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IT B EFEDOME

AREETIE, WRET Y U ZEERWTEZ X BEOSAESE TR, Ry 0 7 ka2 OB SR LIRSS T
B, rrEi 7 (MD) EE2 AW TRREE OREEG, ZEMEOFHN, 7 EERMT. #E6 8-z xr¥
—EHREL XA T 7 AT, BEEE R 2 TR O SOCREERE OffT 72 8 I a Lb—v g VIEE
W, INIFGEE DT A T A = AR R SR LT, 23 D3R ZATV, TR TIET Lz, 25, 16 TR
Zam Sl E L onF LI,

KRR [X B G E MD R 2 b— g a2 AT, AP k7 v AR — 2 — DO LA, Bk A
=X LD T, ZHIBEH KT 2 AR — 2 —MdfA 122\ T, H & A O3S 5 # o7 E D
NG D A T = XL Z RN Lo, MAfA 13, AlBRSMAIZSBAV N7 outward open #idE & | MRS BHV N 72
inward open it & 5, AN TIL, FEFIPEHICEE 2 2 DO, E26, D34 3L 0 5 5 4 FEHO T 1 |
MEREEDZ N ZE T DUV T ., outward open #i&, inward open #EDENENNHHIELIZMD I 2 b — 3
VEEM LT, EOREE., D347 1 hiAbT D &, outward open #§iE, inward open HEIED WIS & il
AMAL, RPN O T A3EA U7z occluded FEIEICEATT 2 2 EDVRS L, ZOFRIED His & E Lz Z v\
EHEEZLIC B 2 1%&EIZ B 52N L7z (Nagarathinam et al., Nat. Commun. 9, 4005 (2018)) .

SCHEME TR T4 MRS LFS ORUSHARGT T, ¥~ X %ISTEE L. RIBHACE)-1-propensulfenic acid
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(1-PSA) ZAEIRIKI T (Z)-propanthial S-oxide (PTSO) (2243 % E%5E lachrymatory factor synthase (LFS) @)
fil LR 2 RAT L 7=, = 2 Cld. LFS OfEmtiE4 VW, B - WEEAEDOET Y 7 %217\, MD ¥ =
L—a U EHWTREREA IS Z 3R Lo, & 512, quantum mechanics/molecular mechanics (QM/MM) £
% F\NCRESR O RS il A% 2 V€ LU 7= (Arakawa et al., ACS Catal. 10, 9-19 (2020)) ,

SAERRE 17 77 TR O B ZAME M 2 EERRRIT ] Ik, 77 7 TREMIC BT 2 BEAS
PER D A T3 = A W Z T LTz, T 2Tl MEFWMIK 7 O 25K % F—8 SRK & IEMAIRFo SP11 23, [F U
NTaL A THEO L X, FRNICEST2EE20N TS, RIFETIEET,. "7 ¥ A7 8 ® SRK/SP11
BAEEOREGE & . T 1 % A 79 D SRK/SP11 A EDORESEZ b &1, SEARRE AR O 22 FifH D SRK,
9 FEEHD SP11 ONLAAHEE T AT > 72, At 24 FEHO SRK, 11 fEEH O SP11 %, EHPFELMEIC SV T2 20
7T RGT. FREND Y T AZONT, ST TEAEKRET AV EER LTz, it T, ThZhOEAKRE
7 /WIZ-DOU T, molecular mechanics-generalized Born surface area (MM-GBSA) {4 W CREG A= R ¥ —% 5
HLl, ZOE RUATadAA TPEAEREER LTS L X, BEERZ L I/FICRERAaDEE
EDHTEDURESL, BEBEEINTWD HFEARMAGMLIGD A 1 = X 8% ZFRT DFER NS vz (Murase et al., Nat.
Commun. 11, 4916 (2020)) ,

SRR 17T LR OSRKES & X 7 B OSBAER & RS G IREE D4y 1B ) K DT TIE,

77 LRI Thermus thermophilus DOEKBUAFZER D D85 G Z /37 E TtFbpA 28 & 5, pH IZ X > TR S
2 DOERENRARZNZIUC DN TETALFEFHREZITW Y B R4 7L 7'a F I ALRIEZIRE LTz, £z,
BREEAIBALEL D & R EREE OB E R U, BB OENIIN X TH 37 G OB EREE A58
DEVIZHFG L TWDAEEMENRSH S Z L 2 502 LT (Lu et al., Metallomics, 11, 20782088 (2019)) .

KERE (77 v ) AT a4 FERGEICERP 7 DNA SRR OfNT ) Tik, hLrEeEy - 773 A
TuA ROEREER THEET 245K 1 BILL & [F U DNA B8 % 7873 2 Bl O#R 5K 7- MYC2 Df#] T, DNA
B S O RRFREE DO1FE W EfENT L7, BIL1, MYC2 & DNA & OBEAROMERESEICH L TMD VR 2 b— 3 v
ZEITL, S FRMAEEROEWEZ LM Lz, & 512, DNA OfEERICHE ) A AR T R L X —0Z& (L%
R L. FEBRE —ET D8R A 4572 (Nosaki et al., Sci. Rep. 11, 3879 (2021)) .

KRARE (7 VA~ —95, FREMEFBEE KON 2 BUFE RIS (SR 2 i 7B - IRSE0AIH ) Tk, # v 3
2 G5B 30 5 Cullin-RING ligases (CRLs) (2 331F 5 43 78k A 71 = X L& fif#r L 7, CRLs Tl Cul2/ElonginBC
F721% CuldA/DDBI1 D33 fRD % —77 > N Th L2 HERG 2 /7 H LRG3 %725, ElonginBC IZHEET 5 & /8
27 1% BC-box, DDBI (ZfEAT D % /37 B IZI1E H-box LR D a2k Y AFSIBIFET D2 E 05
NCWD, KHEHE DIL, Z OFFRITHE N Tl <. BC-box, H-box Dl Ji OMEE % - FEOELFIAFET 5 2
xR LTz, ARRE T, 28 OELHIIZ- DUV T ElonginBC 3 X XDDBI1 & OEAKRDOET U > 7 &40, WTh
$, M 72 < ElonginBC & DDB1 Ol 5IZfEA T& 5 Z & %7~ L7z (Yasukawa et al., Cell Rep. 30,3478-3491 (2020)) ,

TR [LRRTM2 ZRIADSFENH Y S 2 b —a ] Tk, YT P RABRKROF—HF A F— (k%
FHET DR ) ThHDHLRRTM2 &, v F 7T AFHEKD A — T F A ' —"Td % Neurexin 1B (NrxnlB) O
MR IR OB AR OFE RS I L TMD ¥ 2 2 L—3y a3 U 2T L, O FRMEEMER 2T L, 8o, 4
TR SN 2RI L W IEEME T4 27— 7 OEBRFER IOV TRIF AT 72, ZOERIT, 1
MEERIZEEEEZ G2V e REN, BRICIVEIFAEDRTLAELZD THD Z ERERINTE

(Yamagata et al., Nat. Commun. 9, 3964 (2018)),

TS lnnexin-6 D~ F ¥ X NVDFE1F I 2 b—3 g > TiL, BET 2o MER L2 ERE
DR X Y v THEET ¥ FVH XV innexin-6 (INX-6) O T-PAMEIHEEICH LT, MD ¥ alb—y 3
EHWCTF Yy X2 VANOIRE _—EREOET ) v T & Tolc, ZORER. F v 1A WE CIIRE EREBINB O
BHoHB IR T TWS 2 —HOEES I 7 2=y MRAEIRAL TWD Z R LN E 2R
-7z (Burendei et al., Sci. Adv. 6, eaax3157 (2020)),



TR TRNA iR & T2 U AR 7 L7 —E OSBRI T ST 7 L O] Tk, fiE
EEEFFONT T VAT D 1D Colicin D &, ZOHETHLD (RNA ODEEEROET Y v T 5iTo7, ZIT
I, B LT LOZNTICONTMD V2 2 b— 3 U&7, EAERNEEICHRFES, SIS ER
JRTELE bR SN D ET V21572 (Ogawa et al., RNA Biol. 18, 1193-1205 (2021)) ,

KRR DHIHBLA & R OMENK 3 fREER 0 T OFE D X Tl BEEBRD B-1,2-7 V0 v & KR 5%
% TfSGL & HE & OBAROEREEICH L TMD VY2 b—ya Y EFET L, mEPLEBRTERED S
AT I7RE TR EAEHZINT Lz, ZORR, MGy X 7022 T 67, Kk
THRE & OMAIERNHERF SN D Z E2VURENT- (Tanaka et al., J. Biol. Chem. 294, 7942—7965 (2019)) ,

SRS [V 7 7T I T RFERARD DNA FHEERIZKB T 20 FE iy Iab—yay] TiE, U7
077 TR E DD KLF4 OERRIZOWNWT, ZOZEHEN KLF4 & DNA O OFMMEEmHO D A =X
L&, MD ¥R ab—ra MRV Lc, ZoRER, ZARIZED, DNA X9 5 KLF4 OfFEREA0 D77
W2 L, WE O OMAEAERNEINT 52 & T, BREREL o TnD Z ENREBE I (Borisova et al.,
iScience, 25, 103525 (2022)) ,

SRS [SIRTL & U A RO TFRIAHBER O FEIF Y I 2 b—3 g ) Tl Il X295 (2 &
PEIRIA, FRRENE, T TAYNA =R E) Zh<EBERHLHZ LM BNTWS Sirtuinl (SIRT1) O N
i R AA 2 (NTD) &, ZHaEIEME(LT 5 resveratrol 3 L NKPMF-8 L O AEEH%Z, MD v =L—va %
FWTIENT L=, ZOfERE., WTFhOLAY S NTD ~OfEAHE I ITEROZEMENH V. O Z2H
ALAT—/L (<1ps) TRILTWDZ EBHA LN E -7 (Zhang et al., Commun. Biol. 4,209 (2021)),

AR [ ok A TV BRHR B BE 32 ORSREMRNT | TlE. HOERE @ benzastatin D /E AT D) D BezA
DOfEmEEZ S L 1Z, BezA & A F/VIEALHK S-adenosylmethionine (SAM) , F&'E geranyl diphosphate (GPP) @ 3
FEORDET VAR L, VT, MD ¥ I 2 b—2a r ZHVWTETF LB L, QMMM FHEI2LY
fb B SRS 2 B S 22 L7=  (Tsutsumi et al., Angew. Chem. Int. 61, €202111217 (2022)),

TR DEARGE O RC-LHI O MD ¥ 2 = L—3 3 | Tl BARME AR sHL (RC) &7
THEFRL N TEEAGK (LHL) S Lo 76K RC-LHI O FBMEREIC >V T, MD v = b
—varEiTol, ZORERE, BEAEIKDOIE L ubiquinone-10 (U10) DOFEAILAZMR TS 2 KOREE~Y v 7
ADDIENY  F T &> TUIO BHAD LTWD Z & /RME 472 (Bracun et al., Sci. Adv. 7, eabf8864 (2021)) ,

FHERRE [Large pore channel D2y FE 1% I 2 L—3 a3 > ) Tld, #MIEEZ N L7=-WE Ok lcBEb 5 e b
O pannexin-1 (PANX1) OE FBMEEEIFLTMD 2 2b—2a 237, Y7 2=y NREICHEET
BREE Sy 1 DIEE 2 fi#HT L7- (Kuzuya et al., Sci. Signal. 15, eabg6941 (2022)) .,

KPARE DR 7 v b= A EGHEPEERBERO S TEN1F Y I ab—a ] T, AERNOE T 4 ZAED
538 R S T2 Bl SR difructose dianhydride I synthase/hydrolase Off gt & 1% L CMD v = L—3 3 » & T
L. BERE, B - A & OMEAER, BLXOEER T v NEWOKFESE Z BT Uiz, £7o, BERNEOZE
Wz YTy RoagtRBET 28128 52 L7 (Kashima et al., J. Biol. Chem. 297, 101324 (2021)) ,

F7o. LT O 6 tEo s EEARREICE Y FLA T,

EEEAGRRE TV T MGV R 2 b—y g UiRTEO S E ] Tid, MEYEET A2 W) T FfEE T
2lb—2alO 7V MInb, vAaZREETAEHEEL, VT FORRHOSDENEH H2MTT
HIEERBER L, £ BB EETAORT v vy LR X —BIC, U B RIEEAREE L S AREED 2
DOSRRESE 7 — %L F —f/NRAE & 45 double-basin RT V¥ L EMAEDLED LT, U Ay REEEITEE
BN EDONRREEEA BTS2 TFEERB LT, SBINT A—X &2if#4 5 Z & T, conformational
selection & induced fit ® 2 DDOFEFE Z FHEHLTE 5 Z & %7~ L7z (Negami et al., Chem. Phys. Lett. 742, 137144 (2020)) ,

GRS [y 2 b—3a EOEE ] Tk, REMEEREZ G /37 BITOW T, SAXS 7—
S aBBTOMET Y TV ERE LT, 22 TR HEEMD YR 2 b —v g VA HWTAERR LI EIET
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YT M, Ry e E—RICES MEEAEM L, SRR 177 7 F8MH) o B ZARmA B
D HEEHSBERENT ) TIX.SP11 ONLARHEE THIINZ, Y 7 B =7 Rosetta & FHV N2 ab initio NEAAMEE Tl & accelerated
MD |2 X 5 R ERIEGRSR A L7z, AR linnexin-6 O~ F ¥ XL D4 B 1F I 2 b— a3 ) T,
ERZERESEONE (Fxx0) ICIRE _EE A HBET 5 FEERE L,

mEAGRRE GRSV T K- U NSO PRNEOREE(L) Tk, Z o 7B EaR) T ROMBE
DEIZHONT, RV AT FE Uy FREGHNZ TRIT 2 FELBRRE Lz, &BA 4 OfE& AL THITIE,
72 BEECHIN G, Ca?t, Co?", Cu?', Cu*, Fe’*, Fe?*., Hg?. Mg?*, Mn2", NiZ*, Zn2*OHE AN & HtkTE &
BLAIEE LM ED W TP 2 HIEZ BRJE L7, K912, Zn \Mn?!  Fe3 |2 DWW T B THFSEIZ EE~ TRV accuracy
M13: 547 (Tian et al., Adv. Bioinform. Chem. 1, 025-036 (2019)) ,

AR B8 2 W e 7 T A Al BB O IR =) 13, PEF S LA SRR & LT3k L
7o 7 T4 FETHBBEORENT, 25O RBBAMICIEA T D —R AR BN -&REDO 7Y v Rio, #
VRTBERRE R, S EAIT D Z L TIER SN D, Z N B OSIKIEE & O RRE TR ET D720
[ZiE, 2 R ENEYRE S OKOBIZEE ENTNWDE Z ERNEETH D, ARRETIE, EdHFEom L4 H
fE LT, B 2 O TR S ORISR B AL IR A IR 5 FiE A BHSE L7z, BEORORHIZ YOLOV3,
7S DHRNT Xeeption & W THIB#s 2 HEZE L, BOXDIRMGREG 258+ 5 2 & T, 93%LL ED accuracy TH
BIT&BHZ &R LT (Yokoyama ef al., Biophys. Rev. 12, 349-354 (2020)), F7-. B BAMEEHIE Y 7 ho =T
SerialEM & #E L, IS & f Y - 357 % PyHoleFinder % {Efk L ZABH L 7= (https://github.com/tterada-
utokyo/PyHoleFinder) ,

EEALRRE THUR « GUA Ry %0 7B 7 VR EMRHE - BB LIEOBRY) & mE i (7 R0 H LR
IEEH OBEA TS G A M EER 278 L ALOBRS ) 1% TALZTEA Lica v ) gl o—
B LT, 2020 4F 10 A K W BV MHA TS, Al Tl ABFHMGEEOHUR - FUREGIRET VIZESW T, il
FHE DN —THEEZ RSB ZHOET VEER L, MD ¥R 2 b—3ya U aFT L TLRERET VA BIRT
DIERRHE L, BB TIE, N - o FEMEEEREZR LY Y= BEE RSV 7 7 =a—TF %y
N — 7 WL, Z RN E LR HEEMOMEBEER ERERBRTXAF =TT 5 Al 2B L, Zi
BN Fv—7%y hO CASF-2016 ([ZHEH L7z & 24, THlE & SZBRIEOMBIREIL0.751 L72b | FyF 7T
YIal—varTRHWLILS GoldScore (0.416) <> AutoDock Vina (0.604) % L[Rl->7-, £7=, FERICT Z
Tma— I Xy FU—7 2 HNT, RS LR EEIEIZITV (RMSD 23 2~4A) Ry & o ZHEE A RIS
Al ZBH¥E LTz,

We provided scientific support for 26 life-science research projects conducted by outside researchers, using
comparative modeling, docking simulation, molecular dynamics (MD) simulation, and quantum chemical calculation. We
completed all the projects and published peer-reviewed papers in journals in 16 projects. We studied a multidrug transporter
termed MdfA using MD simulations. We identified an acidic residue that plays an important role in the structural change
coupled with the H* transport [Nagarathinam et al., Nat. Commun. 9, 4005 (2018)]. A structural model of the complex between
lachrymatory factor synthase (LFS) and its substrate was constructed by using docking simulation and MD simulation. The
catalytic mechanism was determined by quantum chemical calculation [Arakawa et al., ACS Catal. 10, 9—19 (2020)]. We
studied a pair of proteins termed SRK and SP11 involved in Brassica self-incompatibility. The amino-acid sequences of these
proteins are different between different haplotypes. It is hypothesized that only the proteins from the same haplotype can form
a stable complex. Structural models of SRK and SP11 from various haplotypes were constructed and binding free energies
between the SRK and the SP11 models were calculated. We found that the pairs from the same haplotype showed the lowest
free energies in accordance with the hypothesis [Murase et al., Nat. Commun. 11, 4916 (2020)]. We studied the iron
coordination structure of a protein termed TtFbpA involved in iron uptake in Thermus thermophilus. It adopts two different
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coordination structures in a pH-dependent manner. We determined the types of the ligand molecules coordinating to the iron
and their protonation states based on quantum chemical calculation [Lu et al., Metallomics, 11, 2078-2088 (2019)]. The
difference in the DNA recognition mechanism was investigated between two transcription factors termed BIL1 and MYC2,
which recognize the same DNA sequence. MD simulations were performed for the two proteins in complex with the same
DNAs and binding free-energy changes upon replacement of the base pairs in the recognition sequence were calculated
[Nosaki et al., Sci. Rep. 11, 3879 (2021)]. The molecular recognition mechanism was investigated for Cullin-RING ligases
(CRLs). In CRLs, a pair of Cul2/ElonginBC or Clu4A/DDB1 recognizes substrate binding proteins. The substrate binding
proteins that bind to ElonginBC have the BC-box sequence and those that bind to DDB1 have the H-box sequence. The
collaborators found sequences that have characteristics of both the BC-box and H-box. We constructed structural models
complexed with ElonginBC or DDB1 for each of 28 candidate sequences. We found that all the sequences reasonably formed
complexes both with ElonginBC and DDB1 [Yasukawa et al., Cell Rep. 30, 3478-3491 (2020)]. The intermolecular
interactions between a postsynaptic organizer LRRTM2 and a presynaptic organizer Nrxn1f were investigated by using MD
simulation [Yamagata et al., Nat. Commun. 9, 3964 (2018)]. Structural models of the hemichannel of a gap-junction channel
innexin-6 (INX-6) embedded in a lipid bilayer were constructed [Burendei et al., Sci. Adv. 6, eaax3157 (2020)]. A structural
model of the complex between a bacteriocin, Colicin D and its substrate tRNA was constructed by using MD simulation
[Ogawa et al., RNA Biol. 18, 1193—1205 (2021)]. The dynamics and the interactions with the substrate were investigated for
an enzyme termed TfSGL by using MD simulation [Tanaka et al., J. Biol. Chem. 294, 7942—7965 (2019)]. We investigated
the mechanism of how a mutation of a reprogramming factor, KLF4 increases the affinity to DNA using MD simulation
[Borisova et al., iScience, 25, 103525 (2022)]. The ligand-binding and -unbinding dynamics were investigated for a system
of a protein termed SIRT1, which is involved in prevention of age-related diseases, and the compounds that activate SIRT1
by using MD simulation [Zhang et al., Commun. Biol. 4, 209 (2021)]. A structural model of the ternary complex of a
methytransferase, BezA with S-adenosylmethionine and the substrate was constructed. The catalytic mechanism was
determined by quantum chemical calculation [Tsutsumi et al., Angew. Chem. Int. 61, €202111217 (2022)]. The dynamics of
a redox mediator, ubiquinone-10 in the reaction center (RC)-light-harvesting complex 1 (LH1) supercomplex of a
photosynthetic bacterium was investigated by using MD simulation [Bracun et al., Sci. Adv. 7, eabf8864 (2021)]. The
dynamics of the lipid molecules between the subunits of a large-pore membrane channel, pannexin-1was investigated by using
MD simulation [Kuzuya et al., Sci. Signal. 15, eabg6941 (2022)]. The intermolecular interactions and the hydration structure
in the catalytic pocket were investigated for the complex between an enzyme, difructose dianhydride I synthase/hydrolase
and its substrates [Kashima et al., J. Biol. Chem. 297, 101324 (2021)].

In addition, we conducted the following projects to sophisticate the methodology. We developed a method to
construct a Markov state model describing the ligand-binding dynamics from trajectories of coarse-grained MD simulations.
A method to reproduce the conformation change upon ligand binding in a coarse-grained MD simulation was also developed
[Negami et al., Chem. Phys. Lett. 742, 137144 (2020)]. Coarse-grained MD simulation was applied to construct a structural
ensemble that reproduce the SAXS profile of a protein that contains intrinsically disordered regions. A Bayesian maximum
entropy method was used to determine the weight of each structure in the ensemble. In the structure prediction of SP11, an
ab initio structure prediction software, Rosetta was used to generate the initial models and the accelerated MD method was
used to refine them. A method to generate a structural model of a lipid bilayer within the INX-6 channel using MD simulation
was developed. We developed a method to predict metal-binding sites of a protein from its amino-acid sequence based on
machine learning and sequence similarity [Tian et al., Adv. Bioinform. Chem. 1, 025-036 (2019)]. We also developed a deep
learning-based method to identify “good” regions of a cryo-electron microscopy grid [Yokoyama et al., Biophys. Rev. 12,
349-354 (2020)]. Moreover, we developed a program termed PyHoleFinder that finds holes in holey carbon films on a cryo-
electron microscope grid and can work with SerialEM. This program is available at https://github.com/tterada-
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utokyo/PyHoleFinder. To facilitate Al-driven drug development, we developed a method to refine structural models of
antibody-antigen complex. We also developed graph neural network-based methods to predict the binding free energy of a

small molecule to a protein and to select a docking structure close to the crystal structure (RMSD < 2 A) from those with
RMSDs between 2 A and 4 A.



