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D R A s Ee A G A IR D e 7 i W2 A it I (1) = N IR (i A O 1 e A A

11:20~11:40
1L2-6 B MRBERF A NMR B X O°FIB-TOF-SIMS # H\ 727 5 4 7 v ¥ 2 ik w7 O b 240 & it

Chemical structure analysis of coal fly ash by using high-resolution solid state NMR and
FIB-TOF-SIMS

OFfGH !, &Ml Mie—" RHMEW® (5 0S4 JesBalirset, *5 B St e Bl s 4,

Sgb ks TEERFgeR))
11:40~12:00
L2-7 Solid-State NMR meets electron diffraction: Application to crystalline form determination

Tetsuo Oikawa', Manabu Okumura®, Ryosuke Kusumi?, Fumiko Kimura® Tsunehisa Kimura®, Manoj Kumar
Pandey®, O Yusuke Nishiyama® ('(JEOL ASIA Pte. Ltd., *Graduate School of Agriculture, Kyoto University,
*JEOL RESONANCE Inc. & RIKEN CLST-JEOL Collaboration Center)



12:00~13:10 && /Lunch

Invited Lecture

13:10~13:45 Chairperson: Kazuhiko Yamada

IL1 Elucidation of Chain Trajectory and Chemical Reaction of Semicrystalline Polymers by Solid-State
NMR

OToshikazu Miyoshi (Department of Polymer Science, The University of Akron, USA)
13:45~13:50 Break

13:50~14:25 Chairperson: Yoshiyuki Tanaka
IL2 Advanced NMR studies of DNA conformational polymorphs
OLukas Trantirek (Central European Institute of Technology, Brno, Czech Republic)

14:25~14:30 Break

14:30~15:05 Chairperson: Masayoshi Sakakura

IL3 Cholesterol Binding to the C99 Domain of The Amyloid Precursor Protein as a Factor that May
Promote Alzheimer’s Disease

O Charles R. Sanders (Center for Structural Biology and Department of Biochemistry, Vanderbilt
University, USA)

15:05~15:10 Break

15:10~15:45 Chairperson: Shin-ichi Tate
114 The Future of NMR in Metabolomics

ODavid S. Wishart (Departments of Biological Sciences and Computing Science. University of Alberta,
Canada)

15:45~16:00 Break

Honorary Lecture

16:00 ~16:35 Chairperson: Kaoru Nomura
HL1 Gazing NMR for Thirty Six Years

(OTakashi Iwashita ((Former) SUNTORY FOUNDATION for LIFE SCIENCES
Bioorganic Research Institute, Structure and Function Group, Division of Structural Biomolecular Science)

16:35~16:40 Break

16:40~17:15 Chairperson: Tetsuo Asakura

HL2 High Resolution Solid-State NMR Spectroscopy. Development and Application to
Structural Biochemistry
O Akira Naito (Graduate School of Engineering, Yokohama National University, Japan)

18:50~21:00 Banquet



$£3HB 11R18H(&).“Day 3 (Nov. 18, Fri)

9:00~12:00 REBT=

— BT (&35 - e~ 7]
9:10~10:30 EER : Uiy #k

9:10~9:30
L3-1 LB O MRA~OREEHZ H 3 L7z MRSE 5l 5E E OB %S
Development of quantitative measurement methods in MR for evaluation of effects of
chemicals to human brain
OfE#¥Z", wEEZ" Tin Tin Win Shwe®, =& 3047" (CEBERBEMZEHT REEEHsE L > & — WHifg -
ARy NVEHIIRFZEE, ESIBREMZCHT BB A 2 - TRt v & — R e )

9:30~9:50
L3-2 AT RIS & 2 T 080 A 8 MRT o> T1 58 3 %) 51
New Type T1 weighted imaging of main field cycle MRI with rotary magnet
O/MRER", NHETERE? (UK - el A IRL Ky 7 25 CHFFRIT. 2 BRI K5)

9:50~10:10

L3-3 WA 22 L7232 7 Ve IR 30 in-cell NMR~@DJE H
Signal Assignment Strategy with Information Science for in-cell NMR
OB E? BB, fEBA®, ARJNERS>* CEALEERT - Ed s AT A%t v % —, ST -
CREST, °JST - & &%, "BULTHERY - MR THk)

10:10~10:30
13-4 WEFEEISSERS W2 NMR ¥ 7 F Vv o 3BT
Automated analysis of NMR signals assisted by Deep Neural Networks
O/M#RE 2, IREBE—2, KM JIBERERY, BEEE CRRAY: - BABWIZERT, RS CE A -
FEEEER, P RUERS: - oAV —HULAARGRAT, MR R - BTAEER)
1 10:30~12:00 RKR4—tv>arl (FHES)
3 Poster Session I (odd numbers)

RRAE—twyoar [R5 TS 7]

12:00~13:30 B& / Lunch

F—HFA¥—tval [REHETT]
13:30~13:35 #WBEHH 1 H—

13:35~14:25 R (18 H—

13:35~14:00

SL1 u-F ¥+ A4 FZFEARD Y 7 F v BIRVE RS O B
Identification of a Conformational Equilibrium That Determines the Efficacy and
Functional Selectivity of the u-Opioid Receptor

BUBEWY, EHERY? SEdt, AEcE ! e, EEEEOR, BR SRR, AR, K
AL CEHEIFK, ATHEIERES, LIRS, Ak’ JE R, OBH—K (HRERY - REREER
WgeRE, * HARSAHRE S (JST) - & &%) (PRESTO), °*HE¥Fs83E - AISERF2E0T)

14.00~14:25

SL2 T ANT F VG RUE A SUS D PR O 720 DR RS LW T T a— 5
Integrative structural biology approach to decipher the molecular mechanism of Asn-glycosylation
ORI AR LIRS - EARD R A ERT)



14:25~15:15 FEER : #H X

14:25~14:50
SL3 ALY b7 a LB 2 W BB ROBMHFENY L £ AWM ER

Dynamic and cooperative behaviors of paramagnetic electron systems in tetra-heme cytochromes and
their biological significance

OB AEEF 1 (i RS R AR 22 iE 78R}

14:50 ~15:15
SI4 NMR Approaches to Dissect Oncogenic RAS Signaling in Biological Membranes

Zhenhao Feng, Teklab Gebregiworgis, Ki-Young Lee, Le Zheng, Mohammad Mazhab-Jafari, Mathew ]J.
Smith, Christopher B. Marshall, O Mitsu Ikura (Princess Margaret Cancer Centre and Department of
Medical Biophysics, University of Toronto, Canada)

15:15~16:15 ERK : FiR R

15:15~15:35
SL5 Wtz ~ % 2 4 N4 & Biomolecular NMR
Paramagnetic lanthanides for biomolecular NMR

ONKRZEE (FALFEgERT - vy A7 afffsE1 v % —)

15:35~15:55
SL6 ZHRARF T Y v FF—E FGFR1 DAL FAROB) I & IR RE & B =574 i P AR O fF AT

NMR analysis of dynamic feature and drug resistant mechanism of cancer mutant of tyrosine kinase

O/MENHRE, fifE4E? (REK - BE - dednfhas, 2ALk - B - JeiiizEdy)

15:55~16:15

SL7 NMR & X ¥ AT O ED B85 4 — b 7 7 ¥ — D5 T-HkE
Molecular mechanisms of autophagy revealed by collaboration of NMR and X-ray crystallography
OFHEA", fRELEY? CMAEMLEWIES - EWILFIIZERT, 2duiEE K - KREEREJen A& G R 2

Febe)

16:15~16:25 BFASDRE (HEEAN)



P1

P2 @

P3

P4

P5

P6

p7

P8

P9

P10

P11

—hixIR A5 —F&K Poster presentation [t 24U 7]

B%%ES : 1HE (2016/11/16). &FHES : 3HE (2016/11/18)
C BEFRXS—E

LB & B 5 287 MO 7= %% AL AR B R O B 76

Newly developed stable isotope labeling methods of proteins via chemical modification

OM#BE—"%, David Heidenreich', #1liik—> $iAR&E—H>!, HriF?, MEHE" BIBRKE"
(KBRS - BEAEIIZENT, RS - 55, CHRORRASH - 1/ R—2 a3 VIFZERT. N1 T
¥NHIba Y v —2 7 4 - IBICHIZERT, HEREN K - KB L)

"HARE Vg B NMREO BT &b H

Develoment and application of quantitative NMR method using coaxial NMR tube

OXA#ES, BHES BEETO— VA JR=Yartry—)

BERBINNEBANC L 27 V82 -V F v FHELER B O R M

Protein-ligand interaction analysis using adiabatic spin lock as spin saturation

ORRHME—, “FREME PR iRy - LR 7eR)
WET #:0%r L\t H il %E Flip-Back-BBWET-TOCSY #1292 T

Flip-Back-BBWET —a new method to saturate huge sugars and to observe minor components and
amide protons in foods

ORetfE—", EAMTET?, BT CHRRER - InAAl, 2Bk - 3 PURR - BT)

rENA T ZEARREE - FROUNT — 8 BUE L &4 B O FH BAE R #AT

Analyses of the interaction between the regulating factor of the chemokine receptor FROUNT and
new anti-inflammatory compounds.

R —RRY, OF A", AHBEAY, RESGLEY MRS, FEHd? mEET? REME? FRE
B (CREAR K2R AR ZE 88, B KRR B R 2R i g2 B

HSP70 MGG F AL L2825 v SOk E & #HE & O BFAT

Structural dynamics and functional relationship of the lid in the substrate binding domain of HSP70
OMEJFEHEE, WiRmsk® R, HE—2 CLERY - K%k - BSeR, LBk - zavF v
B REHFRWI 7L (ReMceD) )

RIRZNEWIE (IDR) 24 L 72BN 2 A > BIRTHAE NG X 2 R0 15 e 34 5 b o0 17 1]

Enhancement of the ligand binding ability through the transient inter-domain interaction facilitated by
intervening IDR

O ListsF!, JIdsesh!, WiRmsk® MEE—12 CLBARY - K¥k - BEmRsl, JhRkY - suxsr
B RERPLRFFEAL T (ReMceD))

FGAF =T a vRInEHWIEVF KA A4 V7 232 PKC ORE ST

Structure determination of the multi-domain protein PKC by protein ligation
OFERIL, &HHFE2 Ok, =BIEE CEARY R - Kok - BTMseR, 27— - A
FAY Uk aAth)

A F VR A L7228 O 4 H ) NMRAE & L

Automated protein structure determination using methyl groups

OFFHEF, AWETR, BEBGE, JRIBRKIE RO & E = e
NMRIZ & 2 RV 7 F Y BARE ¥ 7 OVIRNESH & D551 WAH HAE R AT

NMR analysis of the interaction between a novel sialic acid-binding lectin mutant from the C-terminal
domain of an R-type lectin and sialyllactose

O#RIG", ABFHC, FAREE? (RIS - SRR, * RN - AISEEAERTSE M)
A2 &G DNA OB RO R bt

Structural characterization of a complex between heme and G-quadruplex DNA formed from
d(GGG(TGGG)5)

OBFHEOREE, e, mEE? BEIEH® IWARRE CHMARY - KRFEBE - B H R 0508
RRTPRRARE - AP, CBARTRAE - KB - BLERRSERD



P12

P13

P14

P15

P16

P17

P18

P19

P20

P21

P22

TRAF6 O AR b > NMRf# B

NMR analysis for the dimerization mechanism of TRAF6

O LWL, #iRMEk® WHE—"° CIRBRY - Kbt - HEM5eR, JILB KRS - 7 u~F v BB
ZEPL . (ReMceD))

Pk moel-free AT & 20 FIRMEERE T ORI T A F 3 7 AfHT

A novel extended model-free analysis reveals protein dynamics under macromolecular crowding
environment.

OB PR, WRMERS MBI (R, B2 T R—n2° BCR®, 7247 <47
VLRSS RIS CEALERIZERT R AT ARgEt v 7 —, PEYLEIZET AT
TAT LA TR, BT A B R T RE RS, 3 D NS, CEALE R SRR BHE
Rleemfsebeil, AU TS HHE T4k, "CREST/JST)

NMR % V7= IR FEB IS BT 2 1l EGER & > 2% 27 B C99 oot 3 i A

NMR study of a single transmembrane protein C99 in lipid bilayers

O=EIBER", JAIESR" W' ZRMFLY, Charles R Sanders®, Eigicde’ (MM vk - Kb -
A A ERHERFZERE, 2 RN A TIZE, *Department of Biochemistry and Center for Structural Biology,
Vanderbilt University School of Medicine)

BB B OB EAEE Y 2827 '8 TraB O &%

Structural study of the DNA translocase of Streptomyces, TraB

O&WH T, EEKRZE® WiWET> kR FRIEM® ZBIEH® (7 h— - N F 2 U HfRal&
A PEASRERE BTAEMGRR, CENRSE T

B4} Pichia pastoris 8315 % T\ CH B L 72 @ M ARk e MBS > 728 7 B O NMR bt

NMR analyses of human membrane proteins produced by the yeast Pichia pastoris expression system

O EIEsE, sAREE, A, I, SRk BETHIZ RS - KEbE - AaERA7ER
ez 2 248 Mincle 12 X 2 B2 G2k B HE O NMR fi#br

NMR analysis of glycolipid recognition mechanism by innate immune receptor Mincle

OFHEL", HAMA® WIS, mifppge’ CuimaseplRss, JdumE KRRk - AakkEbe, *dui
EREFKERE - HEMERE)

BRI %X & HE (HBx) BH3AEF— 7 & Bel-x, ® NMRH HAE T

NMR analysis of the interaction between the BH3-like motif of hepatitis B virus X protein (HBx) and
BC]‘XL

Of3ef!, WMrpfez? mEfs® ARHE—* MEME° HnE® wmray (ERGSGERZEIT i -
LAVEIGERS, PR RKF B BREER I e, PO KSR Ak, ENIEYE e Y
P v 5 —, PEEB KSR LT o TRFEER )

MR BRICBT 2 B EFEKRERE HORE BTG O G ¥ v o8 7 BRI 254k 0

B PR S AT

Functional Dynamics of Deuterated f,-Adrenergic Receptor in Lipid Bilayers Revealed by
NMR Spectroscopy

OFEfEM!, FHERY? BMIED AR5 RE, TR, ARRmW, sREHR IBH—k" (R
KEF - REFBEIEERZERE, 2 HARZEATIRE S (JST) - & &%) (PRESTO))

B ODUR 2 R R IR T 2 5uik G2 OPUERS A1 X 2858 L OHE S 021t

Structural and dynamical changes of multispecific antibody G2 induced by binding of different antigens
O$f R, FIHAH?, ARERE®, B3 (kRS - AafdRamsesciEt s 5 —. P57
KEFEREERE - A BRI ge R, PR A - IS AR REER)

AFMLT I a4 F B EE/A A+ v & OMELER RN

Analysis of interaction between methylated A 42 and metal ions

B, WA W o, NER NEAT, BESEY OFAK - CEEEE - @
HE - SREWIZERT, PR BAERT SRR

NMR & SAXSIZX 5 RNAKEMES VT KA AL V& o378 Nrdl O ERNT

Structural studies of the RNA-binding multi-domain protein Nrd1 by NMR and SAXS

O/NRRERY, kALY, (ERsEA?, DRk, MlET® =B CEHk - B8, Ik - 5



P23

P24

P25

P26

P27

P28

P29

P30

P31

P32

FGFR41E1LIZE > 5 FGFR4-FGFR1 3 F—+ F X 4 ¥ M AEAEH O NMRIZ X 5 fif#r

NMR analysis of the interaction between kinase domains required for activation of

the receptor tyrosine kinase FGFR4

OM N E", WEs®, GBS, mERAE, AR, REH (s’ REGAE®, MBI
S CREA - 38, PREK - BE - 3, CREK - BE - AEAEFR)

LINE O#iiin 5% 325 LINE RNA @ 15 FE D@ W Z B 5 A H = X 2 OfFNT
Mechanism of the discrimination of a single residue difference in LINE RNAs by LINE reverse
transcriptase

OFE#E", RINEH®, AR CFRELIERY - THM, PRI IR - AT k)
RMF mRNA 5-UTRIZBWT 17REDOE RS RNAKEB LAV I YV EOMEAEHIZE 25

B

5o

Effect of a point mutation in RMF mRNA 5-UTR on RNA structure and interaction of spermidine
OEEEY, BHHN?, HHR—E>, AR, mamR" (TS - T3, *TERSERE -
AEEL S THRERE - R, YT I v T 7 — <)

Cyclin DI85z 5 I 70 2 7 R 25 TLS/FUS ¥ 87 B L IFa — PR O
HIHAEH O NMR S & 2 f#HT

NMR analysis of interaction of TLS/FUS and non-coding RNA/DNA, a key event for regulation of
CCNDI1 transcription and telomere shortening

O pEdk7- ) EW%—JI : 290° CRHwEEY, B 7]<BEIL” BEORSE EAL? (RS - o
F—HT AR SERT, %‘Bf\% I AVF—RHERFGERE, P H RS - ‘K EEBERFREE - 7 MRS
ety —)

R B - RKIRZEVE TR (IDR) ORAAAE =8 ME R & %N 2 AR OHS A REOAH BIFHT

Functional roles exerted by the low population structures in the intrinsically disordered region (IDRs)
of the co-activator protein

OffE—HR", WiRME® PIeEA", WBE— CLERSE - Kk - Bt 2RERKSE - savF
v B REFORMIZE LT (ReMceD) )

C:GIEHE 2 HARMITRER T 5 N T3 % &t = H S DNA O 1 fif bt
Structural analysis of triplex DNA containing an artificial nucleoside which selectively recognizes
the C:G base pair

OEIU%TIZ WA AL, ER° AOBH°, fEc KRR AFIEAY? (RS OV ¥ — B TR 5E
At, PHIRKFERFERE T AL F— R e, PN RS RS B 7 b

NMR Z W20 XA 7 R 3 7 2 & b R W%

NMR-based human sweat metabolomics and skin microbiome

Offrieis’, fHEmeil™?, it *® CHmBEAEME, *HHFCSRS, *Fkkeiddie)
RINEVEFIRZ A LB 7% B A4 R & 2 3L P02 o g 0]

Enhanced substrate binding through the inter-domain dynamics linked by the intrinsically disordered
region (IDR)

ON=zeth!, PiRmik®, WHE—"2 CILBKS - BEzeRt - Bo T EGHSER, LRS- 7av
F B REHCENTZELT (ReMceD))

NMRIZ X 2L MAKEBROY v 7 7 — & T AH - WBAEE O A G

NMR-based comprehensive evaluation of metabolic and physical characteristics of the diversified
aquatic resources

OBIESE', W, AR, BHF ", OhEde ™ gt >® (B CSRS, *#ihikk - £,
N R Y

FIREVEFIRDZ B VB L 5 FACT X 7 L o — 2554 O i & BE IS 2V ekt

Ultra-sensitive regulation of the nucleosome binding of FACT, a chromatin remodeling factor,
through multiple phosphorylation to its intrinsically disordered regions (IDRs)

OFAKN!, Lhpie—2 WRmsk® #HE—"2 CLRBASE - KE¥EkR - BEMEs, JRRKY - zuxF v
B RERPLRFFEHL T (ReMceD))



P33

P34

P35

P36

P37

P38

P39

P40

P41

P42

P43

P44

BSR4 BBEE - ZBMOBRNWE - MAEWROY v 77 — ¥ it
Big data analysis of metabolic and microbial profiling for characterization of habitat and phenotype in
fish diversity

OFMAR", BAKY? WEF® JHEEE" s> Cmke - £K, *#FCSRS, *4 Kk -
HArE)

BB BT 5D < ARG - BHE R DI Bl 155 BEAL

Machine learning as advanced analytical technique of complex biomolecular mixtures

Off st ™2 g5 >° (EIIFZe B 58 ABALSAR2E0T - BRI IR A g8 » & —, BT S5
KERE - R ERHEIGERE, Pl B R R - Ay R ge )

7 ukE a, BREGORRE L U EABEHO NMRIZ X 2 /@7

Determination of alpha, beta connectivity of sialo-glycans and analysis of seleno-carbohydrates using
NMR spectroscopy

O MmO, Hpist? sAGEsk® ! iz, ARmES* CHpr FEsiEs, 2ok W
T, RS HAY, R W - M R AT AT A

NMR % H v 72 5€ 5 30 He i — PN SRR 1 & AL PR e

Comparison of quantitative methods by NMR- Internal and External Calibration Methods

OR T, KEnly, REEAT, ZHIE JFET7 7 7 )Y —FHASHt 59V 2 —3 a YR SSims
BEAHTHR S R R R AT > & —)

TR ELRG B X 77T & BT RF O AH B R AT

Structure and dynamic properties of Ti-binding peptide bound to inorganic nanoparticles

ORI, MRETF=2 AT CEHRET =27 b oy ZHEEARTE, *Haiepl ke, PR TR
KR LEEWIEE

NMR% % s f#HTC & 5 f MO 2L LR

Thermal degradation analysis of edible oils by multivariate analysis of NMR

OXHEAY, s, MET, FHEE, ERSw), HEE, RS klatt UBERAOH &~
5 =)

KLEENF X F U N F 2 2 ORI

Palytoxin isolated from a marine red alga, Chondria armata

OFRFET !, BHHEZFARES, Wil ST dEz C (B > by —EarR o - A BR
e, Py MY == I R—=Ya by v — ()

VARV — & /RGBT KRG FDF A F I 7 AfRHr

Water Dynamics Analysis in Liposome/Water Dispersion

ONMMOR', LT’ FREEAS, AKREE? W (BEREREREE A E TR, 2ok
HEEER AL, PR EREARBERE L v ¥ —)

T a—ZFE GO T 7 MR ERERE < — MR OPLE

Chemical shift assignment of cellulose derivatives: Determination of the mole fractions of monomers
comprising sodium carboxymethylcellulose

ORIz, HEHRIE, KEMME, BARA, EHidh— (S/NMoEE ISHes: - £93R)

T NIRES ST O NMR 2 728 4 Ol

A variety of measurements using solution NMR of the rubber-like polymer

OEREMRFE, HKRILHA (BHETLERY - KK - TEmER

R 70 ¥ L Yo F, &R TOCSY

F,-selective TOCSY of polypropylene

O JEHER 2 (=38 bapkalatt - BZEIZERT, *HARR Y 7 Apkaatt - IR sEEs)

S F SF RS FHARD PFG-NMR #: & 35506 & %30 4E 35 X OV iR dL S o F-A

Evaluation of the translational and rotational diffusion of various low-molecular liquid by
PFG-NMR and dielectric spectroscopy.

O MR, MR’ ELME’ HEBEA®, SOREE®, @t (OB RZREAEs, 2R
REFERF B G T TR, R E B B AR, RO R AR B E v v 4 —)



P45

P46

P47

P48

P49

P50

P51

P52

P53

P54

P55

P56

BBV T =9 K GUHBA & VWD T AL T A 1 = X 4

The mechanism of glass transition temperature drop for new type ionic liquids involving Ruthenium
Offsg", ZIEKRA, FEHEAT? CREA BRI TEMseR, *Eik Mgt > & —, *Hirk Kk
PREEMRZER)

PS, PMMS WICINAE & ¢7: Xe 27 a0 =72, L, "XeNMRIZ & - CTaHili§ 2 S Ak 4e 24k

The gas transport properties characterized by *Xe NMR observations of the Xe in PS and
PMMA as a probe

OWIMHEYF, HAKAW (B LERSE - Kk - TH9eR)
EEBDOAY VY7 FOflE

Measurement of the chemical shift of the heavy metal by the spin polarization

Ofldaife, BRI, FERA. RITER (BERGRE RS - K - 15 TmseRh
EHENMRBIZBIFBAMPYOELRLEF T 5 70x 7T 7 4 — 200 L7 BlEHG 20
Hife 7.

Establishment of a Novel Evaluation Method for Analyte Signals Overlapping with Impurity Signals by
Using Chromatography in Combination with Quantitative NMR

O, dech T JORIRT !, FElGHE=" AR BRI (REERATR AT st
By — PERTAREE TR, 2 LB SR L A TR AR )

VF o AT Y DR EM IR AR E O F 7 ALEEE)

Lithium ion migration of inorganic solid electrolytes for lithium ion batteries
OFEMIEZ, ANNA, EEREE, SRR, REEE, H85E fbeidkatt)

eIk = HEARTE 2 W 2B B RAR IS X %% DA RO H AR AL

Hyperpolarization of benzoic acid with dynamic nuclear polarization using photoexcited triplet states.
OB, MR, FIRME, JLhE ORBRORF R - A8 LE02eED)

B | NMR S 8 — ¥ FORFER R 2 W72 DUARF/8F X — ¥ OPLsE ik

Determination of quadrupolar parameters using singularities in field-swept NMR patterns

O—%EH", REAYT!, IWHAE® gy (ks ksbe BEmsert (L3EHY, PBARE: &
BIFFEES A ARk R A SIEEE M)

FEANMRIZ & Z2EBRE TG ) 7 A4 o+ VAR 7 KR2 D pHZEALIZH T 5
LFF—NVEEH A - OREEZ LT

Structural analysis upon pH-change of retinal binding site in light-driven sodium ion pump rhodopsin,
KR2, by solid-state NMR

OFEHEZEH", PSR, W&’ MEMEES HhE—> W2 I (i E R R
BE - ToAF, Pl R ILERFERZ R - LEWgeR, SRR, ST - 2&5%)

PCEANMR % w27 DMPC IR ~EBAFAE FICBI A2 XTF FAVEY Z VATV D
WRAHERE 1 D IFAT
Glucagon fibril structure in the presence of DMPC lipid bilayers as studied by *C solid-state NMR

OPFHIA, JNFH, NS BEEK - B

FIrIVTLARY TR R T VIZBIF LA F VAT A boskdE

Role of cation binding site of sodium pump rhodopsin

OHZEWM 2, FHER® IISCT, 3910 MRS, Baam®, s (RS - mEamse
A, PAbdEE RS - Kb R b, PARHEE AR - KRB A AR g b

BEANMR Z 723 Fva K73 v ol EERICH T 2 S Loffsr
Temperature-dependent structural changes of middle rhodopsin as studied by solid-state NMR
O, BI%EL? HEFFHE, EHLEFE EEE®, MOmE®, FEEgER CHRET KRS - K
Be - TEARF, PHEREDN RS - BULAAE AbAE a R R, ST SRS, IR BRI EE)
FREFEANMRIZE € 3 —u F 7Y v I OSERUS BB 260 AR S O
Photo-intermediates in sensory rhodopsin II as revealed by in-situ photo-irradiation solid-state NMR

@ Lig5: 4 )llﬁ:ﬂl, AR, RIS, ZEBEMESS, DAt NS RE—2% CRGEEK -
Be L. PHESER, PRI - BEEERSE, LB - B avE)



P57

P58

P59

P60

P61

P62

P63

P64

P65

P66

P67

P68

In-situ SEHRG A NMRIC XL 52527 7Y 41 F 7Y~ DI6N £ RO S B THO L FF—
BLOY V37 B EZALOHT

Structural change of retinal and protein during photoreaction of bacteriorhodopsin D96N mutant as
revealed by in-situ photo-irradiation solid-state NMR

ORBEN', EHLEE MBS S0seK, AWM ohEEE? FmmeEe, shee’ s (i
PR RS RFBE - T2ARF, P SER RS, P IR KRR - Ay BRI e )

H, "FNMR Z W7 IRE BB 27 ~ 7 4 7Y & ¥ B OBLENT

Orientation Analysis of Amphotericin B in membrane using *H and F NMR

OWAREWY? M) ME—>", L RIEME S BB EeR", HJifs ! AR EE> Y AmEgEs? (KRR RSE
e - FREARFZERE, JST-ERATO, *JuMlRZEkebe - HaEmFsekt)

FEANMRICE 2KV e FaF s 7 uh VBT L ¥ FORIVF R 7 — Vb iFl

Multi-scale analysis of poly (hydroxyalkanoic acid) blend with solid-state NMR

OHHE—", WP, FIIRKR, PEERS LHE?, TEHEGL® (R - fEihr, 24 Tk -
AW TH )

BANMRIEC X 5F L 74 & 7 < —Ofs kg & BB PE AT

Solid-State NMR study of crystalline phase and molecular motions of Poly (ethylene-co-methacrylic
acid) Ionomers

ORNFEE, HETET, RITPEE iRy R - eass)
K (y-7 V5 3 VER) OREAENMRIC X 2 H 3k it
Characterization of Poly (y-glutamic acid) by Solid NMR
OREIFSENET-, HiFIasE, AT FRIFREET)

AFVVEDOR LR ZPFHEBERY T I FOWE LS

Structure and Physical property of semi-aromatic polyamides with various methylene length

OmH ik, KiNE, LEEHE, IERE BEEAY: - KREbe - BLTAAHE)
FREER RS F 2 Ay 7)) Y ZRZFIM L7232 A 27 a7 v O ST

Structure analysis of silica aerogel using surfactant and silane coupling agent by solid state NMR
OHTHER, KEEE EBEMEF", ZHRTAH, HEHHH? R b RS, P HT AR L
SR LEALERL)

Bk NMR 35 & O'DFTEHEIC & 5 “ K ElA R FE DO F7 0B X0 ) 7 2 ORESHT
Analysis of the state of lithium and sodium in carbon anode for secondary battery using solid state NMR
and DFT calculation

OFRMEEF, BEME"? WlEE>’, ARHE>S, BfE—>° WHEAY, Himst H@=° X
ARZS, BEAE®, A2 CRIILKERS R BARHEMZeR, >R A% ESICB, *HUG(HElA4: B,
TR LEEAHE RS ISR, CWE - MR SRR

VI v a7y VFEAOBRTHIENICEETRTOI Y7 X = 3 YL 505
Conformational Consideration of Octamethyltetrasila[2,2]cyclophanes in Solution and Solid State
O):5:i1ra LOGRET, WERT BHER? LEHEES FREE? %%‘%%—EKZ, HAET?, Hak
22 (CEEHAME G TIZERT - BRI G L Y 5 — - WERHIEEERIZEE, PR RS b - AR
- AbESY)

*H NMRIZ & % B0 = — 7 V50 F-Oh 3 X OB I 2R B) b7

Structure and dynamics of ether molecules intercalated in graphite layers studied by “H NMR

OB%BEME?, ORILFER!, FREETF, =RGEDR® KECH®, INHZE' AHM2 CRLKkE K
BE - EARRFEIZERE, CRTERRS: b - B e RSB E A (ESICB), *&IRA% KFBE - BRFHERIZE
BRI KRR - LEWIZERD

EARNMRIZ & % Nal-LiBH, K0 Li 4 4+ AARE8EREO B
Solid-State NMR reveals Li-ion transport mechanism in Nal - LiBH, solid-solution

OB, WHGE, SIS RER®, BEEE®, HEESE (GO R R B e SR
By, PR TR R LI R T4 R )

10 B AR B 3K Cs,(HSO) (H,POY IZBIF BT v EZ Y AL+ VB L A ¥ — K T-%H

Ammonium ion exchange and spin-lattice relaxation in inorganic solid acid salt Cs,(HSO,) (H,PO,)

OMEAE, nkTE7 GEEBANREIIIETT - Y ERHIEEE M)
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#1558 MAS NMR % H V72 e DAL 2R 3 fobT
Ultra-fast MAS NMR of coal

O&AFHE GirH #ifE4 - SLimih)

25 4 % MAS 7u—712 k& % *Ca NMR Off %

Ca NMR by using the cryo-coil MAS probe

O BT, k', ARG Arigss Ty CEZFZE5 55 AW g o B Fsetfs, “Ha &4t JEOL
RESONANCE, °5i#fA%: Kb w72}

BCEARNMR B X OV H BRI NMR I & 5 7 T 08I RS O W2 B3 20158

Study of super-contraction phenomenon of spider by *C solid state and H solution relaxation NMR
OHHMATE", il MABIR' (RIS T, ° () =Haotrtr s —)

70 b AZEAK PVPA /xIm (v= 2) 2B B4 37— VoiEBiEs X O ik

Mobility and local structure of imidazole in proton conductor, PVPA / xIm (x > 2)

OBH G, KIEREAHR, FHHNR, KEICHE (SRS KERE BREEITZERH)

FANMRIZE 270 b MEEME DR AR VA I 5 7 25655 ORE S IRHT

Structural Analysis of Proton Conducting Imidazolium Diphosphonate Crystals Using Solid-State NMR
OrzaR", REEM, KEEAIE® I KEICHE>? (SR T B by, PR
KEEBE EARBFAIR7ERE, ARS8 440 Bl b )

% SLYERCAL 0 T O ZZ BRI B S S S 7280 F D54 F3I 7 R

Dynamics of gas molecules in porous coordination polymers.

OHMESE, KR, FAE— (B RFRFE BT 5eR)

P B i BURL 22 O 72 HURS i NMR S & 2 AR5 65 7 > V) )V DMt

Determination of quadrupole coupling tensor by single-crystal NMR measurement using magnetically
oriented microcrystal arrays

OB, AERA, ARBRT AREAY WIE=2 RARZ AR ke (oK - B,
kx4

MR RT T VY 7 F v 2R ZAF L Y OREARNMR 3% > 72 S S T
Crystal structure analysis of syndiotactic polystyrene showing a crystal polymorphism by solid-state
NMR method

O, FKIEY (il TR TR
NMR B2 & 20 4 O e Yokt & TS 2 WA AR U T 2 7 b O S AR i A P -

A Gas Transport Properties of liquid crystalline polyester to form various conformation by NMR
method

OffiER, HARIEY (4 TKREE - T)
TPREAENMRIC & 28T F KR Y ¥ =2 H2 B X O HA O BRI 03 2 18 H ofi it

Analysis of membrane interaction of antimicrobial peptide bombinin H2 and H4 on bacterial mimetic
membrane by *'P solid-state NMR

O&HER, L, Wiks, I BHRESRSFRSBE THHF)
1.5'T/280 mm /K- 5 TR {38 /A D 723D /N B g FI ) T s 2 4 v D B3 LB

Development and application of an insertable gradient coil for a 1.5 T/280 mm horizontal bore
superconducting magnet

OFKBPNEW, AER, SFHEZ, BEBEE GUERFEEY BRI ek B - W L7 EY0)
M B BERES 2 A v OB gE & /N B AR IR~ OIS
Development of an oval gradient coil set for child bone age measurements

OERM, PELEs Elpe SFHEE CHBRRFHAY R 20t Y - W LEER,
2 (#R) HAZBLUERT BRZEBISE 7V —7)

ot LG R 8 27X e A S [ AR F 1 DA AR ST B PC A~ DM R WAL AT
Hyperpolarization transfer from continuously provided hyperpolarized *Xe to *C included in
bio-molecules on surface of solid-state materials

Ozt (" BESEFAMAS ATEHT - FHEREER A v & — - WHFHIEEF M)
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0.2 TAARBEA MRI % v 72 28 R oo 7K i 2% 511

Measurement of water transport in an outdoor tree using a 0.2 T permanent magnet MRI

OEBH?M%{ = BEMpE FHEEEZ (KRS RERE B AR BT - WL
W, PHUARE RS B R R SE R BB E )

BB 2L D in-cell NMR ZEE A BHFE D BT & 2 DIS DA

Technical improvements for advanced in-cell NMR of mammalian cells

OB RA", ARZEN? R ANEZR AT CHEACERZERT - Ay AT A%y 5 —, °
TR RS bE - BAERERE, P EACRS R - BT RE, RO - TR se R, CIST - S &
H3T)

TV =Y b—=H—=Z 727 a7 4 = TR 20 A9 2 S0 A 2 B3 % IMRIAFFE

An fMRI study for the evaluation system of analgesic agents on allodynia-specific pain using the green
laser

OFLIE#!, FacE", REGLY, FEEE? FREW CRERKFERFRE A aRHE i gest k4 a1
A=V VT, P TN — N FAE YRS 7T r = 3 vE)

MM 5 1R D PFG-NMR & #5012 X 2 RIEEICPE) K& A F v oEFE0ZE (b

The influence of water and ion dynamics in cell suspension induced by membrane lesion.

OF WME", FEEm? O SLHE°, HRBKEA®, KL’ Wit e, &EAHH°
(B R SR B A g AL, 2%?@?(?7(%[‘%#&%@1%@%?* SHUE R SE AR, R REA S R
YEY Y5 — "B LSS, (TR ZERT)

MBI BT 2 ALSB# 7 » 237 SOD1 D7 + —IV T 4 ¥ 7\ BS % By A 8 AT

Structural dynamic analysis of SOD1 in living cells

ORBNNEHR", HFARKE!, vy 5Ty yr? Hildn', BAINER CFREKFERER - THWeR - &
TLEHY, PRS- KR

BALA N L ZIZHS % Trx OMBEN T4 @ in-cell NMR #13l

Real-time observation of intracellular oxidative stress response using in-cell NMR
OB, ' ARES AR BH—R" (RaURY: - KFksE AR

NQRHEA ¥ ¥ —% ¥ 2 %25 M OB %
Development of a low impedance transceiver circuit for NQR

OXRHIEMLR, KFHERER, BAthin, REER ORBORY: - Rtk - 2E5E T2Em7ER})

BT v & 4 PRty 72 vz e bR & A @ in-cell PCS#HT
A new carbamidemethyl-linked lanthanoid chelating tag for PCS NMR spectroscopy of proteins in
living Hela cells.

ARG PR, SBIERY ERRAYE WmesgEtt Ofha—m, EIJHE.%”,'%H%%
F23 R CEHRSEE R L g R, P B2 Ze Al R A R S AL 2R ZE 22, "AMED-
CREST, ‘CREST/JST, Bl L= 52t A iy A 7 L0592t > # —, SPRESTO/JST, " 5l kS kb T 5058kl

NMR-NQR ~F k5% w72 NQRAE o i &AL

NMR-NQR double resonance technique for enhancement of NQR signals
ORFHEARER, KRHEIEHLR, S, =G, RPEI ORBORS: - K&k - 258 TmoEED

MRI % JH v 7270 W 45 4 il £~ Deep Learning D)t
The application of deep learning to pediatric bone age measurements using MRI

O®F!, FHEZ Bl (HRE - K¥ER - SO EF#I7ER)
HEALEY 7 b - A U RE B E AT 7OV E F W7 G W R e ko 5

Development of assignment method of metabolic mixtures by using structural correlation analysis with
theoretical chemical shifts and spin-spin coupling constants

O, FEIFE"?, g t>® (ol - A, “HEERSTE, *ARE - AaR)
F ==y =R RITBIN B FERIEE & I P B P I AR

Non-Linearity and non-equilibrium thermodynamical characteristics appearing in the Overhauser effect

OFHFE"?, BRI SRR, MIEHE" (RS - w5 e > 4 —, ° (#k) JEOL
RESONANCE - $Afi#)
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R T OB MBRARD 728 D ENDOR 34k 83 D B %

Development of an ENDOR resonator for dynamic nuclear polarization at very low temperature.

OWEssZ !, FINRMAE AR, eI CRBORERZRE 6 T#05eR)

MERVFH—F 27— 2 af VEHWFAFIv s I VT Y AT D%
Development of dynamic shimmin system using a cylindrical multi-circular shim coil

OWMERA", SFHEEZ, Eilpse (SR Sy gr#msest 1 - Wil L¥ER)

NMR U R L 2 BT OB R b~

Challenge to the higher magnetic field of the high temperature superconducting bulk magnet for NMR
OffFEaE", WHEERI? B A°, GHEEEZE° R 2, et (CELmigeit - TR IRE e
oy — - HA AR - TSI L= v ., *JEOL RESONANCE, ° A 4 JHEBZSHZER, ATk
SFHUT AR, WpEL - AR T AR

IR —Z IR 2 5 4+ 34 )V MAS 70— 7 OR%

Development of Broadband-Multinuclear Cryocoil MAS-NMR probe

OKEHC, FHF, A, BHE, RAREZSR, BEPGS & EHES HKE, mEEye
(" (k) JEOLRESONANCE, * (#) 7 9447 =7, *WH - FoEIFSeRetE, bRk be - BeAmisekt)
KEAIEBEFER MAS 70— 7 ORI 5%

Development of a MAS probe to prevent sample from exposure to the atmosphere

OVIFRR!, FPHZR, gyt (ks - Kb - B2 sefh)

TD-NMRIZ & LB S O 5l

Evaluation of cosmetics by TD-NMR

O Z (T — - N F A A &A)

Nafion ®7K 7 VI — WREGERE T O/ HIRED 19F D A ¥ VI E 7T 7 7 £ VIlEIC X %
By

Dispersion of Nafion in water-alcohol mixtures studied by 19F spin-lattice relaxation rate profiles
OWH®E, KkInER®, ME—8° KPmEEs Bk’ fEEfE’ CHifsesl 4 FC-Cubic, *#MH
rOLRFgeRT, * b3y HENE, FERHT)

WEPE BRI FLEE D ¥ Xe-NMRIZ & 5 ¥
Study of pore size distribution of Activated carbon using *Xe-NMR

OmHET, RIL—MR®, FHELH, PHEGD? FHEHES, FEED ER? CIUNREEREE LA,
PIUMRSEE EAC MR IERT, ° — M B AU BB PRI &%

1)

P102 & Satellite transition selective {*’Al}/'H D-HMQC experiment at very fast MAS for

P103

the determination of quadrupolar coupling constants
(ONghia Tuan Duong', Manoj Kumar Pandey"?, and Yusuke Nishiyama"? ('RIKEN CLST-JEOL
collaboration center, 2JJEOL RESONANCE Inc.)

“N/MN correlations at fast magic angle spinning (MAS) solid-state NMR to distinguish parallel
and antiparallel beta-sheet forming alanine tripeptides

Manoj Kumar Pandey"?, Jean-Paul Amoureux™*, Tetsuo Asakura® and Yusuke Nishiyama'?

('JEOL RESONANCE Inc., ‘RIKEN CLST-JEOL NMR Collaboration Center, *Shanghai Key Laboratory

of Magnetic Resonance, School of Physics and Materials Science, East China Normal University, “‘UCCS
(CNRS-8181), Lille University, "Department of Biotechnology, Tokyo University of Agriculture and
Technology)

P104 Simultaneous observation of 'H detected *C/'H and "N/1H 2D correlation solid-state NMR

P105

spectra in natural abundance at very fast MAS > 60 kHz
You-lee Hong' and Yusuke Nishiyama® (‘RIKEN Center for Life Science Technologies, JEOL Collaboration
Center, JEOL RESONANCE Inc.)

PRI FE AT W K BE 1) I % [X] 2 BRI AP e Ay A 5%

Integrative environmental profiling for a better prediction of red-tide outbreaks

OKBwEte!, WEHRR? MAMPT? SaKm:?, fFhEfedt? 35 t>° Ok - EdE, B -
CSRS. *#Kbt - L)



P106 2XIVA ODMRZHwieigg ey v v 7
Magnetic field sensing using Pulsed ODMR

OHMGHREARER, A-HRAER BINEE (R RSk T4k
P107 F 7 FAXE Y FIZX B0 TRLRRP
Establishment of selective molecular labeling system by nanodiamond

OSFHAA!, SHER"?, PR FIER CRURRE TR, i ke 5T 7R g
At
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PbSnFy Bk A 4 RBED T A F 2 U RfEHT

Off B, FRHE=
FUERR S « PER Sl AR

Dynamics study of ionic conductivity in PbSnF,
OMiwa Murakami, Yoshiyuki Morita
Office of Society-Academia Collaboration for Innovation, Kyoto University

PbSnF, has long been known to show high anionic conductivity, and various structural studies have been
done to elucidate the relationship between its structure and the conduction properties. The B-PbSnF,
crystalline form with its conductivity in the order of 10 Scm™ has been considered as a two-dimensional
super ionic conductor, in which the F ion moves in the crystallographic plane normal to the c axis. In this
work, we applied high-resolution solid-state NMR for ?°’Pb, ***Sn, and *°F to examine dynamical features
of B-PbSnF,;. NMR lineshapes and spin-lattice relaxation times (T;) were measured as a function of
temperature. The °Sn T, data was fitted using the BPP equation with the correlation time being expressed
by the Arrhenius equation. It is shown that the mechanism that governs the T, relaxation of *°Sn is the
fluctuation of the CSA interaction.

PbSNF4 11970 L » 7 v {1 A

(BRI AR S TR L, & | wwey,
TIXEA A NGV 2 R 7k il b ph % SU & ®
FERENTOEN, A A UEHO AT =X Y?\\ : /s
DIZRET % 50 BT 220, PhSnF, O BRI EE . o g{/{/

-(Sn-F-Pb-F-Pb-F-Sn)-D J@t§ & 4 ki b, &7 Ty Y
A A AR AT 2 L R BT ; goast /
VB, KRFFETIE. - OBEMORM TS DIV S i N
ZBHIZ SN T, ¥F, 1o%n. 2ph O NMR#E: : " “ﬁw
TERoTL DR ARAENE & RS R AEE % A3 5 % 35 40 45
LZEICED, BAELDEAF I AL 1000/T (146

A A ANREIEOBR B R LTz,

Fig.11214 TCHIE L 7= Ti DR E A7 &
Y, IR TOMSNOTUT0R LT & fid
ICEE S 40~-20°C TIEOF I v MOS0 oo Fs spin-lattice relaxation times (73) for B-PbSnF,.
MAENo T2, SNHRIIAREIE ZEZ H5ND 2 EnD ., ZIUTEHORE L T DFOER) 2 L
TeRERTHY . @A T AREEE B Z D FENRNITRD,

Z OREOMSN TUTIE 2 SORBFERENRE 2 bd, Ok oid, 10Sn-"F o SRR A% AR -4
HEROIELETH Y, b 20 &S0y 7 F DR GHECSA) DR L ETh 5, &Il
EENC LD A 1S (1190 | SER)OREFEEIER1),Q2) & T L= ZDREB) TE SN D

Fig. 1. Temperature dependence of the “F
(triangle), ™°Sn (square), and *Pb (circle)
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Gp = LSS +1) Jloy—0) +3J @) +6@ + 0] (1)

r

T
1 + w?1?

J(®) = (2)

T = t9exp(E, /RT) (3)
ZIZT, B ITHEHIE= RN —TH Y | 1ol TRERE R TOMBEAR/MTH 5,
Sn-F [FEEEA K0 0.2 nm & 9% & Ty OF/MEITZH 6.5s & FHE S, JIE T S 407257 85ms DY
100 fEICHHYE T %, 2 OFEFR 6 1090 F BRI 7 H VRIS X DR Fiis 135 S huiz,
CSA IZ L B2 REFEE IZLL FoR TR EN S ¥4,

Desa = Al@) . (4)

Z T, EHWRERICBT S AEIZLLTTH A
bhb,

2B2ac? (1+2)  (5)

A= 15Y1
1 I T T T I T
Ac = o7z = 5 (oxxtoyy)  (6) -400 -800 -1200
Chemical Shift/ppm
o — O
n = % 7 Fig. 2. ™Sn MAS spectrum for B-PbSnF,.
A4
The broken line is a simulated one.
lozz| = loxx| = loyyl| - 38

K@), @ TERT—H%7 4 v T 47 LIZfE5(Fig.l ®FEHY) . A=(3.35£0.05) x10" (s?), 1 =
(6.0 + 2.0) x10™ (s), E;= 27.0 £ 0.1 (kI/mol) & 72 > 7=, n=0 & ET 5 L4 B LT AfED B Ac Dkt
fE 1349 355 ppm & 72 > 7=, Fig.2 |ZB- PbSnF, ® *°Sn MAS 222 kL L ZE#TE (072 = -1360 ppm,
Gyy = -585 ppm, oxx = -635 ppm) & =7 BRI B B AL TZAc 13559-750 ppm.n :tﬁ 0.04 £ 72o 72,

ZTHELIT AciE SN D CSA N B Ty % K9 5 5E 8 THEME L TV 5% (JAc|~355ppm)
%r&%b\t%@ EEZ D, EBENRWEA O MSh O Ac 13-1100 ppm }:%méhéo B OE
TSN DfEE LTRETH Y . "9Sn OFEFEREIE CSA 21D TW B JEIRD F o B I5H) 72 E 82
LD CSA DL X Th D Eiffam L1z, Fig.2 2> LIEHHlo> CSA 7 >V Vil sy 3 EE) T L 0 F¥)b
ENTWNDZEDIRIINTVD, (Sn-F-Pb-F-Pb-F-Sn)## & 7> 5 1% Sn @ F fl %8l & 55 2 S,
SnfgL PbEICITSENTF @4 A AR AR 5 EB S 19Sn DFEFIE CSA 3@ U TR L TV
D DR E N, OF R0 P OFERN & A A AREOBIRICES L IR Tk B,
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"Li-NMR imaging for aluminum-laminated all-solid-state rechargeable lithium battery
oTomoyuki HAISHI !, Satoshi FUJIKI 2, Yuichi AIHARA 2
U MRTechnology, Inc., Tsukuba, Ibaraki, JAPAN, ? Samsung R&D Institute Japan Co. LTD

A feasibility of "Li-NMR imaging for aluminum-laminated all-solid-state rechargeable lithium batteries
has investigated. The NMR/MRI measurement of aluminum-laminated samples was believed impossible
because the aluminum-lamination around any Li batteries prevents to penetrate radio frequency waves of
ordinal NMR excitation and detection to/from a measurement 'H/’Li subject inside. However, we have
discovered that NMR/MRI measurements of the aluminum-laminated lithium objects can be performed in a
proper orientation of the By excitation pulse to the sample’s lamination plane. A 4.7-Tesla wide-bore NMR
magnet, digital NMR/MRI console, 3-axis gradient coil, and solenoid coil were employed. The TX power
for the B excitation was less than 50 W for 120 ps. Packages of working electrode (e.g., graphite, LiV,0s),
sulfide based solid-state electrolyte, Li-foil, of which sizes were (20mm)? square, and Al/Cu current

collectors, were successfully measured with 2D/3D/CSI sequences in a few minutes to several hours.

<EE>

INETYFULREMERERRT 5 H, 6L, B3XOTL1I ZE#EICEHII T 5 NMR 1L, Y
T U LEHMOFIEFRERBICB N TRELREEZ R L TE, WolEH T, 71T IR— NTH
U7-EMICB LT, NMR IS E 2SRV 25 50T NMR EEFDOLONRT VI
ZiEE LW L2 ERERE LT, NMR GHUIOHIRE & L TEBE I T IR o7, AFRIE,
T T 2 3x— MUEREIKY F 7 A REMIZOWT, NMR FHVESS NMR A A — 0 JiE%
—HRAVIZIE ] T & 2 FIER OV R Em ORI FEOHRIEAZ B E L TR 2 o7,

<NMR/MRI HBZFELTEITLITIX—FOHTCHF>

NMR FHANEFHR SAZFEZ i U7 ISR 31T 2, @RS DR ME & ZF1c k- T,
AL LTWD, TV IEIEE S 50um FRE T, b2 680E MHz O &8 S % ik 2 6870
XTI H D, VWolE D T, AT, EME Ny r—UFTHEOT AT Ix— ML, #7F
LH RPN ELSHNCHERR SN TV TH KWSRICEH Lz, NMR FHElO7=Di2, 72§ 2
KL EZRED bR 2 & TR THl 2R D> TR ZiEk< 352 & T, FRRT
VXTI x— MNEMOE RIS ShT, SERESG S @R TE D LI Lz, TMFERE LT,
v aryFAR0ES 0.5 mm~bmm, BE 20mm)%, 7V §EE 28, HEH, CFRE TRz
& TH 30mm BE O RBRIEA Z V< O2ER L, 1.5T/280mm DOABEERLA 2 HW T, 1H-NMR
A A=V T EAT o0, @AW =2 A V(H-64MHz) O & E RS %, 7437 32— hH
DBV IZx LT ATICELE L, SRS N T VI T I 32— F ORI % @i T 2EE IS
BWT, B 554D MRI FHAIS, EH OMH LA L > TERBLITE T,

laminate, MRI, Lithium
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<7Li-NMR/MRI Fi/n— R 7 = 78 X U Li ik >
TR 4.7T/89mm > NMR A8 B8 A ("Li-78.45MHz), 7 ¥ % /L NMR/MRI 43
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P¢I7%&%%wTNMRﬁEiE¢@W% SIEAESIT, LifBIC oW TITEiAIA G I
THZ LN TE, Fig3 R 7d@ Y SE+Li {5 TLi-NMR A7 ~ UL 242ppm D47 2 L
V7 MR boT, BEAD 2D Afid = o — BRI X o TEEFH L7z TeXEixZh i SE -
2.3ms, BLOLI{E : 0.6ms Tholz, NFTTUTABRIZHONWTIL, BEAE L7 SEND EEbs
NMR 15 53R T 7=, Graphite filZ dope 4172 Li IZ Wik NEX [E14% 1 Tl SNR 713 3E
WZ LWVIRPILT, TeB LN Te*28 0.5ms # KEL FTHEIDZ XD RBEITHLZ L 2R LT,

Frece78.468,230 \ SE
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I
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package_% —_— 242ppm :
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Fig.1 rf-solenoid imaging coil ~ Fig.2 Li-sample Fig.3 7Li -NMR-Spectrum of SE +Li-foil

<TLi-NMR A A =PV 7#ER . BREMRE SE+LiEOT VI T I X —

Fig.4 1X, =>OERIT VI T Ix— bﬁﬂ@&mﬂ%imfﬂﬁ_2Dmﬁbtﬁ%fkéo
MRI 53 S E O FbEd 5z 213 SE 2, AR LifEIcAbe-5BaTh 5, Fighld, Fig4
K% EHPOER LT T 2D A= a—&E4ThsH, Figbld7 LI 7 Ix— D
Li {5® CSI Wj{2(TE=0ms)%, MIP & L C2D Ef& &L L=t DTH D,

2D-projection

- "7of stack
2 3 D8 e | (@Ol

éEs of (a)&(h)
are.visualized

3D-projection

b) SE(+LiL 1 = i

OE (b) (SE+)Li

Fig.4 Stack of three aluminum-laminated samples Fig.5 SE-MRI Fig.6 "Li-MRI
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NMR study of the structures of hydrated silks and the interaction with water

OYugo Tasei', Toshifumi Hiraoki', Hironori Matsuda®, Naomi Kataoka', Takahiro Ohkubo?, Tetsuo Asakura®
! Department of Biotechnology, Tokyo University of Agriculture and Technology, Koganei, Tokyo, Japan
2 Department of Engineering, Chiba University, Chiba, Chiba, Japan

The mechanical properties of silk fibers, such as elasticity and tensile strength, change remarkably upon
hydration. However, the microscopic interaction with the fibers and water molecules is not well understood
yet on a molecular level. In this study, the structures of Bombyx mori silk cocoon fiber, silk sericin (powder
and fiber) and silk fibroin fiber in the hydrated state were determined by using *C NMR, that is,
refocused-INEPT, DD/MAS and CP/MAS NMR. Moreover, the dynamics of water molecules interacting
with the silks was studied by H solution NMR relaxation (Tyand T,) measurements in the silks-2H20
system. Using an inverse Laplace transform algorithm, we were able to identify distinct several
components in the relaxation times of 2H,0. Other hydrated silks were analyzed by using similar NMR
methods. Our measurements provide new insight relating the characteristics of the hydrated structure of
silks and water molecules which are relevant in light of current interest in the design of novel silk-based
biomaterials which are usually used in body fluids and blood.

FERNEATDWIIB 7 4 7oA LB S THRENDZ VB ThD, 87 471
A UHEHEIARHE O L E L L T HBN TV DD, BMMIREED ST moRE & &tk 2 DR Fr
SENTLBEMTH D, SHICEKIRETOBRWERBEAME, BOBER D NICKRKE BN,
FETR B IRYE & W o T BT R AR oo, HAEEREMEIE L THmd THITH 5,

—fRICEAEERM NI O RN THERT -0 KICELENTE Y, ARREIZBT /84
YR B OREECREE L TOKE DM EEROERITHEAERBEMEIE LTHRY v BE2RIAT
HIZTRAIRTHD, LNLAENRD, GAKRIEIZIE T Dkx 2EORESCK E OMAIERIZS
WTIE, BUE, 3 F LV THOICPA SN TV D LIXEWEE,
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Effects of 3 spin flip-flop for exchange rate in 2D exchange NMR
ORyutaro Ohashi!, Motohiro Mizuno'

' Graduate school of Natural Science and Technology, Kanazawa University

Abstruct

13C-13C 2D exchange NMR is generally applied for structural analysis of biomolecules, etc. In these structural
analysis, 3D structure of molecules is calculated by distance information obtained from exchange rate in 2D
exchange NMR. In this study, analytical formula was obtained in three or more *C nuclei. This formula of
exchange rates indicates that phenomena like flip-flop in three spins (“3 spin flip-flop™) enhances exchange
rates. Since 3 spin flip-flop enhances exchange rates even for long distance between two '*C nuclei, accuracy
of distances obtained by exchange rates is significantly decreased. Randomly labeled sample, such as natural
abundance sample, is useful to remove the effects of 3 spin flip-flop because such sample can be considered

summation of many kinds of two spin systems.

[FF] FEANMRZ 7z SRR R O FEBE O fFATIEE < 2 BATh TR Y | FIT2 AL DA
F oL LTeRB I RFICRER SN D FEA AW T, BRERERA BN TE D, 2.
LA FHROBRETH, RTRO L HIC2 AL U FOfphfed 5 Z & THRiZ RO L FIELRE I
TWb, ZAE L ROREIORERBEREZ FRIRFCRD A2 D FELHEEZ I TETND
D, 2AERTHLNDOME L AD & ERAVIZIRD LA 5 FEBEO R 1T 2 VARV, A4
ZECIX. DARRIEZ V2 2 IRGEASHANMRIZ K U RO H LD IRAMEEBEORE A LT 5 Z L% H
PINZHRDT I ) BEOfRNT 21T > 72,

[FBr] EHZIX, 2 AV RoaElE LT 2,3-13Cy-l-alanine, 1,2-'3Cs-l-leucine, 1,2-13C,-1-serine,
BCo-l-glycine # W\ /=, £72L A ROEE LT BCs-l-alanine, *Cs-l-valine & M\ 7z, A
5 TlE 2,3-13C)-l-alanine, '*Cs-l-alanine (2 2>W T OFERZHEINT 5,

ERNMREIEIZIE, BCs-l-valine ™A 11.7 T ('"H 500 MHz), fhoi0EHE 6.9 T ("H 295 MHz) D
5 ChotaldE N ECA500, ECA300 % FHuN =,

[EE5 : 3 spin flip-flop] NEDRFEN D725 RICxH L A Kuboetal. &REEDOFEEZITH &1 &5

RFEA, BRIDNAE R TOAHIRE L,

N 2 1 2
Kip = Kiog + 7 Siean(ky) + ki) (1)

LREND, TIT KPDBRAT 1] O2ACLOROEAD 2 A LR TOTMRAL 27T,
ZOH 2T, Fig.l ORI AU THEMIZZ Y vy 77wy PRI 0 | AZHHEE DY
2T HBBEWRT D, FRCE 1TEN NS WIERIEZOFE 2HEN AN & 22578, mibREDRFE
MTHEIHDOHDYGH & AN TR Y REBRZZWHE L 72D, £lo, TO3AE 7Y v 77
2y SRR A ) (IR, AEY) BITOBRLTHY, BERNRBbOY L— & 3R

2 IRTLAZHANMR | R FRZ g, R 1 3 7 ~ULalt

OBBIFL Vwo7ehHd, HTD LEVAH
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indirect
A transfer  Sp

REATHTET ZENTEXDHHLETH D J, T l
A2 2 A EE 3 AT Y S, S, 4
v 771y T RSB TINANT 5 2k Fig. 1: Model of 3 spin flip-flop.
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FEE— T RENE AL EN TN 728, A8 — 7 38 O bh SRS O E O PREE S 2 5] % H
FTEFREEE D EREZILND,

[ B¢ MR O it ] ARFZE ik, KIRTFEAELE OB CDARRIEST R T FID % MBI &
JC). 'Hdecoupling FT? FID Z EAHZBLN2 Kkot) & 3 220K tllliE ZATV, tHRILD A7 kL
RN 5 2 & TDARRMHT F TOBC-HO MG FFH AAEHA DO K& & L DARRIBE FTH =
B — A AR A KD T, F72BCO R Y — KRR & RRIE(EHL OB TR D 7=,
WIZ T ~LEkE & RERIFIEL A KIRIET T 1 1 9 TIRA LER AL S 8723 0BHT 6 LDARRE Z
RN BC-BCRIFERZ 2R ST AZHANMRANE 217V, H7e DRI BT 5 272 e — 7 M 25K
7o JEITRDIZBC-HO BB FHEAEFA DR & Z & A — A B UFEFIERH, A & — R
MNOARAEY— 7 REAFE L, Ell L 45 2 & TR ON)NA (b)
S 1 R 2 AT L7, A
[FEREEER] LEROFECLY, TIT=20DAFVHEE
ﬁwT%/%wAﬁﬁ®@%t~7%ﬁ%ﬁﬁbtﬁ%
7‘)) Flg 2(3) T%éo Z&ﬁ/ j:;%{’ﬁl i%‘?{ %%%%ﬁﬂo 0 002 004 006 008 0.1 4 0 0.02 0.04
B XS5z, RFEMEERED 3 ADFHE #%i@%@%é Fi ;ﬁﬁ“t d“ﬁ?“
. . 1. 1XIng tme depenaences
B, 2AMNB 2. TAFTIREEAEER ST,

IZE A B ROEE O LLEL O 72 DI [RIEE O AT 2 A
FNFE AT U REE TV LT 2 AV RiBHI R L TIT
o7& 2 A, Fig.2(b) DX I RERNGONT, 74 v T
A TIETFECE DO TH DD, REMBEENISAD LS ITRBA>TWDH LR L, #HE
FERNERORTORE LRI D HEEEAS1.43A, FHEISEHEN1.64A LT o7, BEHIR b RZEE —
NS HDBEHAESE D2 A EBCT L LIEZLDOTIEH DL, 20X HIC2 A RAET
130. 1 AFREE OE W T HRIRAERICRKE BV Tz, 70, Rl s L7oFER b HZEOM S
EATVME D 7=,

[ #

UEDXHiz, 2R ZR ENS 1 AV VA LT CTHOHBORBENE LEI D &N
RENT, AVUREZ D E()ROFE 2O R, LOEENEI R ENEZILND,
HIE A O/ LTV R, 2 A ROBRE CITFH R RV EHICOS U TEbT 522525 &,
2AEVRREIOEE D THHRIRED T & LT~V R E M FEREOMATIZHE LT b &
BEZOND, SHIZTYVROREE, 13 CO¥—E, AP HEEE R ~DIEA2 2B x5 L
S NEMEW & W 9 EIANMR O K D55 & 5afilk TEAUE, RIAF(ELL OB i b FRFE M IR
BEDFATICHE L TWA EWR DTS,
References 1. A. Kubo, et al., J. Chem. Soc., Faraday Trans. 1, 84, 3713 (1988).

2. J. Jeener, B. H. Meier, P. Bachmann, and R. R. Ernst, J. Chem. Phys, 71. 4546 (1979).
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Effective high field solid-state DNP techniques as analyzed by fast quantitative calculation
OJun Fukazawa!, Toshimichi Fujiwara', and Yoh Matsuki!

!Institute for Protein Research, Osaka University, Osaka, Japan.

It is time-consuming to simulate the build-up of the nuclear magnetization by exact numerical
calculation of spin states in high-field DNP under magic-angle spinning. The elemental processes consist of
saturation of electron spin polarization, electron-nuclear polarization transfer via cross-effect DNP and
electron spin-spin exchange. Here, we have developed an efficient program code for obtaining the same
results by exactly calculating only the critical events under the electron spin relaxation. We calculated the
build-up by the DNP for biradical molecule TOTAPOL, AMUPOL, and TEMTriPol-1 in several situations
such as submillimeter-wave double-resonance experiments dependent on the irradiation frequency. We
studied optimal conditions for irradiation frequency, irradiation power, biradical molecule, pulse sequence

and etc. by using the program code.

[)¥]

FAJEZ S0 M:  (Dynamic Nuclear Polarization, DNP) %, 1A OOMEZAE ANIBET 2
EIZ X WNMROJESE 2 1) E S B2 5T CTh 5, BERAIZIXHIZ W T K66014% DRZRAL O 1K
NI CTE, NMROFEITEES) 2 KiEiIcm L5, Lo LERMICIE, FoEsEo~y v s
AREHEHE (MAS) SFICBWT, 2O XL I ICKE RERALIE R %155 DIZNEETH 5, DNPL)
RKam EIE57200ERENE UL, RBHEEIIKTFEL T, AEUANIN =T 2005
WREMEY 1R, ESRY 7 2 VKB L UNMR T VA O S E 5k, 8, LA —7 TR
EEREALT D2 EMEZOND, FOMREEBEARNMRO - O EMSEDNPIX, @7 IV
SOMMEIR T el EHER 2 AW D 722 EEBR EO#E L 72 P72, DNPRIERM ED7-0 Dk
HLIEES TldZzv, £2C, EREOHIFIZZITRWT, ZTNHER T A — 2055 KEt
THDIT, WEHREEY I 2 b—a EERRE LT,

MASZA: D EREDNPY 2 = L—3 3 > T, Gﬁ#%&’bkéﬁﬁﬁﬂﬁﬁﬁﬁﬁx
EUMEAERZH D 7o, msmIrEla - T b IR B C O B 72 R85 1T R 70 BHRLRF L 72
A1, ZhERRT H7-012, BEXEMHzZHELL EO A A AERIC L 0 ISR HRTAED
2 SR IR REER O 2 2 EREICFHE L, SRBHEEOEf 72 ERFFMOFERZHEL L TEE LT
FHEMRE N L&, SRFHAITZDOEZIHE ST 0 ST AEA, K& R4 R CDNP
NENED L HITEDDLNENI VI 2 —2 a3 ETo72, HFICIZTOTAPOLS DO BT 20
NERBEL, REDRNEERNE L DB EE Ty Ial—ra v &iTolk, EnlcZim
FEEAER L BT D EMmE LT,

Dynamic Nuclear Polarization, DNPZhH, I =2l — 3 v

O5LMNIPbLph, SLbLELAL, £HOXLD
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DNPIZH5 1T DD I h B\ i A — = —2h R, EIR R, %2
ZINREN D D0, EREEIADNP Tl =B N T EI A2 H[2], T DAL
FERHRLIDBE DAL L DT RILXF—ENEAE DT X)X — (5%
L o leBRIT REDRSEME) , EFOT7 Y v 7 T7my 7l &bl
AEUFHEPEZ DR TH D, ZNTBAE U ROBLTH LD
IEREZR B AT 9 72012138 X 81T8ID NIV h = 7/%%/ﬂ27/
TR MR D D0, ZHUIEZ L O EET 5, 22T, #HEO
H{bD=0I, BET D EENZET DR+ DRIV, BAY
VDB~ N RH,, BV T XV S Hey, T RDRR 1A AR
kxﬁ7—ME¢%k;U-%w#mﬁ@EMm%L £ % Hpiple (B
F2-BF1-#%), Hpg (EF1-ET2ITHKY, 7 Hyipe TIXEF2 LD
_iﬁﬁﬁﬁﬁﬁi&wtbtoiﬁ%ﬁﬁﬁ iéEuWL%ix#
NREMEDRRNLT DR BT 5 EDABETH L LTEE@&#
AT oT0, ZORIZ X DEBHRITASL A OBmImEE KT L, &1
N EDIFERRITK S 20 E L, MASIEZ O %2 —FEFHHE L0 K
LHWe, =3 X =225l T 2 REF OZ AT~ 2w 7 A0 HEER

Y

Fig.1. (a) TOTAPOL,
(b) AMUPOL, and (c)
TEMTriPol-1 with
electron and 'H spins.

FEE2°FAY & LTz, ETo 0 H— 32— R O ZE MR A& - AU IZEdén 5 DZCW3[3,4] % HV T2,
T8 1216.45T (700MHz for 'H) & 9.4T (400MHz for 'H), fhféxf %13 H, MASH#EE|X7kHz, £

< ¥ 71 VIFTOTAPOL, AMUPOL, TEMTriPol-1 (Fig.1) & L 7=,

[RER - B

INEHWTHE LZZDNPIRE e v h LT
K %Fig2llRd, ZDY I 2 b—3 g s
LY 7 XU ER SR D LT oK 2 72708 HDNPR)
Rrray NTHEBRICHYT 5, ZORITHEE
80kHZzR S %2.14s[{T > 7= & & ODDNPEIHRTH 5,
TEMTriPol-1D N U F /L Z VA NE=raFx L7 -20-
CHNEVgT Y VRGNS, T3 40
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Fig.2. DNP enhancement profile for

B OFEBHRERSNC LSBTV D, TEMTriPol-1 and TOTAPOL, after a
YR ﬁ{:{gﬂg}ﬁ%/\"/yz /= s L build-up time of 15k times the MAS

D BWDNPTEIZOWTDEEEL Y I 2L —v g
DBENBITH,
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Hyperpolarized '*Xe Aided 2D-NMR Study of Carbon Nanotube Pore Analysis
OHideaki Fujiwara, Atsuomi Kimura', Hirohiko Imai’ , Jin Miyawakl , Seong-Ho Yoon™*, Motoi Ikeda’,
Hyun-Sig Kil', Keiko Ideta’, Koji Saito’, Koji Kanehashi®
" Graduate School of Medicine, Osaka University, ? Center for the Promotion of Interdisciplinary
Education and Research, Kyoto University, ° Institute for Materials Chemistry and Engineering, Kyushu
University, * Interdisciplinary Graduate School of Engineering Sciences, Kyushu University, > R&D Bureau,
Nippon Steel & Sumitomo Metal Corporation, ° Advanced Technology Research Labo., Nippon Steel &
Sumitomo Metal Corporation

Hyperpolarized '*Xe NMR/MRI, which has now grown as a candidate for advanced diagnostic tool in
basic and clinical medicine, is applied to perform pore analysis of carbon nanotube in the present study.
129X e spectral pattern observed in one- and two-dimension for a single wall carbon nanotube (SWCNT) is
not a simple one that has been observed with a typical adsorption agent such as zeolites. Capillarity that is

induced after aggregation of SWCNT is considered to be responsible for the complicated phenomena.

129%e NMR (2 & 5 F /7 T OMFLARNTIZ < 1990 #LLRITA D Fraissard & Tto 52K VW ELY B
Hiv, BT A NMEOTEMEIA~DISHOENBNT ' VMR IEOFHEII LT 7 Mo ket
Zil U CHIFLER I & OME/ERZH L LT 51E000 T <. NUR R OBhRE OB A3 Hi sk
5L THD,E TR AR X DR DOZAL AR, Bl E) OBIEER0 2 IRI A2 NMR (2D-EXSY)
DOHEHABFENTH D, LU, T HERREE ORI E T, 99V ME ST OBIZEN B & 72 0 | Xe NVR
D ERSEAL DB S AR NEO B & 72 D, AWFRTIEFE 2 BAERFZEO MRI BIEZDOT-DIZ
BA%E L C & 7o BIREEIC X 2 mERE L 22 2, - BEMITICEHE T2 2 L 2lAiz, B ki
7= > 7 )LiL Carbon Nanotube (CNT) CTdH 25, 4¥iT / 1 —AR 8 eDIPS GHIFLES 2. Onm) % ZAL
PR LRI A BHFL L 72 Single-Wall CNT (SWONT) (22T, 10 mgffE & 10 ¢ iBHE I AFL, AR R
Xe WA %ZF v 7 U —%il L CEEEIITHUEME KD HIRE AL NMR Z2J7E L7z, *Xe OfmARIZR
%Wﬁﬁxﬁéﬂﬁj‘m Xe H AT 10%DEHZZFEA L, 110°CT 90W @ 795nm L —H—HIc L W iT-7,

PO EMEIL 2 - 3nm TH 5 7= DGR 10%FEE TH D,
129%e NMR DI E1E. Agilent INOVA40OWA NMR %E{E T1T - 72 (2Xe DB JE 1T 110. 5 MHz)
HiR (20 C) O XeA7 MUIFKIOMEY Th Y (FEH 1632[]) . 40-50 ppmfFiric 7 v — R72
WA E— 7 BB IS, ZOE— 7 FBRILEERTORE CIIBE SN RN b, Fa—T
I LT=XellIRE TE 5, ZM40-50 ppm?D 7 17— R7ZpE 5%, KD - 30 ‘CTiE, 100 ppm

MEmxt /v, 1—HRrF ) Fa—7, PXe2D-EXSY
OS5 ULbbUOThE, b boBA, WEWVWOADD, HAbLbE LA, DATAUIE, WTTED
LW, EA50 AL, WTHITWZ, SnEHZ2950, »lkLzH L
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Fig. 1. PXe Spectrum adsorbed in SWCNT
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Fig. 3. 2D-EXSY PXe spectra adsorbed in
SWCNT at room temperature.

References

1. J. Fraissard and T. Ito, Zeolites, 8, 350 (1988). 2. A.
Kimura, H. Imai, and H. Fujiwara, Continuous Flow and
Dissolved Phase '*’Xe NMR/MRI for Quantification in
Preclinical Study as well as Materials Science, in: T.
Meersmann and E. Brunner, eds., Hyperpolarized
Xenon-129 Magnetic Resonance, Royal Society of
Chemistry, Cambridge, UK, Chap.17, pp.301-316 (2015).

3. H. Imai, A. Kimura, and H. Fujiwara, Development

100 90 80 70 60 50 40 30 20 10 O -20

Fig. 4. Xe Spectrum adsorbed in SWCNT

eDIPS_2.0nm at room temperature. ct=48.

and Application of Mouse Imaging Using Hyperpolarized Xenon, in: M. Albert, ed., Hyperpolarized and Inert
Gas MRI in Research and Medicine , Elsevier, San Diego, CA, Chap. 8, in press (2017).




L1-7

SRELAOC—NMROBK LG

OFAKE ', Erik Walinda ?, PE%5H 1, Ulrich Scheler °, (LA ¢,
EIEZ Y, A

PRERS RSB TRHRIER, 2 R R SRR RS TER,

¥ Leibniz Institute of Polymer Research Dresden,

FINT = - N F A RS

Highly Sensitive Rheo-NMR Spectroscopy For Proteins

ODaichi Morimoto !, Erik Walinda >, Mayu Nishizawa®', Ulrich Scheler °, Akihiko Yamamoto*,
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The interior of cells is an extremely dense and crowded environment. The concentration of macromolecular
components in cells is quite high, approximately 50-400 mg/ml; in addition, some of them are supposed to
move unidirectionally by cytoplasmic streaming. Therefore, intracellular proteins may be aligned along the
cytoplasmic flow direction and/or may undergo mechanical stress to induce their deformation. To
investigate an effect of unidirectional force on proteins, we have designed a simple rheo-NMR instrument
that can be applied for an NMR spectrometer equipped with a cryoprobe. Using this novel instrument, we
have observed not only a shear-dependent molecular alignment, but also fibril formation of amyloid-prone
proteins. The sensitivity in our rheo-NMR instrument with a cryoprobe is much higher compared to other
reported rheo-NMR instruments, which contributes to further rheological studies of proteins.
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Figure 2. Geometry of the NMR tube used in this study.
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Figure 3. RDC values of sheared ubiquitin.
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Identification of the species of molecules and counting the number of molecules
synthesized in an Escherichia coli cell by quantitative solid-state NMR
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The quantitative analysis of the biological systems in a living cell is essential to understanding lives.
However, there are few methods for obtaining the quantitative data in living systems. Here, by developing a
quantitative in-cell solid state NMR method, we identified the species of molecules and counted the number
of the molecules synthesized during the ubiquitin overexpression in an intact Escherichia coli cell. The
species were clarified by the high-resolution 2D DARR '3C-'3C spectra of the intact cells. The numbers were
estimated from the comparison of the integral signal intensities between the spectrum of ubiquitin
overexpressed cells and that of mock overexpressed cells. 1D and 2D '3C and >N spectra of the samples at
the different incubation time after the induction clarified the time-dependent synthesis of the molecules.

Moreover, secondary structure of ubiquitin inside the cells was compared to that of purified ubiquitin.
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Figure. 1. Quantitative 1D *C spectra of (a) Ubq-cell and

Mock-cell, (b) the difference and the purified ubiquitin.
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Figure. 2. 2D DARR BC-13C spectra of (a) Ubg-cell and
(b) Mock-cell.

Ratio 13C labeling ratio
Purified ubiquitin 3.48 100%
Proteins in ubg-cells 3.14+0.40 82.2+6.1%
Proteins in mock-cells | 2.26+0.90 48+15%

Table. 1. The ratio of the integral intensities of cross peaks

against the diagonal peaks and 3C labeling ratio of

proteins
Hexose / Pentose (mol/mol)
Ubg-cells 2.53+0.71
Mock-cells 1.40+0.25

Table. 2. The ratio of hexose against pentose calculated
from the hemiacetal region of 2D *C-13C DARR spectra.



‘ Ubiquitin ’ Other proteins ‘ Lipids ‘ Hexose ‘ Pentose
Number (<107) | 1.02£0.04 | 1421 | 1.680.11 | 250£0.11 | 1.00+0.04

Table. 3. The number of synthesized molecules in a cell during the ubiquitin overexpression

Proteins Lipids Glycogen Peptidoglycan
‘ | ‘ (monomer unit) | (monomer unit)
Number (<109 | 0.20240.021 | 1.03£0.41 | 280460 | 2.69+0.55
Table. 4. The number of synthesized insoluble molecules in a cell during the ubiquitin overexpression
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Supramolecular structure and stereoselective enzymatic reaction of wood biomass, and
in-cell NMR of nucleic acids

Yudai Yamaoki'*? , Kazuma Nagatal’z, Ayaka Kiyoishi1’2, Hiroshi Nishimura™™”, Fumi Kanoé, Masayuki
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Three major components of wood biomass are cellulose, hemicellulose and lignin. We examined the
supramolecular structure of wood biomass, lignin-carbohydrate complex (LCC), on the basis of solid J
connectivities, and reported the benzyl ether linkage of LCC last year. This year we report the benzyl ester
linkage of LCC in natural wood biomass for the first time. Six enzymes were identified in marine
Novosphingobium MBESO04 strain for the degradation of four different kinds of stereoisomers on the f-O-4
linkage of lignin. Stereoselective reactions by identified enzymes were successfully monitored in real-time

by NMR. We also report the in-cell NMR spectra of nucleic acids in human cells for the first time.
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Fig. 2. Real-time monitoring of the stereoselective enzymatic reaction. Time-course of the cleavage of
the f-O-4 linkage of MPHPV by glutathione S-transferase 4 (GST4) with glutathione (GSH) to produce
GS-GHP. Selective production of B(R) GS-GHP was reveled from the chemical shift values of methylene

protons of a Cys residue.

3. BEEDEMAREIZE T BDin—cell NMRL Y+ )L DE B

AT B RS KON 4 SRS 2 T D DNAZ HeLafllid B A L, & MR 2 Bifg i sk
DONMR > 7V Z B4 5 3208 TRk L7=(Fig. 3), RBRE ICB T DR D Y 7))L & DLk
WZDOWNWTELET D,

2 M 12 10

H [ppm]

Fig. 3. In-cell NMR spectra of nucleic
acids in human cells. Hairpin DNA
(left) and quadruplex DNA (right).
Lower, in vitro; upper, in-cell.

15 14, 13
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(1) Okamura, H., Nishimura, H., Nagata, T., Kigawa, T., Watanabe, T., and Katahira, M. (2016) Accurate

and molecular-size-tolerant NMR quantitation of diverse components in solution. Sci. Rep.6, 21742.
(2) Ohta, Y., Nishi, S., Hasegawa, R., and Hatada, Y. (2015) Combination of six enzymes of a marine
Novosphingobium converts the stereoisomers of f-O-4 lignin model dimers into the respective

" monomers. Sci. Rep. 5, 15105. ’
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The trimeric solution structure of a core fucose-specific lectin and its recognition of
oligosaccharide

OKazuhiko Yamasaki®, Tomoko Yamasaki®, Hiroki Shimizu?, Izuru Nagashima?, Akira Shimizu®,
Yasunori Chiba®, and Hiroaki Tateno®

'Biomedical Research Institute, “Bioproduction Research Institute, and Biotechnology Research Institute for
Drug Discovery, National Institute of Advanced Industrial Science and Technology (AIST), Tsukuba, Japan.

Because a1-6 fucosylation (core fucosylaiton) of a tumor marker protein, a-fetoprotein, is closely related
to hepatocelluar carcinomas, a lection specific to core fucose enables precise diagnosis of such cancer cells.
Here we report a solution structure of a core fucose-specific lectin, PhoSL, from a mushroom Pholiota
squarrosa. This protein consists of only 40 amino acid residues and, therefore, we initially expected to be
able to determine the structure by solution NMR easily. However, we could not obtain a monomeric
structure that satisfies all the NOE distance constraints. Gel filtration assay, chemical cross-linking, and
mass spectrometry were, thus, performed, which clearly indicated that PhoSL forms a trimeric state.
Structure calculation for a symmetric trimer revealed a structure that satisfies the distance constraints,
showing a B-prism motif. Now we are analyzing the interaction between PhoSL and a core fucose
disaccharide, fucose (al1-6) GIcNAc, by NMR in order to understand the mechanism of recognition.

[FEiw] Wiz o I BED 7 a v ki, RIESCH AALZe EIAOMRAE & R < BIET 2 Uk 1)
FelZ, MR DEEE~ — 1 —Tod % a-fetoprotein (AFP) (%, BHENFRCHFMZA 7 ECHR S
L3, al-6 fiG 7 a—2A (ary7a—2R) EMizE-> AFP (X, Il Alciisd TRETH 5

(XK 2) o L7edo T, ar7a—RIHad 2 b7 F Uik, EMREEZHY —L e LTo
SRR S D, AX X7 Pholiota squarrosa ORI NTZHH a7 7 a— AL 7 F
PhoSL (Pholiota squarrosa lection) (%, BEFIO 7 a—AfEG L7 F L L8 AR a7 7a—ADH
ICRFRAICREER L, al-2 fiA. al-3 fA. al4 G 7 a—R 7 EIiEfa Ly Gk 3), 7
IR A0 I LR THELIW D ALFERIC K > Tl TE 2, L7eno T, ERKROT I /8
DBAREINZEY | #EEORIERRFRIEDOWZE - JRiER E . By — VORI AEZ RS T 5, K
WETIZ, T XD RT VA L ODDOHMEE L AR L L, NMR 2 K D ARG fEAT & Bl 8RR
AR DRI AT D

(7] PhoSLOFEIL, U A2 L_TF RERL (BEX) (2XD, T-7, 0.3mMO#E (HR
#5) . 20 mM dqyg-Tris (7.5) (ISOTEC) . 1 mM djg-dithiothreitol (ISOTEC) ¥k IZ ¥ fi# L. Avance
111 HD 9004y ¥+ (Bruker) # fV>, 308 KT, NOESY, TOCSY. DQF-COSY. 'H-*cC HSQC®2D

RS, RS, Lo T

ORESEINTOI, REISTLLI, LATOAE, BABLENT D, LATHEH,
HIERTDOH, ZTOOAsHE



NMR?EIJHKE???::O A PR Fflix '35?2 .IT. Fig. 1: Trimeric state of
IZ& D, HEEEFHEIL CNS verl3 12 L W iTo oy PhoSL as revealed by
7o —EROFHFEIZIX. non-crystallographic chemical cross-linking and
symmetry & L7-, ZL A ERIL, 201 s SDS-PAGE. Molecular
Superdex 75 (GE) (2L D, 17272, 4 50 MM 14.3 s B trimer masses for the three bands
@ 1-ethyl-3-(3-dimethyl-aminopropyl)carbo- are determined by mass
diimide (EDC. Peptide Institute) * X O spectrometry.
N-hydroxysuccinimide (NHS, Wako) D{F7E
T T, =R 1 RH ORGSR E T o 72
%, SDS-PAGE (2 L W i L7z, Bt N>
FoEEIT, BN Axima TOF
(Shimadzu)lZ KLV | RE LI, =7 73—
A 2 B fucose (al-6) GIcNAc X, LA ¢

2k, FHEL, PhoSL & Y ERA%. E 33—’ -
7R 2D NMR & %47 - 7=, - %;A‘

[fRE LOER]NH), LoD, Fig. 2: The trimeric solution structure of PhoSL,
NMRZ i\ 2 SEARREIRE LA S TD & possessing a three-fold rotational symmetry (left). Trp
LTSN, AT P ROV T TV residues forming the structural core near the
JBORER, B — M EEAMEL S5 symmetry axis are shown in stick. The crystal
DT =4y MRS, BEAEZEEL  syructure of a mannose-specific lection (PDB 1D:
TAT S TSR TIE, FORSRMEZ 3T 1MSA,; ref. 4) showing a pseudo three-fold symmetry,
M- TbOIEIENRNoT-, ZEMBIZE  which also has three Trp residues forming the core
DEREMEZE % | 7V A ECAL R LE4E (right). MMA stands for o1-methylmannose.
HEOHIC X D, PhoSLIZ = Bk & k9

LHZEBRALNCRoT. (K1) o 7=y bR HTHLZ LD, MFMEEL O =ERKE
E L TRER R Z T2 2A, R2ED L7 B A NT  ROswapa £ 95 &, A
ZiT b0l LTELNL, Zhud, B7 Y XLaoMETF—7ICoESs0N, Z0kH 7%k
MiEIIthor s FoThonsg (K24) . mFiEYGalanthus nivalisti kD~ >/ — A FEELHY

V7 F AR, A3 EHEEZ S (3Cik4) o PhoSLERI UL, Trpic K5 a7 x b2 ED
@b H Y . EERBE G EE SN D,

HAE, BESHGRARSAE MR, PhoSLE 27 7 33— X 25D A7 MU 2D TR Y |
ARFERIZBDTHRE L7z,

[#EE] AWF9EIX. PERRFLeading Engine program for Accelerating Drug discovery (LEAD) 7' 12 ¥ =
7 NOFREE LTz, £72. Avance Il HD 90053 it o FIHIZ &7z - T, FEHFNMRIEFE -
SAERA I EE (RIE S ARRE) DR AT,
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1) Miyoshi, E., Moriwaki, K., and Nakagawa, T. J. Biochem. 143, 725-729, 2008.

2) Aoyagi, Y., Suzuki, Y., lgarashi, K., Saitoh, A., Oguro, M. et al., Cancer 67, 2390-2394, 1991.

3) Kaobayashi, Y., Tateno, H., Dohra, H., Moriwaki, K., et al., J. Biol. Chem. 287, 33973-33982, 2012.
4) Hester, G., Kaku, H., Goldstein, I. J., and Wright, C. S. Nature Struct. Biol. 2, 472-479, 1995.
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NMR-synchronized protein denaturation by photoisomerization of an azobenzene cross-
linker

Toshio Nagashima!, Keisuke Ueda', Chiaki Nishimura?, OToshio Yamazaki!

' RIKEN Center for Life Science Technologies

2 Faculty of Pharmaceutical Sciences, Teikyo Heisei University

Recently, large geometry change of azobenzene by cis-frans photoisomerization enables manipulation of
protein structure, as if atoms in a protein are pinched between one’s fingers. The alkylation at two cysteine
residues, separated properly, with an azobenzene derivative cross-linker realizes the distance change
between any two points on protein structure. We succeeded that distinguishable denatured structures were
induced, depending on the position of the distance modulation. To assign NMR signals from these
denatured structures of protein, newly developed pulse sequences coupled with photoisomerization make it
possible to transfer the magnetization in a denatured state to that in a native folded state. We define this

method as structure-correlation NMR spectroscopy.

FATIR COFATEAET IO, TV XU D cis—trans B AL S XD R E 72 F AR —25
{bZRNH L2 R OREEERED, 4R, AR otz 7Y U BB ER D% 2 7 E D
2ODYVATAANNERSEDHIET, Zo 08 EOAEE OO O FEREA 2L S B HZ LN AT RE
THD, A XVET —IVT 47 HNMRTHFZE S
DYa R T VRIS CH U R ORISR
BAET DN, TP EHWDEA . RREMET
ERALF A SR ZENTED, T2, T/
B O BMACBUSIF2FEHO N TR M ~FFET
&, Lob B EILL B0 BELRIS THIZEAE S
L7V, ZOREE A #NOESY DIR AR RINIC— 5
MR Z 2T, — 72 b A MR L Rk 24 1
M ORI TR EE — B350 5, LoLan

O, KGN —H R THATD, AL —7IZL TR R
SEE— 7 N IE R ER A, R BRI R L AR 2 frans
ICB I AREE R HIE L QD75 . FLEF2 a1k ? Vvﬂm‘

FUTNI—EICE G IR E TS, ZORIE L
% HEEFHBANMR ) JEIEA R A TG, T TITHEER
L7 STl ZOWEFEEATOT28O DNMRNLE
RS T IEDBIR LT T RA~DIE NS, XTI TR

Fig. 1 A structure-correlation NMR spectrum

of azobenzene-cross-linked peptide.
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D o Yo7 A0 ZPRAEIEBRAED OREEF BANMRARZ ML A 155128 - CA(Fig. 1),

BT EREE I AR, X7 F RSB EICR A LT RB U FER Q2,2 -
bis(sulfonato)—4,4’ —bis(chloroacetamido)azobenzene, BSBCA22)iX. 4,4’ 128 A L7-7aa7vhT7IRN A
VAT AANWEHDF A — NV EDBI DT NVF WAL THEG TED, ZOBR, transk cisf I T AT A 5%
OB 7-REMIT, 2h2h16.5-18211-16 ALFEBENZ L%, B2 1T, 2D A~ w7 A4
EICRIAT 25613, i1 & B OT I BRIR LA VAT A NZEBR T IR, translIBSBCA22235E G L
T, N7 AEEEHMERF C& D, TVE clsfBIEI T AU, RIEEO T E72R FEEEA PR TR %
PALSEDHENTED, ZOSMT, I DBSBCA2255 A CB1Z/ERLL . PN-HSQCARI ML EZFNE
N transk cisMCHIEZTT -7z, Fig. 213Z0DO—H T, trans TR EZ LD I~V 7 A5
BSBCA22% A SH 721D THY, UVIREHIZ IV cist i I B (L E DL, HSQCAI ML D7 F v
Doy BENHEL R0 RIS Rbiv, Z o XV EREPEMEL TODIEN D5, HH  ZDXH 725 MR
RBIZ72 > TLEIEHSQCANI ML DL 7 F VIR BTN EEZ 70D, UL, Fig. UWIRLIEAR T FROAER
ERBRIAE S BINMREZ R H 3228 C, B EOM L2 RREE~E T L ClRIEE1T-72, Fig.
SDANRT UL, WTIHPN-HSQC TR L TW A AUIEFEIL THEHMN, b2 HIZWAEE(Fig. 375),
PNIZWWAEX(Fig. SENTAEIEZHAITOZE T, ENENDOED LY 7 MEREFHZEE BIIIZL T
WD, ZOIINZL T, cistRIEDZEMEREIEDONMRIE 5 (Fig. 24)Z B L. TALOST k& FHlA41T-
TR, RAEE N TE TN e R TE T, O AT, LR BTS2 "I D
EMREEZ IR IR T 52 ENTEDLILERL, FILWR RN NI E T — VT 4 TN 7 —F T
DA REMER BV 2,

1050
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trans, folded F & cis. unfolded FE 1 150
T T 807 ’
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- e - e 00| ° cis
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Fig. 2 A comparion of 15N-HSQC spectra in dark state  Fig. 3 Strip plots of '"N-edited 'H
(after blue irradiation, left) and in UV-adapted state (right). structure-correlation (left) and '"N-edited
HSQC spectrum in UV-adapted state were calculated by a N structure-correlation (right) on Thr43
formula, 1.5 x (UV-adapted state) — 0.5 x (dark state) to  residue in  azobenzene-cross-linked

remove residual zrans-components in the UV-adapted state. ~ protein GB1 in states of dark and light.
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Structural Revision of Several Organic Compounds by Evaluation of *C NMR
Chemical Shifts using CAST/CNMR System

OHiroyuki Koshino®, Shungo Koichi, 2 Hiroko Satoh®*

L RIKEN Center for Sustainable Resource Science

2 Department of Systems and Mathematical Science, Nanzan University

3Research Organization of Information and Systems

* Department of Chemistry, University of Zurich, Switzerland

The CAST/CNMR system is composed of two functions for prediction of *C NMR chemical shift
values from a query chemical structure (CAST/CNMR Shift Predictor) and elucidation of chemical
structures from query *C NMR data (CAST/CNMR Structure Elucidator). These functions work using a
database consisting of reported/observed *C NMR chemical shift values associated chemical structures
described using the CAST (CAnonical-representation of STreochemistry) coding method. In the
development of the database, we add reported data from peer-reviewed journals with careful evaluation.
We have applied the CAST/CNMR system to find and correct wrong assignments or structures. Here, we
will present structural revision for a pyrone-related class natural products, flavonoid C-glycosides, some
terpenoids, and so on.

CAST/ICNMR ¥ A7 A%, ALFEEERO 7 = U —1Zxt L VIR LR E T ® 2 B8 L T
BAL# 7 b Pl %47 5 CAST/ICNMR Shift Predictort™® & . ®C NMROL%y 7 Mz 7 =) — &
L CHI SRR 2 L, £ O OHIED bEFE L To & 2 #2587 2 CAST/ICNMR  Structure
Elucidator? e 2 42 22 o — % v A7 ATl %, CASTICNMRO i A4 & 51T 5 72912
BT DS & ST — 2 R—=A~DT — 2B G H T TWDEN, 7T — X OEIXTHREEICE
BrH 25720, BT 57 — X O ZFEREIRSATOMLERNH H, K AT LORF &[RRI
RS E . REEET BT~ OISR 21T > T & 12, 0 SEH7-12% < O KREBIL AW L1
ST IEZ WE L T2 HFINT —F XN— AT 57 —Z OFFli 2 CAST/ICNMR & 2 7 L % F|
ALTITOBRICARHENTEX =0T, Z05EMEzHmET 5,

CAST/CNMR Structure Elucidatorz FiVC, fb2y 7 MiEZ 7 =V — & L THRE LZHAIC, B
HYE CHNILZRICE L -EEAN AR IS, MEFT ERLERGEIIE, RUibsy >
MEDZ =V —|Zxt L THEED R b5 m R s ihvd, LElc k- Tk, ‘FrfiEN Rz -
20, AR ERLGELDR RN, BRDHED 5 HIE LWEEZ B+ 5 121%, CAST/
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CNMR Shift Predictor T2 7 MEDZ 4 PEZRET 528, —MRICHIE > TV 2 15E O AR IK O H &
T 7o, WO N NEER GG b D, £ ORRREITIL, SCERICELHE S T D SR
EDOZXMER EEEEICHRT L CRMIT 20BN S 5, HAL X ERTC, &b
WEMFEH STV A EAIZITIE LWEE ORI AR S Th 5, S RIFEI T 2 iEEET EO—F T,
7 5 ks Oflufuan (5-hydroxymethyl-furan-3-carboxylic acid)®'?dONMRT — # 11y-t 1 % T &
< %15 4T B kojic acid (5-hydroxy-2-hydroxymethyl-4H-pyran-4-one)™™ & — % L 7=, £ 7= .
5-hydroxy-4-hydroxymethyl-2H-pyrane-2-one*? & L T#i#s STV A48 b kojic acid & —% L 7=,
MiE-SEEOREZGIH L TEHICHEES ZRES, HRIZ LV [RRIKROESERE D HRE S
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Bz 2 RIRABELEMIZBE L THEERT EZ T2 O THLE THET 2,
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Relaxation-optimized SAIL method for structural studies of large proteins

OYohei Miyanoiril, Mitsuhiro Takedal’z, Tsutomu Terauchi’ ’4, Masatsune Kainosho'*

' Structural Biology Research Center, Graduate School of Science, Nagoya University, > Faculty of Life
Science, Kumamoto University, 3 Graduate School of Science and Engineering, Tokyo Metropolitan
University, 4 SAIL T echnologies, Inc.

For precise structural studies of large molecular weight proteins, we have been developing optimal
isotope labeling patterns for several amino acids. Especially, we have been focusing on observing aromatic,
methylene and methyl CH signals using new stereo-array isotope-labeling (SAIL) techniques. In recent
years, we introduced relaxation-optimized SAIL amino acids and succeeded in the signal assignments of
the aromatic and aliphatic *C-"H groups in 82 kDa malate synthase G (MSG) and the 900 kDa GroEL-ES
protein complex. We also developed an amino acid- and stereo-selective labeling method for leucine and
valine methyl groups, using the conventional E. coli protein expression system. In this presentation, we
introduce efficient and practical protocols for the E. coli protein expression system to prepare proteins with
relaxation-optimized SAIL amino acids, and demonstrate the unambiguous NOE signal assignments among

the methyl, aliphatic and aromatic CH groups, even for large molecular weight proteins.

Although NMR spectroscopy is quite useful for studying the structures, interactions and dynamics of
proteins in solution, the molecular weights acceptable for conventional NMR techniques are still limited to
relatively small proteins. At present, some advances in NMR experiments and methyl-specific isotope
labeling methods have allowed us to observe the backbone "NH and methyl *CHj signals, even for larger
proteins over 50 kDa (e.g. membrane proteins, protein-protein complexes). Even though this information is
useful to elucidate the ligand interactions and dynamic properties of large molecular weight proteins, it is
still not sufficient for high-resolution structural analyses. In order to solve this problem, we have been
exploring further optimizations of the isotope labeling patterns for several amino acids, using the
stereo-array isotope labeling (SAIL) method.

First, we have been focusing on observing the aromatic amino acid signals, which are often found in the
hydrophobic cores of proteins. Therefore, they could afford crucial information for precise structural
determination, interaction and dynamics studies [1-4]. Recently, we introduced relaxation-optimized SAIL
(RO-SAIL) aromatic amino acids, which have systematically controlled isotope labeling patterns, to
remove the °C-"C scalar and dipole couplings and reduce the remote interactions between 'H and °C in
aromatic amino acids (Fig. 1). Using RO-SAIL aromatic amino acids, we successfully observed the
well-separated aromatic and aliphatic CH cross peaks of 82 kDa MSG and the 900 kDa GroEL-ES protein

SAILIE, msy FREAHE, LA
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complex with high sensitivity in CH TROSY HSQC
We the

sequence-specific

experiments. also demonstrated

signal assignments and
inter-/intra-residue NOE analyses for aromatic CH and
aliphatic CH. This information is crucial for the precise
structure determination of larger proteins.

Second, we developed a differential labeling method
for Leu and Val methyl groups, as an alternative to the
isotope-labeled precursors for these amino acids. Using
this method, proteins can be labeled using any

combinations of isotope-labeled or unlabeled Leu and

Val, including some labeled amino acids that cannot be prepared by using precursors (Fig. 2). Notably, the

labeling efficiencies of these amino acid residues in proteins are much higher than those obtained from

a-keto acids, which are commonly used as Val/Leu precursors. As a result, we effectively achieved the

unambiguous methyl signal and methyl-methyl NOE
signal assignments [5].

Recently, we also developed an efficient and practical
protocol for preparing proteins bearing expensive
isotope-labeled amino acids, such as RO-SAIL amino
acids. By constructing auxotrophic mutant E. coli
strains derived from E. coli BL21(DE3), we established
a highly efficient and residue-selective labeling method
for various amino acids [6]. We used this method to
prepare RO-SAIL-labeled MSG,

obtained the residue-, site- and stereo-specific signal

and successfully

assignments. Moreover, unambiguous NOE signal
assignments among the methyl, methylene and aromatic
groups were achieved by using 3D CH TROSY
HSQC/HMQC-based NOESY experiments.

The RO-SAIL NMR method is very practical and
powerful, and will open up new avenues for the
structural biology of larger proteins and protein
complexes.
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Transcriptional regulation of a multidrug transcriptional repressor: role of non-specific
DNA adsorption
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LmrR is a multidrug transcriptional repressor that controls the expression of a major multidrug
transporter, LmrCD, in Lactococcus lactis. Promiscuous compound ligations reduce the affinity of LmrR
for the /mrCD operator by several fold to release the transcriptional repression; however, the affinity
reduction is orders of magnitude smaller than that of typical transcriptional repressors. Here, we found that
the transcriptional regulation of LmrR is achieved through an equilibrium between the operator-bound and
non-specific DNA-adsorption states in vivo. The effective dissociation constant of LmrR for the /mrCD
operator under the equilibrium is close to the endogenous concentration of LmrR, which allows a
substantial reduction of LmrR occupancy upon compound ligations. Therefore, LmrR represents a dynamic
type of transcriptional regulation, where the small affinity reduction induced by compounds is coupled to

the functional relocalization of the repressor on the genomic DNA via nonspecific DNA adsorption.

Introduction Multidrug resistance (MDR) systems are esential for life and are ubiquitously distributed in
all three kingdoms of life. In the Gram-positive bacterium Lactococcus lactis, the MDR activity is achieved
through a heterodimeric multidrug transporter, LmrCD. It was demonstrated that the /mrCD genes are
constitutively expressed in L. /actis, and that the exposure to toxic compounds elevates the expression of
the ImrCD genes by up to two-fold. The basal and induced expression of the /mrCD genes is regulated by a
multidrug transcriptional repressor, LmrR. In the absence of toxic compounds, LmrR occupies the
promoter/operator region of the ImrCD genes, repressing their transcription to the basal level. The
compound ligation reduces the affinity of LmrR for /mrCD promoter/operator regions by several fold,
however, the reduction of affinity is orders of magnitude smaller, as compared to those of other
transcriptional repressors that are controlled by specific inducers. Therefore, a different molecular
mechanism should underlie to effective connection of the small affinity reduction to the functional release

of the transcriptional repression in vivo.

Multidrug Resistance, Dynamics, Transcriptional regulation
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Result In our previous study, we demonstrated that LmrR Compound

binding site
exists as a conformational ensemble with multiple a4 helix .c_“?q ‘.r; s
orientations in solution (Fig. 1). While the upper and "ﬁ@' b : )
W 7% NN
lower 04 helix conformations are almost equally present in e ;\o ) G »
il

the apo state, the compound ligation to LmrR shifts the
conformational ensemble to a higher proportion of the Db

upper o4 helix orientations. Here, we found that the Fig. 1. Conformational equilibrium of LmrR.

binding to the /mrCD operator shifts the conformational

ensemble of LmrR to the lower 04 helix orientations, which E“-“

is opposite to that for the compound ligations. Since the o4 %

helix orientations are coupled to the relative distance % 120

between the DNA-binding a3 helices (Fig. 1), the distinct S

conformational ensemble induced by compound and DNA 09 0’8 o i

H chemical ;;hif’t (ppm) Relaﬁve-alﬁnity (vs WT)
would represent the structural basis for the transcriptional

. . . . Fig. 2. Biasing conformational equilibrium
regulation by LmrR. In line of this notion, the

. . sy . reduces the affinity to operator DNA.
conformationally biased mutants with higher a propensity to y P
adopt the upper a4 helix conformations significantly reduced the affinity to the /mrCD operator (Fig. 2).
These observations strongly suggest that multidrug recognition as well as the transcription regulation of

LmrR is described in the conformational selection model. o
A DNA dissociation model

In order to estimate the occupancy of LmrR in the /mrCD Ler’gﬁ g a?lx
operator, then we conducted a set of biochemical analysis. g5 0
It turns out that the dissociation constant of LmrR to the wy g% 2 indgced

. o
ImrCD operator is 66 nM in basal and 220 nM in induced =Y LR e (M)
conditions, and endogenous LmrR concentration is 3.2 B Non-specific DNA adsorption model
uM. This indicates that a DNA dissociation model that - §§1$ g nduced
assumes a simple equilibrium between the free state and - gé o i“‘“" -
the ImrCD operator bound state cannot explain the WY g El,iza |
transcriptional regulation by LmrR (Fig. 3A). - Lerzdim;rz(ph:)

In addition, the 37 uM non-specific DNA binding

affinity to LmrR were revealed by titration of non-specific

Fig. 3. Models of transcriptional regulation
of LmrR. DNA dissociation model (A) and

E.coli genomic DNA fragment. Concidering the high non-specific DNA adsorption model (B).

concentration of genomic DNA (3.6 mM), this implied

that LmrR is always bound to the genomic DNA in vivo. In this case, the effective affinity to the /mrCD
operator would be defined by the equilibrium between the operator-bound and non-specific DNA
adsorption states (Fig. 3B). The effective Kp values of LmrR for the /mrCD operator at equilibrium (6.6
UM in basal and 22 pM in induced conditions) are close to its intracellular concentration, which maximize
the effects of the affinity reduction caused by the promiscuous compound ligations and explain both the
basal and compound-induced expression of the /mrCD gene in vivo.

Conclusion The non-specific DNA adsorption model provided here represents a model for the
transcriptional regulation in MDR systems, where the shift in the conformational ensembles induced by
promiscuous compound ligations is coupled to the dynamic relocalization of the transcriptional repressors
in the genomic DNA through an equilibrium between the operator-bound and non-specific DNA-adsorption

states.
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Methods for improving high-field DNP and its application

oYoh Matsuki®, Shinji Nakamura?, Shigeo Fukui®, Toshitaka Idehara®*, Jagadishwar Sirigiri®, Horoto
Suematsu?, and Toshimichi Fujiwara
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Sensitivity enhancement using dynamic nuclear polarization (DNP) is becoming increasingly popular at
moderate external field strength (By < 9.4 T) and temperatures (T > 90 K), but less accepted at higher field
conditions. High field condition is crucial for gaining spectral resolution and basic NMR sensitivity, but
decreases the DNP efficiency. To compensate for this loss of efficiency, we have recently improved our
closed-cycle helium MAS system and the sub-mm wave (SMMW) irradiation system. Also, we are
developing novel polarizing agent based on the transition metal complexes. In the presentation, we will
report on these efforts, together with our latest DNP data.
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72 FETH DD, BENMRODOR KO R TH 5, B MB(DNP)EILE T A B2 /iR 1%
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NMR signals to light conversion through a membrane capacitor
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To open the possibility of sensitive measurement of broad resonance lines of quadrupolar nuclei with
large quadrupolar interactions, we explore an unprecedented experimental approach, in which
radiofrequency signals are up-converted to optical carriers[1] using a capacitor made of an elastic, high-Q
SiN membrane.

In such a capacitor, displacement of the membrane changes the capacitance, thereby affecting the
resonant mode of the probe circuit. Conversely, electric charges on the electrodes of the capacitor cause the
Coulomb force that pulls the membrane. Thus, electromotive force due to nuclear-spin induction is
converted to the membrane displacement, which can be read out by an optical interferometer. Since optical
measurements can be performed with quantum-limited accuracy, the sensitivity of the NMR signal detected
in this way is expected to be very high, provided that both thermal noise in the resonant circuit and thermal
fluctuation of the membrane are suppressed. Here, we report our recent development of such an
opto-electro-mechanical NMR system (Fig. 1).

Laser beam

Q
Membrane capacitor b

Fig. 1. Schematic description of opto-electro-mechanical NMR.
Nuclear induction develops the electromotive force in the tuned circuit, which, in turn, causes

displacement of the membrane of the capacitor. The NMR signal originally appearing as an
radiofrequency signal is eventually transferred to an optical carrier.

optomechanics, opto-electro-mechanical coupling, membrane capacitor
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We purchased stoichiometric SiN membranes (Fig. 2(a)) with a size of 500500 um and a thickness of
50 nm. To fabricate a capacitor, a metal (gold or aluminum) layer was deposited on the membrane. For the
counter electrode, aluminum electrode was deposited on a SiO; substrate. In addition, pillars were grown on
the SiO; plate, on which the Au-deposited SiN membrane was mounted, as described in Fig. 2(b). The
capacitance was estimated to be ca. 0.1 pF. The metal layer on the membrane also serves for a mirror of an
optical cavity. The capacitor was placed in a vacuum chamber to avoid mechanical damping of the
membrance by air. We found the fundamental mode of the membrane oscillation at ~180 kHz.

Using the membrane capacitor and a coil, we built an LC circuit resonating at ~42.6 MHz, which
corresponds to the Larmor frequency of protons in a magnetic field of ~1 T. To attain coupling between the
mechanical mode and the circuit eigenmode, we applied a drive radiofrequency signal at a difference
frequency, and successfully observed transfer of radiofrequency signals onto the optical carrier.
Experiments confirmed the feasibility of opto-electro-mechanical NMR.

(a) (b)
_ SiN: 50 nm
Membrane |/ Au/Al: 100 nm
- | — Au/Al:100 nm
|| ~si0z1um

Si/Al Pillar: 1.5/0.5 um
Substrate electrode

Fig. 2
(a) A SiN membrane (Norcada inc.). The membrane with a size of 500x500 um and a thickness
of 50 nm is supported by 5x5 mm Si frame. (b) Schematic side view of the membrane capacitor.

References
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The Role of Anchor in the Prod1 essential in Newt Limb Regeneration
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Prodl is a regulator protein which specifies a salamander's limb regeneration direction. The functional
role of the "membrane anchoring" by glycosylphosphatidylinositol (GPI)-anchor in Prod1 was investigated
by using synthetic mimics in combination with solid-state NMR and fluorescent microscopic studies.
Anchoring caused the formation of aggregates because the anchors align Prodl on the two dimensional
membrane surfaces, which drastically reduced motion on the membrane. Interestingly, the aggregated
Prod1 interacted with Prod1 molecules tethered on other membrane surfaces, inducing membrane adhesion.
These results strongly suggested that the role of anchor in the newt Prodl is to assist the cell adhesion in

the limb regeneration process.

Amphibians like newts have an amazing regenerative ability. Prodl is a distinctive protein found in
salamanders and works in their limb regeneration process.! To specify the direction of limb regeneration,
Prodl forms a gradation of their expression levels at the regenerating part. Newt Prodl is composed of five
B-strands and one a-helix and belongs to a three finger protein (TFP) family.? In addition, it is also tethered
to the blastemal cell membrane surface by a glycosylphosphatidylinositol (GPI) anchor. Although
GPI-anchored proteins play important roles, it is poorly understood how the anchor at the C-terminus of the
protein contribute to their biological activities. In this study, we clarified the role for the "membrane

anchoring" in Prod1 by examining the molecular interactions of newt Prod1 on the membrane surface.
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So far, solid-state NMR measurements of lipid-anchored proteins have rarely been reported due to the
difficulty in acquiring sufficient amount of stable isotope labeled samples in the overexpression of
lipid-anchored proteins requiring complex posttranslational modification. To overcome these problems, we
prepared mimics of GPI-anchored protein, in which synthetic anchors were linked with proteins expressed
in E. coli. In our previous report, maleimide containing anchor mimic were attached to the thiol groups in
Cystein residue at the C-terminal of B1 domain of IgG-binding protein G (GB1) as a model protein.? In this
study, instead of the maleimide group, we used the Sortase A mediated chemoenzmatic reaction for the
coupling of disulfide rich protein Prodl and examined the physicochemical properties of the anchored
Prod1 by using solid-state NMR, fluorescence microscopy, and DLS measurement.

Anchoring to the membrane drastically reduced the motion of Prod1 which attributed to the aggregation
formation of anchored Prodl on membranes. Three dimensional structure of the anchored Prod1 was not
affected by aggregates formation on the membranes. The aggregated anchored Prod1 easily interacted with
the anchored Prod1 tethered on other membrane surfaces, inducing membrane adhesion. Even though GB1
was tethered on the membrane by the same way as Prodl, anchored GB1 did not show the aggregation on
the membrane and cell adhesion effect. Therefore, anchoring to the membrane is one of the reason of the
aggregation and following cell adhesion, but the unique property of Prodl should be required for these
phenomena. It is probably due to the high affinity between Prodl.

Our results strongly suggest that the anchor is used to support Prod1 cell adhesion function in the limb
regeneration process. In this way, GPI anchoring, one of the difficult post translational modifications, plays

a variety of roles in regulating biological phenomenon

Prod1
& lipid anchar
s C_Nnv\ H i‘ o~ L‘\J\W
N e Ty
/ P ) -) -—)

3
E
SDr’tBSL% T G
_ 1,
“cis”-interaction “trans”-interaction membrane adhesion

Figure 1. Schematic representation of the chemical structure of the lipid-anchor and lipid-anchored Prod1

(left) and the proposed cell adhesion mechanism mediated by Prod1 (right).
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Chemical structure analysis of coal fly ash by using high-resolution solid state NMR and
FIB-TOF-SIMS
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[Introduction] Coal fly ash (CFA) generated as a byproduct of coal combustion process is
mostly reused in Japan to make cements, mortals, and soil amendments, and the residue is
deposited in landfills. CFA with main components of SiO, and Al,O; contains trace elements
as B, As, and Se which are condensed from original raw coal. In Japan, discharge of these
trace elements is strictly controlled by a law called Pollutant Release and Transfer Register
(PRTR). A global organization of PECH also has categorized B into a trace element group of
great concern in coal and residues. Therefore leaching of B from CFA has become an
important issue in the energy industry and environmental science. It has been reported that the
leaching ratios of B sometimes show pH dependence. This suggests that the leaching behavior
of B is mainly controlled by its chemical structure where B is incorporated. Thus, chemical
structure of B in CFA as well as its absolute contents should be an important factor to control
its leaching behavior. However, chemical structure for B cannot be characterized by common
analytical techniques such as XRD, because of its extremely low concentration. In this study,
average chemical structure for B was characterized by ''B MAS & ''B satellite transition
MAS (STMAS) NMR'. In addition, distribution of boron was estimated by microscopic
elemental analysis using focused ion beam time-of-flight secondary ion mass spectrometry
(FIB-TOF-SIMS)>.

[Experimental] Two kinds of CFA particles with different leaching behavior of B were
analyzed. The samples with high and low leaching amount are described as « -CFA and 8
-CFA, respectively. ''B MAS and STMAS spectra were acquired using a 16.4 T narrow bore
magnet equipped with a STMAS probe that can generate the r.f. field strength up to 200 kHz
for ''B. A bottom part of 3.2mm zirconia (ZrO;) rotor was filled with Na,SO, for precise
setting (£0.002°) of magic angle, and a center part filled with CFA powders. Spinning rate of
the sample rotor was optically controlled to be 20+0.003 kHz during the measurements. The
"B STMAS spectra were acquired using double-quantum filter (DQF) pulse sequence
combined with soft-pulse added mixing (SPAM) technique’ to obtain the higher signal
intensity.
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[ Results & Discussion] As shown in Fig. 1, the ''B
MAS NMR spectra of (a) a-CFA and (b) B-CFA have
peaks around 0 and 17 ppm that correspond to a

(a) “8

b1

four-coordinate (tetrahedral BO,) and a v
three-coordinate (trigonal BOs) structure, respectively.
These spectra clearly show that a-CFA has both BOs U .
and BO4 as main structure, while in S-CFA, BOsis a * A Al Vet A e A

dominant structure. The remarkable spinning side ) g

abundance

bands for B-CFA suggest that paramagnetic elements
like Fe occur close to BOs.

[F]

abundance

From comparison of STMAS spectra for CFA and
some B-bearing reference samples (Fig.2), tetrahedral ’ A -
boron in a-CFA and trigonal boron in a- and f-CFA W
may coexist with Ca or Mg. To understand the element ) e
concentrated with B more clearly, elemental images  Fig. 1. "B MAS NMR spectra for (a) o -CFA
for CFA particles were collected by FIB-TOF-SIMS.  and (b) 5 -CFA.

As shown in Fig.3, B in B-CFA coexits with Ca but
not with Mg, but shows no correlation with matrix elements such as Si an Al. Furthermore Fe

[ ] -8
Ghemical shift (ppm)

and B are concentrated in a same region, which supports the suggestion obtained by ''B MAS
NMR. On the other hand, B in a-CFA shows no correlation with specific matrix elements and
is found on surface of every particle like a coating.

10.0

150 (ppm)

20.0

CasB20s
MegaB:04

30.0 20.0 10.0 0 . . ' .
MAS (ppm) Fig. 3. Cross sectional elemental SIMS and SIM images.

Fig. 2. ''B STMAS MAS spectra for a -CFA. Bright region indicates high concentration of elements.

In summary, incorporation of boron into CaO-MgO partilces as BOs species will protect its
elution into enviroments. The combined approach of solid state NMR bulk analysis and
FIB-TOF-SIMS microscopic investigation allows us to clearly understand chemical structure
of minor elements in inorganic materials.
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Solid-State NMR meets electron diffraction: Application to
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The crystalline polymorphs attract attention in the pharmaceutical sciences. Although powder X-ray
diffraction (pXRD) is widely used to identify the crystalline forms, its application is rather limited to pure
materials. Instead, '°C cross-polarization magic-angle spinning (CPMAS) solid-state (ss)NMR is
complementally used to determine the crystalline polymorphs in mixtures like pharmaceutical tablets. This
is particularly useful for quality control in pharmaceutical industries by monitoring a trace of a different
crystalline polymorph. However, °C CPMAS sometimes fails to distinguish different crystalline forms
especially if the molecular conformations are similar to each other. Electron diffraction (ED) is widely used
to determine the atomic resolution structures of inorganic materials, and is potentially useful to distinguish
crystalline forms of organic molecules. However, the severe sample degradation due to electron irradiation
hampers the ED application to organic molecules.

Here we demonstrate the combined approach of 'H ssNMR and ED to distinguish the crystalline
polymorphs of small organic molecules. Fortunately, 'H is more sensitive to molecular packing than "*C.
This is because 'Hs are located on the surface of molecules, while 13C is buried inside. The broad 'H
lineshape used to be an obstacle of 'H ssNMR in rigid solids, however, the recent progress of ultrafast
MAS makes 'H ssNMR routine applications with highly resolved peaks by suppressing 'H-"H dipolar
interactions [1]. 'H ssNMR is highly useful with the combination of multi-dimensional methods, like
double-quantum (DQ) / single-quantum (SQ) 'H correlation experiments. On the other hand, to expand the
ability of ED for organic molecules, we optimize the experimental conditions for ED. The combined
approach of the minimum dose system (MDS) and very low electron dose of 10 e/nm” together with highly
sensitive CMOS camera allows successful ED pattern observation of polycrystalline organic molecules.
Moreover, strong electron-scattering intensity realizes to observe ED patters from sub-micrometer crystals.
We demonstrate on L-histidine in three different forms, L-histidine-A (form A), L-histidine-B (form B),
and L-histidine. HCL.H,O.

While *C CPMAS, 'H/°C CP-HSQC, 'H/"N CP-HSQC, and 'H/"*N HMQC spectra allow clear
distinction between L-histidine. HCl.H,O and its dehydrated forms (L-histidine-A and B), L-histidine-A and
B gives shows very similar spectra each other, making the differentiation of these two forms difficult. On
the other hand, 'H ssNMR gives different spectral patterns [2], reflecting the different molecular packing.
Although the resolution of 'H ssNMR is not enough to detect each form in the mixture, 2D DQ/SQ 'H
ssNMR at 70 kHz MAS rate gives well separated peaks for both L-histidine-A and B. Figure 1 shows the
DQ/SQ 'H ssNMR of the mixture of L-histidine-A and B. It is evident that the presence of correlation

solid-state NMR, electron diffraction, TEM
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peaks at (SQ, DQ) = (5.9, 8.5) and (4.6, 13.6) ppm, and
(5.1, 8.0) ppm confirms the presence of L-histidine-A
and B, respectively, as shown by the arrows in the
figure.

On the contrary to the ssNMR which is sensitive to
local structure, ED can clearly distinguish these two
structures through the difference of lattice parameters.
While the crystal parameters of L-histidine-A are the
orthorhombic structure with a = 0.5177 nm, b = 0.7322
1.887 nm, those of L-histidine-B are the

monoclinic structure with a = 0.5172 nm, b = 0.7384

nm, ¢ =

nm, ¢ = 0.9474 nm. As these parameters show, two
crystalline structures are very similar to each other,
however, the ¢ axis in L-histidine-A is about two times
longer than that in L-histidine-B because of slight loss
of symmetry along the c¢ axis. The ED pattern of

L-histidine-B with the electron-beam axis close to

parallel to [1 0 0] zone axis is shown in Figure 2. The numerically calculated ED patterns of L-histidine-A

and B are also shown. As clearly seen in the patterns, the observed pattern can be never fit with the
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Fig. 1. DQ/SQ '"H ssNMR spectra of the
mixture of L-histidine-A and B. Isolated

peaks from each form are indicated by the

arrows.

calculated one of L-histidine-A, showing this crystalline grain is L-histidine-B.
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Fig. 2.

(¢)) ED patterns. The d-spacing corresponding the diffraction spots are estimated by the calibrated
camera length of 40 cm and wave length of 2.51 pm at 200 kV accelerating voltage. The simulated

ED pattern are for [1 0 0] zone axis incident beam.
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Elucidation of Chain Trajectory and Chemical Reaction of
Semicrystalline Polymers by Solid-State NMR

Toshikazu Miyoshi

‘Department of Polymer Science, The University of Akron, USA

Solid-state(ss)-NMR spectroscopy is one of very powerful tools to characterize local structures and
molecular dynamics of organic molecules such as small molecules, peptide, biomacromolecules as well as
synthetic polymers. Especially, multi-dimensional NMR spectroscopy has significantly contributed to
understanding of molecular dynamics and conformations, and packing of polymers in solid phases. In this
talk, I will present two research topics of 1) chain trajectory of semicrystalline polymersl'g) and ii) chemical
reactions of atactic-Polyacrylonitrile (a-PAN) for carbon fiber.” The first topic treats with structural
formations of long polymer chains during crystallization. In the melt and solution state, polymer chains
form random coils. Supercooling induces crystallization of polymers and leads to structural changes from
random coils to folded chains in thin crystals. Various characterization techniques including neutron
scattering (NS), IR spectroscopy, and Atomic Microscopy have challenged to elucidate chain trajectory of
single chains after crystallization. However, insufficient resolutions and limitation of the sample
preparations limited structural analysis of chain trajectory of polymers. In this talk, we will present a novel
approach using C-">C double quantum (DQ) NMR spectroscopy combined with °C selective isotope
labeling to investigate chain trajectory of semicrystalline polymers. Chain folding structure formed in dilute

"D as well as unfolding” of semicrystalline polymers under deformation will be

solution and melt states
demonstrated. In the second topic, we investigate chemical reactions of a-PAN heat-treated at various
temperatures, to make carbon fibers. Heat-treatment under different atmospheres leads to largely different
mechanical performances of final carbon fibers. Thereby, detailed structural analyses from molecular to
large scales are necessary. However, limited spectroscopic resolutions did not allow one to access detailed
chemical structures of heat-treated a-PAN which is insoluble in organic solvents. Selective isotope labeling
and through-bond and space interactions provide detailed chemical structures produced by inter- and
intramolecular reactions under air and vacuum. Moreover, kinetics of chemical reactions will be
demonstrated. Newly obtained chemical structures will allow us to discuss about detailed chemical

reactions of a-PAN in solid phase under different atmospheres.
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Advanced NMR studies of DNA conformational
polymorphs

Lukas Trantirek

Central European Institute of Technology, Brno, Czech Republic

Advances and limitations of modern NMR approaches that are used to study DNA
polymorphism will be summarized. The approaches will include: i) in-cell/ex-vivo NMR
spectroscopy of nucleic acids for addressing environmentally promoted conformational
polymorphism of DNA, and ii) hybrid approaches of structural and molecular biology
allowing establishing of relationships between DNA function and its polymorphism behavior.
Special attention will be paid to methodological advances in oligonucleotide sample
preparations for NMR studies including phylogenetic-based approaches for oligonucleotide
design accounting for excision of DNA sequence out of the genomic context. Among the
specific results the following points will be discussed: 1) Latest results on a role of
polymorphism of the G-quadruplex forming segment from promoter region of c-myc
oncogene in regulation of the c-myc expression, 2) Difficulties in formulations of buffering
systems for NMR studies of DNA.
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Cholesterol Binding to the C99 Domain of The Amyloid
Precursor Protein as a Factor that May Promote
Alzheimer’s Disease

Charles R. Sanders"

! Center for Structural Biology and Department of Biochemistry,
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C99 is the transmembrane C-terminal domain of the amyloid precursor protein. C99 is cleavage by
y-secretase to release the amyloid-f polypeptides that are believed to for toxic oligomers and aggregates that
initiate Alzheimer’s disease. It is known that elevated cholesterol promotes amyloid-, but the mechanism
has not previously been clear. In this study the structure of C99 was determined using NMR and EPR
spectroscopy in model membranes. It was also discovered the C99 binds cholesterol to a 1:1 complex. We
hypothesize that the C99-cholesterol complex plays a central role in the mechanisms by which cholesterol
promotes formation of amyloid-p. We describe our initial efforts to test this hypothesis and to elucidate the
underlying mechanisms. We also describe work to find compounds that block binding of cholesterol to
C99.
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Figure 1. Sequence and Topology of C99
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The Future of NMR in Metabolomics
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In principle, NMR is an ideal technique for metabolomics. It is non-destructive, non-biased,
highly quantitative, requires no prior separation, permits the identification of novel
compounds and needs no chemical derivatization. However, relative to other analytical
techniques NMR is slow and relatively insensitive. Furthermore the identification and
quantification of compounds in mixtures by NMR is manually intensive and often error-prone.
Because of these limitations, NMR is being supplanted by mass spectrometry for many
metabolomic applications. In this presentation I will describe a number of innovations that
both my lab and other NMR spectroscopists have developed that are allowing NMR to match
or even exceed the speed, sensitivity and metabolite coverage claimed by various mass
spectrometry methods. In particular, I will describe efforts to increase NMR sensitivity to
nanomolar levels through the use of higher magnetic fields, better probes and Dynamic
Nuclear Polarization (DNP), to greatly reduce sample size requirements through the
development of microprobes and tube-in-tube NMR, and to reduce signal complexity through
the application of selective isotopic labeling and improved pulse sequences. Finally I will
describe our recent efforts to completely automate NMR-based metabolomics using a
software program called Bayesil. Bayesil is more than 95% accurate in terms of compound
identification and is able to identify and quantify up to 60 compounds from an NMR spectrum
in less than 2 CPU minutes. [ will outline our efforts to extend Bayesil to the quantitative
analysis of beverages (such as beer and wine) and how Bayesil has been integrated into
inexpensive metabolomics kits, which should make NMR-based metabolomics accessible to
anyone with an NMR spectrometer. These and other developments suggest the future of NMR
in metabolomics is looking very promising.

NMR, Metabolomics, Technology, Health, Drug Discovery
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Gazing NMR for Thirty Six Years

(OTakashi Iwashita
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Bioorganic Research Institute, Structure and Function Group, Division of Structural

Biomolecular Science

In my graduate student time, I challenged the synthesis of natural products using 1,3 dipolar
cycloaddition reaction. We had to present a research proposal in the second year of the course,
and I covered the ""N-NMR as a research tool. When the director of Sunbor (Suntory Institute
of Bioorganic Research), Prof. Koji Nakanishi of Columbia University, looked for the organic
chemist who was interested in NMR, my supervisor, Prof. H. Kakisawa remembered my
research proposal and wrote a letter to recommend me to Sunbor.

I started my NMR career of Sunbor in April of 1980, and the Nicolet NT360 machine was
installed after a half year. This machine equipped the Oxford superconducting magnet (8.46
T), and the proton resonance frequency was 360 MHz. At first, we could acquire the two
dimensional J-resolved data, and processed it to 2D spectra. However, we could not run
COSY and NOESY yet for a while. When we got the newer operation program, we could run
them.

In a time like this, we started collaboration with Prof. D. Uemura of Shizuoka University.
Our target was Palytoxin, biggest natural organic molecule without repeated fragments at that
time. Prof. Uemura prepared some fragments from Palytoxin using oxidation reaction. We
deduced the fragment structures using selective decoupling technique on their 'H NMR
spectra. Concurrently, we tried to use COSY experiment on Palytoxin fragments." The
Palytoxin structure was ultimately judged by organic synthesis, which was done by Prof. Y.
Kishi of Harvard University.

In these days, the decoupler of our NMR machine could not generate pulses, so that INEPT
or DEPT experiments did not work on the machine. I asked the Nicolet engineer to modify the
decoupler unit, and could acquire the DEPT spectra of Compactin that was synthesized by Dr.
M. Hirama who moved to Tohoku University.

We experienced various kind of NMR experiments, and summarized them in a book
“One-dimensional and Two-dimensional NMR Spectra by Modern Pulse Techniques”. This
book was written in Japanese first, and then, translated to English.”

In 1986, 1 worked with Prof. Dinshaw Patel of Columbia University for 6 months, and
stayed at Bruker office in Billerica, because they had some troubles with subway in New York
and their machine was installed in Birelica tentatively. I learned how to acquire the NMR data
of water solution samples from Dr. Mike Zagorski. After coming back Sunbor, Dr. Mike
Zagorski joined us, and elucidated the three dimensional structure of Paradaxin P-2 using
distance restrained molecular dynamics calculations, which contained 33 amino acid residues,
and was shark repellent.”

Between 1992 and 1994, 1 worked with Prof. Ann McDermott of Columbia University. |
learned SSNMR there, and studied the interaction between Suramin and phosphoglycerate
kinases using solution NMR.*



After coming back Sunbor, we got NMR machines equipped with field gradient system. The
field gradient system revolutionized NMR spectroscopy. Especially, HMBC spectra was much
improved without obstructive noise. We continued Palytoxin project, and assigned all protons
and carbons of the molecule.” At the early days in 1980s, Dr. M. Maeda of Suntory company
isolated Palytoxin from a red alga, Chondria armata. The proton spectrum of the compound
was almost identical to that of Palytoxin, so that we thought it was Palytoxin. Recently, we
carefully investigated the NMR spectra of the compound again, and concluded it was
Palytoxin.S)

The field gradient system brought us another possibility. It is diffusion measurement, in
which a famous DOSY experiment is included. However, DOSY experiment is very sensitive
to thermal convection of NMR sample. I tried to use various methods to suppress thermal
convection. Finally, I found that the new method, insertion of capillaries in NMR sample tube,
prevented thermal convection completely.” We can easily apply this method after measuring
usual NMR spectra.

I thank my colleagues and collaborators. They give me various idea and information. I really
hope their studies will be further developed.
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1. Close Encounter of High Resolution Solid-State NMR

In 1978, 1 started the post doctoral research under supervision of Prof. McDowell in the University of
British Columbia, Canada after I completed Ph D degree in Kyoto University under supervision of Prof
Akasaka. [ actually started the research work on the determination of electronic state of Cu(Il)
doped-alanine complex by means of Electron Nuclear Double Resonance (ENDOR) spectroscopy [1]. I got
some results on the hyperfine coupling tensor of the compound, and Prof. McDowell went to Switzerland
to present the results in the conference. However, he suffered disease there in Switzerland, and he did not
come back for about one and half year since then. In the meanwhile, new high resolution solid-state NMR
spectrometer arrived to the University of British Columbia. Newly arrived spectrometer was something like
a homemade machine and very difficult to use it. Anyway, that was my close encounter of the high
resolution solid-state NMR field. I thought that high resolution solid state NMR would be a novel field and
I decided to address the field hereafter.

Using the solid-state NMR spectrometer, I started to determine the C chemical shift tensor of single
crystal of L-alanine [2]. I first build the NMR probe with goniometer to observe the angular variation of the
PC NMR signals. Using these data, >C chemical shift tensors with principal values and the direction
cosines were precisely determined. In the course of the work, I found that asymmetric triplet dipolar
splitting for *C-'"*N pair. The origin of the asymmetric triplet was revealed to be attributed to the large
nuclear quadrupole interaction of '*N nucleus. As a similar phenomenon, asymmetric doublet pattern was
observed for the carbon nuclei bonded directly to nitrogen nuclei in the magic angle spinning (CP-MAS)
experiments [3,4]. This asymmetric doublet pattern was theoretically explained by taking into account of
the "N quadrupole interaction. I further observed asymmetric patterns for BCPAs [5] and 'H-""N [6]
dipolar systems under the MAS condition.

It was quite difficult to observe CP-MAS *C NMR signals for imidazole crystals because 'H
spin-lattice relaxation time is very long. Cu(ll) ions were doped in the imidazole crystals. This
paramagnetic ions reduced the relaxation times of 'H nuclei significantly, and consequently BC NMR
signals of imidazole could successfully observed [7]. This paramagnetic doping is commonly used to
observe the enhanced C NMR signals of solid biological systems.

In the University of British Columbia, I further observed Bc T, and T, relaxation times in the solid
state under MAS condition [8,9], anisotropy of NOE [10] and double quantum exchange processes of
PC-"N dipolar pairs of alanine crystals [11].

2. Development of State Correlated Two Dimensional NMR Spectroscopy

In 1984, I returned back to Kyoto University as an assistant professor and I developed microwave
irradiation NMR spectrometer to establish the rapid temperature jump experiments with Prof. Akasaka [12].
This temperature jump experiments by microwave pulses applied to the liquid crystalline samples and we
established the very fast phase transition from liquid crystalline phase-to-isotropic phase in the liquid

crystalline samples. This newly developed techniques allowed us to detect the liquid crystalline-to-isotropic



state correlated two dimensional (SC-2D) NMR spectra [13,14,15]. In the APAPA system, 'H-'H dipolar
patterns were clearly observed for individual proton nuclei with the resolution of isotropic state in the
SC-2D NMR spectrum of APAPA [16]. We further observed SC-2D NMR spectrum between the native and

denatured states of proteins [17].

3. Application of High Resolution Solid-State NMR to Small Solid Biological Systems

In 1990, I moved to Department of Life Science of Himeji Institute of Technology (present
University of Hyogo) as an associate professor and worked together with Professor Sait6 and Dr. Tuzi. In
this institute, I tried to study biological systems using high resolution solid state NMR spectroscopy. I first
established to determine accurately the inter-nuclear distances of "C-""N dipolar systems and extended to
the multiple nuclear systems using rotational echo double resonance (REDOR) methods [18,19]. We
successfully determined the three dimensional structure of N-Ac-Pro-Gly-Phe tripeptide in the solid state
using the accurately determined inter-nuclear distances [20,21]. We could even distinguish the tripeptide
crystal from that with slightly different morphology.

We then found magnetically oriented properties in melittin-DMPC bilayer systems and defined this
system as magnetically oriented vesicle system (MOVS) [22,23,24]. We further established that membrane
bound melittin was rotating rapidly about the bilayer normal. Based on the dynamic structure, we further
developed the new analytical procedure called chemical shift oscillation [25]. This chemical shift
oscillation analysis allowed us to determine the structure and orientation of membrane bound structure of
helical antimicrobial peptides such as melittin, dynorphin [26], bonbolitin [27], lactoferrampin [28] and
alamethicin [29].

We also studied the amyloid fibrillation mechanism of human calcitonin (hCT) using solid state ">C
NMR experiments [30,31]. It turned out that anti-parallel B-sheet fibrils were formed at a neutral pH and
mixture of anti-parallel and parallel B-sheet fibrils were formed at an acidic pH. The kinetic analysis of

fibril formation revealed that hCT formed fibrils with autocatalytic two step reaction mechanism.

4. Application of High Resolution Solid-State NMR to Large Solid Biological Systems

In 2001, I moved to Graduate School of Engineering, Yokohama National University as a Professor. I
continue to study development and application of high resolution solid state NMR to a variety of biological
systems.

In case of amyloid fibril formation of hCT, we further proceeded the study to determine the fibril
structure more accurately. Inter-nuclear distances of specifically labelled hCT were determined using
REDOR methods [32], and the results indicated that anti-parallel B-sheet structure in which Phel6 and
Phel9 were closely faced with 1 register shifted in the mutual B-strand in the -sheet. Based on the
structure obtained from solid-state NMR, MD simulation was performed to characterize the interaction
between inter strand residues. It turned out that B-sheet structure stabilized by pi-pi interaction between Phe
residues [33]. This interactions were further justified by observing the fibril formation kinetics using F16L
and F19L mutants, and the results indicate slower fibril elongation rate (k;) as compared with that of
WT-hCT. We further observed that the spherical intermediates in the fibril formation process of hCT in the
presence of HEPES [34]. This clearly support the autocatalytic two step reaction mechanism.

Structural changes in photoreceptor membrane proteins, bacteriorhodopsin (bR), sensory rhodopsin I
(SRI) and sensory thodopsin II (SRII), were investigated under external perturbations such as heat, pressure

and photo-irradiation.



In the dark adapted bR, two types of retinal molecules with all-trans (AT) and 13-cis, 15-syn (CS)
configurations coexist. We designed to apply the pressure to the sample by the centrifugal force generated
by fast magic angle spinning. When pressure was applied to bR, CS state became dominated and it was also
detected that the protein conformation and dynamics were simultaneously altered. On the other hand, when
light was subsequently illuminated, AT state became dominant, that is a light adapted state, and detected by
solid-state >C NMR spectra of retinal and protein [35,36].

It is important to reveal the photo reaction mechanism in the photoreceptor proteins. Thus,
photoreaction pathways and photo intermediates were investigated using newly developed photo-irradiation
solid state NMR spectroscopy. In case of SRI, M-intermediate was trapped by illuminating with green light
at -40 °C, and subsequently P-intermediate was trapped by illuminating with blue light. This clearly
indicate the color discriminating functional switching mechanism [37]. In case of SRII, multiple
M-intermediate and N-intermediate were trapped by illuminating with green light [38]. When blue light
was illuminated, the M-intermediates switched to O-intermediates. In case of Y185F-bR, CS*-intermediate,
N-intermediates and O-intermediates were trapped and the configurations were characterized by analyzing
the chemical shift values of *C NMR signals [39].

Microwave irradiation NMR spectroscopy was further applied to liquid crystalline sample to
understand the microwave heating mechanism. We first developed the in sitzu microwave irradiation solid
state NMR apparatus [40]. Using this spectrometer, it turned out that non-equilibrium local heating state
was observed in liquid crystalline samples at the temperature lower than the phase transition temperature
[41]. When the temperature was further increased higher than the phase transition temperature. Proton
nuclei bonded to polar groups indicated much higher temperature than those bonded to non-polar groups.
These results indicated the nature of the distinctive microwave heating process. It is stressed that the
microwave irradiation NMR spectroscopy excite electronic dipole moment rather than electron spins and

gain insight into the microwave heating mechanism in the molecular level.
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Development of quantitative measurement methods in MR for evaluation of effects of
chemicals to human brain

Hidehiro Watanabe, Nobuhiro Takaya, Tin Tin Win Shwe, Fumiyuki Mitsumori

U Center for environmental measurement and analysis, National Institute for Environmental Studies

% Center for health and environmental risk research, National Institute for Environmental Studies

Behavioral tests are widely used to evaluate the effects of chemicals to the brain in developmental disorders.
For gaining the new information, we are developing a new evaluation method using MRI which consists of
the two approaches from human and animal sides. While we pursue the biomarker on the developmental
disorders in the human approach, we evaluate the response of that biomarker in the animal experiments after
chemical exposure. Quantitation method with high accuracy is required for these approaches and we have
been developed several quantitative measurement methods on anatomy, metabolism and bio-iron. In this
work, we will discuss these measurement methods and accumulated data such as baseline data of healthy

volunteers.

1. 1ZC®IC
FERFEOOE D L 725 TV D REEEDOHIMOIA & LT, BIEMIEROIENLFEWE R &
DEBEER OV STV D, ZOFPWEOREFMIC L, — AL P ERER O
~ A, Ty M EOBPTERRBRIENHN LN TS, Baxld, Uz TSI E
(MRD) Ot MiZIFRIEBICESHE TE 2 E WO FHEFIATE R0 ) RICER LTHF
TEEDTND, ZOEZFTOHEART, & IO MR IED DI EFEEICRET HE (A 4~
——) ZRMT L& ALFEMEREZ DO T > KO MR JI7E  (in vivo, ex vivo) Tt MK T
DR CHEEIZBE L COINEZFHET 2 2 & Th D, RiEDREDITIE, BHEAN—RAT A T —4
DOERE L RERERFWENLEL 70D, o, ZOWEICBEL T, @EESHRREITHEYXT
IR < EE R b DO LEZ BND T, FHEREICET HEFEERE L R VIS 2O TIER WV
EEZ TS,

FEAEICEI L Cid, Bz, HEIEARZ b7 ABEE (Autism Spectrum Disorders) @ MR A A
— U ZHIER MRS JIE 7 £ & WS IICHED HIL TV AR, T—HDIEHH& 7
ERRELSEELVONHRTH S, ZOFKE LT, REOBREDIEDILSIZE D Z LN 141
EZ2bND—FHT, MRIIETOERDOH LS LW ) L THIEDMORMEL HVED EEZ T
B, TZT, ZOBFIZERL, EERHEL VO RICHE L TMR JEEBREZIT-oCEX7ZDT
Wt 5,

2. Fik
MRE&HE & LT, REHIBE L CRIEEZBR L CE e, ZHUTMA T, MK HOR

B MM, (EFWE, EEE

ODLT/eRXOTOA, TehRDEDAH, TuATHAI ALY, O 5H)E



BRERIE S B MMNERRENMIE T2 2 L2 R L, BREIT-o C& =, BIEICE L Tt
bt N EfMIEREE R U CIRREMITIE 2 BB kiE & U CRR%E, EA Lz, BB L Tk, &<
FIH STV S HMRSHIE & E O 7 OMIHEGE T VTN Z . R e — 27 O &R
722D '"HMRSHIE R, EEMNTEZ B L, 2 TOHEEIL, b b 25 H4.7TMREE (Agilent
) ZRAVWTITo T2,

TEREEGEIE - b MRREEICIE, 90° —180° U LA Tay T & & fH59 %5 MDEFT
Sl AW, BRI, Imm & Y7 L CE LI T E A5 7-. Statistical
Parametric Mapping 12 (SPM12, Jt&eefi#tTH Y 7 b =7) LT, @G RA OB AL —H%
MIEZ FEhits, IKREE, BE., MEMERO MO E 21T/, ZO/RBEND, BB OERERS
FOBHENEREZ RN L7z, #V T, FreeSurfer (FBAZAEMT (percellation) 1Y 7 b7 =7) 1T &
0. HRREL BFEEREZe & O E D TOA 111 FEE O 21T > 72, 2 Oy i 5 &
SPMI12 D4 3 /3 EFER G . FENALOKAE, BE, IWNERES D BT 21T > 72, Zb
WL T, RMEE/REATZ T 47 (n=358 (B 146 44, &k 2124)) ORIEEFEME L, fif
MraiT-72,

REBERIE : STEAM > —7 o 2% e, IR WS TV S IRERBKS A E, JEEE
7 MEIEOAh, ARE RO & JEE S O ICER T 267 7 N H M OBERLOFMIEEZITo 7
%, MIEHEAET VHATIC L VIBERH AT 72, 20 1D A7 ML T, #MREEDED 7
WA IRy -7 X WO Y — 7 SR, TR TH, ' H W ORIERES v Y o SO DL
W, ZOESIRE DT, 2D B (Constant Time (CT)) EAFIFALZHTH v 7V 7R
AT BEZR BTN CT-COSY v —/4 > A, CT-PRESS ¥ —/7 » AZBH% L, b MMHIT % ElE L
7oo BUE. & MEATERAREGERD O ORBPIRERX—R T A 7 —ZEREEB L, EHTWH
HEZATHD,

RPN SRR BERIE « Fox 1T b MIMPNALARZK TH O Z0 T OFEEFEE R,T (T.T o) 1%, N~
= UF UEREFe]. @0 T Ebt fv & EHEHOBFEMTREL Z LA ML TE R, ZoOllE
T, BEORW T " omllEE B E LW L AIZ L ~v v F A =a— (MASE) &~
— U AER W, TRETIZ, B—AT7 A4 A CTOREZFFBE L, KT 7 ¢ THRIEE FEhE L
T&ET,
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ERPIERBRO—F L LT, K 1IZERGEE T b i
ANDOEMSENZAT HRX—RA T A VT —H %9, FRENCHER,
HEH 22550 BHARRE 2 2SS BB NI TR L 7288 2R3, T OIEH
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7o, S DICMETHNIB LN TR E21TH5 2 &7

[+:]
(=]

(=]

o

o

segmented volume /
intracranial volume
8 w o w

-
o

0

Bt Ebns, 10 20 30 4(:’“50 60 70 80
4. i c‘_’_ 56 Fig. 1 A baseline data of health volunteers

5 - 3 (Relationship between age and gray (O) and
| ]* é%’ﬂq 4.7 T MR %%LT\ E ]\HP_‘I MR E%{E”Hﬂz & LTH& D white matter () volumes.

Wo ZLNTEHRE, REIWIRE . TN ORI E ORIE R X

ORMTIEZ BT LT & o, (LFWE DO ME~DOREF T & W 5 BAEICR L TiE, #obD—
RViRd 505, EHEANN—R T A 7 —2 O, HiEHE Bfs LR EREELERE, 7>
NIMRIE 22 £ D TV & 7210,



L3-2

HAREICK D EHSHEEMR I OT 1#ARR
O/NHEERG!, PNHERE

LR - el A R L Ry 2 A ERFELS
Pl YR NT K

New Type T1 weighted imaging of main field cycle MRI with rotary magnet
ORyoma Kobayashi', Hideo Utsumi®
! Innovation center for medical redox, Kyushu University

2 .
University of shizuoka

T1 weighted image(T1WI) is useful for clinical application. We suggest new type T1 weighted image
using main magnetic field cycle MRI using rotary magnet. Because T1 depend on magnetic field, there is a

possibility that we get different image from conventional T1WI by short TR.

MRITIZWE DTIFEFREDE WA & 1T
TR EGR D — IR S T& 72, FF
WZERIRBIGIZI N T, T e EDFRES,
TR =0 AEEHE ORISR ICIE
IR EZREL, < TUTR B RUVFE
LT3,

AlEF 1L, KA 2 SOtk AR

ZHEERICEE L, ThrhlirsdsZ & Fig. 1. System overview.
TEMETFTRE DT D LV Field P — —
cycle MRI % % U7z, BESTRIE130.3T (&
LY — eI 90mm*90mm*70mm) & [
IV D13.5mT (Be5¥—aik Wi A3 B
30mmMHOMINK) THDH, Z OO
DRI EFIC S N> TEY . TR
T EF e, WA RIEREEE LA ZE T D D3,
AW SHERZE LTREL TS, [lE M0
T 5 DL 2 DOXF AR AW AT D I T

D, 7774 hag i, RS SiX
Firil LT\ D, BEARHAIC K0 dB/dtA A U
TT ALy NOFERE )7 ik 7R
MENH 223, FliAx QUM IEZ i L, MRIEHE OBFARIZEEN LT\ 5,

Fig. 2. Top view.
Rotary magnet has two magnets (0.3T and 13.5mT)

MRI  T1983H Ei4
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W35 P30T D W E ORAIIBES TR\ ARAT L, € OFEFNIWE O b SRR T UK T T 5.
W OMRIZ BTk, TRZ 8 S 25 2 L2 L W REENE R OBAL 2 TUIRTF S B CT158FH
BERBELTND,

AL E IR SE I R 6 2 05 A > T H> 5 MRIOREHEE £ TOREM & T1 L O RERICEYL
PEAF L, IS L0+ B RESEE C ORI RGO BEGII TSR BB & 70 b, <5
NTWD XD ICHEEIREDN IR T D &, MEOFOSTHIEE T 5720, EMEGRENZ(LT DK
TEE I, BEOTIHEFEG & 130 LiE > BgA S LD /REERH 5,

EBRICTIOR2 5 3THD T 7 F A2 W TIRE L, T 21T o7z, BEERHCHRE L 72MRI
Hif1%, TR400ms THxfg L7218 O TG M & [FIFRE DTG R EHH Z LN TE T,

Conventional T1 weighted
TR 2500ms TR 400ms Rotate Magnet

;’«m
on
Fig. 3. Phantom images.
We take three images, conventional MRI image, ) I

conventional T1 weighted image, new type Tl Tl =CiSOA mh =CiSO S
weighted image with magnet rotation. Phantoms  Fig. 4. Normalized intensity of images.
are CuSO4 1mM, milli-Q and CuSO4 SmM. This is normalized intensity from Fig.3
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Signal Assignment Strategy with Information Science for in-cell NMR
OTakuma Kasail’z, Kae Higuchil, Kohsuke Inomata1’3, Takanori Kigawal’z’4

! Laboratory for Biomolecular Structure and Dynamics, RIKEN Quantitative Biology Center
* CREST, JST

* PRESTO, JST

* School of Computing, Tokyo Institute of Technology

For structural or dynamical analyses of proteins in cellular environments, in-cell NMR methodologies
have been developed. However, it is suffered from limited measurement time by cell viabilities and
relaxation enhancements by molecular crowding and non-specific interactions. Although amino-acid
selective isotope labeling provides useful information for main-chain signal assignments, it requires
number of labeled samples for complete coverage of all amino acids. To solve this problem, various
combinatorial selective labeling methods were proposed to reduce the number of samples. With
quantitatively controlled isotope labeling, we developed a unique combinatorial method, named Stable
Isotope Encoding (SiCode), which enables amino-acid typing of all 19 non-proline amino-acids at both
residues i and i-1 using as few as 3 labeled samples'. We further improved decoding procedure of SiCode
by model-fitting with prior knowledge of the labeling pattern and the amino-acid sequence, achieved with
simultaneous optimization of both distinct and continuous variables using replica exchange Monte Carlo
method”. These improvements enabled us to apply SiCode to in-cell NMR. This strategy will help in-cell

NMR analyses of various proteins.

AN D & 2 37 B & BT Din-cell NMR Tl 77 FIRMEIC K D8RR E-CHE R B rHE A/EH
DIFAE, PIERHE AL O AEAFRENC Lo TIRE S D70 EOEBIZ LD | NMRIE S DOREEDMK
<, FEz, WRERMIEENRONTLE S, FlIX, =HILEEIC L2 ZHESIREIX,. —5o
BIEDFEFMEAE DB Z TR ZIF DT DONEEL 720 | 2D Z & Dkkx Iefiftr ki g s R 7 Eloo
W TCin-cell NMREZ 3 272 9 BROEREO DN E D & Tn o> T 5,

7 X BRI E FINAREERRIE 1L BRFMIRHE D S22 52 1T 1T < W2 SENMRBIE ZFIH L |
HEURE & IFMSL o7 X BRI OERE 5 2 5720 EEUREOMBI & LT, EIIXHM T,
FHEHIFBOTZDIZHNWDL Z EARTES, UL, B2 IUER Clan ZER R PUETRIR O 03
RiZZp>TLE I 2O, xRl AGOERFUERIEN BRI N TN D, EERE LT, S HITH
PUTBIUTR A AT D720, 7 X BBOE & L EFRNARE RS 7 — 2551k L. NMR
ARG SO T FNGRE BT T 5 7 5{uiEkiE (Stable Isotope Encoding; SiCode) | %
BIRE L2, ZhIC LD, D)3 EEORBERAIC ST, 205 N-HSQC & 27k JLHN(CO) A
TR R E RN AR RE . A o ARRRTA, in-cell NMR

OMENWELFE, OSHLNRZ, WOEEZ95TF., En¥b7=n0b



R MNVEMETDHIET, KV 7 FTMCOWTHLE-NEOT X JERR 7 1 U &< 19RO
FHLNWTNTHLINEHRTE D Loy B bERSREICB T, iS22 —r, T4
OHFEEER ORI, BHHREFEOMAEIEN L CHYIZRHRFZB 29 2 EICE>sT /A X
MPtEZ @2 Z ENTE D, 7V BEOERFIENZ ERXL., ZhEaRgKIbT52 LT, 5t
507 2 7B - BB U CROE RS — R o HIER ER L R R
WU E YR A RIS L3503, FEROFHLREORNER A 2 5D T, MEOMHE
IZR D R RERETH D,

A= BT BEBIL. NMR AT L ED S 7 F )L OBREE ) & 228 RN A% 2 4 3
BL AR — EHO LAEbED 2 ETERSNDN, V7T NARER S TZGACS/NELIME
WEGAITIZIE LW BRERS N REE L 220 | R E L TEBICRRT 22 2083 %< 25, KV IEL
WE SOOI, B2 — 07 X BRI 7 EREROERETEH LET AT 4 v T 4 T
ERIMRIZENEELY, ZIOLEETIVT 4T 0 71, MAGDERELE ST Z L &
72B7e, INT A= —DOERRERIINIZND, VY BT T v aike v, BT
bDHT X EEEGAERTH LT T b - BE - SREE A FIRFC R b T 5 2 & T, BLERRE
R TR 220 FEZMFE LS, Zhck Y, BEY 7T ARy 7L OEE O I S A
m kL7,

ZOLEWMEICL Y, BEUERRTE A in-ceINMRICISHT 5 Z E N AL o7, B F B
FUERMRICHEA Uzl % 77, in-cell NMR CITiEHE OIARNMR L W b BENME T3 5720, /
A Rl 10 EE G D720, AN G 72 DI — v Wiz, SINFEOARW AT R L
BRVELWMEREGDTED, ETNVT 4 v T 4 VIR DEFEB I o7z (Fig. 1) .

DX ) RN TE. a7 2 R T Din-cell NMRIEHTIC & > THH L i S 5,

1104
115+
120+

E}(G)I

1254

Fig. 1. SiCode analysis of in-cell ubiquitin 3A.
'H-""N SOFAST-HMQC spectrum of human ubiquitin 3A mutant in HeLa cells. Decoding

results of SiCode are shown on main-chain signals.
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Automated analysis of NMR signals assisted by Deep Neural Networks

oNaohiro Kobayashi', Yoshikazu Hattori®, Takashi Nagata®, Chojiro Kojima*, Toshimichi Fujiwara'
'Institute for Protein Research, Osaka University
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NMR signal assignments are basically starting from peak identification on multi-dimensional and hetero-
or homo-nuclear NMR spectrum followed by spin-system analysis using the identified peak lists
considering coherence transfer pathway in the measured spectra, then completing sequential assignments
based on inter-residual peaks to connect the residue specific spin-systems. There are a lot of programs
which can automate NMR signal assignments, however, still it is difficult to start from automated peak
identification. Here we are going to present our new generation of programs, id_robot and anneal robot,
which can facilitate automated backbone signals assignments assisted by Deep Neural Network (DNN) to

achieve highly automatic, fast and accurate analysis.

NMR F— % D3 7 FIMFHIZ LR ITC AT ML DB — 7 K. A B2 RO fEMT 2 #% TREA
R BSR4 T D 2 & TRAT D, Z 0T E BB T 57201 e — 7 i & IEf
WCFEITTDHZLENRDOOENDND, 2L DT T ATBN UL Ho7a iR EHTE TN C
ENBURTH D, AR TIIE — 7 BRI HTEINAI RO LWEE 7 E (DNN)Z W T/ A
A & SR EE ATV, BRI CTEl7e NMR & 7 v BBV IBIEOBIR 2 A & Lz,
2 TOHEIZIZOS E L CTUbuntul4.04 LTS, CPUIZCore i5 6700K (4-core), 77 7 4 v 7 H— K& L
TGTX9804GB)EEH L7, FHET—% & L THRERITO/NE /a5 /37 4 (Pleckstrin
homologue domain) (Z & ¥ JIE S 7= £ 7 VIR e o A7 13D HNCO, 3D HN(CA)CO,
3D HNCACB # X 0D CBCA(COINHD T —# Z >, id_robotiZ & 2 TH AR, 2k BIEAM7EI2
KA —IHEITo7, BETIE A RHEARRE B s —7 DA ERELEE, Y
— 7 OFEMER 72 BN 2 e E I EER L%, #8722 27 b LRI A 80V H LMicrosoft CNTK
ver 1.6 (Computational Network Tool Kit) [1]DF=#E H7 —# & L TH L=, 1200080 &°— 2
W% UClRlER, SiG s, 55 i & OB A 1T - THI26000(E D 7' L — A b — Vg7 — & &
LCTHRIEL, T U A AICWA_REX T2k, BIZT X DICZED20%% T A T —% LCTHIH L7,
GPU % H\ 7=CNTKIZ X % Convolutional Neural Network (CNN) [2]DFE R AZFZIT L. B THT A
N — 2 OFRFHNEIED9T% TH D Z L 2R LTz, E8HOMRHEE—27 OFSEEZATIE L, 6
=y FOBEEEEOED /A RHEEZRENN)ZER L, iR2EfiamfRiEic L v 28 S8,
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Fig. 1. A schematic representation of noise recognition system assisted by Deep Neural Network.

Right panels are showing noises recognized as NMR peaks have been correctly eliminated on 3D

CBCA(CO)NH of FKBP12.

ATNEFRRIZ 12008 O &' — 2 7 =2 2528 7 — 2 L LTHE S, B I380% DEIE T

98%DIEFEETIH H Z L %R LTz, HTIZCNNEFNN2OSLDAS) & LTI0 =y FDATJE % Ff
B, 8= hOHHE &30 H OHIBIZHZNN)ZFig. 1O X ) IZEE L=, ZH 5 3-2ODNN
THER SN D B — 7 fBIEs 2 VER L, id_robotlZFLAIAATS & 2 A 3 ODH LRI ET — 2 TR L
T false positive 5%, false_negative 2% & mitERE7: / A RHBIERE ARG T 2 Z L IZP LTz,
BoNE— 7 RE®RE TS, HN-PNE—27 OAZE L, 36 £ 047 5 Cal-1), Cal),

CB(@-1), CBH)PD > 7 F /v ZHIE L, OpenMPIIZ X ¥ &#{k S #17-anneal robotZ HWTHEX 72 F L
BEICEZHNPNAR Y Y g o7 2 Blls L TN~ 2 38 4 9447 L=, M8 Tldid robotlZ &

WHINSND AE VAT AOMBEDE T X MTHBE A T4 T — DI K25 R A2 E
173 %, N1EREED & /X7 B Tl HFKBP 120 EHESURE ClI v — 7 Bt HBkA L Tl L 24
SRRETRTOHELET L, ZORBREIZR%D TR LEIT%DIEE CTh -7, FIEEHRLT
[RAR DT % Guntert > DBH%E L2 BB 7S AN 7' 0 75 5 CTh HFLYARB| TEIT LI E 24
87%DIFIBTEMETH Y . /A AOFEIZ LV HEOBENmB AR TH - 72,

AWFZEZ LY . A7 MV OWHE S 2 BT HUTES TR B — 27 B 6 EHS 7T 1 Ol
BIFGMPEFOND Z L 2Rmd 2 e R, Fio /A JHEICEGEEFREIN A CH T E 2 FITS
% ONMRIFHT EAT I LWIRZ T T 5 LB A b5,
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Identification of a Conformational Equilibrium That Determines the Efficacy and
Functional Selectivity of the p-Opioid Receptor

Junya Okudel, Takumi Uedal’z, Yutaka Kofukul, Motohiko Satol, Naoyuki Nobuyamal, Keita Kondol,
Yutaro Shiraishil, Takuya Mizumural, Kento Onishil, Mei Natsumel, Masahiro Maeda3, Hideki Tsujishita3,
Takefumi Kuranaga', Masayuki Inoue', and OlIchio Shimada'

! Graduate School of Pharmaceutical Sciences, The University of Tokyo

* Precursory Research for Embryonic Science and Technology, Japan Science and Technology Agency

3 Shionogi Co., Ltd., Discovery Research Laboratories

G-protein-coupled receptor (GPCR) ligands impart differing degrees of signaling in the G-protein and
arrestin pathways, in phenomena called “biased signaling”. However, the mechanism underlying the biased
signaling of GPCRs is still unclear, although crystal structures of GPCRs bound to the G protein or arrestin
are available. In this study, we observed the NMR signals from methionine residues of the p-opioid
receptor (LOR) in the balanced- and biased-ligand-bound states. We found that the intracellular cavity of
HOR exists in an equilibrium between closed and multiple open conformations with coupled
conformational changes on the transmembrane helices 3, 5, 6, and 7, and that the population of each open
conformation determines the G-protein- and arrestin-mediated signaling levels in each ligand-bound state.
These findings provide insight into the biased signaling of GPCRs and will be helpful for development of

analgesics that stimulate pOR with reduced tolerance and dependence.

G N B IBFIZZAR(GPCRYD Y H > RIZlE, GR U RIBEET VAF BN L= 7T
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CDONRAT AT FNANECDEBIIARHTSH D, Bxld, p-A 4 A RZFEEQOR)D A F 4=
VAFOVIRIZHFKT HNMRY 7 V%, BEO Y o R3fES LTcREE L A 7T AU 77 KO3
A LICIRRB T L7z, ZofE%, pORIZFAMEICN R, 3, 5, 6, TEBDOEEE~Y » 7 AN
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Integrative structural biology approach to decipher the molecular mechanism of
Asn-glycosylation

ODaisuke Kohda

Medical Institute of Bioregulation, Kyushu University

Asparagine-linked glycosylation (N-glycosylation) is the most ubiquitous protein modification. The
defining event in N-glycosylation is clearly the formation of the covalent bond between the oligosaccharide
and asparagine, which is catalyzed by an integrative membrane enzyme, oligosaccharyltransferase (OST).
The archaeal OST is a single subunit enzyme consisting only of the AgIB protein, and thus suitable for
structural studies. The acceptor asparagine resides in the N-glycosylation sequon (Asn-X-Ser/Thr, X #
Pro). The glycan donor is the lipid-linked oligosaccharide (LLO). An oligosaccharide chain is assembled
on a lipid-phospho carrier. We pursue an integrative strategy for the understanding the molecular
mechanism of the N-oligosaccharyl transfer reaction. The approach include the structural analyses of the
AgIB structures in complexes with the glycan donor and acceptor. Unfortunately, we have little knowledge
of biochemistry about archaeal N-glycosylation. Thus, we perform the chemical structure determination of
N-glycans and LLOs from several archaeal species by MS and NMR. Our integrative approach using
crystallography and NMR, with the combination of biochemical techniques including disulfide-bond
tethering revealed the structure and dynamics of the AgIB protein, which is essential to achieve the efficient
and accurate N-glycosylation reaction.

BURTBEDT ANT X UFRIEA~OEHEAMAI (NBRES A X8R %EfioRFTHD. 2
v Y RECH] Asn-X-Thr/Sert 0 Asnik Fe~DHESH O HRFE i T A U THEFIRRE R & FEIZ L 5 B
KR BRI L TS (Fig. 1) . N

ERIEIA IR S Tl AR, RIS b 3 ghcan acceptor
HAET . £z, BIEMEO—EIC bIFET 5.
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YA IO H LI THRET 5 Z T E, Fig. 1. Oligosaccharyltransferase catalyzes the

WA FIIEICE LTV D, transfer of oligosaccharide chain from LLO to
RIETEVEFIGTE F OB L s dmpg e N-glycosylation sequon.
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REDEEREEEZGDLZ AR LEN, XFF NEOHEMARRA TR EZELZLNT
Xhehol. 2T, AgIBY VXV EIZVATA VERIEEEAL, XT7F FMIICBEA LT R
TAEEEDOMIZH TR ANLVT 4 FEGEIELOETEAEREER L. TR ALVT 4 K
AL > TR LICEESNXTF RO T AR

T X UBRIEITHESHM MDA R ISR Z D Z L 2R L

disulfide tether — \Lll’zm\- o> o, ek, VATA VEREKOEANEL, NTTFRE
= SN w551 DS S SRS H T D ELEHIE O PgIBRESE 0 37
g D552 HREEEZ IR L CTITo 7. A SRR O 23 fR 1K

TR5A — 35A) L=, XTF BNV
RA—=2a rTHALTWS Z ERNbhro7z (Fig. 2) .

C617

T L _\fmpmr FEGHAI N = > & B AELSIAsn-Val-Thrd 5 5, Asngk 5L
,nuﬁrﬁymw DRIGHIE 2 SORNET T/ BRI L 82 (408 1 A

§ N > L 4k|Z, carboxylate dyad structure & 44 U 7= K55k 724
)HE.BD g hmm EEER L TWD Z &, Thrig Lo AI8E 1L Ser/Thrifs & R
- Ty b &g LTEEICHE LTV D 2 LA H{eT

Fig. 2. Crystal structure of the E
cross-linked AglB-peptide complex

BEBHHE 5L T b 2 IEE 5 A b4 (Lipid-Linked Oligosaccharide, LLO) & D48 & Ak &R & %
T9020E, EMEOLLOD L EMEEZIRET HMLERH 5. FEEAEYSCEIEMEOLLOIZ L,
HHIEOLLODAL 2 E IS TH Y, HME O Z L ISR EZIT O LEND S, BIFEAE
HHIE O SFEICOWT, BEENIC L VBT F FE2fiR U<, MO (BB T & B
DODLAERIFLEE) & MSHHT, 38 X TONMRIZ XL 2 linkagefittr & 7/ ~ —fiftr 2170y, NEUFES
DAL FREE AP L7223, £, BEEEK2 HLLO

Eukaryotes Crenarchaeota Euryarchaeota
AR L0 b, A 4 2 28 L IEFIHPLC
IZE D HEL, ESI-MSMS/#T#1T9 Z & T, LLO
DIFE Y B EE S DR E 2T - 120 D
TR, IEEM OISO Y R oBIZ— Y M
(Eyryarchaeota) D i ¢l 1, 7 LM Nac [ficoon
(Crenarchaeota) D i CTIL U VB OEIL 2 TH ® NAC 050
B EEAEELE (Fig.3) . ZAUFTACKA—/S— e @
M (7 Lo MEED) KBTS ERMEO LS, 2m ?ié wE s

0o

VMO EME L BEEAEMICHEEITENE WS E socarmcs Probecum Prococas - rchoogbus
AR T L. AFEH 5N LI LLODAEAA 4 Fig. 3. Comparison of chemical
WS EIKEEOLLOT Fu 7V ofbiea ki z it  structures of archaeal LLOs with that of
TW5. KEHEOLLOT Fu 7 & fln Tk & g cukayotic LLO.
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Dynamic and cooperative behaviors of paramagnetic electron systems in tetra-heme
cytochromes and their biological significance

OHideo Akutsu

Graduate School of Medical Life Science, Yokohama City University

Cytochrome c¢; (cyt ¢3) isolated from sulfate-reducing bacteria carries four c-type hemes making a cyclic
configuration in single polypeptide. One of characteristic properties of cyt c; is its extremely low reduction
potentials, ranging from —-90 mV to —380 mV. We have investigated the thermodynamic nature of the
paramagnetic electrons of the four heme architecture of Desulfovibrio vulgaris Miyazaki F (DvMF) cyt c;.
Contributions of residues to lowering the reduction potentials were also examined by site-directed
mutagenesis. Their X-ray crystal structures were also determined. Comparison with the thermodynamic
property of a linear tetra-heme protein strongly suggests a cooperative interaction among the four hemes

also its contribute to lowering the reduction potentials of the protein.

FREAZEAEDRT A T EICLI L REOELZFR LIV, REHE CIIERELE L 130 L
HRDBENO T DL0, Z X IHITBT D FHMESRA 2 R0 Rz HO>NTE
ZTCHIE, SRHLBERTHLNLEFFOY M rbLZ R BT mbiiTnD, HT
H, FERERROEEEICED S 7 a b e (eyte) FEALTHD, cBANLEZTH L ITED
RYRTF REICHARES L TCODANLDLFFTH Y | Cys-(X))y-Cys-His D~ DDV AT A NZF
FE—TEA LTS, BSENMFIIFIAR Cys DERVDERF VA IF Y —LVITH
Lo X T EARTIVETHLEL, FEALEDEAIEIn=2THDLIMN, 3X4D5E5LH 5, B
REIZ E@ﬁ’%‘fé? VNI TIEE 6 BN T AGFEL TIRA B U REE L2203, B IS S
Thd, ZOHE, ~LERITRLIRE TITERNE, BEIORE TN & 72 5,

DG DE R EITIIANLEEDOENS DB, F A NTHRERE T & IR

(Desulfovibrio vulgaris, Miyazaki F, UL DYMF) O Ao R &2 MK T 5 cyt e 1% 107 7LD T 2
JERIZXT L T4 DDONLDFER LTEY . Shewanella oneidensis (So) D/Nil cytce (STC) Ti 91
FREDT IV BBIZK L TAODDNLRESE L TN D, BRELZESNE B e TIESI8 LD T
IBICKH L TADDNLR DD Z L2 RAVUINLEEOEENFETE D, ZOXHITENA~
LIRS AMMBEAERZA T, SR E R TIRE E 70D, ~LHFEAEERIZ~L DR
EOHEFIZE > THEDL-TL D, TNENSLEE LIES, cyt e TIEANLIHERO 4 THROALE
W2 HH, STC TIHEANLIFERICHEATND, S HIT cytes TIXI Fa L RU T D eyte (IZHEE L
THI 560 mV HEALIRITTEM MR, ZD7D, T bD Y b7 m ATHEUIRE TEdm %
KZDHZENTED, KHEHTIITRROREZF ISR RD TETH D,

UL hrale, 571 BIOMEBIA~LOER LR TTEN
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1) A b7 u ABBIIEFICR#ETH D, 2T, By b7 oIS A~L Y N7 1k
B NI DORBERBRES. oneidensisw g ¥, KIGHE 77 AI REaX7Z—L LT L, =
AUCKY, REOX VNIV EORGE S8 7 X BIEBRNARE L 7o Tz,

2) Wk 7 M EHAWIZUAS Loyt clZ BT D0 FARNB LN FRANLEFBEIOX AT v
A LB EMRT L, D FB L OESNLORILETEMEH NI LT,

3) S HITZ ORAIEILEN & H Tyt oy BN I 1T D 2 D~ DLW FrE %2 DL
TD XD IR THIZE LT,

« T DOBRALIRFBITHRAT L I=~ 2B LR T BN D24

- cytes& [NiFelk Ka 7 —EBOE T

s CODNLIBIRAFERIC L W BRNRBRILEDD ?

4) BARZHENCBT D~ LEEOEE

« BRI LSTCTOE F 5%

coytolC K ANREREZE L COE TR
5) ~LODOFE{bECEN Z HIE T 5 K7

cPODNLDEFES, FHOEN A EZ DT DOMet ITEZTEDOMWE AT, ERIKOENL T
EHERT H1-DICHEmb bIT o7z, L L, M b7 Did~L 3 DZEFR H25M cyt ¢ D FH
Tdhol-, TOREERESE TITEA L7 Met 235FENTH 6 BT & 72> T -, 'HNMR A% |
DB TR D 3 ODEEMK A TIIAET Met SENLF L TWD Z E MRSz, L,
FAERLZ BNV TIEANL 2 & 3 DEBRKTOIH Met OEMNLNFRD Hiiz, £ 2T, LA THIET
T Met B ERINTHNL L TV D ANLITOWT, Met B OPAR AIER L5 7T BN~ D 5255 % 31
R ZAHA AL2THANL 3 THEAM L HEATH 220 mV O _EHEN <7z,

s WIZIEBNENL T BT RV Bea 7 7 =04 U UCE S TRLETEM ~DOREZH
N5 L LR STV D Phe20, Tyrd3, Tyr66 Tl 40 mV O EAN A S, ZHid
FERE L Ot BAERBMEB O~ L ORBRALRITCEME TIZH G L TWAH Z L Z2RT, ~A3DH
6 BefiZF His25 DA I F YV — LK EREE L TWAH AL F =2 (Thr) 24 2N NI EEHZ 5 &
~I 3 DO bR ITEN DK 50 mV EH- L7z,

- WFRIEICHE O cyt c; OFRLIEITCENMA I h 3> KU 7O eyt e 1IZHlg L TIEFITR L 725 T
LHERNZELDDHELTOLIIZRD, FHOENL T His ThHhDH I EIZX->TH20mV, ~L5
HEDORKE SI2X > TH 180 mV, FHE D E W~ LREEEIC X - TR 100 mV O 500 mV D2 {ARY
RIRTFR G725 ENTWD, ZHUTMA T, #x O~LIZ En—ntl AVEHSORNLF & DAREREAIC
£V 40-50 mV DRI (T b ~LEHD) K FMEN TN D, ~LEEIT R IR 78 A
TERHEEEEZLND,
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NMR Approaches to Dissect Oncogenic RAS Signaling in Biological
Membranes

Zhenhao Feng, Teklab Gebregiworgis, Ki-Young Lee, Le Zheng,
Mohammad Mazhab-Jafari, Mathew J. Smith, Christopher B. Marshall,
Mitsu Ikura

Princess Margaret Cancer Centre and Department of Medical
Biophysics, University of Toronto, Toronto, Ontario, Canada, M5G 1L7

RAS proteins are frequently mutated in cancer (~30% of all human tumours). Among three
major isoforms of RAS, K-RAS is a well-established “driver’ in pancreatic, colorectal and
lung cancers where the protein is mutated at three hotspots: G12, G13, and Q61. Despite of
enormous efforts in the RAS research over three decades, there is no clinically approved RAS
inhibitor and the RAS protein remains to be a challenging target for cancer therapy
development. | believe that this is largely owing to the lack of understanding of how mutant
RAS functions and alters related signaling pathways in the RAS-driven tumours. Fully-
processed RAS is prenylated and methylated at the carboxy-terminus, which enables RAS to
anchor to the plasma membrane where it functions. There is a large gap in understanding how
the lipidated RAS protein functions at the surface of the plasma membrane. To overcome
those outstanding issues in the RAS field, we sought to develop better conformational and
functional assays for RAS both in isolation and on lipid bilayers. We are particularly
interested in elucidating how oncogenic mutations alter the RAS structure and function
especially when RAS is at the membrane. We combine isotope-aided, time-resolved, multi-
dimensional NMR spectroscopy with the nanodisc technology (developed by Sligar and
coworkers) to study membrane-anchored RAS. Strong emphasis will be given on the use of
paramagnetic relaxation enhancement (PRE) probes in the RAS study, which helped us
greatly to characterize the RAS-membrane interaction. | will discuss how the biological
membrane affects the structure and function of K-RAS in both wild-type and mutants. These
structural and functional characterizations of KRAS by NMR may help to develop therapeutic
strategies with novel anti-cancer agents targeted to K-RAS driven cancers (Supported by
CCSRI, CRS, CFl; Special thanks to the Princess Margaret Cancer Foundation). In memory
of Professor Fuyuhiko Inagaki, Hokkaido University.

Oncogene, small GTPase, paramagnetic relaxation, membrane interaction
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Paramagnetic lanthanides for biomolecular NMR
OHiromasa Yagi'
"RIKEN Quantitative Biology Center

Paramagnetic lanthanides (Ln*") offer great opportunities for protein analyses by NMR spectroscopy.
Pseudocontact shifts (PCS) induced by paramagnetic Ln>" contain unique distance and angular information,
providing powerful restraints for the three-dimensional (3D) structure of proteins, protein-protein and
protein-ligand complexes. As most proteins have no natural Ln’’-binding sites except for some
metalloproteins whose metal-binding sites can be substituted with Ln’" ions, engineering introduction of
Ln’" ions into proteins is required. We have developed several small synthetic or DOTA-based Ln’*-tags
for site-specific labeling of proteins with Ln*" ions. By using these tags, we established the new method for
3D structure determination of proteins in which the PCS of backbone amides are the only structural
restraints. This method is particularly useful for solution structure determinations of proteins of limited

solubility for which other NMR parameters are difficult to measure.

A0bE LEFERT, LA —A N T U T ENL KT OGottfried Otting#dZ DAFFLET, T4 /
4 F&JE (Lo®) 12X 2 WBEER 5% & o /3 7 BENMRICIS T 2 %0 & dhsb 7=, Wi &R U< L
T, dfpERFOfELAED 7 V—T b FRE L MEIIE L, ML AP T ¥ A
R& 8 2 - e K I T b Tz, B RY =7 A (G ZFR< &2 TOEBMELY X
WAL T v (T v ) IZBRIFERH D72 (AyT >V Iv) | RN K D15 558
ORI Z, ALFT 7 MEICHREL 52 5, W HPseudocontact shifts (PCS) & FEIEAL 5 B
G CH D, PCSITITHFRMEF L & BT OHEBEERB L OAEBERPEENTNDLH, ]

FHER L OMEXIELE 2R ET D 2 ENTE D, ZIULY /37 B ONLRHEIE R E M ABAE R T

ICEFEICHHTH D, L, 13EAEDERS FIIRRITIELY AL 2 F 272 0O T, ]
%ﬂ@ﬁ@f%%#%hﬁ%%ﬂ?éﬁ%ﬂ%é Z DOBE, ZhERRRPCSE G A ITIT L™ 2 722 B~
<EL, LB REICH VA7 EICEET HHEND D, Bxld 37 BIE R R 7L
iﬁ%wﬁﬁ@\mﬁ ﬂbfmwﬁﬁ@%ﬁo%ﬁﬁ&4f@uﬁ&ﬁ%AmLto%m%@&
T2 R EOBHEINCEANT D Z L TEHT 2 NEDOPCSE Z L X7 EaRHEHI L
PCSO B %S E LI ¥ R R ®¢W%L&m&@%%%ﬁoto:@ﬁ&i\ﬁ%E@
SBFRRELEE C L RIE SRR WS FCTO X v X 7 B O ARREER E I E N Th D L E X
%

PCSOIE T2 KN 2 HETEY | fEREOHHISEME L LTORMIEL L L0, RARE
Pea R EOEFABIICH LY | A THENTORIIC bz LTETWD, |
WO Y . PCSOFFUIAE N HL’ ZEAT S5 Z L BMHTH S, HEREIE, FZICThLn®
AT Z D AREMERNH D LWV D T EERIRL TV, B ORETeGETIC B HICHEER C& 5 HifF
DPAFETE 225, PCSOISHEPIX S HIZIRD D b D EHIFF S5,

Z 4% /) A R4:J8, Pseudocontact shifts (PCS)
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NMR analysis of dynamic feature and drug resistant mechanism of cancer
mutant of tyrosine kinase

oYoshihiro Kobashigawa®, and Fuyuhiko Inagaki?
'Kumamoto University, Kumamoto, Japan. 2Hokkaido University, Sapporo, Japan.

Tyrosine kinases are key enzyme for cellular signal transduction pathways. Their
aberrant activation is related to various human cancers, thereby assumed to be attractive
therapeutic targets. Various tyrosine kinase inhibitors (TKIs) are under clinical use, while
acquisition of resistance to these drugs is a major problem. To clarify the mechanism of
drug-resistance, we studied dynamic feature of drug-resistant mutants of fibroblast growth
factor receptor 1 (FGFR1) and their interaction with ATP-competitive inhibitors by NMR,
differential scanning fluorometry (DSF) and fluorescence spectroscopy.

Fuv o —VIdF o EOFu v UEEO ) VML AT AEEE TH Y |
b MZIE 97 FENTET D, MIANY 7 FNVBRZED V) H—L b X R ETH
D ZOTEMHEITEE IZHIE STV D, IO T, BT R IEMHEII % 203 T
Rbiv, FIBAKIBFR O EERRIFEN S Lo T0nD, ZRETIZHEZL DT r
Uk —EBRERENHE I, INARE LTERSR TS, LavL, EAlmME
IEEARD MBI ERR EOFRE L 725 TV 5, ABFSE CIEBLE A S O iR 2 H 1Y
LT, R Ty o —EBD L FETH D FGFRL IZ DWW TRHER & O AAE
B LN AL BROBHIEEIRFEIC SV T NMR, #E A7 kL, Differential
Scanning Fluorometry (DSF) % N CTHENT 21T > 7=,

BANC, DSAZEBAROEIREEIREEIZ OV T NMR Z W TR L7z, Fui
FT—BOEMEIL, T —FE RAAL CHNOIEHRIL—T DU VEEIZ Z D S b,

tyrosine kinase, inhibitor, drug resistant mutant
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SIZBH S 2 TIT ARV, Fig. 1. Schematic representation of dynamic structural
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FGFRL OXF—F¥ R A A equilibrium between inactive and active kinase.

ATV Uelic k| RE

< 3 FEPTOEEN/HEEELEZE Z 3, —D2HIX Helix-C, —>HITIEHEIbL—T, =
S HIZ P-loop DFEIELTH 5 (Fig. 1), ZiL 0 DEIKOEEZEEZET=F —T H72DIC
AFF = DA F A BC TR L7 FGFRL 238 L, 'H-*C HMQC =2<7 kL
L LT, 3 FEONAZEMR (N546K, V561IM, K656N)IZ W THT 21T - 7=,
N546K X N-lobe & C-lobe DD b v PHEICAFLE L. REHALRES 22 ElbT 5
Molecular Brake (2B 558 DL BAKTH 5, VE56IM 1L ATP #5E R 7 > kN D AR
57— N — /R EL L I D AL OB ERARTH 5, KB56N LI L/L— 7 JE
VWOEBIKTH D, N, BAER FGFRL @ U UER{bik & FEY U ER{bIAD NMR %
R R UZOWTLE LTz, ZOfE%E. C-helix &34, P-loop &4, fEMEAbL— 7 &0
D NMR ¥ 7 F B LT e, IRIC—EHONAEBIRIZONWTHIEEZ T2 & 2
Ay VU b 138 e o 7T OVEITRAT TdH - 72, N546K 1 C-helix J&1Z,
V561M iZ P-loop J&32, K656N [XiE Ak — 700> 7 vk LTz, Lik
0 DAEBRKIT—RRITEE M 2 TEE IR 58 2 0 TidZe < . JRFTHNCTE M
RINGEZHET 5 Z LRI N, ZRHDOEREKD H 5 N546K & VE61IM |33
KIMHEZEBIRTH & 5, BAIMEEEIC OV T HBREE2IT> TWAD T, KRETIEE
DFFHIZONWTHRNTH TETH D,
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Molecular mechanisms of autophagy revealed by collaboration of NMR and X-ray
crystallography

ONobuo N. Noda', Fuyuhiko Inagaki'?

! Institute of Microbial Chemistry (BIKAKEN), Microbial Chemistry Research Foundation

* Graduate School of Advanced Life Science, Hokkaido University

Autophagy is an intracellular degradation system that delivers cytoplasmic materials to lysosomes for
degradation via formation of autophagosomes. Atg8 and Atgl2 are ubiquitin-like proteins that are
conjugated to a lipid, phosphatidylethanolamine, and Atg5, respectively, through reactions similar to
ubiquitination, and the conjugation products play essential roles in autophagy. In this study, we studied the
structural basis of the Atg8 and Atgl2 conjugation reactions using NMR and X-ray crystallography and
revealed unique reaction mechanisms involved in these reactions. We also studied the mechanism of cargo
recognition during selective autophagy, and identified Atg8-family interacting motif (AIM) that links
specific cargoes to autophagosomes for their selective incorporation into autophagosomes. Furthermore, we
revealed the structural features and receptor-mediated recognition of protein aggregates that are selectively

incorporated into autophagosomes.

F— 7 7 VT EBAEMIRAE SIS SRR T, A= T 7 TV — A EMIND E
WEA VT2 T OF A Z @ L CofEatg (BT ZRREEL. VY Y —Ab~Llgkd 2 2 & Chff%
179, A— b7 7 AV —LDFER LOEOWNEA~OIERAY 2 FE W O BUATAZITZE < DAtg# /3
JENEELTEY, 205 b8FEEDOR N X F VRO AREFK L TS, 2 EFF
& 7 B Atg8F K UAtg121E, il OE1#3E Atg7
WX DR S NTZOL, ZENENDE2TH 5 Atg3
L OAtglO~ L JE S AL, fERIIZAtg8ITAR A 7 7 F ¥
Nx B ) —nT I (PE) & Agl2iTAtgs RS L.
FEARLE L TA— N7 7 D—ICHHEAOEE 2 S,
2 LN SREE RIS D 2 8FEE T X TDAtglA
T OREEZRTE L, FUSHERE OIRIA 230 T & 72"

XAfE S AT OFE R, E1EEEAtg7IZREEIOEL & 13
FICALRDRE _BRAEELZAT D2 L, EAONK
i B A A C R OB R Atg3 3 KL O Atg1 00D [ 5
IS D LMWL E o (Fig ). [ERRICH
BRI  DA8IX T T =L KA AL kAT 5 2

F— 77—, A EFFUEEEARS Fig. 1. Structure of Atg7 complexes.
Five structures (PDB 4GSL, 4GSK,

ODFEDEE, WAREXSHDOZ 1WZ3, 3VH4, 2LIS) were used for model
generation.
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EBHA BN E R ST, FOREE TITAtgTDHC Apet stk
RIRREIR S Atg8iE BT M TH D L\ ) Ak Atg8
F— B B TE R ol FZTNMRIZE D
HEIERRAT 24T o ToRE 3L, FFCARIRIEIR & Atg8 & @
BEMRREE 2 ET 5 Z & 12zh L(Fig.1), £ D Y

A\

HEEIRE(LE T — 2 & RSB L. BLEO# e N
BAEATIEE T T L F L7 O M T

TAtgSZE 2 7-05 (NMRAEE) , Atg8% 7 7
L R AL o~ EZ T IEL (RSamiEiE) , Atgs
DIEMACRIGE 21T 9 LD T BB RUSHERE )N &
Z b,

Atg8-PEfE G IR IXA— b 7 7 ¥ —BE I T
VB — &k, B OFEFRIC B 5T % . Fx IINMR
FIRAT &G AT OPFRIC LD, Atg87 7 I U —ILBINAA— b 7 7 U —Z R IRAtg19°p6212
& F 5 Trp-X-X-Leukk OECH 2 K ANICFRG T 5 = & & B L(Fig. 2)Y, Z OFOESI% Atg8 7
7 I —fEAETF—7 (AIM) 4T, To0bF— 7 7 V—0ORRiER B L FnZF
NACHEA OZRENZEFEE SN, HETRCOZEERPAIMEET 5 ENRHLNE 25T,
FNWTHHAITT I ) R_XTTFHX—EI (Apel) OEEEORIRNA— N7 7 O—IZFB L, BEED
ETE R 2 AT L=, ApellZ4SFRIL/N D5 7 a7 F REB X UOBREAEKN G2, a7
F REN L CTEREBLOZFERAIOEFEATLETEH— b7 7 2 — ACRHFRICED A E
b ZENboo Tz, 7 aXT7F RIZET 2NMRAT O R, NAMARVZLENE CREE
L OAIOE DFEEICED AL Z ENB BN LR, ZOFEREIEATL LTI F ROAL
SOMEER X OAtgl9 & OFSAEE 2R T IC L DV IRET D 2 LT L. MRefiir T — & &
B n 2 ET, AgliXApel DA A LHA L CApelifEET 2 2 L, ZOREFApel DERE
R BE) e A ZIZHIH SN D & & bICEDOREZAGlINE S LHICHETHI L, KuxfEo
7o A1 EDAtg8-PEDFE LT 5 Z & T, Apel BEERDOREIZIN > T, mWWFFRMEL R - TA
— b7 7 AV —ARBEEND LD ETF A AT LT (Fig. 2)°.

/
MR (— b7 7 OV — LOFER)

Fig. 2. Structural basis of selective
autophagy.
Four structures (PDB 2ZPN, 5JGE, 5JH9,
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Newly developed stable isotope labeling methods of proteins via chemical modification
OYoshikazu Hattori'?, David Heidenreich', Kei-ichi Yokoyama®, Ei-ichiro Suzuki®*, Yoshiyuki Tanaka®,
Toshimichi Fujiwara®, and Chojiro Kojima®®

! Institute for Protein Research, Osaka University

2 Faculty of Pharmaceutical Sciences, Tokushima Bunri University

® Institute of Innovation, Ajinomoto Co., Inc

* JBIC Research Institute, Japan Biological Informatics Consortium

> Graduate School of Engineering, Yokohama National University

Protein chemical modification-aided stable isotope labeling is one of the better strategies for NMR studies
of biologically important but difficult samples to be expressed including isotopes. Here, we present a protein
modification method of glutamine with a trifluoroethyl group using enzymatic reaction mediated by
transglutaminase (TGase). *F-NMR is useful for interaction studies due to its susceptibility to local change
of chemical environment, hence we could detect the interactions between **F-labeling proteins and a ligand
or proteins, appeared as specific peak broadening. Furthermore, we are developing the modification methods
for isotope labeling of other residues, and will present in the meeting.

XY DR E RN BAE R 2 ot NMR JIFE D 7= DIZMEATH L0, o7 ik
STIERERR FILR v 7 LD, ALFHEMIC X 5L ERMNBER T, BR%O X 7 HEIC
LA EEBANT H I ENTE D, ABETIE, BEAFOERREZREESE, NMR T A A
7ot VIR A FTRBIC T D EINBRFS I oW THE T 5.

NZ AT NVE IS —E8 (TGase) 174 I IS E U ¥ M DO ZRAE SO % ikl 3 2 B 5
Thd. DELELIIZOBERISEZFAL, EREEME L T222-MN) 70 AF LT
VIR AW D Z LIk T, I I UERED PR ERIEABRR L (Fig. 1) .

TGase
R-CONH, + CF5CH,NH, - HCI »  R-CONHCH,CF,4
—NH,CI

Fig. 1. Transglutaminase (T Gase)-catalyzed *°F-labeling by trifluoroethylation of glutamine.

2 AN AR, 19F-NMR, (LS8

Ol LT, F—0oLIFTWVWTALND, FZFF0nG, ¥ Fx20WWnWh5A59, 7=
i lLlwx, SUbbELAL, ZLELELILAD

— 112 —



By &2 X7 L LT, FKBP12 |2 TGase & MV 7= “F ik x1T o7& 2 A, WIET 5 5 OD
TNEIVEEOIL 2BENEE L LTHISL, YFyrransilEn (Fig.3a) . Zo2
PRI R E NS o “RIEEE L o TWARWEILTH Y, TGase DIEREMNREN
7o, I BT, FK506 IRINZ & DA~ MAEALERRIFER, AR v MIFICHFIET 55k
WCHKTHZE—7 D{bFy 7 FEEB XN T e — K= 7R H 607z (Figs. 3b, 3¢) .

a Qb3
Q65

Cc

free

Q65

Q53
FK506-bound

713 T4 TS I TIT 718 T8 720 21 722 723 724 728
19F ppm

Fig. 2. ’F-NMR spectra of (a) FKBP12 labeled by TGase and (b) that with FK506.
(c) Complex crystal structure of FKBP12 with FK506 (PDB: 1FKF).

WA FOBEICE D S 14-3-3 Z %27 E (GF14b) 12 ®F HEikN e 21T 72 25, Zb 5
b 5T 2D F S AnBl S (Fig.3a) o ZHUS, GFl4b & 54 L CRIEIRER
AREERT D4 787 8 Hd3a B8 L O OsFD1 Z N % 72455, FKBP12 DG4 L [FAE, FEAEL
T ET HEEOE—7 ObFy 7 VB LT r— =7 RnAhbiiz (Figs. 3b-3d) .
MAERIZE B2 BF o7 F 07 n— =0 ZI3BEICBNTHLEHRESNTEY, (b
27 MFDNIE ALFER DB A Z T RT VD PENMR IR BIE ThH D L EABNLD.

a Q204
Q229
free
Q204
b
Q229
Hd3a-bound
c Q204

Q229
OsFD1-bound

710 712 714 716 718 720 722 724 726 728
19F ppm

Fig. 3. "’F-NMR spectra of (a) GF14b labeled by TGase, (b) that with Hd3a, and (c)
with OsFDL1. (d) Complex crystal structure with Hd3a and OsFD1 (PDB: 3AXY).

THUSMS B RERE T, BEERRH T OERIECSOWTREERT DO TETH .
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Development and application of quantitative NMR method using coaxial NMR tube
OChikako Ooki', Haruo Shimada'

! Shiseido Global Innovation Center

A quantitative NMR (qNMR) method is widely used for the quantification of organic chemicals. To
perform the gNMR method more easily, we prepared a coaxial NMR tube which consists of an inner tube
containing a sample solution and an outer tube containing a standard solution. As the standard solution for
gNMR is sealed in the area of surrounding the inner tube, this tube can be used repeatedly by replacing a
sample in the inner tube. The protocols of quantification using this coaxial NMR tube are written below;
At first, the sealed standard solution was standardized. This process is necessary just once when the coaxial
NMR tube is prepared. Subsequently, a sample was added to the inner tube, and then a proton ('H) NMR
was measured. When the accuracy of this method was verified using an ethanol solution, the recovery was
more than 97% and the linearity was R* = 1.000 in the range of concentration from 0.005 % to 100 %.

(755
A, NMREZFIH L7 B A O E &k (EENMRIE) BAEE L, e
W16 IE A AIE S 5 BB W T— R BRIEDE 5.01 AR ERE
DOHFIC TEEREIE (NMR) {EEFIH Lo AR O =% 2 O FE &
TRy DER] DI SN D%, R<RBMEINTETND. EENMRIE
X EMIZIE U CHlEx O E&FIERHE SN TERY, RBNRERTIEL

LT, SRERNEEESANLERTHED, UL, WIEEETHE, P be)

EXGULAY) & WERHEM B A ISR ORBCIET, OfE SR ER bR E, B - sondrd
- - : stanaar

FLEBAEWICKIS LRWERSEAE LTROLNS. Bz, eIk (outer tube)

I BEIER B A R O E O BICE WEERRO b5 L,

RV 7 LRDERNZ. 22T, L0 HHEICEENMRIEZ K9

LHE A HIIC, NMREEHE ONE L AVE ORI EBENMR =R 2% Fig. 1. Structure of a
ALTZNEEAY e sl 2R L7 (Figl) . coaxial NMR tube.

[JrE]
ARTHABEZHOWZEENMRIETIE, 7, AMEICEALZEELO Y v h RBEEZNEIC
BEMMOREZ AN THETLZZETHEL (CERABE L LTO7 77 X —lHE2EDD) ,
Dk, BERMOREIZNEICANEZ THEEFET 5.

T EAEME, TENMR, JFA N R E

OkkBEbnrZ, LEEIHHE
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ARFETE, SMEENEZEMAL, MERIEERZE A LZZD, WEOBEHIE D b I 1E %
i DEEIIE I ETH Y, NEORBZ ANEZ L2 THRYVIRLIERTRETH D, £0
e, YT NEDBENILDBRENES, HIZEWIIRKENIRETE 5. £, WEdg
B EEER DR S 2 5 S, EREOHEE L OEEGRRRO FRIGE < 2 &3 HES.

DR 1 0> e |
5 )=V ETARITHED L, ex 2IBE (0.001,0.005, o .

0.01,0.05,0.1,0.5, 1,5,10,50 %) \ZFHBL L, 3k & L=, S

ZORBEOE S ) =)L (99.5) il A ERBEIC @ -

AT a btk (H) ONMREBEIEL, AFEosy  E7 _y=7.1942 x-0.0066

VORI 2 RFE LT, £ OFEER, WERBO=Z /—1k 2l R®=1.000

HE O BERA & FRTRUAMIE & ORI BLAT 72 A 35 W

n (R=1.000) (Fig.2) . &blcm& ) — L Concentration of ethanol soluticn (mol/L)

. R Fig. 2. Linearity of ethanol quantification
0.005 %7>5100 % (ZFVTI7 %L EDEIIENTED  ying a coaxial NMR tube was R2=1.000

iz (=4 7 — VIR 0.5% LA ETIEEIILEEY %L in the range of concentration from 0.005
L) t0 100 %.

[FCBHiLEE S5 AT~ i A ]

PIRIEAIE L C—ARIESEREND 7V F AL LF UBED
MEZAR EHARMEZHOCHIE L. ®APICEEND 7 Fv
VT U ORE @Y, Wik rn~ ~7Z 74— (HPLC) TEE
EN%. HPLCTOEREDORE, HPLCHAEMES OEE % 1 & IR E
DEBMBEZRIET 20, 770 FL LF R B AR 7 e i
DR AEAE S FAE L7\, D=, FERERL L35 27 ) Fu
F U BEITHPLC COMHFEEH 773 (%) DE L & L ISHMEDE WS D%
BELTWDIN, EHTEEROa v MZX->T, ®AIFD 71
FALF U BEOERBENRIR S r— 2380, UVBHoz T Fig. 3. Glyeyrrhetinic acid.
ERET DI ENTE o7, 2O, KFEE O TEAREL,
DEORREZHAGNIT DI LI L. BEEREM S LT, AR ORZR L35 EO 7 ) FrL
F Uk (Lot. A, Lot. B, Lot. C) ZHE L, ZNENOMEZWE Liz. ZDfERE, Lot. AlZ98.3 %,
Lot. Bi£95.1 %, Lot. C1d95.7 % CH v, v v MIE-oTHRKTI2% TRMEIENEH D Z E23D
molo. Fio, HETOET 7T LOmMBTEEZ b &2, TENOERMEZFHE Lok R T,
EREDE N> T-Lot. AlZ% LT, Lot. B UNCIZBW TIRWVE B 27~ # . (Fig. 3. ©) &,
2Tor vy hTIERIER UEEMEZRTEA (Fig.3. @) BNbotz. AERL D, EEREMED T
& 7zLot. BX ULot. CTIE, QDI OAEEIIREE S, OITBEN ¥ 72 2 A O FIED AR X
ni-.

[Reference]
(1) Guido F. Pauli, Birgit U. Jaki, and David C. Lankin. (2005) Quantitative |lH NMR: Development and
Potential of a Method for Natural Products Analysis. Journal of Natural Products, Vol. 68, No. 1, 133-149.
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Protein-ligand interaction analysis using adiabatic spin lock as spin saturation
OJun-ichi Kurita', Yuuka Hirao', and Yoshifumi Nishimura'
!Graduate School of Medical Life Science, Yokohama City University, Japan.

Direction method is well known as powerful technique for epitope mapping analysis of protein-ligand
interaction using NMR. The method requires observation of longitudinal relaxation rate change in ligands
due to the influence of protein spin saturation. Thus, to achieve selectively protein spin saturation, the method
performs off resonance irradiation near -1 ppm with Gaussian pulse train. However, the Gaussian pulse train
often unexpectedly irradiate methyl groups of ligands and then that gives systematic error to epitope mapping
analysis. Here, we will show new selectively protein spin saturation method using adiabatic spin lock and its

application to the direction method.

i
BEVHT PRIk 2 0B L

DA HAEH ONMRE Hl # & L C MlljJ,_S” ”III”;_
waterlogsy 15, STD{%, direction{% <> AFP- & - St "

NOESYIE#: X 0% < DFERBESAT ¢ — — o
W 5 FFIC STD VA P waterlogsy 1 1 fif {3 12 ;™
ZURIEE O EERIT S ENT [ ~~ _““ IILlljl
ELOTNMRIZED A7 ) —=v 710 & oy i ii .

. _ _ _

AWNWSLNDZ ERLEZN. L LR s I
SOHEFTE b=~y B I
%)LZﬁ%0)%%3§f#iﬁligand0)ﬁ’*§$ﬂﬁ#ﬁ \AEAFS 2 T80, E AR AT X — BN EECTH 5. 2 D
H D 7= OIZBHFE S A7z D A3 directioni£[ 11T & 5 (Figla).directionih ($ 4 > /X 7 B 2 &R fiafn L 7=
WRETY H Y FMUOT 28 LE DAL ZE15D FIETH 5 .0~-1ppm Z #1912 FEH 3 5 FikIX
BRURDEL & L CIERICEN TV AN, U RIZE#G THRBT 5 7 Andbbr eV NA
BERFN LEWVEERMEZE R TLEIGERH L. 2D L) RIGHEITHE W TH /X7 H Lligand
DTipDZEDE L2 & ZFH Ladiabatic spin lock|Z T ¥ > /X7 B OSEINFHE 217 9 Fik xR
. directioniE (2 L7 D T Z & #is 4 % (Figlb).

Fagl, sbannsdtises) deaaiins, b Sdiakaive aphis ok Segadiomn

Fik

U UIMIE 7 V7 R 2 (Sigma-Aldrichth) Z20uM, U 7 N7 7 (T HTA T AT B LY v
(%ﬁ?4?77$b%mwM’ﬁéiﬁmmnzmmmiUVMNy77~ﬂmn’%%bﬁﬂ&
L72.NMR A7 kL ORIEIZIZAVANCE III HD 700MHz(BRUKER#1) 2 VN, & > /X7 B A Fn
DT DRV AT IT '71/\11/2(/\/1/7“[153 8.5ms, B1:58Hz), A B 11 7 [dchirp/ /L A (pulse
width:32ms, sweep:8kHz, B1:407Hz)IZ TITV Y, Tip 7 + /v & —I|ZILChirp/¥/L A (pulse width:2ms,
sweep:8kHz, B1:2.4kHz) % fu 7.

protein ligand interaction, direction

OVl Ainb, O6EDIN, IZLEebILESAR
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32msF2 & Dadiabatic spin lock % F U

Hiligandfisk D o 7 F L ommEzs =

FHIMECZHRETHD ,Z DR
DL N7 EOEFNIHERD T T A
kLA ATEEART H 2R &
AT (Fig2).

F 7= directionyBE I AR F1E % i
L, UVUVBIRNI T 7700
RiZPE LIRS, 7 V7 X ATHE
BLRNWY T, AUARLA
> (-0.4ppmfEAH L [F UEZ R L, 7 V7 R
NIRRT H MY T N7 7 U TERIEE
DT R EVMEZ 7R L72(Figd).
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AFETILTHRIERFH TIXF N7 8
DOBWEIFNIAT D72 S D OFEFHIH D
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0 HREFEE OE LA X0 R < B
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[1] Y. Mizukoshi, A. Abe, T. Takizawa, H. Hanzawa, Y. Fukunishi, I. Shimada, H. Takahashi, An accurate
pharmacophore mapping method by NMR spectroscopy., Angew. Chem. Int. Ed. Engl. 51 (2012) 1362—

5. doi:10.1002/anie.201104905.
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Flip-Back-BBWET ---a new method to saturate huge sugars and to
observe minor components and amide protons in foods
K. Furihata®, C. Sakuma® and M. Tashiro®
a) Division of Agriculture and Agricultural Life Sciences, University of Tokyo
b) Tokyo University of Pharmacy and Life Sciences ,
c) Department of Chemistry, College of Science and Technology, Meisei University

In many foodstuffs, the signals of water and sugars make the minor components undetectable or detected
with very low sensitivity due to the limitation of dynamic range. BB-WET method has already been reported
as a robust method for broad band saturation. Because the BB-WET method saturates signals of water and
sugars, signal intensities of exchangeable protons are generally decreased. In purpose of observing the
exchangeable protons such as amides, a new technique, named Flip Back-BBWET, has been developed. The
proposed methods were applied to observe the minor components and amide protons in pineapple juice. The
signals of minor components and exchangeable amide protons were clearly observed, resulting from the
effective saturation of major components, which often interfere spectral analysis.

TN—=VEDORE MO MR A7 MLEREST 556 OMBERE LT, TOWKIIEKTHY, F
7o o 7 anm Blllsng, 07, BK%Z saturation L THIBWIED S 7 F i &
V. NMR @ dynamic range 233AL S L5720, HELISNOREA D %2 S/N KBRS 2 Z & A EEC
RHLZENLIRILIETH D, ZOMEEMRITLHEE LT, i@k e O 7 A2 &<z
T, MERDZBT 20PN EEICR>TWD, BT, ZOMBELZMRIRST 5 )7L LT Broad
Band-WET 5% Bi%E L. &P OB OBRIZAZ R TIETH L Z LRSIz, LML, 20D
BB-WET MEIX8EK L HED 2 7 F )V & saturation 5 EWH HIETH L7720, K& DT v b
YD F IV saturation SFL, VI FIVRENK T TS EWIRERH -T2, T DR % AR
T HHIEE LT KD saturation Z & X 72 Flip-Back-BBWET {5 DBA%E & 372 Vo £ OfE R,
KEDZHNMET 1 R X saturation %15 2 E LK EERSHETE A ENHALE, =
@ Flip—-Back-BBWET {ED M & LT Flip—-Back BBWET-TOCSY #fift L= DB EZ it L=, Z D
77 1% pineapple Yo — AR L T DL FF L% saturation L. 7 X K72 kb @ TOCSY
I FNVEBIT D2 ENARRIZ/ZR 5T,

Pulse %%l

1 {21% Flip-Back BBWET (ZB£R L 7= 4 DD/ L AR 2 7R,

(a) WET-1D, (b) WET-NOESY1D, (c)BB-WET-1D, (d) FLIP-BACK-BB-WET-1D % /K9, F7= 4 DD pulse I
KIS LTe A by %X 2 (27”9, BB-WET-1D y£I% WET {4 & NOESYID ik &l A& 72 7L 2 R 5
ThHd, ZO BBWET DNV ZAOHR E L TO Flip-Back-BB-WET {22\ T, JAK
(a)WET-1D, (b) WET-NOESY1D, (c)BB-WET, (d)Flip-Back-BBWET ¢ A-X7” k)L % 7~ L., broad band
saturation & /K® flip-back OZhEZ =T,

(a) IX WET1D O AXY ")V Tl b, WET-pulse IX E-BURP Z{#iH L. WET pulse ®4T% 90° pulse
ICEEH#L 2 7=, £72 saturation FPHIL 3. lppm 2>5 5. 4ppm [ZFRTE LTz, Fro> 7 iio x ) —
IWDAF NV T FADEID 1/3 DL ~)LF T saturation 52 ENTXT-,

WET, Broad-Band-WET, Flip—-Back-Broad Band WET
O5DF=ndE, S<ELEZ, ZLAADD
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LU, /K 7))V pre-saturation
ZOFHLTWDIZE b b 358 Bl S
iz, (b) X WETID & NOESYID Z#&Eé& L7-
WET-NOESY1D D A~ ~VTh 5, Mixing
time |% 1.0msec Z@RE L7, WET-NOESY1D
AT NV TIEWETID A7 kL EZIZ A
FREE 2K & BED saturation A A[HETH -
7. Mixing time ®D[EIZ homo spoil pulse
EANTHRE BT,

(¢) 1% BB-WETID ® A X7 L TH 5,
WET-NOESYID @  Mixing period |2
gl-se190-g2-180-g3-sel90-g4 Z#EA L7z,
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"H-NMR spectra of pineapple fruit juice. The saturation
was set in the range of 3.10-5.40 ppm.
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Flip-Back NOESY Tocsy

BB-WET; mix time
Water gate
sel2
sel1 II I
MLEV-17
% gc 92 93 9

sel1: wet pulse sel2: flip-back pulse
@1 4(x),4(-x) 62 1Y, Y, X X $3:1Y, 7Y, X X
B4V Y XX Y Y KX Y Y X X Y Y X X
trim: 2(x),2(y),2(-x),2(-y)
acq:y, -y, X, XY, Y, X, -X
Fig.6 Pulse sequences of Flip-Back-BBWET-TOCSY. The thin and thick
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1). K. Furihata, J. Zhang, M. Koda, T. Miyakawa and M. Tanokura: Magn. Reson. Chem. 2014, 52, 333-338
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Analyses of the interaction between the regulating factor of the chemokine receptor
FROUNT and new anti-inflammatory compounds.

Soichiro Ezaki', OSosuke Yoshinagal, Norihito Ishidal, Mitsuhiro Takedal, Kaori Yunokil,

Yuya Terashimaz, Etsuko Todaz, Kouji Matsushimaz, and Hiroaki Terasawa'

'Faculty of Life Sciences, Kumamoto University, *Graduate School of Medicine, The University of Tokyo

Leukocyte chemotaxis is induced when chemokines bind to their receptors during the inflammation
response. We previously identified the cytosolic regulator, FROUNT, which binds to the membrane
proximal C-terminal region (Pro-C) of the chemokine receptors CCR2 and CCRS5 and obtained two
compounds that inhibit the FROUNT-receptors interaction and exert anti-inflammatory effects. To
optimize the regulatory compounds, based on the structural information of FROUNT and CCR2/CCRS, we
performed NMR titration analyses using ’N-labeled FROUNT and the two compounds. Although chemical
structures of compounds are different, a similar chemical shift perturbation pattern of the FROUNT peaks
was observed, in a slow-exchange manner on the NMR time scale. These data suggested that the two

compounds function via a common mechanism to inhibit FROUNT.
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HBRTHD, ZOBRIT, ERNTRIENE X 2FEIC, RIEMI D 7T A U3 EA S,
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WMAZ, 13TLEDNLRDTATTI—DAZ Y —=2 7280 LT, NMR i€ E5R
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[1] Terashima, Y., et al., Nature Immunology 6, 827-835 (2005), [2] Esaki, K., Yoshinaga, S. (equal
contribution), et al., The FEBS Journal 281, 5552-5566 (2014), [3] 5K 5, %5 30 NMR #iaa,
L 3—4 (2014), [4] A5, 55 2[AINMR 7@, P 3 7 (2013)
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Structural dynamics and functional relationship of the lid in the substrate binding
domain of HSP70
(OKohei Umehara', Naoya Tochio?, Miho Hoshikawa!, and Shin-ichi Tate'*
! Department of Mathematical and Life Sciences, Graduate School of Science, Hiroshima University

2 Research Center for the Mathematics on Chromatin Live Dynamics (RcMcD), Hiroshima University

HSP70, a molecular chaperon, grasps in denatured protein in their C-terminal Substrate Binding Domain
(SBD) to prevent protein aggregation in cells. SBD is composed of SBDf, the core of SBD, and SBDa., the
‘lid’ is in a dynamic conformational equilibrium. In attempting to reveal the structure dynamics and function
relationships of the lid par, we applied anisotropic spin interactions, rotational diffusion tensors analyses
from "N nuclear spin relaxation data, and paramagnetic relaxation enhancement effects (PRE). The data
showed SBD tends to in a open-lid structure in absence of the substrate. This is controversial to the predicted
motions from the crystal structures of SBD. We suggested that the lid works as fly wheel to capture and

release the substrate, instead it does not work as lid to seal down the captured substrate in SBD.

4y ¥ % <1 »HSP70 (70 kDa
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[*

Open-lid

Fig. 1. Dynamic conformational changes of the lid

The lid shown as dark grey. Other part shown as light grey
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Enhancement of the ligand binding ability through the transient inter-domain interaction
facilitated by intervening IDR

ORyohei Inoue', Ryosuke Kawasaki', Naoya Tochio”, Shin-ichi Tate'*

! Department of Mathematical and Life Sciences, Graduate School of Science, Hiroshima University

* Research Center for the Mathematics on Chromatin Live Dynamics (ReMcD), Hiroshima University

Pin1 is a phosphorylation-specific peptidyl prolyl cis/trans isomerase (PPlase). Pinl is composed of two
independently moving domains connected by the unstructured linker, intrinsically disordered region: the
phosphor-peptide binding WW domain and the catalytic PPlase domain. It has been known that the WW
domain connected by the linker is indispensable for cell-survival even though the isolated PPlase domain
shows the isomerase activity. Recent studies demonstrated that the transient inter-domain interaction
between the WW and PPlase domains mediated by the linker is strongly engaged in the regulation of the
Pinl isomerase activity. However, the correct role of the flexible linker in this regulatory-mechanism is still
unclear. In this study, we introduced a mutation, 28 A where is known to be the center of the inter-domain
contacting-region, and investigated the effect on the substrate-binding-affinity and the

Pinl-isomerase-activity by the less-inter-domain interaction mutation.
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ij:, WIRFIZHB DT HMERNICFAET 2 2 ENHMLNTE

, TR Z ORER R R AL A ELERIC K - CPinld

f%M$immm AR IR Vi P

OVDHZY LI, PDbEED X H T, &bk, ZTLAVD

— 126 —



BACIEERHE S TWD Z ER|ME S
[1]. A#FZETiX, KA A o REEAEAL O F DT
fAET D28 % AlalcER_+ 52 LT, RAAL Y
it 28 U7 B BR 2 ERE U7z, Bp AR Pinl 5
J OV L 7= PPlase K A A > & ERAKD(LFT 7
N & ONERFIfENT OFE R A by 5 Z LT, fE
B LT EAR T B A A R ARS8 C T
HT EEER L., ZoERKICRL, BAERT
DB THW-FlE A2 DT F R & O HAE TR
ZATV, ZOENIND N A A Mk L IF 4 5%
BREAHER L OB EE~DOEBIZ DN TE L
T5.

References

[1] Wilson, K.A., Bouchard, J.J., and Peng, J.W. (2013)
Interdomain Interactions Support Interdomain
Communication in Human Pinl. Biochemistry 52, 6968—
6981.

— 127 —

F139

114.6f

N(ppm)

115.4f

115.0f

8.4

8.1

Fig. 2. The chemical shift changes of the

inter-domain interface-residue (F139) for a

series of Pinl mutants.

F139

150

}m

116.0

Bivalent (PPlase + WW)

D,

83
Fi138

82

"Hippm)

81

F139

146] i binder /.@
;um

1154

(

84 33 82
'Hippm)

&1

}

1146/

| PPlase binder

1150

1154

4

83

32 1
IH{ppm)

Fig. 3. NMR titration experiments of the
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WW-binder against the 128A Pin1 mutant.
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Structure determination of the multi-domain protein PKC by protein ligation
O Akihiro Kidou'!, Teppei Kanaba'~, Yutaka Ito!, Masaki Mishima!

"' Graduate School of Science and engineering, Tokyo Metropolitan University

2 Bruker BioSpin K.K.

Multidomain proteins play pivotal roles in many important phenomena in eukaryotes. To understand their
functions, it is essential to analyze their structures. However, structural studies are hampered possibly due to
weak domain-domain interactions and flexibility of linkers. Our target is Protein kinase C (PKC).When PKC
is activated by second messengers and diacylglycerol (DAG), it is believed that a large conformation change
occurs and it localizes at plasma membrane, and thus phosphorylates cognate substrates. In this study, we are
trying to determine the structure of full-length Protein kinase C (PKC), a multi-domain protein and
investigate the regulation mechanism using long-range distance information derived from PRE detected by
solution hetero-nuclear NMR.

GE)
~NVT RAAL VEHEE, B NAA ‘/75§i§§75§oféé
FEEHBRL TWAIEAETHD. v VT KAAL VEHE
X, ZORAALUBHEERTDHZ L TEE’?’%%{ZIK@/%
ERFIE SN TND. BEEEWIZE T D EEREMmBLEIC Kinase
XZDO~NVT RAAL VEHENERICED TS, Lz
BoT, ZOXDREMBALROMNZ 751 L~V TR
Bl iEv LT R AL VEABOMER L OFkeo iy Fig.1 Schematic drawing of
MUBERAKE 2D, Lin LA bEfkie~w LT K24  domains of PKC.
HEORE OREMRTIZ IR TH S, 2L, RAA UCBOMABEHOH I v —0
ZRERME 7 EOBL R ) DRSS LT D 2 E <, MARIIIZE A EREERRNT O £ B e TIEO—
DTH D X B A E T IZ K DERENNEE L 72720 TH D, Z DK 9 7Rk fiECns
W BAEH OFfEHTIZR LT, NMRIEIZ—RICARIRFIETH LD, ~VF RAL VEHESRET
BRI D720 E O NMR LTI, 00X EREIIES TR,
Protein kinase C (PKC)iX C1, C2, kinase R A A VOIS AH~IVTF RAAL L Z /NI EHT
BV, MO, MIESE & Vo 7o B EEE OFRENCE D 5 & & biT, 4,

TA—vay, SAFRAL L E L SIR

OFEIBEVA, PRIZTHAN, WEHdln, HALEEFSE
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%, FLIEZR EEHMNAEY OEBELRAHBR 2 E > TV D U VIRERFEE T e T A %S —ET
bHZEFRHMBNTNDA, PKC DEREA 73 LUV TEET L 72012132 b ORGSR &
OBEREFRIT DN LA R TH 5.

[%82] ot
FP, FAL LT LIRS L b oA Lt
L, NMRUEIEZIT-7-. CIBRAA AIONE#HL et T
7= b OOHSQCHIE AT~ 7. kinase KA A LEBN = |° oot T
FEEE U TROSYHIE 21T 72, IRICPKCD K A A e ¢ '.f“;‘ .
T& HCIB, kinase K A A » DFiHL % L, Sortase 130 O
ASHAVEHNTIA F =y a U b aAT -T2, % L "
7=, 7V v 7 RE%AT D 72912C2-C1A, CIB K A A % B e
DAL AT 7 FOERE L, FRREITST. Fig.2 HSQC spectrum of the
N C1B domain of PKC
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Fig.3 'H-N TROSY spectrum

Fig.4 SDS-PAGE of the sortase-mediated ligation of the kinase domain of PKC

product of C1B and kinase domains.

(R - B¥]

NMR HIGEDFER, CIB KA A 2@ HSQC ALY MUVIXEAF72E D03 547 (Fig2). TROSY
% V7= kinase DEIEIZEI L CTld NMR & 27 v OBHNC A%Zh L 7= (Fig.3). SrtA Z W\ /=74
F—3a VIR TCIE SDS-PAGE L9 CIB RAA & kinase RAA L DDORNST-H DD/ R
DR T & 7=(Figd). —J, 7V v 7 IGIZ L% C2-Cl1A, CIB R A A v OERETIE+o eI &N
Bond, BfE, TOUEEIT-TND. S%ITStA ZHND EEHIZ7 Y v 7 KISHRIHT 2
ZLTC2 RAALLECI RAAL %D, PKC 2R 2R L, WEEEZh R OB L -
T PKC &R OREIEMT 217> T <.

(&)
ARBFFEIZE T DNMREIE, SCHREE Joimit 7e AR 3L i fese
— A (B 2RI LE L.

H¥E INMR £H7Z v 7%
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Automated protein structure determination using methyl groups
OShoko Shinya', Naohiro Kobayashi', Toshimichi Fujiwara', Chojiro Kojima'

! Institute for Protein Research, Osaka University

High molecular weight protein causes the complicated NMR spectrum due to the low sensitivity of
measurements and signal overlapping. Methyl-group specifically protonated Ile, Leu, and Val provide
higher sensitivity and simplification of NMR spectra for large protein. On the other hand, automated NMR
analysis program, MagRO-FLYA system, has been developed to provide the protein structure
determination for small proteins within a day. To achieve the automatic structure determination of high
molecular-weight protein, we challenged to assign the methyl group resonances automatically by

MagRO-FLYA system using the ILV methyl-group specifically protonated protein.

[

FRIENMRIZ X 2 8 A ONLARRESEFRAT O 43 18 EIRIE, SRUBHRARSO RN MO m S 03 1 v
7L, FEE~IHNTRERICEEEZSTWD, ZOX ) IeEn 1 BEAE OSSR %
1TO 72D, ATFNVIEIRBOKR B E B E 2 AW TR MV OfEFE & mEEEZITV,
AF VIR ONOBEHRZET S Z LICL T, B TEEAED 2 —/ V7 4 —)L RER
ETHFENEBEESN TS, L LARL, moFEEAEOLEY 7 MEBIZIE v 7L
NOBFAZTHWRRRMEZLEE T D, —Hkil, SRIEERR T A7 AMagRO-FLYA 7
fif SH. 1007 R OE I TI3 B CTHEEIRET 2 HERAREL 22> TV BY, £ 2T, AF LR
RS EAEEA NS Z LIk T VT ILVOBEMRER OB EREND EEZBNDLDT,
MagRO-FLYA Y 27 LM K D A F VIO BEYRJE 22 To, A FVIRE O B8k TRl et
X, AT &2 REEC L QN B 7 BEFAPESCRERTIC L A HIR AR S, B0 TREAED /1
— /L7 =) RIREAZ IR TE 5 EHIFRFTE 5,

AL TIEL EF T U % E T /LI A FUVFRINBR KB 21TV, iR IR D A TV EaEIk O
ADERBENOESY A7 R L DHIEIT X » T A F /LI R ONOEE # & IUE L | 4 H Shid i e
EITHZEEERE L,

[ 7]

AT NVEEHRONOEGE H % & & IHERHT A EZITO) ZE A BN ET D720, aTHEEIC A F
JITAB =" b ObDEEFEICET VEAE (28X F . Y u7 4GBl RAA Y, FKBPI2)
DM Z1T - 72, EREFERITICL 230 ha— W HEEZ G D700, FiEIE-> T2 X% F
> DBC/PNY 13 #17\ . 'H-"N HSQC. HNCO., HNCACB. CBCA(CO)NH. HBHACONH,
N-edited NOESY., 'H-"*C HSQC. HCCH-TOCSY. "“C-edited NOESY %222 k/LZH|E L.

BB IEIRE, A TV SRR AR K RAT

OLARLLIZ, ZIERLARBUOA, ZLEHEILAHH, SLbLELADL

— 130 —



MagRO-FLYAY A7 K2 LD 2 H DAY MUZHOWTHBIY 7 FUVRE T -7, BEohis
L5y 7 b7 —7 L L NOEH RO Wi, TALOSHI KO “Hif## 4% FV . CYANAIZ &
L BHEEERHE AT
770

DBNT, AV uA Y
LNV
FeD A F OV HE A BRI
\CHER T D =07, AiTER
& T & % a-ketobutyric
acid [°C4, 3, 3-D2] & =
o-ketoisovalric acid [1, 2, Fig. 1 Structures of (A)Ubiquitin, (B)GBI1, (C)FKBP12. Ile, Leu and Val
3,4-3C4, 3,4, 4, 4-D4)
B L, PNHCL, °H,
BC-glucose & T E/KEEH 11 THEFE 24TV, 2H,PCN, ILV 2 F /L SRR B K A= 1 %
T,

residues are shown as spheres.

[R5 R ]
AERTF AT Y rA T v T AfE] N 9 & EERIZL < D A F VR R FVE N
WCHLTWDZ EnD, AIFFEOET VEAE L L GRE L7Z(Fig. 1),

PPN, PCHEER o B F o o EH{FE I & aliphatic Il 85 S D X 27 kv &2 VLT
MagRO-FLYAY 27 LI K 5 BB 7 ViR EREEFT R 21T o 72 & 2 A, 20[ofEEYT v
7O FEFHRMSDA.02 ADKEE 157 (Fig. 2). BITE, S LIZHFBREIRDO AT MVEINZ,
WEHHEEZIT-> TV 5,

H,C, PN, ILV A F /L HGRIR A K F SR = & % 5> 0 'H-"C HSQC A2 F LV ORIE ZFT - 7=
FER, 2R TFUHOETOA Y aA vy al Ty N VEREO V7 VBB & 7= (Fig. 3).
BE, 2o e F o 2 HW T, 4D HSQC-NOESY-HSQC A X7 hLVDOHIE ZFTUN, A F )L
L ONOETHFHDINEE ZIT > T b,

1z 1
10 ¥ 10
I4: 1
IIF! F_:l .
T IEggnl
15 L ¢ 1
£
a L7gEL
Lo Tagn1 LEgEDL
g“_ zu - h"' 1 VECEL ’e F ZU
g v ’g%g
L.&&éi@ﬁ" ercps R
gDz L7TICD:N
2] U BB L;l&;im&‘ g 25
mc;ﬁ.g,ﬁmi
10 5 00
©2-"H (ppm)

Fig. 2 Ubiquitin structure determined by automated Fig. 3 'H-""C HSQC spectrum of ILV-methyl labeled
NMR analysis system MagRO-FLYA. Ubiquitin.
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NMR analysis of the interaction between a novel sialic acid-binding lectin mutant from
the C-terminal domain of an R-type lectin and sialyllactose

OHikaru Hemmi', Atsushi Kuno?, and Jun Hirabayashi?

! Food Research Institute, NARO.

2 Biotechnology Research Institute for Drug Discovery, AIST

We tailored a novel sialic acid-binding lectin (SRC) from the C-terminal domain of an R-type lectin
from earthworm Lumbricus terrestris (EW29Ch) by natural evolution-mimicry and the crystal structures of
the sugar-free SRC, the SRC/lactose complex, and the SRC/6’-sialyllactose complex have been determined.
Recently, we reported that the binding mechanism of SRC with 6’-sialyllactose in solution state may be
different from that in the crystal state because of observing two sets of NMR signals for some residues only
in the 6’-sialyllactose-bound state. In this study, we performed ZZ-exchange experiments. The
77-exchange spectrum indicated that SRC in the 6’-sialyllactose-bound state had two conformations being
chemical exchanged in a millisecond time scale. We also measured 'H-'N HSQC spectrum of SRC in the
mixture of SRC and 3’-sialyllactose. The chemical shifts of NMR signals of SRC in the spectrum did not
change upon addition of 3’-sialyllactose, indicating that SRC does not bind to 3’-sialyllactose.

Fr i

HEH DX, ZHET, NMRIZE D I I XAHKRB L7 F U CRG KA A > (EW29Ch) D FEEH
FEA AN =X DIZOWNTOIFFEEIT, 53 FND 2 DOREFEGEAL OMERE STHIEDS . XGRS fL i
HECBWTIEE AR CHAEAZRLTWDICHEDL LT, o AT v RS AL
~SEI00fFENZ & (1] . I BT, BV FNEENC X DO D B ST EICEIR T2
ZEEHOMNILE (2] . —FH. ZORML I F U RS FEIL TR LD KA S ETUT
NEEREGPEL 2 F > (SRC) #AIBIL, SRCETZ h—AKWN6’ —¥ T INLT 7 h—REDHE
B ROXHEE AEIERIT 21TV, ZORER. o BTN OREEFES L, v AT A L
RNk, Fle, YT INANT I b—ADT Y b—ADESTIX, EW29ChD o FEfE AL OY A
LIFE A LRI UMAEERZRTE L BT, T ABOELS L ITHT-I12 2 DOKERES (F7 R A
AL aFRDOGI8E YT RAAL Ly HDS239) NI SND Z L &R LT, TOHITIE S -
2ODKFFEGD I LD 1 DI, VT RAL vy OFEFREGRENHE LD L&z, 7R
AA Uy HD 1 DDON—TBY T RAAL o OFEREEENAAHE~Y 7 5 Z L2 X0 AlgeIc 72
STV T NEREDKFFREETHD [3] , LLARNRDL, TORRN > 7 VERFESE & RES 2
= XD DOWTE T TETWRWnWZ Enb, 77 h—RERIRREICIN 2, FERERIE %
W T VERFESH (67 -sialyllactose) FEAIKAE TOSRCIZOWT, X 7T ~YL{KRSRCE VT,
WHEIREER L O AIREE (T2 F—2BLUC—3 T VLT 7 h—R) TOEHEB L OMHIEED
VI F o, UTIVIERNESH. P (b TY

O~NAHUOMND, KOBHDL, OBIELLLEYA
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NMR Y 7V D5ERIFIR & I vy 7 NELOFNT, & B2, 43 FINEEFAT & 27 MEAEW29Ch
E DI EITV, 1) FESIREBIZEBIT HSRCDE — T U LT 7 b — R & OFEEIRIENIRIINAE
TIEHELRDZ L (WEAICERT DFIEICH L CRIFFIZ 2 SO 7 FANEHI S ET720) . 2)
AL T TR L DWEIZ LV AU TZSRCOY T R A A >y O — TR D 551 PEE) D
LWL T VERE DFERICEHE THDH Z L 2fiE Lz[4], RS TIE, 6 =T U AT 7 b
— 2 L DFEE DOIFRR B SN DR —FREED 2 SD 2 7 L DO ZWGHE 2 77532 X 0 B
L, &512.3 =7 UNT 7 b—=ATINT L BSRCD 7 2 vy 7 S EAL 2 fifbir LA Rz o0
THHET D,

ik

RIGEFEBLFR 2 UV TON-, BC-SRCEZHHL L 7214 . BFPEIREW29ChITLESIARLETH DH Z &b,
BN EORELRIETT 7 h—A &Gy 77— HVEREL, B - Ny T 7 A
TALTT77 h—RA%REL, EHRRIETHLERDN, BCT7 ~/VASRCEHH L=, 6-> T VL7
I h—=ABXO3->TVIINT T b—=RAEZIHEMLTZSRCE ZNFiH5 L. Avance600MHz (Bruker)
I2X V. 15C T, H-SNHSQC A7 kM ILRLZZAHE 24T - 7=

BRBIUVEBE

6’-> 7 VLT 7 b —ARSEIREETOSRCT, HE & ORFEIZEIFRT 2782V TH-PN HSQC
ALY NV TCRIBRIC A — RSB S D 2 DONMRY 7 Ut LT, ZZHIIEIC L D 82
— I BRI SN2 e, 2OV T FANRREREHKO T T NVTH D Z ENHER S
7o EHIZ, IRARMEZZEZ THE L, TORMHEZE T LTz, ZORE%, SRCIF6 -7 U7
7 h—=ZAFEAIREE T, SV PA—F —TILFERET D 2 00a T3 A—va 2RO L)y
Molz, WIZ, 3= TV IVT 7 b —A&FRM L7ZSRCOH-N HSQC A7 h L ZlE L, gk
RETOSRCO'H-SN HSQC ALY L &b L7 fE SR, NMRY 7 v OB e o vZe o7z, 18
H2ET VHERRE LT, SRC—6-> T VLT 7 h—2AEAKREREED T 7 F—2RE L3> T
UINT 7 h—=ADT 7 h—AEEEZENRAEDESRC—3- T VLT 7 h—=RAEEEOTT LG
R4 R 3 -0 T VLT 7 b —=AD U TIVERFEILASRC & DFE A TV A E AR Z 4 2 &2
InoT, TNHORERNG, 3T VNV T T h—RXT 7 h—RA LT BN 23 A LT
WD END, ZOTTINVEEFREENSRCE KRR EAZEL Z L, SRCEFEG LRI Lotz
X5\, FEEMN D DOSRCE T VAT 7 h—A L OFA/ERfENT & LC, SRCIIBREIED6 -7
VIVT T M=% LTz 7z T, STD-HSQC AT ML JIE LTSS, & 7 ViEgsk
FEMSRC—6>-> T U )VT 7 b — AEE GBS TO > T VFEILDSRC & OFF BAEAIZ X, SRC
ERVEBICHAEEHL WD Z EbahoTz(4],

5| FAXX#K
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Structural characterization of a complex between heme and G-quadruplex DNA
formed from d(GGG(TGGG)3)
OXKentaro Ochi', Tomokazu Shibata', Hikaru Hemmiz, Masaki Hagihara3, and Yasuhiko Yamamoto'
! Department of Chemistry, University of Tsukuba
? Food Research Institute, NARO
* Graduate School of Science and Technology, Hirosaki University

Heme has been shown to bind to G-quadruplex DNA formed from d(GGG(TGGG);) through a m-nt
stacking interaction between the porphyrin moiety of the heme and one of the G-quartets of the DNA in a
manner similar to the binding of heme to the 3’-terminal G-quartet of all parallel G-quadruplex DNA
formed from d(TTAGGG). Thus the preferential binding of heme to a G-quartet was not affected by the
DNA conformation. This finding provides novel insights as to the design of the molecular architecture of
a heme-DNA complex.

B ~A(Fig. 1/5) & I ESHDNAO M B AE OBFFEASTE DS T TS NN
BanToal, b MEFREoT 8 AT EncEET o ) SR,
248 0 3 LHERUSIA(TTAGGG), 1, 42 DGAFE— T IRl e
TRFRAIC &Y BIRICHERE LG AT v b(Fig 147) e leldon, o 4 ¥
DA B LT, MEMHDNAZIEMT 5%, dTTAGGG), f;: c.t':b Mot Y
Tl n=402 T 3H>DGH LT b & &l EaY g6, B L

DNANERK S D Z 272D, 728, ATTAGGG),DFEEL Fig.l. Structures of heme (left) and
H3 SEREB DTG RS % U EBHDNA D 22 M 0D Flehf Ze s o5, Cauartet (right).

d(GGG(TGGG)3) D 15merH % $ 5 MU ESIDNA(Fig. 2)D o13 o
ZEUDBE L BN ERBESNATWSEY), 22T, K . 4

FIETIE, 7 1 A TEAL TR SN S MU EEEDNADE T o
e LT, d(GGG(TGGG);) D M ESHDNA &~ OFH A AE & s L)

Az L=, £ LT, TTAGGG) 40 FRE& L TAEL
%A ES{DNA (d(TTAGGG))4 (Fig. 3A) &~ DFH - ) trulex. DNA
FARMY L OMleh i LT, WESEDNAICKT BL05 g e o ey PN
TR BT D I R A 157,

G3

e Y
2 L, o i +
A3 ’ ’ “Pl— 3
V) Eag k= 2B+ 2
G5 < 2
G6 7

>
vy

Fig. 3. Formation of G-quadruplex DNA from d(TTAGGG), (d(TTAGGG)),, (A), its dimerization (B), structure of
carbon monoxide (CO) adduct ofa heme-(d(TTAGGG)), complex (C), and its heme coordination structure(D).
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Fig. 4. Down- and upfield-shifted portions of 'H NMR spectra of d(GGG(TGGG);) (A), CO adduct of
heme-d(GGG(TGGG);3) complex (B), (d(TTAGGG)), (C), and CO adduct of heme-(d(TTAGGG)), complex (D) in 90%
H,0/10% D,0, 50 mM KCI, 50 mM potassium phosphate buffer at pH 7.0 and 25 °C. Signal assignments are shown
with the spectra. Y-gain of the shift range, —3 - —4 ppm, is expanded by a factor of 4 relative to that of the
downfield-shifted one. Gn™ and Gn®, where n =4, 5, or 6, represent the monomer and dimer, respectively (see Fig 3B).

FER - EZE  d(GGG(TGGG);) DM EHDNAD'HNMR ALY ML TlE, GHAT v kOEHKICEE S
THAI/NHT B FUATH KT 5 7D EI S A 3IK10-12 ppmil, 78 k2 12{E 5 D5
JED > 7V S 7= (Fig. 4A), d(GGG(TGGG);) D VU EHDNAIZ A~ L Z TR L=, —fR{k
R F(CO) % R X A A TNayS,0, TIETE L7Z3EHC Bz A3 R LT, WESHDNAD v 7 )L
WM T ANIBFEA LTEEEIRICHKT 2 LB 2 oD v 7 F VR EHI &7 (Fig. 4B), = Z T,
d(GGG(TGGG);) DU EFHDNAIX. G1, G5, G, GI3N BT HCGHNT v FBRSFRITr-n AHX v
XUV LT REEZBKRT D2 ERMBATNED T, HAEKT~LIZGS, G7,Gl1, GISHRK
THGHNT v MIFEET 2 s g (1Bil) .

(A(TTAGGQG)), DA X, NREENCH I THDH DT, G4, G5, G6GHILVT v hENEND
A I /NH7 B M AZHRT D 7T An 1 >FTo8EShD, 72720, ((TTAGGG))413G6 GF
NTy RBGFTr-n AX v X7 LT &{bT 5D TFig 3B), HEkE “BEkOT 7T
THADNELE L T 5 (Fig. 4C), ~AIE(A(TTAGGG))sDG6 G VT v MIhEST 5 D T(Fig. 30),
NLDRVT ) CEBROBRERDFICE DG4, G5, G614 X /NHT 1 b v I AOEEy 7

FOKREEIE, GA<G5<G6L 7%, F7-. #I-3.5ppm®D 7 FLiE, NOEFESCH, 0 [RINZIA
ROBRNN D, EEERONLSKITFEST DK FICHET 5 LIRIE Sz (Fig. 3D)Y,

AN L-(UTTAGGG)JEAEICET 2 FIE, ~2 & dGGG(TGGG)) D FE A AEH OIEHTIZ & A
TdH b, Fig. dBTH, ~LDmeso” 1 k2 (Fig. IADS5, 10, 15, 20-7' 2 RNHZHEKTDHEEZD
DT 7T D39.0-95 ppmll Bl S D Z &, ~ABKICHHEEG LIRS FIchRTH B2 oD
T FNAR~3Tppmil BRSNS Z L. LTI DO~3.7ppmD > 7 FILin~L EFENERT S
(d(TTAGGG));PG6 G VT v hDA 2 JNHZ 1 kv 7 F VBRI S5 ~8.5 ppmD ¥ 7 /L
LD TNOEFHREA B SN D Z & (RERRLHE) 726, ~LlE, dAGGG(TGGG))DGH VT

k&L ASA(ATTAGGO)MEEIRIZE T HG6 G VT v h~DFES L [FRRICHAIER T2 Z &0
KR <o,

Reference (1) D. Sen and L. C. Poon, Crit. Rev. Biochem. Mol. Biol., 46, 478-492 (2011). (2) G. Biffi et al.,
Nature Chem., 5, 182-186 (2013). (3) A. Guédin et al., Nucleic Acids Res., 38, 7858-7868 (2010). (4)Y.
Yamamoto et al., Biochemistry, 54, 7168-7177 (2015). (5)V. Kuryavyi et al., Structure, 20, 2090-2102 (2012).
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NMR analysis for the dimerization mechanism of TRAF6
OKazuya Ueda®, Naoya Tochio?, Shin-ichi Tate™
! Department of Mathematical and Life Sciences, Graduate School of Science, Hiroshima University

2 Research Center for the Mathematics on Chromatin Live Dynamics (ReMcD), Hiroshima University

Tumor necrosis factor Receptor Associated Factor-6 (TRAF6) is a K63-polyubiquitin E3 ligase involved
in the activation of NFkB. TRAF6 is composed of the N-terminal RING domain and four zinc fingers, and
the C-terminal TRAF-C domain. Polyubiquitination is mediated by the N-terminal region; the RING
domain and the 1% zinc finger (ZF1) are required for the interaction with ubiquitin conjugation enzyme
(E2) and polyubiquitination-activity. In addition, the dimerization of the TRAF6-N-terminal region is
known to be crucial for polyubiquitination-activity. Although the TRAF6-dimerization requires not only
the RING domain but also ZF1, ZF1 is not involved in the dimer-interface. Instead, the linker between the
RING domain and ZF1 adopts the helical structure and forms the dimer-interface together with the RING
domain. However, the mechanism for the formation of the linker-helix and the resultant dimer-formation
are still unclear. In fact, the construct for the RING domain and the linker region without ZF1 did not show
the linker-helix formation and the resultant dimer formation anymore.

Here, we prepared the isolated RING domain, the RING and ZF1 region, and the RING and ZF1-3
region-constructs, and performed the size exclusion chromatography, dynamic light scattering, chemical
cross-linking, and NMR experiments using these constructs. Our results suggested that the isolated RING
domain even showed the weak dimerization-ability and the attachment of ZF1 enhanced the
dimerization-ability accompanied with the formation of the linker-helix in solution.

Tumor necrosis factor Receptor Associated Factor-6 (TRAF6)IL, K63t +F E3Y H—FTHh
D, NFkBOIEMALY 7T URZIZB W, HEasE L LT XxTF o fbl, V7 FIRZEDS]
TR ML TND. TRAFBIINEKNHDORING R A A >, 4-2DZinc finger KA A 2 &,
CA I D Coiled coil K A A A EFTLTRAF-C KA A U )vb 72 %, E3Y A7 —BIEPEIINA SG A 23 1
STED, 22X T UHEEHEE2LE OEER L NIIAR Y 2 8% F AMUIEMEIZIZRING R A 14 > &1
% HoZinc finger (ZFL)MN M THD. S HIZHR Y 2 B X F ABIEEICIINARRmER O — &4k
RARTH Y, NRGHEIKO R E B REE SRS STV 5 [1)(Fig. 1). — 5T, NMR%ZH
VW= TRAFB-RING R A A > OREEMAT 5 L ONEAR AT D5 R IL, RING R A A > HARITH R
ThHhHZ EaRLER] fmEERIEY (Fig. 1), ZFUT BIMAERmEARICHERERS L
TELT,RINGNA A EZF1Z SR Y U —FEAANY v 7 2% TEAMT % Z & TRING R A A
v EMIC T B AEEREEER L TWSD. LLARRL, RINGRAA 2 Y 2 —0DHOMEk
T, Vor—ig~Y v 7 2EEE & 63, ZERIIER S 720\ (PDBID: 2ECI).

ARFFETIE, RING K A A U HARR), REZFING 72 5 5EIK(RZ,), REZF1-3/05 72 % FEIK(RZ123)

NS5 FE K] 75 2R K T--6(TRAF6) , BB, U h—~U v 7 X

O ZAENTRe, LbBRbB, LTLAVD
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APEL, YA Ry v~ N5 7 40—, @FOLEGEL, Bis(sulfosuccinimidyl)suberate (BS®)%
WAL SR2E, NMRZ W CTHET 2D TV 5. fRITOFESR, U v —%2 & 72 RING R A A
VERY TRBIMMEREZ R LTS, ZRINFEET S Z & T BN AR RE SN D Z L0350
7. SHICRINGEZF1Z 272 Y U 1 —ITEEFIZB N T~ v 7 R BT 5 2 & W 50
Iz,

TRAF6-NRUHAIGEIR D — BMRLEREZH Y U v =~V v 7 ADOFRICESEZHT, Vo h—
~U w7 ZEROEEE & ZEMEEBOBRRIZOWTEGR T D.

zinc finger 3 domain
zinc finger 2 domain

zinc finger 1 domain

RING domain linker helix - ", /

Fig. 1, Dimeric structure of TRAF6 RZ,_;.
The RING domain, Zinc fingers, and the linker helix are shown as light gray, dark gray,
and black, respectively. (PDBID: 3HCS).
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A novel extended model-free analysis reveals protein dynamics under macromolecular
crowding environment.
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The interior of biological cells is a crowding environment. Such macromolecular crowding environment
is significantly different from the experimental condition performed in diluted solutions. The model-free
analysis for NMR relaxation data is one of the most popular methods for obtaining the dynamic
information of proteins. However, the application of the conventional model-free analysis to
macromolecular crowding environment has proven problematic. To solve this problem, we have newly
extended the conventional model-free formalism to be applicable to dual-mode overall rotational diffusion.
This extension explain the NMR relaxation data obtained under macromolecular crowding environment in
a straightforward way. Currently, by using the extended model-free analysis, we are studying protein
dynamics under macromolecular crowding environment. Moreover, to explore the physical basis of the
extended model-free formalism, we are examining the effects of mutations that modify protein surface

electrostatic property and/or the effects of salt addition.

FFaf

RPN E Emg/ml & Wi 2 5 TIRMEBRBEICH 0 2 Z TOERBEOR 5 8O XA AR BT
LR D ATREVEDN EV )\, model-freeffTIEITR B E X A 1 7 A& (D5 b — K72 L TH
DA, HOWOEEN T LS 50 FHRMERE F COMAICIIMER DD Z L&, TalTRWIEL
7mo 2T, BoxixZ OB E R U7 FiR ik iEmodel-freefi#fTiE DB O T & 7=, BIfE, 2
DFEEFANT, EAEESNBEIEKELTEDLIICBILT D0, £, ZOFEO LY
BBz EETHITW D,

FEFNMENT, model-freefi#dT, 4y FIRMEERER

OBNTLbUTRT, EHBREL, $ERLEL IEWN, WL IHIEIVAH, blRRI LD, O
o IE—1FA, @IV E, S22 FWTD, &P H L, ERDnDY
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F # 13 Villin head peace sub domain (36aa, LA F, HIZVillin) 4 0.4 ~135 mg/mljiE TS5 Z &
T, MR EREE (0.4 mg/ml/ 0.1 mM) 2> 553 FIRMEEREE (135 mg/ml/32 mM) ~DET /LT AT
AL LTS, Fox OBFE LI fEiikmodel-freeffATIEIL, 20 72K D RIEILHGES N EHOE — R
(B OFEBR) TRV N> TV bERE x5 (BERIEITS T 2RO RIRIEBOEB) L H— T —
FERESNTND) o Fex OfREmodel-freef# L % VillinlZi@E H L7254, ~1 mM (4 mg/ml)LA
FOBEAERE CORAE N T OEERIIHGESN T IE L, AEAREREE T CoRlERiIGER) &
VEIE R CAHBEREE 2 Ffo DRV EIRIESGES) ) &, BAEREO RIS TEVELS 2D [
WEEIEEGES) ) & D2 oDF— FOEREDLEE L TERIIND I ERbhoTz, £ LT, &H
BREN EFT2I1co0n T, MO EEIAEGES OE A TR L, B RIS BOES) O E| A 2380
T2 EnbhoT, MR T CREICAHET 2 W L BGET X VWb 57 T 7 il
WCHSRT Db DI LBEESND, TNICKH LT, BHERED EAIE-T, b ER-TLD
P EHRPEBGEEYN T 520K HE-E AERH EEANBERT 20 L EZ LN, TDFEK
FMTLHHL A TIE Ao T2,

T, Fxld, 22o0F— ROEISIEBOEE 24658 & L2, JEiEmodel-freefEHTIEN HE B
LIEE)RT A —H —DEFR AT D 7202, Villin 0.1 - 32 mMRNTRE R 2 SENCREET 5 & 3z,
Villingy DR AEFFERT > > v VA& AR 5 HIYT, 4O SIK, D46A, N60D, N60R, E72A
ZEE, Eo, NaClaimn, & L<id, HOMBELZLET 57228 LT, ZRENDBN NMREEH
IRT A= — % EE L IEiEmodel-freefilftT 217> C. T D DEBZ T, ZH DL DOFERNG
DRMIRRE T ClL, &£« OEABEOT 7 v il (7 04 LE8E) NAEWIZ, BEAOKEN L
TR T AT 5 2 LIk > T 2o0F— FOREGEILEGER2E U TL 5 MIRTx 5%
ZEWNbhol,

Fig.1. The rotational diffusion of Villin 0.1 — 32.0 mM obtained from the extended model-free analysis for
highly concentrated systems. Ellipsoids represent the magnitudes and anisotropies of the rotational
diffusion. Sg? is the abundance ratio of the slow mode rotational diffusion represented as a smaller ellipsoid.

Except for the 0.1 mM Villin condition, rotational diffusion is divided into two modes.
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NMR study of a single transmembrane protein C99 in lipid bilayers
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C99 is a single-span transmembrane protein and is cleaved by y-secretase to produce amyloid B peptides
(ABs), such as AP40 or AP42. AP42 is more pathogenic than AB40 and membrane lipid composition has
been shown to influence the AP42/AP40 production ratio. To reveal the molecular basis for this
phenomenon, we analyzed C99 in different lipid bilayers by utilizing the nanolipoprotein particles (NLPs)
and solution NMR spectroscopy. The main chain NHs of the transmembrane helix (TMH) of C99 did not
provide detectable signals in NLPs, while the TMH signals were observed for the mutant that lacks C-
terminal intracellular region (C99-del). The chemical shifts of the TMH signals were almost identical in
different lipids (DMPC/DMPG = 4/1 and POPC/POPG = 4/1), however, the linewidths of the signals were
different below 33 °C. These observations suggest that conformational dynamics exist for C99-TMH and
they are influenced by the surrounding lipids well as C-terminal intracellular region of C99.

(5%

—REEEA R THD C99 X, TV A ~—IFRINEEFEY TH D amyloid
precursor protein (APP)? B-secretase UIWIEEY) Td U | y-secretase IZ K5 & H e D U&7 T, &
ELTA0EEDT I VB2 5 ABA0, 721X R FRIEDT I VNS5 APA2 ~E s
Do AP4A2 1T AB40 &G U CHEEMENE L . TAYNA ~—JFZ BRI LT N EEZLNT
WD, AB42 & ABA0 DARRELICH B E G 2 D EINO—> & L C MO IFEMR A ZET bt s,
N D AT > TREDJE S RWtEE R 2L L, C99 DIEEE~Y v 7 X (TMH) OA#iE7)3
AT 2 EEZ BN, FOFHEMRA T = LT ST EN TV, ZF 2 TR
TiE. NEEAARRDE )Y C99 DIEIERCTEENEIC 5 2 5B R L ~UZBWTH LN TH 2
LERBERE LT, IBE HBEL MR LTI D Z e AR T 2 U RT a7 A
Hif (nanolipoprotein particle ; NLP) HHUZ AIEE{E L72CI9IZ DT, HIRNMRIE Z F 7o PR R
HraiT o7,
membrane protein, NLP, C99
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KIGE &2 VT, 2H, SN — 1838, £ 7213Met-13C B3 217 > 72C99  (C99-full) . 3 X TRC99
O FEI KR (C99-del) ZFHILEET=, NPT 74 =T 4—rua~ 777 4— 2K R
TSR] 2 B ARSI b LTRBE TR L 72C99% . AT IEAI TRk L7 IRAIEE

(DMPC/DMPG = 4/1, POPC/POPG = 4/1) . Membrane Scaffold Protein (MSPI1D1) & & HIZiRE
L. BT L > TRIEEHAIZBRET 2 2 L2k 0, BREOICNLPEZER ST, Ni¥ T 7 4 =
TA—ruavw NI TT7 04—, YA XPBRZ v~ 7T 7 4 —IT L > TCIINFLAIA FIL7ZNLP

(C99/NLP) ZRERL L. NMRFFMTH Y~ 7 & Uiz,

[t o & B2
% 9%, [*H, 'N] C99-ful UNLP (22> TC, ppm C99_full C99_del
IH-'5N CRINEPT-HMQC A% kL% (@) ®g e (b)
T, ZORER, TMH RICfEETS o ]
BIICHET DV FANBR S
o7z (Fig. la), —F. [Met-13C;] C99- 155
full/NLP {25V T, 1H-13C HSQC A7 i
L2 RE USSR, C A A P AR
WZAFET D MT768 HIR Y 7 /LiZo0

125

90 88 86 84 82 80 7.8ppm 88 86 84 82 80 7.8ppm

T, JARAEDSBl S Tz, 2 b OFER 1H
B, C99 DN .S, TMH O 7 3 Fig. 1 'H-"N CRINEPT-HMQC spectra of [2H, 'N]

NIEH kY 7 O JalE b 235 LTV C99-full (a) and C99-del (b) in DMPC/DMPG-NLPs.
LEREMED D D LB 2, AN RO K]

ppm DMPC/DMPG  POPC/POPG

A (C99-del) 122\ T 2H, PN Ik L, NLP H1C “

'H-N CRINEPT-HMQC A~XZ7 hLAERIE LT, Z OFERE, 10: 5 145°C

CO-full IR W TITBLI SN2 > 72 TMH EoFREIC R

T 57 FNBI S iz (Fig. 1b), C99 D AMAE N FEIER A, o

TMH & MSP1 ORI AR AAEM Z e L, TMH HK g ©

ST FNDIEIIC AT LI TR S 2 b, Nl & yo s
Wic, IWEOELICHS TVH OWEREOLLERE | & el

THID, BB IEEE AW CRELL 72 C99-de/NLP (2> wm B2 88 em 88 86 eem

VT, 'H-'SN CRINEPT-HMQC A-X7 kL% #lE L7- (Fig. 106, N S

2), DMPC/DMPG & POPC/POPG HIZ#\ T, TMH ks ™ & |wT

IINOWEYT MEEEAER - ChoTe, —4,ME L& &

Sk S 7 L O R FE K fEVE & AT L7 R R e

DMPC/DMPG HHIZEW Tk, BEKRTICHEY 7o Fig. 2 1PN CRINEPT-HMQC
JEMEAE DML S 4L, 20 °C IZBWTIET 7T A ER L spectra of [2H, "N] C99-del in

7. —J7. POPC/POPG HZI\\Tlix, #iEDZE(L7  DMPC/DMPG-NLPs, POPC/POPG-
DMPC/DMPG H' & brifig L C/h &<, 20 °C 128V TH Y NLPs at 3 different temperatures.

T ARNBI S s, REMK TS TMH ks 7

N DIAEGIE, BEOTREMEDAX FIZAE S TMH OEE/WEOK FICHRT 5 & B X b, TMH O
PHICAAAE T B I OEEWEAS, C99 O TMH OIEBWEICEE L 5.2 5 2 L BRI Sz,
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Structural study of the DNA translocase of Streptomyces, TraB
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Conjugal transfer is a major way of horizontal gene transfer which drives the evolution of bacterial
genomes. In Streptomyces, antibiotic resistance genes are spreading from resistant cell to other cell by
conjugation systems. Streptomyces nigrifaciens transfers DNA in a unique process involving a single
plasmid-encoded protein TraB and a plasmid, pSN22. TraB is a multi-domain protein that consists of an
N-terminal FtsK-like ATPase domain and a C-terminal DNA binding domain. Electron microscopy showed
that TraB protein forms the hexameric ring-shaped structures with a central pore on the membrane.
However, the molecular function of TraB in DNA transfer is still unclear. To understand the detail of
molecular mechanism of the conjugal transfer by TraB, we performed the structural analysis of the TraB
ATPase domain and the C-terminal DNA binding domain (TraB-C). Ultimate our goal is to determine the

full length structure of TraB, and understand how TraB incorporates DNA as a molecular motor.

il

BAGEREITMIAE BB T 2 2 X7 ERICE Y, 7T A RO X 9 72 B KDNAXHE T
Bk SINDHBRTHD. Streptomyces nigrifaciens?D 7 7 A R, pSN22DOHEEIREIZIV N TILTraB
BRI ENESREA TR L TV AD, TraBIENKHE DOFtsK-like ATPase K A A > &, CARIHD
DNAKE G KA A U (TraB-C) 0 B SN D~ NVTF RAAL UV HZ VR ETH D, B LD
fENT /D, TraBIZfafE ECREREZ R, ATPERENNIZ T A
T REGETDHEEZLNTVAD. Ly LEDREMR sy TRk
ERTEHLDICS N TN L. AIFFEIETraBIZ L 5
BEAGEON)FHEEZAONCTHZ L E2HMNE L, TraBD
ATPase N A A & TraB-COMEEMRIT 21T > 7. BIIEE TICFx i1
TraB-C D E & Z# P& L THE Y, TraB-C X winged helix- 7
turn-helix(WHTH) ! OHEECTH D Z L 2B 5702 LT 5 (Fig.1).  Fig.1 Solution structure
AHFETIETraB-C & “AS4DNA & DA ER 217\, ZzoarE  of theTraB-C
TEFRNCRET 25 RAEB/IZ-0, TNEWET5H.

TraB, #5615, DNAEE X /"7 &

OMIE ToX, 920 OAED, F23ZF DVxrHZ, Wk D), HrizBn
FEINT, ALFE FXX

— 142 —



RE&

TraB @ ATPase N A1 1/(123-538, 416 7%J&) & TraB-C(564-652, 89 7% 1) DI B % VERK L, NMR
?EUE% 1T>72. TraB-C (Z A8 DNA H ® CGCACA [i%(TraB recognition sequence, TRS)?D #t 1

WLEF—7 2Bk L TREAT 2 enfiEanTnas. AR TIZTRS O 7L B— K
i %(GCCCGCACAGC, TRS1)& # 7L U B — Ridsl(CCTCGCACACCGTGCGCACAGC, TRS2)
O RO AR DNA &, TraB-C OfEEEBREZIT- 7.

%gﬁ%

wR
1. TraB @ ATPase KX A > NMR #I|E

TraB ¢ ATPase N A A > @ "H-"N TROSY Dl 4T - 7~ (Fig.2).
ATPase KA A > NMR ¥ 7 F VT Y v — 7 7B & ,
ALTEY, Zhid ATPase R A A W BAARERZIFZA L THZRW . ry é g s
L EAREL TS, TraB |2 & D BA RS DT O 7= 121X O e Y
a7 7 MRAEFRMFEDORECPLETH D, Fig.2 TROSY spectrum of

the TraB ATPase domain

SO

At e R

8

2. TraB-C & DNA O#FH B VER T

BEIZ#HE X T\wbd wHTH £EF—7 & DNA O
BEKRDOEEEMEE DN DNITEBNT, wHTH
EF—TIEMMOBREA A F L— h LICREE
DNA &fEA LTWAEY, KBFFETH Mg A zL/;tlE,\
7 F, £FETFIZBWT DNA L ORSEEREZITV,
TraB-C |13 Mg” 3/ F I8\ T DA DNA L AHAAEM . ; R
95 L&BISAIC LI, F£72 TRSI & TRS2 % R —
JANT TraB-C & OfEGHERZAT>72. TRSI Z v B S B
TR A EERTD NMR A7 kL fast-exchange T Ter . e
DIEALEFR LR, —HoE—27iIcBnTiFELYy - ‘
ST FADT a— R 7 REN S T (Fig3). :
—Ji. TRS2 Z MW= & HEERIL intermediate 725 T . 5
slow exchange D A~7 b ZfLL7eo7c. ZhiX  Figs Titration experiments with TRS1
TRS1 (Zkb~= TRS2 D5 DY TraB-C ~DfEE 735y Extreme line broadening signals are

TraR-C : TRS |
10
=l:1

TR
1
¢
2.

L e

ZEERLTBY, BEOMRE LTS, indicated by dot circles.
=
TRS1 Z Wz ERIZBNT, Y707 e— N
N=r Rl sz 7 X/ Wik, DNA & OEE — .
KERIZEWTELVEETHDL ETHRIND. Z0UD ) Mo

. L s’ C-term

7 X BRIk HE A TraB-C OERIBEIC~ v B 72 T> . .

7= & = 5, helix-3 (T8 H LT B = & 234375 7= (Fig4). f{)‘fﬁl el‘%gg“égszfjctajﬁ“ed residues
;J‘L - b 7 =

wHTH &7 — 73— helix-3 (2 L. ) DNA ZAHEAEA] Line-broadened residues are colored

THIENMBEATEY, TraB-C b ZOFBIKTDNA & plack. Helix-3 is indicated by dot circle.

HWAELTWAEEZ NS,

[F51EE]
AKIFFEIZEB T HANMREIE L, SRR feumiff ot A It e EFE INMR HH7 7 v b7 7
— L) (B AR LE L.

PN
(1) Kataoka, M. et al., J. Bacteriol (1991) 173, 4220-4228
(2) Vogelmann, J. et al., EMBO J. (2011) 30, 2246-2254 (3) Clark, KL. et al., Nature (1993) 364, 412-420
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NMR analyses of human membrane proteins produced by the yeast Pichia pastoris
expression system
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Methyl-detected NMR spectroscopy is a useful tool to investigate the structure and interaction of
membrane proteins.  Cost efficient methyl-selective isotope labeling strategies using metabolic precursors
of Ile, Leu, and Val (ILV) have been developed for the E. coli expression system, while they are not readily
applicable to the yeast Pichia pastoris expression system that has advantages to express mammalian
membrane proteins. To overcome this difficulty, we explored various culture conditions with which yeast
cells can efficiently utilize ILV precursors, and found that the cultivation pH exerts a critical impact on the
ILV precursor uptake. At an acidic pH, the uptake of the precursors was increased, and the synthesized
recombinant protein provided intense 'H-""C correlation signals from its ILV methyl groups. Based on
these results we present an optimized protocol for the methyl-selective *C incorporation by the P. pastoris

expression system and an application of this approach to a human membrane protein.

NMR % FHW 5 27 B ORSRERRATIZ B\ T, BRiE 2 < L IERSFE DS B A TR
BRI GIE L L CHER E D, 22 X7 B O A FVI A BRI OB IRAOIZBLNT 5 72 D12,
AFNAHE (H)-CC BERE L. RSO IEASHRIE T 1 b EK R LT 2 o3 BB O
NEHTH Y KIFGFEHEBZRZ AV DEAIE. 7 2/ BONRERERAZRAT 2 sicky,
K= 2 b TAF VIR PC kA EAT D FIEMHL S TWD, LvL, KIBERILARE
HWTe MEX AT EERBIETGE, AOR ST 2 2 X7 E D% < BEIEN O R ]
FCEMTH22ERMLNTEY, & MEZ VX EDY v v MEBUR & L TOFRFIER
EWITH D, —J5, A% 7 —/VELHEERE Pichia pastoris (P. pastoris) 3$8i21L, GPCR, A 4
Fx g, NTUAR—Z =R EOEE 7 EORBGINL WESNTEBY, B MEX X
JEOYareFy MEERELTHEAEREWEEZEZ LN TS, L L, ABILRIZONT
3. A FAIERIRA PC ERICETAMANZ LS, ME—DHMEFICBWT Y, REETEAZF
U7z A FVHEESRINE PC 5 (5512 Lew/Val £5%) OBRPENEHE SN TWDS, 22T
AWFFEIZBNTIZ, NMR 2 HWTRS T B2 ffiir 3 2720 B & 72 % . WHMO @ W
TE RN ARG 5 o /X AR I 2 feNi 35 Z L 2 BB & LT, P. pastoris FELHR%Z W
T2 A FOVEGERINE PC ERGURRR TEOLER - k21T o 72,

P. pastoris FBLRE W) a2 e N R EOLERNARER SR 2 RE T 5720,
B-lactoglobulin (B-LG) ZET /X L /37EF L LT, MitaiT-o7,

F7. Met BLW lle IZHFH L, b EMININED L Z21T > 72, Met FRIED 2 F /LG5
FAERR I Z BT PC, R Met %, Tle 78R A F/VEGERIERRIC B\ Tl Tle DOFCHIAT

W5 R 8, BERERESR

O bFESXL, 790D, bVEIE, SLWVH R, ZNILOTE
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A TH D 4-PC 1k aketobutyrate & VN, Zh D OELAME, T 50~200 mg/L
OFEIGTHRM Ui G2 W TR OB R 21TV, B bhie B-LG 122\ T, iR L 7= Ak
EAEEDEACITLED A T IVIER RS 7 F N OB E M LTz, Z OFER Met (22T,

ik Met % 100 mg/L LA EIINL TH & 7 FMENT E A EZL LN & Tle 12DV T,
a-ketobutyrate DPRFEFENNI LS T ZFIVRENHFHIINT 5 Z LR LN E o7,

WIZ,. Leu BEL W Val ~DOFEFRE A2 T por |
BFt 21T 272, LewVal D@D RHFTEEATH N o
% 4-8C FER% o-ketoisovalerate (KIV) Z @S L 18- . ¢ ',,j.: .
BN VT, S O TR O RE S O
ok & 25, ST L BRI, UC MRS * o
B LG BBOI-, - OEMEOES S, B "
B~ KIV ORLY AZEDIL S IZHRK L T2 E 5 b a5 mm 20 15 10 o5 e

TWDEEZ, BEEPO KIV BEORFE(L
RENT L7-, pH % 6 & 7 |ZEE LT-Hha H
WTENENEEE 1T T2 & 2 A, KA D
pH 28 7 OLA, BB D pH 2380 6 £TIKTF
L. B KIV OREIZIZE A S L7220
Sfc, —J7, BEEMIGRED pH 28 6 D%, HEIKD pH 2356 3 1K T T 5 & &I, KIV 2
JEDRD BB ENT-, FNENDOEEN ST B-LG 12OV T 'H-"C M A~L2 ML ofllE
iTo7-L 2 A, pHT DE#ENLET- B-LG ([ZOW T, Lew/Val O X F VKRS 7 F L DR
FERG <, HAERRAR L [AFREE Tdh o723, pH6 OEFEIZ LV 572 B-LG 22V TIE, Leuw/Val O
x%/vﬁ@ WZHRT 2 & EZEZ oMy 7T Aniiilansc (Fig. 1) . MlN~DOFHERE DY

BT U AR=F =05 L, pH IZKFTLHERHLZENMONTNDN, A
7\ /ﬁfzﬁﬁ%[%ODE&Di\ﬁffJé BALCH, B pH DNEEREEZR-L TN EZZLN
Do

Fig. 1. 'H-"C HSQC spectra of B-LG
obtained from the cultures supplemented
with [4-13C] a-ketoisovalerate and started at
pH 7 (left) or pH 6 (right).

LI EORENT X 0 Bl U7 B S FIC B W T, Tle/Lew/Met/Val OIS A FLHEIC BC %
ANL7-t MEEX /37 E (5-lipoxygenase activating protein; FLAP) DFELZ G A7z, FEREMIIE O 5
B3 ZE £41%5 FLAP 75:\ RETEEAITH S DDM IC XV A b L, Nitt 77 4 =7 4 —2 1
~ T T 4 =T KB E T o2, 'H-CC ALY MLV ERIIE LTZ, 2 OfER,. FLAP O
lle/Lew/Met/Val OIS A FILILIZHRKT D EEZX NV 7 FARBHl ST, S5IZ, FLAPD
FLEHRITH DMK-591 2N L= & 2 A MK-59UFE AT HE D Metl ko 7 F L b5 7 R BB
Billlcihiz, DL EORERN G, BRI B 15 D AV/ZFLAP S BEANC R A5 ATEEZ B LT\ 5
ZEDRENT, A%, PO L R EKFEIE# AT 2 L12L 0 FLAPONMRAZ kL
EIDILHETDHIENARERTHDLIEZZDLND,
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NMR analysis of glycolipid recognition mechanism by innate immune receptor Mincle
OTakashi Saito’, Yusuke Shuchi?, Atsushi Furukawa®, Katsumi Maenaka®
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Mincle activates expression of IFN-y and IL-6 through Syk-CARD9-Bcl10-MALT1 pathway by binding
trehalose dimycolate (TDM). We successfully determined the crystal structure of human Mincle. However,
we have not obtained the crystal of complex of Mincle and glycolipid. Thus, the glycolipid recognition
mechanism is still unknown. We are trying to reveal the detail recognition mechanism by NMR spectra
analysis. We performed titration experiments to analyze the interaction mechanism, however most of the
NMR signals disappeared during titration of glycolipid. This is due to multimeric complex formation by
glycolipid. We found the condition of inhibition of the multimerization. NDSB-195 known as protein
aggregation inhibitor inhibited the multimeric complex formation. We performed the titration experiments
in the presence of 0.5 M NDSB-195. We observed the NMR chemical shift perturbation during titration of
the glycolipid.

AR O ATARIZ B W T, EREZRLET AR HEREE ZOMTL D51 &
DLV BRZDINTWD, FHFLRD 0L LTI, BEME - 7 A L R -
BRREMAYOREIIREAENZET bND, ZNOHEER CEZ 2842 50 L ABIIZ
g5 2 & T, BOMERBON A, EYE
% SRR D R AL O m O RIS ATRE IS 72 B
EHIF SN D, ARBFETIE, MaRESZAED
I B E DRy EREE T HCH L 7 T UK
{KMinclet . =DV H > K & 72 Hirehalose
dimycolate (TDM) & OF EAEHIZ SV TNMR A

4
T3

59

. ] . Hydrophobicity
AT RIVIZ KD AT At 72 (Fig. 1), Mincle 1% Vo High

FHRRAS 1 K 0 J8 48 U 72 S 2 3Rk L CRIE

Fig. 1. Structure of Trehalose 6,6-

PV A N OA L OEERS, GBI A ST . i
dimycolate and Mincle. (PDBID:3WH2).

B Fio. AN T T L, A E SRR
HE ML, EiEEEg & L, RRIA
PEBRICEA 5T 2 2 EnmbnTn b,
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MinclelZ KIGE I L2 KRERIREEEL, ZI0oELNTEHAKROE TR LIEIC X &
L7, MincledDZERINAR T ~AFENSE LT R U 7 A EBCr L a— 202 10 F8L L 7= MORE Hi
3 L IERC, OINT _ L SN FCHLES (7 B Lo TH) ICB W CRIBH 28T 5 2 & TfFo 72,
—J7. TDM(CI2)IZOW T FEA R L v 57=,

MincleONMR Z 227k LIZ 31 5 B OIFIEITEC, PN 7L T ~L R o SR B IEIC X 0 1T
5770 TN TENT ~ULMincle~DTDM (C12) ONMRIEE EBi 4 'H N HSQC A<~ kv | CElii
L7z, EIZDOWTIX, NDSB-195 fF1£ F & IEAF1E FIZB W T L7z,

AR - B>

MOEE I Z 35 W TR G & A 09 8 7 B 10 9 8 7
i%z% L7 %% CILH D __ 1o o :‘.1 ' .»'a:'.i.;“. . ho 110 ) 110
. E s - CS T ant 2t 115 € 15 ) 115
:I'Omgo)i\tl-k,fji]"/75)1'5']:%%/]"7;ﬁ 3120 * . L —..' ;g’: ;.‘U‘;.. : 120 3120 120
Motn, TAUILBEHRT  (Fws T AT T s |2
o - " N 1B ° ) - 130 | [T a0 . 130
T IR D SUN T T) S i I o | B

7

FTORTHD, 2 TCHL H (ppm) H (ppm)

AR L& ZAFEA Fig. 2. 1H 15N HSQC spectra.

RO EAZIZLBEE & A A: 1H N HSQC spectrum of N labeled Minle. B: *H N HSQC
BIEIZED o7z, 7DD gpectrum of N labeled Minle adding TDM(C12) (leq).
HABRDODEEZRE LIETOR

FERNAR T ~OVIZCHLE IZ L BB RN CTh D EE XD, 22 bELNTEPNT ~ULMincle
IZOWVWTH-N HSQC A2 ML ZJIE LT-fE R, D8NS FPHRSND 7 F 88 L Y SN
WAMED o T2, Eo, WL ODOEIETY 7 AR 2 D1IZ0BEL TV D Z & D 2 KRB DR
BBICAHD L THENS, PC,PNT Lo 7L d v CEERBIEIC LY 2 7 L ORIE %
ITolfE R, 0% ETKRTLTWAER, VI FANRZET DN —TEIB W TRIBNR AR
Lo TS,

N Z ~LMincle~DTDM(C12) D iE E Bk & M L7223, E&ABIMNT 512 oh s 7 F Lk
JEAME T L. TDMZ VSR E LA Ty 7T A 2I1RIRBRT 5 2 L T&E < o7 (Fig. 2),
ZHIEITDMA R BV &L L, FERFERAICMIncle fEA L7272 THh D E FRILEZ, £ZTHL
Al L B EEGELIEIC L D o L ORERE LIRS, TAE Y TDMCL2) M F 52 & TF

BEo YT A4 XN EH LT

A titration of glycolipid without NDSB-195 B titration of glycolipid with NDSB-195 7=(Fig. 3A), = Z CTDM® 2 &/ %
I j\E\EEEEEEE: 2 e <t (CNDSB-195 A U L 7= R
N\ fo M T EEEE O 28 B 5 7= (Fig. 3B), Zh
sie(éh “‘° * swieh IZ & v, TDM(C12) D> NMRIi & 36k E
Fig. 3. Dynamic light scattering. The concentration of ~TIb¥3 7 P& L ZBET 5 Z &2
TDM(C12) is 250 uM. R L 2o 72,
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NMR analysis of the interaction between the BH3-like motif of hepatitis B virus X
protein (HBx) and Bcl-x.

OHideki Kusunoki', Toshiyuki Tanaka?, Toshiyuki Kohno®, Hirokazu Kimura®, Kazuo Hosoda®, Kaori
Wakamatsu®, and Isao Hamaguchi®

'Department of Research on Blood and Biological Products, National Institute of Infectious Diseases
“Graduate School of Life and Environmental Sciences, University of Tsukuba

*Department of Biochemistry, Kitasato University School of Medicine

“Infectious Disease Surveillance Center, National Institute of Infectious Diseases

*Department of Molecular Science, Graduate School of Science and Technology, Gunma University

Hepatitis B virus X protein (HBX) is a multifunctional protein, which is closely associated with the
development of hepatocellular carcinoma. HBx (154 residues) possesses several domains or motifs, such as
a transactivation domain, a DNA damage-binding protein 1 (DDB1) binding motif, a p53-binding domain,
and an anti-apoptotic protein-binding motif (a BH3-like motif). HBx can directly interact with many host
proteins via its domains or motifs. For example, HBx interacts with anti-apoptotic proteins, Bcl-2 and
Bcl-x,, through its BH3-like motif, and this interaction results in elevated cytosolic calcium level, efficient
viral DNA replication, and the induction of apoptosis. In this study, to reveal the interaction between HBx
and Bcl-x_ and to understand the role of the tryptophan (W120) of the HBx BH3-like motif in this
interaction, we analyzed the interaction of the HBx peptide containing the BH3-like motif or its tryptophan
mutants (W120A and W120L) with Bcl-x_ by NMR. The interaction of the BH3-like motif of HBx with
Bcl-x, will be described and compared with those of other related BH3 peptide/Bcl-x._ complexes.

[Fim]

BRIFX D A VA (HBV) OEBMEYLT, @R, FEZE, HEs ot iFmAr sl &k
ZENEBNTWS, HBVAREATZERED 1 O THAHXERE (HBX) 1. F & D mE B
DR RIB STV D, HBXIXT X/ BR1545% Kb 72 2 HE T, BEIEM{L R A1 > DNA
damage-binding protein 1 (DDBL)fE&EF— 7, pb3fEtc KA A >, PLT A b— ZAEHE (Bcl-2
Bcl-x) fEAETTF—7 BHIEET—7) LWV ol KAV NTETF—752FALTND, £OD
FER, HBxIZZ < O1E £/ L M A/EH LML R, #lxI1EX, HBXIZHL 7 A h— X

BRUATA 7 A W AXEHE, Bel-x,, NMRAEAERf#T

OKFTDEOTE, b lpE, Zo50LLYwE, ELH0ANT, EXENTER, bhrE
OB, ITESHNER

— 148 —



EHETHDHBCl-2°Bel-x & ZDBHEEF —7 2N L CHREAT 5, ZOMAEMERIZ. v ALA
DNABSL 2Rt 5 L Ibic, 7R b= A2 E+ 5, BE, Hxl3HBxE 5 LR T & DA
ERICE D27 AR P =V RAFEE AN = XL EFRAE L OBEMEIZER LTI Z ED T 5,

ARFFETlL, HBXDOBH3KEE T — 7 2 & Tefk L1017 5136 D FEIK~< 75 K [HBx(101-136)] &
Bel-x, (F%%£1-44 L 85-196) O AA/EHZNMRTHENT L, £ DOFEERRNEZH 6T 5 Z & HBV
Vx ) BATTESIREINTWDI206EHD MY I R 7 7 VEREOREIZRAT 52 L2 HB
L7,

[77ik]

HBx BH3tE F— 7 2 & 12101% H 2> 5136% H O27F R [HBx(101-136)] K& 0% 0120% H ®
R h7 7 DERE (WI20AEXWI120L) =% F U @aEAERRAZ VN THM LS,
F 72, BERNIAETR L7=Bel-x, (5755144 2 85-196) % KIGHE B H AR CTHE L7z, Bel-x d L8
D it J& % 35°C THIE L 723D HNCO, CBCACONH, HNCACB, 2D *H-">N HSQC 22~ kL% i T
17572, HBX(101-136) & =D KU 7 b 7 7 A BLAK (W120A & W120L) % N%e i [RINT ks L 7=
Bel-x K 120.5, 1.5, 4, 5II8FEEm L 70D L O WML, 35°CTHHSQC A~ ML ZHE LT,

[RREBE]

HBx(101-136) % °N% & RN A FE 7%k L 72 Bel-x K S IS HSIN$ 2 E EBr 247> & 2 5. Bel-x,
DT I R 7 FNAOZE Bl S iz, HBx(101- 136)%34**E'/f’<ﬂuw_t AT IRV
FEAEEIL LT 72 ol A5 B DHBX(101-136)F/E F CAEIZZ L LT X Ry 7 Lok
ZBel-x D&~ vy B 7 LizE 2 A, MOBH3ELTF R L EBEIC, Bel-x & AE O BikMEE

IREAT 5 Z LR E N, — 5T HBX(101-136)D h U 7 |k 7 7 L 28 B4R (W120A & W120L)
WZBWTIH, YAV REA T EHRTT I RO RE L 2o 7= (Fig. 1) , HBx BH3
FRE T — 7 IBel- 2 G IRHEIEIZ BV T, HBXBH3ERETF — 7 D120&HD U 7 s 7 7 »(IBcl-2 &
DEHEARFEAICEE LTV Z ERME S TWDY Z OREFH & o x ONMRFE RN 5
HBx(101-136)D120& H ® NV 7 k7 7 - (W120) (EBcl-2/Bcl-x & OFEGICHETH DH & X
bivd,

>N (ppm)

Fig. 1. Overlaid 2D *H-""N HSQC spectra of °N-labeled Bcl-x, (0.1 mM) in the absence and the presence
of 0.4 mM of HBx(101-136) (left) or its tryptophan mutants, W120A (middle) and W120L (right).
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Functional Dynamics of Deuterated 2-Adrenergic Receptor in Lipid Bilayers Revealed
by NMR Spectroscopy
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Shiho Suzuki', Ichio Shimada'
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G-protein-coupled receptors (GPCRs) exist in conformational equilibrium between active and inactive
states, and the former population determines the efficacy of signaling. However, the conformational
equilibrium of GPCRs in lipid bilayers is unknown owing to the low sensitivities of their NMR signals. To
increase the signal intensities, a deuteration method was developed for GPCRs expressed in an insect
cell/baculovirus expression system. The NMR sensitivities of the methionine methyl resonances from the
B2-adrenergic receptor (B2AR) in lipid bilayers of reconstituted high-density lipoprotein (rHDL) increased
by approximately 5-fold upon deuteration. NMR analyses revealed that the exchange rates for the
conformational equilibrium of f2AR in rHDLs were remarkably different from those measured in
detergents. The timescales of GPCR signaling, calculated from the exchange rates, are faster than those of

receptor tyrosine kinases and thus enable rapid neurotransmission and sensory perception.

GH o INT g i:l\:’/&bﬁg% /}5 MX (GPCR) [ a) without deuteration b) with deuteration
T PR A I & ARG M R i oD B Y A1y Mg2° M279
KbV, ZOFHERL S FIEEEEE F S
B LT D@et 1). LALARD, i S5, . )
FDGPCR DB SRR 1L RGP 2 o N G
SEARTBIADRELOTHY, & E e 4 )
BIBRSE T HIFE _EMF OGPCRO 8 1 NP

24 22 20 18 16 14 24 22 20 18 16 14
'H chemical shift (p.p.m.)

BRSERIH CTh 72, 2, EEE
{RFF L 7-GPCRD K EFHLIC M8 72 B il
AIRRRS BLR Tl BEKFEIERIZ X HDNMR
HEDREEANRETH D Z & DR
WThsd. €T, FxldRBMiaRs
RIZERT D HAKFE#RIE 2 ML L7 b
T, FERRE Y AR & X7 B (tHDL,
ZE RNARERRR, MR _E, By 78

Fig. 1. Sensitivity enhancements of the methionine
resonances of $2AR in rHDLs upon deuteration. 'H-'*C
HMQC spectra of undeuterated AR in rHDLs (a) and
deuterated B,AR in rHDLs (b) in the inverse agonist-

bound state.
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T T4 A7 )VDIRE BB LT2B-7 B LT U B IR BAR) OB IE 2 RAT 5

Z &L L7z(ref 2). a) rHDL b) DDM micelle

Fox L, EBRMRREERIZHWT, BHARRE 1
W7 BMEENRRE A TEMT oA e N
HZLICkY, BT AFA=VBATL  E ] peelagonst ] penerseny
EORE R P ORI BAREMT 5 g | e HU)) eegorist
JEERRE L. Zo)ik%, HDLOJFE & g -ﬁﬂg;gt% | agonit @@
B FEAB R L 72 BoARIIE T L7, NMRE 8 0] |
ERSE IR B L=(Fig. 1). —hicky, 5y & @ 1 @\
FH73200 kDa% i 2 HrHDLIZHB VT h, B.AR @ riagorist | Q otagonist
DT RTOAF A= FKEICH KT ANMR > 16,0 an:;se agoms; (2M82”) mx;e;se agon|521 (2M32°)
TFNEERT D LTk L. "H chemical shift (p.p.m.)

rHDLDJEE —HEIZ FAE L L 72 B2ARDNMR
ENT IS FIRE L T o 7o Z &G, v 7T VBIER
FENKEXRIZEI D ) T RS Lf:BzAR Iz

Fig. 2. Differences in the MS82 resonances of
B2AR with various ligands bound, in rHDLs

and in DDM micelles.
- I/ ’ T rHDLO)HbEF Eﬂﬁ EFI k ﬁﬁﬁ iﬁu inactive state (non-signaling) active state
L DONMR AR L7 b U 7= (Fig.2). % 72) o (lrect i G
R, TR & RIS O T A G amo o o
N B r ™ weak partial agonist weak partial agonist
2SR~ 5 M82H SR ONMR > 7 F )L DAL Q/Ym 215 (500-8007) Vot
Ma2 s

7 MBLUBIRIL, IRE ERR L ST E! -~ m%a

KRELSEAp-oTWE, ZoZ ik, B8 _E=E (200320 5°)
<49 ) 28(28-37)% 71(59-72) %

EF‘ E 2 “’IZ/I/EP'(“, ﬁf&q b %){El\ij_ﬂﬁ%]a & RIE I:?DDM micelle

MRS DR, 5 & OZ OMORHHEIENRK | PR AN = T T
XL RRSTVBILERLTVA. X AN wez 25005 ez
Bex REMETARY LDV I 2L — 3 m%! (,“;“;’Sjs',)m%!

YEBIRD, FEEOART MLERETLHZ - 0 / Buesn% 23150 %
LT, RIS L REMRIRSE ORI, B X Fig. 3. The differences in conformational
OF DR DOASHUHEE 2 B U 7= (Fig. 3). Z®#%  equilibrium between AR in rHDLs and ;AR
B, Lo bl U CBRTT @ TI, 3% in DDM micelles.
MRREDEIG NN &, TEMIAEIE & RIS E O SSHORENE W 2 L avR STz,
ARWFZEN S, JEHE _HIEP TOFMEREE & ANEMRBE O LI I VRO X A LA —L T
FZoTWDZENWRINT. TOZHHET, GF 7 BOTEMALS LU D% DcAMPIR
DEFAD, BIVB~PBOIALAT—LTRZISHZ LA IHIATE S, BESEREICHD
HGPCRIF, F 1 FF—BROBRZAARL D GEICER TS Z LMo TS, 4
DT LIZIENE A DA — L OFEEE, 2 OGPCROMEHRTEMHELICEE TH D, £z, &
B D FIE, GPCRZ ERES 2 37 B OMEE G OFMTIZ W T, TFE _ERRENEE TH L Z
LZRLTND.
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Structural and dynamical changes of multispecific antibody G2 induced by binding of
different antigens
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A multispecific antibody G2 can react with three proteins other than the original antigen, chicken prion
protein. In this study we made scFv of G2 and made binding experiments of the scFv and the antigen
peptides. The result indicated that the free form of G2 has a flexible and it can adapt to rigid conformations
depending on the antigens.

Fxix, 2 OHEFECH S TWD [—D2DH
Koo FEERET 5] Lo aEols N g
BEA DA D T O PR & H R 3Rk 5 | _ — -
PURG2E 3L LTz (1), AFETIE, ZDG20%
H &7 ORI D755 0 = E CORE A
15,

Normal Antibody

. » @ chrep:
Bex 1557 Y A2 5 20T (CHPIP) D) [ e
174-247F B OXTF Rkt b~ ADE ) 7 e @ sePT3

a2 —F LHR (mAb) Z{ERk L7-, £ Z TELA Multi-specific Antibody
T HUR D — D G2AE I 1T BRI % 5 LTz, G
DEY AV TIILOHUR ChPrP 71T T 7R < Fig. 1. Normal mAb (A) and multispecific
o3>0 7 HE bl L7e (Fig. 1) D aApg2 (B).
2N HFHATZDNAT A 77 ) —% % A7 Y
—= VT H LI L VGATEART 30D H
/37 & (SEPT3, ATP6V1C1, C6H100rf76) % [Fl
E LT, 2 S OEFIOHIZILChPP & HEEI L 7=
BlANE OB 7o 7z, Fexld, ATPEVICL
DHFDOGC2ORIHT 5 =& b —TEH 2 RE L=,
Z DB (Pep8) (%, ChPrPOH D= & h—7fd
5| (Pepl8mer) &I K& < HE7p-> Tz (Fig. 2),

,Jk?

Pepl8mer: EAVAAANQTEVEMENKVV
Pep8: CQQTWEKLHAATTKN
Fig. 2. Epitpoe amino acid sequence of
Pepl8mer and Pep8 on ChPrP and
ATP6V1CL, respectively.
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LUy 6| BERAME B HRENETE (ELISA), &
7T AE v HIBYE (SPR), SR ER o U A
kU — (ITC,Fig.3) OWT DO FEEZHNTH,
Pepl8mer & Pep8iXIZIE A DRNFEG AT 5 =
EWGrinoTz, SPRIE TR b AL7-Pepl8mer D i
BiEE R (Kp) 132.9%10° MTH v . Pepd?dKpla
1.6*10° M THh 7=, LOLARNRS, FiA DR
XENETNDALTF R TR > T, SPROE
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Bt ZoDORTF ROFEGTA MIAd— 31—
Ty LTNDZ ENDINoT,

G2 mAbD %y 813150 kDaTH ¥ . NMR %
TEMFSEIC I S 72T oD AT A L — 7 TR
UNE— ARSH AT AR TEIEUA (seFv, ~25 kDa) % 1Rk
L C. NMRIFZEIZHW=, 7V —DG20DHSQC
AT MUETr—RTHY, ZiUTPepl8mer
ZINZ 2D & AT NI KREL &#E LTz (Fig. 4),
T, 7Y —OG2OMEE TR T LT L
ThHY, JURTTF FOFERICLVELZTOM
LDNTZ LoD & LIeEICR D 2mm L
TWD, [FAEEIC 7 U —DGITPep8% I 2 1= A1
HART VT RESWE LT, £z, £ o
JERTF REfEG LIEEEIRD A7 FVITE
R0 CODEAREEIIRR D EERE LT,

INODOERICHESETH AT, ¥ 7 B O
WS &N, B s o0 EMEZ T REL L,
ENENRERRIPIREZRBL O DEVHIET
VAR LT (Fig. 5).
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Fig. 3. ITC measurements for the

interactions between G2+Pepl8mer (A, B)
and G2+Pep8 (C, D).

Fig. 4. "H/™N HSQC spectra of G2 scFv (A)
and G2 scFv+Pepl8mer (B).
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Fig. 5. A schematic view of the energy

landscape of normal mAb (A) and

multispecific Ab (B).
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characterization of a multispecific monoclonal antibody G2 against chicken prion protein. Protein Sci. 23,

1050-1059 (2014).
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Analysis of interaction between methylated Ap42 and metal ions

Tomoyo Takai', Yoko Monobe', Ritsuko Yamaguchil, Masao Takeuchi', Kikuko Takeuchi', Takashi
Kodama'?, and OKen-ichi Akagi'

'National Institutes of Biomedical Innovation, Health and Nutrition, > Faculty of Science, University of

Kyoto

The amyloidB(A) peptide is the main component of amyloid plaques in Alzheimer's disease, consists of
40 or 42 amino acids. From the point of view of the innovating drug development of Alzheimer's dementia,
it is important to reveal the features of the AP aggregation process. In this study, to investigate the
interaction between AB42 and metal ion, we performed the solution state NMR spectroscopy, thioflavin T
assay and transmission electron microscopy using the AB42 obtained by E. coli expression system. The
negative stain images of AB42 contained Zn ions resembled ones of lysine's side chain amino group
methylated AB42. From NMR spectroscopy, Zn ions were interacted with N terminal regions of AB42

strongly. During conformational change to fibrils, Zn ions have a chance of located to K28 nearby.

P

TN NA = —BERFIEDRKMED—2>FZE 26N TWAT InA K B (LT AB) %, 7
oA REBRMAEAEN B-, v- 827 LEZ—PICL O IIKSIREND Z & TERSNS. AP 120
KRS NABAEIZ LY, TR BRI ORI D L OPEEFET 5. TOH T, BERSOM
FOBMEN RN L AR T O, 42 7 2 VBB DD AR (LU Ap42) ThD. AR MNEERIC
720, HE LTI ERE T2 E TERAINDG EZEX LN TNWAEAIEIIEL Zn X Cu 728
DEBNEZLEENDZEDRMLNTEY, AR OEEIZITEEA A BEEG LTS L LT
W5, ZHETEIE NMR 1EZ2 VM8 T, Zn® 13 N RO HisEMAEER TS5 Z AR S
NTWBY, F£7-, EANMR 5Tk D23 & K28 OHfEAMEE L, MiE4 Ll SE5 &0 5 #
HHHDHY. UL, Ap42 OERHEDRIRIZIBV T, Zn” OEEITIH LS STV,

AEIF AL, ATEATE AB42 12815 D23 & K28 DG L Zn® OEHREFAS -0, Lys il
BT X DB EAF AL LT AB42 (LLF MeAp 42) Z1ERLL7-. Zn™ (F/EF D MeAp 42 &
AB 42 IT2OWWT, K NMR A7 MV DZEAk, 477 T (LLF ThT) 7 v A E2HWZ
BHEREZ AT, S5, TOBRIIBRT 2IEE X T « 7%a L, B E MBS LT
TEM) #HAWCREMICEER L. D EORER LY, FIEME AR 420%HEDBIEICHT HZn™ D
BrBERTD.

IENVR, Z iR B, 7 I vA R

PN ELE, bOXRED I, RESHYV S, T OB TSR, LTI HEL I, TEELEMNL,
ObMETAND
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AB 42 1 TEBE LA 2 KIGHE 2 AV, Histag 2EXF T EOREEAEE L ORI SHT.
His—Trap T ATHRERL, a7 7 —BAE%IC HPLC TH#L L 7=%, HFIP L% L7z AB

Bt LTHWE., £72, MeAB42 13 N K7 2/ DO XA FALZRET 572912, His-tag

IEXFTFUMAEREOREBTATF AL L%, Ap42 L RO FIRTRE, LB L. BRI
AB 42 BL D MeAB 42 I£ MALDI-TOF-MS THF&ZHIE L, RFRHIZ AT I b ZfER L. £
BREZ TR NMR HIEICIE, PN, 503 PN/PC 2@ RN R A 4 N -, AR I3k i
FE 10~50uM (2725 £ 912 PBS fﬁ@ﬂﬁz T L7 NMR HIZE 21 Avancell800 (BRUKERfE) %
W=, AB 42 OURREBOEBAFIZIE A NTH-7650128 5 E 1 BAMET 2 7.

T and

LEES i @

MeAB 42 |22V, His-tag L B F U ghis & o ﬁ>“m

HORETATF AT HZ LITL D, Lys 8T 100

2 /%@Zf%% FALT 5 Z EITkP LT (Fig. 1,2) .
SO-FASTHMQC A2 hL LV, Zn* fFEFD
MeAB 42 & AP42 TlIE—7 ENE L IK T
%.’ﬁ;’%%ﬁi‘lﬁ—f‘&mf: ThT 7 v A OFERNS

" FFETD MeAB42 & AB42 OEMERE, Lt o
Haﬁ‘ééﬁ-:r;@nu#%, T FEARAFZEAIC 1A B S 3R 8 !

3

e ; ! {1 | I S
SN SNDORRIT Zn” FEETFO AB42 £ pio | MALDI-TOF-MS spectra of MeA 42
B DHmZ R LTz, £72, TEM #BEZICB\\ T

asTZIE

ors

050

ZeETd
| aans 207
aTigEes 4855581

MeAB 42 & Zn®" THEF D AP42 OREHERIZREIZIE be 84 02 00 78 78
BTV, LL, miEDOFREIT Zn® FEEE T —
D AP42 LIFHA SN ,El:?iﬁo“@\?‘_ (Fig .3) . Zn*" 1% e
MeAB 42 DHEHERTBIEIC 1T B A 5 2 /e o T2, R

TEM (2 X DIEREBIZZ ORI D, MeAB 42 & £ -
20 FHEFO ABRTHHICETOE Zo 1Al e S e
P AR 42 1Tk LC N SRUSREIICVER L, Va4 ,ﬁh “”* =
U Fv = HIHERE~BATT D BT D23 & K28 e Hg\\w?‘“
DRFIERIT R L CHBE 52T THENED & 5. PR e
Zn’" fF7EFTO MeAB42 & AP42 @ SO-FAST W
HMQC A~7 FL LV, D23 & K28 R D YRS 1% g6 84 m:.'z‘H mi-:) Te 76

AIEE AB42 ITBWTIIEE S v Tnan T & 75),1* Fig.2 SO-FAST HMQC spectra of MeAp 42
e S vz,

B 3R

1) Jens Daniellson, et al. FEBS J. 2007. 274. 46-59.

2) Venus Singh Mithu, et al. Biophys. J. 2011. 101. 2825-
2832.

Fig.3 AB 42 with 100uM Zn2
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Structural studies of the RNA-binding multi-domain protein Nrd1 by NMR and SAXS
OAyaho Kobayashi', Kan Nagai!, Ryosuke Satoh?, Yutaka Ito', Reiko Sugiura? and Masaki Mishima!
'Graduate School of Science and Engineering, Tokyo Metropolitan University

2School of Pharmaceutical Sciences, Kinki University

Nrdl (Negative regulator of differentiation 1), a multi-domain protein, consists of four RRMs (RNA
recognition motif), which one of the key components of stress granules. In addition, Nrd1 functions as an
RNA-binding protein and the physiological role is known as a negative regulator of sexual differentiation
in fission yeast. Recently, it has been revealed that Nrdl also regulates cytokinesis, in which physical
separation of the cell is achieved by a contractile ring comprising many proteins including actin and myosin.
Nrdl binds and stabilizes the mRNA of Cdc4, which encodes a myosin II light chain, required for
cytokinesis. Interestingly, Nrdl is phosphorylated by Pmk1 (fission yeast MAPK) and results in markedly
reduced RNA binding activity. The mechanism by which Pmk1 regulates the RNA binding activity of Nrdl
is unknown. In an effort to delineate the relationship between Nrdl structure and function, we took the

combination approach that utilize NMR and SAXS (small angle X-ray scattering).

GE

Nrd1134-2DRRM R A A > (RNA recognition motif) %
RO R ORNARE G X VNV T, 77 I AV
VEROIMEICNER I A CNOREE a— T 5
Cdc4DmRNAIZHEG LZELT D 2 & T, MlnEm#
EHIET D Z ERMbNTWAWD, BERZEWNZ LT,
Nrd11%, Pmkl MAPX F—¥ 2 X > TThrd0}% (XThr126
DU U b E D L RNAFS A BED MBI S v 5 (Fig. DD,
FIZA RV RABRICIY IAEN, T OERICEHE 2K
BaeRl-F Mo TEBY, ZOBE, Cpc2(RAC
K)EFEGT 2O, REFEIL, ~/VF RAAL X LRy
BT HNrdl OREEMRHTIZ L D, MAPF T —EIZ X D
MR~ TV —DEHED ) Vb5 A A v F &
LCHBEET AA =R LZHONITAHZEZHW
ELTWD. K#k72 U B —IZ X > CTRRM23EIE4L7  Fig. 1. Biological background.
BAAIR D& & AT Nrdl O A IEfEHT 2 NMR & SAXS  (Top) Schematic drawing of Nrd1 function.
IZEDAITW, fhdb RN THH~VF RAA 2% (Bottom) The domain organization of Nrd1.
NI E DRGSR O FIEOFHESLS BFE L TV 5.
SAXS, ¥IVF RAA L H N IE
OZIFRLHRIE, BBV A, &IV LT, WEHIDED, TEI>onnI, ALEE
I
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Fig. 2. The "H-15N HSQC spectra of RRM1, RRM2 and RRM3-4.
The 'H-'N HSQC spectra of the '°N -labeled RRM1, RRM2, and RRM3-4 shown of the left, middle
and right, respectively. The spectra of RNA-free and 4-fold excess unlabeled UUCUU are shown in

black and red, respectively.

[R5 2]

RNA & OfE & FEBR

XU ®IZ, Nrdl D EDFIHARNA & OFERICEHETH DO ERHT-80, FRRMI & IZHBL
RAEMERIL, ZOREZFTV, NMRIZ X % Cded mRNA & DFEEEREIT- 72, KREBEZENZ &
2, PmkliZ XV U @efb 4L 5 Thri26 2 f7/E 3 5 RRMI TIXRNA & OGN A 6T,
RRM3-RRM4 % > 7 AGEIR T HHR A58 G 23 ERE S 4072 (Fig. 2). RRM3EY o 7 UL iR s
TIZBWTOLMBAEETH 72728, RNAE DFEEERZITH Z LN TE R o727, RRM4
HMTIZIRNA & DFEAN RO o722 5, RRM3ARNA L OFEAICEETH D Z & AR
X7,

RRMH DAHAAVER

RNA & OFEAEBROFER, BHHEY VLI DRRMI T2, U VB LI HIET 2 /B
BLAIAIZ T VO RRM32ZRNA & OFESICEE TH H Z L AR I N2 L vD, Nrdl ORNAKE &
REOHIEZ RS H5720121E, RAA CEOBREN Y U BILICZ > TED I I ITENT HDON%E
FRDMENH D, F 2T, RRMI-RRM2D % 5 AGENE & 3% 24 5 4 RRMEJH O 'H-"N HSQC
AR MVEE LT 2 A, (b7 7 MI—B Lo Z Lv5h, RRMIERRM2OD R A A
WA EAEFH OFFFED R S 372, RRM3-RRM4 % 5 AFEIRICEE L C b REEDFER ™G D, 4
DODORRMAET & E AT THh HRRM1-2-3-4 1250 T H Y v A diliclth L, 227 hrk
RRMI-2 X URRM3-4 L LG L72 & 2 A, ENEND AT b —F L7 (Fig. 3). L7n->T,
RRMI1-2 & RRM3-4D NI EAEANGFIE LW Z E2VURIB S 7. £72, RRM2-3, RRM1-2-3
DY TR BT o720, EB 5 LEEAR S L2, RRM1-2-3-4, RRM2-3-4, RRM3-4 TDH >~
ZVIHELIZR S L THE Y, RRMAFRRMIDZE(LIZEH G LTS EEZ LT,

“ * 5.

Fig. 3. The 'H->N HSQC spectra of RRM1-2-3-4, RRM1-2
and RRM3-4.
The spectra of RRM1-2-3-4 in black, RRM1-2 in light gray,
and RRM3-4 in dark gray are superimposed. The peaks of
RRM1-2 and RRM3-4 were well corresponded to those of
RRM 1-2-3-4.
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Fig. 4. Structure calculations of Nrd1 RRM domains.

(Left) Backbone superposition of the final 20 simulated annealing of RRM2.

(Middle) Structure calculations of Nrdl RRM1-RRM2 tandem region.

(Right) PCS observed in tandem RRMI1-2 (monitoring methyl group). The spectra of
RRM1-2-DOTA-M8-Lu (diamagnetic) in black and Dy (paramagnetic) in gray, respectively.

NMRIZ L ZRRM R 2 A o O T

R ORENT OT- 012, £, & FA AL OGO M L AINE L~ RRM2EM N A A
DR ORRM1-RRM2 % > 7 LRI ORERAT 417 > T 5 (Fig. 4©. RRMI2ICB LTl B
A A URIOBLA Z R D % 72 IZDOTA-M8W A F /= pseudo contact shiftZ &M L, #&&fENTH CTh
5.

SAXSHIE

ZNENDERSy OHEERRAT & W4T L C, Nrdl &2R#ED N A A VEEO MR 2152 72 D12 XHk
/N EEL(SAXS)DMIE 24T - 7=, IEREHIRRM1-2, RRM3-4 % ONNAK I & CRI % RV -4 D
RRM$ T Z & {8 T HRRM1-2-3-4% /2. SAXSHIED B SN 7-Kratky 7 11 v b,

Fig. 5. Kratky plots of Nrd1 RRM1-2 (Left), RRM3-4 (middle) and RRM1-2-3-4 (right) derived
from SAXS data.

2
Fig. 6. Pseudo atomic models of Nrd1 derived

from SAXS data.

GASBOR (Biophys. J., 80, 294, 2001) was used
to generate the model.

(Top left) The pseudo atomic model of RRM1-2.
(Top right) The pseudo atomic model of RRM3-4.
(Bottom) The model of RRM1-2-3-4 in light gray,
RRM1-2 in dark gray, RRM3-4 in dark gray are
superimposed.
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RRM1-2, RRM3-4|ZZNZEH, ODEBEEVDHR—IT 4 7% LTWD I ENRINT(Fig. 5).

RIZ, GASBORZ W THREIORIR -7 WBEEZBE LT 2 A, FEV UBLIRREIC

BT

Nrd1(RRM1-2-3-4)[Z4 D> DRRM A — EAR_EIZ WA 2O BRIROEETH D Z ERH LN E -

7= (Fig. 6).

Z OFERIZIRRM1-2 E RRM3-4 & ORI AEEHAO R 51720 > 7-NMR TORER & ¢ —

B9 5. Y UBLIRETIIOEETH DL Z LIk, RNAL A ATRE/RfEIR T 5 RRM3
NEEHLTWD Z EICX VRNARES ATREZRAE L 72> CWNVD DT :;rrt,cu\z»}:%z sz,

Cpc2 & DFHAAEA

Nrdl & Cpe2 & DBEGIRTEHITA b L AR
BELTA MU RAERZ T 2 EHERRK S & L TH
BN TWAO, 22 CZOMAEEMEZFTNL -
Cpc2(3145%5 )M H-"N TROSYJIEZFT-7- & Z 5,
DEEOBWE— 2 3354172, TROSY-HNCACB,
TROSY-HN(CO)CACB, TROSY-HNCACO, TROSY-
-HNCOIZ LV EHOIRIEIZAL S L= (Fig. 7). 7=
Nrdl &R & OFfEAEBRENMRIZE VITo72 8 2 5,
AT MVOEER B STz, 5%Cpe2 L AT
A Nrd1 DFEI A K7 LT <.

[Fhm

Nrdl & RNADFEA
Lot
THAERNH Y, RRM1-2 & RRM3-4D[HIC
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Fig. 7. The 'H-SN TROSY spectra of

Cpc2.
0.5 mM N,'3C,?H Cpc2, 303 K, 600 MHz
30 mM HEPES (pH 7.5). 1 mM TCEP.

FEROFEFR N HRRM32’RNA & DOFESICEER RAAL U THDHZ ENHL
F7-, NMRFEEN S, RRMI ERRM2OITHEEHANH Y, F7-RRM3 & RRM4D[H
T EERN 2N

LRI I N7, SAXSHIED D

Nrd1i34 oD KA A Vn—EHBREICWATZHOT-HEETH D Z ENHGNERD, NMRTORER
L —F L7, NedlHB O ETHDLZ LIk, RNAL DOFE IV RE S TV HRRM3IDFE S

RIS 55

(=]

EHL TWAZ EIZEYRNABFEA L TWDA LD EEZBND.

sortase & F V72 4% O PR R K OV IEMERR AN AN IR 2 I WO TENMRIAT, S OV R DSAXST — 4 %
FAE DR TG 21TV, AT RAL 2 U EOMEMRITFIEE LT L, U U

AAEDN B

DRFEZEAT> 72 ET, Nrdl/Cpe2tE &R DREEMAT 21T,

5.

EEPTN
(1) Satoh R, et al., Mol. Biol. Cell., 20, 2473-2485 (2009)
(2) Satoh R, et al., PLoS one, 7, €29683 (2012)
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(3) Kobayashi A, et al., Biochem. Biophys. Res. Commun. 437 12-17 (2013)

(4) Hikone Y, et al., submitted
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NMR analysis of the interaction between kinase domains required for
activation of the receptor tyrosine kinase FGFR4

oChika Sakasegawal, Shun Amemiyal, Kaito Yozal, Rika Himenol, Hiroki Hayashidal,
Aki Akahoshil, Takashi Satol, Hiroshi Moriokal, and Yoshihiro Kobashigawa]
! Kumamoto University, Kumamoto, Japan.

Tyrosine kinases are key enzyme for cellular signal transduction pathways. Their catalytic
activity is tightly regulated by phosphorylation of the tyrosine residues in the activation-loop,
which proceeds via inter-molecular fashion. Recently, we reported interaction between kinase
domains critical for phosphorylation of the activation-loop of the receptor tyrosine kinase
FGFRI1. Key residues for interaction between kinase domains were conserved among FGFR1,
FGFR2 and FGFR3, while one of the residues was replaced in FGFR4. Reportedly, FGFR4
was activated not by FGFR4 itself but by other FGFR proteins. Here we studied interaction
between kinase domains of FGFR4 and FGFRI, critical for activation of FGFR4, by
biochemical techniques and NMR.

Fur o F =YL R EOFu v FRED ) Vb AR AR TH D,
AN T MDD N H—L 70> TEY . ZOMEMEITFEICHIE STV D, FE
BOTUHE, TR G ML L ORIEMALIIN A ZIZ U & L THiA BRI D |
BHHERAFES —7 > Mo TWD, ZFEMF v % —8iE, Mlus s~
UAY FOFRAEIZEY 2 &R L, MBI OEBAEEET 5 2 & THilnEE
WHNOFF—E RAA VEEPEHEL, 0 FETEWCY Vb LA 5 2 & TiEMHAL
T 5, TR —BOIETIEXF—F8 FA A CNOEH bLV—7 DV VEREIZ X
DI D P, FOBEEICB W T, T —¥ N A A VRN 2 BEREEZ KT 5,

receptor tyrosine kinase, transphosphorylation, paramagnetism labeling

OINENRDL By, HOHL Lok, L& e, OHO D,
TRLEE OA%, &MEL &, L5 L, buER VAL,
LB XLOA
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DX FT—Y RAA U2 EREEOHAEERHIZTHL .
. FRa IO EEE, ISR, IE T
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WERREDTH DT, 1
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*%L%Eﬁ Sy

helix-G J&32 DA BAE 5% FGFR1~3 Tl
HFENTWS OO FGFR4 TIE MR TE S
T2 (Fig. 2), £ D7z, FGFR4 X
FGFR1~3 & 3570~ 7= 2 BiRREE 2/ L sk
fbEivd Z LR Ei b, FGFR4 13 FGFR4
H& CTix72 <, FGFRI~3 |12 X U ~7 v (ZiEPEAL
EN3ZERFLNENTNED, 22T,
AWFSECTlX FGFR1 & FGFR4 O~7 12 D F ) —
B RAA BRI OV THRE LT,
AN, Cross-Link FEBRIZ X W FGFR1 &
FGFR4 O ) —+8 KA A VM ASERIZ O
THET LTz, £O/RR, T ETIcHE L
FGFR1 &3 57— KA A [ 2 &Ik
1% 723, FGFR1 & FGFR4 DX —8 KA A
TR END Z E0RmB Sz, BIE, TAL
FRRET 2 ) A FIEERR S 7 X/ iR AR
A T2 VRIE NMR 2 X0 37/ EAER B
KOS ET 2 D TV D,

References
(1) Kobashigawa et al.,
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(2015) Genes Cells.
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X —F R AL NIRRT 2 BREELZ R T 52 & 2500

L7z (Fig 1), 2D
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&E —
’ y € ',\_‘
N
Helix-G

Fig. 1. Kinase domain dimer structure of
FGFRI related to the phosphorylation of

the activation-loop tyrosine residues'".

FGFRT
FGFR2 VE LF LL
FGFR3 VEEL
FGFR4 VEEL
Fig. 2. Amino acid sequence of the

helix-G. Mutation to the shaded
residue in FGFR1 markedly reduced
auto-phosphorylation activity. Shaded
residues are completely conserved
among FGFRI1, FGFR2 and FGFR3,
while one of the residues was replaced
in FGFR4.
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Mechanism of the discrimination of a single residue difference in LINE RNAs by LINE
reverse transcriptase

(OMaina Otsu!, Masaki Kajikawa?, and Gota Kawai'

! Faculty of Engineering, Chiba Institute of Technology, Japan.

2 School of Life Science and Technology, Tokyo Institute of Technology, Japan.

Recognition of the 3' stem-loop of LINE RNA by its reverse transcriptase (RT) is the important step of
the retrotransposition. In order to elucidate the specific recognition mechanism of LINE RNA by RT, we
are analyzing the tertiary structures of RT recognition sites of two related LINE RNAs from zebrafish.
Structures of the RT recognition sites of ZfL2-1 and ZfL.2-2, R2-1 and R2-2, respectively, are already
determined and furthermore it was confirmed that mutations of A10 to G10 in R2-1 and G8 to A8 in R2-2
did not change the tertiary structures. In the present study, interaction between the RNAs and peptides
derived from RTs was analyzed by using the wild type and mutant RNAs. In addition, stable-isotope

labeled peptides were prepared by the in vitro protein synthesis system.

P

Long interspersed nuclear element (LINE) [X#£FE[K - O —FfE CHUIEMERSITH VD, Fx 724
WFED R 2 7R RS DOLINEZ £ TV D Z EBHIHILTND DS, E O&REICHIEFRE OFEM 72 1%
B AT WU, LINEFAEMFEIC X - TH ETO BRI RHE 8 5 726D, LINEZ fi#fir
T 2% Z LIZLINEOZFI O LAY O DOfITICHE CH 5 L EX S, £z, 7/ LHNDLINE
OFAESLE DR D 11X, Wil G E# 2 K HDLINE RNADOFF R 28 n K& B L T b LE X
b,

LINE/Z B & C 22— N S i G

FIZELVRNAZ S L TGS 52 & LINE —:'—//—4@—
“Cﬂ@ﬁf: RALEICHASND Z &N Transcription l gﬁt\j/%zee;t{%r;lscrlptlon
ALTWD R, R G EESR IC L 5 LINE :
RNA O RRMHHE O BAE I S LCun T e m
72u (Fig. 1) . £ 2 TAMIZETIE, LINE Translation l Recognition
DWIRBEICEEE L EZ LR TWD o v

RNA O 35 1 00 5% 22 0 S 1o Reverse transcriptase (RT)

DUNT S ERRAT 35 & OV 1 (E AR
Wait5 = & T, 2 ORMHME YT Fig. 1 Retrotransposition
BT EEHMELTNS.

RNA, reverse transcriptase, interaction
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AWFETIE, BT T 7 4 v 2BEKD
LINET, AWZEL TV D NHIRE
I E ORI ORI R H7612-1 &
ZfL2-20D2O@LINEIZEFER LTW5. =
NETIZ, T4 5HDLINE RNAD AT A
Jb— T HEE DO SNAREERAT 21T > T &
7. ZAL22125W i, v FIChlE—
OBEHIN B O ->TEY, ZIUTHEKT
AHLINE RNA (R2-2) O iiRf§iEE 3T
IZPE LD (PDBID @ Iwks) , & 5108
T, ZfL2-1H3EDLINE RNA (R2-1) @
SLARREE AR E L2 (PDBID : 2rvo) .
NI D SLIRKES % Fig. 212787,

R2-2 D&M F B L OVELFE
RTINS, L—TERy D15 (GS)
NiBiRICEECTH D Z ENHER ST
WAD, X5, R22IIBWTIEIGSZA
W LT H ARSI D 7208,
ZOEENWEEEIEELIHE T 52 &
Do TNDHY, —JF, HHEESE X
O R AEE O Ll 5, R2-2DG8IZ %
I HEEILE, R2-1TIZAIOTH D &
ZTWA. 2B, ZOAI0EGIZERRL
7o B FA (R2-1-G10) 122\ T, 3 TIZ
NMR A X7 V% i L, R2-1&

R2-1-GIOD AR ENIZE A ER L TH D Z & 28
INHDOZEND, WRERZEN

HNZ LTS,

o

R2-1DA10B X OR22DG8Z EHEHFH L TW\WBH &

BRI TND.

WA BRSOV TIL, RNAZRFRICES 5T A& b4
UWVEIER (487 I RFREL) NERESNTEY, Zhus
YT 57 F RIZBWTH T DORNAZ D5

PEAVRE T DY (Fig. 3) .

A A%, BENMRIEIZ X %, LINE RNA & il 5
FACHAA BT F 1 & ORI 5 £ O

F RONAREERTIC OV THRET 5.
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15| A-U 15| A-U
e ca
CA-U 25 CA-U 25
10AG A Mutation wGG A
U-A U-A
i i
5 C-G 30 5 C-G 30
G-C G-C
C-G C-G
G-C G-C
.G-C G-C

5]
wl
“

R2-1-G10
Wild type Mutant
of R2-1 of R2-1

“~ -
4 types
~ ~

Mutant Wild type

of R2-2 of R2-2

A A@w G A@ 10

GU,AA Mutation GU*AA

5 0-A 5 U-A
U-A U-A
C-G15 C-G15
G-C G-C

5.G-C3. S'G'CEJ'

R2-2-A8

Fig.2 RNAs used for the NMR analysis, the solution
structures of R2-1 (Upper left, PDB ID: 2rvo?) and
R2-2 (Lower right, PDB ID: 1wks")

P2-1

(BB — PWYNSHTRALKTATRA
LERKWKKTNLEVFRIA

YKDSMSSYRRALKSAR—(RT )
P2-2
(BN —PWLSDALREHRSKLRA
AERIWRKTKNPAHLLT
YQTLLSSFSAEVTSAK—(RT)

Fig. 3 Peptides used for the NMR analysis,
P2-1 (Top) and P2-2 (Bottom)

EN: Endonuclease domain

RT: Reverse transcriptase domain

AFEFHDORNA (R2-18 L TR2-1-G10, R2-2, R2-2-A8, Fig. 2) L2fEf DO ~7F K (P2-1B LD
P2-2, Fig.3) ZAWTH AR 21T ->7-. R2-135 L UR2-1-G10ITRBRE NI EA KiEIC L v
FHELL, R2-2B L UOR22-A8ITMLFERBIEIC L VIR L7z, T F NIFIEE S AT A - A =
ARASFITRFE LA R LIC IR~ 7 F R &2 Wz,
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ERVKENEIZ L D BEAERMNTIEL, FEEMERMMIZB T 212% R 77 U vT I RS2 v
TAT> 7. RNA: T F RRE/LETL:3I2 70 5 K OB L, IR CykEh L7-. vk#hi%, SYBR-GOLD

(Thermo Fisher Scientific Inc.) % FV " TRNAZ 44 L7-.

NMRIEZ X DA EAERENT TIX, RNA : X7 F RRE/ALLTL: HUZ2 D X HFHE L, NMRA
7 MVERE Lz, JIE, AVANCE6OO’\7‘|:nJr7i’JﬂI/\ 288 KIZBWTITo 7. AT, 50 mM
OHALTFT Y T LEEFT20 MO Y UEEF R U U ARRERR (pH 6.5, 5% D,0) &AW o. o
7 F VX, jump-and-returniEIC K o THIH] L72. R2-1OEEL, X7 F RE2RATHEIEHET,
ZNEFN02 mMPB LT0.08 mMToH-7-. R2-1-GIODEE X, T F REZERETIHHIEHET, <
NEN0.1 mMB L 0.05mMTH - 7.

[ ~7 T RofRH]
KB ARt & O ILEMIE L L CHAL P IEATICAR R~ 7 F ROA 4 ZFE L 72
(13-700-007, 14-700-012) . FEi&~7"F Fi%, GRS o7 HE/GRZ W TSUMO % v /3
BLofG s 7EE UTRELSE, BRAZICSUMOT r 7 7 —EBIZ X > THIE L, SUMO%
//\7 HabrBEd o2 ik THR L., ZETIZ, K TONMRAANY MLORIER LW
FEAERRRNA Z WA ARt 247 o 72
NMR A7 ML ORTEIX, AVANCE6004 G2 HIvy, 288 KIZHWTITo 7. W, 50 mM
OHALFT N T AZETL20 mMO Y T N U U AREERR (pH 6.5, 5% D.0) & N7z, P22
1301 mMTH - 7.

ERBIVOELE
[RNA & 7 F ROF HAEfET]
R2-1-G10i%, R2-1D10% H DAL A GHEIEIZERL L2 ZA R TH Y, R2-2-A8ITR2-2D8FH D
GRERAABILICER LI-LRMTHDH. R2-1BLUR22ICBWTER LZ 1R, Thitnsg
BERANCRR T DI OICEHETH L EHH L CWAERETH D, ZDFRENR2-I TIZARIETH
DR22TIEIGHERIETH D720, ZOURKDOALEZIY iz 5 2 & CTRFROFERMENZLT 5 D Tl
RN EEBZ, VREOIERR LT R 28 L TR
Hriz Huh iz, RNA 1 G|1 G
Fig. 4%, EXUKENEIC X DM BRI of R4  Peptide 1 1
LTW5%. RNAE L TIER2-18 L UR2-1-G10% U 7=,
2OMRNAIL, HATIZIZIER CikBEZ R LZ. P2-1
AT 5L, R-1BIUR2-I-GIOD [ F 2B W THE
BIERON RRBELNTZ. ZOZ &b, P2-11%, R2-1
B L OR2-1-G10D T 5 IZ[FIFE EE DB Z & > THE S
THZEnbrote. —F, P22%ERAETH L, R2-1
IZHERT, R2-1-G10IZBW T L W s WVESIRD R |’
DSz, 202 LD, P2-21ZA10 L G10D 1553
DIEWNEHB L TWDZ Enghnolz. 20 LI
AP TR FEROFEFR & bxtis LTz,

Fig. 4 Gel shift assay

WIZ, BERIKENECBOWTIEEOENZ R TE 5 RNA  1:R2-1
Z N5 2P22% AW T, NMRIEIC X BT 21T G: R2-1-G10
-7= (Fig. 5) . R2-13 X TUR2-1-G10DZFLZFLDORNA Peptide 1: P2-1

[ZP2-2% 2 CNMR A7 "V ORIEZEITHT2 & 2 A, 2: P22
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AR MIVOBIZEN R L. T
b, R2-1ICP22% A2 =813 A 2
J7a by S E RS e ot R2-1

G30
U23 G4, G32 _

ue 24
u22 u7

73, R2-1-G10 & P22 DB BT I3 LN /L T “vwﬁr,ﬂa\ﬁﬁ,/““/Aﬁ“wl,/\\nwa/\xwm%yk
HALT. NMRAZ NILVOEHT NG,

R2-1 &£ R2-1-GLOD VAARKHEE XTI & A E

BALLTWRNWI LR TNS. R}Lﬁlo___JA‘HAMJMN&j\“mAMA__
L7235, Gl023P2-21T K 2 78ak D FF

FMICHEETHD I EARB SN +nqmwwﬁkwﬂfﬂ“w}\ﬂkwmm
P22% % % Z &1k 5T, R2-1-G10 —

DNERN— T JHD O FERNZ BT 5
> 7 F v (U6, U7, U023, G24) WZE{LL
7=, ZOZ X, P2RNEHIL—T D

GIOIZH AR L, W& — 70 O Fig. 5

WREE LT Z L 2RI LTV D,

[t~ 77 FoFRi]

RTF ROSARMEE Z DR X BT 2729012
1%, BT T R AR L ZIRITTONMR A7 kL
ERIETHZENETHD. £ T, HHWY
NI E AR B O T B P2-2 O FH BT VA O B3
Tk drlz. EORER, HEikP2-20015N-TH SQC A7
MEGHZ ENTET (Fig.6) . LIchoT, Z
DTFEIC L o TEREAR 7T REFHI L, RNA L O
HAERMATICRIHT A Z LN FREE 7o T2, R,
TEFRP2-1 DFRBL G A 1228, PLBSE U221
TERERE 2 RS 5 2 L A TEPFN-IH SQC A2
7 MVEGRD ZENTE ot BUEITERER
B 55720, SR ARG (TN <
Aoy KB BEEEASH) 2OV TERTF K&
RGO i b A A TN D

LS DRE

L
14.0 135 13.0 125 12.0

"H-chemical shift (ppm)

Interaction of R2-1/ R2-1-G10 and P2-2

15N-chemical shift (ppm)

110

@ 0
. @ &P
115 [ ]
1L e f%oo
¢ a9, 0
120 & o
&
4
] , g
125 :
] ¥ %
Y

130 -

90 85 80 75 70

1H-chemical shift (ppm)

Fig. 6 'N-'H SQC spectrum of P2-2

BIfEIE, R2-2ER2-2-A8% AW AHAERT 28D TN D, F72, BIREDOIEFHRTT RO
AL TEY, XTF FEETOSIREEAT b ED TN 5.
ASlX, FEEFRRNA &G~ 7F K &2 O 72 M B AE R AT -oE SR ONTARREEMEAT 21TV, &

SR ZBER A T = X L ORI 21T 9 .

CHERE N
1. Baba S. et al., RNA 10, 13801387 (2004)

2. REEED, FBS4EINMREFRS, 20154114, HiE

3. Hayashi Y. et al., Nucleic Acids Res. 42, 10605-10617 (2014)
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RMF mRNA 5-UTRIZE W\ T1EEDZEEHRNABES L URRIL
SUVENDMERRAICEZ BEE

Offlit T, I $A2, EHE —#P4, HA B2 A HIA!
TR - TR, STIERMERY - SRR,

SFHERFRFRE - FHERRGEDE, 47 v 77— B

Effect of a point mutation in RMF mRNA 5'-UTR on RNA structure and interaction of
spermidine

OlJunpei Sahara', Yusuke Terui 2, Kazuei Igarashi**, Keiko Kashiwagi?, and Gota Kawai'

'Faculty of Engineering, Chiba Institute of Technology, *Faculty of Pharmacy, Chiba Institute of Science,

3Graduate School of Pharmaceutical Sciences, Chiba University, *Amine Pharma Research Institute.

Translation of ribosome modulation factor (RMF) depends on the polyamine and a single mutation
between the SD and initiation codon abolishes the translational regulation by polyamine. In order to
elucidate the mechanism of this translational regulation, interactions between RNAs corresponding to the 5'
untranslated region (UTR) of rmf mRNAs, wildtype and the mutant, and spermidine (Spd) were analyzed
by NMR. It was found that different secondary structures are formed for the wild type and mutant,

suggesting that the difference in the secondary structure affects the interaction with Spd.

Frimi

FRNIZBNT, R T I UPEBTFRBRLZEE L CTHhAH8 6N TEY, ZhbDBET
FEIXARY 7 I Y any EMEEN TV 5. Ribosome modulation factor (RMF) &&FI1XED—>
THY, FIRENRY 7 I VREIKFTLZ L, BLY, ZOmRNADS-UTRO I IEEHIZ L
STHREOR Y 7 I UARFMENHERT 2 Z E BRI TWDHY, & 2 TRIFZE T, 15EED
ZEIZLDZmRNADOHEIER LORY 7 2 & OHAEEROENEZ I ST 2720, NMRAET
OBEHORNAW 28 L C, TOBEMITB I ORY 7 2> & OMAEERITZ21ED T 5.

Fik
[RNAMWT R D3RE]

rmf mMRNADSDE L OBHthE 2 B & & Tefillk 2 2 H O “ &l 7' v 77 4 (MFOLDE X
Ohvsfold5) THMT L7z & 24, B HFERB/ O, TIVE TiZvsfold5DORE RIZEE SV TERE
L72RNA (RMF52-WT, RMF52-37G, Fig. 1) OA X/ 70 f AT MVOGHTNG, 155ED
EWCL > TR REETH D Z L@y Liz?. 4 EIEIMFOLD O R A2 -5V TRMF47-
WTE L URMF47-37G%i%#t L, S HIZHVRNA (RMF47-WT_SD, RMF-37G_SD) #&%it L7-.

[REFRELS L UNMR R 7 MLOREIE]

RMF47-WT3 KL ORMF47-37GIZ DWW TEALHFE S AT A« A = R (BR) (LA ZGE
L7-. SDELAHNZ & E 45 G32% R AT &2 E R ARER, L 7ZRMF47-WT_SD35 L U'RMF-37G_SD
X, BT IX4 A b=y b (REBHEBEAS) 20, EPRERIEIC L > TR L7,

WIS 250 mME LT R U O A2 5 Te20 mM U U ERFEMR & L, AVANCE600 (7 /L4 — « /3
AFAEY) ZHWT, 288 KCTNMRAY hLVORIEZEIT-T-.
mRNA, Spermidine, site-specific labeling

OZEFEH LAY, THWD ST, WAL LATZW, NLOETWI, bnIHik
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e - 5'-UTR ORF

RMF52 & RMF47125WC, WTH L rmfFmRNA 5 SD__AUG )
U3TGIZZ BN ALY h VSR L / \
TWAHZ EDNbhroT- (Fig. 2). 728, RMF52 5-u6uuuucuuuUCCACCAGAAACCAGUAUGAG GGAAACGAGGCAUGAAGAGAC-3'
RMF52@X/\O? ]\/I/U) % fi 5'@”@7“‘ RMF47 5 ;GUUUUCUUUUCCACCAGAAACCAGUAUGAGGGAAA@GAGGCAUGZA73 52

5 W= 37
MU AT LAV —FICHKTH T
FATH%. —J7, RMF52LRMF47 2 QACC‘% QACCAS QACCA% 2
<
OVTRIZBNTHWTEIIGTIEAE & %y Ca-y’ oy T
N ! C A (o} C
VMZ AT MBI >Tn D, LT é Agng oCa AG% Agng Ag:é\ o)
35T, RMF52 E RMFA7TIZHERI L= '] 54 ACCSﬁﬁACCAGUALL’J\‘q\iCG &3 ok 08 l%
U-A . G - -
IAEIEZ IR L, C3TGERIZ L D % © c, &3 UUCU_GAAG g@ 37 g@ 37
LB TH D LAFR S . g 8 on
_ _ . _ _ G
RMF47-WT _SD * RMF-37G_SD T it Kueans 10 e + Shueans 1R A
' < 5 - A
e PN SRS . . c-g c9
WO > 7T NABBR ST 72, pvFa7-wT &g RMF47-37G6 &3 5%
'H-BN HMQC A X7 M UIZEBWT, #E 9 ! 9 "

MR R L= G32c kT 5 > RMF52-WT RMF52-37G
TFNLVOMNENR B L. T7hbb,
RMF47—WT_SD & RMF-37G_SDIZ [Rl £

72 TR AL L TR Y, Fig. 1IORMF-37G_SDIZ/R & TV 5 RS 2 5k L T 5 Al RENE
BEWZ MR- T2, 728, RMF-37G_SDDOG32IZH KT D v 7 F P2 EH S -2 b,
ZORNAIFZHRTHY, ZD—JHBRMF47-WT_SDIZl7-#&&E CTH - 7=.

Fig. 1 RNAs used for the NMR analysis

. RM F-37G_SDU)1

RMF52-WT & RMF47-WT 3 [7 0 — ¥ fif i AL
%%Ej‘z L, E¥H6ICENTHCITGD 1AL R

CRHEESBRICE L LT s m e re/WISD |
,Tuz&éht. —J7, RMFA47_SDIZAMZHR2 % WJUH
TG &2 D KO ITRRGE LT, R U RS
BEHL TV, 202 &b, rmf mRNA RMF47-37G 1
DSDI L OB = B & & iefalkix, vsfolds “\/\U' W'V\fk\‘_ju\
(ZE > TPl Sz R (Fig. 10ORMF52) RME47-WT

ZE L TW D AREER S 5.

HUEIL, NMRIEB L O v 7 MEIZE T ‘_JU\J\JW\J'J\_
ALV EOFAEERIZOWT b 2
HEDTHY, 1F8HE B rmf mRNAOHEE 5. MF>2-37G

ZHWBLAEDETHETS. MWU/“\_

RMF52-WT

31k ﬂ@vﬁ“’ﬂW&

1) Terui, Y. et al., J. Biol. Chem. 285, 28698-28707 15 14 13 12 11 10

(2010). - 1H-Chemical shift (ppm)
2) PEJFIED, S 54RINMRAE RS, 201545114, _
w1 Fig.2 600 MHz 'H-NMR spectra
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Cyclin D1 EIEFEEHIH0T 0 4 7 EHIMHIZE4 A2 TLS/FUS%H >~
N B EFEI— FREROEEERADONMREIZ & 5T
O B!, B w82 K &30, K\ &5, B B,
AKH S RE IEAR?
A R« R L — T ARG
TR« =RV FX — R R
Sl Ky - B
SFEERIRE - S AR VS —

NMR analysis of interaction of TLS/FUS and non-coding RNA/DNA, a key event for
regulation of CCNDI transcription and telomere shortening

OKeiko Kondo', Tsukasa Mashima'2, Takanori Oyoshi®, Ryoma Yoneda®*, Riki Kurokawa®*, Takashi
Nagata'?, Masato Katahira'*

! Institute of Advanced Energy, Kyoto University

2 Graduate School of Energy Science, Kyoto University

3 Department of Chemistry, Shizuoka University

4 Research Center of Genomic Medicine, Saitama Medical University

Translocated liposarcoma protein (TLS/FUS) plays crucial roles in the regulation of cyclin D1 (CCNDI)
transcription and telomere lengthening via interactions with non-coding RNA and DNA. In these two
regulation processes, structural basis of RNA and DNA recognition by TLS are still unexplained. TLS is
tethered to the CCND 1 promoter region by promoter-associated non-coding RNA (pncRNA). We determined
secondary structure of TLS-binding motif (pncRNA-1-1) in pncRNA. Furthermore, Our NMR analysis
revealed that the third RGG motif (RGG3) of TLS preferably interacts with single-stranded region of
pncRNA-1-1. RGG3 also interacts with G-quadruplexes of telomeric DNA (telo) and telomeric repeat-
containing RNA (TERRA) to form ternary complex. We identified the guanine residues involved in binding
with RGG3. Triple-resonance NMR experiments proved that both Phe and Tyr can interact with both telo
and TERRA. Phe and Tyr are the central players for the recognition of telo and TERRA, respectively. Based
on these results, we propose models of binary and ternary complexes of RGG3 with telo and TERRA.

e

TLSIF#k 2 7285 T DRBLC T 7 LERF ORI D DI G 2 /X7 Th %, ITHFTLSH
CCNDID¥EER0T 1 A THEORIENCEL 2 Z En@ws S, &6 50HEzBWTE, TLS
DEREZ FHHT D LTt L 72 2 DIIFEa— RRNASSDNA L OfEAETH D, L, TLSIZ K DI
= — RRNAXDNADFEFRIZ BT 2 & AR 1T 2 S Tunpny,

TLSIZCCNDI® L HHRE X3 HpncRNA & OfES %2 & o ific e A b o 7 & F VKRB R
# (CBP/p300)DIEMEZE FLET 21, F 4 1IpncRNADTLSHE A #HIE (pncRNA-1-1)(Z-2V ) TNOESY
WL “IEERIE LT, E£7TLSOZnF KA A B L O =%FHDRGG R A A~ (RGG3)3,
pncRNA-1-1D A7 LjL—7HE & — RIS ENENRET D 2 L 2P b LT,

KIRIEMEZ X7, FEa— RRNA, Z 237 BE KRR HAER

OZAEITVWZ, FLEONE, BBILEAOD, JR1ED X5 F, <ALV X, Rl
ML, MZObES &
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i 5 TLSIZRGG3 % HV N TTelods L UNTERRADEAL T 5 77 = U ESH (Telo-qFs & N TERRA-
Q& ZFHEEGERERER L, 7u AT Eice 2 b AFNVEERBRFEES ) 70— 350, FRiC
RGG3DPhelZ & TeClfElk & TyrlZ & TN I Y 2 41E 11 Telo-q# &L U\TERRA-q DG A IZ B 2T
B DB, FHx TN DD TR DAEGINLZNMRIE TRIE Lz, & 52, REREMEFE (IDR)
TdH HRGG3N DD N EBHEE 2 5 R T 2 BT VA ET 5 2 LITY LT,

(R - B

#1HIZ, NOESY % FU ) CTpneRNA-1-1 35l —ASHREIR, 3 AT DL — T HEE 2 o2 &
ZH 5 L7z, TLSIZCHiEfEL CpncRNA-1-1 & 5B 5, 2 OFEOAHE (k& > 37 B
OWTHERREZMGE L=, O OfEL, ZnFERGG3INFHICEETH VD . 2 HITOW TN A
ZAERLL | pncRNA-1-1%RINT 2 E KR Z1T o7, T I FofbF v 7 MEEFENT(CSP)2 5
ZnF ERGG3D EH 5 HpneRNA-1-1ZFES T 25 2 & SR STz, AT Cld, pncRNA-1-1% — ARHH5H
e AT A — TR R b L7 b Db WD Z LT FMAERENL & EMEICFE Lz, LAk
DFEHR, ZnF ERGG3IT LN LN AT L)L — Tl & — AR S L, 2 X0 mWiiahe -
EKEEN T2 O INTWD Z ENH B MNITR -7 (Fig. 1),

TLS & DUESH & OFFAICB L Tid, %9 RGG3:telo-q 35 L N RGG3:TERRA-q - H B A KO RHT
#4772, RGG3 IINCEE D | telo-q B LN TERRA-q DA 2/ 712 b D CSP M LFEAICED S
TT =R EREE LT, T BC,PN 2/t RGG3 | Telo-q & % V% TERRA-q % I % i E
BTV, RGG3 IO AAEAEA DORIEZIT 72, Z O, £ HY,N O v 7 itz L koo
NMR EBRIZ LV IR JE L7z, M E DR, Telo-q & TERRA-q D EH 512xF L TH ., Y479, Y484, F494,
F506 OJEFOT X/ BERENFEST D 2 E 0o Tz, #Hil T, RGG3:telo-q:TERRA-q —HHEHA
RO 24T > T2, T ORER, “FHHEAIRTILF494 & Y479 BNZ1EH Telo-q & TERRA-q (ZFE
ATDHZENRHLNZR -T2, IDR THDH RGG3 XV 7 FNVDOELRY ML, FWEICLED
IEWRA LD =%, T AN EETH 7=, %2 T RGG3 Z Wk L7-
N SGEIR D BC, N iR 2 R U M o mahiib & mks b %
Ko7, ZORER, Y479 7213 T/ < Y484 £ TERRA-q D F~FhE
THZERGMoT, o T, ZEHEKRE =FEHAEOLELLD
BAbLMEHEORAZE Y 72 BRIEELIZFE—TH 5723, Phe 1
Telo-q. Tyr 7% TERRA-q [ZHEEMICHEAT D 2 L CEHHAF T CTO
ZHEEENRIERE LT 2 ERHALMNI T, LLEDOREE D
D7 8 A TN D A EAROET VARG LT (Fig. 2).

1 185 287 373 472 453 526

TLS | QGSsY T RGG1 T RRM IRGGZ ZnF
Ga
= U
G
A
(@
—A
G—C
Fig. 1. Mode of interactions between TLS and Fig. 2. Schematic structure
pncRNA for high affinity and discrimination of RGG3:telo-q: TERRA-q

ternary complex
References

[1] Wang et al., Nature, 2008, 454, 126-130; [2] Takahama et al., Chem. Biol., 2013, 20, 341-350; [3] Takahama
etal., J. Am. Chem. Soc., 2013, 135, 18016-18019; [4] Yoneda et al., Cell Biosci., 2016, 6, 4.

— 169 —



P27

EHRHERFRALMEESE (IDR) DEFEEREBELZAZEAD
tE S REDTHEA R

Ot —1RY, iR M#H2, HugE A, e

YRB KR - KR - BLAHFIERE

2RERSF « 7 v~ T R ERAFZE LS (RcMcD)

Functional roles exerted by the low population structures in the intrinsically disordered
region (IDRs) of the co-activator protein

OShin-ichiro Ito”, Naoya Tochio?, Naohiro Nakashima®, and Shin-ichi Tate™?

! Department of Mathematical and Life Sciences, Graduate School of Science, Hiroshima University

2 Research Center for the Mathematics on Chromatin Live Dynamics (ReMcD), Hiroshima University

Steroid Receptor Coactivator-1 (SRC1) interacts with a nuclear receptor, PPARYy, in a ligand-dependent
manner and regulates the transcriptional activation. SRC1 is known to be an intrinsically disordered protein,
while PPARy-binding site of SRCL1 is also known to adopt the helical structure upon PPARy-binding. Our
previous study demonstrated that PPARy-binding site of SRC1 showed about 10% helix structural
probability even in the absence of PPARy. However, it has been unclear how the low-probability structural
components contribute to PPARy-binding. In this study, we prepared a series of PPARy-binding site
mutants those showed the distinct structural probabilities evaluated by the backbone chemical shift values,
and we examined the PPARYy-binding-affinity of each mutant using Time-Resolved Forster Resonance
Energy Transfer (TR-FRET) method. Our results showed that the transient structural stability of SRC1 was
engaged in PPARy-binding-affinity.

BWNZRR Y 37 BPPARYIIZ R B G Z b (LW a E & UL, fa L
BTG L TY 7 v— b D85 I 7% 5 2 IR AR i b 2 i35, Lol
725, PPARYD R T RE OIS (KA LB %A 70 U 7 b— MMEIEIZ DWW T &
b EEIR S LTV, Fox TR IR AE L 72 PPARYDREIE ZEAL D FEMTIZ N 2. C, SnB I8N+
R OHEE DR AL L TE TV D, AIFE T, 85K 1-SRCLIZEH LT-.

PPARy

TN E TOZET, SRCIDOPPARYHE A ML RIRZAEVERER TH D,
FEb B RAE CIX R E A LR IE & FF72 720 2%, PPARY & O & DBRIZ~ .. >
Uo7 AEERFEIND Z LR TN (Fig. 1). .

Fx1x, SRCLIDOPPARYyfE G I FERE BIRRBIZ B T HKI10% DK
TFERTANY v 7 AMEEE LD 2R LTS, £, ZOKGFE
FREE DN IE DL FHEE DS U7-SRC1D Y 7 )L— SN B 5 AT RE

- ""

Rosiglitazone

PEAEAE LT B Y, RIFFETIE, SRCLOPPARYE AL E 0228 B % (PDBID:2PRG)
AL, NMRIC X 2 IRTE7E SRR O P & BER 5 iR — Forsterftng . Fig. 1. Complex assembly
X —iEBE (TR-FRET) I X A EAERMBHT 217\, FEREaRiET of PPARy - SRC1

SRCIM R IARAFETE LA & DPPARYAE AN BT B 1% E & fifffr L7-.

SRC1, KIARZVEfEIE (IDRs) , ARAF/ERMEE

OWnE S LAWVWEAY, EHEBRBC, R LERBOA, 2TCLAWVS
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Tk 1%, SRCIOPPARYFEAEINL (LXXLLEF—7 s XIHMEE DT 2 /) OIRIFIERANY v 7 A
WEEZRZE L TND LB ONDREICERZEAN LT, BRIZE>THKMEa T 28T (~
Uy 7 AREEDFAERZ WD ST D) L9 RERKEZIERT 5 Z & T, PPARyE DFEARED D
MRHE D L& 2. SRCIOFEREEZ AV CERIFBARE 21T, Bohiby 7 MER
EROTRIEL L0 S RIEEFIER 282D 2 VTR L 72, Mif S hiz LB LxxLLEF
— 7 fHE D ZRAESE AR RITE (L LT (Fig. 2) .

ZNHDERIKRIZHS L, TR-FRETZ V) TPPARy & SRC1D & &AM HAERMNT 21T > 7=, 4T
DSRCIZ BARIZHB T, BpARNZ L _PPARYy & O f##lE E 4K, OB MBIl < 7= (Fig. 3) . L
LG, ~YU w7 ZREEDIER & KAETIIHEBITR S 72 o7z

<L683G-WT> <1689G - WT > <[702G - WT >
~ 0.2 : y " T T : T T ‘
ol | I | 1 | |
0.0 111LM T y .
£ L Www
=
o -01f 1F 1 1
d i n i i n L n L " 1 A i
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Fig. 2. Secondary structural probability changes of SRC1 mutants (Non-LxxLL motif mutations)
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Fig. 3. Binding affinity of SRC1 to PPARYy
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FFSN TV, RAEEREAY v 7 2AEDFERIZT TPPARYRE A REDE L Z T 5 Z &1L T
XRNEND T ERNbhoTe. S#KIE, PPARYRE A AL O R E OREIK £ 72 13 E O R EDOIKTFAE
PBROEIZEH T 5 2 & CTPPARYFSARE L OFEREZ AL L7 & &Z 2 T s,

51 ik
1) S. Tate. (2013) SEIKAGAKU, 85, 638-645

2) Camilloni, C., De Simone, A., Vranken, W.F., & Vendruscolo, M. (2012) Biochemistry, 51, 2224-2231
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Structural analysis of triplex DNA containing an artificial nucleoside which selectively
recognizes the C:G base pair

OTsukasa Mashima'?, Hidenori Okamura®, Lei Wang®, Yosuke Taniguchi®, Shigeki Sasaki®, Masato
Katahira™?

! Institute of Advanced Energy, Kyoto University, > Graduate School of Energy Science, Kyoto University,
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Triplex-forming oligonucleotide (TFO) that binds to DNA in a sequence specific manner has the
potential to become therapeutical applications. However, the sequence of target DNA is limited to a
homopurine-homopyrimidine duplex. Dr. Okamura developed an artificial nucleosides that selectively
recognizes the inverted C:G base pair within homopurine strand. In this study, we have performed
structural analysis of triplex DNA containing the artificial nucleoside. Screening of triplex DNA which
exists in a single-conformation was conducted by *H NMR spectra. *H-">N-HSQC spectra at natural
abundance showed the possibility of alternative structure of base triplet that was not anticipated.

i pseudo-dC pseudo-dC

NTEF % F V28 s FiafiEopic, 7o i Hde"mwe dertvativ
VBN D bORB D, TOHEE, A Fe e Ie e
THNCERF SN ZESE R A Y Tk B’ gﬁH 3’ " HaT
(Triplex-forming oligonucleotide, UL FTFO)Z #1) — I u’j o ui
EHONAICHEA S5 2 L TEMBMEAIRS (el S0 Ol S
ET, ZOBBEOBGE AR S D~ bl ™
Thd, L LRAROEBBEIEIC L > TRER =

Model A Model B

HEGEETEMR ST DT, FRIIDNADRIS 25K Fig. 1. Putative models of recognition of
TV ALY IVUOHEMICHIIRSATLE S the C:G base pair by pseudo-dC

FIREA o 72, UM RO R R 58 C:Glig ok derivative.

BRI R D F Y B A AR L2t (Fig. 1), Z OFEAEZTFOIE AT S Z & T,
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fEESED I LITM Lz, ARBFETIE, 0y F ¥ ke &t ZHHDNA (L Triplex
DNA)DEIENMR AT [V & RITE « fENT L, S T U VB8R & C.CHl AR DN EK T2 MU 7L
v MEEEZHA OGN THZEEBRE L,

SEPRHETE, —EEM, A THE

OFLEONE, BMLHOTOY, bANW, TZIZSHLEI T, SSEFLITE, U6 E
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Fig. 2. The sequence of the
triplex DNA  containing
pseudo-dC derivative. The
derivative is indicated by Z.
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respectively.
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4. 1H 15N HSQC spectrum of
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NMR-based human sweat metabolomics and skin microbiome
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NMR metabolomics enables to find important knowledge because of high comprehensiveness and easy
handling of sample preparations. Especially in the study of metabonomics on human, many researchers
focused on plasma, urine and feces as non-invasive sample because those biological samples were known
as closely connected to systemic metabolisms and their products circulated through the body. Similarly,
human sweat is known as closely connected to the systemic metabolisms like plasma and urine. However,
there were few reports on sweat study using NMR. In this study, we evaluated the metabolic fluctuations
between intra- and inter-individuals with annotating the signal derived from human sweat. In addition, we
collected and analyzed skin microorganism that is supposed to have close relationships with sweat. The
evaluation and characterization of sweat samples by NMR and Miseq measurements with multivariate
analyses revealed metabolic and microbial features that were characteristic of each part in human body.
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Fig. 1 Annotation of metabolites based on 1D-NOESY, 2D-Jres, and TOCSY spectra of human
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Enhanced substrate binding through the inter-domain dynamics linked by the
intrinsically disordered region (IDR)
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Intrinsically disordered regions (IDRs) in proteins have become known to play important roles in exerting
functions. In this work, we will report a new role of IDR that regulates the inter-domain communication
among the folded domains linked by IDR. Peptidyl prolyl isomerase, Pinl has two folded domains linked by
a 10-residue long IDR. Pinl has 1000-fold amplified affinity to bivalent ligand over the single site ligand.
We found the affinity enhancement in binding to the bivalent ligand is achieved by the inter-domain ligand
migration mechanism, in which IDR plays as ‘fly-casting’. IDR linking the folded domains is not just a
tethering rope, instead it per se has the optimized structural feature for efficiently capturing the ligand. This
IDR-mediated mechanism is essential for Pinl to grasp the phosphorylated target existing in small amount

in cells.

REIRZEVEFI(IDR) IS FF DR & 7 & /X 7 BRERBIZ KT D& FIDNEFH 6027 D 5oH D, %
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TENLEHS A iJvaX—M_Ob\T IERIZNCH T MEAH LN ESho2o5h 5. AT

TODREMIEE RO RAA UN0FRENG TR D5 flexible linker
B Ll —TORMN - S & H OB EPinl 4 %t (intrinsically disordered region)

S8 L, IDRZNLTC2o0 R AL UIMHREIH =
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F— T ERFRNICREL, TF—THdo7rl 0
cis/transti s O B b 2 i~ 2 . Pin 1| ZFESETHME R A
A ERERAG RAAL Y, FlEnbE 0 iEiEE
FF2 720100 V) 7 —(IDR) D B S b~ L
FRAA ‘/5 VX7 E TH Y (Figurel), & OFHBRA 72
HEEN D, WK TIH2OD KA A L3S L CiES)
waé_&#ﬁ%hfwé.%ﬁﬂn X0 EERTE
PER A A R T S EERIENEZ R0y, Ml ToIE
LWEREIZ R DD Z LR EN TV AL

PPlase domain

Figurel: Pinl has PPlase domain and
WW domain, and two domains are linked
by flexible linker (IDR)
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Pinl Bi—v? ligand
s l Figure3: Model figure of ‘inter-domain ligand
T l migration’ mechanism to improve the affinity
- _;/"_ B against Bi-valent ligand
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NMR-based comprehensive evaluation of metabolic and physical characteristics of the
diversified aquatic resources
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The surrounding marine zones of Japan is one of the three major fishing grounds in the world, which
hold extremely high productivity but a low level of resource evaluation at present. In this report, we
focused on the marine resource evaluation including a wide variety of fish using nuclear magnetic
resonance (NMR)-based metabolomics and physical characteristics. Solution NMR measurements were
performed on the muscle tissue extracts of more than 200 species of fish. The spin-spin relaxation time and
the physical solidity of selected typical fish muscle tissues were measured using NMR and autograph,
respectively. The data mining were performed using many statistical techniques such as principle
component analysis and discriminant analysis. The correlation between NMR-based metabolic fingerprints
and physical solidity property were evaluated using predictive analysis as well as machine learning to

comprehensively evaluate the diversity of marine fish resources.
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Figure 3. (A) T, relaxation distributions after inverse Laplace
transform for typical species of fish muscle; (B) Spearman’s
coefficients between fish muscle solidity and NMR-observed
To/intensity of different muscle water pools (WP).
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Ultra-sensitive regulation of the nucleosome binding of FACT, a chromatin remodeling
factor, through multiple phosphorylation to its intrinsically disordered regions (IDRs)
ODaisuke Aoki', Jun-ichi Uewaki?, Naoya Tochio?, Shin-ichi Tate'?

! Department of Mathematical and Life Sciences, Graduate School of Science, Hiroshima University

2 Research Center for the Mathematics on Chromatin Live Dynamics (ReMcD), Hiroshima University

Regulation of biological process often involves phosphorylation of intrinsically disordered regions
(IDRs), thereby modulating protein interactions. Some IDRs are known to have multiple phosphorylation
sites and their binding ability to their partners depends on the number of phosphorylation to the IDRs.
Since its response is sigmoidal, the response is called ‘ultra-sensitive’ response. In this study, we worked to
see how IDRs achieve such a specific functional regulation regardless of their lack of defined three-
dimensional structure. Eventually, we found that the ultra-sensitivity is achieved by the scissoring motion
of the IDRs with the Gly-rich region as the hinge.
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Fig. 1. Ultra-sensitive response of
DNA binding ability of FACT
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Fig. 2. The regulation mechanism of the nucleosome binding of FACT
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Big data analysis of metabolic and microbial profiling for characterization of habitat
and phenotype in fish diversity
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NMR -based metabolic profiling is a useful and versatile approach to evaluate organic matter profiles and variations
in various environments for an effective use of fish resources responded to increasing global demand. The metabolic
profiling for fish samples, for example, revealed the compositional differences among body tissues and habitats of
three fish species in estuarine ecosystem in Japan [1]. This study focused on metabolic and microbial profiling for
characterization of habitat and body type in wild fish biodiversity. Integration analysis of microorganisms and
metabolites revealed that lactate and bacteria belonged to family Vibrionaceae was associated with "fish-eater",

"crustacea-eater", and "migratory-type" fish species.
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Machine learning as advanced analytical technique of complex biomolecular mixtures
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Machine learnings such as deep learning are one of the most important analytical tools for not only
artificial intelligence programs but also data mining in the field of metabolomics. However, the technical
levels in terms of utilization, application, and research have a big gap between most-advanced
artificial-intelligence research and data mining for metabolomics data. This study focused on advancement
of data mining methods based on machine learnings in the field of metabolomics. The advanced method
enabled to establish the useful discriminant models for identification of specific fish species based on

metabolic profiles and capture the metabolic features in muscle tissue for bluefin tuna or leopard grouper.
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Fig. 2. Conceptual diagram of this study.
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Fig. 3. Classification accuracy of Scombridae, bluefin
tuna, Serranidae, and leopard grouper by support vector
machine (SVM).
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Fig. 5. Significant differences between Bluefin tuna and the other fish
species evaluated by volcano plot and box plots. The significant

differences were calculated based on Welch's t test.
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Determination of alpha, beta connectivity of sialo-glycans and analysis
of seleno-carbohydrates using NMR spectroscopy
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Bioactive sialo-glycans were chemically synthesized and their anomericity (alpha/beta) was examined by
'H-13C HMBC spectra. Differences were observed between alpha and beta sialoglycans, in the
characteristic cross peaks between H-3ax/H-3eq and C1 carbonyl carbon. In order to obtain the 3JCH values,
LSPD (Long-range Selective Proton Decoupling) method was applied for these samples. To get further
insights into the conformational property of sialo-glycans, we tried to measure selenium (Se)-containing
glycans, in which glycoside oxygen atom is replaced with selenium atom. *H-""Se HMBC spectral analysis
provide unique structural information which has not been obtained so far. 1D ""Se-NMR measurements
were conducted in the presence of sialoglycan-binding lectins, and we found that "Se-NMR is a sensitive
method to monitor the glycan-lectin interaction through changes in chemical shift and line width.

Fr 7

B RGN R AT 57 n O T LA E AR LY, T 0 a i & BiEAZNMRTHBIT %72
WHIZ, HMBCAXY MLV ZERIE LTz, F—L725H-3axE H-3eq» LI LR = )VIRFB~D 7 1 A B —
7 OFREEIEVWR L LN, EHICA Y UREEERE 755 WEEZ Mt L7, LSPD (Long-range
Selective Proton Decoupling) 2% V7= & Z AB S8 0 oy & LRS-,

T LUEAHIIZ Y 2y REAGOBENE L ICES b TH Y, ¥ LI K A MALE
ME s & L0 SRS CEEARHTICSe-NMROTE# 615 5 5 0 THR A 7oL D, TSeld A 7w
112, RIRTF(EHLERT.58%, LB EIEUIBCICH R TASRRE Th V) HE LS W L E 2 5, £
NMREIEZFT > 721, "Se-HMBCZHIE LI=E 24, <D/ u A= NMEbhT-, SRREEIC X
HEWIPCEFRICA LN DD MENE L VICBEE Do Z L ICL VL O 0MALE LN,
EHIZINDDOMAERERD DD, i, FEOLNITo TS ey OXEEEZE 272728 HSIMBA
(Selective Inversion Multiple Bond Analysis)® #HlIEEL T, 7 b &t L DA USRS ERERDI-,
[FIRFICT,OUEME B 5 T, BESHFE AL E HHED L D KREWES & OBV E Rz,

N — BRI AR L ) AF L E LR BHT L 0 "SeNMREZ W T L 7 F o L O AR % R
HIE T IS STV AY, S0, BHEAEMLED T3EOE LTI 2R ERD TV DA,
VI F U EMAT-Z LIk D2 —KT"Se 222 M ORIRNKEL BT 284 Rbhi,

Determination of o, connectivity , Seleno-carbohydrates, ’Se-HMBC and 3D structure

OS2&PLwh, RESBLEILE, ERDUAL, TTELO0, HALIVALR, ETEIL

— 188 —



EE

NMRZEE (X Bruker 18 DRX-600(27 v — R/N> R —7 Z#¢ L, DRX-500(Z Cryo probe
i S A L, 7 —Zf#FTidE L LT JEOL-Resonance fE#> 7 U A& L=, HIE

REIIFFICZ E DB RVWIRY 25CTIT o 72,

7 v BESH D alpha k& betakE & D ) Hl

NMRIZ L B 7 v D o fEH & B AEG OHIBNEL S 7 VR DOH-3ax & H-3eq > 5 1-CO~D
NVen ZRD LR VHBAT S, FiglobBMlE oD afEanH v, 2TIEENEFh—>Th

R-O-9Neu5Ac-0~0-9Neu-a-O-6GlcBn R-0-9NeuSAc-B-0-9Neu-a-0-6GlcBn
4

4
NococH,Cl . R SococH,el 5
o/Sial-cg,
1 H
H 0.1 _OCH;, , | ook,
2 o]
AcHN_/5
AcHN_/5 03 Heq 0-Sial-C9 o 3/ Heq O
o ! H Hax
H Hax o
© 8 ci 4
“ _Sial-Co
c, (‘)
Csq ‘ Heq C4\®/Heq
. - N
OGE?/\O/SHI-CQ Og I c
Hax 5 ax 6

Fig.1.1 and 2 are structure of sialo-glycan, 3 is partial structure of
Neu a-O-9Neu, 4 is partial structure of Neu p-O9Neu, 5 is
Newman projection down the C3-C2 bond of a, and 6 is f.
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Fig. 2. LSPD spectra of 1. (a) is original 1D, (b) is 20ppm irradiation,
(c) is 3.74ppm(OCHjy) irradiation, (d) is 3.84ppm(OCHy3) irradiation,
(e) is 4.06ppm(CH,-Cl) irradiation.
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Comparison of quantitative methods by NMR- Internal and External Calibration
Methods
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Quantitative nuclear magnetic resonance (QNMR) is now used in a variety of applications including the
purity determination of certified reference materials, and the purity tests of drugs described in Japanese
pharmacopoeia 16th edition. One of the advantages of qNMR is that it is simple and easy while
maintaining the high accuracy. Since the standard method of purity determination of pharmaceutical is
subtracting various impurities from the total weight, a lot of effort has been paid. In contrast, in gNMR, it
was shown to be capable of quantifying accurately by weighing with high accuracy'. The lowest
uncertainty was reported to be less than 0.1% (coverage factor = 2).

In gqNMR, there are two ways of internal and external calibration methods. The internal calibration
method, dissolving reference material and analyte in the same solution, exhibits higher precision than the
external calibration method which dissolved both materials separately.

Here we report on the results of validation of two methods.
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Structure and dynamic properties of Ti-binding peptide bound to inorganic nanoparticles
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Saturation transfer difference (STD) NMR spectroscopy is a powerful method for detecting and
characterizing ligand-receptor interactions. In this study, the STD method was used to characterize the
interactions of a Ti-binding peptide (TBP:RKLPDA) with TiO> nanoparticles. The water peak in the NMR
spectrum was selectively saturated, and the STD amplitudes for TBP were observed in the presence of TiO»,
demonstrating that the side chains of the N-terminal residues Argl and Lys2 exhibit the strongest saturation
transfer effect from water molecules; i.e., the two N-terminal residues are in contact with the TiO; surface.
The relaxation rate in the rotating frame, R1p was observed to be high at the N-terminal residues; R1p
decelerated toward the C-terminus, indicating that the N-terminal residues serve as anchors on the TiO;
surface and that the TBP motion bound to TiO, particles is modeled as a wobble-in-cone with a fairly flexible
C-terminus. The dissociation constant Kd of the TBP-TiO, nanoparticle complex was 4.9 £ 1.8 mM, as
estimated from the STD experiments and R1p measurements. The combination of these results and the
negative zeta potential of the TiO; surface validate that both the positively charged guanidyl group of Argl

and amino group of Lys2 play key roles in interaction with the TiO; surface by electrostatic force.
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