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Innovation of drug development based on micro—flow and automated synthesis
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Shinichiro Fuse

BAHEXRFXRFHRARRFEHER

Nagoya University

AL, 7w —EREAN, AT Eafr oS AN N SRR 2 7 R B o
7y VARSI LD ARG RO BEL - EmRILOBEEENETETERE > T D, J
RHEITHEICHBEREEOREICEED S -85, THEMEICE T2 2 X R & HEIRIC
IVBONDEZRRT 4y hONRT VR PNEEROETH Y, BIEOHNTTIX, TONT 2
EEERTDHEETOAKAEROBEEZ BT LEIILT L RNnEEZEZTWD, —HT
[RONT-EBEO BB LICE S H T, :xb%fﬁbfwk@_«z74/b%ﬁéﬁm
PERBHEZITH Y . BT HARNENLICTL > TW DT 2 HEML LA bE S Z L NEE L
EZTW5D,

Fox 1T E 10 UL RIS T, UM CIRA R LR b RIGT o2 ~v A7 rn7n
— A EIEDOBRZICIRY MA TE T, RIEIF, ARPMENLE o> TODEINTTH D DI LT,
WD T T A3z W TE L0 TIEREERONZFZBL AR ThH D, —flé LT~ A
a7 u—EORE ST LR (<IF) ORUSKHGHIICEY 7I/B1B8XL020
HFEIZ L VT F R 3 2HBALINIBNT, 7T A3 % AW S TIEEA FTRE 72 Bl S s O
PRI LTl s D, EfxiThnF X7 F K7 =7 U v A 2 @ORE bR
HELTWD 2, x%ﬁfiﬁﬁm®N?74yb%%wékw®1o®ﬁﬁﬁkbfwv
A4 7 v 7a—5iEONE uOU\TfDJI

R DIEA 7
OH
\HL DIEA zor(:gn 20°C, 0.5 %

T$§ FH— /
20°C, 4.3 ¥

. .
R2 e R J\n,omlyl
OAllyl in 2000 \&Ns
HN MeCN L/min R'" R O
o 2

R 3
R RnE BHh TE<— R RAE AW TE<—
Ph
9 LKOA" | _7R— >99% <1% 00—  89% <1%
B°°”N~;)lu V5523 40% <1% BocHN\)l OAnyl I5Z23 41% 1%
o
Bno o Ph JO0— 9% 3% o Jo— 9% 1%
BocHN\HlNL'fOAIIyI 225X 74% 18% \HL LﬂoAllyl 72X <28%
PhH 0O OHH O

COOH

o o o o] o [ o
HO OHHO' OHHO' OHHO OHHO 'OH @
THYTA4TY (4)
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Optimization and automation of quantum beam experiments
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1. T. Ueno, H. Hino, A. Hashimoto, Y. Takeichi, M. Sawada, and K. Ono, “Adaptive
design of an X-ray magnetic circular dichroism spectroscopy experiment with
Gaussian process modelling”, npj Computational Materials 4, 4 (2018).

2. K. Saito, M. Yano, H. Hino, T. Shoji, A. Asahara, H. Morita, C. Mitsumata, J.
Kohlbrecher and K. Ono, “Accelerating small-angle scattering experiments on
anisotropic samples using kernel density estimation”, Sci. Rep. 9, 1526 (2019)

3. Y. Suzuki, H. Hino, M. Kotsugi and K. Ono, “Automated estimation of materials
parameter from X-ray absorption and electron energy-loss spectra with similarity
measures”, npj Computational Materials 5, 39 (2019).

4. Y. Ozaki, Y. Suzuki, T. Hawai, K. Saito, M. Onishi and K. Ono, “Automated crystal
structure analysis based on blackbox optimisation”, npj Computational Materials 6,
75 (2020).
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How to automate modeling of cells?

mE —R

Kazunari Kaizu

EiHRAREN BLPHRA EaeRPRREE 54—
NAAAEL—TAVTRRF—L LBBARA. JST SEHT GREE)
RIKEN

AR, AMBFEDBICBT D - ARREINITE L<ER L TE -, ZUamx T, vR
v ML ERTEA LEER - FHllo HEIb & KEOT — X ICEITDH SN=/HEHTET Y v 7
k2 R BIBRIE A S, R E T ML, Tl 08T 5 ROV E DL LTS
NTE, LNL—FTIH LT —ZBEROET U 76 L, WnIZ L THERONEY
IRA N = ALNEHRT D00, BREEE 72D 5od 5, T 2 CAFEE I I 2 L—
3 VAR ONIG N D | IR 3 2 BEAF O Ak & K5 - T — 2 & VD GRiIaN A
ZANIZESNEET U T O E HEMET 5 T RICOWT oD & & L TR
T2,

Blo, RIBE AR E LIEMRES 227 ) v 7O AELICOW TN T 5, KIBE
IFEEHIROET VAN E L TEELS OHMANRT —F X=X ZE LD b, AREWFS
FHZBWTHIIE - EH E b ICEKFIH SN DGOV ESTH D, TNETHRET U 7
IAFFEE DA O—H 53 DBRIZOWT AFETITo TE o, RBFFETIEL, 7—F_X— 2
DEHE S 27 ) LEFE AT E L TRA 38, ER R e v MlagiEz2 5 2
EHEIMIZET V7T OHEMERE L TV D, TS L W AT TIRREE e KRS
HEZR ARG &N 5 it Bz H & B0 - BT ShuelT D BT O RIZESWTET ME L, 7 A
BRI BT DESIER G e SRR O REV A~ D FEP 22 FRNCIEH T 5,

BAT, Y2 b—va UEITATER U CBESEIE R SN Y T OURERDE T
U o 7% BEL LIZFHNC O\ TR T 2, IEFE 014 A=V 0 Z ka7 BEsE s
BEIZZ D 3T OLEDOE OORINIEBFRS 2 BB T 52 L& AlREIc Lz, — 5T
B SN T O 51 & OFEECEMIRIE, ZN BB IR 7 E R ICBlE T
HZEDTERVWIERIEZ A LT\ 5, AHFSECTIHE % O 51 O SN IEE A — 55 1R E
TYIalb—yarl, SLICEBOBMEIOREICIE W CHEMBIm4 2 H 59 2 Bk
B Ialb—va rH HNERBE L, b ERHNET Y v kLA DES Z &
T, FEBRGHH - fEHT FIEOREEE 2 FGE L, BAER RGO 0 TS < ET U 7 0 H
Btz "IReIC T 5,

Vb, EBRoOBE L EHFIOET ) 2L DR T Te—F L vIal—va v
Bl L BRI T — 2 _R— 2B IEH LB O A D = X WSS HEET V 712k D
RN 727 7 a—F EAEDED 2 LTI & W D B S OB 2 Hig T,



I-12 BB 2020 4 10 A 29 B 11:10-11:30
FyoRrIL: 1

KEK SBRC 21540 N\ O BERBERTOLEHE
Automation of macromolecular crystallography experiments
in Structural Biology Research Center, KEK
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Digital Health: Innovation by digital therapeutics
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Evaluation of the expression profile of diarrhea induced by
irinotecan using the Japanese Adverse Drug Event Report

Database
Mashiro Okunaka? 2 Daisuke Kano?
mokunaka@Reast.ncc.go.jp. dkano@east.ncc.go.jp.
Reiko Matsui? Yoshihiro Uesawa?
rmatsui@Reast.ncc.go.jp. uesawa@my-pharm.ac.jp

1 Department of Medical Molecular Informatics, Meiji Pharmaceutical University, 2-522-1
Noshio, Kiyose, Tokyo 204-8588, Japan

2 Department of Hepatobiliary & Pancreatic Oncology, National Cancer Center Hospital East,
6-5-1 Kashiwanoha, Kashiwa Chiba 277-8577, Japan

Keywords:Irinotecan; Diarrhea; Chemotherapy; JADER

Background Irinotecan (CPT-11) has been used in chemotherapy for advanced and recurrent
colorectal cancer and diarrhea is one of the dose-limited toxicities of CPT-11 [1-4]. Currently, the
differences in time of onset of diarrhea expression among CPT-11-containing regimens have not
been fully clarified. Therefore, we investigated the tendency for CPT-11-induced diarrhea using
the Japanese Adverse Drug Event Report (JADER) database published by the Pharmaceuticals and
Medical Devices Agency [5].

Method The drugs selected for this investigation were CPT-11, CPT-11 plus fluorouracil (5-FU),
and CPT-11 plus S-1, which are among the drugs listed in the JADER. We calculated the period
starting from the beginning of onset of the adverse events. Moreover, we performed a time -to-onset
analysis using the Weibull distribution, and examined the expression profile of adverse events for
each drug.

Results A total of 15,563 reports on adverse events with CPT-11 as the suspected drug were found.
Furthermore, 1,069 cases of diarrhea were reported for all drugs. In the time-to-onset analysis,
CPT-11 was the earliest expressed diarrhea, with a median onset of 5 days. On the other hand,
diarrhea developed more slowly with CPT-11 plus S-1 than with the other treatment, with a median
onset of 14 days (p < 0.05).

Discussion These results, which show that the time of onset of diarrhea varies greatly depending
on the CPT-11-containing regimen, are expected to contribute to the management of toxicity in
cancer chemotherapy.

[1] National Comprehensive Cancer Network. NCCN clinical practice guidelines in oncology
colon cancer. Version 4. 2020.

[2] Japanese Society for Cancer of the Colon and Rectum (JSCCR) guidelines 2019 for the
treatment of colorectal cancer.

[3] Van Cutsem E, Cervantes A, Nordlinger B, Arnold D, et al. Metastatic colorectal cancer: ESMO
Clinical Practice Guidelines for diagnosis, treatment and follow-up. Ann Oncol. 2014;25(3):1-9.

[4] http://www.mochida.co.jp/dis/interview/iri_n7.pdf

[5] https://www.pmda.go.jp/safety/info-services/drugs/adr-info/suspected-adr/0003.html

12



01-02

Development of in vitro Blood Brain Barrier model reproducing
microglia-induced cytokine/chemokine dynamics

Kaoru Sato!

kasato@nihs.go.jp
Kazue Hoshikawa' Yukari Shigemoto-Mogami'-
hoshikawa@nihs.go.jp shigemoto@nihs.go.jp

! Laboratory of Neuropharmacology, Division of Pharmacology, National Institute of Health Sciences, 3-25-26 Tonomachi,
Kawasaki-ku, Kawasaki city Kanagawa 210-9501, Japan
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The blood-brain barrier (BBB) restricts the transfer of substances between blood and brain tissue thereby
protecting the brain from harmful substances. In the drug development, the BBB barrier function is important in
terms both of the drug delivery and the diagnosis of the pathological changes. We therefore attempted to establish
the in vitro BBB model reflecting the pathological permeability changes. We here focused on microglia, the cells
playing key roles in neuroinflammation.

In this study, we employed in vitro BBB model composed of vascular endothelial cells (EC), pericytes (Peri), and
astrocytes (Ast), and then investigated the contribution of microglia to BBB barrier function via cytokine/chemokines
(C/C).  When non-stimulated microglia (non-MG) or LPS-activated microglia (LPS-MG) was added to the
abluminal side of the in vitro BBB model, the BBB barrier function was disrupted only when activated microglia was
added. LPS-MG caused decreases in the trans-endothelial electrical resistance (TEER) and in the expression levels
of tight junction (TJ) proteins. Under these conditions, 19 C/Cs were markedly increased on the abluminal side.
Unexpectedly, although LPS-MG alone released 10 of the 19 C/Cs, their concentrations were much lower than those
detected on the abluminal side of the BBB model with LPS-MG. Co-culture of LPS-MG with Ast caused marked
increases in 12 of the 19 C/Cs, while co-culture of LPS-MG with EC and Peri resulted in a significant increase in only
1 of the 19 C/Cs (fractalkine). These results suggest that C/C dynamics in this experiment model are not only caused
by activated microglia but also are due to the interaction between activated microglia and astrocytes. Taken together,
microglia is indispensable to in vitro BBB model reproducing the complex interactions among neurovascular unit
(NVU) cells and pathological changes via C/Cs in the progressive process of neuroinflammation.

[1] Shigemoto-mogami Y., et al: Frontiers in Cellular Neuroscience, 12: 494, 2018
[2] Shigemoto-mogami Y. and Sato K.: Folia Pharmacologica Japonica Nippon Yakurigaku Zasshi, (in press).
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[Purpose] Drug-induced liver injury (DILI) is one of the primary reasons for the failure of
pharmaceutical agents during drug development. 40% of DILI cases in japan had either
cholestatic or mixed cholestatic hepatic toxicity (1) and fatality rate of the case reached 10
- 50% (2). Accordingly, evaluation for the drugs that cause cholestasis is important in drug
development. Primary/cryo-preserved human hepatocytes is used to test the toxicity of candidate
compounds in the early stages of drug development. However, primary/cryo-preserved human
hepatocytes is not considered suitable for the evaluation of cholestasis toxicity because the
extended bile canaliculi formation is difficult. In our previous experiments, the extended bile
canaliculi were observed on a part of cell culture surface when hiPS cell-derived hepatocytes
(hiPSC-hep) were culture for long term. Therefore, we studied better culture conditions for
functional extended bile canaliculi formation, aiming the application of hiPSC-hep to evaluation
for cholestasis toxicity.

[Method] hiPSC-hep from vendor A was used in this study. hiPSC-hep were sandwich-cultured
after long term culture for formation of extended bile canaliculi. Bile canaliculi were observed
using fluorogenic substrates of biliary efflux transporters MRP2 or BSEP. In addition, localization
of MRP2 and BSEP, effect of biliary efflux transporter inhibitor and expression of major
cytochrome P450 (CYPs) were observed.

[Results and Discussion] Extended bile canaliculi were evenly formed on the whole cell culture
surface by examining culture condition. The localizations of MRP2 and BSEP in the canalicular
membrane were confirmed by immunostaining and the excretion of model substrates to bile
canaliculi were inhibited by corresponding inhibitors. These results suggested that functional bile
canaliculi were formed. Expressions of major CYPs were same level as or slightly lower than
cryopreserved human hepatocyte. From above results, culture protocol that was established in this
study is expected to apply to drug induced cholestasis toxicity test.

[1] Takikawa, H., Murata, Y., Horiike, N., Fukui, H., Onji, M., Drug-induced liver injury in Japan:
An analysis of 1676 cases between 1997 and 2006, Hepatol Res., 39(5):427-431, 2009.

[2] Navarro, VJ., Senior, JR., Drug-related hepatotoxicity, N Engl J Med., 354(7):731-739,
2006
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[Purpose] In the assessment on acute and chronic influence of drug or chemical exposure to human
body, in vitro test has been required continuous improvement for pharmacokinetic prediction in the
body. Chimeric mice with humanized hepatocytes are constructed by transplanting human
hepatocytes to severely immunodeficient hepatopathy mice. Hepatocytes isolated from chimeric
mice expressed human albumin, human cytochrome P450 and human transporter, and expression
levels of P450 subfamily mRNA correlated to those of human hepatocytes [1]. Thus, hepatocytes
from chimeric mice with humanized liver are thought to be effective cell resource for metabolic
activity evaluation and for toxicity assays.

In this study, we tried to culture hepatocytes from chimeric mice with humanized livers for the
longer period to apply them to repetitive toxicity tests in the future.

[Materials and Methods] Hepatocytes from chimeric mice with humanized livers (Hu-Liver cells)
prepared at Central Institute for Experimental Animals were cultured with hiPS-HEP LTM Medium
(LTMM) (Takara Bio Inc., Shiga, Japan), Hepatocyte maintenance medium (HMM) (Thermo Fisher
Scientific, Waltham, MA), or mixed medium of these two on the collagen coated plate or on 3-
dimensional cell culture plate Cell-able®(Toyo Gosei Co., Ltd, Tokyo, Japan).

[Results and Discussion] Gene expression level of transporters in Cell-able® or HMM culture
conditions were equal to those in the cells right after the preparation from chimeric mice. CYP3A4
activity and drug metabolizing enzyme gene expression level showed higher in LTMM condition
than in others. Cell polarity was observed in HMM and LTMM with collagen plate conditions. So,
these cell culture conditions using Hu-Liver were able to improve or maintain cell functions. In this
presentation, we are planning to report the results of cell culture condition improvement for the
toxicity tests.

[1]  S. Uechara, et al. Expression and inducibility of cytochrome P450s in human hepatocytes isolated from
chimeric mice with humanised livers. Xenobiotica, 49.6: 678-687, 2019.
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With the advances of hardware and software technologies, detailed structural models of
biomolecules can now be obtained from cryo-EM experiments. We have been developing
algorithms and software to assist such modeling [1]. The three-dimensional volume obtained from
the cryo-EM is given as data on a three-dimensional lattice. Here, the parameter that specifies the
actual size of each lattice determines the size of the whole molecule and thus affects the structure
modeling results. However, it is known that there can be an error of a few % in the estimation of
this parameter. Therefore, in order to improve the accuracy of structural modeling, we have
developed an algorithm that can estimate an accurate value for this lattice size parameter [2].

In this algorithm, many EM maps with different grid sizes are prepared and a large number of
models are created by performing structure refinement against these maps. Then, the correct lattice
size is estimated by evaluating the "quality" of each of these structures. Here, evaluation of the
"quality" of the obtained structures needs to be performed independent of the fitting procedure.
The algorithm was tested using the maps created by simulation for several model systems, and
various "quality" evaluation approaches were examined. First, we showed that the general
correlation coefficient, which measures the degree of agreement between the structure and the map
as corresponding electron densities, is not sufficient to detect correct grid size. It was also found
that the Molprobity index, which is commonly used to evaluate X-ray crystal structure models, is
insufficient because there is no physicochemical aspect in the evaluation of interatomic
interactions. Finally, we found that GOAP, which is an index used for protein structure prediction,
is effective in evaluating the local structure and interatomic distance in proteins, which is the
"quality" of the structure necessary to identify correct grid size. We applied the developed
algorithm to experimental data and demonstrated the usability of the algorithm. The details of
computational protocols and tools will be discussed.

[1] Miyashita, O., Kobayashi, C., Mori, T., Sugita, Y., Tama, F., Flexible fitting to cryo-EM density
map using ensemble molecular dynamics simulations. J] Comput Chem. 2017;38:1447-1461
[2] Tiwari, S.P., Chhabra, S., Tama, F., Miyashita, O., Computational Protocol for Assessing the

Optimal Pixel Size to Improve the Accuracy of Single-Particle Cryo-Electron Microscopy Maps,
J Chem Inf Model. 2020;60:2570-2580
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Copper-containing nitrite reductases (CuNIRs) transform nitrite to gaseous nitric oxide, which is a
key process in the global nitrogen cycle. The catalytic mechanism has been intensively studied to
ultimately achieve rational control of this important geobiochemical reaction. However,
accumulated structural biology data show discrepancies with spectroscopic and computational
studies, and hence the reaction mechanism is still controversial. In particular, the details of the
proton transfer involved in it are largely unknown. This situation has arisen from that even atomic
resolution X-ray crystallography fails to determine positions of hydrogen atoms and protons,
which play essential roles at the catalytic site of CuNIRs. We determined the 1.50 A resolution
neutron structure of a CuNIR from Geobacillus thermodenitrificans (trimer molecular mass of ~
106 kDa) in its resting state at low pH [1]. Our neutron structure reveals protonation states of
catalytic residues (deprotonated aspartate and protonated histidine), providing insights into the
catalytic mechanism. We found that a hydroxide ion, not a water molecule, can exist as a ligand to
the catalytic Cu atom in the resting state even at low pH. This OH-bound Cu site is unexpected
given previous X-ray structures, but consistent with a reaction intermediate suggested by
computational chemistry. Furthermore, the hydrogen-deuterium exchange ratio in our neutron
structure suggests that the intramolecular electron transfer pathway has a hydrogen-bond jump,
which is proposed by quantum chemistry. Our study can seamlessly link the structural biology to
the computational chemistry of CuNIRs, boosting our understanding of the enzymes at the atomic
and electronic levels.

[1] Fukuda, Y., Hirano, Y., Kusaka, K., Inoue, T., and Tamada, T., High-resolution neutron
crystallography visualizes an OH-bound resting state of a copper-containing nitrite reductase,
Proc. Natl. Acad. Sci. USA, 117:4071-4077, 2020.
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Small-Angle Scattering (SAS) offers overwhelming opportunities for structural analysis on
various biomacromolecules in solution close to physiological condition. To reveal structure of a
single biomacromolecule in multi-component solution, it is indispensable to selectively acquire
scattering profile of the concerned biomacromolecule. In particular, contamination of undesirable
aggregates could hinder the scattering profile and then lead to failure of the structural analysis.
Therefore, we developed two methods for realizing the selective observation of multi-component
systems. In addition, the developed methods are utilized with laboratory-based instruments,
meaning that the problem on the limitation of the beam time of the synchrotron-based Small-Angle
X-ray Scattering (SAXS) could be also solved.

The first development is Laboratory-based Size exclusion chromatography SAXS System
(La-SSS) by utilizing a state-of-the-art laboratory-based SAXS instrument and optimization of
various parameters ', The components with the different sizes in solution are separated with size
exclusion chromatography just prior to SAXS measurements and then are directly injected into
SAXS instrument. La-SSS makes the selective observation of the concerned component not only in
solutions including aggregates but also in general multi-component solutions. The second
development is a combination analysis method with Analytical UltraCentrifugation and SAS
(AUC-SAS) . The scattering profile of the concerned component is extracted from that of
multi-component solution by utilizing the weight fraction of each component obtained with AUC.

In the aggregation-removal, La-SSS works even with the sample including large amount of
aggregates, while AUC-SAS is applicable only to that with relatively small amount of aggregates
(ca. < 15 % of weight fraction). On the other hand, AUC-SAS requires the smaller amount of
sample (~ 0.2 mg of biomacromolecule for AUC-SAS, and > 2 mg for La-SSS in a typical case)
and enables to observe a weakly-bound complex which dissociates in a SEC-column. Consequently,
complementary use of La-SSS and AUC-SAS makes it possible to analyze wvarious
multi-component biomacromolecular solutions. In the presentation, we will demonstrate some
applications of La-SSS and AUC-SAS to aggregation-prone systems and general multi-component
systems such as solutions under the association-dissociation equilibrium.

[1] R. Inoue, T. Nakagawa, K. Morishima, N. Sato, A. Okuda, R. Urade, R. Yogo, S. Yanaka, M.
Yagi-Utsumi, K. Kato, K. Omoto, K. Ito, M. Sugiyama, Scientific Reports, 9:12610, 2019.

[2] K. Morishima, A. Okuda, R. Inoue, N. Sato, Y. Miyamoto, R. Urade, M. Yagi-Utsumi, K. Kato,
R. Hirano, T. Kujirai, H. Kurumizaka, M. Sugiyama, Communications Biology, 3:294, 2020.
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[1] M. Kamiya and Y. Sugita, J. Chem. Phys. 149, 072304 (2018)
[2] A. Niitsu, S. Re, H. Oshima, M. Kamiya, Y. Sugita, J. Chem. Inf. Model., 59, 3879-3888 (2019)
[3] H. Oshima, S. Re, Y. Sugita, J. Chem. Inf. Model, in press (2020)

[4] S. Re, H. Oshima, K. Kasahara, M. Kamiya, Y. Sugita, Proc. Natl. Acad. Sci. USA, 116,
18404-18409 (2019)
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[1] F. Tama, O. Miyashita, and C. L. Brooks, 111, J. Mol. Biol. 337, 985-999 (2004).
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Summary:

The paradigm of “drug-like-ness” dramatically altered the behavior of the medicinal chemistry
community for a long time. In recent years, scientists have empirically found a significant
increase in key properties of drugs that have moved structures closer to the periphery or the
outside of the rule-of-five “cage”. Herein, we show that for the past decade, the number of
molecules claimed in patent records by major pharmaceutical companies has dramatically
decreased, which may lead to a “chemical singularity”. New compounds containing fragments
with increased 3D complexity are generally larger, slightly more lipophilic, and more polar. A
core difference between this study and recently published papers is that we consider the
nature and quality of sp3-rich frameworks rather than sp3 count. We introduce the original
descriptor MCE-18, which stands for medicinal chemistry evolution, 2018, and this measure

can effectively score molecules by novelty in terms of their cumulative sp3 complexity.
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Computing)

"Development of Monte Carlo Tree Search Based small organic
compound generation system”

Akihiro Masuda (Department of Biological Sciences, Graduate
School of Science and Engineering, Chuo University)
"Development of SSDB software for reproducing the ChEMBL
database and its current status”

Tamio Mizukami (Nagahama Institute of Bio-Science and
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"Development of new Al-based cell visualization technology that
can solve problems in drug discovery and regenerative medicine”
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Phenotypic Network Screening:
A New High Throughput Screening Platform

Hiroshi Kawai' Masashi Kitazawa®
hiroshi.kawai@socium.co.jp masashi.kitazawa@socium.co.jp
Takayuki Kiboku* Katsuhisa Horimoto*??3
takafumi.kiboku@socium.co. jp katsuhisa.horimoto@socium.co. jp

1 Socium Inc, AIST Waterfront build. 5F, 2-3-26, Aomi, Koto-ku, Tokyo,135-0064, Japan

2 International Medical Center, Saitama Medical University, 1397-1, Yamane, Hidaka-City,
Saitama-Pref, 350-1298, Japan

3 Artificial Intelligence Research Center, National Institute of Advanced Industrial Science and
Technology, AIST Waterfront build. 10F, 2-3-26, Aomi, Koto-ku, Tokyo,135-0064, Japan

Keywords: high throughput screening, network analysis

The relation between gene expression and drug efficacy was uncovered by Broad Institute in the
connectivity map [1] and the following LINCS [2]. It was embodied that the relation of gene
expression between normal and disease was reverse to that before and after drug treatment even for
a few kinds of commercial cell lines, by Gene Set Enrichment Analysis (GSEA) [3] that estimates
the distribution bias of a set of genes against whole gene distribution. Due to GSEA methodology,
the Broad system needs ca. 1000 genes to estimate its reverse relation. Therefore, it seems difficult
to apply the relation to the high throughput screening (HTS) in terms of time and cost.

The basic approaches for recent HTS are divided into two trends: in silico screening and
phenotype screening. The former can obtain computational solutions for optimized structure fitting
between chemical compounds and a target protein, but should define the target protein before
screening. The latter can obtain experimental results for drug efficacy, but demands frequently
further different experiments to clarify the mechanism of drug efficacy.

Here, we have developed a new HTS platform, titled “Phenotypic Network Screening”, to
compensate for the pitfalls of the two screening approaches based on the reverse relation between
disease and drug. The point is that we can uncover its relation by expression data of only 20 genes,
instead of hundreds of genes: we estimate the drug candidates negatively correlated with disease
by network analysis [4], followed by exploration of the marker of 20 genes from the gene signature
between normal and patient with a target disease by our original method [5]. We have assessed the
potential of our screening platform by means of diabetes, and the platform has successfully
enabled us to select 4 of 5 drugs for diabetes among 3781 drugs using their expression data in
commercial cell lines. This result indicates that our platform is feasible for HTS, concomitantly
with the estimation of its mechanisms and of its stratification marker.

[1] Lamb, J., et al., The Connectivity Map: using gene-expression signatures to connect small
molecules, genes, and disease. Science, 313:1929-1935, 2006.

[2] http://lincsproject.org/LINCS/

[3] Subramanian, A., et al., Gene set enrichment analysis: A knowledge-based approach for
interpreting genome-wide expression profiles. PNAS, 102:15545-15550, 2005.

[4] Horimoto, K. Fukui, K. Device, method and program for discovering new drugs. Patent
Number 6550571, Registered Jul. 12, 2019 in Japan.

[5] Horimoto, K. Fukui, K. Device, method and program for exploring biomarkers. Patent Number
6270221, Registered Jan. 30, 2018 in Japan and Aug. 9, 2018 in US
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Development of Monte Carlo Tree Search based small
organic compound generation system

Daiki Erikawa' Nobuaki Yasuo®
erikawa.d.aa@m.titech.ac.jp yasuo.n.aa@m.titech.ac.jp

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

' Tokyo Institute of Technology, School of Computing
2 Tokyo Tech Academy for Convergence of Materials and Informatics

Keywords: Molecular Design, Machine Learning

Development of a new drug takes 13.5 years and costs an average of 2.6 billion dollars.
Information technology has been used by many scientists to tackle the problem of the enormous
amount of time and money involved in developing new drugs. In the process of new drug
development, optimization tasks are important, starting with specific molecules and searching for
molecules with desirable properties. In recent years, machine learning-based approaches have
received much attention in the field of molecular design, and various methods such as VAE and
GAN have been applied to molecular design. In this work, we have developed a method for
generating derivatives of arbitrary molecules using MCTS (Monte Carlo tree search) and RNN
(recurrent neural networks). A new molecule is generated by replacing a portion of the original
SMILES with a partial SMILES generated by MCTS. In order to evaluate the performance of our
method, optimizations of the octanol-water partition coefficient (LogP) and drug-likeness (QED)
were carried out on molecules obtained from the ZINC database. As a result, well optimized
molecules were generated for both QED and LogP as derivatives of specific molecules. Our
approach can use any metric that can be calculated from SMILES and can be applied to a variety of
fields, not just drug discovery.
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Development of SSDB software for reproducing the
ChEMBL database and its current status

Akihiro Masudat Hideaki Umeyama?

al5.783r@g.chuo-u.ac.jp umeyama@bio.chuo-u.ac.jp
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Department of Biological Sciences, Graduate School of Science and Engineering, Chuo
University, 1-13-27, Kasuga, Bunkyo-ku, Tokyo,112-8551, Japan

Department of Biological Sciences, Faculty of Science and Engineering, Chuo University,
1-13-27, Kasuga, Bunkyo-ku, Tokyo,112-8551, Japan

Keywords: SSDB, Hydrophobic Interaction, Empirical Potential

The software for SSDB was developed considering both database search and physical interaction.
The software was developed by combining Pyhon and RDKit library to easily add new features to
my previous ChooseLD program. The function of hydrophobic interaction was added. This is a
time-consuming process, but an attempt to save time is introduced. Many of the software's internal
variables are in the process of being optimized in the ChEMBL database to make it suitable for the
purpose of fast, comprehensive drug screening. A vast amount of data optimization is in progress,
and we describe the current state of the art.

[1] Landrum G. RDKit http://www.rdKit.org

[2] Takaya, D., Takeda-Shitaka, M., Terashi, G., Kanou, K., lwadate, M., and Umeyama, H.,
Bioinformatics based Ligand-Docking and in-silico screening, Chem Pharm Bull(Tokyo),
56:742-744, 2008.

[3] Gaulton, A., Hersey, A., Nowotka, M., Bento, AP., Chambers, J., Mendez, D., Mutowo, P.,
Atkinson, F., Bellis, LJ., Cibrian-Uhalte, E., Davies, M., Dedman, N., Karlsson, A., Magarifios,
MP., Overington, JP., Papadatos, G., Smit, I., and Leach, AR. The ChEMBL database in 2017.
Nucleic Acids Res., 45:D945-D954, 2017.
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Development of new Al-based cell visualization
technology that can solve problems in drug discovery and
regenerative medicine

Tamio Mizukami? 2
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! Nagahama Institute of Bio-Science and Technology, 1266 Tamura, Nagahama, Shiga, 526-0829,
Japan
2 Frontier Pharma Inc., 1281-8 Tamura, Nagahama, Shiga, 526-0829, Japan

Keywords: Al drug discovery, Cell assay, Cell Imaging

Cell assays are widely used for drug discovery screening and activity evaluation, and are core and
essential research tools for the drug discovery process. Recently, image analysis of cells using a
high-content imaging system based on a fluorescence microscope has become widespread, and by
using it, it is possible to observe cell characteristics such as life and death, undifferentiated and
differentiated state with high precision and quantitatively. It was therefore, the cell assay using this
system has been widely used.

However, in the cell observation method based on the fluorescence microscope, there is an
unavoidable problem that the cells are invaded by the fluorescent labeling and the irradiation of
the excitation light, and continuous observation of living cells is basically difficult. Further, a
complicated experimental process of fluorescent labeling is required, which is a factor of lowering
reliability and reproducibility.

Further, in regenerative medicine, at present, analysis such as cell counting is performed by
sampling a part of cells in the cell manufacturing process, but sampling of cells at an intermediate
stage is complicated and often difficult. Therefore, development of a technique that enables
noninvasive and continuous analysis of living cells is expected.

We have developed a new cell visualization technology that can solve the above-mentioned
problems in drug discovery and regenerative medicine.

This new technology has the following advantages.

+ A high-precision fluorescent image showing the cell properties can be instantaneously generated
non-invasively from an image of transmitted light without any experimental work such as
fluorescent labeling.

* No cell fixing/staining work is required and therefore no damage to cells.

- Non-invasive, real-time, continuous observation of living cells becomes possible.

In this presentation, | will introduce the outline of this technology and an example of verification
of its usefulness.

L. . Application to live/dead cell discrimination
"Cell visualization" v.s. conventional method

HelLa HepG2

DSMO MG132 10pM DSMO MG132  10puM

|
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library data”

Eri Wakai (Department of Integrative Pharmacology, Mie University
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"Search for preventive drugs against Cisplatin-induced
nephrotoxicity using public database and electronic medical
records.”

Takahiro Niimura (Department of Clinical Pharmacology and
Therapeutics, Tokushima University Graduate School of Biomedical
Sciences)

"Search for preventive drugs for drug-induced neuropathy using
medical information database”
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Deep generative model for designing antibody from
antibody library data

Taro Kakuzaki® Koichiro Saka®
kakuzaki.taro99@chugai-pharm.co. jp saka.koichiro55@chugai-pharm.co. jp
Shoichi Metsugi* Hiroyuki Tsunoda®

metsugisui@chugai-pharm.co.jp tsunodahry@chugai-pharm.co. jp

Reiji Teramoto*!

teramoto.reijill@chugai-pharm.co.jp

! Chugai Pharmaceuticals, Co., Ltd.200, Kajiwara, Kamakura, Kanagawa, 247-8530, Japan

Keywords: Antibody, Display library, Machine Learning, Al Drug Discovery

Antibodies are currently indispensable tools for therapeutic and biological research. Recently, NGS is
frequently used to screen a lot of clones to acquire antibody with strong affinity from an antibody
library panning using phage display technique. However, the frequently read antibody sequences do not
necessarily have the desirable property due to restriction of sequence diversities of antibody libraries.
Therefore, it is difficult to find the antibody sequences with strong affinity only based on sequenced
data.

To address this problem, we employ long shot term memory network (LSTM) which is one of the
popular deep generative model to design sequences with the desirable property. We employ a trained
LSTM model to generative virtual sequences and then prioritize generated sequences according to
likelihood based on it. We applied our method to in-house antibody library data and confirmed that our
generated sequences have higher affinity than frequently read sequences. Moreover, we showed that
likelihood of trained LSTM model correlates well with binding affinity. From our results, our LSTM
based sequence generation and prioritization procedure is quite useful for acquiring strong binder and
expanding library space from antibody library data.

[1] Mason, D. M. et al, Deep learning enables therapeutic antibody optimization in mammalian
cells by deciphering high-dimensional protein sequence space.
doi:https://doi.org/10.1101/617860, 2019.

[2] Yang, K. K., Wu, Z., Bedbrook, C. N. & Arnold, F. H. Learned protein embeddings for machine
learning. Bioinformatics 34, 4138, doi:10.1093/bioinformatics/bty455, 2018.

[3] Liu, G. et al. Antibody Complementarity Determining Region Design Using High-Capacity
Machine Learning. Bioinformatics, doi:10.1093/bioinformatics/btz895 ,2019.

[4] Gers, F. A., Schmidhuber, J. & Cummins, F. Learning to forget: continual prediction with
LSTM. Neural computation 12, 2451-2471, doi:10.1162/089976600300015015 ,2000.
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Search for preventive drugs against Cisplatin-induced
nephrotoxicity using public database and electronic
medical records.

Eri Wakai!, Yuya Suzumural!, Yuhei Nishimura!
318d026Q@m.mie-u.ac.jp yuhei@doc.med.mie-u.ac.jp

! Department of Integrative Pharmacology, Mie University Graduate School of Medicine, Mie,
2-174, Edobashi, Tsu, Mie, 514-8507, Japan

Keywords: Cisplatin, Nephrotoxicity, Palonosetron, Public database, Real world data

Cisplatin (CDDP) is used widely for the treatment of several types of cancer. CDDP-induced
nephrotoxicity is serious adverse events, previous treatment such as hydration therapy is
insufficient to prevent nephrotoxicity [1]. In the present study, we investigated novel preventive
drugs against CDDP-induced nephrotoxicity using public databases and electronic medical records.
Using public databases related to gene expression profiling (Gene Expression Omnibus [2] and
Connectivity map [3]), we identified palonosetron, a 5SHT3-receptor antagonist, as the candidacy of
effective preventive drugs for CDDP-induced nephrotoxicity. Using the Food and Drug
Administration Adverse Event Reporting System (FAERS) database, we revealed that the reporting
odds ratio of palonosetron for CDDP-induced nephrotoxicity was 0.56 (95% CI: 0.199 — 0.929)
whereas no significant signals were not found with other 5HT3-receptor antagonists. Moreover, we
retrospectively investigated the effects of palonosetron and other 5HT3-receptor antagonist
palonosetron in 135 patients who received CDDP and fluorouracil therapy at Mie University
Hospital. The rate of nephrotoxicity in the palonosetron group (17%, n = 77) was significantly
lower than that in the ramosetron group (33%, n = 58). Severe nephrotoxicity greater than Grade 2
(by the Common Terminology Criteria for Adverse Events version 5.0) was more observed in the
ramosetron groups than the palonosetron groups. These findings suggest that palonosetron can
reduce CDDP-induced nephrotoxicity. This study was approved by the Ethics Committee of Mie
University Graduate School of Medicine and Faculty of Medicine.

[1] de Jongh FE., et al., Weekly high-dose cisplatin is feasible treatment option: analysis on
prognostic factors for toxicity in 400 patients. Br J Cancer, 88:1199-1206, 2003.

[2] Barrett T., et al., NCBI GEO: archive for functional genomics data sets—update. Nucleic
Acids Res. 41:991-995, 2013.

[3] Montero-melendez T., et al., Connections in pharmacology: innovation serving translational
medicine. Drug Discov Today, 19:820-823, 2014.
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Search for preventive drugs for drug-induced neuropathy
using medical information database
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1 Department of Clinical Pharmacology and Therapeutics, Tokushima University Graduate
School of Biomedical Sciences, 2-50-1 Kuramoto-cho, Tokushima 770-8503, Japan.

2 Department of Pharmacy, Tokushima University Hospital, 2-50-1 Kuramoto, Tokushima,
770-8503, Japan.

8 Department of Clinical Pharmacy and Pharmaceutical Care, Graduate School of Pharmaceutical
Sciences, Kyushu University, 3—1-1 Maidashi, Higashi-ku, Fukuoka 812-8582, Japan.

4 Clinical Research Center for Developmental Therapeutics, Tokushima University Hospital,
2-50-1 Kuramoto-cho, Tokushima, 770-8503, Japan.

5 AWA Support Center, Tokushima University, 3-18-15 Kuramoto-cho, Tokushima, 770-8503,
Japan.

Keywords: drug repositioning, medical information database, adverse event

Drug repositioning enables identification of novel uses of approved drugs. It is cost effective and
has a shorter development period than conventional drug discovery. In recent years, various
databases including a medical information database have been utilized for drug development. In
this study, we aimed to identify prophylactic drugs for oxaliplatin-induced peripheral neuropathy
(OIPN) to facilitate drug repositioning, utilizing medical information databases.

First, we analyzed the Library of Integrated Network-based Cellular Signatures (LINCS) of the
National Institutes of Health (NIH) and extracted 23 therapeutic drug candidates counteracting
OIPN-related gene expression changes. We searched for approved drugs that reduce OIPN using
the FDA Adverse Event Reporting System (FAERS). Analysis using a medical information
database revealed that simvastatin, used to treat dyslipidemia, significantly reduced reports of
OIPN. Its neuroprotective effect was evaluated by the von Frey test using OIPN model rats.
Simvastatin significantly reduced oxaliplatin-induced hyperalgesia. In model rat nerve tissue, the
mRNA expression of the antioxidant enzyme Gstm1 increased with statin administration.

We, therefore, conclude that drug repositioning, utilizing a clinical database, would allow drug
discovery for various diseases.
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MD in Orion: A Parallel Universe
Christopher Bayly

Head of MD solutions, OpenEye Scientific Software Inc.

The new technology of OpenEye’s Orion makes it easier for non-experts to
leverage the capabilities of the Cloud to do highly parallel computing. This
encourages us to re-think our science to come up with more highly parallelized
methods and workflows. This presentation will focus on how we do this in two
areas relevant for Molecular Dynamics (MD) in ligand design: Relative Binding
Free Energy (RBFE) calculations, and a faster cheaper MMPBSA-based method
designed to offer a higher throughput approximate score earlier in the pipeline.
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orion

OpenEye Scientific

A Cloud Native Platform for Computer-Aided Drug Design

Orion is our reimagining of computational drug discovery and design powered by the cloud. It
includes all of OpenEye’s software, extensive tools for data visualization and communication, useful
data sources and task-oriented workflows, all in a robust, scalable, cloud environment. Orionis a
‘cloud native’ platform in that all elements of Orion reside on, Amazon Web Services (AWS):

« Easy, scalable, maintenance-free

BROWSER BROWSER
n « Access to hundreds, thousands, or even tens of
thousands of CPUs

+ Unlimited storage and archiving via reliable

@ K networks
09

» World-class data-security. Access directly through
the customer’s relationship with AWS, or indirectly
i through OpenEye

Features
- Scalable environment via Amazon Web
Services (AWS)

« Access to ALL OpenEye computational
software and toolkits

« Results sharing via chat and text-like
environment with access privileges

« Easily handles large-scale
computation including data analysis

and file handling

&

L

» Seamless access to third party code

www.eyesopen.com

A US Headquarters East Coast Europe Japan
9 Bisbee Court, Suite D 225 Friend St., Ste 201 Josephstr. 29 Sankaido Building 8F
Santa Fe, NM 87508 Boston, MA 02114 50678 Cologne 1-9-13, Akasaka
USA USA Germany Minato-ku, Tokyo
A SCIENTIFIC +1505473 7385 +1505 4737385 +49 221 56936601 107-0052 Japan

+03 6441 3707
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Nathanael Aubert-Kato (Ochanomizu University)

"Automated exploration of CRN generating DNA structures”
Shuntaro Sato (School of Life Science and Technology, Tokyo
Institute of Technology)

"Optimization of the multi-step DNA computing reaction using
oxDNA MD simulation”

Ibuki Kawamata (Tohoku University, Ochanomizu University)
”Analysis of wireframe DNA nanostructure based on coarse-grained
molecular dynamics simulated on a web server with simple
interface”

Taisei Mori (Tohoku University)

”Simulation of Self-replication System with Virtual Spring Model”
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Automated exploration of CRN generating DNA structures
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Keywords: DNA nanostructures, chemical reaction networks, reaction enumeration, quality diversity

In recent years, a multitude of tools and models have been proposed for the rational design of specific DNA
structures [1]. In particular, families of structures ranging from a tetrahedron to large structures (“buckyball”)
can be created by chemical reaction networks (CRNs) using only a few different strands [2].

However, predicting what particular set of strands leads to a CRN generating DNA structures exhibiting
specific properties (size distribution, stability, and so) is challenging as it is an ill-defined and highly
dimensional problem, making exhaustive or random search inadequate. Here, we tackle this problem through
an automatic exploration of the range of possible DNA structures across a number of user-defined features of
interests.

We use the MAP-Elites algorithm [3] to explore sets of initial strands: for each tested set of strands, we
generate a CRN comprised of DNA structures and reaction paths among them with PepperComn, an
enumerator for DNA strand displacement reactions developed by Badelt et al. [4]. Promising results are
complemented with NUPACK [5] analyses to identify which structures would be more prevalent for each
tested CRN. Our framework can thus automatically provide suggestions for experimental validation.

Peppercorn + MAP-Elites
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Figure: Workflow for automated discovery. The CRNs generated by sets of initial strands are evaluated
automatically. Promising results are then forwarded to Nupack, which is used to annotate those CRNS.

1] Seeman, N., Sleiman, H. "DNA nanotechnology." Nat Rev Mater 3, 17068 (2018)

2] He, Y. et al. "Hierarchical self-assembly of DNA into symmetric supramolecular polyhedra." Nature 452 (2008)

3] Mouret, JB, et al. "Illuminating search spaces by mapping elites." arXiv:1504.04909 (2015).

4] Badelt, S, et al. "A domain-level DNA strand displacement reaction enumerator allowing arbitrary
non-pseudoknotted secondary structures." Royal Society Interface 17.167 (2020)

[5] Zadeh, JN, et al. "NUPACK: Analysis and design of nucleic acid systems." JCC 32.1 (2011)
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Displacement Whiplash PCR (DWPCR) is a unique DNA computing reaction that implements a
state machine [1]. In the DWPCR, each single-molecule DNA acts as a state transition machine by
repeating hairpin structure formation, DNA polymerase extension, and hairpin structure
deformation driven by primer extension under an isothermal condition. Each state transition is
triggered upon addition of a 15-base DNA, called an operation signal. When the operation signal
DNA binds to the loop region of the hairpin DNA, DNA polymerase extends the operation signal
DNA as a primer and tears off the double-stranded stem region. The DWPCR, that can execute
multi-step computation, is expected to be applied for medical diagnosis implemented within an
aqueous solution. However, only up to two-step state transitions have been reported so far [2].

In this study, we investigated the efficiency of DWPCR for achieving state transition of
three—step and more by using oxDNA simulation [3, 4]. oxDNA is a software tool for molecular
dynamics (MD) simulation based on a coarse-grained model. At first, we performed MD simulation
of an elementary process of the DWPCR and confirmed the DNA hairpin formation. Next, under
the same condition, we performed MD simulation of the process in which an operation signal DNA
was added to the hairpin DNA. As a result, the operation signal DNA did not bind to the loop
region of the hairpin DNA. This result agrees with that in our biochemical experiment. In the
presentation, we discuss the solution to the above problem and report the results of optimization of
the reaction.

[1] Rose, J. A., Komiya, K., Yaegashi, S., Hagiya, M., Displacement Whiplash PCR: Optimized
Architecture and Experimental Validation, Lecture Notes in Computer Science, 4287:393-403,
2006.

[2] Komiya, K., Yamamura, M., Rose, J. A., Experimental validation and optimization of signal
dependent operation in whiplash PCR, Natural Computing, 9: 207-218, 2010.

[3] Ouldridge, T. E., Louis, A. A., Doye, J. P. K., Structural, mechanical, and thermodynamic
properties of a coarse-grained DNA model, J. Chem. Phys., 134: 085101, 2011.

[4] Snodin, B. E. K., Randisi, F., Mosayebi, M., Sulc, P., Schreck, J. S., Romano, F., Ouldridge, T.
E., Tsukanov, R., Nir, E., Louis, A. A., Doye, J. P. K., Introducing improved structural
properties and salt dependence into a coarse-grained model of DNA, J. Chem. Phys., 142:
234901, 2015.
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DNA origami is one of the most successful methodologies using self-assembly to fabricate an
object with a dimension about 100 nm and a resolution with a few nanometer [1,2]. Among various
types of DNA nanostructures, wireframe structure is of interest thanks to its shape versatility,
rigidity, simplicity, and the space-efficiency [3,4]. To utilize such DNA nanostructure for
application, it is important to analyze the stability under thermal fluctuation, the cavity size of
wireframe, and the effect of other molecules such as cationic ions [5]. To theoretically analyze
those characteristics, varieties of simulation tools have been developed [6], some of which were
not user-friendly due to its difficulty to setup.

Here, we developed a web server with a simple interface that can run a simulation and summarize
the results of oxDNA [7], which is a software based on coarse-grained molecular dynamics. Fig.1
is a screenshot of typical examples on the web server that offers an easy-to-use experience. We
further designed a simple wireframe DNA nanostructure and analyzed the behavior of it using the
web server. In the presentation, we will show our new results of the simulation and discuss the
potential benefit of our development.

OoXDNAEIRET I A — A - — - E— — - . .m

Figure 1. (From left to right) Interface of Web server to launch an oxDNA smlulatlon

Graphs of the simulation results. Snapshot of the simulation of smily face. Snapshot of the
simulation of wireframe structure.

[1] Yuki Suzuki, Ibuki Kawamata, Kohei Mizuno, Satoshi Murata, Large Deformation of a DNA - Origami Nanoarm Induced by the
Cumulative Actuation of Tension-Adjustable Modules, Angewandte Chemie International Edition, 59, 6230-6234, 2020

[2] Matthew R. Jones, Nadrian C. Seeman, Chad A. Mirkin, Programmable materials and the nature of the DNA bond, Science, 20,
1260901, 2015

[3] Taiki Watanabe, Yusuke Sato, Hayato Otaka, Ibuki Kawamata, Satoshi Murata, Shin Ichiro M. Nomura, DNA origami "quick"
refolding inside of a micron-sized compartment, Molecules, 25, 2020

[4] Stephanie S. Simmel, Philipp C. Nickels, Tim Liedl, Wireframe and Tensegrity DNA Nanostructures, Accounts of Chemical
Research, 6, 1691-1699, 2014

[5] Anuttara Udomprasert, Thaned Kangsamaksin, DNA origami applications in cancer therapy, Cancer Science, 108, 1535-1543,
2017

[6] Hosna Jabbari, Maral Aminpour, Carlo Montemagno, Computational Approaches to Nucleic Acid Origami, ACS Combinatorial
Science, 17, 535-547, 2015

[7] Benedict E. K. Snodin, Flavio Romano, Lorenzo Rovigatti, Thomas E. Ouldridge, Ard A. Louis, Jonathan P. K. Doye, Direct
Simulation of the Self-Assembly of a Small DNA Origami, ACS Nano, 10, 1724-1737, 2016
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Simulation of Self-replication System with Virtual Spring Model
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Chemical reactions play an important role in self-replication of biological organisms. Its process is complicated
to some extent, so a simulation model gives a powerful tool to understand it. As a simple description of a chemical
reaction system with various molecules, we consider a spring-mass-damper system!! in which many elements
interact with each other. In the past paper!!!, an algorithm was proposed where the elements self-assemble into
different shapes depending on parameters such as spring constant/natural length and state transition rule set based
on the number of neighbors connected to the elements.

Here, we introduce the “state” as a new attribute of the simulation to improve the model’s expressiveness, in
order to simulate the process of self-replication. As the simplest example of self-replication, we deal with a string
of few interconnected elements, each of which has a different “state”. We examine how physical constants like a
spring constant or a state transition rule influence the rate of self-replication.

@® .. clement

Each element has a status.

® Oor @ @ c..

... Sensory range
Each element has its own sensory range.

Virtual spring can only exist in this range.

7

[1] Kenichi Fujibayashi, Satoshi Murata, Ken Sugawara, Masayuki Yamamura, Self-Organizing Formation
Algorithm for Active Elements, /EEE 2002, 416-421

[2] Kohji Tomita, Haruhisa Kurokawa, Satoshi Murata, Graph automata: natural expression of self-reproduction,
Physica D 171 (2002), 197-210

[3] Rebecca Zhuo, Feng Zhou, Xiaojin He, Ruojie Sha, Nadrian C. Seeman, Paul M. Chaikin, Litters of self-
replicating origami cross-tiles, PNAS 116(2019), 1952-1957
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We design and implement a temperature-based input mechanism for molecular reservoir computing.
Reservoir computing uses a complex but fixed network which is treated as black box combined to a final read-
out layer which is trained to perform the desired task. This approach of exploiting the complex dynamics of
the system rather than overcoming them through rational design allows us to design smaller systems, increasing
the practicality of in-vitro experiments. Previously proposed molecular approaches rely on a chemically open
system, which prevents several potential applications like implementing a controller for molecular robots [1].
Using temperature allows us to interact with the system while keeping it chemically closed.

The input layer of the network corresponds to the impact temperature has on the dynamics of the system. As
reservoir, we use the predator-prey system from [2], a simple, but robust molecular oscillator. We tune
experimentally that system to switch between oscillatory and non-oscillatory behavior based on the
temperature. The state of the system is monitored in real-time by fluorescence. The read-out layer is
implemented by a neural network [3]. The full system is summarized in Fig. 1.

Predator-Prey Oscillator _F'io“iscence Figure 1:
([ ] Reservoir computing scheme: temperature is set

l Il 1 . . . )
| externally, impacting the behavior of the reservoir
rmperste | T — CrSmp “ H y, impacting

1 . L u made of a predator-prey oscillator. A sliding
‘ input . .
o “ @ @wa Window of fluorescence, capturing the state of the
» . ‘ system, is fed into the output layer of the reservoir.
Prediction

~ ’
Exo ™ @ ¥ Exo

We first characterize the behavior of the system, provide a range of working conditions suitable for its role
as reservoir and finally show that it can reliably transmit information by training the system to recover its
input signal, a standard benchmark for Reservoir Computing. We reach an average of 87% accuracy for a
single layer and 91% for two layers, showing the potential of such reservoir [4].

[1] Sato, Y., Hiratsuka, Y., Kawamata, I., Murata, S., & Nomura, S. I. M.,Micrometer-sized molecular -robot
changes its shape in response to signal molecules. Sci. Robot, 2(4), 2017

[2] Fujii, T. and Rondelez, Y. Predator—prey molecular ecosys- tems. ACS nano, 7(1):27-34, 2013

[3] Chollet, F., Keras. https://keras.io, 2015

[4] Lobato-Dauzier, N., Cazenille, L., Fujii, T., Genot, A., & Aubert-Kato, N., Temperature-based inputs for
molecular reservoir computers. In Artificial Life Conference Proceedings, MIT Press, 420-422, 2020
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Swarms of molecular robots are a promising approach to create specific shapes at the microscopic scale
through self-assembly [1]. However, controlling their behavior is a challenging problem as it involves
complex non-linear dynamics and high experimental variability. Hand-crafting a molecular controller will
often be time-consuming and give sub-optimal results. Optimization methods, like the Bioneat [1] algorithm,
were previously used to partially overcome these difficulties, but they still had to cope with deceptive search
spaces and computationally expensive simulations.

Here, we describe a novel approach to automatically design the chemical reaction network controllers of a
large swarm (>>1000) of micro-robots, by using MAP-Elites [2], an optimization algorithm that searches for
both high-performing and diverse solutions, and CMA-ES [3], a state-of-the art optimization algorithm. We
apply them to a molecular robotic framework we recently introduced [1,5] that allows sensing, signaling and
self-assembly at the micro-scale and show that MAP-Elites outperforms previous approaches. We propose a
surrogate model of micro-robots physics and chemical reaction dynamics to reduce the computational costs
of simulations. We show that this methodology is capable of optimizing controllers with similar accuracy as
when using a full-fledged realistic model, with half the computational budget.

Robot design Experimental arena

DNA with biotin madification SOU'TC fOV'
Signal strand " . .
Coparcaes dreptavti ‘ Template strand gradient #1 - —— Figure 1: The micro-robots are
%‘7' Biotin-streptavidin connection mlcroscopic agarose beads

Diffusing functionalized with CRNSs that

micno-beacs == serve as robotic controllers [4].

They move through Brownian

motion, can interact with their

) o environment and aggregate into

REeX s;;l:rlttfc.mt::ss t CRNs exR,,%FE}{SSEEutr',[};'a%g%m{s self—ass.err}bled structures. 'CRNS

After man-made modifications  gre optimized by MAP-Elites so
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into a T-shaped pattern.

Communication
(DNA-based reaction-diffusion) V4

DNA-based self-assembly (in blue)

Target

Fitness: 0.63 + 0.04 Fitness: 0.85 = 0.04

[1] Aubert-Kato, N, et al. "Evolutionary optimization of self-assembly in a swarm of bio-micro-robots."
GECCO 2017.

[2] Mouret, JB, and Clune, J. "Illuminating search spaces by mapping elites." arXiv:1504.04909 (2015).

[3] Hansen, N. "The CMA evolution strategy: a comparing review." Springer, 2006.

[4] Gines, G, et al. "Microscopic agents programmed by DNA circuits." Nat. nanotech. (2017).

[5] Zadorin, AS, et al. "Synth. and materialization of a R-D French flag pattern." Nat. Chem. (2017).
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COVID-19 has become a global concern and the development of drugs to treat this disease is being
urgently pursued. HIV-1 protease inhibitors such as Nelfinavir and Lopinavir have been proposed as
potential inhibitors of the main protease (Mpro), which is a protein produced by the SARS-CoV-2 virus.
However, the crystal structures of these inhibitors in complex with Mpro have not yet been determined.
In this study, we have combined docking, molecular dynamics (MD) and fragment molecular orbital
(FMO) calculations to predict the binding structures and their properties of Mpro to several inhibitors.

First, 30 docking poses were predicted by MOE using AMBER10:EHT force field. Then,
FMO-MP2(PR)/6-31G* calculations using ABINIT-MP [1,2] were performed to narrow down the
candidate structures to 4-6. These docking poses were used as the initial structures for 100 ns MD
simulations, and 100 structures were extracted for each of the obtained trajectories. For all the
extracted structures, FMO calculations were performed and statistical interaction analysis of the results
was performed.

The results showed that the rankings using FMO interaction energies for the initial docking
structures and those for the post-MD simulated structures were different in order. Therefore,
predictions based on MD trajectories rather than docking alone were considered to be important.
Furthermore, in the interaction between Mpro and the inhibitor, not only the electrostatic interaction
with charged residues, but also dispersion interactions such as CH/x interaction between hydrophobic
functional groups were found to be strongly involved in the binding. In addition, Nelfinavir was found
to bind more strongly to Mpro than Lopinavir. This was consistent with the results of the ECso [3].
[Acknowledgment] The present work was supported by MEXT as a social and scientific priority
issue #6 to be tackled by using post-K computer (FS2020), AMED-BINDS (JP20am0101113). MD
simulations were performed using TSUBAME 3.0 at the Tokyo Institute of Technology. For FMO
calculations, computational resources of RIKEN R-CCS Fugaku (priority trial use against
coronavirus) and Oakforest-PACS (hp200146 quota) at JCAHPC were used.

[1] Tanaka, S., et al., Electron-Correlated Fragment-Molecular-Orbital Calculations for
Biomolecular and Nano Systems. Phys. Chem. Chem. Phys.,16 (22): 10310-10344, 2014.

[2] Hatada, R., et al., Fragment Molecular Orbital Based Interaction Analyses on COVID-19
Main Protease — Inhibitor N3 Complex (PDB ID: 6LU7). J. Chem. Inf. Model., 60 (7):
3593-3602, 2020.

[3] bioRxiv (2020), https://doi.org/10.1101/2020.04.06.026476
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