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Pharmaceutical solubilizers, such as polymers, are widely used to enhance the solubility of poorly
water-soluble drugs. Recently, we found that Eudragit E PO (EUD-E), an aminoalkyl methacrylate
copolymer, shows pH-dependent drug solubilization. We have attempted to clarify the mechanism of
pH-dependent drug solubilization of EUD-E using analytical methods such as small-angle X-ray
scattering and solution-state 1H NMR, but these evaluations have been limited by their resolution. In
this study, we evaluated the morphology of EUD-E and the interaction between EUD-E and drugs

using molecular dynamics simulations to clarify the mechanism of the pH-dependent drug
solubilization showed by EUD-E.
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Fig. 1. Chemical structure of (a) EUD-E and (b) CBZ.

Fig. 2. CBZ equilibrium solubility at 25°C in EUD-E
solution at different pH (n =3, mean *= S.D.).
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Fig. 3. Modeling scheme of EUD-E for MD simulation.
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Fig. 4. Initial structures of (a) EUD-E solution and (b)
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for the convenience of observation.
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Fig. 5. Time evolution of accessible surface area
(ASA) of EUD-E at different protonation ratio.
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Fig. 6. Results of interaction analysis between CBZ
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To understand the effects of the temperature-dependent fluid properties on turbulent flows, we
performed direct numerical simulations (DNSs) of turbulent channel flows with temperature-
dependent fluid properties where isothermal conditions were specified for the top (293K) and bottom
(353K) walls. We considered a water fluid with variable viscosity but constant fluid density and thermal
diffusivity. The DNSs at the friction Reynolds number of 300, 650, and 1000 were performed by the
lattice Boltzmann method. The results show that the semi-local scaling based on the local viscosity and
the wall friction velocity reasonably scale the turbulence modification by the variable viscosity.

Keywords: Lattice Boltzmann method, Turbulent channel flows, Heat transfer, Variable-viscosity,

Water flow
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ERIBTHRERT .

We developed a Monte-Carlo algorithm for hierarchical Bayesian model based on multiple Gaussian
processes by extending the algorithm developed in the previous year, in order to estimate effects of
drugs, past diseases and blood-test results on the risk of disease onset. We also applied previously
developed efficient programs for risk estimation in a large clinical time-series dataset, in order to
estimate the risk of dementia onset associated with use of anticholinergics. We succeeded to develop an
efficient algorithm for hierarchical Bayesian multiple-kernel models and identified the risk associated
with anticholinergics together with results indicating confounding with other factors.

Keywords: electronic medical records, pharmacoepidemiology, Bayesian analysis, multiple-kernel

learning, Monte-Carlo method
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HE: Molecular dynamics simulations for the interaction mechanisms between GPCRs and signaling
molecules
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Graduate School of Pharmaceutical Sciences, Tohoku University
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G Zo 378 JAe 5% 5K (GPCR) IMERE s B8 EL MR RIIEN ~D L 7 F VR E S, BT LVATF 1%
GPCR (Z& > TEMEALSNDHIIENT 7 43 T DO OEDTHY I & FNDRAT 7F VA ) h—IL 4,5
ERY R (PIP)EAHBEAER L, 7aAT Vo ZIIEERIEIS A Z LA ST D, AFREBFSEIZIS VT, PIP, 23
BT VAF AT E 2 D88 % GPCR- 8 TVAF U EEKRD S8 1582 22— a il Till7=LZ A, PIP, 43
TN BT VAT OREM PIP, fE A B A& T2 2 e BE ST, S6I2, BERIOFE AL S XBIDOEALIZ PIP, 23
AT DT DMBLEIS IV, ZOEMLE PIP, OFE AAEH OW R RER IXBEEN PIP, f5 &5 L0 R\WZ EnvbioTe,

HCEMEE (100 words F2EE)

G-protein-coupled receptors (GPCRs) are expressed in the plasma membrane and transmit signals
from the extracellular side to the intracellular side. GPCRs activate many intracellular signaling
molecules including p-arrestins, which interact with phosphatidylinositol 4,5-bisphosphate (PIP2) molecules
contained in the plasma membrane. Here, we used molecular dynamics simulations to study the effects of PIP, on
B-arrestin in a model GPCR—B-arrestin complex system. PIP, molecules were immediately bound to the known
PIP2-binding site of B-arrestin, and another PIP,-binding site was observed with longer retention time than the known

PIP,-binding site.

Keywords: BT7LAF2 ., PIP;, GPCR,MD 2al—v3>
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Numerical study of quantum turbulence in superfluid helium

FAREEEE FH BE
Satoshi Yui
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Graduate School of Science, Osaka Metropolitan University
https://www.omu.ac.jp/sci/

EFIERICIE 2 DOBELHY, 1 DIEHMEAMEEICHHREREDT7TFOD—2H DEHHETELIEN
%), EHHEFTORBICIE, EFETRPDBRNAVRILBENEETHIEELLNTULDS, 2 RIKETIL
DEIIHEFHEICLDARIEE LA, A, 2REELIRIETEICKY, EFERPDIER/NVFILIEE
EIRR-. N NEMALILET, ERAKSDZERICT S, HBRELT, EREBOEZEIZELY, BR/AVEIL
NHIRTEHIEN M- ZDLEENEFEROMIAMIEEZANLE, EHHREARDLDEEETEHL
MBS,

Quantum turbulence has two different forms, and one of them has analogies to classical turbulence
in terms of statistical features (called quasi-classical turbulence). Although quasi-classical
turbulence is thought to arise with a vortex-filament bundle structure, it has not yet been studied by
using the coupled simulation of the two-fluid model. We have studied the bundle formation in
quantum turbulence using the two-fluid coupled simulation. The normal-fluid component is made
turbulent by external forces. It is found that the vortex-filament bundles can be formed by impacts
from the normal-fluid vortices. Statistical features of the quantum turbulence are analyzed, and it is

found that these features are consistent with those of quasi-classical turbulence.

Keywords: EFiRANE, BRE), =FiH EFELER 2 RAETIL, BRETIL
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DEERLTIKIENFERTES. ZLT, ThoDKE
TREDNTREICHEYART—FERYIRSTILEEHER
TEf-.

DFIC, BRAILRLELBISBALBEERESES.
RiRIE, 2 RADFEHEXNLERENEOD Coflow TH
5 HEOHR, BRANSHEEEREZITHILT
BROEELERLTCNE, EFERIEON.
FEROMHBLLT, BAREEZAVS. BiE
FRE BUAAELHZYDORRDORSITHS. ARE
BEOREFEREBRNTLE, DI GRLAIEEL

TWE, BN —EEDELYERP LS KT,

NE, EFERIHEIHESIKRBICEELI-CLE
BRI 5.
BoN-ERAILREEFEROLTFIRED, £h
HEROMEEB-IHEHENT S ELHHRERTE
BRHEEDN, BRONVEILEETHz. iBRD 3
RIUBEZAIRIELIHER, BROVNVRILER KL
TWABIENFERTE. NURIILEEEZESMIZEHE
T 51012, FiBILiBE (smoothed vorticity) [14]%
AL, BROBESRIS>TAURILATEEIN TS
BERETERILRENLRITHIEEHERL. E6I,
EHHITTHILEOIRILF— ARIMLIETILE
JRJAIZRSFE T THS. EFERDIARILF—-X
RINVERBHTLUFER, S@EIEEOALETOTE]
[SIEVWRZFAILNBONTz. &oT, COHEERERICEL-
THEIN-OEERRERTHEEEADESD.
51T, 2 RAMOTFHHERENFET HEXMA
ROFELTEST. COBEE, FHEERELD
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My 50122 RIADEEHEEFTESN, EFILRNE
HHEL R TIE%4< Vinen #LF[10](Ultra-quantum
turbulence &6 &IEND)DEBEERT IEMNEAFS
nd FEORRE EFIERIIMHEEIRECE
EL MFHNERREORROBELHNLEL, B
RAVRVEREShAMERZRLEZ. ShiE, 2 5
KOEXREICLY 2 RIADIEE M HESNSI=0HT
EBERTED. o, TRILF— - ARYILERHTLIZ
ECB, anEITAZAINLGThEHIEMN LM OTz. &o
T, B RROIRRE CHESN - 2 RIKRRFELR IS 2
HHELFR TIEGC Vinen ELRICEBLTWSEE A ST
5.

&ZIC, EBHAERE Vinen ELROKREENEL
T, BEORZFAHEZRARDS. RADIRILX—FTAZ
5L, BARBEFFEEEDITHILTIK ZDE
ZEORPEDORFANELT, EHHAEFRIEL3/2, Vinen
ELiREe T EMENTINS. 22T, LEED Coflow M 2
RARBEROEEREICELWTEARN AZEOIC
L. EFELROBRZHIERRL-. 13, BET S
EFIREERRILRDORF YT avbTHS. BR
Nk, TEVABOENERAKREFDETVILD
BEZREENEDNHERERLTLS. Klt =005
THHZEERLEL, TIHOERKDOKRELBAAREL
TU FHAICIEBARDNURILAEET HH, BRL
ELHITBADEELFLLTEFIRMNEEL T
CD&SIZ, 2 RADERMNELITHET HKREHIE
MICERLU-. EHHIELRICEHFINIZELSIT3/2(C
HEWOWRZHTEARBENBRDLTOKIENHERT
Ef-. CORRE, SEDOFHETEHEONIZ/N\VRILED
DEFIRNETAERTHHEITLEXFTS.

FL, SERDOEE

2 RADEMBIETEICKYEFEREERAILR
DEEFTATIVANBIREIN, REHDELIEGHHA
ELREDRIGHAERSINTz. FHELIZIKRIE Coflow &
B MR THSD. Coflow DIHFE, BERADRBEDAL
BIZHIELT, EFEROBARABNFILERKTS
e otz Tz, IRILF—ARJNVERTT
$&, LEITOTAIERETHIEMN LA Thb
DHEIE, EHHREATOLEDLEEELTVS. — A,



RARBDIGEE, ST HETRED=DHIZEHRD
INURLIERESNEMERIZHY, Vinen ELFRIZH
FINDAHS. RERIC, EEKRBICEEELRICND
ZE0ICLT 2 RARBRERZEAZIEHILT, Bk
REEDREDOANERZFRLI. NURILERAEL
1= Coflow D EFELFRIE, BEDNEHIAE T HELR
DEDEEETHIEN LMz LHL, #iEtFigo
INTGA—RRFHEDRERLE, FEFHEMICITARGHN
TLVEL. §%, BGELTHEZITE>TT—2%2&D,
RREHRXELTRRTHTETHS.
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Study on intermolecular interaction using MD simulation and machine learning

(ITy:3:d

Takefumi Yamashita
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Research Center for Advanced Science and Technology, The University of Tokyo
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X ER
AFETE. P FREEEERAZRHBMSTHLOFERZHEEL. TOERERFAREOMHRT~DICAZETE
LTW%, EARBICIE. A FEAFEMD)LIaL—2a b EMEBEHMAEHELIET. AU NIEOMH
DR FEMEEROFATEEEZASHICL, TNEZRITERBEBBEOHFRMHRARE~OEREZEET . &A5F
EORRELT.HCN B ERIGADERZHIZ. EHES ICE OEITENRICB AEOEBERDLIE
HIEY—ILTHAIEDNRENT=, 5IEHEE. FEOERALEEDHEROFEDILEREL T,

X% (100 words F2 /&)
In this study, we aim to develop a new method to characterize intermolecular interactions for its
application in pharmaceutical development and material design. Specifically, by combining
molecular dynamics (MD) simulations and machine learning, we aim to elucidate detailed
characteristics of intermolecular interactions in proteins and materials. As an achievement this year,
the application to the HCN isomerization reaction exemplifies that our machine learning-based
analytical method is a potent tool for deepening the understanding of reaction dynamics. We

continue to verify the applicability of the method and extend it further.
Keywords: molecular dynamics, machine learning, reaction dynamics, molecular interaction

EREEW
SFEBEERANERERFFEOCHMMBEREICENT
BEELEBRANERELTWS, HFREIBEEERE. 2>
NIEORECYEDHEEZREDTIEARNLGE
RTHY. CNEFMICERTLLE. KYBRNG
RRIDFRETOHLOMHORECERT 5,
AAEDBEMIE, EDAETHRAENGNS
FHBEERAOEMGEEZHASH,ICL, ThEER
DIGAIZRITFEHLWFERERAK T SHETHDL. B
ARIZE, P FE AR IaL—ar LT Hifi
FHAEHOEAHILET. CNETULICEEN DA
MG FREEEROEHEMATEERLEISELTL
%, NICKY . ERAERICAIT-HLOEE R DR
RO HBEORRICSELFMHORIICERT S
ENTELLEFEIN TV D ARARTIE, SFEITFL
RICHLT, A DORKELI-FEEERASIET-,
WME

AREE. P FEEEEREF LB RNLENTL.

TOHNRZEEMRREOMMREISATESEER
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BELTWS, ARDBKELGDDIE. 2 FEHF (MD)
DAl —artEMFERTOBAEDHEICLSD.
DFHEEEEAOFRTHEOREATSH S,

COMETIE. FT MDL2aL—avEHWNT.Z
DINVEOMOMBRIZEITA D FRIOBEOHEE
ERZEHEL. V2L —avh o BonizREDT
—REDHDRREL TS, LD DEV IRV EE
BRRITMA. TAMRIZEML HCN EHERED
T—AREEEIHBS . (COXKEDT—FERKIC
Tsubame3.0 #FEMALIz,) RIZ. COFKET—3%
BRFEETIVICHIEL. S FRBEFROERR
NE—U PR EEEBTHEAISE S, COTOEXICK
Y. R FLRILTOHREEADEBNEEY. CIET
[CIERZGA>=-HEERORIEABELAICES,
BRELUER

MEDELRRELLTIE, HCN EREREIZHT
BTNIVDEEEHMFEL. RIS NZEIZEITS
FLOARZRBLIZCEDNZE TN D, COREMTIL.
MD 2alb—2avhoBondT—2% &I B



FEETLEAVTRIGOAEZFHTHHDT,
BNZEHEASGBVWFAREZERL TS, COFE
IZ&Y . RSB N FERICEILDMBLELIZREED
BRELKICHRTERIENRINI BT, 7T
VERFOMEBIZE>TRIEDFEIFFNEHLDHIEN
HoMSh ., BRFEENRICE NZDEHFEKEC
ERIEIHLERY—ILTHDII LI RSNz, HED
—EIEHIXIESN TS, [T. Yamashita et al., J.
Chem. Phys. 159, 124116 (2023)]

FLH, SHORE

SEOMRTIEH. COFEDSLLELHEREEDHE
Re. EERFTOMHRICH T ERMAIRAIC
RIT=FEDIBFEZEH T ShIZKY . KEFRIE

EEMEARCHTRMHREICETIEELGREE LY,
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Coupled phase-field and molecular dynamics analysis for polycrystalline microstructure formations

=9F KW
Eisuke Miyoshi

RIRAIKRFRZRIFHRR
Graduate School of Engineering, Osaka Metropolitan University

ZRBMBOBRMEED=OICE, RETRICETAHEERE, BRER-MRRGEZBL-BERBEEDER
EHENRELS ARETE, SHERGEBAEATRCRRBHFE . 72— 71— LK (PE)EE B
HEFDANTECTHBREREZRADRFHRUTFE: D2 FINE (MD) EET—4HZFICIYMAETHILT,
RFLANILOYEERBRLE-KRE - TENCESHSABTAORERERND. SEEE HMERRUEGER
EHRRIC, MD KYEON-HRRER T —2Z2T —2R1EICEY PF ETILISHE T HTLET, BRRDOX
BEEFTHAIMAIRILFT—DEFME (HREA KT EERTTOFERERELE

The ability to control polycrystalline microstructure formation through phase transformation,
recrystallization, and grain growth is a key to develop superior materials. In this study, we aim to
realize a large-scale quantitative prediction of polycrystalline microstructures considering
atomic-level physics by integrating the phase field (PF) and molecular dynamics (MD) methods
through a data science-based technique. Specifically, we developed a method for incorporating grain
growth observation data obtained from MD simulation into the PF model, which allowed for the
inverse analysis of grain boundary energy anisotropy (boundary inclination dependence) for pure
metal and alloy systems.

Keywords: Polycrystal, Microstructure, Phase-field model, Molecular dynamics, Data assimilation

ERLEHBH

SHEGCEEMBORKICELNTIE, EHEEREP
BRES-MRRGEZEC-SHSBBIER OB
FRl-HEARELS. SOOI, ERAESR—ID
BEETILICESRMAUGHEB TR I 2L —2a0n
FELTHS. LYbIT7z—XT4—ILK (PF) &I,
MANBEDEBRAETEMLGZEREBEIEER
TELENLGHBETILELTERELGYDDOHS.

EMHPOHROIRIILT—PHBEILRAMEE
AL MAOAME-BAMUICIELTSHRELRS
[1]. SOKSLHAMEOEAHTHEBEERTIC
SR ET S0, BRECHEBTAOERIZH-Y
BEEIREZEERFTHAS. LHLGHS, EEROR
FEHEITE D RESE O RS PRI TE i (34 A 7 L 57
BRERAVWDRELNHY, BRATTEEGHRFOEENR
ESNd. SO, HICEAGITIKFEL-HAYHE
DERIFELLARBLTEY, PF ELEOHEETIL
DEREARIZBEVWTRMNLRY I EGSTLNS.
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—AT, bE, YIab—Lav0REERLEIEDE
NEY—ELTT—2RMERINEREZEDH TN S.
T—AEMEIE, EBRORFHELGEOHAUNT—2%,
RAXHERICEDELI2L—2aVITHHETHFET
Hd. COFFEERAL, VIaL—LavBEENRRT
— Bk =BT BLIHBBETIL DD EIE/INSA—4
(MHES) ERETSHET, AERSELYHEBED S
FIREME E O T REL DL D EHFTES.

ARETIK, 2FBHE MD) LYBSNIZHRK
RBAT—42%T—2RLIZKY PFETILIZHET S
C&ET, FHRAGERBROHELTITLELGS BEDHK
BB SHAMEOEAIKEEZ B TE5%H
LULVHEETf S R T LEEEL.

B

PFETIL

HRIFIILF—DOEACIKFEEEEL- PFAKE
ETIVIBIZAWS. KETILIE, HHHATI, o



1.75 |s 3.5 |s 5.25 Is 7 Is

@OFCC @ Others

Gram claSSIﬁcatlon

Grain existence probablllty 74

(B 200 RRBEE

Grain boundary energy, 7,

Fig. 1 (a—c) Temporal evolutions of a circular grain shape in a aluminum bicrystal system: (a)

MD-simulated data, (b) PF variable distribution converted from (a), (c) PF variable distribution

predicted by data assimilation. (d) Grain boundary energies for each inclination estimated by

data assimilation.

NTO, IRTO<¢g<1DEFELS PFEHgETEEL,

ZTORRERELTHADHBZLLT S HRATLR
LWX—DAHAEBBNELI-NBREZEZDEE, 4D
FEERABRXEIRXTEALGND.

M, —V(aZVq))—aX[ 222@ E[
+AW $(1-¢)($—0.5)

ZIT, My, W, ald, FhEFhHHRD PF SHE, [E
BEX ARFEHTHY, HIFIES MRAIRILT—
y(0), MRZEE M ERDESIZERMITONS:

oa a¢j
9 _ 0 ox)| (1)

My= bM/35, W=6by(0) /5, a=[35y(0)b]12. 153,

MRIRIF—y [FRFREH L DEKEL TS,
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T—4RE1E

T—RARMEFEEL T, FRBBEER~DOERAMEIE
fLf= ensemble Kalman filter (EnKF) [2]ZALV5.
CCTIE, MD KYBR-HAERERT—42& PF &HEIC
EDEIFESTFLEAMOTORRAIRILFT—y(0)%F
HETDHILEEREEL, EnKF [2&DT—42R1EEER
L9 %.

HBEFZ (28115 PF 22al—2avDIRERSD
BILE X(t,) = (4, dy 7(8)-7(6,) , BEIT—B~Tk
WE Y ()= (4 4) EEETSH. CCT, 4 (=1, 2,

o No) 1F, 1 BEDEFRICETS PF EHOIE,
NI FREBTHY, EFZDRF o (FEAIEER



3. E = (), ..., y(OVIE, HERMRETD NEAD
AAMIZEITAHADIRILF—THD.

EnKF Tl&, ¥3alb—2av#ERIIBRTRELZET
EEZ, BRZEMAELDLIaL—3 2 (ToYYy
TV EHFNRTTIIETENREERRTS. &7
DHUTILDRERIML x EBRIELLLEL, x DFE
REENENAXERICEDSHET ET/L5)>
JEISIET, BAT—EMNVIaL—LavITHEs
nd. 7oH I I OHBEE NoslBEL, mBEBB DTV
YT ILDRERYNLE x0T HE, EnKF (28D T4
WA IERRTEZENS.

Xon () = X (t) + K (1) (Y(t) + 80 (t,) —HX, () (2)

ZIT, KWIEALIUT A2, H ISBAEEF1TH,
) IFBRT—REHE THESNIKERNSH
I x(t)ERT. Son(t) &, BRIT—REENDIE
B/ARX ontn) ~ NO, R(t) R(t) : BAIFRE X HEL
T EZTDTUoH YT IV EY<ot)>F BT,
dwm(td) = onlty) — <on(t)>E5Z5N%5. T—2RIE
[ZHEWTIE, PF ZOREERRX(DEMALT ez
IBREFHL, BAT—20FET HEZTEIX@IZE
Y xnt)EWETS. COFIEZRYIRT LT, IKEE
BEUMHEEIHESND.

BRPLUSBR
MD HifET—%

CCTIEBIELT, 7LD L (AD) Z#ERRIC
x9 % MD FtE#ERE PF EOT—2EMLIZALS.
“HERBEIX Fig. 1@EHRD/NARIVITRT K312,
MD #HE /L P ROMAMEZAORFEZE(111]8E
YIZ 10°EERESEHETHERT S. MD st ED &R
HEEHIEIRDELYTH D BEFEIESD 0.005 ps, iBRE

600 K, £/ 0 Pa, R#AEREH, NPT 792,

EAM R7oiv)L4]. 5tE%EE1TT5E, Fig. 1(@)d
K52, ARERREN R RIZTI7EYNEEREL, &
AR CREIREELLD.

T—AEMEISE DR R IR T —EHRFIEDHETE
Xak[5] DA ERFZITLY, Fig. 1(a)D MD &
#BR% Fig. 10)D PFER oD MICEEL, ChzE A

F—R2ELTPFETA(KQ)) EDT—2RIEEEREL,
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T—ARMEIZKYHEESN - HBRES LVHRT
RILF¥—y(0)% Fig. 1(c), (DIZRT. Fig. 10&Y, 7
—ARMEICHE TR R ETARISRARALEL
LCFEREELL->THY, BRlT—42THS MD i &
BRERFICERLTWAI LA DN S, =, Fig.
D&Y, #HEESN Ty (OEFRRAI—F—EFETK
&, T7EYNEETEL. — /IS, RIRITEIRIL
F—AETI7EVNMEBBRLTROIRILE—%ET
SEBEIBHTD. LI=AoT, BELEFZEITED
y(O)DHEERERIIZLULEEZLND.

FLEH, SEROFEE

AHARTIE, BAMITKFLE-HNAYMEELHTE
Al g% MD-PF T—42RMEFEF12RL, Al Z# &%
~DEAICEY TORAMERLE. S EAL
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MEDFFEE REMIITSIFETHS.
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B3I Structural analysis of organic thin-layered materials by theoretical calculations
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R TTHE DB B A EHI R EME OB BN L. W22, BRI BT D — X BRI CORE ST 1L,
HECTHD. Mo T, BEREL THIELIZARZ MUVIEREF BLFA e 2L — T ar O A G bRIZE - T, fiEfiF
WaBIR)NENGHD ., RIPE T, Fx DINETITE R LB BHZ DOWT, BERTORZMUHIEEEF
BALFE WA LS 22— al A B b AL T, OGS E B 7.

FCHME (100 words T2 )

Organic thin-layered film materials of high dimensional nature are often insoluble.
Therefore, it is difficult to carry out the common structural analysis in a solution such as NMR,
absorption, fluorescence, and IR/Raman spectra. Therefore, it is necessary to perform structural
analysis by combining spectral information measured as in a solid with computational chemistry
simulations. In this project, we have carried out spectral simulations using computational chemistry
for the thin-layered film materials we have synthesized, and applied them to structural analysis by

comparison of them with experimental data.

Keywords: Organic thin-layered film, Platinum-acetylide complex, Spectral simulation
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D IR ARZRILABIE 2102 ecm'l, SYVARTR LA
51£2092 cm HIZFEBDOE—VF &ALz BHHEEB
DEFLFFHEIZES IR HAWIFTURARINLD
V2alb—2avhbld, B ITEFENETILFUEMEIC
BRELEITFILA 2100 cm  fHEICHIEEDEET
BRTELIEN Do, TNIEERD TN EXL—
HLTHY, a9 FEBEACIAE—TEFURE O
AEENEENDI LN M o1z

FLH., SHORE

EADERL-E2FEEACEBETEFINE
ENEENDIEN DIz ThiE, EFLEFHE
[TEDKRARIMLIOZ2L—2a  ERRID AR L
EDHEICESTHLMNILIZEDTHS.

SHIE ADRAHBEDTYELICKSEFILEE
BHLUICARIMLYZaL—2avI(TkY, KXY
BEERTEB ST ETHD.

26

(B 20) RR|HESE



(#R 20 EBMESE

TSUBAME £RIFA #F 5HE ZHifA BRERSE

FIARES EEEFIEME 4 RO/ A—CU T E0EEL

# 3 :Development of the four-dimensional imaging technique for cryo-electron microscopy experiment
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AL FARLEEREFEMBER 4 RO AT REEREOT—2EBRATESLIICERIET S
a@a L. EEOEBRT—AICE TR TVBKITEET /4 XH 4 RFEAA—SUTIZEDES BT S

NEERART=. 5 EIRE 6 EARD 2 IKBZIMAHIENHMONTLVS ExbBD EEARERREL., FHER ETIERL
122 RURFARER =T+ — LN FE THEBRDRFBR L ERDLDITHETEINEMEL =, TORER.
JARBIBETAIEDFETELIENHAOMNERY 4 REAA—DUTEEHEATBHICIE. I=T74—ILFEE
TEREGVPBEDEVISLTHETELI LNV ELDT, CORRB/AXANEEFNLIEBEDOERT—4
[S4RFTAA—DUTENBERATESILEEKRT S,

To apply our four-dimensional imaging technique to experimental data, effect of noise arising from
water in the sample on the four-dimensional imaging of a protein was investigated. Using the
structures of ExbBD complex taking two states of pentamer and hexamer, a simulation for a
cryo-electron microscopy experiment was conducted. It was found that classification using a
manifold-learning technique was successful when Gaussian low-pass filter was applied to the
two-dimensional electron density maps to reduce the noise arising from water. This result indicated
that our four-dimensional imaging technique can be applied to experimental data.

Keywords: (KRB FIEMBRIR. Y= TJ4+—ILFEE  HF2IaL—2ar AVNVB A RFTAA—DT

ERLBW EEROEREFEBIRERT — 20 FET 5 ExbBD
EEETFHEMBERTE. XRESBERTOLS BEARZAV. HAROE—BRELLTIOIV/I\VE
[CHIFOFBRILETHRVOT, HBEOFRIZITHF D 2 REBBEEFERETERL. ChERETE
DHRRIGIEBENEENTND, CO=H BEE  SINEHERBRICERT—HEANSILEL. BIED
FHEBRERT—INLHFOBEELLTAA—DY R /AXEIBOREBETAIL 4 REAA—DUYT
T BARTA A= NARETIEB LD EEZ BN ENERTESI LN 0T,
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To analyze the functions of proteins, molecular dynamics simulations are widely used to study the
dynamics of protein structures. However, molecular dynamics simulations have the drawback of
requiring significant computational resources, and even with the use of supercomputers, conducting
long and large-scale simulations can be time-consuming. In this project, we developed a deep neural
network that can mimic molecular dynamics simulations with high speed and accuracy. To enhance the
generalization performance of our model developed in the previous year, molecular dynamics
simulations were performed on a total of 36,555 proteins from 16 species to build a training dataset.

Keywords- molecular dynamics simulation, deep learning, E(3)-equivariant neural network, graph
neural network, protein structure
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Arabidopsis 27,434 7,722 3,050
Nematode worm 19,694 11,852 1,927
C. albicans 5,974 3,452 817
Zebrafish 24,664 8,054 3,524
Dictyostelium 12,622 8,743 1,120
Fruit fly 13,458 8,303 1,313
E. coli 4,363 3,299 543
Soybean 55,799 17,393 5,761
Human 23,391 4,155 2,726
M. jannaschii 1,773 1,491 195
Mouse 21,615 3,257 2,751
Asian rice 43,649 23,739 3,945
Rat 21,270 4,123 2,905
Budding yeast 6,039 3,259 831
Fission yeast 5,128 3,035 577
Maize 39,299 14,772 4,570
Hi 326,172 126,649 36,555
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#EX: Approximated shortcuts to adiabaticity in quantum annealing
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The counter diabatic (CD) driving has attracted much attention for suppressing non-adiabatic
transition in quantum annealing (QA). However, it can be intractable to construct the CD driving in
the actual experimental setup due to the non-locality of the CD driving Hamiltonian and necessity of
exact diagonalization of the QA Hamiltonian in advance. Using our method, we clarify that a scaling of
success probability is improved compared to the conventional QA without the CD driving.

Keywords: Quantum annealing, Counter diabatic driving, Spin glass, Mean field theory
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#E: Simulation of Physical Processes using time-space parallelization
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Physics simulations are generally large and require many grid points. Correspondingly, in
parallelization, the data access time and communication cost are longer than the time required to
compute the problem. To solve this problem, we developed the LRnLA algorithm. We have addressed
this problem by performing spatial integration and time evolution partially simultaneously. As an
example of large-scale computation, we analyzed surface plasmon polaron (SPP) propagation in
OLEDs and tomography from 3D seismic simulations and demonstrated that the algorithm is able
to compute the practical size of computation and in practical time. In the future, we plan to
investigate the parallelization of real-time TDDFT in space and time, and analyze optical materials.

Keywords: LRnLA Algorithm, FDTD, OLED, OLED, synthetic seismogram
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In this study, we develop a technique for de novo design of proteins with specific functions using
deep generative models and molecular dynamics simulations. Specifically, we focus on de novo
proteins that inhibit specific protein modules and develop a platform which automatically designs,
builds, tests, and learns these de novo proteins by combining robotics and experimental validation.
Ultimately, we aim to develop new cancer treatments using the designed proteins. This fiscal year,
we have made progress in developing a prototype of the platform and designing candidate proteins
with inhibitory activity against BCAT1, a metabolic enzyme upregulated in cancer.

Keywords: 3 I\0B&E. RBERET IV #FBAHFEIIaL—1 3>, ARToU X, BCAT1
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FEXHER (100 words FEE)

This study aims to explore methods to support drug development by utilizing the supercomputer
TSUBAMES3.0, combining MD simulations and quantum chemical calculations. In this year, the
primary goal was to gain fundamental insights into the reactivity of duocarmycin, a promising
pharmaceutical compound. Initially, we focused on the solvolysis of duocarmycin-like molecules to
verify whether their reactivity could be qualitatively predicted using molecular orbital (MO)
calculations. The results showed that the MO calculations closely matched the trends observed in
previously reported experimental data. The obtained data will be important for constructing molecular
models that can be utilized in MD calculations and further research.
Keywords: duocarmycin, molecular orbital, solvolysis, modeling, quantum chemistry
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Large-scale turbulence computation of grooved Taylor-Couette flow
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In the electric motors used in the electric vehicles, rotor face and stator face respectively have
grooves. These grooves may increase the rotating torque and enhance the heat transfer. In this study,
a large-scale parallel turbulence computation was conducted to clarify the effect of the grooves on
them. The lattice Boltzmann method was employed for the computation, and the grooves on rotor or
stator were respectively considered. It was found that the torque vs rotating speed relation changes
from the threshold rotating speed. The heat transfer from the stator to rotor correspondingly
increases.

Keywords: Taylor-Couette flow, Grooves, Rotating torque, Heat transfer, Lattice Boltzmann method
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A wind lens turbine (WLT) has been attracting attention for its high-power output efficiency, and we
are developing a medium-sized WLT with a rated output of 200 kW. In this project, the following three
important issues for the development of a 200kW medium-sized WLT were investigated: (1) evaluation
of wind resistance and countermeasures against strong winds such as typhoons, (2) investigation of
the optimal gap between two WLTSs for a multi-rotor system, and (3) obtaining basic data for blade tip
loss models and diffuser induction factor for aeroelastic analysis of WLTs.

Keywords: Diffuser augmented wind turbine, Aero dynamics, Multi rotor system, Lattice Boltzmann

method
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Electromagnetic (EM) waves in the millimeter-wave and terahertz bands are often used in a line-of-sight situation.
However, once obstacles such as absorbers, scatterers, or reflectors exist within the Fresnel zone of the EM wave
propagation path, the complexity of predicting received power and uncertainty of receiving power increases. Indoor
environments, in particular, contain various obstacles such as walls, ceilings, desks, shelves, and chairs, making it
difficult to accurately predict receiving power. Additionally, due to the very short wavelength of millimeter-wave EM
waves, the surface roughness of objects may affect scattering characteristics. Therefore, in this study, to investigate the
effects of different surface roughness on scattering characteristics, we first confirmed the validity of the total-
field/scattered-field FDTD method used in this research. We analyzed the scattering characteristics from a 30X X 30A
perfect conductor plate using both the FDTD and the moment method. Then, we compared each other results and found
that both results are in a good agreement, demonstrating the validity of the method. Next, we generated 50 patterns of
random concave-convex structures on a 30 x 30\ surface with different surface roughness, and statistically processed
their scattering characteristics. As a result, we found that when the surface roughness becomes about A/4 or greater, the
specular scattering becomes smaller than diffuse components, and only the diffuse components become the main
scattering part. Finally, we investigated the effects of surface roughness on scattering characteristics for different
incident angles.

Keywords: millimeter-wave, FDTD, surface roughness, random structure
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Exosomes have gained attention as a drug delivery carrier, but their specificity and membrane fusion
efficiency are still challenging. This study aims to promote cell uptake and targeting by grafting
functional peptides onto CD63, which is presented on exosomes. The extracellular loops of CD63 were
found to have relatively low fluctuations and suitable for grafting. Grafting functional peptides onto
these loops revealed significant changes in expression patterns and cellular localization. Further
research will focus on the relationship of grafting on expression and fluctuations.
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