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Chikashige Yamanaka (Kyushu Institute of Technology) "De novo
generation of drug candidate compounds from disease-specific
transcriptome data using deep learning”

Kenjiro Tanaka (Graduate School of Pharmaceutical Sciences,
Nagoya University) "Data-Driven Understanding of TRPA1 Agonist
Diversity”

Kazuki Yamamoto (The University of Tokyo) "In Silico and In Vitro
Screening for Inhibitors of SARS-CoV-2 Main Protease Avoiding
Peptidyl Secondary Amides”

David Jimenez Barrero (Elix, Inc.) "Active Learning via Incremental
Revelation: Dipeptidyl Peptidase-4 Inhibitors Case Study”

Joshua Owoyemi (Elix, Inc.) “SmilesFormer: Language Model for
Molecular Design”

Nazim Medzhidov (Elix, Inc.) "Hit to Lead Discovery of
Benzylpiperidine Acetylcholinesterase Inhibitors Using Generative
Models: a Retrospective Case Study”
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Yuma Handa (Hoshi University) "Understanding RNA sequence
specificity of inhibitors of translation initiation factor by dynamical
FMO analysis”

Hiromu Matsumoto (Kyushu University) "Development of protein-
ligand binding affinity evaluation method by combining classical
MD and FMO calculations”

Hinata Osawa (Graduate School of Medicine, Dentistry and
Pharmaceutical Sciences, Division of Pharmaceutical Science of
Okayama University) "Structure-Activity Relationship Study of
PROTACs against Hematopoietic Prostaglandin D, Synthase”
Katsuki Takebe (Osaka University) “Investigation of hydrogen bond
network in the active center of catechol O-methyltransferase by X-
ray crystallography and FMO method.”

Tomoki Yonezawa (Keio University) "PoSSuMds Update : Addition
Of Clinical Candidates And COVID-19 Clinical Trials Information”
Yuko Tsuchiya (AIRC, AIST) "Databases of similar epitopes,
PoSSuMAg, and putative ligand-binding pockets on AlphaFold
models, PoSSUMAF”
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071 Hiroshi Ogata (Tohoku University) "Pattern formation in sol media
using branched DNA motifs”

07-2  Mst Rubaya Rashid (Graduate School of Chemical Sciences and
Engineering, Hokkaido University, Japan) "Force measurement of
kinesin—propelled microtubules in swarming using electromagnetic
tweezers”

07-3 Chen Ma (Tokyo Institute of Technology) "Order Parameter
Analysis of Microtubule Motility Dynamics”

07-4 Soichiro Hiroi (Graduate School of Arts and Science, The University
of Tokyo) "Deep Learning Detection of Giant Vesicles Using a
Synthetic Data Set of Confocal Fluorescence Microscopy Images”

079 Xiaoran Hu (Tokyo Institute of Technology) "DNA AFM images in
Super-resolution by VR system and Deep Learning”

07-6 Masanori Niwano (Sumitomo Chemical Co., Ltd.) "A 3D
hydrodynamic ocean model simulation and its data analyses
targeting waters off Nithama in Seto Inland Sea, Japan”
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Digital therapy based on brain imaging and Al

A 5

Mitsuo Kawato

ATR J6iE BB E RS HISEET - TR
ATR Computational Neuroscience Laboratories (CNS)
A S4E XNef CEO
XNef, Inc.
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X, DR E E BIEICar b — LT 570 EONAF T 4 — R Ry 222 OPEBHY , 3T
1960 FEBITITMIE DT VT 7S D= 2—07 (—R Ay 735, A — AN 7 RRAY Tl
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Digital technology for sustainable medicine

EB KBR

Taro Ueno

YRAARHRA S
SUSMED, Inc.
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Diversification of pharmaceutical modalities

T BiF
Masahiro Tsuji

JST WF4EBR R Mg =7 —
Center for Research and Development Strategy, JST
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Brain Wave (EEG) Al Analysis for the DX Era

BEIs B

Tsuyoshi Sekitani

KRR FEEER FAF T
The Institute of Scientific and Industrial Research,
Osaka University
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Trends in Digital Therapeutics and Shionogi's Strategy

I ERE
Hiroyuki Kobayashi

B RUERASH ~RTTEBAR FRsEsER
SHIONOGI & CO., LTD.

A RIZBWTIZLDEEREERR T V2NV IR A BV THRBEIN TS, ZO X578
DHFTHAREI T — Tl Software as a Medical Device (SaMD) | %7/ Digital Therapeutics
(DTx) [Z DWW Tk,

F3. DTx (TOWTHHICEE LA IRDIRD MM W TR SN RE T ~& DTx i
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FEIZRBIT DA TR O A LM, @QFHIOFRARIZLLBHNE RO RE , @A FERF R
ERGRBE DY TNy = TEIEMIE O RS | @Y7 = 7 Wi - 58RES AT LOMEEE, B4 &5
LT®» SaMD LSO Y77 =T OIS -T- 2L O EZ 2 TVD,
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Personal Health Record (PHR) DRFELTEH D72 DN—NAFD P METHD, Hlril/e>T,
HA®D SaMD PAFEMZELALD, Bk AAT V2L~ TI(T 2 (JaDHA) %
AL LT, ARZE, B JR), £ OMBEERE DOxfahz2 @l T, 2O RSN DI L2 IR 15,
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AMED/BINDS 1 ¥V 2fgfr=a = MIBIT 5 AIFEZEMZ
Research activities for supporting drug discovery by in-silico unit of BINDS
(AMED)

PR E .

A4 4420 AMED 71y =7 k BINDS (ZEfElE - ISRAFZE L ) F¥%
DB SN E Lz, A7 vy =7 FCTlE, BRI-AFER R & BRI ZE 72 & O FEALIFIER 58 12 5%
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WHoe Z et 3 2 7o O DO @ E e Xk 21T > TV ET,
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EFL—%—: &)l &K (Takatsugu Hirokawa)
HPRKFEFER R (Faculty of Medicine, University of Tsukuba)

1. BEEMET —FEZERALUAI LEE LS TERINFEV I 2 b—Ta UBFR
o 5EE (Mitsunori Ikeguchi)
RS KT B ERZFER (Graduate School of Medical Life Science, Yokohama
City University)

2. ZA—R—a P a—FBREOKRBES I 21— g e ATICESSAIE - ARaf%ED
X
BEWE Bofn (Masakazu Sekijima)
HR THERY  HFHHE TPt (Department of Computer Science, Tokyo Institute of
Technology)

3. FA 7V A =V RAFFRIMBEDI=DDNAFA VT +~<T 4 7 A%
EH EEXES (Kentaro Tomii)
PEFEHATRAMIITAT AN THBENFIEE > % — (Artificial Intelligence Research Center,
AIST)

4. AT & FMO #ExBAE LicA v v ) ary ) —=v 7 & TR AR RN X8
KB ¥E (Teruki Honma)
PYLSRHFZERT B i RERL 27 o # — (RIKEN Center for Biosystems Dynamics
Reseach)
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& FE KREstT—-ILkT21—->32)
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HEILFEY I MOz T EDEEREMBIEL. Workflow(CKBERBIMEILICDNT, AzwvS 3> T2
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Disease Validation
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Gene Expression
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Active compound
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Pocket similarity

Sequence similarity
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Target Explorer
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Disease Explorer
BT —5y hEREOITIU—(C. 1207 IR ZSB URNSKEZRE
E

Mechanism Explorer
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Target Prediction
{EEMBEN S 7 v A BIROSD DILEVOBSERNE TIRR. {EEMIEEZE
DHIINDEZRET

Similar Protein
IR SORARZEMNME & 07 = BERCH DB Z FIF U CIRREEFE Z LT, SR
LSV DHUS IR B EIEIEN DIRR

Expression analysis
ZEHICATDIELTTY MREZEMLU. GSEARTINOLZRIRY Ty bR
I, MOAT—INR—AEFETED I EMNFE

Workflow tool
B &9 237 —FINENAREDOEENE. MBEDERIL—ILZER L. LSKBDT —
INR—RAZBANRISTERA TS HERY )L

ElpisMap
LSKB &&i7—4 & BiEMT —5 EDLEBNASSREBRRESIEY —IL

- Chemical : 101,642,742 - Created by Text mining

- Disease : 220,137 - Created by Assay data

- Function : 65,972 - MoA and GO-MoA data

- Gene : 565,726 - GO and Pathway

- Organ : 89,156 - Created by Al

- Phenotype : 20,589 MoA, GeneRIF, PubMed
- Taxonomy : 2,351,574

- 12,973 diseases related biological function

- 99,610 combination of GO-MoA

- 12,731 drugs and 2,164 targets are included.
- 2,042 considerable human targets

- 4,019 considerable drugs

- 750k active compounds to the targets
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EERAMZEBPMCSTEBTWELET,.
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3 Biomolecule Toolkit
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YaAlb—=T 4 VHAKRARH
AISEFHIRT —4 7O—0F Y2 ETET 3
SR TR ¥ FEP+ ORHIES

[SYFaveIr—HE]

BIEMANERELUKITIEE. SETEIDL—EBHELCLEFEOEEUNRESINTVET,
Schrodinger Tld. 2015 FICHE L ICHEERHIRILF —5EE FEP+Y %, BIEHATROT V5 ILED
—BEZESEERMO—2EZE X ZDERBHEDILKICEHTEX U CBIFR 2019 FRRZ Y F 3
Y IF—Tlk. FOELRKM TH S Relative Binding FEP+ (RB-FEP+) DERME%Z BN U E U T,
FEP+ FIFZHF L D, Schrodinger TIEEEDRIEMRNDBEREEZILKIT N RL BEMEAZE
HTEXEUTze VAV RIEBEZLICED < RB-FEP+ Tld. flZI Scaffold Hopping DR K = i
ZEEO ) AV ROFEETE ? gL U, EROBIEMRICAVWSNIEWT S AILAR—ZAD
BREZEDTEE Ulc, —A. BEZICEDLCYIZaL—YaYIFMERFIUA Y RICEEST, ¥V
NOBEDT =X/ BEEZEACAIGE Uz Protein FEP+ ZFF L. UAY ROBEIREFRICHMIIL TVLE
. 5. BEYUAYROIY VY NRIVEANDHEEEHIXRILF—ZHEITZH LW FEP+ &L T
Absolute Binding FEP+ (AB-FEP+) ORFICHKINULE Ulco N\—F ¥ IL - AV U—ZVT Db v MLEY)
BEIRFEAE U TEASIN. EY MEEYRRRIMERDOKIBRHNEZRT L TWET, /o AB-FEP+ (.
TI0AVN RV V=2V IANDODBAICEWTHEWENTREINTE D, SBREZOFANBEFINT
WET o U EDERIC, FEP+ (&, KDBEAWVAIEHRZ—XcH U TEREDOFAHEZRRT S &
ZOREE LRIEMREDT VY IIMEDERZREDDHDEEZFT

Efc. FEP+ BY VNV E - UAY REOHEEERFAICEBEST. YV /N\VBEREBERRZENE
U 7z Protein Reorganization, Protein pKa FHlZ BRI & Uz Constant pH, & S ICIFEEYDBREET
Az Br & UTc Solubility FEP+ & ZDIGHE UL TOEREH TR, BIERRICHE T BERDHZZIEKR
Uil TW&E T,

RSV FavEIF—7ld. Li FEP+ OIREZBNL. ZORIEMERTOY =7 MADOEARKRLS
BN BHFETT,

1) J. Am. Chem. Soc. 2015, 137, 2695-2703.
2) J. Chem Theory Comput. 2017, 13, 42-54.
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FEP+
Physics-base DERBEY I 1L —Y 3 vid. RERDTHI5 OPLS4" L DEAELETERREINET,
FEP+ (&, VWP I VW GUI ZBU T, S ERMGORE, SAERBROBAZRHE L. ThSBEHR
Physics-base ¥ X2 L —Y3>%, OJREGROMEMICEKITT DL DICEKETINTVWET, Fe. KR
BRETEHMERICIREY . GPGPU ZHEH LT -V AT —Ya Y LN THERREEZERIZ &N
TR TY . FEP+ TRERABHEAENMREEINTVWEID, ChESHEDNVEDDFTAIEY AT TE
RAEETH DI ENS, BIEMFR=Z—XITIRBE L DOMRMICHIGT B2 ENTEXT,

1) J. Chem. Theory Comput. 2021, 17, 4291.

WaterMap

UHY RFPA VTl UAY RES VRO BOBENREERRRE I THL, HSTORSICHESHT
REDIAHEMR EBENKDRY KT =0 OBEROMRZEOD. BENICEIRT Z2LELNH DT,
ZOBERAOBEBE—MRICEBLAE . WET—FEEL CRIRT 310ICRATFORE (k) TR
BEOBENAAIRTY, WaterMap?? [FDFEHEY I 2L —YavicEoWTaFRAIKBELL
feAkDFOBRAIRILF—EFOIVR—R YN (V-  OE—) 2#HETEV I 2L —
S22 Y—)LTF, WaterMap £V T & |2 & D RERDEERI S % TISEETH > I Bk E R
DIEERZRBEE ODMNOEEERD F T,

1) Pro. Nat. Aca. Sci. 2011, 108, 17889.

2) ChemMedChem 2014, 9, 2708.

Structure Enablement
SRETHHEZERTZOHOICIE. ZOHEICTHAS 2T V/INVEDIEBEENNETYT, —A T,
EROEIEMRICE VT, BBERE X BRERBENIRNTOEIE-—XICHIETETVWRLWDOHIRET
9, IFD-MD (Induced-Fit Docking-Molecular Dynamics)” (&. U HY REGBENRAMDGZEICH,. *
DEEZBANBERNSERETTFAL. FEP+ HICL25RBEFAFHEDIREEZ KIBICIERKULE T,
IE, cryoEM DR2REBREEICEI D, INF TILABENE SNIC L D > AR R D ILEEEH FH
SINDHIEZTVWET, —A. ZTORKREIIL. FEP+ ETKHOENDIBEICITED W ENZWLD
HEBETT, RyF>y - FOU 5 A Glide ZIGA Uz GlideEM & EBE D F 1% OPLSA OEHED
Blick s, COMERRICAITEY ) 21—Y3>YZBELTWET,

1) J. Chem. Theory Comput. 2021, 17, 2630.
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Structure-Based Lead Optimization in Orion®
— Progressively Improving Estimates of Binding Affinity -

OpenEye, Cadence Molecular Sciences

Lead optimization happens in cycles, beginning with the core of the lead and
generating a great many candidate analogs based on R-group substitution. In the
end, only a few of these candidates will be synthesized to be assayed. Using
computational methods to reduce the great many candidates to the few involves
progressive stages of refinement aimed at rejecting a majority of worse candidates
from the previous stage. As the stages progress, the set of remaining candidates
becomes smaller and of higher quality, requiring a gradually improving estimate of
binding affinity. We will look at this process in the context of the protein structure-
based approach. All steps in this process will be performed seamlessly in Orion
while taking advantage of massive parallelism in the Cloud. We will present the
sequential stages of a cycle of lead optimization, beginning with generative
modeling and progressing through to relative binding free energies. More detail will
be given on the use of the relatively new Non-Equilibrium Switching (NES) method

for relative binding free energies.

BBEWVWADES% : oe_japan@eyesopen.com

https://www.eyesopen.inc/orion
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SCIENTIFIC
Innovations -~ - - Computing Power . . Science Accelerated

"-Orion® Frees You to.Explore More by Delivering Trusted Science on a Powerful Cloud Platform

Trusted OpenEye Science

Orion® delivers the OpenEye computational tools scientists have
trusted for more than twenty years in an integrated web platform

32 . L]
. [ ]

backed by the computer power of Amazon Web Services. »
« Run ligand-based or structure-based virtual screenings, b

molecular dynamics (MD) simulations, free energy predictions, a °

quantum mechanics calculations, sequence analysis, and more =

from just a web browser AT e e < e o [l
- Perform ultra-fast 2D and 3D search of over 4 billion stereo-enumerated e e R B

commercially available molecules and 40 billion conformers &D S ’fjpa

. . Q'O EO
- Integrate third-party or in-house tools Y - et cs0-zso 1. 1000 e — ==
- Collaborate with colleagues without file transfers and formatting The Orion platform provides all the tools and data needed to allow
calculation, analysis, collaboration, and decision-making in one
. environment.
Orion Platform
The Orion Platform Provides:
- An integrated web-based environment to design, calculate, Sclentific
Methods Small Antibody . . Your

view, and analyze all your computation and modeling projects, AU R Molecule | ey | Formulations e B O Y

. . Solutions Discovery Sulte Suite Software foar

in real-time Sulte

+ Freedom to program your own calculations that use diverse
hardware

Core Cloud
- Connectivity to Orion’s flexible storage system, including Technology
. . Platform =
large-scale distributed I/0 and Web

Interface

« Automatic parallelization to optimize your workflows

- A single platform for your data and applications, eliminating the
need for data transfer and app switching and letting you collaborate with your team in real-time

Orion Science Suites

OpenEye is renowned for its chemical modeling applications and toolkits. All of its science has been through rigorous validations and
peer-reviews. Running these trusted solutions on AWS means you can now solve modeling questions that were previously impossible due to
compute-time or hardware limitations.

Small Molecule Discovery Suite

Structure- and Ligand-based Design

The Small Molecule Discovery Suite in Orion® provides a complete range of easy-to-use ligand- and structure-based modeling workflows for
all your therapeutic project needs, such as increasing the hit rate of your virtual screen, optimizing affinity of lead candidates, and predicting
off-target effects. Learn more at: https://www.eyesopen.com/orion/small-molecule-discovery-suite

For more information on Orion and additional science suites,
please visit our website at www.openeye.inc/orion

or contact us at oe_japan@eyesopen.com

SCIENTIFIC

O OpenEye

CEDENCE MOLECULAR SCIENCES WWW.Openeye.i nc ©2022 OpenEye, Cadence Molecular Sciences
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BT 2BEEFR

Fed )T A BROFER L HEIC L D% FE FMO %) ~0#iF
Recent advances of new modality and expectation for computer-aided design
including FMO method

PR E -

I, RS FUSNDOEX YT 4 & LT, Huik, ElE, F47F. TCR OXRAHUR, ¥ 378
DRI EDRE SN, TNE DG TORE - HEHFIE~OD=—ARNEmE->TbH, KtEviav
T, HEX VT 4 OBRRSCRFHZHHE L T D RELZEE DL T AT X VT 1 DR
LRI K DREFTFEORE| L W TR WETE & A% FMO kA2 G ek et FiERE D)
Frasgm Lm0,

ETFL—H—
A & (Teruki Honma)
AL FIFZERT (RIKEN)
B2 & (Kaori Fukuzawa)
KPR (Osaka University)

1. A buaxrvar (54y)
AWM Yt& (Teruki Honma)
BALSEAZET (RIKEN)

2. BYYEICHT 5 THRAEZRIET IV 7 FUikEt (256%9)
3 E—FBR (Shin-ichiro Fujii)
FULFIEZET (RIKEN)
DA L AREGT K L THRIERIT, T A L RRAZRDS < hEEUE & RGN 2 YR 5 T
MRS Ic D, B THIfRZ R L 2> hr—dB12F, VA LAFREOTE
F—TRENMBETH D, KEHETIE, 0L 572 THREERELZEIET 27 7 5 B
WZOWTHEIT L, %O U T F Uit ~OMF 2w L2,

3. FTENFELI2ab—a VORIKIEA L FMO E~OHIFE  (254)
A % (Mitsunori Ikeguchi)
REIETT N K (Yokohama City University)

DTN F I 2 b—a ik, MRS T OB R OATICA R e ik L L THEIC
AWHns L9272 > TETWDR, FEMICRF SN GBI HESN TWDRRT I/ Bk
FLUSN TR, WBICEEPLETH D, KEHTIE, RIEOSFENFY Ialb— a0
RSB AR T 5 & & bli2, FMO IESOIRF 2k ~72 0,

4. BIERFERIOBN T mRNA BEFIEEME (25 43)
=i 15 XBE (Shintaro Iwasaki)
AL FIFZERT (RIKEN)

ZL DN TITEERBRE N E L TWDL 2 ERMONTERY . ZOREHRA2MZ 58
REEFIDPLDAFN OB & L TREREFEBZEDTND, TIVE T, BHIRHEAN SR 2
R, AR mRNA OFEREZHHI T B2 6N TE, LiLans, mFERLIX
Z OnitE % %3 mRNA BlHR EBAORERLEAI 23 R L, 2 OERBY & @A L C
Xz, R UART U LA TEEFHOEBIZOWN TR Lz,

5. & (104)
= # (Kaori Fukuzawa)
KB K% (Osaka University)

17



FS-02 HE: 2022 4 10 A 25 B 13:30-15:00
B BHEE

#H3 ADMET #f2C BB 2R
Computational ADMET related research presentation

FERE

=& ADME XERCEEm SN D 2 E03% 0, Lo L, ADMET & L CHliEONIEE £ &
D THEMTDIENIVIROENIEZZLH Y, EREICHDPBFOMEAREICLREL 71
AT HZENREN, ZOBREES, [FHEHES) RRNTIZOL4HE 55 ADMET) #F%8
£LLT, BRAX—bMWWELET, SO 73 —H A My a b @mEREEO R 5T,
FHEMIC L5 ADME BhEMFIE b atimct S & 720 £,

#H ADME &t E#EZ WO COMEIXZESRGE L £7, Mt Fikb #EM & ADME T
ZTNENME OEM &2 WD HF5E S HAUE, Wi m T 28 bH 0 £, 20X ) AREtEKE
FEATHAN Z A EICRF Litind 2 2 & T, K0S, Mmiciiacsiul s B £,

FTFL—%—: HH #HXES (Kohtaro Yuta)
A&tk A v U =27 — % (In Silico Data, Ltd.)
MWiRF)L (Yoshihiro Uesawa)
VGRS (Meiji Pharmaceutical University)

1. 2 FE#% % AV 7z QSAR ###7 : DeepSnap EDBIF DBHLIR
MWRF)E (Yoshihiro Uesawa)
IRFERL K (Meiji Pharmaceutical University)

DeepSnap ($bA Wtk % 360 Mok L, EEFEHET VEBET HTFIETH
%, HE DIIARILET ADMET BE O LR (NS RRIEE, 7V 7 7 2%) o THl
ETNERE L TE T, o, D THEBARSFEELHBET 5 TRE(L - SRELEZERT
HEEHIT, CAMIZ X D FHBFEIROEMRRBL A EE Lz, &b, itk riktoarex
—a Il o TELRDEREETRNCKATI LT, Ai#E Tl DeepSnap (ED B O %
BT 5,

2. TOENWRT VAT x—A—va URBRICBIT 2 RIEEEE] OTRE Zhdb
BHiR T (Hideko Sone)
FRIESERL K (Yokohama University of Pharmacy)

21 fIZT P HE NN T AT F—A—2 g (DX) ORRTH D EEDILTA LN,
ZO DX, ThbbLT VXA X 2 RS U A7 GO L ¥ =T hY —H A =
A BE L TOITIX, YRR AZET 5, DX ICX2@\EFOEE X, ST —% 0
Fe, w7 — & OFNER 21T 5 B ffrisgr, mHRHEOMEILa 2172 (77 v hadk—
L) QRENRKLELEZ OGNS, KRETIX, HEAIRSE L TWDH T e vy NOREIT
bAgx . ERSMCBIT S TEEEMEY) O DX R L, sHEEE RO 2 BT 5,

3. EYOEANBHEFHICET S in silico PHI& Y I 2 L— 3 VEFOER
AiE  Fdk (Kazuya Maeda)
b K223 22 (Kitasato University School of Pharmacy)

EIMBARICBWT, EYEREEEOFINISEEE O—>TH D, T4, in silico HHiT
WAL S O - kb 52 EA & WM O B/ TRIZZEER STV D
23, RHENEIX 2 6 FBRR OB S CIREIN DT TlEel, Y ATLAEL
TOHMBERVETH D, RFERTIL, Hx O THEEE . BEEET /L% LT in vivo (K
NEHRE DB IZ BT 7= P L O OS2 X 2 D HF ORI OWTHERL L7z & & 2
T35,
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B 401

ERT —F Al fRT SRR 7 +— 7 A
Medical Data AI Analysis Forum

BAMEERE .

ERT — 2O AL fENTIXI B A S TE(E L TR Y, MFRT VA >, T — X 0B, Wb, #%
WEEBEREFTOEIWERE ) OBV ETHD, K7 +—T L TIL, EET —X O Al @0
HCHBEEROEBUC T TR BOEI L, BT X RERT — 2 O ZRFIHIZONT,
B D Al AT ICHZBRIZE Y A TWAIFIEE DIFFERE 21TV e OF I EFRILE 2175,

EET — % Al EATICEERICEY $HA TV DR, TN DiaH L5 LW I MRS ICE O TS
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It is extremely difficult to find molecules with desired properties in the drug discovery process. To
tackle this problem, deep generative models, including variational autoencoder (VAE), have been
receiving much attention. Most previous methods are based on chemical information, but they do
not take into account biological information on genes and proteins. In this context, some previous
studies have proposed deep generative models that generate active molecules for therapeutic target
proteins using biological data such as gene expression profiles [1,2]; however, some limitations
remain, such as difficulty in applying their models to diseases with unknown therapeutic targets. In
a disease state, the disease-specific gene expression patterns typically emerge because of the
disruption of homeostasis, and the disease can be treated by a drug molecule that invert the disease-
specific gene expression patterns. Actually, the use of an inverse correlation between diseases and
drugs is popular in drug repositioning [3,4], but the number of predictable candidate drugs is limited.

In this study, we propose to utilize the disease-specific gene expression profiles of patients
toward the de novo design of drug candidate molecular structures. We present a computational
model based on VAE with a transformer architecture to generate molecules that invert the disease-
specific gene expression patterns. In the algorithm, we explore the latent space constructed by the
VAE model using the inverse correlation with disease-specific transcriptome profiles of patients.
We applied the model to several cancers and neurodegenerative diseases, and successfully generated
new drug candidate molecular structures with the potential therapeutic effects against each disease.
The proposed model can generate molecules with potential therapeutic effects against any disease
in theory, thus the model is expected to make a great contribution to precision medicine.

[1] Méndez-Lucio, O.; Baillif, B.; Clevert, D.-A.; Rouquié, D.; Wichard, J. De novo generation of
hit-like molecules from gene expression signatures using artificial intelligence, Nature
Communications, 2020, 11, 10.

[2] Kaitoh, K.; Yamanishi, Y. TRIOMPHE: transcriptome-based inference and generation of
molecules with desired phenotypes by machine learning, Journal of Chemical Information and
Modeling, 2021, 61, 4303—4320.

[3] lorio, F.; Bosotti, R.; Scacheri, E.; Bernardo, D. D. Discovery of drug mode of action and drug
repositioning from transcriptional responses, Biophysics and computational biology, 2010, 107,
14621-14626.

[4] van Noort, V.; Scholch, S.; Iskar, M.; Zeller, G.; Ostertag, K.; Schweitzer, C.; Wenrner, K.;
Weitz, J.; Koch, M.; Bork, P. Novel drug candidates for the treatment of metastatic colorectal
cancer through global inverse gene-expression profiling, Cancer Research, 2014, 74, 5690-5699.
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Transient receptor potential ankyrin 1 (TRPA1) is a Ca®*-permeable cation channel expressed in
sensory neurons and non-neuronal cells of different tissues. TRPA1 has been linked to various
physiological functions, including pain and pungency perception, energy metabolism, hormone
secretion, and vasodilation [1,2], therefore it has been served as one of the amusing target of
pharmaceutical targets. However, since TRPA1 function as a multimodal receptor, the structural
diversity of TRPA1 agonists has not been fully understood.

We hypothesized that collecting a wider variation of TRPA1—compound interaction data would aid
the understanding of its complex mechanism. Therefore, we aimed to explore such agonist diversity
using an image-based TRPA1 assay system combined with an in silico chemical space clustering
concept. We clustered our originally synthesized chemical library with 27 physicochemical
molecular descriptors in silico, and selected structurally diverse compounds from each cluster for a
detailed kinetic assay to investigate variations of agonist structural rules. Through two sets of assays
evaluating various compounds in parallel with validating effects of the previously established
structural rules, we discovered that different chemical groups contribute to agonist activity,
indicating that there are multiple agonist design concepts. A novel core structure for a TRPA1
agonist has been also proposed.

Our data-driven approach to analyze the agonist diversity with physicochemical property rules
facilitated the objective finding of the structural diversity and new rules in TRPA1 agonists [3].

[1] Mahajan, N.; Khare, P.; Kondepudi, K.K.; Bishnoi, M. TRPA1: Pharmacology, natural activators
and role in obesity prevention. European Journal of Pharmacology, 2021, 912, 174553.

[2] Wang, Z.; Ye, D.; Ye, J.; Wang, M.; Liu, J.; Jiang, H.; Xu, Y.; Zhang, J.; Chen, J.; Wan, J. The
TRPA1 channel in the cardiovascular system: Promising features and challenges. Frontiers in
Pharmacology, 2019, 10, 1253.

[3] Terada, Y.; Tanaka, K.; Matsuyama, M.; Fujitani, M.; Shibuya, M.; Yamamoto, Y.; Ito, K.; Kato,
R. Collection of data variation using a high-throughput image-based assay platform facilitates
data-driven understanding of TRPA1 agonist diversity. Applied Sciences, 2022, 12, 1622.
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Vaccines and therapeutic agents are needed to control the damage caused by COVID-19 [1].
Currently available new drugs that inhibit SARS-CoV-2 main protease can suppress viral replication
in the early stages of infection, but they are not easy to use in clinical practice because they involve
inhibition of CYP3A4 [2-3]. Here, we performed structure-based virtual screening (SBVS) to find
inhibitors with new scaffold structures, excluding compounds with peptidyl secondary amide bonds.
The 180 compounds selected by SBVS were subjected to the main protease inhibition assay, and 9
compounds showed >5% inhibition at 20 uM. The IC50s of 6 of these compounds were determined
by dose-response experiments and were on the order of 10* M. Based on these new scaffolds, we
will try to optimize them.

[1] Robinson, Philip C., et al. COVID-19 therapeutics: Challenges and directions for the future.
Proceedings of the National Academy of Sciences 119.15 (2022): e2119893119.

[2] Hammond, Jennifer, et al. "Oral nirmatrelvir for high-risk, nonhospitalized adults with Covid-
19." New England Journal of Medicine 386.15 (2022): 1397-1408.

[3] https://www.mhlw.go.jp/content/11121000/000966645.pdf
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Study

David Jimenez Barrero Nazim Medzhidov'

david.jimenez@elix-inc.com nazim.medzhidov@elix-inc.com

'Elix Inc., Daini Togo Park Building 3F, 8-34 Yonbancho, Chiyoda-ku, Tokyo 102-0081 Japan

Keywords: Active Learning, Drug Discovery, Machine Learning, Sitagliptin

Active Learning (AL) is a machine learning algorithm consisting of a constantly-improving model which is capable of achieving better
accuracy with fewer labels than a regular model, as it is able to query the search-space and select expected promising samples[1]. This
proves particularly useful in spaces which are too large and/or expensive to evaluate exhaustively, making it a clear proposition for use in
the drug discovery context. Here the goal is to find a particular molecule with desired properties (high activity against a particular target,
good synthesizability score, etc.) in a potentially infinite chemical space, and where the evaluation of each candidate is expensive
economically as well as time consuming. Despite AL being theoretically a good fit for drug discovery, tests in this domain have been
limited; due to the same economically-expensive nature of drug discovery. In this study, we designed a methodology that allows us to test
performance of AL in a realistic framework by replicating real drug discovery campaigns while simulating the conditions human
researchers face, and thus addressing common validity problems, such as having a limited and bounded search-space, and positively
biased data. Under this scheme, we evaluated AL by replicating the discovery process of a dipeptidyl peptidase-4 (DPP4) inhibitor
Sitagliptin [2]. We obtained comparable results to the estimated human performance by using both a single IC50 activity model and an
ensemble of IC50 activity and lipophilicity models; thus proving the value of active learning in drug discovery, and the potential it has as
a tool to aid medicinal chemists. We hope these landmark in-silico results pave the way for future tests of active learning using wet-lab
experiments.

[1]Settles B. Active Learning Literature Survey. Computer Sciences Technical Report 1648. 2010 January 26; University of
Wisconsin—Madison.
[2]Drucker, D., Easley, C. & Kirkpatrick, P. Sitagliptin. Nat Rev Drug Discov 6, 109-110 (2007).
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The objective of drug discovery is to find novel compounds with desirable chemical properties.
Generative models have been utilized to sample molecules in the intersection of multiple property
constraints. In this study we pose molecular design as a language modelling problem where the
model implicitly learns the vocabulary and composition of valid molecules, hence it is able to
generate new molecules of interest. We present a SmilesFormer, Transformer-based model [1] which
is able to encode molecules, molecule fragments and fragment compositions as latent variables,
which is in turn decoded to stochastically generate novel molecules. This is achieved by fragmenting
the molecules into combinatorial groups, with methods such as RECAP [2], then learning the
mapping between the input fragments and valid SMILES sequences. The model is able to optimize
molecular properties through a stochastic latent space traversal technique [3]. This technique
systematically searches the encoded latent space to find latent vectors that are able to produce
molecules to meet the multi-property objective. The model was validated through various de novo
molecular design tasks, achieving state-of-the-art performances when compared to previous
methods. Furthermore, we used the proposed method to demonstrate a drug rediscovery pipeline for
Donepezil [4], a known Acetylcholinesterase Inhibitor.

[1] Ashish Vaswani, Noam Shazeer, Niki Parmar, Jakob Uszkoreit, Llion Jones, Aidan N. Gomez,
Lukasz Kaiser, and Illia Polosukhin. Attention Is All You Need. 31st Conference on Neural
Information Processing Systems (NIPS 2017). 2017. 5998-6008.

[2] Xiao Qing Lewell, Duncan B. Judd, Stephen P. Watson, and Michael M. Hann. Recap -
Retrosynthetic combinatorial analysis procedure: A powerful new technique for identifying
privileged molecular fragments with useful applications in combinatorial chemistry. Journal of
Chemical Information and Computer Sciences, 38(3). 1998. 511-522.

[3] Jonas Mueller, David Gifford, and Tommi Jaakkola. Sequence to better sequence: continuous
revision of combinatorial structures. International Conference on Machine Learning. 2017.
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Continuous increase in cost together with challenges associated with the traditional drug
discovery process have facilitated the application of machine learning approaches in this
domain. Past several years have provided with the examples where generative models
proved successful in aiding de novo drug discovery [1]. However, the number of such
success stories is still few and improved approaches are being continuously investigated.
In this study, we used our in-house developed generative model [2] to cover a hit-to-lead
discovery  campaign of  Acetylcholinesterase = (AChE) inhibitors containing
benzylpiperidine moiety. We designed a retrospective discovery scenario using publicly
available data, where data was arranged in a chronological order and chemotype relevance.
The goal was to replicate conditions of data scarcity during drug discovery process and
investigation of novel target chemotype from an initial small set of hit compounds and
public data. Generative model was then trained to generate molecules satisfying
multi-objective criteria accounting for desired physical-chemical & medicinal chemistry
properties, drug likeliness, synthetic accessibility, novelty, and activity towards AChE.
Generated molecules were then subjected to an extensive post-processing pipeline and
final list of suggested molecules was ranked and evaluated. Interestingly, among the final
list of generated molecules we observed presence of documented successful compounds
with benzylpiperidine moiety, having distant scaffolds to the training set. Moreover, an
FDA-approved indanone-benzyliperidine AChE inhibitor donepezil and it’s derivative [3]
were also among the final list of suggested molecules generated. Our model was able to
start from a set of hit compounds and successfully reach to novel and more potent scaffolds
that were discovered at later stages of the original drug discovery campaign of AChE
inhibitors.

[1] Zhavoronkov, A., Ivanenkov, Y.A., Aliper, A. et al. Deep learning enables rapid
identification of potent DDR1 kinase inhibitors. Nat Biotechnol 37, 1038—-1040 (2019).

[2] Owoyemi, J., manuscript in preparation

[3] Sugimoto, Hachiro et al. Research and development of donepezil hydrochloride, a new
type of acetylcholinesterase inhibitor. Japanese journal of pharmacology 89,1 (2002)
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Rocaglamide A (RocA) is a natural compound found in Aglaia odorata, which has potent anticancer
activity and acts as a translation inhibitor targeting to translation initiation factor elF4A. This
compound is known to function in a unique mechanism; clamping eIF4A onto purine sequence
specificity [1] for steric hindrance for scanning ribosomes. Our group recently identified that
another elF4A-targeting small molecule Pateamine A (PatA), which was isolated from a sponge,
works as a translation inhibitor in a similar manner, but with a different RNA specificity;
GNG motifs. However, the detailed molecular mechanism for such base selectivity provided by the
compounds remains unclear. To tackle this issue, here we employed dynamical fragment molecular
orbital (FMO) calculations combining classical molecular dynamics (MD) and FMO methods.

For RocA, four structures were created, each with one of the G6, A7, G8, and A9 bases around
ligand mutated to U in addition to the wild-type *GAGA® RNA. In addition, we analyzed structure
with the RocA analog RHT. For PatA, we created *AGAG?, polyA, and polyG sequences by mutating
the *GAGA® sequence around ligand in addition to the wild type. For all model structures, MD
simulations were performed for 50 ns each. From the MD results, we extracted 10 structures every
3 ns, and performed FMO calculations at the MP2/6-31G* level. The MD and FMO calculations
were performed on the supercomputer Fugaku (hp220143) and TSUBAME 3.0 (AMED-BINDS,
JP21am0101113).

In the RocA complex, n/w interaction with U7 was lost in the A7U mutant and the hydrogen bond
and n/m interaction with U8 were lost in the G8U mutant. These results suggest that the interaction
with these two bases is important for purine sequence-specific recognition of RocA. RHT showed
no significant change in major interactions compared to RocA. PatA showed loss of hydrogen
bonding at G8 and weakened n/7 interactions at A7 and G8 compared to RocA. The mutant form of
PatA will be investigated.
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[1] Iwasaki S. et al., The Translation Inhibitor Rocaglamide Targets a Bimolecular Cavity between
elF4A and Polypurine RNA, Mol Cell. 2019;73(4):738-748.¢9
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Molecular simulations to evaluate protein-ligand interactions are useful for identifying drug
candidates from a huge number of compounds. In SBDD-based computational drug discovery,
protein-ligand interactions are usually evaluated using classical force field-based methods. On the
other hand, quantum mechanical calculations are desirable in terms of accuracy but are difficult due
to the enormous computational cost. The fragment molecular orbital (FMO) method has been
proposed as a unique method that can calculate the entire protein system quantum-chemically.

Interaction evaluation by the FMO method is usually performed by single-point calculations
in vacuum using X-ray crystal structures. However, recent studies have suggested that
including thermal fluctuations gives a more reliable interaction, which is not evaluated by
single-point calculations in vacuum [1]. Therefore, we focused on the possibility of further
improving the accuracy by taking into account not only thermal fluctuations but also desolvation
effects and ligand deformation during binding.

In this research, evaluations were performed on three proteins with the different total numbers
of residues, ER, CDK2, and SARS-CoV-2 Mpro ligand complexes.

For each complex, two 10 ns molecular dynamics (MD) simulations were performed using
GROMACS. From the results of each MD simulation, 20 structures were extracted every 1 ns. The
interaction energies (AEgyo) were obtained by FMO calculations at the FMO2-MP2/6-31G* level
using ABINIT-MP. Then MM-PB/SA calculations were performed to evaluate each desolvation
energy (AGgory) classically. Ligand deformation energies (4E)z) were calculated as the energy

difference between conformations of the ligand in the complex structure and in the water. Finally,
we added up their effects and averaged them over 20 samples to obtain a binding affinity value
(AGping = AEpmo + AGsoly + AEyg ). The results of FMO calculations were obtained using the
supercomputer “Fugaku” (hp220143).

For ER complexes, 5 compounds were used. The enhancement of correlation between
calculation values and experimental values (pICso) was confirmed by considering thermal
fluctuation, ligand deformation

energy, and desolvation energy. (a) - (b)
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[1] Hatada, R.; et al., Appl. Phys.
Express, 2021, 14, 027003

Fig. 1 pIC50 vs (a) single-point AEpyo and (b) AGping
based on sampling of ER-complex
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Degradation of hematopoietic prostaglandin D, synthase (H-PGDS) by proteolysis-targeting
chimeras (PROTACs) is expected to be important in the treatment of allergic diseases and
Duchenne’s muscular dystrophy. We recently reported that PROTAC 1, which is composed of H-
PGDS inhibitor (TFC-007) and cereblon (CRBN) E3 ligase ligand (pomalidomide), showed potent
H-PGDS degradation activity!')

In this study, we investigated the U oy S e v
structure—activity relationships of
PROTAC 1, focusing on the CRBN : ”J‘O TAS-205
;23\) C4 =PROTAC 3

conjugation site between the H-
PGDS ligand and the E3 ligand,
and the effect of changing the H-
PGDS ligand from TFC-007 to
TAS-205. Three new PROTACs
2-4 were evaluated for H-PGDS
affinity, H-PGDS reducing
activity, and  inhibition  of
prostaglandin D, production. All
compounds showed high H-PGDS
reducing activities, but PROTAC
3 was slightly less active than the
other compounds.

To investigate these differences,
the PROTAC Modeling Tools and molecular dynamics (MD) simulations were used to evaluate the
stability of each PROTAC ternary complex. The results showed that the ternary complex including
PROTAC 3 had the highest RMSD value, suggesting that the reduced activity of PROTAC 3 is due
to the lower stability of the H-PGDS—PROTAC-CRBN ternary complex.
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[1] H. Yokoo. et al., J. Med. Chem. 2021, 64, 15868-15882.
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Catechol O-methyltransferase (COMT) is a target enzyme for the drug development for
Parkinson’s disease. COMT uses S-adenosylmethionine (SAM) as a substrate for L-Dopa
methylation to produce S-Adenosyl-L-homocysteine (SAH).

We determined the structures of COMT/SAM/Mg/opicpaone and COMT/SAH/Mg/opicapone
complexes by X-ray crystallography. In both structures, a complex hydrogen bond network between
COMT and opicapone was observed. Determineation of precise position of hydrogen atoms involved
in the network is important to design new inhibitors. However, it is difficult to discuss the hydrogen
position based only on X-ray crystallography. We evaluated the energy of the hydrogen network for
possible models by computing with the FMO method. Finally multiple network models were
sucessfully obtained.

opicapone " D 14

B4-a8 loop

(Figure) Structure of active center determined by X-ray diffraction COMT/SAM/Mg/opicapone
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PoSSuM is a database of comprehensive pocket similarity pairs in proteins registered in the PDB
[1]. PoSSuMds (PoSSuM Drug Search) is a subset for investigating the diversity of ligands and
receptors among a set of pockets that can bind to a drug compound [2]. We provide here the new
PoSSuMds, updated with the latest approved drugs and candidates, resulting in an increase in the
number of drug compounds that can be queried. A total of 4,142 compounds, selected from the
ChEMBL [3] (version 29), were matched with PDB ligand structures, provided at Ligand Expo, and
determined presence in PoSSuM with HET code. When matching ligand structures, the structure
standardization protocol was refined from the previous version for precise structure matching. As a
result, 599 unique compounds had at least one protein-ligand complex structure in the PDB. Of
these, 580 compounds had pocket similarity data in the PoSSuM, indicating an increase of 386
compounds compared to the previous version (194 compounds). From this increase, the number of
binding pockets (query pockets) has increased §-fold, previous 2,595 pockets to current 20,866, and
comparable pockets (target pockets) has increased 5-fold, previous 26,509 pockets to current
151,482, and the number of pockets pair similarities has increased 7-fold, previous 530,898 pairs
to current 3,858,525. In addition, a survey using clinical candidate data from the ClinicalTrials.gov
reveals that 68 out of 580 compounds in PoSSuMds were tested in clinical trials as potential
treatments for COVID-19. With this update, a similar pocket search on a larger scale has become
possible, increasing the effectiveness of investigations such as drug reuse, including for infectious
diseases.

[1] https://possum.cbrc.pj.aist.go.jp/PoSSuM/

[2] Ito, J. I.; Ikeda, K.; Yamada, K.; Mizuguchi, K.; Tomii, K. PoSSuM v.2.0: Data Update and a
New Function for Investigating Ligand Analogs and Target Proteins of Small-Molecule Drugs.
Nucleic Acids Research 2015, 43 (D1), D392-D398.

[3] Gaulton, A.; Hersey, A.; Nowotka, M.; Bento, A. P.; Chambers, J.; Mendez, D.; Mutowo, P.;
Atkinson, F.; Bellis, L. J.; Cibrian-Uhalte, E.; Davies, M.; Dedman, N.; Karlsson, A.; Magarifios,
M. P.; Overington, J. P.; Papadatos, G.; Smit, I.; Leach, A. R. The ChEMBL Database in 2017.
Nucleic Acids Res. 2017, 45 (D1), D945-D954.
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PoSSuM is a database of similar ligand-binding and putative pockets on proteins [1]. Based on the
PoSSuM scheme for detecting putative pockets and searching similar binding sites [2-5], we have
developed two new databases. One is a database of similar epitopes, antibody-binding sites on
(putative) antigen proteins [6]. The current version contains the data of about 75,000 similar pairs
between known and known, and over two million similar pairs between known and putative epitopes,
which includes the information of known and putative epitopes on SARS-CoV-2 proteins. We found
several putative epitopes that are similar to known epitopes on the antigen proteins in complex with
antibody drugs. The other is a database of putative ligand-binding pockets on AlphaFold models of
20,891 human proteins in AlphaFold database [7], which are similar to the known ligand-binding
sites in the PoSSuM database [1]. Our method detected about 290,000 putative pockets on the
AlphaFold models, and about 56 million similar pairs between known and putative pockets [8]. It
is expected that these databases will be helpful for drug discovery and development.

[1] https://possum.cbrc.pj.aist.go.jp/PoSSuM/

[2] Ito, J.; Ikeda, K.; Yamada, K.; Mizuguchi, K.; Tomii, K.; PoSSuM v.2.0: data update and a new
function for investigating ligand analogs and target proteins of small-molecule drugs, Nucleic
Acids Res, 2015, 43, D392-398.

[3] Ito, J.; Tabei, Y.; Shimizu, K.; Tsuda, K.; Tomii, K.; PoSSuM: a database of similar protein-
ligand binding and putative pockets, Nucleic Acids Res, 2012, 40, D541-548.

[4] Ito, J.; Tabei, Y.; Shimizu, K.; Tomii, K.; Tsuda, K.; PDB-Scale analysis of known and putative
ligand binding sites with structural sketches, Proteins, 2011, 80, 747-763.

[5] Tabei, Y.; Uno, T.; Sugiyama, M.; Tsuda, K.; Single Versus Multiple Sorting for All Pairs
Similarity Search, The 2nd Asian Conference on Machine Learning (ACML2010), 2010.

[6] https://possum.cbrc.pj.aist.go.jp/PoSSuMAg/

[7] https://alphafold.ebi.ac.uk/

[8] https://possum.cbrc.pj.aist.go.jp/PoSSuMAF/
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Pattern formation in reaction-diffusion systems is a phenomenon in which molecules diffuse while
reacting, autonomously forming heterogeneous concentration distributions of chemical species [1].
Pattern formation is well known as a mechanism of morphogenesis in biological systems, such as
embryogenesis in Drosophila and generation of patterns on the skin surface [2]. If we can artificially
reconstruct this mechanism, we can construct macroscale molecular systems that far exceed the size
of molecules. The technology for constructing macro-scale molecular systems is expected to be
applied to artificial organs in the future.

So far, we developed an autonomous linear pattern formation method using a reaction-diffusion
system of DNA in hydrogel media [3,4], in which a steep concentration distribution of chemical
species (DNA) forms a pattern and showed that it can be successfully cascaded. As a next step, we
consider here the possibility of pattern materialization by adding heterogeneity of physical and
mechanical properties to the distribution of the chemical species formed.

The proposed reaction-diffusion system forms patterns by polymerization of branched DNA motifs
(X motifs) in a highly viscous sol medium [5]. In this system, the four single-stranded DNAs that
comprise the branched DNA motif are divided into two groups that do not polymerize into each
other and diffuse from sources on either side of the sol reaction field. DNA motifs are formed at
equidistant positions where these DNAs meet, and the motifs polymerize in a position-specific
manner to form a DNA hydrogel.

Fluorescence microscopy showed that a linear pattern (bisector pattern between sources) was
formed even in the sol medium. The fluorescence recovery inside and outside the reaction area was
measured to quantitatively evaluate the heterogeneity of the diffusion coefficient. More surprisingly,
we observed that the once formed linear patterns gradually wave in the sol medium. The cause of
this phenomenon is currently under investigation.

[1] Turing, A. M. "The chemical basis of morphogenesis. Philosophical Transactions of the Royal
Society." London, B 237 (1952): 337-72.

[2] St Johnston, Daniel, and Christiane Niisslein-Volhard. "The origin of pattern and polarity in the
Drosophila embryo." Cell 68.2 (1992): 201-219.

[3] Abe, Keita, et al. "Programmable reactions and diffusion using DNA for pattern formation in
hydrogel medium." Molecular Systems Design & Engineering 4.3 (2019): 639-643.

[4] Abe, Keita, Satoshi Murata, and Ibuki Kawamata. "Cascaded pattern formation in hydrogel
medium using the polymerisation approach." Soft Matter 17.25 (2021): 6160-6167.

[5] Seeman, Nadrian C. "Nanomaterials based on DNA." Annual review of biochemistry 79 (2010):
65.
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The Swarming of living organisms such as fishes, birds, and ants is a fascinating display of
coordinated behavior in nature (1). Swarming provides the organisms with several advantages
such as parallelism, robustness, flexibility, and permits exhibiting emergent functions by the
organisms (2). Such attractive features of the swarming of living beings have motivated researchers
working in material science, and engineering to utilize the swarming of self-propelled objects in
artificial environments for sophisticated applications (3, 4). Recently our group has successfully
demonstrated the swarming of a large number of kinesin-propelled microtubules (MTs), a self-
propelled biomolecular machine, where the swarms of MTs exhibited translational and rotational
motion upon consumption of chemical energy of ATP hydrolysis by kinesins (5). The swarming of
MTs with rotational and translational motion holds great potential as their motion can be harnessed
to perform work for nanotechnological applications, e. g. in molecular machines or devices,
molecular robotics, etc. To ensure real-life applications of the MT swarms it is a prerequisite to
quantify the amount of work that can be harnessed from the swarms. In this work, we attempt to
quantify the force associated with the swarming of MTs driven by kinesins. Azide-labeled MTs were
prepared from azide-labeled tubulin using the polymerizing agent guanosine triphosphate. Two
complementary DNA sequences were used to modify two sets of azide-MTs by azide-alkyne
cycloaddition reaction and the magnetic beads were modified with one of the DNAs. Swarming of
the DNA-modified MTs was performed on a kinesin-coated glass surface and observed by a
fluorescence microscope. A circular-shaped swarm was formed by the MTs, and the bead was loaded
by the swarm. An electromagnetic tweezer (EMTw) was used to apply electromagnetic force (EMF)
on magnetic bead-attached rotational swarms. The force of the circular-shaped MT swarms was
successfully determined from its velocity by applying EMF. The force increases linearly with
increasing the size of the circular swarm. This increase in force arises from the higher number of
active kinesins driving the larger swarms. Such estimation of the force of the swarm of MTs will
widen its application in nanotechnology as well as in robotics.

[1] Beshers, S. N.; Fewell, J. H. Models of division of labor in social insects, Annual Review of
Entomology, 2001, 46, 413—-440.

[2] Niven, J. E. How honeybees break a decision-making deadlock, Science, 2011, 335, 43—44.

[3] Wei, H. X.; Chen, Y. D.; Tan, J. D. & Wang, T. M. Sambot: a self-assembly modular robot system.
IEEE/ASME Trans. Mechatron., 2011, 16, 745-757.

[4] Keya, J. J.; Suzuki, R.; Kabir, A. M. R.; Inoue, D.; Asanuma, H.; Sada, K.; Hess, H.; Kuzuya,
A. and Kakugo, A. DNA-assisted swarm control in a biomolecular motor system, Nature
Communications, 2018, 9, 453.
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Microtubules often form streams at high density, which glide in the same directions on Kinesin
coated glass surface in microtubule motility assay. At higher density of microtubules, they tend to
move together (snuggling) to avoid collision and overriding of microtubules. As a result,
microtubule groups emerge motion patterns showing straight, curved or wave like trajectories.

In order to analyze the microtubule group motion patterns, we applied dense and sparse optical
flow (DOF and SOF) methods followed by polarity analysis with order parameter. In case of DOF,
the polarity analysis revealed overall difference of microtubule motility dynamics depending to
microtubule concentration, to some extent.

In order to identify the emergence of motion patterns, SOF method was attempted to the same
video data as used in the SOF method. In this presentation, we will discuss the limitation of
conventional order parameter definition when dealing with parallel and anti-parallel movement of
microtubule dynamics.
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Confocal laser scanning microscopy has the capability of acquiring cross-section images by
removing fluorescence generated outside the focal plane to be observed. This means that we can
construct a three-dimensional (3D) image of tiny structures that would be difficult to be physically
sectioned by acquiring multiple images in which the focal plane position is continuously changed.
Therefore, it has been widely used in many scientific fields and is a common method to visualize
the 3D morphology of cell-sized closed lipid bilayer membranes called giant vesicles (GVs).

On the other hand, virtual reality (VR) visualization of microscopic images[1] is useful for the
observation of molecular assemblies in which 3D morphology is important. GV is one of those
molecular assemblies whose morphology is susceptible to surrounding disturbances[2]. However,
when confocal fluorescence microscopy images of GVs are captured from the top to the bottom
while changing the focal plane, the GVs shift their centroid position due to advection or fluctuation
including Brownian motion, and the 3D structure of freely floating GVs could not be correctly
reconstructed.

Therefore, in order to correct the position of each focal plane prior to VR-ization, we conceived
the idea of detecting each GV using an object detection method based on deep learning. Deep
learning is a part of machine learning methods and several deep learning frameworks have been
applied to object detection tasks and achieved great results[3]. In this study, to aim at VR-ization,
we developed a synthetic model of confocal fluoresce microscopy images of GVs. Furthermore,
using the teacher data images generated by the synthetic models, we constructed a GV detect model
with transfer learning based on YOLO, one of the object detection models by convolutional neural
networks.

[1] Gutmann, G. S.; Azuma, R.; Konagaya, A. A virtual reality computational platform dedicated for
the emergence of global dynamics in a massive swarm of objects, J. Imaging Soc. Jpn., 2018, 57,
647-653.

[2] Lipowsky, R. Remodeling of Membrane Compartments: Some Consequences of Membrane Fluidity,
J. Biol. Chem., 2014, 395, 253-274.

[3] Anushka; Arya, C.; Tripathi, A.; Singh, P.; Diwakar, M.; Sharma, K.; Pandey, H. Object
Detection Using Deep Learning: A Review, J. Phys.: Conf. Ser., 2021, 1854, 012012.
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Atomic force microscopy (AFM) is one of the most popular imaging and characterization
techniques, which has the advantage of analyzing many types of surfaces in nano-scale. Many
kinds of research have been done the studies on DNA dynamics and structures with the help of
AFM, so far. However, AFM's tip radius and resolution are still not enough to imaging results of
DNA nano structures, losing the vital information of DNA double strand structure like major
grooves and minor grooves. This study presents a super-resolution model combining VR molecular
model and deep learning to visualize major and minor grooves from real DNA AFM images.
Applying the model, the reconstruction resolution can be beyond the limits set by tip radius and
original imaging resolution. To build high-resolution AFM images, VR DNA molecular model[1] is
built to obtain simulated DNA strands, and AFM imaging is simulated to build simulated AFM
images. Tip radius of AFM probe and image resolution are the parameters in the AFM imaging
process to obtain different images by the same simulated DNA model. Then deep learning method
based on Cycle GAN[2] is used to build a super-resolution network to construct detailed
information for DNA images. Finally, real AFM images are used to test the performance of the
model and determine the valid parameters in the image processing section.

[1] Gutmann, G.; Azuma, R.; Konagaya, A. A Virtual Reality Computational Platform Dedicated
for the Emergence of Global Dynamics in a Massive Swarm of Objects. J. of the Imaging
Society of Japan; 2018, 57 (6); 647—653. https://doi.org/10.11370/isj.57.647

[2] Zhu, J.-Y.; Park, T.; Isola, P.; Efros, A. A. Unpaired Image-To-Image Translation Using
Cycle-Consistent Adversarial Networks; 2017; pp 2223-2232.
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Toward a final goal for developing a model of chemical fate and its aquatic organism effect, a
high-resolution hydrodynamic ocean model [1] was applied to waters off Niithama in the middle of
the Seto Inland Sea (SIS), Japan. A heating formula depending on distribution of water transparency
was newly incorporated into the model. Using this model, tidal current, temperature and salinity
were calculated in the areas covering the middle of SIS, and then the behaviors at the waters off
Niihama were simulated in detail by using results of the first calculation. The simulation was
performed in 2016 summer when the effects of the chemicals to aquatic organisms seem highly
concerned due to a suppressed convective mixing. The model accurately reproduced spatial and
temporal variations of tidal current, water temperature and salinity observed at the waters off
Niihama as well as the mid SIS [2-3]. Results from the simulation demonstrated that the waters off
Niihama experienced fast water exchange by tidal residual currents enhanced at steep bathymetry
and large vertical water displacement due to propagation of waves generated there in comparison
with the middle of the SIS.

[1] Shimada, N.; Tomiyama, A. A numerical method for solving compressible gas-liquid two-phase
flows, Kagaku Kogaku Ronbunshu, 2005, 31, 15-24.

[2] Takeoka, H. Hiuchi-Nada (in Japanese), in Coastal Oceanography of Japanese Islands,
edited by Coastal Oceanography Research Committee, Oceanogr. Soc. of Jpn, 694-698,
Tokai Univ., Press, Tokyo, 1985.

[3] Futamura, A.; Sugimoto, K. Observation of the oceanic structure of stratified region in Hiuchi-
Nada, Bull. Yuge Natl Coll. Maritime Tech, 2009, 31, 1-5.
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