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Lecture Session 5 [Main Hall]
9:30~10:30  Chairperson : Takanori Kigawa

9:30~9:50

L2-1 Structure-function investigation of deoxyribozymes composed of heme and
G-quadruplex DNAs
O Yasuhiko Yamamoto'®®, Haruka Araki', Kosuke Hayasaka', Ryosuke Shinomiya', Yusaku Nakayama',
Kentaro Ochi!, Tomokazu Shibata', Atsuya Momotake', Masaki Hagihara®, Dipankar Sen®, Hikaru
Hemmi® (! Department of Chemistry, University of Tsukuba, Tsukuba 305-8571, Japan. ? Tsukuba
Research Center for Energy Materials Science (TREMS), University of Tsukuba, Tsukuba 305-8571,
Japan. *Life Science Center for Survival Dynamics, Tsukuba Advanced Research Alliance (TARA),
University of Tsukuba, Tsukuba 305-8577, Japan. Y Graduate School of Science and Technology,
Hirosaki University, Hirosaki 036-8560, Japan. > Department of Chemistry, Simon Fraser University,
Burnaby, British Columbia V5A 186, Canada. ®Food Research Institute, NARO, Tsukuba 305-8642,
Japan)

9:50~10:10
L2-2 NMR approaches for revealing structure and dynamics of intrinsically disordered
proteins (IDPs)
O Shin-ichi Tate", Ryosuke Kawasaki', Ryohei Inoue', Cloud Lee? Naoya Tochio', Danny Hsu? Jie-Rong
Huang® (Y Dept. Mathematical and Life Sciences, Hiroshima Univ., Japan. Y Academia Sinica, Taiwan, *

National Yang-Ming Univ., Taiwan. *RcMeD, Hiroshima Univ., Japan)

10:10~10:30

L2-3  Functional roles of Mg®" binding sites in ion-dependent gating of a Mg** channel,
MgtE, revealed by solution NMR
Tatsuro Maruyama', Shunsuke Imai', Tsukasa Kusakizako? Motoyuki Hattori®, Ryuichiro Ishitani®
Osamu Nureki’, Koichi Ito!, Andrés D. Maturana’®, Ichio Shimada!, O Masanori Osawa'® (!’ Graduate
School of Pharmaceutical Sciences, The University of Tokyo, Japan. ? Graduate School of Science, The
University of Tokyo, Japan. *School of Life Sciences, Fudan University, China. ¥ Graduate School
of Frontier Sciences, The University of Tokyo, Japan. ® Graduate School of Bioagricultural Sciences,
Nagoya University, Japan. © Faculty of Pharmacy, Keio University)

10:30~10:50 Break

Lecture Session 6 [Main Hall]
10:50~11:50 Chairperson : Chojiro Kojima

10:50~11:10

L2-4 Conformational variation in membrane-associated H-Ras elucidated by in-cell
YF.NMR spectroscopy
OHiromasa Yagi, Masaomi Ikari, Takanori Kigawa (RIKEN Center for Biosystems Dynamics Research)

11:10~11:30
L2-5 E22G Pathogenic Mutation of f-amyloid (Af) Enhances Misfolding of AS40 by
Unexpected Prion-like Cross Talk between Af42 and AS40

O Yoshitaka Ishii*? Yiling Xiao®, Brian Yoo? Isamu Matsuda', Dan McElheny” (YSchool of Life Science
and Technology, Tokyo Institute of Technology. ?Department of Chemistry, University of Illinois at
Chicago)



11:30~11:50

L2-6  Super-fast collection of 'H-detected SSNMR data under ultra-fast MAS for
proteins in nano-mole scale
O Ayesha Wickramasinghe'?, Yoshitaka Ishii'? (Y Department of Life Science, Tokyo Institute of
Technology. ? NMR Science and Development Division, RIKEN Yokohama Campus)

11:50~13:30 Lunch

Lecture Session 7 [Main Hall]
13:30~14:10 Chairperson : Kazuyuki Takeda

13:30~13:50

L2-7 DNP at 16.4 T and 30 K for Mesoscopic Molecular Domain Selection
OYoh Matsuki', Toshitaka Idehara®, Yuki Endo®, Takahiro Nemoto®, Shigeo Fukui’, Jagadishwar
Sirigiri’, Hiroto Suematsu®, Toshimichi Fujiwara' (" Institute for Protein Research, Osaka University,
Japan. »Research Center for Development of Far-Infrared Region, University of Fukui, Japan. 3)]EOL
RESONANCE Inc., Japan. b Cryovac Corp., Japan. 5 Bridgel2 Technologies Inc., MA, USA)

13:50~14:10
L2-8 Understanding Hydrogen bonding structure by electron and NMR nano-
crystallography

Maria Candelaria Guzman Afonso', You-lee Hong', Henri Colaux', Hirofumi Ilijima® Akihiro Saitow’,
Takuma Fukumura® Yoshitaka Aoyama® Souhei Motoki?, Tetsuo Oikawa® Toshio Yamazaki’, Daisuke
Hashizume®, Koji Yonekura®, O Yusuke Nishiyama'” (”RIKEN-]EOL Collaboration Center, Kanagawa,
Japan. 2>JEOL Ltd., Tokyo, Japan, 3)JEOL ASIA Pte. Ltd, Singapore. YRIKEN SPring-8 Center,
Kanagawa, Japan, ”RIKEN Center for Emergent Matter Science (CEMS), Saitama, Japan. Y RIKEN
SPring-8 Center, Hyogo, Japan. 7)]EOL RESONANCE Inc., Tokyo, Japan)

Lecture Session 8 [Main Hall]
14:30~15:10 Chairperson : Takahisa Ikegami

14:30~14:50

L2-9 Investigation of Long-range Heteronuclear J couplings in Esters: Implications for
C Metabolic MRI by Side-Arm Parahydrogen-Induced Polarization
ONeil James Stewart', Hiroyuki Kumeta®, Mitsushi Tomohiro!, Takuya Hashimoto®, Noriyuki Hatae',
Shingo Matsumoto' (" Division of Bioengineering and Bioinformatics, Graduate School of Information
Science and Technology, Hokkaido University. 2 Department of Structural Biology, Faculty of
Advanced Life Science, Hokkaido University. Global Station for Soft Matter, Global Institution for
Collaborative Research and Education, Hokkaido University. ¥ Department of Chemistry, Graduate
School of Science, Kyoto University. Department of Chemistry, Graduate School of Science, Chiba
University. *School of Pharmaceutical Sciences, Health Sciences University of Hokkaido)

14:50~15:10

L2-10 Accounts of NMR signal reception based on Heisenberg-Langevin formalism
OKazuyuki Takeda', Koji Usami® (Y Graduate School of Science, Kyoto University. ?Research Center
for Advanced Science and Technology, The University of Tokyo)



Invited Lecture [Main Halll
15:20~16:30 Chairperson : Shinichi Tate

15:20~15:55

IL1 Quantitative and Qualitative proton-proton distances in fully protonated solids at
fast magic spinning NMR
OVipin Agarwal (Tata Institute of Fundamental Research, India)

15:55~16:30
IL2 Protein conformational exchange in talin probed by high pressure NMR
OM. P. Williamson (University of Sheffield, UK)

Invited Lecture [Main Hall]
16:50~17:25 Chairperson : Sakae Tsuda

16:50~17:25
IL3 Targeting KRAS Oncoprotein on Biological Membranes
OMitsuhiko Ikura (University of Toronto, Canada)
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—h&ERE 9 [515 1 KiR—IL A-B]
9:00~10:20 R IUAE R
9:00~9:20

L3-1 TiF, ®E X “F CSA; NMR & DFT 31812 X % 3l
OF 26501, S HIZEFE AT IS Ty B2 (5TaRSE  PET S A ED, 2 nia ke kb BREmFgekt 1)

9:20~9:40

13-2 70 b ASEREE A M FWRETA N RS B R T Ak & R
OFXfAFEEL, WBRIEDR? THILEBAS (B R RF AL SR TR, PRy S5k WE—
MINaREA > AT K0, P B 92t CLST-JEOL #is+ > 4 —)

9:40~10:00
L3-3 2OV AR AE NMR &R R0 eV & 2 v o0 FE A LI i o0 AR 5 1 235 8 D 7 (1)
T BEARAFTE

OfmEd’, NAgE—2 Bl el ( DR RFR LA MR AEME LER, * i 5eHl & FC-Cubic)

10:00~10:20
L3-4 'H NMR SRIRBIIGE : RS FNET -V VRN &3 2 9 HRSIE SO RGP
OMEIFES, TGS S, A FH85 BB iRk L SERT)

RAY—tyar [&i§ : KK—J C]
10:40~1210 RRI—tva>rl (FHES)

Poster Session I (odd numbers)

12:10~13:10 Lunch

—higiERE 10 [F15 : KA—JL A-B]
13:10~1430 ER: /¥ IEA

13:10~13:30

L3-5 EKWT, ZH2%0 TORKERR NMR #E 0%
OEBIET, MIBE—2 i Fs A WEECE, WIERRIY (KRS BT, 26 ek
SR SRR RS EMERERIZRRL, RREE K% KRB A TR

13:30~13:50

L3-6 & NMR X8 5 445501 DR B IS o B
OXAI, BEREEAS i EHAS FINE S AEBA CSUi A ALERRgeit, 25ediky Tormrgetl, Sht
I TRy e R vy S e 20 v )

13:50~14:10

L3-7  HERFY ZFFURIEIC X SR — 7 2 EEAN 9 % ¥ 82 NMR #hr
OB 76 B2 NBRg A% TS it HEIP, A R RN ( BAL SRSt A drhene Rl mige & » & — 2
SHARIERE X E A0, PR TEAS: BRI SR, SO AR TR, S
PRSI B - HE A oE %, S BUR T3k T3 T 2B



14:10~14:30

L3-8 In-cell NMR #EZ w7z FAEAIRENO DNA B X O RNA DG E ¥4 F 3 7 ADfPr
OWBHXR, AHEY HABHE, S22 MsAS STHEZ, R EEAN? Gk T2V F—3T
SEWRFERT, PRERR AR T RV F — BHEFIERE, PHOR TR RS BBl A R 7e ke, Hnt
KREFERFERE BETLUZEED

—ieERE 11 [515 : X7R—JL A-Bl

14:40~16:00 EER : 7H EE

14:40~15:00

L3-9 BT —T 2N LIV F FAL Y7 N 2EDOT V8 ¥ TIIVEESERPT

OFRAE, W TRT, TREDR, RS, AT, Ak —re" CJuiRE Ry REbIEeb:,
E Al SN NGl v e e S S SR P Y e e AT

15:00~15:20

L3-10 LAY —NMRIZX5T7ITAL FBRIED Y 87 BREZLD B
O/AKE", Erik Walinda®, EHFA, SIIE#, Ulrich Scheler®, INARE! ANE %!, #iEaka (5t
KRR F B LM R 0 T T, PRl Rk be  BE#F%ER), *Leibniz Institute of Polymer
Research Dresden, ! 7V — 54 F 2 ¥ dkXiath)

15:20~15:40

L3-11  HiLii§ T O YA O BAE R fE b
OB, NI, BEERIRY, JeRZR?, IER—2 ( ARR 2Ol AR Y & —/
SFRERRZEIT, P BT LR BRI R) S B LT U R g v 4 —)

15:40~16:00

L3-12 7 BHEGDROMEE - RHEORME & F A NMR A ST
OIS, ARFHE, HBGHE, W BIE, A8, SHFIA T GO TSR T8
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—RRR R & —F K/ Poster presentation [X7&—JL C]

EHES: 188 (2018/9/18 13:30 ~ 15:00)
ZHES : 38E (2018/9/20 10:40 ~ 12:10)
EFRRI-8
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ORBIELELT, AW, M T, BT, BEIISE , K 4 (I Sk 822 30)

5 N HICBF BRERGHEBDOKE LAY VG
ORI, SHEk, Phlkke, = EIER (EHA -2

WM NMR %2 V272 Yeast Ubiquitin hydrolase 1 (YUH1) O#&gE k¥ 4 F
I 7 A b

O AZEH", a8, Rajesh Sundaresan', BPIER! SB)1H%° AAREEL AR FiER CEEBRF
WRURFbE FTARE5eR T b s, P B seir bk fe Rl #mise £ > 4 —)

gNMR (2 & 2 A DOBEMRIES L CHLEDOBGE & < OV EEA LA AT~ IS
O/NEER, BTAREF, /MR, IR, YO U™ (B[ 37 R KA BB T2, * RBOK 2 - 2
FUEIFSET , * REAC R 25 KB 2k bk SR 22

IEEhs NMR EHOTFT—% 27 L v IV ZTERNB LY — VIR
OIIH4E, BAEL? TN, e (LR RFERER A amisert, 2B 5
BERIEREIIgE L v 4 — B EBS SR BHOLEES, BRI LR E R A ER AR

L) F ik AT A UES RNA ORGETLE & itk o BB o i
OHIET'", Joon-Hwa Lee’, SEMER]", MWEEE, WIEEL, AHEY WIH, KTIELY ZH—k
© HFIEAY CREBRY AV X — BT, *i kY = &V ¥ —BH5ERE, *Department of
Chemistry and RINS, Gyeongsang National University, ‘5 k% BHEmfge gt o 7 — P iERar, Sk g
KERFBE A RIS EHR G T 2R

ESIPT Mt te® BTImP & 7 =% » & DSEIBROEHEI PN-NMR 12 X 5 3F il
TR BB OB, REAL HHEOE RIS (TR ks BT, 2ot
K ST BRI

Rheo-NMR 2V 8—=F VY VBN Y Y872 Bas 2 7 LA ¥ OBHELEERE O ]
OB, SRR, Hilakia, BAKE, CIBE Gk ks TR ST Te8g fIgES)
WV %A L7 F & UK O BYARPE RS St

O, AN T2 45 HbE? (R AR e R fr R B g, 2 [ e B S i
NI LSERR 2T B IR ge X v & — S 4l B A ar e L o S g )

ZhAudxuvFEEAE RNA & oM AR N
OEF K", EAZ2 dbEE AR (T3 TR A% b TEM5eR, 2l &4k Veritas In Silico)
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BB [F) VBB o & R U 72 i 50 B VR O B SV A ik 0 Bl 58

O/ AP, REDGIE™, S, WREEE" (KBRS RPN, * Al EAEApE B
DEGERI RS L I GE L > 5 — | CREAR SRR B IIsEis, R RATR R B0 T 20
JEFE, SSAIL 72/ 1 ¥ — AR &AL, KBy H A L4D)

HWIZEMLE S 280 LINE 2B 2 H BEAEH O
OXHBERE, WARIR (T2 TR Rb TaseR)

NMR IZEAHEHAEDI Fa v FY 7 NEIEO N
O, )57 MR thask s WEm—" AR = RS, g ( EEks ks
e FSERRZCRF  AbSREuc, 2RISR S N B LSRR R - AR RS S v 4 —)

High-pressure NMR reveals conformational fluctuation of major and minor forms
of phosphorylated ubiquitin.
OAGIRAI—HE, I —EB, # B, JLEsE Cravfi Ky 3

iy

k)

L NMR 512 & % 0 TARBIR P O R 5 - O Wi R 8l
ONME, BT, FRBE A, AREE, @Sk (g R s iRl gk U B sE
vy —)

BRI & M BELIEIC & B Fe & Fe y BB OM RN
OBGEBIS", FH135 112 SORLAT, I LR, R EE, MBS C ZtiRA:  KE b if
GeRt.C EOFRERRERE A AIRIEA L ¥ & — /D RRERIET, SO SRR

Solution structural studies of insecticidal peptide LalT2 from Japanese scorpion,
Liocheles australasiae, with heteronuclear multidimensional NMR spectroscopy
OMMEA +—i i’ B TFIEGL, B)IE° FREH N (AR R FEmer WRRER Y,
HRFERERE  RFEZER o A4 Rk 510

Secondary structural analysis of the cyanobacterial RNA-binding protein RbpD
from cyanobacterium Anabaena variabilis with heteronuclear multidimensional
NMR spectroscopy

O &M, s, AAHI™, FREH N RS RS B IeR R =R, 2 RS K 5 b
KA ST FERHE AR 2 B - AR A BRBERL 2%, PBIERS Tu T A v Ak v 7 — "EIERE B
AL

NMR {2 & 2 el b 59 O 5%
OFFHET, FFARSE, Ak, BICTHEE, AN BRI, BES0E", IS R e (KBRS & 1B %
P, R K RSB TAERE, BLAARTGET kiRt se e v 5 —)

SREEREDME B BIBLL- 7V 71 ¥ DOGEIRRT — BRI O R
OB 2, JEHEISTE, TSR, RIS (/M T30 S B P, * OSBRSS0 T3
S M)

v a— ZFHER OB HIL A IRE O fF

OWER#E 2, T HHE (5 /M T3 B 55 B 224

Concerted Action of Molecular Chaperones in Protein Unfolding

Okttt FRAIEY Walid A. Houry’, A#E—RY (@R RER  #E1L% 5, Department

of Chemistry, Faculty of Science, Hokkaido University, *Department of Biochemistry University of
Toronto)

EONMR A ¥ Fua3Ir &
O/, M5, KB —, ANAHIZS, NS (RN RS AR B 223 AR
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OfFEEIME ", FEHARRE, OhERer", 357" ( AL PR ZET BRI R 2 gE L >~ & — | PRl k%
KEFbe EMERERIGERE, * Al B KRR F B Ay R eRt)

ATPIZ X % % V73 7 Y DML BH S26865 o fi ]
OGBS, Erik Walinda, SAKE , HHEE, 111 B % GURREA%E T 205e ko 7 T2 %50
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SiEE A AR e arRbls CBSREASE BT SEEMLAR LIRS IR
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T HFFAS V37 G O MG ORRE)
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SRFSERE PR RS K JeI ARk R R A ERIT R 7 1 & AFZEER )

NMR ZH\W723 7 722827 5 ) 7HIKE GAF F X 4 ¥ O SR
SHEER! RIS, R S B IERL C AU BT AR R, 2 AR RO Rl R Kb
TEERFSER
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ORI, FIHARE, B ERUE, IS, ARERE (RRSKS: ERBRAE FR e

REWPOREF A+ VXL — MEGWO A V55 7 T ORf%
OFJFRA, ML, FoHE A, HIGRA, Il GEAGIE RS W3 TERe )

BR 72 % A IRHT 2 O 72 AR T OV - BRBEAH BASRET 15 D BH 58
O, PREHE, WA 330 BEET L RERFbE IR JeR)

NMR EZ Wiz hah 55 v F L — OB

O4HPF, gAML, BEAH!, BFIABES BAREES! (7 s — Y v S AN o+ A Y v H
TS r— o3 VIR, ETRRAH AV R F T AR, PR TERR N
LTV VT Y SRR R TARIER ETERS Y & — SHEIRF RS T
PR AL TN, SRR R R

NMRIZEBAE Ay ¥Ruyv NAPI &b A~ H2A-H2B O HAE T
OKKFW, W3l THE—, Pk 350 (BRI RS AEMER IR

HP1a® N RS RABZETEFIRO Y Y BRILIC & B2~ T 1 7 1< F VB O]

O AT, KRN, EEMIE, FAMEE, T HRRES, ABH G, S, WK% B, doli—, P %
32 CBRRTSE KRB G EERRERSER, 28T R L 3 — NI RRIR SR, - W RIRR R E0T st
HFHERIERERE, S HOXR SRR B BB Je R, IR 20T 7 v < 5 > L)

E PHHFIANVARZA T L)V AHRPESR T F F & RiEZ B8 PILRaAH HAEH @b

OWFk 2" AR 21135 IR ARG T —2 Raukosehst® Z5me a1 RiaPmess™ (il Kk
(TR 20 T A R e N S N Tl 20 i A STE B (A 0 e W A R NN T 0 ot e
3 e PR T STE N L)

NMR BT X B0 A~ YEEFEEKR—T7 I T f VB, DRERN

O3, ACkIZ® SRR MMz, BT, A Mgy EihoE (Sl TERy

KB T2EFZeRE, 2k eomd bbb, el ks EREEMESRER V7 h~vs— 7
O—NVAF— 3 v, PSRRI B LR R
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BC NMR b2 7 b Pl - 38 HE G MRk 2 49 % CAST/CNMR ¥ 2 5 2 DB
OB LS, WA I, EARTES INTiets!, s 0 ( BLERrseiT  BE A st v 5 —, °H
AT AH, B &4t JEOL RESONANCE, "Bk ¥ A 5 A BPRERE, S15H- 2 5 A WFoekets,
62— 1) v kS (LR

A X - BT TORVE S AR E D E

Oifsrgkdn!, Hrp!, WEH—" ZBIEK, B2 Peter Guentert™, fERE' (' WHRRFH G K4
BeBLAARR SR} PRiER RS KRB Ta#F%E#), *Goethe University Frankfurt, Institute of Biophysical
Chemistry and Center for Biomolecular Magnetic Resonance, ‘ETH Ziirich, Laboratory of Physical
Chemistry)

HIEIEICE5-9 % HOIL-1L 12 & B 1S 5 4 2 ¥ F F » 0l bEh
OF A4, Erik Walinda®, £, FAKE Hilaa FIE % (s RS kb Tamsert, 25
KRR R 2R RRSeRE)

SEIHIFIR & &~ 73 7 % FKBP12 O3EFIERHRIC 351 2 BY AR & bt
O sitly, S NNEHR, AR, Han, (UIE% GUERERYEE  T¥eR)

TIVENMBEEETAREERYVZATF VO TIVA ¥ HADEHEED NMR #:12 X % 3¢l
OFERIKHL, HAEB (4R T3 k%A%

Optimized Sample Storage Strategy for Metabolic Profiling of Human Feces
Owrdk!, L', Fikd B, REARHER®, RIS AR 351", AR, A 2 H0%, R
F52 kR, FRERE T, MR EE, 1% e <t Ik #E KR! (bl ke R be B k2 se s be &
R e G 81312 I/ N STl N % ot Y Rt e ) 7 o | o5y e Rl B | ASU L2 v S = B | 43T DN
o KBRS R, © LB K - KAERE R A 7e be)

NMR 2 ¥ Fu—2ZHu7-RREICET 5058

OMH T, Bk BHE, AR 22 AEARHER KPGHZ A 35 18 R RS, AR 3", ph
AR R B R VR (bR B, 2Ll R KBRS A fr Rk R e b, At
K% GI-CoRE V 7 b= % —GS, "M#E UKAMI 27, ° Ml L3 55 P22

Deep-MagRO: PR H Z 5 L7 R0 R E 2 A1 NMR #ir > A 7 A
O/MHRIEZ, BARBE, KHE, Peter Giintert™?, VMG EKER®, BEEMGE (' KBOK 284 A ZERT, *
ERRF T F OV F — BT #2207, *Institute of Biophysical Chemistry, Goethe-University, ‘Department of
Chemistry, Tokyo Metropolitan University, *Laboratory of Physical Chemistry, ETH Ziirich, ® 4% E 7
REER BT 22BE)

calmodulin A FIREZ HO PR TF FREFKBIO NMR @ ~0 )it H

OMNe Bt RIFE0E", A7 R, AR, 351", AR, Hans J. Vogel®, MR HE™ (" dbifgE K4
K¥Fk &R E:, “Department of Biological Science, University of Calgary, *JtiE@ k% GI-CORE
V7 b<%—GS)

NMR fEHC T 7= B P 2 30 U 7= — AR$HPUR  (scFv) DR

OGB!, 5B I E A2 B JCKITEZ®, (e sion, (B —IE? BB T JRE R ki
9 ZRMIBAE" (REA KRB AR AR FE ik () | 2REA K S K B A o, S et K 2 K2 e S ol
eGSR, R B FVRIFSRI, S BRI K2k S Bt T2 )

NMR 2 ¥ X1 3 7 A2k 5% 7 % EHREOMH

OdeHEW, 1 AL MM BEHE, AKHEZ> RBARHR KIUHE, BEAE™ 3G B
23 MR S (bR R R R ARk, CAHEE R AR AR dev A Rk ge ke, P ki kS GL-
CoREV 7 +<% —GS)

8B 2 AV U722 B "H NMR AR 7 b Loy
OSBRI, KR (IR 2SR, 208 - b RIS )



P52

P53

P54

P55

P56

P57

P58

P59

P60

P61

P62

P63

P64

P65

P66

P67

P68

FANMRICE ARV e FaFx g Ry 70527 b 7Ly FOMRPEEHE
OV FHHE—", B, 2 PET 76 HBAE (I M S Tgei, 2 4R TRk k)

JE IR K BRI O [lAR NMR @7
OEAET, H¥F LET (5F VY = v 7 k&t

FFAYV A VRET T ADMEB X OHNER X B = X L OfENT
OBk, FHREF AL, IR H4RARE KB (TR kb A T A0, 2 BRI S
i genT)

WA NMR 12 & % B KRS T A DR EMHT
O/NBTE, HHERE, KERPE (TRAZERER AT T

N BEERAEN TR IR O R ikE G - 853 MAS T <o "H-°N doubleCP I X 5 bt
ORTET MK, &A% BiGIc, ArHE " C 5 B Stk BB R A, 2 e 5 B 7e i)

WA NMR 32 W= v 7)) F 3 R EIZBT ST I 04 FRORE SR
OZAKRELRES, HIER—"2 Wik B2 ( EREHERRZer A mAlRIRset » & — | FURB Rt
e O LA IS Ve N NS e L e

PC [IfE NMR IS & % Bi BLEIRIG A X7 1OV 0 B S K 0% =il s~ o 5
OBHIRET (7 A7 7 A WEHALH WM AL PUERRZET)

CdSe =Y v 7% 4 X275 A% —DEA NMR I X 5 HEx&ibr
OBEAhL, B, Priis Iy B (o Ak S K 5 e B 52 )

CdSe 7 5 A% — {45 T A5 4 v ORI ER O
OfSBF S5, SIESh, Bl s Ty 3 (R Rk b BaARfge))

FCHGTREAR NMR I2E 5 L FF—VERHEO P HAEDEFHRE UFF — VELE O
OPNHER, BB I AT, BERGE SRR DS, ZEe ! (BRI T RSk e TR ge b
N O - A= L0 it O | R T ey N o o8 T R e O I N 2 N e T P o L e i )

1H NMR #EAIRREIC & %X X 7 b Bk B AL O i ]
OWMEH, LR, GHEE REHE ( TERERER  THUEE, *0AR T IRERH S
OB A 2 L L2ERF4E0T)

& NMR 12 X % f,-microglobulin 7 I T A FHSHED v 4K & T
OHER), SFIER, $BEHG S, e E S , KR ORBROKS: & FVEFZERT)

Xe-129 NMR Z WK ICB 1T 5 PPO ~®D Xe A5 IC &k A2 0] WL Bl S o Bl
ORI, HAEY (%R T %A% KSR

RY (y -7y IV EZOBEHROEER NMR & e 7 G M
OMEHSENE T, AR, 1 SR (R Kb T S A s 1L %)

TAUEVEE /A IFY—NVEERBEO 7T b MEEPEE £ I 5V — VORI
OMAM, IR, ARG JEINE? AT ( GriRRSB T b B L0, 2 Gk o e R
SRRFERE, * ArRR S AT AL ST S Rk

B NMR ICX AR 7% TV /5CB EAERDOIRRERS & 5o il ) 23 8) o AT
O AR, ARSI, A2 KEF L (SBT3, 2 RSk b R
WFZeRE, > SRk S0 240 Al B F SE B A

Y A- AFNRYT 21 ORI BT 2 AL I 5 PR
OB, FRIEW (4R TRRERFRE TER5ER)
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R (727 VVEE) HEAEROEMRE NMR IZ X 285 5E 6T
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OZEMETHE Y, REAI—2 KT BERES sITAAT, BPHZEE (5o p b e g k), 2 5ih T
ES T NN MRy

SR EE DS Y DNP ZhRICH- 2 5B 0mEE RN Y I 2 L— a VI X 53l
OB, RGOS, AR KBk & e
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W& NMR % B 72 Alite (3CaO - Si0,) DKL EFE DM
OGS, St (0 H 8k Stk et S piinrsein)

Bk NMRICX 2R E=peny FHIIHAET 2 KOIRESH
OfH%Z, WL, W BER, BT XS L ) —F v 5 —)

EFiAR MAS-DNP & NMR (2 X % #oo) 3= 010 5 125 0 B 3§ & b D A~ ¥ — Pk SFAlh
OB T IS, TIAE, KRR, BEEE CRIRY & RS
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OBIEIE,, PHERFE, STORF ", SR, A 7 OHERER" 353> ( FL R B G R
Tt > & — , REIRT STK Gr PERR AR TR, ° 44t R S K A B o S R S )

7 7B ORI NMR 5 fRaem o 72 ol $8 53 IR R B R O B 7
O FEE, SiFn, MEEB LRI, A2 (R TR AP Tk, *FILF 280 RSC
NMR HFZEBA 5858 )

WL 5 OHTEHAIIE O 7250 OB & NMR T ST
OBAM, JEHTF =7, 55 (HRET SRR E R e BRI Ye R, "4 SURFSE R S0k A B L
BFSERT  BOSRIRRHAIIgE L ¥ & — PR AR R G BT YE R

MATPASS %% W& B iEmo Li Bk - i AZSEh b
OTF MR+, ZBER H LR BB —IE (SRR B A S, 2 (B) JEOL RESONANCE, * 3¢
KSR ERE T 22050k

BIR DR OBILHIZ X 2 80E BT 2 HEEZIL DR NMR I & 55
OMMET, T, FHSR? s, s mmEam® Hmm CJun ks ol e b moent,
SNBSS T A, P B B Sk Ak BB R A ER)

BRI NMR %€ O =31k
O, =iEHE M Ayesha Wickramasinghe'® #3H 5!, BEW2 MR 22! IR IS AHEZS2 (R
TR RRE AGB LR s, 2B 28 NMR BFZE R 8 56F)

NMR B5E % iV 7 T 2 IREG 5 TR L7 Sk O i aF il
O TR, FRILMH (2R LERFREBE)

1H Kt & Hadamard %% 8 > 7z @ A koA Bl e

O, Jean-Paul Amoureux® (' 7V — ¥ v 28 U BEREAE, 2 — VBT K
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P85 A NMR 12 X % HEHERIE R 7 F N ORISR
ONIF ™, P18 B9, Batsaikhan Mijiddorj', 1 H—3&", PG BRI E KSR T
Zeks PRRIEE LR RF R BT A0

P86 Cross-seeding of 40- and 42-residue Alzheimer’s f-Amyloids
WHEY, O BEW, AFE2E Yoo Brian® ( a{ TH R A4 T4k, *HALEMZEAT  BEHER
Wige+t » # — , *Department of Chemistry, University of Illinois at Chicago)
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NMR and thermodynamic analyses of the antimicrobial peptide nukacin ISK-1
oDaisuke Fujinami ', Abdullah Al Mahin %, Khaled M Elsayed 2, Jun-ichi Nagao *, Takeshi
Zendo 2, Kenji Sonomoto 2 and Daisuke Kohda

1 Medical Institute of Bioregulation, Kyushu University

2 Faculty of Agriculture, Graduate School, Kyushu University

3 Department of Functional Bioscience, Fukuoka Dental College

Nukacin ISK-1 is a 27-residue antimicrobial peptide, containing two lanthionines, one
methylanthionine, and one dehydrobutyrine. The nukacin ISK-1 exerts antimicrobial activity
through binding to lipid II, an essential intermediate in cell wall biosynthesis. Here, we performed
the NMR structure determination and the thermodynamic analysis of nukacin ISK-1. Unexpectedly,
nukacin ISK-1 exists in two structural states in aqueous solution, with an interconversion rate on a
time scale of seconds. The two structures differ in the relative orientations of the two lanthionine
rings. Chemical shift perturbation induced by the titration of lipid II revealed that only one state
was capable of binding to lipid II. The thermodynamic analysis of the chemical exchange between
the two states showed that AH and AS values of the N-terminal region were both lower than those

of the C-terminal globular region, suggesting conformational change occurs non-cooperatively.
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Fig. 1. Primary structure of
nukacin ISK-1.
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Fig. 2. "H-""N HSQC spectrum of

nukacin ISK-1 at 313 K.
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Fig. 3. Cartoon representation of
nukacin ISK-1 in state A and state B.
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Fig. 10. Eyring plot of nukacin ISK-1.
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Non-invasive observation of high molecular weight biologics aided by
nitrogen-detected NMR

oYuji Tokunaga'?, Koh Takeuchi', Takuya Torizawa’, Junya Okude’, Ichio Shimada'"*

IMolecular Profiling Research Center for Drug Discovery (molprof), AIST

2Japan Biological Informatics Consortium

3Chugai Pharmaceutical Co., Ltd.

4Graduate School of Pharmaceutical Sciences, the University of Tokyo

Biologics, including monoclonal antibodies (mAbs), constitute a therapeutic modality for
various diseases. Correct tertiary structures, especially under the same conditions as the final
formulation, are required for efficacy and safety of biologics. NMR is a potential method to
analyze the structural characteristics of biologics under storage conditions. However, conventional
NMR techniques cannot deal with this task, as biologics are mostly non-deuterated
high-molecular-weight proteins and tumble slowly in highly concentrated solution stored at 4°C,
which additively accelerate the transverse relaxation rate. In this research, we introduced a
"N-detected CRINEPT experiment, which was optimized for extremely slow-tumbling biologics.
We successfully obtained 2D backbone fingerprints of an mAb under formulation and

discriminated the galactosylation variants at the sugar chain end.
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Fig. 1: *N-detected CRINEPT experiments

for a therapeutic mAb under formulation
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Structural basis for the ethanol action on G-protein—activated inwardly
rectifying potassium channel revealed by NMR spectroscopy

oYuki Toyama'?, Hanaho Kano', Yoko Mase!, Mariko Yokogawa!, Masanori Osawa! and Ichio Shimada!
1. Graduate School of Pharmaceutical Sciences, The University of Tokyo

2. Japan Biological Informatics Consortium (JBiC)

Ethanol exerts physiological effects by modulating the activities of signaling proteins, such
as ion channels. G protein-activated inwardly rectifying potassium channel (GIRK) is the
primary in vivo target of ethanol. Mutational studies of GIRK have shown that ethanol directly
binds to the cytoplasmic region, however, very little is known about the molecular mechanisms
underlying the ethanol action. Here, by utilizing solution NMR spectroscopy, we characterized
the changes in the structure and dynamics of GIRK induced by ethanol binding. We
demonstrated that ethanol binds to GIRK with the apparent dissociation constant of 1.0 M, and
that ethanol activates GIRK by shifting the conformational equilibrium of GIRK and stabilizing

the cytoplasmic ion gate in an open conformation.
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Toyama, Y., Kano, H., Mase, Y., Yokogawa, M., Osawa, M., and Shimada, I (2018) Structural basis for the
ethanol action on G-protein—activated inwardly rectifying potassium channel 1 revealed by NMR
spectroscopy. Proc Natl Acad Sci U S A. 115(15), 3858-3863.
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NMR analysis of cell-protection function of antifreeze protein utilizing nanodisc
Akira Watanabe !, Tatsuya Arai ', Hiroyuki Kumeta®, Ai Miura?, and oSakae Tsuda'*?
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A typical ice block is composed of numerous single ice crystals created in water during freezing. These
crystals grow and merge together to form an ice block, if the temperature is held below 0°C. Antifreeze
proteins (AFPs) and antifreeze glycoproteins (AFGPs) accumulate on surfaces of the embryonic ice crystals
to make them ultimately small. This function is expected to innovate new cryo-technologies applicable for
any water-containing materials, from industry to medicine. In addition, fish-derived AFPs bind to the lipid
bilayer to prolong the lifetime of cells under hypothermic condition (+4°C), a function that may be applicable
to short-term cell preservation or “cell pausing”. To clarify such unique functions of AFPs and AFGPs at a
molecular level, we determined their NMR structure with utilizing '*C/!>N heteronuclear multidimensional
NMR spectroscopy. The artificial lipid-bilayer Nanodisc (~ 9 nm) was also prepared to examine '"N-AFP-

nanodisc interaction under various solution condition with monitoring the HSQC spectral change.
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Comprehensive NMR analyses of an anti-tumor candidate with a unique molecular
mechanism of the action targeting the interaction between chemokine receptors and their
cytoplasmic regulator FROUNT
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Yuya Terashima?3, Etsuko Toda??, Kouji Matsushima®? and Hiroaki Terasawa!
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Leukocytes are recruited by chemokines from cancer tissues, resulting in the development of malignant
tumors. This study aimed at the discovery and development of anti-tumor agents targeted to the interaction
between chemokine receptors and their cytoplasmic regulator FROUNT. We have determined the three-
dimensional structure of the Chemokine Receptor-Binding Domain (CRBD) of FROUNT by NMR.
Among the anti-tumor candidate compounds that were screened for the inhibitory activity, one was covalently
bound to the hydrophobic site spatially close to the chemokine receptor-binding site of CRBD. In addition,
the bound anti-tumor candidate was replaced by a naturally existing compound in the cells, and generated a
new covalent complex of CRBD under the reducing conditions mimicking the intracellular environment.
We report our comprehensive NMR analyses to reveal the unique molecular mechanism of the action of the

anti-tumor candidate.
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Dynamic and rigid structures of HIV-1 p17 and p24 proteins
oChiaki Nishimura '
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pl7 matrix and p24 capsid proteins are sequentially produced in the infected cell by HIV-1. The
activation process of two proteins is discussed structurally and functionally. The pl17 has the flexible
structure at the C-terminal regions including helix 5 and C-terminal tail. This flexible structure enables
HIV-1 protease to cleave both proteins. On the other hand, the N-terminal end of p24 N-terminal domain
including the N-terminal beta-structures is flexible. This N-terminal structure can be also important for the
HIV-1 protease digestion and hexamer formation. Furthermore, the isomer formation at Proline 90 is
important for the cyclosphilin-A binding of p24. It is concluded that the major form in the NMR spectra is
trans-form. Minor form of cis-conformation is important to recognize the cyclophilin-A. Thus, the

structure-function relationship of the p17 and p24 proteins for the viability will be discussed.
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Dynamic structure guided optimization of ligand using forbidden coherence transfer
method

(OKoh Takeuchi!, Yumiko Mizukoshi'?, Yuji Tokunaga!, Takeshi Takizawa®, Hiroyuki Hanzawa?, and Ichio
Shimada*

' Molecular Profiling Research Center for Drug Discovery, National Institute of Advanced Industrial
Science and Technology, Tokyo, Japan

2 Japan Biological Informatics Consortium (JBIC), Tokyo, Japan

3 DaiichiSankyo RD Novare Co.Ltd, Tokyo, Japan

* Graduate School of Pharmaceutical Sciences, The University of Tokyo, Tokyo, Japan

Thermodynamic property of protein-ligand interactions is a critical factor to define its binding specificity.
Improved binding specificity can be achieved by introducing multiple spatially defined interactions to the
ligand-receptor interface. The introduction of these interactions results in restricted local dynamics and
improved surface complementarity of the ligand in the bound state. Here, we present an NMR strategy to
evaluate the local dynamics and the surface complementarity, using a single set of experiments, based on
forbidden coherence transfer (FCT). The FCT analyses successfully identified the ligand site that shows a
significant amplitude of motion and insufficient surface complementarity in the binding interface and a
substitution to the ligand significantly improved the affinity and the enthalpic contribution of the interaction.
Thus, the FCT analyses provide a useful local dynamics and structural information for the rational design of

a ligand with higher affinity and preferable thermodynamic properties.

[BH) Z oo L )y REOMEERCBT A REDm Lix, KEHESHFHE
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RERIZE kI, A FVEEOEENE - ZZRMMAEERZ XL TR, ZhEnAd—F —"F A —%
—($?) BEOVELKFEE 22 SABBECHR U7 KEE: CiE s L CEEMICTHEFEETH 5.
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Fig. 1. Schematic representation of FCT analysis.
Dynamics and surface complementarity are mainly
reflected to the slope and convergence values in FCT
build up, respectively.
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Lp38ad DMEAMNTEM L7z, £ DORR, ASTA8TIZE £ N HCRAIT, MERFICIHWNTHERN
S (0.64) R L, AST-487DCF:EEDNFE A LIEEMEZHERF L CWD Z ERB BN E o Tz,
PLEOWFIEIZ XY | FCTIEZ VT A Ro#ftEiE ot 217 5 BN - 7,

[ 3R] Mizukoshi et al, Angew Chemie, 55, 14606, (2016); Tokunaga et al, Molecules, 22, E1492,
(2017).

.
.
K
L
vay2 ,’+
A

V8 y1

;
’
’a 1931 V8 y1

04 06 0
§ (Ex-FCT)
D oo

V7l
(17 51)

0.8 0.01 002 003 0.04

(15 A%)

WT
(V7 y2)
-2.0

-4.0

kcal/mol

-6.0
B _TAS

-8.0. WT V71

Fig. 2. Dynamic structure guided optimization of
a ligand using FCT method.



L1 8 JORUNMRIZK B A2 FEIEADEIEEERIE
- ORI !
Y4771 21: BN o N2 5 e 701 7

Application of proton NMR to hardened cement paste
oKiyofumi Kurumisawa'

1Faculty of engineering, Hokkaido University

Proton NMR was applied to measure the pore structure of hardened cement pastes. As a result,
it was clarified that different signals can be obtained depending on the difference in the water

to cement ratio and the difference in the replacement ratio of blast furnace slag.
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I)Muller, A. C. A.,et.al. (2013). Use of bench-top NMR to measure the density, composition and desorption
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Applications of magnetic orientation to analysis of anisotropic interactions:
magnetically oriented microcrystal array and suspension

oRyosuke Kusumi'!, Hiroshi Kadoma', Masahisa Wada', Tsunehisa Kimura', and Kazuyuki Takeda?

1 Graduate School of Agriculture, Kyoto University

2 Graduate School of Science, Kyoto University

A magnetically oriented microcrystal array (MOMA), in which microcrystals are aligned
three-dimensionally by a frequency-modulated rotating magnetic field, has a potential to be an
alternative to a single crystal. A combination of the MOMA and the single-crystal rotation
method is a powerful tool of determination of the anisotropic interactions, ¢.g., chemical shift
tensor and quadrupolar coupling tensor, from microcrystalline powder. For further applications, we
developed a probe which enables to directly measure the solid-state NMR spectra of a magnetically

oriented microcrystal suspension (MOMS).
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Fig. 1 (a) Photo of an L-alanine MOMA and (b)
schematic of three-dimensional alignment of the
microcrystals in the MOMA®.
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Fig. 2 1*C CP spectra of L-alanine obtained for (a)
microcrystals with MAS (15 kHz), (b) microcrystals
without MAS, and (c) a MOMA without MAS?.
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"Li NMR solid state study on composition and deterioration in charge/discharge cycle
of layered lithium nickel manganese oxides

oKoji Yazawa', Mitsuharu Tabuchi®

1JEOL RESONANCE Inc.

2National Institute of Advanced Industrial Science and Technology

NMR is extremely useful tool for characterizing local structure of materials for lithium ion battery (LIB)
because it is able to observe Li ion directly. In this study, we report composition and deterioration in
charge/discharge cycle of layered lithium nickel manganese oxides synthesized under air and nitrogen by
"Li solid state NMR spectroscopy. In order to obtain high resolution 'Li spectra without spinning side band
originated from paramagnetic interaction, we used an ultra fast spinning magic angle spinning system and a
recent pulse technique, magic angle turning and phase adjusted sideband (MATPASS). 'Li MATPASS
spectra showed clear peaks originated from Li in Li layer and in transition metal layer, respectively, for the
both sample. However, the sample synthesized under air exhibited narrower linewidth indicating formation
of Ni rich and Mn rich domains, and suggesting that these domains relates to the Li rich phase. We will

report the results of after cycled samples as well in the presentation.
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Flg. 2 2D MATPASS spectrum of Fig. 1 pj-MATPASS spectra of

LiNi;;Mn;,,0 synthesized under air LiNi;;Mn,,O synthesized under (a) air
atmosphere. Isotropic spectrum
(pj-MATPASS) is obtained from summation
of ssbs after shearing. Spin echo spectrum

obtained at 70kHz MAS is also shown.

and (b) nitrogen atmosphere.
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High-resolution NMR of anion-mixed Li2S-P2SS5 electrolytes by nitrogen doping

oYasuto Noda', Nozomi Takakura!, Takuya Kimura?, Akitoshi Hayashi?, Masahiro Tatsumisago?, Kiyonori
Takegoshi!

LGraduate School of Science, Kyoto University

2(Graduate School of Engineering, Osaka Prefecture University

Recently, it was reported that nitrogen doping with Li>S-P,Ss glass and glass-ceramic solid electrolytes
enhances the chemical stability as well as the Li* conductivity.l'! However, the structure of the compounds
and the Li" conduction pathway have been unrevealed due to the difficulty of structure analysis. Thus it is
unclear how nitrogen doping contributes to the enhancements. In this study, we performed solid-state NMR
to analyze the local structure of the Li»S-P,Ss Li* electrolyte system doped with nitrogen. The *'P MAS NMR
spectra of glasses showed a new peak at 65 ppm, whose intensity linearly increased with the amount of
nitrogen dopant. Thus we conclude that the peak at 65 ppm is attributed to phosphorus binding to nitrogen,

and the nitrogen contributes to the enhancement of the chemical stability and Li* conductivity.
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Operand "Li-NMR/MRI for a laminated all-solid-state rechargeable lithium battery
oTomoyuki HAISHI !, Satoshi FUJIKI 2, Yuto MURAKAMI 3, Yasuhiko TERADA 3, Yuichi AIHARA 2
D MRTechnology, Inc., Tsukuba, Ibaraki, JAPAN, ¥ Samsung R&D Institute Japan Co. LTD
Y Applied physics, University of Tsukuba., Tsukuba, Ibaraki, JAPAN

Synopsis: A experimental method of operand "Li-NMR/MRI for aluminum-laminated rechargeable Li
batteries with acquiring a charge / discharge curve in-situ has developed. we performed NMR/MRI
measurements of an aluminum-laminated all-solid-state lithium battery in a proper orientation of the B;
excitation pulse to the sample’s lamination plane with a 200 pm sealing gap. A Charge / Discharge

operation of the Li battery was performed while in-situ NMR/MRI measurement.

#E : NMR/MRIC X 5 U F 7 A4 A BHOFHNE, 'H, "Li, BLXUOFE > NMRIFE %%
MNEDOEFERNCBIRTE S Z &0 D, BMOMIERBICARRFELR>TWVWS, ZhET
NMR/MRIGHH & B AL & OFEPEDIE T, FATIFEONEITERI Tldd 573, FEHIRIZR
EMR D Lo TV, KRR N —TIIARFRC TR TAITIx— MY Fv
L REHRENZOWNT, FERE S B2 08 5 Din-site MRIGHH| D FEFIReE2 2R U=, AlENE, A
ST BT 7 R 2R EMOEAETHIE CTh H M ET +— M, BIE L7 2FEARLIERIZ OV
TR LEUS L7228, 9.4T/54mm-NMRZEE T4 27 > RNMR/MRIGHH| %2 %6 L 7=,

NMR/MRI system and Li battery samples:

A 9.4-Tesla wide-bore NMR magnet, digital NMR/MRI console
(DTRX6/ S7D/ iPlus, MR Te, Japan), a home-built 3-axis gradient coil,
and rectangle solenoid rf coil were employed. Fig.1 shows two
orientations of the rf coil’ slot and in-parallel-to-By position (right hand
side) was used for experiments. The TX power for the B; excitation was
less than 50 W for 120 ps pulse width. The aluminum-laminated film of
110 pm was consisted by Al-foil of 30 um thickness, PET (polyethylene

terephthalate), and Nylon. Two laminate films of (28 mm)? square with

tab thickness of 200 pm and 3 mm sealing width were used to enclose a
battery stack. Measurement homogeneity for space of (20 mm)? in the ) . )
Fig.1. rf probe with gradient
coil: By is in perpendicular, or
electrolyte package. A whole battery package (500 pm thickness) with parallel to the rf slot’s plane.

laminated sample was confirmed by MRI of an all-solid-state

the lamination was (29 mm)? square with Al/Cu current collectors.

laminate, MRI, Lithium
OlFWVLEBWE, SLEEZEL, onApI L, THERLTOIZ, HWIELWYINDE



Operand NMR/MRI experiments and results:

The aluminum-laminated all-solid-state rechargeable Li
batteries (NCA/ Solid- Electrolyte/ Li-foil) were prepared
for operand NMR experiments. Fig.2 shows one of the
rechargeable Li batteries and Fig.3 is an MRI of Li-
deposition. The "Li NMR spectra in-situ (Fig.4) and the

Charge/ Discharge curve (Fig.5) were acquired with a

portable power supply of EF-7100P/ CADAS Fig.2. All-solid Li B Fig.3. Li-deposition.
(Electrofield inc, Osaka-pref.). The C/D current was set to 28 mm x 28mm  SOC 100% on Au/Cu
0.2mA, and voltage limits were set to 3.64/2.5V. For the measurement of "Li-NMR spectra followed by
MRI, pulse sequence parameters were below: TR = 50 ms, width = 120 ps, sampling rate =1 ps, deadtime
delay = 50 us, 2048 points, Tacqg = 51 sec / 14min. 2D-CSI for MR1.

e

—— Solid electrolyte
— Li foil

T F0.2
331 arge T
304 ° -— = 0.0 §
0 + wvoltage Discharge] -« curment 3
25 50 14-01 ;& 2.5 ; — . ‘ F—0.2
< 06/13 14:00 06/14 02:00 06/14 14:00 06/15 02:00

Freque, 0125 :
Queny, 15045 SR
Ytz 200 Time

Fig.3. "Li-NMR operand spectrum in C/D Fig.4. Li-signal’s amplitude change as in the C/D operation.

Discussion:
The C/D power supply and its software were optimized for C/D operations of multi-batteries, but these

were not directly synchronized with NMR/MRI pulse sequences. For the further research, all the data

should have logged in absolute time.

Conclusion:
"Li NMR/MRI of aluminum-laminated all-solid-state Li batteries during the operation of acquiring charge

/ discharge curves were successfully done at 9.4T/54mm of "Li-156MHz. There was increased rf noise as
the C/D operation, but it was not severe, and the NMR/MRI data were not degraded. The combined
acquisition of NMR spectrum and MRI indicates the battery’s state of charge and off course the C/D curve
is the most useful for the understanding of battery characteristics. We conclude that the operand NMR/MRI

measurements during the acquisition of the Charge / Discharge curves were successfully developed.

B 3R
1) 77 I x— MIREKRY F U 5 ZREMOTLIENMRA A — 0 7Yk 1B, EIRERE,

BRULECONT) FEAFEZ, BAR, HIRHE—, HSSEINMRARE TR, 2016
2) M%7 35— bLi-ion®#thDin-situt NMR/MRIBIE | FEAIE 2, PEARHR, FISHE—, F556/NMR
e THRO\ET), 2016
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Introduction to longitudinal cross-polarization magic-angle spinning NMR
without spin-locking pulses

OTakayuki Kamihara'** and K. Takegoshi

!School of Life Science and Technology, Tokyo Institute of Technology, Yokohama, Japan

*Division of Chemistry, Graduate School of Science, Kyoto University, Kyoto, Japan

INMR Science and Development Division, RIKEN SPring-8 Center, RIKEN, Yokohama, Japan

Cross polarization (CP) is a common technique to provide heteronuclear polarization transfer via dipolar
interaction in solid-state NMR. In most of CP schemes, which utilize spin-locking pulses, the polarization
transfer occurs in the transverse plane. Generally, spin locking is disturbed by some interactions such as
chemical shift anisotropy and dipolar interaction, and the locked polarization also suffers from Tlrho
relaxation. These effects sometimes lead to inefficient CP. In this work, we propose two longitudinal CP
schemes free from such degrading effects, which do not require spin-locking pulses. One CP scheme we
named “CPZ” utilizes the concept of symmetry-based recoupling, and the other scheme named “OD-CPZ”
utilizes rotational resonance (R2) extended to heteronuclear spin systems. Both employ composite pulses

with opposite phases to gain the robustness for RF inhomogeneity.

R 724k (cross polarization; CP) 1% [ 4 & 40 i BENMRIC B V) 2 A 8% [H O 43 fik
(#At) 8k, AR LR O L 5 HE R o ffE 2 S FIcHHsnTe 3,
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Mgz 7 2 4 (RF) B2 v 2gbiloomgsEz ML <ws, —fkic, 1k
ey 7 FRGESPCW FHAEEH L o EOMEICE T 2RSSO EE2ZI T
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F 27D 3MORFIEFEZHOLIE IV . 78 =7 A0 X =Y PR BOMEHEDE
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CPZ (COMPOZER with Z rotation) "%, Frikalkic 81 2 MEREILRICPEETH
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NV A Db DIz, POST-C7VIcfi# & 1 % symmetry-based recoupling/$ )L 2 %1% H
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Fig. 1. Pulse sequences of longitudinal CP
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Fig .2. Stacked experimental
plots of *C 1D OD-CPZ spectra
of U-"C-L-histidine (c)—(h). For
comparison, the spectra of (a)
Bloch decay and (b) CW-CP are
also plotted.
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Dynamic Nuclear Polarization using an ENDOR cavity in a dilution refrigerator
oAkinori Kagawa !, Makoto Negoro!?, Taisei Tsubakiyama !, Taro Kobayashi !, Masahiro Kitagawa !

1 Graduate School of Engineering Science, Osaka University

2 JST PRESTO

Recently, quantum simulations, which one quantum system mimics an another quantum system
of interest, have been implemented. Roumpous ez al. have proposed that magnetic phase transition
can be simulated by highly polarized nuclear spins and multiple-pulse sequences. In order to
realize the quantum simulation, we developed dynamic nuclear polarization (DNP) instrument
with a dilution refrigerator. The cooling power is very low at temperatures below 1K. We
constructed an ENDOR (Electron Nuclear DObule Resonance) cavity to efficiently control nuclear
and electron spins for the refrigerator. Single crystals of CaF, doped with Tm?" was used for DNP

experiments. We obtained '°F spin polarization of more than 80%.

B ZRRITRLFEDME 2 D250 T, RIS A REEIC e 5, B8, 20X RET%
RREMNTT DT ODFETHLIBSF VI a2l —2a URNERERTVWS[L], BFYIal—Y
3 O, MY LoD ESR K0 - BINERNE G OB REHWT, NIV =T 0%
B9 %, Abragam®id, DNPIZ L > TEA B Z @@tk L7212, FIHREEATE R C O WrEGHEE

(ADRF: Adiabatic Demagnetization in the rotating frame) %179 Z & CHAAHIEE ZFEBL L T\ 5
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NMR Spectra Obtained by Home-Built Spectrometer Identify the Locations of
Dopants in Semiconductors
oSusumu Sasaki 1, Masahiro Sakai, Kohsuke Tkeda?
1 Niigata University, Faculty of Engineering
2 Niigata University, Graduate of Science and Technology

Although doping in semiconductors is a useful method of controlling the electric properties, it is not
straightforward to identify the locations of the dopants: whether the dopants replace the positions of the
host atoms or they are embedded in interstitial sites. In principle, NMR can be a very powerful method to
solve these issues. However, most NMR spectrometers employ the magic-angle spinning (MAS) with an
aim of clarifying the peak frequencies of the material, which means that the other physical information is
completely lost. In contrast, by developing our own NMR spectrometers, we have clarified many physical
findings of various materials. Here, by using our spectrometer, we have succeeded in identifying the doped

sites in doped GaAs substrates.
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Investigation of new shim coil with high temperature superconducting bulk
magnet
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We are developing a cryogen-free superconducting magnet by conduction cooling in a
refrigerator that enables high-resolution NMR observation using bulk superconductors. Based on
the latest results, we confirmed that the magnetic field homogeneity of a bulk magnet can not be
corrected by symmetrical coils using conventional room temperature shim coils, and examined a

shim coil that can be effectively applied to a bulk magnet.
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Structure-function investigation of deoxyribozymes composed of
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Heme in both its ferrous and ferric states binds selectively to the 3’-terminal G-quartet of all parallel-
stranded monomeric G-quadruplex DNAs formed from inosine(I)-containing sequences, i.e., d(TAGGGTGG
GTTGGGTGIG) (18mer) and d(TAGGGTGGGTTGGGTGIGA) (18mer/A), through a m-m stacking
interaction between the porphyrin moiety of the heme and the G-quartet, to form 1:1 complexes. These
complexes exhibited enhanced peroxidase activities, compared with heme alone. These findings provide
novel insights as to the design of heme-deoxyribozymes.

Introduction Heme (Fig. 1A) is incorporated, as a prosthetic group, into various apoproteins to form a
series of hemoproteins which play vital roles in biological systems. Despite such ubiquitous occurrence of
heme in nature, no functional role in vivo has yet been attributed to heme incorporated into nucleic acids.
The RNA world hypothesis' has provided a strong stimulus for exploring new catalytic properties for nucleic
acids, and heme is most likely an ancient compound, a likely player in the postulated RNA world. In fact,
the heme-bound nucleic acids have been shown to recapitulate some catalytic functions of contemporary
hemoproteins, lending credence to heme’s link to a primordial RNA world.?> Hence, these nucleic acids
could be regarded as prototypes for redox-catalyzing ribozymes in the primordial RNA world.

In this study, we characterized the structure-function relationship of complexes between heme and
unimolecular G-quadruplex DNAs formed from inosine(I)-containing sequences, i.e., TAGGGTGGGTTG
GGTGIG) (18mer) and d(TAGGGTGGG
TTGGGTGIGA) (18mer/A). We found
that heme binds to the 3’-terminal G-

612
quartet (Fig. 1B) of G-quadruplex DNAs G 613
of 18mer and 18mer/A (Fig. 1C). We o 14
also found that peroxidase activity of the 63 Heme
heme-18mer/A complex was larger than C

that of the heme-18mer one, indicating Fig. 1. Molecular structures of heme (A) and G-quadruplex (B) and a
that the 3’-terminal A acts as an acid-base schematic representation of a complex between heme and G-

catalyst to promote the catalytic reaction quadruplex DNA formed from d(TAGGGTGGGTTGGGTGIG) (C).
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Results and Discussion  Analysis of
observed intramolecular NOEs (results not
shown) indicated that an all parallel-
stranded monomeric G-quadruplex DNA
is formed from 18mer. In the spectrum
of a carbon monoxide (CO) adduct of a
complex between heme and the G-
quadruplex DNA (see Fig. 1C), the imino
proton signals of the guanines of the 5’-
terminal G-quartet, i.e., G3, G7, G12, and
G16, were upfield-shifted by ~0.5 ppm,
and those of the guanines and inosine
sandwiched between the terminal G-
quartets, i.e., G4, G8, G13, and 117, by
~1.0 ppm, and those of the guanosines of
the 3’-terminal G-quartet, i.e., G5, G9,
G14, and G18, by ~2.5 ppm, due to the
ring current effect of the heme porphyrin
moiety (Fig. 2). These shift changes
indicated that heme binds to the 3’-
terminal G-quartet (Fig. 1C). We found
that 18mer/A shares common structure
properties with 18mer. Heme bound to
18mer or 18mer/A exhibited peroxidase
activity, and the activity of the heme-
18mer/A complex was larger than that of
the heme-18mer one (results not shown),
indicating that the 3’-terminal A of
18mer/A acts as an acid-base catalyst to

promote the catalytic reaction.

G G5 G4 G18
B,
C =
/612 6763
G4
""’I ppm “'O.Sppm — ""2.5ppm

'||4 '||2 Chemical Shift (ppm) 1|U

Fig. 2. Downfield-shifted portions of 600 MHz 'H NMR spectra of
d(TAGGGTGGGTTGGGTGIG) (18mer) (A) and a carbon monoxide
adduct of a complex prepared from 1:1 mixture of 18mer and
heme(Fe?") (B) in 90% 'H20/10% 2H.0, 100 mM KCl, 50 mM
potassium phosphate buffer at pH 6.80 and 25 °C. A shift region, ~8.20
- ~8.70 ppm, of trace B is expanded in (B’). The ~1:1 splitting of the
3’-terminal G-quartet imino proton signals in (B’) is due to the presence
of the two heme orientations differing by 180° rotation about the pseudo
(> axis with respect to the DNA.  Assignments of guanine and inosine
imino are indicated with the spectra. The upfield shift changes of the
imino proton signals observed upon the heme addition indicated the
specific stacking of heme(Fe?") onto the 3’-terminal G-quartet of the
DNA, as illustrated in Fig. 1C (see text).
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Fig. 3. Heme coordination structure in the heme-DNA complex. A
water molecule (H20) sandwiched between the heme and G-quartet
planes is coordinated to heme Fe atom and the axial H2O forms
hydrogen bonds with carbonyl oxygen atoms of the constituent guanine
bases.

In the

heme-DNA complex, a water molecule (H,O) accommodated between the heme and G-quartet planes is

The nature of an axial ligand to heme Fe atom has a profound impact on the reactivity of heme.

coordinated to heme Fe atom as an axial ligand, and then two hydrogen bonds are formed between the H,O
molecule and carbonyl oxygen atoms of the guanine bases (Fig. 3). Due to such a unique physicochemical
environment of the H,O molecule in the complex, the polarization of the H,O molecule is considerably
greater than that of an ordinary one. The electronic nature of the heme in the complex is affected by the
coordination of such a highly polarized H»O molecule to the heme Fe atom.
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Intrinsically disordered proteins (IDPs) including the proteins harboring folded domains linked by
intrinsically disordered regions (IDRs) constitute of about 50% of protein regions in mammalian cells.
Studies to find out the functions exerted explicitly by IDPs have been focused. To precisely gain the structure
and dynamics of IDPs, we have applied the ensemble structure analysis to various IDPs, in which RDC and
PRE in combination with SAXS are elaborately used. Through the research with the NMR/SAXS ensemble
structure analyses, we have shown that IDPs are not randoms coil, but they tend to populate specific
conformations while they travel across substantially large conformational spaces: the biased conformations
appear to be functionally relevant.

In the presentation, some technical details in the ensemble analyses will be described with the other NMR
techniques essentially used in exploring the conformational dynamics of IDPs to emphasize the validity of
NMR in the IDP research.

The widespread of intrinsically disordered proteins (IDPs) and the hybrid proteins that
consist of the folded domains tethered by intrinsically disordered regions (IDRs) are now
realized. The eukaryotic proteomes have a higher fraction of IDR than prokaryotic proteomes:
eukaryotes are predicted from the genomic sequence to contain IDRs in 52-67% of their
proteins while bacteria and archaea have 16-45 and 26-51 % of their proteins, respectively
[1]. IDPs/IDRs are often involved in signaling and gene regulatory networks. The advanced
regulatory networks in eukaryotes and especially in multicellular eukaryotic organisms may

rely on the explicit functions associated with IDPs/IDRs to properly function [2].
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Our group has been interested in exploring the unique functions associated with IDPs/IDRs
on various target proteins. In this work, we will describe the functional significance of
the ensemble structure of a type of hybrid proteins consisting of the folded domains with
IDRs connecting them.

Pinl, a Pro isomerase, is one of the well-characterized enzymes [3-5], which engages in a
phosphorylation-dependent signal transduction to switch the signaling flow by changing the cis/trans
conformation of Pro in the phosphorylated Ser or Thr — Pro (pS/pT-P) dipeptide motif. Pinl consists of two
domains linked by 10-residue IDR. Both of the domains recognize pS/pT-P motif with different affinity: the
enzyme domain (PPIase domain) has typically ten times lower affinity to the substrate binding domain (WW
domain) (Fig. 1). Although the sole PPlase domain retains enzymatic activity at higher than that of the full-
length Pinl, cells requite the full-length of Pinl to survive, which demonstrates the two domains linked by
the IDR cooperatively work.

Linker (IDR)
. . . PPlase domain: (ES1~E163)
To explore how these domains achieve efficient peptdy proly NGaG

~

e .]

Pro-isomerase activity in cells, we compared the
ensemble structures of Pinl and its functionally
impaired mutants based on the SAXS, RDC and PRE

data [6]. The data demonstrated that the structural Phot hor pephdsbidogdomain
property of the 10-residue IDR populates specific pSer/pTht-Pro molif specific

domain conformation ensembles that optimally Fig.1: Pinl comprising two domains with the 10-

function as isomerase, while the mutation disturbs the  jegidue IDR
ensembles reduced the activity. This work proposes
that the ensemble-structure and function relationship of Pinl, which has ever been readily grasped without

the use of extensive ensemble structure analysis using NMR.
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