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X Wik ShHESIRAT - 7 T A 4B - NMR TEONT-AF v 7L ay MEEITHASX, 2—R—a P a—%
HEHAWTTEIFEMD)Y R a2 L—v a3 LIS Ko THREICBID D 7 1 - X 7 AWF5e 4 9k L=, #ikd+
\Z 20 {F D SCERMFIE & BRI & FEh L7z,

(1) &
SCRITED 9 B, AREN P2 iE# T 5,

DNA #tfE 2 FALIC DD & VB DG FENFRHE LA VYV arRI V== T
(BTN R « A AR~ D3 HR)
DNA A FuAbid, MfaEA OBIn FRIANF — 2 ER L. HME LI OEZRES T %, € OMILO5y
fLIRBE A HERF T2 72DIT, &7/ LAlAI L FERIC, DNA 2 F/u{bd DNA HRZICIERICHkR S D, BT
[T, 2O DNA Heff A F/ULICBED OB EEMFMELIT> TR, TRICHED L X /37 H DNA
methyltransferase 1 (DNMT1), ubiquitin-like containing PHD and RING finger domain 1 (UHRF1)® 7. {44
WEERELTND, TNOLDZ N7 ETIE, HEX AT I 7 ADPKRRICHEHERERZ R L TR, SR
T, S TENFEMD)FHAEZITH) 2L T, TOWEX AT IV AW LT HZ LN TETZ (Molecular Cell
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2017, J. Mol. Biol. 2020), & bIZ, DBSAMRICIEWT, S AMGIER AT OREIIL, BF 72 DNA A F kI K
STHHI SN TEY . &2 TREFEHEL L T2 DNA HERF A T /LB R 1 O HEKITHA AR OBERHIZ /20 5
%, & Z T, DNA #HEFF A F AL TEI 2 v VBT L, HKBIBREHED(LEM T A T 7 Vb0 ) a
A2 V== T HATV, BEEEBROMER, e afi oAb eM e Ao0 52 nTEle, 2o Jarrzly
—= 7T MD #HE . BELOMD IZ LA HHZ R VX —HENENHEET D 2 L3 b 7=, (Bioorg.
Med. Chem. 2021)

Toll BEZ BT BN FEHEV I 2l —Va Ve RABHT RV —FE
REURT: « WKL Je A~ D 3HE)

Toll BREZ AT, BARGIZIZBID Y | U A N AEDOHIE BT 2 BT, AIFEERN E LTS T ¥
YRIETH D, Toll BZFR T(TLRT DT v 2 I =2 h OVERMSFFIZ B DR 2 TR « KB AR AR
& OIFEMIE L L TIT o7z, TLRT iZ—A8 RNA OZHEETHY | & MUERRUA LA LTV Py
ANABLOPanF U A NVAREIZE D BRGEICES L T0W5H, TLRT 2358 > THC RNA Z7G%k3 5 2 & T,
e, 2H T Y 7~ h—7 2 (SLE) B L OBEEI Y Uv~F 7 EO A CHREEBICERT 2 LMo TE Y,
ZOMMEABREN 2SN TS, KERELRIETIIA R7 L2521 T, EXO X 5 I{bAMO—E45y DZEHRT
TAZARINLT U E A=A MIERTHZ 2R LTV, ZOEAEFILE Do T Rn o7z, X
¥, BHRKRHET, 74 = (Cpd-6) MNFEA Lz X MBS EE DRI T, ZOREEILT T=2 MEA
BREE L HELIL TR, 7o X I=A FOERBFIZ LS bbb lehote, 22T, 7 ¥ =2 NOIEHKF
DFEAD 7= MD stREOEIENRH > T-, W< 2O0D Y Ty REAERIZH L MD 247\, FHEAEH ORE T & fighr
L7y, 7o g =2 MERBFT OB PRZ2FIIEE 5T, ~1us FEO MD b FEfi L7 23K & 7 s 21 11481
HCTERhotz, £ LTWND I BIZ, HHEKEICT, BINDS THALKLY 7 A 4% HMEL %4 H\ T TLR7
DFENTEAT S Z L ITREI L, TOFEHR, B Z L, BT ¥ T=2 MCpd-DiEGHEE TIX, 7= MES
RIREYE (7 o— X FREE) TR, =7 iiiEd L > TWH 2 Enbhot, 5T, 7% =2 FCpd-6)
MAMETIE, 7 e — X FBE LA — T U EEOm I PBIE S, B H D Z ERnbho TE T, Thb
OHEEICKHTHT v H T=A MCpd-6) LHENT o Z T=A FMCpd-NDFEAHBET R LX—23H LIZL Z A,
7 H A=A FMCpd-6)TlEy v —X Rk & A —7 U iEENFREDME Ch 7223, T ¥ F=2 MCpd-
DiF, A =T GRS FEET D 2 Libholo, ZORRIE, f3 e LTH#E L7z (Nature Comm. 2020).

DNA & i< TFIIH £ & OBWIRHEE 7 VSR (BRI KT - BAE SR E~DSHE)

RGN DNAEE SOGIZ A 2285 5 R TFITH A KIZ 10 E D57 5 2 X 7 B DI S T D,
ZDOHRD, p62 Z NI ED PH FAA N3kAx RERGRFOBEER T LR RAICHEERT 50, 7 9448
TEAMEEC X DREERATICB W C L IEfME TH VY . TFIIH EERIZE T2 PH R A A OFBEITIRMIACTH -
Too WEMEEEGIZE D NMR TPH RAA VHIKOERIEEDNG O, EHOMET — & Ll bE
7o TFIIH & RMEET VAER L, 27 MD (2L 0 fEiERE b2 i L7z, PH A A OFXHBLE D72
% 6 HDOEEME (KT A TR B0 HJET) O MD % #H T.K TSUBAMES CT%Ehi L7-, £ DfEHR, PH KA
ALDY T DT VX T AR LT PH KA A UL CEEEET V&5 5 Z LTk LTz,
TFIIH &6 H, PH RAA ANIBEBEIZEDL SCbOD, (ZEIE, U U —HZIC & - TRIEDHPFANIZIR 5T
WD ZERDNoT, U —ELORED & & “RIEER Z T LT R . NMR OF — & L P JER7eholz,
I 512, PH AL VICEEBERFIES LIRETOREMEET VORE(LS I L7z, ZORRIL, fm3e
L THFEL (Nucl. Acids Res. 2021), HEEOFRMIC HEAH ST,

REEMAT T [ T AR & X B~ D Z T A TGIED Sl (B RS « REMIAE~DE)
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WEIEFRNT SR D 2 X B EGUAWT T T TR v 7 L, RPN B T O TRE K& 52 & T,
X G eI fRAT R0 7 T A A BB TR TR fRRe R IEIREA T HZ LM TE D, LinL, xtgx
BTN LT HURRRRGTNL (PA 2 7) LHURRICEIMOIED ER3d 5 & MR EREE2 T 281 L7k o
TLEY, REEIR LI, PA Z ZESIOFHFANLERL, AT OR S 2@l d 25 2 & T, mERESERDOE
7 ha Lo AZBRR LTS, 140X 7 (PA14) AL, fEANLE O R HEAIK 2 FEOR
pigiE & . XA T ¢ TYREEBER A T 5 LA N BT, e, HAMIE CEAERORL X HNRR L 2
EWNEBRMTRIE SN, B0 X OFK & 72 2EEN BRSPS Cldle o T, PAI4 X THAX VX
BE—HURDOBE SO MD % Fhi L, IWiRiEEY v 7V v F 5 Eha L 2 A, BFG L —H LU EEE T L 55
DT LTI LT, Eo, PURISHT 2 PAI4 Z VOO EEAIT LIz 2A, BAMEIZL > TIROEDOKRE
SNERILDZENONY  PAIARNDFEL EOEREHFDHZEHTE T, ZOREI, e LTHE L (ACTA
Crystallogr. D 2021),

Pl v F L ALEESE USP8 Oy FINHEEEFA DT (U T KT - BIBEIEA~DHE)

il BT AR ITEE Y VXV BICHEA L2 e T U 20T 2R THY, D 1 DO7 TATHD
USP8 [IHFHA T2 IR R A b — ZOHIENBE L T\ 5, B4 & oA EERIZ LV . USPS
TIE WW RAA 9 USP RAA Ve TFRAEERT S Z LICK0IEEE B T2 2 & 2R3 55 E
DEONT, ZONTHEBEA V) I VEST L2, WW RAAL 2L USP RAAS DRy X Ty
2o b=y VEMRAICITD, BTNV 2 L—y g VI VEARORE R RN, TORR &
LT, BEICHFIEL 2 2B DR — 0 OB IS EZ R CE, USP FA A VAERMKIZKHT S FRET O A
TERfET T, 2N AR — T 2EBRERD G LN, ZORRIT, e U THFEAR L7z (Commun. Biol.
2021)

(2) &

MD ¥ X = b—3 g Y ORFIO—D1F, FHRARERIEH A 7 —VITIRADRH Y £ 7Y 7 T&
HREEZEMICEBAR S L Z L Th 5, BIfE, HMoO@E MD TiL, AXa 2 H0Th~ us BREOF RN RA
Thd, TIT, KEEMFETIE, TOXS 22 MD 2272y Iab—va VEROBREEZ B E Lz,
BARPIIZIX, 8% O MD TITEEE T E 2WRFH &> 7Y 71k & LT, MultiScale Enhanced Sampling
(MSES)i£:%° coupled Nosé Hoover (cNH)VEIZ & 5 27 ERER, B IO, M MD 225 - K LitHE 9
52 & THEEIDNRALXRT 4 v 7 A RER CTE D2EBET o T IAEDOIIFERRE 21T > 72,
I DOFEE BRI MBEEIZ AT 23T — 7y h o TS 7 rakF—ERRY 2 FF U HE
AERTFUREE FAAL AR, EGFR 71—, 7'r Y VRIEESE Pinl, RIRXTF R ThLv7nT v
— K LM L, AIERBFIE~ DB 23 A 1o,

F 7. SARS-CoV-2 B & LV 'EOWEEX A F X 7 A% T -7, SARS-CoV-2 3CL protease % tEf1) &
L7ZAIBE O T, REOHEMEERRVPFEH SN TVD, TNbE— 28D T IfEREET o7 %
WAL LIRAT 95 2 & T, #EEX A T I 7 AW NI T D582 T o 72,

(F30)
Based on snapshot structures obtained by X-ray crystallography, cryo-EM, and NMR, molecular dynamics
(MD) simulation studies were conducted using supercomputers. Twenty research projects were supported by

our group during the research period, and in the “sophistication” research, our MD simulation techniques
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were improved using enhanced sampling methods.

(1) Support

Here, a representative research project supported by us is as follows:

Molecular dynamics simulation and in silico screening for proteins involved in DNA methylation
maintenance

(Support for Prof. Kyohei Arita, Yokohama City University)

DNA methylation in mammals is an essential epigenetic mark and is inherited through cell division to retain
the cell identity. DNA methyltransferase 1 (DNMT1) and ubiquitin-like containing PHD and RING finger
domain 1 (UHRF1) are important factors for the DNA methylation maintenance. Prof. Arita’s group has
revealed the 3D structures of DNMT1 and UHRF1 using x-ray crystallography. However, in those proteins,
conformational dynamics play an important role in their functions, and therefore we performed MD
simulations to investigate conformational dynamics of those proteins. Furthermore, in cancer cells, tumor
suppressor genes are suppressed by aberrant DNA methylation, and inhibitors of the factors involving the
DNA methylation maintenance could be candidates for anticancer drugs. Therefore, we conducted in silico
screening for UHRF1 from a compound library. We found compounds exhibiting binding affinity to UHRF1
in validation experiments. In this in silico screening, MD simulations and binding free energy calculations

were found to be effective.

(2) Sophistication

One of the limitations of MD simulations is the accessible time scale, which limits the structural space that
can be sampled. Therefore, the objective of this study was to develop a simulation technique that goes beyond
a conventional MD. Specifically, the MultiScale Enhanced Sampling (MSES) method and coupled Nosé
Hoover (cNH) method were developed for enhanced sampling of proteins. The structural-change paths and
kinetics can be efficiently calculated by performing numerous short-time MD calculations. The weighted
ensemble method was used to estimate kinetics of structural changes in proteins from many short-time MDs.
These methods were applied to glucokinase, a drug target for diabetes and hypoglycemia, polyubiquitin chain
and ubiquitin binding domain complex, EGFR kinase, proline isomerase Pin1, and cyclorasin, a cyclic peptide,
for application to drug discovery research.

We also studied structural dynamics of SARS-CoV-2 proteins. In the process of drug discovery targeting
SARS-CoV-2 3CL protease, a large amount of crystal structure information has been produced. We collected

these structures into "crystal structure ensemble" and analyzed them to clarify the structural dynamics.



