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ISHIKAWA ONGAKUDO A
T920-0856 7)IIIR 4 ;RHTAEFIET 20-1 | PosterSession |

£1H8 11A12HCAN) “Day 1 (Nov. 12, Tue)

9:25 ~ 9:30

HEOKYE #|E TN (AFKEIEBEFSSR)

Opening remarks: Tetsuo Asakura (President of The Nuclear Magnetic Resonance Society of
Japan)

9:30 ~ 10:10
ER # %8E

Application of Multi-Quantum Counting NMR for Positive Electrode Materials of
Lithium Ion Battery

OF k', &b & Kk BAa? g EhEe w8, AR ERES AR
F (RS TR, PR RS be BRI geR), R Rk AR - BB
Wh7ER)

L2 A F AREVERA 5555 F- OB TE L IEHNMR - B NMRIC & 2 23854 o 1 1
Diffusion NMR and solid-state NMR study on fast ion conducting coordination polymers

OXfi s25LY, J8E FBEPS, LI #A° R0 KB i R (R Y- M
Wby AT AP, PEASRFERERE LEW5ER, °JST- & & 2513)

10:10 ~ 10:50
ER R Bz
L3 GPL 7 ¥ A —RUR VB T O IR E - HIBEAEAE F TO AR NMR &

Solid-state NMR Spectra of Pseudo GPI-anchored Protein in membranes under

Magic Angle Spinning
Oty 3, JHH HEf, B Jh BX BT by M) —EaftrE A wa R
Wr7EmT)

L4 PNNMRIZXBEIRA I FY VEBA F VY BEOHE RO pHKGEEE 70 b 585
pH dependence of Tautomerism Equilibria and Proton Conductivity of
Various Cyclo-imidophosphate Anions by "N NMR

O¥e F, il Kot KM B W RFERFARE THF5ER

10:50 ~ 11:00 {k%&/Break




11:00 ~ 12:00
Chairperson: Hironori Kaji

L5 A Solid-state O NMR Study of Molecular Dynamics for Water in Organic Compounds

OKazuhiko Yamada', Shinji Yamada®, Nodoka Sako®, Kenzo Deguchi’, Tadashi Shimizu® and
Junji Watanabe' (*Tokyo Institute of Technology, 2Ochanomizu University, *National Institute for
Materials Science)

L6 Quick measurement of 'H solid-state NMR at very fast MAS

Yue Qi Ye', Michal Maloit', Charlotte Martineau®, Francis Taulelle?, O Yusuke Nishiyama' (‘JEOL
RESONANCE Inc., “University of Versailles)

L7 The Paramagnetic Effects of Iron Ion in Nitrogen-Doped Carbon ORR Active
Electrochemical Catalysts

O Shigeki Kuroki', and Hideyuki Hara? (‘Department of Organic and Polymeric Materials,
Tokyo Institute of Technology, “Bruker Biospin Japan)

12:05 ~ 12:35 HARBSRIEREZSHES /Meeting of the NMR Society of Japan

12:35 ~ 13:50 BE&/Lunch (YT IVALS>F)

| 13:50 ~ 15:220 KX & —t v L3 (BRES, EFFAX2—EEE)
| Poster Session (even numbers) including poster presentations for
Young Scientists Poster Awards

15:20 ~ 15:30 {k&&/Break

15:30 ~ 16:05
ER K X8
IL1 Invited Lecture 1
A R A B R 50 T D ¥ I NMR K 38 SRAT
Structural analysis of condensation polymers using NMR
Ol A", HH &' #E B> G AkaUSHE #Emrpsem, “lalg LA
T2, P TRMEREZERT)
16:05 ~ 16:40
ER XF IHE
IL2 Invited Lecture 2

RISEIC BT B A NMR OiFH
Application of solid-state NMR to steel industry

O&Af B (I BTSN S SemBa i 7enT)

16:40 ~ 16:55 {k&&/Break



16:55 ~ 17:30
ER XKF xiE

IL3 Invited Lecture 3
ALY 7 MRS @R O L R H
Chemistry and Application of Porous Soft Materials

Odeni ', Kl sEl', WE HR>
(CHUERRS: W - MR A > A T AL, P RERRE R T#5eRE, °JST- & &%)

17:30 ~ 18:05
B XX EF

114 Invited Lecture 4
BEGRD L72R M A O NMR 6D BT

Development of NMR Spectroscopy for Mass-selected Molecular Ions

OFx BN— (WHRFRER BEIER)

18:05 ~ 18:40
ER #MmE BA
IL5 Invited Lecture 5
BESHOM eI A HIEL72NMR 7 72 —F
NMR approaches for elucidating the functional roles of glycans

O —"2%" ( BRB LI Ie MR 0 TR 28 ISR AN T A 2 Ak v & —,
PR TR SRR SRR, P B ORI TR RS E e v v —, THRaaAt
TG4 LVA)

18:55 ~ BAKBIHBE S FFHES FFTFABIHENLREIH I ELEA)
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9:00 ~ 10:00
Chairperson: Hiroaki Terasawa

L8

L9

L10

Development and application of the methodology to investigate wood biomass by
solution NMR

Hideyasu Okamura®?, Hiroshi Nishimura®?, Yoshinori Imamura®, Yu Kozawa', Noritsugu
Terashima®, Yasuyuki Matsushita*, Kazuhiko Fukushima®, Takashi Watanabe®?, and O Masato
Katahira"* (‘Institute of Advanced Energy, Kyoto University, ?*CREST, JST, *Research Institute
for Sustainable Humanosphere, Kyoto University, ‘Graduate School of Bioagricultural Science,
Nagoya University)

Ligand-driven conformational changes of MurD characterized by paramagnetic NMR
Tomohide Saio', Kenji Ogura', Hiroto Yamaguchi? Hideki Tsujishita®, O Fuyuhiko Inagaki'
(*Faculty of Advanced Life Science, Hokkaido University, *Shionogi Innovation Center for Drug
Discovery, Shionogi & Co., Ltd)

Structure and dynamics of proteins based on the alignment tensors determined

by TROSY

O Shin-ichi Tate*? (‘Department of Mathematics and Life Sciences, Hiroshima University,
*Research Center for the Mathematics on Chromatin Live Dynamics (RcMcD))

10:00 ~ 10:10 A& /Break

10:10 ~ 11:10
Chairperson: Naoki Asakawa

L11

L12

L13

Dissolution mechanism of carbonate in silicate melts: Information from
ab initio calculations and *C NMR measurements

OZXianyu Xue and Masami Kanzaki (Institute for Study of the Earth's Interior, Okayama
University)

Microwave Heating NMR Spectroscopy. Application to Liquid Crystalline Systems

O Akira Naito', Yugo Tasei', Teruaki Fujito?, and Izuru Kawamura' (*Graduate School of
Engineering, Yokohama National University, ?Probe Laboratory Inc.)

Precise Structure of Bombyx mori Silk Fibroin before and after Spinning determined
by Solid state NMR

Tetsuo Asakura"? OXKoji Yazawa"?, Keiko Okushita’, Yu Suzuki', Yasumoto Nakazawa', Akihiro
Aoki', Katsuyuki Nishimura?, Yusuke Nishiyama®, Hironori Kaji® (‘Department of Biotechnology,
Tokyo University of Agriculture and Technology, “Institute for Molecular Science, *JEOL
RESONANCE Inc., “National Defense Academy of Japan, °Institute for Chemical Research, Kyoto
University)

11:10 ~ 11:20 Break/{ &

11:20 ~ 12:00
Chairperson: Kiyonori Takegoshi

IL6

Invited Lecture 6

Native Membrane Protein Structure in Lipid Bilayers Requires Solid State NMR
Nabanita Das"?, Dylan T. Murray"?, Yimin Miao"* and O Timothy A. Cross"*?* ('National High
Magnetic Field Lab, Florida State University, “Institute of Molecular Biophysics, Florida State
University, *Department of Chemistry & Biochemistry, Florida State University)




12:00 ~ 13:20 Lunch/B&
BARESHEEYS FTHES - FEES

13:20 ~ 14:00
Chairperson: Ichio Shimada

IL7 Invited Lecture 7
Environmentally-controlled protein/protein interactions:
Insights provided by NMR into nature’s switches

Fernando Correa’, Victor Ocasio!, Giomar Rivera-Cancel’, Laura B. Motta-Mena!, Yirui Guo’,
Thomas H. Scheuermann' and O Kevin H. Gardner"? (*UT Southwestern Medical Center,
*CUNY Advanced Science Research Center)

14:00 ~ 14:40
Chairperson: Shin-ichi Tate
IL8 Invited Lecture 8
Folding dynamics of topologically knotted proteins
(O Shang-Te Danny Hsu (Institute of Biological Chemistry, Academia Sinica)

14:40 ~ 14:55 Break/{#&

14:55 ~ 15:35

Chairperson: Toshimichi Fujiwara

IL9 Invited Lecture 9
Solid-state NMR Spectroscopy of Membrane Proteins
O Stanley J. Opella (University of California, San Diego)

15:35 ~ 16:15
Chairperson: Masatsune Kainosho
IL10 Invited Lecture 10

Enhancing Signal and Contrast in MRI with Long-Lived Hyperpolarization or
Intermolecular Coherences

OWarren S. Warren (Departments of Chemistry, Radiology, Biomedical Engineering and
Physics, Duke University)

16:15 ~ 16:30 Break/{fZ!
16:30 ~ 17:10
Chairperson: Yasuhiko Yamamoto

HL1 Honorary Lecture 1
Personal Reminiscences on Helical Polymers by NMR

O Toshifumi Hiraoki (Graduate School of Engineering, Hokkaido University)
17:10 ~ 17:50
Chairperson: Akira Naito

HL2 Honorary Lecture 2
Why can F,F, ATPsynthase rotate? / F,F; ATP &% E %3 2€ 0 % ?

OHideo Akutsu (Institute for Protein Research, Osaka University)




17:50 ~ 18:30
Chairperson: Tetsuo Asakura

IL11 Invited Lecture 11

Nuclear Magnetic Resonance: A Powerful Tool for Elucidating the Interplay between
Structure and Dynamics of Soft Matter

(OHans W. Spiess (Max-Planck-Institute for Polymer Research)

18:30 ~ 19:00 Break/#g) - k&8

19:00 ~ Banquet/ B#H <




$838EH 11R14H(K) “Day 3 (Nov. 14, Thu)

9:00 ~ 9:40

ER KNI A

L14 B 5T FVE O SRR SEIRAT I 22 B L SAIL 7 3 R R o B
New SAIL-NMR methods on structural analysis for large molecular protein
Om/ A FL RE O BEY, FH @>°, W EEY (AHERERSE SR
M FE Y v & —, PEARRF R Mg gEt 4 —, *SAILT 7 / b ¥ — XA &AL
CRBUOKS: B R ZERT)

L15 2 A i Ve i 55 1) ) DR - D S B A & B 90 BRI A M O NMR f it
Dynamic drug recognition by multidrug-resistance transcriptional regulator
O Y, WBH —J° CEERMTR AT fI3s T 7u 774 v 7ifset v 5 —, *K
RS R FRAWF5eER)

9:40 ~ 10:20

ER 1tFE =

L16 RKREVES 87 MONMRIZ & 538 5 KHEEANT
Dynamic structure of the intrinsically disordered proteins monitored by NMR

R BEAEY, KME PR =T Mt JERS RS MR Wik OmA TR G EUEER
K B, P HALAETZERT)
L17 PURBIEE~ DO H k% H 53 NMR#HT
NMR Analysis Aiming for Contribution to Antibody Therapeutics
B AR (RS A IFZEAER)

10:20 ~ 10:30 {4R%&/Break

10:30 ~ 11:10
Bk R¥ EA

L18 ANLFF T — X -2 ORIREVEFEIIC X 206G Pk RS O
Regulation of heme oxygenase-2 activity elucidated by the analysis of structural dynamics
Ol #HiLT!, WA wh>° K Eﬁfcl' 2R G (Y b — B R A
HHERHEIGERT, * BN FREARE: K, °JST ERATO)

L19 155 B G % 0o FH U 728 B2 2 IR A (AR G ik s
Novel Stable Isotope Labeling Strategy Using the Coding Theory

O s N EfENE Kl EN KRN BRI CHEALSERFZERT Adr s A T A
gt vy — PHALKEE HAL A T 4 AV - A H N 2 HERE SHLEERISCIT A ) N— 3 3 LN
2y —, CRE B SH o IEWFZERT, Pt TR R A B TSR

11:10 ~ 11:50
ER PR &

L.20 t MRNOEREEE in vivo 'H A7 b1 R 2 ¥ —Hix) @ AT 5 Mat
Error and Correction in Absolute Quantitation of Metabolites ix vivo Using Water as
Internal Reference

O 37, mE  RE (ENZBSEMERT Bttt > & —)



121 t b in vivo M2 BVF B 85547 Wi {5

In vivo iron mapping in human brain
O=#% 17, #EE EE wE  RE (EEEZeeT BBt t > 5 —)

11:50 ~ 12:50 &R /Lunch

1250 ~14:20 KRE—tv ¥ ar (HHES)
| Poster Session (odd numbers)

14:20 ~ 14:30 {A&i/Break

14:30 ~ 16:10 HF KX —EZHHEERE
Short talks by Young Scientists Poster Award Winners
ER A4 REIX BE #SE

16:10 ~ 16:20 {A&&/Break

16:20 ~ 17:00
ER HAN M
L22 ZRILT T T RMZEBHI L7 L LA & B ARHEAT

Material analysis based on NMR relaxation and diffusion using Laplace-Laplace inversion
OKgE HE AiF B (TERFRFAR TEU%RRD

123 e = EIHE A ¥ v 2 w72 DNPIZ & 2 21 T TOMMEE 34% D3E R
Room-temperature hyperpolarization of nuclear spins with DNP using
photo-excited triplet electron spin

Oifi fE—8RY, AR BR° WHE RAC, FI RS HREOES Ju BEE CHEALER
G CRHIE AN I~ & —, PRBRRF R B 2 e R, RO b 5

17:00 ~ 17:40
Bk KB T

L24 A-MCM-41 4 OF A 6 Fihi Al DR EZ AL
Structure Change of Framework Octahedral Al species in AFMCM-41
Omts MM, FR wZ?  8E5° 2l L' (EERaia s msent i bam &
oy =, PR SR M W TR, RS A TRZERT BT T v v 7 1 T IRZEEEE)
L25 PIRAFNERT 4 FFY FEHWEZZSM-5RIE A 5 4 b OBEEE Ol
Evaluation of Acid Properties of ZSM-5 Type Zeolite Probed by Trimethylphosphine Oxide
Ofk ZM5, Wwi E£F, DNE  FEF GEERRATIZER 51l 7 o > 7« THFZEEM)

17:40 ~ 17:45

AankE KEF xiE (E52ENMREFARIEFEARR)
Closing Remarks: Motohiro Mizuno (Organizer of the 52" Annual Meeting of The Nuclear
Magnetic Resonance Society of Japan)
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—iERA & —F&K Poster presentation

BHES - 1HE (2013/11/12). FHES : 3HH (2013/11/14)
B:EFKX4—EBI1. B:ZEFRX4—EI

JKRE B URAE BR A %2 H 48 L 72800 A W SR A PO 355 0 STl e i b 5%
Evaluation methods for metabolic process of metabolic community for
sustainable re-utilization of marine resources

ORY His', 1 #h? B R, fhE ')%Téﬁrl‘s, ESE R RN ¢ RN YN
FBE Ay T ) 2 AT NRFERETERE, 2R B BT ZERT, P B LI IE T BB IR e o 8 —,
CEILEARRSETT N A A~ A TSI 0 75 A, PR RESEREE R A L SET SRR

2 —BIWERB -V roTa by HEERNE

Proton tautomerism of 2-substituted cyclic - diketones

Oms FHf, WMHE & QLfERS Aafi)

AY—H% T ¥ 7 &2 72% RIENMR I X 5185 FALE W OfFHT
Analysis of Small Molecules by Multiple Dimensional NMR Relying on
Non-Uniform Sampling

O #7' fkiE —2 B Bk, ik JA BE #ud' RS ZE gt
g2, PN — - N F A RS

% 5 RIRHT % V72 NMRIZ & % 855055 Hr

Component Analysis of Food using Multivariate Statistics by NMR

OMARE @R, Mg % REE  H° CERRE RSN A SRR AT, 2
i U 37 R R e A R A BB R 4 bt

AY— 7Y TR LERY 7a ¥ L D 3RILTOCSY-HSQC AX %7 t v
Non-Uniformly Sampled Three-Dimensional TOCSY-HSQC Spectra of Polypropylene

OME FESE (AR 7 2kt WFgeRd 3831)

BT F VEEARO KB LR R OGS

Study of water solubility improvement effect of catechin derivatives

OMER R, UL &k, w0 BuZ, Pk Bl GRkELSEMRCSH I 7epT R s
try—)

Multi-phase NMRIZ & 2 ARG A F < ZADEHE - 7V - FAIRED H g wpT
Comparative Analysis of Woody-Biomass in Solution, Gel, and
Solid State Using Multi-phase NMR

O/ Thd™2 g5 025 CHEALERIZeT BB R IRREge L & —, PHR T LR
sl R Ay E R SER, PELSERIZET N A A~ A LM T U F T A, Y el RS &
il =)

F Ny 7 MR X BT LB O 5 i

NMR Separation of Enantiomer Menthol Using a Chiral Shift Reagent

OKH B, #e &RE fhelH DR AR B8 SSH UBERSAG T~ 4 —)

NMR 2L % ¥ 7 ubiSHOMmAERE L ¥4 F I 7 ZDOWF%E

NMR study on relaxation mechanism and dynamics of sialo-glycans
OG5 & “Z’Fill‘z, BT oMb RMEE® D IR CEALSEREZERT OB SR o A W A ge
F—4, PTERE AR EY S -)
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NMRAXRZ M VOLERIEHIC X 57 7 ) VR IEE G RO — KB EFHT

Analysis of Primary Structures of Methacrylate Copolymers and Terpolymers

by Multivariate Analysis of *C NMR Spectra

OFEME B-2 mil gd? W% RS &I BT R w0 W £ PR
JRIRE AF 2 (CZELA 3 RSt B RERERE v A T2 1 T2 ARF5EER)

'HNMRIZX %7 3/ B OMEN &

Purity determination of amino acids by '"H NMR

OnRiE B8, 2R W\, Ll R—, g mE Ik T R Rk GEESUR AT
ZEAT SRR AERT 7R )

“PNMR % 72 ) ABIEEH AR W O R Bk OB
Study of quantitative analysis method for organophosphoric acid compounds with *'P NMR
Ollig  K—, #E W, FHE R EH HEZ GERHENRAETIZER sHlERERTFEETM)

PC NMRAL# Y 7 Mz v 7-HE i € : CAST/CNMR ¥ A 7 & OF L\ Hk & s
Structure Elucidation from *C NMR Chemical Shifts: New Algorithm to CAST/CNMR
System and Its Application

OB RF', Al BIE? ek w7 CEALERIZERT, Mk, ENLIEHRERZE)

RYF L 74 VOB PC NMRIZBT 5 ¥ — 2 mEDE &1
Quantitative Evaluation of *C NMR Peak Intensity for Polyolefin Solution
Ok Sae, KE T, BH 02 S =IM 001 v & — RS sEEs)

A LF BRI RO ) TRERRE R DS E & 7 B ) THEO LR T e &
A HAE AT

Structural elucidation of N-linked oligosaccharides of hyperthermophilic archaea and
Methyl-TROSY spectroscopy of the archaeal oligosaccharyltransferase

ORER K, A Kl (JUNREE AR R 5e )
ZRUNZBT 5 [ 9 THRAME - #&Bz2 ] © NMRIF%E

“Umami Seasonings : Elm Skin” in the Imperial Court of the Nara Period of Japan as

Studied by Nuclear Magnetic Resonance

SN LB, AR OE§3E N OB Ol FIE, T &, =B RoFskls
A R— 3 VISR

STHAL TN PRI L S5 I I AHEREIL 7 F V& KRD

T VIR A A A = X 2B 5 NMR N

NMR analysis of a novel sialic acid-binding lectin mutant from the C-terminal domain of

an R-type lectin from earthworm

O ', AF % w77 P & CRE - AREEER eSS Ak
EIRGEHT, PR ATIIENT FEREE Tt v & —, PIEERMTRATZET SR T4
et v —)

P 4 VAT APOBEC3G @ DNA iR s D f7 B
~NMRERHFHIEIC L 2 7 Ta—F~

Elucidation of the DNA recognition mechanism of the antiviral factor APOBEC3G as
evaluated with the NMR real-time monitoring method

Ot 4612 skl 257 AP EAY (RS =4V ¥ — B TReRr, 2 st RaEkR
=R S =2 0w )
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LINE RNA ¥ i 5% 38 GEaRR A  V ARi  & # ik

Structure and function of reverse transcriptase recognition site of LINE RNA

OX# #£', BEm ', ¥ |, R =, W) ES° mE mee we mK
CTIETHERF T AR R, PR TR RS E G TR, P AEE
IpNES)

MAP FF—EI2& D) YBEEN 2 RNAKE Z ¥ 237 8 Nrdl ORE &R

Structural studies of RNA-binding protein Nrd1, a MAPK target RNA binding protein

O/MbE BB, fEHE Je40° BRIE fR°, OhiE B Bl BT =B ER (EERE
FURERE BT RE, 2k LA ge i S pise s, > &bl B LR be S0
geRl, TR FEEER)

S FIRMEBRBEC BT 5 E 1 O NMR A #BT

NMR relaxation analysis of the protein under macromolecular crowding environment

Ok Hfr!, #ik réﬂﬁz il BN JEE WEYE T4y <A VY BHE A
BRI BERRINEST CEALSERRZERT Adr s AT AWgE R v v —, PELSARRSERT T
DAV S -5 e 6 NI /A NV NG 1 o o3 | o0 T R B e e K ) v S U o
WFFeit sHERM Ao, SHYLERIZEir 4/ N—2 a3 Vi o & — TR T3 R R
WAL TEAI7ERE)

<IVF KA A ¥ % 237 % Protein kinase C DHEEFNT D kA

Attempt to determine the structure of a multi-domain protein, protein kinase C

O%H #H¥', K& FR' KEF wa' milg BT1° 58 BN, g B =8 F
B C R R T BTAEER, S B RHE R R BE RS N A 44 1 = AR
Interface Dynamics Studies in Protein-Ligand Complexes with the Aid of SAIL and
High-Pressure NMR Techniques

O ®' RHE KL 5/ A &FL FN #° FEEE FED (ahBRERERE
HAERFFERE, *SAILT 7 /0¥ — AR &M, PEEMARSF R RS BT 78R

SATTE VBT ENALHIRA T AF Y Y OB M IAE 25 L7z

AR ERBCA - SR B A O 17

Elucidation of Mechanism Responsible for Exogenous Ligand Discrimination through
Electronic Interaction between Heme and Proximal Histidine Residue in Myoglobin

Ot BE', W &KR' $AK BEL% MR =E8° AR B! (SRS KSR B
YERHER TR, PR S EYE TR, TR RS s k)

t MIBHNICBT B2 FF ¥ & Loy O RE VRN

Ubiquitin folding stability in human cells

Ol ', R ZAS Bl B2 CEALSEZERT Aar s A7 A0f%et v & —, 25l
KERFERE TE5eF)

UBIQUITIN RECOGNITION IN SELECTIVE AUTOPHAGY

OErik Walinda', #A& K& /NB WP & 0GR AL Al B2 CREk
SR TM5eR, 24 > M) —EdRb A )

NMR analysis of intramolecular allostery in the PLC- 61 PH domain

OfA #E—, K Bz (O FR=ArERT)

NMRIZ & % pd7T"*PX K AL Y EKRAT 7 FINA 7 ¥ b—VOMEAEH O

NMR analysis of Interaction between p47”* PX domain and phosphatidylinositol

O/t BB, MBI #bE!, e w3, M BEAF JOKH Wz K% MR
HHE OB, A S fEE A CAuiEE R Setm arRHERTgERE, UMK BEAEED)
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W7 3 FRERIE OB L BB FEMR S b7 0 b e D

THECAL - X F A = > ISR B 5 - DA 71 PO & AR RE~ D2 2

Inversion of the Stereochemistry around the Sulfur Atom of the Axial Methionine Side

Chain through Replacement of a Remote Amino Acid Residue in Hydrogenobacter
thermophilus Cytochrome c;5, and Its  Functional Consequences

SEH KRR, K RN, AIBIN MY R OB Ak RIS Ok #E Rk
KEFEBE B ERHEZe R, 2R - A EERTR AT AR AaTgeT, Pab kR
e BEARIER, CHPTR ¢ AR AR R RS bR W B AR R e )

EEJINMR A & 518 F 5 & DHEZE € IR N, O SLARME REFHT - QAINZFUA, 2500 5UE
High Pressure NMR Reveals Solution Structure of Alternatively Folded State of Ubiquitin:
Q41N Variant at 2500 bar

bR AR I SR K — HE BERE®Y Nicola Baxter®, fiE %—>*, Mike P
Williamson®, OdbJil 22" (i 3u, P EEHME AT 4 e Lyt o~
5 —, PR ANA T A T Ay F —, "HEET KRS EWGER, v 2T 1 —
N RREF TS - N F T 7 /vy —44)

HEJINMRIEIC K % Ve N o R o R oS o e
Conformational fluctuation of dihydrofolate reductase mutant by using high pressure NMR
spectroscopy: D27E mutant

Odeik  Al—FpY, bk mEA% b Wfdt RaEr 3ER1° LB gt CardvfER SR
PR PRBOKE EOVEWIZERT, IR B RS AR

YRR A H\W e & V8 7 B O U SR AT B O B %

A method for determination of high-resolution protein solution structures using
paramagnetic relaxation enhancement

Ol 71 FR 3R A m2 A B2 BE E° OE %% R K
WOJIE RRERT (CRBOKS BRI, P4 BB R A R B K N A A T
AWFFERT)

FAEY Y URRIENEET I JL DRSS DFRNT

NMR hydrogen exchange study for side-chain amino groups of lysine residues in proteins
ORM SBIELFW % F2EE EEY (AHERFERF SR fs st v
5 —, SAILT 7 / vy — AR &H, P EIAFH G WIgHsE L v 5 —)

NMR & H7ze b FSSHEOE & B AR OB) 1 2 R 7 F Nk S O s HE Ry b O i ]
Dynamic Regulation of Peptide Recognition and Stabilization of a Human Leukocyte
Antigen Revealed by NMR

Oaw FF+' L% £0%% ShiYi*?, QiJianxun®*, Gao George®*, A 5 F1>6 2iH  #f
GO EURS K b F7 fHI A R AR JERE, PREAR KE = A4 X Wf%E+ » ¥ —, *Beijing
Institute of Life Science - CAS, ‘Institute of Microbiolog - CAS, ° ¥ K& K%k TR sek}
SHILTRE ERMEIFZEE, T b — A drRb e B LR KRS ZE )

PDZ FA A ¥ - FALEWH EAEICEE L 7 3 7 BRIREOF &

Identification of important amino acid residues for the interaction between PDZ domain and
small molecule

OX®F WFE', &H &#T7, 548 &L, kAT "EE, KM oH* EH F-—'
(iR KRS AERE AISER A e R, P AL RS b R e R, P LR NG 2
G, ‘SR KRB TSR R R
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P44

Analyses of the oligomerization mechanism of amyloid beta peptides

O EZ5! AR A FE &5E° i ' FHk CHE WE B2 HE K
B2, SR Y (CREAR KRR R AT Es, AL ZeRT B AR e et v & —,
SILELRAER AEED)

MERDOAMZHWE T 7 A4 V2 BN FROUNT

— WAL & 4 B OAH FAE AT
Analyses of the interaction between the regulating factor of the chemokine receptor
FROUNT and an anti-inflammatory compound
OfmM HA' Fk HAE ZIUJT %1, FE OB EE BT BB MG FR %
B (CREARRE RSB A @B TEE, 2B R R b [R5 AR R

AF VALY ¥ oLy 7 b LG E OMBINCEET A BN - FEERINITSE

Theoretical and experimental study about the correlation between the chemical shift of
methylated lysine and salt bridge

ONRFR Eé#l, Jakub Sebera®, Vladimir Sychrovsky?, L #8+' ARk W3 b EHAL
MR muE' RN RRERT CRBOKEY: BEAVEMSCHT, P afET 73 — AR L - A&
(==t AT 37"&5‘6 MR R RE RS N A 444 T 2 AW5ERD)

IVVEEC & ) g L7 58RI MDM2 &5 5X 7' F FIiZ & 5 MDM2:
P53t 1 BHLSE R i 2

Structural basis for the inhibition of MDM2: p53 interaction by highly selective
MDM2-binding peptide obtained with IVV method

OskH &M% [l &3S Ak |2 GPE BA°, R IEAY RS B &
g RS ML BLAED (RUERRS AV ¥ —BTAERIZEHT, PR RS RFER = 4L ¥ —#
FRRGERE, CEERRERE H AL

TRAF6 Z 8 & L7=% ¥ 78 7 F AT HAEH B E A OPRER B X ORE & AT
Development and Structural Analysis of a Protein-protein Interaction Inhibitor
Targeting TRAF6

OsF# ML i B2 EFE 0 Skl EEL B 30 A mEEY EE B’
b KRR FER OFE RS T ' BH —R° (oo A, Y
Fera AT, °H3 Biomedicine, ‘> 77 & v FEREHE, PHGURFRFRE 3 AWIER!)

Y Vb & 7z SHARP/SMRT & X 5 O % AT

Structure analysis of phosphorylated SHARP/SMRT chimera

OfA #isk, /ME B, &3 37 fHE K =8 B8 (EWRRERE BT 07eR
RRENFEAE PQBP1 DX 7 A > b [ ARHE

Segmental isotope labeling of the intrinsically disordered protein PQBP1
OKO W2, i BT (BT FEE)

Preparation of secretory proteins produced by Brevibacillus choshinensis for NMR study
Ot ', i Wei? mer 2’ (o rReEpigenr, JENIRGSEZen, CdLE RS B
)

HMBC #0081 L v is i il € —BASHD-J-resolved HMBC (22T

BASHD-J-resolved-HMBC, an efficient method for measuring proton-proton and
heteronuclear long range coupling constants

ORgft —J2', B &2 CHRTRFERE R BEEGUITER, *PREKS: M)
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KW Z W KRERBRICE 57 3 7 BRI BN O 81t

Optimization for Amino Acid Selective Labeling using E. coli Overexpression System

OFHN b2 & A #F°, RIE LS i BEY 3L EE°(SAILT 2 /1
U= AR SH, PEASRE R WEITE v 5 —, AR R R IR R A
WeEnget v ¥ —)

FURFBAFVEZHCTEY Y XF VY asxH v 200 5880 DOSY f#HT

Dosy analysis of the decomposition process of polydimethylsiloxane by

using methyl orthoformate

OB®E ZAL? A #Hi—W, HF #—2 kn B MKXastrxr72 09—
F, MEERERER VAT o A T2 ARRZEE, AR R RS LA IeE)

In-cell NMR % Ji\7z, HeLa#ifBMNDOR I L RIS L % Ca? REZEDE=SY 7
An in-cell NMR study of monitoring stress-induced increase of cytosolic Ca®*

concentration in HeLa cells

Dambarudhar Shiba Sanker Hembram', OWREM  —', Wby &' &g EFE, HE £
W S =B OEEY A B42R b R CEERREREORS b BLAgER, CRR
KEFRFBE T8 FE)

) Y RFE BRI X S IRTh O AKIREE, A VR VIRIE ST OB
Quantitative Determination of Hydroxyl and Carboxylic Acid Groups in Synthetic Polymers
by *P-NMR Spectroscopy

Ofpty =3, E% #7 (DICHKREH 5t > ¥ —)

Z % NMRIZ X 2 AT I BUSIZ B 2 RALF 5~ I OHT H B RE D AT
Deposition Mechanism Analysis of TiO, Thin Films by the LPD Process with
Multi Nuclear NMR

O FE, BN M=, KM B G KRR TR

NMRIZX B4l 7 Va2 — VB X T —F VOE RGN
Quantitative analysis of polyol and ether by the NMR
Ol #&iE2E, +E #F— (HREEEgRSSH g —7)

FeTp B ARG T2 BT 2 Ml B O B B O Fe B AT
Comparative analysis of metabolic dynamics in microalgae system upon
different nutrient condition

O/ViR k!, /M Thdt? g %%t CHHET IR RERE A EREIeRr, 2L
FHIFEHT BEEIRA AR v 5 —, PEHALERIRIT N A ALEME TR ST A, R
REEREERE iy R e R

AKEPOEFEEMERS - MBI A2 B L7 0 — 73RS Bl X ORI Bt B 76
Development of non-invasively evaluation method for quality improvement and

maintenance of fishery resources

Offfe AR, @A K’ OhE HEES2 g5 2% (Ml LRk be B E R
Wrgekt, PEMLERERT BB R RE A ge L v & —, PHALSERIZERT N A 4~ A T gE 7 u o
7 b, YR KRR b RS gE R

t b kIR SRR 2 v 72 NMR GHIE AT 25 BE L o ik
Advanced sample control techniques using NMR measurements for
noninvasive human samples

O=i I’ fhE HE? 3 30> CBHETLRSRER S ER e, 2Bt
FWRFEHT BBEEIRREI e v 5 —, PTHULFEIIERT N A ATEWE T 0 ST A, R
REREBE A i A TR
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BC-K Y =—%FH L7 'H-{*C}-HMQC-MRI D 72> D537 1 — 7 B%
Development of a novel molecular probe for 'H-*C-HMQC-MRI

Oz =HM', UM Am', %8 8E° K BIE, I sz gl B2 R OZAD
(CHEBRFRF R THM7eR, “mHKY StV F-EEREL s 4 —)

SO MNP in-cell NMRIZBIF 5 7 I/ BB IRI 22 € AR ik

Amino acid-selective stable isotope-labelling of proteins for the observation of

in-cell NMR spectra in sf9 cells

O 2, g W, H B s #dt, =5 E#E, i B (B EER
2FhE BT AEE R

PCHER S NS ONRBHR AW RO R - % KOCNMR B X 255047

Solution and solid state multidimensional NMR for complex metabolic mixtures of
BC-labeled green algae

OffiE  WHE', /A Thi! KE B2 fhE B i 02> (R RS R
Be AR B ZeRE, CELERIZERT SRR A gE L v & —, PEULSERIERT N < AT
E A A SN ) = N 2y N R = i )

B 381 & 2 PCRIRRALEY I AR o0 43 A G B g

Degradation profiles and metabolic dyanamics by soil ecosystems in disaster area using
inedible part of *C-labeled plant

O/NE EM g B2 FEIE WREES dH AP CMURT L R RSERE 4 R
SFWFZeRE, 2 FLERERT MR AT E v & —, Al B KSR A Ay e s, E L
WF7eRT /N1 F~ A T E 70 75 2)

NMR AT+ IVIZHED S TR A Y B DAL2A 92 Rk 5l
Chemical diversity profiling for organic substances in deep-sea sediment
based on NMR spectra

OftE MY §a Km? Bk WE B BT EHEOBEES, Jul 1E° F5i
EELELY (CHALEEII AT BRI AT vy —, PR SRR R SR,
SUREEBATSEAE, BMLERIGERT N A A v ATERIE T 0 7T A, CAERFERERE A R
FERE)

% UK % i 7 0 — S @7 RS 2 Xe (2 & 2 WA AT Xe © NMRBLH

12%% e Nuclear Magnetic Resonance Spectroscopy of Xenon Adsorbed on Mesoporous
Materials under Continuous-flow Hyperpolarized Xenon Gas

OfRih  Mez', P8 R I wie krr R CESERUR AT BT LBzt
Fr, 2T LT T = 2 AR, R bR At)

MRI % Jw 72 BB R0 & 2 REROTEPEI L OB

Detection of responses to olfactory stimuli in olfactory bulbs using

magnetic resonance imaging

O¥4 B #%E a4 FHk E, 58 BRAL AE £EFD HE K, R
AT CREAR KRS A BRI, MRS RS A e b isesl, SRR
HLEERE ERATO)

BT AD 7 T F v ZRRIC X % R Xe MRI O &AL & s A

Application of Hyperpolarized *Xe MRI with the Sensitivity Improved by Quench Effect of
the Gas with High-boiling Point

OARM ks, Ay %5, Pl i, BT EORER, R bR LN AhE T, BRIE
el CRBUR SRR R 2RI FER)
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AR OV 7 A & O 72 53R E MRI

High-Resolution Magnetic Resonance Imaging Using a High T, Bulk

Superconducting Magnet

OFEH KHE"? B BE', W BA° P E2° MR mEt? (SRR ol
WVERMER SRR, PEALERZERT, PR A 4 4 SRR B ST SERT)

AL 1% 5 B 1B R A S W T R 36 18 D SRR
Feasibility study of an ultra low-field functional magnetic resonance imaging system

O =g, /b Rdr, BEC 3% (EIRTESERE: Jobm &-Hinis A FERT)

MR = B PR K H - ATP 45 B 35 subunit c-ring O A& 73 58 NMR 512 &
B i e E

Structure determination of H*-ATP synthase subunit ¢-ring reconstituted into

lipid bilayer by solid-state NMR

OFF FAM, % FHLO WH T #M A SA R FE OBA. B
HOE, B TS (KBRS BEVIBIRPN, *RBORSRE R BAEBFER, © o LK,
RO TR FRLEOIRIT, SRR B R

A¥ T a—MASEZHWZIRE RmEO(LY > 7 MRV EB:

CSA measurement of lipid bilayer by Spin-Echo MAS NMR

ORIl Mg—"2 AR &% b #eEt> ", AW @S (BRI IR EEE# ERATO,
PRBUR SR FLEATEZERE, CHAE - 2 b ) — A RMER ] A A AR SR

PR H G L7297 7 2 T ¥ ¥ ORER ARG & BB IS < HURTE O
Structure and affinity analysis of bovine lactoferrampin bound to neutral model membranes
as studied by solid state NMR and QCM

Oy B F2X54 Yx7hIv by AN HR OB O OHKBL I OHY
P CRRIEEDL RS RSB TR, PRt 7 v Ny o)

AR NMR #: % H 7= B N o i 1V pHtrIT Ok & BT

Solid-state NMR structural analysis of transmembrane halobacterial transducer pHtrII in
cellular environment

OmNl 3¢, il BAb? Lili Mao’, # 22»Y BB RRER, L EIE® #E
Bl (CRBORSY: BEEIFZET, PEIRFE R BEEERd, *=a— Yy — Y —ERE
FRE)

FEANMRIZBEIT S GFTNMR Z IS L7z % o8 7 B g R 7 5 N

fRNT 3% 7T 0 75 KA ORS

Development of GFT NMR based sequential assignment method and tools for proteins

in solid states

O @', il 73 we Bw' ‘IIJ%RE{ MR EEY, W B MR 8k
B2OWA R CdbiEE kR e Rk, T RBORS: &SRR
PCEAMASNMRIZE 27 +XRB KT Y Y DLFF—-5 V37 81

AHHAEH OIFHT

Retinal-Protein interaction in Phoborhodopsin as studied by C solid-state MAS NMR
O W I seik!, b &EE AW BBEES ZEE RS, i ERt, NE AT
(REIEEDNT RS RSB TEgeke, “MASepbRs:, P o BRS RS b B2 9eRt, sk
SRENE S TERE)
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FSEIUR EARANMRIC X 2 BENHISIRED N7 7 Fu F 7Y ot s

Jai ki & 22 L DR BT

Structural changes in the photo excited process in dark-adapted state of Bacteriorhodopsin as
studied by photoirradiation solid-state NMR

OHH 7;‘(%%:1 B SR, JEEE W IR WY dhE BB MM RS it
BES, NEE A CAREIEENL KRS KSR Tmigeke, 2 8pRs: f% WS RS RF b R
PREERFGEE)

In situ SCRUFEAANMRIC K 22 9 —RDUZ RS Y37 B Y —ua b7y o
OB e HE D AT

Analysis of photoreaction pathway of sensor type photoreceptor membrane protein by

in situ photo irradiation solid-state NMR

OfEY 1" ok K 55')1%*: At DUBH R BE R Nk et e
B A H”ﬁ‘zz, EME OMESS, ik A, IEE & CRGEESL R KR T
Bz, 2*$ﬁiﬂﬁ% ey 7(%7’(%&: BEHEE 2t S | 312 /N o N o e g S e d )

Silk IR FK A OFEE R AINT T - DARREN SO T 7T u—F

Elucidation of Silk II Structure of Bombyx mori Silk Fibroin: Use of DARR Method

OBT BT &% &' HA B2 §ia #s® CHsRss s b, PHnim
TR RS TMgeke, ° a5 T RHEFERT)

B BRI BC/ PN AL AL U 7248 AR W0 101 0 e s o0 e R I 5 38 & OV sl W SUA G 7 1) o o Al
Evaluation of metabolic dynamics in early stage growth using highly *C/*N labeled trees
OKf ST /My Zhi® fE FTsRE° s b2 CRRET SR RS b a7 v
AT ARHERFZERE, PHEE T O R E TERFERFIERE, CHALERF ST B R R e
2y —, CEALEWRIEET N A A~ AT 0 7T A, SRR RS A e R

BEARNMRIZ & % & ¥ 78 27 B OWESEINT 1T 72 PC- 3 pPERR A DR 78

Structural analysis of proteins by paramagnetic relaxation enhancement of "*C-NMR
in solid states

OARFE  #!, H&E Y I SeF? BE sk ws B ) ekl MR R
BELOGMER E—' R foEd WA 3 CAuipE RS ARk, PRBORY: B
WiZei, * e AT LS T mse > & —)

W GA® EAE T T TH-NMRAEANC X 2 K i Ml o gt

Living Escherichia coli cells as studied by 'H-NMR relaxation under Gd®* paramagnetism

O Chalermpon Khampa, 7LJII SC7, JAIE  RKkER, BEIE  flod CRBORS: &BEEWZERT)
E AN Y b= ORI L DR EAERINARLE U 72855 T B Bk o gt W

Amyloid-like fibrillization and the structure of human calcitonin
in the presence of acidic lipids

O®FE ', B i, B (1) ER% L (P 0220 ' JIlA Y, Ayyalusamy
Ramamoorthy®, M &' CHGERE N KSR RE TS0, 2IRER RS B35 - Rabe Ady
B geR, 03 O v R AR A AR

W 7CB—n-~7% Y &Wo *H NMR

Liquid crystal 7CB—#n-heptane mixture as studied by “H NMR

ORER HFp, KiE EARES, HH I, KE ol (SRR RSB HIREHAIZEER
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WA TE N F F R T DO REKNMR B & OB FAb2ARHIC X 5 e o ss fmaT
Higher-order structure analysis of banana-shaped liquid crystal studied
by solid-state NMR and quantum chemistry

Omtil]l 3!, AF Wi Pl BFEL R BT, ZF B | EAY #EL E
WP BT BLE' CERTRERSR AMSULHIZeR, P TR # T eE
SRR K T30

J& IR 2 TR B A TR U T 2 7V ORGSR M B OME & & SARE R
NMR I X 50158

The structures and gas diffusion properties of the magnetically oriented membranes of
liquid crystalline polyester forming the layered structures as studied by NMR methods

OWIB ok, #AK B (BB IERFEREE TEmeR)
A1) A —FF— DO Xe IUEFMEE “Xe NMRIZ X 2 5l 5 ok 3% O ff bt

12%Xe NMR analyses of Xe sorption properties and higher-ordered structure of polycarbonate
Ofald e, &K LW (BB LERSRER T4t

TN ENUAZE A HHATER ) 27 VAZBU B SRS e &

JR R BRI B4 5 NMREEC & B 0%

A study on the gas sorption properties and local molecular motions of the liquid crystalline
polyesters with alkyl side chains by NMR methods

O HEsh, #& AW (Bl R TR RF R TA7ER)

SR G L 72K PBLG ORESANT & S5 4
Structural Analysis and Gas transport Properties of Solid PBLG Prepared
in the Strong Magnetic Field

OfEAR H, Fk KW (iR LERFREE THmIeR)
B ISSYER Y < — KB D 7 MBI 5 kIt *H T,-T, NMRABEFMZE B OB

A study of the gelation behavior of thermo-responsive polymer using two-dimensional
’H T,-T, NMR relaxation

Oy T, K 72 B FE® Gregory S. Boutis®, #18 #FEB' (M GTE TR
KW TR, PZH% ik v §—, P=a—a—2HuKRFEI T4 AL v Y PE)
B e 2 MAS 5523758 "H 4K NMR % v 72— ORRE BB E 7 VR 7T K ORESERAT

Structural analysis of model peptide for the crystalline domain of silk fibroin studied with
high resolution "H solid state NMR by ultra fast MAS

OXM st xE ZRYF Rz, Wi wAd R B2 WA ARt (Cdint
BT kSRR T4, JEOLRESONANCE inc., *4>T-RF=WF5eiT)
T — ) CT—HHE M S 72 PET 7 1 0V & O R AR NMRAE 3& AT

Structural Analysis of uniaxial roll drawing poly (ethylene terephthalate) film by
Solid-State NMR

Ofl £z, MH —F Bl © B ELIY—FLr 5 —)

MAS THIEME L7220 ®C NMR 08 )5 1 & E B 1k
Anisotropic Properties of ®C NMR Spectra and Molecular Motion Change of
Rubbers Rolled by MAS

Odets  pesk, & #o& Bid w1= (Bl REBOs b iE IR

[ AH S T 5 M7z Quinhydrone O & 58
Structural study of Quinhydrone Synthesized by Solid-State Reaction.

OfrE  WF—BE, BPH 2, M Y3 USRS b B 7eRt)
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7 X HERFORST & ZBRALRFEO L

Reaction of polymers which have amino group and carbon dioxide

OmA ', Ak RE' Bl B, EAR = (RS THEMER, &Rk
FRFRE BREHEIIZERN

AR NMRIZ & 2 REFEM Oz L SR B O

Solid State NMR Analysis of Drying and Impregnation Processes of Woody Materials

OFH  f—"' Hb 1! =K EHAL &b A=2 9 3 CEEmfrea e &t
W7 a7 ¢ THEIEERM, CRERESAMRATIZEE I A 7 F 7= T ) 7 IVEFSEERFM)

F 5 URETERTF O TIO N 1IZB 1T 2 NMR M & AT

Structure of the Ti Binding Peptide on the Surface of TiO, Nano Particles Studied by NMR
OfmA &' = FK: a8 IS CREBTR¥ERER TH0F, AR, >4 18
FWEFERT)

Fifk4 >~ ¥ 2 NMRIZ & % In-doped ZnO O Jj i 35 AT

Local structural analysis of In-doped ZnO by solid-state indium NMR

OKXAME FEAREE,, JIF M, &F sl Hm . Ak W KE ol ST
EF? K 8 CERRFERERE BRFHETZER, "W - MR e

MR 58 0 72 3D D [ AR NMR 1% H -4

Solid-state NMR applications for material development

O Fr, WHE K, B wE KRR Rt B B N EE SR RBgr (kR
S ZE LR e o 7 —)

°Li/"Li A NMRIZ X 2 A / I S A HAEH O 5E

Interfacial interaction at electrode/electrolyte studied by °Li/"Li solidstate NMR

Oifk B!, wE B2 E FELED I AL NER =28 AR 0 (R
REREBE BEFZeR), 2 RURSE BB S AR, PR RSk N B 2E e}

in situ NMRIZ & % V) F7 5 A F ¥ FEEMPNT — LB ZR7 PV RITTRE -

In situ solid NMR study for real component lithium ion batteries

- Influence of the bulk susceptibility of cathode materials to NMR spectra -

®iE B, Oftx %El,, w FF—F ?ﬁ%%z, wH AT R #hizt CRL
KEFEREERE BRFHEGERE, 2 v~ SsEh bkl att, ° bR Rl B 22}

In situ NMR#ll %12 & % LiNi,;Mn, 0, B D 1) F 77 2 D ZF DI {52

In situ NMR measurements of the lithium extraction from LiNi,;Mn, ;0, cathode

OFH &' HE M, HBE E W AN AR =287 AR #00 (Eiks
AR, PR RS RS b N BB gE AL

“NaNMRIZ X 5F bV A4 F v BB RO

Analysis of negative electrode in sodium ion batteries using *Na NMR

O B g SR I ik® ml 2F° &N E° B B0 ma
=0 KRR 20 Ak Mt RE AT, R #hizt CRILKRF KSR BRI 7eR
PHUGCERRL AR e BRI e R, CWE - MORMIRZeRRRE,  mCRR R SR B B R

'HB X OH R NMRIZ & % EDLC AR 31 2 KR TR OMlFL N W5 2 Bh f e
Adsorption behaviors of aqueous electrolytes in pores of EDLC electrode analyzed by 'H and
’H solid-state NMR

& e, Ol £7' &= 20 RE O B° F BED2 CIUHIRE B R AL
AT, UMK EE TR, SRS RFEFEREETRY > 5 —)
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T VA I TV 7 AR OJR T & S F RS

Local Structure and Molecular Motions in Imidazolium Malonate Crystal

OF-EM ', il WL, KM ORI, FRH PR, K ok, JHIr E#E?
KR CERRFERE R BRFIIIZeR, WE - AR E RS

FIANMRIZ X %5 PVPA- £ I ¥V —VHEEKRDL I FIV—NVDFLFI TR E

70 b ARENE DT

Analysis of dynamics of imidazole and proton conductivity in PVPA

- imidazole aggregate by solid-state NMR

Oxlg %7y, il Wi, KAE wAREE, FHE R, KB ol (SRKFRFRE BAR
SFSEER)

G 2 ZALERIBICH CAD bz ANA, FL— |

Characterization of Artificial Gas Hydrate Confined to Molecular Nanoporous Crystal

OBE sk, @Rk b B —8, 68H ME, BT 3 CRTERRY: )

FIRNMRIZ & % 2V R—5 Z 21 % SBA-16 (ZHLY JA F 172 NaClK IR O IRREFFAT
Analysis of NaCl Aqueous Solution Confined to Mesoporous Silica SBA-16 by
Using Solid-state NMR

OF®H W', ke B! KE wARER, HE PE, K% ol FE % (08
IRKFRE R FARFHIEZeRE, 2 ML ERR RS BEEEET)

T 2 S AUER N TREILS N WA O 54 I 7 A

Dynamics of clathrate hydrate stabilized with nanoporous molecular crystal

Ok B! HE =K' MR KEE PR BT BH SME R BFES OKE
JolE?, HPT AR (AR BRI RN HAREFAITZER

BEARNMRIZ & 51 X MEALAROAL 274 385 i bT

Analysis of Chemical Structure in Cement Pastes Using Solid State NMR

OmtE ®/3', & HE° KE 85 O sEamkatt eimBaprsenr, T30
KB TFF5ER

2 ITCREAIFIE "H NMRIZ & % & X > MRt

Cement Materials Analysis by using Two — Dimensional Relaxation Correlation 'H NMR
O B &iF &7 mo /=" Aok Z° WK #° sl #-' 5 K2
K B CTERFRER THEMER, 28 HSE SRS Jeim B irgeir, *We - #
BT TEH )

WRHRMESEA L+ V2O EZ U ) A O 855 B AR NMR sl e

Sensitivity enhancement in *Si MAS NMR of porous silicate crystals by paramagnetic doping
OFfE !, JIF WY fEak B HHE OE? EH O FE, A S CREEE R
SRR LR, P77 A4 kT 3Iv s Ak y s —)

2SIV ANMRIZ X 57 4 5 — SN BUT %501 B PRl

- 'V A Bt SBR OERE S BLEAE O BT T -

The evaluation of the molecular mobility in the interface between fillers and
rubber by the pulsed NMR

Off £ A, BHE K#% b A% Akl BW® W #E° g 5 G sk
Aatt, LR 3 7L kR &)

% 8- NMR % 7z H A ORICRO Y€ & Z DIE

Dimensionality of 'H distribution in solids as studied by MQNMR

O b #hiE!, s 152 #H R4, A EHE (Ra RS RSk BEgeRl, 2t
bkt BRI 7ERT)
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'H DQ MAS % Hiwv 7z E3 S S rh it 7 1) — R o g it~ A NMR OB R ? ~
What is the lowest concentration of a minor free form component that can be detected by

"H DQ MAS experiments in pharmaceutical solids?

O 54", Dinuluga®, Steven P. Brown® (45— = JttkaX &tk AT sE MR ZERT, 27 + — 1) v
7 K WELEEED)

MAS T8} 2 ZEZ N REEZ T A v 7Y ¥ 7 Okt
Analysis of double-nutation heteronuclear dipolar decoupling under MAS
Ol A, ®HE  ff7, WIE S0 GRS RSB B R ED

Easy tuning of high-resolution '"H NMR measurements

O Michal Malon®, Ivan Hung? Zhehong Gan® and Yusuke Nishiyama' (* JEOL RESONANCE
Inc., National High Magnetic Field Laboratory)

Al > 72 [ & NMR O P 3 AL L o B %
General Method for Sensitivity Enhancement of Solid-State NMR Using Laser Induced
Paramagnetic Species

OMA B, KrisFrost, 5 AR, BRE Bud ORBORY: &EEZERT)
MAS T DR CP# + B & 2RRb D Rk

Novel cross-polarization scheme under magic-angle spinning that can overcome

the degrading effect by anisotropies

OfE #z' M1 % BH R, ®E A7, WE 0 (st RER: 3
SRFZeRE, CWE - MRS (BRI RN REE S AT ])

FIgNIV =7 PG & R B AR RED RIR OV 2 OBUE I B RHE

Numerical design method of selective averaging pulses based on averaging Hamiltonian
theory and optimal control theory

ORl &' HE &2 sk 3wl BeE CRBORFERFERE EETEMZER, 2HA
F R e v 4 —)
In-situ = 4 7 QPG NMRIZ X 23805551 O I P Bk & o 8Ll

Observation on non-equilibrium local heating state of liquid crystal molecule by
in-situ microwave irradiation NMR spectroscopy

Ol f1E" M R s Y, g & OBREEN RS RS b L, *7u—7
T5)

ERIERARZ H 788 2L VoL vy F 7

Susceptibility matching of an RF coil wound with paramagnetic-liquid-filled copper pipe
Ol xR, g S0, RE FAT GUESRS RS BE BL=misesh)

X35 % O T AR AR A O R AT

Analysis of nuclear magnetic phase transition using mean field approximation

OF A", JeB  ZHd' Rk F%' Jul B2 dui st CRBORF RS b 2Ea T4
WFgeRt, A T3 R LA

KA ¥ HE 2 727 IR 2

Quantum Non-Demolition Measurement with Nuclear Spin Amplification

Otk @', oA —M° W ORAS, &I RME &E L A B CRBORE
KAERE HEBET2AWZeRE, P BMLSIR ST RIS e X > & —, P RBORERAERE HAERR SR
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NQR W7 ¥ 7 F PRI 5 i B8 B AR O
The effect of near conductor on NQR planar antenna
ORM Hi—, RS ek, RlE FHk ORI RSB B0 LAReRt)

%y RO BINREE I RIS L7227 54 4 34 )V MAS DI LT

Development of a single-tuned Cryocoil MAS probe suitable for low-gamma nuclei

Ok¥r #%', FH 75, #ER #HE® HE EyE® (Fkalsstt JEOL RESONANCE, *#kat
St T4 4T 27, PHERS RS A ge R

Xy ¥ A a4 VoM RE K O EHMEON kL

Improvement of performance and reproducibility of X, shim coil

Ok iR, KE BC W EE (RS BAaEpses, 244k JEOL
RESONANCE)

WY & — ERGOZZ MY —Eorm 1

Paramagnetic shim -Improvement in homogeneity of variable magnetic field

O—% mEH, RH F7, T B8 GRS RERE B 7eR)

JERBE R BRI ISR & %78 R E 51773 AT 53135 B 1€ 2 0 B 7

Development of a measurement methodology of molecular dynamics for z-conjugated
polymer electronics devices by a variable frequency magnetic resonance instrument

Ol Bife, &I B FERRARTE BT

V7 b= T EEBSILE RO T
Development of software defined magnetic resonance spectrometer

Ofeflr B, —A&F 8HE MR 3% bl Bl ORBOKSRZ b R T2 7e k)
T2HEB L °COSY 128 5 ANTRIEE SV 204 T

Usefulness of Concatenated Compostite Pulses in T2 Measurement and COSY Experiment
O fsk!, Wil B i S, P Bt EE B SRRk AT
iﬁﬁ)ﬂ’%ﬂ, PR bR B, CITEKS: BTAAES, CTRMEMISE RS TV AT Ak Y
y —_—
MAALIZIT TY = 2 —7 Vv &7z BioMagResBank
Web-service renewal of BioMagResBank for integration of databases

O/Mik T2, it Bk, Al R, &5 Ha, RBIE BRER, R #uE CRBORS
S EWZEAT)

[ #fi4% REDOR NMR : 0 B 55 F 8
Theoretical study for Homonuclear REDOR NMR experiments
OT%E;K Beln! ZE ORA? CELAEE RS BB T eR, *EA0EE RS kit v
y —

NMR 8 12 VAR 38 P32 D 72 8 O Bk 38 i # AL ik o B %8
Development of a new refinement method for NMR protein structure determination

OBl BHICN', e gkit' =B IEM' fHE B Peter Gintert"” (" EHRFH TR
22kt L 2ARFe Rl *Goethe-University Frankfurt)

Nuclear chemical shielding of quest molecules in sI crystal of gas hydrates
O —5' JFmH S &K B° W s (AR RS RAETIZeikmg, &R
RERE FIRBFAIIZERE, U R RS B2AEE)



$£—HH
11128 (V)
HAEtEvay
HELYYIY

Day 1 (Nov. 12, Tue)

(Japanese Session)
(English Session)




L1 ZEEFHIO T4 VTEFRWNY FOLEMESHH
DAL
OFF EEFn!, fie BAHE, 1EAREN?, I ES, WAl
NAER, /MR
YRR« PEEARER A RUR - P RUK - ABR

Application of Multi-Quantum Counting NMR for Positive Electrode
Materials of Lithium Ion Battery

OMiwa Murakami', Yuuki Mogami?, Syunsuke Shimizu?, Kiyonori Takegoshi’, Hajime
Arai', Yoshiharu Uchimoto®, and Zempachi Ogumi'

'Office of Society-Academia Collaboration for Innovation, Kyoto University, Uji, Japan.
Graduate School of Science, Kyoto University, Kyoto, Japan.

Graduate School of Human and Environmental Studies, Kyoto University, Kyoto, Japan.

To examine lithium ion insertion and extraction processes in a LiCoQO; electrode during
charge-discharge cycles, the so-called MQ spin counting experiment is applied to 'Li and the
obtained results are simulated using a newly developed statistical approach based on the
percolation theory. The observed MQ dynamics in a pristine LiCoO, sample is consistent with
that calculated using a triangular lattice model, while those in samples after charge/discharge
are not. Further examination will be presented on site.

(2] ZEAFMQI VT 4 v ZIIMMA M AESER LT D A B> D43Af & fif i+
HFEEL LT, ESESY a s hoKBEOHELEEICHWLN TS, FifF, & I
DITIRFBELGRICE SNV L A B U OMQOD RFHF B O FHIENTIE 2R L. 1
XV EURF O 2 e DL & X0 SNSRI D 2 L AN ATRRIC R o 72, ARHF
BT, ZOHEEZYF T LA ﬂ‘/ﬁﬂﬁ@fﬁ’ﬁﬁﬂf&b'fZ)LiCoOzKiEFﬁ L. FelEi
BT DU F 7 L0 A « BBEC X 5 LiCoO, T DLis A D ZEAY Z fifthT L=,

[F2BR] LiCoOy( H #ifk52). 7k F L7 T v~ PVDFZ80:10:10TIRA L. AIJBEICE:

i L CEBMRE L, fALidE, BRI L LICIOAEHK (EC:DEC=1:1) & L CF Aﬁtw
AR L7z, M VIIETE ORI CRBGERMAR L, IEMmERS A EI L TEE S L
7=, pristin & L CIXLICoO, ¥y K% % D £ £ JI7E L 7=, 'Li NMRHFEIZIZIEOL B
ECA600(14 T, "Lio>F:IE & $13233.24 MHz) % F 7=,
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NV AW 7)) VI S 11T SV B R DI E ' Pristine FrE KR 1 cyclet®
m P2 B LR TEEFIE—L Y m9
AL BT HBIS N, 2 BT L 4 T L
B OB L I(4)/1Q2) DI W Ttk
THARB, ZAICH LT B N

(LipsC00,) DOFEFTIZ, m L TH
2 BfFETLOBISN 2o Te, ZofE m=3
RITV F U LNRT E721L 3 BIRKTIEET L —
Bl EAMT AN, COLd AT 2 ¢ 0w EiETor 3780
Li0,5C002 @%ﬂﬁittil!ifi % fcib\o LiQsCOOz
TIE 4DV SN ET D70, HREHE
MEERICELY, 4 BT EO MQ 2k —
VUAMBELTLE I OTIERWNEEZ X TN D, FhEMEREO MQ JIEIZ DUV T
IS ORI ENEBZ 6, BIERFHFTH S,

WIZ, AHBIC °Li &R, ERE L LT °LICIOs 2 L CRKEE 1 31 2 1 fT-
R EHZ W TR L7z, 2F 0 £EBICX Y 'Li BB L, ZO%OKEICL Y EIC
SLi RN SN BTH D, Z 0B °Li: Li 1% 57 : 43 Th - 7=, Fig.l1 ODAEMIC
MQ HIE DR Z kT, B S 2T pristine (2T MQ OAERMNEL 2o TNDHZ &
BN D, ZHUSIE, TLi AL T U F ACHERENTZ L0 ) BT, BERICIT
UFTLAF 01 RTHICESI L TEY
BRI ORI °Li RS 7-ET LA 081
ENEZbD, £I T, REHRmIIED
Wiz MQ DRFEIZERATIEZ VT I D
DET IO Z2E 2T,

pristine #EFD MQ HIEFRERD 2 &F & 4
B O HI@)IQ2) % —IRT = fatkFET v
TyIalb—var LEfR%E Fig2lomd,
EBFERLEB—HLTWD, ¥YIa2b— g0l
v VTN T A —20% T [ 0 U
THEAEAEAICBEE L7 DQ Bk (po) 72
FTThD, BIEXZD ppEHWT1H A4~ Fig2 Experimental m-dependence of
JVAREEO FEERFE R (Fig.2 o) IZxf LT, £ 1(4)/I(2) (pristine: filled circle; 1 cycled:
W7 X9 ST LI OWTCHiET A open circle) plotted against the calculated

Fig.1 MQ counting spectra of the three
samples for m=3,6, and 9.
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Number of DQ cycles (m)

1ToTCW5, one for the triangular lattice model (line)
for pristine LiCoO,.
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Diffusion NMR and solid-state NMR study on fast ion conducting
coordination polymers

OMunehiro Inukai', Yusuke Kamitsubo?®, Satoshi Horike>*, Tomohiro Fukushima?®, Susumu
Kitagawa'”

iCeMS, Kyoto University, Graduate School of Engineering, Kyoto University,
*JST-PRESTO

Proton conductive coordination polymers have potential to serve as a versatile platform for a
new class of proton conductors because of their tunability, diversity, and thermal stability. In
this presentation, we show two types of proton conducting coordination polymers operating
25 °C under relative humidity 40% and 190 °C without humidity. Single crystal X-ray,
diffusion NMR and solid-state NMR study elucidated the effective proton transporting
pathway and the mechanism.
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BN A B A A & BN DR SN A RS EDE S TH Y . A
W) & BRI O T ORFEE R OB T- e ERECH D, T, T OEENE « AL Z2TE
ML= v N ARSEMERNLE D T ER SNTWD, AR ClE, 7440728 D
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CaCl,, Squaric acid (H,C,0,) ZWEfE - BEfE T L U 7 L OFRERHK T TG S,
[Ca(C,0,) (H,0)]21.5H,0 (1) (Fig. la) &K L7z, 1&LiClEERIZBWTHEAMET
BELKLSESHZ & T, LiClEZMFALNICE A S 7= [Ca(C,0,) (H,0),(C1), ] (Li),;

(1’ ) #A&pEcL7= (Fig. 1b) ., Pulse Gradient Spin Echo (PGSE) =% HWT, 'H,
LiDIEEAREDORNE Z ATV, A A DIEE) & A A L AEEB O RE 21T - 72,
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OVBRINTRDA, 1EVITSE L, nHDIEFEP I T, SDRERENE, Eib
Tt



25 C « FHXHEEE 40%23 W\ T, 15
WY 1SR 10758 O _EH NI
S, 102 S em' 2R HA A s
WMEEZR LTz, JEBONMRIZED , H
& LilEmWEEER S (H: 6. 1107
m’/s, Li: 4.9X10"° m¥/s)ZH/ LT
BY, HILNTEEIZBEL TS Z
EMHBMNITIR o T, L E DOHLHL Nt
PEWA A UBEREZ ISR I LT reed

SN ec e
WA EEZ NS, 170 Yy e° 17 @11
. . S N @ QG W N
@ d
[ 2 MY TF- 0N £ SR :
BT OEET T ML b it C“RK% d
] %1_ - 5-1- ]
Be(LAES. 5, 6- 0 AF LU A3 5 7 \\\\‘
5 (Hdubim) . Y L% IR
FTOEMARKRT A LT, LkT o W0 pEy f et

bism? [x10°%

& Hydmbim™ T A% B & 1L 5
[Zn (H2p04) ) (HP04)] . (szmbim) ) (2) Fig. 1 Crystal structure of (a) 1 and (b) 1°. (¢) 'H and
%1572, Hydmbim' |Zn-n A ¥ v ¥ 7 (d) "Li spin-echo attenuation in PFG NMR spectra of 1°
LCEY., —RICHEOMICEDIAE  at25°C and relative humidity 40%.
nTns,

2% 7 Ui Hdmbin' 13— % ot 84
Ikt L CE R oKREREEZHLT
BY ., 190 CE CThlsntiE 2 rEr
SNDEWINEWEZ R Lo, 280t
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Mri7z, ZOREE, Hdmbim | Z—¥K
JCEH Al £ DORFN A L TR D |
B L7 — R oI e L Fig. 2 (a) Proton hopping pathway in the crystal
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Solid-state NMR Spectra of Pseudo GPI-anchored Protein in membranes
under Magic Angle Spinning

(OKaoru Nomura, Erisa Harada, Kenji Sugase, and Keiko Shimamoto

Bioorganic Research Institute, Suntory Foundation for Life Sciences, Osaka, Japan.

We designed a new type of pseudo-GPI-anchored protein in which the protein part was
expressed in E. coli and attached to a chemically synthesized GPI anchor mimic. So far, such
a NMR measurement has not been accomplished because supplying sufficient amount of
stable isotope labels in overexpression is difficult for GPI-anchored protein which required
complex posttranslational modification. Using two different types of membranes, liposomes
and bicelles, we demonstrated two types of insertion procedures for GPI-anchored protein
into membranes. The high resolution solid-state NMR spectra for these samples demonstrated
the feasibility of this methodology to examine the roles of GPI-anchor in regulating diverse
biological phenomena.
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reconstitution of the anchored-protein
into liposomes (a) and bicelles (b).
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pH dependence of Tautomerism Equilibria and Proton Conductivity of
Various Cyclo-imidophosphate Anions by 5N NMR.
oHideshi Maki, Daisuke Kataoka, and Minoru Mizuhata
Graduate School of Engineering, Kobe University, Hyogo, Japan

Tautomerism equilibria of various cyclo-imidophosphate anions, involving P-NH-P linkages have
been studied by "N NMR. The pH profile of the 'H-coupled "N NMR spectra of both anions give
most straight forward evidence of the drastic change of the activity of the tautomerisms in these cyclic
anions as well. The localization to the imino nitrogen atom of the hydrogen atom remarkably depends

on the pH. The H" form of tetramer showed a comparatively high proton conductivity.
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A Solid-state '’O NMR Study of Molecular Dynamics for Water in Organic
Compounds

OKazuhiko Yamada', Shinji Yamada®, Nodoka Sako?, Kenzo Deguchi3, Tadashi Shimizu®
and Junji Watanabe'

"Tokyo Institute of Technology, Tokyo, Japan.

?Ochanomizu University, Tokyo, Japan.

SNational Institute for Materials Science, Ibaraki, Japan.

We present experimental and theoretical investigations of molecular dynamics for water
molecules in 4-nitrostyrylpyridinium chloride and bromide hydrates, as determined by
solid-state 'O NMR.
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Fig.3 Stationary '’O NMR spectra of
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Quick measurement of 1H solid-state NMR at very fast MAS

Yue Qi Ye l, Michal Malon 1, Charlotte Martineau 2, Francis Taulelle 2, OYusuke
Nishiyama '

!JEOL RESONANCE Inc., Japan

? University of Versailles, France

A novel method to realize rapid repetition in 'H NMR at very fast MAS is shown.
The very fast MAS at 110 kHz slows the 'H-'H spin diffusion, leading to variation of 'H 7}
relaxation time 'H atom to atom. However, this different relaxation behavior for each 'H
nucleus is averaged out by applying 'H-'H recoupling during relaxation delay even at very
fast MAS, reducing the optimal relaxation delay to maximize the signal to noise ratio. The
way to find optimal relaxation delay for arbitrary relaxation curve is shown. The reduction of
optimal relaxation delay by RFDR was demonstrated on glycine and ethenzamide with one
and multi-dimensional NMR measurements.

1. Background

The popular perception’ is no longer valid at very fast MAS of 110 kHz” that all the
'H nuclei shear the same 7} relaxation time in solid samples. The 'H T} relaxation time at very
fast MAS is no longer dominated by "H-'"H spin diffusion, but determined by intrinsic 7}
relaxation time of each 'H nucleus. Thus some molecules show huge variation of Hr 1
relaxation time among the 'H nuclei in the same molecule, reflecting the variation of intrinsic
'H T} relaxation time. Some 'H nuclei show very long T}, requiring very long repetition delay
mp. This is especially problematic in 2D experiments, where numerous number of scan is
required for the time-increment in the indirect dimensions. While the origin of this difficulty
is partial suppression of 'H-'H dipolar interactions by very fast MAS, the 'H-'H interaction
can actually be reintroduced by rotor-synchronous rf irradiations.

2. Basic principle
We have applied radio-frequency driven recoupling (RFDR) during zzp to pump the
'"H magnetization to 'H of long 7T; out of 'H of short 7 (Figure 1)3. In the current experiments

Very fast MAS, 'H 7, relaxation, solid-state NMR
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we apply RFDR before all the 'H reach full recovery. After relatively short delay, a part of 'H
nuclei is polarized again while the others are still close to saturated. RFDR reintroduces
'H-'H spin diffusion and thus averages the magnetization, transferring those magnetizations
from short 7} nuclei to long 7; nuclei. After repeating this procedure several times, all the
nuclei are polarized within the period shorter than longest 7} relaxation time.

K m times \ Figurel.
p A \ Pulse schemes used in the

equally spaced m RFDR trains

b can be applied during zmp. In
i the current experiments, m = 3
previous >
scan Tap/ (m+1) were used and each RFDR
N )

general  experiments.  The

RFDR RFDR
FDRon / off consists of 96 1 pulses.

A

>

3. Optimal relaxation delay
The SNR per unit time 7 can be written by

SNR oc 72825 Jran (1)

where S(7rp) is the signal intensity after mp from the previous scan, i.e. just before the
succeeding scan. This equation is valid for any S(zrp) functions, which can be easily obtained
from saturation recovery measurements. The SNR per unit time can be calculated by applying

the window function of /7, , thus we can easily obtain the optimal repetition time and

maximal SNR per unit time. This approach can be applied regardless of RFDR irradiation
during the =rp delay.

4. experiment

All the NMR measurements were performed on JNM-ECA600 (JEOL
RESONANCE Inc.) at a static magnetic field of 14.1T. The standard double resonance probes
equipped with 0.75 mm MAS or 1 mm MAS stators (JEOL RESONANCE) were used. 96 ©t
pulses were applied for each RFDR train, so that the total length of the RFDR train is 1.37 ms
at 70 kHz MAS. The "H SQ/SQ homonuclear correlation (HOMCOR) spectra were obtained
by conventional three 7/2 pulse experiments, and 'H DQ/SQ HORMOR were by using
BABA-xyl16 pulses. The 'H/"°C heteronuclear correlation (HETCOR) and *C CPMAS were
observed by RAMP-CP.

5. Results and discussion

Figure 2 shows the 'H 7} relaxation time of glycine at various spinning frequencies
up to 110 kHz MAS. The 'H 7 relaxation time of each peak start to separate each other at
faster MAS; the 'H T} relaxation time is ranging from 0.23 s to 1.75 s differing 7.6 times at
110 kHz MAS. Circles and triangles in Figure 3(a) show the 'H saturation recovery curve of
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CH,; protons of glycine at 100 kHz MAS
with and without RFDR during zp,

/' respectively. The recovery curve at the
o

intermediate p is definitely different
between with and without RFDR. RFDR
enhances the growth of 'H magnetization
in the CH, moiety by transferring the
magnetization from 'H in the NH;™ moiety.
It seems the difference between with and
without RFDR is rather small, but SNR per
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Figure 2. 'H T relaxation time of
glycine at various spinning
frequencies from 20 kHz to 110
kHz MAS at 14.1 T.
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unit time is greatly affected by RFDR.
Figure 3(b) shows the SNR per unit time
with applying /7, window function to
Figure 3(a). The improvement of RFDR in CH,
protons is clearly seen in Figure 3 (c); RFDR
shortens the optimal zzp from 1.80 s to 0.60 s,
enabling rapid scans. Note that the optimal mwp
of 0.60 s is much shorter than 7 of 1.45 s. Even
with this quick repetition, the maximal SNR with
RFDR at zzp of 0.60 s shows 30% improvement
than the maximal SNR without RFDR at zp of
1.8s.

Figure 3. (a) the signal intensities of S(TRD) of

glycine CH; protons at 100 kHz MAS measured by
saturation recovery experiments with (triangles)
and without (circles) RFDR irradiation during mp.

(b) SNR per unit time obtained by applying /7,

window function to (a).

The current method is demonstrated on a pharmaceutical molecule of ethanzamide,
which is widely used as a common analgesic and anti-inflammatory drug. Figure 4 shows the
reduction of optimal zzp by RFDR train. The optimal repetition times with and without RFDR
for each 'H are determined by saturation recovery curve with the /z,, window function.
The optimal zzp is ranging from 3.5 s to 120 s if no RFDR is applied, requiring a zzp of 120 s.
On the other hand, RFDR greatly reduces the variation which is 8 s to 25 s; 'H nuclei with
very long 7 shows significant decrease of optimal 7,,, with RFDR irradiations and the
others are rather lengthened. The results clearly show that the averaging of "H magnetization
by RFDR realizes the quick and efficient repetition by quick polarization of 'H nuclei with

long 7 relaxation time.
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Figure 4. Optimal zzp to maximize SNR per
unit measurement time for ethenzamide at
70 kHz MAS. The data were collected 1 mm
MAS probe at 14.1 T with (triangle) and
without (circle) RFDR.

The effectiveness of RFDR
irradiation 18 demonstrated n
multi-dimensional experiments. Figure 5

shows 'H-"H DQ-SQ and SQ-SQ HOMCOR
experiments,  and 'H-"C  HETCOR
experiments of ethenzamide at 70 kHz MAS
with and without RFDR. We need wp of 25
s and 120 s to avoid signal suppression with
and without RFDR, respectively. However,
we have applied a repetition delay of 12 s for
all  the total
measurement time reasonable. As clearly

experiments to make
shown in the spectra the signals around 8
ppm is partly suppressed due to too quick
repetition if no RFDR is applied. On the other
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Figure 6.The comparison of 2D spectra without (a, c, €) and with (b, d, f) RFDR irradiation
(m = 3) during p. (a, b) 'H DQ/SQ HOMCOR, (c, d) "H SQ/SQ HOMCOR, and (e, f)
'H-">C HETCOR spectra of ethenzamide at 70 kHz MAS. Each pair of spectra is plotted in

the same contour level.
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L7 The Paramagnetic Effects of Iron Ion in Nitrogen-Doped Carbon
ORR Active Electrochemical Catalysts
oShigeki Kuroki', and Hideyuki Hara®
"Department of Organic and Polymeric Materials, Tokyo Institute of
Technology, Tokyo, Japan.
’Bruker Biospin Japan, Kanagawa, Japan.

Iron-containing and iron-free '°N labeled polyanilines (PANI) are prepared as a precursor of
N-doped carbon electrochemical oxygen reduction catalysts in polymer electrolyte fuel cells
(PEFCs). The oxygen reduction reaction (ORR) activity of iron-containing PANI is much
higher than that of iron-free PANI. The ESR spectra show that iron-containing PANI contains
Fe" high spin state ions and also "°N solid-state NMR spectra shows the large paramagnetic
shift of nitrogen which is the evidence of the Fe-N coordination existence.

INTRODUCTION: After Jasinski' first reported that transition metal porphyrins and
phthalocyanines display electrocatalytic activity towards ORR, it has been found that active
ORR catalysts can be synthesized by pyrolyzing a wide variety of transition metal, carbon and
nitrogen-containing precursors at high temperature.” However, there is much disagreement
in the literature regarding the nature of the active sites for ORR.  Some researchers have
proposed that the Fe-N4/Fe-N; center bound to the carbon support is catalytically active, and
that the central Fe plays a crucial role in ORR. Others have proposed that the transition
metal (e.g., Fe or Co) may not itself be part of the active site, but rather serves to catalyze the
formation of active sites. In this work, iron-free and iron-containing >N labeled polyaniline
(PANI) is prepared as other kind of precursor of N-doped carbon catalysts and is pyrolyzed at
several different conditions. The ORR activity of these samples is evaluated and the
solid-state(SS) "N NMR and ESR spectra of these samples are measured. Finally, we discuss
the relationship between the ORR catalytic activity and nitrogen species in N-doped carbon
catalysts.
EXPERIMENTAL: '"N-labeled PANI was obtained by the polymerization of '“N-labeled
aniline. The ""N-PANI was dispersed in FeCls aqueous solution (PANIFe). The obtained PANI
and PANIFe were pyrolyzed under a flow of N, gas for 1 hour at 800°C (PANIFe800,
PANI800). PANIFe800 was stirred in conc. HCI for 2 hr and then filtered (PANIFe800aw).
PANIFe800aw was repyrolyzed under a flow of N, gas for 1 hour at 800°C and washed in
conc. HCl (PANIFe800aw800aw). Further, PANIFe800aw800aw was repyrolyzed under a
flow of NH3/N, gas for lhour at 700, 800 and 900 °C and washed in conc. HCI
(PANIFe800aw800aw700NHsaw, PANIFe800aw800aw800NHsaw and PANIFe800aw800aw
900NH;aw).

The catalytic activity of the samples was tested by liner sweep voltammetry (LSV, 1 mV
sec!) with a rotating disk electrode (RDE).

Paramagnetic NMR shift, Fe-nitrogen doped carbon, Oxygen reduction
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ESR measurements were carried out on a
Bruker Biospin EMX EPR spectrometer at
F'ANIFaDDUaNBDDawBDONHJaw

100 K in X-frequency band. SS "N \fw

NMR measurements were carried out on a  PANFee00w8o0swa0oNH su 212

Bruker Biospin Avance DSX-300 NMR . @ @ i o

spectrometer at 7.05 T. The observed

frequency of "N was 30.42 MHz. The P W

7/2 pulse width was 3.0 ps for both N pauresoom /l/\v_‘

and 'H. The MAS speed was set to 14 . Froe radcs n camboT001 .

kHz. >N chemical shifts were calibrated . " HD * *
indirectly through external glycine-""N (&

= 11.59 ppm; line width = 17 Hz ) relative Fig.l The ESR spectra of PANIFe ORR

to saturated "NH4NO; ( 8= 0 ppm ) catalysts at 100 K.
solution in H,O.

RESULTS AND  DISCUSSION:  The paresooan WW

electrocatalytic activity for ORR of the PANI EavEtme At MW
and PANIFe samples was tested by RDE ’

voltammetry. The iron-free PANI samples soomioouies m/\w
show quite poor catalytic activity for ORR, PatFeom ,
whilst the iron-containing PANIFe show better pamreeoon

catalytic activity compared with iron-free mo w0 w0 ‘
PANI. After the NH3/N, heat treatment, the R chemes st o
ORR activity of PANIFe improve more Fig.2 The SS '*N NMR spectra of PANIFe

higher. ORR catalysts.
Fig. 1 shows ESR spectra of PANIFe

catalysts. The signal at g = 4.26 is assigned to Fe’" high spin state in low symmetric
six-coordinate iron complex. Also some different signals appear at g = 2.62, 2.26, 2.12, 2.00

%

and 1.67 which will be assigned to the different type Fe*" in coordinate iron complex.  Fig.

2 shows SS "N NMR spectra of PANIFe catalysts. The peak at 145 and 255 ppm are

assigned to graphitic and pyridinic nitrogens, respectively from our previous work.”  Further,

the broaden peak at 1350 ppm is observed. This large chemical shift come from the

paramagnetic effects (fermi contact shift) from iron ion. This is the evidence of the Fe-N

coordination existence.
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Structural analysis of condensation polymers using NMR

OHironori Matsuda', Koto Suganumal, Tetuo Asakura®’

! Material Analysis Research Laboratories, Teijin Ltd., Tokyo, Japan.

? Department of Biotechnology, Graduate School of Engineering, Tokyo University of
Agriculture and Technology, Tokyo, Japan.

3 Institute for Molecular Science, Aichi, Japan.

In the condensation copolymers, the sequence analyses have been almost limited to the
short-range level. One of the reasons is that the large repeating monomer units in the chain
limit the NMR peak splitting. So, the development of the analytical technique for the more
detailed microstructures of the condensation polymers is necessary. In this experiment, the
sequence analyses of some terephthalic copolyesters and fully aromatic copolyamides were
performed using uncommon solvents by 'H or *C NMR.
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Application of solid-state NMR to steel industry
(OKoji Kanehashi

Advanced Technology Research Laboratories, Nippon Steel & Sumitomo Metal Corporation

We have applied NMR (especially solid-state NMR) to structural analysis of a variety of
industrial materials, e.g. coal and slag. Since these materials often are structurally complex, poorly
crystalline and insoluble in any solvents, multinuclear solid-state NMR is a powerful tool for
analysis of chemical structure and dynamics. Some examples of NMR application in our company

are shown in the presentation.
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Chemistry and Application of Porous Soft Materials

OSusumu Kitagawal, Munehiro Inukai', and Satoshi Horike*?

!Institute for Integrated Cell-Material Sciences (iCeMS), Kyoto University, Kyoto, Japan.
’Department of Synthetic Chemistry and Biological Chemistry Kyoto University, Kyoto,
Japan. *PREST, Japan Science and Technology Agency

Coordination framework materials with microporosity, namely porous coordination polymers (PCPs)
or metal-organic frameworks (MOFs), are promising candidates for use as molecular-based materials
for gas-storage, separation, ion-transport, sensing and catalysis. This is because of the designability of
the framework topology, the pore size, and the pore surface functionality as a means to tune their
porous functions. We have discovered soft PCP crystals and developed their unique functions using
NMR and X-ray crystallography.
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Development of NMR Spectroscopy for Mass-selected Molecular Ions
OKiyokazu Fuke
Graduate School of Science, Kobe University, Kobe, Japan.

NMR technique is a powerful tool to study the physical and chemical properties of
materials in wide area. However, this technique is limited for the materials in condensed
phase. Although this technique is also highly expected to use for mass selected gas-phase ions
in both fundamental and applied sciences, the method to extend to the gas-phase ions is not
reported yet. In this presentation, we introduce a new principle of the detection of NMR for
the gas phase ions based on a “magnetic resonance acceleration” technique and an apparatus,
which we are developing. We also present the experimental techniques and the results on the
formation and manipulate of cold ion packets in a strong magnetic field, which are the key
techniques to detect the NMR based on the present principle of measurement.
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NMR approaches for elucidating the functional roles of glycans

OKoichi Kato">**

! Okazaki Institute for Integrative Bioscience and Institute for Molecular Science, National
Institutes of Natural Sciences, Okazaki, Aichi, Japan.

Graduate School of Pharmaceutical Sciences, Nagoya City University, Nagoya, Japan.
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The sugar chains displayed on proteins and lipids play pivotal roles in various molecular
recognition events on cell surfaces and in intracellular environments. The intermolecular
interaction systems involving the carbohydrate moieties could be potential therapeutic targets
for various diseases. However, structural analyses of glycoconjugates remain challenging
because of flexible properties of the sugar chains. In view of this situation, we have been
developing NMR methodology in conjunction with other biophysical techniques for
characterizing dynamic conformations and interactions of glycoconjugates.

In this presentation, I present new carbohydrate NMR techniques exploiting the effects of
introduced paramagnetic probes and stable isotopes to target glycans. Our NMR approach is
also presented for characterization of glycolipid clusters as unique platforms for interactions
of amyloidogenic proteins associated with neurodegenerative disorders.
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Development and application of the methodology to investigate wood
biomass by solution NMR

Hideyasu Okamura' 2, Hiroshi Nishimura®?, Yoshinori Imamura®, Yu Kozawa', Noritsugu
Terashima4, Yasuyuki Matsushita4, Kazuhiko F ukushima4, Takashi Watanabe3’2, and
OMasato Katahira'
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‘Graduate School of Bioagricultural Science, Nagoya University, Nagoya, Japan.

Wood biomass is a promising alternative of oil to obtain energy and various chemical
products. Identification of precise chemical structures of its components and monitoring of
conversion of the components during its degradation at atomic resolution have not been
achieved so far. Solution NMR has a potential to answer these demands. Here, we have
developed the methodology to investigate wood biomass by solution NMR. The methodology
involves optimized sample preparation, application of TROSY, new quantification methods
that are not skewed by variation of either 'Jcy or T, values of each component, development
of C-labeling and its application, and real-time monitoring of biodegradation of wood
biomass in an NMR tube. Development of these elementary techniques made it possible to
identify and monitor the conversion of components of wood biomass at atomic resolution.
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Ligand-driven conformational changes of MurD characterized by

paramagnetic NMR

Tomohide Saio', Kenji Ogura', Hiroto Yamaguchi®, Hideki Tsujishita®, Fuyuhiko Inagaki'*
'Faculty of Advanced Life Science, Hokkaido University, 060-8638 Sapporo, Japan and
“Shionogi Innovation Center for Drug Discovery, Shionogi & Co., Ltd, 001-0021, Sapporo,
Japan

MurD is one of the ATP-driven Mur ligases that catalyze the synthesis of the
UDP-MurNAc-pentapeptide for the formation of a peptidoglycan layer of bacterial cell wall.
Given the indispensability of the rigid cell wall for bacteria to survive, MurD is a potential
target for anti-bacterial drugs. MurD catalyzes the formation of a peptide bond between the
carboxyl group of the UDP-N-acetylmuramoyl-L-alanine (UMA) and the amino group of the
D-glutamic acid. Though several crystal structures of MurD in the presence and absence of its
substrates have been reported, the detailed molecular mechanism is still unclear. Especially,
dynamic structural transition coupled with enzymatic process needs to be unveiled.

Here we report Nuclear Magnetic Resonance (NMR)-based approach to investigate the
dynamic structural changes of MurD coupled with substrate binding and ATP-hydrolysis in
solution, exploiting NMR titration and paramagnetic lanthanide probe method (Saio et al.).
Paramagnetic lanthanide ions fixed in a protein frame induce several paramagnetic effects in
NMR spectra of the protein, such as a pseudo-contact shift (PCS). PCS is a chemical shift
change induced by the paramagnetism of the lanthanide ion and provides long-range (~40 A)
distance and angular information on the observed nuclei. We introduced the lanthanide ion to
MurD by the use of lanthanide chelating reagent attached to the surface of MurD via double
disulfide bridges. Our NMR-based study identified a novel intermediate state of the
C-terminal domain that regulates the binding of the substrates. Combined with the existing
knowledge, we propose the molecular mechanism of MurD that will provide a key feature for
structure-based drug design.
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Structure and dynamics of proteins based on the alignment tensors
determined by TROSY
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We have been working on the technical improvement and expanding the application of the
TROSY-based alignment tensor determination called as DIORITE. We intended to make the
DIORITE applicable to the wider range of proteins by reducing the intrinsic limitations
associated with the conventional RDC experiments, which include size limitation, solvent,
temperature conditions to be applied. In this presentation, I will report our recent technical
progresses in the DIORITE approach with some applications to explore the protein structure
dynamics in combination with small-angle X-ray scattering (SAXS).

Exploring protein structural dynamics in large amplitudes has become focused. This is
because of the technical progresses in the experimental approaches, including small-angle
X-ray scattering (SAXS) and the faster computational environments available. In NMR, the
RDC-based approach enables to explore the mode of structural change and the potential
structural dynamics in large-amplitude associating with the domain rearrangement, for
example. In addition, the combined use of the RDC and SAXS paved new ways to improve
the structural studies along that line [1].

The RDCs give valuable structural information to grasp the protein structurel dynamics
in a large amplitude, but they are generally hard to measure for large proteins (typically over
30 kDa) due to the faster transverse relation of one of the paired signals needed. The sample
conditions required for achieving the weak alignment by a liquid crystalline medium also
limit the RDC measurement to the sample, which is stable in the temperature over the phase
transition point for the liquid-crystalline and the low ionic strength to allow the liquid
crystalline phase. The rather narrow ranges in the allowable experimental conditions restrict
the RDC application for exploring the large-amplitude motion of proteins. We have proposed
an alternative approach to overcome the above limitations in the RDC-based structural
analyses, which is called as DIORITE (Determination of the Induced ORIentation by Trosy
Experiments) [2-4]. In this presentation, we are going to show some recent progresses in the
DIORITE approach.

anisotropic spin interactions, protein dynamics, domain rearrangement
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Structure calculation using DIORITE restraints in XPLOR-NIH
DIORITE analysis requires the ]5N (@YWl PCSA constraint to introduce DIORITE derive structure restraints
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tensor determination free from the biases
coming from the pre-defined "N CSA values
(in preparation). By embedding the ''N CSA
tensor information in the subroutine in
XPLOR-NIH, we enabled the structure
calculation wusing the alignment induced
TROSY shift changes as structure restraints, Fig.1: Example input data to incorporate
which are measured by the chemical shift DIORITE restraints.

changes for each TROSY signal (Adtrosy)

collected in the stretched (anisotropic) and isotropic acrylamide gels [3]. The DIORITE
restraints are simultaneously used with the other restraints, including NOEs, the torsion angles,
and the SAXS scattering profile on the XPLOR-NIH platform. The example applications will
be presented [5].

pesaPotTools:
PCSA potential generator

pCSA resiraints are dependent
on the secondary structure

Simulation of the alignment protein in a stretched acrylamide gel

To avoid the technical limitations in achieving weak alignment of proteins, we use the
chemically stable acrylamide gels as aligning media in the DIORITE experiments. To
elucidate the protein structure dynamics in large amplitudes using weak alignment, the
simulation for the protein alignment in an aligned medium is essential. The simulation for
proteins in an aligned bicellar medium is possible with the program PALES [6], while the
simulation for the acrylamide gels is not available due to the complete difference in the
aligning mechanism. We developed the simulator for the protein alignment in the acrylamide
gels. The technical details will be presented.
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Dissolution mechanism of carbonate in silicate melts: Information from ab
initio calculations and °C NMR measurements

OXianyu Xue', and Masami Kanzaki'

"Institute for Study of the Earth's Interior, Okayama University,Misasa, Tottori, Japan.

It is generally known that CO, dissolves in silicate melts/glasses as molecular CO, and CO3*
species, but how the latter groups are incorporated in the melt and its effect on the silicate
structure have been less certain. Here we report ab initio calculation (vibrational frequencies,
PC chemical shift tensors) and '>C NMR measurements on '*CO,-bearing glasses of diverse
silicate compositions. Our study suggests that both vibrational frequencies and ">C chemical
shift tensor are sensitive to the local environments of carbonates. The data indicate that
carbonates are present dominantly as free carbonates (not bonded to tetrahedral Si/Al) in
depolymerized melts, and as network carbonates (bonded to two Si/Al via two of its oxygens)
in polymerized melts. The formation of free carbonates would lead to polymerization of the
silicate structure.

Introduction. Carbon dioxide is one of the abundant volatile components in natural magmas.
Knowledge of its dissolution mechanisms in silicate melts is indispensible for understanding
how it affects physical and thermodynamic properties. It is generally known that carbon
dioxide dissolves in silicate melts/glasses as molecular CO, and CO5> species, with the latter
dominant for depolymerzed compositions and polymerized compositions with high Al/Si
ratios. However, how the COs> groups are incorporated in the melt and how it affects the
silicate structure are less certain, because of controversial interpretations of previously
reported vibrational and *C MAS NMR spectroscopic results. Here we report ab initio
calculations (vibrational frequencies and '°C chemical shift tensors) on CO3” groups in
various environments as well as *C MAS and static NMR results on *CO,-bearing glasses of
diverse silicate compositions. It will be shown that these new results provide unambiguous
constraints on the speciation (local environments) of carbonates in silicate melts (glasses) of
both depolymerized and polymerized compositions.

Calculation & Experimental Methods. Ab initio molecular orbital calculations on various
clusters that mimic the local environments of carbonates bonded to one and two SiO4/Al04
tetrahedra have been performed using Gaussian 09. Geometry optimization and vibrational
frequencies were calculated at B3LYP/6-31+G(d,p), with the latter scaled by 0.9685. 1*C
chemical shift tensors were calculated with the GIAO method at B3LYP/6-311+G(2df,p).

silicate melt, carbonate, C chemical shift tensor
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Test calculations on model organic carbonate compounds (e.g. dimethyl carbonate, potassium
monomethyl carbonate) showed satisfactory agreement with experimental IR and NMR data.

CO,-bearing (mostly ~ 1wt%) silicate glasses of both depolymerized compositions, e.g.

diopside (CaMgSi,0O;) and Ca-melilite (Ca, sAlSi,0,), and fully polymerized compositions,
e.g. jadeite (NaAlSi,O¢) and nepheline (NaAlSiO,), were prepared by quenching melts at
1.0-1.5 GPa and 1400-1600°C in a QUICKpress piston cylinder apparatus. *C-enriched
carbonate (CaCO, or Na,CO,) was used as the CO, source. NMR measurements were
performed using a Varian Unity-Inova 9.4 T spectrometer and a 1.6 mm HXY triple
resonance MAS probe.
Results and Discussion. The ab initio calculation revealed that the splittings (Avs) of the
asymmetric stretching (v 3) doublets for COs* bonded to one or two tetrahedral Si/Al are all
relatively large (around 180-480 cm™). The calculated Av; for COs* bonded to 0~2 metal
cations (Na) and no tetrahedral Si/Al range from zero to ca 250 cm™, depending on local
geometry. Experimental data for minerals containing CO;* bonded only to metal cations
show Av; from zero to moderate (up to ~100 cm™). Thus, the moderate Avs (70-100 cm™)
reported for many depolymerized silicate glasses, which was used by some authors as
evidence for COs* bonded to one Si (e.g. [1,2]), should be better viewed as evidence for free
carbonates (carbonates not bonded to any network formers, e.g. Si, Al) with somewhat
distorted geometries. Our calculations also showed that carbonates bonded to one or two Si/Al
show distinctly different characteristics of BC chemical shift tensors (with skew close to -1)
compared to free carbonates (with skew close to 1), similar to experimental observations for
organic carbonates (bonded to one or two C).

Our C MAS and static NMR data for depolymerized silicate glasses are all consistent

with features of free carbonates. Our °C MAS and static NMR data for fully polymerized
compositions, on the other hand, show features that are consistent with the calculated
chemical shift tensors for carbonates bonded to two Si/Al via two oxygens (network
carbonate). Previously reported vibrational spectroscopic features, e.g. large Avs (>200 cm™)
(c.f. [1,2]), for glasses of similar compositions are also consistent with our calculation results
for network carbonates.
Conclusion. Our ab initio calculation has shown that both vibrational frequencies and "*C
chemical shift tensor are sensitive to the local environments of carbonates. The combined ab
initio calculation and experimental >C MAS and static NMR data clearly indicate that
carbonates are present dominantly as free carbonates (carbonates not bonded to any
network-formers, e.g. Si, Al) in depolymerized glasses, and as network carbonates
(carbonates bonded to two Si/Al via two of its oxygens) in polymerized glasses. The
formation of free carbonates would lead to polymerization of the silicate structure.
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Microwave Heating NMR Spectroscopy. Application to Liquid Crystalline
Systems

O Akira Naito', Yugo Tasei', Teruaki Fuj ito?, and Izuru Kawamura'
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We investigated the microwave heating effect on liquid crystalline systems by means of
in-situ microwave irradiation NMR spectroscopy. First, we have developed in situ microwave
irradiation NMR spectrometer by combining microwave generator (2.45 GHz, 1.3 kW) with
solid state NMR spectrometer. This allows us to observe NMR signals under microwave
irradiation conditions. Second, we have investigated the microwave heating effect on liquid
crystalline systems. 'H NMR spectra of liquid crystalline samples of MBBA were observed
under microwave irradiation. The isotropic phase was stationary appeared as about 2%
fraction which is considered as a non-equilibrium local heating state induced by microwave.
Third, a nematic-isotropic phase-correlated 2D NMR spectra were successfully obtained in
EBBA. The transition from nematic to isotropic phase was established within 10 ms.
Consequently, local dipolar fields of 11 magnetically different protons in EBBA were
separately observed.

Introduction

Microwave heating is widely used in the acceleration of organic reaction as well as activity
enhancement of enzymes. These effects are considered to exist as a non-equilibrium heating
state induced by a microwave irradiation. However, detailed molecular mechanism of
microwave heating effect on the chemical reaction has not well understood yet.

To characterize a non-equilibrium local heating state, we developed an in-situ
microwave-irradiation solid state NMR spectrometer. Microwave irradiation liquid state NMR
spectrometer has been developed by Naito et al.'™. Using a microwave irradiation NMR
spectrometer, state-correlated two-dimensional NMR spectroscopy was developed'. This
technique turned out to be useful to observe 'H dipolar patterns of "H NMR spectra with high
resolution in the liquid state rather than liquid crystalline state. In this technique, local dipolar
interaction of individual protons in the liquid crystalline state can be obtained via resonance in
the isotropic phase'**’ and also used to detect state correlated two dimensional NMR spectra
of native and denatured states of proteins’.
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Liquid crystalline sample is known to be absorbing microwave highly efficiently as in
the case of liquid crystalline display. It is therefore expected to observe a non-equilibrium
local heating phenomena more clearly in the liquid crystalline systems. In-situ microwave
irradiation solid state NMR spectrometer was particularly designed to observe NMR signals
under microwave irradiation with good isolation of radio wave for NMR detection with
microwave for local heating. This spectroscopy allowed us to observe NMR signals under
microwave irradiated condition. This is the first report to observe NMR signals of liquid
crystals under microwave irradiating condition.

Materials and Methods
Liquid crystalline sample of
N-(4-methoxybenzyliden)-4-butylaniline

Probe Head

Microwave Coil

(MBBA) and RF Coil SC Magnet
4’-ethoxybenzylidene-4-n-buthylaniline i

(EBBA) was purchased from Wako Magnetron ! ﬁ“@\ R pectrometer
Chemical Co. and used without further (1.3 kW, 2.45 GHz) )

purification. Liquid crystalline phase to

Microwave

Il

isotropic phase transition temperature
(Tc) is 40 and 108 °C for MBBA and I =
EBBA, respectively. Microwave Gate

The microwave irradiation solid
state NMR spectrometer was developed Figure 1. Block diagram of the in situ microwave
by building magnetron (2.45 GHz) into a  irradiation NMR spectrometer equipped with a
Chemagnetics ~ solid  statet  NMR  microwave transmitter. Microwave and radiwave
spectrometer (CMX infinity 400) as coils in the probe head are also shown.
schimatically shown in Figure 1. A flat

RF

copper ribbon of 3 mm in width is used for the capacitor of the resonated circuit, which is
wound inside the radiowave circuit perpendicularly to reduce arching and increase isolation
during microwave irradiation. This allows us to observe NMR signals under microwave
irradiating condition. The microwave circuit is tuned properly to 2.45 GHz and radiowave
was tuned to 398 MHz by using sweep generator. NMR spectra were recorded at 398 MHz on
a Chemagnetic infinity 400 NMR spectrometer, equipped with a microwave generator (IDX,
Tokyo Electric Co Ltd.) capable of transmitting 1.3 kW pulsed microwave at a frequency of
2.45 GHz. Microwave was transported from microwave generator to near the magnet through
wave guide, and transfer the wave guide to coaxial cable. This coaxial cable was guided to the
resonance circuit at the probe head. Microwave pulse was controlled by the gating pulse
produced by the pulse programmer of the NMR spectrometer. The temperature of the sample
was cooled down to that of the liquid cryatalline phase with a help of gas flow temperature
controller.

Results and Discusion
Microwave heating of liquid crystalline systems



Figure 2A shows '"H NMR spectra of Y
MBBA at 25 °C which is 15 degree below f-ad (i
the phase transition temperature (Tc = 40
°C). Broad 'H NMR spectrum with 40
kHz line width was obtained in the liquid
crystalline sample (Figure 2 left column).
'H NMR spectrum in the isotropic phase
was obtained and all kinds of proton
signals were resolved and assigned to the
deferent protons in the spectrum taken at
50 °C which is 10 degree higher than the

1 e

Tc (Figure 2D). When the temperature » H “ s 9 P
was set at 40 °C, signals due to isotropic

v A p— LR

Figure 2. '"H NMR spectra of MBBA at 25

majority of liquid crystalline phase °C(A), 25°C under microwave irradiation (B),
(Figure 2C). Tt was noticed that the 40 'C and 50 °C (D). Left column: Entire range
signals were broader than that of fully ©f the spectra of liquid crystalline state. Right
isotropic phase. This kind of broadening ~Column: Ecpanded spectra of isotropic state.
can be attributed to the interaction of

isotropic phase with liquid crystalline phase. The temperature was set at 25 °C, which is 15
degree below the Tc, followed by continuous microwave (CW) irradiation. When the CW
microwave power was carefully controlled, small amount of isotropic signals (about 2%
fraction) were stationary appeared in the majority of signals in liquid crystalline phase (Figure

phase appeared as a small amount in the

2C). Although the signal shape is similar to that of thermal heating state, the chemical shift
value was shifted upper field by 0.5 ppm. This result indicates that microwave heats up
locally to quite high temperature.

These phenomena can be explained
as shown schematically in Figure 3. When = —
the liquid crystalline phase below the phase
transition temperature was heated up by the

-

microwave irradiation (MWH) to reach up -
[

MWH

the temperature near the Tc, small amount of

the isotropic phase was appeared. Because
the factor of dielectric loss of the isotropic Figure 3. Schematic diagram thermally and

phase was higher than that of liquid microwave heating processes of liquid

cryst'allme phase, isotropic phase Was more crystalline state.
efficiently heated up by microwave

irradiation as compared to the liquid crystalline phase did. This caused much higher
temperature of isotropic phase than that of liquid crystalline phase. This can be considered as

a kind of non-equilibrium local heating state.

State correlated 2D NMR experiments
The pulse sequence used in the state-correlated two dimensional (SC-2D) NMR spectroscopy



is practically the same for the radio frequency
part as that of 2D exchange or NOE experiment
(Figure 4). The first 90° pulse creates the
transverse magnetization. During the evolution
period, the temperature of the sample is kept to
maintain the nematic phase so that the 'H spins
show precession frequency under strong dipolar
interactions between proton nuclei in the
nematic phase. At time t;, the second 90° pulse
is applied to align the magnetization vector

along the z axis. During the transition period, a Figure 4. Pulse sequence for state-correlated

pulsed microwave is applied for a short time to 2D NMR experiments. A mixing time tm is
raise temperature, during which the nematic inserted into the beginning of a transition
phase is transformed into the isotropic phase. period to examine the spin diffusion

Any remaining transverse magnetization is Properties.

expected to diphase within a couple of

5 6
H 7

milliseconds during the transition period under Céﬁf@%@gc{‘: 3 o 8
g p W h \N‘@*CHZCHZCHZCP‘%

3 2 H H

strong dipolar interactions of the nematic

phase_ Nematic Phase -

Figure 5 (left column) shows the contour % ﬁ;

plot of the SC-2D NMR spectrum of EBBA o N Z 603,
\

— N\ 2es
between the nematic and isotropic phases, that — | Mz
was carried out using the pulse sequence of e

Figure 4. This figure clearly demonstrates that /
the SC-2D NMR experiment was successful in /
the liquid crystal sample of EBBA. It is _ i _——
recognized that the dipolar spectra of \
individual protons are separated in the Fl1 : \

B H k)

dimension with resolution in the F2 dimension,

namely with resolution in the isotropic phase.
Figure 5. A nematic isotropic phase
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Precise Structure of Bombyx mori Silk Fibroin before and after Spinning
determined by Solid state NMR
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Determination of the structure of Bombyx mori silk fibroin is important because of increase in
studies to clarify the reason why the silk fiber is so strong and so tough, and also many
applications of the silk fibroin to biomaterials. In this work, the precise structures of B.mori
silk fibroin before (Silk I) and after (Silk II) spinning could be proposed with solid state NMR
and the CASTEP calculation. For Silk I, the 'H co-ordinates were newly determined on the
basis of the co-ordinates of the backbone structure reported previously. For Silk II, the
heterogeneous structure which consists of two kinds of anti-parallel (3 sheet structures with
different inter-molecular arrangement in the crystalline domain, (AGSGAG)n could be
determined. The proposed structures are generated from two kinds of 3 sheet structures on the
basis of X-ray diffraction unit cell and optimized energetically by the CASTEP calculation.
The observed 'H, ">C and "N solid state NMR chemical shift data could be reproduced well
by the GIPAW chemical shift calculation of the optimized structures.

Introduction

As the dimorphs of B. mori silk fibroin, two forms, Silk I and Silk II, have been proposed.
By using several solid state NMR techniques, the Silk I structure has been determined to be
repeated type II B-turn structure by us.' On the other hand, the precise inter-molecular
structure of B.mori silk fibroin with Silk II form is not still determined although the structure
was reported first by Marsh et al.> using X-ray diffraction. This structure is well known as a
regular array of anti-parallel B-sheets, but later Fraser et al.,” Lotz and Cesari,* and Takahashi
et al.’ claimed the presence of irregular structure in the silk fibers.

In this work, heterogeneous structure of B. mori silk fibroin with Silk II form will be

Bombyx mori Silk Fibroin, Silk I and Silk I, "H DQMAS, CASTEP, GIPAW
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determined. For the purpose, the combination with the use of a micro-coil probe-head and
ultrahigh field NMR at 920 MHz, and also the "H DQMAS observation®’ were used to obtain
information on the 'H chemical shifts and relative 'H-'H proximities. Then, initial two
anti-parallel B-sheet structures with different inter-molecular arrangements were generated
with X-ray unit cell of Silk II reported previously.” Then the optimization with CASTEP
program’ was performed for these two model structures. The 'H,"*C and "°N chemical shifts of
Silk II were calculated to check the proposed models. The DARR experiments were
performed to obtain information on the spatial positions between two structures.

Materials and Methods

The sample, (AG)s was synthesized by the solid phase method. The "*C uniformly labeled Cp
fraction (The precipitated fraction after chymotrypsin reaction) was prepared from the
aqueous solution of regenerated silk fibroin prepared by giving [U-"C] glucose with artificial
diet at the 5™ larval stage of silkworm. '

The 'H DQMAS and double CP "H-"*C correlation NMR were measured using a JEOL
INM-ECA920 spectrometer with ultrahigh speed MAS probe (70 kHz) at Institute for
Molecular Science. The *C DARR spectra of the *C uniformly labeled Cp fraction were
obtained using a Bruker DRX 500 spectrometer.

Two kinds of anti-parallel (3-sheet structures with different inter-molecular arrangement
were generated with unit cell, a =9.38 A, b=9.49 A, ¢ = 6.98 A of Silk II structure’ and with
Discover (pcff force field : Accelrys, Japan) method. Then the geometry optimization was
applied for all atoms under periodic boundary conditions using CASTEP method under
keeping the same cell parameter. The GIPAW calculations of the 'H, °C and "N chemical
shifts were performed for two anti-parallel p-sheet structures with different inter-molecular
arrangements and the results were compared with the observed chemical shifts.

Results and Discussion

The assignment of the 'H chemical

shifts of (AG):s with Silk TI form was 1 Cg

performed by double cross polarization 18

'H-C correlation measurement for 2 - %ﬁ

(AG)7[1,23-"CJAG(AG); as shown in 3¢

Figure 1. Interestingly Ala methyl & 2

region gives two distinct crystalline ¢ P C - -

states that could be distinguished by 'H =~ 42| © i)

and "°C chemical shifts. Our previous 80 HQ(?

3C CP/MAS NMR study of B. mori 52

silk fibroin with Silk II structure 170|CO ¥

revealed that Ala methyl peak could be 2] i =
10 9 8 7 6 5 4 3 2 1 0

divided to three components, that is,

two kinds of B-sheets (19.2 and 22.3 , R .
Fig.1 Double cross polarization H-"C correlation

. 1
ppm) and distorted B-sheet (16.1ppm)." ¢ Coirum of (AG)[1,2,3-"CJAG(AG), with Silk 11
The 'H chemical shifts of Ala methyl form.

H/ ppm



Hp /2

Gly-Hy

_ Gly-H
Ala-Hy, Ala-H, Z¥Ta

double quantum chemical shift (ppm)

ool 1

10 9 8 7 6 5 4 3 2 1 0

single quantum chemical shift (ppm)

Fig.2 'H DQMAS spectrum of (AG);s with Silk
IT form. (Inset) An enlarged view of the cross
peak between Ala Ha and Gly Ha

group can be distinguished from the 'H-"C
correlations, 1.2 ppm ('H) — 16.1ppm (**C), 1.0
ppm -19.2 ppm, and 1.3 ppm - 22.3 ppm. In
order to elucidate 'H-'H correlations, we
performed 'H-'"H DQMAS measurement for the
Silk II form of AG,s and showed the spectrum
with projections (Figure 2). A cross peak
between H, of Gly located in the B-sheet plane
(4.6 ppm) and H, of Ala (5.0 ppm) exists. This
means that hydrogen bondings in B-sheets are
formed between Ala and Gly residues, and this
result is conflict with the Marsh model.?

In our previous paper,® the torsion angles of B.

mori silk fibroin fiber were determined by
orientational constraints based on solid state
NMR to be (-140°, 142°) for Ala residue and
(-139°,135°) for Gly residue. Thus, we used
typical torsion angles (-140°, 140°) of B-sheet
for Ala and Gly residues of (AG);s. Then we
prepared two initial structural models by
energy minimization with Discover under
fixing the cell parameter. Furthermore, the
energy minimization with CASTEP for the
two models (AG);s was performed. The

Fig.3 The structural model A and B obtained
by the CASTEP energy minimization from the
initial model structures which are created from
P21/b and P21/c, respectively.
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A
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Chemical Shift (ppm)

Fig.4 Observed (top) and calculated (bottom)
chemical shifts of 'H, °C, and "N nuclei of
Silk II. Red lines and blue half length lines
are originated from A and B structures,
respectively. The calculated chemical shifts
are set to minimize RMSD between the
observed and the calculated data.

optimized structures A and B are shown in Figure 3.



B:13% [-sheet A:25% fi-sheet 18" distorted

Figure 4 shows the stick spectra of 'H, C | (aralelAln)  altorating Ala frturn

and "N chemical shifts of (AG);s calculated by .T -;. ‘; ff‘

the GIPAW for the models A and B. The

agreement between the calculated and observed "f" .-;' *f 'L

chemical shifts is good for all nuclei. From the

"H chemical shift calculation of the model A, it Pricdal avipro4

B:13% [i-sheet 18% distorted

is possible to assign the two Gly Ha peaks. The (paralial Ala) | | y P

Gly Ha observed at lower field at 4.6 ppm can 22 disorted_\ {V‘ /, 22 distortea
be assigned to the Ha located in the [-sheet LSRN
plane. The appearance of higher field peak of © 2 w16 10

the model A than the model B was also Fig.5 A summery of Silk II structure. This
hetero structure consists of 25% of A (B-sheet),

. . 13% of B (B-sheet), 22% of distorted B-sheet,
chemical shifts, the agreement between the and040% of(gistorte)d B-tu(;n. P

observed and calculated chemical shifts is
excellent. The appearance of the higher field peak of the model A compared with that of the
model B could be reproduced in the Ala methyl region. Finally, "N chemical shifts were

reproduced in the Ala methyl region. For C

compared between the calculated and observed ones. In this case, the relative peak position
and the chemical shift difference should be compared because of two peaks for Ala and Gly
residues, respectively. The results are also excellent.

Thus, the chemical shift calculation could reproduce the observed chemical shifts very well.
This means the models A and B proposed here is valid. The final assignment of Silk II methyl
peak was summarized in Figure 5. For Silk I structure, the 'H co-ordinates were determined
on the basis of the previous co-ordinates of the backbone structure with similar approach.’
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I L6 Native Membrane Protein Structure in Lipid Bilayers
Requires Solid State NMR
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Helical membrane proteins account for 50% of all drug targets. Few of these structures have
been characterized and fewer than this have been characterized as the native functional
structures. These helical membrane protein structures are very sensitive to their environment.
The influence of detergents both in micelles and in crystal lattices will be shown through
studies of proteins in the Protein Data Bank, where they show the influence in the
transmembrane domain of 1) a weak hydrophobic environment, 2) a relatively high dielectric
constant, and 3) the influence of a weak lateral pressure profile. The result is that helices 1)
are bent, kinked and distorted more than they are in a lipid bilayer environment, 2) show
extensive hydrogen deuterium exchange, 3) show an outward curvature of helices in micellar
environments, 4) show poor packing of the helical structures, a feature that is required for
tertiary and quaternary

structural  stability, 5) 3 Met Labeled DAGK l 5 Trp Labeled DAGK

show  effects from M66 10
crystal packing contacts Q g

that distort the tertiary M6 g g
and quaternary structure. © g
These influences lead to @ -6 (%L
non-native like 0o ‘:3;
membrane protein W11z Q" -4 E
structures,  structures W47 0 O 18 %
that mislead the O 2T
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Fig. 1: OS ssNMR spectra for N Met and "N Trp labeled
diacyl glycerol kinase in the contours were obtained in lipid

avoid this the structures

need to validated by a

comparison with  bilayers. Shown in the ellipses are the predicted data from the

structural data obtained Structure shown that was obtained from detergent micelles. The

from lipid bilayers (Fig.  POOr fit to the data indicates that this is not a native structure.

1), or the structures



need to be characterized in lipid bilayers.

In this talk I will show how structures in a detergent environment can be validated or refuted
by data obtained from oriented sample solid state NMR (OS ssNMR) spectroscopy. OS
ssNMR data for diacyl glycerol kinase was published in 2007 (Li et al., J. Am. Chem. Soc.
129:5304). Since then multiple structures of this protein have been characterized in detergent
environments (Van Horn et al., 2009, Science 324:1726; Li et al., 2013 Nature 497:521). By
comparing predicted OS ssNMR data from these structures with the observed data it is
possible to validate or refute the native-like character of the structures (Fig. 1). I will also
show how the transmembrane domains of several membrane protein structures can be
characterized by a combination of OS and MAS ssNMR. The influenza A M2 proton channel
drug target has been characterized in lipid bilayers as has the Mycobacterium tuberculosis
proteins Rv1861 and CrgA. The latter protein is a key protein in cell division and a potential
drug target. By using the absolute restraints provide by OS ssNMR the number of distance
and torsional restraints from MAS ssNMR needed to characterize the tertiary and quaternary
structure is greatly decreased. The methodology for such characterizations will be discussed.



I L7 Environmentally-controlled protein/protein interactions:
Insights provided by NMR into nature’s switches
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Environmental cues regulate many biological processes, controlling pathways used by cells to
respond to changing conditions. Such regulation is often initiated by sensory protein
domains that use internally-bound ligands to convert environmentally-triggered changes into
altered protein/protein interactions. Several families of these domains have evolved with
remarkable diversity in the stimuli they sense and outputs that they control. Using a
combination of biophysics, biochemistry and synthetic chemistry, we seek insight into the
fundamental protein structure/function principles of such environmental-sensing domains.

Here I will discuss examples of our work from one such family of regulatory domains: the
Per-ARNT-Sim (PAS) domains, found in thousands of proteins throughout biology. I will
present results from studies of PAS domains that respond to radically different stimuli —
ranging from blue light illumination to the presence of metabolites — showing how these share
a common transduction mechanism as revealed by solution NMR complemented by other
biophysical and biochemical approaches. 1 will further discuss how we have taken
advantage of this mechanistic understanding to search for artificial PAS-binding ligands using
NMR-oriented fragment-based approaches and high-throughput screens. Importantly, these
compounds can be harnessed as potent modulators of certain PAS-based protein/protein
interactions, both in vitro and in living cells. Taken together, our work provides an
integrated view of a fascinating class of natural switches and suggests routes by which these
can be manipulated in the future to achieve desired therapeutic and/or technological
outcomes.






I L 8 Folding dynamics of topologically knotted proteins
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Recent studies on the mechanisms by which topologically knotted proteins attain their
natively knotted structures spontancously without the aid from molecular chaperones have
intrigued theoretical and experimental biophysicists in the field of protein folding [1, 2].
Despite the lack of spectral signatures to identify the presence of residual secondary and
tertiary structures, cyclisation-coupled refolding data provided strong biochemical
evidence to indicate that YibK and YbeA, two best-studied knotted proteins, remain
knotted in their chemically denatured states [3]. In this talk, I shall discuss our recent efforts
in investigating the folding characteristics of a family of proteins that contain a trefoil (3;)
knot or a Gordian (5;) knot in their backbone structures. Solution state NMR spectroscopy
and small angle X-ray scattering (SAX) are employed to investigate the structures and
dynamics of YibK and YbeA in order to understand how these proteins can remain
topologically knotted in their urea-denatured states. NMR is also employed extensively to
study the folding dynamics of the human ubiquitin C-terminal hydrolyase (UCH-L1), which
contains a Gordian knot and is a risk factor in Parkinson’s disease (PD) [4]. The 193M and
S18Y mutations in UCH-L1 have been reported to associate with increased risk of PD.
UCH-L1 and its variants exhibit a highly populated folding intermediate, also known as the
partially unfolded form (PUF) during chemical denaturation under equilibrium conditions.
The nature of the PUF is characterised by NMR hydrogen-deuterium exchange (HDX) in the
presence of chemical denaturant. The impact of the [93M mutation is investigated by NMR
HDX, which indicates that the mutation significantly destabilises UCH-L1 under native
conditions and that the increased population of PUF may be implicated in the aggregation of
UCH-L1 into the Lewy body, which is the hallmark of PD.
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I Lg Solid-state NMR Spectroscopy of Membrane Proteins

Stanley J. Opella
University of California, San Diego

Membrane proteins are immobilized and aligned by their interactions with phospholipid bilayers.
Although they undergo fast rotational diffusion in liquid crystalline bilayers, they require solid-state
NMR methods to give high-resolution spectra. Solid-state NMR methods can be used to measure
angles and distances as input for structural determination. A variety of solid-state NMR methods will

be illustrated with membrane proteins with between one to seven transmembrane helices.
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I will discuss two recent research directions in my lab, which address some of the
fundamental limitations of conventional approaches to magnetic resonance imaging:

1. Hyperpolarization methods may drastically increase the range of species which can
be explored in magnetic resonance microscopy, but the most important issue is short T,
relaxation times. A recent insight has been that it is possible to make extremely long-lived
hyperpolarization, stored in a state which is protected by symmetry from interacting with the
outside environment (such as the singlet state, (ocB-BOL)/21/2). The basic challenge is that
the same symmetry property that reduces relaxation in such disconnected states also makes it
difficult to load population into them, or later convert this population to observable
magnetization for detection. The initial solution was to create singlets between chemically
inequivalent spins', preserved using spin locking sequences or by rapid translation to very low
magnetic field. However, this creates serious challenges for many imaging applications, and
more recent work has focused on slightly inequivalent spins®. Alternatively, ref [3] used
chemical transformation to pump singlets between chemically equivalent spins. Ref. [4]
drastically generalized this approach, showing that if the molecule has the right combination
of couplings, it is possible to transfer population in and out of chemically equivalent singlet
states at high field, using only rf pulses to make the transfer.

Here we present a variety of molecules with biologically relevant structures and long-lived
states (for example using diphenylacetylene (DPA) as a building block), using combinations
of "N, C, "F and 'H. We also present three new results which significantly extend the
generality of the approach in reference 4. First we demonstrate a unique and highly
counterintuitive advantage of the equivalent spin approach: the long-lived state has
substantial carbon character, but can be accessed from thermal equilibrium or bulk
magnetization using only proton pulses and proton detection. For example, DPA (with
carbon-13 on the acetylene) has a proton T, less than 4s, but the singlet state pumped and
detected only through the hydrogen channel lasts five minutes [5]. Second, we show that
extremely simple sequences (essentially carefully calibrated spin locking) can make robust
and quantitative transfer into singlet states, with very modest rf power [6]. Finally, we show
that a fundamental challenge to screening for useful compounds (synthesizing molecules with
carbon-13 in the right positions) can be overcome by high field NMR at natural abundance,
where carefully targeted sequences can select only the signal from the correct doubly labeled
species. The idea of looking for doubly labeled carbon at natural abundance is not new (the
INADEQUATE sequence has been used for years) but existing approaches do not work on
equivalent carbons, so this required some novel pulse sequence development as well. Taken



as a whole, these results significantly brighten the prospects for hyperpolarized imaging.

2. Dipolar field effects provide a unique window into subvoxel image structure’, on a
distance scale intermediate between typical image resolution and diffusion-limited distances
(tens to hundreds of microns). Recent experimental advances have enhanced sensitivity and
improved our ability to look for “dipolar surprisal images”-that is to say, structural features
that arise not just because the magnetization is structured, but reflect the local anisotropy.
Examples primarily in tissue imaging will be presented, including temperature imaging,
alternatives to diffusion tensor imaging, and distinguishing between different types of adipose

tissue.
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H L1 Personal Reminiscences on Helical Polymers by NMR
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My first contact with NMR came in the year 1972-73, as the undergraduate thesis
about the molecular motion of hydrated poly(amino acid)s with using JEOL CW 'H
broad-line NMR equipment at 12 MHz in the Department of Polymer Science, Hokkaido
University under the direction of Professors K. Hikichi and A. Tsutsumi. The instrument was
no lock and field sweep. My Ph.D. work in the laboratory was the NMR characterization of
poly(D-glutamic acid)-paramagnetic transition metal-ion complexes in solution by using
JEOL FX-60Q under the supervisor Prof. Hikichi. I attended at first the 19th annual NMR
meeting (1980) at Sapporo, and presented the dynamic structure of poly(L-ornithine)-Cu(II)
complex. Local structure of the complex could be obtained from the contribution of
paramagnetic relaxation times.

In 1985 autumn, I started to work with Professor H. J. Vogel as a research associate
at University of Calgary, Canada. We investigated the structures of metal-binding proteins
with the state of art AM400. *Ca(Il),'"*Cd(II) and **’Pb(Il) were found to be excellent
reporter molecules for the coordination sites of metal ions to proteins.

Then, I moved back to Professor Tsutsumi’s laboratory at Hokkaido University in
1987. We started to the solid state H NMR experiments of partially deuterated helical
poly(amino acid)s with MSL200 and the home-made probe-head with 90° pulse width of
about 1.5 ps, in order to investigate the local motions of the main and side chains of the
polymers. Selected C-*H bond directions are monitored in *H NMR providing well-defined
indicators of polymer orientation and dynamics, because the correlation time of molecular
dynamics of polymers is remarkably distributed of 10 to 10™'% s. This technique was applied to
the surface dynamics of globular proteins which were selectively deuterated in the end of the
side chain of an amino acid residue. Our current research includes the conformational
dynamics of various polyacetylene derivatives and poly(amino acid)-metal complexes with
DSX300 and ECA920. Their results will be presented in the meeting.

NMR has been always for me the endless frontier. I have really enjoyed my
research with NMR. It is my pleasure to thank all my colleagues who have been involved in

endeavor which has sometimes been frustrating but more often stimulating.
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Why can F,F; ATPsynthase rotate?
Hideo Akutsu
Institute for Protein Research, Osaka University, Suita, Japan.

H'-driven F.F,-ATP synthase plays a major role in energy production in most organisms.
It converts the electrochemical potential generated by H'-gradient across membranes into the
rotation of the c-subunit ring in F, and then into that of the j~subunit in F; and vice versa. The
rotation of y is related to a conformational change of the g subunit, which induces ATP
synthesis/hydrolysis. To understand this mechanism on structural basis, we have been
working on this machinery for more than 20 years, using solution and solid-state NMR. Since
its molecular mass is more than 500 kDa, we have encountered great difficulties. 1 will
summarize our strategy to tackle on this complex system and what we have learned so far.

F,F, ATP synthase is a ubiquitous molecular motor involved in H'-mediated energy
conversion in organisms from bacteria to man. The
H'-driven ATP synthase transfers the energy of the
transmembrane electrochemical potential to ATP. It
consists of a water-soluble F; and a membrane
integrated F,. The former has catalytic site for ATP
synthesis/hydrolysis, and the latter mediates H"
transport across the membrane. The components of F,

and F, are o3f3y0¢ and ab,c,, respectively. The ¢
subunits form the rotor ring. Walker’s group reported

the crystal structure of a3y, in which g taking the
open and closed forms in the absence and presence of

a nucleotide, respectively. Furthermore, Yoshida, Fig. 1 Bacterial F,F, ATPsynthase
Kinoshita and their colleagues revealed that y rotated
at the expense of ATP. The rotation may be induced by a change in the soft interaction
between the ¥ and fs generated by the conformational change in . We have been working on
this energy conversion system using NMR for more than 20years to elucidate its mechanism.
1. A strategy to understand the whole mechanism

We started with the interest on the energy conversion mechanism in general. However, it
turned out that the mechanism of the rotation is the key to understand the energy conversion
mechanism. Why can F.F; rotate? Question is simple. To answer the question, however, we
need to investigate this system from many kinds of approaches. NMR can contribute to elucidation of

the structure and function. The problem is that this enzyme is a membrane protein with multi-subunits,

energy conversion, molecular motor, soft interaction, proton translocation
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and huge in terms of NMR difficulty on molecular size. Thus, the strategy was the combination of
“from a subunit to the complex” and “solution NMR for soluble proteins and solid-state NMR for
membrane bound proteins” in collaboration with Prof. Masasuke Yoshida.

2. What is pKa of the catalytic carboxyl group of the £ subunit?

We started with the catalytic site of the £ subunit from thermophilic Bacillus (TF,f). Since there
was no Cys, the catalytic Glu was replaced with Cys. Then, "COOH was introduced by
carboxymethylation. We could detect this signal even in a 52 kDa protein. By pH titration of this
signal, pKa of the catalytic carboxyl group was determined to be 6.8. It can provide catalytic ability.

3. What is the driving force of the rotation of the y subunit?

We tackled on the conformational analysis of specifically deuterated TF,/ at first, then moved to
the uniformly "N-labeled one. Especially, segmental labeling with Intein in collaboration with Prof.
Toshio Yamazaki opened a new stage. We analyzed the chemical shift perturbation induced by
ADP binding and determined the relative orientation between the N- and C-terminal domains
of a monomeric £ subunit using residual dipolar couplings in combination with segmental
isotope labeling. It was demonstrated that the conformational change of f from the open to
the closed form (bending motion) upon nucleotide binding was similar to that expected from
mitochondrial F; (MF)) crystal structures and was an intrinsic property of the £ subunit. This
could be a driving force for the rotational catalysis. We also found that ATP- and ADP-bound
conformations were different. The latter was similar to the closed conformation in the crystal
structure of MF;. We suggested that the former was related to an excited conformation.

4. How about the £ subunits in F; in solution?

We were also successful to analyze the 360 kDa TF;’ in solution, using the segmentally labeled f.
We could confirm that the open and closed £ conformations were similar to the open and ADP-bound
conformations of the # monomers, respectively.

5. Why can the TF,& subunit act as a brake of the yrotation?

The helix domain of TF;& was found to fold and extend in the presence and absence of ATP,
respectively. Thus, the extended helical rod will interfere with the interaction between «/f and y at
low ATP concentration to suppress the rotation not to waste ATP.

6. Why can the c-subunit ring rotate in F,?

To elucidate whole mechanism of the energy conversion, we have to understand the mechanism
underlying the proton translocation and the c-ring rotation in F,. Since a, b, and ¢ subunits are
membrane proteins, analysis was not easy. We started with structural determination of TF,c monomer
in organic solution, which showed inconsistency with the proposed E. coli c-ring model. So, we
performed structural analysis of EF,c-ring with solid-state NMR and found out that our previous
conclusion was correct. We also investigated the interaction between the c-rings and lipid bilayers. For
structural determination of the c-ring in membranes, we selected TF,c-decamer ring as a target
because of its stability. Solid-state analysis of the active site of the membrane-reconstituted
TF,c-rings labeled with SAIL-Glu and Asn was carried out. The chemical shift of C° of Glu56
essential for H'-translocation revealed that its carboxyl group is protonated in membranes,
forming the H'-locked conformation with Asn23. Furthermore, it turned out that there were
two types of H -locking in the c-rings from different biological species. The assignment of all
13C signals and structural determination of TF,c-ring is under the way.



Nuclear Magnetic Resonance: A Powerful Tool for
Elucidating the Interplay between Structure and Dynamics

of Soft Matter
Hans Wolfgang Spiess

IL11

Max-Planck-Institute for Polymer Research, Mainz, Germany

In soft matter, the function of complex synthetic as well as natural systems is often achieved
by separating regions of order and disorder. Examples are semi-crystalline polymers or
polymer systems composed of different repeat units, i.e. polymer blends or copolymers.
Moreover, incompatibility of building blocks, e.g., backbone and side groups in
macromolecules, or non-covalent interactions, such as hydrogen bonds, ionic forces or m-m-
interactions lead to self-organization. In the resulting structures the different units are
spatially separated and may display vastly different dynamics. Even if highly ordered on a
local scale, such systems often do not crystallize. Therefore, their atomic resolution structures
cannot be determined by conventional X-ray or neutron scattering. Advanced NMR
techniques provide unique insight into the organization of such materials because they can
probe both structure and dynamics simultaneously, see Table 1.

Interaction | Geometry Nuclei Structure Dynamics

Chemical Intrinsic 'H, Bc, Conformation, | Conformational

shift and N, F, through-space | transitions, rotational
orientation | 2°Si,>'P proximities motions

Dipole-dipole | Internuclear | 'H, °C, Through-space | Translational and

coupling distance, 5N, F, distances rotational motions
orientation | 2°Si,*'P

J-Coupling Internuclear | 'H, °C, Conformation Conformational
distance, 5N, F, and intergroup | transitions, rotational
orientation | *°Si,>'P binding motions

Quadrupole Intrinsic ’H, N, Symmetry of Rotational motions

Coupling and 70,%’Al | electronic
orientation environment,

Table 1. NMR interactions used for characterizing the dynamics of polymers.
Therefore, NMR is an indispensable tool for structural and dynamic characterization of soft
matter as part of a multi-technique approach, combining spectroscopy, scattering, microscopy
and computer simulation. Examples of such studies of various nanoscopically structured

functional materials will be described.

Reference: H. W. Spiess, Macromolecules 43, 5479-5491 (2010)
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New SAIL-NMR methods on structural analysis for large molecular protein
OYohei Miyanoiril, Mitsuhiro Takedal, Tsutomu Terauchi>® and Masatsune Kainosho'**
!Structural Biology Research Center, Graduate School of Science Nagoya University, Aichi,
Japan.

?Center for Priority Areas, Tokyo Metropolitan University, Tokyo, Japan.

3SAILT. echnologies, Inc, Kanagawa, Japan.

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

At present, the solution NMR spectroscopy of large molecular proteins (>50-60 kDa) relies
exclusively upon the information obtained from the backbone NH and side-chain CHj; signals,
which are not sufficient for precise structural studies. In order to overcome this situation, we
have been exploring further optimizations of the isotope labeling patterns for stereo-array
isotope labeled (SAIL) amino acids and successfully observed extremely well-separated
aromatic and aliphatic CH cross peaks, even for a 82 kDa E. coli malate synthase G (MSG).
In this presentation, we introduce a differential labeling method of leucine and valine CHjs
groups for optimizing a precise structural analysis of large molecular proteins.

[l 50 &50-60kDa% #8 2 % @& 7 &R B EICET 2 & B EEENMRIFIEIZ IS 0
T, 2R ETEHT I FECHPN)R A FLECH; PO BT 5 [RE 2 S ) L
DD ZEMTE oz, By EEAEOEMKELBMT S O 2T, +459
PRNTAARETESCEN ETF I ZNMRIEIC L V155 Z L IZWREETH ~ 72, Fex i, ZNETIC
SLARFEH| RINAREERS (stereo-array isotope labeling: SAIL) & BifH L, My 8~ /%
7B DREBNTASEERATIE OB 2 T 7217, MEEOFESE TIZ, SAILT
J RO DU R K OKIGHE = 3 BLR 2 O 72 SR SAILAE R AR A - O UL MO B
AR 7 Fa v 2R L, o E82kDad U IR k%S (malate synthase G:
MSG) D% 72 5B K OSSO ' HPCHBI S 7 Z @R EE B L. RE
FER AW LTz,

AlEl, Bxlx, INETONZEREEZ S SIS, WEROT X/ BERIBMEEZFIH Lz
ETIERR LR o T2 7 2 BRI RO SR RS2 0 A o (Lew)B L O
(Val)FE D A F /L S35 4 B 7= \TheSE L7=Y, RESTIZ. MSGEFIM L 7= fighr 5
R L. @0 EEAE OB IEERIT ISR A ARAFIEOGAEEZHRET 5,

SAILYE, ATFNE, @nhFEEHE
OHRLDNY )~ 72T TEHAHOUA, THIHBHOETe, DO L XD FEIDh



[ZEBR] Leuk O'WVald A F )V EL T | SR B

{02 B R 2 B L7 S HISAIL Y S D 2CO,H
JBEESAILT 7 /) m ¥ —RHRZ KD AR L K

7o —BIE LT, v hLD ATV EZ RF R H 130 12

(< 'H,PCRER L 7= ValZE e (v ,-Val) %Figl & 'O Non” s
(Y, 2D IR A F/LSAIL-Lew/Valid, ‘p NFb
T ORI R FEBLR 2 T MSG I )

o~
0 IAERT-, 200mlOMR /D EHE (GRIR A F D'mcf D
JVLew/Val, [U-*H]-Z /L 21— %, [PN]-Hifb 7 3

CE=T L, 99.8% HEK) 206, KI5mg (0.2
mM / 300 u) DFEI R S iz, BEAa ks
BT TE O NTZE 2 IR Sy Rt MS 5y
Wrd 52 L2k, FNAERESCRHER O BA2 MR Lz, ZOME, &R T
JVSAIL-Lew/Valix, f#£7>1-10 mg/100ml 2 O M & THREE A D D90%FRE D &\ M
k=R TMSGIZH D IAE D Z LA TE 7o, il U728 A F/LSAIL-Leuw/VallFikMSG
DAFENMR A7 kL OREIEIZIE, cryoprobe % %75 L 72 Bruker AVIII-900 % f# FH L 7=,

Fig. 1 Structure of y,-Val.

[Lew/Val AF L 7 FVOBHRAI] 16k, Lew/Valik LD X F )UK 2 22 E RN ARFERR
HIZE. a7 FERZIZ LD ET 57 2 BAIBARFH I LT D2, ZDOHE. Leu
EValD A FIOVHITRIFFICZERMAERR I T LE 5, Fiz, MAERRPEICE LT
b, AR = BHIBENTLE D, LERN- T, En FEEHEORITIZEBWT
X, AF AT FIVORMEPML < . SEERFFERIR A TF LS 7T L OlRESS, NOEY
TN OFENTIZINEE 2 M D TN D, —F, Box 3% Lo Eikik it v -Val(Fig.1)
FRHTHZ LT, BREREIZB T D ValiD y | A TFNLEOHZEZBHIT 5 Z &2
AEEE R | AT AT T FIVOREEEZ RIBICIN X, EfER S 7T IVIREN AR L 725
77o Fio, RFIETIE, LeuD § 1 & o0 ValD y 1 &y, ATFIUITOWT, A7 HHH
HEDEIZONWTHAERT D Z ENAEETH U | ZERADDOIEFEIZNOE Y 7 )L % fiF
o2z sicbmlth Lz,

DRERR] BN A T AR SAIL-Lew/Val & FIl H L 72871 LU A /L FLARE R 1L D BRI (2 B
L7z TERDOFIETIIRARETH T2, 7 2/ BREF A DO SRR B 22 A F L EED
RN AIEE S 72D | 80kDar X D TEEHEIZEWTY, fli{ENDIEMIZ AT
VILICH T DRSS TE R A BUST2 Z LN ARE L o T, AT, MK
GHEEmBERRZFH L CWD ), IWAMIEELS, 2 FE TICB% L CE EMmxkE
{ESAILIEE OO RS TH Y | @0 2EEAE OEEEY AR OREICR & < %F
5325 Z L Tcx 5,

[3CHR]

[1] M. Kainosho, et al. (2006), Nature, 440: 52-57.

[2] M. Takeda, et al. (2010), J. Biomol. NMR, 46: 45-49.

[3] Y. Miyanoiri, et al. (2011), J. Biomol. NMR, 51: 425-435
[4] Y. Miyanoiri, et al. submitted
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Dynamic drug recognition by multidrug-resistance transcriptional
regulator

OKoh Takeuchi', and Ichio Shimada’

"Molecular Profiling Research Center for Drug Disc., AIST, Tokyo, Japan.

°Graduate School of Pharmaceutical Sciences, Tokyo University, Tokyo, Japan.

LmrR is a major multidrug-resistance transcriptional repressor, which controls the
expression of multidrug transporter in L. /actis. LmrR interacts with various toxic compounds,
using a hydrophobic pore located at its dimeric centre. Here, we characterized the binding of
four known ligands against LmrR, by using solution-state NMR. Relaxation analyses
indicated that an unligated drug-binding domain shows significant pus-ms dynamics, which
might allow the protein to flexibly accommodate the compounds with different shapes. The
dynamics at the drug-binding site was not suppressed, upon compound ligations. Instead, in
all cases, the hydrophobic interface between the drug-recognition and DNA-binding domains
becomes more flexible. The increased flexibility upon compound ligation is favorable for the
entropy-driven interaction, which is characteristic to the drug recognition by LmrR.

%%u Wﬁ#lﬁ %EJ—E_.!'P"‘IL'E[J &ﬂ E % (MDR‘TR) e\i JE*;% ﬂi% D%ﬁﬁz}ging Drug-binding domain Dr‘éﬁ}gg}ﬁ'"g

OFIFAN TR~ AN ZFEA L, ZHITEHAR 7 H b
DERB|ETESHLIESEHERFTH 5, ﬁ
MDR-TRIZEHIDFES T 5 & | BB HIEEER ~D 2.4

MDR-TROFEEAE I A0 E 7= 13T S, 20
THIALET 2 ZABEH AR 7 ORI FEE X
no, FAEEOE#EIIE MZBWTHREFEINTE
D, FEALETSH—PXRIZ, FAIZLOPES
NI ERCYP3A4 EORB2FHET 5,
LmrRiZ, Lactococcus lactis O FEZE72MDR-TR
TEARFEREIZBW LA L5 I2L Ty
F DK 2 EET 5 (Fig. 1) o AWFZETIEX. LmrR
Dk & 7R KN BT D 0 TR A A O i T C
B, BHIESITHE D LROEIE - HED  ovsvndnorin Wy,

DNA-binding

T ANMRIEIZ L VT 5 & & bz, 2R bincing el
"'m"__é%%% iz k Z)%j] ?E@ﬁ?—ﬁ ;&ﬁo f-:o Fig. 1 Structure of LmrR in complex with Daumycin

Drug-recognition, multidrug-resistance transcriptional regulator, Relaxation
Analvysis
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AN FERE S REIZ B1F A LmrR (Ntorm. hoiby) ol Wig (@ term bei)
ONMRARY M EBIF LK ™
R, BAREEEALO Y 7 sRE
DNZ DA OERALNZ LR THEEF I
. TRV FABBRAEIRRY o 7
BRENPEBFET HZ LOVHIAL
= T L IXIRAIFRRENL ) E
BoOBEOMERBR L TNWDH &
EREBLTNS, £ZTEHTI o = a o
FENOEFEIEIZ X Y . LmrRO Residue Number
@@Jﬁf:’)b S @) EEH{] fﬁﬁ?*ﬁ‘ Fig. 2 N T1/T2 value of LmrR in the unligated state
BT ole, TOMR, BAFEE~Y v 7 AFLERITHZ Y RERTUT2EZ R L,
ms-usDEBVEEMEZFTHZERALNE RS (Fig.2) o ET-AlaA FALEDOA—
HB—=RFGA—F—SHHB L= & 25, CRRERAKEANY v 7 AN K0 /PhENS %
R ULTe, ZOZ LIXEAIFEGENL, FRICCREE~Y v 7 A& OFE S| K Y LmrRD
LR ERENTWAZ LATB LTS,

TUT2 value
expected
from 7c

T1/T2

@K&C%ﬁ%ﬁﬂ %LmTR{:?‘ﬁfE I-/\ ;ﬁ:l: Hoechst/Dauno Hoechst/Ethidium
BRIZ TOLMROEHT = FER o e TR0
EOAFAEOEEY 7 MO y=osaccon Kﬁﬁml
BEAToT, TO/R FARE © 50 ol T
DNAKES AL VOBR, RAAL Y CSP - /“'/ T % R
L — T EDE Y 7 N LIS ’ -
CEWICHEBEI L, BRI AICrE- . e
TUMICEB OMET AL e - 2aacs 0 ;

TS Z LRI (Fig3) , H e w @807 Jao o wAl

BzTle62 By Dby 7 b CSP ‘
WWEBETD L., BARKEICHEST
1le62Dy* H3Gauche-% K 5 E| 4 A3 44
jJI] LTWA D & 2 E)f] E} 7 & fcﬁ . A Fig. 3 Correlation between CSP induced by compound titration
Te62 Dy 1A XAFE R EF TCR~Y v 7 Z0OBMEA L HE L TR Y le62D{bF> 7
ZAIE, EHIFE ST BPAREER OB E P I 2 2 L 2R LTV,
—J7, Ne62iCAlaERZEA L, BEEAIEIFET 7 FEREEFIFBEICES
FU7 VEEOHBEAERET L 25, MEITHMEELRLE, 202 ik, CK
UEAFES~Y v 7 ADOFMITIRICALE T D1le6273, CHRUE~Y » 7 A B O & 1
ZBA PR OEBZRIZLTVWD Z L EERT 5,

FAFEGRBIZRB W T HEAIFE S EALERD > 7 F /IR E R AR L 28R =
. YR OESEIRF SN TV, AR COAFALES Z R LIz &
Z 5, BAIFEA IS T, FHIES - DNAFES FA A VEER Ons-pshf A 7 — /L D
BN LAERK LTS ZERHALNE RS, —F, FiRMEREES T L 5B
FIERIEET D HLmR & FH E ORI Fe B —BETh o7/, ULOERESE
Do, FEAPFKEAS L TCHOMBEOFRINRFIND Z LT, = FrE—REBORKE
WIZHEFZBOTWAS EE X T,




LJG KARLEMR VNV BONMRIZ &L B1FE D SRR
FEIRFEA AL, KB H (!, 32 et JEERES, MR MRS, O A T8k
RO - 3K
2HAF

Dynamic structure of the intrinsically disordered proteins monitored by
NMR

Honoka Okazaki', Yuka Ohori', Masaya Komoto', Satoru Watanabe®, Naoya Tochio®

and OChiaki Nishimura'

]Faculty of Pharmaceutical Sciences, Teikyo-Heisei University, Tokyo, Japan.

? RIKEN System and Structural Biology Center, Yokohama, Japan.

Alpha-synuclein is an intrinsically disordered protein, which is unfolded even at the
physiological condition. The remaining structure may be related to the amyloid formation.
The CLEANEX-PM experiment is useful to elucidate the weak protected region of the
amide-protons. The residual structure and disorder structure were analyzed in
alpha-synuclein.

The p24 was predicted as an intrinsically disordered protein, but its globular structure was
successfully determined by the X-ray and NMR. In this study, the protein was destabilized
by the addition of the artificial extension at the N-terminus or C-terminus. In this case, the
other flexible regions were observed using the relaxation and amide-proton exchange studies.
These flexible areas were mainly consistent with the disorder prediction from the primary
sequence.

KRR X7 1x, ABMRLE T THL —EOEE L2 F -3, ZMIRRE e
THENITETHD, T2 AV EDFRDEIEEZ &> TNDH X /X7 EIZEBWT
H FE TR SEEOEDFET LI ENH Y, X 2 )T HEORFOEERBLC
KELHBMLTWDZ ERNFBRTWVD

ZOEDIE A DX R EIT R D RERER O D SEE A L WD, 2D
WERIREVEX X ETREND 3OOEREEZHWNT, \MRIZE AR 247
DI ERIEDOKR T AT TEX =0T, SREEET 5,

FILI7—R9 LA U OBREREDBRHT

TNT7—U X7 A 0%, (RBERRAREEEBAETHY, 7IvA( REEKRT
%, BOA B R ER ONACTEI L BB AR TIIAEMIREETH 208, 7 2 v A RERERC
IXEAERE 22 0 R— 2 G TR AT D, Nl & CHREIR I IAIR T CoV RIS 2 A L
THY, 7IvaA FEHRIZYA T RE < /RN & 5, 4 [BIEICLEANEX-PMyE A H W
fﬁ%&@%%%%kéﬂf\%%?%&5E%ﬁ%ﬁ%ﬁ%@mbko

CLEANEX-PM{ED> 6 1%, TERDI/KFEFEAKFE (HD) R H5 LD EH &L 1FR %
B/HZLENTED, mx@f I T H AT DEERCSOFAST 723 & D FBk % Bk i L
ToH., TR A—Z—D7T 2 L7nk/&($)m&®xﬁ%ﬁﬂﬁé &R
ThHN, BRI O 2 7 kOB ICI3E LT\ b, —F. CLEANEX-PMIETIE, 3



UM SEE ) B OB OMERICB W TORBROBRINFARETH S, ZD LDk
ERM72EN LD  FEAEEBENTIETTRY, BEEEL VWb T AT 7 —
X7 LA v OREE Z RN 2 85A 121, CLEANEX-PMEEN AR TH 5,

THNETIC, CHE OGRS TE 0, NiREkoOERFE#E L2 R+ L
MNTETz, ELICpHORRHRFH 2 2L ST, RWPEX2E— R ThHH Z & 2R
HELEHIZ, THXOFEEHLIZE Y, BEOEWT— X255 LN TET,

HIV-1% 2 /8) B O BIRRIE R

HIV-1Dpl7 & p24i%, Gag Polyprotein®—#E & L TEY: L 7N CTERL S 4L, HIV
ProteaselZl LV ZNZFICUINT S CTHEREZ BI CTEX DIRIEL 725, DF V& X
7 E I3 EMEANTER S NIRRT, AL TW5D, MEHE S HIZPONDRIC L
D RIRZEVEEERKIBO% E THIS N TWA 2N, T TIINRROXARIC L » T, @ OERIR
EEE L L THEENE STV 5,

pl17IXCLEANEX-PMiE & HDAZ#A 1L 2 IV T, FRIZ /L — 7RI OFE & S TEB) O1E W & %
HE OO BEE 2 R AT L 7=,

p24DFIETHI&E—F L T, RV RLZERBEDEHAE CThoTz, 4 F Tlip24d
Nifs B A A Tl Nisflizpl7ofES L7 CORE, S BIZCmlicp24dChin K A A
UREA LT TH . BRGNS S, PREO4-5L—T 2BV T, L
FPRESEDFET HZ ENbho TnD, FORD EEENLA. cyclophilin-AL @
AN THDHZ ENbho T D,

AW TIE, ZNLL LD THEEEZ BT 572912, NERCCmEiIc N TAY 72 #
TEREL, ZURITHEOREN R ANLENER A THEEMIT 21T > 72, p241X
CLEANEX-PMW{EDFEWEFE IR & | T, T, 5AZNOE CTRLHI & 4 5 W REfE i gk o [l 5
O E#HZ, 450 —TIZBNWT, TNENOX ZTIRIZEBWTREFL TV, HH
WI LT, CHIC X T hFHT A L. 34 —TF L6~ v 7 AR HEE B S
Tme SHIT, NI ITZ %245 &, 34— L6~V v 7 ZITZ T, NigsEsg
EANY w7 AT FMRIeEEN B S, T2 TCEERFA ML, EbolE T
ERATCTH, 3 4—TL6~U v 7 ADFELIHEENR LN ETHY, 2D L
M LUTFO X ) e BT © SIS OBE 2B LT,

1) 45—, 2) 3-4—7L6~V v 7 A 3) Nk a4~V v 7 ZADJE,
72k, 3 —FIIHIVIRRIKCAP-1DOFRE S & — B LTz, F£o. ZNH DL &
WEOMEEIX, PONDR T D RIRZEMEREIR & b s Fsteda—E L7z,

LED X oIz, TAWT7 57— X7 LA 2B L Tid, CLEANEX-PMiEZ FWT, KD
WG A EEH L, & 52p24icB L TiE, RARZEMETFHICB W T TSR
TWEEAZIZEBWT, Z 720 75A10, @B SMEsgillan-, Dok ii
TODHEIE, RIREMWS R BOTICERTH DL L Bbh b,

Relaxation, Amide—proton exchange, Intrinsically disordered proteins
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NMR Analysis Aiming for Contribution to Antibody Therapeutics.
OTakuya Torizawa'
Research Division, Chugai Pharmaceutical Co.,ltd., Kamakura, Japan.

The biotherapeutics market is expanding rapidly and global pharmaceutical companies are
competing to develop drugs in this field. Chugai has been a pioneer of antibody therapeutics,
taking the first developed antibody product in the country to market. In addition to the
products in the market, we have been continuing research on various candidate molecules
which could become the next generation of antibody drugs. In the rapidly developing field,
a wide range of analytical information of the molecules of interest is required at the discovery
stages of seeds, in their optimization to become drugs, and in subsequent production and
quality control. To provide this essential information, we are now using NMR analysis to
discover what is going on around the molecules in terms of structure, physicochemical issues
and interactions. Here some of these NMR activities will be introduced.

BIEIZR T ADNROIEA FIEE S 21, FTIHES TFEZOLOR0, 26 & O
HAERT 22 R BT 28T 57259, A, Zhb &38R 58PN ET
ONMRFEEHTIZ DWW THII L2V, BUE, NA FEELTHEFAE ISR L, #HRoR
AT O A FEIEL ORI LD X ZHI> TV 5D, FAREBECIIZ 0
NAFEIHBCWERSEBL, =) 20RF U RGCSFE WS- A A v &
ROV IZ, BHARENTHIO TR I NT-HUREE L ZHICEY H L, A A =KL
FHEOENEREE L 7o TE Tz, 3BT, ETiEdhizbooie b3, iRoFikE
2> TN TH A 9 L DIFEMDFIZONWTH AR, 2 ED TnWD, 20
SORIZELT 2RI SIS W T — Ry T OR AN D IERM & 72 5 F TOfdE b,
EOBOERE - WEEHICED E TR TICONWTOSERRERPMLE L D,
O DEROFTHHUE D TITHEE - Wk - FHEERHOBR TED L 572 Z i
X TWVDEMDITOWVTNRIERFA OIERZRME L T Z &2k Y | PUREI G O
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Juk, A%, wo1&

i

OLY IR

— 100 —



FRAT ORISR E L, BEITIRUTTZ I 7 Ay Me ettt
L72W1gG (150 kDa) b FFHTRIR & Lz, Hilkn+ -
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FET I RE, A FARO Y SR BR L s R
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[FIRFSEHEC LV AT, JUiky T 2 #EEnI
i 10 g 8 7 s NMRERHT2MERNH LT 7 r—a i

e g BT H, °C, PN B ARk A AT
Mo e i "oge L (Fig 1) o Z OB HERREO L Y
y o f, “o‘“ﬂ‘%{;;’}l A o TVRIBICIE, HEON TROSYRR I S A 7 D%
g IR LT SEHILE 2T F L (Fig. 2) 8 X OYN-NOESY
Sal o REME st AT MAERVE, bOIHTIROBIE
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Fig. 2: 3D TROSY—(H)N(CA)NH of
[u-"H,”C,"”N]Fab (2D HN projection)

— 101 —



L18 ANLF X5 F—E-2 ORREERESIZ & 5 TE M EH

BORH

OMJIEER T, AR, RAAGR">°, EHHR'
YU b U AR M - AR SR TE T
PRGN - R

°JST + ERATO

Regulation of heme oxygenase-2 activity elucidated by the analysis of
structural dynamics

OAyako Furukawa', Tatsuya Yamamoto®?, Makoto Suematsu'*, and Kenji Sugase1

'Bioorg. Res. Inst., Suntory Fndn. Life Sci.

2Sch. of Med., Keio Univ.

3JST, ERATO

Heme oxygenase-2 (HO-2), which degrades heme into biliverdin, free iron, and CO, is
responsible for cerebral vasodilatation. HO-2 is composed of a structured region including the
heme-binding site and a C-terminal disordered region. The C-terminal region has two
characteristic cystein residues, which are supposedly involved in the regulation of HO-2
activity. However, its role in the activity is elusive and is difficult to explain by the crystal
structure alone because it is disordered. We hypothesized that the C-terminal region
transiently interacts with the structured region to regulate the structural dynamics responsible
for the activity. To test this hypothesis, we have examined the enzyme activity and structural
dynamics of two HO-2 constructs with (long HO-2) and without (short HO-2) the C-terminal
region. Enzyme activity assay showed that long HO-2 had 1.5 times higher activity than short
HO-2. To explain the difference in the enzyme activity, we performed PRE, R, dispersion, and
CLEANEX-PM experiments. The results of these experiments suggest that the change of the
fluctuating mode by the interaction with the C-terminal disordered region regulates the HO-2
activity.

Heme oxygenase-2 (HO-2) %, O, ZHWWT~LZE Y LT CO, #h~ & ofif
THERTH D, ITH, HO2 IZL > THERIND CO ODENPWMOIMEILIRIZE S L
TWAZ ENRHESINTWD, T4 VYA L THD HO-1 X, HEOREE CEEEE
PEZFET L TV D23, HO-2 IXEFAIICHEL L T 5 7o OEERTE VEGI A 31512
R STV, HO-2 13~ LA EIR A B o s iE & C ARUHAN 2 D Cys &
G RIREVEREI ) A D ., HO-1 121%, 2D Cys WELE LRV, HO IE, < b
BOFEBEENHE S TWD D, C AR REIRII IR IRV RIS 7R 72 O i d i 1& D 7~ T
COMREEDIAT D Z LIIREETH D, £ 2T, Frex I HO-2 IR R 7 C KD R
SRS VESEIR DS BESETEME O HIENC B 5- L TV D D TR WA & W D G A RS L 7=,

DG REEEFRHO-2, dynamics, RIRZEVEREIK
O5d0bbeZ, RELELESL, TxESFEZE, THETFAL
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£7. C KimfElkz 5T long HO-2 & 7 F 720> short HO-2 OEEATEME A e L7z,
Z DOFER long HO-2 1%, short HO-2 LV 1.5 fEEEEIGETEN RV Z & R BT o7z,
Z OEEFRIEMEOE W Z B9 5 72512, long HO-2 & short HO-2 @ "N-HSQC A<~
MZHEL TR E, 2D |,
BIOLEL 7 MElc k&R §1
BT RO AN o< 01 58
ppm; Figure 2d), 2D Z &b, 3
C KUt OO RIRZENETEI)S A
EEELSETWD EIEE X
1Z< W, RIZ HO-2 O EhffgRE

E N+ % 7= %2, PRE, R, E 217

dispersion, CLEANEX-PM 328 % | u.|
%imbtoMEﬁﬁwa\cgﬁiriﬂhmh”' “'”lﬂhm¢lhu
RSl R RSV REI A X R 2 5
EHLSFHEFERALTHNDZ & 3w
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Inten:
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asa3R8
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8w(ppm)

2a), £ /2. R, dispersion & Figure 2 Structural dynamics of HO-2 (a)PRE (b) CLEANEX-PM (c)

CLEANEX-PM ZEER)N>5 . %15 R. dispersion (d) chemical shift differences between long and
short HO-2.

FEIR D2 < DFRILIFTFE LV TVT, W< DD
PRI fold IRAE & unfold IRAEZERE L T\ 5D 2
& b 577> 7= (Figures 2b and ¢), PRE DS & kb
5 2 ST Lo T, RIRZEVEEI & FH AAEH
L CWADHESETEIRF ORENFE O N TND Z &
& B 5 M2 72 o 7=(Figure 2 and 3),
PLEDFERD G, C R D RIRZE MG D B
FVE M EE G R O B A E A Ak S
. T2 OEBEEEZMIZ Xk - TEEZETEMEDS  Figure 3 Mapping of the residues interacting

= - N — with the C-terminal region colored in black,
MEI SN TND Z ENMRRIND ° corresponding to the gray region in Figure 2.
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Novel Stable Isotope Labeling Strategy Using the Coding Theory

OTakuma Kasai', Seizo Koshiba', Jun Yokoyama1’3’4, Takanori Kigawal’3’5

Laboratory for Biomolecular Structure and Dynamics, RIKEN Quantitative Biology Center
’Tohoku Medical Megabank Organization, Tohoku University

ICell-Free T echnology Application Laboratory, RIKEN Innovation Center

*Tsukuba Laboratory, Taiyo Nippon Sanso Corporation

’Department of Computational Intelligence and Systems Science, Interdisciplinary Graduate
School of Science and Engineering, Tokyo Institute of Technology

Amino-acid selective stable isotope labeling is useful for the main-chain assignment process
of difficult proteins or in hard cases such as in-cell NMR. We consider the selective labeling
as encoding and decoding processes, that is, information of amino acid type is encoded to
isotope labeling ratio and decoded by analyzing NMR spectra. From this point of view,
canonical and reported combinatorial selective labeling methods utilize only qualitative
information of isotope labeling, in other words, one labeled sample possesses only one bit
information, therefore require many samples. With our new strategy, the information amount
per sample is increased by quantitative and precise isotope labeling using
scramble-suppressed cell-free protein synthesis system. This enables that all 19 non-proline
amino acids are discriminated with as few as three labeled samples.

<EE>

TR BRI L E RN ARSI AT, TR O 2 R TERE S TR TH S, K
RIRIE - IRINETH D, HDHWTin cel I-NMRZ EPINEE AR BREE T CRIEZB 229 7
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<FF BRI K D IPUERRIE O BME - R >
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encode decode / encode I decode

r / |
Letter "A" |::> 01000000 [ 1 ) letter"a’ [ “Alanine” =) w0000 . ) “Alanine”
codeword transmit signals / codeword prepare labeled proteins,

measure NMR spectra

Fig.1 Encoding and decoding process of digital transmission (left) and amino-acid selective labeling (right).
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Fig. 2 Labeling pattern for discriminating 19

amino acids with 3 samples.
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Error and Correction in Absolute Quantitation of Metabolites in vivo Using
Water as Internal Reference

(OHidehiro Watanabe, Nobuhiro Takaya

Biological Imaging and Analysis Section, Center for Environmental Measurement and
Analysis, National Institute for Environmental Studies. Ibaraki, Japan

Localized "H magnetic resonance spectroscopy in vivo is a method of measurements of
metabolite concentration in human brain. Absolute quantitation method using water signal as
internal reference is widely used. We examined position-dependent error caused by chemical
shift displacement at high magnetic field. In this measurement, displacement occurs between
the slice position of water and that of a metabolite due to chemical shift difference. In addition,
B, distribution is inhomogeneous inside a human body at high field. In our finding through
experiments at 4.7T, those displacement and inhomogeneous B; cause errors in quantitation of
the metabolite using water signal. We also proposed and validated the correction method.
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R Ot ERAL, TR LIBEFRNTE D HETHD, ZDHEE, £< O
RAMREEE Cioxt ER&b 7 e ha L THHAMGEL > TnbA o0, HFo5 sl
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In vivo iron mapping in human brain
F .Mitsumoril, H.Watanabe' , N.Takaya1
(Natl. Inst. for Environmental Studies?)

It has been suspected that brain iron has a close correlation with the development of
Alzheimer’s disease. In this context the brain iron imaging is awaited. We have developed a
method for brain iron imaging based on the finding that the apparent transverse relaxation rate
of the water molecule in human brain is quantitatively described as a linear combination of
the regional iron concentration [Fe], and the macromolecular mass fraction fy. With thirty
iron maps obtained from healthy subjects we discuss about the nonuniform iron distribution
as well as the age dependent change in the iron accumulation.
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Fig.1. Brain iron maps in healthy subjects at the age of (a) 10s, (b) 20s, (¢) 30s, (d) 40s, and

(e) 50s.

20 putamen ° .
JRIVE ClE— Mk E RN & < . Hle 18 o %o
TR TRIBE & bicgkikEn k3 10 . o .
Ay s FRRTING, IRAET Y 5 1) o o o ® o
7V~b%%bf%f&ﬁu@%hﬁk S 10 o« °* L,
WEEE. WORERONIIE. WIEH. %EEEO 5 8| 2 Cee *
ﬁ&& m%?é&ﬁ#%f kv Ep
BAREIC 72 5, (X2, 3 ICHERE, BIBARE @ 4
TR SMERICIRE L CAT S 2
*ﬁ%%ﬂ_‘—\“é—o gji\ ﬁﬁgﬂgg&:%b\f 00 10 20 30 40 50 60 70

%, ARRE OFERHELH TIXFR I X D
ZEALITR T (4), FURIZENT
ifﬂﬁf TR I - T LTz,
(45 8] MHRRRAK D fL T ORERE T
i%fﬁ%:ﬁﬁb\ft i O #5544 &
T D Z ENEREIC A o T, fEE B R
FRZ BN TIEEBALL *ctéTi’J 728k
TR I I, ZNENDEREMEILE
®BAMTZ ﬂifi&iénfbft%/\itﬁ@
fERE—HLTWD, ZomBgbic XL
0 ERFRERE O Z &2 < IMNEEED
N OERZEFEOENGFHAm A ATREIZ 22 D) |

FRREZE MEIR BB D R2 W0 BERFAI (D&
TELWREMLND S,
(2% 3C#K]

[1] Mitsumori F, Takaya N, Watanabe
H, Garwood M et al: Magn. Reson.
Med., 68, 947 (2012).

[2] Smith MA, Thu X, Tabaton M et
al: J. Alzheimer’s Dis. 19, 363 (2010).
[3] Watanabe H, Takaya N,
Mitsumori F: J. Magn. Reson. 212,

426 (2010).

Age year

Fig.2. Age dependent increase in the iron
concentration in the putamen region.
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Fig.3. Age dependent increase in the iron
concentration in the frontal grey matter region.
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Fig.4. Age dependent increase in the iron
concentration in the frontal grey matter region.
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Material analysis based on NMR relaxation and diffusion using Laplace-
Laplace inversion

O Takahiro Ohkubo, Yasuhiko Iwadate
Graduate School of Engineering, Chiba University, Japan

The basic principles and experimental techniques of two-dimensional analysis by NMR
relaxation and diffusion are presented. A program for Laplace-Laplace inversion based
on an algorithm by Venkataramanan was developed, and verified on various NMR ex-
perimental parameters such as signal-to-noise ratio and sampling points.

We applied a methodology of 2D relaxation and diffusion, which led to individual self-
diffusion coefficients for deconvoluted water by using the longitudinal relaxation time, to
a polymer exchange membrane with different relative humidity. At 30% RH, the diffusion
coefficient of water in small-sized channels is greater than that in large-sized channels.
On the other hand, the diffusion coefficients of protons with smaller and larger water
channels are almost the same at 50, 70, and 90% RH.

[#EE]

Z2P % O L 2 T ORERIRER (Ty 8 X O Ty) 1k, ZEROEERRE D & A& WICHFEET 5
2L 7 AREE & RHWAEIRIED 43103 ps A — ¥ — DR S TILERIRT 28546, ERY A X
HHl$ 2, koTHA XM 2RO L LEMEBIO 2R %2 flH L 723k 2 N5 L L7 CPMG
ETHM SN BESIME L, 2R A RIS L 2B AR R A6 IS R 3 2 5880 Eia
by LTBllilENns, 2wz, F5E%Z CONTIN iEHIC &k 2848 (7 75 A%
) ko T, BRI A 22 2 LB TEIR, YA A0 EFHIT 2 2 LN TE
b, CDKIH%T 77 AWM ARH L 7T, HOIEBERE (D) o TRIEfAEE
FH L 72 DOSY 5Tt hb HwoiTwn b

$ﬁ%?i\umifﬁbnfsteAm777x i K 2 A HE B D o3 AT B B
WraRR L, Ti-Ty % T1-D FOEM EJRHE 8T XA =5 L LI ZRILARY P VIS X % fi#
WMFEOWEZHNE TS, 20RO RILT 77 AWML T 0 75 LOER ERFEL 7
077 LTSNS ROLEEFM %2 T 72, FRFEMBRANDIRH & LT, I%*W”$U
=D T1-D ZRILAXRT bVIZ X B7KF v v 2 VD 2 17 > 72 DTN T
[RRATIESR

Ty & To WS F(Ty,Ts) & LTHET 2Bl 25 2 5, 2 Oalklz Mg n R
7 CRERRIEEIC X Dtz #E L. CPMG LA vy T a—E5 28T 2854, S5
Mz, UTokHickasns,

Tl max T2,max
/ F(Ty,Ty) |1 —2exp _n exp - dT>dTy +¢ (1)
T 15

Tl min T ,min

:C’CetiEl@//ch‘:i;:%o T1 c‘: T2 %L’Nl <“: N2 ﬁ%‘/}“(%ﬁﬁﬂ(ﬂﬁb\ 1 c]’. T2 0)%1‘@”7]{
AV FE N, £ N, T3, (Nax N1) D Ky & (N, x No) D Ky {751%% 240z, R (1) &

LMD k9icks,
M=K FKI +¢ (2)
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BT =% M 26 F 2R EPARMEOREL %2, FHIHMIZIEN (2) D Ky & Ky D
raty =2 EUE, 1 ROTOMREICERT 2 2 L83 TE 5, LeL, PlZAE R OoF
AV IFELTN, =32, n DAL ¥ FELTN, =1000, Ty & Tr OBtz 20 %
NNy =Ny =100 £ % &, Ko I3 10000 x 32000 D% CTHKATHIE %%, CONTIN %
DEHITF O 2WEIr2ROTHEDIRLER 2T Hif, —BivcaryEa—%22ZAwT
BB 2 2 LIZHENTIZR Y, R TlE, Venkataramanan 5 DEL 7 Ky & Ky %
FRRME TR T v 7L . EMNAER 2 A FTUHERZ1T) 70 77 Aok z1T-
Too RERAEIIMAIC X 27— 8 JEMEIE . AATHI ORISR X7 LIEMEEE Sractor & DI
EDNEOITAEHEZ 0 BT To7, K & Ky DF—FERICE D (N, x51) D K &
(N, X 82) D Ko Z2RD, 228 V{51 flioTF =S L7 M 2K 2, RIS T —
ZITHED T/ A R K B0 FE 2 TS % smoothing H o |[F|| Z w727 L3 X4
kD, F 2R3 700m/MUBIE x ZITD L) 12k 5,

X =M — K\ FE{ || + of |[F||? (3)

WM o ZKE LT, F OBEFEICKNT 2 IEADHIRA & Zth chof bR E % ok LI X
DIRS ZETF 285208 TES, ik o ZHEERIRY v 2N T 533 ThH 50
5, BN F LD agy FUTDOXI 12k 2,

= (@
||[KoF — M|
EoTHY 2 ahOHFLTF 2RO, I5IXBoN F D5 ay 2192 FlHZ R LT
I ETHREMD F & a 21822 L3 TE 3, .
(R4 75 75 DIREL] A
. . - . t Model
fER L7 70 7 5 5 OWEE . RIEE 5% p Model data
Wk Ty =va—F L Wik % CPMG Tf§ 10k
FERENT 2 7Ty HBEASVAY =7 v AT a
BonaomBEKicE oSV %k, ETIL I
T =% 1%, LICRT &9 Ay AR T

SAEL7 2 DD E— 2 %S Ty-Ty > 3l :
Fe Y BER LT, T-Ty, SAESE. €—2 '

3L
by 78 LT (T),T) = (0.153,0.0409) & f
O (0.0409, 0.00244) 1255 L\ S ORIE % £F [
D, sHllF—ZICHIME N5 ) 4 ROEEE X 104

Qopt

-1

’ Y w0t 100 102 10 10°
ORRED AT D T — Z LM % Stactor T
DBt 2T >7%, 7 £ LTO0.01 %25 1.0 Figure 1 A model T1-T3 distribution
FTRAAYF, 7 ELT0025 1.0 £T function.

2000 KA ¥ FOFHIT— 8 2 RHRICEHE 217> 7, ETVEHIT — 2 ICHIINT 2 HEA 7 A

AR, K/ A Ri@E%E e & LT Signal-to-noize(S/N) iz M T ORI L D EEL 72,

IS + €l?
|l€][?

fEtrdtt & 3% 57— S/N %, 2.5, 3.5, 6.0, 8.5, 11, 16, 20, 40, 60 dB & L 7z, Figure 2
& S/N O¥7e 2 B FINGEHIT — & QML) G5 6N Ti-To iz T, KIS

S/N = 10log (dB) (5)
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Hhr 5155 17 smoothing parameter a, T CH7MR F L EHIF — 2 07 S||/m — Ko F||
B X O RES R TEMIL 72 Ky & K1 OFIDOY A X 51,80 ZART,

Figure 2 (¥, S/N DR ZETNT—%
2B L7 T-Tp %R LR 0 55 moé”gﬁ_ggﬁg””w
100% D% 10% AHTary—7my 5ol — 0.0001
FLTWw3, Tic k> TR Th-T, o L
s3AiE. S/N ¥ L 753> T Fig. 1 @ g
ETNAIAMADIGIEI VT WS, 10 dB

DUFD S/N IZB T, Ty O/ WaEilic 102

“T—APE—=27" BB LTWw3, ¥ A

S/N DI L 72555 T, X|jm — KoF|| >

FMA LT3, S/NA20dBUTFTIE  10°F =107

a =121, S/N =40 % X860 dB L ||m — KoF||* = 146
DEFLNET — 5 DRFHERIE, o < 1T m s9) = (9, 15)
EFAAGNAD = by 7EWHLT 1P o
Vw5, S/N =20 dBBEDF =513/ A X S — 0.0001 é

ko TREIO R L—D v 7% S, @i
MR ELZEZTCwd tELOND, %
FRRES R Lo TERI N T —F 4 I
A RIE, Stactor = 0.0001 12 X ZEHTTS/N (& 402 |

Q
12X 59 (s1,82) = (9,15) TH -7z, %ﬁ g

107! £

SR X 57— &@F%ﬁ?ﬁism I —
ECREL BV Ebhot, X S/N 10° Fa="1.18

DR 2 EFLNEHMT =5 2 RRIC Spactor |lm — KoF||* = 29.2 :
2AEZT (Le-6~le-2) BT 21T Stacror [ (s1,82) = (9, 15) —~ A

N _ ~ Efim = 10° 3
DT T 5365 Z BRI W TR L ; s/N_40 dB

7LCo /J\glf)sfactor %)ﬂl’)%“k?‘ (81’82) : Sf t —0000].

WBREL B0, HELWS/NDT—4 %5

-1

B Spactor THFTL Z88HUE, WZA%D | <§§b
WMIEZ RS T Ty DA% L1z, ZOfGH I

EEMEFICBRT 2 Sactor 757 X—F 08 102 |
le-2 95 1le-6 DREIFETIE, MRHTHEHLIC 2 g (///\
G ZBOI Ebhot, BIFRIGEE R !
B DITIE Spgeror= le-d FREETNT 21T 10° F = 0,637
I EMEEEELI SN, F||m — KoF||? = 0.729

[RAABANDIGH] J(sys2)=(9,15)
[ IR E O B E & L TH 19407 10° 102 107 10°

VENBES TR, WEELE Lo n

PRARIEHT 3708w 70 b v EEH, Figure 2 T3-T> distribution calculated

Ak o TW 3, BEES TR0 7 r from model data with different signal-

to-noise ratio.

F AZEIE, ERE S RO AV Vg
%‘F“Cﬂ"ﬁjiéfzh%%/x—F/l/xff—}l/@ﬂ(%JV/ﬁ’vlﬂE LTI 3EEZLONTVS, Z
DEHKZENLTT 0 P MBEZERT S EERES FEREEX. 70 b BEIEKERIC
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G o BN - RO (1192 & ¥ fﬁi?‘?‘% ZEPHIENTWS, koT, Hw7u b viE
2RI MBI 2GS 2701, IEREZ I A =8 L LRA BRI CH/ A —
FILL L DIKF % /;%11/0)1%1_& S 2 EH T 20503 5, AFZE T, WAL NMR
ZHWT, Ty & D OZRIGHBEARY PV 2EEG L, &3 FHICHET 2KF ¥ v 2L O
& & PRHR M ORI 2 3l A 72, MENRDOEABMBE R ) v —E ALK AR Y Z—F LR
LAy (SPES) 28R E L, SHoolzmibRICA v b L. I (30, 50, 70, 90 5 £ O
9W®&ﬁﬁ%:ybn—wL%%vyﬂ—’famﬁﬁﬁ%ﬁo%% 770 vEzeflio
T NMR SABMEICEPA L 72, NMR 2513 HAE 78 DELTA % H WS meE 11.75 T O
TTwA 13 T/m FTHBAMZHIMTZ 2 70 —7 2wz, NIVAS =7 v 2, KR
R T b Z = 2 — F L 72, Pulse gradient spin-echo Zi#HMH 4 % IR-PGSE (2 X D
NMR 55 &2 37 2, [RIERRH (1) & RS ARREE () 223 TESZBMIL, Bonr
Bz 7 =Y 2B 7 AR PV SKICHKT 2E5HEZFHE L 72, o> —7 v R
THONZEFMER, Ty &L DIKEL, DTO L) icRIN3,

NHTLIﬂ::A%[{l2exp<;i>}exp{7%VgQ<Ag)}] (6)

SIT oy FWAMER, 6 IS AR Z BN L 2RH., A ZIRERR & & 5,

H— OV 22 & D) EKREDO 7 2 5B D 0.006 ¢
'H NMR A%7 M AZBHILZ L 25, H §
—DTU—RBE—2DRERL T IAL 0005

Y7 o7 u b REICERT 5 KT v
VEANLNDIHMi TS I EMWTE o,

0.004

E@L SPEP R, IR-PGSE TH&7- :E 0.003% @ m
(5% 29067 77 AMERE T TD 2 \U/ m
DERITEARY MV EBIEZH, RTD X

WIS CIHE R 2 507 0 A Y — 27 &% : Y

L7, Fig. 3 1%, 30%RH Tl L 725k} 0.001
D T-D A7 PV &RT, 1071 kDA 3
Ty EREW T TE—728InTED T 0%

L
1

T a0 a0 10
D F75 B DK 1A SPES HITHAE T[]
LT3, SPES HTHAKMED ALK Vg Figure 3 Ti-D distribution of water
[ ) (i LTV 2 KIE, ps A — & — T confined in a polymer exchange mem-

WK AL T B 2 kS, 4B brane under 30%RH.

AHPLRENTRS 3, koT220 Ty IKHMT 2KIE, A4 ADRLZKF v v L
WCHEET 2 AKICHY T2 EEZ6NS, 220D 7B AE—7D DENCERHT S L, BT
% b OKDTTBRCIEHREZ R L T2, IBERBOE IR A XX DR L A ms
F— & — OYHIRFCHl S C SN S HIRIEHEG 2 KL Tw b EEZ o, KF v %
NOEFTEICHART 5 L EZ 6N D,
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Room-temperature hyperpolarization of nuclear spins with DNP using
photo-excited triplet electron spin

OKenichiro Tateishil, Makoto Negoroz, Shinsuke Nishida3, Akinori Kagawaz,

Yasushi Morita’, and Masahiro Kitagawa®

'RIKEN Nishina Center for Accelerator-Based Science, Saitama, Japan.

?Graduate School of Engineering Science, Osaka University, Osaka, Japan.

3Graduate School of Science, Osaka University, Osaka, Japan.

Dynamic nuclear polarization (DNP), a means of enhancing bulk nuclear spin polarization
with using electron spins, has been successfully applied in various research fields. By
utilizing electron spins in the photo-excited triplet state, DNP can realize enhancement
beyond the conventional limit of 660, independent of the temperature and magnetic field
strength. We demonstrate a 'H spin polarization of 34%, which gives an enhancement factor
of 250,000 in 0.4 T at room temperature. The key in this work is suppression of the
spin-lattice relaxation by regioselectively isotope labeling of the constituent molecules.

NMRH & D JRJE e 392 & L CEIAYAZ AT (Dynamic Nuclear Polarization: DNP) X
ITFEIEF ICHER 28O T 5, DNP &I

sC
B A OBREREEE AR S —T OG
BT FETHD, TN F OB C-E-E0
IC

BT A & ZARHRIRIC S | Gk isediaser T s
DODNPDAEHIREH RILITHAE Y D aw e
%ﬁ@iﬁiﬁT%O{%’Ca’b ) 75§\ %%X E° _-‘i‘"" Ti&rogg:e
o OIRBEEA 1060 EIZ# 0 5 (21, i e g 1> 62019)

RIREESMLE L 25, 86 (wf?ﬁis) in04T
EBT A OB ER A2 BHILIA D F  Fig.l:Energy diagram of pentacene doped in a
?22“(“4“/ MICEOHBNADTHILE, DNP  p-terphenyl crystal. Electrons excited with laser
[T & 1T L b ML EE T2 < irradiation transit to a triplet state by intersystem
A, Fer IO = FEHEE - A crossing (ISC). The populations of the triplet
PRBFICHEH L, 20k 5 72&EF A sublevels are 12 %, 76 %, and 12 % respectively.
v & FW/=DNPA triplet-DNP & FEAS 1],

Dynamic Nuclear Polarization, triplet-DNP, regioselectively isotope labeling

OlTWLIFAWEAS S, RIAEZ L, IZLELAT, 2hbdbE oy, 07k
RTL, EERDLEIVA
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Fig. 2: Polarization buildup curves of four samples.

AWFFETIE, FEIRTI0%% 8 2 2 WK EE L 72 D R 22 OREE A B2 %1
RIS S (Fig. 1) . AA My IZid, XU UEMENEG L, R TEE
IepH—7 = VEMEA L, S\ T CoORRBICET 2EEIT o7,

'HA ¥ D g KELERARZE L, DNPIZ X 2 SRR O & HA B D A B
FEAARFIRERI DO /NT o A TR E D, ABFIETIL, FFITHEMDE LN HE AL E R A2
HKBEWRT D L THRELZMII L., BRRBERMBEON L2 X -7, p ¥ —7 ==
NOHFRORBUBRITER T T LS HE#H L TOT, ZOHZIZF DTN 5HK
FEBEAFRELETIE, ARG ZEX T2 N TE S, BiEdE Ay
WX DRERNTEAFIEN X2 2HWD Z ETHHIT D Z 3 TE D [2], ARHFSE
TlX, v F vy s BABSN v bp A —T 2= s S EAB - Z—T =
=V EFENEIVHAE DY 24D v EZ W Ctriplet-DNP AT - 7~

Fig. 2124250 H% 7N ThDtriplet-DNPIZ K A'HA B U ARIBEDO E)L KT v 7 H1—
TEhrt, XA —pH—T = =)D REERBRIX129TH - 7=, HAKFEL
DONFEHEMTHW 2GS (X2 —HnEKE bp- % —7 = =/v, FARFELA
VHEB—pA—T 2= )V) ORIBRITIENZEI6%, 18% T, HE Y RIEROM EiX
Rongholz, TN EHAROET-EAKE(R X% R—T L7280 EAKE
{fbp-%—7 = =)L T4053 fltriplet-DNPZ 1T 9 & 'HA B RIB=R34% % 264 L7,

RO FERR CIIRARRIIE BIRE LN D LT A 03, BGIEER I E 2 H\\ 72 °C
AEVDIERFART B LW BIDOTFEND biFEZ KD -, £ L CTESHEL
MOEBEHLIELDOE T D5 L a2MER LT,

SR T COEmBILIE, NMRSOMRI TGRS E 2 W IS RIE R E W E2 525 2
EMTEDLRET TR, RBIER & U CARLER £ & OBELIER 7 &I PRI R
BN ATEE & 72 5 [3],

AFZeix. BHFE CorpiifEaig 211020041 BV A4 RN%2T 40 7 2 HFHHZ B
2474023 EFIFA E UHEIEONIE) . RACEITIERE IR T n Y = 7 b - B AL
B7mr =7 b, GCOE 712/ T LAOIEEZIT T ThitE Lz,

SCHR

[1] K. Takeda, 7riplet State Dynamic Nuclear Polarization, (VDM Verlag, 2009)
[2] T.R. Eichhorn, et al., Chem. Phys. Lett. 555 (2012) 296.

[3] S. Sakaguchi, et al., Phys. Rev. C 84 (2011) 024604.
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Structure Change of Framework Octahedral Al species in AI-MCM-41

OToshikazu Takahashi' %, Katsuyuki Iwanami, Shigenobu Hayashi, and Hiroyuki Yasuda'

! Interdisciplinary Research Center for Catalytic Chemistry, National Institute of Advanced
Industrial Science and Technology, Ibaraki, Japan.

’Department of Chemistry and Material Engineering, Ibaraki National College of Technology,
Ibaraki, Japan.

IResearch Institut of Instrumentation Frontier, National Institute of Advanced Industrial
Science and Technology, Ibaraki, Japan.

27TA1 MAS spectra of AI-'MCM-41(Si/Al=20, d = 2.8 nm) under some conditions
(before / after crushing, crushing pressures, storage period) are studied. On
crushing mesopores (100 kN for 1h), a large part of Al[6] sites is once disappeared,
then recovered in a different shape. The restricted water diffusion in this sample
has enabled us to observe the water re-distribution within the sample. Since most
of the catalytic activity have lost after the mesopore crushing, we have concluded
that one of Al[6] components having a large electric field distortion, that is easily
disappeared by mechanical compression should be the precursor of the active site.
With some presumptions, this site appeared to have, in average, four Al-O-Si
bonds from the results of site-selective magnetization transfer experiments.

[1IZTUHIZ] AIFMCM-41iZ ViR =AbEWM D> T 7 2 U MMEOSF IR R ITIIZ &
VWEMEZ R T2, Z N E TR A IZAI-MCMA1FICE TN DEMEY A 2R T 5
T, AT UAHIC L > TABRNET V2 (All4]) & 6 ENLT V2 (All6]) & ol Z 7]
WNCATE R L, KRERPEE DL, U B E#& &V ZEMrM EER 2 H o 6 Bifr
Al A 32 OED AV FLNEBEIZRERANCGFTE L, v A ARV A b & L CIEMEE
IETINERE L TE 24, MCM-ALIHAIFNZ 2R ITELS] L2 A VAL % D
25, RPTEEICIZQIOIENIC, Q3fE, QL B EMREREEL RO EL T
F AV THY, 2DV HO—EDOSiZE AU EH: L 7-AI-MCM-414 [FEETH D,

Fox (TfREME 2 S 7 U D —Y— LB X BN D ER 6 BNLALE D T BN 6
BOAZALl & U TALE ST, ZOMEDOREZ LV LNIT H7-DICH I 3FD
NMR7T —# ZBifs LIRet 217 -72, (1) AV JLOJEIERIR D27Al MAS A7 kL,

(2) 27A1-298i CPMAS CPMGIEIZHEESS AV KT v F % —2 (1.2 ~ 6 ms) .

(3) BRI RE 1 v 7 %3 L7-27A1[4]-29Si, 27A1[6]-29S1 CPMASFE B F 0t
BThbH, ZNODHEHEFENHAI-MCM-41912& £ 5Al6] Y1k DENLAK DO
5 D3 D THER S NT=D & [RIREZ . DEDAIRED T2, ZOH A FAAL4] & [RIFEE
OEELDAL-O-Si% F5o = & M Hm Sz,
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[328r] AI-MCM-41 (Si/A1=20) I3 CHkEL#k o F
BICXVFERLL, T — 2 — R FELT=(), A
Y HLOHEIRIFIRY T AR $THERR 2 -V T
IREZ2 T 10, 30, 100 KN TFNFN1RRE S %
Mz 7= ((b)~(d) . ¥HR)ZEES0%DERE T,
20 MRFF L7=(e), EUANMREIEIZ A / 7 HEET
<L, B—RE L=V 7 & 2485
WES0%DERPICKE, m—& —IZFE L THI
E L72, %3 ch MAS probe %z 7- Bruker
AVANCEIII 400WB% V), 4 mm¥/ba=7 1
— X —Z M, [lLEE12.5 kHz, EE300 KT
FEER AT o7, 27A1 MASA~Z FUZ15°7 U &
TN THIE L7, 27A1-29Si CPMAS 32 B 1%
Pruski®o &S % . CPMGIEZ M L CTE1E
e b 217725, YA FEERI27A1-2981 CPMAS
EBRIZOWTIIAE v a v 7 EBREIT > T 6 BlfL
ALDEBN90% LA EOHE & 72 2 52 R LT=,

[FE5R] A Y FLEER % D2TAI MAS A7 kT A
%#Fig. 112773, 10 kN, 30 kN, 100 kN T £
2K o T~ A 7 v fJLIREER92%, 81%, 23% & i
b L. BETRE/EIL83%, 79%, 30% & k35—
77, flfEyEMEIL1/16, 1/50, 1/400 & i35, 27Al
MAS 227 b LD % — 1% (@)-() D 7T Eo
iz &< A6l b5 & & B0
ppmfIiED B — 7 ]300 v — TR D A oR
L72, —7J7100 kN TOEFIZ L > THOHAI6] 23—
R T 2 BN A s n=(d), ©—7 il
FEALl4]:ALL6] (20 ppm TOHIKHICIESL) 132
NZE1(a) 58:42, (b) 60: 40, (c) 61:39, (d) 81:19.
(e) 62:38TdH 7~

B B &4 7-27A1-29S1 CPMAS O | & 4
13, (S1)=10.2 kHz (100—90%ramp® F-¥E)
v,7AD=1.1 kHz CTH ~7=, ZDOFKMEIZBTE L

KT v TG — 2 iR 572 DICCPMGIE % %
HLTarv 7 hZ A4 L%1.2ms)56.0msFE T
B S TEZ AT MV %Fig. 2 1R,

BN BRI e LBV AR N T %2155 72

WDIZE BIZ2TALD RIS TRIE 2596, v1(S1)=11.5 kHz,

vi(AD)=330 Hz#A IR L 7=, Z DOHME TOH2IAID A
a2 HBOY AR A a7 FE 400

usds L U6400 psiZFBWVNTEINE VRS E R S a2
HLANOEEME L7 (Fig. 3a,b) ., ZDKTIE
xfifi (F24h) [ZFIDOBLIJE RS, yil (F1e) (X
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Fig. 1 27A1 MAS spectra of
AlI-MCM-41, before (a) and after
compression at 10 kN (b), 30 kN
(c), 100 kN (d), (d) stored for 2
weeks under 50% humidity (e).
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All4], All6l Z 2RI DWW TIEIR A E > v v 7 FF % v C27A104]-298i
CPMASH L 1U27A1[6]-2981 CPMAS A7 bz HIE L7z (Figd) , & 512400 us®
Tip7 4 VE—%FEAN L, BLOBIRMEA mD Tz Ay N7 L% G L7z (Figh)
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Fig.3 Frequency dependence of spin lock durable magnetization of 27Al. Spinlock duration:
400 ps (a, left) and 6400 ps (b, right). (Solid-line: positive, dashed-line: negative).

[E%2] 100 KNTO A YV HLORBIEIZfLEV, BEONRINZ 3 - 72 6 LA - D50
K E R ARNIIZEN LT (Fig.dle) o BEEICH S L, BAKZ > Tz 6 Bl
NAIY A N ABEDRREE & & HICENAKERFFRE I MK T L, AR AOICAlAlIRIE R 2
fbLiztEZzon5, AllANTEORETIZRWEIEZEHOHZ L) 2o, 210K
i< WE L, HsOtDOE TAI4l oA 4 & LT, £20134 A OfEHKE LTHI
LD D, 20k 2 2 BRERGF L T D BICS T OERE (38722 5 All6] A R %
AR A BRI RIS AERL LTz A BANFALS A Z A5 —T7 0 Th Y . Al-O-Sifsa o
— AN S M%xfT&wTM%m’ﬁML%ﬁw EEEWT 5,10kN, 30 kN
THEE L7ZHA 1@ B )l _xﬂm“‘éfﬁﬂ:t AR S, (QoREET R SR
m:&#E\mmmTF(Lt IZA Y FLDOBAZEIZ X » TR OFR@ENI T S,
m@ﬁﬁﬁ%%%K@:otﬁ%\@#*Eﬁﬁﬁﬂéht&%iézkﬁfﬁéo
TICENBORIR A v rm w7 BERICHOW TR R %, Fig. 3LV, Zo@EICRT
HAE Ay 72K o TEAEGERN e B DTV D 5 2 ERbnd, IBIRIAE
0y 72k o RO SN DAL, A6l OB L OMEE X NENK100%, 90% &
Bbohl, ZO&RGEZHWTCYAIZAE YTy 7 L, FEPSIOAY 1 v 78k
Z il L7z 9 2 T27A1-2981 CPMAS A7 + 7 A& HE LTz, %8 %2Fig. 4 [T T,
X5 57 X 5 I2All4], All6] 7 & OZIRBMEB BN > TR S 529810
TFInging B — 7 ALE 2 Q4O0AD & QSADDHRICH B, N ENE TR -
T35, £72Q3(1AD H Q3(0AD & Q2(0AD & d HfH | Jj% LODENENIR: HALEIC
va A =L LTREENS, ZNHDOE— 7 HEIXIFIES2 L TOMBEZ D H DI
GENDAILLALBIDOFICEH L TND, 5| MM@@V%mLéﬁéamf
AID A v 7 DI %8 5B U H400usi S, ZD#%IZ2981Z RS L T6 ms=
VH 7 N ZRTGE (T filtered) 1253 5 417-27A1[6]-29Si CPMAS% <2 & {XS/N
72N HQHMOAD, Q3OADERMNZE I E S, Kb Li=v 7 Funtgsntn
BHe ZOFEIZIo TR ERMEES V7T ABHIEZITS Z e TEx5 (Fig. b) .
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27A1-298i CPMASICEWTHF B D & 7 F LR E T i b i /2 2220 & Th,(AD,

T1, (S, WALRBENEE TwislZ FD X O (TR ¢

ZIEKFT D &BABND,

. t t X t
wes® = 0985 ({1 2 (- o ()

Fig. 220 H2TAlI-29Si LB ENI A > v v 7 HmD R
W B o < D EBEICRALEEN L TV 5, Fig. 3b
o T Alle) = T A4 AR ENn s, e o
AlITIHE AW O 5 S ks 7 & R BRI d (All6]-0S1D) = d
(Al[4]-0SD) & E 2 b b, Zh 25TV $27A1[4]
—298i|Z R T2IAL[6] > 29Si DAL B E 2 R FIC T 5, #
nic b b 59 27A1-2981 CPMAS @O > 7 F Vi3 i3 iE
All4l:All6] Dt A e L T3:200 3 7 L EFE TIE b LT
(Fig.4 3,4Dftdhoo REILIE—), BALBENCIIT HCSA
%Eﬁ%ﬁAwﬁﬁ@@%@@60 22981 Ty, D77

Bl EWR IS ERET L., BHlSh
62981@ 2 FIOVREE LY Lt D All4] & All6l D EE
LEDIECZE N ZE T BET 5 -029SikE & ORE  (F)
%) NI EBEZLND (29810 KARIFIELN
4.7% LR T2 | [RIFRIC 248 002981 % 9~ 2 m] REME 13 4
W9 2) o FEBEERILY 7T (Allel/All4]) = F7E
Allel/AllaD)TH 5 = &2, All6liZAll4] & 1ZIZFE D
SiZIHZHE L TCWAZ &, T72bb 4HiIr< DOSifEA
PHTHZENENND, TS DR RN S LTSS
DTV B —P—ThHDHAI6lIL4 8TV WEKEOHESE
Z HORFEMENE W &R T 65,

AI-MCM-41+H O SECALALIEZ A Y FLNBED 2 U T F S
EDORED DTN VI LA TT —FWRITE Y X2 54k

RBIZHH ., ZOWAED—ENkkbnsd & 6 BNLIME TR
7o T, —HHIZIZT LA ABMIIZZ L LT 2 5
EEZLND, —H TR BEOKSDIFETIIUE 5D

Si-O-AlfE G IR R A2 =T, 3 L IFZZENLL T
Al-O-Sifif & T U B HEM LG LIHEICBAIT L CIH
R EE S DN D EBEA D LN TE %,

MRk« [1] K. Iwanami, et al ChemComm. 2008, 1002.
[2] ‘IR G, fiilE 2010, 52, 450. [3] &S,

2987

27A1(4]-2981
CPMAS

21A1[6]-29Si
4 CPMAS

H48[EINMRE i

T T T
—80 —100 —120 ppm

Fig.4 27A1-29S1 CPMAS
spectra of AI-MCM-41.
DDMAS,CPMAS, All4],
Al[6] site-selective

magnetization transfer.

without filter

with filter

Fig.5 27A1[6]-29Si site
selective CPMAS spectra
of AI-MCM-41
with/without a 77, filter.

ST 2009, 3L10. [4] &

15, #5520 E{ANMR - $E 7 +— 7 L5865 TR, 2012, L7. [4] M.Pruski et al, J. Phys.

Chem., C, 2007, 111, 1480.

A1-MCM-41,

O7zh
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Evaluation of Acid Properties of ZSM-5 Type Zeolite Probed by
Trimethylphosphine Oxide

OShigenobu Hayashi, Keiko Jimura, and Natsuko Kojima

Research Institute of Instrumentation Frontier, National Institute of Advanced Industrial
Science and Technology (AIST).

Evaluation of acid properties is important to develop new acid catalysts, because the catalytic
activity is intimately related to the acid properties of the solid surfaces. In the present work,
the acid properties of ZSM-5 type zeolites were evaluated by means of solid-state NMR using
trimethylphosphine oxide (TMPO) as a probe molecule. TMPO was introduced to the zeolite
samples at 373 K via a gas phase (a vapor method), and *'P MAS NMR spectra were
measured, which reflected the acid properties.

[#E] A= F—BXOBREAMKKO O, RERBMEIZ/D Y 5 2 EIREE
I DBIFE D STV D, [ERFE T OB 1 EARR AL DG ME & BH2 2 BR L
THEY . Frfl e BRI 2 BT 5 72 O I X FE AR OIS 2 381+ 5 = L N H
BCh 5, BMEAIMT S FIEICIE, 7 o= 7 FRBEE, RIS, BEIENMR
RENDHDH, EIENMRTIL, v —7 5012 WE S EZOEENMRA N2 [ Lzl
ELCHEEERmOMEEZHRLZENTES, L<HWONA 0 —T405F0D—D
WCRUAFABRAT 4 o FF2 K (TIMPO) 230, PO 7 MENS T Lo &
T v REESOEEREE Z 5 Z LN TE 5, BETMPOZ BB AN L CREHZE A
L EZSHERIC X 0 IR A BR A3 2 0705 REHE) AW LRE 0, MM E 0TI
B AR CRETERVDERDH Y, TOBRAICIIEENERELTLEYY, 22
T, Fox i, BHZ ORI TEAENDTMPOZ B AT 5 5k (KAL) ZLUARNCHE
LKLY, EBI2, KMEEZELT I A MO L RE®RE LY, & 2508,
TMPODE AN T & 7= EMNIEF D72 no Tz, ARBFFETIE, KHHEEZHLE L, ZSM-5%
Y47 A4 MZTMPOZEA L T, BRIRE DM AT - 72,

[EBr]  #EHE. S oS R JRC-Z5-25H, JRC-Z5-70H, JRC-Z5-70Na%
iz, Z513ZSM-58Th 5 Z L &2 Rr L, mEOH, NalZZ i ZEH, Nl Th % =
L &t He NaDRTOBFIESIONALOs . ((HIAME) %771,

ABHE200°C TEZEPER L, WEKERE LT, D%, BEH AFEMHA T Tt

[E{ANMR, [ERRRALLL, 7w —7 455+

OIFL LIFD&, Lieh VW, ZUFE 2o Z
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TMPO Z&E A L7z, AL, =R CHEZHE
LT, EHIEZE T T 100°C [ZNELL |
Z DB L=, TMPO %W & J@f_giwq
1T, BEFEFHL T TMAS 0 — & —|ZFIH
L7,

éj/\Lv_/
3P MAS NMR &1L, 7 /L —ASX400
(Hres E 2 3P: 161.98 MHz. 'H: 400.13
MHz) &M\ TiTo7-, 2P & B L B
THTF Iy VT FTC T FAEERDY
EA,/\J\/\/\_\

IANTZ, 85% HiPO, FEHET Y 7 M A2 FRKIR
L7,

[#ERKEOEZ]  PSiMAS NMR Z~2”

NVORIED G B D Si/Al bl 25-25H

75 14.8, Z5-70H 78 282 Th-oT-, )

b, BA T4 MEKIZAS TV D 4 Blfr

Al DT 75-25H 78 1.05 mmol/g, Z5-70H D
723 0.57 mmol/g & RAEH b, 204kl —~—

N Al DENRT L 2T v RigE Si-OH-Al
DELE L, 100 80 60 40 20

A1 MAS NMR A-27 kL 4 Fidfr o (ppm)

Al BZ B o728 2 A Z5-25H 7 1.20
mmol/g, Z5-70H 7% 0.52 mmol/g & 729 |
PSi OFER LIFIE—FK LT,

Fig. 112 *'P MAS NMR A% R /LZ7R
LTco &7 F Vi BNl S
HIEE, BEmENEL 2D,

3% L 7= TMPO D&, '"H MAS NMR
AT MVTEII S 72 TMPO D A F )V (CH;) OV 7 FABRENDS BfEd - 7=,
Fig. 1 D% ¥ 73 2 2 TMPO & /R L72,Z5-25H TIE7 VU AT v REER &L B R
%O TMPO %8 ANT 52 LN TE7z, TMPO [XERSEE DR E Y A M%W&%
TAHEEMDH Y P AT R LD 90~60 ppm DAL T L v 2T v REEASITEAS L
72 TMPO tIRJETE %, —Ji. 60~40 ppm OFEIKILIT L > AT v REE M LIAMZTE <
W4 L7 TMPO LIRJE S5, Z5-10Na (I Na I THH 707 L A7 v RIRADIE
EAETRZWNTH D BT, 60~40 ppm (237 F IV E IR LTz, Z5-70Na Tid, TMPO
[ENa A AR HTA MERICEE L TS, 2B, fitdh TMPO |L°'P 2227 kL
T 42 ppm (ZHN T 7TV ERT N, S RIORETIIBIN <o 72, TMPO O
MNREEZA 100°C IZRE LT Z &I2k b, fMifLNEZ TMPO ML CE 72/ & B2 6
N5,

AHFFEIL, TISPS BHIFE 23550236 DBk %5217 7=,

1) N. Kojima, S. Hayashi, Bull. Chem. Soc. Jpn., 84, 1090 (2011). 2) S. Hayashi, Chem. Lett.,
38,960 (2009). 3) S. Hayashi, N. Kojima, Micropor. Mesopor. Mater., 141, 49 (2011).

Fig. 1. 'P MAS NMR spectra of
TMPO-loaded samples; (A) Z5-25H
(0.42 mmol/g), (B) Z5-25H (1.64
mmol/g), (C) Z5-70H (0.14 mmol/g) and
(D) Z5-70Na (0.23 mmol/g). * indicates

spinning sidebands.
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Evaluation methods for metabolic process of metabolic community for
sustainable re-utilization of marine resources
OReona Hoshinol, Akira Yamazawa'? , Seiji Yoshidal, Yasuhiro Datel’3, Jun Kikuchi'?**?
" Yokohama City Univ.,, ZKajima Tech. Res. Ins., Tokyo, SRIKEN CSRS, * RIKEN BMEP
5Nag0ya Univ.

Japan has a huge marine resources brought to the fourth volume of exclusive economic zone
in the world. Therefore, it is important to consider effective use of an inedible part of marine
resources, for example a fish and seaweed. We focused on an anaerobic digestion (AD)
process as the sustainable technology, which is capable to harvest the energy from organic
waste. In order to find the biomarker, ten kinds of fish and seaweed collected from marine
habitat in Japan were measured a composition and tested for AD with batch reactor to be
possible to treat more effective or avoid an inhibition of AD. Furthermore, a composition of
metabolites during the AD test analyzed by the statistical method revealed the differences of
metabolic processes in microbial community based on compositional variations. These results
suggest that most appropriate compositions for AD treatment may be capable to be decided.

)

1t 555 DU A2 DEEZARAE 2 A .

L AARITKEGERKEEF X . ( > necitle “”

£ 9 TPPEINC L v B{ERE ? Biomass to recycle

IO K PEGIRTE T % 8 7 M

T2HIFE, BIEIEETOMHE Seaweed 1 Problem

LW T RAHANA A~ A d# ( et concentration

DI M R D BB N N

ozl Tfe B A A= 2T Fish etc.

7}(F££§/ﬁ5iﬂ%%ljﬁﬁ/\4} Fr< Z Bio reactor

ODﬁg*ﬁ{ﬁJZ))/}\ fx = & c:% E ‘E:ible . :Eltquertarvaralvsis Data

L. NMRZZU® & T HFf~ Eat O et mining
G - IATIE A BRE L7z b

FARENT 2 12217 L7z, S HIZ,  Fig. 1 Concept of evaluation and utilization for fishery resources
29 LTS R KRR HKENA d~ A% AR E Lo REMEH LR A3 L, A
TR DEN & P8R RGO IS BIGR & FEa BN FRAT L 8B P RE ]
WENCISH LGN, F~— I —ORFEERAD Z & & LT=(Fig. 1),

RIEASKR/ZUVR BESHME RFBKENMFTR

OlELD kB, RESD HEDLH, LLE VWU, T RT04A, E<5H Lwi
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[53]

A [E A H LB I 72 K9 10FE O M B LY e 2 HORS RO L | B, BRI AR 7% . NMR,
ICP, JTTHEIHTIZL S TR ATV, 5O K T — 22 LB BT LTI, ZOH5
B E U7 B OO S0 B SV R A e T B IS BN L [RIABR D 2 Wi sn 2 D T i fe %
BT, 28 8fENTIZIZY 7 M7 =7 Automics”°"R 7% F V=,

[#E5HR & E ]

FURE & RE O A T A R A
Table 17, FEEL THREHE
MR ORE L2 B LS, [ —
COD A i 5::(3.0 g-COD¢/L)&
L CHERMEHIERBREIT -T2
(Table 2), ARERHIE 21T DK
HWHER A 'H-NMRIZ L0 BHRL .
AR NV —H Zbinfl . matrix
B CTERT T EAT S TR R
PCl& 17 e’ 4 g, PC2IK
Y (3 AN A R S N DY
(Fig. 2), RUN"A", "B" Tl
Bl <l e A U B OER
DRI, 3 H LARE, B s A
HALTZ, A BIRETL 724 TidE
A Ze R E AL L E I RS
7ol HAE T m e AP
BWTHRBEORALNEWZE
Tu AU BOEENIEE ThD
fER RS T, — . NAA
H AR BT AR A O
RUN"A"S b <, MR LR L
THIAD 5 3CODHT-0 D 54y
R B H R E W ERHEES
iz,

FEFTIX, FEE WD L
PRARE R AT DWW T BMNZL
Fo, FREORE, HiRARE | HBAL
T EOBRRMETEILRRE IOV T
EkT5H, ZNHDOEHRELEIC
2B BIRAITICE DA M7
ATk T~ — T —
PRBENAIREL 2D, O fa A
FE A BRSO BE LV o T K F

Table 1 Composition of sea wastes

Fish Seaweed
CODcr (mg/kg-dry weigt) 1,140,000 510,000
181E¥ (mglkg-dry weigt) 9,200 2,800
A= +1)%5 =2 (mglkg-dry weigt) 4,000 3,000
CINEE () 34.1 5.3
Table 2 Summary of anaerobic digestion
RUN“A” RUN“B” RUN”C”  Control
B A E(g-dry weight/L) 227 1.36 0.68 0.00
EERAE(g-dry weight/L) 245 441 5.88 0.00
#8314 H X E(mL/L-bioreactor) 14275 7300 12400 8225
SR AR R E (%) 50.6 23.6 54.9 0.05
A
(' ) 0% + Initial
- condition
N s ® RUN"A"
4 - (0-3days)
02 " " * RUN"A"
3 .‘: . . A {4-11days)
.":_; o at o 4 RUN"B"
2, S P
+ (4-11days)
= RUN"C"
(0-3days)
0.6 = RUN"C"
Ry 02 PCI(:I;.E%I 05 1 (8-11days)
(B)
EPCl
g o0s Propionate
Tg mPC2
-]
'E 0 |. ||| S ‘:J;Jl“l”,_,, ‘ Ml
E ~
Acetate
0.5

241
Chemical shift(ppm)

0.75

Fig. 2 Time course variations of metabolites in anaerobic digestion
process evaluated by PCA. (A: Score plot, B: Loading plot)
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Proton tautomerism of 2-substituted cyclic p-diketones
OHideyasu China and Yutaka Okada

College of Life Sciences, Ritsumeikan University, Shiga, Japan.

NMR analysis of B-diketones is often complicated despite its compounds are described as a
simple structure because the many [-diketones possess potentially property of proton
tautomerism, cis-frans tautomerism and inversion isomerism, in which is depended on some
factors such as concentration, temperature, solvent and time. The dependences in chain form
of B-diketone have been studied in detail, however the dependences in cyclic form of
B-diketone have been left some uncertainties for insufficient research. Structure determination
of several cyclic f-diketones, indeed, were misleaded by the influence on proton tautomerism
about keto-enol and enol-enol. The right interpretation of the proton tautomerism in cyclic
B-diketone is essential to understand its property. In this study, we researched 2-substituted
dimedone to elucidate fundamental principle of the proton tautomerism in cyclic f-diketone.

BIRBY T hTHDIHEAD 2B A R EZDATF N =T VK EZER L,
) NMR (2 L DHE, fRFNRRH], JEBERE M ORI LR E e E ORI b, =/ —
J—=/)—)v (E-E) AEEML 7 h—=/ —V (K-E) EERMEZHFHAE L7 (Fig.1),

R

(X=H, CI, Br, I, NOy, COCF3, Et, OMs, CN, Ac, CHO, NHAc, NHCOCF3)

Fig. 1 Proton tautomerism of 2-substituted dimedone R H, GHa, CF3
WP O2— B A NLK-ERERELHT S Fig. 2 The structure of (A)
FCH MEOIFEELEEREFEN LD LE X 5N T exocyclic~ enol form and (B)
7278, EIC E-E BERMAAG LT-o ) — LR )NBLA endocyclic enol form

ST, BB 2T VLRBRYA FACBNTIEL,
HMBC 7% & DPFGSE-NOE J£(2 L 0 B oh— J — Uik $$% “WLJN%%
THARAT ) —AkTHEZ LR LE (O 8 D

@%DjEFEQEﬁ?ﬁﬁH:%ﬁ&6ﬁKE anJ\hjiﬂp\h
FEMIERT B R A Y — A AR (T) 4§j§2t o
D rf//\oll/7< FH?B%WT?@#%T@?# L\/\ b AT D5 gg T 45—
BaZ S BH2—BHY A R LALESHAIEI S 30 R 10 =
EAFLE—T MRELRT B 2 L TP, B s 8 e

fxD2—BIRY A PRI W7 0 N HAER (ppm) “ippm)

RAbF v 7 MIBAE 2B b % BT LTz, Frl erriﬁé of (A) temperature dependence
M FE IR DAL E-E A8 ML F AT and (B) concentration dependence
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DSEB L ENTWZ 47 & 6 /%
DRI % ol e sEn 2 L A =81 B

Mo (Figld), ERMAEEELE b o o ‘I @omin
Nt N N - 2 L4

RAEOWENTTRETHS = L %, |2 Sl -

LT, Eho, ORI Tef e lmon [l e Laa,, 0.,

HED BE EERMEOMERS "y oon t |7 teececc8ind

FRUKERHARRICES = —  fpecccctrlug

KBRS D T R — ,

%%fﬁ)}%ﬂﬂjﬂ_’ﬁﬁﬁ (Tl) &*}iﬁfd%;&@ 0 20 40 60 80 100 01 2 3 4 65 6 7 82810

- Concentration (mM) Time (d)
Wb (Figd-5). E-E AAER D
MIT Sy FRIAKFBRESICEVFEE 2 T D {0 mm)
o — . 14
ShDZ Ehmesiie (Fig6), b 1 . %00 ]
s
3mM (X=CI) E"ﬁ 085 o0 %900, E”’ {
35 T T T ':4'0 ’30.0
! g 06
30 | | O CH2(H4) J P 04
A CHjz (H8) e Zaq 02| “Boa
25 1 6w L ®* 2 a g 3 omaD u___?ilnﬂalﬂ“
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15 )

Fig. 4 Concentration dependence on (A) T, and (C) T,
10 - 4-40ms 1 and time dependence on (B) T, and (D) T,. T, and T,
5 g_' 118 :E]S_ 200 M2T/m i were measureq at 25°C by IR method and CPMG
o method, respectively.

0 ; N . ~
o 1 2 3 4 5 & N2 EEYARNOK-E AERMETRERRM
Time (d) D ZEBNIREN, = —URIN BT MEA~D

Fig. 5 Time dependence on diffusion  FerFHI 7R YLD BL S 7z (Fig7),

coefficient (D). The 'H DOSY was

performed at 25°C in CDCl; by PFG X o X o
BPP LED method with 40 ms of “Sy ™ Os
diffusion time (4), 1.0 ms of FG pulse & o 0% oH
X —— X |‘1 ;X
OH :

D (um?¥s)

width (9) and 10-200 m’T/m of FG

H
strength (G). Oﬁ O i o
HO Et_ 0 Et, 0
Etﬁ—h— — H)ﬂ%/
1 3

o
Low Concentration High
70 ' ' ‘ High Temperature Low
60 & Short Time Long
_ Y Slow E-E tautomerism Fast
X 50 f
Swl Fig. 6 Relation between E-E tautomerism and
FZEn intermolecular hydrogen bond
Qa0 |
o
St
Enol-enol tautomerism, Chemical exchange,
10
hydrogen bond

0 . . . . . .
0 100 200 300 400 500 600 700

Time (min) OBLRVTRT, B ln

Fig. 7 Time course of keto-enol
1somerism with inversion isomerism
on kinetic NMR analysis in CDCl,
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Analysis of Small Molecules by Multiple Dimensional NMR Relying on
Non-Uniform Sampling

ORitsuko Katahira', Hajime Sato’, Chojiro Kojima', Takahisa Ikegami' and Toshimichi
Fujiwara'

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

’Bruker Biospin, Kanagawa, Japan.

A drastic decrease in experimental time has, recently, been achieved for 3D and 4D
experiments of stable-isotopically labeled protein samples by introducing non-uniform
sampling (NUS) techniques. Several signal processing methods such as projection
reconstruction (PR) method, multi-dimensional decomposition (MDD), maximum entropy
method (MEM), shift method and compressed sensing (CS) have been applied to
reconstructing the discrete NUS data. The NUS techniques are also beginning to be applied
to HSQC and HMBC experiments on small molecules. We show several examples of
insensitive 2D and 3D experiments on small molecules and examine the merits and demerits
of NUS with CS.

BEHEOATIZHVBHILD NMR FEERIZBWTIE, TH NUSENEAIND Z &
W20, BERFR O KIS 72 5ME 2SR S LT & 72, it, NUSIZko>TH 7Y 7
éhf:K@%ﬁf£?~&%ﬁ%’*Tét&> PR, MEM, MDD, shift {5° CS 2D F
ENSH SN TE 2, SOIHIEEEIC NUS XLt T — % 2 FAESE 4 5 Hifi M
ﬁ%ﬁéh,:h%@%@##ﬁm_ﬂ%fééio_&of%t.%Lf_h%@
TRy T2 LB % F 72 Rl ) i s 70 NMR SEBR IS SV TV 5.

KT BLEMD NR AT TlE, 7 FADIRBOHNVENEE 2L 72012, &
T FINVDREENRE, DD, SRt NMR S5 O BB T 7 O3 iFREN BV AT L%
BHZENPMETHD. L L, ARWRRFIELL A FIH L7z PC-"C FHEISC 'H-""N #H R4,
FIVVNOE 7L, BEW, 3D EBRITMERETHY, £/, EWVHIERKME2ET 5.

AFRF T, Ko FRmEEME AW 2 S IREEONR EBROFEREZRL, £z,
185y 1 DREEFRATIC Z O LWTFEN G 25 A %7 b L e k-S>
TR LV,

1545y 1b&%), Non-Uniform Sampling

OMNZOBNSZ, SEHIFELY, ZLEHEILAHI, WIRKREZNDE, SL6
bElLlAab
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["*C-'°C INADEQUATE ZEBR] EBAHIM D7V v R& 128 KA > MIREL, DO HHD
32 F721X 16 ARA v b EARY—ICHEEG Lz, BIERRITZNEh 16 B 23 43 £ 721
8 13 3 7e o7z, T E¥—ICHUSG L7-mEE (16 i 23 43) & thig L7z,

['H-""N HMBC ZEB&] EBHIHMmDO 7 U v K& 128 RA v MIEREL, TDHHD 32,
16 £721L 8 R A v FERE—ICHISG L=, HIEEIXEnEh 10, 5 £/ 3 072 -
72, ZhEB—ICEE LR (384)) Ll L 7-.

['H-"HNOESY ZEBr] BB IMD 7Y v R& 1,024 KA > MIREL, TD 95 HD 512,
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Component Analysis of Food using Multivariate Statistics by NMR
OMichiyo Kubota', Takahiro Hosoya®, Shigenori Kumazawa®

'Graduate School of Integrated Pharmaceutical and Nutritional Sciences, University of
Shizuoka, Shizuoka, Japan.

’Graduate Division of Nutritional and Environmental Sciences, University of Shizuoka,
Shizuoka, Japan.

Recently, nuclear magnetic resonance (NMR) has been used for quantitative analysis and
metabolomic analysis with multivariate statistics, which can characterize based qualitative
and quantitative analysis in intact sample. We discussed component analysis of food using
this method. In this study, we analyzed the constitution of leaves from 35 kinds of green tea
harvested from five countries, including Japan, using a combination of quantification and
multivariate statistical analysis using NMR spectra. The contents of the main components
such as catechins and caffeine were calculated from the integrated values of "H-NMR spectra
of the green tea extracts. Principal component analysis (PCA), which is a kind of a
multivariate analysis, was performed with AMIX software (Bruker BioSpin) using the
'H-NMR spectra. The results showed that the 35 kinds of green tea could be clearly
discriminated based on the contents of the tea by PCA according to differences in country and
harvest season. This analytical method may be applied to tea quality control and to the
screening of unique types of tea.
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Fig. 1 PCA score plot of '"H-NMR spectra of green tea. 35 kinds of green tea harvested from six
areas in the world (a) and 17 kinds of green tea harvested from Japan (b).
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Non-Uniformly Sampled Three-Dimensional TOCSY-HSQC Spectra of
Polypropylene

(OKoshi Matsubara

Research and Development Division, Japan Polychem Corporation

Three-dimensional TOCSY-HSQC spectra of polypropylene were measured using
non-uniform sampling and compressed sensing method. The maximum evolution times of
indirect 'H and "*C dimensions were two- and four-times extended, respectively, compared to
the conventional sampling scheme governed by the Nyquist theorem. The extension of
maximum evolution times is equivalent to the resolution improvement in the frequency
domain by the same factors. Small signals which were buried under the gigantic signals of
propylene repeating unit in a 2D TOCSY spectrum were separately observed in the
resolution-improved 3D TOCSY-HSQC spectrum. The newly observed cross-signals were
tentatively assigned to oxidized structures.
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Fig. 1. (a) Two-dimensional TOCSY and (b)—(e) three-dimensional TOCSY-HSQC spectra of
polypropylene. The TOCSY-HSQC spectra were measured with (b, d) a conventional and (c, €) a
non-uniform sampling scheme, and (b, ¢) F1-F3 planes for °C 51.8 ppm and (d, e) F2-F3 planes for
'H 2.1 ppm were shown. 'H NMR spectra were attached in the upper- and the left-side of the 2D
TOCSY, and projections were attached for each TOCSY-HSQC plane. The spectral widths of
TOCSY-HSQC experiments were 10 (F3), 165 (F2), and 10 (F1) ppm, and 512 (t3), 32 (t2), and 48
(t1) complex data points were acquired. The maximum evolution times were 64 (t3), 0.96 (t2), and
6.0 (t1) ms for the conventionally sampled data, and 64 (t3), 3.8 (t2), and 12 (t1) ms for the
non-uniformly sampled data. A mixing time of 60 ms was used in the TOCSY part of the

experiments.
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Study of water solubility improvement effect of catechin derivatives
(OMasahiro Umehara, Koji Yanae, Masahiko Sai, and Tatsuhiko Ito
Morinaga & CO., LTD., Yokohama, Japan.

The polyphenols show many biological activities, such as antioxidant activity, antimicrobial
activity, and inhibitory effect of fat accumulation. But many of the polyphenols have low
solubility in water and this prevent effective use of these compounds. In this study, we
focused catechin derivatives with several aromatic rings and found that some catechins
improve the water solubility of insoluble polyphenols by the stacking interaction. Furthermore,
we studied structure-activity relationship of catechins.
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*T. Ujihara, N. Hayashi, Biosci. Biotechnol, Biochem., 2009, 73 (12), 2773-2776.
+ G. Nakamura, K. Narimatsu, Y. Niidome, N. Nakashima, Chemistry Letters, 2007,
36(9), 1140-1141.
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Comparative Analysis of Woody-Biomass in Solution, Gel, and Solid State
Using Multi-phase NMR

OTakanori Komatsu® 2, and Jun Kikuchi"***

'RIKEN Center for Sustainable Resource Science, Yokohama, Japan. *Grad. Sch. Med. Life
Sci., Yokohama City University, Yokohama, Japan. > RIKEN Biomass Engineering Program,
Wako, Japan. *Grad. Sch. Bioagri., Nagoya University, Nagoya, Japan.

We have developed analytical techniques for lignocellulosic biomass using solution NMR,
HR-MAS, and solid-state NMR. Total of 119 chemical shifts of solubilized"*C-lignocellulose
were assigned comprehensively by 2D and 3D-NMR experiments. Next, we also developed a
new solid-state NMR experiment named dipolar dephasing filtered INADEQUATE, which
were used to detect relatively mobile hemicellulosic signals in lignocellulosic mixtures; where
dipolar dephasing was used as a signal filter to remove signals derived from immobile
cellulose. Furthermore, HR-MAS experiments provided high-resolution spectra of whole cell
wall components, which could be used as structural characterization of cell wall samples.
Finally, chemical shifts in solution and solid-state NMR were compared, indicating
inhomogeneous structure of supramolecular-associated polysaccharides.
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Figure 1 Outline of current study. We applied 3D-NMR experiments to obtain chemical
shifts of lignocellulose in organic solvent. HR-MAS is a robust method for structural
characterization of gel-state lignocellulose. We have developed signal separation techniques
in solid-state NMR..
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NMR Separation of Enantiomer Menthol Using a Chiral Shift Reagent
OYousuke Ohta, Kyouhei Shingai, Tadao Gogota and Tomoya Noritake
UBE Scientific Analysis Laboratory, Inc.

Separation of enantiomer has been investigated in many analytical methods for a long time.
NMR spectroscopic method with chiral shift reagent such as Eu complex, Pr complex has
been studied. However, chiral shift reagent consisting of paramagnetic elements has a
problem that NMR signal is broad. Recently there are many reports of chiral shift reagent
consisting of no paramagnetic elements. In this study, separation behavior and quantitative
analysis in enantiomer menthol with metal-free chiral molecular (Chirabite-AR) in 'H- and
BC-NMR were investigated.
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Fig. 1 Structure of Chirabite-AR and D/L-Menthol
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NMR study on relaxation mechanism and dynamics of sialo-glycans
Jun Uzawa'?, Hiroko Seki’, Hyuma Masu?, Yoshiki Yarnaguchi1
'Structural Glycobiology Team, RIKEN, *Center for Analytical Instrumentation, Chiba
University

Abstract

We will report the NMR analysis of sialyloligosaccharides. 'H and *C NMR signals
were completely assigned for sialyllactose derivative (Neu5Aca2-3Galf1-4Glefl1-(CH,),
-Si-(CHs3)3), Neu5SAca2-3GalB1-MP (4-methoxyphenyl) and Neu5SAca2-6GalB1-MP, using a
series of one and two-dimensional NMR spectra. We further obtained the information on the
conformation and dynamics of these sialoglycans from one dimensional NOE and ROE
measurements as well as relaxation parameters. At 25°C, almost all the observed 'H-"H NOEs
were negative. When the temperature was increased, each NOE signal became zero at
different temperature. At the 'H frequency of 600 MHz, the 'H-"H NOE becomes zero when
the correlatlon time is around 0.3 nsec". Under this condltlon the sign of NOE was different
for each "H-'H pair. Thus we detected very subtle dynamlcal features. The spin lattice
relaxation time (77;) were also varied by correlation time and observed frequency. We propose
that the temperature-dependent NOE analysis coupled with 7; relaxation analysis of
oligosaccharides is a sensitive approach to get information on the dynamics in detail.
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R FIRE R VI MEREFIIRERE] T Hﬂ"%uﬁﬁ'ﬁ T, IR ENH BN, FENE Ti(spin lattice
relaxation time)Z{#IE L. 2T 2AEOEE) EHEHESHRKXOE N, A EICL 58
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Figure 1. 1 ; Neu5Aca2-3GalB1-4Glcp1-(CH,),-Si-(CHs);, 2 ; NeuSAco2-3Galp1-MP
(p-methoxy-phenyl), 3 ; NeuSAca2-6Gal1-MP.
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— 143 —



T%t%{yﬁfw IZOWT, ENLAIIEDLAPOEZ7O0ATHREZ KD, ¥
ICEEDZDM Figure 3 TH 5, FIUHAHEETS 1. 2. 3 DHITEWRETEDO
HEZ7OALTWS, 2RONTEE 2-3 BIN 2-6 HEEOEWVWEZKRL TN,

47 COOH
H /m OHH 1
HO OH HO H c N h
Ho OH c o ° e /s|(cus)3 H

"
o 07/ oMo w A on ©
Sy LR R OCH,
HO 135 50
o >
H H\_/ 50
~— 30
33 3
1 cooH?
RV @
23
) ) “ OCH,

2

Figure 3 Temperature (*C) at which NOE becomes zero (wt.=1.12) corresponding to
each 'H-{'H} pair.
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Figure 5 DPFGSE-NOE spectra of 1. Irradiation condition ; SINC
Pulse: 50ms, mix time;0.4sec, a; Gle-1 'H irradiation, b; Si(CH3)s3
irradiation, c; original 1D spectrum.
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Analysis of Primary Structures of Methacrylate Copolymers and
Terpolymers by Multivariate Analysis of *C NMR Spectra

oHikaru MOMOSE'"?, Tomoya MAEDA?, Tatsuya NAONO'?, Seiko ASAKAWA?, Ryuichi

SAKAO?, Miyuki OSHIMURA?, Tomohiro HIRANO?, and Koichi UTE?

! Mitsubishi Rayon Co. Ltd., Hiroshima, Japan.

? Deptment of Chemical Science and Technology, The University of Tokushima, Tokushima,
Japan.

C NMR spectra of copolymers exhibit complicated splitting due to comonomer sequences
and tacticities, and thus assignment of individual resonance peaks is troublesome. In the
present paper, multivariate analysis was applied to get quantitative information about primary
structures, such as chemical composition, comonomer sequence and tacticity, from *C NMR
spectra of copolymers and terpolymers of methyl methacrylate, fert-butyl methacrylate, and
2-hydroxyethyl methacrylate without making assignment for the resonance peaks.
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Scheme 1. Chemical structures of monomers.
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Figure 1. Figure 1. 100 MHz "*C NMR spectrum of poly(MMA-co-TBMA) with 55.5 mol% in TBMA
units, as measured in chloroform-d at 55 °C.
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TBMA-HEMA —Jc#I I LA R 1458, $HEDS F72 2 MMA-TBMA-HEMA =t it E &
R32FED A3 2 Yl L7=. 2340 —ondbEARICIE, I EAROfE L, &

ARILESERSHEO27 V— 7%, ZHE\EASKICIE, PIMBLOEESEOLES
Ka16fET >, FNEFNHEH L7-. BCNMRALZ ML T, “rdtEASEOSES
ERBRIZ, HIVR =V iRFE(173.0-177.0 ppm), LS4 IRFE(41.5-45.5 ppm)I L Va- A
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F ViR F(14.2-18.2 ppm)D45-ILIEGEIE % 0.05 ppmEIfE T/ N7 v Ml L, T—HF O
IMb & BRI 21T o 72, PCAZAToT-.

Figure 42 =W A a7 7 a v b &, 35O FEG P ~DFRZX %2 TR,
PC1-PC2EEZIX T, SO HMEAEREZTERE L, ZNOLORAYNEHNEZELD D XK 9
AR ST, ZOREEN S, PCLEPC2OD A 2T O AE I % X
Lg% Z Loz, —J, PCI-PC3EK KL UPC2-PC3IEEX TIX, —thHd WL =
JLHEEMROPCIA a2 7 I A FEE NI TRRERY, MRS IZ O THH
MEARIESW-., £k Aa77ay M, BEHESKEZNOLDREAYMT
BRSNS FiH & KE & L, 3R500 et EAERNSMIE & 725 “AMEE2 R L T
W22 &G, PCIEE /) ~—@#EHD RNEFGEL KL TWD &E&EX bIvD. ZHd,
MMA-TBMA St E SR DENTIZ I T 58 2 T DIk THh 5. 2 T, MMA-TBMA
o EAROLGA LRRIC, T v —HEEORNEGMEA EERMICERTEELE LT3
S 2 BFE2EE / ~— 8, frn fimD B fohetero @ 5 X, PC3IZA AT LH
MEAMAIFER L ORI =t EAIRIFEDfpeero DR Z 872, T OFER, PC3A =
TIERWHBER  =0.928)%2 R L7122 &0 5, PC3A I TIEEE L Thnewro @ SO L TUD
LT ENDbMNoT.

WIZ, BMESHIESE 2 0 — _

o DOREWIATEIZI RS D Pa s 0
"ot EARMEE M AT T o EaM D
QI &M T — 2 L L o s 5t % fo S
PLSRIZ LY, ZwdtEARK 3 Loecd MG
DM AHEE L2, "HNMR 00 o 118
I > B Bl g R o 7= AL ST e ]
%L, PLSRIZ X » THEE X 20 0 20

=R, RSD = 14.1 % PC1 (45.6 %)

(MMA), 6.5 % (TBMA), 9.4 % | & PrE
(HEMA)CZENZEh—EH L7, CE ~ . °F e

F7o, FRU8IFEDFUEIEE A I - %H::h; R X or L e xg"{?:'”i
BT —4%¢ L-=xdHE °B‘B Mo, TH @ o 8 O ol A

PN .. * %o Shrew o b o n Eo

SR Dfr, fru, fim % PLSR i % & S lereite o . &
THEE L= & 2 A, BiERfEIC o" ;é’ MR o+

" . . e PMMA . . o ¥ PUMA
*F LT, RSD=19.9 % (fur), 10 0 0 20 2% 20 0 20

0 0 s

12. 1\\ % (fr), 31.1% (fin) T Figure 4. PCA score plots for *C NMR signals of 113 samples and
nENn—EL. its projected plots. Symbols: PMMA, PTBMA, PHEMA (#),
homopolymer blends (), copolymers (CJ, M), and terpolymers (@).
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Purity determination of amino acids by 'H NMR

ONaoki Saito', Takeshi Satio', Taichi Yamazaki', Hisashi Kato', Noriko Yamanaka' and
Toshihide Thara'

National Metrology Institute of Japan, National Institute of Advanced Industrial Science and
Technology, Ibaraki, Japan

In recent years, Nuclear Magnetic Resonance (NMR) spectroscopy has become
recognized more and more as a quantitative analytical tool called qNMR, because areas of 'H
NMR signals can be evaluated accurately. We have previously demonstrated that accurate
purity evaluation of amino acids may be achieved by careful investigations of solubility and
stability of analyte in solution, as well as whether impurities interfered with "H NMR signals
of the analyte or not. In this study, we conducted purity determination of 17 kinds of amino
acids by qNMR with consideration of the above three points. For verification of these purities,
a titration method was used. From our results of analysis, sample preparation, 'H NMR
measurement and process parameters for most of the amino acids can be controlled with
consideration of only the above three points. However, attentions were needed to be given
for 1*C decoupling parameter, existence of rotamers and shift in chemical shifts by addition of
internal standard.

1. ZU®»ic A, THNMRIZ L D &0 HiE (LU, EENMR) 25, & ORIEDR
ESom ik vEEINTEY, BN, BOINY., AR EES TEFRSE O
MR ~DISHNEA TS, ZNETY I L—7TiE, TENWRE T I/ BRI %
WS (X BONKSIETHET DT 2 /) OFEERIE~SHT 5B, Qg
P QIR COLREM., @AM 7 (KT I ot i ko> 75 L)
DEBICHEETDHZ LT, MEZKBICGTIM TG 2 L aMa LY, FFICO@DT
BT, e - Rl - Tu ol U MR A T TR BRI OpHIC R T
LAY 7 OB EFIRT S & T, Ry 7S VO EEERRCTEGELZ LA
O LTZ, Z£22C, RFEETCIIINOOEEZEL T, LA OITHEEDO T 2
J BRFEIC R L CEENROGE ] 2 ik dz, 7pds, B U7X, AARERHEICE
WTCT 2 BREREYE OMEE R T IV BN D IEKEEDE: ORIFZE T, ST 2
J WRFEAZHPLCIC X 0 3l U CIMEME 2 M 1E) TRGE L, BEEOMREZIT o7,

2. EBR  FHMET A7 I EEEICIETable LR L2 D&V, WNEEWEIZIX
DSS-d, (3-(Trimethylsilyl)-1-propanesulfonic acid-d, sodium salt) % Hu 7=,
F—U—F: 7 I8, EENR, MERIE

OXWNEIRBE, SNEIHIZITL, REIETZ0NE, MEHIOEL, RFELHNHDD
Z,. WEIsELOT
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F9. D,0&EZDHEBELE LTI0 mg/mLERED T I/ BRIAIR 28 U, IRAENE DS
AT o 77, WIT, NMREER (JEOLHY, ECS400) % HUWT, 25 C. 90° »UL ., 320014
B, 60U EDEBEE, “CT Al v ) U EOSM T, IEBR LA B HI 128 R R
95 £ TWMICHIE Lz, T0%, Boni=RpDEREEHR kD> 70 X0 HiE
PRI L., BRENEH OO ENZFHME LT, £/, TNEFhLDT 7L
DEH U-MEL L, R 7 F A OBEE T Lz, 723, D,0&EE L L
B, R TH TG A DD VIIARMM L ST A DO EENRD LG E I,
DC1/D,0F 7= 1%Na0D/D,0 % i B H V7=,

3. fEREEE BRO—EZETable URT, FHMEIL7=T 2 /B D% < HOD,0
WCEBGIZRE L, DOQEETH-oT-, IHIC, @R EREEB KDL 7 LRI
BIFAHMEOZEL, Bk LHEDOEERZ LV /NI WEEREL, £, &7
DGR A FIIERE] LT B VMRS X IE KT EIEIZ L » T DL MUE & R &
OFPET—H LIz, LERN-T, FMiL=7 2V BREOZ < 13, BEHRY & FEICO~
@D IR U CREHARL, WIE, M 217 21X, Mg r2EHcExBFsrZ &M
e & iz, —J5. AMATIX, 1 mol/L DC1/D,0Z VA W= Z LitEH> *CT v 7
VU TORENRBO LN, /Ty 7TV T THEEITOXENRH Y, 1C
YT I N T FNCEET DAY 7V OFH A+ Th o7, F7-. Car
T, EHHC X 0 mRERENET DS 7 FARBR Sz, Car 2 i ElEE SRR
NLFET DL NI HENRH VD, B L > TEDEEN R B7-DTh 5 L H#isE
Ehi-, 512, PEATIE, 0.1mol/LNaOD/D,0% W N7=BRIZ, DSS-d, % % 5 i T
ARY SVOALFY T N OB R S Tz, LTy 7 F 02 kiE, 1 mol/L NaOD/D,0
ERWDE, FCMA D ENARETH -T2 L b, DSS-d,Z2 Mz =2 LITkED
IR OPHEAGICER LTV D SN, ko Z &nb, EENREZ T 2/ BEHE
DOFEERE ST DL, BEIS L TOUCT I v 7V 7 O, Gz
ROFE, ONEEREZIMZ D Z LITEI T 7 FOZBIZOIEETRETH D
ZEDNREINT,

Table 1 Results of purity determination of amino acids

mean purity by 'H NMR mean purity by Titration

amino acids solvent stability . )
(uncertainty, k=2, %) (uncertainty, k=2, %)
L-Asparagine monohydrate (Asn* H,O) D,O  Stable (over 12 h) 87.71 (0.72) 87.99 (0.27)
L-Glutamine (Glu) D,0 Stable (about 10 h) 99.53 (0.80) 99.74 (0.42)
L-Tryptophan (Trp) 0.1 moV/L DCVD,O  Stable (over 12 h) 99.56 (0.84) 99.96 (0.42)
L-2-Aminoadipic acid (AAA) 1 mol/L DCV/D,O  Stable (over 12 h) 99.11 (1.72) 98.89 (0.26)
DL-2-Aminobutyric acid (a.-ABA) D,0  Stable (over 12 h) 99.62 (0.86) 99.50 (0.37)
4-Aminobutyric acid (y-ABA) D,O  Stable (over 12 h) 99.08 (0.82) 99.29 (0.33)
DL-3-Aminoisobutyric acid monohydrate (3-AiBA-H,0) D,O  Stable (over 12 h) 84.85(0.72) 85.18 (0.26)
b-Alanine (B-Ala) D,O  Stable (over 12 h) 99.51 (0.82) 99.83 (0.29)
L-Carnosine (Car) DO *Stable (over 12 h) 99.22 (0.84) 99.37 (0.57)
L-Citrulline (Cit) D,0  Stable (over 12 h) 99.40 (0.82) 99.56 (0.37)
O -Phosphoethanolamine (PEA) 0.1 mol/L NaOD/D,O  Stable (over 12 h) 93.97 (1.62) 94.48 (2.29)
L-Hydroxyproline (Hypro) D,0O  Stable (over 12 h) 99.53 (0.86) 99.84 (0.56)
1-Methyl-L-histidine (1-Mehis) D0 *Stable (over 12 h) 89.71 (0.74) 90.12 (0.29)
Sarcosine (Sar) D,O  Stable (over 12 h) 99.30 (0.76) 99.46 (0.55)
2-Aminoethanol hydrochloride (EOHNH,* HCI) D,0O  Stable (over 12 h) 62.56 (0.38) 62.59 (0.19)
5-Hydroxy-DL-lysine monohydrochloride (Hylys * HCI) DO Stable (over 12 h) 80.75 (0.48) 80.50 (0.39)
L-Ornithine monohydrochloride (Orn= HCI) D,0O  Stable (over 12 h) 78.47 (0.48) 78.33 (0.33)

¥However, specific "H NMR signal of the imidazole ring is unstable.

SZCE 1) LR —, @, B3RO TR, BE, 2013
2) Friedrich and Roderick, Can. J. Chem. 64, 2132 (1986)
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Study of quantitative analysis method
for organophosphoric acid compounds with 'p NMR
OTaichi Yamazaki, Takeshi Satio, Toshihide Thara, Masahiko Numataa
National Institute of Advanced Industrial Science and Technology (A1ST),
National Metrology Institute of Japan (NM1J)

Abstract

Recently, nuclear magnetic resonance (NMR) spectroscopy has used for
quantitative analysis by "H NMR. We have established accurate quantitative analysis by "°F
NMR to expand target compounds’?. In this research, we discuss the quantitative analysis by
P NMR. Purities of the glyphosate reference material obtained by '"H NMR and *'P NMR
techniques were in agreement with its reference value. On the other hand, the measurement
variation acquired by *'P NMR was larger (ca. 2 %) compared with that by "H NMR (ca.
0.5%). This approach was also applied to mononucleotides which are basic units of nucleic
acids.

1. Introduction

VEAE . NMR OEEMENER 4. '"H NMR % W72 EE&OHTIC OV TR A ICHFSE
WD BN TS, ZHETICYHIEZ L —7 TIXEESITICB T 2O K% B
LTH EAEDKEAFEHSL END PFICER L. A7 LY U AR A KT
HZFEEREL, "FNMR ZHW72 1 %L T Ok S 2 e &ika ZH L 2,
AREETIE, SOLRLERMROPELBIE L T'PNMR 2 AWz ViR G A
BAL B OMBEREIZOWTHRF L7z, £72. *'PNMR TE LN - ERE O S (12
SWT 'HNMR Z2 W THGEEZ T o7z, & HICKELZ, BBROBEAFM THLHE /X
7 VAT ROMBEFTHRIC LA L7-o THETHET 5,

2. Experimental

AT HIEE JE 3 $5599.9 MHZONMR##E  (Varian Inc. B VNS 600A) %,
— S At iIMestReNovaz HlV o, PAEHEME (IS) (21X, 7 # Vk/KFE 1 U 7 2\ (PHP))
SHAFEYEYE  (NMI CRM 3001-b) Z W CHiE A2 'H NMR TR L7727 A F L
TH AT = AT IR (CHy)PBr) &Mz, MIERMEORFHCIZZ Y 7 4% —
MEEME (RDEMBERMTRMZ L—R) 2V, £/ X7 LAF N3 TA*2 77
)= BT T MU U AWAAMP-Nay), 74X F VO AT N T A
(dCMP-Nay), I V> — VDA —F N U AAIMP-Nay) B X RN T A X 77T ) v
— 0 AfE T U 7 A(dGMP-Nay) & V7=,
'PNMR, EENR, YA

ORFEIETENE, SNEHITFL, WEHLLLOT, wELEIVZD
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3. Results and discussions

%9, *'P NMRIC Téﬁm/
Y%Vx@%@ﬁﬁ®t

1 % H3PO4/D,0% VT H1 DH 153
BEEZTHUELEEEZ A, K1
D X 9 Zp bk Fos iz kU CxFRR
By 7 o 77 )V BR FE DR DY R
S 4L, 100 ppmfhd 0> B EfER
72 7V TiE20 %o 7
JVBEEE DR DR S e, 20

L -3 0 0 10

FEENG ISO v 7 v & HIE % Differencs frons offsct Ippas’
SWE D T F IO R ENE Fiz 1 The oif-reapnones sfect for signal imrenarty

& pmbfﬁnmmwﬂﬁ%ﬁoko

WIZ, 3P NMRODISIZ AV % (CH3)PBrO#liE 2 'H NMR TR L 72 & 2 5, (0.998
+0.001)kgkgd 720 . IERICEME TH o722 b, P LTOMELR%ETH D
EEZ BN, ZOCH,PBrZISICHWT U 7 4 Y — FOMEFHME 21T o 72 & 2 A,
'H NMR TiZ(0.984+0.02)kg/kg. *'P NMR TI%(0.982+0.015)kg/kg & V> 9 # B3E S
2o 'PNMROBFIEIEHSE L5 %E RKEDTH 7275, "HNMRTHE 572 ERAH
EHEESSEOHAT KL, SHIC, B/ X7 LAF FZ'H NMRE LOP°'p
NMR CHEEFIMS % & 70 7 4% — b LEERISP NMRTIZHIEIZ S S E T Rk&E W
H DO, '"HNMRTTHE SN MEEE & — 8T 252155 N7,

SPNMRTIEZ Y FAR Y T FAPNELNIICHED ST, HEES XA <
Rol-HlBE LTI, GOy /I An7a—RTho I LT, HIERSR5
c#?@AEﬁA&<ywwam&wam_&ﬂﬁlk%z%M6oﬁ7V/%/xg
ROWEBLHERT DD Kwﬁbt‘%mmwmo®m1mwamm<ﬁu%uT®
FEMECTHETEZ L0, RIZEORME S THIET 572 DIZIES/N>100023 %L FE T H
DI ENRBE N,

4. Conclusions

P NMR T SN E &R EIL. 'H NMROFERLHIEITS > 0PN T E L
7o —H T, PNMRORPIEITH X ij(%< FERALICITERBELRLETHD &
BEZONWD, SBRITEBELEIT O &I, BHERRENSRME~DOEAIZ OV T
Bt EAT O TETH D,

5. Reference

1) T. Yamazaki, T. Saito and T. Thara, The 50th Memorial Annual Meeting of the NMR
Society of Japan.148-151 (2011).

2) ILIRER—. ZERENIL, HREEEE, HS1EINMRA GRS, 230-231 (2012).

— 153 —



P13 BCNMRIEZE S T MEZ FAULNV-1EEHETE : CAST/CNMR X T
LD L LEEE &G A

OREFIRE", /NS, ek e+
UMSEATBUE NBME AT ERT

PR ILR:

ENLAE WA

Structure Elucidation from *C NMR Chemical Shifts: New Algorithm to
CAST/CNMR System and Its Application

OHiroyuki Koshino', Shungo Koichi®, Hiroko Satoh’

IRIKEN, Wako, Japan.

’Nanzan University, Seto, Japan.

?National Institute of Informatics, Tokyo, Japan.

CAST/CNMR Structure Elucidator, a new chemical structure elucidation system is developed
and implemented to play a complementary role for CAST/CNMR Shift Predictor. The
Structure Elucidator uses a CAST/CNMR database to obtain fragment structures by mapping
the input chemical shift values to a part of each compound in the database, and then
assembles the fragments to form substructures and constructs candidate structures by merging
common parts of the substructures. The protocol is implemented by using some graph
algorithms such as convex bipartite matching(CBM) and weighted bipartite matching(WBM).
Structure Elucidator was applied to structural characterization of two sets of NMR data for a
mixture of two oxidized sclareolide analogues, and also to some indole-diterpene alkaloids.

T R— 2SN PC R FEE LS 7 BTl AT A CAST/CNMR (315
ERZ 7 ) —L LT B MR Db 7 Ml & S b o it 2 2 8 L <l
THZ EHHALT DL AT A(CAST/ICNMR Shift Predictor) TdHh o723, Zhzax LD
—RIZFIH LG 572, “C NMR Dby 7 Miax 7 = U — & LT b tEE %
HTDH LW FAEERET VY XA &R L, CAST/CNMR Structure Elucidator
& L7= ', CAST/CNMR Structure Elucidator (2 X %%y FHEEDHEZ Tl, CAST/CNMR
DA FAEE-NRALFE S 7 T —F X=X &I L oSSR I 2 BEO 2
¥ 7~ > F 7, CBM(convex bipartite matching) & WBM(weighted bipartite
matching) ZJ5H L, {bF Y7 MEN —EOHEHMNT—ET S RFZE TR0 ITH T
g A fE A S TS E A BE LIRE T 5, MO FEEETch L 0, MR I
ER4 A 1T CAST/CNMR @ GUI T—EF RN ARETH V. Z DRI SV THE S 1T
Wb FEd o —F —3HEFBE TH D, S, F7oIZBFE L7z CAST/CNMR Structure
Elucidator @7 /L3 U X LDFEIT &I FHFFE 2 & Tei M OfE Rz DWW THRET 5,

CAST/CNMR  #i&RTIE A& HEE

O ZLOVOADE, ZWnWHLLYWAZ, ELHV0AZ
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MEEHEEIC LT 7 =) —E, "CNMROAL TS 7 MEDOHRT, A7 a & LTK
FOFEAE L TWDAEDOEREZFAARETH D, EMEERREDOSMEREIL, CBM L WBM
DR, v 7 MEOHFREZE, HOHT HRBHEEOK R T OH|IR2 EE2RET 5,
KRR 12 K0 A5 TR A DA IR, ERORERSFEI LY 7 MEE 7 Y
—Z AT DORERND D, — 5, RERGEEDPGFELTCHLEUREEZIRETX 5
H0% <, —filE LT sclareolide DFLFFEMARTH 5 2 HOFHLEULEM O 7 ME
BIRAWENAELIZ7 =) =T L CEIT LT, TORE, H 4 O IEffEE 2 & o HE e
WEERET DI ENAMRETH 72, &R & L TREBICHES L TV D KFEOEDOIEHR
IR IE A & D FE P EMAE G OB Y) 72 K W IARIZAE N TH - 7=, L0 EHER LSO
BlE LT, A K= TNARXUT A aA RIZGEEND terpendole $H7g EITR
LCHaMiz TV, R B2 RN S b=, EEASHAIE LTk, SCrkiciEhE
STREEANRE SN TVDEEIC, ALY 7 MEDZ = U —h b IEfffEE L s S
NTEMESTEERRWEEIND 2 ERH DM, [H U NR T —Z 2% LT 2O
APRBEBIND FERAELCZHAICIE, Hx OfE&EICxt LT CAST/CNMR Shift
Predictor THEIERZ 7 =V — & U CRYMEEFHE L7, @O EME LR T
HZEIMNL, 7 =) =W AL AW BEE T 2 HRL AWM O T — X N T —H X—
ZNTBFR SV TND N E D MR EKAFT D, BUER) 4, 000 &M, RFEFEEL LT
IZZ DK 20 fFIZ EDHEDT — 2 NT —F RXR—=RZHEFESILTWVDEN, T —H_—
AZADYEFEE & I TE 2ALEMOFIENILN Y . X EEM RSN TERIZ R 5
EHIfE SN D,

sclareolide terpendole E

E=3TN
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Quantitative Evaluation of *C NMR Peak Intensity for Polyolefin Solution
OFumika Moro', Hiroko Sato' , and Mitsuhiko Onda’
! Analysis Research Lab. , MITSUI CHEMICAL ANALYSIS & CONSULTING SERVICE INC.

Microstructure analysis of polyolefins is essential to understand their mechanical or
environmental properties because they are widely used in our daily life as plastic materials.
To obtain quantitative 13C NMR spectra, the inverse gated decoupling (IGD) method is
frequently employed to avoid steady state NOE since the degree of enhancement vary
according to different carbons in the ?C NMR signal intensity. The recycle time is usually set
to three times of the longest T'c in the sample for 45 degree pulse. For natural abundance of
C nuclei, however, it is time consuming to obtain the quantitative °C NMR. Thus, complete
'H decoupling (CPD) method is still widely employed for engineering purpose by carefully
choosing signals for quantification. In this work, we examined several NMR parameters for
conventional CPD and IGD sequences to achieve “C NMR analysis quantitatively.
Quantitative DEPT with alternative enhancement by polarization transfer is also discussed.

EHE - BHHY]

BCNMRIEIZ, RY AL 7 4 o O—RIEEEMNT IR, EBE8ESA0, SEARRIPES)
ICIEL SR EN TS, BCNMRAARZ MATlE, A v N—RF—Fh vy Y o7
EZRWTHIE (L FIGD EGE#) T4 2 &0k v, [RFEBZ LITHELR DNOEIZ X DI
JERR ARV CEEBMIT T 5 FIENMER SN TWAY, LaLAans, PCRITREN
BNz Enn, BARFEMYS 720 OBBEIRZHE 201245 VR (—KRIZ, #0 iR
LRI ETIcDMEREIZETE) ZHWTH, NU A L7 ¢ o OISR IZIE
FEFICEWVHERBNNLE L RS, 20D, ' HEEZAE LTy Y o7 LEHE
(LLFCPD & Fl#l) TNOEIZ L A BEHEM O ¢ & | NOEM [R5 CRRAIRFE] o mun o 7
NEBRINTAZ L TCEREISNTX?,

BEEEMEZ M BT 27208k A2 AR ) ~—NBE SNDHH T, HoZeAR Y ~—RIZHON
T, FOEE R L BPESRM 2 HERT 2D EFICFERTH D, ETOREY 7TV
DOEBENPHERTENR, LVEE LS, LVBEECRY ALV 7 0 0 O—RESEER
NELND LI SN,

TS DOWRFN S, A B, PCNMROD B — 7 38 O E B OV TR 2 6 L7,
PERHANSHNTEX72CPDE X IGDIZ M 2, BB ENC L DR EHEENHFFCTE D
Quantitative DEPT(Z & % °C NMRHE % F2Hi L 7=,

Polyolefin, B¢ NMR, Quantitative

O bAERN, SLOIVOAHI, BALHZSOOZ

— 156 —



B

SCIENTIFIC POLYMER PRODUCTS,INC. KXW AFL7=HR Y 7r L 2 (PP). RV 4-

AFN—-1-RT (PAMP) 2 BEKFLT N T 7 & 12 10%(w/v) THNE

MEFELE Lz,

(R R ]
Table 1 (Z PP

MR L

Table 1. T ¢, T iy and NOE factor for PP and PAMP

side chain CH, main chain CH,

jSJ:U PAMP @D Sample :

P T /s T,4/s" NOE factor " T /s T,y/s" NOE factor "
T'\c. Twu. NOE PP 224 1.08 27 0.82 0.61 27
Z A48 CH; (& P4MP 1.60 1.03 2.5 0.27 0.45 2.1

CH, &/ T) %
HREL TR LT,
Fig.1(a)B L 'b)iZ PP B L
PAMP O 45° »L A #0 IR LHE
555, CPD ® 3C NMR & <7
ML ZERT, T DML T PP D%
RFEOE— 7 EE IRz
BT LEBI9 2 A3, PAMP Tl 45
CH; DV — 7 HENRKZV, Ti
. PAMP TI|X{|$4{ CH; X o
NOEQ.5) 28, fhh @ % F & O B
(NOE=2 F2/5) LD b R&Z Wiz &
EZzbnb, £ZTIGD ZHWi
PC NMR HIE 21TV, R %
BL7z, LoL72anin, fHI8H CH;
DX E— 7 BRI 2.52—2.32 I
W L7t DD, REFDOEXHE
MO TPREINHIEGHE 2 XV b,
KEVME & 72> 7= (Fig. 1(d), #Y
WU Z 200 &+ R <ED &,
transient NOE 23] S v, E &7
v — 7 SRS B 7= (Fig. 1(e)). %4
HiZ, CPD 3 X IGD HIE D
FERITINZ., AR E) CRE A HE A
&% Quantitative DEPT |2 X % °C
NMR DE

(2% 3CHk]

* Relaxation time obtained by inversion recovery method.

® NOE factors were determined from comparison of signal intensities with complete 'H
decoupling (CPD) or inverse gated decoupling (IGD) during the recycle time.

(a) PP,CPD, RT 5.5sec

o
S

3 PP unit
f‘ZC\ />
3 n

P4MP unit

‘6‘2(;

1.01

main-CH side-CHj

ﬁ

side-CH side-CHj

Fig.1 Solution l3C NMR spectra of (a) polypropylene
(PP) with complete 'H decoupling (CPD) and 5.5s of
recycle time (RT), (b) poly 4-methyl-1-pentene
(P4MP), CPD and 5.5s of RT, (c) P4MP with inverse

gated decoupling (IGD) and 5.5s of RT, and (d)
P4MP, IGD and 20s of RT.

main-CH,

(c) PAMP, CPD, RT 5.5sec

T

side-CH, main-CH,

1.03
1.00

$L-1—1 04

main-CH

(d) P4MP,IGD, RT 5.5sec

IS

(e) PAMP, IGD, RT 20sec

50 45 40

1.01
1.00

0.99
1.00

PPM

BHEZOWTH, MR LEREREZHDOETHET S,

1) P.J.Adriaensens et al., Polymer, 44, 3483-3489 (2003)
2) Y.Zhang, Polymer,45,2651-2656 (2004)
3) B.Jingetal., Anal. Chem., 80, 8293-8298 (2008)
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Structural elucidation of N-linked oligosaccharides of hyperthermophilic
archaea and Methyl-TROSY  spectroscopy of the archaeal
oligosaccharyltransferase

ODaisuke Fujinami, and Daisuke Kohda

Medical Institute of Bioregulation, Kyushu University, Fukuoka, Japan.

Protein N-glycosylation is an important posttranslational modification that occurs in all
domains of life. Oligosaccharyltransferase (OST) is a membrane protein that catalyzes the
transfer of an oligosaccharide preassembled on a lipid carrier onto Asn residues in proteins.
We selected thermostable OST proteins derived from hyperthermophilic archaea for structural
studies. The minus side of the archaeal OSTs is a lack of imformation regarding the chemical
structures of archaeal N-linked glycans. Here, we report the N-glycopeptide production by in
vitro enzymatic reaction using crude membrane fractions of archaeal cells, and the chemical
structure determination of N-linked glycans. To study the interactions with the glycopeptides
with OST enzymes, we prepared an archaeal OST protein labeled with *CH; e-methionine in
the presence of DPC-dss, and successfully recorded Methyl-TROSY spectra at 50 °C.

Mascent polypeptide
Z NI EORMRREM OO L DL

LT T AT X R~ DOPESFHIN (N

FRIBESERR) 23 5. AN S 7 HES (N

ER lumen

AR T ERB ST B O TEES (ST s g 4 il
EElERL LT 5, NERRSEMII Rl (gl 0T
R 1203 T A < BUE M R0 1 M

AT B ODEN R AL LT RTUC RS |

Phosphate

FHIND, KEY R AL BT DNAE
ARESH DAL ARG L B AEY TIEx
Fet—2fEEIZ9 DD~ ) — R
&3o®7w:~xﬁ#ALk14
FEN D72 % a 7 G 2 IEIC DOkt L, BEIEME O ME O/b @S I T4k
@@ﬂ&<%@?&éo_h%@%ﬁi\Aﬁi%fim%Lf A B S B IR A
TILHBuE FClEE &M ed (Lipid-Linked Oligosaccharide, LLO) DJE THlA
MTHbhd, WT&EE6~10LTORZ U RXIVETHD, AV IHEEBESR
(Oligosaccharyltransferase, OST) (XLLO%Z R —iEH & L CHEEIB D AZ AT &
TR =B RTEDT ARG X UFRIEANISE T D RS E 4 5 (Figl) o

Oligosaccharyltransferase, oligosaccharide, Methyl-TROSY

N-Acetyiglucosamine
Mannose

o@emO

Glucose

Fig.1 Biosynthesis of N-linked glycans in eukaryotes

OS5 UARKREVTY, =35 7EE0T T
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T ARG X FRILITHEIER ST HEHIE., 20T e e v U TEERICK D . S BITES
=T D,

AHFIETIE, MBI B B R S D BVZZ TE 72 0ST & R JE XTSI R A T2,

HI{E ¥ TlTZArchaeoglobus fulgidus

N Apo state Peptide bound state
NED - v ~
HROST D 7 AR HE T D fa i & & Lo
< e ; N2
EEM B Campylobacter larif>R0ST loops  Acceptor peptide Acce tor peptide

DT I THE—XNTF RESIRET € bound pocket
DREBHEED BE SN TS, T >’./ J b
DG N DR E @ N A A NAF

1£9 % External loopb (EL5) O 1528 M M M
R EERBEDOAAL v T L bHET

VMREIR ST (Fig2), ZDET ML Fig. 2 Switching between the two conformational
BNT, ST~DT 7T H—~TF states of ELS5 loop is critical for the LLO binding
RO#EETX, ELsO—#8% T 4 AA—

A — &, LLODOST~DT 7 eV T 1% EFDZ ENHEESh,

AWFFETIE. (1) EHIEE SR DO0ST & LLO & O A AR T 2 4557 12 AL, Pyrococcus
furiosus¥ S OA.  fulgidusH K ONFE GRS DL FAEE DI EZ T -T2, (2) X7
F RAEAICIEOELL OB 2 EZEICE DWW LLODRTE A I =X L%
Methyl-TROSYIEIZ K VB LMNCT D Z L2 B E L, EDTDDAFH =0 AFVE
W B2 E RN AARRERS: U724, fulgidusBSROSTH /%7 M O &1T - 1=,

(1) 2% L7l 2> HLL0 &

STHGENBE S AWML, T e

Z OB T 72 T B =T o L.

F REHRMNT A2 & T, invitro g 3:3

*Eiﬁ%}iﬁi\ L: J: (O *f”ﬁ ~ 70?: ]\ }‘Z :~ -Ala-Ala-Tyr-Asn-Val-Thr: erwm TAMRA-Ala-Ala-Tyr-Asn-Val-Thr-Lys-Arg-Lys-Biotin
ME L 72, 2 OFEIFOSTORLH ><

k fcﬁ ;:) *%L %*%O*fﬁféﬁ\if‘fj][] é osT

j’/bf\_ *}ﬁ ANFF R 75? Bz T L ATl Lipid-linked oligosaccharide (LLO) Phospho lipid

(29 % (Figd), 77 &7 & —~ Fig.3 Reaction scheme of in vitro enzymatic
70% FiZIFROTO O 4T production of N-glycopeptides
VT ERBHOT O OE R
TAMRAZMIII L T D, BERTF NI A F o7 74 =T 4 —rua~ NI T77 4 —,
WARHPLCIC K WAL U7, B3 L7275 Riosh LC, BB M. MSAZAT. NMR
AT 24TV, AL FPHEE R R E LT,

B SNTZP. furiosus ONFESHRPEHOLAEE L, ¥ 0 — A2 Ko EEIC
HOLDThHoTz, —JH. A fulgidusDAVLFAEEIXT A/NT X NCEERES LTV
HEPEINT B FNVEE RN DOTH -T2, WiFH L BIINESRRHE LTS E T
ICHE SN TR WHTRAMEFEE TH o 70, BUEIIRE L7 bFmEE 2 F5I2LLOD
5B EZ1T> T 5D,

(2) KIBH 2 %86 £ & L T {U-H) sMet—{methyl-"C'H,} A. fulgidust KO0ST %
0.1-0.2mg/LOUNETIHD Z LN T& 7=, T2, FEIEMAZDPC-d &35 2 &
TRHFARH-C IMQCALY ML EB/D 2 ENTE T, SBITIEEOMEITEY. 72
I T M= H_— g RS,

— 159 —



P16 KRERHICET D TS TR : /L1 ONMRIFR

ARG —RR, OHEREASE. /INEE — O/KERIE, s, =i
BROFRA LA N—2 3 HFSERT

“Umami Seasonings : Elm Skin” in the Imperial Court of the Nara
Period of Japan as Studied by Nuclear Magnetic Resonance
Ei-ichiro Suzuki, Moemi Ito, Shin-ichi Ozawa, O Toshimi Mizukoshi, Takashi Kondo,
Hiroshi Miyano
Institute for Innovation, Ajinomoto Co., Inc., Kawasaki, Japan.

In the Man-yo-shu Waka (Japanese poems) Collection encyclopedia compiled by Susumu
Nakanishi, elm skin is on the list as one of umami seasonings (in the Imperial Court of the
Nara Period of Japan). "H-NMR and amino acid analysis showed it contains glutamate and
aspartate in the similar ratio as in Laminaria ochotensis (species of kelp; Rishiri kombu) .

[1IzC o]

NMR OGRS TOIEMRICEBT DMOBMZ FF S 720 & LT, JEE T L
MR ORI TE DR EN BT b5, DL 9 72 NMR OIEH 25>
— RSB L LT, HREREHEA M ORI 7 1 v 2 OMIAIIENZET b D, Bz,
PR (e o [R8aR) o [FAWE OIEIIX, k., Bk, ek,
HEk, Woft, T2 FWK) ORSGBRH Y, 22, BARH (D0oBWAD) | L
(IZhondb) PRE SN TWD, £ I HIN TV D BIREKEE (KA
BAEEOMIE) I2LbE, TZokiX,. SBO=LVEHNZHENT ST F =1 (Ulnus
parvifolia), ~~L =L (Ulmus davidiana var. japonica)7g FIZFHY « « « 2k
LB s ThEEl i, [+ - dLOEO ZoFUO Hi(bHEC
W% HEfHEE) K2 HOHBUHIZTL 035 WEICE (D)
T ol (ZNANR) & ROZEFINTHIZTL, ATHE W -2OTHD, | £H
%, ¥7m. KHEEITE (770 - =% 20k (BREERE., 19964FE0) 12X 5 &
[ PhefHpem 5E) 2 “Ric —fdb v, F=vix, - - - mEZEST, - - - =
VAR (02, Tangyu ; AE) &9, AFEEILEFICESZ L, ” EH b, HRo
REZIZOWTIE, Mz (FED) BT damacdnEiL, X TRMEELIE Th
ST=MB, ZHUITF =L ThoTmEHEESINTWD, | SIS TIN5,
Lo, 20— T, 2AAREDHIFHGEESD HEMFR—Z VA4 b O T
A (=7F) )] OHEIZIE, TROLZNWNRL2EBAHATEDILZ2, « « «c RO,
FRILRN » « 2720 2T ENS &I, [FREN] CRITEDIC
fio TWEREADN., RTE, REBENH-> T, TNEEMTTWET, | LH D,
PLED I 9 728 BN T, MO ZH LI T X, AETIE, £9. 7
FoLOREEDEAFTL, NIREFIT & 7 2V BBOHT 21T o T2 B2 P IC R ET 5,

Ulmus parvifolia, Amino Acid Analysis, NMR
TTEZNNEAE), NEIbxH BIDLANG, OATILELAR ZALED
2L, BROOAL
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W BGFEO O ZEETCAFLETXI=LORNE BN L, EEICL AT 3
J BT E NMRBIEZIT- 7=,

[ 5 & &%

TN R EFR LIRT, JVE I U, IRWTT AT X UERABMLIC
TIERIMIZZ VN, ZOFRIX, Fig. IOFRIFREA T OWERET X /7 BRobrks R L B IZ
FRITWD, AL, EFEIF., 7= UBRITESRKIZ D2y, L, [ES
TRE & W) DITBONAROLZRB LEN LI DT, ZORERWTH RS L
72HD] EWHEDIZHARD & AT, AL VO E NS ATV D
ENRKTH D AREMENH D DT, 22T, GABEOHHEZ /w5 Z SI1ZIEL
7R, WZ, TR DOBHRIZT 2 /B2 HEVEF T, SEOBHILE-DX, 2ho
FERES DA L D REHEY CTH D AlREME L & 2 TR B 72w,
x1 THx=VEEKOGAET I

D B 2 ahE

Aspartic acid 1. 272 HREFROBRTS /B

Threonine 0. 096 7500

Serine 0.183 &

Glutamic acid 1.776 &

Glutamine 0.181 & 1m0

Alanine 0. 298 N 5

Valine 0. 108 * O:I N B

Leucine 0.112 FEFESSMIIRREIERELELE

g-Amino-n-butyric acid 0.631 §

Ethanol amine 0.277

/El\ §+ 4. 934 Fig. 1 *llﬁﬁﬁq:@ﬁ%ﬁ7 =/ Eg
(KL mg/100g)

wIZ, Boh=7ae o NMR 27 ML (—E8IEK) 2T, ZHE R THN5

ZEE IV EIVBEIILDE LT, EROPR S TEllcEh TS Z &
Thbd, ZOMRIL, 5%, BRGSO ORI T 17 2 D&M, BIZiX, &Y
WZFIH L2856 Oy b5 2 2 B VIR EEICBSEIZHE L7z A7 M b L TCE#®
BIFEONDZ EEFHALENMRMAENARETHD Z EEZRLTND,

Glu &

Glu Fe WEHHRE
Glu FhNAT MR &E

Fig.2 7HFZLBEIFAD'HNMRARY ML (—EHEK)
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NMR analysis of a novel sialic acid-binding lectin mutant from the
C-terminal domain of an R-type lectin from earthworm

OHikaru Hemmil, Atsushi Kunoz, Sachiko Unnoz, and Jun Hirabayashi3

National Food Research Institute, National Agriculture and Food Research Organization
(NARO), Japan.

Research Center for Medical Glycoscience, National Institute of Advanced Industrial
Science and Technology (AIST), Japan.

SResearch Center for Stem Cell Engineering, National Institute of Advanced Industrial
Science and Technology (AIST), Japan.

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 and the sugar-bound SRC have been determined. However,
the X-ray crystallographic analysis does not explain the characterization of dynamic structure
of the extended loop of subdomain y. In this study, we performed '°N relaxation experiments
for the backbone of SRC in the lactose-bound state. These results show that the extended loop
of subdomain vy is flexible, because the ’N{'H}-NOE value of the extended loop region is
low. By contrast, that of the corresponding region of EW29Ch is similar to the average
N{'H}-NOE value in the lactose-bound state. Thus, the difference in the backbone
dynamics may be associated with the sialic acid-binding mechanism of SRC.

HEREDLIT, ZNET, NMRICE DI I AHKRM L 7 F o CRMi KA A
(EW29Ch) DOFESHFE S A 1 = X DIZDOWTOMIEEITV. 0 THOD 2 DOMERE S
N DOFEFREOTEMED . XSS B W TIEE A PRI CHEERZ R L TWAIZHE
5P, aHEEAEAL y B A AL ~KI100f5Emn 2 & [1] . &5, By
T-WIEBNC XA EORE L BB AIEHICER T2 2 2N L [2] . —
Ji. ZORM VI F ST L T FHEIC LV EIE T T VBB e L 7 7
> (SRC) ZAIM L, SRCEZ 7 h—AKV6° =TV IWT T h—RLDELHEDX
ARG AR IEFRNT 21TV, ZORER. oG L OANE L FEE L, v FEEEALITREA L
PNz, FL YT IUNT I F—=ADT T h—ADERS TIiX. EW29ChD o BEfE S
HALDOGE EIZEAERIUHAEERZRT EE DI, VT ABOE & 1XH72Ic 2D
DKBFEENEEEND Z L 2R LTz, TOHEZIIERENTZ 2 DDOKEHED I H
D120, VT RAAL 2y OFFEARENEE LD LG &I, VT RAAL Ly

Lectin, Sialic acid, Natural evolution—mimicry
O~HBOND, <OBOL, 2ADSHI, OLIERLUEWA
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D1ODON—TNYT RAAL 2 a OFEREEMAAE~YT7 b T 52 &ICX D A[EEIC
ROl TR E DKFBREETHD [3], LLARNE, TORRR S T VIR
FEOHEER A I = X MOV T HICHATE TR, ZOIHO—8RE LT,
LAl T Y N —AFEAIREET O SRC I2oW T, PNAEFIIEEIC L A5 T-iESNC >
WTOENT, &5, FREMA 7V 7 (RDC) OHIE L X fifkihks L ox
DO AT 72D T, ZNEDORERIZHOWTHET 5,

[RE SR & B4R
SRC |THERBFHR RIS Y T K (7 F—R) AFFTROIR Y RLE THfR
FTAHZEMNHB L= b, T2 h—AFESIREET, "N, KO PN-, PC-SRC %7
#L7=, FhHT7ULE SRC 2 AT, Bruker 8 Avance600MHz (2L V. 15CKk
W 25CC, 'H-"N HSQC ®°—#D %K ItEEE NMR A~47 kL (CBCA(CO)NH,
HNCACB, HNCO %) ZHE L. 1ZIET X TOEEL UMD NMR ¥ 7L & )38
THZENTE R, KRIZ, 15CKRD25CT, PNEFERM (Ry, Ry, X O{'H}-"N NOE)
DORPEZELTV, 77 b—AFERIRREIZE T B0y TNIEB OfT 24T > 72, Z DFEH,
PT RAAL 2y OA—FFEBICE W T H}-"N NOE OMEAAMEL . EEPERE L&
WZ EMyinoTo, —H, EW29Ch OH 7 KA A >y TiE, EBEMEN S WREIS J S
NNz Ens, B EIE LR TIECIDEEICED, T RAAL vy I, EH)
PEDEIL— T REE DT ST Z & VI L=,

FREOHEY, SRC—F 7 h—2EEK, LT, SRC—6-> T VLT 7 h—AEEIK
D X BREEEENRESN TSI LD, 77 b—RfERIRRBICEITSH SRC D
RDC % 25°CCHIE L, E#HOEEE K Lz, TORE, 7T KAy DL—T
FEHEUCBWTHICE LVEWRRONTZZ &5, TO/—7HEBICB VT, sk
HE E IRICIRBE CIE EHOREE N B D Z M LT,

PLEDFERDS  SRC DY 7 KA A vy OJL—TFFEIEA . SRC DR R 72 PEEHAE S
BB A =X LMBIICEETHDL Z ENRBEINTZZ Enn, 5% 512, NMR
WL VST 2 ED D5 T ETH D,
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Elucidation of the DNA recognition mechanism of the antiviral factor
APOBEC3G as evaluated with the NMR real-time monitoring method
OKeisuke Kamba "2, Takashi Nagata '*, Masato Katahira "-*

! Institute of Advanced Energy, Kyoto University.

? Graduate School of Energy Science, Kyoto University.

Human APOBEC3G protein (A3G) is an antiviral factor that disrupt HIV gene by introducing
a significant level of mutations in the viral genome. A3G inactivates HIV by converting
cytidene (C) into uridine (U) within the first DNA strand, which was reverse-transcribed from
RNA genome of HIV. Deamination activity of A3G is highly sequence specific, by which
three base repeat of cytidine (CCC) within single-stranded DNA (ssNA) is converted into
CCU then CUU, sequentially. Recently, it has been suggested that A3G may also targets RNA
as well as modified bases (5-methyl cytidine and 5-hydroxymethyl cytidine). In this study, we
analyze the deamination activity of A3G against RNA and modified cytidines by our NMR
real-time monitoring method. Systematic DNA to RNA replacement of the nucleotide around
the target cytidine contributed to the elucidation of the recognition site by A3G.

<7 = >

APOBEC3G (A3G)IZ, HIVORNAY / AN G WA GIZ L0 G S vz — A8
DNA(ssDNA)F DL F 2 (C) e 7 U VU (UNZHEWLT 2 /)T 25 Z &2k v, HIV
DELTHWIET LEETH D, SVAIGOMT X /b L TlE, ssDNAH
DOCCHAN ZCUILEWT D Z &, £7-CCCEHI(H v b AR > MITx Lfot D EE
PeaRTZENMONT W, ZNE TOMEICE N TH L IL, A3GHCCCACCU,
QM'ﬁ&ﬁ@¢5 & & NMREFFBFHHIEIC I VLT L, £7-A3GOHE

WITE LT, Fx 130 R A A v OBRICEIT 2 GE 2 IREL TS, UL,
MG@MM@%E@%WK%<%%?%£Ti&%@TUBGmM@AW@%ﬁ%
rixREETHY ., o rEHEEERICET 2R RVORBRTH D, TF,
APOBEC7 7 S U —Z L RIENS-AF LT F L) e F I VI, £725- Fr
FUAFALF IO RS- Raxd v AF Ly U DU CMOINCHT 2 /b T 5T
REPEDSRIB SN T, CROM™CITY ) LA Ly U T OBBRICBWTAER SN
7-%. APOBEC7 7 I U — @ifyiz%4yxﬂmm®%5’%Dﬁ%iofwéo
fi 5. RNAHAPOBEC” 7 X U —DHE L 72 5 a[fEE VR STV 5, ARAF5E
HH kLTW%%ﬁ%mméaﬁgmm%%Vu%G®M7 /mﬁm%NMm%%%
FHENC K VBB L7, FFIZ, ssDNAIZ—EFTT DRNAZEAN L EEEHWH Z &I

APOBEC3G, T4 F L v F VU7 I /7 (vEEE, NMR3EEFH 1%
ODMIZTWT T, BN, EObESE
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< FHiE>

{EffEIE F 72 1IRNAZ B TessDNAZ FEE & L CAIGOMLT X /7 {L )G 2 NMR E FF
MIEHANEIC K VBB L7-, A3GEEEEDNAZRA L7258 %205 & L CTOCSY A7 k
JVOREZATV, ZDRIOGBZITHELHREV K LT, ¥ F ViR 7TV O5ME
RIS LT ey b Lo, FEEDNAICKTT DA3GOMT 2 /ALK SIZ DWW T
HWETEHEAERD, TOEOREESEPT 2 /ALEEORE L Lz, EfiEEs 5T
ssDNAIZ, FEiF5-ATTCCM™CGATT-3'}2 IN5'-AAAACTCGAAA-3'. 5'-AAAACCGAA
A-3"% 72, RNA—EHIKDssDNAIL, Fl%5-AAACCCGAAA-3"% FHV -,

<HER - BEE>

By FARyYy FNTERUNIHT 2 263D v F V2 EMERICER LY
DNA(5'-ATTCCM™CGATT-3") % W 7= B2 B A3GIE™CE BT = /b L2 &2
& E o7, RIT, 5-AAAACT™CGAAA-3' & 5-AAAACCGAAA-3'% V7~ 35
A MM 2 AL SRRV, CIEFE LS BERMEWARN S LT 2 {bEsh
52 ENb o7z, APOBECT 7 2 U —H Lo BOMT 2 JALIEMHICOWTIL, &
it EE DAL OIEMIFENEE S R HIE LR D Z e mE SN TE Y2, Lok
ITZFNEZFFL TS, AR TIE, A3GHRT ) YA Loy v 72 b 5 Efifith 3
MOIFFFVARR S G B & LIS, MCITEE L LAV RSN,

WIZ, A3GIE—AREHRNAIZK L THLT X /AbIEHEE Rz 2 R & hviz, £72.
FEEDNA(S-AAACCCGAAA-3YD R v ARy NN TERRINCHT 2 /{band v F
TV DHERNAICERL(CCC—CCIO) LI EH BT I /fba e o7z, Zih DO
B, A3GIZ X BT 2 /mﬁm X, WEOHZLLTHELEGE L TVWAZ EERL
TW5, X512, DNAFIC—EAT T DRNAZE A L7 EE IOV T, A3GORLT 2/
{BIEMEZ S LT, FORE, Ay M ARy "NEZITZ ORI O 1R ZRNAICE
BaL7=58 . CIZxT2A3GOBLT 2/ fLIEPEDDNA(S-AAACCCGAAA-3)DIGE D
VSEEICETE T Lz, Zhud, A3GIZE DT 2 JALRISIZE, COBRRLTZED
B E LR EL TWAZ 2 EZRLTWAD, A3GRA Y h ARy LD b JRVE l
DOEHNZBIHI L TWD 2 &, FREROLLLTHELEFRL V0D Z EommAIT
NETHEINTWRWHLWLEDTH D, 2D DI RERTENEE 721 FAﬁi
DOWTIUTHNTND D, b LLIZHF TN TN D DONESERIAL NI T D05
N D,

<BE Mk >
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Structure and function of reverse transcriptase recognition site of LINE
RNA

(OMaina Otsul, Nao Norosel, Nao Arail, Ryou Teraol, Masaki Kaj ikawaz, Norihiro Okada3,
and Gota Kawai'
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In order to elucidate the recognition mechanism of LINE RNA by the reverse transcriptase
(RT), we are analyzing the tertiary structures of RT recognition sites of LINE RNAs. We
already determined the tertiary structure of the RT recognition site of the LINE RNA from ell
(UnaL2-17). In the present study, the RT recognition site of the LINE RNA from zebrafish
(ZfL2-1-34: among several LINEs from zebrafish, ZfL.2-1 is similar to Unal.2) was subjected
to the NMR analysis. Zf1.2-1-34 has two stemloops and, by the comparison of NMR spectra,
the structures of the stemloopl and stemloop2 were found to be similar to those of Unal.2-17
and stem2 which is an RNA with the sequence of the stemloop2, respectively. Thus, the
present NMR study clearly showed that Zfl.2-1-34 forms the predicted secondary structure.
Now, we are determining the tertiary structure of ZfL.2-1-34.
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Structural studies of RNA-binding protein Nrdl, a MAPK target RNA
binding protein
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Negative regulator of differentiation 1 (Nrdl) is known as a negative regulator of sexual
differentiation in fission yeast. Further, Nrdl binds and stabilizes the Cdc4 mRNA which
encodes a myosin II light chain, and thereby suppressing the cytokinesis. Pmkl (yeast
MAPK) phosphorylates Nrdl resulting 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 prepared each
RRM (RNA recognition motif) of Nrdl. The structure of the second RRM of Nrdl has been
determined. Furthermore, we will discuss usage of split intein and paramagnetic relaxation
enhancement for the full-length Nrd1.
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Fig. 2 Scheme of using inteins and PRE
RRM1 joint RRM2-RRM3-RRM4 by intein-splicing. NMR experiments using PRE is useful for

multi domain proteins or huge complexes.
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NMR relaxation analysis of the protein under
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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. However, macromolecular crowding effect upon the protein dynamics has still not
been fully understood. To elucidate the macromolecular crowding effect, we studied the

dynamics of villin head peace at 1 ~ 32 mM concentrations by NMR relaxation analysis.
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villin head peace sub domain (36aa) (Fig.1 _I*)
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Attempt to determine the structure of a multi-domain protein, protein
kinase C
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Protein kinase C (PKC) family is a multi-domain protein consists of N-terminal regulatory
domains (C1 and C2 domain) and C-terminal kinase domain, and regulates a wide range of
biological processes. In cytoplasm, PKC is thought to be autoinhibited by the interaction
between regulatory domains and the kinase domain. Recently, the full-length crystal structure
of PKCPII was reported”). However, in this crystal structure, the C1A domain was not
observed and the C2 domain was influenced by the crystal packing interaction. Therefore, the
domain orientation and the interactions between the domains of PKC are still elusive. In this
study, we are trying to determine the structures of full-length PKC proteins, PKCa and PKCO,
and investigate the regulation mechanism using long-range distance information derived from
PRE detected by solution hetero-nuclear NMR.
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Abstract

NMR spectroscopy is the standard technique to obtain structural and dynamic information
for protein-ligand interactions at atomic resolution. However, its applications to the rings of
aromatic amino acids, which frequently exist in the ligand binding pockets, suffer from the
exceedingly complicated NMR spectra, especially for residues with unfavorable ring flipping
rates. We successfully measured the accurate ring flipping rates for the interfacial aromatic
residues of FKBP12 bound to ligands, by simplifying the aromatic ring spin systems by the
SAIL method. Here we report, for the first time, the activation volumes for the ring flipping
motions, obtained by the concomitant use of SAIL and high-pressure NMR, which will
provide deeper insights into the interfacial dynamics of the FKBP12-ligand complexes.

Non-covalent interactions involving aromatic rings often play important roles in
protein-ligand recognition processes, and therefore yield important knowledge for structure-based
drug design approaches. However, most of the structural information used in the current
protocols is almost exclusively from X-ray crystal data, which contain little information about
the dynamic aspects of the protein-ligand interfaces. Although NMR provides unique
opportunities for studying protein dynamics encompassing broad time and amplitude ranges,
applications of the NMR method are often hampered in practice by excessively complicated
spectra, when using conventional, 3 C-uniformly labeled samples. This is especially
problematic with aromatic residues, as their aromatic ring NMR spectra are usually quite
complicated due to tight spin coupling interactions. The situations are sometimes even worse
for Phe and Tyr residues, when their rings flip at rates comparable or slower to the chemical
shift differences between the symmetry-related spin pairs, namely 8,/3, and €,/¢;.

However, detailed analyses of such flipping rate-dependent aromatic ring spectra, if
possible, would provide an unprecedented opportunity to estimate the effects of ligand
binding on the ring flipping rates. Note that the aromatic rings of Tyr and Phe undergo
degenerated flip-flop transitions about the Cg-C, bond. Nevertheless, their structures,
including the neighboring residues, are exactly the same before and after the ring flipping
event, and thus the flip-flop transitions can only be manifested by time-dependent NMR
spectroscopy. In the present study, amino acids bearing alternative [*H'*C, 13ClH]-labeling

Keywords: SAIL method, High-pressure NMR, Protein-ligand interaction
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Fig. 2 Chemical structures of ligands. FKBP12

binding region were depicted by boldface.

patterns (Fig. 1) were used to simplify the NMR spectra of FKBP12, which strongly binds to
two macrolide immunosuppressive drugs, rapamycin and FK506 (Fig. 2). By virtue of the
drastic spectral simplification obtained with FKBP12 labeled with the SAIL amino acids, we
successfully measured the accurate flipping rates of the Tyr residues located in the ligand
binding pocket, which became slow enough in the ligand bound states to give two discrete
signals for 8,/3,, and for g,/e, (Fig. 3). The flipping rates for the FKBP12-ligand complexes
were also measured under various hydrostatic pressures, using high-pressure NMR equipment
(Daedalus Innovations), allowing us to determine the activation volumes for the flipping
motions of the complexes.
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Fig. 3 Selected aromatic region of 'H-""C HSQC spectra acquired with 8-SAIL (A) and
&-SAIL (B) Tyr labeled FKBP12 associated with FK506 at 30°C.

The information obtained for the FKBP12-ligand complexes revealed that the interfacial
dynamics are substantially different, even for these structurally related ligands. According to
the crystal data of these complexes, the ligand binding surfaces in the static structures are
almost identical. Although we do not fully understand the different dynamics of the
FKBP12-ligand interfaces at this moment, the dynamic aspects of ligand recognition should
be considered as additional information for structure-based drug design.
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Elucidation of Mechanism Responsible for Exogenous Ligand Discrimination
through Electronic Interaction between Heme and Proximal Histidine Residue
in Myoglobin
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We have found that functional properties of myoglobin (Mb) are regulated by the intrinsic
heme Fe reactivity through the heme electronic structure. In this study, we extended our
efforts to further characterize the electronic control of the intrinsic heme Fe reactivity through
interaction among the heme and Fe-bound ligands in order to gain deeper understanding of
functional regulation of the protein, particularly mechanism of discrimination between
oxygen (0O,) and carbon monoxide (CO). We characterized electronic structures of
functionally relevant histidine residues, i.e., His64 and His93, of O,- and CO-bound protein.
We found that the nature of Fe-O, and Fe-CO bonds is manifested in shifts of the side chain
imidazole "°N signals.

Fram R o E Tlo, BFBEO)iTH His93 7/—N sH
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Fig. 1 Structures of the heme cofactors used in the study
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Fig. 2. A portion of "H-""N HMQC spectrum of L29F(0,) at pH7.4 and 25 °C.
Connectivities used for signal assignmnetnts are given with the spectrum.
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Ubiquitin folding stability in human cells
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It was a general belief that the folding of proteins under the highly crowded cellular
environment was more stable than in vitro. However our previous results and the several
resent studies by other groups indicated that there was the case that the protein folding
stability under the crowded environment is lower than in vitro. So we are trying to clarify its
mechanism using NMR hydrogen exchange experiment in cells based on the example that the
folding stability of wild-type ubiquitin and its mutant in human cells is lower than in vitro. In
this presentation, we want to discuss about the possible mechanisms from our results.

B R G DONIREE R H A S 2 7 A 3A RS (pH, (R, BELS) [CHE A%
FTENL DD, ZTREGHIC, ¥ XTI EDO% L PEBITHIET 2 MlaN O %
B TCHhDE, BFEEERD TREEEIC S L, BRSO MBS L - T
WIS X 31T SV TIRAG - T D, I, SMERITERSEC L 0 MBS O BRE N b
FTAH L RIEEHEELET D, D0, XU B ORRE L BRI S L7 N AR
RHAFT I AT, ENONEBRICHET D “Z08” b LIIENERLTZRET
T L7283 RAZ2 S ST 2ENLEE LVWEER D, 2DOL I REHENSRESL
Hlx, RN Z X7 BEOFE R L~ L TIEB T 5 FD TX Sin—cell NMRIE
OB I EED TN D,

FHRF HIL Eidin-cell NMRIEZ FWTZ RO H T, NMRAKFAHLERR (Fig. 1) (1
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Fig. 1 Hydrogen exchange experiment

Hydrogen exchange experiment, Folding stability, Cellular environment
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Fig. 2 Hydrogen exchange experiment of ubiquitin in the reconstituted
crowded solution.
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Eukaryotes degrade proteins via one of two major pathways — the ubiquitin-proteasome
system and autophagy. While the proteasome system is limited to degradation of
single-domain proteins that fit into the narrow (~ 13 A) opening of the proteasome barrel,
autophagy is thought be a bulk degradation system that is capable of recycling entire

organelles, protein oligomers and large protein aggregates which may be toxic to the cell.

Autophagy (“self-eating”) is a conserved pathway, in which cytoplasm and organelles are
engulfed by vesicles called autophagosomes. By fusion of these vesicles with lysosomes,
cellular constituents and protein aggregates can be degraded or, when nutrients are scarce,
subjected to turnover. The vital importance of autophagy is reflected by studies in mice that
develop neurodegeneration if autophagy is inhibited, presumably due to irreversible

accumulation of protein aggregates in neurons.

Long believed to be a somewhat random degradation system, recent evidence suggests that
specificity in autophagy. This “selective autophagy” is thought to be mediated by autophagy
receptor proteins containing ubiquitin-associated (UBA) domains that recognize
ubiquitin-marked substrates (Kraft et al., 2010) and deliver them to autophagosomes for

degradation.

While UBA domains show high conservation in both — amino-acid sequence and tertiary
structure, their affinity for various types of ubiquitin are completely different. We are studying
structure and dynamics of the autophagy receptor proteins p62 and NBR1 by NMR to

understand their specificity for ubiquitin and its respective recognition mechanism.

Kraft, C., Peter, M., and Hofmann, K. (2010). Selective autophagy: ubiquitin-mediated recognition
and beyond. Nature cell biology 12, 836-841.
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Protein activities are generally regulated by intramolecular allosteric interactions, by
which an event, such as ligand binding or mutation, at a local site modifies conformations
and/or dynamics at spatially distal sites in a protein molecule. Intramolecular allosteric
interactions in the phospholipase C (PLC)-81 pleckstrin homology (PH) domain were
investigated by solution NMR spectroscopy for selectively [a-'"N]Lys-labeled proteins. NMR
analyses demonstrated that the ligand-binding activity of the PLC-01 PH domain is
allosterically regulated by interaction networks among the a2-helix, the f1-p2 loop, and the
[3-p4 loop mediated by the side chains of Lys-30, Lys-32, Lys-57, and Phe-87.

Introduction

Ligand binding to a protein usually induces changes in the protein conformation and
dynamics, which also occur at distal sites away from the ligand-binding site in the protein
molecule, causing allosteric regulation of protein functions. Although elucidation of allosteric
mechanisms is expected to be useful for regulations of protein functions and for allosteric
drug designs, the detailed molecular mechanisms remain unclear.

Our previous study suggested the existence of intramolecular allosteric interactions in the
PLC-81 PH domain [1]. The protein binds to phosphatidylinositol 4,5-bisphosphate (PIP;) in
the cell membrane, and inositol 1,4,5-triphosphate (IP3), a product of PIP, hydrolysis by
PLC-81. Mutational analyses of the PLC-01 PH domain demonstrated that conformational
disruption of the characteristic short a-helix (a2) from residues 82 to 87 results in reduced
affinity for IP; and in thermal instability, and that the phenyl ring of Phe-87 contributes to
effective stabilization of the IPs;-binding state [1]. However, the a2-helix does not make direct
contact with IP3 in the crystal structure of the PLC-601 PH domain complexed with IPs, and
our findings therefore indicate that the a2-helix indirectly interacts with the IP3-binding site
through intramolecular interactions. In this study, we investigated the detailed molecular
mechanisms of intramolecular allosteric interactions among spatially separated sites in the
PLC-61 PH domain by NMR [2].

Materials & Methods

The wild-type and mutant proteins of the selectively [a—lSN]Lys—labeled PLC-61 PH
domain were prepared by E. coli BL21(DE3) [1,2]. All NMR experiments were carried out
using a JEOL JNM ECA600 spectrometer equipped with an HCN triple resonance inverse
probe. Two-dimensional 'H-""N HSQC NMR spectra were acquired at 20°C with resonance
frequencies of 600.2 and 60.8 MHz for 'H and "°N nuclei, respectively [2].

Intramolecular allostery, Ligand binding, Mutation
OlIiZBH LMY, IZLebhoOE
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Results & Discussion

The 'H-"N HSQC NMR study of the
selectively  [a-""N]Lys-labeled  wild-type
PLC-01 PH domain revealed that IP; binding
affects the local environments at all lysine
residues. In addition, the mutational analyses
indicated that an interaction network mainly
consisting of the side chains of Lys-30, Lys-32,
and Lys-43, but not Lys-57 or Lys-86, exists in
the ligand-free protein (Fig. 1).

The [IP; titration experiment of the
wild-type protein also demonstrated that in the A3-paToop

ligand-free state, the o2-helix (Lys-86) @ [oop o2 helixl

undergoes intermediate chemical exchange

between at least two conformations with  Fig. 1. Graphical summary of the mutational
different population, and that IP; binding effects on the PLC-81 PH domain. K30, K32
stabilizes one of the two conformations. "4 K37 directly interact with IP;.
Interestingly, such stabilization of the a2-helix induced by IP; binding was also observed in
F87Y, but not in K57A or F87A (Fig. 2), indicating that the side chains of Lys-57 and Phe-87
contribute to stabilization of the IP;-binding state, although Lys-57 does not contribute to the
interaction network in the ligand-free state. Our results therefore strongly suggested that the
pre-existing interaction network, mainly consisting of Lys-30, Lys-32 (B1-f2 loop) and
Lys-43, in the ligand-free state is modified by IP; binding, resulting in formation of a new
interaction network, in which Lys-57 ($3-f4 loop) and Phe-87 (a2-helix) contribute to
stabilization of IPs-binding state [2].

— K57A — F87A — F87Y

— wild type K49 — wild type — wild type K49
K49

K86 K86
12.6 Hz v 13.3 Hz 25.7 Hz |
|J free free I_I J
v !J
16.4 Hz
13.2 Hz 13.5 Hz
+IP3 +IP; ! S ‘ \ 125 Hz +IP3 !j ts ’ l

Hw K86
27.7Hz

12.2 Hz

free

115 114 113 112 115 114 113 112 115 114 113 112
15N chemical shift (ppm) 5N chemical shift (ppm) 15N chemical shift (ppm)

Fig. 2. PN projections around the Lys-86 signal of the 'H-"N HSQC NMR spectra of
[a-""N]labeled K57A (left), F87A (middle) and F87Y (right) in the absence (top) and presence of
IP; (bottom) as compared with those of the wild-type protein (gray). HLW means half line width.
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We analyzed the interaction between p47°"“PX domain and phosphatidylinositol
(3,4)-bisphosphate using solution NMR spectroscopy. Using mutagenesis and chemical shift
perturbation method, we determined the PI(3,4)P»-binding site on the p47”"*PX domain was
not R43/R90 site but K55/R70 site. Residue-specific change of signal intensities of p47”"**PX
domain by titration of a lipid bilayer system nanodisc suggested that firstly p47”"*PX domain
weakly binds to cell membrane using the membrane-insertion loop region, and subsequently
recognizes PI(3,4)P, embedded in the cell membrane using the K55/R70 site. We constructed
the molecular complex model of p47”"*PX domain and the inositol phosphate group of
PI(3,4)P, using a paramagnetic lanthanide probe fixed on the p47”"**PX domain.

NADPHA ¥ > ¥ — X % {ilfill 3 2 flifn& & > 3 7 Epda7"*13PX-SH3-SH3-AIRD F
AA VDO VF F XL VY VR IETH S, NADPHA ¥ > 5 — X DiEl:
{LIRREIZE VT, pd7""PXF XA VIFMIEE EOKR A7 7 FV0 4 /> b =LY
VI PI(3,4)P,LHEA L T, Ko HiWE, NMRZEZ HLTpd7"PX R X 4 ~
EPI(3,4)P, & X RO M AR 2 gt 92 2 &L Th 5.

1. PI(3,4)P, f& S SR DEZE

NMRAb A~ 7 88k 2 flvT, pd7""PX R X A ¥ DPI(3,4)P,f &4 H AL o [F7E %
B o, KICEEEETSH 2PI3,4)P,0fRH & L TIns(1,3,4)P, % & LILFEs 7
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PXF XA v, WigHh7a—7, xA77FINLA /) F—)
OBIBITAL, ZELBLELILDA, SVBELOT, XIBbEHI, L DD
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RIRFE DS H ML %2 il U 72, PI-Nanodisc T3 7B HK 573 ~88 DA,
Blank-Nanodisc T35 578 ~88 DI I : \» TF 5 i EEDSMSS L 72, JRIEH S
78~88 DI FHIIBLIF AL — 7" EWHEN B IRALTH D, FEFEFS73~T7 DRI
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Inversion of the Stereochemistry around the Sulfur Atom of the Axial
Methionine Side Chain through Replacement of a Remote Amino Acid
Residue in Hydrogenobacter thermophilus Cytochrome css; and Its
Functional Consequences
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In cytochrome c, the coordination of the axial Met Ss atom to the heme Fe atom occurs in
one of two distinctly different stereochemical manners, ie., R and S configurations,
depending upon which of the two lone pairs of the S5 atom is involved in the bond, and hence
the Fe-coordinated Ss atom becomes a chiral center. We demonstrated that the A73V
mutation in Hydrogenobacter thermophilus cytochrome css; forces the inversion of the
stereochemistry around the S; atom from the R configuration to the S one. Functional
comparison between the wild-type and the A73V mutant proteins possessing the R and S
configurations, respectively, demonstrated that the redox potential of the mutant protein
exhibited a positive shift of ~20 mV relative to that of the wild-type one, i.e., 245 mV, in an
entropic manner.
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FEVWL—7 128 b T\ 5, Q-loopD i Kt 1% OO AUR N
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DHHIEND LEZBN, ZDZEN, ASDHEEZ B LIZE.D EFICHES LTS &
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Fig. 3. Plots of the shifts (ppm) for the main chain amide "H and "N NMR signals of the A73V mutant in 90% H,0/10% *H,0, pH
6.0, at 25 °C relative to those of the corresponding ones of the wild-type HT (AJx73v.ut) against the amino acid residue number.
Effects of the A73V mutation on the main chain amide 'H and "N signals are observed on the residues at positions 39-77.
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High Pressure NMR Reveals Solution Structure of Alternatively Folded
State of Ubiquitin: Q41N Variant at 2500 bar

Soichiro KItazawal, Tomoshi Kamedaz, Maho Yagi—Utsumi“, Nicola Baxters, Koichi Kat03’4,
Mike P. Williamson®’, ORyo Kitahara'
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’Computational Biology Research Center, Advanced Industrial Science and Technology,
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Okazaki Institute for Integrative Bioscience and Institute for Molecular Science, Okazaki,
Japan

‘Graduate School of Pharmaceutical Sciences, Nagoya City University, Nagoya, Japan
’Department of Molecular Biology and Technology, University of Sheffield, Sheffield, UK

We demonstrate the NOE-based structure determination of Q41N variant of ubiquitin at 2500
bar, where the alternatively folded N, state is 98% populated, but only 70% populated at
ambient pressure. This allows us to characterize the structure of N». The N, produced by dual
perturbations of Q41N mutation and high pressure shows much more changes in the
orientation of 35-starand. The conformational change matches the change seen on binding of
ubiquitin to the E1 activating enzyme. Since the N;-N, conformational fluctuation and the
change in the orientation of (5-starand by the E1 binding are evolutionally conserved in
ubiquitin and ubiquitin like protein NEDDS, both of which are the post-translational
modifiers having E1-E2-E3 cascade reaction. These results strongly suggest that El
recognition of ubiquitin and NEDDS is explained by conformational selection, rather than
induced-fit motion.

We have previously shown that wild type (WT) ubiquitin populates a high free-energy
conformer N, at high pressure, and Q41N mutation amplifies the population of N; in the
protein. High pressure NMR revealed that the N, is 70% populated in Q41N variant at
ambient pressure, but 98% populated at 2500 bar. So far, solution structures as a model for N,
were obtained for the mixed states with estimated populations ratio of N;:N,=23:77 for WT at
3000 bar [1] and 30:70 for Q41N at 1 bar [2]. Conformational changes in the structures were
commonly obtained at a-helix, the following loop, f3-starnd, and C-terminal strand. "°N spin

EJESNMR, = EHXF o, BT R/LF—IREE
X7-b FHoWnWbhAH, »ndiE b, RX-9oh FiF, F<IT— 1Tz
H, MmEH ZTHoOWVL, YWD HirEAL FN, OFEL Y )
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relaxation NMR analysis showed that the N;-N, conformational fluctuation occurs in the
ten-microsecond time scale [2]. Here, we demonstrate the NOE-based structure determination
of Q41N at 2500 bar, where N, is 98% populated. This allows us to characterize the structure
of N, more purely than those in the previous approaches.

High pressure NMR measurements were performed between 1 and 2500 bar on
Q41N variant of ubiquitin at 298K and pH7.2 using AVANCE3-800 spectrometer (Bruker
BioSpin Co.) with a ceramic pressure-resistance cell (Daedalus innovations). Distance
constraints were obtained from single 3D time-sharing *C/"*N edited NOESY-HSQC, and
dihedral angle constraints were obtained from chemical shifts of Ca, Ha, H, N, and C’ using
TALOS" program. Structure calculations for the doubly °N- and *C-labeled Q41N ubiquitin
were performed with CYANA version 3.93 with 1311 distance and 74 angle constraints, and
then energy-minimized using AMBERI11 in explicit water (TIP3P).

The calculated 20 models show 0.44
A RMSD for backbone and 0.89 A RMSD for Ub-E1
heavy atoms, showing sufficient quality as a = complex
NMR derived structure. The structure of N, WT at 1 bar .
produced by dual perturbations of Q41N
mutation and high pressure shows changes in
orientation of a-helix, the following loop,
3-strand, and C-terminal strand. In particular,

the change in orientation of C-terminal strand
is much larger at 2500 bar than at 1 bar
because of an increase in the N, state
population. The conformational change
matches the change seen on binding of
ubiquitin to the E1 activating enzyme (Fig. 1).
The N;-N, conformational fluctuation and the Fig.1 Solution structures of ubiquitin. Wild
change in the orientation of C-terminal strand  type at 1 bar (PDB: 1D3Z), Q41N at 2500
by the E1 binding are evolutionally conserved ~ bar, and wild type ubiquitin bound to El
in ubiquitin and ubiquitin like protein NEDD8  activating enzyme at 1 bar (PDB: 4112).

[3], both of which are the post-translational

modifiers having E1-E2-E3 cascade reaction.

These results strongly suggest that E1 recognition of ubiquitin and NEDDS8 occurs by
conformational selection, rather than induced-fit motion.
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Conformational fluctuation of dihydrofolate reductase mutant by using
high pressure NMR spectroscopy: D27E mutant
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Conformational fluctuations among the basic folded state and high-free energy states have
been recognized to be important for protein function, especially in enzymatic reaction.
Dihydrofolate reductase (DHFR), which catalyzes the reduction of dihydrofolate to
tetrahydrofolate, assumes a variety of conformations in solution. We found that several
cross-peaks in the 'H /"N HSQC spectrum for the folate-bound form of E.Coli DHFR are
split into two with increasing pressure, indicating a presence of alternatively folded
conformation of E.Coli DHFR in solution. We also showed that the alternatively folded
conformation is 25% populated in D27E mutant at ambient pressure, but only 10% populated
in wild type (WT). Here, we show that the alternatively folded conformation has similar in
both structure and dynamics with the basic folded state. High pressure NMR spectroscopy
revealed that free energy difference (AGO) and partial molar volume difference (AV0)
between the two conformations in D27E are 2.67 £ 0.09 kJ/mol and 5.5 =+ 0.6 mL/mol,
respectively.

[Introduction]

KB TH R B d, RERIRREZZ 1T Tl < BMRIREEC AT IR EZ: X 0
EBHHBETRLEREL DAL TEY | ENICENLL DB ZFE LW TIND Z &3
HNTWD, DL EmT /L —IREEIX, ¥ /T EH Doy 18k & OFEEICE
TWIRMHE AL TS EEZLNTWVD, LML, @B RAF—IREOOMRIT/NE N
T DBIINIREECTH D, AT 5 HIECEEINMRIERH 5,

Uk FEIERIEITCHSE (DHFR)ICE > T, Yk FeIERNT R 7 b ReIERRIZIET
SNbH EE, DHFROM2OL— BT HRE /R R A—a VBB, ARIRT
bHLEZNTWD, HERESAODHFRIZ, FEaaEmiric k2 &, iEMh.L%
ETeM20/L— 7 MBI B UG 02 oIl STV A, v R A—v g
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[Methods]

1 mM "N D27E DHFR %20 mM TrisHCI, 5 mM Fololic acid, pH 7.0 D f2 & |~ F54% L
72o NMRZE[E (2600 MHz NMR (Bruker Avance 600) % L. 298 KiZH W TF T
MEEIT -T2, BBEDEA F I 7 ZEHTF O 7212 A ABEFENT(PN-R|,R,,NOE) & 1T
ST, TEMEMT D=2, KT I RAKBLRENMRIE(CLEANEX-PM) 21T > 72, 1
W OB O 7= 012, 1KED 52500 EOHPA T, "H/"N HSQC A7 ML OHIE
2{To 7,

[Results and Discussion]

D27EILHE T T, 25%D @ /L ¥ —RAg ok 10— —
DOE—7 PRI S, HSQCE 503201233 LT ol e
%, D2TED E[E INMREBR O R0 HD2TEO R £070 7% 5+ v u s *
TR —AREED I3 AL, 2500 bar T40% E THY  Sos
W% = LRSS NE(Figl), SHILFEY 7 o ol L.
JEIHEAFPE D AT 7> 5 M20/L— 7 & 110-1255% J 4 oar ]
FDCHEEZ L E L CWD Z EREniz, £7= 000500 1000 1500 2000 2500 3000
ZODIRREDE FIREMMNT S, AVIE5.5+0.6 Pressure /oar
ml/mol, AG*132.67 + 0.09 kJ/mol & BAEH Sz, Fig.1. Pressure dependence of

D27E & WT D A E L AEFfEMT 5. 7 3 /W2 % population of two conformations
Ik AREER L T ERNE L., v afine  of DHFR-D27E

T OE) X & T DHERFEE RiIX., WT & D27E TILBAZE /& WIE R S 7e )
Sz, TR LTwA 7 a0t I UPoOBE)X %2 K3 28R FfEE R, TlEM20
JL—7"(17-40), 110-1255%H72 ED2TED ¥ — 7 43243 B S 40 5 J8130 CHAZE 72 BN AS
Ronfc, ZNoO/RERITMEICE D B X —IREOSAAROEM L - FHEL —
BT 5, HUTxt LT, D2TEIZEB W TIEE = RV X —IREE & 2 E R AE O FLlg Tl
R1,R),NOE, /K-7 I FRBREEROFERICKRE B WNIR N -T2, T oD
FERNOD2TED F = VX —REBIXR L ERME L, MiEE XA T I 7 AKX
REWTIRNWZ LR ENT,
DHFR D27ED fir ZZ EAEE & == /L X —dRAEH R ONOE/ X & — 3 BAfElc 70 %
728 FEEEE SRNOE) & JE 2 L7222 D 7 4 — /b RIRIEED N ARG E IR ET D F v Lo
DU T IRRBEDETHRTH D

' Michael R. Sawaya et al.,Biochemistry, 36,586-603 (1997)
* Ryo Kitahara et al.,Biochemistry, 39, 12789-12795 (2000)
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A method for determination of high-resolution protein solution structures
using paramagnetic relaxation enhancement

OKyoko Furuita', Saori Kataoka', Naohiro Kobayashil, Shinich Murayamaz, Hisashi Tatebe?,
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Japan.

Protein tertiary structure determinations by solution NMR usually rely on NOE-derived
distance restraints. Therefore it requires sufficient number of NOE peaks and nearly complete
assignments of the NOE peaks. However this cannot be always achieved depending on the
target protein. In this study, we utilized paramagnetic relaxation enhancement (PRE) to
determine a high-resolution structure of a protein which NOE data was insufficient for the
structure determination. By combining a total of 867 PRE-derived distance restraints with
NOE-derived distance restraints, the structure of the protein was successfully determined with
sufficient convergence and accuracy.

[Fram] & o X7 B OWREAEEREX, 85 NOEH Ko BB R H I SV T T
PID, HEEREICT 2B ONOERBEEHRZ G2 72Dk, +5 728 ONOEF 5
K OEDIFFERRIFBPLEE SND, o T, XU NV EDIRFERRLTFY 7
FORBOLSLELEND, LML, INHIEZ 7B > UIBELRRNT &0
b5,

WREMEREFIZI SR (PRE) 1%, NOE HEEE®RZMET 2D L LT, NMR HiEik
FEIWZFHAENTE77, NOE 686N 5D13~6 A OIFEEE#R TH L. PRE 226
1$10~24 A £ 5 NOE TlIfso i WREHBEE®RAS5 Z LN TE 5, PRE (1,
BT EY NIERIBATDEL e Y, RS- NOE FEREE & L
SNIRNE T BE DM ZRET DDA TH D Z LR En T

AR TIE, Ly 7 FOIREBNRETH Y . F 72 Bif72 NOESY A7 kLt
LT, FIETIINARESE 2R ET D 2 EDRNEETH -7 spSinl & /X7 E D1605%
B 7 B 5E (LLUF spSinl) (2B LT, PRE ZFHT 5 Z & T, ZDENiFEENLIR
SR E % B L7z,

TSR RN A, S

OS5\ x5, ek SBY, ZIFRPL RBUOA, DHERE LAWVD,
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[5i£] A To NMR #liE 1% Bruker #:5 AVANCE 1800 MHz % L < i% AVANCE
III 950 MHz NMR Z733¢it &2 W CiT o7z, A7 hVALERIZ 1 NMRPipe K& O°
Rowland NMR toolkit, fEHTIZIZ MagRO-NMRView M Of Sparky 3.115% Hu 7z,
b5 7 FOIFRIZ, spSIn1D—#HDLIRITLART MV EIERIZ 7Y o 7B &
DHIE L, EiEICHE > TiTo7, TALOS 7u /' Z Ak T8 A (o L)
TG, 3Jooy M OBINey K WABH M (x) E#AS7, NOE {55 I%15N- KO}
13C-edited NOESY A7 kL X v 157-, PRE HEEHIRIFESRIZ, 9 FEE D spSinlHh
fRr ) MTSL A & 7 ~EDIH-15N HSQC A7 hL LV 57z, MTSL M1k
BT OE— 7RG, RREFET I N e b MOEBEZHAE L, RO
THEEfE = TAZ A T-UVEAKILD CRET X K7 v b U OFERER|FR & L7z,
EEFHREIL, CYANA 3.95% W CiT o 72, DML, spSinl DL E R E %
FrofEi (1205%%) o 38 RMSD., KL — 7 %< fHl 0 RDC EBE & i)
5k 72 RDC EOFEBIFREN & 0 34l L 7=,

[(FEREEZE] b7 MREORE, F#H7 I FROERZER L UUKEEE TI4%,
ISR FEEZ T80%., MFKFEZ TR2%NDIRE A=, T ThoDLFEy 7 b,
mAEHRL O NOE v—27 U 2 & Hvy, CYANA 3.950 NOE HEh)F EHEEEZ H v
THEE R 21T - 72, T OFE R, E484 RMSD £38.06 = 0.89 A, RDC FHBI£%%20.56 + 0.12
EWV O INREE, BREE L BICAR TG Lo v o7 (Figla) o

WIZ, OFEED A VT UK 5 157-8671F > PRE FREEF|RIGEHR 218N L. [FEE
DOIEEF R Z21T - 72, T OFER, EEH RMSD £30.91 = 0.17 A, RDC #HB84%%%0.86 = 0.05
D& e E O EICEKE) L7z (Figlb) . 2O Z 226, PRE FEBERIBRIE # A3,
Z N B USRS O EE K OEEE D) EIZHBNS 5 2 LR ST,

PRE BFEBERIRRDS & D X 9 ITHEEREITHKEE L TWD O Ef~57-%, PRE % H
WS A ORI NOE H#hmEREEIC X 0 A S vz NOE BRBERIR 7 7 1 v %
H, & 212 PRE FEBERIRR Z N2 72856 EINZ 720> 72356 TR B i S i % g
L7z, £ OfES:, PRE FEEfEHIFR % % 0
2 T-5E 138 RMSD & OYRDC AHEE 2,
ZIEH0.98+0.20 A % 110.87+0.05Th
ST DXL, Ao lgGaI
1.5140.59 A % 1%0.59+0.04 Tl - 7=, =
DZENL, =TA LWVWHIRERAEL
Gielz b 59, PRE FREEHRIFR I 1348 &
DOYLHE K O 2 18] E S E 520 0 &
HZEMWgpnoTz, L)L, PRE OF
W2 X AHEEDZET NOE HEhR s 2w
THEIT, KVBEThHTZ b, Figl. Overlaid pictures of 10 lowest energy
PRE HfEfIIRIZ. NOE O HEREDF  structures of spSinl (structured region)
FEm BIZ BT g EE X b, calculated without PRE (a) and with PRE (b).

E 3G N
[1] J.L. Battiste, G. Wagner, Biochemistry, 39 (2000) 5355-5365
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NMR hydrogen exchange study for side-chain amino groups of lysine
residues in proteins
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We have recently developed NMR methods for monitoring hydroxyl exchange rate of
side-chain hydroxyl and sulthydryl groups in proteins. In the methods, peaks of carbons
attached to polar groups are directly observed in a 1:1 mixture of H,O and D,O, where polar
groups exist in equilibrium between protonated and deuterated isotopomers. The chemical
shift of the carbon peaks are different between the two isotopomers due to a deuterium
isotope shift effect and the carbon peaks of the two isotopomer peaks are resolved when the
exchange rate is slower than the size of deuterium isotope in the H,O/D,O (1:1) solution. This
approach was extended for monitoring the side-chain amino groups of lysine residues. For
this analysis, we synthesized [e-"°C; €, &-*H,] lysine and incorporated into proteins to be
studied. We present the feasibility of this approach for lysine residues of some proteins.

VUV R VIEERA X VN EICRONA L DY i RE DRSS
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FEDOBEMAIBE T X FRIFRIT R R DAL T2, 2RISR LT, ARBRFIETITR
F B L CRIBENICKBERBB R 2 BT 5 Z L1 X0 | (LS HHEE O filH) 23 /e
< MR 70 S MR FEFRAT S FTRE & 72 B
ARERFIETIT, BUK1 O0EOA—F—L VB ZHT DY VUM T 2
FITBHE LTcA o VU RFED NMR & 7 F Uy 8K/ EAKIEA B CRIN A S
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b U CRINAR S 7 M 2h SR A BB 5 7= 6D | (LB SR A 22 E RN A 3 i <
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FREARERS TS, WIFAR Mo s ) 5 f %,

VU LIGRT D) Y L BICE T N PN
WY CURIEAT A, AR Hn T © S 1 N @ hm
ST m Rk, AL B SN SN\

DYEIE T CEENREIE LZ ORI 5 H H H H ooy

IR DTFRET D, Fig. 1 [e-"C;e,e-"H,] Lysine

BRRY VAT L BPERAE LT F N

7B L, 100%HE K, 50%8R/K/50%E K H, 100%EAKHIZCRIA Fvm v
FEBRT S, ZOBE. 100%EAKFD R ML — 0T, KO EH O L [F
CTHDHN, 2ERMIZ 0.3 ppm @SN 7 b9 25, Zud, 77 Ko7 e b
UNEAKRICERINDSFT, 278 REN LEEKRRNMKRS 7 NIRPAET 5,

T/ EZE3ooTe hengER (@) . H D D
HOT, 1oOKE/EAFE Mz LY N ISP BNP DN oD
0.1 ppm> 7 NERELHDT, At DJ}g_D“DJJCl_D“DJ,l_D s,
0.3 ppmZy [N S 7 ML AR K 1 & | | |

TR & THIIE NG, 0T, B (p) (©)

(H,0) / E K (D,0) IR A B FIZ BV TE

HETDOY Uik A 7 oa AfLDKR NH2D NHD2

FEONRY 7 F V28 L TT 5, 8K m3" ND3

(H,0) /EAK D,0) IBEEHEFTIZ, 72/

HEITNH,, NH,D, NHD,I5 K OND,D 4 S DA > >
NAREMERAN:3:3:1 OEE THEET Bee ofesy 7 b 13¢e AL 7 b

Bl T DA T U RFETABET 2

J NS DK/ FEKFRNAES 7 %) Fig. 2 A side-chain amino group exists in
RO FT 7 MENHEWIZHE 725, equilibrium between four isotopomers in a
72, ZOAFITKF/EKRFRZHIZE  mixture of HO and D,O (a) and if hydrogen
DIHAZER L THY | ZORZHHEDE  exchange rate is slower than the size of
(ks 7 Ol (EHE-EIOA—  isotope shift effect, the four isotopomer
=) LV EBWGE, 4 ODFRMAEEE  peaks become resolved (b), otherwise
KD« JRF 7TV S 3 averaged as single averaged peak (c)
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7 g SR U 7 U BHEEH] (Bovine pancreatic trypsin inhibitor: BPTI) IZ&
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Dynamic Regulation of Peptide Recognition and Stabilization of a Human
Leukocyte Antigen Revealed by NMR

OSaeko Yanakal, Ueno Takamasa 2, Shi Yi° ’4, QilJ janxun’ ’4, Gao George3 ’4, Kouhei
Tsumoto'”, Kenji Sugase’

! Graduate School of frontier Sciences, the University of Tokyo., *Center for AIDS Research,
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*Institute of Microbiology, Chinese Academy of Sciences., > Graduate School of Engineering,
the University of Tokyo., *Institute of Medical Science, The University of Tokyo., "Bioorganic
Research Institute,Suntory Foundation for Life Sciences.

In immune-mediated control of pathogens, human leukocyte antigen (HLA) class I
complexes present various antigenic peptides and activates cytotoxic T lymphocytes (CTLs).
The stability and long-lived presentation of the peptide-HLA complex (pHLA) depends
heavily on the bound peptide. Crystal structures of pHLAs, however, are very similar to each
other, irrespective of the bound peptides. Thus, the inherent determinant of pHLA
stabilization remains elusive. In this study, we examined the mechanism by which
HLA-B*35:01 recognizes various peptides and stabilizes the complex by elucidating the
conformational dynamics of HLA-B*35:01 using relaxation dispersion NMR spectroscopy.
Our data revealed that HLA loosely binds to peptides and then transiently forms a minor
conformation in which the peptide is more tightly bound, circumventing pHLA disintegration.
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bID, FIZT. [EVEEGRE RN B 72 B3O DHLAL 7 F RVY8-5A, VY8-3A, RY11-8A
IZHEHR L, WRPIZET D~ A T —HE DO RS Z R 10 e CHEHT T & 5. NMRERFN
SEGNENC X A ENOREERIT 21T o 7o, T ORGSR, FRZXTF R EHLABESHOREEH
PR B SN Z < B o, IEMERHERFH O & < BV E ZpHLAD F 3 % H 0710
ZENBHLMME TR o T, D, BB OIRERGEDRT NG, ~A T — &L &
A MINRNYFX T LTEMETH D Z RS,

0 1000 2000 3000
1z, (s7)

Fig. 1 Profile of HLA fluctuation
(a) The residues showing relaxation dispersions are plotted on the crystal structure of HLA as gray.

The positions around Tyr99 important for selective peptide recognition is encircled. (b) Relaxation
dispersion profiles for Tyr99 recorded at 14.1 T (black) and 17.6 T (gray).

pHLAIZ R T7'F R EA L TV B D OIS B ICEEE b S, A4 Mo v ¥
YT HI LT, EEEHRL TS EEBZIOND, £, = RIIXTTF REREE
LAY Y —HEN R TF RORRICEE THDL EEZ BN D,

*7-. ARWFE ClIpHLAD ~ A F—AEE 2 pHLAD L& 7 % —TdH ATCRE DA HAEH
(2B B AT REME DS R S T- 72 6D . A % pHLA-TCRAE A/EFIC 1T S pHLAD ~ A F—H
EOBRENZ DWW THFEL TV E 720,

AU —igiE RAT—HEE

RED BT BEDHEF

Fig. 2 Diagram of HLA fluctuation

The pHLA heavy chain is shown in gray, and the peptide as a trapezoid. Water molecules are shown

as gray circles.
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Identification of important amino acid residues for the interaction between
PDZ domain and small molecule

OTakeshi Tenno', Natsuko Goda', Naoko Iwayal, Kengo Kinoshita®*, Motonori Ota®,
Hidekazu Hiroaki'

!Graduate School of Pharmaceutical Sciences, Nagoya University, Aichi, Japan.

’Graduate School of Information Sciences, Tohoku University, Miyagi, Japan.

*Institute of Development, Aging and Cancer, Tohoku University, Miyagi, Japan.

‘Graduate School of Information Science, Nagoya University, Aichi, Japan.

We predicted interactions between PDZ domains and small molecules by eF-seek
program and verified them by NMR titration experiments. As a result, many PDZ domains
were demonstrated to interact three molecules including diclofenac (DIF). In addition, their
interfaces were similar to the canonical binding pocket for a C-terminus of their native ligand.
However, the recognition mechanism of PDZ domain for small molecule is still unknown.

In this study, key residues at the interface were identified by the construction of PDZ
domain mutants around the canonical binding pocket. When Val 92 and Arg 96 of ZO-1
PDZ1 domain were substituted for Glu and Gln, respectively, almost all signals were not
changed by the addition of DIF. Thus, these residues were important for the interaction with
DIF.

SNy E=A RN ERAAER O RYEE LTTHREET D 4 /N7 HITIX, PDZ
(Post-synaptic density-95 PSD-95, Disc large Dlg, Zonula occludens ZO-1) KA A > % %
DHLONE, TORAL NIMTHZ 7 EOCKm 278 L CTHAERL TR
. TOMAEAEIZ2EROR-AF T K B2) Lo~V v 7 ADMICHHRT v
FT®H D,
Fox X, eFseek7' v 7T L&flio T, BEENOES FLEW-52 37 EEGIRDE
HAERmEFRIL2REZ b2, Thbb, KO bEWwEEET 2 REN S D
PDZ N AA & RFE LT, T LT, BONTIRERRICOWT, PDZ KA A 11HEEH

PDZ KA A ¥, IRTALEW), REFFRME

O TADEITFL, To97FE7%-2Z, WbhEBZ, EDOLETAIZ. BBEbHE
DY, OAbUOTHrHrT
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AR LAY 10 FEEHZ VT, NMR i EFEBRIC L D MGE a2 T o7, TORER, &
717 =) w7 (diclofenac, DIF), 7/ 7 =+ 2 V[# (flufenamic acid, FLF), 7
ik (fusidic acid, FUA) O 3 BEEOLAW D, #540 PDZ KA A EAHESERT 5
ZEEBBMIT LI, £ LT, O DILEWOMEBAEREAIIRNR DR 7 > &
DELEERHTHDLZEEZRLTE, LOLERSL, IO DEWN PDZ R A
A NZK L CIRIAS FHAEAERT 200, 3o bHEAERICKLE LR ETF— 71T
DOWTIFAHADOEETH D, AL TIE, FHAMEHEALICALET 57 I BRI
HEFANL, KO HbaWmE OMABERICEERT X VBOREEZIT 12,

% PDZ RAANZBWT, AT v MIETAEEL TS L, -~V v T R
DO HRERIZBRAKPEFRE L, VR RN R MR T S vz (Fig), Bt
WRIEWZ &2, DIF O BAHAAER U722 7= harmonin PDZ3 KA A 2BV T, Zh
LORIEIIMEFESNTELT, TNENINVZ I Uik 72 I Uik Th o7,
L7235 C.DIF & O B/ERICEE 2R ILITIZ 025 ETHD & THL, v~V X Z0-1
PDZ1 RAA LD RNRFEBDONY 2T NVEIVERIZ, 96 ZEBDODT VX =% T LA
SUCEB U ER Y R E 2 HWT NMR EFEBREZIT-7-, T DFEE., DIF %
Mz THERRZ R IETIE, V7T VOB BITITEE A BRI N o722 &,
5, PDZ RAA & DIF & OFAEERIZIE, o-~Y v 7 ZTOLE T 2 BKMEFR L &1
ML O AR DENEEREEZ R L TS ERHLNERoT2, a-~U v
7 2N FEOT I BOMSEbEE SO PDZ FAA Ui, b Ml TIEB L E
4y (138/255) 1FEHY ., ZHBHD RAA ) DIF EHHEERT A AEMERH S, —
5. harmonin PDZ3 M 488 ZH D/ /L2 I VERZ /N N2, 4N FHOINVH I U %
TNAFX=NER LT Y N— 2B RARZAER URBROTEERR AT To)s, 7T v
DOECITIF E L EBIE SN2 o T2, LT > T, 25 OBUKMFEEL &t 5Lk A
X DIF & ODMAAERICHETIIH DN, (Ao 0OMOSEMELMETH S Z L DIRIE X
iz,

DIF, FLF (3#88JEAlE L CTHWONDIEAT a1 RERREERO—FETHY . TD
22—y NIvratrxvrr—8Thsbr, 2T, vrutx S —EEE—F
v b ETHMDIEFNZHONT, w7 & ZO-1 PDZI FAA HAWTHAEEROMER %
1Tole TEFAHYFARE, A T7xF LB, A 7707z A RAZT D
WTNMREEEREZIToT-E A AT T T2 AV RAZ BT
TIOEDHEZE S, 21k
L7 BIEA7 v bE
W EBR-v— MHEICHLE LT
VW7o, DIF EAHAEEH LR
IR Z D i e ER &
1ToTl& A, Rry MNET
DT kO T
WZOWTEL LD, HLL
BN /NEL TpntaZ &
NH, ZhbObEME DR
HAERIZOWT b, Bk
;L ﬁ%l[‘i&%%@ﬁgtlﬁﬁx Harmonin PDZ2 RHPN2 PDZ

Eyq IB 75 b} 2: 7LCE D f: ° Fig. schematic diagram of amino acid residues around the binding pockets of PDZ domains
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Analyses of the oligomerization mechanism of amyloid beta peptides
OAyumi Tanakal, Shigeto Iwamotol, Takashi Saitoz, Hitomi Yamaguchil,
Sohsuke Yoshinaga', Toshiyuki Kohno®>, Takaomi C. Saido®, Hiroaki Terasawa'
! Faculty of Life Sciences, Kumamoto University, Kumamoto, Japan.

? RIKEN, BSI, Saitama, Japan.

7 Kitasato University, School of Medicine, Tokyo, Japan.

The deposition of senile plaques is observed in the brains of Alzheimer’s disease (AD)
patients. Amyloid beta peptide (AP) oligomers formed in the process of senile plaque
production are thought to be neurotoxic in AD. The AP (1—40) and AP (1 —42) species,
which have different C-terminal lengths, were previously identified. AR (1 —42) is reportedly
more prone to aggregation than Ap (1 —40).

To elucidate the roles of AP (1—40) and AP (1 —42) in the formation of AP oligomers,
we used solution NMR, PICUP (Photo-Induced Cross-linking of Unmodified Proteins) and
ESI-TOF MS techniques to analyze AP (1—40) and AP (1 —42). Our results indicated that
the central and C-terminal regions of AP (1 —42) may play a critical role in the formation of
AP oligomers.

[ - HAY)

BE, BEEICBWTERMESET L TR Y, BAEOBERITE MO —® &= L
S>TW5, BARTIE, 65 LA EAOORIIEDHFHEIL 8~10% FEHE & HEE S,
2020 1L 325 T AICE THMNT 5 L Sl TnWb, FERBHIEO—DIZ, T/
A<= (AD) & D, AD BEOEBELRFTROOE DI, MIZB W TEARNZ
T DHIENFTOND, kK, BAKEERT ST I oA NiHER, AD OffkE
PEDJRK EEZ BN TE T, Lol IfE, EAWBEREBERETELDT Ir A FX—
ZRTF KA Y d<— (AR AV T~—) 2, \EREMEE D, AD BIEICEE T
HZEDBHLMNIIRoTER, AB X7 F Rk, EICHNVRF IR (C Kii) O
ESORRD AB(1—40) & AB(1—42) 226720 . AP (1—42) 1 AP (1—40) & iz L

TIvaA RR—=FZXTF R RRFENT, 7TV oA~

Oleigpb s, Whb e LiFE, SneHminl, RESHDE A,
LLENEITIT, 2H0LLPE, SNEILhBAR, THEIDUSLDHE
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TEERENE N ENFmbR TV 5D,

AHFFEIEL. AP (1—40) & AP (1—42) OA ) I~—FERELZHL ML, 4V I~
—IERRA T = X A EREEA TS T 2 Z L 2 BN E T 5,

[ 5€5%]

PN CRERNMAER Lz AR ik E VT, PNED T). Ty Ty, OFEZFTV,
FEFNEAT 24T > 7=, T HIETIX, 100, 200, 300, 400, 500, 600, 700, 800 ms ® 9
DOBEIERFH 2 W THRIE L7c, £72. T #|IE TIE, 10, 20, 40, 60, 90, 120, 160,
200, 240 ms D 9 DOBIERFE 2 HWTHIE L7z, Ti B X T JEIL AR (1—40) &
AB(1—42) ODWFT T DN T HIT o7z, Tip, BIE T, 8. 20, 40, 60, 80, 100, 120,
140, 160 ms O 9 DDORFERFR] & 1 kHz DA vy 7 8 skE AW CHlE Lz, Ty,
HIEIX AB (1—42) 122\ T{T> 72, NMR HIEIE. Bruker £ 600 MHz ({KiE~7 & —
THE) O NMR HEE %2 AV T TV, AT MUVEFTICIZ, Y 7 7 =7 NMRPipe
& Olivia ZfEH L 7=,

PICUP (Photo-Induced Cross-linking of Unmodified Proteins) & FEIEAL 5 HZRAETE [1]
ZHWT AR Z2UE S E - RICEXIKEI 21TV, & AB XTF RDOE /) ~v—, ¥A <
—. b IA~—%5], TO%, NIV TTUEHWTRI T Z VLT 2 R LVNTH
{BEITV, FANBEA Y d~v—% FNFH#%. ESI-TOF MS 12 CTHALW H o0&
B &17 > 7=, ESI-TOF MS OHIE %, Bruker fEIZIKFE L. A7 FVIETIZIZ Y
7 h© =7 Data Analysis 4.0 SP3 Z V7=,

(K& - B2

T, B LT, DFEFENT OFE T AP (1—42) O C RIRFEROEENMED AP (1—40) D
C REmaHEL & it L TIRW Z &R ENTz, £, WTFno ABIZB W TH VI2—L17
ORI EE N B D Z & DR S LTz, Z OEEEAM LA A S 5 3R O RER
A=)V DIEENDE D I EREND DT AR (1—42) O Ty, fEHT 21T o T2, T DGR,
VI2—L17 OFIKIC I VA — L OEEER S H 2 L RS2, AR (1—40) O Ty,
[ZOWTIL, BRI 2 D TV 5,

F7-. AP (1—40) & AP (1—42) @ ESI-TOF MS fE#rOfER, U 7Tk L
TCTERWH OS5 B H6—KI16 OWr A LA 4E L7 IRREE TR S iviz, Z ol i,
FEFNFRMTC X U PR — L OEENED 8 D FRIR & 1ZIE—F LTz,

PLEDFERD G HIRED VI2—L17 OFEEJE LA AR (1—40) & AR (1—42) (23t
WL-AY d~—bErTHD Z L. AP (1—42) IZBW T, & 512 C RimEEkA»
FV I=—RIZBEDY | @AY I —TEREZ b OFREMER H D Z L BRI E T,

[R<£]

AB (1—40) 2B LT Ty, DT ZATVN, AR (1—42) &H#Z L, AV I~—JEREED
EWEEUDRKERED, 72, AP D C RKifEik<° H6—K16 OFEED K 512, 4V
I~ —{KIZBRb L EBIZER L, o FRIOH AN 2 FET 5,

(&7 3CHik]
[1] Bitan, G. et al., J. Biol. Chem., 276, 35176-35184 (2001)
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Analyses of the interaction between the regulating factor of the chemokine
receptor FROUNT and an anti-inflammatory compound.
ONorihito Ishida', Sosuke Yoshinagal, Kaori Esaki', Yuya Terashima?, Etsuko Toda?,
Kouji Matsushima?, and Hiroaki Terasawa'
!Faculty of Life Sciences, Kumamoto University, Kumamoto, Japan.
’Graduate School of Medicine, The University of Tokyo, Tokyo, Japan.

Leukocyte chemotaxis is induced when chemokines bind to their receptors during
inflammation. We identified the chemotaxis-regulating factor, FROUNT, which binds to the
chemokine receptor CCR2. We also obtained a compound that inhibits the CCR2-FROUNT
interaction and exerts an anti-inflammatory effect. To clarify the mechanism of binding
between the compound and FROUNT, we performed NMR titration analyses using the
compound and the CCR2-binding domain of FROUNT (FNT-C), which revealed
wide-ranging signal changes in FNT-C. These results suggested that a large conformational
change occurred in FNT-C. In addition, the compound-binding site on FNT-C is different
from the CCR2-binding site. Therefore, we considered the compound to induce an allosteric
inhibition of the FROUNT-CCR?2 interaction.

HE - Br] AmEkobEE L, AmERIME N SN ~RE L. RIERFTICE
#) - T OBRTHDH, ZOHRLEIL, EERNTRIENE & 2RI, RIESA L7
FENA UPEEIIL, MRE LIRS 27 E0 A URBERICHEART D22 L Tl S
N5, BIMEKROWEEIT, EEREET 50 BB R RR A R-THHRTH D &
&bz, BREELAE - A Y v~ F - YMIE e £ Ok 2 R ORIEIC b EEEICE G-
LTW5d,

Fxlx, FEIA UZER CCR2 OMENGEEL (Pro-C) IZf5A L. HilEkilEE %
M35 % > 7327 E FROUNT %[AE L7z [1], £7-. FROUNT LDO7Eh A %K
RFEAEIRY C RIFfEL (FNT-C) ThDHZ L ZH oL, FNT-C ONi{kf§iE%
NMR JEIZEESWTHRE LT,

TENA Y, TRAT Yy 7 HE, HEEEY

OWLZEDY DL, KLABBRZES>TT, 23&0nED, THLEDIR, LBIEAD
Z, ¥FOLEZIOHL, THEDLUADHE
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—FH, EBICHERSO~Y I/ n 7y — VIR T LT ENA VZEETHD CCR2 &
CCR5 @ Pro-C [ZIEFITHIFEMENE <, 2B D Pro-C (& FROUNT MfEAT 5 2
& CHIMERDFEEZZEANTHIE L TWD Z &2 A ITHE L TWD [2], Fxix13
TREFELL EOICEMDOTA 77V —2HW=AZ ) —=27128 Y, CCR2 Pro-C &
FNT-C Ofi&EAFE L. 7o, v U AEERET VICB W THRIEN R Z & il
L& E B Lz, Z OflEEA %, FROUNT—CCR2 ¥ XY FROUNT—CCR5 @
FHEEMZEET 2 2L T, HENRRRIEDREZBLZENTELEEZ2 615,

ARFZEX, HIEILEWIZ LD FNT-C—CCR2 Pro-C [ OFH HAEFH o [ ERAE 2 1 &
DI Ly SEERHEEIZE SO THIE LS O Z ik 756 Z L # B E LT 5,

[73£] BCPN FE#k L7= FNT-C (Zxf LT 0.25. 0.5, 1, 2 S EOHIEILEM ZIEIC
WE L, '"H-"NHSQC #HiE L=, £7-. =it HNCA., HN(CO)CA. HNCACB %
MW T FNT-C— il & E SR O F8UIFE 217V il b S O X 5 FNT-C
H>kD NMR ¥ 7 F VOB & T LTc, —J7, fiEEE M OREGIZ & - T, FNT-C
& Pro-C L OMAMEHMPHEFESND Z L 2R T 5720, FNT-C—HlE b5 A
RIZKFL 0.08, 0.16, 0.32, 0.64, 1 ZE&ED Pro-C ZMET HEREITo72, 72k,
TRTOWMEZIL, KR 7 1 —7 22K L7 600MHz NMR % (Bruker BioSpin) %
Ay

Uit - B8] PCPN #25i#% FNT-C x4 2 HliE b & ¥ O & EBRIZHB VT, FNT-C
HRHSED > 7 Fnigdk L, e & oA Richskd 5 v 7 an@iilsn
2o HIEULA DAL & el L C. FNT-C ONRHEE BicB W T ka4 Uz
HNLITBAE (S IR o 7o, ZAUE, HEM LAY L OFEAICE Y FNT-C 23K & 7o SERAE
EEpZR T Z L a2R L TWD, ORISR, by 7 MELNBEE /R ERALIE. DL
Al % 23 FNT-C ~ Pro-C DOJfiEEBREITo LB Z L LIEFL b & Tz, &
7z, FNT-C—#l#EM b ESIRIZ Pro-C ZME L& Z A, Pro-C OfEEERT1L
22T NEAER R LN 5T, 2D DFEREN S, FNT-C—CCR2 Pro-C MDA
ER %, fIEEAR T e AT Y v 7 IZEL TS EE 2 BT,

L OFRMTHE B F WL ML AT & D FNT-C—CCR2 Pro-C 4] O AH 1B
DILEHREIC OV Ti#mT 5, AERIT CCR2 7217 T2 < CCR5 @ FROUNT (Z%f
THREEREOHMICLTFETE DB BbND, S®%ITHELEY OREZE L
FNT-C D& G 247 5 Z & THIE L AW & Kl L, FERMED & WHIRAEIK O]
BUCHMTE D EE 25,

[ =% 3R] [1] Terashima, Y., et al., Nat. Immunol. 6, 827-835 (2005)
[2] Etsuko, T., et al., J. Immunol. 183, 6387—6394 (2009)
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Theoretical and experimental study about the correlation between the
chemical shift of methylated lysine and salt bridge

(OYoshikazu Hattoril, Jakub Seberaz, Vladimir Sychrovskyz, Kyoko Furuital, Izuru Ohki3,
Takahisa Tkegami', Toshimichi Fujiwara', Chojiro Kojima'

'Insititute for Protein Research, Osaka University

*Institute of Organic Chemistry and Biochemistry, Academy of Sciences of Czech Republic
3Graduate School of Biological Sciences, Nara Institute of Science and Technology

NMR signals derived from the methyl groups of methylated-lysine residues are sensitive
probes to monitor the electronic environments of lysine side-chain amino groups. Here we
quantitatively demonstrate that the salt bridge formation induces upfield shift and split peaks
in the 'H-">C HSQC spectrum of the methyl group of the methylated-lysine residue.
Experimental chemical shift values were compared to the theoretical values calculated by the
quantum chemical calculation based on density functional theory, and surprisingly good
correlation was obtained for both 'H and "“C chemical shifts. The split peaks were also
explained by the salt bridge formation. These features are useful for determining the strength
of the lysine-mediated salt bridges.

[ =

WREIX, SHCHE L= X o 7 BREMOIELGHEOMBEIEHTH Y . 4 AR
PE & FIFFCKERBATEEZ AT 5, NMRIETIE, # o7 BhoK#ER-EEZ., LFEY 7
ke ATy 7V T FNRT 7 R s, BB T CRIERBETH D,
L L7236, HRBIZE TN D KB EMEIZ OV T, NMRIEEE HW T HNITIE E A
', ZOHE L LT, HETOKEREEICEE TS 70 b ATEE & ok
D EEORBRHNE LN 0, FHT I FEZI LIKE-S & e CEd)
P E < REMNCITIEER 2 EERCTH D Z ERZET 55, NMRIEIZ L - T
BICET AETEEAE O NN E WD Z L IX NMRIEZ W= & oo 7 RS fRT
BT, ERRGEILE S EICHEBEROAREZ KM SE LR NE NS Z & EET
Lo ZDT, HWBIZET HEER MG OO OFENLEL SN TS,

fbFo 7 b, AFNE, WG

OQliE-2 LD I, LonSERNL, ILLH—LLIAETE— SDVIZE &
2. BEBEWT L, WIRHLENDOE, SLbbLELAL, ZLEbroLAD
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+CH,0 !

S, e - R + —_ +
b EMIZ L > T v MNH& MNF!”GH:‘

reduction

ST X 7 BRI EREE 7 (amine-borane complex) _ _
13C 2 %/U%%%ﬂ’g“é lysine dimethyl-lysine
ZenTED (Fig 1) o
ZOBCAFARIT, DU T RRF L7 B L OFBEAETFEITIC WS 5 1E0
34 EHEH72 NMR B L7 X oS EMREOREN AR EIC S v s
TEE%, Zhud, AFMEICE > TT I HED pK, 78 0.5-1 FREE LVE(L L7gu7=
b, ATFNVEDOEY 7 VLD, RKOT I KOFHENHE 2 HETE LS00
Thod, &I, BEERE ATFAVEDIF Y7 FOBEIZ OV TIIN S Db OFEER
MEINTEZD, TIVE TICRMAIDDE ZRBFEHME L0, & 2 TARBFZE TIE,
3FEOX L RIEDOY PUEET R ) KICEAN LT AT VRO FEY 7 N EET, £
DIERETERL & DFERZ B BT LTz,

Fig. 1 "*C-methylation of lysine side-chain amino group.

[ 5R L B2
1. {b% > 7 ME & N...O R D Buds

ZURTBEELT, & 10kDafi#&Th Y, JHIZT7, SBLO10FEEDOY P
BEEATHZEXTF L, FKBP BLXOF AL Rx v fniz, ZhnbaETiA
FIAIEIZ L - THAIC PC Y A F/UE# L, 'H-"C HSQC MIiE %17 -7 (Fig.2) .
ZLTC, VOV ETAX=VICERLEARKEZHANC, 3 XTORELET Lz,
JRIE S A2 25 FREED O B 8 FR
LoV TIIES R Py e 2 L o b 30
~L. 20O b0 3T 'H M ka7 K “ Y oKa7
7 M HIEEMTH o 72, FEEAT ]
'HY 7 baoRd 35T, 2
PRI ENEICH S I CHEE 2
T 5. FIITEEOERET I
PRrktt LB T 5 &b
nNaY T ThoT, AAFFETIX
TAID DFRILE RN HERS L,
&Ry B R CHMR XTI R
S TWBHEEIZONT, —fixE%
AT Z EICEREYS T, £z
iz, FERICEHE L TBY B

BT 7 FOEEPRRKE W E R 1 K6 Vs kg ko .
. 3.0 29 28 27 26 25 t 2.0 1.9
b 3EREERWZ, Lo T, 0, M (ppr)

A 19BED 'HEB IO BCIE  Fig. 2 'H-°C HSQC spectra of (a) ubiquitin, (b) FKBP and (c) thioredoxin
. acquired at pH 6.8, 30 °C and 400 MHz NMR.
27 N ERITIZHW =,
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WO L LCE, MG icB T2 Py NJHFND 2 D0OT ART ¥
VR Os R £ 7T 7V H 2 R O R TONEYHEE (N...O [HIEEEE) 2k 7= (Fig.
3a) . R, HRBIEIN..OMHEEN 4 A LINTH D L BRI, TRLF—Me%
EIC T ET 5 THD 7,

2.'H> 7 N & N...O EBED kS
AFNIEHY 7 b EFRUTkET 5 N...0 MRS~ ° o= (Chen + o) /2

By b5 8, NLORBEEER RS 22 212> T, H v —
TRBWNEL B (GRS T N TB) D LR ANRE e A
(Fig. 3b) . W%, KEHACHEGT 2540 HY 7 b ‘1g
ITRRB > 7 M &R T, FEFICHEBREVERTH - Lys Asp/Glu

2o 2B, AF LY UL, MIgEh LR E b
DNVEEE ATFIL L OKFEREE (CH.L.OMAMER) Tk,
<, TR EDOKERAE (NH...OFAEEH) I2X- o .s .
TRERLTWD EHE SN, ZL T, ATFVEDOE 7% o0 °
BT 7 ME, ML, WA ARS S AORE T
W7 X O RN b 7 & T2 e BTl e 8
HLEZ LN, S At ag a s )
LU D, ZORETIED DAV S it~ Fig. 3 (a) Schet:erljltsi'::n‘r::;::entation
h O % E IR T T A BBIT S 2 LIZHEETS N0 dstance i salt bidge. (¢)
ST, F T, BENEEEEG (B3LYP/6-311++G) |z distancesand 'H shifts
S SR EL LY 7 FEE AT o T2, FORER, ki kic X > T CH...0
FAEAEANR SN 2 B ETIHMEMSL Y 7 AR LTS, ZOfoFEHTlI NH...0
HEERAR RO, POEREL FREOEMEY 7 MR L2 L, FERIC
BONTMEER R ZA T bz,

3.8C 7 b & N...O RO i
BC v 7 MzoWTi, BE  a
(2 DOIFFEMME & HRETE K
D REA RIS STV DD,
AHFFENZ I T b [RIAE O
R E T (Fig. 4a) ., 512
X, Pcy T hAKS, HY ¢ . .
7 b L TR N...O [MEEREN s s M T it B s UmET

. N...0 distance (dyg) [A] N0 distance (dyo) [A]
- v A= N
72BN TERY > 7 b Fig. 4 Correlation plot between N...O distances and (a) '°C shift differences
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Structural basis for the inhibition of MDM2:p53 interaction by
highly selective MDM2-binding peptide obtained with IVV method
(OTakashi Nagatal’ 2, Kie Shirakawa® , Naohiro Kobayashi4, Hirokazu Shiheido3, Masato
Katahira® 2, Kenichi Horisawa® , Nobuhide D0i3, and Hiroshi Yanagawa3

!Institute of Advanced Energy, Kyoto University

Graduate School of Energy Science, Kyoto University

I Graduate School of Science and Technology, Keio University

*Institute for Protein Research, Osaka University

MDM2 is an oncoprotein whose binding to a tumor suppressor p53 has been implicated in
human cancers. Peptides that mimic MDM2-binding region of p53 reportedly restore the
anti-cancer activity by p53. We had performed rigorous selection of MDM2-binding peptides
by means of mRNA display (IVV method) and identified an optimal peptide, MIP, which
shows higher activities for MDM2-binding and tumor cell proliferation suppression over the
known peptides. Here we determined the structure of MIP bound to MDM?2. Higher
anti-MDM2 activity observed for MIP turned out to originate from its ability to enlarge the
binding interface. The structural information obtained in the present study provides a road
map for the rational design of an inhibitor against the MDM2:p53 binding.

INTRODUCTION Oncoprotein MDM?2 is the E3 ubiquitin ligase that targets the tumor
suppressor p53. Since p53 prevents tumorigenesis through cell cycle arrest or apoptosis,
inactivation of p53 by MDM2 results in cancers. MDM?2 binds directly to the transactivation
domain of p53, and therefore, inhibition of the MDM2:p53 interaction has been a major target
for the development of anticancer drugs. Our IVV method, which can handle larger random
peptide libraries than phage-display, enabled rigorous selection of MDM2-binding peptides
and obtained an optimal 12-mer peptide, MIP. We have shown previously that MIP has higher
activities for MDM2-binding and tumor cell proliferation suppression over the known
peptides. In the present study, we have intended to shed light on the structural basis for the
strong binding of MIP to MDM?2 and obtain fruitful information towards rational drug design.

MDM2, p53, ¥#&
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EXPERIMENTS MIP (residues 1-12) and MDM2 (12-108) were expressed as a fusion
protein so as to facilitate the preparation of stable isotope labeled MIP as well as MDM?2. The
fusion protein contains from N- to C-term: a histidine affinity tag (HAT), GBI as the
solubility-enhancement tag, MIP, MDM2, and T7 tag. The HAT-GB1 tag was removed by
thrombin cleavage, and MIP and MDM2 were allowed to be cleaved with TEV protease. All
NMR data were collected at 298 K on Bruker AVANCE 600. The conventional set of NMR
spectra needed for backbone and side chain resonance assignments, and collection of distance
and dihedral angle information was performed. NMR spectra were processed with
NMRPipe/NMRDraw. Spectral analysis was performed with MagRO 1.2.19. Structure
calculations were performed using CYANA 2.1 and AMBER 12.

RESULTS AND DISCUSSION Firstly, ['H, '’N] HSQC spectra of MIP-MDM2 fusion
protein (MIP-MDM?2) and MIP:MDM2 complex, which was obtained by TEV protease
treatment, were compared. Only minor differences in the signal patterns of the [IH, 15N]
HSQC spectra were identified, so we decided to use MIP-MDM2 for further NMR
measurements. Next, NMR spectral and structural analyses were performed by standard
protocols. For reference, 90 % of the backbone resonances were assigned among 131 residues
(excluding the N-term and six Pro). The solution structure of MIP-MDM2 was determined
with good geometry and excellent structure quality scores. The structure of MIP portion,
which comprises residues 1-12 and TEV cleavage site (residues 13-21), contains a single
a-helix (3-12); while that of MDM2 portion, which consists of 12-108 and T7 tag (109-119),
contains from N- to C-term: oA (38-47), aB (56-70), B1 (80-82), aC (87-92), B2 (96-98), and
aD (102-112). Steady-state {1H}-['’N] NOE experiment was then performed; it has clearly
shown that the TEV cleavage site in the MIP portion and the residues 12-34 and 113-119 of
MDM2 portion are flexible, which are consistent with the obtained structural results.

The structure of MIP bound to MDM?2 turned out to be similar to that of previously
reported MDM2-binding peptides but with some prominent differences. All of the
MDM2-binding peptides contain a single a-helix (3-12 in MIP). The distinction is that the
a-helix of MIP is elongated by M11 and E12 to the C-term as compared with others. All of
known MDM2-binding peptides share conserved F3-W7-L10 triad, side chains of which are
oriented towards the deep binding cleft of MDM2 and form a hydrophobic core. Further
structural analysis revealed that there are two hydrophobic patches that are formed by solvent
exposed residues: (i) W4, L8, and M11 of MIP and three residues of MDM?2; (ii) Y6 of MIP
and two residues of MDM2. The position of M11 in the previously reported MDM2-binding
peptides is usually small amino acid such as Ser, Thr, or Pro. In the case of MIP, M11 seems
to contribute to both the elongation of the a-helix and formation of the hydrophobic patch. It
is unusual to find a hydrophobic residue exposed to the solvent in MDM?2-binding peptides.
However, W4 of MIP seems to play important role in making many interactions. Thus
strongest binding to MDM?2 and resulting highest anti-MDM?2 activity by MIP seems to have
originated from enlarged binding interface. Although, MIP is one of the shortest
MDM2-binding peptides, it uses solvent exposed residues to increase the number of
interactions. Designing of small molecules that utilize solvent exposed functional groups for
MDM2-binding may be highly rational.
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Development and Structural Analysis of a Protein-protein Interaction
Inhibitor Targeting TRAF6

OlJun Moriyal, Koh Takeuchi?, Kenji Tai', Naoki Yoneda', Kenzo Arai’, Naoki Kobayashi4,
Yoshifumi Fukunishi®, Atsushi Inoue', Miho Kihara', Takumi Murakami®, Kenichi Chiba',
and Ichio Shimada’

"Eisai Co., L., ’National Institute of Advanced Industrial Science and Technology, SH3
Biomedicine Inc., *Sunplanet Co., Ltd., °Graduate School of Pharmaceutical Sciences, the
University of Tokyo

Tumor Necrosis Factor (TNF) receptor associated factor 6 (TRAF6) is an intracellular signal
transducer for the TNF receptor superfamily, which was reportedly shown as a promising
target for the treatment of rheumatoid Arthritis. We identified initial hits for small-molecule
inhibitors of TRAF6-receptor interaction through in silico screening. Subsequently, the hit
analogues were synthesized and finally we’ve got the most potent inhibitor. The NMR
interaction analyses (INPHARMA and DIRECTION) along with the docking and MD
simulation revealed the structural characteristic of the protein-compound interaction, which
satisfied the structure-activity-relationship and useful for the further optimization of the
compounds.

TRAF6IXTNF5 & {Ksuperfamily 72 & D > 7 IURZEE N T 2T X T X —2 %)
B ThbD, TRAFENT AN 7 FIEEIT, GEISE, REKG. BEER
CFEFERTIZENMONTEY, TRAF6—ZFEMBEERITY v~FRROFL R
B E7eoTWnd, LovL, TRAF6—ZAEOHEMERREIZA FHTHY | Bt
tREZ 4 77 U % HV 7-High throughputs screening CIXfHETEMEEZ AT H1K0 LA
MERIET DITIEE > TR, AFEICBWTIE, &0 L&A ZER 2 RE
B 1=Win silico A7 V—="7%FHA L7zt v MEAWOBER L AREREZITV, &
BRMEALAEMES 2 2 L ITAE) Lz, £72. NMRAAAERAENT & SRR FED
ALY, MEEEHEEEHZ L, SO 8EROFREELRET 5682072
TRAF6 & DEAIKRET N EAEETE T,

Drug discovery, Protein protein interaction inhibitor, Structural analysis
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T — F{kA&Y (ER-000564989-000) D% R.1B L UERER

TRAF6 Dt fbt & 126 L CT100 LA Din silicor 7 U —=2 7 %47 o702, EA =2
TILEHD 5 5B, SPRICTTRAF6— & (RANK) ~7'F FIHEEH., BLU~ Y

FHME O E M ~DMEILEEZ R LI-4MbEMmE e v b e Lz, ZnbMbEw
& Z I ENTRAFOIZIIM LT & 2 A, 2 TO/EEWIT OV TTRAF6MONMR AR K
VB — PRI S 7=, LA L. ER-000564989-000% 4 < 3{b-A M >\ T
[RIFRFICTRAF6 DEEEE 2 5L L, FrRAVZAH BE/ERBLEAIBIZ & W 5 BLA b REEE
H 5 &I L. ER-000564989-000% > — K{bA#M & L CEIR L=,

ER-000564989-000(Z DWW CiEMEM L RN H 5 B X bz T- OB 1T
ST, EORER, BRI E B M:/\%ER-000520940 000% 155 Z &iZkh LTz,
AEET BB ~D L ET v A RIZEBWV T HER-000564989-0001 bk <%
P _EANER BTz,

NMRT — Z |2 E-SV /2 TRAF6 — ER-000520940-000 DA EHE E
ﬂ:% 7 MEENERS L OEREBROFE RS ER-000520940-0007E A HALIZRANK
BENLE EBETDHZ ENRREINTZ, T2 CTHRATNIEREZEZIC Ny X U I5HEZ
1T- 71 EZANEEMNE NI OIS Lz 2 O EN S 5 7=, TRAF6
—RANK — ER-000520940-000 % FAV /- INPHARMA £k IXZ, D H>b—F2XFT 5
NOEE' —7 Z# 5.2 722 L b HAERHEEZ —FRIICIRET 5 Z & 23 kK= (Figure a,
b) . AtEEEZ S HITHBELT 572912, TRAF6—ER-000520940-000 ¢ DIRECTION
FEEREITV, EREREZWESFME L Ry X U 7RIV RKNBRESERET L
%1572 (Figure ¢) , HEAEMHEEFIZBW LA O—EIZRANK~Z'F R & [FEEEDHE
HAERZEE L T2, RANKOFIH LTV WS A M4 2 E/ER iR
Nic, £l ALEMOMAEIEMIT, ERERDERE TH b /-SAR (Structure Activity
Relationship) Z#HT 26D ThH o7z, SEIFGOLNTMELZEHNTL2Z LIk &
72 5 EEMAL B DOREENRTTRE L 72 D,
AT, PR EEZFHT D5 7B T HAERIER OB ZET 5D
DTHY, ZOHTNMREZHEWNZIEHA T 2 HFHBEITERCTH L Z L 2R LT,

72 ™A g 4y oAl 4,
o A'Hppm

Figure.

a) NOESY spectrum of the mixture of TRAF6, RANK, and ER-000520940-000. b) TRAF6—
ER-000520940-000 (stick) complex structure overlaid with RANK (line). ¢) Molecular surface
representations of TRAF6 complexed to ER-000520940-000 obtained by docking simulation.
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Structure analysis of phosphorylated SHARP/SMRT chimera
OJunya linuma, Ayaho Kobayashi, Teppei Kanaba, Yutaka Ito, Masaki Mishima
Graduate School of Science and Engineering, Tokyo Metropolitan University, Tokyo Japan.

SHARP is a component of transcriptional repression complex in steroid hormone receptor
and Notch/RBP-Jx signaling pathways. SHARP recruits HDAC complex regulates
transcription at the chromatin level. SHARP has three RRM domains at N-terminal part and
the SPOC domain at C-terminal. The SPOC domain binds the C-terminal tail of SMRT. Until
now, the structure of phosphorylated SHARP/SMRT complex has been determined, and we
revealed CK2 phosphorylation on SMRT is important to its interaction. In this study, we
constructed SHARP/SMRT chimera in order to label SMRT peptide, and aimed to achieve
rigorous structure analysis of SHARP/SMRT complex.

Fi

SHARPIIF AL b7 EE M EZ R 53
LspeniB o FHEEH OO EDTH Y |
Notch/RPB-Jk ¥ 7 V&=, NSRRIk 7
TV IS I 1T D ER B R 1 & LTS
N TW%, SHARPD CHRIRANZAFET H5SPOC R
A A ESMRTDOCEEMFEET D Z & THDAC
NY T — k&N, 7uavTF AL~V TiRE
HEN TR TNWDEEZLN TS, BEET
2V U ERL & 7-SHARP/SMRTHE &K DR 1 %
e L SMRTD U »R{bEdins & OFHAEAEHIZ
BETHDHZ L &2 ST Le(Fig. 1), © Z TA
78Tk, SMRTR 7 F NI T ~LAbn 4510
ATE HSHARP/SMRTH 2 7 &% R 7 B aEK L, SMRTX7'F KR U Uik s
7= SHARP/SMRTH G IR 2AR DL E RN IRKE G, & W5 I it 2 BfE L T\ 5,

Fig.1 Structure of SHARP/SMRT
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Infusion S & 0 SHARP & SMRTX7'F K&GS Y o/ —TE,E | SHARP/SMRTF A
FHEUNTEEEMRLTZ, WIZ, SMRT X7 F RiZY VEBBbEEANTH7-DIC
SHARP/SMRT A 7 # o727 & L Casein Kinase I (CK I1)D 338 F R 2 1R L. 15NJA]
MAEERZ L, KIBEOREFRRREL AN TIEE, B2 iTo7-, B LEX AT
PN CEBAEDEASN TV D DR T DT OICE BT AT o7 L 2T A, 99
Nt FUALEY UL SN TWDAZ ENHERTEZ, ZL T, 2OV U7 Vi
VN THSQCHIE 21T - 72 (Fig.2).
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Fig.2 HSQC spectrum of SHARP
/SMRT chimera
0.8 mM phospholyrated SHARP
/SMRT chimera.
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Segmental isotope labeling of the intrinsically disordered protein PQBP1
OMineyuki Mizuguchi and Yuko Nabeshima
Faculty of Pharmaceutical Sciences, University of Toyama, Toyama, Japan.

The polyglutamine tract-binding protein 1 (PQBP1) is one of the pre-mRNA splicing factors
involved in the spliceosome. PQBP1 is composed of a small folded WW domain and long
unstructured regions containing the polar amino acid-rich domain and the C-terminal domain.
Here we produced segmentally labeled PQBP1, which is composed of a non-labeled segment
(residues 1-219) and a *C/"*N-labeled segment (residues 220-265). The segmental isotope
labeling of PQBP1 decreased the number of overlapping cross-peaks and dramatically
simplified NMR spectra.

KIREVEE 'Y (intrinsically disordered protein; IDP) (%, EERAISM FIZB W T
B CITRFE OSMEE L B L e W HDOEHE CTh 5, —fXIZ, disorderfEikd >
7 FIVENMRA AT RV OFRWFEIFHICE 2 5720, RITAIEF ICHETH 5,
AMFZE TR, EFICBR S c ' 7 A > MRGRERRE (BEEE S O8I L2y
TR MY B ZE RN TR 2 51E) ZIDPICEM L7z, W< 20Dk 7 A

¥ MR RIE DS B S LTV B8, g AT R

A WF 7% T 13 Expressed Protein Ligation i Heee FF TJT' e
(EPL)#E% H\\ 7=, EPLIEIE., ZERINLIA

T LT 77 A N EHFERD T T N> oo

JA 2 NERIZIZHEL - R, Znb ;
FHETBHETHS (Fig 1) o TN s 17 IES0
X0, IDPEWTAILT 5 Z &<, #ll
L7zWwk 7 22 b2 ZNMR TN

S§-N acyl shift
HZEWTED,
ABFIE TIFXRIRZENE R H EH PQBPIC oL
SUTHIE LT, PQBPLIZA 7T vy (I A e
TRFTHY AT T A2 Y — KO Fig. 1 Protein Ligation of PQBP1.

BERIZEEN D, PQBPLIIWW R X

A4 (WWD) | il KA 4> (PRD) . CEK¥i KA A > (CTD) #H L THEY, PRD
& CTDIXdisorderfEHI CdH 5 Z & N> TV 5,

PQBP1(1-219) % Mxe GyrA INTEINONA Sl 28 U 72 @il & & 28 4 4EfiF L 7= (Fig.
2) . £72. Mxe GyrA INTEINOCKNHHNZIZT 7 4 =7 ¢ — k5D 72 ¥ | Zchitin-binding
domain (CBD)Z i L7,

Segmental labeling, Expressed protein ligation, Intrinsically disordered protein
OAFT < HLHNRPE, RALEDPH T
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Z OflEEE F1'E % chitin beadsIZHE & S, i P — %T[) Mxe GyrA INTEIN )] ceD )

50 mM sodium 2-sulfanylethane sulfonate

(MESNA) % & 220 mM HEPES, 500 mM 56 soji i

NaCl (pH 8.0)Z M A 7=, Zhic kv, s

% [ & INTEIN-CBD Z GIl7 L, CAHi bt Djﬂ oo e )] oo )

MNF A= AT Ak S 7-PQBPI(1-219)% |

472, Z A% N-fragment® L7- (Fig.2) . RSREIESHA
PQBP1(220- -265)% SSp DnaB INTEIN® Thitinduced cleeyege .

CHR BN RS L 7= A& 2B 1V & YE G L < {Lmormren-{esn)

7z (Fig. 3) . &7 A2 MENLARIER D72 5

B, MAEAEIZCINERE LR I

Bl - F5HL L. PQBP1(220-265)IZGly220Cys Fig. 2 Preparation of N-fragment of PQBP1.
BRAEGN LT, Z OfEE A % chitin
beads(ZfE A S, 20 mM Tris-HCI, 500 mM (Tce0 }{J5se orem w7 i, T
NaCl (pH 8.5 at 20°C) % 47 &t L 7=, & D, e
chitin beads % 50 mLF = — 7 IZ &% L .
dithiothreitol (DTT)Z100 mMIZ72% & 9 (210 ./‘1 N
X 72, Chitin beads!&¥&X DpH% 7.6—8.01Z L m R ED
721% 37°CCI2FFf A v F 2 _—v 3 o LTz, '
ZRUCEY, @EEBED SINTEIN-CBD % WL A cragmen
)l L PQBP1(220-265) % f%7-, & 512, i
PQBP1(220-265) % WifH @ik 7 v~ ~ 7
T7 4R o TR LT, B oo B A EWIR &+ 7 2R #E L7-%% . 20 mM HEPES,
100 mM NaCl 5 mM MESNA (pH 8.0)iZxf L Ci&#r L. Z 41 % C-fragment & L 7= (Fig. 3) ,
EPLJ )i~ 1%, N-fragment & C-fragment% 1: 100D € /LI TIR S L37°CTYT 5 7= (Fig. 1),
IRE % OEHAEIREIL, N-fragment?30.24 mM, C-fragment2322 mM Th 5, Z DR
AVEWE %20 mM HEPES, 100 mM NaCl, 5 mM MESNA (pH 8.0)i2%f L Ti&#r L., 37°CT
16 RG X872, SOSBRITHKIBEE 10 mMIZ7/2 5 K 9 IZDTTZ M., 37°C T2
A FaX— 3 L7z, EPLX s
% ® Y v 7 )L & SDS-PAGE & 10
MALDI-TOF-MSTH#r L7z & 2 A, ,
N-fragment & C-fragment ¥ HE % X 4 M
I i%PQBPl LR CE I, 7
A2 NIENLAAEERR L 72 PQBP1 D s
HSQCAY MV EFigdlZm Lz, 0+
240_2655%%@?7% - }\ GCEH%'@— 11.0 10.0 9.0 8.0 1.0 1.0  10.0 9.0 8.0 7.0
LT TGRS, 1-219 o Weem S Hem)

Iy 15
T kT B L 7 g L Fig. 4 'H-"N HSQC spectra of uniformly isotope
Sy labeled PQBP1 (left) and segmentally isotope labeled

PQBP1 (right).

Fig. 3 Preparation of C-fragment.
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P 4 3 Preparation of secretory proteins produced by
Brevibacillus choshinensis for NMR study
OMichikazu Taniol, Hideki Kusunokiz, and Toshiyuki Kohno®
!Institute for Molecular Science
National Institute of Infectious Diseases
IKitasato University School of Medicine

The Brevibacillus choshinensis expression system is useful to produce recombinant
proteins with intramolecular disulfide bonds. We established a simple and cost effective
protocol for uniform and selective isotope labeling of recombinant proteins secreted by B.
choshinensis. The monomeric mutant of the human M-ficolin pathogen-recognition domain
(FD1), which has two disulfide bonds, was uniformly and selectively labeled by using this
system, and the backbone resonances of the protein were assigned. The predicted secondary
structure of the monomeric FD1 suggested that the secondary structures are mostly conserved
between the monomeric form in solution and the trimeric form in the crystal.

Introduction

Stable isotope labeling is an essential tool for NMR studies of proteins. Many protein
expression systems, such as Escherichia coli, Pichia pastoris, Lactococcus lactis, Leishmania
tarentolae, baculovirus-infected insect cells, mammalian cells, and cell-free protein synthesis,
are available to produce recombinant proteins, and each of these systems has some advantages
and disadvantages. In these systems, the gram-positive bacterium Brevibacillus choshinensis
may be one of the best candidates for NMR studies of secretory proteins. We previously
established a simple and cost effective method to prepare uniformly or amino-acid-type
selectively isotope-labeled recombinant proteins using this system [1,2]. In the present study,
we applied this protocol to the monomeric mutant of the human M-ficolin pathogen
recognition domain (FD1), which is a secretory protein with two disulfide bonds [3], to assign
its backbone signals [4].

Materials & Methods

The monomeric mutant of FDI1, F127S/L.128S (26.8 kDa), and its histidine-replaced
mutants were expressed by the B. choshinensis expression system (TaKaRa Bio) [5, 6]. To
check the ligand-binding activity of the recombinant proteins, the zonal affinity
chromatography (ZAC) experiments were performed as described previously [6].
Isotope-labeled proteins were prepared using the C.H.L. media (Chlorella Industry) as
previously described [1,2]. All NMR data were acquired at 303 K on a Bruker AVANCE II
700 spectrometer, and the backbone resonance assignments were obtained using the
TROSY-based NMR spectra of the labeled proteins.

Secretory protein, ficolin, Brevibacillus choshinensis
OrlZBAHENT, <FTDOEOTE, Z750LLE
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Fig.1. '"H-"N TROSY HSQC NMR spectrum of the ’N-labeled monomeric FD1.

Results & Discussion

The ZAC analyses of the monomeric FD1 and its histidine mutants provided clear
evidence that the monomeric FD1 has a ligand-binding activity [6], and that His-251, His-284
and His-297 are essential for the ligand-binding activity of the monomeric protein as well as
the wild-type trimeric protein [5], indicating that the recombinant protein is correctly folded.
The 'H-""N TROSY HSQC NMR spectrum of the uniformly '*N-labeled monomeric FDI1
showed well-dispersed signals (Fig. 1), also supporting that it is properly folded. In total,
89.4% of the backbone "°N, 89% of 'Hy, 94.3% of *Ca, 93.7% of *Cp and 93.4% of ’C’
resonances have been assigned in the protein sequence (BMRB accession No. 11522). The
secondary structure predicted from these backbone assignments indicated that the secondary
structures are mostly conserved between the monomeric FD1 in solution and the trimeric FD1
in the crystal. This result strongly suggests that these chemical shift assignments of the
monomeric FD1 may be beneficial for solution and/or solid-state NMR studies of the trimeric
FDI and the full-length M-ficolin [4].
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Natural products often possess various spin systems consisting of a methine group directly
bonded to a methyl group (e.g. -CHa-CHb(CH3)-CHc-). The methine proton Hb splits into
a broadened multiplet by coupling with several vicinal protons, rendering analysis difficult of
"Jc.y with respect to Hb in the J-resolved HMBC-1. In purpose of the reliable and easy
measurements of "Jcy and "Jyy in the aforesaid spin system, we have developed a new
technique, named BASHD-J-resolved-HMBC. This method incorporates the band selective
homo decoupled (BASHD) pulse and J-scaling pulse into HMBC. In this method, high
resolution cross peaks can be observed along the F1 dimension by J-scaling pulse, and
BASHD pulse simplified multiplet signals. Determinations of "Jc.y and "Jyn of multiplet
signals can easily be performed using the proposed pulse sequence.
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Fig.4 Newman projections along C3-C4 and C4-C5
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Optimization of Amino Acid Selective Labeling using an E. coli
Overexpression System
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We developed a practical and robust method involving a conventional E. coli overexpression
system for producing recombinant proteins selectively labeled with Ala, Arg, His, Ile, Leu,
Lys, Phe, Pro, Met, Thr, Tyr, Trp, and Val residues. Using our protocol, labeling rates higher
than 90%, which is sufficient for a variety of NMR experiments, could be achieved for the 13
amino acid residues even on using only small amounts of labeled amino acids. A merit of this
approach is that a variety of proteins that are otherwise difficult to produce can be obtained
because of robust cellular expression, thereby providing an opportunity to apply this advanced
isotope labeling method for a variety of proteins. Thus, the results of the current study, which
involved the preparation of proteins labeled using SAIL amino acids in an otherwise
deuterated background, show the feasibility of using this method for some proteins.
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Fig.1 Determination of labeling rate by GCMS
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Dosy analysis of the decomposition process of polydimethylsiloxane by
using methyl orthoformate
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Polydimethylsiloxane (PDMS) was decomposed by methyl orthoformate in methanol.
Process of the decomposition was monitored by "H DOSY. Diffusion coefficients (D) for the
end-groups and the main chain of the PDMS increased with the passage of time. Number
average molecular weight (M,) was calculated from the intensity ratio of the resonances due
to the end-groups and the main chain. Changes in M, and D of PDMS were investigated.
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W#é@ xtL, BEOZTERESFIC yandz
HlT 572D TH5.

MOF % IV /=PDMS D43 i fe THE & 54+ ®RAIK T & DO LA 'H NMR & 'H
DOSYIZ LV B+ 2 Z N TE 72, Z0JiElE, X045 FEDE VWPDMSSe, R
T—TFT NSRRI —RFr— 2 EOMDORY ~—IC b RETH S

1) AAREFRFFH35298547%

2) HKEFFFH3529858%

3) 201250 F oo bratimes

4) W.Li, H. Chung, C. Daeffler, J. A. Johnson, R. H. Grubbs, Macromolecules., 45, 9595(2012)

5) M. A. Delsuc, T. E. Malliavin, Anal. Chem., 70, 2146 (1998)

6) L. Nyadong, G. A. Harris, S. Balayssac, A. S. Galhena, M. M. Martino, R. Martino, R. M. Parry, M. D.
Wang, F. M. Fernandez, V. Gilard, Anal. Chem., 81, 4803 (2009)
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Dambarudhar Shiba Sanker Hembram!, Ofg&ERH —1,
Bk EVEL EE AL, R RS us gk, fl:ﬁl
B BZz2, g Bt
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An in-cell NMR study of monitoring stress-induced increase of
cytosolic Ca®" concentration in HeLa cells
Dambarudhar Shiba Sanker Hembram', (OHajime kamoshida', Takahiro Haremaki',
Junpei Hamatsu', Jin inoue', Teppei Ikeya', Masaki Mishima', Masahiro Shirakawa®
and Yutaka Ito'
('Dept. of Chem., Tokyo Metropolitan Univ., “Dept. of Eng., Univ. of Kyoto)

Recent developments in in-cell NMR techniques have allowed us to study proteins in
details inside living eukaryotic cells. The lifetime of in-cell NMR sample is however
much shorter than that in culture media, presumably because of various stress as well as
the nutrient depletion in the anaerobic environment within the NMR tube. It is well
known that Ca*"-burst occur in HeLa cells under various stress. In this study, aiming at
monitoring the states of proteins resulting from the change of cytosolic Ca**
concentration during experiments, human calbindin Doy was used as the model protein
and cultured HeLa cells as host cells.

(5]

In-cell NMR! i%, AHAANE A'E OEREZ 10 fiF e TN FTRE7e kL L C
HEHINTEY, 2001 FITREBESNTOOINE TR 2RICH SN TEZ. —F
T, Bix 2R RS, BN MR o7 NMR &UBHE O MEfa i3k Hh

ZHARTHMPEL, KVABMSRIFIZITWEE SR ORFI R M E L7~ TND.

Zfﬂﬁjuf %, in-cell NMR #I7E S TO BRI IEZFEET H72D1Z, Fllfa
DA AEED—2LL THIER SO Ca2HRE D | 5H-% in-cell NMR T
B35 L2 A7 2. AR E L Tlieh HeLa #ifnz Ay, MIFNIZE A5
BB REELTUL, Ca iR AE THY, Cazr D \y 77— DiREZH->T\D
EEZ BTV, B calbindin Dok (79 a.a.)% AV -,

In-cell NMR, HelLa cells, Calbindin Doy

TZAEB7E =2 LIE LoAnd ~Asbte, OBLE 1Z0D,
IFNEX 720005, 1TED T2, WdHx A, WITFe To,
FHLFE FIX, Lo FEIOA, WNWEH D7z
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HeLa iz T in-cell NMR HIE 35729012, FEOIZE> THRFES, M
Ha % it~ ~7"F K (cell-penetrating peptides, CPP) % H HUFEI AV T 4 RiE G
=, MBENICE AT 5515 3 2RI HLTZ. AR TIE, calbindin Dok (2 Pro47 7%
FATEIT S cis-trans BMEALZI T A5 (P4TM) &, CPP &Of5 & H D C K Cys
P H A Bl A\ U= D& ERLL [calbindin Dex(P47M+C80) ], K5 H PN K %
HR% T, 1BC/BN FEFR L7 2 B L 72, % T, KL 7= calbindin Dok %
CPP Lt &4, HeLa fAdNIZE AL, 2D 1H-15N SOFAST-HMQC HIEZ1T-
7= WIE TS, REIE2E1HIE (15N @) |2 nonlinear sampling i HL, 1D MaxEnt %
FWTARI MV A TGS LT-.

[RGB %]

CPP Z M7z HeLa fifd~DEANIFIEFICRFLATON, RIiF7e 2D tH-15N
SOFAST-HMQC A~XZMLABHITE7=. UL, 1n vitro CTHIELT=, apo
Mg2HiE A, Ca2HiE ARID AT ML ED 6, HeLa #lidN® calbindin Dk
1%, HIEBREZRIT Mg2HiE & THY, EDH%RRRFIIIZ Ca2 i 5~ k352 L
AVHEIBAL7Z (Fig.1) . MifEPIE CaZhiR E IR AR7-THY (107 M), — 5T Mg2+
BEEIIE (=103 M) ZE05, MfgNICEASZEZ L Mg2 27> TRY, %
D%kk % IRAR AL Lo TINIERNS CaZ BN Z 7272912, IREBIZ Cazhil &
RNZEBAL LT E 2 BN,

1of ARAOr Manananer [asahananianas saanaanaels ‘ ' ' aas
a volib o eiC Ccaid ' e ecjie e
15} s 'n".’ 1k . ‘."' . "'c',?‘ Le . .'-',' o -°' 1 . "'1..'0..-
15y ¢ Al e, T t' ‘Y . )b' Ry 8, . “w .:-r.. } LY g b.‘o"~
(ppm) 120 | ,’y' It : L a . L q tc 1L l* .
L} LAM l,v' 1% “ . Lt 13 . L2 5T
125 " ) N L P 1t e
[ [ 1r [ . [ ] ' ]
[ \
L] L] »
130 ! : : :
0 9 8 7 10 9 8 7 0 98 8 7 0 98 8 7 0 © 8 7
'H (ppm) "H (ppm) 'H (ppm) 'H (ppm) 'H (ppm)

Flgl Time course of the 2D 'H-""N SOFAST-HMQC spectra of uniformly

*N-labelled calbindin Do (P47M+C80) in HeLa cells. The spectra were obtained
during the period of 0-38 min (a), 39-76 min (b), 77-114 min (c), 115-152min (d),
153-190min (e) from the start of the in-cell NMR experiments.

[ 3]
(1) Serber, Z. et al. J. Am. Chem. Soc. 123, 2446-2447 (2001)
(2) Hembram, D. S. S. et al. Biophys. Biochem. Res. Comun.438, 653-659 (2013)
(3) Inomata, K. et al. Nature 458, 106-109 (2009)
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Quantitative Determination of Hydroxyl and Carboxylic Acid Groups in
Synthetic Polymers by *'P-NMR Spectroscopy

(OMasahiro Nakamural, and Junko Sano'

pIC Corporation, Chiba, Japan.

The end groups of synthetic resins affect drastically their physical properties and performance
as products. For analysis of hydroxyl and carboxylic groups in some kinds of polymers, the
derivatization using 2-chloro-4,4,5,5-tetramethyldioxaphospholane (TMDP) followed by
3P-NMR spectroscopy' ? was investigated. This efficient and convenient method was found
to analyze the small amount of end groups in polymers.

[+l

AR I 2 e R S D 08, E O RKIREN 2RO ELE 52 %
ZEMB D, BEEEATICB WL T, BIE NMR IERSMEDSHEE > TWB 8, #
JEF O RIAKBRIE, B AR OEM, EEICE L X, HICEDOEEIZIZ'H,
BCNMRIETIZREE L 22 5, FAUIKBREER D LR U BIEICH kT 5 E— 271, 7 2
I T RINIERMEIZ L > TY 7 MTAZ2 NS, FRWELERD V=T 0K
HARE /2 DN THD, ZOMEBOKIEIESLH VAR CEREEIL, BHEOSOGHESRS
MEDBEFEMNTEDOYIEI B E 525 Z ENEL ., ZHOEMN., EEIZEZEDOR B
FICBWTEERBELE 2> TWWD, —J7, Spyros HITEPIHLT V3~ G 2 H
WTCENS OMEKIBIE, DARVEBEDOEN, EEFHRHHLTNEY, 22T, 4
[B11ZSpyros H 23Rk E L T 5 U R FHEMR(LFIEE 2-chloro-4,4,5,5-tetramethyldioxa-
phospholane (TMDP) % H TRl & ORIIRIZ DU TKEREL, K N VAR R OFFE Rl
BT, FOTIEOHEICO W TR EIT - T= 0O THfLEd 5,

€279

$EE 1 ZJEOL RESONANCE#:H!  INM-ECAS5008 sk s Sngs b i A4 U 7=, aBhC
W T BRI TN A B 8 D Wi lien &2 7z,

BRI KB IERL I VR VD EIC L > TH R DM, Img~H100mgs L=, =
FUTHEFIFRER & L CCr(acac; Z i L7 U ¥ & CDCLOIRETAHR0.5ml, M O
RIEFRZETMDP 30pl & RN L, SRR C2REfIEE L7=%., 'P-NMR%Z 7 — T4 v 7'
VIWETHE LTz, EEONEEREL Ly 7 a~ty ) — L& #H L7z, TMDPIZ
k AFHEMRNDOKIEA T — L% DL TFIZRT,

U URFEMREEE, P NMR, Kb
OhtebEzIVA, SOLYAZ
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Scheme 1

—flE LT, OF Lili/#EK 7 XL EE (PAn)/ b U AF o —L7 s (TMP) &7 /L
¥ v FEHRIC OV T, TMDPIZ X 28R AT 2 72% D' P-NMR A2 hL%Fig. 1
R, BER L ENTZY 7 a~FY ) — VRO E— 2 2145 2ppm & LT, FEAREE

J =% U CHRENT L 7= s 5
146~147ppm|(ZH 7o B — 7 7
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23 PAn DR A1 ViR Wk
DE—T7 ThHDHZ ENTho
7o S DITKBRIK OB —7
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U ) — Vgt KRR, B
13- 7 U&7 4 K, CHTMP
KBRSk S HEE ST,
COTMPHISED B — 7 7345584
HZLIZOWTIETMP T & F
AL O TMDPFE SR KIZ K -
THERS L7, Fig. 2ICTMPT & F
LAt ¥ @ TMDP 3 8 Kk #% D
S'PANMR 2227 kL %57, Fig.
250D TMPIZHRES LTz T BT L
EOBICE - TE—r 03551
TWBDZ Wb, Zhbo
R CPOFIHNALTT N
DS ICHBUR CTH Y | BRI
DOFEAMFENT N FIRE TH DH Z &
R E T,
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J — VIR ZE 2O\ T MR
AT o T2, FERIEAR A 2 — T
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35 3Lk

—
A
B
140

PPM

al
U V)

Fig. 1 *'P-NMR spectrum of derivatized alkyd resin.
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Fig. 2 *'P-NMR spectrum of derivatized acetylated TMP.

1) A. Spyros and P. Dais, J. Agric. Food. Chem., 48, 802 (2000)
2) A. Spyros, J. Appl. Polym. Sci., 83, 1635 (2002)
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Deposition Mechanism Analysis of TiO, Thin Films by the LPD Process
with Multi Nuclear NMR.
oHideshi Maki, Yuzo Okumura, and Minoru Mizuhata
Graduate School of Engineering, Kobe University, Hyogo, Japan

The Liquid Phase Deposition (LPD) reaction mechanism for preparing TiO, films was
investigated by '’F NMR analysis. In the LPD reaction solutions, '’F NMR spectra indicated
that BF3(OH) formed within a short reaction time, and the concentration of BF;(OH) was
much higher than that of BF4™ during the reaction. The concentration of fluoride ions which
were not scavenged by H;BO; was higher with increasing the concentration of (NH,),TiFs.
The complicated equilibrium behaviour of these various intermediate species in the LPD
reaction solutions will affect the surface morphologies and the amount of yields of the metal
oxide thin films.

[#Z5] WABFTH (LPD) B34 7 v bWsiis (MELS) oK SRR RS (1)
. Tl A AL X0 ERER (BFy) AT 5 H:BO; 245 (2) Z
LT X 0 B LB MO T I~ 2 > 7 b &8, & BRI b Z 155 HIETH D,

WIS MES? 4+ 3H,0 © MO, + xF + 2nH" (1)
(BREIS ) H3BO; +4H™ + 4F — BF, + H;0' + 2H,0 (2)

ZIETIZTLPD EIZ LD Si0y, Vo0572 EZ&IT LD & Lizkkix & Bt R0 &
RN E SN THD0, B TH TiO, HIEARCRICE T 2F5E3A<AIThhTH b |
FOGTE D PR ES pH 2 DR ESAEIT L 0 AMBIORLAL D B 72 DI DM T 5 2 & 73
MoNTWBNY, 29 LSRR b S H 4 BB LW A L DB FE ~ & B3
52 ENMEFEEND N, KFIEC K DUEROIFFRREITT L L TAR SN #EDOE
WMMEIC BT 2320, £ 2 TAFZETIE, & LT YF NMR 2V 7=%#%
NMR HITER L OE D AT M VEBEMHNTIZ X U LPDEIZ X 5 TiO, HIRA %R DRI
NA A2 Wlis 2 fdT U AT RO O SROSHEREIC B3 2 B8 41T o 72,

[32B2 /77%] HiBOs % 0.20 mol L' TREE L, (NHy),TiFs % 0.025, 0.10, 0.20 mol L™ &
3ODREICHE L= D& MINRIKR E U=, & ZITHAKER 266 U 7= F A Hi %
R L., 30°C (2 CHTERRIRSt O SOSEIR & 53895 & & blic, FERERD L
Petfr, WIS L OERELE Lz, 3B O IZIX SEM, XRD, BISIEIR D /3HTIC
IZFEE LT UFNMR & Vo, SO LEREOREE L, AMEEETH D 1.0 mol L
O KF KIEEH O F O PFNMR E— 7 08 & Oigh HHEH Lz, & 512, H;BO;
& (NHa),TiFq I £ & — M T CIHIRO Y] pH 2 28 bk S, WO R i PR O H

WBABHT G, IR, ZENMR
ok & OTL, BLH ¥wHXH, AFILL DD
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[ & B 28] Bt SEM 4} O XRD HIERE $72 5. (NH,),TiFs 0.025 mol L™

DRI M2 AW ZE 9 TiO, (anatase) 5. 0.10mol L™ DI 72 TiO, (anatase)
I, 0.20 mol L (O KFIZ NH4TIOF; T# S 1L 5 Ml b DR SRR S, JREELIEIC
L 0SB RE OO B2 % 3 FEHOBEN G LN DS Z & N HER SN,

WA SR DM 24T - 7=, Fig. 1 12 (NHy)TiFs /K 0.10 mol L' K& 1K,
(NH,),TiFs & H3BO; % #1231 0.10, 0.20 mol L™ (2T LPD K& BRAAT: D4 OGRS I
B 5 "FNMR A7 kL% 7R Lz, LPD SUGBARART O (NH.),TiFs /K% 0.10 mol L™
DAY MDD TIFSIZIRIB SN D B —27 OB BEE S, LPD RUSHIAS 1 FERILL
121X BF3(OH), 6 RFfEILIRRIC BRAIZIRB I N A ¥ — 7 BElE Iz, —FH. it
JEIC L0 AT HUERE FICRB SN2 — 27 13BESh AR o T2, Z ORI,
(NH,), TiFs #2725 0.025, 0.20 mol L™ DA & 4@ L T 7z, Fig. 212 "FNMR ¥ 7
F L D EFEIREEMRHTIC K PE SN T2 TiFs™, BF3(OH), BF I O S EE KM %
R, RUBRIZE D 7 v BSOS BIT 2 FARM N, kB X 6 TE 72 BEyS
TiI72<.BR(OH) TH D Z &N 00 oTc, & BILKISHTED 7 v FEOMEINS LV |
WD LTz TiFS o 7 v FEE LY &4 L2 BF(OH)Y e O BE, 0D 7 FEH BN 72
W ER o Te, ZTAVUIBOGAL AR O @l 2R Bl AU L D 2 7L D IREAL
D7z NMR B — 27 OEEEIHII AR FTRE 2L 7 TiFe(H0), (x>0) OIFEARET
HEERTHY , EREPIZ 7 vy ERWVIAEFNIFERTHDL EEx NS, LLEXD,
LPD FUSETR T B W TLEICEELFE L TW AL RO FE R OVE R D L KSR
LXOFIETI 262 THANDIDOTIERLS Ti L OFEGERFLEZEEEFEL VWS Z L
DR ENTZ, £7220D K 972 FIZ(NHY)TiFe IEEEICKFE L TE N2 ENSn0 ., =
DI LB OREEDE NGB E 22 E26N5, — T RISEIROHIH
pH DR ZERN | ERONT HECREMME, REEICREREELHEZXDHZ LY
3o 7z, LPD BUGSDRIEMA CTH 5 48 7 v A4 v $ER OB AIFRBE DO HIE 23, SOt
fE7p 8l U CRlE e ORI R E R B2 RITT 2 ERH LN o7,

[ 51 H 3CHik]
[1] S. Deki et al., Chem. Lett., 25, 433 (1996)
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Fig. 1 F NMR spectra of 0.1 mol L' (NH,),TiFgaq. Fig2 Reaction time dependence of the concentration of the
and reaction time dependence of LPD reaction solution. dissolving species in LPD reaction solutions.
(NH,),TiFgaq : 0.1 mol L. H;BO5aq: 0.2 mol L. (NH,),TiFgag. : (a) 0.025 mol L, (b) 0.10 mol L™, (c) 0.20 mol L.

H;BO; aq. : 0.20 mol L. e: TiF¢, m: BF;(OH), A: BF,
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Quantitative analysis of polyol and ether by the NMR
ONaomi Takeshima', and Kouichi Tuchiya'
lAnalytical Research Group, NIPPON KAYAKU CO., LTD., Tokyo, Japan.

Almost inks for ink jet printers contain not only colors but also many kinds of solvents and
additives. The performance of the inks depends on the ratio in mixture containing solvents
and additives. Usually, we use GC/MS to do quantitative analysis of the ratio. But recently
research about quantitative nuclear magnetic resonance (QNMR) shows that it is easy, fast,
and accurate quantitative analysis. So we challenged fitting gNMR methods for solvents and
additives analysis. In this study, we tried the quantitation of the mixture containing glycerin
and triethylene glycol monobutyl ether (TEGMBE) in D,O at once measurement. In this case,
the signals appeared in the same region between 3.50-3.85ppm, which were attributable to the
methine and methylene protons of the glycerol and ethylene oxide protons of the TEGMBE.
We challenged the separation of these overlap signals.

(565 ]

A7z NV EREICFIHSNDA 7 1%, tBEOMIZHE 2 OFEFIC S m
IEVERI 72 & ORIFIN S 5 —EDOEIG TRA LTS, ZOEIG OIS IE NN A v
7L LTCoMREEAT S,

A 27 ORI EOERIL, EIZCC/MSTIT 9 A, FEDiw3L T, EENMROFEE A
FRERIZ LR o CT& 722 &V F72300f5 0L EOREZEDY > T AT ON T OERA A HE
THDLHZE?PRHESNTNDZELHY, —FICNRIZTEF O ERDH TE 20,
1 & 5 T

ASENE— A 7 IR E AR TS, VY v NV mTF L) a
— )L ) 7 F ) —7 )L (TEGMBE) & |Z1X Y4 &9 D012 L - IR A taik =T 7 LY
YINELT, BB EIToT,

B

7 UtV TEGMBEZ 4%10mg, PNEFAEMEGAZE L LT
3-(Trimethyl silyl)propionic-2,2,3,3-d4 acid sodium salt 2mgZD,0IZ TAIR L,
WEEIT -T2, FBEFRIZ30R, FEEREIISEITH D,

(A & B 2]

TEGMBED A F )L 73 BILmEB IS, L= 7 v & L THND 720, IEfEREEN
FHETH 7= (Fig. 1), LLZ VU L TE, &2 THOY 7 FILITEGMBED o
TFNEERSTLE ) TOIEMREREN TE o7z (Fig. 2-a),

F—U—FK: TFEENR
O LERBAR, 2RI o>nh
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Fig.1 "H NMR spectra of glycerin and
TEGMBE (0Oppm-2ppm)
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Fig.2 'H NMR spectra of glycerin and
TEGMBE obtained with (a) signal in D,O
(b) signal in D,O pH1.0. (3.5ppm-3.9ppm)

ZIZT, BB T VY DY T FNVETEGMBED ¥ 7 F b5 S E 5
FHiEERF Lz, ST XM R 2B L, BT LOREOHRHEE RS
(Fig. 2-b), pHIffTICEMEZ LS D &, TV BV DA AT OV 7T IR
$90. 02ppmfKhEZiG ~> 7 b L, BRI HBE LT-, EENRIZIBWT, &7 FLHHANL L,
ZFOHEDOR—=AFT A VN ESLTHDHZ LIXERKEN OOV EREETH
%o Lo Tl a1T ) HTHU T TV OEENRIENFREIZ /R D Z E B moT,

W, BRI 2 T 7T AO5EENR B+ 20 Lz, P23 % 1L, fix
DERBCY VTNV ERR ST, MRIIEZITo 72, TOMEER, MU 74 ok
Fe-d(TFA-d) \ICIEIRSE D &L 7TV DBEND0 & el L TR < e 7= (Fig. 3),

F/TEGMBED A F v A F L Dy
7 V33, ThppmiZ IR CHER L |
TV DEXF AT OVT
F V4, 2ppmff AT BE L 72, Ly
LIBICHIE L TR D &, RiTE
DY T TIPS EHBLL Tz, Z
X7 ) U v ETRA-d T 5 2D
KN Z >7-bD EEZLND
M EBMEOREIC L MIET T
W, TFA-dD HDOVEEIT, YET IV
Yo 7N DOEBNMRICII AR E TH
HiEZLND,

ATETEI TR RS T
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Fig.3 '"H NMR spectra of glycerin and TEGMBE
obtained with (a) signal in D,O (b) signal in TFA-d

RETIE, TOMDEBEFNIGF L TOMEHIR b EET D,

[ 3CHK]

1) F.Malz et al., J. Pharmaceut. Biomed. Anal., 38, 813-823 (2005)
2) R.Koike et al., BUNSEKI KAGAKU, 54, 715-722 (2005)
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Comparative analysis of metabolic dynamics in microalgae system upon
different nutrient condition

OToshiya Kobayashi', Takanori Komatsu " and Jun Kikuchi®***
!Grad.Sch.Medical Life Science , Yokohama City Univ., ’RIKEN CSRS, SRIKEN BMEP
*Grad. Sch. Bioagri., Nagoya Univ

Microalgae system has “flexible” metabolic dynamics upon surrounding environmental
changes such as different nutrient condition. We have investigated *C/"°N labeling conditions
in microalgae system such as chlorella, and detected both water-soluble metabolites and
macromolecular  components in 'H-"?C-HSQC  spectra.  Furthermore, use of
'H-"C-HSQC-TOCSY and 3D-HCCH-COSY spectra help to identify as many as metabolites
and macromolecular sugar moieties each other. Since the microalgae has unique metabolic
system to storage its carbon sources into polysaccharides, we will discuss such environmental
response and its polymer characterization by a variety of NMR techniques.

[

ORI, VBRI RIB30EERTIC A L Th b ek D TLME-OoMe /L PE | BIEDOH W
HIERBRIEIE AU R R B A KT L, BETIXIO IR SEHEEEZ /A L TWD, £
DKWL LI R BRI D PR TE D X 5T, TR OWE AR - BREEINE Y
AT LEAT D, 29 LIBAmEEOMHRE DO KBBREE TR TX DREETE L,
fERERGh, EIRAL, BTERD KB b, R SRSV B~ OIS S T
%oy ZDE DT, KIEHE LW D BRESMEDELA~DRENGE 2B 5 Rk 5
T, BREA(L-SCWEAEB IO 7o R 23145 —BéR0En LE X,
AR TS 2 6 5 ATl 3~ 2 R, 3 K OMERRES i UG CITs Z oo X v
FER 72 REAG 24T O SR OREEE A R T,

[ 5]

2 11 ' F (Parachlorella kessleri) % . #TaEGH, 36 X OVPC/PNEE RS H A2 VT
12/ 12 O BB E I C27°CIZB W TR & D853 L7z, MildzEI L., Z Ot
Wk, EARE LY CEEN Y U AEER (pH=7.0) Z AW THiH L, NMREEE L
7o LISE 2700 MHZzONMRE: & 2 W CHFENMRE I 23 Z /-7, 7. il
itk D% K, BELUHFAIZ L > THF L, A—/L I I K-> C3RFRI L .
DMSO-ds / pyridine-ds = 4:1 (v/iv) (X > T@s R4 28 L. "H-C-HSQC.
3D-HCCH-COSY 27 L& HIE LT,

WORHEE, 22 E RN AR, (R Eh R T

OZIFRLLELRY, ZF2o0hoh, X< B LA
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Development of non-invasively evaluation method for quality improvement
and maintenance of fishery resources

OYuho Sato', Taiga Asakura', Yasuhiro Date!?, Jun Kikuchi' >3

"Yokohama City Univ., RIKEN CSRS, *RIKEN BMEP, * Nagoya Univ.

Food crisis and population growth is becoming a serious problem worldwide, and expected
that further utilization of abundant fishery resources, namely in global ocean-faced county
such as Japan. We are trying to develop non-invasive evaluation method for fishery resources
using '"H-NMR metabolomics of feces and intestinal contents from fishes. These probe
samples were collected from fish water tanks by time-dependent manner, and then
freeze-dried and extracted by KPi and MeOD solvents. NMR metabolic profiles of fish feces
were mainly clarified by species variations and environmental adaptation from the wild life to
laboratory life in fish water tanks. Our result suggests one of the effective processes as
non-invasive maintenance for cultured fish.
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rn BB - A LICE T O MRS REE TH D, £ 2 THAIE, $TICE FovT R
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Advanced sample control techniques using NMR measurements for
noninvasive human samples

OTakuma Misawa', Yasuhiro Date'* and Jun Kikuchi'***

Yokohama City Univ., Kanagawa, Japan, ’RIKEN CSRS, Kanagawa, Japan, SRIKEN BMEP,
Kanagawa, Japan, 4Nag0ya Univ., Aichi, Japan

Noninvasive human samplings are important to alleviate pain with clinical test in a field of
medical care. Metabolic profiling from the noninvasive samples may bring medical benefits
such as discovering of biomarkers. In this study, we focused on the determining of most
suitable condition for analyzing noninvasive human samples using NMR. According to the
method optimized by our research, we performed PCA for noninvasive human samples
collected from some volunteers. Our results will provide to advance in metabolic profiling
technique for analyzing noninvasive human samples to lead to discovering of biomarkers by
the modifications and optimizations.
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Development of a novel molecular probe for 1H-”’C-HMQC-MRI

oMasakazu Lee', Hisatsugu Yamada®, Akira Makino®, Shunsaku Kimura®, Teruyuki Kondo?,

Masahiro Shirakawa', and Hidehito Tochio'

! Department of Molecular Engineering, Graduate School of Engineering, Kyoto University, Kyoto, Japan.

? Department of Energy and Hydrocarbon Chemistry, Graduate School of Engineering, Kyoto University, Kyoto,
Japan.

* Department of Material Chemistry, Graduate School of Engineering, Kyoto University, Kyoto, Japan.
*Biomedical Imaging Research Center, Fukui University, Fukui, Japan.

As a candidate of novel molecular probes for Magnetic Resonance Imaging (MRI), a copolymer composed of
poly-lactic acid and poly-sarcosine was synthesized with '*C enrichment. The polymer formed a molecular
assembly called “lactosome” in aqueous solution, whose particle size was measured as approximately 50 nm. 2D
'H-"C HMQC spectrum confirmed that the synthesized '*C-enriched lactosomes gave rise to substantially
intense NMR signals, indicating its potential ability to be a molecular probe for 'H-{"*C} HMQC MRI. The
synthesized polymer was tested for in vivo visualization of tumors implanted in mice by using 'H—{"*C}-HMQC

MRI pulse sequence.

[#3]

TRV =7 KEERCET RO X 5 2B A% FV D MRI Tk, &EAIDGIEEO KO "H-NMR 5
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Amino acid-selective stable isotope-labelling of proteins for the observation
of in-cell NMR spectra in sf9 cells
oTakashi Tanaka', Jumpei Hamatsu', Emiko Seiwa', Teppei Ikeya], Masaki Mishima', and
Yutaka Ito'
"Department of Chemistry, Tokyo Metropolitan University, Tokyo, Japan.

Abstract

The protocols employing intrinsic protein expression system for in-cell NMR
measurements involve the considerable problem that severe background signals were
commonly found in the spectra, whilst we have achieved ~80% of backbone resonance
assignments of streptococcus GBI in living sf9 cells by employing sf9/bacuoovirus protein
expression system.

In this presentation, we show a demonstration of amino acid-selective stable
isotope-labelling for sf9/baculovirus system, which allows us to simplify the severely
overlapped in-cell NMR spectra. Furthermore, we also show a demonstration of utilising
bioreactor system for extension of the lifetime of sf9 cells in NMR tubes, which is crucial for
observing 3D NMR spectra.

[~]

RN TIX, WD "macromolecular crowding" /38 HE DO NAKKEE, X ATV A,
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In-cell NMR, sf9, selective stable isotope-labelling
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IZIEVWVERI S FTBE CTHDHIERE, RIGECHERED RITITRWER 2 R BT DT20, 4
#“ OSBRSS,

AHFFETIE, sf9/baculovirus® &%\ 7=in-cell NMRIZOWT, GB1E2ET /L REL
THW, 7ML E RN AR O A A ERGEL 2. F72, NMREEVE H ol
RBLDIEAT DT=DIT, SAFVT 72— 27 L8] ZFI A L T-ER R EH AR T-D T, Hf
T TRET 5.

[EBR-EREOCESHOEE]

Sf9/baculovirus® %% AV =GB1®in-cell NMRAXIMUZLD TS 7 F LDl g
IEEFEONMRE GRS T Lc. 7 /BRI 2 € RN AR R GUEHZ DWW T, 1N
PR LysZ FH WO CERR U7- B A RS 2 55 HIPL-41 CTsfOMiln 2 B 35 2 L2 L i dl
Uz, e, ATV T 72— AT M, ARIEEOIC LM ISV TERR L.

15N-Lys 7% L 7= sl -3 fsh 2 U C I 2 L 7= TH-15N. HSQC A7 ML CHE, GB1O
LysFE I DN BRI I TWD AR LI (Fig. 1a). 7o, "M FVT I H— AT
LEFHLUZHIE TIE, M2 0 S FEVE IZGE O T RICKL, 10FRFMRREEHIEL
72BRIch, BiF721H-15N SOFAST-HMQCAZ ML 3@l E 7= (Fig. 1b-g) .

KIGE DR TIE, Ile, Leu, Val#3RAYZ E RN ARE#DY, in-cell NMRIZEHE H'E D
SNAEERTICEEARAEE AR L TCWAIERREINTWAI. 4 %I,
sf9/baculovirus® & 2BV Thlle, Leu, ValiZt R )2 € [RINAAFE 5% D FiEZ NI L, N
AFVT 75— AT La i CTHWAZET, NOEIHHREEDO G AERAD.
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Fig. 1
Overlay of the 2D 'H-""N HSQC spectra of sf9 cells expressing GBI cultured with uniformly "N
labelled medium (gray) and the Lys selective N-labelled medium are shown in (a). Close-up views of the
overlayed HSQC spectra are also shown. 2D 'H-""N SOFAST-HMQC spectra of sf9 cells expressing GB1
with bioreactor system (b~d) and without bioreactor system (e~g). The measurements were performed with
respect to each 2 hours, 0~2 hours (b), (e), 4~6 hours (c), (f), and 8~10 hours (d), (g) from the initiation of
the measurements are shown.
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Curr. Opin. Struct. Biol. 20, 640-648 (2010); [3] Selenko, P. et al. Proc. Natl. Acad. Sci. USA
103, 11904-11909 (2006); [4] Sakai, T. et al. J. Biomol. NMR 36, 179-188 (2006); [5]
Inomata, K. et al. Nature 458, 106-10(2009); [6] Ogino, S. et al. J. Am. Chem.Soc. 131,
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Solution and solid state multidimensional NMR for complex metabolic
mixtures of *C-labeled green algae

OKengo Ito', Takanori Komatsu', Kenji Sakata®, Yasuhiro Date'* and Jun Kikuchi'**
"Yokohama City Univ., Kanagawa, Japan., ’RIKEN CSRS, Kanagawa, Japan.,

SRIKEN BMEP, Kanagawa, Japan., 4Nagoya Univ., Aichi, Japan.

Comprehensive measurement of complex metabolic mixtures in seaweed has not yet been
performed by combing *C stable isotope labeling and NMR techniques. So we tried such
analysis using "*C-labeled sample of Caulerpa brachypus Harvey by several NMR
measurements. The cross peaks detected by *C CP-INADEQUATE were analyzed by using
network approach following through "*C-"*C coupling connectivities, then polysaccharide
peaks were annotated as Glucopyranose moiety. In solution NMR, the peaks of many
saccharides were detected around 4 ppm, and Maltodextrin and alpha, alpha-Trehalose were
abundantly observed in the sample. From these results, comprehensive analysis of complex
metabolic mixtures in seaweed was possible by several NMR measurements using *C-labeled
sample.
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Fig.1 The 2D "*C CP-INADEQUATE spectra
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1. Malz, F. et al., Carbohydrate Research. 2007, 342, 65-70.
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Degradation profiles and metabolic dyanamics by soil ecosystems in
disaster area using inedible part of *C-labeled plant

O Tatsuki Ogura' 2, Yasuhiro Date'? Yuuri Tsuboi?, and Jun Kikuchi'??#

'Grad. Sch. NanoBio., Yokohama City Univ., ’RIKEN PSC,3Grad. Sch. Bioagri., Nagoya
Univ., *‘RIKEN BMEP.

Metabolic ability of microbial community in disaster field in Fukushima was greatly changed
by the Great East Japan Earthquake. However, the ability including degradation of
biochemical mixture by microbiota is difficult to evaluate by traditional method because of
their complexity. In this study, we attempted to advance in metabolic profiling using 'H and
13C-adiabatic Distortionless Enhancement by Polarization Transfer (DEPT) nuclear magnetic
resonance (NMR) and characterization of changing microbiota accompanied biomass
degradation using denaturing gradient gel electrophoresis (DGGE). In addition, we
established metabolic network map and elucidated relationship between degradation pathway
and microbes in each sample.
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Fig. 2 Metabolic profiling by integrated analysis using 'H- and '>*C-DEPT NMR. Result of PCA score plot
(a), loading plot of '"H-NMR (b), and '*C-DEPT NMR (c).
Reference; 1. Ogura T. et. al., PLoS ONE, 8, e66919 (2013), Yamazawa A. et. al., molecules,
18,9021-9033 (2013), Date Y. et. al., J. Proteome Res., 11, 5602-5610 (2012), Date Y. et. al.,
J. Biosci. Bioeng., 110, 87-93 (2010)
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Chemical diversity profiling for organic substances in deep-sea sediment
based on NMR spectra

OYasuhiro Date" 2, Taiga Asakuraz, Yuuri Tsuboil, Kenji Sakatal, Takao Yoshida® , Tadashi
Maruyama®, and Jun Kikuchi'**>

'RIKEN CSRS, Kanagawa, Japan., ’Grad. Sch. Med. Life Sci., Yokohama City Univ.,
Kanagawa, Japan. SJAMSTEC, Kanagawa, Japan., ‘RIKEN BMEP, Kanagawa, Japan.,

’Grad. Sch. Bioagri. Sci., Nagoya Univ., Aichi, Japan.

Deep ocean floor is basically nutrient-poor environment but has an important food source
provided by a continuous shower of marine snow consisting of mostly organic detritus.
However, little information about complex forms, structures, and compositions of chemical
mixtures deposited into the deep-sea sediments is available. Here we developed an evaluation
approach for chemical diversity based on NMR spectral data by modification and
optimization of the concept of “diversity index” in the field of ecology, and evaluated the
chemical profiles and diversities in deep-sea sediments. The evaluation by the approach was
capable to capture the characteristics of organic compositions and their complex chemical
forms in individual sampling points. Correlation analysis based on the approach revealed
chemical diversities inversely related with microbial diversities in the deep-sea sediment.
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Fig. 2 Chemical profiles in deep-sea, shallow sea, estuarine,
and soils evaluated by PCA.
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129Xe Nuclear Magnetic Resonance Spectroscopy of Xenon Adsorbed on
Mesoporous Materials under Continuous-flow Hyperpolarized Xenon Gas

OMineyuki Hattori', Takashi Hiraga', Naohiro Kaga?, Norio Ohtake®
National Institute of Advanced Industrial Science and Technology (esprit), Tsukuba, Japan.
2Aurea Works Corporation, Yokohama, Japan, >Toyoko Kagaku Co., Ltd, Kawasaki, Japan.

129X e Nuclear Magnetic Resonance (NMR) techniques have been applied to probe porosity of
mesoporous materials and the pore size is known to relate with the chemical shift. Since the
Van der Waals radius of Xe is known to be 0.216 nm, the possible pore size to adsorb xenon
should be larger than 0.4 nm in diameter. Then the mean pore diameters ranging from 0.4 to
300 nm are the possible target to show the relationship experimentally. We have developed an
apparatus to produce the laser induced hyperpolarized (HP) Xe gas continuously and tried to
apply it to mesoporous materials.
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Figure 1. [left] Scheme of the line—narrowed LDA system, [center] Picture of the LDA,
[right] Beam profile from the LDA system.
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Figure 2. [left] Emission spectra of line—narrowed LDA with 1. 5mm thickness VHG (Central
wave length:794.624nm, line width:0.058nm FWHM), [right] Emission spectra of
line—narrowed LDA with 12mm thickness VHG (Central wave length: 794.492nm, line width:
0.008nm FWHM). We can set the central wave length of emission spectra at any wave length
within #0. 15nm by changing temperature of VHG element.
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Figure 3. Excitation wave—length dependence of the polarization rate of hyperpolarized

12%%e, excited by the developed line—narrowed diode laser.
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Figure 4. Temperature dependence of *Xe NMR Spectrum of adsorbed on Levovist® pore.
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Figure 5. Temperature dependence of 'YXe shifts and line-width of Xe adsorbed on

Levovist® pore.
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Detection of responses to olfactory stimuli in olfactory bulbs using magnetic
resonance imaging

OMakoto Hirakanel, Haruna Gotohl, Sosuke Yoshinagal, Shigeto Iwamotol, Mika Shirasuz,
Kazushige Touhara”, Hiroaki Terasawa'

'Department of Structural Biolmaging, Faculty of Life Sciences Kumamoto University
’Department of Applied Biological Chemistry, Graduate School of Agricultural and Life
Sciences, The University of Tokyo

Y ERATO Touhara Chemosensory Signal Project, JST, The University of Tokyo

Sensory input to the olfactory system provides animals with essential information for survival.
Odors are chemical signals that regulate a wide range of social and sexual behaviors in many
animals. Mice detect odors through the olfactory sensory neurons in the main olfactory
epithelium (MOE). This neuroepithelium is connected to the next central station, the main
olfactory bulb (MOB). We sought to detect the activated glomeruli in the olfactory bulb by
manganese-enhanced MRI techniques, and to clarify the mechanism of discrimination and
recognition of numerous chemical signals. After an aqueous MnCl, solution was injected into
its nostril, the mouse was exposed to the odor. T-weighted MRI covering the olfactory bulb
was acquired with 3D rapid acquisition. We found that odors increase Mn** uptake into the

cells of the olfactory bulb in the odor-stimulated groups, in comparison in a control group.
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DEWAIICZ <HY AL, T and mitral cell layer (MCL) were enhanced, while
FHENRIZ LU MRI {5 %58  other layers, such as the external plexiform layer
W 5[4, T, FMEicE 5 X (EPL) and the granular cell layer (GCL) were
7= Mn®" 1 X, ki S HEry  darker in coronal (left) and axial (right) slices.
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Application of Hyperpolarized '**Xe MRI with the Sensitivity Improved by
Quench Effect of the Gas with High-boiling Point
OAtsuomi Kimura, Ayano Kawamura, Chika Uchiyama, Shintaro Okumura,

Hironobu Matsumoto, Yukiko Yamauchi, Hideaki Fujiwara

Department of Medical Physics and Engineering, Division of Health Sciences, Graduate
School of Medicine, Osaka University, Suita, Osaka, Japan.

Introduction: The sensitivity of hyperpolarized '*Xe magnetic resonance imaging (HPXe
MRI) can be improved by mixing gases with a quench effect such as N,.'  Hitherto, we have
developed an apparatus for continuously producing HPXe with a polarization of ca. 10-15%
in which N; is mixed with '**Xe by 30 volume %.> However, in this case it is difficult to
purify the HPXe by separating from Ny, resulting in a sensitivity decrease by dilution. On
the other hand, the problem is possible to be evitable by using a gas with a high-boiling point
as a quench-source. In the present study, we attempted to develop an apparatus to purify the
HPXe from the quenching gas and intended to apply it to pulmonary functional imaging of

mice.

B HY]  BESAE T AZEET L0, 720 F U7 HAZRET 52 & TR
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Fn) 2 K DG ORRIIARIC L DK L OMERRRICH 7=, 2k LT,
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ra %3RO THRBERMIOFEIE & LTz, BifbBEI = K7 X b (Xenon magnetization
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R 5 F & O TRERR L 7= (Figure 1), =
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iR 92 Z LW AfRECTH - 7=,

b)

Figure 1. HPXe Ilung MR image
obtained from the present study (a) and

the ordinary one (b).
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High-Resolution Magnetic Resonance Imaging Using a High T, Bulk
Superconducting Magnet

ODaiki Tamada" 2, Katsumi Kosel, Yosuke Yanagi3, Yoshitaka Itoh3, and Takashi
Nakamura'~

! Institute of Applied Physics, University of Tsukuba.

* RIKEN.

3 IMURA MATERIAL R&D CO., LTD.

A high critical temperature (T,) superconducting bulk magnet is a promising magnet for high
resolution magnetic resonance imaging (MRI). A bulk magnet MRI system we developed in
2011 showed their potential for high resolution imaging by acquiring the MR image with the
resolution of (50 um)®. However, there are still challenges to achieve higher resolution, and
better quality imaging because of the inhomogeneity of the magnetic field, the shielding effect
of the magnet, and low signal-to-noise ratio due to small voxel volume. In this study, we
designed the new bulk magnet using the finite element method to achieve higher homogeneity
with lower shielding effect. In addition, the compressed sensing method was used for MR
imaging to improve the signal-to-noise ratio per unite time. Finally, MR images were
acquired to show the usefulness of our system.
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Figures 2 (a) Schematic of the bulk magnet. (b, and ¢) The bulk magnet was magnetized using the field cooling
method. (d) Twisted Loop Coil (8.1 mm diameter) (e) Solenoid Coil(4 mm diameter, 4 mm length, and 4 turns).
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ﬁﬁﬂ&%;ﬁ4 i%ﬂ%ﬂ, 141 Glem/A, 13.0 the pill bug using spin echo sequences with
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% (32 um)’) WK L7,
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[2%&3CER] [1] T. Nakamura, et. al., Concept Magn. Reson. B (Magn. Reson. Eng.) 31B
(2007) 65. [2] K. Ogawa, et. al., Appl. Phys. Lett. 98 (2011) 234101. [3] D.Tamada, et. al.,
Physica C, 492 (2013) 174. [4] M. Lustig, et al., Magn. Reson. Med. 58 (2007) 1182. [5]
D.Tamada, et. al., Proc., ISMRM, 21th Annual Meeting (2013) 0136. [6] W. Loew, et. al.,
Proc., ISMRM, 20th Annual Meeting (2012) 2623.
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Feasibility study of an ultra low-field functional magnetic resonance
imaging system

(OMasanori Higuchi, Daisuke Oyama and Gen Uehara

Applied Electronics Laboratory, Kanazawa Institute of Technology, Kanazawa, Japan.

Recently, many studies of ultra low-field magnetic resonance imaging by using
superconducting sensors have been reported. This brand-new technology has a potential to
obtain functional information of a human brain (Ultra Low-Field functional Magnetic
Resonance Imaging: ULF-fMRI). A problem is that the frequency of the nuclear magnetic
resonance signal becomes extremely low and this causes difficulties to reconstruct images.
We proposed a method to transform such extremely low frequency to more practical
frequency by using the asymmetry spin echo method. By performing NMR experiments, we
confirmed that the proposed method works properly.
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RGBS B D EF L & L Th0nAmDEWR X A R— L ZHE L, FDirE
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Fig.1 System block diagram of the NMR
experimental system.
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Fig.2 Observed NMR signals in asymmetry
spin echo.
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Structure determination of H'-ATP synthase subunit c-ring reconstituted
into lipid bilayer by solid-state NMR

oYasuto Todokoro'?, Su-jin Kang3, Ikuko Yumen', Iku Iwasaki', Toshiharu Suzuki®,
Masasuke Yoshida4’5, Toshimichi Fuj iwaral, Hideo Akutsu'”

!Institute for Protein Research, Osaka University, ‘Department of Science, Osaka University,
Department of Biophysics and Chemical Biology, Seoul National University, *Chemical
Resources Laboratory, Tokyo Institute of Technology, ’Department of Molecular Bioscience,
Kyoto Sangyo University

A rotary motor ATP synthase is located in bacterial plasma membranes, thylakoid
membranes of chloroplasts, and mitochondrial inner membranes. F-type ATP synthase from a
thermophilic Bacillus PS3 (TF,F|-ATP synthase) is one of them. TF, subunit ¢ (TFyc)
consists of 72 amino acids, and forms an oligomeric ring, which acts as a proton motor. The
proton-transfer mechanism has not been understood in detail however several structures of
c-ring have been determined in crystals. Thus, we determined the structure of the TF,c-ring
reconstituted into liposomes to elucidate the proton-transfer mechanism by solid state NMR.

H'-ATP & B3R 1T AR R L — AR D RALBUINLE T D E RIS v N7 B
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ringfiE AR T DAY I — OB R BN, T a R Ukl £ DringdD 1R IEE
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EReo 6 fFEEEOY TN HONWT,
LR 2D Bcha-Pck M B, 2D
PN -PC% B A~ L AIE L.
BLA e R B2 IR 8 LT, o fifne
DENEERENMR D 7 F LD A —
— T v T HWET DD RN T N
WY TNV EER LT, IR T~
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ERE—DI0 T REESTT H~—Th U, nFHORBICE N TEADKRBINTE
RN, EZTE v —DHOEEZRD, fEmEOS FRIOE R ZRELTY &~
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Fig. 1 Structure; of TF,c-ring in membrane determined
by solid-state NMR. (a) Superimposed 10 structures. (b)

Electrostatic potential mapped with positive areas in
black and negative in gray. Cartoon representation of the

ring, viewed from membrane (c) and F, (d).
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CSA measurement of lipid bilayer by Spin-Echo MAS NMR

OYuichi Umegawa' ?, Shigeru Matsuoka, Toshiyuki Yamaguchi, and Michio Murata
[ JST-ERATO Murata Lipid Active Structure Project, Osaka, Japan.

’Graduate School of Science, Osaka University, Osaka, Japan.

Chemical shift anisotropy (CSA) of lipids is frequently used to discuss membrane properties
and lipid-protein interactions. To obtain the CSA values from high resolution MAS spectra,
we performed spin-echo MAS experiments with non-rotor-synchronized interpulse delay time.
In this method, the CSA value is observed as decay of center-band signal intensity.

In this presentation, we applied the spin-echo MAS method to various lipid membranes,
and successfully extracted the CSA values from high resolution NMR spectra. Based on these
results, the advantages of this method will be discussed.

JEE " ER AR T 5 0 OFRFEESCEINME G X, IBE —ERZO L O, 213E
H— 2R EOMBEERZHMFET S ) 2 CHEICEETH S, MRIEIZLVEDS
NDHIRT A=D1 OTHDHILFEY 7 MERFM(CSA) 1L, 571 DOIEEMECEL MK TF
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BEL (Fig. 2a), TNENDIFEIZOWTAE Y = a—JEIZ L 0 CSADOfE % K
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(a) (b) Figure 1. MAS (5 kHz) *'P NMR

P=02ms l . _ 1 spectra of hydrated DMPC membrane

=015 ms Ela (243 MHz, 29.5°C) at different

ot § 0.6 1 s interpulse delays (a) and relative

. S 04l intensity of centerband signal (b),

©=005ms L i o | where the best fit curve was drawn

c=0ms l with the CSA value of 41.3 ppm and
AP TEEV S e e ’% Py o o6 the T relaxation time of 2.21 ms.

ppm interpulse delay / ms

@ s ®) Figure 2. (a) MAS °'P NMR

DOPC . spectrum of SSM/DOPC/cholesterol

2 membrane measured at 45°C under

E 5 kHz MAS. (b) Relative intensity

T2 002 3 e “a of SSM and DOPC *'P signals at

S e I 0'(2) I%%“ﬁéj‘,fﬁﬁifﬁfﬁﬁﬁg’m different interpulse delays. (c)

4o 2 p;,md 2o 0 g:my 1 Bﬂi/ mﬂé 04 Non-'H decoupled MAS *C NMR

spectrum of SSM/DOPC/cholesterol

(©) co2 @ 4, membrane obtained at 45°C under 5

ssm ||y €Ot 1 kHz of MAS with the deconvolution

“O"i/ of overlapping carbonyl signals of

Sa N DOPC. (d) Relative intensity of
—o— CO2 |Avg,| = 13-20 ppm .
O COI |Avees) = 30 ppm three carbonyl carbon signals at

o A7 SSMiavesy=S0pem - different  spin-echo  interpulse

180 178 176 174 172 0 0l 02 03 04 delays.
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S35 3Lk
1) Raleigh, D. P.; Olejniczak. E. T.; Griffin, R. G. J. Chem. Phys. 1988, 89, 1333-1350.
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Structure and affinity analysis of bovine lactoferrampin bound to neutral
model membranes as studied by solid state NMR and QCM

OMasayoshi Imachi', Namsrai J avkhlantugsl, Atsushi Kira?,Atsushi Tutsumi', Izuru
Kawamura', and Akira Naito'

! Graduate School of Engineering, Yokohama National University, Yokohama, Japan.
’Reasearch and Development Division, ULVAC Inc, Japan.

Bovine lactoferrampin(LFampinB) is an antimicrobial peptide found in the N1-domain of
bovine lactoferrin(268-284). The structure of LFampinB bound to the neutral
membrane(DMPC:DMPG=5:1) was determined by analyzing the chemical shift anisotropies
of carbonyl carbons of 6 kinds of amino acid residues. These results indicated that LFampinB
formed o-helix in the N-terminal region and the o-helical axis rotated rapidly about the
bilayer normal with the tilt angle of 40° to the axis. The association constant (Ka) of
LFampinB with the neutral lipids was 300 times smaller than that with the acidic membrane
determined by QCM. The difference of the Ka value explains that LFampinB selectively
interacts with the acidic bacterial membrane.

GE]

Bovine Lactoferrampin (LFampinB)iZ, #L{tH®D % > 32 & Bovine Lactoferrin(bLF)
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E{ANMR, HiE~7F K, LFampin

OWELESLL, RLTHNLERSNBALE LT, EHHOL, DOAHOL,
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Fig.1 *C NMR spectra for [1-"C] Leu* LFampinB (a) DD-Static (b) DD-MAS 4kHz
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DIEE %#40° EPRE LTz, ZOMAEZE O TASD AR & Adgps
DTy FLEL 7 P AL L — 5 2)ds B helix O FEE5E R m
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1) Marieke, 1. A. van der Kraan et al: Peptides (2004) 25, 177-183. to neutral lipid bilayer

2) Evan, F. et al: Biochim. et Biophys. Acta (2007) 1768, 2355-2364.
3) Tsutsumi,A. et al: Biophys.J (2012) 103,1735-1743.
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Solid-state NMR structural analysis of transmembrane halobacterial
transducer pHtrllI in cellular environment

OAyako Egawa', Keisuke Ikeda'?, Lili Mao®, Kokoro Hayashi', Chojiro Kojima', Masayori
Inouye® and Toshimichi Fujiwara'

"Institute for Protein Research, Osaka University

?Graduate School of Pharmaceutical Sciences, University of Toyama
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Transmembrane protein pHtrll from N. pharaonis is a transducer binding to phoborhodopsin.
We studied fully °C, "N labeled 159-residues pHtrll by high-resolution solid-state NMR in
Escherichia coli cells. Only protein pHtrll was labeled efficiently in the cells by the
condensed single protein production (cSPP) system using m-RNA interference. The amount of
the cells required for this cellular analysis was much smaller than that for the analysis of
purified protein reconstituted in lipid bilayers. The obtained *C chemical shifts in the cells
confirmed that the transmembrane and cytoplasmic domains formed the structure reported by
our previous solid-state NMR study of the purified protein. The cleavage of the peptide bonds
in the cells was also monitored by the '°N signals.

] SEMERE S ha s T VLT 7T F =R (N. pharaonis) |37 #7171 K7
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JETHDH bT AT 2 —H —pHtrll (halobacterial transducer) & #5& L T\ 5, Z DO
BRI, LT Z—ppR FOLFF— AR HEWINTHE, T /7\7‘1‘—‘5‘ —pHtrlI
?D HAMP R A A » ORENRZEL LT, SEROIBENMTOILD,

X Bk ST CIX, 2 o0 K7V ZORIZH S Gly23—Leu82 O k7 >
AT 2 ——DEEEHEE NI E > T D (pdbID:1H2S) [1], LU, tHE#=EICEE
D% Leu82 LUMED b7 v AT a—H =DM > T, THAETIS, [FHE
NMR % fif > CHEE —EEEIC ﬁ%ﬁbtmmn@%ﬁ@#% HAMP KA A v &&Te
AL ENTEZ, 22T, L0 AEBREE FIZIEWMENTO pHuIl O

A UENVEERNMR., M0, HEAE

OAMLHRLZ, WIHLETWTIF, VD vwEB, ZLEHEILAI, VDI XES
I, SCbbLLlirb
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WEERENT 21T O 7o OI2, HRYERE O A2 Z 3R RN AR CTZ % Single Protein
Production (SPP) J&[2]% > T, A »B/VEIANMR HIEZTTH Z & Lz,

[J775:] H5381% SPP £ TT o 72, pHull DA% BC, PN ZE RN IR L 7= KA #ak
BHE. ACA FiFIIEE A D pHAIl BB 7T 2 I K & ACA Flb 4 783#k L C U3 2 B
& MazF BHL7' 7 A RCRGRE AR EIMR L, HBE Lz, £H LSV Yy MIZO
FFE 3.2mm v— & —(JEEMEE O TR DT, A 2 B/LEIR NMR SEBRIE, Varian
Infinity-plus 700 533653+ % V72, 2D PC-PC A B AR A~ hoVidaEHElERSK 12.5
kHz, #%ERE-70°C TITo 72, Bfhic, BEIRE 5°C © PC-"C NOE-TOCSY £ D
ExRIToT, -, BE LB 2o —% — 12355, PN O 1D PN 2227 ML ojllE
AT 7,

[FEF & 552

BANZ, cSPP {EIZ X D EF%IC
Ko T, BFEX T PRERIIH =
. BIYZ R0 OB MR AR &
NTWDZ L xR T 272D, I3
BlEAE & R BLEHE O 4550k 1D
BC A7 b EEB LTz, DR,
IR SR D& o 2 7 B DS A
SNTWD Z & affEd Lz, WIZ,

R 453k < BC-BC NOE-TOCSY & 7
BC-PC AV ARMIE 24TV, DMPC .
SR pHEL (LY 7 MERIEE [ e e e
—¥ L Tw= (Figurel),

T, MRE ZEBIC AR SRR CIIEI S e WME S S HERR S AL, IR B O R
KBEHRKDOXTF RV ThHDHZ Enginoi,

A2 BB —70°C TA B /V[EAR NMR R 2170, 5 57 [F5R pHirll
HORDEZICIITER D Z L DR CTE 7z, ZORERIL, IFE ZHEEY pHull & [FIER
\Z HAMP RAA VA2 EGOTHEELHERFL TS ZE2RIBL TS, 52, =il
(2K 70 BRRAGGE L CIAfE S0 SN 227 ML OREMRITORSE, 73 /K
HRDIE MM T I REDESREICKH LT 5 % THDHI EB™Dholz, Thid.
7 2 REEAH pHUIl O 167 FEIEFH 9 DT TSN TN D Z LY T 5,

[ 3R]
1. Gordeliy, V.I. et al. (2002) Nature, 419:484-487.
2. Suzuki, M. et al. (2007) Nat Protoc, 2:1802-1810.
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Development of GFT NMR based sequential assignment method and tools
for proteins in solid states

OHajime Tamaki', Ayako Egawa’, Masakatsu Kamiya', Takashi Kikukawa', Tomoyasu
Aizawal, Keiichi Kawanol, Toshimichi Fujiwara2 and Makoto Demura'

! Graduate School of Life Science, Hokkaido University, Sapporo, Japan

2 Institute for Protein Research, Osaka University, Osaka, Japan

Magic-angle-spinning solid-state NMR (MAS ssNMR) has great potential to provide
information for structure and dynamics of insoluble biomolecules such as membrane proteins
and amyloid fibrils. In spite of rapid development of technical aspects, assignment is still a
difficult task, due to peak line width broadening in solid-state. Multi-dimensional experiment
is a straightforward approach to avoiding this problem. One of the biggest drawbacks of this
approach is sampling limitation in indirect dimensions. To tackle this limitation, we have
developed a sequential assignment method based on G-matrix Fourier transform (GFT)
projection NMR spectroscopy, which is one of the fast data sampling methods. In addition,
we have developed computer-aided assignment software for GFT NMR in solid states. We
will discuss about them.

BANMRIE IR, BEH BT I v A gk & W o T REEME S X7 B OREER
HAF T AL R FRE RN ATREZR FIETH 5, Lo L, JRELAIZE 5 OFRIE D
L, BETH THIRBLIEHELWIZOMITOR LRy 7 D—2 Lo TN5D,
ZRTEHIE L Z OREE T DO TR 172 FIETH D, ZOFHIEOR KO KA,
WL 2 5 Z L ACHIERF R HBEEAIZEE R LT LEY 2 & TH D, BxlixmH
WEH MWD —>TH H6matrix 7 — VU =ZZH#NMR (GFT NMR) (2% H L 7= (Kim and
Szyperski, 2003), GFT NMRTI%, B ORI AR 27 VA hT 5V a 4
VTN Tk o T WERREE MU EEMETE D, 6tV aA s by
TV T ENTALFE Y T MIBERE S TR SND D, B — 7 HOdEN S
N5, Lol GFT NMRIZIFEE DT 7 AT L& RIFHIHT T2 L E R’ H 5 &
IRENHY | fRT OB AR T 2703 B a—F—|Z L AT ENEENS,
2 1IGFT NMRZ R — R & U 7= e 8 ik E i X 7' v 77 LaBR Uiz, A%
FTIX, ZORAAMERIET 2720 T2, BT VE 87 EGBLE AW llER
L OWHTIZ DN THET 5,

GFT NMR, mEZRICHIE, M g7 v 77 A

OFZIILD, 2B0HRI, PHEREIND, T bENL, HNIhE bR
T, DOOTVWNE, SLbbELAL, ThbEI L
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HERRBHTIZEC, NI —HE3# L 7-GB1 D4Rt 5k % v 7=, CANCOCX
MAS & — & — I A/M 3. 2mm, B E22 uLdD b D2 L7, i-1 [

T T O WE T, 4L TOM O B ANRE R @) u 0
(Varian/Chemagnetics Infinity—plus 700) ZfEH L. I ol |
| N‘

L7, * ".
Co,N,~C" ~CX , DFHBAZ B X 2"V Ay —7 R g' Cp
4D-CANCOCX &, €, ~N,~Co,~CX, DR Z 5- 2 5 /L A v
— /7 > A 4AD-CONCACXDN, CO#hizy oA > hY o 7Y v~
2" %3 L 7= (4, 3) D-CANCOCX/CONCACX Z #H A & o5 = |
LiZk Y, HSURRICLERME AT L Figure D, P 0
3 5V FID % BRI GEIR COATAHIA L L =12, 8% D3k IT Ca _ 'END (©)
VA E AR = S S IR P NCIETD S SR (¢, i @
g BRI, T
BN T AT MV E AT NN 0 7T A !
Sparky & GFT NMRA~X7 MVEMT HIZBHFE LT 7T 7 A &
BB DOE TR LT BJE L1277 7 A A EIS, Figure 1.
YT AXT PAHTOE =7 ORIGEST, W=D Chemical shift correlation
Ca, N-C' & OB =7 D7V —tr 7 BB giagrams of CANCOCX
DT T THREN WA W T 7148 H and CONCACX. Atoms
FhHARMTRERE 2 SE%E L T\ D, Sparky DAEHERERE 2 F VT &
— v s Ltk, 7774 KD AEMENT, —H—
ATNC X DIRIT ORERR - IEIE AR T, GB1D EHFR 1% I
BLT-.

I
i OFREHA T 14. 6kHz, 70— 7 I1Z-10°CIT 3% E "c"“"‘""@’ci
. I |

circled with dashed line
were jointly sampled.

wER

[HERERT] (4, 3) D-CANCOCX/CONCACXDHIEIZIE, BELZIHAMEZE L, TV
JUASMRBEIZCTL. Tppm, "NT2. 2ppmTdh o 72, HERIE TR U fREED T — % 2155 3
A AR TRIERRE] 240 O LNZEMET 5 Z SISk Lz, FEkEEZHOCRL
B CHIE L7235 E . BEMEHE COMEBEIIAD DIRRE L 2 A7, IRBIHE T 51
T SN ERTEIND, B, AT FUIE L RA > MEOREEC KA B
— X —OERICE Y, JERMIZE DIENLULFECEMAETHD EEZDND,

[e"—2 58] CoN-C . OEFET 7 bBNRIFE LV 2ODAE VR E2 RS, T
RTOAE R BEL T, BITEIA < i H &4 TUV % 3D-NCACX, NCOCX, CANCO%Z
T 27 ha—nLofs, AV UREBET HERCHN DN Ca, EN-C L OF
AN Z N2 0EFRENEIRT 5, GFT \MRZ W24k ez L 0 . BAET RO ik
LHERTE—7 gl m ET 5 2 ENMER SN,

[BEENT] BB OREIISE AT v FICB W TTONEE TH v |, FrErriixs
AT ThH o7, BEMENTREROMR - BEICE LM EMA TH A ~1HE
JECHfT 22D Z M TE R LTI 74 V2 WD Z & TR T
5 ENHER ST,
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Retinal-Protein interaction in Phoborhodopsin as studied by “C solid-state
MAS NMR

Olzuru Kawamura', Ryota Nishikawa', Takashi Okitsu?, Akimori Wada?, Yuki Sudo®, Naoki
Kamo* and Akira Naito'

!Graduate School of Engineering, Yokohama National University, Yokohama, Japan.
’Department of Organic Chemistry for Life Science, Kobe Pharmaceutical University, Kobe,
Graduate School of Science, Nagoya University, Nagoya, Japan.

*Faculty of Advanced Life Science, Hokkaido University, Sapporo, Japan.

Here we present a °C MAS SSNMR study of retinal-protein interactions in pharaonis
phoborhodopsin  (ppR), which is a microbial 7-transmembrane-helix protein. [15,
20-"*C]Retinal, [CC-"C]Tyr and [Ce-"C]Lys-labeled ppR and its mutants within the lipid
bilayer were prepared to investigate the conformation of residues in the vicinity of retinal.
The correlated peaks of Tyr174 and Lys205 with retinal were clearly appeared in 2D
proton-driven spin-diffusion (PDSD) NMR spectra. These NMR signals have revealed
structural information about retinal-binding site. In this presentation, we will describe the
application of solid-state NMR to probe the change of interaction between retinal and protein.

1. #i5 74 An RT3 2 (ppRITE EAF 4T 7 v 1 Y Y Natronomonas  pharaonis
HCAFET D TR ERL O Y o —fR 2 X7 B Td D (51 5826,000), ZDH
RIGIEA L TOD L FF— L ONRMEKEE & >l LT, %35 v T
AT 2= =B U RIEINE B ERET S Z LT, MEOSRISE THLAaDEM
MEREA BT 5, ppROFERAEE S L F F— L1213 Tyr1 743 X O\Thr204 37 &
LTWDHZ ENDhsTEBY (), ENEFNCERELEANT D & BlHISEITIRI oW
721, ZiLH OFRIEIIEERTUMO THEHETH D, £, ~U v 7 AFICALET
L2 OTyridfthon RF7 o 2RI BIZBNTHELSIRFINTEY, Vv FIh—u
EH RV BEOMEERZBRT S ETHOEBERTYyRLE TH 5, Frx 1Xn-sitt IR
-FEANMRZ W T, ZAVE TIZppRO L F F— )Lt B & R R O IZ o) L
T&E2Q) VFFT—1VDbFy 7 MEAZZEIZ L T, AW TldProton-Driven
Spin-Diffusion (PDSD)72 & D Fik % AW T L FF—/L L Tyr1 740 CHHEAE 5 2 B L,
TR DOHEICE VEERBICED a2 73 A= a VL ZRITT 5 Z &R
HCTH D,

[E{ANMR, “C-"CHafd, v FF—L

oMbLHLWT D, LV xH, BEOEML, PEHE LY, §L£2@H &,
MHRBE, 20nEIHETH
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2. ik PCRERNMAETppROFHEIIR D £ F50 T D, ppR/His-Tag” 7 A
I RZEA L7 KR#EBL2I(DE3)E A VT, [15, 20-PClER%k L F - — /b, [CT-"CTyr
B IO [Ce-"ClLysZ & TrMOSFHIZ L 0 KEFREBL L7z, Z Z COHENEA LI-CLotE
WEALX L F = L E O AEERARED 2 T A—v a VELEBIT 5201
WA LTz, 0%, SR, SmiEAn-dodecyl-p-D-maltoside (DDM)IZ & 5 ]
4. Ni-NTA resinlZ L D ¥ 21T -7, R LU7=mb ¥ /N7 B % Egg PCHEE K
(7 VIR ARSI 4°C)ICBio-Beads & VW TEVELL30(X > X7 B JRE) D EIE
CTHAERL L72(pH 7.0), T4 & [FIEEZR 15 TE BAR(T204A)C DWW T HIEK L7z, B&
Z8mgD & X B 24 mmOMAS T — % —|Z/8 v F 7 LT-, PCEAENMREE
IZBruker 600 MHz Avance 1143 g% HWT, 77U DU RD VR F 2 IVRFEDIE
5176.03 ppm (TMS 0 ppm) % FEHEIZ LT, MASIEIRE R $11.0 kHz, HEEE27°CD
FIETITo T2,

3. AEHL L % BC CP-MASHIE D HppRH D L FF— /L D200 & 150 DR FEDIE =
L. ENEIL13.5 ppm & 162.1 ppmiZBIH S 7z, ppRAUTITTIFRIE D Tyr, 2585 D
Lys(Z D9 H—2F L FF— & vy ZTHERES LTV ALys20) RN G £ T 5, =
AUH DTyr CCDfE Z1X155 ppmfFiTiZE 72 » THALZ, £72. Lys205DOfEFILLFF
—NnE Ty TR EZER L TWHT72H54.3 -
ppmis K RLys157 D15 51339.8 ppmiZ )i )& L 7=,

D3N T, PCAY AR AFIFY 52D PDSD
(REFE 500 ms)iZ k> T, LFF— 1 & Tyrl74
BLOLys205 ORI D 7 v A — 7 Z8H+ 5
ZENTEL, ZUITXY, 1578 ppmDfEH %
Tyrl 742078 L1z, = Df5 5 1ZCP-MAS T H 1L
TZ1VREEOTyr CCOE B D H b, i b IR
B 7= D CTTyr1741ZppR O Tyr D H1 T b JR
KEFREEEZALTNDZ EDNREBINTZE3),

— J5 TThr204 7% B K (T204A) D °C CP-MAS
NMR A7 fLTlE, VFF—L ETyrDfE 5
MENZAL L TND Z ERbnoTz, ZHUEThr204 & Tyrl 74D O KERES N HEL 72
HZEIZEo T, Tyrl7d& VFF— v EDMAERNEL LTz LB R Iib, 2
D XD REL X7 B OE T HOWTAEBSEAEIZT W HIERE27C. MR DN AR
RECHIET D Z T Lz, §lie £ CICERKE AW T=HEDOTyr1 740k %y 7

MM Z BEAICIEAT L. Tyrl 74RO 2 7 3 A — a VB b i T D FETH 5,

Retinal

1. VFF— i Ed Tyrl74
F X OV Thr204 DAL E (PDB:1jgj)

4. 2 K

(1) Y. Sudo, Y. Furutani, H. Kandori, J.L. Spudich (2006) J. Biol. Chem. 281 34239-34245.
(2) Y. Tomonaga, T. Hidaka, I. Kawamura, T. Nishio, K. Osawa, T. Okitsu, A. Wada, Y.
Sudo, N. Kamo, A. Ramamoorthy, A. Naito (2011) Biophys. J. 101 L50-L52.

(3) M. Eilers, J.A. Goncalves, S. Ahuja, C. Kirkup, A. Hirshfeld, C. Simmerling, P.J. Reeves,
M. Sheves, S.O. Smith (2012) J. Phys. Chem. B 116 10477-10489.
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Structural changes in the photo excited process in dark-adapted state of
Bacteriorhodopsin as studied by photoirradiation solid-state NMR

OAtrisu Shigeta', Ryota Miyasa', Miyako Horigome', Izuru Kawamura', Takashi Okitsu?,
Akimori Wada?, Satoru Tuzi’, and Akira Naito'

!Graduate School of Engineering, Yokohama National University, Kanagawa, Japan.

’Kobe Pharmaceutical University, Hyogo, Japan.

3Graduate School of Science, University of Hyogo, Hyogo, Japan

Bactriorhodopsin (BR) is an integral membrane protein that functions as a
light-driven proton pump and has retinal chromophore which forms two different
configurations of all-frans (AT) and 13-cis, 15-syn (CS) with 1:1 molar ratio (dark-adapted
state (DA)), and changes to ~100% AT under photoirradiation condition (light-adapted state
(LA)). In this study, retinal configuration change in BR was observed using [1-'*C]Tyr-,
[20-"3C]Retinal-BR by means of in situ photoirradiation SS-NMR. At 20°C, change from DA
to LA is seen; however, at —20°C, an CS-like intermediate (CS*) is observed stationary under
green light illumination. Large structural change was also observed in protein side in CS*.
These results suggest presence of a new photocycle, 1cks 1563 Y B_ﬂ:l'""””
starting from CS in which CS may play an 4 | Mlimms b
essential role in proton pump function.

13-cis, 15-syn

[FF3a] N2 7 U 4 a F7 2 o BR)EE LT

YR OSEBEIZHFEET D EE R 7 e f R Ly
VIRRE R O Y RV ETh A, R )

12 &0 all-trans (AT)IXZ K, L, M, N, O H K&
ZikCAT IR Y . O HZMRsMs ) )
Wt 5. —75 13-cis, 15-syn (CS)IERI D Fig. 1. CP-MAS Spectra of [20-°C]Ret-BR at -20C

EPFE?{Z'K%%%T AT K”jkﬂj’;—%) & %2‘ %j/l/ a TOp : D1, L1, Bottom : L1-D1
<5 b Top:L1, ,Bottom: -L1

[EANMR, X7 T U4 K7

OLFTEH T, BRIV L H72, 130 THARZ, bbb T 5, BE 27 L,
DIEHELY, DLELD, RVNEIHEH
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AWFZEIT SR ER NMR & VT, $FlcZ 0 CS O Ic BT 5 L FF—u
E XN BOBEELOfEAE BRI E L TITo 7,

[E8] LFF— L ZNEEY BT o7 GO EELEZ BT A7-DIC. &
W W O VT — )V RAEEE Halobacterium salinarum E1001 #£ % Fvy, [1-°C]Tyr-,
[20-"*C]Retinal-BR % 15 7=, HI/EIRE 1L 20°CH L U-20°CIZF%E L, Dark(D1)—Light(L1)
—Dark(D2)DJEFR CHIEZHEIT L T, LFF— b X o7 G OEEER & MR LTz,
FEHRST NMR HIEIE, 520nm LED 2 %7 7 A N—|2 &L 7 a—7IZEA L, REEN
2B IERN T2 HiEEZ AV, =~y 7 AElEE MAS(RHEE RS 4 kHz) 50 CREES
/3 fRBE CP-MAS NMR I 7E % Z 1124 20000 [EIFEHAT - 72,

(SR L5242 20C TR T2 2 L1z X0, BEIEERRE(AT (13.1 ppm) : CS (22.2
ppm) = 1:1)7> 5 BAJENRAE(~100% AT)IZZEL L7z, RIZ-20°CC, S5 L CS D
EEERE N LAT OALE & B HALE(19.7 ppm)iZ B — 27 3k L7z, (Fig.la) =
DFEFILCS L IIBID 13-cis LD FEFARCSWIEL L2 Z EEZ R L TWDH RN T,
FHRE 2 Y] D2 ARBEIZT 5 & CS*D B — 7 1% 6 RFREILANIZ AT 1224k L 7=, (Fig.1b)
PLEDORERD G, HIRHHC LY CS M HEE AT IZ2 b3 5D TlE7e<, CS*&#&H L
T AT BT D N oTz, 200CT CS DB TE oo 7-Dix, CS /D AT

(BRI D HENELS 220 . CS'OFMMNEL, FRTITHIR TE Rholzlnb s %
z%ﬂéo Fo, 20CIZHBNWT CSBEFMICBN S XY, CS & CS'DRH
WP D SE o TWD Z ENH LMo T2,

FATRFRIZ LD . AT 7217 T7< CS DAL 2DV A ZIVNTFEL, WL D0
@EPF'EWS%%O CENRMEINTWS, 2D L XY, CSUHCS KA Z oK

REMED 1 D TH D A[EEMEN TR S D, AT OXH A 7 o g, %Wk
ﬁﬁz)%;‘mﬁbt XV K FEESER S, BEFEFEL, M, N, 0)Z# CREEREIZRE

Do LU, EBRERNHIX, CS 74 M A 7 L OHfEHA CS-BR.,,
I 8% & CS TR BT .CS 7 B AT ~Z5{b % R8s \
DIFAEBHA LN o7, LEDZ L7206 BRIZITX 2 D & ‘ ®  Co.BR*
AR CS L AT 2 ETH 2007 + A ZIIVBNIFEET h J/KIL
HEEZLND,

REFIZE =X — LT\ Z 7 B/ O[1-BCITyr @ i
NMR {Z 5 D2k b LI SV TR L 725 8. 20C S, fw

clo

TIEMENARS 2> E)Eﬁmﬁhf 2L TH Tyr O 5(174.2 ppm & /
175.8 ppm)IZiFiE & A EZBEM A B2 > 7= DITx L,
CS*ikfE ‘i random coil 2> 5 « -helix ~D K = 7o 2 b \ wupp
BRI SNz, AT & CS DL E DX N7 EMEITITRE R
BRIV Z EnD, CS L FF— AN B LT 5 L & 4
NI BERNZOT HRRMD ST RE S HBEL{T 2 F6E

PEMEZ 55 Fig. 2. BR Photocycle as
revealed by these experiments
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Analysis of photoreaction pathway of sensor type photoreceptor membrane
protein by in situ photo irradiation solid-state NMR
OYoshiteru Makino', Yuya Tomonagal, Yusuke Shibafujil, Hiroki Yomoda',
Tetsurou Hidakal, Izuru Kawamural, Takashi Okitsuz, Akimori Wadaz,Yuki Sudo3,
Kamo Naoki*, and Akira Naito'
'Grad. Sch. Emg, Yokohama Natl Univ.
’Kobe Pharm Univ.
'Grad. Sch. Sci, Nagoya Univ.
*Grad. Sch. Life Sci, Hokkaido Univ.

Sensory rhodopsin is a photo receptor retinal protein with a congenital transducer protein.
Through the photo cycle, signal transfer to transducer protein to express function of negative
or positive phototaxis. ppR(pharaonis phoborhodopsin) from complex with a transducer
protein pHtrll to express negative phototaxis. To analyses photoreaction pathway, we
measured °C NMR under the photo irradiation using in situ photo irradiation CP-MAS NMR.
The result demonstrated that the conformational change occurred in the transmembrane region
of pHtrll, and some intermediates such as M, N, O were observed. In the same way, we
observed to photo activation pathways of s¥SRI. s#SRI shows mainly positive phototaxis,
while negative phototaxis under UV light. The result demonstrated color-discriminating
pathways of s¥SRI such as G—M, (green light) M—P(blue light),and G—P(blue light) .

(P ]

oYY —n R EEERERORTICHAET DV TF T — A2 N EHTH
D, TONZHREEL LRI EIX, Fig. LIORT K977 M A 7V ERETN DR A
DR R T, T AT a—YV—Z "I BEIEEEEEL, £ ADJE
MEZ 779, poR X Natronomonas pharaonis OFEFNIIFIET AW RIE S X7 ETHh
0. EERET CEADEBSImES NI E Hrll & 22 DEAIREZIR L, AN
EMEEMH -S> THD, L, ZONRISHEEE OFMIIRIZMH S TV, £,
srSRIVX Salinibacter ruber OIEHIIAFIET H1E & AAD T OYAEM 2 5 o A
in situ JCRRETEARNMR, X 2 E, P ) —a R 7w

OFZ2DLLTA, LR o, LIFSLWI T, LH7FE0AX,
OEINTDA9, b bWT5, BXxo-nL, bEbExs, ¥ X,
NHRBE, Wk obhEn

— 278 —



(i

52 STl B stSRID IR B :/wwmw; PR
~800 m

LTHRES < OBBRAB LR TR, o ‘I‘l -
TS ppR/pHtr ITE AR & srSRID Y 0 e

SRR A R B 7210, in situ YIRS l e

FEANRERE 2 VTSR T Tl \ovr T ;o

¥y 7 MEOELERIE LT, T Mma,

(BRI ] Fig. 1 Potocycle of ppR(A) and s*SRI(B)

PpoRE pHtrI1( 1-159) Z £ coli (BL21) ZHWTIHI L. [15-C, 20-"ClretinaliZ
kooR& R, [1-2C] Val, [2-%C] Gly, [3-"CIAlafS@kpHtrII( 1-159) k58I L7-, #
U6 ZEgg-PCHEE —E I ppR: pHtrII =2 : 20mol thlT 72 % X 9 IZ AR L7-, s7SRI
H [FARIC B S [15-1%C, 20-"Clretinal A% srSRI & PG FEAE AL L 7=, FFRERLIE D
ikl & in—sitwEIRE ERNMRIEIC K > THEBBE T ¢ C NMRAY RV ZHIE LT,
SRR D SEPRIZLED Y (520 nm, 365 nm) TH V. K7 7 A N —Z FHCRBVE (B #2
HWEBANLTZ T 74 N —ZNURGEHE 2 E i & 55 Z & T~ v 7 fal#i4 kHz
Talkh 2 @R EHE U2y RS ¢, "C NMRJIE Z1T 5 72,

[ 5L & &% ] 100
[ppR/ pHET TTHE SR O Y b L i 2 ] < -~ lipid |
PoR/ pHtr TTRE AR RS T 0 CIZHB W TRIREED & retinal
M I B L & L7 (Fig. 2), ZHUCPEV, Alald el
o - helix?>»BHrandom coi LITAIEZ L2 LT-, Z LI, 183 155
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Elucidation of Silk II Structure of Bombyx mori Silk Fibroin:
Use of DARR Method
OXKeiko Okushita', Atsushi Asano', Akihiro Aoki®, and Tetsuo Asakura®
! Department of Applied Chemistry, National Defense Academy, Kanagawa, Japan.
? Department of Technology, Tokyo University of Agriculture and Technology, Tokyo, Japan.
3 Institute for Molecular Science, Aichi, Japan.

The structure of the crystalline region of Bombyx mori silk fibroin changes from Silk I to Silk
II by spinning. Although the structure Silk I was already determined with solid state NMR,
the structure of Silk II has not been determined yet. Recently, a novel Ala-Gly (AG) model of
the Silk II consisting of two kinds of B-sheets with different inter-molecular arrangement and
distorted B-turn was proposed. In this study, we tried to elucidate the Cp-fraction (crystalline
fraction) with Silk II form on the basis of the build-up curves obtained from 2D "*C-"C
DARR measurements. At first, the validity of the build-up curve analysis was examined with
AP-B [U-C] Alay, where the structure was already determined by X-ray study. The error
range of the analysis was estimated to be (EV) = 0.31. Then, the 2D DARR spectrum of
[U-"*C] Cp-fraction was used to analyze the Silk II structure by paying attention to the
inter-molecular distances between Ser and Ala residues.

(HFx - BHY)
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HIt% DA AR K DG SL I Silk AL & MFEIE N 2 f
VIR IUMIEZ EDZ EDRHLILTEY, Z0O5H
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HINAH(Z 2 TiE Silk T REEEH T 5, 205
WAEzCp 7727 varédd),

Cp 77 7+ a v DEk °C CP/MAS NMR A2
7 l\/l/élio‘b\“(\ Ala—CB%Mmi\ ﬁﬁ’ﬁ'i:i *Eiﬁ Cp-fraction
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DE—I bR HFig ), 20 b, RbEMSE ol R
Mo =213, (bFT 7 b~y e A IR 30 N B ® 10
NMR Z V72 2 i Offdfr 5> & | Distorted B-turn Fig. 1 Ala-CB region of solid-state
g LIRE SN D . ZRLSL O 2 RO v — C CP/MAS NMR spectra
ZI3fEE IR O E —7 LIRE S, e &b 2 of (AG),sand Cp fraction’.

FRFADBY — MEEN D2 D &ffam SV TE TN,
Solid-state NMR, DARR , Silk fibroin, Silk II structure
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Fig.2 Schematic representation of analytical 2z - ¢ SerAla O E L KT v 7 h
process for the Silk II structure. The build-up — "% AG HEETFT /LD Ala-CB& Cp 7
curve was simulated from each -effective S g9 D Ser—CBb‘ilﬂ U= 3 5 &
BC-C distance (4, r) estimated from (AG);s. IRE L TR, T tED T,

Structure A | | Structure B
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MAS 11 kHz FC. C CP/MAS #Hli& & 2D DARR #IE%#1T7->7-, 2D DARR DR
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1. HEBEAMEEHT K 2 RE Ol L EER E

WOPATR Y — F[U-PC) Alay
DOAEE X XHRFEHTIC L 0
RENRENTWSHTD, iR
Wtz ORI WD Z &
MNTE 5, EH 2D DARR A
~7 FJ)U(Fig. 3a) D4 & — 7
B RS LBV R T v
7 71— Fig. 3b(@)D XL 9
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v 7 H— T () & DEX,
¥ A Fe i Z2(RMSD)IZ L D
I L7z, Teds, B— 2 BREE
(2 X % RMSD D@ v #{E1E
T 57D, FEROENLRT >
7 F—7 O KAE T RMSD
Z BikgAt L7 E(EV. Fig. 3¢)
HRRFZEOFHLEEM E L,
BRI SN2 — 27 ONY)
EV i 0.24, EV OFEHE(R
713017 TH o=, IKFEMA
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ZENBHLNRE -7 B R

(@) 7[ (b)l.z.g 4 5 6 7 8

T T
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100 g

Fig. 3 (a) "C CP/MAS and 2D DARR spectrum (7, = 100 ms)
of AP-B [U-"*C] Alay, (b) comparison between the observed (@)
and calculated (solid line) build-up curve, and (c) evaluation
value at each peak estimated from the normalized RMSD.

Numbers of (b) and (¢) correspond to the peak numbers in (a).

S35 L. BV EMEIL 0.19, FEUEMFZE 0.12 £ 720, EV=0.31(0.19+0.12 L V)E TD
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Fig. 4a IZIR AR 400 ms IZB1FHCp 7 7 7 3 D DARR A7 kL &R LT,
Fig.4a O —7 3 L 413, Ser-CRL Ser-CaD ™ —27 ThDH, ZNH2ODE—7 &

2QFEMHDOPY— MEE A & B2

H¥K9 25 Ala-CRE—7 8 & 7 Loz, ML — 27 n

BRI ST (Fig 4a FOOTHATLE—7), ZOZ LiE, Ser FEEEN 2 FHDOBL —
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[1] Asakura et al., Protein Sci. 2005, 14, 2654-2657.

60 50 40 30 20
Fig. 4 (a) °C 2D DARR spectrum of [U-">C] Cp-fraction
(7 = 400 ms). The cross peaks of Ser-Ala depicted by
broken lines and circles. (b) The (Ala-Cp)-(Ala-CB)
distances in the relation of intra- and inter-molecular

structure in AG model A and B.
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Fig. 5 Observed (®) and calculated
(solid line) build-up curves of a
(AI-CB)-(Ser-CP) correlated peak.
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Evaluation of metabolic dynamics in early stage growth using highly
13C/15N labeled trees

oRisa Oishi', Takanori Komatsu?, Amiu Shino?, Jun Kikuchi
'Grad. Sch. NanobioSci., Yokohama City Univ., ’Grad. Sch. Medical Life Sci., Yokohama City
Univ., RIKEN CSRS., “RIKEN BMEP.,”Grad. Sch. Bioagri., Nagoya Univ.

12345

Only few reports invested metabolic dynamics in woody plant by NMR. In this study, we
applied '*C/'SN-labeling techniques onto Azalea and investigate their metabolism in their early
stage growth using NMR. We had obtained 30-64% '*C-labeled Azalea. Using such highly
labeled plant samples, we proceed both solution and solid-state NMR analysis for carbon
metabolized biomass as well as nitrogen anabolism from rhizosphere.
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1)Kikuchi, J & Hirayama, K. (2007) Method. Mol. Biol. 358, 273-286.
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Structural analysis of proteins by paramagnetic relaxation enhancement of
C-NMR in solid states

OKouki Kido', Hajime Tamakil, Ayako Egawaz, Tomoshi Kameda3, Masakatsu Kamiya',
Takashi Kikukawa', Tomoyasu Aizawa', Keiichi Kawano', Toshimichi Fujiwara® and

Makoto Demura'

!Graduate School of Life Science, Hokkaido University, Sapporo, Japan.

Institute of Protein Research, Osaka University, Suita, Japan.

I Computational Biology Research Center, National Institute of Advanced Industrial Science
and Technology (AIST), Tokyo, Japan.

Paramagnetic relaxation enhancement (PRE) provides longer distance information than
NOE and spin diffusion. Thus, it is widely used for structure analysis of the biomolecules in
solution NMR. Recently, "N-PRE is applied to analysis protein backbone structures by
solid-state NMR. In contrast, ’C-PRE has an advantage that it provides not only backbone
information but also side-chain information. However, qualitative analysis of *C-PRE in
fully 13C labeled proteins is difficult due to spin-diffusion. In order to solve this problem, we
aimed to develop a method for the measurement of *C-PRE and the estimation of distance in
solid-state NMR. We will discuss the validity of distances derived from *C-PRE method.
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Fig.1 2D C-"C correlation spectra of
GBl. C’ region of 19EDTA-Mn*"

sample (A) and 19EDTA-Zn*" (B).

'Sengupta L., et al., Nat. Chem., 2012, 4, 410-417.
*Nadaud P. S, et al., J. Am. Chem. Soc., 2009, 131, 8108-8120.
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Living Escherichia coli cells as studied by 'H-NMR relaxation under Gd**
paramagnetism

OChalermpon Khampa', Ayako Egawa', Chojiro Kojima' and Toshimichi Fujiwara'

! Institute for Protein Research, Osaka University

A water component of an Escherichia coli sample containing glycerol and gadolinium (I1I)
ion was studied by '"H-NMR at 0°C. An analysis of relaxation curves revealed that water protons
in the E. coli sample in this study could be classified into two groups consisting of 1) the protons
of the intracellular water and 2) the protons of the extracellular water. The concentrations of the
free Gd**ion inside and outside the E. coli cells were also estimated from the experimental 'H-
NMR spectral intensities. This verified that most of the free Gd*" ions in this sample were
distributed in the extracellular solution. Thus, the extracellular free Gd*" ion could enhance the
relaxation rate of a molecule on the outer membrane of the E. coli cells. The apprehension of the
location of free Gd** ion in the E. coli sample will be utilized to develop the in-cell site specific
NMR spectroscopy technique. This study, furthermore, proved that Gd** permeated gradually into
the cells on the time scale of a day.

Introduction

The location of a protein in cell is essential to apprehend the biological functions. Even
though the using of paramagnetic relaxation enhancement (PRE) enables the NMR spectroscopy
to investigate these properties in a membrane-mimetic environment [1-2], the determination of the
protein location in cell is still difficult. In order to use the PRE of gadolinium (III) ion to examine
the location of the protein in the native cell, the understanding of the distribution of free Gd** ion
in the living cell sample is necessary.

Materials and Methods

This study utilizes the Gd** paramagnetism to study the water of E. coli cells. The
relaxation rate of the cellular water proton provides the concentration of free Gd*>* ion in the living
E. coli sample. The BL21 Star™ (DE3) E. coli was cultured in LB medium. The suspension of the
cell after washing and centrifugation was mixed with glycerol in order to prevent cell lysis due to
the strong ionic strength of the Gd*>* solution. The Gd** solutions with various concentrations were
finally added into the sample before the NMR experiment. (Figure 1.) The relaxation rates of
proton in the E. coli samples were measured by 500 and 700 MHz spectrometer, equipped with a
4.0 mm triple resonance probe using saturation recovery pulse. The relaxation curves were then

In-cell NMR, Paramagnetic Relaxation Enhancement, Gadolinium
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fitted with a multiple exponential relaxation function. The E. coli sample which did not contain
glycerol and Gd*" solution was lyophilized overnight. The final concentrations of Gd** ion in the
extracellular of E. coli sample were estimated based on the Iyophilization result and the statistical
data of E. coli.

Glycerol
T,
‘ Measurement

-

E. coli
L. coli

\ £

Lyophilization - Final Concentration of Gd**

Figure 1. Procedure of E. coli sample preparation
Results and Discussion

The relaxation curves of the E. coli sample containing Gd** ion were best fitted with the
double exponential relaxation function. This revealed that water protons in the E. coli sample in
this study could be classified into two groups consisting of 1) the protons of the intracellular water
and 2) the protons of the extracellular water. This also indicated that the distributions of free Gd**
ion inside and outside the cell were unequal. The extracellular proton should relax faster than the
intracellular proton. This result confirmed that most of the free Gd** ion was confined outside the
cell. (Figure 2.) Nevertheless, the relaxation rates of both intracellular proton and extracellular
proton increased when the concentration of Gd** ion was higher. This delineated that some of Gd**
ion could diffuse into the cell and enhance the relaxation rate of the intracellular proton. Moreover,
the fraction of each type of proton in each E. coli sample which different in Gd** concentration
was not constant. This reflected the response of E. coli against the raising of the extracellular Gd**

ion. E. coli cell allow flowing some water to reduce the extracellular osmotic pressure caused by
Gd** ion. [3]

The relaxation curve of the Gd**-free E. coli sample was also able to be fitted with the
double exponential relaxation function. The assignment of the proton components of this sample
was based on the comparison with the reference sample and the theoretical model. The 20% by
volume glycerol solution was prepared according to the lyophilization result to mimic the
extracellular solution of the E. coli sample. Its relaxation rate was close to the relaxation rate of
one of the proton components analyzed from relaxation curve. This component was, therefore,
identified as the extracellular proton. The relaxation rate of the other component was distinct from
the relaxation rate of the glycerol solution. This relaxation rate related to the cellular water model
of Persson and Halle. [4] Persson and Halle stated that the cellular water could be divided into the
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@ Glycerol @ Glycerol

Glycerol @ @ Glycerol @

Figure 2. Model for calculation the total concentration of extracellular Gd** ion

first hydration layer and the bulk water. The viscosity of the first hydration layer is about 15.6
folds higher than the bulk water. The correlation times of a water molecule in the first hydration
layer and the bulk water calculated from Persson-Halle model corresponded well with the
correlation times calculated from the experimental relaxation rate. Thus, this proton component
should be the intracellular proton.

The relaxivities, the enhanced relaxation rate per one unit of concentration of a
paramagnetic source, of Gd*" ion on the extracellular and intracellular proton were estimated from
the relaxation rates of the Gd**-free E. coli sample. This method resulted the relaxivities of Gd**
ion on the extracellular and intracellular proton of 43 and 23 sec’ mM™ respectively. These
relaxivities led to the concentrations of the extracellular and intracellular free Gd** ion. The
concentrations of the extracellular free Gd** ion were greater than the concentration of the
intracellular free Gd** ion. This verified that most of the free Gd>* ion in this sample was
distributed in the extracellular solution. The concentrations of the extracellular free Gd** ion were
related linearly to the total concentrations of Gd*" ion estimated from lyophilization result. In
contrast, there was no linear relation between the concentrations of intracellular free Gd** ion and
the total concentrations of Gd** ion. This observation should occur from the inhomogeneous
distribution of the Gd*" ion inside the E. coli cell.

The transportability of Gd** ion through the cell membrane was investigated by repeating
the NMR experiment of the same sample several times. The result described that Gd** ion could
pass into the cell on the time scale of a day. This study also recommended the NMR experiment
of living E. coli should be finished within a day.
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Conclusion

In conclusion, this study proved that most of the free Gd** ion in E. coli sample distributed
in the extracellular solution. Thus, the extracellular free Gd** ion could enhance the relaxation rate
of a molecule in the E. coli cells. The apprehension of the distribution of free Gd** ion in the E.
coli sample will be utilized to develop the in-cell site specific NMR spectroscopy technique.
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Amyloid-like fibrillization and the structure of human calcitonin in the
presence of acidic lipids

OAkira Asanol, Yuki Abel, Miya Kamihira-Ishij imaz, Hikari Itoh—Watanabel, [zuru
Kawamura', Ayyalusamy Ramamoorthy’, and Akira Naito'

! Graduate School of Engineering, Yokohama National University, Kanagawa, Japan.
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Human calcitonin (hCT) is a 32-residue peptide hormone, involves in bone calcium
metabolism and known as an amyloid peptide. However, the detailed fibrillization mechanism
has been not well understood. In this study, the structure and fibrillation kinetics of hCT in
solution containing neutral and acidic phospholipids (bicelles and micelles) were observed
using NMR and UV-Vis spectroscopies. The fibrillation kinetics was revealed using a
two-step autocatalytic reaction mechanism composed of fibril nucleation (k;) and fibril
elongation reactions (k;). In the presence of lipid, the first reaction was accelerated but the
second reaction was decelerated. The surface condensation effect and the electrostatic
interaction between hCT and lipid may play a significant role in fibril formation.
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Table 1. hCT D& FEEEL

MR [mg/ml] ki [s] k, [s'™M!]

IREEIR 80 2.71x107® 1.04x107
DMPC100% 20 5.81x10° 3.03x107
DMPG10% 20 8.97x10°° 1.10x107
DMPG15% 20 9.77x10°® 1.12x107
DMPG25% 20 2.90x107 5.95x107
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Liquid crystal 7CB—n-heptane mixture as studied by >’H NMR
oYoshihide Kumagai, Ryutaro Ohashi, Tomonori Ida, Motohiro Mizuno
Graduate School of Natural Science and Technology, Kanazawa University, Ishikawa, Japan.

4-Cyano-4'-heptylbiphenyl (abbreviated as 7CB) exhibits only the nematic phase as liquid
crystal phase. By adding n-heptane as solvent, the smetic A phase was induced in 7CB—
n-heptane system. Orientational order parameter S of n-heptane was estimated from the
quadrupole splitting of the “H NMR spectrum. In the nematic phase, S shows large
dependence on temperature compared with the dependence of S in the smectic A phase.

[% =] 4-alkyl-4’-cyanobiphenyl (nCB., n{X7 /L X /VEHHP DRFEE) 1T, Kimké L
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ne— H— ) CaHans1 1\/3\/\/57
=/ 7

nCB n-heptane

Fig. 1. Molecular structures of nCB and n-heptane.

Liquid crystal, Phase transition, deuterium
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Fig. 2. *H NMR spectrum of 7CB—n-heptane (n* =

8.4) at 283K. (a) is experimental spectrum , (b) is
simulation spectrum and (c) is each components of
simulation spectrum.
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Higher-order structure analysis of banana-shaped liquid crystal studied by
solid-state NMR and quantum chemistry

OYumi Endol,Saori kirnural,Saki Nakanishil,Tomoko Hashimotol,Kang Sungrninz,Masato
Sone® Junji Watanabez,Hirornichi Kurosu!

'Graduate School of Humanities and Sciences, Nara Women'’s University, Nara, Japan.
’Department of Organic and Polymeric Materials, Tokyo Institute of Technology, Tokyo,
Japan

I Precision and Intelligence Laboratory, Tokyo Institute of Technology, Tokyo, Japan

Solid-state *C nuclear magnetic resonance (NMR) measurements were performed for the B7
phase of the banana-shaped molecule P-8-O-PIMB (NO,). In this phase, NMR chemical shifts
assigned to five methylene carbons on the alkyl tail appear as at least seven peaks, indicating
that the two alkyl tails within a single molecule have different packing structures. Combined
CP/MAS and PST/MAS measurements show that one of the alkyl tails has dense packing
with low molecular mobility and the other has loose packing with high molecular mobility.
Thus, it can be concluded that both the polar bent and molecular axes are tilted toward the
layer in the B7 phase of P-8-O-PIMB(NO,), exhibiting molecular leaning. Then, quantum
chemical calculations of NMR shieldings for three molecules model have been carried out.
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Figure 2 Expanded “C (a)CP/MAS (b)PST/MAS NMR spectra of P-8-O-PIMB(NO2) and
peak fitting (using ten decomposed peaks) at 135°C(B7 phase).
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The structures and gas diffusion properties of the magnetically oriented
membranes of liquid crystalline polyester forming the layered structures as
studied by NMR methods

ORyota Asanuma', and Hiroaki Yoshimizu'

! Graduate school of Engineering, Nagoya Institute of Technology

The all aromatic polyester with n-alkyl side chain, B-Cn is one of the thermotropic liquid
crystalline polymers. The main chain and side chain layers are formed by parallel-aligning at
one molecular level. This characteristic higher-ordered structure of B-Cn is named to layered
structure. In the side chain layer, their thickness is easily controlled with the number of
carbon of the alkyl side chain, and it was confirmed that the gas sorption occur only in there.
The permselectivity of gases can be changed with variation of the side chain layer. The
diffusibity of gases can be improvement by magnetic orientation of the layered structure. In
this study, the anisotropical diffusion properties of the magnetically oriented B-Cn
membranes were observed by NMR methods.
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%Xe NMR analyses of Xe sorption properties and
higher-ordered structure of polycarbonate

OTomoaki Higuchi', and Hiroaki Y oshimizu'
]Gmduate School of Engineering, Nagoya insitute od Technology

In the glassy polymers,a part of the micro spaces between polymer chains,which is called it
microvoid, is considered as the unrelaxed volume. Slowly cooled, melt quenched, and
CO»-conditioned membranes of polycarbonate were prepared. Xe sorption and '**Xe NMR
measurements were performed using three polycarbonate membranes. It was confirmed that
the microvoid size was changed by some processings, such as slowly and rapidly cooling, and
CO;-conditioning.
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