV - B OfREE, EREEEHIR (A7 zaA R, AAH A4 RE) OE, S 5HIC,
BTSN VT 4 BRRITET DR « X7 F AR, BIZRIER R OSSN, Al Sl 2T5H L
TrA vy Vazrg ) —=u 7 AmBSREBIETDHEI v I AN, N"AFA T F~T 4 F R
72l IR OAMENY - BRI A HEE T D T2 OF E IR IE AR AT o T D,

DV RTY T ATiE, BINDS O#x O IO L — A VR RICESEZRK > T34 D
AT TR AW 272& . AMED-BINDS OHY #17x & 4% 5 FERIORLEIZOWCifmT D
b & L2,

EFL—&—: #X FEA Tatsuya ZENKOH
ENZAFZERIRIEN B AR S0 B T
Japan Agency for Medical Research and Development (AMED)

1. FHRRZFOAIF Y — FAIRSH#E
/NE  Z# Hirotatsu KOJIMA
HORR ARG R TR Al A
Drug Discovery Initiative, Graduate School of Pharmaceutical Sciences, The University
of Tokyo

BIZEREEAR X, TR TMEAEE £ L LT, KA OGBIEESCREEA DTS
Y. AMED DISC ® % > "7 EMAAFHAESY G747 7V —%%F AN, #3459
TNINOIRDALEN T AT TV —%EH - EHL TV D, TOIEMTA T T =Y
JRTR DB E DR, FHEA 7 ) —=0 7, BB v 72 e LT, %
REAIRR LIS, A4 7V A = AFFETOH LWVMRSLT AT 7 &6 L2, EROEER [k
fh, AR — R 2/ A7 b S ORI 2 B340 800 DAFE T —~ & X L T X
77o WTEEITE A L7z Echo MS®Y 27 A% V7= SARS-CoV-2 Main Protease FHZEHIIRZR
BWET DY, BEOINICES HTS 7 v A4 REEICHL 12 AR TV 5D,

ARHENTZA7 UV —=27t v MEAEWI S DOIEBIA K R SN O ER = > K
NHY LCHY ., ADME 512 4 8 U= AL EE 2 506 L T 5,

R VRTT AT, ZTHE TORFECHREDOH, BURESZITHONTEEEL L7z,

BB ALEWHY TV ORITATERILEM A 7 U — = T WFFE AR O o i TS o
77 %A (www.ddiutokyo.acjp) & ZEL ZEV,

2. BIRY A =V AFRIEIRITEIT 53— b U R 72 BINDS RIS T E
#)Il Fixk Kazutake TSUJIKAWA
INUNEFNESTE SV S T VS Sl
Graduate School/School Pharmaceutical Sciences, Osaka University

R IR AR TERRIEE Y A = o AWFFESCRIL AU, B ARl - BISRAIESE SCfR At o 5
(BINDS) D=y My« 2= MEAIZBWTT AT I 7 ORIFEFEEZ > — L L AT
SAET DR ZHE L TV D, AIREER S T OWR T, Bl S ok OB &t &
HAZREITARY BRI 7 ADITSHRZAT> T D, Fio, BAMRKBRIRH A 2
MA LT b RRETH Do A SHIAEN D FITHT oA AN—=T v hRT Y ==
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(HTS) Zo#EEL, mRFREEAEH GO HTS #HYFIC L ZEan s, BHME Tk
All Japan TI&2y b &M% ¥4+ % J-PUBLIC T A 75 U — 2 &b -2k b8 5
A7V —%HTS HIZiA L CW5D, by MEAMBREETE 5 &, BRI E - Hih
DAF 4 F N3 x% Xk AFHERS RIS ADMET - Wil o742 &% b
Bo FT-AIEMFIEIZIS T DFE A OFHFR %x%ﬁﬁfw o ZNHAIRERIY, EOBEND
THRFTE S, RUVRTTATIET BT I TICBT HAFRME 2N L, EHHA X
— ¥ a VEAIN S DAIEEY A = AR LS O Z S BINDS KRG 2 #5095,

. LA/ BN~ LV TF AR v 7 AD A=A T URITIC K B EMBHERF ISR
HE A KeiYura

FLAE RSB Tl e -+ SedE B o

School of Advanced Science and Engineering, Faculty of Science and Engineering,
WASEDA University

LSO MR Dy 7 — Z T 5 Z LA TERIE, ko TRz -

TWADEFMICIHRD ZENTE S, L LED XD R, SERRERNE T
— BRI B DL E T D, £ 2 CHhalL, WEHNEZ b7 V—7 LERIT N TE 5
I N—T kX gl - e =y AR L, 1M PO NERED & DNA/RNA i
M. a7 d— AT, A ZBRa—LiT, BLXONSAS A A T +~T 4 7 AT O A4 —
oA 2T ENT A i T X DARHI 2 EEE U, RFEBI O FREHE KFEITIE, 1 fla RNA fig
Bré &b, A Oy INRRRER U & 215 F U C2EIRINLEF 8 & 0% L 70 N
DNA/RNA-seq 741 77 U —iiflitnd 5, HEEEOIINKZICIE, £ o~ 7T
74— B X OEEGHIEMCIH L 2EERE A 2R e — LB LT 0T 4 — LMifffr v AT
AN D, BT —F OMNTIX, AREEHEI O RARH K & o BB 0 3R R TR L,
Jva—7 47 RNA 5T RNATE®R, BOX o RVE, Z o7 EHMAERT D A
ARTA NOEHRe EARRERE SCRESE S LT 5, 3 - fiio=> b TiX
BN S 7 =y b & RT A BEE L T4 2 31 5,

STRITL

20225 AMEDBSZER Y R oBHISE 0o E e

M we . -EOHE

BT 1] #£22E BFEEEHELES B
1y #71 2) 1] 8156 BAIEIIRFATAMERES o cosmmne
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MPS (& 27 L) OSEDORBEEZE XS
-AMED-MPS2, MPS-RS v v =7 MNiIRIZHT= > T-

Future development of Microphysiological Systems (MPS)
-Kicking off the AMED-MPS2 & MPS-RS projects-

Bl

Microphysiological Systems I&, A7 A RAT T ANGL~AVF 7 = /LT L— FOW A ADRGHE
FRICELE SN EEOEE 2 N — b AV MRk & RiRER BRI 2 1538 L, S 2R S
% 2 & RIS N O LR OB av & i U, i 2SRRI AT 3 /) 7R0s 8 & 3R, Moo
BROMNBEREY., 7033472 EOWEBREIORE L in vitro TP TE 18R EETH 5,
Bl a £ & U CE 2 ERLARSR M, (L, (CFWE OZ 2RIz 1T 2 IR OFE
flice LT, WIEREAIILO L LT HROT A 7H A = RERBZOMEOBMICIER L
TW5,

AHTH MPS O EIEZEHET 2 HAYT 2017 4 L Y AMED-MPS 7’1 = 7 |~ A3 B4k
SH. 2021 FEETH LI T Lz, AESTHEREZRREBES VR Y L2l LT
XTHY, MEEII7 Y27 FORIEREZ1T-7-,

ZOE, ZoTuvxs NO%kE LT, AMED-MPS YrYxs FOF 2 ISz

(AMED-MPS2 7r =7 ), F7z, Tl L T, MPS OfTBIIRNEHZ BfE L. L%
27 MUY A ZADOH KIS MPS #4589 5 MPS-RS 7'r Y =2 I hH EA
-7z,

AR VRT T LATIE, ENENEZID £ & HMEREH TH LB N FRELRIEE, &
WRFAAIT Y =7 POBEEFN L TW2L & & Bz, MPS Ol 5% &1 TE RIS
FIZOWTOITREZMF L TV iz72<,

F7o, FHOE MY invitroR BRIE L L THEE SRS MPS 12RO b b B h~OSMFME (in
vitro to in vivo extrapolation: IVIVE) 22\ T, [ENZEIESEMEAEMTERT (L R RHE A X
0. ZHEBRRELZED LTV D AMED AIBEREMHEEM7EHE Te MifREIRONE HIC
& B e AR RBR O LR B A Hig L7z IVIVE #F%8) 05 Z#EA 2 L=<,

EFFL—F—: H{HE F— (Seiichi Ishida)
223 K% (Sojo University)
[E] 7 E R S A S AE 22 (National Institute of Health Sciences)

ZUBHIZ EFL—F—X 0 URI T LBE D TR

1. AMED-MPS2 7“2 ¥ = 7 hDBED ZHEN
g 5% (Yuzuru Ito)
H K% (University of Tsukuba)

2. MPS-RS FEED ZHET
AH #H— (Seiichi Ishida)
223 K% (Sojo University)

3. in vitro BBRIEIZRD b B & b ~DAEHEIZONT
i KA (Daiju Yamazaki)
[E] 37 R LA S AR RT (National Institute of Health Sciences)
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FRERTL VT 4L LTOTVH LT E—DKRTR
Frontiers of Digital Therapy as a Novel Modality in Medicine

R E :

RRESCTHERAZANE LT VAT 7Y r—a VBN S £ SICRAMCH 5, BEF
DEWFEEX VT 4P TIEEDICHAA—ENT IR B DO A~ AT 2 RO BERE
%&ﬁ%%ﬁ4wﬁi EDOTERIZ L > TCRIET 2D EA TS, AEAROT VX LT

=0 BAEN Ny 7T T — OB CTRATIRO BRI 2B L o>, U DBHOL5%EE
%?6
FF 1L —%—: /g E— (Shin-ichi Kojima)

M0 = =k 4 (Mitsubishi Tanabe Pharma)
A —#f (Kazuki Yamamoto)
WK 74 Y b—7#AE1 2 Z— (Isotope Science Center, UT)

1. BBERROONDITVINET 2 —T 4 7 ADOHSEEDEY F
MW E—RF (Keiichiro Noda)
S4B AR AWFFEFT (The Japan Research Institute, Limited)

EAREICRDONDT AN T Ea—TF 4 7 ADHRFEEDIEY F

HAKRAWZET By HE—RS

AARDEREXHZa L va—L LoD, BENZITHMEEZRKIET27-D11%, T4
NVEIEH L CERZERNE - Sk Laen 6B b L, 23R - hRM R ER AR5 2
ERROBND, BUE, Kid LTER - BESTFOT X ICER LT#EmDiED b
TWBEN, TIUFNLETE2—T 4 7 ANZONWTITERDWBE 72100 THh Y . WS
HAEHEHE ST D 72D DEROERZ B 2 TSR ENV—NAED DUETH D,

2022 4E 3 AlZ, HARAH 2 F5ERE L THRT AL~V A « T T4 T VA
(JaDHA)Z 3 L, [ VX VOFRECRREE] ZRitIC [ O X072 6 ClEOfifE ) % iE
Rl LoD, HFERIZH T 2 RMEO H D HIE - 7 & OB E %2 B 53 B0 fA
ZRAhE ST, AGEBTIX. JaDHA OIFE 2R3 5 & & HIT, WS o F AR /e
ROFHENN 2B FE 2 72, FaE *@%ﬂéﬁé%%@@@ﬁ;owfimé

2. NIEBEZEIZBITBIRERAT 7Y R
i)l X% (Daisuke Ichikawa)
H 2 A NS (SUSMED, Inc)

ARICBIT D A~— b7 4 OWARIE 2010 F121% 10%5577 - 7225, 2020 4E121% 80% %
Bz TWb, %/\4/viﬁ”%5|€@jt& IXEREDEA~DICHLBREFDED LT Y, BCER AT
T DT 72 BRI 216 7 77U DSBS @S X KR AR T, BRRBRE THWS
LTV 5b,
ARIEIZ T DL & LT, FORHEE, SN2 EREMNE DT A R A4 2BV TRAAT
ERENE B E LS., EIREOBEFHNRD SN TWD, — T, KBS
TR ONTZREREFFR O THRZIEELZITS Z L BRD L, It7/x TITIT 4 AF
¥ v TOFENMEH SN TNV D, BAIIRIRIEDIGREITH vy 7AD§$§%””%F’%%§ L.
WHBEEEZEERICLAKRLAIT L OFRO L CHRIFHIRBRR 23 L, AR FHE2IT-o 7.
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A #N (Yousuke ISHID)
&4 omniheal (omniheal Inc.)

WTHAE IR D FRV VEYLEIZ D &, D D00 LTV 2 & BNV EME RS ER &
R LICK KBV, ZABNRROFHREL, FIZITE F ORFE~OBLEREE S 20
BRI o TWnWB EEZ BT,

Fex 1L Z OFHIER SR Z DRTOEELBIZE D)o TERLRH D Z EXZBERLTH BUVT
EREE T hE, TOFNAIa=hr— g0 —I T 40— a Ly OEWNERIA L
FEELZ, DRV ICHHEREEZ T 5 Z & T, F—aBNARIED, EFEn 723 mIC
LIZA— b T3 —20D [Hal] Thd,

A NIRRT 3.5 T DL, 100 I 7 — X ZRA7T 55 A LDET—ZHFEFHEI L,
b~V ALY — 7TV EFNEH LR ERHIR Y, NETifToC&Ehala=r—
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Origin of Life: Emergence of Intelligence

BAMEERE .

B4 CBI KED 7+ —H A My a r THRESETCWEZEWNWTND Mmool &y v
aVbAETHEIE LD, SRIOT—< L DO RE T AmR LRSI OND T
NED LI (FEITWHEFMNZ) R TE 200250 TERT D, 30 DEED 2 HozhEiE
ftoth, BHRFHREDLZRIT T2,

EFFL—&—: MY B (Shigenori Tanaka)
#7 K% (Kobe University)

1. TFEEEESAEEOREBRBIC X 2mtEniEid] (13:30-14:00)

BF  ZFF (Kohei Shimamura)
REA K (Kumamoto University)

TUH LR HLENTITFICHHHAEENT 22 HEEROEER ZHBET V2 iR

KCTETLE, TOOMAEET T+ v h— 7T 7RO~ 22 —HRAUHES, 2T,
BECFEEYNCH Y PHENTAENERT 2 2R FRD 2R TENEEZDHZ LT, EEWE
FOMZTHEAFTIINVITEBEDAZET [FEORE] 227 UbT25 2 a2l ARD,
2 X 2=4 R ICZEM AR _EOIEF M A OB EZ, IHE T 7T ekt T
Yo —H—R TR T A, SO RO ALY —, = ket —, HHZRALXE
— R OBE E LTRE D, 2R 723 U COREEIRR 21T O R T 2B 2R T 5
ZENTE D, BRI HFREZITV., 04 BB FRIREE O S R vy < o oA~ & i
L TWKERTEBIETHZ LN TE D,

2. TEFRALERRENHH- X NVX —HEE] (14:00-14:30)

H9 it (Shigenori Tanaka)
#7F K% (Kobe University)

t hOEFITECERREZ BEFimOBHIZBWTET U v 7 5 R[REHIZOVWTHR T
%, BRRED (OHR) BEFHET L LTIk, SRz o 227 MR
ElHox, Wil (XA X) MEEROPFHOF TR SINDI I ENETH -2, LLAR
DI, HEMRRCYRIFE O /R L d R TR O N e FHIN R o0 0 | &

RIE T VOBENDORALNRINOOH D, ZIZTiE, WADOY LU <REEFIICE D
NDT VLAY =D Z TNV L EBERREEZTRIRTHNANIN =T U EZEALT, Z0
AR OBREE S M AEAER Lo o/RTEMIEE O 2 B XYL 3%, Liouville-von
Neumann FFERUTHE 9 B ETHI ORI E 2 EMICFEDR TE 5 I ab—va U FEESH
WTCTHRDOTY b E—SHBE =R X DR ML ZFE L, YRFHEON D A =X A
I EEREwmT D,
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Prediction of Chemical Reaction Type with
Hierarchical Graph Neural Networks

Tatsuya Ishimoto' Nobuyuki Yasuo’
ishimoto.t.ac@m.titech.ac.jp yasuo.n.aa@m.titech.ac.jp

Masakazu Sekijima'
sekijima@c.titech.ac.jp

! Department of Computer Science, Tokyo Institute of Technology, Tokyo, 152-8550, Japan

2 Academy for Convergence of Materials and Informatics (TAC-MI), Tokyo Institute of
Technology, Tokyo, 152-8550, Japan

Keywords: Chemical reaction classification, Graph Neural Networks

Chemical reaction classification help chemists to index their reaction database and identify new
types of reaction [1]. Data-driven reaction classification methods have been developed [2-3].
However, most of them do not adequately represent the hierarchical structure of chemical reactions.
In this study, we propose the method of reaction classification with hierarchical graph representation.

We experimented the model using the USTPO dataset to evaluate its efficiency.

[1] Bawden, D. Classification of Chemical Reactions: Potential, Possibilities and Continuing

Relevance. J. Chem. Inf. Comput. Sci., 1991, 31 (2), 212-216.

[2] Schneider, N.; Lowe, D. M.; Sayle, R. A.; Landrum, G. A. Development of a Novel Fingerprint
for Chemical Reactions and Its Application to Large-Scale Reaction Classification and Similarity.

J. Chem. Inf. Model. 2015, 55 (1), 39-53.
[3] Schwaller, P.; Probst, D.; Vaucher, A. C.; Nair, V. H.; Kreutter, D.; Laino, T.; Reymond,

Machine Intelligence 2021, 3 (2), 144-152.

J.-L.
Mapping the Space of Chemical Reactions Using Attention-Based Neural Networks. Nature
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Molecular Optimization by Graph Generative Model using

Transformers
Shunya MakKino' Nobuaki Yasuo?
makino.s.ad@m.titech.ac.jp yasuo@cbi.titech.ac.jp

Masakazu Sekijima'
sekijimaQc.titech.ac.jp

! Department of Computer Science, Tokyo Institute of Technology, Tokyo, 152-8550, Japan

2 Academy for Convergence of Materials and Informatics (TAC-MI), Tokyo Institute of
Technology, Tokyo, 152-8550, Japan

Keywords: machine learning, molecular optimization, graph generation, Transformers

In drug discovery, the significant cost and time required to develop new drugs have become a
problem, and computational methods to reduce these costs have been actively researched. Lead
optimization plays an important role in drug discovery and aims to enhance the activity or improve
the ADMET properties of a compound known to be active against a target by changing its structure.

Recent advances in deep learning technology have led to the development of graph generation
methods such as VAE and GAN]J1, 2], which have been applied to the generation of molecular graphs.
In the latest research, the Transformer[3] model has also been applied to graph representation
learning, with excellent results in the task of predicting molecular properties.[4]

In this study, we extend graph representation learning with Transformer and propose a molecular
graph generation method using the Transformer model and we test the model on the ZINC[S5]
database to demonstrate the usefulness of the proposed method.

[1] Simonovsky, Martin, and Nikos Komodakis. "Graphvae: Towards generation of small graphs
using variational autoencoders." International conference on artificial neural networks. Springer,
Cham, 2018.

[2] De Cao, Nicola, and Thomas Kipf. "MolGAN: An implicit generative model for small molecular
graphs." arXiv preprint arXiv:1805.11973 (2018).

[3] Vaswani, Ashish, et al. "Attention is all you need." Advances in neural information processing
systems 30 (2017).

[4] Ying, Chengxuan, et al. "Do transformers really perform badly for graph
representation?." Advances in Neural Information Processing Systems 34 (2021): 28877-28888.

[5] Irwin, John J., and Brian K. Shoichet. "ZINC—- a free database of commercially available
compounds for virtual screening." Journal of chemical information and modeling 45.1 (2005): 177-
182.
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An Enhanced Machine Learning Models for Predicting
Retrosynthesis Accessibility

Mami Ozawa' Nobuaki Yasuo?
ozawa.m.ac@m. titech.ac.jp yasuo.n.aa@m.titech.ac.jp

Masakazu Sekijima'
sekijima@c.titech.ac.jp

! Department of Computer Science, Tokyo Institute of Technology, Tokyo, 152-8550, Japan
2 Academy for Convergence of Materials and Informatics (TAC-MI), Tokyo Institute of
Technology, Tokyo, 152-8550, Japan

Keywords: drug discovery, machine learning, synthesizability prediction, retrosynthesis, molecular
generation

In the field of drug discovery, the amount of time and money spent on research and development is
a problem. According to [1], it takes about as much as 10-15 years and 2.6 billion. In this context,
the use of computational science to reduce the cost of drug discovery is attracting attention. An
example of use is to generate new compounds using molecular generation models and filter them
by predicting their synthetic accessibility using machine learning. RAscore[2] is one of the
predictive models based on machine learning, and this study examines the practicality of the
RAscore model and the problems associated with it. It also proposes a method for building models
that can make more accurate predictions based on hypotheses about causes. Specifically, in addition
to the ChEMBL[3] data used to train the original RAscore, the model was trained using data
generated by a molecular generation model, ChemTS[4]. As a result, better area under the curve
(AUC) and binary accuracy were achieved. The models, datasets, and source code are available at
https://github.com/sekijima-lab/retrosynthesizability prediction _models .

[1] Hansen RW DiMasi JA, Grabowski HG. Innovation in the pharmaceutical industry: New
estimates of r&d costs. ] Health Econ, 47(4):20-33, 2016.

[2] Amol Thakkar, Veronika Chadimov a, Esben Jannik Bjerrum, Ola Engkvist, and Jean-Louis
Reymond. Retrosynthetic accessibility score (rascore) — rapid machine learned synthesizability
classification from ai driven retrosynthetic planning. Chem. Sci., 12:3339-3349, 2021.

[3] Nowotka M et al. Gaulton A, Hersey A. The chembl database in 2017. Nucleic Acids Res,
45(D1):D945-D954, 2017.

[4] Xiufeng Yang, Jinzhe Zhang, Kazuki Yoshizoe, Kei Terayama, and Koji Tsuda. Chemts: an
efficient python library for de novo molecular generation. Science and Technology of Advanced
Materials, 18(1):972-976, 2017.
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Drugs have saved millions of lives in human history, but the cost of developing a new drug has risen
dramatically in the last decades. Recently, more and more computer-aided drug discovery (CADD)
methods have been practiced in the pharmaceutical industry [1].

To address that problem, studies on molecular generation models which can generate compounds with
novel structures have been raised in recent years. Early generative models decide their search direction
on optimization for a single objective [3], however, a drug candidate required more multiple evaluations.

In this study, we developed a new deep learning-based extendable multiple-objective molecular
generator, which could optimize molecules based on their properties and their affinity towards target
proteins. This generator utilizes a recurrent neural network (RNN) to generate molecules and Pareto
Multi-Objective Monte Carlo Tree Search (Pareto MOMCTS) to decide search direction.

By using our method, we have validated the generation of compounds for specific target proteins using
the drug-like properties and docking scores as objective functions. In each search process, a new Monte
Carlo search tree is built, and the change of the Pareto front, which decide the search direction, shows
the transfer of the search process in different stages. This study will enable our method to provide more
effective drug design assistance when compared to methods with a single objective, such as QED.
However, compared with a single objective of drug-like properties, which made our method more
effective in drug design.

[1] Stephen J. H.; Thomas U. M.; David T M.; Reza F.; Randall W. K.; Timothy J. M.; Stuart L S.;
Dissecting cellular processes using small molecules: Identification of colchicine-like, taxol-like
and other small molecules that perturb mitosis. Chemistry & Biology, 2000, 7(4), 275-286.

[2] Rafael G. B.; Jennifer N. W.; David D.; José M. H. L.; Benjamin S. L.; Dennis S.; Jorge A. I.;
Timothy D. H.; Ryan P. A.; Alan A. G.; Automatic chemical design using a data-driven continuous
representation of molecules. ACS Central Science,2018, 4(2):268-276

[3] Robin W.; Floriane M.; Andreas S.; Hans B.; Frank N.; Djork-Arn’e C.; Efficient multi-objective
molecular optimization in a continuous latent space. Chemical Science, 2019, 10(34):8016-8024
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By the advances of cell science, in vitro phenotypic screening has become a leading drug screening
method. Label-free phenotypic analysis, which combines the recent image processing and machine
learning technologies for quantitative cell image analysis, offers a balanced combination of high
throughput and low cost, while providing a platform for non-invasive cell evaluation. It is not only
cost-effective, but also flexible since label-free assay is free from complex validation and
optimization of staining (such as customizing fluorescence wavelength overlap, bleaching effects,
and transfection efficiency). Moreover, it is also free from the pre-knowledge of biomarkers.

In conventional label-free cell image analysis, there are basically two types of image data
utilization concepts. The first type extracts multiple features from the cellular area in the image to
describe cell morphology, such as area, roundness, and peripheral features [1], or intensity patterns
and textures for the following analysis. Commonly, such features reflect the microscopically
observed morphological characteristics, therefore analysis results, especially validity of the trained
model, can be interpreted biologically. The second type uses image-tiles in the image as
representative pixel patterns, and use them directly for training prediction models, such as deep
learning models [2]. The collected image-tiles serve as functional descriptors, however, their
features and how they were used in the model are not interpretable.

We have been proposing the importance of the former concept to establish explainable machine
learning models for cell quality profiling. Practically, we have reported that morphology-based
features from single cells can be summarized to describe the “population profile” of cells, and such
features are important and effective for robust morphology-based cell analysis with various types
of cells. In this presentation, we will present the performances and effectiveness of our morphology-
based “cell population analysis” in the application of phenotypic drug screening [3].

[1] Sasaki, H. et al.: Label-free morphology-based prediction of multiple differentiation
potentials of human mesenchymal stem cells for early evaluation of intact cells. PLoS
ONE, 2014, 9, €93952.

[2] Piotrowski, T. et al. Deep-learning-based multi-class segmentation for automated, non-
invasive routine assessment of human pluripotent stem cell culture status. Computers in
Biology and Medicine, 2021, 129, 104172.

[3] Imai, Y. et al.: Label-free morphological sub-population cytometry for sensitive phenotypic
screening of heterogenous neural disease model cells. Scientific Reports, 2022, 12, 9296.
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Considerable information is available regarding the safety, efficacy, and tolerance of
approved drugs, which can minimize the expenditure and time required to predict new drug
effects. With the development of machine learning techniques, recommendation systems
based on matrix factorization for the prediction of drug effects have been well studied and
various algorithms have been devised. However, most algorithms use only the presence or
absence of known interactions as binary information and no studies that predict drug side
effects using a recommendation system that considers the bilateral character of drug effects
(i.e., a therapeutic effect and a side effect) are available. In the present study, we proposed
a novel algorithm named neighborhood regularized bidirectional matrix factorization
(NRBAMF) to predict drug effects by incorporating bidirectionality, which is a characteristic
property of drug effects.

First, we conducted a survey of existing drug effect prediction algorithms using matrix
factorization recommendation systems, focusing on their conceptual aspects. We found that
existing methods are broadly classified into seven representative algorithms and employ
binary information without considering the bilateral character of drug effects. Then we
compared the prediction performance of these methods. Among the representative methods,
neighborhood regularized logistic matrix factorization (NRLMF) [1] showed the best
performance in benchmark tests.

Next, inspired by NRLMF, we developed a more generalized multilabel learning
algorithm named NRBAMF that can handle bidirectionality and predict potential drug—
target interaction. We used this proposed method for predicting side effects using a matrix
that considered the bidirectionality of drug effects, in which known side effects were
assigned a positive (+1) label and known treatment effects were assigned a negative (—1)
label. We compared the side effect prediction performance between NRBAMF and NRLMF
with enrichment score (ES), defined as the difference in enrichment values for each of the
side effects and indications. The mean ES of NRBAMF (0.588 + 0.101) outperformed that of
NRLMF (0.191 + 0.106). This indicates that the proposed method, NRBAMF, can enrich side
effects and eliminate indications in the top-ranked predictions, which reduces the false
positives and provides interpretable prediction results.

In a case study of the top 10 and bottom 10 of the predicted drug candidates that can
cause hypertension, NRBAMF model could enrich more plausible drug candidates at the top
ranks and less plausible candidates at the bottom ranks in predicting drug side effects.

These results indicate that the proposed NRBAMF achieves highly interpretable side effect
prediction in the framework of recommendation systems based on matrix factorization.

[1] Y. Liu, M. Wu, C. Miao, P. Zhao, X.-L. Li, Neighborhood Regularized Logistic Matrix
Factorization for Drug-Target Interaction Prediction, PLOS Comput. Biol. 12 (2016) e1004760
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Virtual screening is a commonly used process to search for feasible drug candidates from a huge
number of compounds during the early stages of drug design. As the compound database continues

to expand to billions of entries or more, there remains an urgent used to accelerate the process of

docking calculation. Reuse of calculation results is a possible way to accelerate the process.

In this study, we first propose novel virtual screening-oriented docking strategy by combining
three factors, namely, compound decomposition, simplified fragment grid storing k-best scores, and
flexibility consideration with pre-generated conformers. Candidate compounds contain many
common fragments (chemical substructures). Thus, the calculation results of these common
fragments can be reused among them.

As a proof-of-concept of the aforementioned strategies, we also conducted the development of

REstretto, a tool that implements the three factors to enable the reuse of calculation results. We
demonstrated that the speed and accuracy of REstretto were comparable to those of AutoDock Vina,
a well-known free docking tool. The implementation of REstretto has much room for further
performance improvement, and therefore, the results dhow the feasibility of the strategy.
The code is available under an MIT license at https://github.com/akiyamalab/restretto.

[1] Yanagisawa K.; Kubota R.; Yoshikawa Y.; Ohue M.; Akiyama Y. Effective Protein-Ligand
Docking Strategy via Fragment Reuse and a Proof-of-Concept Implementation. ACS Omega,
doi: 10.1021/acsomega.2¢03470. (Epub ahead of print)
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Protein-protein interactions play an important role in intracellular signal transduction. Protein
phosphorylation is common in modulating interacting partners to induce signals of interest. Thus,
the binding specificity of phosphopeptide recognition domains is an important subject for
understanding cellular function and for therapeutic purpose. Peptide array techniques and
available three-dimensional structures of complexes provide a powerful means to determine the
binding specificity of phosphopeptide recognition domains. However, the underlying recognition
mechanisms remain elusive due to their dynamic and complex nature, making the development of
reliable predictive models difficult. Here, we apply the generalized replica-exchange with solute
tempering method, gREST [1] implemented in GENESIS [2], which is a generalization of
REST/REST?2 [3], to analyze the binding mechanism of phosphopeptides by Src homology 2 (SH2)
domain. By selecting the phosphopeptide and the binding site residues as the solute region, the
protein-peptide interactions are effectively weakened, and many of the 16 replicas showed the
binding/unbinding events, which is not possible using conventional molecular dynamics
simulations. Details of binding mechanism and possible determinants of specificity will be
discussed.

[1] Kamiya, M.; Sugita, Y. J. Chem. Phys. 2018, 149, 072304.

[2] Jung, J.; Mori, T. et al., WIREs Comput. Mol. Science. 2015, 5, 310-323. Kobayashi, C.; Jung,
J.etal.,J. Comput. Chem. 2017, 38, 2193-2206.

[3] Wang, L. et al. J. Phys. Chem. B 2011, 115, 9431-9438. Moors, S. L. C. et al. J. Chem. Theory
Comput. 2011, 7, 231-237. Terakawa, T. et al. J. Comput. Chem. 2011, 32, 1228-1234.
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Remdesivir (Rem), one of the COVID-19 therapeutics, is incorporated into the RNA-dependent RNA
polymerase (RdRp) of the SARS-CoV-2 virus in competition with Adenine and inhibits RNA elongation when
located at the position -3 on the RNA recognized by RdRp. In this study, we aim to investigate the detailed
molecular mechanism of Rem.

Based on the cryo-EM structure of the RARp-RNA-Rem complex (PDBID:7BV2), seven structures were
generated: five structures in which bases at the positions +1 to -3 of the elongated strand in the RNA duplex
were replaced with Rem/Adenine (Rem+; ~Rem.3, and A.3), a structure in which a cyano group was deleted
from Rem in Rem.; (Rem’.3), and a structure in which Lys593 in Rem.; was mutated to Ala (Rem[K593A].5).
Then molecular dynamics (MD) calculations using the Amber20 program were performed for 50 ns for each
structure. Finally, fragment molecular orbital (FMO) calculations were performed on a total of 70 structures
extracted from the MD trajectories using the ABINIT-MP program on the supercomputer Fugaku (hp220143)
to analyze the molecular interactions around Rem.

The inter-fragment interaction energy (IFIE) between the complementary strands in the RNA duplex was
examined for Rem;; to Rem.s, and it was confirmed that the hydrogen bonds of base pairs from the position
+1 to -2 were disrupted only when Rem was located at the position -3. In the interaction between Rem at the -
3 position and the surrounding residues, the cyano group of Rem acquired a cation-n interaction with the
Lys593. Therefore, we compared the average distance between Rem/Adenine at the -3 position and the Lys593,
and found that Rem maintained an interaction with the Lys593 at a distance 0.7 A shorter than that of Adenine.
We compared the IFIE between Rem/Adenine at the -3 position and the Lys593, and found that Rem interacted
with the Lys593 about 16.8 kcal/mol more stable than Adenine. The structure of RNA duplex was maintained
in Rem’; and Rem[K593A].s.

These results suggest that Rem affects downstream RNA structure by interacting with the Lys593 at position
-3, thereby inhibiting RNA elongation.

Structures after MD ca!culation of Rem Rem.,, Rem,
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TGF-B (Transforming Growth Factor ) is involved in numerous biological processes, including
regulation of cell proliferation, differentiation, migration and apoptosis [1]. SMAD4 (Small
Mothers Against Decapentaplegic 4) mediates this TGF-p signaling, and genetic mutations in
SMAD4 have been associated with many cancers, including pancreatic cancer [2]. We have
previously performed interaction analysis of SMAD4 mutants using the fragment molecular orbital
(FMO) method [3-4]. In this research, we analyzed the mutations reported subsequently with the
addition of pair interaction decomposition analysis (PIEDA) [5].

The crystal structure used in the calculations was obtained from the Protein Data Bank (PDB) as
a wild-type homotrimer (PDBID: 1ddl) [6]. Mutations reported to be pathogenic and likely
pathogenic in ClinVar were introduced the wild-type structure, followed by structure preparation
and optimization by MOE. FMO calculations were performed on these structures and compared
before and after mutation introduction using IFIE and PIEDA. ABINIT-MP was used for FMO
calculations, and FMO2-MP2/6-31G* was used as the calculation level.

As a result of comparing the interaction energies for the Arg361 mutants, All five mutations
reported in ClinVar were destabilized by loss of hydrogen bonding with Asp537 on adjacent strands,
suggesting that they had a profound effect on trimerization. Structural comparison of mutations
within the monomer revealed that Asp351His is destabilized by the loss of hydrogen bond with
Arg361 and SH-O interaction with Cys363, which may affect the stability of the monomer.

This research was conducted within the activities of the FMO drug design consortium (FMODD);
RIKEN R-CCS Fugaku was used for the FMO calculations (hp220143).

[1] Nakao, A.; et al., TGF-PB receptor-mediated signalling through Smad2, Smad3 and Smad4, The
EMBO Journal, 1997, 16(17), 5353-5362.

[2] Ming, Z.; et al., The role of TGF-B/SMAD4 signaling in cancer, Int. J. Biol.Sci., 2018, 14(2),
111-123.

[3] Itagaki A.; ef al., The 64th Annual Meeting of the Japan Society of Human Genetics, Presentation
No. 03-3.

[4] Kitaura, K.; ef al., Pair interaction molecular orbital method: an approximate computational
method for molecular interactions, Chem Phy Lett., 1999, 312, 319-324.

[5] Tsukamoto, T.; et al., Implementation of Pair Interaction Energy Decomposition Analysis and Its
Applications to Protein-Ligand System, J. Conput. Chem.Jpn., 2015, 14(1), 1-9.

[6] Bin, Q.; ef al., Crystal structure of a transcriptionally active Smad4 fragment, Structure., 1999,

7,1493-1503.
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14-3-30 is associated with several types of cancer and down-regulates malignancy.[1]14-
3-30 1s a positive regulator of p53, one of the tumor suppressor proteins, and protects p53
from proteosome degradation by MDM2 and increases transcriptional activity of p53. [2-3]

In this study, we performed interaction analysis of 14-3-3 and p53 complexes with stabilizing
ligand by fragment molecular orbital (FMO) method to provide important information for the design
of PPI stabilizers. 14-3-3c is associated with several types of cancer and down-regulates malignancy.

The 22 crystal structures of structure of 14-3-3 and p53 complex with stabilizing ligand in the
literature [4] were downloaded from Protein Data Bank (PDB). Structural preparation and
optimizations were performed using MOE. We also prepared the complexes that was not registered
in the PDB by MOE Dock. FMO calculations were performed for the structures and the inter-
fragment interaction energies (IFIE) and pair interaction decomposition analysis (PIEDA) between
each residue and inhibitor were calculated. ABINIT-MP was used for the FMO calculation, and
MP2/6-31G* was used as the calculation level.

FMO calculations indicated that the amidine group, which is a common structure of ligand, has
a large electrostatic interaction energy with residues in the 14-3-3 pocket. Structural analysis
confirmed that the amidine group strongly interact with each other by forming salt bridges and
hydrogen bonds. PIEDA also suggest that the structures with calculated the dispersion energies with
CYS38 and the electrostatic interaction energies with ASP215 in 14-3-3 strongly interact with
ligand. Therefore, it is considered that designing ligands to have these interactions will make them
more stable stabilizers. In the interaction between 14-3-3 and p53, it was confirmed that the energy
was significantly different by the conformational changes of charged amino acids such as LYS382
and ASP391 in p53.

This research was done in activities of the FMO drug design consortium (FMODD). For FMO
calculations, RIKEN R-CCS Fugaku were used (hp210130, 220143 quota).

[1] Mhawech, P.; 14-3-3 proteins—an update, Cell Res, 2005, 15, 228-236.

[2] Yang, H.-Y.; et al., 14-3-3 Positively Regulates p53 and Suppresses Tumor Growth, Mol. Cell.
Biol., 2003, 23, 12.

[3] Rayburn, E.; ef al., Recent Advances in Validating MDM?2 as a Cancer Target, ACAMC, 2009, 9,
882-903.

[4] Guillory, X.; et al., Fragment-based Differential Targeting of PPI Stabilizer Interfaces, J. Med.
Chem., 2020, 63, 6694-6707.
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We are currently performing Fragment Molecular Orbital (FMO) Method [1] calculations on high-
resolution crystal structure data registered in the PDB, and the problem of conformer model
selection has arisen. When selecting conformers, modeling software usually reads the one with the
highest occupancy as conformer A. However, we found that some structures registered in the PDB
destabilize the energy of the calculation results when Conformer A is selected. Therefore, we
performed FMO calculations on several high-resolution crystal structure data to identify differences
in molecular stability between conformer combinations.

In this study, the high-resolution structure (PDB ID: 1WON) [2] of the calcium-dependent
carbohydrate-binding module (CBM36) was used to analyze the difference in molecular energy due
to conformational selection.

The crystal structure of CBM36 was downloaded from Protein Data Bank (PDB), and four
conformer combinations of Ile12 and Glul128 (A-A, A-B, B-A, and B-B) were prepared. Structural
modifications and optimizations were performed using MOE2020 (CCG Inc.). FMO calculations
were performed for the created structures and the inter-fragment interaction energies (IFIE) and the
energy components by pair interaction energy decomposition analysis (PIEDA) [3] between Ilel12
and Glul28 were calculated. ABINIT-MP was used as the FMO calculation, and FMO2-MP2/6-31G
was used as the calculation level.

As a results of the FMO calculations, the interaction energies are very unstable in the structure
between conformer A. This is because the closest atomic distance between conformer A is 2.0 A.
Comparing the Ile12-Glul28 interaction energies in the other three models showed that only
conformer A-B are stabilized. Thus, it was found that the appropriate selection of conformers should
be made when performing the calculations.

This research was done in activities of the FMO drug design consortium (FMODD). For FMO
calculations, RIKEN R-CCS Fugaku was used (hp220143 quota).

[1] K. Kitaura, et al, Fragment molecular orbital method: use of approximate electrostatic potential,
Chem. Phys. Lett., 2000, 318(6), 614-618.

[2] Sheelan J. T., et al, Ab Initio Structure Determination and Functional Characterization of
CBM36: A New Family of Calcium dependent Carbohydrate Binding Modules., Structure, 2004,
12(7), 1177-1187.

[3] K. Kitaura, et al, Pair interaction energy decomposition analysis, J. Comput. Chem., 2007, 28,
475-480.
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Accurate predictions of protein-ligand binding affinities have been a central challenge in
in-silico drug design to reduce the total cost and time required for drug development. The
free energy perturbation (FEP) method based on the all-atom molecular dynamics (MD) simulation
is one of the most essential tools to predict the binding affinity and solubility of ligands with high
accuracy. We implemented the FEP method to MD software “GENESIS” [1]. FEP in GENESIS can
predict relative and absolute binding affinities as well as relative and absolute solvation free
energies with high accuracy [2,3]. We also proposed a modified FEP scheme by introducing non-
uniform scaling parameters into Hamiltonian [4]. Modified FEP greatly improves the computational
performance, which is marked for large biomolecular systems. Here we introduce the FEP functions
in GENESIS and discuss about the applicability of modified FEP to drug discovery on
supercomputer “Fugaku”.

[1] https://www.r-ccs.riken.jp/labs/cbrt/

[2] Oshima, H.; Re, S.; Sugita, Y.; J. Chem. Inf. Model., 2020, 60, 5382-5394.

[3] Kim, S.; Oshima, H.; Zhang, H.; Kern, N. R.; Re, S.; Lee, J.; Roux, B.; Sugita, Y.; Jiang, W.;
Im, W.; J. Chem. Theory Comput., 2020, 16, 7207-7218.

[4] Oshima, H.; Sugita, Y.; J. Chem. Inf. Model., 2022, 62, 2846-2856.
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Poor membrane permeability is the biggest bottleneck hindering successful drug discovery based
on cyclic peptides. Therefore, the development of computational methods that can predict membrane
permeability and support elucidation of the membrane permeation mechanism of drug candidate
peptides is eagerly awaited. In this study, we developed a protocol to simulate the behavior in
membrane permeation steps and estimate the membrane permeability, especially for large cyclic
peptides which are prone to achieve high affinity with the target.[1] This protocol requires the use
of more realistic membrane model than a single-lipid phospholipid bilayer. To select a membrane
model, we first analyzed the effect of cholesterol concentration in the model membrane on the
potential of mean force and hydrogen bonding networks along the direction perpendicular to the
membrane surface as predicted by molecular dynamics simulations using cyclosporine A. These
results suggest that a membrane model containing 1-palmitoyl-2-oleoyl-sn-glycero-3-
phosphocholine and 40 or 50 mol% cholesterol was suitable for predicting the permeation process.
To validate the efficiency of our protocol the membrane permeability of 18 10-residue peptides were
predicted. The total calculation in this study took approximately 860 thousand GPU hour using
NVIDIA P100 GPUs. Correlation coefficients of R > 0.8 between the experimental and calculated
permeability values were obtained. The results of this study demonstrate that the lipid membrane is
not just a medium, but also among the main factors determining the membrane permeability of
molecules. The computational protocol proposed in this study and the findings obtained on the effect
of membrane model composition will contribute to build a schematic view on the membrane
permeation process. Furthermore, the results of this study will eventually aid the elucidation of
design rules for peptide drugs with high membrane permeability.

[1] Sugita, M.; Fujie, T.; Yanagisawa, K.; Ohue, M.; Akiyama, Y. Lipid composition is critical for

accurate membrane permeability prediction of cyclic peptides by molecular dynamics simulations.
Journal of Chemical Information and Modeling. Under review
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The 3-dimensional domain swapping (3D-DS) is a phenomenon where multiple proteins form
unique complexes by donating part of their domains each other [1,2]. One of the characteristic
points of 3D-DS is that the formed 3D-DS complexes are rather stable because the inter-protein
interaction is the same as the intra-protein one in their monomer structure. Then, 3D-DS is possibly
utilized to make an artificial protein complex to regulate, combine, encourage or discourage their
functions and activities. 3D-DS formation occurs when denatured monomers by alcohol or salt
refold by dilution. However, its detailed formation process is not so well understood.

In this study, 3D-DS formation process of the cytochrome ¢ (cyt ¢) complex as shown in Fig. 1
was studied by molecular dynamics simulations with a coarse-grained (CG) model and the smoothed
Wang-Landau (SWL) method [3]. As the distance of the two cyt ¢ monomer plays a critical role in
forming their complex, the 1- (energy) and 2-dimensional SWL-MD (energy and gyration radius)
are applied to enhance the conformational sampling. In Fig. 2, obtained trajectories by the
conventional CG simulation and 1D and 2D SWL simulations are mapped onto the subspace spanned
by root-mean-square deviations (RMSDs) from monomer A/B structures indicating the sampling
efficiency of each method. Although 3D-DS region is the lower left corner, the conventional CG
did not sample this region. On the other hand, 1D and 2D SWL simulations can sample the 3D-DS
structures. As an example, the sampled CG model was superimposed with the crystal structure (see
figure legend in detail). The model fit well with the crystal structure, indicating the robustness of
our SWL method. The results of a free-energy analysis will be explained in the presentation.
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colors indicate chain A and light and the 3D-DS structure (PDB ID: 3NBS). Right panel shows

deep green ones chain B, respectively. the most similar structure to the 3D-DS structure obtained
from MD simulation.

Reference: [1] Margoliash, E. Lustgarten, J. J. Biol. Chem. 237, 3397-3405 (1962), [2] Hirota, S. et al.,
Proc. Nat. Acad. Sci. U.S.A.,107(29), 12854-12859 (2010), [3] Shimoyama, H. et al., J. Chem. Phys., 134(2),
024109 (2010), [4] Shimoyama, H. and Shigeta, Y. Life, 11(11), 1241 (2021)
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Hepatic diseases involved in the infection of hepatitis B virus (HBV) are one of the worldwide
issues of health [1]. In the cellular entry process of HBV, the N-terminal myristoylated preS1
domain (myr-preS1) of the viral large protein interacts with sodium taurocholate cotransporting
polypeptide (NTCP), i.e., NTCP acts as both a bile acid transporter and a receptor of the HBV entry
[2]. Therefore, NTCP is a pharmaceutical target, and its inhibitors, such as small compounds, a
peptide drug mimicking myr-preS1 called MyrcludexB, and a cyclic peptide cyclosporine A (CsA)
and CsA derivatives, have been approved and developed [1,3]. In 2022, the structure of human
NTCP has been solved for the first time using cryo-EM technique [4,5]. The structure adopts an
outward-facing state, and a hole is formed. However, in complexes with myr-preS1 or Myrcludex
B, the binding peptide were unresolved, and therefore, the complex structure and interaction modes
were still unknown. Since the binding peptide is flexible and is presumed to be non-resolving due
to its dynamic binding mode, a method that is capable for searching dynamic binding modes, such
as molecular dynamics (MD) simulation, will be effective. In this study, using MD simulation,
complex structure model of NTCP and binding peptides was explored. The regions of NTCP in
contact with myr-preS1, Myrcludex B, and CsA were analyzed from the complex model. The NTCP
residues with high frequency of contacts were essentially identical to the regions experimentally
shown to be important for the HBV infection.

[1] Zakrzewicz, D.; Geyer, J. Multitasking Na'/taurocholate cotransporting polypeptide (NTCP) as
a drug target for HBV infection: from protein engineering to drug discovery, Biomedicines, 2022,
10, 196.

[2] Yan, H.; et al., Sodium taurocholate cotransporting polypeptide is a functional receptor for
human hepatitis B and D virus. eLife, 2012, 1, e00049.

[3] Watashi, K.; et al., Cyclosporin A and its analogs inhibit hepatitis B virus entry into cultured
hepatocytes through targeting a membrane transporter, sodium taurocholate cotransporting
polypeptide (NTCP), Hepatology, 2014, 59, 1726-1737.

[4] Park, J-H; et al., Structural insights into the HBV receptor and bile acid transporter NTCP,
Nature, 2022, 606, 1027-1031.

[5] Asami, J.; et al., Structure of the bile acid transporter and HBV receptor NTCP, Nature, 2022,
606, 1021-1026
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Biopharmaceuticals, especially antibody drugs, have been increasing their use and presence.
While they have the advantage of higher specificity and lesser side effects, they have the
disadvantage of expensive development and production costs. Moreover, maintaining and
controlling their quality is more difficult since they consist of extensive protein moieties with a
complex molecular nature. The complexities come from both chemical and physical characteristics
and also their heterogeneities. The chemical heterogeneities come from spontaneous degradation;
charge variants are one of them, and biochemical heterogeneity is like sugar chain variation. Such
chemical characteristics have been well assigned and controlled; however, the rapid expansion of
novel modalities is becoming more challenging to develop analytical methods for novel
antibody-based drugs.

In contrast, most analytical methods for physical characterizations tolerate the varieties in
those novel modalities. However, many of those are time and sample-requiring processes.
Moreover, the results are challenging to manage and limited in use, such as monitoring the
identities because the essential information for physical properties, the three-dimensional
structures, are unavailable. X-ray crystallography and single particle cryo-EM observation are the
established methods to explore the tertiary structure of biomolecules. However, those results are
from some extreme conditions, may be affected by crystallization or freezing, and are
experimentally selected from a specific group of the original ensemble. Those limitations come
from the flexible nature of biomolecules. Especially antibodies are highly flexible, mainly between
Fab-Fc domains and essential sugar chains, making crystallization of whole antibody molecules
unrealistic and/or limited insight from frozen snapshots.

It is undoubtedly of great help in developing novel modalities, their CMC studies, and quality
control; once we had a method to visualize the flexible biomolecules avoiding prerequisites and
specific requirements. X-ray solution scattering experiments have been utilized to analyze
structures and conformational changes. In those experiments, scattering data within a small-angle
region are widely used and thus called SAXS (Small Angle X-ray Scattering). The SAXS
experiments often focus on macroscopic shapes and sizes of the molecules. In principle, the
scattering data among the higher region contains detailed structural information; thus, we could
obtain much information; for example, g values around 0.30 to 0.65 A-! reflect distances between
domains, secondary structure components, and/or adjunct chemical groups in ADCs. The
experiments should give us a novel picture of complex molecular behaviors as well as
conformational changes of flexible biomolecules.

In the above background, we are substantially working on the molecular visualization of
medicinal macromolecules utilizing extensive SAXS data reaching the sub-WAXS region. We
abbreviate it as MAXS, Middle Angle X-ray Scattering. As shown in our presentation, MAXS
experiments give us novel and valuable information that could lead to the molecular design and
processing of antibody drugs. In this presentation, as the first step of our work, we will discuss the
solution structure analysis of human IgG that revealed significant differences between the solution
and crystalline states, as well as a novel observation of its flexibility. We also discuss the effects of
the sugar chain moiety in the Fc region on the structural nature of human IgG.
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In general, laboratory methods for assessing health effects rely heavily on blood tests. However,
the amount of sample used in the test is limited, and since it is only for the liquid factor, the data
obtained is also limited. Furthermore, there are often various limitations when collecting samples,
and repeated sample collection from the same patient should be avoided. Therefore, we proposed a
testing method that focuses on clots that are discarded as precipitates during serum preparation. An
advantage of using a clot biopsy is that both the protein contained in the clot and the industrial
waste discarded during serum preparation can be used.

In this study, we succeeded in detecting NF-kB as an activation marker in a mouse model of
bleomycin-induced pulmonary inflammation by preparing clot lysates. These results strongly
suggested that the clotbiopsy method would be a useful method for assessing biological effects.
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Elucidating biomolecular interactions such as protein—ligand, protein—protein, and nucleic acid
interactions is essential for structure-based drug discovery. Our group has been focusing on quantum
mechanics (QM), which incorporates the effects of donating and withdrawing electrons and can
appropriately deal with the CH/z, n-n, and cation/z interactions. Fragment molecular orbital (FMO)
method [1] enables us to perform ab initio QM calculations for large biomolecules efficiently. The
benefit of this fragmentation scheme is the availability of inter-fragment interaction energy (IFIE)
and pair interaction energy decomposition analysis (PIEDA).

Since 2014, we have performed the FMO calculations for various drug targets (e.g., kinase, nuclear
receptor, protease, protein-protein interaction, and COVID-19) as the activities of the FMO drug
design (FMODD) consortium. To accumulate the FMO data, we developed an FMO database
(FMODB) and an automated FMO calculation (Auto-FMO) protocol [2,3]. First, FMODB has
already completed its basic design and is currently working on extending its analysis capabilities to
make it more user-friendly. While only individual entry data could be analyzed in the past, we are
working to enable IFIE/PIEDA analysis for a series of related data, such as tens to hundreds of FMO
calculations based on molecular dynamics snapshots [4], in a batch. In addition, a function to
generate an interaction energy diagram between fragments is under development. Next, the Auto-
FMO protocol has also been developed by BIOVIA Pipeline Pilot and MOE software as a primary
type. Currently, we are working on developing an Auto-FMO protocol in a configuration using free
software such as python and Amber Tools. The protocol was validated using X-ray crystal structure
data already registered with FMODB and AlphaFold2 model structures, which are in high demand
these days. The goal is to construct a system that allows computational experts and not experts, such
as experimental researchers, to perform FMO calculations and analyze IFIE/PIEDA efficiently.
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Docking-based virtual screening is widely applied in drug discovery campaigns. Visual inspection
of binding modes is frequently used to filter out false positive-like docking results[1, 2]. In this
study, we propose a convolutional neural network-based virtual screening method named VisINet
(Visual Inspection Network). VisINet predicts whether a ligand binds to the target protein by images
that is taken from docking pose using PyMOL. We also performed virtual screening to find hit
compounds of SARS-CoV-2 Main Protease.

[1] Fischer, A.; Smiesko, M.; Sellner, M.; Lill, M. A. Decision Making in Structure-Based
Drug Discovery: Visual Inspection of Docking Results. Journal of Medicinal
Chemistry 2021, 64 (5), 2489—-2500.

[2] Singh, K.; Coopoosamy, R. M.; Gumede, N. J.; Sabiu, S. Computational Insights and
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Computer-assisted synthesis grew to become one of the most active fields in chemoinformatics,
with scientists all over the globe frequently introducing new and improved approaches. In recent
years, the research focus shifted towards the retrosynthesis technique concepts of transforming the
target compound into less complex precursor compounds. The improvement of the single-step
retrosynthesis mechanism (i.e., the disconnection suggestion procedure within the route planning
strategy) is among the most popular objectives. However, none of the recent improvements proved
to be a robust enough foundation to establish a practically applicable, standalone solution.

The current practices in modelling the problem of single-step retrosynthesis might conceal a hard
ceiling on performance, but it is impossible to know because of insufficient chemical reaction data.
Nevertheless, analyzing the current state-of-the-art more rigorously using available open-source
datasets could help to shed more light on that question. Thus, the purpose of this research is to
consolidate, analyze and discuss the significance of the recent frequent improvements in the field
of computer-assisted single-step retrosynthesis.

First, the Top-3 template-based [1-3] and the Top-3 template-free [4-6] single-step retrosynthesis
approaches as of July 2022 are implemented and adjusted to customized open-source chemical
reaction datasets. Secondly, the performance of these approaches is analyzed using various metrics
and statistical significance tests. Finally, using the acquired results, the impact of each of these
approaches is illustrated, thereby consolidating the best practices for the analysis and evaluation of
future research in this field.

[1] Dai, H.; Li, C.; Coley, C. W.; Dai, B. W.; Song, L. Retrosynthesis Prediction with Conditional
Graph Logic Network, Advances in Neural Information Processing Systems, 2019, 32,
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Combination therapy, a treatment modality that combines two or more therapeutic drugs, has
become the standard treatment for complex diseases—however, the discovery of drug combinations
relies on serendipity by clinical experience and intuition [1]. A network-based approach allows us
to discover efficient drug combination by quantifying the network-based relationship between drug
targets and disease proteins in the human protein—protein interactome [2]. However, conventional
methods do not take into account changes in gene expression due to drug administration, resulting
in low prediction accuracy. In this study we developed a network-based method to predict
synergistic drug effects by integrating interactome and transcriptome data. The proposed method
outperformed the previous methods in terms of higher prediction accuracy for several cancers. To
validate the prediction results by our proposed method, we carried out in vitro cell surviving assays.
The results showed that more than half of the top 20 predicted drug pairs had synergistic effects on
the cell survival. Pathway enrichment analysis demonstrated several biological pathways are
enriched with the genes used for prediction, suggesting that those pathways contribute to the
synergistic effect. This approach allows us to identify drug combinations for complex diseases,
offering a powerful methodology to find efficacious combination therapies.

[1] Prasad, S.; Gupta, S. C.; Aggarwal, B. B. Serendipity in Cancer Drug Discovery: Rational or
Coincidence? Trends in Pharmacological Sciences, 2016, 37 (6), 435—-450.

[2] Cheng, F.; Kovacs, I. A.; Barabasi, A. L. Network-Based Prediction of Drug Combinations.
Nature Communications, 2019, 10 (1).
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RNA-protein interaction is important in post-transcriptional regulations [1]. However, the size
of public databases is limited [2], and the cost of experimental approaches [3] is not low. Therefore,
computational prediction is necessary that predicts RNA-protein binding. The computational
model's evolution is nevertheless insufficient [4]. For example, accurate prediction models for
protein binding regions in RNA have not been reported yet. In this study, we developed a
Transformer model [5] that predicts a protein binding region (101 nt). We adopted cross-attention
module architecture [6] and used statistical potential [7] as prior knowledge to augment the attention
weights [8]. The cross-attention module can generate feature vectors from the perspectives of both
the RNA and the protein. The test AUROC was higher than a baseline model of bidirectional -LSTM
and existing models. We also confirmed the effect of attention augmentation with statistical
potential on the binding prediction.

[1] Hentze MW.; Castello A.; Schwarzl T.; Preiss T, A brave new world of RNA-binding proteins,
Nature reviews Molecular cell biology, 2018, 19, 327-41.

[2] ENCODE Project Consortium, An integrated encyclopedia of DNA elements in the human
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Sundararaman, B.; Blue, S.M.; Nguyen, T.B.; Surka, C.; Elkins, K. and Stanton, R, Robust
transcriptome-wide discovery of RNA-binding protein binding sites with enhanced CLIP (eCLIP),
Nature methods, 2016, 13, 508-514.

[4] Wei J.; Chen S.; Zong L.; Gao X.; Li Y, Protein—RNA interaction prediction with deep learning:
structure matters, Briefings in bioinformatics, 2022, 23, bbab540.

[5] Vaswani A.; Shazeer N.; Parmar N.; Uszkoreit J.; Jones L.; Gomez AN.; Kaiser L.; Polosukhin
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Generating molecules with the desired chemical properties from scratch is a challenging task in de
novo drug design. Deep generative models such as variational autoencoder (VAE) and generative
adversarial network (GAN) have been receiving much attention in recent years. In deep generative
models, molecules are usually represented as molecular graphs and simplified molecular-input
line-entry system (SMILES) strings. In previous work, a Transformer-based objective-reinforced
GAN (TransORGAN) [1] was proposed to generate molecules with desired chemical properties
using SMILES strings. The generator of TransORGAN is a transformer architecture, which uses a
self-attention mechanism to capture features in sequences. Self-attention has a global receptive
field that can capture long-range dependencies. Since TransORGAN uses the SMILES strings from
the training set as a condition rather than generating molecules starting from noise or scratch, the
molecular generation is restricted. Furthermore, the instability of TransORGAN leads to a high
variance in the distribution of the chemical properties of the generated molecules, which is an
obstacle in practice.

In this study, we propose a pure transformer encoder-based GAN for generating molecules
with desired properties to solve the above problems. The generator and discriminator of the
proposed model are variants of the transformer encoders, where atoms can access each other at
each encoder layer to capture complex semantic and syntactic rules of SMILES strings.
Furthermore, we implement an enhanced algorithm incorporating the mini-batch discrimination [2]
and Wasserstein GAN [3] to mitigate the mode collapse problem. In addition, we present variant
SMILES, a data augmentation to sufficiently train the generator in the training phase. Finally, we
use Monte Carlo policy gradient reinforcement learning [4] to improve the desired chemical
properties of generated molecules. To our knowledge, we are the first to produce molecules with
chemical properties from SMILES strings using only transformer encoders. The experimental
results demonstrate the usefulness of the proposed models for generating molecules with desired
properties such as drug-likeness. Ablation studies validate the effectiveness of our proposed
techniques. The proposed method is expected to be useful for de novo drug design.
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