
第４９回NMR討論会 
The 49th Annual Meeting of the Nuclear Magnetic Resonance Society of Japan 

 
会 期： 2010 年 11 月 15 日(月)，16 日(火)，17 日(水) 

November 15 (Mon.) – 17 (Wed.), 2010 
会 場： タワーホール船堀 

Tower Hall Funabori 
〒134-0091 東京都江戸川区船堀 4-1-1，Tel: 03-5676-2211 

共 催： 新学術領域研究「過渡的複合体が関わる生命現象の統合的理解」 

 
 

第 1 日目 11 月 15 日（月）/ Day 1 (Nov. 15, Mon.) 
日本語セッション / Japanese session 

 
9:25～9:30 
開会の挨拶 日本核磁気共鳴学会会長 

9:30～10:45 
座長 児嶋 長次郎 
 
L1 過渡的に形成される立体構造の常磁性緩和効果による解析 

Structural studies of transient structures using PRE 
○三島 正規 1，金場 哲平 1，伊藤 隆 1，箱嶋 敏雄 2，三神 すずか 1（1首都大理工，2奈良先端
情報） 

 
L2 45 kDa プロテインキナーゼ VRK1 の NMR 構造解析 

NMR structural analysis of 45 kDa protein kinase, VRK1 
○栃尾 尚哉 1，小柴 生造 1,2，横山 順 3，横山 茂之 1,4，Ho Sup Yoon5，木川 隆則 1,6（1理研生
命分子システム基盤，2 横浜市大・院生命ナノシステム，3 大陽日酸株式会社，4 東大・院理，
5ナンヤン工科大 SBS，6東工大・院総理工） 

 
L3 Deuterium-decoupled 3D HCA(N)CO に支援された重水溶媒中におけるタンパク質の立体

構造解析 
Structure determination of proteins in 2H2O solution aided by a deuterium-decoupled 3D HCA(N)CO 
experiment 
○小椋 賢治，久米田 博之，稲垣 冬彦（北大先端生命） 

 
10:45～11:35 
座長 神田 大輔 
 
L4 蛋白質側鎖 OH/SH の水素交換速度の解析 

NMR Hydrogen exchange study of side-chain OH/SH groups in proteins 
○武田 光広 1，Chun-Jiun Yang2，JunGoo Jee2，小野 明 3，寺内 勉 3，甲斐荘 正恒 1,2（1名大理， 
2首都大，3SAIL テクノロジーズ） 

 
L5 高圧力 NMR 法による Lys48 結合型ジユビキチンの構造揺らぎ 

High-pressure NMR characterizes conformational fluctuation of Lys48-linked diubiquitin 
○北原 亮 1，平野 貴志 2，矢木 真穂 2,3，秦 和澄 1，赤坂 一之 4，加藤 晃一 2,3（1立命大薬， 
2名市大院薬，3岡崎統合バイオ，4近大高圧研） 

11:35～12:05 
日本核磁気共鳴学会総会 

Meeting of the NMR Society of Japan 
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12:05～13:05 昼食 / Lunch 
 
13:05～14:35 
ポスターセッション（偶数番号） 

Poster Session (even numbers) 
 
若手ポスター賞ポスター発表審査 

Poster presentations for Young Scientists Poster Awards 

14:35～18:00 
若手ポスター賞口頭発表審査 

Oral presentations for Young Scientists Poster Awards 
 
14:35～15:25 
座長 朝倉 哲郎、藤原 敏道 

 
YP1 42 残基のアミロイド（A42）凝集体におけるクルクミンの相互作用部位の固体 NMR

による解析 
Analysis of interaction sites of curcumin with the fibrils of 42-residue amyloid -protein(A 42) using 
solid-state NMR 
○増田 裕一 1，福地 将志 1，谷田川 達也 1，武田 和行 1，入江 一浩 2，竹腰 清乃理 1（1京大理，
2京大農） 

 
YP2 固体 NMR による脂質膜表面において誘起される SWAP-70 PH ドメインの構造変化およ

び機能の解析 
A Solid-state NMR study of structural alteration and function of the PH domain induced at the membrane 
surface 
○徳田 尚美 1，川合 克久 1，八木澤 仁 1，福井 泰久 2，辻 暁 1（1兵庫県立大学大学院 生命理
学研究科，2Natl. Hlth. Res. Inst., Taiwan） 

 
YP3 固体NMR法およびgauge-including projector augmented-wave(GIPAW)法による有機凝集構

造の解析と構造精密化 
Structural analysis and refinement of organic aggregation structure by combination of the solid-state NMR 
spectroscopy and the gauge-including projector augmented-wave (GIPAW) calculation  
○鈴木 不律，梶 弘典（京大化研） 

 
YP4 光照射固体 NMR による光受容タンパク質 ppR-pHtrII 複合体の負の走光性発現に関わる

Tyr174 の局所動的構造変化の解析 
Analysis of local dynamical and structural change at Tyr174 of photoreceptor protein ppR-pHtrII complex 
in relation to the negative phototaxis by in situ photo-irradiated solid-state NMR 
〇日高 徹郎 1，友永 雄也 1，川村 出 1，和田 昭盛 2，須藤 雄気 3，加茂 直樹 4，内藤 晶 1 

（1 横浜国立大学大学院工学府，2 神戸薬科大学薬学部，3 名古屋大学大学院理学研究科，4 松山大
学薬学部） 

 
YP5 6Li MAS NMR による LiCoO2の微視的機構の解析:イオン拡散とスピン拡散 

6Li MAS NMR of LiCoO2 from a microscopic viewpoint: ion diffusion and spin diffusion 
○野田 泰斗 1，水野 敬 2，竹腰 清乃理 1（1京大理，2日本電子(株)） 

 
15:25～16：05 
座長 池上 貴久、加藤 晃一 
 
YP6 地磁気 NMR を用いたボトル内液体物の検査 

Screening bottled liquids using Earth's Field NMR 
○渡邉 翔大 1，赤羽 英夫 1，糸﨑 秀夫 1（1大阪大学院基礎工学研究科糸崎研究室） 
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YP7 NQR リモートセンシングの電磁界シミュレーション 

Electromagnetic simulators of NQR remote sensing 
○中原 優 1，糸崎 秀夫 1，赤羽 英夫 1，篠原 淳一郎 1（1大阪大学院基礎工学研究科糸崎研究室） 

 
YP8 廃水・廃棄物処理系バイオプロセスにおける 13C 結晶セルロース分解過程の固・液時系

列変動データマイニング 
Data mining of solid to solution dynamics during 13C crystal cellulose degradation in the waste disposal 
bioprocess 
○飯倉 智弘 1,2，伊達 康博 1,2，山澤 哲 3，菊地 淳 1,2,4,5（1横市院生命，2理研 PSC，3鹿島技研，
4理研 BMEP，5名大院生命農） 

 
YP9 バイオマス・プロファイリングの実用に向けたサンプル条件の縦横的探索 

Correlation exploration of pretreatment conditions for application of biomass profiling. 
○篠 阿弥宇 1，坪井 裕理 2，林 裕志 3，菊地 淳 1,3,4,5（1理研 PSC，2理研 ASI，3横市大院生命，
4名大院生命農，5理研 BMEP） 

 
16:05～16:20  休憩 / Break 
 
16:20～17:10 
座長 河合 剛太、若松 馨 
 
YP10 N…H…O 水素結合におけるプロトン移動ポテンシャル解明への核磁気緩和の適用 

Application of nuclear magnetic relaxation to elucidation of proton transfer potential of N…H…O type 
hydrogen bond 
○仲野 朋子 1，益田 祐一 1（1お茶大院・理） 

 
YP11 13C メチル基をプローブとして用いるリジン側鎖を介した塩橋の解析法の開発 

A method developed for analysis of salt bridges mediated by lysine side chains using 13C-methyl groups as 
probes 
○服部 良一 1,2，大木 出 2，古板 恭子 1，池上 貴久 1，深田 はるみ 3，白川 昌宏 4，藤原 敏道 1，
児嶋 長次郎 1,2（1阪大・蛋白研，2奈良先端大・バイオ，3阪府大・生命環境，4京大・工） 

 
YP12 ホスト-ゲスト化学による磁場配向誘起を用いた RDC 構造解析 

Structural Analysis with RDC induced by host-guest chemistry 
○諸原 理 1，藤田 大士 1，佐藤 宗太 1，山口 芳樹 2，加藤 晃一 3,4,5，藤田 誠 1,5（1東大院工，
2理研，3名市大院薬，4岡崎統合バイオ，5CREST） 

 
YP13 Nonlinear sampling と 3D MaxEnt を用いた迅速な 4D NOESY 測定の有用性の検証 

Application of nonlinear sampling and 3D MaxEnt processing to 4D NOESY experiments 
○重光 佳基 1，池谷 鉄兵 1,2，土江 祐介 1，三島 正規 1，Daniel Nietlispach3，Markus Waelchli4，
PeterGuentert2，Brian O. Smith5， 伊藤 隆 1（1首都大理工，2Institute of Biophysical Chemistry, J. W. 
Goethe-University Frankfurt，3Department of chemistry, University of Cambridge，4ブルカーバイオスピ
ン，5Division of Biochemistry and Molecular Biology, University of Glasgow） 

 
YP14 イノシトールリン脂質組み込み Nanodisc を用いたタンパク質－膜間相互作用解析 

Phosphoinositide incorporated Nanodisc:A tool for studying protein-membrane interactions 
○吉田 直樹 1，小橋川 敬博 2，原田 幸祐 1，小椋 賢治 2，横川 真梨子 2，稲垣 冬彦 2（1北大院
生命科学構造生物，2北大先端生命構造生物） 

 
17:10～18:00 
座長 片平 正人、廣明 秀一 
 
YP15 カルモジュリン C 末端残基の構造と機能における役割 

The role of C-terminal residues of calmodulin on its structure and function 
○黄 多率１，北川 千尋 2，中冨 晶子 2，大木 進野 1（1北陸先端大学院大，2北大） 
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YP16 放線菌由来カリウムチャネル KcsA のゲーティング機構の構造生物学的解析 

Structural basis underlying the dual gate properties of KcsA 
○今井 駿輔 1，大澤 匡範 1，竹内 恒 1，嶋田 一夫 1,2（1東大薬，2BIRC/AIST） 

 
YP17 NMR スピンラベル法を用いた酵母ミトコンドリア酸化還元トランスロケータ Tim40 と

FAD 結合型酸化酵素 Erv1 の相互作用解析 
NMR spin-label analysis on the interactions between an oxidative translocator Tim40 and a FAD-linked 
sulfhydryl oxidase Erv1 in yeast mitochondria 
○安西 高廣 1，河野 慎 1，寺尾 佳代子 1，遠藤 斗志也 1（1名大院理） 

 
YP18 マウスフェロモン ESP1―受容体間相互作用の構造生物学的研究 

Structural study of interactions between mouse pheromone ESP1 and ESP1 receptor 
○平金 真 1，吉永 壮佐 1，佐藤 徹 2，はが 紗智子 2，嶋田 一夫 3，東原 和成 2，寺沢 宏明 1

（1熊大院薬，2東大院農学生命，3東大院薬） 
 
YP19 転写抑制コファクターSHARP/SMRT 複合体の試料調製及び構造解析 

Structural studies on the transcriptional corepressor complex SHARP/SMRT and its preparation  
○三神 すずか，伊藤 隆，三島 正規（首都大理） 

18:10～ 
日本核磁気共鳴学会評議員会（401 会議室） 
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第 2 日目 11 月 16 日（火）/ Day 2 (Nov. 16, Tue.) 

英語セッション / English session 
 
9:30～10:35 
Chairperson: Hideo Akutsu 
 
L6 Application of sulfobetaines to solution NMR of proteins and peptides 

○Kaori Wakamatsu1, Haimei Wang1, Kazuki Igarashi1, Ayumi Kamiya1, Masahiko Takahashi1, Fukuei 
Tezuka1, Long Xiang1, Takeshi Ishii1, Kazuo Hosoda1, Nobukazu Nameki1, Kenji Sugase2 (1Grad. Sch. 
Eng., Gunma Univ., 2Suntory Inst. Bioorg. Res.) 

 
L7 Invited Lecture 1 

Allosteric Control of Environmental Sensors 
○Kevin Gardner (Departments of Biochemistry and Pharmacology, University of Texas Southwestern 
Medical Center, Dallas, TX USA) 

 
 
10:35～10:50  Break / 休憩 
 
10:50～12:20 
Chairperson: Fuyuhiko Inagaki 
 
L8 Structure of RNA aptamer:prion protein complex and sliding of A3G on DNA 

Ayako Furukawa1, Tsukasa Mashima1, Ryo Iwaoka1, Takafumi Koshida1, Takashi Nagata2, Ryo Morishita3, 
Akihide Ryo4, Akifumi Takaori5, Fumiko Nishikawa6, Satoshi Nishikawa6, ○Masato Katahira1 (1Inst. 
Advanced Energy, Kyoto Univ., 2Nanobio., Yokohama City Univ., 3CellFree Sci., 4Grad. Sch. Med., 
Yokohama City Univ., 5Grad. Sch. Med., Kyoto Univ., 6AIST) 

 
L9 STRUCTURE AND FUNCTION OF THE N-TERMINAL NUCLEOLIN BINDING 

DOMAINOF NUCLEAR VALOCINE CONTAINING PROTEIN LIKE 2 (NVL2) 
Yoshie Fujiwara1, Ken-ichiro Fujiwara2, Natsuko Goda1, NaokoIwaya3, Takeshi Tenno1, Masahiro 
Shirakawa3, ○Hidekazu Hiroaki1 (1Grad.Sc.Med., Kobe Univ., 2Shionogi Co Ltd., 3Grad.Sch.Eng., Kyoto 
Univ.) 

 
L10 Invited Lecture 2 

NMR-based structural analysis of (large) protein complexes in solution 
Tobias Madl1,2, Bernd Simon3, Frank Gabel4, Cameron D. Mackereth5, Michael Nilges6, ○Michael 
Sattler1,2 (1Helmholtz Zentrum München, Neuherberg, Germany; 2TU München, Garching, Germany 
3EMBL, Heidelberg, Germany; 4Institut de Biologie Structurale, Grenoble, France; 5Institut Européen de 
Chimie & Biologie (IECB), Pessac, France; 6Institut Pasteur, Paris, France) 

 

12:20～13:50  Lunch / 昼食 
（12:20～13:40 新評議員会と新理事会（401 会議室）） 

13:50～14:40 
Chairperson: Kiyonori Takegoshi 
 
L11 High Field, High  Sensitivity Solid-State NMR at 14T by Dynamic Nuclear Polarization  

(DNP) 
○Yoh Matsuki1, Hiroki Takahashi1, Keisuke Ueda1, Toshitaka Idehara2, Isamu Ogawa2, Shinji Nakamura3, 
Mitsuru Toda3, Takahiro Anai3, Hideo Akutsu1, Toshimichi Fujiwara1 (1 Institute for  Protein Research, 
Osaka University, 2Research Center for Development of Far-Infrared Region, University of Fukui, 3JEOL) 

 

－15－



L12 Detection of photo-intermediates in retinal proteins by in-situ photo-irradiated solid-state 
NMR 
○Akira Naito, Yuya Tomonaga1, Tetsurou Hidaka1, Izutu Kawamura1, Takudo Nishio1, Kazuhiro Ohsawa1, 
Akimari Wada2, Yuki Sudo3, Naoki Kamo4 (1Grad. Sch. Eng. Yokohama Natl Univ, 2Kobe Pharm. Univ., 
3Grad. Sch. Sci. Nagaya Univ. 4Dept. Pharm. Matsuyama Univ.) 

 
14:40～15:20 
Chairperson: Takehiko Terao 
 
L13 Honorary Lecture 

NMR and MRI in Chemistry and Biomedical Physics & Engineering:My Research Profile of 43 
Years in University 
○Hideaki Fujiwara (Department of Medical Physics and Engineering, Division of Health Sciences, 
Graduate School of Medicine, Osaka Universit) 

 
15:25～15:35 Break / 休憩 
 
15:35～16:00 
Chairperson: Yutaka Ito 
 
L14 Protein structural determination using orientation induced TROSY shift changes 

○Shin-ichi Tate (Grad. Sch. Sci., Hiroshima Univ.) 
 
16:00～16:40 
Chairperson: Yoshifumi Nishimura 
 
L15 Invited Lecture 3 

Structure determination of the helical 7-transmembrane receptor sensory rhodopsin 
○Daniel Nietlispach, Antoine Gautier, John P. Kirkpatrick, Helen R. Mott, Mark J. Bostock (Department 
of Biochemistry, University of Cambridge) 

 
16:40～18:00 
Chairperson: Masatsune Kainosho 
 
L16 Invited Lecture 4 

Probing cancer cell signaling by NMR: structure, interaction, and kinetics of the small GTPase cycle 
Christopher B. Marshall, Mohammad Mazhab-Jafari, David Meiri, Geneviève M.C. Gasmi-Seabrook, 
Jason Ho, Robert Rottapel, Vuk Stambolic, and ○Mitsu Ikura (Division of Signaling Biology, Ontario 
Cancer Institute and Department of Medical Biophysics, University of Toronto) 

 
L17 Invited Lecture 5 

Chemical shifts and dipolar couplings: how can they help? 
Justin Lorieau, Nick Fitzkee, Alex Grishaev, John Louis, Yang Shen, and ○Ad Bax (Laboratory of 
Chemical Physics, NIDDK, NIH) 

 

18:00～20:30 
Banquet / 懇親会 (Tower Hall 2F 桃源) 
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第 3 日目 11 月 17 日（水）/ Day 3 (Nov. 17, Wed.) 

日本語セッション / Japanese session 
 
9:30～10:45 
座長 楯 真一 
 
L18 Automated protein structure determinations from minimal sets of spectra using FLYA 

○池谷 鉄兵 1,2，池 晙求 3，浜津 順平 1，三島 正規 1，伊藤 隆 1，甲斐荘 正恒 3,4，Peter Guentert2
（1首都大理工，2Goethe-University Frankfurt 生物物理，3首都大戦略研究センター，4名大構造生物
学センター） 

 
L19 高分子量蛋白質の構造解析に適した安定同位体ラベル法および測定法の開発 

Development of labeling strategies and pulse sequences suitable for structural analyses of large proteins 
○竹内 恒 1,2，高橋 栄夫 1,3，嶋田 一夫 1,4，Gerhard Wagner2（1産総研・バイオメディナル情報
研究センター，2ハーバード大医，3横浜市大院・生命ナノ，4東大院薬） 

 
L20 緩和分散解析用プログラム GLOVE 

Processing relaxation dispersion data with a new software GLOVE 
○菅瀬 謙治 1,2，Jonathan C. Lansing2，Peter E. Wright2 （1サントリー生有研，2The Scripps Res. Inst.） 

 
10:45～11:00 休憩 / Break 
 
11:00～12:15 
座長 山本 泰彦 
 
L21 家蚕絹フィブロイン結晶部モデルペプチドのラメラ構造に関する固体 NMR 構造解析 

Structural analysis of synthetic model peptides from crystalline domain of Bombyx mori silk fibroin using 
solid state NMR 
○鈴木 悠，小川 達也，朝倉 哲郎（農工大工） 

 
L22 チオフラビン T が結合するポリグルタミン局所構造の固体 NMR 研究 

Solid state NMR study on thioflavin T-bound polyglutamine local structure 
○松岡 茂 1，村井 元紀 1，山崎 俊夫 2，井上 将行 1（1東大院薬，2理研 SSBC） 

 
L23 脂質ラフトにおける分子間相互作用の固体 NMR 解析 

Solid-State NMR Studies on Molecular Interactions in Lipid Rafts 
○松森 信明，山口 敏幸，鈴木 孝，前田 佳子，安田 智一，岡崎 宏紀，大石 徹，村田 道雄
（阪大院理） 

12:15～13:15 昼食 / Lunch 
 
13:15～14:45 
ポスターセッション（奇数番号） 
Poster Session (odd numbers) 

14:45～16:00 
座長 内藤 晶 
 
L24 NMR の信号と雑音 

NMR signal and noise 
○竹腰 清乃理（1京大理） 
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L25 マジック角円板回転法：薄膜試料のための新しい高分解能固体 NMR 法 
DISK MAS: High-resolution solid-state NMR of a thin-film on a spinning disk at the magic-angle 
○犬飼 宗弘 1，野田 泰斗 1（1京大理） 

 
L26 ヒト脳組織の T2緩和機構 

Mechanisms of T2 relaxation of tissue water in human brain  
○三森 文行 1，渡邉 英宏 1，高屋 展宏 1，Michael Garwood2，Edward J. Auerbach2（1国立環境研究
所，2Univ. of Minnesota） 

 
16:00～16:15  休憩 / Break 
 
16:15～16:40 
座長 三森 文行 
 
L27 衣食住への植物バイオマス有効活用化を目指した異種相関解析技術の構築 

Development of hetero correlation methods for effective use of plant biomass  
○菊地 淳 1,2,3,4，伊達 康博 1,3，坂田 研二 3，福田 真嗣 5，近山 英輔 1,3（1理研 PSC，2理研 BMEP，
3横市院生命，4名大院生命農，5理研 RCAI） 

 
16:40～17:30 
座長 林 繁信 
 
L28 固体 15N NMR 法を用いたカーボンアロイ触媒の酸素還元活性の研究 

Oxygen Reduction Activity of Pyrolyzed Polypyrroles studied by 15^N solid-state NMR 
○黒木 重樹（東工大・院・理工） 

 
L29 固体 NMR による Al-MCM-41 ならびに類似触媒材料中の Al の配位環境解析 

Solid-state NMR Analysis of Coordination Environment of Al in Al-MCM-41 and related catalyst materials 
○高橋 利和，岩浪 克之，林 繁信，坂倉 俊康、安田 弘之（産総研） 

17:30～17:35 
閉会の挨拶 第 49 回 NMR 討論会世話人代表 

 
 

－18－



 

一般ポスター発表 / Poster presentation 
 
P1 固液界面における分子間相互作用の構造生物学的解析法の開発 

Transferred Cross-Saturation Method under Magic Angle Spinning for Structural Analyses of Protein  
- Protein Interaction at the Solid - Liquid Interface 
○豊永 翔 1，大澤 匡範 1，横川 真梨子 1，嶋田 一夫 1,2（1東大・院薬系，2産総研・バイオメデ
ィシナル情報研究センター） 

 
P2 新しい NMR 差スペクトル法 

New NMR Difference Spectroscopy 
○鵜澤 洵 1，久保田 由美子 2，堀 浩 3，関 宏子 4，丑田 公規 1（1理研基幹研，2微化研， 

3玉川大生命科学部，4千葉大分析センター） 
 
P3 低分子リガンド-標的タンパク質の新規エピトープマッピング法 

A novel epitope-mapping method by NMR 
○水越 弓子 1,2，阿部 綾 1,2，竹内 恒 2，嶋田 一夫 2,3，高橋 栄夫 2,4（1(社)バイオ産業情報化
コンソーシアム，2 (独)産総研・バイオメディシナル情報研究センター，3 東大薬, 4横浜市大院・
生命ナノ） 

 
P4 常磁性ランタニ ドプローブ法を用いた薬剤探索 

Paramagnetic lanthanide probe as a tool for drug discovery 
○斉尾 智英 1，小椋 賢治 2，小橋川 敬博 2，横地 政志 2，稲垣 冬彦 2（1北大生命，2北大先端生
命） 

 
P5 950 MHz NMR による蛋白質の 13C 直接観測 

13C-direct detection of protein using 950 MHz NMR 
○古板 恭子 1，池上 貴久 1，藤原 敏道 1，児嶋 長次郎 1,2（1阪大・蛋白研，2奈良先端大・バイ
オ） 

 
P6 バイオマスの特性とその分解に関わる微生物叢の共相関解析の試み 

Correlation analysis of the microbiota responsible for a variety of biomass characters 
○小倉 立己 1，伊達 康博 1,2，菊地 淳 1,2,3,4（1横市大院生命，2理研 PSC，3名大院生命農， 
4理研 BMEP） 

 
P7 The Orange Domain of Basic-Helix-Loop-Helix Transcription Factor SHARP2 binds to class B 

E-box sequence 
Mohammed S. Mustak1, Riyo Yoshikawa1, Kazuya Takahashi1, Ojeiru F. Ezomo1, Yuta Nakamura1, 
KazuyaYamada2, ○Shunsuke Meshitsuka1 (1Institute of Regenerative Medicine and Biofunction, Graduate 
School of Medical Science, Tottori University, 86 Nishi-machi, Yonago 683-8503, Japan. 2Department of 
Health and Nutritional Science, Faculty of Human Health Science, Matsumoto University, 2095-1 Niimura, 
Matsumoto, Nagano 390-1295 Japan) 

 
P8 プリオンタンパク質への結合様式による抗プリオン化合物の分類と作用機構の解明 

Classification of anti-prion compounds based on the binding properties of prion proteins 
○鎌足 雄司，早野 陽介，山口 圭一，細川-武藤 淳二，桑田 一夫（岐阜大学人獣感染防御研究
センター） 

 
P9 Musashi1 タンパク質－標的 RNA 複合体に含まれる新たな核酸塩基認識機構 

NMR Study of Musashi1 in complex with target RNA: The role of Aromatic stacking for specific RNA 
recognition 
○大山 貴子 1，永田 崇 2，今井 貴雄 3，岡野 栄之 3，山崎 俊夫 1，片平 正人 4（1理研・生命分
子システム，2横市大院・生命ナノシステム，3慶大・医、4京大・エネルギー理工学研究所） 

 
 
 
 

－19－



P10 乾燥・高塩およびジャスモン酸によって誘導されるイネ根特異的タンパク質 RSOsPR10
の構造機能解析 
Structure and function relationships of rice protein RSOsPR10, which is specifically induced in roots by 
drought, salt and jasmonic acid 
○鈴木 倫太郎，藤本 瑞，土屋 渉，山崎 俊正（農業生物資源研究所） 

 
P11 IgA1ヒンジ領域のPro残基シス／トランス異性化平衡への糖鎖付加の影響とその構造的

要因 
Structural basis for the effect of glycosylation on cis/trans isomerization of prolines in IgA1-hinge peptide 
◯山崎 和彦 1，成松 由規 2，古川 早苗 2，森井 尚之 1，成松 久 2，久保田 智巳 2（1産総研・バ
イオメディカル，2産総研・糖鎖医工） 

 
P12 Mapping the Interactions of the Intrinsically Disordered p53 Transactivation Subdomains with 

the TAZ2 Domain of CBP by NMR 
○新井 宗仁 1,2，Josephine C. Ferreon1，H. Jane Dyson1，Peter E. Wright1（1The Scripps Research Institute，
2東大総文） 

 
P13 Major facilitator superfamily トランスポーターLacY の輸送機構の解明 

Elucidation of the transport mechanism of the major facilitator superfamily transporter LacY 
○古川 大祐 1，吉浦 知絵 1，町山 麻子 1，湊 雄一 1，上田 卓見 1，嶋田 一夫 1,2（1東大・院薬
系，2産総研・バイオメディシナル情報研究センター） 

 
P14 細胞質ダイニンの微小管親和性制御機構の解明 

Structural Mechanism for Affinity-Regulation of Cytoplasmic Dynein  
○宝田 理 1，西田 紀貴 1，吉川 雅英 2，嶋田 一夫 1,3（1東大薬，2東大医，3BIRC, AIST） 

 
P15 In-cell NMR 法を用いた生細胞内におけるプロテイン G B1 ドメインの高次構造解析 

Structure determination of protein G B1 domain in living cells by in-cell NMR spectroscopy 
○花島 知美 1，浜津 順平 1，池谷 鉄平 1，三島 正規 1，Peter G・ntert2，白川 昌宏 3，伊藤 隆 1

（1首都大院・理工，2Frankfurt 大，3京大院・工） 
 
P16 転移交差飽和法を用いたインスリン－インスリン受容体の相互作用解析 

Direct Determination of the Insulin-Insulin Receptor Interface Using Transferred Cross-Saturation 
Experiments 
○中村 壮史 1,2,3，高橋 栄夫 3，高橋 三雄 1，榛葉 信久 1,2,3，鈴木 榮一郎 1,2，嶋田 一夫 3,4 

（1味の素ライフ研，2バイオ産業情報化コンソーシアム，3産総研 BIRC，4東大薬） 
 
P17 気孔密度を正に制御するストマジェンの構造解析 

Structure analysis of Stomagen: a positive regulator of stomatal density 
○竹内 誠 1，菅野 茂夫 2，嶋田 知生 2，西村 いくこ 2，森 正之 3,4，大木 進野 1,4（1北陸先端
大学院大，2京大理，3石川県立大，4JST 先端計測） 

 
P18 疎水性コア安定 化によるシトクロム c の熱安定性の増大と機能調節 

Enhancement of thermostability and control of redox activity of cytochrome c through  stabilization of its 
hydrophobic core  
○太 虎林，入江 清史，長友 重紀，山本 泰彦（筑波大院数物） 

 
P19 ミミズ由来 R 型レクチン C 末端ドメインのラクトースとの結合状態での NMR 構造 

NMR structure of the C-terminal domain of an R-type lectin from earthworm in the lactose-binding state  
○逸見 光 1，久野 敦 2，海野 幸子 2，平林 淳 2（1農研機構・食総研，2産総研・糖鎖医工学研
究センター） 

 
P20 巨大タンパク質複合体のモデル構築を目的とした残基選択的交差飽和法の開発 

Development of residue selective cross-saturation (RSCS) method for modeling a large protein-protein 
complex 
○小澤 新一郎 1，五十嵐 俊介 1，鈴木 勉 2，甲斐荘 正恒 3,4，大澤 匡範 1，嶋田 一夫 1,5（1東大
薬，2 東大工，3 名大理，4 首都大東京戦略研究センター，5 産総研バイオメディシナル情報研究セ
ンター） 
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P21 ウマミオグロビン二量体の NMR による構造研究 
Studies on the structure of horse myoglobin dimer by NMR spectroscopy 
○長尾 聡，雨貝 真実，宇仁 武史，廣田 俊（奈良先端大物質創成） 

 
P22 CO 分子を外部配位子とするヘム－四重鎖 DNA 複合体の構造解析 

Structural characterization of heme-DNA complex possessing CO molecule as an exogenous ligand 
○斉藤 香織 1，太 虎林 1，長友 重紀 1，三田 肇 2，山本 泰彦 1，逸見 光 3（1筑波大院数物，
2福岡工大工・生命環境，3農研機構・食総研） 

 
P23 3D NOESY 測定に対する非線形サンプリングの有用性の検証 

Applications of nonlinear sampling scheme for 3D NOESY experiments 
○大西 香穂里 1，重光 佳基 1，土江 祐介 1，Daniel Nietlispach2，三島 正規 1，池谷 鉄兵 1，伊藤 
隆 1（1首都大院・理工，2 Dept. of Biochem., Univ. of Cambridge） 

 
P24 NMR によるヒストンヌクレオソームコアの立体構造解析 

The structural analysis of the nucleosome core by NMR spectroscopy 
○森脇 義仁 1，佐藤 昌彦 1，長土居 有隆 1，立和名 博昭 2，胡桃坂 仁志 2，西村 善文 1（1横浜
市大・生命ナノシステム・生体超分子システム科学，2早稲田大・理工学術院・先進理工学部） 

 
P25 溶液 NMR を用いた、ヒトチューブリンチロシン化酵素の構造解析 

Structural analysis of the tubulin tyrosine ligase from human by solution NMR spectroscopy 
○佐伯 邦道 1，前崎 綾子 2，伊藤 隆 1，三島 正規 1（1首都大院理工，2奈良先端科学技術大学院
大学） 

 
P26 準安定状態が安定化されたユビキチン変異体 

Higher energy state mutant of ubiquitin 
○北沢 創一郎 1，矢木 真穂 2,3，菅瀬 謙治 4，加藤 晃一 2,3，北原 亮 1（1立命大薬，2名市大院
薬，3岡崎統合バイオ，4サントリー生有研） 

 
P27 酵母発現系を用いたタンパク質の安定同位体標識法の開発 

－難発現高分子量タンパク質の立体構造解析に向けて－ 
Development of Isotope Labeling Strategy using Yeast Expression System -for a structural analysis of 
difficult to express large molecular weight proteins- 
○大浪 真由美 1，杉木 俊彦 1，竹内 恒 2，嶋田 一夫 2,3，高橋 栄夫 2,4（1バイオ産業情報化コン
ソーシアム，2産総研・バイオメディシナル情報研究センター，3東大院薬，4横浜市大院・生命ナ
ノ） 

 
P28 イネの SUMO 転移反応における結合酵素 E2 の多重結合部位の役割 

Roles of multi-binding sites of conjugating enzyme E2 in SUMOylation in rice 
○土屋 渉，神藤 平三郎，鈴木 倫太郎，藤本 瑞，山崎 俊正（農業生物資源研究所） 

 
P29 細菌の走化性における連鎖的なシグナル伝達機構の構造生物学的解明 

Structural Elucidation of the Sequential Signal Transduction Mechanism in Bacterial Chemotaxis 
◯湊 雄一 1，町山 麻子 1，上田 卓見 1，嶋田 一夫 1,2（1東大薬，2産総研バイオメディシナル情
報研究センター） 

 
P30 平行型四重鎖 DNA で形成されるアデニン四量体（A-カルテット）の研究 

Structural characterization of A-quartet formed in all-parallel G-quadruplex DNA  
○中野 佑亮，太 虎林，長友 重紀，山本 泰彦（筑波大院数物） 

 
P31 EB1 による微小管ダイナミクス制御機構についての構造研究 

Structural studies of the regulation of microtubule dynamics by EB1 
○金場 哲平 1，森 智行 2，前崎 綾子 2，伊藤 隆 1，箱嶋 敏雄 2，三島 正規 1（1首都大院理工，
2奈良先端大情報） 
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P32 溶液 NMR 法による MBF1/Jun/Fos/DNA 転写因子複合体の構造解析 
Structural studies of the MBF1/Jun/Fos/DNA transcription factor complex by solution NMR 
○川崎 久美子 1，永井 義崇 1，広瀬 進 2，白川 昌宏 3，伊藤 隆 1，三島 正規 1（1首都大理工， 
2国立遺伝研，3京大工） 

 
P33 Dynamics Study of Aromatic Rings by the SAIL-NMR Method upon Ligand Binding 

○楊 淳竣 1，武田 光広 2，JunGoo Jee1，小野 明 3，寺内 勉 3，甲斐荘 正恒 1,2（1首都大理工，
2名大理，3SAIL テクノロジーズ） 

 
P34 タキプレシンとリポ多糖複合体の構造解析 

Structural analysis of Tachyplesin-LPS complex 
櫛引 崇弘 1，○神谷 昌克 1，相沢 智康 1，熊木 康裕 2，菊川 峰志 1，出村 誠 1，川畑 俊一郎 3，
河野 敬一 1（1北大院生命，2北大院理，3九大院理） 

 
P35 NMR解析に基づくマウス外分泌ペプチドESP4の立体構造と受容体特異的認識に関する

研究 
Structure and specific ligand-receptor recognition mechanism of mouse peptide ESP4 based on NMR 
analyses 
○谷口 雅浩 1，吉永 壮佐 1，はが 紗智子 2，東原 和成 2，寺沢 宏明 1（1熊大院薬，2東大院農学
生命） 

 
P36 ピロ化 Aβのオリゴマー形成に関する構造生物学的研究 

Structural study for oligomerization of pyroglutamyl-amyloid beta peptides 
○岩本 成人 1，斉藤 貴志 2，河野 俊之 3，西道 隆臣 2，寺沢 宏明 1（1熊大院・薬，2理研・BSI，
3三菱化学・生命研） 

 
P37 Mal TIR ドメインの溶液構造 

Solution structure of Mal TIR domain 
狩野 裕考 1，榎園 能章 2，○久米田 博之 2，小椋 賢治 2，瀬谷 司 3，稲垣 冬彦 2（1北大院生命
科学構造生物，2北大先端生命構造生物，3北大院医学免疫） 

 
P38 In-cell NMR を用いた生細胞内におけるカルモジュリン N 末端ドメインの高次構造解析 

Structure determination of Calmodulin N-terminal domain in living cells by in-cell NMR spectroscopy 
○細谷 沙織 1，濱津 順平 1，佐々木 敦子 1，榊原 大介 1，三島 正規 1，吉益 雅俊 2，林 宣宏 3，
伊藤 隆 1（1首都大院・理工，2理研・生体超分子，3東工大院・生命理工） 

 
P39 （発表取消のため欠番） 
 
P40 19F 標識タンパク質を用いたヒト細胞における in-cell NMR 

19F labeled protein NMR spectroscopy in human cells 
○村山 秀平 1，猪股 晃介 1，大野 綾子 2，杤尾 豪人 1，白川 昌宏 1（1京大院工，2徳大院医） 

 
P41 HMGB2 タンパク質に含まれる 2 つのドメインの相対配向とリンカーの役割 

Preferential domain orientation of a full length HMGB2 protein and the role of the linker region 
○上脇 隼一 1，楯 直子 2，楯 真一 1, 3（1広島大学大学院・理，2武蔵野大学・薬，3SENTAN/JST） 

 
P42 NMR を用いたフラグメント化及び再統合による低分子阻害剤の構築 

Development of a low molecular weight inhibitor by NMR-based fragmentation and defragmentation 
strategy 
○小野 克輝 1,2，上田 寛 3，加藤－高垣 こずえ 1,3，谷村 隆次 3，竹内 恒 2，嶋田 一夫 2,4， 
高橋 栄夫 2,5 (1JBIC，2産総研・バイオメディシナル情報研究センター，3JBIC・東レ分室，4東大・
院・薬学系，5横浜市大院・生命ナノ) 

 
P43 主鎖 15N 核の緩和時間測定による脂肪酸結合タンパク質 FABP4 の運動性の解析 

Backbone dynamics of free and ligand-bound FABP4 studied by 15N relaxation 
○森戸 昭等 1，猪股 晃介 1，森川 耿右 2，杤尾 豪人 1，白川 昌宏 1 (1京大院・工，2阪大・蛋白
研) 
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P44 べん毛フック長さ制御タンパク質 FliK の NMR 構造解析 
Structure analysis of FliK by NMR 
水野 志乃 2，○編田 宏一 1，小林 直宏 3，藤原 敏道 3，相沢 慎一 2，楯 真一 1（1広島大・院理，
2県立広島大・生命環境，3阪大・蛋白研） 

 
P45 高等植物フィトクロム・ヒスチジンキナーゼ様ドメインの ATPase 活性と構造解析 

ATPase activity and structure analysis for histidine kinase like domain of higher plant phytochrome 
○西ヶ谷 有輝 1,2，Jee, JunGoo3，田中 利好 4，河野 俊之 4，倉田 理恵 1，深尾 陽一朗 1，加藤 悦
子 5,6，高野 誠 5，山崎 俊正 5，児嶋 長次郎 1,2（1奈良先端大・バイオ，2阪大・蛋白研，3首都
大・戦略研究センター，4三菱化学生命科学研，5農業生物資源研，6名大院・生命農） 

 
P46 バイセルに結合したマガイニン２の構造解析 

Structural analysis of Magainin 2 bound to phospholipid bicelles 
○細田 和男 1，向 瓏 1，稲岡 斉彦 1，河野 俊之 2，若松 馨 1（1群大工，2三菱化学生命研） 

 
P47 Zc3h12a N 末端ドメインの溶液構造 

Solution structure of Zc3h12a N-terminal domain 
○津嶋 崇 1，榎園 能章 2，足立 わかな 2，横地 政志 2，竹内 理 3,4，審良 静男 3,4，稲垣 冬彦 2

（1 北大院生命科学構造生物，2 北大先端生命構造生物，3 阪大微研自然免疫，4 阪大免疫学フロン
ティア研究センター自然免疫） 

 
P48 リポカリン型プロスタグランジン D 合成酵素の 15d-PGJ2認識機構 

Structural Analysis of 15d-PGJ2 Recognition by Lipocalin-type Prostaglandin D Synthase 
○加藤 信幸 1，島本 茂 1,2，吉田 卓也 1，秦 殊斌 1，小林 祐次 3，有竹 浩介 4，裏出 良博 4，
大久保 忠恭 1（1阪大院薬，2(独)学振特別研究員 DC，3大薬大，4大阪バイオ研） 

 
P49 溶液 NMR 法によるマルチドメイン蛋白質の構造決定の試み 

Attempt to determine three dimensional structure of an intact multi-domain protein by solution NMR 
○宮崎 健介，金場 哲平，伊藤 隆，三島 正規（首都大理工） 

 
P50 In-cell NMR による高度好熱菌 TTHA1718 蛋白質の生細胞内動態解析 

15N NMR relaxation studies ofTTHA1718 protein in living cells by in-cell NMR spectroscopy 
○濱津 順平 1，Daniel Nietlispach2，花島 知美 1，池谷 鉄兵 1，細谷 沙織 1，三島 正規 1，白川 昌宏 3，
伊藤 隆 1（1首都大理，2Dept. of Biochem., Univ.of Cambridge，3京大工） 

 
P51 NF-B シグナリングに関わるユビキチン結合型 Zn2+フィンガードメインの構造・機能

解析 
Structural and functional analyses of ubiquitin-binding Zn2+ domain in NF-B signaling pathway 
○天野 剛志 1，市川 大哉 2，池上 貴久 3，廣明 秀一 1（1神戸大院医，2神戸大医，3阪大蛋白研） 

 
P52 細胞内セラミド輸送タンパク質 CERT の小胞体-Golgi 体間局在変化を制御するリン酸化

依存的分子内相互作用の構造生物学的解析 
Phospholyration dependent intramolecular interaction revealed by NMR might regulate ER-Golgi shuttling 
of CERT 
○杉木 俊彦 1，高橋 栄夫 2,3，竹内 恒 2，花田 賢太郎 4，嶋田 一夫 2,5（1バイオ産業情報化コン
ソーシアム，2産総研・バイオメディシナル情報研究センター，3横浜市大院・生命ナノ，4国立感
染研・細胞化学，5東大院薬） 

 
P53 ループ変異による蛋白質ダイナミクスの変化-高圧法 NMR を用いた E.coli DHFR の研究 

Effect of loop mutation on protein dynamics - A high pressure NMR study of E.coli DHFR 
○Sunilkumar N. Puthenpurackal1,2，前野 覚大 1,2，和田 侑士 3，楯 真一 3，赤坂 一之 2（1近大生
物理工，2近大高圧蛋白研センター，3広大理） 

 
P54 アメロジェニンの自己集合の性質 

Self-assembly properties of amelogenin 
○熊木 康裕 1，相沢 智康 2，神谷 昌克 2，出村 誠 2，河野 敬一 1,2（1北大理，2北大先端生命） 
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P55 コア変異による蛋白質ダイナミクスの変化-高圧NMR法を用いた staphylococcal nuclease 
V66K 変異体の研究 
Effect of mutation in the core on protein dynamics - A high pressure NMR study of staphylococcal nuclease 
V66K. 
○前野 覚大 1,2，秦 和澄 3，北原 亮 4，Michael Chimenti5，Bertrand E. Garcia-Morene5，Julien Roche6，
ChristianRoumestand6，Karine M. Guillen6，Catherine A. Royer6，赤坂 一之 2（1近大生物理工，2近大
高圧蛋白研センター，3立命大 GIRO，4立命大薬，5Johns Hopkins Univ. Biophysic，6INSERM.CBS） 

 
P56 IQGAP1 の CH ドメインの NMR 構造およびアクチン認識機構の解析 

NMR structure of the CH domain of IQGAP1 and its implications for the actin recognition mode 
○梅本 良 1,2，西田 紀貴 1，荻野 新治 1,2，嶋田 一夫 1,3（1東大院薬，2JBIC，3BIRC,AIST） 

 
P57 ホメオボックス遺伝子産物 Six3 の Six domain の立体構造解析 

NMR studies on the six domain of Six3 
○下條 秀朗 1，岡村 英保 1，長土居 有隆 1，池田 啓子 2，川上 潔 2，西村 善文 1（1横浜市大・
院生命ナノシステム，2自治医大・分子病態治療研究センター・細胞生物） 

 
P58 CD44 リガンド結合ドメインの構造平衡が細胞のローリング活性に与える影響の解明 

CD44-mediated cell rolling regulated by two-state conformational equilibrium of the hyaluronan-binding 
domain. 
○鈴木 美穂 1，西田 紀貴 1，荻野 新治 1，早坂 晴子 2，宮坂 昌之 2，嶋田 一夫 1,3（1東大薬， 
2阪大医，3BIRC,AIST） 

 
P59 NMR 試料管内転写による RNA の NMR スペクトルの測定 

In tube transcription for NMR measurement of RNA 
斎藤 裕之 1，伊谷野 悠里 1，牛田 千里 2，清澤 秀孔 3，○河合 剛太 1（1千葉工大工，2弘前大農
生，3遺伝研・新領域融合研究セ） 

 
P60 Nox5 の活性酸素発生機構の解明 

Structural basis of Nox5 activation mechanism 
○猪熊 聡夫 1，久米田 博之 2，本坊 和也 2，住本 英樹 3，稲垣 冬彦 2（1北大院生命科学構造
生物，2北大先端生命構造生物，3九大医学生化学） 

 
P61 ランタノイドプローブ法を用いた FKBP12-drug 複合体構造解析－Differential Scanning 

Fluorometry を用いた迅速な LBT 2 点固定コンストラクトのスクリーニング手法 
Structual analysis of FKBP12-drug complex by Lanthanoid probe – Fast screening method for stable LBT 
attached proteins using Differential Scanning Fluorometry 
○生塩 理尋 1，小橋川 敬博 2，斉尾 智英 1，関口 光広 3，横地 政志 2，小椋 賢治 2，稲垣 冬彦 2

（1北大生命，2 北大先端生命，3 アステラス製薬） 
 
P62 Molecular mobility of protein in agarose gels 

○Bona Dai1, Mika Hirose2, Shigeru Sugiyama2, Hiroyoshi Matsumura2 and Shingo Matsukawa1 (1Tokyo 
University of Marine Science and Technology, 2Grad. Sch. Engineering, Osaka University) 

 
P63 NMR studies of 56 kDa E. coli periplasmic nickel binding protein NikA. 

○J. E. Jakus1，土江 祐介 1，池谷 鉄兵 1，三島 正規 1，D. Nietlispach2，J.R.H. Tame3，伊藤 隆 1

（1首都大学東京大学院 理工学研究科，2Department of Biochemistry, University of Cambridge， 

3横浜市立大学 大学院生命ナノシステム科学研究科） 
 
P64 新規多糖類サクランの NMR 構造解析 

NMR structural analysis of novel polysaccharide, Sacran 
○立山 誠治，市川 正史，岡島 麻衣子，金子 達雄，大木 進野（北陸先端大学院大） 

 
P65 31P-HOESY 法によるカナマイシン 3'-リン酸の立体構造研究 

Stereostructural study of kanamycin 3'-phosphate using 31P-HOESY 
○久保田 由美子 1，鵜澤 洵 2，梅沢 洋二 1（1微化研，2理研基幹研） 
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P66 High Order Spin 系の解析----Selective J-resolved HMQC 法の応用 
Selective J-resolved HMQC, A New Method for Measuring Proton-Proton Coupling Constants of High 
Order Spin System. 
○降旗 一夫（東京大学 大学院農学生命科学研究科） 

 
P67 超高速 MAS のもとでの 1H-14N 2 次元固体 NMR：1 L 以下の微量試料を数分で測定 

1H-14N 2D solid-state NMR under very fast MAS: A few minutes observation for a sample less than 1 L 
○西山 裕介 1，遠藤 由宇生 1，根本 貴宏 1，黒子 弘道 2，内海 博明 1，山内 一夫 3，樋岡 克哉 1，
朝倉 哲郎 3（1日本電子，2奈良女子大，3農工大院工） 

 
P68 重水素デカップリングによる triplet-DNP 下におけるプロトンスピン拡散の促進 

2H-decoupling-driven 1H spin diffusion in triplet-DNP 
○根来 誠 1，中山 顕貴 1，立石 健一郎 1，香川 晃徳 1，武田 和行 2，北川 勝浩 1（1阪大基，
2京大理） 

 
P69 1.03GHz 高温超伝導 NMR システムの開発 ～固体プローブの開発～ 

Towards a high temperature superconducting (HTS) NMR spectrometer operated at 1.03GHz  
- development of a 1.03GHz solid state NMR probe -  
○海老澤 佑輔 1，肥後 聡明 1，細野 政美 2，長谷 隆司 3，宮崎 隆好 3，藤戸 輝昭 4，山田 和彦 5，
木吉 司 6，高橋 雅人 1,7，山崎 俊夫 7，前田 秀明 1,7（1横浜市立大学，2日本電子，3神戸製鋼所，
4プローブ工房，5東京工業大学，6物質・材料 研究機構，7理化学研究所 SSBC，） 

 
P70 固体 NMR によるアナベナセンサリーロドプシンの構造解析 

Solid-state NMR study of Anabaena Sensory Rhodopsin 
○川村 出 1,2，Lichi Shi2，Kwang-Hwang Jung3，Leonid  Brown2，Vladimir Ladizhansky2（1横浜国
大，2Univ. Guelph，3Sogang Univ.） 

 
P71 アミロイドプロトフィブリルの固体 NMR による立体構造解析 

Structural analysis of the protofibrils of amyloid -protein using solid-state NMR 
○土井 崇嗣 1，増田 裕一 1，武田 和行 1，入江 一浩 2，竹腰 清乃理 1（1京大理，2京大農） 

 
P72 固体 NMR スペクトルシミュレーションによる高度好塩菌由来トランスデューサー膜タ

ンパク質 pHtrII の動的構造解析 
Dynamic structural analysis of transmembrane Halobacterial transducer protein, pHtrII by solid-state NMR 
spectral simulations 
○池田 恵介 1，江川 文子 1，亀田 倫史 2，林 こころ 3，児嶋 長次郎 1,3，阿久津 秀雄 1，藤原 敏道 1

（1阪大蛋白研，2産総研 CBRC，3奈良先端大） 
 
P73 クモ牽引糸局所構造モデル化合物の安定同位体ラベルと固体 NMR 構造解析 

Isotope labeling of model peptides for local structure of spider dragline silk and  the structural analysis 
using solid- state NMR 
○佐藤 佑哉 1，中澤 靖元 2，朝倉 哲郎 1（1農工大院工，2農工大科博） 

 
P74 アラニン連鎖ペプチドの分子間構造に関する固体 NMR による構造解析 

Structural Analysis of Inter-molecular Arrangement of Alanine Oligopeptides using Solid State NMR 
○亀谷 俊輔 1，鈴木 悠 1，青木 昭宏 1，西山 裕介 2，樋岡 克哉 2，朝倉 哲郎 1（1農工大院工，
2日本電子） 

 
P75 固体 17O NMR によるメリチンの膜結合構造および配向の解析 

Analysis of structure and orientation of melittin bound to membrane by solid state 17O NMR 
○田制 侑悟 1，山田 和彦 2，川村 出 1，内藤 晶 1（1横国大院工，2東工大院理工） 

 
P76 膜タンパク質ハロロドプシンの多次元固体 NMR-同位体ラベルの最適化- 

Solid State NMR of Membrane Protein Halorhodopsin - Optimization of Isotope Labeling - 
○田巻 初 1，樋口 真理花 1，江川 文子 2，藤原 敏道 2，横山 順 3,4,5，木川 隆則 3,4，下野 和実 3,6，
染谷 友美 3，白水 美香子 3，横山 茂之 3,7，神谷 昌克 1，菊川 峰志 1，相沢 智康 1，河野 敬一 1，
出村 誠 1（1北大院生命，2阪大蛋白研，3理研，4東工大，5大陽日酸，6松山大，7東大） 
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P77 固体 NMR によるヒトカルシトニンのアミロイド様線維形成機構とその阻害効果の解析 
Analyses of amyloid fibrillation mechanism and its inhibition effect of hCT as studied by solid-state NMR 
○渡邉(伊藤) ひかり 1，上平 美弥 2，近藤 正志 3，佐藤 道夫 3，中越 雅道 3，内藤 晶 1（1横国
大工，2東北大多元研，3横国大機器分析評価センター） 

 
P78 化学シフト摂動によるイオン液体前処理セルロースの固・液状態変化解析 

Solid-solution transition analysis of cellulose upon ionic liquid pretreatments by monitoring its chemical 
shift perturbation 
○森 哲哉 1,2，坪井 裕理 3，石田 亘広 1，志佐 倫子 4，則武 義幸 4，守屋 繁春 3,5,7，高橋 治雄
1，菊地 淳 2,5,6,7（1豊田中研，2名大院農，3理研 ASI，4トヨタ自，5横市院生命，6理研 PSC， 
7理研バイオマス） 

 
P79 固体 13C NMR 法による MAS による天然ゴムの伸張構造の解析 

Solid State 13C NMR Study of Natural Rubber stretched by the MAS 
浅野 敦志，○北村 成史，中澤 千香子，黒津 卓三（防大応化） 

 
P80 高速試料回転下での CP における接触時間の考察 

Some Contact Time at Cross Polarization under Fast Magic Angle Sample Spinning 
芦田 淳（アジレント・テクノロジー グループバリアン・テクノロジーズ・ジャパン・リミテッド） 

 
P81 23Na-MQMAS NMR 法による高分子 Na 塩の研究 

23Na-MQMAS NMR studies on Na ion complexes of polmers 
○平沖 敏文 1，藤江 正樹 1，荒樋 周 1，畠山 盛明 2，齋藤 公児 2（1北大院工，2新日鐵先端研） 

 
P82 リチウムイオン二次電池用微細孔セパレータ内のイオン拡散解析 

Analysis of ionic mobility in the porous separator for Li ion battery 
○森川 卓也 1，橋本 康博 1，乙部 博英 1，山本 挙 1，吉野 彰 2（1旭化成株式会社 基盤技術
研究所，2旭化成株式会社 吉野研究室） 

 
P83 6Li/7Li MAS NMR による LiCoO2の構造解析 

6Li/7Li MAS NMR studies on LiCoO2 
○村上 美和 1，野田 泰斗 2，竹腰 清乃理 2，荒井 創 1，内本 喜晴 1，小久見 善八 1（1京大産官
学連携本部，2京大理） 

 
P84 アルカリボロハイドライドにおけるイオンのダイナミクス 

Ion dynamics in alkali borohydrides 
○治村 圭子，林 繁信（産業技術総合研究所 計測フロンティア研究部門） 

 
P85 ゼオライトにおけるブレンステッド酸点の観測 

NMR measurements of Bronsted acid sites on zeolites  
○小島 奈津子、林 繁信（産総研計測フロンティア） 

 
P86 固体 NMR 法による酸化グラファイト層間内の C60分子の運動状態の研究 

Solid-state NMR study of physical properties of C60 molecule intercalated in Graphite Oxide 
○桑原 大介 1，井上 大輔 2，鈴木 勝 1，中村 敏和 3，石川 誠 4，三浦 浩治 4（1電通大先進理
工，2電通大量子物質，3分子研，4愛教大物理） 

 
P87 固体 NMR による表面修飾 BN ナノ粒子の構造と修飾有機分子の結合状態 

Structures of surface-modified boron nitride nano-particles and bonding states of organic molecules studied 
by high-resolution solid-state NMR 
○相馬 洋之，林 繁信（(独)産総研） 

 
P88 固体 NMR による VHxDy(x+y≒0.8)の相構造の研究 

Study of phase structures in VHxDy(x+y≒0.8) using solid-state NMR 
○鈴木 陽，林 繁信（産総研） 
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P89 ピロリン酸系プロトン導電体の固体 NMR 
Solid state NMR study of proton conductors based on metal pyrophosphates 
○西田 雅一 1，源嵜 晃司 2，深谷 治彦 1，兼松 渉 1，日比野 高士 2（1産総研中部，2名大院環境） 

 
P90 高磁場固体 43Ca NMR によるトバモライト生成過程の解析 

Hydrothermal formation of tobermorite studied by solid-state 43Ca NMR 
○名雪 三依 1，橋本 康博 1，綱嶋 正通 1，菊間 淳 1，松野 信也 1，丹所 正孝 2，清水 禎 2， 
松井 久仁雄 3（1旭化成(株)，2(独)物質・材料研究機構，3旭化成建材(株)） 

 
P91 -Keggin 型ポリ酸の固体 95Mo NMR 

Solid state 95Mo NMR of -Keggin polyoxomolybdates 
○飯島 隆広 1，西村 勝之 1，山瀬 利博 2,3，丹所 正孝 4，清水 禎 4（1分子研，2MO デバイス， 
3東工大，4物材機構） 

 
P92 固体 NMR による微生物産生ポリアミノ酸およびそのポリマーブレンドの構造解析 

Structural analysis of microbial poly(aminoacid)s and their polymer blends by solid NMR 
前田 史郎 1，○黄前 真吾 1，熊 輝 1，国本 浩喜 2（1福井大院工，2金沢大院自然） 

 
P93 固体 NMR を用いた石炭灰粘度に与える構造および組成因子の解析 

Solid-state NMR analyses of structure and composition of coal ash 
林 雄超 1，○出田 圭子 2，宮脇 仁 2，持田 勲 3，尹 聖昊 2（1九大総理工，2九大先導研， 
3九大炭素センター） 

 
P94 超偏極 129Xe NMR による触媒担体のポア評価 

Hyperpolarized 129Xe NMR of Xe in Catalysis Pores 
○服部 峰之 1，平賀 隆 1，中田 真一 2（1産総研光技術，2秋田大工学資源） 

 
P95 固体 NMR によるポリフルオレン膜の分子配向解析 

Molecular orientation analysis of polyfluorene films 
○福地 将志，福島 達也，後藤 淳，梶 弘典（京大化研） 

 
P96 石炭の多核固体 NMR―有機成分と無機成分の構造― 

Multinuclear Solis-state NMR of Coal―Organic and Inorganic Structure― 
○金橋 康二，高橋 貴文（新日鐵先端研） 

 
P97 無機化合物の固体 1H NMR における高速 MAS と CRAMPS の分解能の比較 

Comparison of spectral resolution between high-speed MAS and CRAMPS in 1H solid-state NMR for 
inorganic compounds  
○西浦 達也 1，金橋 康二 2（1三島光産株式会社，2新日本製鐵株式会社） 

 
P98 フッ素レス NMR プローブを用いた微量フッ素の化学形態解析 

○高橋 貴文 1，金橋 康二 1，根本 貴弘 2（1新日本製鐵，2日本電子） 
 
P99 LED パッケージの劣化に関するマイクロプローブを用いた固体 NMR 構造解析 

Structural analysis of LED package by solid-state NMR using micro probe 
三輪 優子 1，○石田 宏之 1，三好 理子 1，樋岡 克哉 2，朝倉 哲郎 3（1㈱東レリサーチセ， 
2日本電子㈱，3農工大院工） 

 
P100 配向試料の各種 NMR 法による評価 

Characterizations of the oriented materials by NMR techniques 
吉水 広明，岡澤 誠裕，奥村 祐生，傘 俊人（名工大院工） 

 
P101 NMR を用いた緑茶カテキンとリン脂質膜との相互作用メカニズムの解明 

Investigation of the interaction mechanism between tea catechins and phospholipid membranes by NMR 
spectroscopy 
◯植草 義徳 1,2，上平(石島) 美弥 2，杉本 収 2，石井 剛志 2，熊澤 茂則 2，中村 浩蔵 3，丹治 健一 2，
加藤 晃一 1，内藤 晶 4，中山 勉 2（1岡崎統合バイオ，2静岡県大院・生活健，3信州大・農， 
4横浜国大院・工） 
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P102 不飽和脂質を含有するバイセルに関する固体 NMR を用いた研究 
Magnetic Alignment of Bicelle Composed of Un-, and Saturated Phosphatidylcholine as Studied by Solid 
State NMR Spectroscopy 
上釜 奈緒子 1，辻 暁 2，○西村 勝之 1（1分子科学研究所，2兵庫県立大学） 

 
P103 B1

+，B1
-マッピングを用いた高磁場でのヒト脳画像の不均一補正 

Non-uniformity correction of human brain imaging at high field using B1
+ and B1

- mapping 
○渡邉 英宏，高屋 展宏，三森 文行（国立環境研究所） 

 
P104 超音波を併用した MR イメージングによる薄膜構造の検出 

detection of membranes by MR imaging with ultrasonic 
○小倉 卓哉，新田 尚隆，本間 一弘（産業技術総合研究所） 

 
P105 1H-NMR メタボロミクスの医療応用 －その 3－バイオフルイドにおけるマーカー定量 

Quantitative NMR Metabolomics in Biofluid  
安藤 一郎 1，廣瀬 卓男 1，竹内 和久 1,2，今井 潤 1，佐藤 博 1，〇藤原 正子 1（1東北大薬，2(医)
宏人会) 

 
P106 野外集団における植物-昆虫-共生細菌間相互作用に介在する化学物質と昆虫遺伝形質

の共相関解析 
Correlation analysis between phytochemicals and insect genetic traits involved in plant-insect-symbiont 
interactions for field-harvested samples. 
○佐々木 宏和 1,2，土田 努 3，坪井 裕理 2，近山 英輔 1,2，菊地 淳 1,2,4,5（1横市院・生命， 
2理研・PSC，3理研・ASI，4名大院・生命農，5理研・BMEP） 

 
P107 フェリチンを含むゼラチンゲル中における水の T2緩和速度 

Transverse relaxation rate of the water molecule in gelatin gel doped with ferritin. 
○高屋 展宏，渡邉 英宏，三森 文行（国立環境研究所） 

 
P108 京浜工業地帯由来水棲生物の代謝プロファイリング技術の検討 

Investigation of metabolic profiling methods for aquatic organism from Keihin region 
○葭田 征司 1，守屋 繁春 1,2,3，菊池 淳 1,2,4,5（1横市院・生命，2理研・BMEP，3理研・ASI， 
4理研・PSC，5名大院・生命農） 

 
P109 オントロジー工学を利用した NMR データ解析、評価およびデータベース登録を支援す

るツール、MagRO システムの開発 
A new tool using ontology engineered data structure, MagRO system, designed for NMR data analysis, 
validation and deposition to the public database. 
○小林 直宏，原野 陽子，池上 貴久，児嶋 長次郎，佐藤 純子，中村 春木，阿久津 秀雄，藤原 
敏道（大阪大学蛋白質研究所） 

 
P110 迅速かつ堅牢な NMR スペクトル解析支援技術の開発 

Development of assistive technique for efficient and robust NMR spectral analysis 
○横地 政志 1，小橋川 敬博 1，齊尾 智英 2，稲垣 冬彦 1（1北大先端 生命，2北大生命科学） 

 
P111 第一原理量子化学計算と古典分子動力学計算による化学シフト・構造相関の評価 

Chemical shift-structure correlation with ab initio quantum chemical methods and classical molecular 
dynamics 
○近山 英輔 1,2，尾形 善之 1，森岡 祐介 2，菊地 淳 1,2,3（1理研 PSC，2横浜市大院生命ナノ， 
3名大院生命農） 

 
P112 生体高分子 NMR 立体構造の PDB 登録における化学シフト必須登録 

Mandatory chemical shift deposition to PDB/BMRB with biological NMR structures 
○中谷 英一 1,2，小林 直宏 2，原野 陽子 2，松浦 孝則 2，阿久津 秀雄 2，中村 春木 2，藤原 敏道 2 

(1科学技術振興機構-BIRD、2阪大蛋白研) 
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P113 固体高分解能 NMR の感度向上：クライオコイル MAS プローブによるアプローチ 
Sensitivity enhancement of high-resolution solid-state NMR: a Cryocoil MAS probe's approach  
○水野 敬 1，野田 泰斗 2，竹腰 清乃理 2（1日本電子(株)，2京大理） 

 
P114 （発表取消のため欠番） 
 
P115 NMR を利用した有機化合物の定量における解析条件の妥当性確認 

Validation of NMR process parameters in quantitation of organic compounds 
○三浦 亨，齋藤 剛，大手 洋子，井原 俊英（独立行政法人 産業技術総合研究所 計測標準研
究部門） 

 
P116 体内に飲み込まれた物質の NQR による検知 

Detection of substances hidden in the body using NQR 
○山根 千英 1，中原 優 1，篠原 淳一郎 1，赤羽 英夫 1，糸﨑 秀夫 1（1阪大基） 

 
P117 NQR 周波数探査用 NQR・NMR 二重共鳴分光装置の開発 

Development of an NQR･NMR double resonance spectrometer to search for NQR frequencies 
○赤羽 英夫，Bryn Baritompa，篠原 淳一郎，糸﨑 秀夫（大阪大学 大学院基礎工学研究科） 

 
P118 SDBS の NMR データ品質向上を目指した取り組み 

Our activities on construction of reliable SDBS-NMR data 
○鍋島 真美，山路 俊樹，衣笠 晋一，齋藤 剛（(独)産業技術総合研究所 計測標準研究部門） 

 
P119 NQR 共鳴周波数自動探査装置 

Automatic scanning for NQR frequencies 
○篠原 淳一郎 1，中原 優 1，赤羽 英夫 1，糸﨑 秀夫 1（1阪大基） 
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Structural studies of transient structures using PRE 
Masaki Mishima1, Teppei Kanaba1, Yutaka Ito1, Toshio Hakoshima2, Suzuka Mikami1

1Graduate school of Science and Engineering, Tokyo Metropolitan University  
2Graduate school of Information Science, Nara Institute of Science and Technology 

Protein structures (complexes) to carry on their functions are formed transiently by 
integration of weak interactions. NMR technique is quite useful for these structures. We will 
present NMR studies for transient structure of split PH domain of Rho-kinase and 
SHARP/SMRT complex. Rho-kinase is known to plays a crucial role in regulation of 
cytoskeleton, which possesses the split PH domain consists of the PH subdomain and the C1 
subdomain. In this study, we report three dimensional structure of intact split PH domain 
using paramagnetic relaxation enhancement (PRE) and multidimensional NMR spectroscopy. 
Meanwhile, SHARP is a transcriptional repressor interacts with SMRT, a component of 
HDAC complex. We have determined structure of the SHARP/SMRT complex. We also 
discuss the detail of complex formation.     

( )
NMR

PRE
RDC

 (J. Am. Chem. Soc. 2010 132 694)(J. Am. Chem. Soc. 2010 132 8407)
 

(PRE) Spilit PH

SHARP/SMRT
 

 
Key words ;  PRE   
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(Fig. 1)
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Fig. 1 Structure of the Split PH domain
(A)Ensemble structure calculated without 
PREs 
(B)with PREs 

B

 PH subdomain  C1 subdomain 
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B

A

 Spin label 

Fig. 2 Close up view of structure of the 
SHARP/SMRT compelx 
SHARP and SMRT are drawn as line and 
stick, respectively. 

Phosphate group of S2514 of SMRT
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NMR structural analysis of 45 kDa protein kinase, VRK1 

Naoya Tochio1, Seizo Koshiba1,2, Jun Yokoyama3, Shigeyuki Yokoyama1,4, Ho Sup Yoon5, 
and Takanori Kigawa1,6 
1RIKEN Systems and Structural Biology Center, Kanagawa, Japan, 2Graduate School of 
Nanobioscience, Yokohama City University, Kanagawa, Japan, 3Tsukuba Lab., Taiyo Nippon 
Sanso Corp., Ibaraki, Japan, 4Graduate School of Science, University of Tokyo, Tokyo, Japan, 
5School of Biological Sciences, Nanyang Technological University, Singapore, and 
6Interdisciplinary Graduate School of Science and Engineering, Tokyo Institute of 
Technology, Kanagawa, Japan. 

  Vaccinia related kinase 1 (VRK1) is a serine/threonine protein kinase composed of 396 
amino acid residues (M.W. 45 kDa), which is known to mediate the cell response to DNA 
damage by phosphorylation of the p53 tumor suppressor.  Toward the structure 
determination of VRK1, we prepared various kinds of stable-isotope labeled samples and then 
tried many kinds of NMR experiments.  With respect to the sample preparation, we applied 
the cell-free protein synthesis system to produce the highly deuterated samples, the amino 
acid-selective labeled samples, the Stereo-Array Isotope Labeling (SAIL) samples, and the 
methyl-selective labeled samples.  As for the NMR analyses, we had successfully assigned 
about 90% of the backbone resonances using the standard TROSY-type experiments and the 
amino acid-selective labeling technique.  The methyl resonances of Ile, Leu, Val, Ala, and 
Met were assigned using the HMCM[CG]CBCA and/or a series of 3D/4D NOESY 
experiments.  We also measured residual dipolar couplings aligned in polyacrylamide gel.  
Based on these data, we have successfully determined the solution structure of human VRK1.  
We will discuss general aspects of structure determination of proteins with the large 
molecular weight by using NMR spectroscopy.   

  Vaccinia related kinase 1 (VRK1) 396 ( 45 kDa) /
p53 DNA

VRK1 NMR
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(SAIL) TROSY
NOESY 90%

HMCM[CG]CBCA
NOESY NOE

SAIL
(RDC) VRK1

NMR
 

 

ILVF-selective ILVFMA-selective

1H (ppm)

13
C

 (p
pm

)

Figure 1.  Methyl regions of 1H,13C HSQC spectra of (a) 
ILVF- and (b) ILVFMA-selective labeled VRK1.   

Figure 2.  Solution structure of human VRK1. 

a b
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Deuterium-decoupled 3D HCA(N)CO に支援された 

重水溶媒中におけるタンパク質の立体構造解析 

○小椋賢治，久米田博之，稲垣冬彦 
北海道大学大学院先端生命科学研究院 

 
Structure determination of proteins in 2H2O solution aided by a 

deuterium-decoupled 3D HCA(N)CO experiment (1) 
Kenji Ogura, Hiroyuki Kumeta and Fuyuhiko Inagaki 
Faculty of Advanced Life Science, Hokkaido University 

 
 We developed an NMR pulse sequence, 3D HCA(N)CO, to correlate the chemical 
shifts of protein backbone 1Hα and 13Cα to those of 13C' in the preceding residue. By applying 
2H decoupling, the experiment was accomplished with high sensitivity comparable to that of 
HCA(CO)N. When combined with HCACO, HCAN and HCA(CO)N, the HCA(N)CO 
sequence allows the sequential assignment using backbone 13C' and amide 15N chemical shifts 
without resort to backbone amide protons. This assignment strategy was demonstrated for 
13C/15N-labeled GB1 dissolved in 2H2O. The quality of the GB1 structure determined in 2H2O 
was similar to that determined in H2O in spite of significantly smaller number of NOE 
correlations. Thus this strategy enables the determination of protein structures in 2H2O or H2O 
at high pH values. 
 
 In protein NMR studies, backbone amide protons play an essential role in sequential 
resonance assignment of isotopically enriched proteins. Many NMR pulse sequences for 
13C/15N-labeled proteins have been designed to detect the correlations between amide protons 
and other nuclei (e.g., 15N, 13C’ , 13Cα, and 13Cβ). However, under alkaline conditions, this 
assignment strategy is not applicable since amide protons cannot be observed due to the rapid 
exchange of amide protons with the solvent protons. Therefore, protein NMR studies are 
restricted to solutions with pH of less than 7.5. To overcome this problem, we propose a new 
pulse sequence, 3D HCA(N)CO, designed for 13C/15N-labeled proteins dissolved in 2H2O, is 
presented for the correlation of a pair of 1Hα and 13Cα chemical shifts to the 13C' chemical 
shift of the preceding residue. By combining HCA(N)CO with 3D HCAN, HCA(CO)N and 
HCACO, we propose a new sequential assignment strategy based on both the amide 15N and 
13C' chemical shifts.  
_________________________________________________________________________ 
3D HCA(N)CO, 2H decoupling, GB1 
 
○おぐらけんじ，くめたひろゆき，いながきふゆひこ 
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 The deuterium-decoupled 3D HCA(N)CO experiment (Fig. 1) is used to obtain 
inter-residue (and weaker intra-residue) connectivities between the 1Hα, 13Cα and 13C’ nuclei. 
The pulse sequence is a so-called ‘out-and-back’ style. The final magnetization transfer path 
from 13Cα to 1Hα uses a gradient-enhanced scheme. For proteins dissolved in 2H2O, the 15N 
T2 elongation due to 2H-decoupling during the 15N evolution or delay period is helpful to 
allow sensitivity enhancement of this experiment. 

 
 NMR experiments were carried out at 25°C on a sample of 13C/15N- labeled 1.2 mM 
Streptococcal GB1 domain dissolved in 2H2O. The one- and three-dimensional spectra of 
HCACO, HCA(CO)N, HCAN, and HCA(N)CO were recorded on a Varian Inova 600 
spectrometer. Figure 2 shows a comparison of the 1D spectra of HCACO, HCA(CO)N, 
HCAN, and HCA(N)CO with or without 2H decoupling. As expected, HCACO (Fig. 2a) 
showed the highest sensitivity among 
the experiments. The sensitivities of 
other three spectra relative to the 
HCACO spectrum were 0.28 for 
HCA(CO)N (Fig. 2b), 0.47 for HCAN 
(Fig. 2c), and 0.13 for HCA(N) CO 
without 2H decoupling (Fig. 2d). As 
the low sensitivity of the HCA(N)CO 
experiment was mainly due to the long 
delay time, we thought that 2H 
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decoupling during the 15N evolution period or the delay would be effective in improving 
sensitivity. The sensitivity of the HCA(N)CO experiment by the introduction of 2H 
decoupling (Fig. 2e) was increased about 2-fold, resulting in the relative sensitivities 
compared to those of the HCA(CO)N and HCACO to be 0.96 and 0.27, respectively. 
Therefore, we concluded that the HCA(N)CO experiment with 2H decoupling can be 
practically applied to the resonance assignment of 13C/15N-labeled proteins dissolved in 2H2O. 
 Figure 3 shows strip plots taken from the HCACO (right strips) and HCA(N)CO (left 
strips) spectra of the GB1 domain in 2H2O sliced at the 13Cα and 1Hα chemical shifts of the 
residues indicated along the x-axis. Solid lines connect the sequential assignment from Thr 17 
to Ala 26 using the 13C' chemical shifts. As described previously, the HCA(N)CO experiment 
shows the correlation from the 13Cα and 1Hα to the stronger 13C'(i-1) and weaker 13C'(i) 
signals. As the HCACO experiment shows the 13C'(i) signals only, the 13C'(i-1) and 13C'(i) 
signals can be easily distinguished on the HCA(N)CO strips. In Fig. 3, all the signals needed 
for the sequential assignment, except for 13C'(i) signal of Ala 24, were detected on the 
HCA(N)CO and HCACO strips. This sequential assignment process using the 13C' chemical 
shifts was confirmed by another approach using 15N chemical shifts taken from both the 
HCAN and HCA(CO)N spectra (data not shown). 

 
 To verify the usefulness of the present assignment strategy and to assess quality of 
the NMR structure that does not resort to backbone amide protons, we examined the precision 
of the protein structure determined in 2H2O. For this purpose, the structures of the GB1 
domain dissolved in 2H2O and in H2O were calculated using the Cyana software package. For 
the sample dissolved in 2H2O, 749 cross peaks were incorporated from the 13C-edited NOESY 
spectra whereas, for the sample dissolved in H2O, 488 and 806 cross peaks were incorporated 
from the 15N-edited and 13C-edited NOESY spectra, respectively. The structures of GB1 were 
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calculated using NOE restraints obtained in the 2H2O and H2O solutions (Fig. 4). The 
structural statistics are summarized in Table 1. Surprisingly, despite a lack of distance 
restraints from the 15N-edited NOESY spectrum, the structural rmsd value of backbone atoms 
in the 2H2O solution (0.40 Å) is nearly equal to that in the H2O solution (0.48 Å). The 
structural rmsd value is generally considered to depend on the number of long- range distance 
restraints, while short-range distance restraints do not contribute to the improvement in 
structural rmsd values. As summarized in Table 1, in 2H2O and H2O solutions, 134 of 235 and 
148 of 534 upper distance limits were categorized as long-range restraints, respectively. The 
structural rmsd values of GB1 in both solutions appears to be determined by the number of 
long-range distance restraints. In the aromatic region, in particular, the number of cross peaks 
were much larger in 2H2O than those in H2O. This result shows that distance restraints derived 
from aromatic protons are essential to improving the structural rmsd because aromatic groups 
play a key role in the construction of the hydrophobic core of the protein. 

 
 Additionally, 13C-edited NOESY experiments in 2H2O solutions provide some 
practical advantages over those in H2O solutions as follow; (1) residual H2O signals does not 
interfere with NOESY cross peaks in the Cα-Hα region, (2) increases in receiver gain allow 
the detection of relatively weak NOESY cross peaks, and (3) avoidance of baseline distortion 
and artifact noise generated from incomplete H2O signal suppression allows the threshold 
level for peak picking to be lowered. Thus, it is concluded that the structure determination of 
small proteins dissolved in 2H2O is practically applicable, in spite of the lack of distance 
restraints derived from 15N-edited NOESY spectra. The present strategy also allows the 
determination of the structure of proteins at alkaline pH values. This can benefit structure 
determination by NMR since proteins are much more soluble at higher pH values. 
__________________________________________________________________________ 
(1) K. Ogura, H. Kumeta & F. Inagaki: J. Biomol. NMR 47, 243-248 (2010). 
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NMR Hydrogen exchange study of side-chain OH/SH groups in proteins 
Mitsuhiro Takeda1, Chun-Jiun Yang2, JunGoo Jee2, Akira Mei Ono3, Tsutomu Terauchi3

and Masatsune Kainosho1, 2

1 Graduate School of Science, Nagoya University, Nagoya, Japan.  
2 Graduate School of Science and Engineering, Tokyo Metropolitan University.  
3 SAIL Technologies 

Side-chain hydrogen bonds in proteins play an important role in stabilizing their structures 
and mediating their functions. Especially, slowly exchanging hydroxyl (OH) and sulfhydryl 
(SH) groups are assumed to have structurally or functionally important roles. However, there 
were no means to exclusively identify such slowly exchanging OH/SH groups in proteins. 
Here we present a new method for evaluating the hydrogen exchange rates of individual 
side-chain OH/SH groups in a protein. In this approach, the carbon atoms attached to the 
OH/SH groups are selectively enriched by 13C, and their NMR signals are observed in a 
H2O/D2O mixture, where isotopomer-resolved peaks are observed for slowly exchanging 
groups. We present the application of this method in terms of protein structure determination 
and interactions. 
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Figure 2. Observation of deuterium isotope shift effect on 
the 13C  peaks. 1H-decoupled 13C NMR spectra on 0.5 mM 
of EPPIb selectively labeled by -SAIL Tyr under 
conditions of 100% H2O, 50% H2O/50% D2O and 100% 
D2O at 40 ºC and 14.1 T. 13C  atoms attached to slowly 
exchanging OH groups gives two-line signals in H2O/D2O
(1:1) mixture. 

Figure 1. Stable isotope labeling pattern 
of -SAIL Tyr. 12C atoms are not shown in 
the figure.

EPPIb
SH OH NMR
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High-pressure NMR characterizes conformational fluctuation of 
Lys48-linked diubiquitin
Ryo Kitahara1, Takashi Hirano2, Maho Yagi2,3, Kazumi Hata1, Kazuyuki Akasaka4 and 

Koichi Kato2,3

1College of Pharmaceutical Sciences, Ritsumeikan University, Kusatsu, Japan, 2Graduate 

School of Pharmaceutical Sciences, Nagoya-City University, Nagoya, Japan, 3IMS Okazaki 

National Institute, Okazaki, Japan, 4High Pressure Protein Research Center, Kinki University, 

Kinokawa, Japan  

 
Comparisons of pressure induced changes in chemical shifts and spin-spin relaxation 

constants R2 between mono-ubiquitin and K48-linked linear diubiquitin at neutral pH, showed 

that high pressure stabilized the “open” conformation for the linear diubiquitin. In addition, 

both proximal and distal subunits exhibited the alternative form N2 under high pressure as 

observed in mono-ubiquitin. Intriguingly, the pressure induced N1-to-N2 conformational 

transition also took place in the subunits of cyclic diubiquitin which was a model of the 

“closed” form of diubiquitin. The transition into N2 taking simultaneous reorientations of the

C-terminal segment and helix could render the interfacial hydrophobic groups between the 

subunits well hydrated, resulting in the “open” conformation of linear and cyclic diubiquitin. 

We think that the open-closed motion of diubiquitin is tightly coupled with the intrinsic 

conformational fluctuation of subunits.  
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Fig. 1

 
  

15N
Closed K48 G76

3000 (20 ºC, pH6.8)
15N-HSQC 15N  

 

X closed

closed
open closed

closed open
3000

open open closed
 

C R2

N2

C
R2 open

3  

Fig.1 K48-linked diubiquitin. (Left) 
open conformation. (Right) Closed 
conformation.  
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Application of sulfobetaines to solution NMR of proteins and peptides 

○Kaori Wakamatsu1, Haimei Wang1, Kazuki Igarashi1, Ayumi Kamiya1, Masahiko 
Takahashi1, Fukuei Tezuka1, Long Xiang1, Takeshi Ishii1, Kazuo Hosoda1, Nobukazu 
Nameki1, Kenji Sugase2 
1Graduate School of Engineering, Gunma University, Kiryu, Gunma, Japan. 
2Suntory Institute for Bioorganic Research, Shimamoto-cho, Osaka, Japan. 
 
Aggregation of proteins and peptide results in low purification yields as well as poor spectral 
qualities. We previously reported that non-detergent sulfobetaines (NDSBs) are quite useful 
in protein NMR because they stabilize proteins against heat and prevent precipitation of 
protein-peptide complexes. Here we report that NDSBs are also useful for preparing protein 
and peptide samples and that NDSBs are better additives for high temperature NMR 
measurements than amino acids. We will also discuss the mechanisms whereby NDSBs 
stablize proteins and guidelines for using NDSBs in sample preparation and NMR 
measurements.  
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Allosteric Control of Environmental Sensors 

Kevin H. Gardner1

1Departments of Biochemistry and Pharmacology, University of Texas Southwestern Medical 
Center, Dallas, TX  USA 

Many biological processes are regulated by environmental cues via control of protein 
conformation, leading to functional changes.  Commonly, this is mediated by sensory protein 
domains that bind both protein targets and biochemical cofactors, using changes in the 
concentration or conformation of those cofactors to trigger allosteric changes in the sensory 
domain.  Notably, domains with the same overall structure can be extremely versatile, using 
different input stimuli and effector activities in various proteins.  

To understand the mechanisms used by these sensory domains in diverse settings, we have 
relied on solution NMR spectroscopy in combination with other biophysical and biochemical 
approaches.  One route have pursued is to compare the properties of several members of one 
family of regulatory domain: the Per-ARNT-Sim (PAS) domains, found in thousands of 
proteins found in all three kingdoms of life.  As expected, these small modules (~130 aa) 
participate in both intra- and intermolecular protein/protein interactions essential for this 
regulation.  Intriguingly, many PAS domains internally bind organic cofactors that confer 
sensitivity to various different stimuli, thus integrating sensory and regulatory functions 
within a small protein domain.  

Here I will present results from our studies of photosensory PAS domains, which utilize in 
situ laser irradiation of samples during NMR experiments to trigger a light-induced covalent 
bond formation within these proteins.  This bond formation generates protein conformational 
changes that unfold a critical alpha-helix, leading to activation of downstream effectors.  We 
have used a combination of experimental and computational approaches to further examine 
this linkage, letting us quantitatively describe how alterations in protein/cofactor interactions 
perturb the folding/unfolding equilibrium and subsequent functional state of the protein.  

In parallel, NMR, crystallographic and functional studies on PAS domains from the human 
hypoxia response system have provided a foundation for understanding how these domains 
serve within heterodimeric transcription factors.  Interestingly, these domains share several 
common features with the light-regulated systems, including ligand binding and alternative 
protein conformations, despite having completely different biological contexts.  Taken 
together, these data identify common facets of PAS-based signaling and lay the foundation for 
artificial control of these systems in the future. 
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Structure and Function of The N-Terminal Nucleolin Binding Domain of
Nuclear Valocine Containing Protein Like 2 (NVL2)

Yoshie Fujiwara1, Ken-ichiro Fujiwara2, Natsuko Goda1, Naoko Iwaya1, 3, Takeshi Tenno1,
Masahiro Shirakawa3, Hidekazu Hiroaki1, 2, and Daisuke Kohda1

1Division of Structural Biology, Graduate School of Medicine, Kobe University, Hyogo,
Japan.
2Shionogi Reserch Laboratories, Shionogi & Co. , Osaka, Japan
3Division of Molecular Engineering, Graduate School of Engineering, Kyoto University,
Kyoto, Japan.

N-terminal regions of AAA-ATPases (ATPase associated to various cellular activities)
often contain a domain that defines the specific functions of the enzymes such as substrate
specificity and subcellular localization. Thus, determination of 3D structure of N-terminal
domains of AAA-ATPases may address its molecular function. We have determined the
solution structure of an N-terminal unique domain (UD) isolated from nuclear VCP-like
protein 2 (NVL2UD). NVL2UD contains three alpha helices whose organization resembles that
of a winged-helix motif, whereas a pair of -strands is missing. The structure is unique and
distinct from other known AAA-ATPases, such as VCP (class-II) or MIT-domain of Vps4
(class-I). The domain solely exeibited nucleolar localizing activity when expressed in HeLa
cell. We also identified nucleolin from HeLa cell extract as binding partners of this domain.

7

AAA AAA-ATPase

AAA-ATPase ATP
(PEX1/PEX6)
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NMR-based structural analysis of (large) protein complexes in solution 

Tobias Madl1,2, Bernd Simon3, Frank Gabel4, Cameron D. Mackereth5, Michael Nilges6 & 
Michael Sattler1,2

1Helmholtz Zentrum München, Neuherberg, Germany; 2TU München, Garching, Germany 
3EMBL, Heidelberg, Germany; 4Institut de Biologie Structurale, Grenoble, France; 5Institut 
Européen de Chimie & Biologie (IECB), Pessac, France; 6Institut Pasteur, Paris, France 

Eukaryotic multi-domain proteins play crucial roles in the regulation of gene expression and 
cellular signalling. As their conformations often depend on dynamic domain rearrangements it 
is important to use solution techniques for their structural analysis. We have developed a 
versatile and efficient protocol for determining the quaternary structure of multi-domain 
proteins and protein complexes in solution by combining experimental data derived from 
solution state NMR as well as Small Angle X-ray and/or Neutron Scattering (SAXS/SANS) 
experiments [1,2]. Information about the relative orientation of domains or subunits is 
obtained from NMR residual dipolar couplings (RDCs). Long-range (up to 20Å) distance 
restraints are obtained from paramagnetic relaxation enhancements (PRE) using spin-labeled 
proteins and/or RNA. We demonstrate the utility of 13C direct-detected PREs in providing 
additional distance restraints that complement 1H PREs, both quantitatively as well as 
qualitatively [3]. We show that the solvent PRE data can be directly used for structural 
refinement of molecular interfaces. The RDCs, PREs (from covalent spin labels), solvent 
PREs and SAS data are jointly used for structure calculation in ARIA/CNS supplemented 
with additional information from chemical shift perturbation or biochemical data. The 
combined NMR/SAS protocol is demonstrated with a protein-RNA complex involving 
splicing factor U2AF65, but it is generally applicable also for high molecular weight 
complexes. 

In a second example, NMR structural analysis of the recognition of nuclear export cargo will 
be presented. The conformation of a 27-residue nuclear export signal (NES) peptide in a 150 
kDa export complex was determined using state-of-the-art isotope-labeling and NMR 
methods. A combination of amide and methyl proton-detected triple resonance experiments, 
1H NOESY and 13C direct detection was required to obtain chemical shift assignments and to 
determine the conformation of the peptide. In addition to few intermolecular NOEs, solvent 
PRE were used to refine the structure of peptide-protein binding interface in the 150 kDa 
protein complex. 

[1] F. Gabel, B. Simon, M. Nilges, M. Petoukhov, D. Svergun, M. Sattler, J Biomol NMR 2008, 41, 199. 

[2] B. Simon, T. Madl, C. D. Mackereth, M. Nilges, M. Sattler, Angew Chem Int Ed Engl 2010, 49, 1967. 

[3] T Madl, IC Felli, I Bertini, M Sattler J. Am. Chem. Soc. 2010, 132, 7285.
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 We report solid-state CW DNP/NMR experiments under currently highest external field 

condition of 14.1 T (600 MHz for 
1
H frequency), which would allow increased resolution in 

NMR spectrum. To perform the experiments, we have combined a commercial 

high-resolution solid-state NMR spectrometer with a 395-GHz gyrotron oscillator, 

sub-millimeter (sub-mm) wave transmission and low-temperature gas supplier systems that 

we developed. The gyrotron generated the sub-mm wave with power output of about 40 W in 

the second harmonic TE06 mode. Sufficient amount of power for DNP (0.5-3W) was 

transmitted to the sample using a smooth-wall circular waveguide system. DNP enhancements 

of  ~10 and ~20 were achieved at 90 K and 50 K, respectively, for 
13

C-glucose in the 

presence of biradical TOTAPOL.  
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NMR
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Figure 1. NMR signal of 

13
C-labeled glucose 

observed via CP with and without microwave 
irradiation. 
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Detection of photo-intermediates in retinal proteins by in-situ
photo-irradiated solid-state NMR

Akira Naito1, Yuya Tomonaga1, Tetsurou Hidaka1, Izuru Kawamura1, Takudo Nishio1,
Kazuhiro Ohsawa1, Akimori Wada2, Yuki Sudo3, Naoki Kamo4

1Graduate School of Engineering, Yokohama National University Yokohama, Japan, 2Kobe
Pharmaceutical University Kobe, Japan, 3Graduate School of Science, Nagoya University
Nagoya, Japan, 4College of Pharmaceutical Science, Matsuyama University, Matsuyama,
Japan.

Pharaonis phoborhodopsin (ppR or sensory rhodopsin II) is a negative phototaxis
receptor through complex formation with its cognate transducer (pHtrII) from Natronomonas
pharaonis, leading to the photo-induced signal transduction. We first developed an in-situ
photo irradiation system for solid-state NMR under the magic angle spinning condition. Using 
this photo-irradiation system, we could successfully irradiate green laser light (532 nm) to the 
sample in the rotor. Photo-irradiated solid-state NMR experiments were performed on [15-13C,
20-13C]retinal-ppR. In a ground state, 13C NMR signal of 20-C in retinal appeared at 13.5 ppm 
(all-trans retinal with protonated Schiff base) and the signal moved to the positions at 23.5,
22.9 and 21.0 ppm (13-cis, 15-anti retinal with deprotonated Schiff base) for M intermediate 
in the yield of 80% at -20 ºC. 

Introduction Pharaonis phoborhodopsin (ppR or sensory rhodopsin II) is a negative
phototaxis receptor through complex formation with its cognate transducer (pHtrII) from
Natronomonas pharaonis, leading to the photo-induced signal transduction. Light absorption 
of ppR initiates trans-cis photoisomerization of retinal chromophores, followed by cyclic 
chemical reactions consisting of several intermediates (K, L, M, and O). This photochemical 
reaction cycle of ppR absorbs blue light and forms K(540), L(488), M(390), and O(560)
intermediates. The M and O intermediates are thought to be active states. We therefore
attempted to trap the M photo-intermediate to gain insight into the mechanism of signal
transduction.

Experimental We first developed an in-situ photo irradiation system for solid-state NMR
__________________________________________________________________________

NMR
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under the magic angle spinning condition. In-situ continuous photo-irradiation was made by 
an optical fiber from outside the magnet through a tightly sealed piece of cap made of glass 
rod glued to the zirconia rotor. Using this photo-irradiation system, we could successfully 
irradiate green laser light (532 nm) of 5 mW to the sample in the rotor. Since the life time of 
M intermediate is much longer than those of the other intermediates (Fig. 1A), it is, therefore,
expected to be trapped an M intermediate under continuous photo-irradiation condition in the 
solid-state NMR experiments. In-situ photo irradiated NMR signals were acquired by means 
of CP-MAS method with the spinning frequency of 4 kHz.

Results and Discussion Photo-irradiated solid-state NMR experiments were performed on 
[15-13C, 20-13C]retinal-ppR at 0 ºC (Fig. 1B) and -20 ºC (Fig. 1C). In a ground state, 13C
NMR signal of 20-C in retinal appeared at 13.5 ppm (all-trans retinal with protonated Schiff 
base) and the signal moved to the positions at 22.4 ppm (13-cis, 15-anti retinal with
deprotonated Schiff base) for M intermediate at?0 ºC. It was noted that at least three
distinctive M intermediates were appeared at (23.5, 22.9, 21.0) ppm in ppR at -20 ºC (Fig. 
1C). The yields of the M-intermediates were 40% and 80% at 0 and -20 ºC, respectively. This 
difference can be attributed to the life time of the M-intermediate whose life time at low
temperature is longer that at high temperature. It is of interest to point out that the single line 
was observed for the M-intermediate at 0 ºC, while the multiple lines were observed at -20 ºC .
This can be attributed to the existence of the several different interactions between the retinal 
and protein. The M intermediates were also trapped for [15-13C, 20-13C]retinal-ppR/pHtrII
complex and the 13C NMR signals were appeared at 21.3 and (23.5, 22.4, 21.3) ppm at 0 ºC
and -20 ºC, respectively. It was noted that the signal of M intermediate for ppR was slightly 
different from those for ppR/pHtrII complex. This observation also showed that the
interaction between retinal and protein of ppR is different from that of ppR/pHtrII complex.

In summary, we have successfully observed the M intermediates with several
distinctive M states by in-situ photo-irradiated solid-state NMR. 

Figure 1. A. Photo cycle of ppR. Life time of the M-intermediate is 1.7 sec. B. 13C NMR spectrum of 
ppR. Top spectra show those in the light and dark and bottom spectra show the difference spectra
between light and dark at 0 ºC. C. Same as B at -20 ºC.

A B C

M

G

M
G
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NMR and MRI in Chemistry and Biomedical Physics & Engineering: 
My Research Profile of 43 Years in University 

Hideaki Fujiwara 

Department of Medical Physics and Engineering, Division of Health Sciences, Graduate 
School of Medicine, Osaka University, 1-7 Yamadaoka, Suita, Osaka 565-0871 Japan.  

As everybody knows who is engaged specially in NMR studies, first reports have appeared in 
1946 in Phys. Rev., where NMR has been reported for the first time using condensed matter as 
samples. Since then NMR has made extraordinary developments in Physics, Chemistry, 
Biology, Medicine and other related different fields. I was born in the same year of 1946, and 
I fortunately experienced a lot of interesting studies in university. First I engaged in the NMR 
study of carbanion, organometallic compounds which present as anions in solution, in Nagoya 
Institute of Technology to take the degree of bachelor in 1969, and then intermolecular 
interactions such as hydrogen bonding in solution were main subject of the research in 
Graduate School of Tohoku University to take the Ph.D (1974). Since then NMR has always 
attracted me in every possible way, although I moved to Faculty of Pharmaceutical Sciences 
(1976) and to Faculty of Medicine (1995) in Osaka University.  
  Sensitivity enhancement has long been a continuing target of research in NMR although the 
substantial method has changed with the times. For example, the sensitivity has been 
increased with the times in the history of NMR as the result of improvement in the electronic 
circuit of RF detection and amplification, use of high field magnet, introduction of new 
detection mode such as the pulsed-FT mode, and so on. Advances in this area can be seen in a 
special session of NMR Sensitivity Enhancement  in the 42nd Annual NMR Symposium in 
Japan (2003, Osaka).  Recent topic in this area may be the hyperpolarized nuclei which are 
produced by the photo-pumping or DNP technique where electromagnetic wave such as laser 
or micro/submilli-wave is utilized to polarize  the spin state extraordinarily.   
  In recent 10 years the author has engaged in hyperpolarized noble gas NMR/MRI that 
includes development of the home-built polarizing equipment and applications to 
supramolecular solution chemistry and animal imaging, which still drives me to the pursuit of 
more interesting story in the near future. 
  Above NMR studies will be summarized in the presentation, expressing sincere gratitude 
for all of my colleagues and students as well as the members of domestic/international NMR 
Societies who have encouraged me in every way.  
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Protein structure determination using orientation induced  
TROSY shift changes 

Shin-ichi Tate1,2 
1Dept. Mathematical and Life Sciences, Hiroshima University, Japan. 

2SENTAN/JST, Japan. 

Abstract 
As an extended application of the anisotropic spin interactions observed in solution, we have 
been studying the feasibility of the TROSY shift changes induced by weak alignment as 
alternative structural parameters to the residual dipolar couplings (RDCs). To take full 
advantage of TROSY in measuring the backbone 1H-15N peaks for large proteins, particularly 
in high magnetic field, we focus on the use of the amide signals. The use of TROSY shift 
changes requires a priori values for the 15N chemical shift anisotropy (CSA) tensors in 
determining molecular alignment tensor, which gave some drawbacks in using TROSY 
application for this purpose. In this presentation, I will give practical protocols to use TROSY 
shift changes in determining molecular alignment tensor, whose values are practically 
compatible to those by the RDC. Some of the applications will be also described.  

The use of anisotropic spin interactions in solution NMR, which was made possible 
by introducing techniques to weakly align a protein against the magnetic field. The use of the 
residual dipolar couplings (RDCs) has expanded NMR application to a various types of 
protein structural works, which include not only structural refinement but also structural 
prediction, validation and dynamics in a wider range of time scales over that seen by nuclear 
spin relaxation. In structural biology on large proteins or protein complexes consisting of 
subunits, the RDC-based analyses on domain or subunit arrangements are the most 
remarkable applications. Some researches in this line have been reported. In spite of the 
successful application of the RDC-based approach for determining the morphology of protein 
or protein complexes, this should have molecular size limitation that comes from the rapid 
transserve relaxation of the anti-TROSY components. This size limitation can be somewhat 
impaired by using the combinatorial use of HSQC and TROSY signals, which gives half 
values of the RDCs, or so-called J-scaling TROSY experiment that modulates scalar coupling 
contributions to TROSY chemical shifts, where a combination of the J-scaled and intact 
TROSY signals give scaled RDCs. Although these approaches can expand the size limit, to 
which the RDC-based analysis can be applied, they never fully take advantage of the TROSY 
Keywords: TROSY, chemical shift anisotropy, protein structure 
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characteristics. To further expand the size limitation in the protein morphological analyses, 
we should solely rely on the intact TROSY spectra to gain the molecular alignment tensor. 
 Under the motivation above, we have proposed the TROSY based alignment tensor 
analysis approach, DIORITE (Determination of the Induced ORIentation by Trosy 
Expeiments)(1,2). The two major drawbacks are pointed in this approach. One is the small 
values of the TROSY shift changes, TROSY, induced by weak alignment. This comes from 
the co-linearity between N-H bond vector and the least shielded CSA tensor axis, 11, in a 
peptide plane. Another is this approach requires a priori 15N CSA tensor values, which vary 
according to the local structure affected by torsion angle, hydrogen bonding, and so forth. 
Actually, their exact values are hardly to know a priori. Because of the significant variation in 
the 15N CSA tensor values, the application of the 15N RCSAs has been limited in use, 
although the 13C carbonyl RCSAs are commonly used due to their less dependency on the 
local structure.  
 As a remedy for the small magnitudes of TROSY, we carefully tuned the 
acrylamide gel conditions, which include the gel concentration, mesh sizes, and gel shapes to 
be inserted into a sample tube. Based on many case studies on a various proteins in different 
sizes and shapes, we got an empirical rule to optimize the gel conditions according to the size 
and shape of protein. Overall, the alignment strength should be tuned have somewhat greater 
manunitude than that used for the RDC measure to gain reliable data, because an average 

TROSY value is almost half of the RDC in magnitude.  
 The problem comes from 15N CSA variation was partly solved by using the 
secondary structure specific 15N CSA values, which values are easily obtained from solution 
experiments on a small proteins using weak alignment, although the determination of the 
residue specific 15N CSA values are not trivial. We found some improvement in the quality of 
the alignment tensor, which was judged as the identity to the corresponding tensor from the 
RDC, by using the secondary structure specific 15N CSA tensors determined on 15N labeled 
ubiquitin(3). Recently Bax and co-workers have reported the residue specific 15N CSA tensors 
on GB3 protein using elaborate experiments using mutants that align differently in bicelles(4). 
Using the calculated secondary structure specific 15N CSA tensors from Bax’s set of 15N CSA 
values for GB3, the quality of the alignment tensor by DIORITE was further improved.  
 In the presentation, we are going to show the details in the experimental protocols 
and optimization of the DIORITE experiments. We are going to also describe the structure 
refinement using the DIORITE restraints or the pseudo CSA restrains originally introduced by 
Bax in DNA structural refinement(5). 
 
References 
 
1. Kurita, J.-i., Shimahara, H., Utsunomiya-Tate, N., and Tate, S.-i. (2003) Journal of Magnetic 

Resonance 163, 163-173 
2. Tate, S.-i., Shimahara, H., and Utsunomiya-Tate, N. (2004) Journal of Magnetic Resonance 171, 
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3. Tate, S. (2008) Anal Sci 24, 39-50 
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Structure determination of the helical 7-transmembrane receptor sensory 
rhodopsin

Daniel Nietlispach, Antoine Gautier, John P. Kirkpatrick, Helen R. Mott, Mark J. Bostock 

Department of Biochemistry, University of Cambridge, Cambridge, United Kingdom. 

Close to one-third of all the proteins in the genome are targeted to the various cellular 
membrane compartments of organisms where they fulfill their function as receptors, 
transporters, channels, electrical and photo-transducers and others. Due to their easy 
accessibility at the cell surface these proteins present more than 50% of all the existing drug 
targets in humans. But in view of their abundance membrane proteins are structurally still 
strongly underrepresented. Currently there are only about 250 unique membrane protein 
structures deposited in the PDB of which 30% are of eukaryotic origin with the remaining 70% 
being prokaryotic. For integral membrane proteins the -helical type is more prevalent and 
while predominantly being bitopical it is the large group of polytopical proteins, which are least 
explored. In particular the seven-helical integral membrane proteins (7TM) have shown to be 
particularly elusive to structure determination. Here the G protein-coupled receptors represent 
the largest family of seven-helical TM proteins and despite recent spectacular achievements 
through X-ray crystallography they remain notoriously difficult to study.  
 We have been interested in the application of solution NMR spectroscopy methods 
towards the structure determination of seven-helical systems. We use the 7TM phototaxis 
receptor sensory rhodopsin pSRII as a model to demonstrate the feasibility of such studies by 
means of solution NMR spectroscopy. For the first time we present the full 3D structure 
determination of a 7TM receptor using NMR spectroscopy. The size of the protein-detergent 
micelle complex under investigation is on the order of 70 kDa. The quality of the pSRII 
structure ensemble is outstanding (backbone root mean squared deviation of 0.48 Å). Based on 
what we have learnt with pSRII we consider the success of similar NMR structural studies 
using other 7TM proteins such as GPCRs and see an encouraging future ahead.  
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Probing cancer cell signaling by NMR: structure, interaction, and kinetics 

of the small GTPase cycle 

Christopher B. Marshall, Mohammad Mazhab-Jafari, David Meiri, Geneviève M.C. 
Gasmi-Seabrook, Jason Ho, Robert Rottapel, Vuk Stambolic, and Mitsu Ikura

Division of Signaling Biology, Ontario Cancer Institute and Department of Medical 
Biophysics, University of Toronto, Toronto, Ontario, Canada, M5G 1L7 

The Ras superfamily small GTPases play crucial roles in a variety of physiological 
processes including normal cell growth and tumourgenesis. To study the mechanisms and 
kinetics of the intrinsic and GAP-catalyzed GTPase activities, we developed an NMR-
based assay to directly probe the conformation of the small GTPase Rheb during these 
reactions, which enabled us to examine the reaction kinetics in real time and in a site-
specific manner (Marshall et al. Science Signaling 2009). We have further developed this 
NMR methodology to monitor nucleotide exchange reactions and perform GEF assays, 
and have applied it to other small GTPases including RhoA and Ras (Mazhab-Jafari et al., 
J. Biol. Chem. 2009; Gasmi-Seabrook et al. J. Biol. Chem. 2009).  More recently we have 
established protocols for using the NMR approach to characterize the GAP and GEF 
activities present in extracts of mammalian cells. These NMR studies offer a wide range 
of useful applications in which NMR can be used as a read-out method of cell biology 
experiments.  Combining structural, dynamic, and interaction studies of the proteins 
involved in the signaling processes, we can grasp a more precise and accurate picture of 
what could go wrong when these signaling proteins are genetically altered. The talk will 
review our recent studies on mutation analyses of oncogenic Rheb and Rho signaling 
processes as well as other cancer signaling systems we have studied thus far (Supported 
by CCSRI and CRS). 
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Chemical shifts and dipolar couplings: how can they help? 

Justin Lorieau, Nick Fitzkee, Alex Grishaev, John Louis, Yang Shen, and Ad Bax

Laboratory of Chemical Physics, NIDDK, NIH, Bethesda, MD 20892, USA 

NMR chemical shifts provide important local structural information for proteins. Consistent 
structure generation from NMR chemical shift data has recently become feasible for proteins 
with sizes of up to 130 residues, and such structures are of a quality comparable to those 
obtained with the standard NMR protocol.  Further enhancements in empirically derived 
relations between chemical shift and protein structure, together with small angle X-ray 
scattering data, hold promise to extend protein structure determination to systems much 
larger than can be studied using conventional approaches. 
Study of membrane protein structure by solution NMR frequently poses particular challenges, 
as the rotational correlation time for such systems in the presence of the requisite detergents 
often is much longer than for water soluble proteins of comparable size.  The protein and 
detergent choice are usually optimized for generating conditions that yield the optimal NMR 
spectral properties, preferably allowing complete spectral assignments and permitting the 
measurement of numerous RDCs.  With the above mentioned novel computational 
approaches, the chemical shifts are yielding increasing structural restraints, while use of 
DNA-based liquid crystals in addition to stretched acrylamide gels permit the measurement 
of accurate RDCs. Application is demonstrated for the fusion domains of hemagglutinin. 
RDCs and relaxation measurements provide in micelles and bicelles provide important 
information on the dependence of structure and dynamics on the lipophilic environment. 
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Automated protein structure determinations from minimal sets of spectra 
using FLYA

Teppei Ikeya1,2, JunGoo Jee3, Yoshiki Shigemitsu1, Jumpei Hamatsu1, Masaki Mishima1,
Yutaka Ito1, Masatsune Kainosho3,4 and Peter Güntert 2,3,5

1 Graduate School of Science, Tokyo Metropolitan University, Tokyo, Japan 
2 Institute of Biophysical Chemistry, Goethe-University Frankfurt, Frankfurt am Main, 
Germany
3 Center for Priority Areas, Tokyo Metropolitan University, Tokyo, Japan 
4 Structural Biology Center, Nagoya University, Nagoya, Japan 
5 Frankfurt Institute of Advanced Studies, Goethe-University Frankfurt, Frankfurt am Main, 
Germany

The complete automation of protein structure determination is one of the challenges of 
biomolecular NMR spectroscopy that has, despite early optimism, proved difficult to achieve. 
The unavoidable imperfections of experimental NMR spectra, and the intrinsic ambiguity of 
peak assignments that results from the limited accuracy of frequency measurements, turn the 
tractable problem of finding the chemical shift assignments from ideal spectra into a 
formidably difficult one under realistic conditions. A purely computational algorithm (FLYA) 
was published that is capable of determining three-dimensional protein structures on the basis 
of uninterpreted spectra without manual interventions. Here, we will show that fully 
automated analyses of the spectra can yield protein structures using a minimal number spectra, 
and discuss the feasibility of using exclusively NOESY data. 
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1) Ikeya, T., Takeda, M., Yoshida, H., Terauchi, T., Jee, J., Kainosho, M. & Güntert, P.,
Automated Structure Determination of SAIL Ubiquitin Using the SAIL-FLYA System, J.
Biomol. NMR 44, 261-272 (2009)

2) Ikeya T., Terauchi T., Güntert P. and Kainosho M., Evaluations of stereo-array isotope 
labeling (SAIL) patterns for automated structural analysis of proteins with CYANA., Magn. 
Reson. Chem, 44, S152-S157 (2006).

3)  López-Méndez, B. & Güntert, P. Automated protein structure determination from NMR 
spectra. J. Am. Chem. Soc. 128, 13112-13122 (2006).

Figure 1. SAIL ubiquitin (A) and TTH17118 (B) structures
obtained using exclusively NOESY spectra for chemical shift 
assignment and structure calculation (ribbon model)
superimposed on the conventionally determined NMR solution 
structure (cylinder model). Figure produced with the program 
MOLMOL. 

(A) (B)
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Development of labeling strategies and pulse sequences suitable for 
structural analyses of large proteins 

Koh Takeuchi1, 2, Hideo Takahashi1, 3, Ichio Shimada1, 4, Gerhard Wagner2

1BIRC, AIST, 2Harvard Med. Sch., 3Grad. Sch. Nanobiosic., Yokohama City Univ., 4Grad. Sch. 
Pharm. Sci., The Univ. of Tokyo  

Sequence specific back-bone assignments typically use uniform 13C/15N labeling with 
1H-detected triple resonance experiments. However, fast relaxation of 1H nuclei hinders the 
application of 1H-detected experiments for higher molecular weight systems or signals close 
to paramagnetic centers. To overcome these problems 13C-detected experiments have been 
used. However, direct 13C detection is complicated due to the scalar couplings causing 
crowded spectra and reducing sensitivity due to splitting peaks into multiplets. Here we 
present the use of 13C-12C alternate labeling in 13C-detected triple-resonance experiments to 
overcomes one bond 13C-13C coupling by isotopic enrichment at alternating carbon sites. The 
carbon-detected experiments suitable for the labeling schemes, such as NCA and 13C -13C
TOCSY will also be discussed.     
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13C 13C

13C
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13C 12C 

13C-15N
 13C 13C

13C

(fig. 1)  

2-13C
13C 13C

13C
13C

13C
12C 

2D NCA,3D CANCA
 (fig. 2) 

 
 

 
13C 13C

13C 13C 13C -13C 13C'-13C'
CACA-TOCSY

 (fig. 3)

 

Takeuchi K, Wagner G et al.  
2D NCA: J Am Chem Soc. (2008), 130, 17210  
3D CANCA: J Am Chem Soc. (2010), 132, 2945 
2D CACA-TOCSY  J Biomol NMR. (2010), 47, 55  

Fig. 1:Schematic representation of (A) uniform 
15N13C labeled and (B) alternate 13C-12C labeled 

protein 

Fig. 3: CACA-TOCSY experiment 

Fig. 2: 13Cdirect detection experiment suitable for 

13C-12C alternate 13C-12C labeling: (A)NCA, (B)CANCA 
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Processing relaxation dispersion data with a new software GLOVE 

Kenji Sugase1, 2, Jonathan C. Lansing2, and Peter E. Wright2 
1Suntory Institute for Bioorganic Research, Osaka, Japan.  
2The Scripps Research Institute, California, USA.  

Relaxation dispersion NMR spectroscopy is a very powerful technique to quantitate protein 
dynamics. It can characterize site-specific chemical (conformational) exchange processes in 
proteins on s ms time scales. A problem is, however, that it is difficult to fit relaxation 
dispersion data with existing software because 1) the theoretical equations of the relaxation 
dispersion are complicated, 2) there are a number of local minima of the objective functions, 
resulting in wrong parameters, and 3) some parameters should be fitted globally, for example, 
exchange rates and populations of adjacent residues. Here, we report a new software package 
called GLOVE (Global and Local Optimization of Variable Expressions) coded using C++. 
GLOVE utilizes Levenberg–Marquardt algorithm for non-linear least square fitting, and can 
fit R1, R2 relaxation data and R2 dispersion data.  

C++
GLOVE  
GLOVE Levenberg–Marquardt

XMGR

R2

Luz-Meiboom equation Ishima-Torchia equation
Carver-Richards equation Levenberg–Marquardt
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GLOVE

stochastic

50-200 stochastic
Monte Carlo with minimization stochastic

100-1000

grid search
 

GLOVE

Fig. 
1 CREB pKID CBP KIX

pKID KIX

 

GLOVE
GLOVE R2

NMR
R1, R2 ZZ-exchange  

GLOVE  

 
Fig 1. R2 dispersion data analyzed by GLOVE: an application to coupled 

folding and binding processes of an intrinsically disordered protein.1)  
 
1) Kenji Sugase, H. Jane Dyson, Peter E. Wright, Nature 447, 1021-1025 (2007) 
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Structural analysis of model peptides from crystalline domain of Bombyx mori silk 
fibroin using solid state NMR 

Yu Suzuki, Tatsuya Ogawa and Tetsuo Asakura 
Department of Biotechnology, Tokyo University of Agriculture and Technology, Japan  

The structure of the model peptide (AGSGAG)5 from the crystalline domain of Bombyx mori 
silk fibroin was studied using solid-state NMR. The local structure for each Ala residue was 
determined from 13C CP/MAS NMR spectra of ten different [3-13C]Ala-(AGSGAG)5 peptides 
differing in their 13C labeling positions. The highest field peak of the Ala C  carbon (16.7
ppm) assigned to a distorted -turn and/or random coil changes significantly depending on the 
13C labeling position. In addition, the local structure of each Ser residue was obtained from 
REDOR experiments of [1-13C]Gly-Ser-[15N]Gly by assuming the distance of random coil 

-sheet. By combining the structural information on Ala and Ser residues from solid state 
NMR, and statistical mechanical calculation, the probable lamella structures of (AGSGAG)5
in the solid state were obtained. The effect of the introduction of Ser residue was also 
discussed on the basis of 13C solid state spin-lattice relaxation time observation.  

(Ala-Gly)n

Silk II NMR sheet-turn-sheet

49% (Ala-Gly-Ser-
Gly-Ala- Gly)
Ala Ser

(Ala-Gly-Ser-Gly-Ala-Gly)5
13C CP/MAS

13C-15N REDOR
Fmoc 9M LiBr

Silk II

(AGSGAG)5

Ala13C (AGSGAG)5
13C CP/MAS NMR

Ala distorted -turn random coil(16.7 ppm

NMR

L21

－82－



Figure 1 Fractions of distorted 
-turn and/or random coil of 

(AGSGAG)5 as a function of 
different positions (black).  
The corresponding relative 
intensities of (AG)15 were also 
shown for a comparison (gray) 

Figure 2  Typical lamellar 
structure of (AGSGAG)5 with 
distorted -turn marked by yellow 
circle.  

Ser [1-13C]Gly-Ser-
[15N]Gly REDOR Ser
random coil -sheet

Ala
Ser

11 19
2 (Figure 1 )
(AG)15 (Figure 1 )

20% turn
sheet-turn- 

sheet  

(AGSGAG)5 turn 1 2
147

fitting
 

Figure2
(AGSGAG)5 turn 2

-sheet 8 11
Gong 2

AFM TEM 8

 
 

(AGSGAG)5SilkII SerC
(AGSGAG)5

13C - T1C SerC T1C 2
T1C

T1C

40 60%
Ser Frazer X 3

(AG)n (AGSGAG)m

random coil Ser OH

[1] Asakura, T. et al.; J. Am. Chem. Soc., 2007, 129, 5703-5709.  
[2] Gong, Z. et al.; Chem. Comm., 2009, 7506 
[3] Frazer, D. et al., J. Mol. Biol., 1965,11,706-712. 
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Solid-State NMR Studies on Molecular Interactions in Lipid Rafts 
Nobuaki Matsumori, Toshiyuki Yamaguchi, Yoshiko Maeta, Tomokazu Yasuda, Hiroki 

Okazaki, Tohru Oishi, and Michio Murata
Department of Chemistry, Graduate School of Science, Osaka University, Toyonaka, Japan.  
 
Lipid rafts are membrane domains rich in sphingolipids, such as sphingomyelin (SM), and 
cholesterol (Chol), and are assumed to play essential roles in biological processes such as 
signal transduction and cholesterol shuttling. However, details on the molecular recognitions 
in lipid rafts have yet to be elucidated. To reveal the structure basis of raft formation, we are 
taking three approaches; 1) determination of SM orientation in lipid bilayers by analyses of 
2H quadrupolar couplings, dipolar couplings and chemical shift anisotropies; 2) conformation 
analysis of SM using bicellar system; and 3) analysis of molecular interactions for SM-SM 
and SM-Chol using REDOR method. Based on the results, we will propose a possible 
molecular mechanism in forming lipid rafts. 
 

(SM, Fig. 1) (Chol, Fig. 1)

SM (CSA) 2H
SM

SM SM
13C 19F SM Chol REDOR

SM-SM
SM-Cho

SM Fig. 2
SM CSA, 2H

order parameter

, ,  
 

 

N
O

HO

P
O

OO
C13H27

NH

OH

C17H35

O
Sphingomyelin (SM) Cholesterol (Cho)  

Fig. 1. Structures of sphingomyelin (SM) and cholesterol
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SM
(Fig. 2) Chol

Chol
SM

SM Fig. 2
2H 2H NMR

Chol Chol

C2’-C3’
SM

 
SM SM

NMR NOE 3JHH

SM (Fig. 3) SM
SM  

 
 

 
Fig. 4 SM

Chol REDOR 19F SM

 

 
Fig. 4. Combinations of labeled SM-Chol and SM-SM for REDOR experiments. 

 
Fig. 2. Orientation determination of SM amide and olefin planes in 
lipid bilayers using various isotope-labeled SMs. The orders of acyl 
chain were also evaluated using sitespecifically-2H-labeled SMs. 

 
 
Fig. 3. Partial conformation 
of SM determined by NOE 
and 3JHH in isotropic bicelle 
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Noise and Signal in NMR 

K. Takegoshi1, 2 
1Department of Chemistry, Graduate School of Science, Kyoto, Japan.  
2CREST, JST, Japan.  
 
Two methods for sensitivity enhancement and denoise in NMR are presented. One is a signal 
analysis method on the basis of phase correlation between NMR signals and excitation pulse.  
This what we shall call phase-covariance analysis is compatible with the conventional signal 
accumulation and apparent gain of signal-to-noise ratio is demonstrated. The other approach 
(APodization after Receiver-gain InCrement during Ongoing sequence with Time 
(APRICOT)) is to reduce the digitization noise for a given dynamic range; the receiver gain is 
dynamically increased to use as many number of bits as possible for all FID points. Before FT, 
the apodization that compensates the effect of the time-dependent gain is applied to restore 
the original profile.  
 
  NMR (phase-covariance analysis)

(APRICOT)
 

 

 
 

1 
(signal-to-noise ratio; SNR)

X Y -X -Y
artifact

 
KBr 13C MAS

3600 a A)  
Covariance, Dynamic range, Denoise 
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 Fig. 1 Phase-covariance 
analysis; before (a) and after (b). 
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DISK MAS: High-resolution solid-state NMR of a thin-film on a spinning 
disk at the magic-angle 

Munehiro Inukai1, and Yasuto Noda1

1 Graduate School of Science, Kyoto University  

We present a new technique on magic-angle spinning (MAS) nuclear magnetic resonance 
(NMR) for a thin-film on a substrate. With the conventional spinning module, a thin-film on a 
circular substrate of 12 mm diameter was spun together with the MAS rotor at 5 kHz, and 
NMR signals of the thin-film was detected with an outer solenoid coil. We demonstrate 27Al 
MAS NMR of a thin-film aluminum (thickness: 2 m) and 7Li MAS NMR of a thin-film
LiCoO2 (thickness:200 nm). This work opens the door for high-resolution solid-state NMR of 
functional thin-film devices, such as a thin-film lithium-ion secondary battery, a thin-film 
solar cell, and a thin-film organic electroluminescence. 

Figure 1. A schematic description of 
DISK MAS. A substrate-holder (a)
adhering a substrate (b) is attached on 
top of a 4 mm MAS rotor (c). A RF 
coil (d) is located around a thin-film
deposited on a substrate. The RF coil 
is connected to a single resonant 
circuit (not shown in this figure).
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[1] H. Janssen, A. Brinkmann, E.R.H. van Eck, J.M. van Bentum and A.P.M. Kentgens, J. Am. 
Chem. Soc. 128, 8722 (2006). 

Figure 2. 27Al MAS spectra of (a) a thin- 
film aluminum with approximate thickness 
of 2 m using the DISK MAS (acquisition 
time ~ 12 h, 0: 78 MHz r: 7.4 kHz), and 
(b) bulk aluminum using a conventional 
MAS probe (acquisition time: 20 s, 0: 78 
MHz r: 7.4 kHz). To spin the rotor, the 
bulk aluminum was mixed with KBr. 
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T2  
 

1, Univ. Minnesota2 1, 1, 1, 
Michael Garwood2, Edward J. Auerbach2 

 
Mechanisms of T2 relaxation of tissue water in human brain 

(Natl. Inst. for Environmental Studies1, Univ. Minnesota2) 
F.Mitsumori1, H.Watanabe1, N.Takaya1, M. Garwood2, EJ Auerbach2 

 

Transverse relaxation time T2 of the water molecule in human brain is utilized for 
disease diagnosis as well as for functional mapping of the brain. We recently found that 
the apparent transverse relaxation rate R2† (= 1/T2†) of tissue water in human brain is 
well described as a linear combination of the regional non-hemin iron concentration [Fe] 
and the macromolecular mass fraction fM (= 1 – water fraction), R2† = [Fe] + fM +  in a 
wide range of the static field B0. The B0 dependent change in each coefficient of , , and 
 suggested a unique mechanism for contribution of iron and macromolecules. 

 
T2 MRI

T2

4.7T R2
† = 1/T2

† [Fe]
fM R2

† = [Fe] + fM + (1)
1.5 7T (1)

MRI Varian Inova 1.5T, 1.9T, 4.7T Siemens
Magnetom Trio 3T, 7T 1.9, 4.7, 7T TEM 1.5, 3T
birdcage 1.5T

1.9T 3T + 4.7T 7T
Minnesota IRB T2† MASE (multi-echo 

adiabatic spin echo) [2] MASE 180° 7ms hyperbolic secant
7T

7T echo spacing 13ms
TE 26 156ms

R2
† [Fe] fM  

1.5T 1.9T 3T 4.7T 7T T2† T2†

T2† R2†  
 
 
 
 
 
 
 
 
Fig.1. T2† maps of human brain at (a) 1.5T, (b) 1.9T, (c) 3T, (d) 4.7T, and (e) 7T. 
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Fig.2. Observed R2
† in 6 brain regions at 

1.5T( ), 1.9T( ), 3T( ), 4.7T( ), and 7T( ) 
plotted against the regional [Fe]. Solid lines 
show calculated values using equation (1). 

(1)
B0

R2
† [Fe] fM

(1)
R2

† [Fe]
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[1] Mitsumori F, Watanabe H, Takaya 
N, , Magn. Reson. Med., 62, 1326 (2009). 
[2] Mitsumori F, Watanabe H, Takaya N, 
Garwood M, Magn. Reson. Med., 58, 
1054 (2007). 
[3] Gossuin Y, Roch A, Muller RN, Gillis 
P, Bue FL, Magn. Reson. Med., 58, 1054 
(2007).48, 959 (2002) 
 

Fig. 3. B0 dependence of  

Fig. 4. B0 dependence of  

－95－



Application of hetero-correlation methods toward promotion of effective use of plant biomass  

Jun Kikuchi1,2,3, 4, Yasuhiro Date1,3, Kenji Sakata3, Shinji Fukuda3,5, Eisuke Chikayama1,3

1RIKEN PSC, 2RIKEN BMEP, 3Yokohama City Univ., 4Nagoya Univ., 5RIKEN RCAI 

Humans have been received enormous benefit from ecosystem services since the 
beginning of our histories. Plant biomass is the most typical beneficial chemical 
products from ecosystem services, however, “biomass recalcitrance” is critical issue to 
overcome for effective use in our city-life and industries. Here, we will discuss our 
strategy for characterization of plant biomass based on hetero-correlation methods, 
statistically calculated between NMR and other –omics like data matrices. 

38

1)

5F

2)

 

Fig.1. Concept of our strategy for efficient use of plant 
biomass by analysis of environmental metabolic 
systems based on hetero-correlation methods, such as
microbiota (x) – metabolites (y). Left illustration is 
altered from ref.3.

L27

－96－



8) 9)

10)

11)

NMR
12)  

1) Schindler et al. (2010) Nature 465, 609-612. 
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8) Kikuchi et al. (2004) Plant Cell Physiol. 45, 1099-1104; Kikuchi et al. (2007) Method Mol Biol. 358, 

273-286; Sekiyama et al. (2007) Photochemistry 68, 2320-2329; Tian et al. (2007) J. Biol. Chem. 
282, 18532-18541; Ohyama et al. (2009) Proc. Natl. Acad. Sci. USA 106, 725-730. 

9) Mochida et al. (2009) BMC Genomics10, e563. 
10) Chikayama et al. (2008) PLoS ONE 3, e3805; Akiyama et al. (2008) In Silico Biol. 8, e27; Sekiyama 

et al. (2010) Anal. Chem. 82, 1643–1652; Chikayama et al. (2010) Anal. Chem. 82, 1653-1658.  
11) , 49 NMR YP9; , 49 NMR P78. 
12) , 49 NMR YP8; , 49 NMR P6.  

Fig.2. One of example for our hetero-correlation methods in the 
analysis of metabolic dynamics between metabolites (x) and gut 
microbiota (y). These figures are altered from ref.7. 
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15NNMR

Oxygen Reduction Activity of Pyrolyzed Polypyrroles studied by 15N Solid-State NMR

Shigeki Kuroki 
Dept. of Organic and Polymeric Materials Tokyo Institute of Technology, Ookayama, 
Meguro-ku, Tokyo 152-8552 Japan

15N labeled polypyrrole is prepared as a precursor of N-doped carbon catalysts and is 
pyrolyzed at several different temperatures in a nitrogen atmosphere.  The oxygen reduction 
reaction is evaluated and solid-state 15N NMR and XPS spectra of the samples are measured. 
The relationship between oxygen reduction activity and the chemical structure, combined 
with principal component analysis is discussed.   The iron-free pyrolyzed polypyrrole 
samples display quite poor catalytic activity for oxygen reduction, whilst the iron-containing 
pyrolyzed polypyrrole samples display better oxygen reduction activity. Using principal 
component analysis of the XPS and 15N solid-state NMR spectra, it is found that most 
pyridinic, quaternary, and pyridinium-like or pyrrolic nitrogen atoms in the samples are not 
related to oxygen reduction reaction.  However, the samples which contain a larger 
proportion of some particular type of pyridinic nitrogen atoms show a higher activity for the 
oxygen reduction reaction.   

 [ ] PEFC

PEFC

ORR

ORR
1964 Jasinski

1

ORR

, 15N NMR
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ORR 2,3

4,5

XPS NMR

[ ] Zelenay Co-Polypyrrole-Carbon composite Co-PPy-C
ORR

PPy 15NNMR 15N
2 FeCl3 APS

PPyFe PPyA PPy
1 700 900

PPyFe 700
PPyFe700
[ ] 1

PPy
ORR

1
PPyFe PPyA ORR

ORR
PPyFe900

Table 1 Eonset and current density at 0.5 V of pyrolyzed PPys

Sample Eonset* (V) Current density at 0.5 V(mA cm-2)

PPyFe700 0.75 -0.453

PPyFe800 0.74 -0.432

PPyFe900 0.76 -0.796

PPyA700 0.55 -0.036

PPyA900 0.58 -0.044

* defined as the voltage at which a reduction current density of -10 A cm-2 is observed.

Table 2 Elemental mass composition plus the H/C and N/C atomic ratios of PPyFe and PPyA samples 

pyrolyzed at various temperatures

Sample C H N H/C (atomic ratio) N/C (atomic ratio)

PPyFe700 80.32 1.49 15.97 0.22 0.17

PPyFe800 72.27 1.10 12.34 0.18 0.15

PPyFe900 76.95 0.85 10.29 0.13 0.11

PPyA700 64.61 1.28 11.92 0.24 0.16

PPyA900 75.91 0.85 10.28 0.13 0.12

2

C/N 2 1 ORR
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1. Jasinski, R. Nature 1964, 201, 1212-1213.
2. Nabae, Y.; Moriya, S.; Matsubayashi, K.; Lyth, S.M.; Malon, M.; Wu, L.; Islam, N.M.; 

Koshigoe, Y.; Kuroki, S.; Kakimoto, M.; Miyata, S.; Ozaki, J Carbon, 2010, 48,
2613-2624.

3. Wu, L.; Nabae, Y.; Moriya, S.; Matsubayashi, K.; Islam, N. M.; Kuroki, S.; Kakimoto, M; 
Ozaki, J; Miyata, S. Chem. Commun. 2010, 46, 6377-6379.

4. Lefevre, M.; Dodelet, J.P. ; Bertrand, P. J. Phys. Chem. B 2002, 106, 8705- 8713.
5. Ikeda, T.; Boero, M.; Fe, S.F.; Terakura, K.; Oshima, M.; Ozaki, J. J.Phys Chem. C 2008,

112, 14706-14409.
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Solid-state NMR Analysis of Coordination Environment of Al in 
Al-MCM-41 and related catalyst materials

Toshikazu Takahashi1 , Katsuyuki Iwanami1, Shigenobu Hayashi2, Toshiyasu Sakakura1,
and Hiroyuki Yasuda1

1Research Institute for Innovation in Sustainable Chemistry, AIST, Ibaraki, Japan.  
2Research Institute for Instrumentation Frontier, AIST, Ibaraki, Japan.  

Al-MCM-41(Si/Al = 20, d = 2.8 nm) shows exceptionally high activities to cyanosilylation and 
some related reactions of carbonyl compounds among silica-alumina catalysts.  We have 
found a positive correlation between the catalytic activity and the Al[VI] contents in the 
different Al-MCM-41’s of various pore diameters. This fact suggests that the Al[VI] is the active 
site or its precursor. Recently, Bell and their coworkers proposed that wide-opened Al[IV] sites 
in zeolites with large pore size, such as Beta or H-USY, show reversible Al[IV] / Al[VI] 
interchange accompanying association / dissociation of two coordination water molecules. 
Each the 27Al MQMAS NMR spectrum of Al-MCM-41 and H-Y zeolite has shown a Al[VI] signal 
having large PQ values ( 6.2 MHz, 8.2 MHz, respectively). Thus an Al[VI] site in Al-MCM-41 
being more distorted than that of H-Y was found; that possibly be the active site precursor. 
 

Al-MCM-41
[1,2]

NMR
Al-MCM-41 NMR Al[VI]

Na+ H+ Al[IV] Al[VI]

Al[VI] 1H-27Al 
FSLG HETCOR Al[VI]

PQ 6-7MHz
Al-MCM-41 Al[VI] [3]  

Bell Beta H-USY Al[IV]

Al Al[IV] Al[VI]

Scheme [4,5] Al[VI]

MQMAS
Al-MCM-41 Al[VI] H-Y PQ  
27Al MQMAS NMR, , 1H-27Al FSLG HETCOR 
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Al-MCM-41 Si/Al = 20
[1] H-Y Tosoh HSZ-320NAA (Si/Al 

= 2.3, Na+ ) 1 M NH4Cl aq. 
550  / 12 h NMR AVANCE 400 WB
4 mm 1H-X BB MAS

50 1
MQ-MAS 3 z-filter

50 ms F2 FID128
States Shearing 2D  

1 Al-MCM-41 H-Y MQMAS 2D
Al[IV] Al[VI] 1 2

F1 F2 iso PQ 1  

PQ Al[VI]

1
Al[IV]

Al-MCM-41 H-Y

1.6 
min-1 6.7 10-4 min-1

[1]

H-Y
Al[IV] H-Y

PQ Al(III)
Al-MCM-41 Al[VI] H-Y

PQ Al[VI]

1H-27Al FSLG HETCOR 6-7 MHz

MQMAS

NEDO  
 

 Iwanami, Choi, Lu, Sakakura, Yasuda, Chem. Commun., 1002 (2008). [2] Iwanami, Sakakura, Yasuda, Catal. 

Commun., 10, 1990 (2009). [3] 450 (2010). [4]  Bokhoven, Koningsberger, Kunkeler, 

Bekkum, Kentgens, J. Am. Chem. Soc., 122, 12842 (2000). [5] Drake, Zhang, Gilles, Liu, Nachimuthu, Perera, Wakita, Bell, 

J. Phys. Chem. B, 110, 11665 (2006). 

Al[IV]a Al[IV]b Al[VI]a Al[VI]b

Al-MCM-41 iso (ppm) 58.4 68.6 - 2.8 

PQ (MHz) 3.6 6.8 - 8.2 

H-Y iso (ppm) 64.0 4.3 7.2 1.2 

PQ (MHz) 72.8 8.6 5.3 6.2 

 Fig. 1. 27Al 3Q-MQMAS spectra of Al-MCM-41(left) and H-Y(right). 3 

Pulse (z-filter) conditions with 2.4 s (183 kHz) - t - 0.7 s, 20 s (4.7 

kHz), was applied. Sample rotation: 12.5 kHz  

Scheme. Reversible coordination number 

change that will provide the active site. 

Al[IV]
a 

Al[VI]
b 

Al[IV]
b 

Al[VI]
a 

Al[VI]
b 

Al[IV]
a

Al[IV]
b 

Table 1. Summary of NMR Parameters obtained from Fig. 1
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Analysis of interaction sites of curcumin with the fibrils of 42-residue 
amyloid -protein (A 42) using solid-state NMR 

Yuichi Masuda1, Masashi Fukuchi1,Tatsuya Yatagawa1, Kazuyuki Takeda1, Kazuhiro Irie2,
and K. Takegoshi1

1Graduate School of Science, Kyoto University, Japan. 2Graduate School of Agriculture, 
Kyoto University, Japan. 

Aggregation of 42-residue amyloid-  protein (A 42) plays a crucial role in the pathogenesis 
of Alzheimer’s disease.  Since curcumin, the yellow pigment in the rhizome of turmeric, 
interacts with the aggregates (fibrils) of A 42 and dissolve them, interaction sites of curcumin 
in the A 42 fibrils were analyzed by solid-state NMR using dipolar-assisted rotational 
resonance (DARR).  To improve the quality of 2D spectrum, covariance processing was 
applied to the 2D data.  Our present data indicated that curcumin has a greater tendency to 
interact with -sheet at positions 17-21 of the A 42 fibrils than random coil at N-terminus.  
Moreover, the importance of methoxy and hydroxyl groups of curcumin for its interaction 
with the A 42 fibrils was also suggested. 

42  (A 42)
A 42

1) A 42
NMR

NMR 4 -
A 42  (Fig. 1)2)

-
-

Leu-17 ~ Ala-21 13C A 42
13C

DARR 

Fig. 1. The aggregation model of
A 42.2) Dotted lines show
intermolecular -sheet.

35

40

32 37

15

24

42

1
21

YP1

－106－



- NMR
N 13C A 42

A
A 42

 (Fig. 2)
13C A 42 37ºC 48 h

 ( ) 13C 5
1 h

CP/MAS 100 ~ 150 ppm
13C  (Fig. 3) 13C CP

A 42
0.25  (5 )

13C-13C - 13C -1H dipolar-assisted 
rotational resonance (DARR)3) DARR Fig. 4 MAS

O O
H3CO

HO

OCH3

OH

4

17
DAEFRHDSGYEVHHQKLVFFAEDVGSNKGAIIGLMVGGVVIA21 421

* : labeled with 13C

A 42 (17-21 label): 

DAEFRHDSGYEVHHQKLVFFAEDVGSNKGAIIGLMVGGVVIAA 42 (N-terminal label): 

Curcumin (13C6-ring): 

9 122 4

Fig. 2. Selective labeling of A 42 and curcumin with 13C. Labeling scheme in the A 42 sequence: bold
letter, uniformly labeled with 13C; underlined letter, only C is labeled with 13C. Curcumin was
labeled at its aromatic carbons with 13C.

*
*

*
*

*

*

1
2

3
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10

2'
3'

4'
5'

6'

9'

7'

8'10'

*
*

*
*

*

*

Fig. 3. 1D 13C CP/MAS spectra of the curcumin 13C6-ring)-bound A 42 (17-21 label) fibrils (A) and
the curcumin 13C6-ring)-bound A 42 (N-terminal label) fibrils (B).
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1H
13C-13C -

Mixing time 500 ms DARR
 (2D FT) 

A 42

(Fig. 5) 13C A 42
13C 2D

FT
 (covariance) 4,5)

DARR C
C = (FT·F)1/2 F t2 1D

FT F
A 42 Leu-17 ~ Ala-21

 (Fig. 6A) mixing time 
DARR -

N 13C
 (Fig. 6B) N

Leu-17 ~ Ala-21 -

13C 7, 7' 8, 8' 13C 13C
A 42  (Fig. 6C, D)

A
6) 7, 7' 8, 8' A

A

Mixing time ( )

t1

1H

13C

TPPM TPPM

t2

CP

CP

Fig. 4. Pulse sequence of 2D DARR experiments.3)

1H = r
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Fig. 5. 2D FT DARR spectra of the curcumin 13C6-ring)-bound A 42 (17-21 label) fibrils.  (A) and (B) are
the same spectra, but the lower limit of the shown spectra are 3% (A) and 1% (B) of the highest peak. 
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13C-13C
A 42 N Leu-17 ~ Ala-21 -

A 42

1) Ono, K. et al., J. Neurosci. Res., 2004, 75, 742-750, 2) Morimoto, A. et al., J. Biol. Chem., 2004, 279, 52781 
-52788, 3) Takegoshi, K. et al., J. Chem. Phys., 2003, 118, 2325-2341, 4) Brüschweiler, R. et al., J. Chem. Phys.,
2004, 120, 5253-5260, 5) Hu, B. et al., J. Chem. Phys., 2008, 128, 134502, 6) Reinke, A. A. et al., Chem. Biol. 
Drug Des., 2007, 70, 206-215.
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Fig. 6. 2D covariance-processed DARR spectra of the curcumin 13C6-ring)-bound A 42 (17-21 label) fibrils
(A and C) and the curcumin 13C6-ring)-bound A 42 (N-terminal label) fibrils (B and D).  Spectra C and
D are enlarged displays of the spectra framed by dotted line in spectra A and B, respectively. 
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1兵庫県立大学大学院　生命理学研究科、2Natl. Hlth. Res. Inst., Taiwan

A Solid-state NMR study of structural alteration and function of the PH 
domain induced at the membrane surface

○Naomi Tokuda1, Katsuhisa Kawai1, Hitoshi Yagisawa1, Yasuhisa Fukui2, Satoru Tuzi1

1Grad. Schl. Life Sci., Univ. Hyogo, 2Natl. Hlth. Res. Inst., Taiwan

   SWAP-70 acts as GEF in the signal transduction pathway at the plasma membrane surface 

and as a component of Ig class switching complex in the nucleus. The localizations of 

SWAP-70 to the plasma membrane and the nucleus are dominated by PI(3,4,5)P3 specific 

binding site and a nuclear localization signal sequence, respectively, both of witch are located 

in the PH domain. In this study, we investigated a structural alteration of SWAP-70 PH 

domain induced at the membrane surface by using solid-state NMR. The 13C NMR spectra of 

the membrane associated SWAP-70 PH domain revealed that a conformational transition of 

the C-terminal α-helix to a random coil like structure and a structural alteration of the β-

sandwich occur at the membrane surface. The conformational alteration would expose NLS 

involved in the C-terminal α-helix to water and facilitate recognition by Importin-α.

YP2
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Fig. 1. The  three-dimensional model structure  (PDB#
2DN6) (A) and the  primary and the  secondary 
structures (B) of SWAP-70 PH domain in solution. 
Positions of Ala and Val residues are shown in (B).

(A) (B)
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A

B

C

D

A

B

C

D

← Fig. 2. 13C NMR spectra of 
[3-13C]Ala-labeled SWAP-70 
PH domain. unliganded PH 
domain in solution (A), PH 
domain forming complex with 
Ins(1,3,4,5)P4 in solution (B), 
DD-MAS (C) and CP-MAS (D) 
13C NMR spectra of PH 
domain bound to PI(3,4,5)P3

embedded in POPC/PI(3,4,5)
P3 vesicles.

→ Fig. 3. 13C NMR spectra of 
[1-13C]Val-labeled SWAP-70 
PH domain. unliganded PH 
domain in solution (A), PH 
domain forming complex with 
Ins(1,3,4,5)P4 in solution (B), 
DD-MAS (C) and CP-MAS (D) 
13C NMR spectra of PH 
domain bound to PI(3,4,5)P3

embedded in Di-O-DMPC/PI
(3,4,5)P3 vesicles.
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Fig. 4. Effect of MgCl2 on  the solid-state 13C
NMR spectra of the [3-13C]Ala-labeled and 
[1-13C]Val-labeled SWAP-70 PH domain 
bound to PI(3,4,5)P3 in vesicles.
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� � NMR � � � � gauge-including projector 
augmented-wave (GIPAW)���	
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Structural analysis and refinement of aggregation structure in organic 
molecules by the combined use of solid-state NMR spectroscopy and 
gauge-including projector augmented-wave (GIPAW) calculations 
�Furitsu Suzuki and Hironori Kaji 
Institute for Chemical Research, Kyoto University, Uji, Japan.  
�

 The structure refinement for the crystals of tris(8-hydroxyquinoline) aluminum(III) in the δ
form (δ-Alq3) was carried out through the combined use of solid-state NMR spectroscopy and 
the gauge-including projector augmented-wave (GIPAW) method. Although it was difficult to 
distinguish two previously proposed structures by X-ray powder diffraction measurements, 
they were clearly distinguished by the isotropic chemical shifts calculated by GIPAW method.  
However, neither structure could reproduce the experimental chemical shifts. Therefore, we 
carried out geometry optimization under the periodic boundary condition for all the atoms of 
the crystal structure proposed by X-ray diffraction experiments, and calculated chemical shifts 
for the optimized structure. The calculated chemical shifts well reproduced the experimental 
result. From the study, we found that the combined use of these methods can be a powerful 
method for the structure refinement of organic aggregates, which cannot be accessed by the 
conventional X-ray diffraction analysis. 
�

�����
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Fig. 2. Calculated X-ray profiles for crystal 

structures of δ-Alq3; (a) proposed by Cölle et 

al., (b) proposed by Rajeswaran, et al., and (c) 

after the optimization of all the atomic 

coordinates for the Cölle’s structure. 

Fig. 1. The structure of facial-Alq3. 
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Fig. 3. Experimental CP/MAS 13C NMR spectra 

of (a) γ-Alq3 and (b) δ-Alq3.  See Fig. 1 for the 

assignments of resonance lines. 

Fig. 4. NMR isotropic chemical shifts calculated 

from the crystal structures of (a) δ-Alq3 proposed 

by Cölle et al., (b) that by Rajeswaran et al., and 

(c) that after the optimization of all the atomic 

coordinates for the Cölle’s structure. 
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Fig. 5. Comparison of experimental and calculated isotropic chemical shifts of δ-Alq3 crystals.  

For the chemical shift calculations, the structures proposed by Cölle et al. and by Rajeswaran et al. 

are used in (a) and (b), respectively.  In (c), all the atomic coordinates are optimized for the 

Cölle’s structure.  Error bars indicate the line widths of respective experimental resonance lines.

Fig. 6. Crystal structures of δ-Alq3.  Grey 

lines show the structure proposed by Cölle 

et al.  Black lines show the structure after 

the optimization of all the atomic 

coordinates for the Cölle’s structure.
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NMR ppR-pHtrII
Tyr174

Analysis of local dynamical and structural change at Tyr174 of
photoreceptor protein ppR-pHtrII complex in relation to the negative
phototaxis by in situ photo-irradiated solid-state NMR

Tetsurou Hidaka1, Yuya Tomonaga1, Izuru Kawamura1, Akimori Wada2, Yuki Sudo3,
Naoki Kamo4, Akira Naito1

1Graduate School of Engineering, Yokohama National University, Yokohama, Japan.  
2College of Pharmaceutical Sciences, Kobe Pharmaceutical University, Hyogo, Japan.
3Division of Biological Science, Graduate School of Science, Nagoya University, Nagoya,
Japan. 4College of Pharmaceutical Sciences, Matsuyama University, Matsuyama, Japan.

Pharaonis phoborhodopsin (ppR) functions as a negative phototaxis receptor in
N.pharaonis. ppR forms a complex with pHtrII, and this complex transmits the photosignal 
into cytoplasm. However, initial step of the signal transduction mechanism induced by the 
retinal photoisomerization of ppR, has not yet well understood. In this study, we focused on
the property at Tyr174 of F-helix in ppR and investigated dynamic structure of [1-13C]Tyr-,
[15N]Pro-ppR and ppR/pHtrII complex in the dark and light states by means of in situ
photo-irradiated solid state NMR. We observed that dynamics and/or conformation of Tyr174 
moiety significantly changed to a more flexible state when ppR changed to the M
intermediate. Furthermore, it was observed that a local rather than overall structure of ppR
was changed in the M intermediate.

NMR In situ
NMR ”

pharaonis phoborhodopsin (ppR or SRII: Sensory Rhodopsin II)

ppR N.pharaonis 7
ppR pHtrII (pharaonis Halobacterial

in situ - NMR, ,

YP4
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transducer II) 2:2 DNA

ppR
pHtrII

ppR
ppR F helix

NMR In situ
in situ NMR

T204A ppR[1,2] ppR
F-helix in situ

NMR Tyr174
M ppR

ppR -His tag pHtrII-His tag
M9 BL21(DE3) [15, 20-13C]retinal [1-13C]Tyr [15N]Pro

IPTG
ppR pHtrII LB

Ni2+-Agarose
[15, 20-13C]retinal [1-13C]Tyr [15N]Pro- ppR non-label pHtrII

[1-13C]Tyr [15N]Pro-T204AppR

ppR/pHtrII complex NMR
EggPC ppR EggPC 1 30( ) Buffer(pH7.0,

HEPES 5 mM, NaCl 10 mM)
[15, 20-13C]retinal [1-13C]Tyr [15N]Pro-ppR/pHtrII 13C,15N REDOR

(Rotational Echo DOuble Resonance) filter[3] in situ 13C 15N CP-MAS NMR
ppR 532 nm 5 mW

M

In situ NMR
NMR

rotor
Magic Angle 54.7 rotor

Fig. 1

rotor

NMR

Fig. 1 The schematic of in situ photo-

irradiated solid-state NMR.
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in situ NMR

REDOR filter����ppR�T204A�[1-13C]Tyr174�[15N]Pro175���

Fig. 2 (a), (b)  [1-13C]Tyr, [15N]Pro–ppR Fig. 2 (c), (d) [1-13C]Tyr, [15N]Pro–ppR/pHtrII
complex 13C REDOR filter Fig. 2 ppR
monomer Tyr174 175.5 ppm Pro175 113.8 ppm pHtrII

T204A
[1-13C] Tyr174 REDOR filter 174.7 ppm T204A monomer [1-13C]

Tyr174 T204A monomer ppR monomer 1 ppm

F helix T204A monomer

In situ	
�� NMR����������	��������� !"��#$
in situ NMR ppR F helix Tyr174

M Fig. 3 [15,
20-13C]retinal-ppR monomer ppR/pHtrII complex C20

13C
CP-MAS NMR 13.5 ppm

C20 All-trans 13-cis 15-anti 22~24 ppm
NMR M

M
2

in situ NMR
[1-13C]

Fig. 2 REDOR filtered 13C, 15N NMR spectra of [1-13C]Tyr, [15N]Pro-ppR and ppR/pHtrII. Top, middle and
bottom spectra are UNREDOR, REDOR and UNREDOR minus REDOR, respectively. (a), (b): ppR
monomer. (c), (d) : ppR/pHtrII complex.
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Tyr, [15N]Pro-ppR [1-13C]Tyr, [15N]Pro–ppR/pHtrII in situ 13C DD CP MAS 
NMR Fig. 4

ppR monomer Tyr174
175.5 ppm Fig. 4 (a) DD MAS

175.6 ppm (b)
CP MAS 175.2 ppm

ppR monomer
Tyr174 F helix

(c) (d) ppR/pHtrII complex
[1-13C]Tyr174 175.1 ppm
[15N]Pro175 114.1 ppm

175.7 ppm
112.4 ppm

Tyr174
F helix pHtrII tilt

in situ NMR NMR
ppR M

2 in situ
NMR F helix ppR

F pHtrII tilt
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Fig. 3 In situ photo-irradiated 13C CP MAS NMR
spectra of [15, 20-13C] retinal-ppR (left),
ppR/pHtrII complex (right) at 253 K. Gray and 
black lines are ground states and M
intermediate. The bottom spectra are difference 
spectra of ground state minus M intermediate.

Fig. 4 In situ photo-irradiated 13C CP, DD MAS spectra of [1-13C]Tyr, [15N]Pro-ppR monomer and
ppR/pHtrII complex. (a) and (b) are DD and CP MAS spectra of ppR monomer, respectively. (c) and
(d) are 13C and 15N CP MAS NMR spectra of ppR/pHtrII, respectively. The bottom spectra are
difference spectra of ground state minus M intermediate.
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6Li MAS NMR of LiCoO2 from a microscopic viewpoint: 

ion diffusion and spin diffusion 
�Yasuto Noda1, Takashi Mizuno2, and K. Takegoshi1

1Graduate School of Science, Kyoto University, Kyoto, Japan. 
2JEOL ltd., Japan. 

�

Lithium ion diffusion in cathode materials of lithium-ion batteries plays important roles 
in properties such as high-rate and high-energy density. Lithium cobaltate containing excess 
lithium ions, LixCoO2 (x>1), is widely used as a cathode material in commercial lithium-ion 
batteries. However the local structure and ion diffusion mechanism are under discussions. In 
this presentation, we report ion diffusion and spin diffusion investigated with exchange 
NMR measured by Cryocoil MAS NMR probe, which was recently developed to enhance 
the S/N about 4 times, and variable temperature MAS NMR. 
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Fig. 2 Spectra of variable temperature MAS
NMR measured with echo sequence
from 50 °C to 120 °C. 
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Screening bottled liquids using Earth’s Field NMR 

Shota Watanabe, Hideo Sato-Akaba, and Hideo Itozaki 
Graduate School of Engineering Science, Osaka University.  

It is possible to screen liquids by measuring relaxation times, because they are unique to the 
material. In low magnetic field NMR the differences are more distinct, as the relaxation time 
is influenced by molecular movement. We developed an Earth’s Field NMR device which 
uses a pre-polarization field. We measured the relaxation times both during and after the 
pre-polarization pulse. In the case of some liquids these relaxation times differ. By measuring 
these two relaxation times the screening of bottled liquids should be possible. 
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NMR
1000 NMR

2

NMR Fig.1
165×210 RF 76×140

AD/DA USB-6251, 
National Instrument, Ausitin, TX

Fig.1 Schematic diagram of Earth’s Field NMR Spectrometer. A TTL output from a 

multifunction data-acquisition (DAQ) board was used to control the pre-polarization coil. An 

analog voltage signal (DC source) from the DAQ was connected to a tank circuit via a buffer 

amplifier. A TTL output was used to control a mechanical relay (SIL05-1A72-71D, MEDER 

electronic AG) for disconnecting the DC source from the tank circuit. Data acquisition is also 

started at this point. FID signals detected in the resonator coil were amplified and led to the DAQ 

board. 
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(a) (b)
Fig.4 T1 curve of NMR signal for Wine, Ethanol(95%) and Water during Pre-polarization 

pulse (35.2mT) (a), and in Earth’s Field (31.7 T) (b).The lines represent the fitted results.

Fig.5 Relationship between T1P and T1E for various samples. 

a. Samples in unopened bottles. 

b. without degassing dissolved oxygen. 
c. concentration for CuSO4 5H2O aqueous solution : 2.0 M

d. concentration for glucose aquenous solution : 1.7M 
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Electromagnetic simulation of NQR remote detection 
Yu Nakahara1, Junichiro Shinohara1, Hideo Itozaki1 and Hideo Akaba1

1Graduate School of Science Engineering, Osaka University 

Abstract 
Nuclear quadrupole resonance (NQR) spectroscopy can be applied to the detection of illicit 
substances. In this paper we developed a simulator to estimate the sensitivity of NQR 
remote detection. We first obtain the distribution of the transmission field using Biot-Savart’s 
law. The NQR signal strength is then calculated by assuming radiation to be created by ideal 
dipoles throughout the sample.  The magnitude and orientation of these dipoles are 
calculated from the transmission field.  By shifting the position of the virtual sample, the 
NQR signal strength distribution can be obtained.  We compare the simulation results with 
the results of an experiment measuring the free induction decay (FID) signal of 100g of HMT.  
Both the simulation and experiment produced similar NQR signal strength distributions. 
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(a) Resonant circuit  (b) Gradiometer 
Fig.1 Structure of antenna 
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Fig.6
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Fig.6 Comparison of simulation and experiment 
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Data mining of solid to solution dynamics during 13C crystal cellulose 
degradation in the waste disposal bioprocess 

Tomohiro Iikura1,2, Yasuhiro Date1,2, Akira Yamazawa3, Jun Kikuchi1,2,4,5

1Grad. Sch. NanobioSci., Yokohama City Univ., 2RIKEN PSC, 3Kajima Corp., 4RIKEN BMEP, 
5Grad. Sch. Bioagr. Sci., Nagoya Univ. 

Degradation processes of chemical compounds in various microbial ecosystems are 
influenced by the variations of types, qualities and quantities of the chemical components.  
However, the metabolic dynamics with the biomass degradation has remained unclear. 
Therefore, we added 13C cellulose as a substrate into high temperature methane fermentation 
sludge used for residual food processing, and measured the sludge by solid NMR 
(13C-CP/MAS and 13C-1H HETCOR) and by solution NMR (1H and 13C) to track the 
variations of biomass degradation and metabolic dynamics in the solid/solution state. 
Furthermore, we processed the data of NMR spectra to a data matrix, and investigated the 
data mining method to understand the comprehensive process.  

1)

2)

NMR NMR

3-6)

13C

NMR 13C/12C Fig.1 Strategy of data mining for biomass 
degradation in waste disposal bioprocess. 
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Fig.2 Covariant analysis between solid 
13C CP/MAS (vertical) and solution 1H 
(horizontal) data matrices during dynamic 
changes of biomass degradation in waste 
disposal bioprocess. 
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Correlation exploration of pretreatment conditions for application of 
biomass profiling. 

Amiu Shino1, Yuuri Tsuboi2, Hiroshi Hayashi3, Jun Kikuchi1, 3, 4, 5

1 RIKEN PSC, 2 RIKEN ASI, 3 Grad. Sch. NanoBio., Yokohama City Univ., 4 Grad. Sch. 
Bioagri., Nagoya Univ., 5 RIKEN BMEP 

 Understanding chemical compositions and structures of lignocellulose could be contributed 
for effective use of plant biomass. We are exploring a new technique to calculate correlation 
between chemical composition of plant biomass mixture and their physicochemical characters. 
In the present study, we pretreated Napiergrass and Guineagrass (2 type) with a variety of 
mechanical and chemical conditions for dissolution, and then measured 1H-13C HSQC spectra. 
2D-NMR signals were transformed into numerical value matrices, and they were calculated 
principal component analysis for correlation exploration between chemical composition 
changes and pretreatment conditions. 
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Fig. 1  Scheme of our biomass profiling strategy.
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Application of nuclear magnetic relaxation to elucidation of proton transfer 
potential of N H O type hydrogen bond

Tomoko Nakano1, and Yuichi Masuda1

1Department of Chemistry, Faculty of Science, Ochanomizu University, Tokyo, Japan.  

Intramolecular proton transfer (PT) along hydrogen bond has played an important role in wide 
variety of chemical and biological reaction systems. The purpose of this study is to establish 
an experimental procedure for elucidation of PT potentials of N H O type hydrogen bond
systems by a combination of multiple NMR measurements. The method is applied to Schiff 
bases with asymmetric double-well PT potentials. The PT rates were evaluated, considering 
the 15N-1H magnetic dipolar couplings. The substituent exerts a few orders difference in the 
obtained PT rates. The proposed PT potential surfaces sensitively respond to distortion of the 
hydrogen bond by the steric repulsion and to size of the conjugate system.
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N-H ) PT ( R PT)
( PT R) T1

dd(NH) eq 1
eq 2 R' = PNH -form R(NH)+ POH-form R(N…H)

)(
4

(NH) 6
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6
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2
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2
01dd

1 rPrPT [1]

23
HNformOH

3
NHformNHR

22
N

2
H

2
01dd

1 )(
4

(NH) rPrPT [2]  

CD2Cl2, CD3CN 1H,13C,15N NMR T1
dd(NH) 15N

2D 15N T1 NH-form
OH-form N-H R(NH,N…H)

13C T1

N-H rNH rN H

(MP2/6-311G(d,p)) vibrational averaging 5)

NH-form OH-form PNH, POH JNH

NH-form OH-form JNH 90 Hz, 0 Hz 6)

eq 1, 2 T1
dd(NH)

PT PT
Table 1

Table 1 Summary of data 
Comopund 
solvent CD2Cl2 CD3CN CD2Cl2 CD2Cl2
1JNH (Hz) -49.8 -46.4 -60.6 -14.4 
PNH 0.55 0.51 0.67 0.16 
rNH

a ( ) 1.068 1.068 1.046 1.085 
rN…H

a ( ) 1.689 1.689 1.655 1.698 

R(NH) (s) 1.43E-11 1.23E-11 1.23E-11 9.19E-12 

R(N…H) (s) 1.45E-11 1.24E-11 1.25E-11 8.96E-12 
Observed values of T1

dd(NH) (s) 32.6 43.2 42.0 107 
Expected values of T1

dd(NH) b, c(s)[ R PT] 35.8 44.2 31.0 151 
Expected values of T1

dd(NH) b, c (s)[ R PT] 44.7 56.3 36.4 206 

CD2Cl2 NH-form OH-form driving force( G)
32.6 R PT

35.8 PT

a obtained by ab initio MO calculations : MP2(6-311++G(d,p)). 
b calculated with rNH and R according to equation [1] or [2].
c corrected by considering the vibrational averaging effect on the magnetic dipolar coupling.
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13Cメチル基をプローブとして用いる 
リジン側鎖を介した塩橋の解析法の開発 
○服部良一1,2、大木出2、古板恭子1、池上貴久1、深田はるみ3、
白川昌宏4、藤原敏道1、児嶋長次郎1,2

1阪大・蛋白研、2奈良先端大・バイオ、3阪府大・生命環境、
4京大・工

A method developed for analysis of salt bridges mediated by lysine side 
chains using 13C-methyl groups as probes 

Yoshikazu Hattori1,2, Izuru Ohki2, Kyoko Furuita1, Takahisa Ikegami1, Harumi Fukada3,
Masahiro Shirakawa4, Toshimichi Fujiwara1, Chojiro Kojima1,2

1Insititute for Protein Research, Osaka University, 2Graduate School of Biological Sciences, 
Nara Institute of Science and Technology, 3Graduate School of Life and Environmental 
Sciences, Osaka Prefecture University, 4 Graduate School of Engineering, Kyoto University. 

   13C-methylation of lysines is known as an effective chemical modification for introduction 
of 13C-methyl groups into proteins. Methylated lysines are protonated at neutral pH such as 
unmodified lysines and significant structural changes are hardly induced by methylation. 
Therefore 13C-methyl groups can be used as probes to study electrostatic interactions of 
lysines. Here we show the correlation between the chemical shift values of 13C-methyl groups 
and the distance to the pair of lysines in the crystal structures. In addition, pH titration of 
methylated ubiquitin reveals that methylated K11, which is close to carboxylate in the case of 
the natural structure, also involves in the salt bridge interaction. These results indicate that the 
methylated lysines with up-field chemical shift values form strong salt bridges. 

[背景] リジンの13Cメチル化は、化学修飾
によりリジン側鎖に二つの13Cメチル基を
付加する反応である（Figure 1）。メチル
化されたリジンは非修飾のリジンと同じ
く中性pHではプロトン化されている。また、
メチル化による蛋白質の構造変化も小さ
いことが、結晶構造解析から示されている
[1]。このため、13Cメチル基をプローブとし
て、リジンを介した静電的相互作用を間接的に検出することが可能である。過去の研
究では、pHタイトレーションにより種々のメチル化蛋白質リジンのpKaが求められた
[2,3]ほか、最近ではGPCRのリガンド依存的なコンホメーション変化が解析された[4]。
しかし、メチル化蛋白質のNMRスペクトルとリジンの化学環境、特に塩橋との対応は
明らかになっておらず、スペクトルのピーク分布から構造情報について議論すること
は難しい。

リジン、塩橋、化学修飾 
 
○はっとりよしかず、おおきいずる、ふるいたきょうこ、いけがみたかひさ、ふかだ
はるみ、しらかわまさひろ、ふじわらとしみち、こじまちょうじろう 

Figure 1. Methylation of lysine side chain 

YP11
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 本研究では、メチル化蛋白質のNMRデータと、既知の立体構造および蛋白質間相互
作用を比較し、一般性を見出すことを目的とした。これまでに、モデル蛋白質として
Ubiquitin（Ub）をメチル化し、1H-13C HSQCスペクトルの帰属、およびYUHのタイト
レーション実験を行った。本発表では、その他の相互作用解析およびメチル化が蛋白
質間相互作用に与える影響、メチル化の反応率とリジンの化学環境、そして化学シフ
ト値と塩橋の相関について報告する。

[方法] Ub（野生型およびKR変異体7種）とFKBP12（野生型およびKR変異体8種）の
15N標識体、YUH, Dsk2pUBAおよびp62UBAの非標識体を大腸菌の発現系で調製した。13C
メチル化反応には、[13C]-formaldehydeとborane dimethylamine complexを用いた。反応
後のサンプルは限外濾過および透析で精製し、1H-13C HSQCスペクトルを測定した。
リジンのピークの帰属は各KR変異体をメチル化することにより逆標識して行った。
NMR測定はBruker 400および500 MHzを用いた。ITC測定はMicrocal Omegaを用いた。 
 
[結果と考察] 
メチル化Ubを用いた蛋白質間相互作用解析
 メチル化後のUbに対して、相互作用因子であるYUH, Dsk2pUBAおよびp62UBAのNMR
タイトレーションを行った。その結果、複合体構造の会合面に位置するリジンの1H化
学シフトが有意に（> 0.01 ppm）変化した（Figure 2）。またYUHおよびDsk2pUBAの
タイトレーションで最も大きく化学シフトが変化したK11およびK6は蛋白質間で塩
橋を形成するリジンであった。

B 

Figure 2. (A) NMR titration experiments (B) Lysines with significant 

chemical shift changes were mapped onto the structures (PDB 

1CMX, 1WR1 and 1WR1+2JY7). 

A 
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 さらにYUHについては、メチル化前後のUbに対する結合様式を、ITCおよびNMR
を用いて比較した。その結果、ITCでの相互作用にともなう熱量変化は同程度であり
（Table 1）、NMRでの主鎖NHの化学シフト変化においてもよい相関が得られた
（Figure 3）。これらの結果から、メチ
ル化蛋白質を用いたNMRタイトレーシ
ョンによって相互作用部位の同定が可
能であり、非修飾状態の相互作用に対応
することが示された。

メチル化の反応率とリジンの化学環境
 Ubのメチル化において、反応に用いる[13C]-formaldehydeの量を変化させたところ、
残基ごとのピーク強度の変化に違いが見られた。部分的にメチル化したサンプルの
1H-13C HSQCスペクトルのピーク強度から、各リジンの被修飾率を算出したところ、
リジンの溶媒露出度が高いほど、またpKaが低いほど、メチル化されやすいことが示
された（Figure 4）。これは一般的な化学反応における立体障害と、メチル化反応が
脱プロトン化したリジンと反応する反応機構によって、矛盾なく説明できる。

化学シフト値と塩橋の相関
 Ubに加えてFKBP12についても1H-13C HSQCスペクトルの帰属が完了した（Figure
5）。FKBP12の1H-13C HSQCスペクトルもUbとほぼ同程度の範囲に分散していた。両
者の1H化学シフトの分布と結晶構造情報の相関について解析したところ、リジンの近

Table 1. Thermodynamic parameters of the interactio 

between YUH and Ub or methylated Ub obtained from 

ITC 

Figure 3. Correlation plots of chemical shift changes of 

backbone NH of Ub and methylated Ub caused by the 

presence of YUH 

Figure 4. Correlation plots between reactivity of methylation and solvent accessibility (A) or pKa values of 

methylated lysines (B) 

A B 
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傍（< 6 Å）にカルボキシル基が存在する場合、その塩橋の距離（COO …NH3
+）に依

存して、1H化学シフトが高磁場側にシフトしていた。静電場が化学シフトに与える影
響は距離の二乗に反比例すると考えられるため、そのプロットをとったところ、よい
相関が得られた。さらに塩橋がより近い距離（< 4 Å）で形成される場合では、二つの
メチル基の交換が抑えられ、いくつかのリジンでピークの分裂が見られた。
 UbについてpHタイトレーションを行ったところ、中性条件で分裂していたK11のピ
ークは、酸性条件（pH < 3）または塩基性条件（pH > 8）では分裂がなくなった（Figure
6A）。これは、塩橋による静電的相互作用が弱まることにより、メチル基の交換が速
くなることを示唆する。さらに酸性側へのpHタイトレーションにおいてK11のピーク
は、K11と近接するE34のカルボキシル基のpKa 4.5[5]付近のpHで有意な変化を示した
（Figure 6B）。このことからメチル化後も本来の塩橋が保たれていると考えられる。

[参考文献]
[1] Kim, et al. (2008) Nat. Methods 5, 853. [2] Zhang, et al. (1992) J. Biol. Chem. 268, 22420.
[3] Sparks, et al. (1992) J. Biol. Chem. 267, 25830. [4] Bokoch, et al. (2010) Nature 463, 108.
[5] Sundd, et al. (2002) Biochemistry 41, 7586

Ub 

Figure 5. 1H-13C HSQC spectra of methylated Ub and methylated FKBP12 (500 MHz, 303 K, pH 6.8) 

Figure 6. 13C (A) and 1H (B) chemical shift changes of methylated K11 of Ub induced by pH changes 

FKBP12 

A B 
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Structural Analysis with RDC induced by Host-Guest Chemistry
Osamu Morohara1, Daishi Fujita1, Sota Sato1, Yoshiki Yamaguchi2, Koichi Kato3,4,5, and

Makoto Fujita1,5

1Department of Engineering, The University of Tokyo, Tokyo, Japan. 2Riken, Saitama, Japan.
3Graduate School of Pharmaceutical Sciences, Nagoya City University, Aichi, Japan.
4Okazaki Institute for Integrative Bioscience, Aichi, Japan. 5CREST

    Residual dipolar coupling (RDC) can be observed by NMR when molecules are 
anisotropically oriented in magnetic field and provides useful information for structural 
analysis.  However, conventional polymeric alignment media such as liquid crystals are 
seldom applied to small molecules due to small interaction.  We report that discrete host 
with aromatic panels were diamagnetically oriented in magnetic field and showed RDC.  We 
also confirmed encapsulation of small molecules into the magnetically oriented host 
complexes induced guest orientation and detectable RDC.

π

Fig. 1 Energy difference of aromatic 
molecule in a magnetic field.

Fig. 2 Concept of the research.

YP12
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Application of nonlinear sampling and 3D MaxEnt processing to 
4D NOESY experiments 

Yoshiki Shigemitsu1 Yuusuke Tsuchie1 Teppei Ikeya1 2 Masaki Mishima1 Daniel 

Nietlispach3 Markus Waelchli4 Peter Guentert2 Brian O. Smith5 and Yutaka Ito1

1Department of Chemistry  Tokyo Metropolitan University; 2Institute of Biophysical 

Chemistry  J. W. Goethe-University Frankfurt; 3Department of Biochemistry  University of 

Cambridge; 4Bruker BioSpin; 5Division of Biochemistry and Molecular Biology  University 

of Glasgow 

Despite its potential advantages in analysis, 4D NMR experiments are infrequently 

used as a routine tool in protein NMR projects due to long duration of measurement and 

limited digital resolution in indirectly observed dimensions.  Applications of recently 

proposed new acquisition techniques for speeding up multidimensional NMR experiments are 

therefore expected to be extremely beneficial for 4D experiments.  Nonlinear sampling 

(NLS) for indirectly acquired dimensions in combination with maximum entropy (MaxEnt) 

processing has been shown to provide significant time savings in the measurement of 

multidimensional NMR experiments.  We applied various nonlinear sampling schedules and 

3D MaxEnt processing to 4D 13C/15N-separated NOESY, and then evaluated the expected 

artifacts in 4D spectra, such as the mis-calibration of intensities and the emergence or disappearance 

of cross peaks, by calculating protein structures on the basis of NOE-derived distance restrains. 

[ ] 

3 4 NMR

: 4D NMR

:

YP13
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Figure 1: Contour plots of 1H/13C slices (1HN chemical shift: 7.678 ppm, 15N chemical shift: 121.16 

ppm) from seven 4D 13C/15N separated NOESY spectra processed with 3D MaxEnt from full 

(reference) data (a), simulated data with 1/4 (b), 1/16 (c), 1/64 (d) nonlinearly sampling points and 

simulated data with 1/4 (e), 1/16(f) and 1/64 (g) linearly sampling points. 
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3072 random sampling complex points ( 1/4) 512*(1HN) x 768 random sampling complex 

points( 1/16) 512*(1HN) x 192 random sampling complex points( 1/64) 3

linear sampling

512*(1HN) x 21*(1H) x 15*(13C) x 5*(15N)(

1/4) 512*(1HN) x 13*(1H) x 10*(13C) x 3*(15N)( 1/16) 512*(1HN) x 8*(1H) x 6*(13C) x 

2*(15N)( 1/64) 3

NOE

CYANA PDB

TTHA1718 in vitro

Figure 2: NOE cross peak intensities in various 4D 13C/15N separated NOESY spectra. a. Comparison 

of NOE cross peak intensities between reference (data ) and various nonlinearly sampled data sets. b.

Comparison of NOE cross peak intensities between reference (data ) and valious linearly sampled 

data sets.  The horizontal axis represents cross peak intensities in the reference spectrum and the 

vertical axis indicates intensities of corresponding cross peaks in various spectra with nonlinearly or 

linearly reduced sampling points. Open circles, open quadrangles, open diamond and open triangles 

indicate intensity of the reference spectrum, spectra with 1/4 sampling points, spectra with 1/16 

sampling points and spectra with 1/64 sampling points, respectively. 

[ ] 

Figure 1a~1g 13C/15N separated NOESY ~ 3D 
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(Figure 2a 2b)

NOE linear sampling

nonlinear sampling linear sampling

linear sampling

nonlinear sampling NOE

7.5 1/16

RMSD 1.5 Å linear 

sampling 1/16

RMSD 5 Å nonlinear sampling

NOE 2

NOE NLS NOESY

MaxEnt

Figure 3: Superposition of 20 final structures calculated based on the NOE-derived distance restraints 

from seven 4D 13C/15N separated NOESY spectra processed with 3D MaxEnt from full (reference) 

data (a), simulated data with 1/4 (b), 1/16 (c), 1/64 (d) nonlinear sampling points and simulated data 

with 1/4 (e), 1/16(f) and 1/64 (g) linear sampling points.  Thick lines represent the solution structure 

of TTHA1718 in vitro (PDB ID: 2roe). 



Phosphoinositide-incorporated Nanodisc: A tool for studying protein-
membrane interactions 
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 Mariko Yokogawa2, and Fuyuhiko Inagaki2 
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 2 Lab. Advanced Life Sci. Hokkaido Univ.

Protein-lipid interactions have been studied using lipid bilayer mimetics; micelles, bicelles 
and liposomes. Micelles and bicelles contain detergents which denature the target proteins,
while liposomes are insoluble to the aqueous solution which limits applications of analytical 
methods. Here we used a discoidal lipid bilayer model, Nanodisc for studying protein-
phosphoinositedes (PIs) interactions. We established the protocol for incorporating 
phosphoinositides (PIs) into Nanodisc. PI-incorporated Nanodisc was applied to pull down 
binding assay, fluorescence polarization and solution NMR studies, thereby affording fast, 
quantitative and residue-specific evaluation of the protein-PI interactions, respectively. The 
PI-incorporated Nanodisc could be used as a versatile tool for studying the protein-lipid 
interactions by various biochemical and biophysical techniques. 

Fig1. Feature of lipid bilayer mimetics used for studying protein-
lipid interaction.
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Fig2. (1) Schematic representation of preparation of PI-incorporated Nanodisc.
(2) 31P NMR spectrum of PI(4)P-incorporated Nanodisc. 

(1) (2)
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(1) (2)

Fig3.
(1) Schematic representation of the pull down binding assay using PIs-incorporated Nanodisc
(2) Pull down binding assay of p47phox PX domain. 
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Fig4.
(1) Fluorescence polarization measurement of Alexa488 labeled p47phox PX domain
(2)1H-15N HSQC-based-NMR titration experiment. The residues whose signal intensity was 
reduced upon the addition of PI(3,4)P2 Nanodisc were mapped on the structure of p47phox PX 
domain(black). (PDB ID:1KQ6)

(1) (2)
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The Role of C-terminal Residues of Calmodulin on Its Structure and 
Function

Dasol Hwang1, Chihiro Kitagawa2, Akiko Nakatomi2, and S. Ohki1

1Japan Advanced Institute of Science and Technology (JAIST), 2Hokkaido University 

   Calmodulin (CaM) is a Ca2+-binding protein to regulate various enzymes. Normally, one 
CaM molecule binds four Ca2+ ions with increasing Ca2+ concentration in cells. However, 
Saccharomyces cerevisiae (yCaM) binds only three Ca2+ ions due to lacking two residues in 
EF4 at C-terminus. Nevertheless, yCaM has the ability to interact with target proteins, and 
F-helix of EF4 in yCaM is essential for target activation. To clarify biophysical role of the 
C-terminal residues of CaM, we prepared a series of deletion mutants of chicken CaM 
(CCM0), and characterized their structural and functional properties. Here we present the 
results of their 1H-15N HSQC, 1H-13C HSQC, and 113Cd-NMR.

Fig. 1.  Amino acid sequences of CaM and its variants 

employed in this study. Only EF4 is summarized in this figure. 

Boxes indicate Ca2+-binding loop. 
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Fig. 2.  113Cd-NMR spectra of CaM and its 

variants. Left (a, b, and c) and right (d, e, and 

f) indicate CaM (or variant) without and with 

skMLCK peptide, respectively. CCM0 (a and 

d), CCM 4 (b and e), and CCM 5 (c and 

f).

tsuura, I., Yazawa, M., Nakamura, T. & Yagi, K. (1987) J.Biochem. 102,[1] Luan, Y., Ma
   1531-1537. 
[2] Yazawa, M., Nakashima, K. & Yagi, K. (1999) Mol. Cell. Biochem.190, 47-54. 

 Thulin, E., Drakenberg, T., Krebs, J. & Seamon, K. (1980) FEBS Lett. 117,[3] Forsén, S.,
  189-194. 
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○今井駿輔1,大澤匡範1,竹内恒2,嶋田一夫1,2 
1東大薬 
2BIRC/AIST

Structural basis underlying the dual gate properties of KcsA 
○Shunsuke Imai1, Masanori Osawa1, Koh Takeuchi2, and Ichio Shimada1,2

1 Grad. Sch. Pharm., The Univ. of Tokyo 
2 BIRC/AIST
 
KcsA is a prokaryotic pH-dependent potassium (K+) channel. Its activation, by a decrease in 
the intracellular pH, is coupled with its subsequent inactivation, but the underlying 
mechanisms remain elusive. We investigated the conformational changes and equilibrium of 
KcsA. Controlling the temperature and pH produced three distinct methyl-TROSY spectra of 
KcsA, corresponding to the closed, activated, and inactivated states. The pH-dependence of 
the signals from the extracellular side was affected by the mutation of H25 on the intracellular 
side, indicating the coupled conformational changes of the extra- and intra- cellular gates. K+

titration experiment revealed that the activated and inactivated states correspond to the 
K+-bound and unbound states. Furthermore, an NOE to water was observed for V76 only in 
the inactivated state, suggesting the importance of bound water in the inactivated state. 
 

○ 

Fig.1 Structural model of KcsA 
For clarity, only two subunits of a tetramer 
are shown. Gray balls are carbon atoms of 
Ile, Leu, Val methyl groups. 
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˚

˚ ˚
˚

˚ ˚

Fig.2 Methyl-TROSY spectra of KcsA 
Methyl-TROSY spectra acquired at pH 6.7 (A) and 3.2 
(B) at 45°C in the presence of 120 mM K+ are shown. 
At acidic pH, some methyl groups exhibited two 
signals, indicating conformational equilibrium under 
the acidic condition (B, inset). 
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˚

˚ ˚

γ
˚

γ

Fig.3 Conformational equilibrium under the acidic 
condition.
(A) Temperature dependence of methyl TROSY 
spectra at pH 3.2 and in the presence of 120 mM 
K+.
(B) Comparison of the spectra with the mutants at 
pH 3.2 and 25°C, in the presence of 120 mM K+.
Numbers in the parenthesis exhibit the population 
of each conformation. 

Fig.4 NOE strips from V76 γ1
NOE strips from V76 γ1 in the 
closed, activated, and inactivated 
states in the presence of 120 mM 
K+ and 90% H2O are shown. 
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NMR spin-label analysis on the interactions between an oxidative 

translocator Tim40 and a FAD-linked sulfhydryl oxidase Erv1 in yeast 

mitochondria 

�Takahro Anzai
1
, Shin Kawano

1
, Kayoko Terao

1
 and Toshiya Endo

1
 

1
Department of Chemistry, Graduate School of Science, Nagoya University, Aichi, Japan.  

�

 Mitochondria has outer and inner membranes. The compartment between them, the 

intermembrane space (IMS), has many proteins that contain disulfide bond. Recently, a 

disulfide relay system in the IMS has been identified which consists of two essential proteins, 

the redox-regulated translocator Tim40 and the flavin adenine dinucleotide (FAD)-linked 

sulfhydryl oxidase Erv1. The disulfide relay system drives the import of these 

cysteine-containing proteins into the IMS by the folding trap mechanism. In order to reveal 

structural basis of the disulfide relay system in mitochondria, we determined the X-ray 

structures of Tim40 and Erv1. Furthermore, we performed NMR spin-label experiments to 

analyze the interaction between Tim40, its substrate and Erv1.  

�
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 Fig. 1 NMR spin-label method for 

MTSL-Erv1 and Tim40 or MSP1-Tim40 

 Fig. 2 Ternary complex model of 

Tim40, substrate and Erv1 

－161－



1 1 2 2

3 2 1

Structural study of interactions between mouse pheromone ESP1 and ESP1 
receptor

Makoto Hirakane1, Sosuke Yoshinaga1, Toru Sato2, Sachiko Haga2, Ichio Shimada3,
Kazushige Touhara2, Hiroaki Terasawa1

1Faculty of Life Sciences, Kumamoto University, 
2Graduate School of Agricultural and Life Sciences, The University of Tokyo, 
3Graduate School of Pharmaceutical Sciences, The University of Tokyo 

Pheromones are species-specific chemical signals that regulate a wide range of social 
and sexual behaviours in many animals.  The vomeronasal organ (VNO) mediates the 
pheromonal information via vomeronasal sensory neurons (VSNs) in mice.  We identified a 
male-specific peptide ESP1 (exocrine-gland-secreting peptide 1) secreted into tear fluids that 
stimulates female's VSNs.  In addition, ESP1 turns out to be a member of a multigene family 
(ESP family).  The aim of this study is the elucidation of the mechanism to discriminate 
among individuals via the pheromone reception system.  We report here a three-dimensional
structure of ESP1 with solution NMR analyses.  The structure-activity relationship of ESP1 
based on the structural data and the mutational effects on the VSN-stimulating activity will be 
discussed.

ESP1 1) ESP1
2)

ESP1  G  V2Rp5 (vomeronasal type 2 receptor p5)
3)

ESP1 ESP1
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ESP1 
4) ESP1

ESP1 V2Rp5
ESP1

M9
ESP1

ESP1
 NMR NMR

Olivia ESP1  CYANA 
MOE V2Rp5 ESP1

 c-Fos 

15N 13C15N ESP1 NMR
NOESY 1H

HNHA 
 ESP1 
ESP1

 ESP1 
 in vivo  c-Fos 

ESP1
V2Rp5  GPCR  C 

 V2Rp5 ESP1
 V2Rp5 

ESP1 V2Rp5
 NMR ESP1 V2Rp5 ESP1

ESP1  V2Rp5  NMR ESP1
ESP1  V2Rp5 

1) Kimoto H. et al., Nature, 437, 898-901 (2005) 

2) Kimoto H. et al., Current Biology, 17, 1879-1884 (2007) 

3) Haga S. et al., Pure and Applied Chemistry, 79, 775-783 (2007) 

4) Haga S. et al., Nature, 466, 118-122 (2010)
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Structural studies on the transcriptional corepressor complex 
SHARP/SMRT and its preparation 

Suzuka Mikami, Yutaka Ito, Masaki Mishima 

 Graduate school of science and engineering, Tokyo Metropolitan University 

SHARP is known as a component of transcriptional repressor complexes functions in nuclear 

receptor and Notch signaling pathways. SPOC domain of SHARP binds to the C terminus of 

corepressor SMRT. SPR, ITC and NMR experiments clearly showed that phosphorylated 

SMRT peptide (2492-2517) tightly bound to SPOC domain of SHARP. In contrast, the 

affinity was decreased with 1000 fold without phosphorylations. We introduced 13C and 15N

labeled amino acids into SMRT peptide and solved ambiguities for the resonance assignments. 

The determined complex structure provided structural basis for the SHARP-SMRT interaction. 

Sample preparation of recombinant SMRT as chimera protein with CKII kinase domain will 

be also discussed in the conference. 

SHARP 17 - Notch

SHARP C

SPOC ( 3496~3664) SMRT C

( 2492-2517) SMRT

HDAC SHARP SMRT

SPOC/SMRT

NMR SPOC/SMRT

SMRT
13C,15N SMRT

SMRT

SMRT

Key words ;   complex, phosphorylation, sample preparation 

,
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SPOC SMRT

pGEX 6P-3 BL21 Rosetta SPOC

20 °C 13C,15N SPOC DEAE 

sepharose GSH

SMRT (2492-2517)

NMR

(SPR) (ITC)

SPOC/SMRT

SPOC/SMRT SMRT S2514 S2516 SMRT

( pSMRT ) NMR  HNCACB

CBCA(CO)NH HN(CA)CO HNCO C(CO)NH H(CCO)NH 4D HC(CO)NH

HCCH-TOCSY 13C-CT-HSQC (for 15% 13C labeled sample) 13C separated NOESY 15N

separeted NOESY 2-2D 13C,15N filtered NOESY & TOCSY 1H-31P HSQC HNHB

HN(CO)HB SPOC/SMRT CYANA ver. 

3.0 library file Legge G.B. (J. Bio. NMR 2005, 33, 

15-24)

D-TOPO (Invitrogen ) DNA

pET151/D-TOPO BL21 Rosetta(DE3)

IPTG 20 °C DEAE sepharose

Ni-NTA sepharose

SPOC SMRT

NMR (13C,15N) SPOC SMRT

(2492-2517)

SPR

10-4 M

SMRT S2514 S2516 Caseine 

kinase (CK ) Caseine kinase (CK )

SMRT

SPOC SPR

S2514 100

S2514 S2516 1000

(Table 1)

Table 1 Summary of SPR analysis
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ITC

pSMRT 10-7

M SPR (Fig. 1) NMR

SMRT

fast exchange pSMRT

slow exchange

SPOC/pSMRT

SPOC pSMRT

SPOC

R3552

R3552 R3554
1H

NMR 3500

(Fig. 2) SMRT Y2510 SPOC M3553 I3611

SMRT L2513 SPOC Y3515 I3549 Y3602

SMRT

E2511 SPOC R3552 R3554 pS2514 SPOC R3552

(Fig. 2)

R3552

pSMRT
13C,15N

pSMRT (2510-2517)

(Fig. 3)

Fig.2 Structure of the 

SPOC/pSMRT complex

(A) Ensemble of 20 

lowest energy structure 

(B) Close up view for 

the pSMRT recognition 

by SPOC 

(A)

Fig. 1 ITC measurement 

Raw ITC data and binding 

isotherms for titration of 

SPOC with pSMRT. 

(B)
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pSMRT

pSMRT

SMRT SMRT

25

SMRT

N His-tag CK

GS TEV SMRT(2492-2516)

(Fig.

4)

SPOC
15N SPOC

TEV

SPOC

SPOC 45 KDa

TEV

(Fig. 5)

SMRT

CK

pSMRT

Fig. 3 1H-15N HSQC spectrum of 

pSMRT in complex with SPOC 

Fig. 4 Schematic drawing of 

the chimera protein  

Fig. 5 Binding analysis of SPOC and chimera (A)SPOC (B)SPOC:chimera 1:1

(C)overlay of SPOC/digested chimera complex with free SPOC. (black : free gray : 

complex)

(B)(A) (C)
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Transferred Cross-Saturation Method under Magic Angle Spinning  
for Structural Analysis of Protein – Protein Interaction  

at the Solid – Liquid Interface 
Shou Toyonaga1, Masanori Osawa1, Mariko Yokogawa1 & Ichio Shimada1,2 

1 Grad. Sch. Pharm. Sci., The Univ. of Tokyo, 2 BIRC, AIST

Bead-linked proteoliposomes (BPLs), where membrane proteins are stabilized in the lipid 
bilayers at high concentration, can be used as the cross-saturation (CS) donor in the 
transferred cross-saturation (TCS) analyses. However, solid beads disturb the local magnetic 
homogeneity, causing the signal broadening of the CS-acceptor. Furthermore, the decreased 
mobility of the bead-linked protein enhances the dipolar-dipolar (DD) interactions, which 
might preclude the precise identification of the binding interface by TCS. In order to 
overcome these problems, we applied magic angle spinning (MAS) to TCS, where a
bead-linked protein and its binding protein in solution were used as the CS-donor and 
acceptor, respectively. MAS-TCS successfully identified the interacting residues at the solid 
– liquid interface. The effect of MAS rate on the TCS results will be discussed. 

 

”bead-linked proteoliposome (BPL)” NMR
(TCS)

(Yokogawa M. et al. 2005)
NMR 40

 (DD) TCS
 

 
MAS  

 
     

P1
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DD
 (MAS) 

 
MAS

( )
NMR

TCS
MAS (Fig. 1) 

(18 μM)
yeast ubiquitin (Ub 8.6 kDa)

yeast ubiquitin hydrolase 1(YUH1 26 kDa)  
(1)  

 (CM) 
YUH1 Ub  

(2) MAS  
Ub 1H-15N HSQC MAS

Ub 1H-15N HSQC  
(3) TCS  

2 mM 2H,15N Ub 50 mM NaCl, 50 mM NaPi, pH5.0, 80% D2O
YUH1 NMR 25°C

TCS  
(1)  CM YUH1 90% Ub

 
(2) MAS 5  

Ub 1H-15N HSQC MAS 1/5
Ub  

(3) MAS TCS Ub YUH1  
7.0 kHz 14.5 kHz MAS TCS MAS-TCS

Ub YUH1 7.0 kHz
MAS

DD  
MAS

DD
BPL

MAS-TCS
 

 

Fig. 1 MAS( ) MAS

( ) 
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                  New NMR Difference Spectroscopy 
         Jun Uzawa1,4, Yumiko Kubota2, Hiroshi Hori3, Hiroko Seki4 and Kiminori Ushida1 
        1RIKEN, Advanced Research Institute, 2Institute of Microbial Chemistry,Tokyo, 

   3Dept. Life Science, Tamagawa University, 4Chemical Analysis Center, Chiba University 

Abstract 
   Difference spectroscopy is a powerful method for the selective observation of small 
changes against dominant but unchanging background. In this presentation, we will cover 
some difference spectroscopy technique, such as 1H {31P selective} difference, DPFGSE- 
SPT-difference, DPFGSE-NOE/ROE-SPT-difference spectroscopy methods. 

For Q-mucin, we applied 1H {31P sel.} diff. technique , and obtained the information of 
coupling constants implying the AEP substituted GalNAc at 2 or 3 positions. Also, we applied 
DPFGSE-ROE-SPT-diff. technique to analyze a branched mannopentose as model of high 
mannose type N-glycan. 
 

NMR
Spring8

NMR

 NMR

NMR

(Q-mucin)
Q-mucin (-Val-Val- 

Glu-Thr-Thr-Ala-Ala-Pro-)
Thr GalNAc Amino- Ethyl-Phosphonate(AEP)

,

P2
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31P Selective Population Transfer
(SPT)

Bloch-Siegert BS
1H-1H 31P 

BS SPT

Q-mucin

 

BS  
NMR BS

= n- 0 = K/ irr- 0   [1]  
BS  n 0

K ( 2/2 )2/2 irr

BS
BS STD Saturation Transfer Difference) 

BS  
31P  

31P

31P
BS

Fig. 1 1H {31P sel.} diff. spectra of Q-mucin in D2O. (1) Original 1D (pre-saturation for HDO). 
     (2) 31P irradiation at 22.1ppm. (3) 31P irradiation at 21.7ppm. 
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α β

Q-mucin Fig.1 31P 22.1ppm Q-mucin
1H 4.0ppm GalNAc 6 3.15ppm 2.0ppm AEP

31P 21.7ppm 1H 4.4ppm
trans

AEP
DPFGSE_SPT_  

SPT 
BS

SPT

DPFGSE_NOE/ROE_SPT  
DPFGSE-NOE/ROE NOE/ROE 

NOE/ROE SPT
Cellobiose-8OAc Fig.2  

1-4 NOE 
SPT 

SPT Diff-SPT
SPT 1-4 1-3

NOE/ROE
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ROE-SPT
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H
OAc
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H
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  Structure of Cellobiose-8OAc 
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Fig. 2  NOE, NOE-SPT-diff, Diff-SPT spectra of Cellobiose-OAc in CDCl3.  

(1) NOE irr. at 4.50ppm. (2) NOE-SPT-diff ; NOE irr. at 4.50ppm and SPT irr. at 3.75 and  
3.78ppm. (3) Diff-SPT spectra ; SPT irr. at 3.75 and 3.78ppm. (4) Original 1D. 

 

1H {31P selective} 

DPFGSE_SPT 
Cyclope

COSY/TOCSY NOE/ROE
NOE/ROE COSY/TOCSY

NOE/ROE COSY/TOCSY
NOE/ROE SPT
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A novel epitope-mapping method by NMR 

Yumiko Mizukoshi1, 2, Aya Abe1, 2, Koh Takeuchi2, Ichio Shimada2, 3, Hideo Takahashi2, 4

1 Japan Biological Informatics Consortium (JBIC), Tokyo, Japan.  2 Biomedicinal    
Information Research Center (BIRC), National Institute of Advanced Industrial Science   
and Technology (AIST), Tokyo, Japan.  3 Graduate School of Pharmaceutical Sciences,   
The University of Tokyo, Tokyo, Japan.  4Department of Supramolecular Biology,   
Graduate School of Nanobioscience, Yokohama City University, Yokohama, Japan. 

 
NMR spectroscopy has become an indispensable tool in chemical biology, drug discovery, 
and structural genomics.  To date, a broad range of experiments is available to screen for or 
to analyze protein-ligand interactions.  Among them, the saturation transfer difference (STD) 
experiment is most widely used for the investigation of protein–ligand interactions.  
However, there exists a potential problem of STD method that the longitudinal relaxation of 
ligand protons severely interferes with the derived epitope mapping.  In this paper, we 
propose an alternative and simple approach for epitope mapping, which utilizes the difference 
between the longitudinal relaxation rates of ligand protons with and without irradiation of 
target protein protons.  We applied this method to some ligand/protein interactions and 
obtained qualitatively consistent results with the estimated proton density around each ligand 
proton. 
 
  

STD saturation transfer difference

T1

(J. Magn. Reson, 2003, 
163, 270-276.)  

T1 relaxation

intramolecular
cross-relaxation

X

X

X

S

non-
irradiation

Intermolecular
cross-relaxation

X
X

X
I

S

T1 relaxation

irradiation

intramolecular
cross-relaxation

A B

T1 relaxation

intramolecular
cross-relaxation

X

X

X

S

non-
irradiation

Intermolecular
cross-relaxation

X
X

X
I

S
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irradiation

intramolecular
cross-relaxation

A B

Figure1. A schematic representation of longitudinal relaxation of ligand proton (I) in the bound state. 

Epitope mapping, STD, longitudinal relaxation rates 
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Figure 2. a; p38 MAPK inhibitor SB203580, b;the experimental result of a novel epitope mapping,
     c;predicted proton density around inhibitor proton (<10 Å) from PDB code: 2ewa.

H1, 4, 5, 6
H2, 3

－177－



常磁性ランタニドプローブ法を用いた薬剤探索 

斉尾智英 1、小椋賢治 2、小橋川敬博 2、横地政志 2、稲垣冬彦 2
 

1北大生命科学、2北大先端生命 

 

Paramagnetic lanthanide probe as a tool for drug discovery 

 Tomohide Saio
1
, Kenji Ogura

2
, Yoshihiro Kobashigawa

2
, Masashi Yokochi

2
  

and Fuyuhiko Inagaki
2
 

1
Graduate School of Life Science, Hokkaido University, and 

 
2
Faculty of Advanced Life Science, Hokkaido University 

 

We are developing an NMR ligand screening method, which can rapidly determine the 

structure of the ligand-protein complex as well as identify the ligand from the compound 

library. This method exploits the paramagnetic lanthanide probe. The paramagnetic lanthanide 

ion is attached to the target protein via the two-point anchored lanthanide-binding peptide tag. 

By observing the paramagnetic effects from the 
1
H NMR spectrum of the ligand, the ligand 

that binds to the target protein can be identified. Furthermore, the structure of the 

ligand-protein complex can be determined by the quantitative analysis of the paramagnetic 

effects. This method is demonstrated using the Grb2 SH2 domain and its inhibitors, as an 

example. 

 

【序論】薬剤探索手法の一つである FBDD (Fragment Based Drug Discovery) は、比較
的小さな化合物 (フラグメント) に対するスクリーニングによって結合活性のあるフ
ラグメントを探索し、それらを連結 (リンキング) または拡張 (グローイング) する
ことでより高活性な化合物を作り出す手法である。NMRは FBDD初期のフラグメン
トスクリーニングで用いられることが多いが、 NMRを用いたスクリーニング手法に
は、タンパク質側の NMR信号を観測するものとリガンド側の信号を観測するものの
2種がある。タンパク質信号を観測する場合、1

H-
15

N HSQCスペクトルなどを用いて
リガンド結合に伴うタンパク質信号の化学シフト摂動を評価する。この手法はリガン
ドの結合部位に関する立体構造情報を取得できるという利点があるが、一方で安定同
位体標識したタンパク質試料が多く必要であることや NMR測定時間が長いためにス
ループット性が低いという欠点も存在する。リガンドベースの手法では、主にリガン

 

key words: 常磁性ランタニド, ランタニド結合タグ, リガンドスクリーニング 

さいお ともひで、おぐら けんじ、こばしがわ よしひろ、よこち まさし、 

いながき ふゆひこ 
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ドの 1
H 1次元 NMR測定を主体とするため比較的高スループットであるが、タンパク

質に対する結合部位の情報を得るのが困難であるという短所もある。そこで我々は、
常磁性ランタニドプローブ法を応用し、スループット性が高く、かつリガンド-タン
パク質間の立体構造情報が取得可能なスクリーニング手法の開発に着手した。 

【実験・結果】我々は常磁性ランタニドプローブを応用し、ヒット化合物を同定する
とともに複合体構造を迅速に決定する次のような NMRスクリーニング手法を考案し
た (Fig. 1)。 ①対象タンパク質にランタ
ニド結合タグ (LBT) を導入し、ランタ
ニドイオンを固定する。タンパク質の
NMR信号から pseudo-contact shift (PCS) 

を観測し、磁化率テンソルを決定する。 

②化合物溶液に対象タンパク質を加え、
NMRスペクトルを取得する。 ③ランタ
ニドイオンを加え、NMR スペクトルを
取得する。 ④差スペクトル (②-③) をと
ることでヒット化合物由来の NMR 信号
を抽出する。このとき、正符号の信号を
解析することでヒット化合物を同定し、
正負の信号の化学シフト差から PCS の
値を得る。 ⑤PCS に基づいてドッキン
グ計算を行うことで、ヒット化合物-タン
パク質の複合体構造を決定する。 

 複合体の立体構造が既知である Grb2 

SH2ドメインとその阻害剤をモデルとし、
手法の検証を行った。まず Grb2 に LBT

を導入してランタニドイオンを固定し、
Grb2 の PCS に基づいて磁化率テンソル
を決定した。次に Tm

3+、Tb
3+の 2種のラ

ンタニドイオンを用いて阻害剤の PCS

を計 39個取得し、それらに基づいて構造
計算を行った。その結果、NOEに基づい
て構造決定した場合 (1X0N.pdb) と同様
の複合体構造を得た (Fig. 2)。現在は、よ
り実際のスクリーニングを近似した系と
して、より親和性の低い化合物を用いた
解析を行っている。 

 Fig. 2 Structure of Grb2 SH2-inhibitor 
complex, determined based on PCS (A), 
and NOE (B). 

 Fig. 1 Schematic overview of the 
lanthanide probe-based ligand screening 
method 
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13C-direct detection of protein using 950 MHz NMR 

Kyoko Furuita1, Takahisa Ikegami1, Toshimichi Fujiwara1 and Chojiro Kojima1,2 
1Insititute for Protein Research, Osaka University, Osaka, Japan., 2Graduate School of 
Biological Sciences, Nara Institute of Science and Technology, Nara, Japan.  

  13C-direct detection NMR experiments are now becoming routinely available for protein 
researches in solution, thanks to increased sensitivity of NMR due to developments of 
high-field magnets and cryogenic probes. Here, we measured various 13C-detected 2D NMR 
spectra using 950 MHz NMR. A high-quality 13C-detected 2D NMR spectrum was 
successfully measured in about five minutes with a 1 mM protein sample. Comparison of the 
measured 13C-detected 2D NMR spectra showed that long T1 and short T2 period 
characteristic of high magnetic field clearly affect qualities of spectra.  
 

NMR
13C NMR 1H

1H

1H 13C 1H

13C 950 MHz NMR
13C

AVANCE  950 MHz NMR Bruker
303 K 1 mM 13C,15N

Bruker S/N TOPSPIN 2.1 
(Bruker)

S/N TOPSPIN SINO
S/N 4 in-phase 

antiphase (IPAP) spin-state-selective excitation (S3E) virtual decoupling
2 double IPAP (DIPAP) virtual decoupling 1

S/N
IPAP virtual decoupling Single Quantum Constant Time 

evolution(SQCT)-CACO 1

13C
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13C CACO C’
 C Multiple Quantum (MQ)-CACO SQCT-CACO with or without IPAP or S3E 

virtual decoupling COCA  C C SQCT-COCA with 
or without DIPAP virtual decoupling CON  C N
MQ-CON with or without IPAP virtual decoupling SQCT-CON with or without IPAP virtual 
decoupling S/N Table 1 CON
C’-C 1JC’N 15 Hz 1JC’C 55 Hz

15N 13C CON C’-C
CACO CON

virtual decoupling S/N IPAP S3E S/N
S3E COCA

C C’ C virtual 
decoupling DIPAP

S/N DIPAP acquisition
CTSQ-COCA

CTSQ-CACO 
with IPAP virtual decoupling

Figure 1
S/N 1 3 5

S/N Table 2
950 MHz NMR 13C

T T 13C

13C

Table 2. S/N ratios of 

spectra measured with 

different repetition delays. 

Table 1. S/N ratios of various
13C-detected spectra. 

Figure 1. 13C-direct detected 

SQCT-CACO spectrum with IPAP 

virtual decoupling of 1 mM ubiquitin 

measured in about 5 minutes. 1D 

slice corresponding dotted line in the 

spectrum is shown at the bottom of 

the spectrum. 
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PSC BMEP

 Correlation analysis of the microbiota responsible for a variety of biomass 
characters 

Tatsuki Ogura1,Yasuhiro Date1,2,Jun Kikuchi1,2,3,4

1Grad. Sch. NanoBio., Yokohama City Univ., 2RIKEN PSC, 3Grad. Sch. Bioagri., Nagoya 
Univ., 4RIKEN BMEP. 

Understanding degradation process of lignocelluloses based on their chemical compositions 
and structures in soil microbial ecosystems could be contributed for effective use of plant 
biomass and searching useful bacteria and degradation enzymes. We are attempting an
elucidation of the microbial activity of biomass degradation process in soil ecosystems by 
using the meta correlation analysis based on various factors such as soil types, microbial 
community, and structures of lignocelluloses. In this study, we focused on analysis of biomass 
degradation activity in rice paddy soil from rice straw samples pretreated different 
higher-order structure of lignocelluloses. Obtained time-course NMR data were calculated as 
principal component analysis for monitoring the metabolic dynamics of microbial ecosystems 
in soil during its biomass degradation process.

Fig.1 Illustration of our meta correlation analysis system 
between biomass characters and their degrading 
microbiota.
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1) Dorrepaal et al. (2009) Nature 460, 616-619; Taylor et al. (2010) Nature 464, 1178-1181. 
2) , , 43, 144-155 (2008). , 

, Sci&Tech.   (in press).

1H chemical shift (ppm) 

Fig.2, PCA of 1D-NMR data matrices for degradations of rice 
straw biomass. (a): Score plot of ball-milling rice. (b): Loading 
plot of (a). (c): Score plot of blender-cutting rice. (d): Loading plot 
of (d). 
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The Orange Domain of Basic-Helix-Loop-Helix Transcription Factor 
SHARP2 binds to class B E-box sequence 

 

○Mohammed S. Mustak1, Riyo Yoshikawa1, Kazuya Takahashi1, Ojeiru F. 
Ezomo1, Yuta Nakamura1, Kazuya Yamada2, Shunsuke Meshitsuka1  

 
1Institute of Regenerative Medicine and Biofunction, Graduate School of Medical 
Science, Tottori University, 86 Nishi-machi, Yonago 683-8503, Japan. 
2Department of Health and Nutritional Science, Faculty of Human Health Science, 
Matsumoto University, 2095-1 Niimura, Matsumoto, Nagano 390-1295 Japan 

 

The basic helix-loop-helix (bHLH) proteins that belong to a super-family 
of DNA binding transcription factors play an important role in development and 
differentiation of the eukaryotic cells. The SHARP2 belong to the bHLH superfamily 
of proteins and consists of 411 amino acids with bHLH motif (residues 53-109 amino 
acids) in the N terminal region, an orange domain (residues 140-184 amino acids) in 
the central region and a proline rich domain (residues 310-385 amino acids) in the C- 
terminal region. The E-box sequence (5`-CANNTG-3`) has been identified in promoter 
and enhancer elements of a number of cell type-specific genes and controls the 
transcription of these genes in important developmental processes. The basic region, 
HLH domain and C-terminal of bHLH proteins are known for their DNA binding, 
dimerization and repression function respectively. However, the function of Orange 
domain is still unclear. Therefore, the present study was aimed to explore function and 
structure of the Orange domain of SHARP2. Interestingly, the present NMR, Surface 
Plasmon Resonance and Gel shift assay results showed that the Orange domain has 
ability to interact with E-box DNA. 

 The Orange domain of SHARP2 have sub-cloned into pGEX-2T vector 
and expressed in BL21 (DE3) bacterial system. The purified proteins were subjected to 
the NMR spectroscopy and measured the 15N HSQC to study the binding site of the 
Orange domain to E-box. The NMR measurements were performed on varion Unity 
Inova (500 MHz) spectrometer equipped with a triple resonance probe and z-axis 
pulsed. The side chain and backbone 1H-15N, 15N, 13Cα/β resonances were assigned 
using a combination of HSQC, TOCSY-15N HSQC, HNCACB, CBCA(CO)NH and 
HNCA, HN (CO)CA experiments.  

Orange domain, bHLH transcription factor, E-box binding 
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To examine the binding site of Orange/E-box DNA sequences, the 15N HSQC 
spectrum of 13C15N- Orange domain with and without E-box DNA sequences were 
measured.  The spectra of 15N-HSQC of Orange domain were compared with E-box 
orange domain spectra. The few signals appeared and also the enhancement of the peak 
intensity of 15N-HSQC spectrum of 13C15N-Orange domain was observed in the 
presence of E-box DNA (Figure 1). This result indicates that the structure of Orange 
domain is affected by the binding of E-box DNA and showed the amino acid residues 
interacting with DNA. The heteronuclear 3D triple resonance NMR experiments were 
done with 13C15N double-labeled protein to determine the assignments of backbone 
resonance. The backbone signals Cα,Cβ, N and NH of 45 amino acid residues of Orange 
domain were assigned sequentially using a combination of connection of HNCACB and 
CBCACONH spectra. The overlaid 15N-HSQC spectrum of Orange domain with E-box 
DNA and Orange clearly showed the differences in chemical shift are seen particularly 
in five amino acids (F3, E22, D26, L32 and V40). This suggests that these residues play 
important roles in the interaction between Orange domain and E-box DNA. We also 
observed that orange domain attain stable structure with E-box DNA compared to its 
native form. Our present results suggest that Sharp2-Orange domain might function as 
DNA recognition domain in monomeric form and mediate the transcriptional activities.  

 

Fig 1. Conformational effects of E-box DNA binding. (A) 1H-15N HSQC spectra of the Orange domain alone  and  

(B ) 1H-15N  HSQC spectra of the 13C15N Orange/E-box DNA (0.8mM) complex at 500 MHz. Conditions: 0.35mM 
15N Orange in 66mM phosphate buffer (pH7.0), 50 mM KCl, 10mM DTT at 25oC.  ni =512, nt=32.  
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Classification of anti-prion compounds  

based on the binding properties of prion proteins 

�Yuji O. Kamatari
1
, Yosuke Hayano

1
, Kei-ichi Yamaguchi

1
, Junji Hosokawa-Muto

1
, and 

Kazuo Kuwata
1
 

1
Center for Emerging Infectious Diseases, Gifu Univ..  

�

��To date, a variety of anti-prion compounds have been reported that are effective in ex vivo 

and in vivo experiments. However, the molecular mechanisms of most of these compounds 

are unknown. To understand those mechanisms, we have classified representative anti-prion 

compounds into several classes according to their binding properties for PrP
C
. Surface 

plasmon resonance and NMR spectroscopy were used to determine the binding affinities and 

the binding sites of the compounds, respectively. Generally, compounds were classified into 

one of three classes. Compounds in the first class, including GN8 and GJP49, bound to the 

native structure and acted as ‘medicinal chaperones’ to stabilize the native conformation and 

prohibit its pathogenic conversion. The second class of compounds, including Congo red, 

directly bound to PrP
C
 and promoted aggregation of the protein, which prevents further 

conformational change of prion. The third class of compounds did not bind to PrP
C
 but may 

interact with PrP
Sc

 or other relevant proteins. The proposed categorization of diverse 

anti-prion compounds would be useful for understanding the mechanisms of anti-prion 

compounds as well as facilitating further anti-prion drug discovery.  
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Fig. 2. A model of inhibitory mechanism of anti-prion compounds GN8 derivatives.�
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Structural basis for the effect of glycosylation on cis/trans isomerization of 
prolines in IgA1-hinge peptide 

Kazuhiko Yamasaki1, Yoshiki Narimatsu2, Sanae Furukawa2, Hisayuki Morii1, 

Hisashi Narimatsu2, and Tomomi Kubota2 
1Biomed. Res. Inst., 2Res. Cen. Med. Glycosci., AIST, Tsukuba, Japan 

 

Human immunoglobulin A1 (IgA1) possesses a hinge region, connecting the Fab and Fc 

domains, mostly composed of Ser, Thr, and Pro (VPSTPPTPSPSTPPTPSPS; hinge peptide).  

Five of the Ser/Thr residues in this region are known to be naturally o-glycosylated.  Here we 

investigated the structural changes in the hinge peptide upon o-glycosylation by 

N-acetylgalactosamine (GalNAc), especially focusing on the cis/trans isomerization of Pro 

residues.  Cis/trans ratios of the Pro residues at the C-terminal side of the glycosylated 

Ser/Thr were reduced from 9~13% to 2~3% by enzymatic glycosylation, as observed in 1H-13C 

HSQC spectra.  Thermodynamic parameters indicated that this decrease is enthalpy-driven.  

Consistently, hydrogen bonds between the amide group of GalNAc and carbonyl oxygen of the 

peptide backbone were formed in the trans conformers, as revealed by further NMR analyses. 

 

X

A1 IgA1 Fab Fc 2

20 Ser Thr Pro

VPSTPPTPSPSTPPTPSPS Ser Thr GalNAc

Figure 1
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Figure 1: Domains in IgA1 molecule. 

The hinge region connecting the Fab and 

Fc domains is mostly composed of Ser, 

Thr, and Pro.  Arrows indicate the 

naturally occurring o-glycosylation sites. 
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Figure 2: (a) Cis/trans isomerization regarding the Thr/Ser-Pro peptide bond.  (b) 1H-13C 

HSQC spectra for IgA1 hinge peptide containing a [13C, 15N]Pro residue, with (right) or 

without (left) enzymatic o-glycosylation on Ser/Thr residues.  The glycosylation significantly 

shifts the equilibrium, reducing the cis conformers. 

 

Table 1: Cis/trans ratio for Pro residues in IgA1 hinge peptides and relevant thermodynamic 

parameters.  HP and glyco-HP stand for hinge peptides without and with 

GalNAc-glycosylation, respectively.  Signs for the thermodynamic parameters are defined for 

the trans to cis transition.  Ser/Thr residues at the N-terminal sides of Pro5, Pro8, Pro10, and 

Pro16 are glycosylated in glyco-HP. 

 

 

 

 

 

 

 

 

 

 

 

－194－



Figure 3: A hydrogen bond 

between GalNAc amide proton 

and peptide backbone oxygen of a 

GalNAc-Thr residue observed for 

the trans conformer, as revealed 

by the NMR structure analysis. 
This restricts ψ angle and causes 

steric hindrance in the presumable 

cis conformer. 
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Narimatsu, Y., Kubota, T., Furukawa, S., Morii, H., Narimatsu, H., and Yamasaki, K. (2010) J. 

Am. Chem. Soc. 132, 5548-5549. “Effect of glycosylation on cis/trans isomerization of 

prolines in IgA1-hinge peptide” 
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Mapping the Interactions of the Intrinsically Disordered p53 
Transactivation Subdomains with the TAZ2 Domain of CBP by NMR 

Munehito Arai1,2, Josephine C. Ferreon1, H. Jane Dyson1, and Peter E. Wright1 
1Dept of Molecular Biology, The Scripps Research Institute, La Jolla, CA, USA. 
2Dept of Life Sciences, Grad. Sch. Art. Sci., University of Tokyo, Tokyo, Japan. 
 
Using NMR chemical shift perturbations we show that the isolated AD1 and AD2 binding 
motifs, derived from the intrinsically disordered N-terminal transactivation domain of the 
tumor suppressor p53, both interact with the TAZ2 domain of the transcriptional coactivator 
CBP at two binding sites. Unexpectedly, the site of binding of AD2 on the hydrophobic 
surface of TAZ2 overlaps with the binding site for AD1, but AD2 binds TAZ2 more tightly. 
The results highlight the complexity of interactions between intrinsically disordered proteins 
and their targets. Furthermore, the association rate of AD2 to TAZ2 is estimated to be greater 
than 3 × 1010 M-1 s-1, approaching the diffusion-controlled limit and indicating that intrinsic 
disorder plus complementary electrostatics can significantly accelerate protein binding 
interactions. 
 
  p53

p53 N 61
AD1

AD2 CBP TAZ2
p53 1-3

p53 TAZ2 TAZ2
p53 AD1 AD2

NMR  
TAZ2 15N p53 AD1 1H-15N HSQC

fast exchange

TAZ2 AD1 24 M  164 
M TAZ2 p53 AD2 TAZ2

AD2 32 nM 10 M 
AD1 AD2
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10 nM NMR fast 
exchange 

TAZ2-AD2
 

TAZ2-AD2 32 nM 
fast exchange

TAZ2-AD2 fast exchange  koff > 
1000 s-1  kon > 3 × 1010 M-1 s-1

TAZ2 +14 p53 AD2 8

 
 

 

1.  Lee, C.W., Ferreon, J.C., Ferreon, A.C.M., Arai, M., & Wright, P.E. (2010) Graded 
enhancement of p53 binding to CBP by multisite phosphorylation. Proc. Natl. Acad. Sci. 
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Structural Mechanism for the Affinity Regulation of Cytoplasmic Dynein 
Osamu Takarada1, Noritaka Nishida1, Ryo Umemoto1, Masahide Kikkawa2, Ichio 

Shimada1, 3

1Grad. Sch. Pharm. Sci., The Univ. of Tokyo, Tokyo, Japan. 2Grad. Sch. Med., The Univ. of 
Tokyo, Tokyo, Japan. 3BIRC, AIST 

Cytoplasmic dynein is a motor protein that uses ATP to power the movement toward the 
minus end of microtubules (MTs). It has been considered that the microtubule-binding 
domain (MTBD) of dynein changes its affinity for MT by altering the association mode of the 
neighboring coiled-coil helices. However, the structural mechanism of the affinity regulation 
of MTBD remains elusive. Here, we analyzed conformational changes of MTBD, using 
mutants where disulfide bonds introduced in MTBD are utilized for locking the association 
mode of the coiled-coil. We made two mutants, termed MTBD-High and MTBD-Low, which 
showed high and low the affinity for MT, respectively. We examined the difference in the 
conformation and identified the MT-binding site of MTBD-High and MTBD-Low by NMR. 
Based on these results, the mechanism for the affinity regulation of the MTBD is discussed. 
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Fig. 1 NMR analysis of the MTBD constructs 
with high and low affinity for MT 
(a) A ribbon diagram of the model structure of 
MTBD137 based on the crystal structure of the 
mouse SRS-MTBD. The position of S-S bonds 
of MTBD-Low and MTBD-High are indicated. 
(b, c) Plots of signal intensity ratio of TCS 
experiments (b) MTBD-High and (c) 
MTBD-Low. (d) A plot of the chemical shift 
difference ( ) between MTBD-High and Low. 

=( H2+( N/6.5)2 )1/2 

(a) (b) 

(c) 
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In-cell NMR G B1
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Peter Güntert2 3 1 
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Structure determination of protein G B1 domain in living cells by in-cell 
NMR spectroscopy 

Tomomi Hanashima1, Junpei Hamatsu1, Teppei Ikeya1, Masaki Mishima1, Peter Güntert2,
Masahiro Shirakawa3 and Yutaka Ito1

(1Dept. of Chem., Tokyo Metropolitan Univ., 2 Inst. of Biophysical Chemistry and Center for 
Biomolecular Magnetic Resonance, J. W. Goethe-Univ. Frankfurt, 3Dept. of Eng., Univ. of 

Kyoto) 

Recent developments in NMR hardware and methodology have enabled the measurement 
of high-resolution heteronuclear multi-dimensional NMR spectra of macromolecules in living 
cells (in-cell NMR). With this method, we recently reported the world’s first 3D protein 
structure calculated exclusively on the basis of information obtained in living cells.

In this presentation, as an another demonstration of our strategy for protein structural 
analyses in vivo, we report in-cell NMR studies of Streptococcus protein G B1 domain (GB1) 
overexpressed in E. coli cells. While backbone resonances were completely assigned, 
side-chain assignment suffers from low sensitivity of triple-resonance NMR spectra, thus 
requires additional experiments, which presumably due to lower expression level of GB1 in E. 
coli. Methyl-selectively protonated samples as well as 13C/15N-labelled samples were used for 
the collection of NOE-derived distance restraints. Structure calculations are in progress. 

 
in-cell NMR

in-cell NMR
Thermus 

thermophilus HB8 TTHA1718(66 a.a.)
[Sakakibara et al. Nature (2009) and Ikeya et al. Nat. Protoc. (2010)]

Streptococcus protein G B1 (57 a.a.
GB1 ) in-cell NMR   

 

 
In-cell NMR, NMR,  

 
 

 

P15

－202－



 
GB1

TTHA1718 3-4 mM GB1
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NMR 13C/15N
TTHA1718 9 3 3 NMR

2D 
Figure 1 TTHA1718

3 3
NMR  

NOE 13C/15N 3D 
13C or 15N-separated NOESY Ala/Ile/Leu/Val

1H/13C 3D 13C/13C-separated 
HMQC-NOE-HMQC

3D NOESY
NOE

1 mM
in-cell NMR  

 

 
Figure 1 

a. 2D 1H-15N HSQC spectrum of the 13C/15N-labelled GB1 in living E.coli cells.  Cross 
peaks are labelled with their corresponding backbone assignments. 
b. Overlaid 1HN-13C cross-sections of the 3D HNCA and CBCA(CO)NH spectra 
corresponding to the 15N frequencies of residues from Leu6 to Gly10.  Sequential 
connectivities are represented by lines.  Intraresidue correlations (HNCA) are indicated with 
boxes. 

a b 
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Structural analysis of stomagen: a positive regulator of stomatal density 
Makoto Takeuchi , Shigeo S. Sugano , Shimada Tomoo , Ikuko Hara-Nishimura , Masashi 

Mori , Shin-ya Ohki
1Japan Advanced Institute of Science and Technology, Ishikawa, Japan. 
2Graduate School of Science, Kyoto University, Kyoto, Japan. 
3Reserch Institute for Bioresources and Biotechnology, Ishikawa Prefectural University,
Ishikawa, Japan. 
4Japan Science and Technology Agency-SENTAN. 

  Stomata are small pores on the surfaces of leaves and stalks in plants. They exchange gases, 
such as water vapor and CO2, in and out of plants for photosynthesis. No positive regulator of 
stomatal development had been reported, although several negative regulators are already 
known.  Recent studies have identified a first positive regulator, stomagen (1, 2).  Stomagen 
is a 45-residue peptide containing six Cys residues.  To study structure-function relationship 
of stomagen, we tried NMR experiments.  For the NMR study, stable-isotope labeled 
samples were prepared by using plant cells with inducible virus vector system.  In this 
presentation, we will report the structure of stomagen and discuss the functional mechanism. 

structural analysis, differentiation of stomata, plant cell 
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Fig. 1.  1H-15N HSQC spectrum of STOMAGEN at 25 . 
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Enhancement of thermostability and control of redox activity of cytochrome c 
through stabilization of its hydrophobic core 

Hulin Tai, Kiyofumi Irie, Shigenori Nagatomo, and Yasuhiko Yamamoto 
Dept. of Chem., Univ. of Tsukuba 

 
Thermophile H. thermophilus cytochrome c552 (HT) and mesophile P. aeruginosa cytochrome c551 

(PA) are small monoheme-containing electron transfer proteins, which exhibit high sequence identity 
(56 %) to each other, and their main-chain folding is almost identical.  But HT is much more stable 
than PA.  A detailed comparison of the protein interior between them highlighted sizable differences 
in packing among amino acid side chains, and site-directed mutants of PA, for which amino acid 
substitutions were selected with reference to corresponding residues in HT, exhibited thermostabilities 
between those of the two proteins.  We extended our efforts to stabilize the heme pocket of HT by an 
amino acid substitution, V28I, in order to design and prepare proteins even more thermostable than HT.  
The study demonstrated that Ile improved the hydrophobic packing of heme pocket by the additional 
methyl group, leading to the enhancement of the thermostability of HT. 
 

 Hydrogenobacter thermophilus c552 HT
Tm 109.8 129.7 ºC HT

Pseudomonas aeruginosa c551 PA Tm

HT 28 ºC PA HT

Em
[1]  

HT
HT X [2]

Val28

Fig. 1

Val28 Ile
Leu V28I, V28L

Tm Em
 



HT V28I V28L 1H NMR Fig. 2
Met

V28I V28L HT
NMR  

NMR c  
 

     

Val76 Tyr25

Val28Axial His 

Axial Met 

Heme

Fig. 1  Void space near Val28 of HT (pdb: 1YNR).  
Val28, Tyr25, and Val76 are shown as a CPK model 
and the heme, together with Fe-coordinated His and 
Met, is drown as a stick model.  The void space is 
schematically illustrated as a gray ellipse. 
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V28I Tm 113.2 129.9 ºC Table 1 V28I

Ile C H3

V28L
Tm 106.6 124.4 ºC  

Leu 2 C H3

HT V28I V28L 1H NMR
Fig. 3

Val28 17
Trp54 N H

Val28
Trp54

N H V28I

V28L
V28L

Trp54 17
Leu

 
 

V28I V28L Em

199 196 mV
245 mV

Em Table 1 V28I
Em

Table 1 V28L

Table 1 Val28

 
 

 Val28
Val28

 
 
References: [1] H. Tai et al., Biochemistry, 49, 42-48 (2010); S. Mikami et al., Biochemistry, 48, 8062-8069 
(2009); S. J. Takayama et al., J. Biol. Inorg. Chem., 14, 821-828 (2009).      [2] C. Travaglini-Allocatelli et al., 
J. Biol. Chem., 280, 25729-25734 (2005). 

Table 1  Denaturation temperatures (Tm) and redox potentials 
(Em) of HT, V28I, and V28L. 

a Observed at pH7.0.  Errors ± 0.5 ºC.   
b Observed at 25 ºC, pH6.0.  Errors ± 2 mV. 

HT
V28I
V28L

109.8
113.2
106.6

129.7
129.9
124.4

Tm
a (ºC)

oxidized reduced
Em

b

(mV)

245
199
196

Tm Tm

+0.2
-5.2

+3.4
-3.2

HT
V28I
V28L

109.8
113.2
106.6

129.7
129.9
124.4

Tm
a (ºC)

oxidized reduced
Em

b

(mV)

245
199
196

Tm Tm

+0.2
-5.2

+3.4
-3.2

Fig. 2  1H NMR spectra of the oxidized HT, V28I, and V28L.  
The heme methyl and axial Met59 side chain proton signals are 
resolved in downfield and upfield shifted regions, respectively. 
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Fig. 3  1H NMR spectra of reduced HT (bottom).  Portions, 
12.6 – 10.2 ppm of 1H NMR spectra of reduced HT, V28I, and 
V28L are illustrated in the upper left corner, and the molecular 
structure of HT in the upper right corner. 
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NMR structure of the C-terminal domain of an R-type lectin from 
earthworm in the lactose-binding state

Hikaru Hemmi1, Atsushi Kuno2, Sachiko Unno2, and Jun Hirabayashi2

1National Food Research Institute, National Agricultural and Food Research Organization 
(NARO), Tsukuba, Japan.  
2Research Center for Medical Glycoscience, National Institute of Advanced Industrial 
Science and Technology (AIST), Tsukuba, Japan.  

The C-terminal domain of an R-type 29-kDa lectin (EW29Ch) from the earthworm Lumbricus 
terrestris has two sugar-binding sites (  and ). Our recent paper1 showed that the Kd value of 
the -binding site were approximated to 0.01-0.07mM for lactose, whereas that of 
sugar-binding site was 2.66mM for lactose. Although the crystal structure of the complex 
between EW29Ch and -binding site 
binds to lactose more strongly. In the present study, the high-resolution NMR structure of 
EW29Ch in the lactose-binding state was characterized by a -trefoil fold as expected from 
the crystal structure of lactose-liganded EW29Ch. The NMR relaxation experiments for the 
backbone of EW29Ch in the sugar-free state and in the lactose-binding state showed that the 
differences between the two states were particularly observed for the -binding site.

2 9 EW29
Gly-X-X-X-Gln-X-Trp

R-type
R-type

EW29 C
(EW29Ch) EW29 10

EW29 Ch 2
3
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Development of residue selective cross-saturation (RSCS) method 
for modeling a large protein-protein complex 

Shin-ichiro Ozawa1, Shunsuke Igarashi1, Tsutomu Suzuki2, Masatsune Kainosho3, 4,
Masanori Osawa1, and Ichio Shimada1, 5

1Grad. Sch. Pharm. Sci., The Univ. of Tokyo, 2Grad. Sch. Eng., The Univ. of Tokyo, 3Grad.
Sch. Sci., Nagoya Univ., Center for Priority Areas, Tokyo Metropolitan Univ., 5BIRC, AIST 

Structural analyses of protein-protein complexes provide information about their structural 
mechanism of the functions. We previously developed NMR techniques, cross-saturation 
(CS) and amino acid selective CS (ASCS) methods. The ASCS method provides the 
candidates of the proximal residue pairs between two protein molecules, which enables to 
build a structural model of the complex with reference to the structural complementarity of 
the individual structures. In order to identify the proximal residue pairs unambiguously, we 
propose here a residue selective CS (RSCS) method, which uses a residue selective 
1H-labeled protein as a CS-donor. In this presentation, the selectivity and efficiency of the 
residue selective 1H-labeling as well as the application of the RSCS method to a complex of 
yeast ubiquitin (Ub) and yeast ubiquitin hydrolase 1 (YUH1) will be discussed. 
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Studies on the structure of horse myoglobin dimer by NMR spectroscopy 
Satoshi Nagao, Makoto Amagai, Takeshi Uni, and Shun Hirota 

Graduate School of Materials Science, Nara Institute of Science and Technology, Nara, 
Japan.

Dimerization of myoglobin (Mb) has been reported, but the structure of dimeric Mb is still 
unclear. In this study, we investigated the structure of dimeric Mb under various states by 
NMR spectroscopy. Although most of the signals of the amino acid protons nearby heme 
were similar between the corresponding CN-, deoxy, CO-bound forms of monomeric and 
dimeric Mbs, significant shifts of Trp14 N H and Val17 C H3 signals were observed for the 
CO-bound complex. These results suggest that the A-helix structure of Mb is perturbed by 
dimerization, whereas the active site structure is similar between monomeric and dimeric 
Mbs.

(Mb  Fig. 1)

Mb

Mb

Mb

Mb

1H NMR

Mb

Mb

Mb 50 mM (pH 7.0) FPLC

Fig. 1 Structure of horse myoglobin. 
Heme and amino acid residues (Trp14 
and Val17) are represented with stick 
and space-filling models, respectively. 
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CO Mb 1H NMR

Trp14 N H Val17 C H3

(Fig. 3)

N A-

Mb

A

Mb 1H NMR

Mb

Mb Fig. 3 1H signals of Trp14 N H and Val17 
C H3 of monomeric (broken line) and 
dimeric (solid line) CO-bound Mbs. 

Fig. 2 1H NMR spectra of monomeric 
(broken line) and dimeric (solid line) 
metMbs. 
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Structural characterization of heme-DNA complex possessing CO molecule 
as an exogenous ligand 

Kaori Saito1, Hulin Tai1, Shigenori Nagatomo1, Yasuhiko Yamamoto1, and Hikaru Hemmi2
1Dept. of Chem., Univ. of Tsukuba, 2 Dept. of Life, Environ. and Materials Sci., Fukuoka Inst. 
of Tech., and 3Natl. Food Res. Inst. 

A single repeat sequence of the human telomere, d(TTAGGG), has been shown to form all 
parallel G-quadruplex DNA in the presence of K+. We have previously demonstrated that 
heme, iron(III)-protoporphyrin IX complex, and G-quadruplex DNA assembled from
d(TTAGGG) form a stable complex, “heme-DNA complex”. It has been also suggested that, 
as in the cases of hemoproteins, carbon monoxide (CO) can be bound, as an exogenous ligand, 
to iron atom of the heme-DNA complex in its reduced state. In this study, we have
characterized the solution structure of the CO adduct of the heme-DNA complex using 1H
NMR. Guanine imino protons were ranked as G4 < G5 < G6, in order of increasing shift 
difference between G-quadruplex DNA and the CO adduct, revealing that heme stacks onto 
the 3’-terminal G-quartet of G-quadruplex DNA in the CO adduct. 

DNA G- DNA

- IX
DNA d(TTAGGG)

-DNA
1,2 -DNA

CO
CO

Fig. 1 3 CO
-DNA

1H NMR

DNA, , NMR

Fig. 1. UV-Vis absorption spectra of heme-DNA 
complexes with (a) Fe3+ (before iron reduction),
(b) CO adduct (reduced in CO atmosphere), and 
(c) Deoxy-form (reduced in N2 atmosphere).
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Fig. 2. 1H NMR spectra of CO adduct of heme-DNA complex (top) and G-quadruplex DNA (bottom) in 
90%H2O/10%D2O, at 298K. Heme-DNA complex was reduced by Na2S2O4, and dithiothreitol was added 
to maintain the CO adduct throughout the measurements. Signal assignments of guanine imino protons are 
shown with the spectra. 
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adduct of heme-DNA complex in 
90%H2O/10%D2O, at 298K. A mixing time of 
150 ms was used for the measurement. 

G4NH

G5NH

G6NH
G4NH-A3H2

G4NH-G4H8

G4NH-A3H8

－217－



NMR

1 1, 1 Daniel Nietlispach2  
1 1  1 

1 2  

Applications of nonlinear sampling scheme to 3D 13C or 15N-separated NOESY 
experiments

Kaori Onishi1, Yoshiki Shigemitsu1, Yuusuke Tsuchie1, Daniel Nietlispach2, Masaki Mishima1,
Teppei Ikeya1 and Yutaka Ito1 

1Department of Chemistry, Tokyo Metropolitan University 
2Depatment of Biochemistry, University of Cambridge 

Nonlinear sampling for indirectly acquired dimensions in combination with
maximum entropy (MaxEnt) processing has been shown to provide significant time saving in 
the measurement of multidimensional NMR experiments.  We applied this nonlinear 
sampling and 2D MaxEnt processing to 3D 13C or 15N-separated NOESY experiments of 
T.thermophilus HB8 TTHA1718 and Sinorhizobium meliloti FixJ C-terminal domain.  The 
effect of the artefacts arising by employing nonlinear sampling and 2D MaxEnt processing, 
such as mis-calibration of intensities and the emergence or disappearance of cross peaks, to 
3D NOESY-type spectra was evaluated by calculating structures with distance restraints 
obtained from simulated 3D NOESY spectra with various amounts of nonlinear sampling 
points.  
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(a)  (c)  (d)  ) (b)  

Figure 1  Superposition of 20 final structures of TTHA1718 from full (reference) data (a) 
and simulated data with 1/8 nonlinear sampling (b), respectively. Superposition of 20 final 
structures of FixJC from full (reference) data (c) and simulated data with 1/8 nonlinear 
sampling (d), respectively.  

(c) (

Table 1  RMSD of ensembles and RMSD to references. 
TTTHA1718  FFixJC  

reference 1/8 reference 1/8 
BBackbone RMSD  0.28 ± 0.04 Å 0.45 ± 0.11 Å 0.33 ± 0.07 Å 0.62 ± 0.14 Å 

HHeavy atom RMSD  0.78 ± 0.05 Å 0.96 ± 0.09 Å 0.75 ± 0.04 Å 1.10 ± 0.15 Å 
BBackbone RMSD to reference  - 1.11 Å - 1.15 Å 

HHeavy atom RMSD to reference  - 1.30 Å - 1.53 Å 
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Structural analysis of the tyubulin tyrosine ligase from human by solution 
NMR spectroscopy

Kunimichi Saeki1, Ryoko Maesaki2,Yutaka Ito1,and Masaki Mishima1

1 Graduate school of science and engineering, Tokyo Metoropolitan University.  
2Nara Institute Science and Technology. 

Tubulin tyrosine ligase (TTL) is the enzyme that adds tyrosine to the C-terminal end of 
-tubulin. It is interesting that CLIP170 protein specifically recognizes tyrosine at the 

C-terminal end of -tubulin and binds to it (Mishima M., et .al. (2007) P.N.A.S. 104 10346). 
CLIP-170 bound to C-terminus of -tubulin accumulates on microtubule and promotes its 
polymerization. Thus, this tyrosination is one of the key modifications to regulate microtube 
dynamics. In physiological aspect, it is known that this tyrosination involves in organization 
of neuron.  

In this study, our purpose is to elucidate the detail of this tyrosination based on the TTL 
structure using NMR technique. We will report our progress about binding assay between 
TTL and -tubulin, and the resonance assignments of NMR signals of TTL. 

Fig.1 Scheme of polymerization of microtubule 
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Fig.2 GFP+TTL expression plasmid 
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0.25 mM TTL 
50 mM Bis-Tris 
50 mM KCl 
pH 7.0 
NS 128 
Temperature 298K 

0.37 mM TTL 
50 mM Bis-Tris   
200 mM KCl 
5 mM MgCl2

pH 6.0 
NS 32 
Temperature 298K 

(a)

(f)

(e)

(d)

(c)

(b)

Fig.3 TROSY HSQC before optimization (a) and after optimization (b). Observed 
aggregations of NMR samples before optimization (c) and after optimization (d). 
Conditions of measurements (e) and (f). 
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(a) (b) (c)

Fig.4 Scheme of monitoring system using GFP 
GFP gives green fluorescence, if TTL folds into native 
form. However, it gives no green fluorescence, if TTL 
forms inclusion body and  folds into non native 
structures.

Fig.5 Observation of tyrosination in NMR tube 
HSQCs of C-terminus of -tubulin at 0 h (a),4 h(b),and 12 h after reaction (c). 

－225－



 
High-energy state mutant of ubiquitin
Soichiro Kitazawa1, Maho Yagi2,3, Kenji Sugase4, Koichi Kato2,3, Ryo Kitahara1

1College of Pharmaceutical Sciences, Ritsumeikan University, Kusatsu, Japan, 2Graduate 
School of Pharmaceutical Sciences, Nagoya-City University, Nagoya, Japan, 3IMS Okazaki 
National Institute, Okazaki, Japan, 4Suntry Institute for Bioorganic Research, Osaka, Japan 
 
High pressure NMR studies have revealed that ubiquitin exists in conformational equilibria 
among the basic folded (N1), alternatively folded (N2), locally disordered (I) and totally 
unfolded (U) conformers. Here, we show NMR characterizations of the ubiquitin mutants in 
which the high-energy states are highly populated. A breaking of hydrogen bond, salt bridge
or a replacement of Pro-Pro sequence to Ala-Ala (K11A, E34A, Q41N, Q41A and 
P37A/P38A) brought about significant changes in chemical shifts, 15N spin-spin relaxation 
rates R2 and amide proton-water exchange rates at many residues in -helix and some 

-strand regions, indicating a large increase in population of high-energy states in those 
mutants. In addition, we studied the binding constants of ubiquitin-interacting-motif UIM to 
ubiquitin and its mutants.
 

NEDD8 SUMO2
E1 E2 E3

N2 I

N2 I
N2 I  
 

 I36C’O Q41N H K11 E34
(K11A, E34A, Q41A, Q41N) Fig. 1 I  
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PP AA P37A/P38A
20 ºC, pH 7.2 WT

15N-HSQC 15N-T2

CLEANEX-PM (water-amide proton chemical 
exchange) ubiquitin-interacting-motif 
UIM UIM

 
 

K11A, E34A, Q41A, Q41N
� 3 5 15N, 1H

R2 5 Hz, Fig. 2

3 5 N1 N2

N2 K11A, E34A, 
Q41A, Q41N, P37A/P38A UIM WT (250 60 
uM) 2 WT

UIM N2 UIM

C E1-E2-E3
 

 
 

 
 
 

Fig. 2  Differences of R2 values between Q41A and WT. NMR measurements are 
carried out at 1H 600 MHz and 20 ºC. 

Fig. 1. NMR structure of 
ubiquitin-UIM complex (PDB 
1Q0W, Swanson et al,).
Residues substituted by Ala are 
represented by sticks.
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Development of Isotope Labeling Strategy using Yeast Expression System 
–for a structural analysis of difficult to express large molecular weight proteins-

Mayumi Ohnami1, Toshihiko Sugiki1, Koh Takeuchi2, Ichio Shimada2, 3, and Hideo 
Takahashi2, 4

1 JBiC, 2 BIRC, AIST, 3 Grad. Sch. Pharm. Sci., The Univ. of Tokyo, 4 Grad. Sch. Nanobiosic., 
Yokohama City Univ. 

In a structural analysis of proteins using NMR spectroscopy, we often experience proteins that 
are large and derived from eukaryote are difficult to express in Escherichia coli. Recently, we
established a protein expression system using hemiascomycete yeast Kluyveromyces lactis 
(K.lactis), which enable the preparation of labeled proteins using glucose and ammonium 
chloride as a stable isotope source. The yeast expression system expresses some eukaryotic 
target proteins in larger quantity than in E.coli with a comparable amount of stable isotopes. 
   In this presentation, we established a method to deuterate proteins in K.lactis, which 
would be beneficial for a structural analysis of large molecular weight proteins. We also 
examined the selective labeling strategy of methyl groups of the Ile (δ1), Leu, and Val 
residues using amino-acid precursors under highly deuterated background. These new 
techniques open up the way for the structural analyses of large and eukaryotic proteins that 
are important but hard tackle with current prokaryote based-expression systems. 

 NMR

K. 
lactis K. lactis

K. lactis

Ile Leu Val

K. lactis
maltose-binding protein (MBP)
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3
K. lactis

K. lactis

MBP

MBP
MBP 1H NMR

Fig.1
92.1

  

Ile Leu Val
[methyl-13C, 3,3-D2] 

α-Ketobutyrate [3-methyl-13C, 3,4,4,4- D4] 
α-Ketoisovalerate Ile δ1

Leu Val

Fig.2 [3-13C] Sodium Pyruvate
Leu, Val, Ile(γ2), Ala, Met

 
[ ]

Ile
Leu Val

Leu Val
Leu Val

 
References 
1. Sugiki T, Shimada I and Takahashi H (2008) J Biomol NMR 42, 159–162 
2. Goto NK, Gardner KH, Mueller GA, Willis RC and Kay LE (1999) J Biomol NMR 13, 

369-374 

 Fig. 2 1H-13C HSQC Spectrum of MBP 

13
C

pp
m

 

1H ppm  

1H ppm  

 Fig. 1 1H NMR Spectra of undeuterated and 
deuterated MBP 

 1H MBP 

 2H MBP 
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SUMO E2

Roles of Multi-Binding Sites of Conjugating Enzyme E2 in SUMOylation in 
Rice

Wataru Tsuchiya, Heisaburo Shindo, Rintaro Suzuki, Zui Fujimoto, and Toshimasa 
Yamazaki
Protein Research Unit, National Institute of Agrobiological Sciences, Tsukuba, Japan.  

Posttranslational modification of target proteins by the small ubiquitin-like modifier (SUMO) 
regulates many important cellular pathways. SUMOylation of target proteins requires a 
multistep process mediated by E1 (the activating enzyme), E2 (conjugating enzyme), and E3 
(ligase) enzymes similar to those in the ubiquitinylation machinery. In this process, the 
transfer mechanism of SUMO from E1 to E2 has not been well clarified. In this study, to 
reveal the functional roles of interaction network among E1, E2 and SUMO, we performed 
the structure analysis of E2 binding domain (Ubl domain) of E1, E2 and SUMO1 from rice 
(Oriza sativa), and identified the binding sites to each of Ubl and SUMO1 on E2. 

Small ubiquitin-like modifier (SUMO) ubiquitin

SUMO DNA
SUMO 3

ATP E1 SUMO C E1
E1 E2

E3 SUMO C
Lys -

E2 SUMO1 E1 E3 SUMO
SUMO

E2
SUMO

E1 E2 SUMO
 (Oriza sativa) E2 E1 E2 (Ubl )

SUMO1 E1-E2-SUMO

SUMO , ,
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13C/15N E2 NMR
E2 SUMO1 15N

E2 SUMO1 1H-15N HSQC
E2 SUMO1 2

fast exchange limit 1 ( 1 ) 2
SUMO1 2 ( 2 ) 2

E2 N 1
Arg14 Lys15 Arg18 Lys19 E2 SUMO Cys94

2 Lys75 Ser90 Thr92 Gln131 Tyr135
(Fig. 1) 1

1) 2 E2
1 2 2

E2 [K75A/S90A/T92A] 1
E2 [R18A/K19A] NMR 1

2 Kd1 = 2.6 M Kd2

E2 Ubl Ubl E2

slow exchange limit NMR

Ubl
E2 SUMO1 1

E2 1
E2 [R18A/K19A]

Ubl SUMO1
ITC
E2 SUMO1 Ubl

SUMO1 Ubl
E2 Ubl SUMO1

= 840 
M

NMR
E2 2 SUMO1

1 Cys94
SUMO1 Ubl 1 Ubl

ITC X
SUMO E1-E2-SUMO

in vitro SUMO

1) M. H. Tatham et al., Biochemistry, 42, 9959-9969 (2003).

Fig. 1 Mapping of the residues on E2 that 
showed large chemical shift perturbation upon 
complex formation with SUMO.
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Structural Elucidation of the Sequential Signal Transduction Mechanism in 
Bacterial Chemotaxis 

Yuichi Minato1, Asako Machiyama1, Takumi Ueda1, and Ichio Shimada1, 2

1Grad. Sch. of Pharm. Sci., the Univ. of Tokyo, Tokyo, Japan.  
2BIRC, AIST, Tokyo, Japan.  

The autophosphorylation of the P1 domain by the P4 domain in CheA, and the subsequent 
phosphotransfer from the P1 domain to CheY bound to CheA on the P2 domain, are important 
for the rapid signal transduction in bacterial chemotaxis.  Here, to clarify the mechanism 
underlying the rapid sequential signalling, we performed cross-saturation (CS) experiments on 
the full-length CheA-CheY complex.  The resonances from residues located around the 
catalytic residues of the P1 domain and CheY were significantly affected by the irradiation, in 
addition to those on the binding surface in the crystal structure of the P2 domain-CheY complex.  
These results suggest that the P1 domain and CheY interact with each other on their catalytic 
sites. The intensity reduction of the P1 domain caused by CS was about half of that of the P2 
domain, suggesting that the P1 domain is under equilibrium between the CheY-bound state and 
unbound state, in the full-length CheA-CheY complex.  This equilibrium might be important 
for the P1 domain to interact with both CheY and the P4 domain. 

ATP
CheA P4 P1

H48
H48 P2 CheY

D57

 

Fig.1 Schematic diagram of the domain structure of CheA and its phosphorylation reactions. 
The P4 domain binds to ATP, and donates an phosphate to H48 in the P1 domain 
(autophosphorylation).  CheY binds to the P2 domain, and accept an phosphate from the 
phosphorylated P1 domain (phosphotransfer).   
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[3] CheA P1 CheY  

CS CheA-CheY P1 CheY
CheA P1 CheY

P1 100 M
CheA P1

1 M  
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Fig. 2  Results of the affected residues in the CS experiments. 
(A) Mapping of the affected residues in the CheY-observed CS experiments.  
(B)(C) Mapping of the affected residues in the CheA-observed CS experiments. (B) and 
(C) are the mapping of the P2 and P1 domains, respectively. 
The darker color indicates stronger reduction of signal intensity for corresponding 
residues.  The strongly affected residues are labeled. 
In (A) and (B), the ribbon diagrams represent CheY and the P2 domain, respectively.  
The residues surrounded by the squares (D57 in (A) and H48 in (C)) are the catalytic 
residues of CheY and the P1 domain, respectively. 
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P1 CheY CheA

P1 CheY
P1 P2 CheY

Fig,3

P1 CheY
 

 
CheA-CheY CS P1 P2

CheA-CheY P1 CheY
50 Fig.3 P1 CheY

P1 CheY P4
 

 
CheY P1 P2

CheY  

 
 

Fig.3  Proposed CheA-CheY interaction model. 
We propose that the P1 domain is under equilibrium between the CheY-bound state and 
unbound state in the full-length CheA-CheY complex, and about half of the P1 domain 
is under the CheY-bound state (Keq ~1). 
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Structural characterization of A-quartet formed in all-parallel 
G-quadruplex DNA 

Yusuke Nakano, Hulin Tai, Shigenori Nagatomo, and Yasuhiko Yamamoto 
Dept. of Chem., Univ. of Tsukuba 

 A G-quadruplex DNA is composed of stacked G-quartets, each of which involves the planar 
association of four guanine bases. In the center of each G-quartet, electrostatic repulsions 
among four closely-spaced carbonyl groups are reduced by a nearby cation. Similarly to the 
case of G-quartet, four adenine bases have been shown to be associated to form A-quartets in 
G-quadruplex DNAs. We have characterized the molecular structures of G-quadruplex DNAs 
formed from various DNA sequences such as d(TTAGGG), d(TTGAGG), and d(TTGAGGT), 
in order to elucidate the effects of the sequence on the G-quadruplex DNA structure 
possessing an A-quartet. In addition, NMR chracterization using 15NH4

+ revealed the cation 
binding sites in the G-quadruplex DNAs. 

 Hoogsteen
G-quartet(FFig. 1) G-quartet

3’ G-
3’ G-quartet

1 G-quartet

d(TTAGGG)  d(TTGAGG) d(TTGAGGT)
A-quartet(FFig. 1)

15NH4+

A-quartet
 

 
G-quartet, A-quartet, stacking 

T1

T2

G3

G5

A4

G6

5

3

T1

T2

G3

G5

A4

G6

5

3
Fig. 1. Schematic drawings of G-quadruplex DNA (left), molecular 
structure of G-quartet (center), and A-quartet (right). 
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  15NH4+ NMR
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HSQC (FFig. 3)
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(FFig. 4)  
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A-quartet
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Reference 
1. Y. Kato, T. Ohyama, H. Mita, and Y. Yamamoto, J. Am. Chem. Soc.,2005, 127, 9980-9981 

Fig. 2. 1H NMR spectra of G-quadruplex 
DNAs formed from d(TTAGGG) (top), 
d(TTGAGG) (middle), and d(TTGAGGT) 
(bottom) at pH 6.80 and 25  (top and 
middle), and 5  (bottom), respectively. 

Fig. 3. 1H NMR spectra of (d(TTGAGG))4

in 200 mM 15NH4Cl at pH 6.30 and 5 .

Fig. 4. Schematic drawings of the G3-G6 
region of (d(TTGAGG))4 and NH4

+ binding 
sites. Two different binding patterns were 
determined.
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Structural studies of the regulation of microtubule dynamics by EB1 
Teppei Kanaba1, Tomoyuki Mori2, Ryoko Maesaki2, Yutaka Ito1, Toshio Hakoshima2 and 

Masaki Mishima1

1Department of Science and Engineering, Tokyo Metropolitan University  
2Department of Information Science, Nara Institute of Science and Technology  

End-binding 1(EB1) is a key molecule in the regulation of microtubule(MT) dynamics. EB1 
binds to MT with its N-terminal CH domain. Further, EB1 is thought to lead MTs to cell 
peripherals by interactions between its C-terminal domain and other plus-end tracking 
proteins, APC and CLIPs and cytoskeletal proteins that locate cell membrane.  

We have attempted to reveal the molecular basis of MT-regulating mechanisms by EB1 
using NMR. Chemical shift perturbation experiments of CH domain with tubulin, we found 
that CH domain bound to only polymerized tubulin specifically in solution. To identify the 
binding interface of EB1 CH domain with tubulin, we conducted the transferred-cross 
saturation measurements. In addition, we performed chemical shift perturbation experiments 
of EB1 C-terminal domain with APC C-terminal region and identified their binding regions. 

EB1 (+TIPs)
EB1 N CH

EB1 A
(1)

EB1 C APC CLIP +TIPs

( ) EB1

EB1
EB1

transferred-cross saturation (2) EB1 CH
tubulin EB1

EB1 TIPs APC

EB1 TIPs
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EB1 CH (1-130)

NMR
CH

tubulin taxol
tubulin

colchicine tubulin
transferred-cross saturation

EB1 C (189-268) APC C
(2781-2819)

CH taxol tubulin

tubulin

CH
tubulin NMR

CH transferred-cross saturation
tubulin (Fig.1) CH

(Fig.2) mutation
CH tubulin

(4) CH tubulin

NMR EB1 C APC C
EB1 APC

dynactin p150glued

APC p150glued EB1

dynactin

(1)Sandblad, L., et al. (2006). Cell 127, 1415-1424 
(2)Takahashi, H., et al. (2000). Nat. Struct. Biol. 1,53-58 
(3)Hayashi, I. and Ikura, M. (2003). J. Biol. Chem. 278, 36430-36434 
(4)Slep, K. C. and Vale, R. D. (2007). Mol. Cell 27, 976-991 

Fig.1 transferred-cross saturation 
experiment 
(top)1H-15N HSQC spectra of CH domain 
with irradiation (right) and without 
irradiation (left). (bottom) The plot of signal 
intensity ratio.  
Intensity ratio = Isaturation / Ireference

Fig.2 3D structures of CH domain
Crystal structure of EB1 CH domain(3).
The binding regions are dark. 
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Structural studies of the MBF1/Jun/Fos/DNA transcription factor complex 
by solution NMR 

Kumiko Kawasaki1,Yoshitaka Nagai1, Susumu Hirose2, Masahiro Shirakawa3, Yutaka Ito1

and Masaki Mishima1

1Graduated School of Science and Engineering, Tokyo Metropolitan University, Hachioji, 
Japan.
2National Institute of genetics, Mishima, Japan. 
3Graduated School of Engineering, Kyoto University, Kyoto, Japan. 

Transcriptional coactivator MBF1 interacts with bZIP-type transcription factor and general 
transcription factor TBP. From recent studies, it is revealed that mbf1-null Drosophila mutants 
became shorter lifetime under conditions of oxidative stress. 

In the present study, we performed structural studies of Drosophila MBF1/Jun/Fos/DNA 
quaternary complex. Our purpose is to reveal how MBF1 protects Jun from oxidation and 
interacts with Jun/fos/DNA and TBP. At present, we have succeeded to reconstruct the 
Jun/Fos/DNA complex and obtain its NMR spectra. We will discuss investigation of 
preparation quaternary complex sample, and MBF1 interaction with Jun/Fos/DNA and with 
TBP by NMR. 
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Fig. 2  1H-15N HSQC 
black:0.025 mM 15N-labeled MBF1. 
gray:0.025 mM 15N-labeled MBF1 with 
TBP/DNA (1:1). 

Fig. 1  1H-15N TROSY  
0.05 mM D,15N-labeled Jun/Fos/CRE
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Dynamics Study of Aromatic Rings by the SAIL-NMR
Method upon Ligand Binding 

2 3SAIL

Dynamics Study of Aromatic Rings by the SAIL-NMR Method upon 
Ligand Binding 

Chun-Jiun Yang1, Mitsuhiro Takeda2, JunGoo Jee1, Akira Mei Ono3, Tsutomu Terauchi3,
and Masatsune Kainosho1,2

1Graduate School of Science and Engineering, Tokyo Metropolitan University. 2Graduate 
School of Science, University of Nagoya. 3SAIL Technologies. 

Abstract 
SAIL (Stereo-Array Isotope Labeling) provides new opportunities for studies of 

biomolecules by NMR.  For instance, considerable information can be obtained by studying 
aromatic side-chains.  Besides simplifying the signals, SAIL can suppress unwanted tight 
couplings, which are difficult to avoid with conventional labeling.  The resultant superb 
qualities facilitate the characterization of the ring flipping in Phe and Tyr.  Here, we report 
the application of the SAIL method to study protein-ligand interactions.  Using proteins 
labeled by various SAIL-Phe and SAIL-Tyr residues, we observed the changes of the NMR 
signals upon ligand binding.  The underlying dynamics will also be discussed. 

An intimate relationship exists between the dynamics 
and the biological functions of proteins. NMR is an 
excellent tool for studying protein dynamics. NMR 
experiments can detect site-specific motions over a large 
timescale, ranging from picoseconds to seconds, with the 
aid of isotope labeling. However, studies of aromatic 
side-chain dynamics by NMR have been difficult, 
although non-covalent interactions through aromatic 
side-chains are crucial for structural stability and 
protein-ligand recognition. Insufficient chemical shift 
dispersion hampers the analysis or even the assignment of chemical shifts with conventional 
uniformly-labeled samples. The existence of tight couplings further hinders unambiguous 
interpretation. SAIL (Stereo-Array Isotope Labeling), which is well-known as an optimal 
isotope labeling strategy for protein structure determination by NMR, provides excellent 
probes to study protein motion.  In the case of aromatic amino acids, the alternative 2H,
13C-labeling patterns (Fig. 1) lead to not only NMR signal simplification, but also superb  

Keywords: SAIL, Protein-ligand interaction

 

Fig. 1 -SAIL Tyr (left) and -SAIL 
Tyr (right)
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spectral qualities, by removing the tight couplings. By taking full advantage of SAIL-Phe and 
SAIL-Tyr, we have studied aromatic motions upon ligand binding. We analyzed 
FK506-binding protein 12.6 (FKBP12.6) in this study. FKBP12.6 is a member of the FKBP 
family, and it also exhibits peptidyl-prolyl isomerase activity. It shares 83% sequence identity 
to FKBP12, has a nearly identical structure, and binds to the same immunosuppressive drugs 
(e.g. FK506 and rapamycin) with comparable affinities. Samples labeled with various types of 
SAIL-Phe or SAIL-Tyr were prepared, and we monitored the signal changes upon binding to 
two ligands, FK506 and rapamycin. Interestingly, the two ligands caused different changes in 
the aromatic flipping rates of a Tyr residue, although they showed almost identical binding 
modes in the crystal structures with FKBP12 (Fig. 2). Even though we observed line 
broadening in the case of rapamycin, FK506 generated separated peaks in 
1H 1-13C 1/1H 2-13C 2 and 1H 1-13C 1/1H 2-13C 2 spectra, even at ambient temperature, 
suggesting a slower flipping rate. On the other hand, both ligands considerably reduced the 
hydroxyl proton exchange rates in all of the Tyr residues (Fig. 3). The complexes in H2O/D2O 
(1:1) caused splitting in the 13C  chemical shifts, originating from the two-bond isotope effect, 
which was not averaged due to the slow H-D exchange. We will discuss the relationship 
between the motions of the aromatic side-chains and the ligand binding. 
 

Fig. 2 1H-13C HSQC spectra of 
FKBP12.6, labeled with -SAIL 
Tyr, binding to FK506 (left panel) 
or rapamycin (right panel). The 
flipping of one tyrosine became 
slow enough to observe two 
distinct peaks at room temperature 
after binding to FK506; a single 
peak still remained upon 
rapamycin binding.  
 

 
 
 
References 
1. Kainosho, M. et al. (2006) Nature, 440, 52-57. 
2. Takeda, M., Ono, A. M., Terauchi, T. & Kainosho, M. (2009) J Biomol NMR, 46, 45-49. 
3. Takeda, M., Jee, J., Ono, A. M., Terauchi, T. & Kainosho, M. (2009) J Am Chem Soc, 131, 18556-18562. 

Fig. 3 1H-13C HSQC spectra of FKBP12.6 labeled with -SAIL Tyr in an H2O/D2O (1:1) solution, at 30 

degrees.  Cross peaks indicate correlations through long-range coupling between 1H  and 13C Left and 
right panels represent free and FK506-complexed FKBP12.6, respectively. 
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Structural analysis of Tachyplesin-LPS complex 
Takahiro Kushibiki1, Masakatsu Kamiya1, Tomoyasu Aizawa1, Yasuhiro Kumaki2,
Takashi Kikukawa1, Makoto Demura1, Shun-ichiro3 Kawabata, and Keiichi Kawano1

1Graduate School of Life Science, Hokkaido University, Sapporo, Japan.  
2Graduate School of Science, Hokkaido University, Sapporo, Japan. 
3 Graduate School of Science, Kyushu University, Fukuoka, Japan.  

Tachyplesin (TP) is an antimicrobial peptide found in hemocytes of the horseshoe crab 
Tachypleus tridentatus. TP is a 17-residue peptide containing six cationic residues and two 
dislfide bonds, amidated its C termini. It has been reported that TP binds to 
lipopolysaccharide (LPS), a major component of Gram-negative bacteria. LPS-binding 
antimicrobial peptides can neutralize LPS-induced toxicity and thus are potentially useful for 
treatment of septic shock. To gain a better understanding of the LPS recognition of TP, we 
performed the structural analysis of TP in the presence of LPS. 

In this study, we performed CD, fluorescence and NMR spectroscopies for TP with LPS. 
Based on these results, the model structure of TP-LPS complex was proposed by docking 
simulation. 

(LPS)

LPS

LPS
I (TP) (Fig. 1) LPS

 Fig. 1 Primary structure of tachyplesin I  
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 Fig. 2 NOESY spectra for TP and TP-LPS. 

 Fig. 3 Model structure of TP-LPS complex. 
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Structure and specific ligand-receptor recognition mechanism of mouse 
peptide ESP4 based on NMR analyses 

Masahiro Taniguchi1, Sosuke Yoshinaga1, Sachiko Haga2, Kazushige Touhara2,
 Hiroaki Terasawa1

1 Graduate School of Pharmaceutical Sciences, Kumamoto University 
2 Graduate School of Agricultural and Life Sciences, The University of Tokyo

Pheromones are defined as chemical substances that convey information about social 
and reproductive behaviours in the same species.  Recently, we identified a male-specific 7 
kDa peptide from the extraorbital lacrimal gland (ELG) and named the peptide exocrine 
gland-secreting peptide 1 (ESP1).  ESP1 is a member of a new multigene family, which 
consists of 38 genes2).  ESP4 is expressed in ELG, Harderian gland and submaxillary gland 
of both male and female.  The aim of this study is to elucidate a ligand-receptor recognition 
mechanism of the ESP family based on structural analyses. We found that distribution of 
electrostatic surface potential of ESP4 is quite different from that of ESP1, which is important 
for the VSNs-stimulating activity of ESP1. We discuss about structure-activity relationship 
of ESP4 and ESP1 based on NMR analyses.

1)

ESP exocrine gland-secreting peptide 1
ESP

2) ESP4
ESP1 ESP4 ESP1

ESP
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1) Kimoto H. et al., Nature, 437, 898-901 (2005) 
2) Kimoto H. et al., Current biology, 17, 1879-1884 (2007) 
3) Luo M. et al., Current Opinion in Neurobiology, 14, 428-434 (2004) 
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Structural study for oligomerization of pyroglutamyl-amyloid beta peptides 

Shigeto Iwamoto1, Takashi Saito2, Toshiyuki Kohno3, Takaomi C. Saido2, Hiroaki 
Terasawa1 
1Facul. of Life Sci., Kumamoto Univ., 2RIKEN BSI, 3Mitsubishi Kagaku Inst., Life Sciences 

 Amyloid beta peptides (A ) are thought to be neurotoxic polypeptide in 
Alzheimer’s disease (AD), one of the most common pathology of late-onset dementia.  
Previously, it was said that neurotoxicity of AD was caused by amyloid fibrils.  However, 
recent physiological studies indicate that A  oligomers, intermediates in the formation of 
amyloid fibrils, may be potent neurotoxins in AD patients.  N-terminal pyroglutamyl-A  
peptides (A  (3pE)) have been reported to be resistant to degradation and prone to 
aggregation.  Moreover, A  (3pE) predominantly comprises senile plaques in AD patients.  
In order to elucidate the role of A  (3pE) on the formation of A  oligomers, we performed 
solution NMR analyses of A  (3pE) and A .  Our results indicate that A  (3pE) may play a 
critical role in the formation of A  oligomers by forming a -sheet at the N-terminal regions. 
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[1] Hardy, J. et al., Science, 297, 353-356, (2002) 
[2] Saido, T.C. et al., Neuron, 14, 457-466, (1995) 
[3] Piccini, A. et al., J. Biol. Chem., 280, 34186–34192, (2005) 
[4] Bitan, G. et al., J. Biol. Chem., 276, 35176–35184, (2001) 
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Solution structure of Mal TIR domain. 

Hirotaka Kanou
1
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2
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2
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2
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3
, and Fuyuhiko Inagaki
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1
Lab. Struct. Biol., Grad. Sch. Life Sci., Hokkaido Univ. 

2
Lab. Struct. Biol., Advanced Life Sci., Hokkaido Univ. 

3
Dep. Microbiol. Immunol., Grad. Sch. Med. 

 

Toll / interleukin-1 receptor (TIR) domain is a key mediator in the Toll-like receptor (TLR) 
signaling. The adaptor protein MyD88 adapter-like (Mal) is involved in the 
MyD88-dependent pathway downstream of TLR2 and TLR4. It acts as a bridging adapter 
between the receptor and the sorting adapter MyD88. The homo- and hetero-oligomerization 
of the TIR domains of these receptors and adaptors brings about the activation of NF- B and 
IRF-3, which regulate the synthesis of pro-inflammatory cytokines and IFN- , respectively. 
Here, we solved the solution structure of the homo-oligomerization defective mutant of TIR 
domain of Mal, and will discuss the TIR-TIR interaction of the TLRs and adaptor proteins. 
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Fig. Solution structures of Mal TIR domain. (A; 20 ensemble, B; ribbon diagram) 
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Structural analysis of Calmodulin N-terminal domain in living cells by 
in-cell NMR spectroscopy 

Hosoya Saori1, Hamatsu Junpei1, Atsuko Sasaki1, Daisuke Sakakibara1, Masaki Mishima1,
Masatoshi Yoshimasu2, Nobuhiro Hayashi3 and Yutaka Ito1

1Department of Chemistry, Tokyo Metropolitan University; 
2Research Group for Bio-supramolecular structure and function, RIKEN; 

3Department of Life Science, Graduate School of Bioscience and Biotechnology, Tokyo 
Institute of Technology 

Recently we showed the structure of the putative heavy-metal binding protein 
TTHA1718 from Thermus thermophilus HB8 overexpressed in Escherichia coli cells, which 
is the world first 3D protein structure calculated exclusively on the basis of information 
obtained in living cells.  In this presentation, as one of the examples of the application of our 
strategies, we report our recent in-cell NMR studies of the N-terminal domain of rat 
Calmodulin (CaM-N) overexpressed in E. coli cells.  Rapid data collection using nonlinear 
sampling with maximum entropy processing was employed for the measurement of 3D 
triple-resonance NMR spectra.  Approximately 70% of backbone resonances of CaM-N 
were assigned exclusively from the data obtained in living E. coli cells.  Side-chain 
resonance assignment and the analysis of 3D NOESY spectra of CaM-N in E. coli cells are in 
progress. 
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a                                            b

a. 2D 1H-15N HSQC spectrum of the 13C/15N-labelled CaM-N in living E.coli cells.  Cross 
peaks are labelled with their corresponding backbone assignments. 
b. 1HN-1H cross-sections of the 3D 15N-separated NOESY-HSQC spectrum corresponding 
to the 15N frequencies of residues from Glu6 to Ile9.  Sequential HN-HN NOEs are 
represented by lines. 
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19F NMR spectroscopy of proteins in human cells 
Syuhei Murayama1, Kohsuke Inomata1, Ohno Ayako2, , Hidehito Tochio1, Masahiro 

Shirakawa1

1Graduate School of Engineering, Kyoto University, Japan.
2Graduate School of Nutrition, The University of Tokushima, Tokushima, Japan.  
3 Department of Pediatrics Graduate School of Medicine, Gifu University, Gihu, Japan

In-cell NMR is an isotope-aided NMR technique that enables observations of 
conformations and functions of proteins in living cells at the atomic level. So far, the 
method has relied on 2D 1H-15N correlation spectra of uniformly 15N-labeled proteins in 
cells. However, by employing site-specifically labeled proteins, in-cell spectra are 
expected to be greatly simplified, and thus the analysis will be facilitated. Shorter 
measurement time is also expected as 1D NMR is enough to resolve all NMR signals in 
such systems. To this end, in this study, we examine in-cell 19F 1D NMR spectroscopy 
for proteins that are labeled with 19F. We employed FKBP12, a target protein of various 
immunosuppressants, and its in-cell 19F NMR successfully demonstrated the formation 
of specific complexes between the protein and extracellularly administered 
immunosuppressants. Moreover, it was suggested by the in-cell experiments that the 
FKBP12-rapamycin complex interacted with endogenous proteins, which was not seen 
for the FKBP12-FK506 complex in the cells.  

μ

P40

－256－



ö

19F

Fig.1. in vitro 19F NMR spectrum of 
19F-labeled FKBP12  
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Preferential domain orientation of a full length HMGB2 protein and the 
role of the linker region 

Jun-ichi Uewaki1, Naoko Utsunomiya-Tate2, and Shin-ichi Tate1, 3 
1

 Dept. Mathematical and Life Sciences, School of Science, Hiroshima University, 
 2 Research Institute of Pharmaceutical Sciences, Musashino University, 

 3 SENTAN/JST 
 
HMGB2 protein has two DNA binding domains that are connected by a ten-residue-long 
linker. We found that this short linker specifically interacts with N-terminal HMG-box 
(A-domain) without any apparent contact to the other HMG-box (B-domain). To analyze the 
interaction between the linker and the A-domain, with focusing on its functional significance, 
we made various HMGB2 linker mutants. Among them, only P80G/P81G mutant has shown 
significant spectral changes relative to the wild-type, and the observed signals were identical 
to those for the isolated A-domain. Using DIORITE analyses, we also found that the 
P80G/P81G mutant had different domain orientation from that for the wild-type; the 
difference was 46 degrees in hinge rotation angle. The present results may suggest the 
inter-domain linker, particularly the XPP conserved sequence, should have a role to define the 
relative domain orientation, which presumably facilitates HMGB2 binding to DNA. 
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Development of the low molecular weight inhibitor by NMR-based 
fragmentation and defragmentation strategy 

Katsuki Ono1,2, Hiroshi Ueda3, Kozue Kato-Takagaki1,3, Ryuji Tanimura3, 
Koh Takeuchi2, Ichio Shimada2,4, and Hideo Takahashi2,5 
1JBIC, 2Biomedicinal Information Research Center, AIST, 3Toray Branch Office of JBIC, 
4Grad. Sch. of Pharm. Sci., The Univ. of Tokyo, and 5Grad. Sch. of Nanobiosci., Yokohama City Univ. 
 
Development of a novel inhibitor of a protein-protein interaction (PPI) has been challenging 
in drug discovery. De novo design of synthetic molecules that target surface-exposed regions 
of a protein is currently difficult. Chemical structure libraries of drug-like compounds do not 
necessarily give high-affinity ligands in a high throughput screening of novel PPI inhibitors 
with high efficiency. In this study, we propose a novel “fragment-defragment” strategy for a 
development of PPI inhibitor. In this approach, one performs a rational fragmentation of 
drug-like compounds or peptide and integrates these fragments into a novel low molecular 
weight inhibitor in a structure-guided manner. We applied this approach to the GPVI-collagen 
interaction to improve the affinity of a “coincident” inhibitor, losartan, and successfully 
improved the affinity by introducing a binding fragment from a peptide inhibitor. 
 

 

NMR

GPVI-collagen
GPVI-collagen II

losartan[1]

12 (pep-10L)[2]

P42

－260－



2 GPVI

 
Losartan GPVI strand 

C E

GPVI

pep-10L STD
alanine scanning

GPVI

TrNOE

losartan GPVI
pep-10L

GPVI

 
pep-10L losartan INPHARMA GPVI losartan

pep-10L Trp6
(Figure) losartan

(fragmentation) pep-10L (defragmentation)
GPVI KD

5.2×10-5 M pep-10L (KD

8.2×10-5 M) losartan (KD 1.7 10-4 M)
 

Losartan

 
 

 
[1] K. Ono et al. , J Med Chem 2010, 53, 2087-2093. 
[2] K. Kato-Takagaki et al., J Biol Chem 2009, 284, 10720-10727. 
 

Figure.  Expanded region of the 1H-1H NOESY spectra 
recorded for a mixture of 1.4 mM losartan and 25 M 
GPVI-Fc (A), 0.9 mM pep-10L and 25 M GPVI-Fc (B), 
and 1.4 mM losartan, 0.9 mM pep-10L, and 25 M 
GPVI-Fc (C).  Signals of orthogonally-crossed broken 
lines in panels A and B indicate intramolecular TrNOE 
peaks of losartan and pep-10L, respectively.  Signals in 
boxes in a panel C presented interligand TrNOE peaks 
mediated by the GPVI-Fc protons.  NMR data were 
collected at Avance 800 MHz with a cryogenically-cooled 
probe head with a mixing time ( m) of 200 ms, using 
buffed solutions with 20 mM NaPi (pH 6.5) in D2O. 
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Backbone dynamics of free and ligand-bound FABP4 studied by 15N relaxation 
Akira Morito1, Kohsuke Inomata1, Kosuke Morikawa2, Hidehito Tochio1 Masahiro Shirakawa1

1Grad. Sch. Eng., Kyoto Univ. 
2 Insti. Protein Research, Osaka Univ. 

Although there are many studies reported about protein dynamics, almost all of them have been 
carried out in vitro. Thus, little is known about protein dynamics in living cells. Setting our goal as 
studying their dynamics in living human cell using in-cell NMR spectroscopy, in this study, we 
have performed 15N relaxation experiments to characterize the backbone dynamics of free (apo-)
and ligand-bound (holo-) human FABP4 (Fatty Acid Binding Protein 4) in vitro. 15N T1 and T2

values, and {1H}- 15N heteronuclear NOEs of FABP4 were analyzed using model-free approach. As 
a result, apo FABP4 was found to have a mobile region whose time scale is in microseconds to 
milliseconds. The mobility was suppressed in the holo FABP4. As the region corresponds to the 
nuclear localization signal (NLS), binding of fatty acid to FABP4 is thought to induce stabilization 
of the helical structure of NLS.  

Fig.1 FABP4 (PDB: 2HNX  
The helix-loop-helix region 
is in a gray oval. 
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Fig.2 Rex values of (a)apo- and (b)holo- FABP4  

(a) 

(b) 
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ATPase activity and structure analysis for histidine kinase like domain of 
higher plant phytochrome 

Yuki Nishigaya1,2, JunGoo Jee3, Rikou Tanaka4, Toshiyuki Kohno4, Rie Kurata1, Yoichiro 
Fukao1, Etsuko Katoh5, 6 , Makoto Takano5, Toshimasa Yamazaki5 and Chojiro Kojima1,2

1 Grad. Sch. Biol. Sci., NAIST, 2Inst. Prot. Res. Osaka Univ., 3Center for Priority Areas, 
Tokyo Metro. Univ. 4MITILS, 5NIAS, 6Grad. Sch. Bioagric. Sci., Nagoya Univ. 

Phytochrome is the red/far-red photoreceptor and regulates many aspects of the life cycle in 
plants. The C-terminal histidine kinase like domain (HKLD) shows sequence homology to 
histidine kinases, but only Ser/Thr kinase activity is known in higher plant phytochromes. In 
order to investigate structure and function of the HKLD, the over expression and purification 
systems of HKLD were established for Oryza sativa (rice) phyB. Rice phyB HKLD displayed 
weak but significant ATPase activity. NMR assignments were performed employing the 
selective labeling and non-linear sampling methods. Model structure refined by NMR 
chemical shifts and torsion angle restraints suggested the structural similarity between HKLD 
and GHKL kinase/ATPase superfamily including histidine kinases. 
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Oryza sativa

Fig.1 1H-15N HSQC spectrum (ns=16, 2048x256 
pts, 1h18m) of 10 μM phyB HKLD (pH 7.5, 20 
mM Tris-HCl, 2 mM DTT) on a Bruker 800 MHz 
NMR equipped with a cryogenic probe. 

Fig.2 Perturbed residues by ATP
analog titration mapped on a refined 
model structure.
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バイセルに結合したマガイニン２の構造解析

○細田 和男1、向 瓏1、稲岡 斉彦1、河野 俊之2、若松 馨1

             (1群大工、2三菱化学生命研)

Structural analysis of magainin 2 bound to phospholipid bicelles

Kazuo Hosoda1, Long Xiang1, Yoshihiko Inaoka1, Toshiyuki Kohno2, Kaori Wakamatsu1

1Grad. Sch. Eng., Gunma Univ.,    2Mitsubishi Kagaku Inst. Life Sci.

     Magainin 2, a 23-residu peptide, isolated from skins of frog Xenopus laevis, exhibit 

antimicrobial activity through the perturbation of microbial plasma membranes. 

Although magainin 2 forms a monomeric -helix when bound to phospholipid micelles 

and in TFE solution, this peptide was shown to form an antiparallel coiled-coid dimer 

on binding to zwitterionic phospholipid vesicles by our TRNOE measurement. To 

analyze the membrane-bound structure more directly and in more detail, we started to 

analyze the structure of isotope-labeled magainin 2 bound to anionic phospholipid 

bicelles. First, by optimizing the kind of long-chain phospholipid and detergents as well 

as the peptide/phospholipid ratio, we successfully determined the conditions that give a 

well-resolved 1H-15N HSQC spectrum. Having assigned the backbone and side-chain 

resonances, we are now calculating the 3D structure of magainin 2 bound to the anionic 

phospholipid bicelles.

【はじめに】　アフリカツメカエルの皮膚に含まれる抗菌性ペプチド、マガイニン２
はアミノ酸23残基の短いペプチドで、細菌の細胞膜の透過性を高めることによって
その抗菌活性を発揮する。膜障害活性のより高いペプチドをデザインするために，
膜に結合した時の構造が解析されてきた。リン脂質のミセルに結合したマガイニン
２はモノマーのαヘリックスを形成する事がCDやNMRで示されていたが、酸性の脂
質二重膜に結合した時では、coiled-coilを形成する事がCDによって示唆されてい
た。実際に、重水素化したホスファチジルコリンのベシクルの存在下でTRNOEを測
定する事によりマガイニン２が逆平行のcoiled-coilを形成する事を我々は既に示して
いる。しかし、より生理的な条件である酸性リン脂質の存在下ではペプチドの解離
が極度に遅くなり、TRNOE測定は行なえなかった。そこで、酸性リン脂質の二重膜
に結合した時の構造を詳細に決定するために、酸性リン脂質を含むバイセルに結合
したマガイニン２の構造を直接解析することにした。

ペプチド、脂質、サンプル調製

○ほそだ　かずお、こう　りゅう、いなおか　よしひこ、こうの　としゆき、
わかまつ　かおり
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【結果】 　マガイニン２はユビキチンとの融合タンパク質としても細胞障害活性が
あるので、通常の大腸菌の発現系では全く発現しなかったが、発現制御の厳密なホ
ストと栄養価の高い培地を使用することにより、実用的に発現量させられるように
なった。
　バイセルの側面を構成する界面活性化剤としてはCHAPSOとDHPCが頻用され
る。DHPCを含むバイセルは低温で凝集する傾向があるので、低温でも安定な
CHAPSOでまずバイセルを調製したが、CHAPSOと酸性リン脂質（PS, PG）を含む
バイセルは、マガイニン２を加えると不安定になり凝集してしまう事がわかった。そ
こで、CHAPSOをDHPCに変更したところ安定なバイセルができ、特にPG存在下で
は高分解能のHSQCスペクトル（Fig. 1）を与えた。なお、coiled-coilの形成はCDで
確認してある。
　主鎖・側鎖のシグナルはHNCO/HNCOCA/HNCA/HNCACO/CBCACONH/
HNCACB/15N-NOESY/13C-NOESY測定等による定法にて帰属した。次に15N-
NOESYのシグナル帰属・解析を行ったが、αへリックス／βシート構造を強く示唆
するような特徴的なパターンは観測されなかった。より詳細な構造の情報を得るた
めに、構造計算を開始した。ダイマー形成を示唆するNOEも得られているが、まず
は主に残基内および隣接残基間に帰属されるNOEによる距離拘束を用いてモノマー
での計算を行った。計算にはTALOSにより得られた主鎖の二面角情報も用い、
XPOLRにて構造を計算した。ペプチド単体の構造である程度の収束がみられたの
で、現在、分子間NOEを示唆するシグナルについて、構造計算の結果との整合性の
確認を行いながら同定を行っている。

Fig. 1  1H-15N HSQC spectrum of magainin2 bound to PG/DHPC bicelles.
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Solution structure of Zc3h12a N-terminal domain 
Takashi Tsushima1, Yoshiaki Enokizono2, Wakana Adachi2, Masashi Yokochi2,

Osamu Takeuchi3,4, Shizuo Akira3,4, and Fuyuhiko Inagaki2

1Lab. Struct. Biol. Grad. Sch. Life Sci. Hokkaido Univ., 2Lab. Struct. Biol. Advanced Life 

Sci. Hokkaido Univ., 3Dept. Host Defense. Res. Inst. Microbiol. Dis. Osaka Univ.,  
4Lab. Host Defense. WPI-IFReC. Osaka Univ. 

 Zc3h12a is an RNase containing CCCH-type zinc-finger motif whose 

expression level is stimulated by lipopolysaccharide (LPS). Zc3h12a prevents 

autoimmune diseases by directly controlling the stability of a set of inflammatory genes: 

interleukin (IL)-6, IL-12p40. 

 Zc3h12a is comprised of an N-terminal domain, a PIN domain with RNase 

activity, a zinc-finger motif and a C-terminal domain. Electrophoretic mobility shift 

assays (EMSA) suggested that the N-terminal domain inhibits binding affinity between 

Zc3h12a and RNA. Here, we will show the solution structure of the Zc3h12a 

N-terminal domain, and discuss auto inhibition mechanism of RNA binding by the 

N-terminal domain. 
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Fig.2. Superimposed [1H-15N] HSQC 

spectra of 15N-labeled Zc3h12a N-terminal 

domain titrated by Zc3h12a PIN domain. 

With 0 (dark gray), 1.0 (light gray), 2.0 

(gray), 3.0 (black) eq Zc3h12a PIN domain. 

Fig.1. Solution structure of 

Zc3h12a N-terminal domain.  

Overlay of the ensemble of 20 

final energy-minimized CYANA 

structures.  N-term
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1
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Structural Analysis of 15d-PGJ2 Recognition by Lipocalin-type 
Prostaglandin D Synthase 
○Nobuyuki Kato1, Shigeru Shimamoto1,2, Takuya Yoshida1, Shubin Qin1, Yuji Kobayashi3, 
Kosuke Aritake4, Yoshihiro Urade4, Tadayasu Ohkubo1 
1Graduate School of Pharmaceutical Science, Osaka University, 2JSPS Res. Fellow, 3Osaka 
University of Pharmaceutical Science, 4Department of Molecular Behavioral Biology, Osaka 
Bioscience Institute 
 

Lipocalin-type prostaglandin (PG) D synthase (L-PGDS) possesses dual functions as a 
PGD2-synthesizing enzyme and a transporter for lipophilic ligands. It catalyzes the 
isomerization of PGH2 to produce PGD2, an endogenous somnogen, in the brain. L-PGDS 
also has the ability to bind various lipophilic molecules such as retinoid, bilirubin and 
biliverdin. 15-deoxy- 12,14-PGJ2 (15d-PGJ2) is a downstream metabolite of PGD2 and 
produced by non-catalytic dehydration of PGD2. It is recognized as a potent apoptotic and 
growth inhibitory factor, and is well known as having a high affinity for PPAR . In this study, 
the interactions of L-PGDS and 15d-PGJ2 have been investigated. The result of NMR titration 
experiments with 15d-PGJ2 revealed that 15d-PGJ2 almost fully occupied the hydrophobic 
cavity of L-PGDS. 

(PG)D (L-PGDS)
PGH PGD

NMR
2 cavity

1) cavity EF-loop
H2-helix

D 15d- PGJ2 NMR
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PGD2

15-deoxy- 12,14-PGJ2 (15d-PGJ2) 
(Fig.1) 15d-PGJ2

PPARγ
15d-PGJ2

L-PGDS
PGD2

15d-PGJ2

NMR L-PGDS 15d-PGJ2

L-PGDS/15d-PGJ2

15N 13C,15N L-PGDS
Thrombin

GST 15d-PGJ2

Cayman Chemical NMR Varian INOVA 600MHz
L-PGDS 1H-15N HSQC 15d-PGJ2

L-PGDS 15D-PGJ2 1:1 3D HNCO, 
HNCA, CBCA(CO)NH NMR

3D HBHA(CO)NH, HCCH-TOCSY, CCH-TOCSY 13C-edited NOESY, 
15N-edited NOESY NMR

L-PGDS 15d-PGJ2
15N L-PGDS 15d-PGJ2

1H-15N HSQC NMR
CD-loop S45 H2-helix F55, E57, L62, Y63 EF-loop S109, 

H111 GH-loop D142 15d-PGJ2 L-PGDS cavity
PGH2

L-PGDS 15d-PGJ2

NMR  
13C,15N L-PGDS 15d-PGJ2 L-PGDS/15d-PGJ2

NMR NMR
167 150

NMR
L-PGDS/15d-PGJ2  

1)Shimamoto S. et al., J.Biol.Chem., 282, 31373-31379 (2007) 
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Attempt to determine three dimensional structure of an intact 
multi-domain protein by solution NMR 

Kensuke Miyazaki, Teppei Kanaba, Yutaka Ito and Masaki Mishima 
Dept. of chem., science and technology., Tokyo Metropolitan Univ. 

Acquisition of long-range distance information from Paramagnetic Relaxation Enhancement 
(PRE) using hetero-nuclear NMR has been reported in recent years. In this study, we aim to 
determine the conformation of domains in full-length multi-domain protein and investigate the 
regulation mechanism using PRE detected by solution hetero-nuclear NMR.  

Our target for this structural analysis is Protein kinase C alpha (PKC ). PKC  exists at 
cytoplasm in auto-inhibited state. When PKC  is activated by second messengers, Ca2+ and 
diacylglycerol (DAG), it is believed that a large conformation change occurs and localizes at 
plasma membrane, and thus phosphorylates cognate substrates. We are trying to detect direct 
interactions between the domains, a nd determine the conformation of domains by acquisition 
of long-range distance information from PREs. 

Introduction

Protein kinase C alpha (PKC )
PKC

PKC
Ca2+

DAG (Fig. 
1) 2 C1 C1A C1B (DAG

) C2 (Ca2+ )

NMR

Fig. 1 Regulation mechanism of PKC
It is believed that PKC  is activated by DAG and 

Ca2+ with large conformation change, and thus 
phosphorylates substrates.
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Strategy

(1) Sortase A
Sortase A 1)

Sortase A PKC

(2)PRE SAXS
NMR (PRE) X (SAXS)

Results and Discussion
PKC C1B

C1BC2 2D 1H-15N HSQC
C1B

(Fig. 3) C1B C2

Perspectives
PKC (C1A kinase) Sortase A

PRE
PKC

1) Kobashigawa, Y., et al., J. Biomol. NMR, 2009 

Fig. 3 2D 1H-15N HSQC spectrum
(a)spectra of C1B domain  

(region:91-161, length:71 a.a.) 
(b)spectra of C1BC2 domain 
  (region:93-306, length:236 a.a.)

The chemical shifts of C1B 
domain in each spectrum were 
significantly different. This result 
implied that some interactions 
present between C1B domain and 
C2 domain. 

Fig. 2 Strategy of this study
Full-length structure and domain conformation of most multi-domain proteins have not been reported. 

However, structure of domains has been often reported. In this study, full-length multi-domain protein is 
reconstructed from each domain which is expressed respectively, and its structure is determined by acquisition 
of structural information from PRE, SAXS, and so on. 

(a) (b)
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In-cell NMR  TTHA1718

15N NMR relaxation studies of TTHA1718 protein in living cells by in-cell 
NMR spectroscopy 

Jumpei Hamatsu1, Daniel Nietlispach2, Tomomi Hanashima1, Teppei Ikeya1, Saori Hosoya1,
Masaki Mishima1, Masahiro Shirakawa3 and Yutaka Ito1

1Department of Chemistry, Tokyo Metropolitan University; 2Department of Biochemistry, 
University of Cambridge; 3Department of Molecular Engineering, Kyoto University 

In living cells, proteins function in an environment where they interact specifically 
with other proteins, nucleic acids, co-factors and ligands and are subject to extreme molecular 
crowding that makes the cellular environment difficult to replicate in vitro. In-cell NMR is the 
only available method for investigating detailed structure and dynamics of proteins at work 
inside living cells. 
 In this presentation, we report our recent 15N-relaxation studies of T. thermophilus
HB8 TTHA1718 in E. coli cells aiming at identifying protein dynamics in living environment.  
In-cell 15N-relaxation data showed twice longer T1, much shorter T2 and thereby 
approximately 2-3 times larger rotational correlation time comparing to in vitro data, which is 
coincident with ~3 times higher viscosity inside cells. Chemical exchange contribution Rex

observed by TROSY-selected Hahn echo experiments will be also discussed. 
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Figure 1 
Plots of the 15N T1 (left) and T2 (right) relaxation parameters of TTHA1718 in living E. coli
cells (triangle) and in vitro (square) against the amino acid residue number. 

1) Fallow N A. et al. Biochemistry 33, 5984-6003(1994). 
2) Serber, Z. et al. J. Am. Chem. Soc. 123, 2446–2447 (2001). 
3) Ellis, R. J. Trends Biochem. Sci.. 26, 597-604 (2001) 
4) Sakakibara, D. et al. Nature. 458, 102-105 (2009) 
5) Wang, C. et al. J. Am. Chem. Soc. 125, 8968 - 8969 (2003)

6) Gautier, A. et al. Nat. Struct. Mol. Biol. 17, 768-774 (2010) 
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Structural and functional analyses of ubiquitin-binding Zn
2+

 domain in 

NF- B signaling pathway 

Takeshi Tenno
1
, Hiroya Ichikawa

1
, Takahisa Ikegami

3
, Hidekazu Hiroaki

1
 

1
Graduate School of Medicine, Kobe University, Hyogo, Japan.  

2
School of Medicine, Kobe University, Hyogo, Japan.  

3
Institute for Protein Research, Osaka University, Osaka, Japan. 

NEMO and Optineurin are homologous scaffold proteins of protein-protein interactions 

and regulate the NF- B signaling. They have Coiled-coil 1 and 2 (CC1 and CC2), a leucine 

zipper (LZ), and a C-terminal zinc finger (ZnF) domain. The regions from CC2 to LZ have 

been shown to interact K63-linked and/or linear polyubiquitin chains and have a critical role 

in the NF- B signaling. The role of the C-terminal ZnF domain of Optineurin remains 

unknown, although the ZnF domain of NEMO has been reported the solution structure and 

the interaction with ubiquitin. 

To elucidate the function of the ZnF domain of Optineurin, we determined the solution 

structures of NEMO and Optineurin and analyzed the interaction with ubiquitin and the 

intracellular localization. These data suggest that the ZnF domain of Optineurin has a distinct 

function from that of NEMO, despite the interaction with ubiquitin chains. 

NEMO (NF- B essential modulator) NF- B (nuclear factor B)

NF- B I B 

(inhibitor of NF- B) (TNF)

IKK (I B 

kinase) IKK , IKK , NEMO IKK I B

NEMO K63

NEMO 50 kDa

2 (CC1 CC2) (LZ)

ZnF Optineurin

OPTN

ALS Optineurin NEMO

NEMO

Optineurin K63 IKK IKK  
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NEMO NF- B

NEMO ZnF

Optineurin ZnF

NEMO

 

NEMO Optineurin ZnF

ZnF NMR

ZnF 2 - 1

- 3 1

CCHC ZnF  

NEMO ZnF Tyr402 His413

-

Optineurin Tyr402 Glu560 NEMO

-

 

4 C

NEMO C417F
1
H-

15
N

HDE-ID

ZnF

 

GST- NMR Optineurin ZnF

NEMO Optineurin ZnF

EGFP Optineurin ZnF

NEMO ZnF

Optineurin  

Fig. Solution structures of the ZnF domain of NEMO (left) and Optineurin (right) 

－279－



2

3 4

5

 
Phospholyration-dependent intramolecular interaction revealed by NMR 
might regulate ER-Golgi shuttling of CERT 

Toshihiko Sugiki1, Hideo Takahashi2, 3, Koh Takeuchi2, Kentaro Hanada4, and Ichio 
Shimada2, 5 
1Japan Biological Informatics Consortium, Tokyo, Japan.  2BIRC, AIST, Tokyo, Japan.  
3Grad. Sch. Nanobiosci., Yokohama City Univ., Kanagawa, Japan.  4NIID, Tokyo, Japan.  
5Grad. Sch. Pharm. Sci., The Univ. of Tokyo, Tokyo, Japan. 

Intracellular ceramide trafficking protein (CERT) translocates from the endoplasmic 
reticulum to the Golgi utilizing specific interaction between the CERT PH domain and 
phosphatidylinositol 4-monophosphate (PtdIns(4)P), a landmark phospholipid in a Golgi 
apparatus. Recently, it is shown that the phosphorylation of the serine repeat (SR) motif 
located on the carboxyl terminal side of the CERT PH domain attenuate the CERT PH 
domain/Golgi interaction. 
   In this study, we revealed that the phosphorylated CERT SR motif interacts with the 
PtdIns(4)P-binding site of the CERT PH domain in an intramolecular manner. In addition, the 
intramolecular interaction competitively reduced the CERT PH domain/PtdIns(4)P binding in 
vitro. Thus, intramolecular interaction mediated by the phosphorylated SR motif might be one 
of the driving forces to accelerate dissociation of CERT from the Golgi. 
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Fig. 1 Expressed regions of CERT.

Fig. 2 (A) 1H-15N HSQC spectra.  (B) Overlaid 
1H-15N HSQC spectra.  (C) Mapping of the 
residues which shows significant chemical shift 
changes in the PHSR(10E). 

Fig. 3 (A) 1H-15N HSQC spectra. The chemical 
shift changes were observed when PtdIns(4)P was 
added (as denoted by arrows).  (B) Overlaid 
1H-15N HSQC spectra. 

Fig. 4 Functional model of CERT. Sufficient dissociation of the CERT
from the Golgi could be regulated by the competing interaction
between the CERT PH domain and the phosphorylated SR motif. 
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                                Effect of loop mutation on protein dynamics - A high  
                                pressure NMR study of E.coli DHFR 

             ○P.N. Sunilkumar1,2, Akihiro Maeno1,2, Yuji Wada3, Shin-ichi Tate3 and  
                                     Kazuyuki Akasaka1,2

1Grad. Sch. Biol and Sci, Kinki Univ., 2HPPRC, Kinki Univ., 3Grad. Sch. Sci, Hiroshima Univ. 

The presence of a less populated  (~10%) hidden equilibrium open conformation of folate bound 
E.coli DHFR, in addition to the basic folded occluded conformer, has been reported using 
variable pressure NMR technique (1). This open conformer is very crucial for the catalytic 
activity of DHFR. The purpose of this study is to find out how a single mutation at a site (Gly67) 
remote from the functional site affects the conformational fluctuations at the functional site of 
E.coli dihydrofolate reductase (DHFR). We have applied the variable pressure 1H/15N HSQC 
NMR technique (from 30 to 2000bar) to the Gly67Val mutant of E.coli DHFR. Here we report 
the changes in the conformational fluctuations at the NADPH binding site of folate bound E.coli 
DHFR and also the shift in the equilibrium between the basic folded occluded conformer and the 
open functional conformer by Gly67Val mutation. 

Introduction

Dihydrofolate reductase (DHFR) catalyses the reduction of 7,8-dihydrofolate (DHF) to 5,6,7,8-
tetrahydrofolate (THF) by hydride transfer from the NADPH cofactor, which is essential for 
purine and thymidylate synthesis and hence for cell growth and proliferation (1).  Gly67 residue 
is evolutionarily conserved in DHFR and occupies on a loop (residues 64-72) that is oriented 
away from the functional site. It has been reported that mutations at Gly67slightly changed the 
stability and function despite that the α-carbon at this site is 29.3 Å apart from catalytic residue 
Asp27 (2). The presence of a less populated  (~10%) hidden equilibrium open conformation of 
folate bound E.coli DHFR, in addition to the basic folded occluded conformer, has been reported 
using variable pressure NMR technique (1). This open conformer is very crucial for the catalytic 
activity of DHFR. This open functional conformer differs in the orientation of M20 loop and C & 
F helices from that of the occluded basic folded conformer (Figure 1).  
In this study we have applied the variable pressure NMR technique (from 30 to 2000bar) to the 
Gly67Val mutant of E.coli DHFR in order to understand how a single mutation at a site remote  

: DHFR,  NMR , loop mutation 
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from the functional site affects the conformational fluctuations at the functional site and also the 
nature and population of the open conformer of DHFR.  

Figure 1: Equilibrium between the open and occluded conformers of folate bound DHFR 

Materials and methods

Uniformly 15N-labeled DHFR Gly67Val mutant was obtained from the laboratory of Prof. Shin-
ichi Tate, Department of Mathematical and Life Sciences, Hiroshima University. The sample was 
prepared in 20 mM Tris buffer (pH 7.0) with a protein concentration of 1.2 mM and a folate 
concentration of 4.5 mM.  Variable pressure 15N/1HHSQC spectra were recorded at pressures 
between 30 and 2000 bar using a standard HSQC sequence with sensitivity improvement on a 
600 MHz Bruker AVANCE spectrometer. All the variable pressure spectra were recorded at 15°C. 
The temperature dependent spectra were recorded at temperatures from 15 to 35°C at an interval 
of 5. The 15N dimension was acquired with 128 increments and for the proton dimension 2048 
complex data points were collected. Data were processed using NMRPipe program and analyzed 
using CCPNMR program.  

The thermodynamic parameter changes between the two conformers, ∆G, ∆V, ∆H and ∆S, were 
obtained by fitting the following equations to the peak intensity change as a function of pressure 
and/or temperature. 

∆G = - RT ln K = ∆G0 – (p – p0) ∆V ……………………(1)

∆G = - RT ln K = ∆H - T∆S ……………………………(2)

Results

In this study, the cross-peaks corresponding to the residues Val13, Trp22 (both main chain and 
side-chain) Gly51 and Gly95 showed splitting with pressure (Figure 2). The intensity of the 
second peak was found to be increasing with pressure and that of the original peak decreasing 
(Figure 3). This intensity change showed the population change between the basic folded 
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occluded conformer and the open conformer.  

 
Figure 2: 15N/1H spectra of folate bound DHFR at 30 bar (blue) and 2000bar (red). The cross 

peaks that split into two at high pressure are encircled. 

The residues Val13 and Trp22 are located at both ends of the M20 loop and the residues Gly51 
and Gly95 are near the ends of C and F helices. Results showed that the open functional 
conformer of Gly67Val mutant differs in the orientation of M20 loop and C & F helices from that 
of the occluded basic folded conformer as in the case of WT DHFR. The determination of ∆Go

and ∆V values between the two conformers showed that the population and hydration of the 
second open conformer, at 1 bar, were slightly changed by mutation when compared to that of the 
WT. From the variable temperature HSQC spectra, at 2000 bar, we could estimate the ∆H and ∆S 
values between the two conformers. The ∆H and ∆S values also supported the above observation. 
It has been reported that mutations at Gly67site slightly changed the stability and function despite 
that the α-carbon at this site is 29.3 Å apart from the catalytic residue Asp27 (2). This slight 
difference, between the open conformers of the wild-type and mutant DHFRs, may be 
responsible for the slight change in function by mutation at Gly67 site.  

The analysis of the pressure dependent chemical shift and peak intensity changes was also done 
to obtain the difference in the site-specific conformational fluctuations between WT and G67V 
mutant DHFR. 
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Figure 3: Change in intensities of the peaks corresponding to the occluded and open 
conformers of folate bound E.coli DHFR 
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Self-assembly properties of amelogenin 
Yasuhiro Kumaki1, Tomoyasu Aizawa2, Masakatsu Kamiya2, Makoto 

Demura2 and Keiichi Kawano1,2

(1Graduate School of Science, Hokkaido University, 2Graduate School of 

Life Science, Hokkaido University)

Amelogenin is a major component of enamel matrix proteins. The self-assembly of the 

amelogenin is believed to play an essential role in regulating the growth and organization of 

enamel crystals during enamel formation. Recently, it was reported that the self-assembly of 

the amelogenin is sensitive to the temperature and pH. The elucidation of the amelogenin 

assembly process is indispensable for the understanding of the mechanisms of enamel 

formation. Assemblies of the amelogenin in themselves are not suitable for NMR 

measurement because of their apparent molecular size and pure solubility in water. Therefore, 

in order to obtain the structural information at the residue level, DMSO-quenched H/D 

exchange experiments were performed. 
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Figure 1H-15N HSQC spectra of 15N-labeled recombinant porcine amelogenin in DMSO-d6

at 300 K after H/D exchange period of 3 hours (left) and 12 hours (right). 2 mM amelogenin 
dissolved in H2O at pH 3.0 (in this pH, amelogenin molecules exist as monomers) were 
diluted with 10-fold D2O at pH 7.0 ( at this pH, amelogenin molecules occur self-assembly) 
and incubated at 283 K for H/D exchange. After H/D exchange period, the samples were 
frozen with liquid nitrogen and lyophilized. Lyophilized proteins were dissolved in 90 % 
DMSO-d6 (10% D2O) at pH 5.0 (adjusted with TCA) 

[1] Moradian-Oldak J, Leung W, Fincham AG. J. Struct. Biol. 122:320-327, 1998.  

[2] Petta V, Moradian-Oldak J, Yannopoulos SN, Bouropoulos N. Eur. J. Oral Sci. 114 (Suppl. 

1): 308-314, 2006. 

[3] Delak K, Harcup C, Lakshminarayanan R, Sun Z, Fan Y, Moradian-Oldak J, Evans JS. 

Biochemistry, 48, 2272-2281, 2009. 

[4] Hoshino M, Katou H, Hagihara Y, Hasegawa K, Naiki H, Goto Y, Nat. Struct. Biol. 9,
332-336, 2002. 
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Effect of mutation in the core on protein dynamics - A high pressure NMR 
study of staphylococcal nucleaseV66K. 
○Akihiro Maeno1,2, Kazumi Hata3, Ryo Kitahara4, Michael Chimenti5, Bertrand E. 
Garcia-Moreno5, Julien Roche6, Christian Roumestand6, Karine M. Guillen6, Catherine A. 
Royer6, Kazuyuki Akasaka2

1Grad. Sch. Biol and Sci, Kinki Univ., 2HPPRC, Kinki Univ., 3GIRO, Ritsumeikan Univ., 
4Pharm., Ritsumeikan Univ., 5Biophysic. Johns Hopkins Univ., 6CBS, INSERM.  

 Two-state global unfolding of V66K variant occurs cooperatively at high pressure without 
clear local unfolding, while the partial disordering is observed at turn region. The 
thermodynamic stability of native state ( G0) is quite different between V66K (~3 kcal/mol) 
and reference protein (~12 kcal/mol). Unusual pressure shifts (linear and/or non-linear) are 
observed on the widespread region ( -barrel, helix-1 and helix-3) of V66K variant, suggesting 
a presence of low-lying excited state characterized as the alternative native state with 
remarkable non-linear pressure shifts. These results indicate that the substitution of Val-66 
with Lys inside of core region affect the rapid conformational fluctuation (< ms) within native 
state ensemble, that may occur due to the water penetration into hydrophobic core. 

Staphylococcal nuclease SNase +PHS SNase WT 44-49
deletion 5 P117G, H124L, S128A, G50F, 

V15N pseudo wild type
hyperstable form SNase +PHS V66K

Lys pKa 5.7 pKa 10.4
+PHS V66K Lys-66

pH Lys-66
12Å

NMR, , Staphylococcal nuclease V66K 
 

P55

－288－



SNase V66K NMR +PHS  
 

 
Lys-66

pH6
V66K

NMR  
V66K

-
+PHS

< 1500 bar
1H 15N

, 
linear pressure shift

NMR non-linear pressure shift

< ms
1H 15N

V66K
Lys-66 helix-1 -barrel

high non-linearity 1H, 15N

low-lying excited conformer
+PHS Val-66 Lys

V66K low-lying excited conformer
< ms helix-1, -barrel

 
> 1500 bar V66K NMR

V66K - global 
unfolding G0 +PHS

G0 (V66K) = 3 kcal/mol, G0 ( +PHS) = 12 kcal/mol
Lys  

N

C

12
3

1

4

5

6

2

7

3

6

22222
33333

Hydrophobic core surrounded
by the -barrel ( 1 – 6)

Fig.1 Tertiary structure of Snase V66K
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NMR structure of the CH domain of IQGAP1 and its implications for the 
actin recognition mode 

Ryo Umemoto1, 2, Noritaka Nishida1, Shinji Ogino1, 2, and Ichio Shimada1,3

1Grad. Sch. Pharm. Sci. The Univ. of Tokyo, Tokyo, Japan.  
2JBIC, Tokyo, Japan. 3BIRC, AIST, Tokyo, Japan.  

IQ-domain GTPase-activating protein 1 (IQGAP1), a multi-domain protein with a 
molecular mass of 189 kDa, promotes actin crosslinking at the leading edge of cells, under the 
control of the small GTPases; Rac1 and Cdc42. Previous studies demonstrated that the direct 
interaction between actin filaments (F-actin) and IQGAP1 is essential for the promotion of 
cell migration. This interaction is mediated through an N-terminal actin-binding domain 
(ABD) (residues 1-210), which contains a calponin homology (CH) domain. In this 
presentation, as a first step toward understanding the mechanism of the actin-recognition by 
the single CH domain family, we solved the NMR structure of the actin binding domain of 
IQGAP1.  
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 Fig. 1 Solution structure and potential actin-binding site of ABD 
A  Stereoviews of the overlaid ensemble of the 20 final structures. The side chains in the 
structured region are shown. 
B  Ribbon diagram of ABD of IQGAP1, in which ABS2 and the extension are shown. 
Long range NOEs are observed between the residues in ABS2 and the extension. 
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NMR studies on the six domain of Six3 
Hideaki Shimojo1, Hideyasu Okamura1, Aritaka Nagadoi1, Keiko Ikeda2, Kiyoshi 

Kawakami2, and Yoshifumi Nishimura1

1 Department of Supramolecular Biology, Graduate School of Nanobioscience, Yokohama 
City University, Kanagawa, Japan.  
2 Division of Biology, Center of Molecular Medicine, Jichi Medical University, Tochigi, 
Japan.  

The first identified six gene family is sine oculis gene which is essential for the compound eye 
formation of Drosophila. The six family genes homologous to sine oculis gene have been 
found in many species. Their gene products, Six proteins contain a conserved Six domain 
(SD) consisting of 110 amino acids and a homeodomain (HD) consisting of 60 amino acids. 
Although several members of the six gene family interact with the eyes absent (Eya) gene 
family functioning as transcriptional activators, Six3 does not interact with any known 
member of the Eya family. Recently several reports suggested that mouse Six3 interact 
directly with two proteins: the mouse counterpart of the Drosophila transcriptional 
co-repressor, Groucho and the DNA replication inhibitor, geminin. The Six3 SD is important 
for interaction with Groucho and geminin. To understand the molecular basis of the Six3 SD, 
we determined the structure of the SD of mouse Six3 by using NMR 

Six
sine oculis (so) so

6 Six ( sine ocuils related homeobox )
Six1 Six6 Six 110
Six 60 Six
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Fig 1. 1H-15N HSQC spectrum of the Six3SD 
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In tube transcription for NMR measurement of RNA 
Hiroyuki Saito1, Yuri Iyano1, Chisato Ushida2, Hidenori Kiyosawa3, Gota Kawai1
1Fac. Eng. Chiba Inst. Tech.,Chiba, 2Fac. Agri. Life Sci., Hirosaki Univ., Hirosaki, 3TRIC 
Natl. Inst. Genetics, Mishima, Japan.

Expressions of small RNAs, with 50-100 nt length, from the loci of the sense-antisense 
transcription in mouse genome were found and investigations of the function of such small 
RNAs are being conducted.  In order to characterize the structures of the small RNAs from 
mouse, a method of in tube transcription is now introduced.  Because the expression was 
monitored by the Northern hybridization with a DNA probe of 40 nt, the exact position of 
transcription in mouse cell was unknown.  In order to estimate the sequence of an 
transcribed RNA, we designed two RNAs for the expressed region and those were subjected 
to the analysis by the in tube transcription method.  It was found that one of the two 
constructs showed iminoproton signals of well structured RNA, suggesting that the 
corresponding RNA is expressed in mouse cell.  Also, this result indicates that the method 
proposed here is useful for rapid characterization of RNA structures. 

Fig. 1  800 MHz 13C-edited spectra 
A: Just after mixing of the reaction 
mixture.  B: After 40 h. 

A

B

Chemical shift (ppm)
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1) Okada, Y., et al., Comparative expression analysis uncovers novel features of endogenous 
antisense transcription, Hum. Mol. Genet. 17, 1631-1640 (2008). 

Chemical shift (ppm) 

Fig. 3 In tube transcription of S3-2 RNA 
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Fig. 2 In tube transcription of S3-1 RNA 
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Structural basis of Nox5 activation mechanism 
Toshio Inokuma1, Hiroyuki Kumeta2, Kazuya Honbou2, Hideki Sumimoto3, and Fuyuhiko

Inagaki1
1Lab.Struct.Biol.Grad.Sch.Life Sci.Hokkaido Univ.,Sapporo, Japan.  
2Lab.Struct.Biol.Advanced Life Sci.Hokkaido Univ.,Sapporo, Japan.  
3Grad.Sch.Med.Kyushu Univ.,Fukuoka, Japan.  

NADPH oxidases of the Nox family exist in eukaryotes but not in prokaryotes. Reactive 
oxygen species (ROS) produced by the NADPH oxidase play critical roles in a variety of 
biological processes, such as host defense, signal transduction, and hormone synthesis. 
NADPH oxidase 5 (Nox5) is a homologue of the gp91phox subunit of the phagocyte NADPH 
oxidase (Nox2) and is expressed in lymphoid organs and testis. Nox5 is distinct from other 
NADPH oxidases by its unique N terminus, which contains four canonical EF-hands, 
Ca2+-binding domains. It’s thought that Nox5 is activated by Ca2+-binding to the EF-hands 
and produce ROS, because Nox5 activation depend on Ca2+. 

In this study, we have analyzed the structure of the EF-hands region to reveal the molecular 
mechanism for regulation of Nox5 activity. 

Nox NADPH

Nox
C

ROS, NADPH oxidase, EF-hand 

        Fig. 1 Structural model of Nox (A; Nox1-4 B; Nox5) 

B A 
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Fig. 3 [1H-15N] HSQC spectra of free (gray) and Ca2+/ 
melittin-bound (black) states of Nox5 EF-hands 

Fig. 2 Solution structure of Nox5 EF-hands 
A: Superimposed structure   
B: Ribbon model of the most stable structure  
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2
○ 1 2 1 3

2 2 2

1 2 3

Structual analysis of FKBP12-drug complex by Lanthanoid probe – Fast 
screening method for stable LBT attached proteins using Differential 
Scanning Fluorometry 
○Masahiro Ushio1, Yoshihiro Kobashigawa2, Tomohide Saio1, Mituhiro Sekiguchi3,
Masashi Yokochi2, Kenji Ogura2, Fuyuhiko Inagaki2
1Grad. Sch. Life Sci. the Univ. of Hokkaido, 2Fac. Advanced Life Sci. the Univ. of Hokkaido, 
3Astellas Pharma 

Long-range distance and angular information is useful for the structural analysis of large 
proteins and protein-protein complexes. Paramagnetic lanthanide ions induce a 
pseudo-contact shift (PCS) and a residual dipolar coupling (RDC). They provide distance and 
angular information of the nuclei. Our laboratory developed a lanthanide-binding peptide tag 
linked to the target protein via two points: a disulfide bridge and a N-terminal fusion(1), which 
was successfully applied for the structural analysis of the Zip PB1 homo dimeric complex(2).
However, spacer length between the target and the lanthanide binding tag (LBT) should be 
optimized, and this step requires a number of trials and errors. Here we used differential 
scanning fluorometry (DSF), which afforded fast and systematic determination of the spacer 
length for structural analysis of FKBP12-drug complex.

PCS RDC PCS
40 RDC

(LBT) 2
(1), (2)

LBT

LBT FKBP

○

P61

－300－



1H-15N HSQC
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[ ] 
(1) Saio T, Ogura K, Yokochi M, Kobashigawa Y, Inagaki F. J Biomol NMR. 2009. 44:157-66.  
(2) Saio T, Yokochi M, Kumeta H, Inagaki F. J Biomol NMR. 2010. 46:271-80. 

Fig. 2. Thermal unfolding of L1, L2, L3, L4 
and L5 measured by DSF. 

Fig. 1. Schematic representation of the FKBP12 
constructs for lanthanide probe. 
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Molecular mobility of protein in agarose gels

Bona Dai1, Mika Hirose2, Shigeru Sugiyama2,
Hiroyoshi Matsumura2 and Shingo Matsukawa1

Tokyo University of Marine Science and Technology1

Grad. Sch. Engineering, Osaka University2

Abstract: The measurements of self-diffusion coefficient (D) and 1H relaxation time (T1 and
T2) have been carried out to clarify the influence of the gel network on the molecular mobility
for the protein hen egg white lysozyme (HEWL) in agarose gels. The D values of HEWL
decreased with increasing agarose concentration and the 1H relaxation time showed no
variation tendency.
1. Introduction
Agarose gels have been used in protein crystallization for promoting nucleation and
controlling packing effects. Agarose gels reduce convection and prevent crystal sedimentation
to provide high-quality protein crystals. It has been reported that the concentration of agarose
gels exerts a tremendous influence on the protein nucleation [1]. However, the mechanism of
protein nucleation in agarose gels has not been clearly understood. In this study, the 1H NMR
local and translational motion of protein in aqueous solution and agarose gels were
investigated by 1H NMR techniques. From the results, the influence on protein molecular
motion of agarose gels will be discussed.

2. Materials and Methods
Sea plaque agarose (agarose SP) was purchased
from Lonza (catalogue No. F5170A). Hen egg white
lysozyme (HEWL) was purchased from Seikagaku
(catalogue No. 100940). The 1.2 – 3.6w% agarose
solutions were first prepared by dissolving agarose
powder in water at 85oC. Powder of HEWL was
dissolved in 0.1M sodium acetate (pH 4.5) on a
concentration of 150mg/ml. The samples for NMR
measurements were prepared by mixing equal
volumes of agarose solution, HEWL solution and
0.1M sodium acetate at 55oC. The final agarose
concentrations were 0 ~ 1.2w%. The solutions were
transferred into the NMR tubes and kept at 4oC for 1
hour before NMR experiments.
Self-diffusion coefficient (D) measurements,
spin-lattice relaxation time measurements (T1) and
spin-spin relaxation time (T2) and were carried out
on a Bruker Avance II 400WB spectrometer

Key Words: molecular mobility/ protein/ agarose gel
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operating at 400.13 MHz for protons by using STE pulse sequence (Fig.1 A),
CPMG-spin-echo (se) sequence with gradients (Fig.1 B) and Inversion-recovery-spin-echo (se)
sequence with gradients (Fig.1 C), respectively. The diffusion time was set as 5ms.

Results
The diffusion coefficients of HEWL in 0.1 M sodium acetate and agarose gels were
determined by PFG-STE-Se 1H NMR method. Comparison of the diffusional spin-echo
attenuations, plotted in the form lnI versus 2g2 2( - /3), for HEWL is depicted in Fig.2. The
experimental data for each sample lie on
individual straight lines. This indicates that the
HEWL has single component diffusion during
the observation time whether in solution or
agarose gel. The slopes of the curves became
gentler with increasing agarose concentration,
which indicates the slowing in translational
motion of the protein. The calculated D values of
the HEWL are shown in table 1. D decreased
with increasing agarose concentration. The
three-dimensional polymeric network of hydrogels
has a greater ability in restriction on the molecular
motion of the protein than aqueous medium. This
endows agarose gel the advantage for promoting
protein nucleation. The HEWL diffuses among the gel network. An increase in the gel
concentration causes decrease in the hydrodynamic mesh size of the gel network, leading to
shrinkage of the interspaces between the bundles of the network and thus an increase of the
obstruction effect.
We also measured the 1H relaxation time of HEWL by using the modified CPMG and
inversion recovery sequences. The gradients were used to remove the signals of small
molecules in the samples. There is no tendency for the change of relaxation time against the
variation in agarose concentration. Therefore, it is difficult at present to say the effect of
agarose concentration on the local motion of the protein.

Table 1 The proton relaxation times and diffusion coefficients of HEWL in 0.1M sodium acetate and agarose gels

Agarose

concentration

(w%)

1H T2 (ms) 1H T1 (ms)
Diffusion coefficient

(D, m2s-1)

0 21.90 (25.4oC) 1014.28 (25.4oC) 1.2901 × 10-10
(28.7oC)

0.4 15.25 (27.3oC) 853.66 (27.3oC) 1.1245 × 10-10
(27.3oC)

0.8 13.61(25.5oC) 1161.2(25.5oC) 1.0796 × 10-10
(25.5oC)

1.2 16.86 (27.6oC) 850.77 (27.6oC) 0.98871 × 10-10
(27.6oC)

Reference: [1] Tanabe K. et al. Applied physics express (2009) 125501.

Fig.2 Diffusional spin-echo attenuations of

HEWL in 0.1 M sodium acetate ( ), 0.4w%

agarose gel (

varying field gradient strength (g).
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NMR studies of 56 kDa E. coli nickel binding protein NikA 

Joanna Jakus1, Yuusuke Tsuchie1, Teppei Ikeya1, Masaki Mishima1,
Daniel Nietlispach2, Jeremy R. H. Tame3 and Yutaka Ito1 

1Department of Chemistry, Tokyo Metropolitan University, Hachioji, Tokyo, Japan.  
2Department of Biochemistry, University of Cambridge, Cambridge, UK.  
3Protein Design Laboratory, Yokohama City University, Yokohama, Japan.  

Abstract
  Periplasmic NikA (502 a.a., 56kDa) is a nickel-binding component of E. coli permease. To 
determine NikA structure in solution and understand the structural basis of the conformational 
changes accompanying the nickel binding, we initiated solution NMR studies of NikA. We 
had already reported the backbone resonance assignment of apo-NikA, from analysis of 
TROSY-based triple-resonance 3D NMR spectra measured on perdeuterated samples. The 
secondary structures of NikA, predicted using the Chemical Shift Index (CSI) method from 
assigned carbon resonances, showed good coincidence with that in the crystal structure of 
Ni-bound NikA. Here, resonance assignment of side-chain methyl groups on selectively 
methyl protonated sample was performed by employing the strategy established by Kay and 
his co-workers for the methyl-assignment of 82kDa MSG protein.  

Introduction 
  Nickel homeostasis inside the cells needs to be maintained for the normal functioning of 
several enzymes. The implied role of E. coli NikABCDE permease is to specifically transport 
Ni2+ ions from the periplasm to the cytoplasm. The mature periplasmic NikA (502 a.a., 
56kDa) is the primary nickel-binding component of this system. 
  Two crystal structures of NikA show a contradictory picture of nickel binding. Heddle et al. 
[1] showed nickel binding to the large cleft between the two lobes of the protein, while 
Cherrier et al. [2] between two histidine residues in a distal site. From mapping of the existing 
backbone assignments [3] onto the crystal structure of Ni-bound NikA, the unassigned 1H-15N 
HSQC cross-peaks were located around the cleft nickel-binding site, the line broadening of 
signals presumably arising from intrinsic conformational flexibility around the hinge region 
between two lobes. Structure determination in aqueous solution together with relaxation 
studies by NMR will provide better understanding of ligand recognition mechanism. 
  For global fold determination methyl-selectively 1H/13C-labelled samples were prepared. 
Methyl groups are often localized to hydrophobic cores of proteins so that methyl distances 
measured from NOESY experiments enable to determine protein structures efficiently. This 
approach had previously been utilized for structural analysis of larger proteins [4,5]. 

Keywords: selective methyl protonation, nickel-binding protein, maximum entropy 

processing, nonlinear sampling 
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Materials and Methods 
Biosynthetic precursors of α-ketobutyrate and α-ketoisovalerate lead to production of ILV 

residues that are 13CH3-labeled only at single methyl positions. This strategy generates linear 
13C spin systems, avoiding magnetisation losses at the branch points of these side-chains. The 
gains in sensitivity outweigh the two-fold dilution of methyl groups [5]. Using this approach, 
{I(δ1 only), L(13CH3,

12CD3),V(13CH3,
12CD3) - U-[2H/13C/15N] - NikA sample was obtained. 

NMR experiments were measured at 303 K and all NMR samples were in 50 mM sodium 
phosphate buffer (pH 7.5) and 10% D2O. A non-uniform sampling scheme and maximum 
entropy (MaxEnt) processing were used for obtaining triple-resonance 3D spectra. AZARA 
version 2.8 (Boucher W., unpublished) software package and CCPN Analysis [6] were used 
for processing and spectral analysis, respectively. 

Results 
We performed the following 3D NMR experiments: Ile/Leu-HM(CMCGCBCA)NH and 

Val-HM(CMCBCA)NH for methyl proton correlations to amide NH group for (i) and (i+1) 
residues, Ile/Leu-(HM)CM(CGCBCA)NH and Val-(HM)CM(CBCA)NH for methyl carbon 
correlations to amide NH group for (i) and (i+1) residues and 2D 1H-13C HMQC for mapping 
of the methyl resonance assignments. 

By employing those residue specific experiments on the methyl-selectively protonated 
samples, we were able to assign a large number of resonances in 1H-13C HMQC spectrum 
(Figure 1). Analysis of NOE-derived distance restraints based on the backbone and side-chain 
methyl assignments is in progress. 

References: 

[1] Heddle, J. et al. (2003) JBC 278, p. 50322 [2] Cherrier, M. V. et al. (2005) JACS 127, p. 10075 [3] Rajesh, S. 

et al. (2005) JBNMR 32 (2) p. 177 [4] Tugarinov et al. (2003) JACS 125 p. 5701 [5] Tugarinov et al. (2005) 

ChemBioChem. 6 (9) p. 1567 [6] Vranken, W.F. et al. (2005) Proteins 59 p. 687 

Fig. 1. 1H-13C HMQC spectrum of the methyl region of the {Ile(δ1 only), Lue(13CH3, 
12CD3),Val(13CH3, 

12CD3)} - U-[2H/13C/15N]–NikA sample. Assignments for selected residues are indicated. 
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NMR structural analysis of novel polysaccharide, Sacran 

Seiji Tateyama, Masashi Ichikawa, Maiko Okajima, Tatsuo Kaneko and Shin-ya Ohki 
Japan Advanced Institute of Science and Technology (JAIST) 
 

The novel polysaccharide sacran extracted from Aphanothece sacrum has many desirable 
properties such as water retentivity, heavy metal adsorption and liquid crystallinity. However, 
the structure of sacran has not been well determined.  

It was difficult to obtain the structural information using NMR due to the low solubility of 
sacran with high molecular weight. Therefore, the sacran was digested by using partial acidic 
hydrolysis with trifluoroacetic acid and enzymatic degradation, then the products were analyzed by 
1H, 13C and HSQC NMR techniques. The results indicated that sacran is composed of several 
monosaccharide units such as rhamnose, xylose, ribose and glucose. 
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Fig. 1. Partial structures of sacran determined by 
FT-MS. 
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1) Okajima-Kaneko, M.; Ono, M.; Kabata, K.; Kaneko, T. Pure Appl. Chem. 2007, 79, 

2039-2046. 
2) Okajima-Kaneko, M.; Miyazato, S.; Kaneko, T. Trans. Mater. Res. Soc. Jpn. 2009, 34, 

359-362. 

Fig. 2.  1H NMR spectra of the products 
decomposed by acidic hydrolysis (a), rhamnose 
(b), xylose (c) and ribose (d). 

Fig. 3. HSQC spectra of the product 
decomposed by enzymatic degradation (a) and 
pure glucose (b). 
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Stereostructural study of kanamycin 3’- phosphate using 
31P-HOESY 
Yumiko Kubota1, Jun Uzawa2 and Yoji Umezawa1 

1Institute of Microbial Chemistry, Tokyo, 2Adv. Res. Inst. RIKEN 
 

Abstract 
Kanamycin, an aminoglycoside antibiotic that is produced by Streptomyces kanamyceticus, 
acts on the biosynthetic pathway of bacterial proteins. Kanamycin is a useful chemo- 
therapeutic agent to inhibit the growth of Gram-positive and Gram-negative bacteria as well 
as tubercle bacilli. However, it is also known to be inactivated by its resistant bacteria.  One 
of these resistant mechanisms is phosphorylation of the 3’-position of 6-amino-6-deoxy- 
D-glucose moiety of kanamycin. While the structure of inactivated product was clarified, no 
further detailed study on the structure has been performed. We will present the useful 
information on the conformation of kanamycin 3’-phosphate and others obtained by the 
results of HOESY (Heteronuclear Overhauser Effect Spectroscopy) method1,2,3) and 
spin-coupling constant between 31P and 1H. 
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        Selective J-resolved -HMQC, A New Method for Measuring  
          Proton-Proton Coupling Constants of High Order Spin Systems 

 Kazuo Furihata 
     Division of Agriculture and Agricultural Life Sciences, University of Tokyo 

 
 Analysis of H-H J coupling constants is important for relative stereochemical studies of natural 
organic compounds. Overlapping protons or strongly coupled protons make analysis of H-H J 
coupling constant difficult. This problem can be solved by utilizing a proton attached to 13C. In a 
strongly coupled HA and HB spin system, HA attached to 13C and HB connected to 12C constitute a 
week coupled proton system resulting in a large chemical shift difference between HA and HB 
spread by CA-HA 1J-coupling. Thus the HA-HB J constant can be clearly determined by analyzing HA.  
We reported J-resolved HMQC as a method to solve this problem1). However, analysis of HA and 
HB in a strongly coupled -CH2-CHA(OH)-CHB(OH)-CH2-) system, for example, becomes difficult 
even if HA and HB are coupled weekly. In order to overcome this problem, we developed a new 
method, selective J-resolved HMQC by decoupling two adjacent CH2 protons. Application of this 
method to a model compound, monazomycin with a complicated structure proved its effectiveness 
for stereochemical studies. 
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1H-14N 2D solid-state NMR under very fast MAS: 
A few minutes observation for a sample less than 1 L

Yusuke Nishiyama1, Yuki Endo1, Takahiro Nemoto1, Hiromichi Kurosu2, Hiroaki Utsumi1,
Kazuo Yamauchi3, Katsuya Hioka1, and Tetsuo Asakura3

1JEOL Ltd., 3-1-2 Musashino, Akishima, Tokyo 196-8558, Japan  
2Department of Clothing Environmental Science, Nara Women’s University, Nara 630-8506, 
Japan
2Department of Biotechnology, Tokyo University of Agriculture and Technology, Tokyo 
184-8588, Japan 

Sensitivity and resolution enhancement of 1H detected 14N HMQC NMR in the solid state at 
very fast MAS rates with a 1 mm MAS rotor is presented. Very fast MAS enhances the 1H T2’
and efficiently decouples 1H-14N interactions. The Micro-coil contributes to sensitivity 
enhancement via strong 14N rf fields and high sensitivity per unit volume. 1H-14N HMQC 
spectrum of glycine and glycyl-L-alanine at 70 kHz MAS are observed within few minutes 
for a sample volume of 0.8 L.

14N 15N 2 NMR
14N 99.63%

I=1 NMR single
quantum(SQ) MHz

NMR
Bodenhausen Gan 14N NMR

[1] 14N 1/2 HMQC
14N NMR

1H 1H/14N 2 NMR [2]
80 kHz MAS 1 mm MAS [3]

MAS 1H/14N HMQC
1) 1H T2’

(1H) (14N) 2) MAS
3)

4) 14N rf 5) 1H/14N

14 1 mm MAS NMR
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70 kHz -L- 1H/14N
HMQC 0.8 L

14N NMR 14N

14N NMR

Figure 1H detected 1H/14N
HMQC spectrum of glycyl-L-alanine 
under 70 kHz MAS. SQ coherences 
were selected in the 14N dimension. 
The spectrum was observed by JEOL 
JNM-ECA500 spectrometer operated 
under 11.7 T equipped with JEOL 1 
mm CPMAS probe. Sixteen 
Hundred-twenty-eight t1 points were 
observed. Two scans were performed 
per each t1 point with a relaxation 
time of 2 s. This is the smallest 
number of scans required to select the 
14N SQ coherences. SR42

1 [4] was 
applied during magnetization transfer period to recouple 1H-14N dipolar interactions. 
Projections on the 1H and 14N dimensions and calculated slices are shown. Calculated spectra 
was obtained using previously reported values [5]. 
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triplet-DNP

©根来　誠 1、中山　顕貴 1、立石　健一郎 1、香川　晃徳 1、
武田　和行 2、北川　勝浩 1 (1阪大院基、2京大院理)

2H-decoupling-accelerated 1H spin diffusion in triplet-DNP

©Makoto Negoro1, Kenki Nakayama1, Kenichiro Tateishi1, Akinori Kagawa1,
Kazuyuki Takeda2, and Masahiro Kitagawa1

Graduate School of Engineering Science, Osaka University
Graduate School of Science, Kyoto University

Abstract: In Dynamic Nuclear Polarization (DNP) experiments applied to organic solids,
efficient buildup of 1H polarization is attained by partially deuterating host material with ap-
propriate 1H concentration. In such a dilute 1H spin system, it is shown that the 1H spin
diffusion rate and thereby the buildup efficiency of 1H polarization can further be enhanced
by continually applying radiofrequency irradiation for deuterium decoupling during the DNP
process. The 1H spin diffusion coefficients are estimated from DNP repetition interval de-
pendence of the initial buildup rate of 1H polarization, and the result indicates that the spin
diffusion coefficient is enhanced by a factor of 2 compared to that without 2H decoupling.

動的核偏極 (DNP)は電子スピン偏極を核スピンに移すことで核スピンの高偏極状態
を得る方法で、NMR分光の感度を最大で γe/γn 倍向上させることが可能であり (γn:対
象核スピンの磁気回転比、γe:電子スピンの磁気回転比)、最近非常に活発に研究がすす
められている [1]。我々が研究している「光励起三重項電子スピンを用いた動的核偏極
(triplet-DNP)」では、この γe/γnの限界を超えた感度向上が可能で [2, 3]、これまでナフ
タレン単結晶中の 1Hスピンの信号感度を、105 K、0.3 T下の熱平衡状態に比べて、約
21万倍向上させることに成功している [4]。多くの DNP実験ではサンプルに少量ドー
プしたゲスト分子 (フリーラジカルや光励起分子)の電子スピン偏極がまずゲスト分子内
の 1Hスピンに移され、その局在化した 1Hスピン偏極が「スピン拡散」によってホスト
分子の 1Hスピン、そして興味の対象となる分子の 1Hスピンへと広がっていくと考えら
れている。対象物質の濃度が低い場合に、ホスト物質を部分的に重水素化することは、
triplet-DNPだけでなくフリーラジカルを用いた従来のDNPでも、偏極の向上速度の効
率化に有効であることが示されている [5, 6]。このときの 2H化率が高すぎると 1Hスピ
ン間の距離が遠くなりすぎ、1Hスピン拡散が起こりにくくなってしまうので、この 2H

Key Word: triplet-DNP, spin diffusion, 2D DQ decoupling
ねごろまこと、なかやまけんき、たていしけんいちろう、かがわあきのり、たけだかず
ゆき、きたがわまさひろ
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図 1: (a) An ISE sequence. (b) A schematic diagram of a TE011 cylindrical cavity (Q=430) with a
field sweep coil and a split-type rf coil doubly-tuned at 1H (Q=12) and 2H spins (Q=2.7). Cooling air
was blown at the sample and the coil in order to prevent heating due to continual decoupling irradiation.

化率には最適値が存在することが実験的に示されている [7]。また、2H-1H間双極子相
互作用がスピン拡散の原動力となる 1H-1H間のフリップフロップ過程を平均化すること
は、1Hスピン拡散をさらに起こりにくくさせていると考えられる。本研究では 2H化サ
ンプルにおいて、triplet-DNPの最中に連続的に 2Hデカップリングを施すことで 1Hスピ
ン拡散が促進され、DNPの効率が向上されることを実験的に示す [8]。
サンプルには 0.05 mol%ペンタセンドープ 98.3%2H化 p-テルフェニル単結晶 0.40 mg
が用いられ、全ての実験は 0.4 Tの磁場下、室温下で行われた。三重項電子の偏極を核ス
ピンに伝えるための方法として図 1(a)に示す ISE(Integrated Solid Effect)と呼ばれるシー
ケンスを用いた [9]。光励起、マイクロ波照射、2Hデカップリング照射を同じサンプル
位置で実現するための実験系を図 1(b)に示す。ここで用いられる rfコイルは内径 1mm
で三層構造に 30回巻かれたもので、2Hスピンの共鳴周波数において 1.2 Wの入力で約
3 mTの振動磁場照射が可能である。このときの 2Hの Rabi周波数は約 20 kHzである。
図 2(a)に、ISEを一回だけ行った後 100 μs待って測られたマジックエコー信号を示す。

この信号の線幅は 1H希釈領域の 1HスピンのNMR信号より広幅で、1H-1H同核双極子相
互作用が線形を支配している 1Hリッチな領域からの信号、すなわち、ペンタセン内の 1H
からの信号であると思われる。ISEからの待ち時間を長くしていくと、このマジックエ
コー信号の強度は減っていき、逆にスピンエコー信号で観測される尖鋭な信号は図 2(b)
に示すように徐々に増えていく。この尖鋭な信号は希釈領域の 1HスピンからのNMR信
号、すなわち、2H化 p-テルフェニルの残留 1HからのNMR信号と思われる。このよう
なスペクトル形状の変遷は、「DNPでゲスト分子内の 1Hスピンがまず偏極され、その局
在化された偏極がホスト分子へと徐々にスピン拡散している」とされる描象が正しいこ
とを示唆している。そして、このスピンエコー信号の待ち時間依存性は 1Hスピン拡散
の早さを表わしていると考えられる。待ち時間に 2Hデカップリング照射を行ったとき
と行っていないときのその待ち時間依存性を図 2(c)に示す。この結果より 2Hデカップ
リングによって確かに 1Hスピン拡散が促進されていることが示された。
図 3に 2Hデカップリングを行いながら 20 msのインターバルで ISEを繰り返した場合

とデカップリングなしの場合での 1H偏極向上の様子を示す。デカップリングを行った方
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図 2: (a) 1H NMR spectrum obtained with a magic echo sequence after a single-shot ISE sequence.
(b) 1H spectra obtained with a spin echo sequence after the single-shot ISE sequence. (c) The spin echo
signal intensities for various intervals between the ISE sequence and the start of the spin echo sequence
with (the filled circles and solid line) and without (the open circles and dotted line) 2H decoupling.

がスピン拡散が促進され偏極向上曲線の傾きが大きい。しかしながら、デカップリング
照射のときの最終到達偏極率は照射なしのときに比べ低い。図 3に、50 kHzオフレゾナ
ンスの照射下での偏極向上の様子を示す。この照射下ではデカップリングが起きず、ス
ピン拡散は促進されないので、照射なしのときと同じ傾きであった。最終到達偏極率は
オンレゾナンス照射のときと同じであった。これらの結果より最終到達偏極率の減少は
照射熱による影響と考えてよさそうで、照射熱によってサンプル温度が上昇し、スピン
格子緩和が促進され最終到達偏極率が減少したものと考えている。熱をより効率的に除
去できれば、最終到達偏極率は向上できると思われるが、これは今後の課題とする。

DNP下での 2Hデカップリングのスピン拡散への効果をよりはっきり見極めるために、
文献 [3, 7]で紹介されているシミュレーションとの比較によるスピン拡散係数の決定を
行った。図 4にそのシミュレーションにより求まる偏極向上曲線の初期傾きとインター
バル時間とスピン拡散係数の関係を表わす等高線図が描れてる。そして、実験で得られ
たさまざまなインターバルでの偏極向上曲線の初期傾きも図 4に示した。これらを比較
することで、インターバル中に 2Hデカップリングを行ったときと行わないときでのス
ピン拡散係数は ∼ 2.0 × 10−18、∼ 1.0 × 10−18 m2/sと求められた。よって 2Hデカップリ
ングによってDNP中のスピン拡散係数が約 2倍向上したことが分かった。
本研究ではペンタセンドープ 98.3%2H化 p-テルフェニル単結晶において 2Hデカップ

リング下で triplet-DNPを行うことでスピン拡散が促進され、偏極の向上が加速されるこ
とが実験的に示された [8]。この方法は triplet-DNPだけでなく、2H化溶媒にフリーラジ
カルをドープする従来のDNP [6]にも当然適応可能である。本研究では部分的 2H化サ
ンプル下の 1Hスピン系に集中して議論してきたが、この「rf照射によってスピン拡散
を促進する」というコンセプトは様々なケースに応用できる。例えば、有機分子固体に
おける 13Cや 15Nの感度向上をDNPで行うケースである。これらの核種は直接偏極させ
る方法 (e− →13C、15N)と間接的に偏極させる方法 (e− →1H→13C、15N)があり、前者の
方がより効率的な場合もあることが報告されている [10]。しかしながら、これらの核ス
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ピンは低核磁気回転比で低濃度な上に、まわりの 1Hスピンからの双極子相互作用の影
響で 13C、15Nスピン拡散は非常に起こりにくくなってしまっている。このような状況で
は、1Hデカップリングがこの妨げを排除し、13C、15Nスピンの偏極向上の速度は向上可
能であろう。また、MAS下におけるこのスピン系での 13C、15Nスピン拡散は絶望的に
平均化されている。この状況下での DARR照射はこれらを復活させ [11]、やはり 13C、
15Nスピンの偏極向上速度の飛躍的向上を導くだろう。
本研究はCREST JST、科研費 (新学術領域)、最先端研究開発支援プログラムの援助を

受けて行われた。また、著者の根来誠と立石健一郎はG-COEの援助を受けている。
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Towards a high temperature superconducting (HTS) NMR
spectrometer operated at 1.03GHz 

–development of a 1.03GHz solid state NMR probe -
○Yusuke Ebisawa 1 , Toshiaki Higo 1 , Masami Hosono 2 , Takashi Hase 3 ,  

Takayoshi Miyazaki 3 , Teruaki Fujito 4 , Kazuhiko Yamada 5 , Tsukasa Kiyoshi 6 ,
Masato Takahashi 1,7 , Toshio Yamazaki 7 , Hideaki Maeda 1,7 

1 Yokohama City Univ. , 2 JEOL Ltd. , 3 Kobe Steel, Ltd. , 4 Probe Laboratory Inc. ,
 5 Tokyo Institute of Technology , 6 NIMS , 7 RIKEN SSBC

Achieving a higher magnetic field is important for higher sensitivity, better resolution and for 
solid state NMR. However, conventional low temperature superconductors (LTS) magnets are 
incapable of generating beyond 1GHz (23.5T). This project replaces the innermost LTS coil of the 
920 MHz NMR with an HTS coil for operation beyond 1GHz (1) . Unfortunately, the HTS coil is
incapable of persistent mode operation; and therefore an external current mode by a power supply is 
required for the HTS, which causes current ripples resulting in modulated spectra. In this paper, we 
have developed an external field-frequency lock system, continuously stabilizing such magnetic field 
fluctuation as the Z0 and Z1 components; then we acquired excellent 2D spectra of amino acid 
(L-isoleucine) with external lock operation at 500MHz.  

Based on this result, we started to develop a 1.03GHz solid state 13C-1H NMR probe which 
installed the external lock system. Solid state NMR measurement will be made in 2011.  
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Fig.1 A magnetic field stabilization system using two NMR microcoils and a frequency 

counter for Z0 and Z1 magnetic field compensation. This system is worked as an external lock 
system for solid state NMR using an external current mode NMR magnet. 
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Fig.2  A stacked plot of solid-state 13C NMR for L-isoleucine measured in the external current 

mode. [a] The spectrum was achieved without an external lock operation. [b] The spectrum was 
achieved with an external lock. External lock continuously stabilized the magnetic field.  
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Fig.3 A 2D- 13C-13C NOESY spectra of uniformly 13C and15N labeled L-isoleucine (0.03mg). 
Both spectra were acquired at a spinning speed of 14kHz, and the measuring time was 34min.  
[a] In the case of LTS magnet at 13C NMR frequency of 125.7MHz. [b] In the case of HTS/LTS 
magnet with external lock. 

 

 
 

  
 
 
 

 
 

 
Fig.4 [a] Microcoils are set in the upper and lower side of a MAS. [b] Microcoil in the lower 

side. ; [c] Microcoil in the upper side. ; [d] 2.5mm of sample tube. 
  
 

(1) T.kiyoshi, A.Otsuka, S.Matsumoto, K.Zaitsu, T.Hase, M.Hamada, M.Hosono, M.Takahashi, 

T.Yamazaki, H.Maeda; IEEE Transaction on Applied Superconductivity, 18 (2008) 860-863. 

(2) Y.Yanagisawa, H.Nakagome, M.Hosono, M.Hamada, T.Kiyoshi, F.Hobo, M.Takahashi, T.Yamazaki, 

and H.maeda; Towards beyond-1GHz solution NMR: internal 2H lock operation in external current 

mode, J.Mag.Res.192, 2008, 329-337. 
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Solid-state NMR structural study of Anabaena Sensory Rhodopsin 
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2
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3
Department of Life Science and Interdisciplinary Program of Integrated Biotechnology, 
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Anabaena sensory rhodopsin (ASR) is a retinal-binding seven-helical transmembrane protein 

discovered in a photosynthetic cyanobacterium, Anabaena. Here, we show 3D chemical shift 

correlation and H/D exchange measurement on U-
13

C, U-
15

N labeled ASR sample in the 

native-like lipid environment by solid-state NMR. We report backbone and side chain 

assignments for the transmembrane and the loop regions, analysis of secondary structure,  

protonation states and hydrogen-bonding strength of many polar amino acid residues. H/D 

exchange pattern strongly suggests that ASR is located asymmetrically relative to the lipid 

bilayer, with the cytoplasmic part being more exposed to the solvent. 
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Structural analysis of the protofibrils of amyloid -protein using solid-state 
NMR

Takashi Doi1, Yuichi Masuda1, Kazuyuki Takeda1, Kazuhiro Irie2, and K. Takegoshi1

1Graduate School of Science, Kyoto University, Kyoto, Japan. 2Graduate School of 
Agriculture, Kyoto University, Kyoto, Japan.  

Alzheimer’s disease (AD) is caused by abnormal deposition of 42-residue amyloid 
-protein (A 42) in the brain.  In the process of fibrillation, A 42 takes the form of an 

oligomer intermediate, which shows stronger neurotoxicity and is thus believed to play a 
crucial role in the pathogenesis of AD.  To elucidate the supramolecular structure of the 
A 42 protofibrils, a kind of soluble oligomers, intermolecular proximity of the Ala-21 
residues in the A 42 protofibrils was studied by 13C-13C rotational resonance experiments in 
the solid state.  Unlike the A 42 fibrils, no intermolecular 13C-13C correlation was found in 
the A 42 protofibrils.  This result suggests that there is no intermolecular parallel -sheet in 
the A 42 protofibrils. 

Alzheimer’s disease : AD 42
amyloid -protein : A 42

A 42
AD

A 42 -
[1,2] -

Walsh 4-10 nm 200 nm
[3]

A 42 A 42
- Rotational Resonance R2

13C A 42
A 42 - Ala-21 13C

A 42 R2 2 13C MAS

R2 Ala-21 CO 13C A 42
C 13C A 42 1:1 Fig. 1
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Fig. 2.  A pulse sequence of 1D R2 experiment 
with chemical shift filter. 
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Fig. 1.  Amino acid sequence of 13C labeled A 42.
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References. 

Fig. 3.  13C 1D R2 spectra of A 42 fibrils (A) and protofibrils (B). 
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Dynamic Structural Analysis of Halobacterial Transducer Transmembrane 
Protein, pHtrII by Solid-State NMR Spectral Simulations 

Keisuke Ikeda1, Ayako Egawa1, Tomoshi Kameda2, Kokoro Hayashi3, Chojiro Kojima1,3, 
Hideo Akutsu1 and Toshimichi Fujiwara1 
1Institute for Protein Research, Osaka University 
2Computational Biology Research Center, AIST 
3Graduate school of Biological Sciences, NAIST 

The negative phototaxis of N. pharaonis halobacteria is triggered by the light activation of 
phoborhodopsin ppR. A transducer protein, pHtrII forms a complex with ppR on cell 
membranes. The structural change of ppR induced by photoirradiation is thought to be 
transmitted through the transmembrane helices and the membrane-adjacent HAMP domain of 
pHtrII to the cytoplasmic catalytic domain. However, little is known about the structure and 
dynamics of pHtrII. Here, we have investigated the structures and dynamics of a 159-residue 
fragment of pHtrII in DMPC bilayers by the solid-state NMR measurements, the spectral 
calculations and the molecular dynamics simulations. The 13C-13C spin diffusion and 
HCC-FLOPSY spectra were used to identify the rigid/mobile region and the secondary 
structures of the protein. 

P72

－330－



’

’

’

－331－



2  

Stable isotope labeling of model peptides for local structure of spider 
dragline silk and the structural analysis using solid- state NMR 

Yuya Satoh1, Yasumoto Nakazawa2 and Tetsuo Asakura1 
1Department of Biotechnology, Tokyo University of Agriculture and Technology,Japan 
2Nature and Science Museum, Tokyo University of Agriculture and Technology,Japan  

Spider dragline silk is well-known as the strongest natural fiber and it is interesting to clarify 
the origin on the basis of the structure in the solid state. We synthesized several model 
peptides of the spider silk with different 13C labeling sites and 13C CP/MAS NMR analysis 
was performed by conformation-dependent chemical shifts. Especially, the conformations of 
Gly and Ala residues in the different sites of Gly rich-region and the conformational changes 
by stretching and pH changes were monitored by 13C CP/MAS NMR. The stretching was 
performed for poly(vinyl alcohol) membranes containing these model peptides as a mimic of 
spider dragline. The MD simulation of the peptide sequence in water under stretching was 
also performed to examine the structural change. 

MaSp1 (Major Ampullate 
Spidroin 1) Ala

Gly rich (Fig.1) Ala
-sheet Gly rich

MaSp1 
pH

NMR  

NMR

 

Fig. 1 The primary structure of Nephila Clavipes MaSp1 

N-terminal

GAG AAAAAA GGAGQGGYGGLGGQGAGQGGYGG LGGQGAGQ 

GAG AAAAAAA GGAGQGGYGGLGSQGAGRGGQ 

GAG AAAAAAAGGAGQGGYGGLGNQGAGR GGQ 

GAG AAAAAA GGAGQGGYGGLGGQGAGQGGYGGLGSQGAGRGGLGGQ 

GAG AAAAAAAGGAGQGGLGGQGAGQ 

GAG AAAAAA GGAGQGGYGGLGSQGAGRGG LGGQ 

GAG AAAAAAA GGAGQGGYGGLGNQGAGRGGQ C-terminal 
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film before and after stretching. 
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Analysis of structure and orientation of melittin bound to membrane by 

solid state 
17

O NMR 

Yugo Tasei
1
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, Izuru Kawamura

1
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Graduate School of Engineering, Yokohama National University, Japan 

2
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Engineering, Tokyo Institute of Technology, Japan.  

 Melittin is a main component of Apis mellifera’s honeybee venom, and binds strongly to 

membrane. Morphological change of 1,2-dimyristoyl-sn-glycero-3-phosphocholine (DMPC) 

bilayers containing melittin occur around the gel-to-liquid crystalline phase transition 

temperture (TC). When temperature is above the TC, giant vesicles are formed in the 

melittin-DMPC bilayers. When temperature is below the TC, giant vesicles are disrupted to 

form small particles. When temperature is above the TC, DMPC bilayer have magnetically 

aligned along the static magmetic field. In this study, [17O]Trp19-melittin is synthesized to 
observe 17O NMR for the melittin bound to membrane. 17O NMR of [17O]Trp19-melittin 
powder has provided with 7.3MHz and 0.6 for quadrupole coupling constant (CQ) and 
asymmetry parameter ( Q) , respectively. We will discuss on the analysis of 17O NMR signal 
for membrane bound melittin in this conference. 

Apis mellifera 50

Gly-Ile-Gly-Ala-Val-Leu-Lys-Val-Leu-Thr-Thr-Gly-Leu-Pro-Ala-Leu-Ile-Ser-Trp-Ile-Lys 

-Arg-Lys-Arg-Gln-Gln 26

(TC)

31
P NMR TC

-

[1][2]
17

O NMR
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Fig.1 Structure of  
Fmoc [17O]-Tryptophan 

Fig.2 17O DD-MAS NMR spectra of [17O]Trp-melittin 
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Solid State NMR of Membrane Protein Halorhodopsin - Optimization of 
Isotope Labeling - 

Hajime Tamaki1, Marika Higuchi1, Ayako Egawa2, Toshimichi Fujiwara2, Jun 
Yokoyama3,4,5, Takanori Kigawa3,4, Kazumi Shimono3,6, Tomomi Someya3, Mikako 
Shirouzu3, Shigeyuki Yokoyama3,7, Masakatsu Kamiya1, Takashi Kikukawa1, Tomoyasu 
Aizawa1, Keiichi Kawano1 and Makoto Demura1 
1Graduate School of Life Science, Hokkaido University, Sapporo, Japan. 2Institute for Protein 
Research, Osaka University, Osaka, Japan. 3RIKEN Systems and Structural Biology Center 
(SSBC), Yokohama, Japan. 4Interdisciplinary Graduate School of Science and Engineering, 
Tokyo Institute of Technology, Yokohama, Japan. 5Taiyo Nippon Sanso, Japan. 6College of 
Pharmaceutical Sciences, Matsuyama University, Matsuyama, Japan. 7Graduate School of 
Science, The University of Tokyo, Tokyo, Japan. 
 
Rhodopsin is a membrane protein having a typical seven-transmembrane-helical structure. 
Archael rhodopsin, the structural family of rhodopsin, functions as light-driven ion pump or 
sensor. Halorhodopsin (HR), one of archael rhodopsin, is an inward-directed light-driven 
chloride pump. In the photo-excited state or chloride-bound state, HR would undergo 
dynamic structural changes such as helix moving, opening of uptake channel, etc. However, 
there is no direct evidence for these structural changes of HR. The purpose of this study is 
structural characterization of HR by using solid-state NMR. In this presentation, we introduce 
multi-dimensional magic angle spinning solid state NMR of uniformly and selectively 13C and 
15N labeled HR, which is reconstituted with lipid, for the assignments and structural analysis. 
Sequential specific assignment and secondary structure analysis using Chemical Shift Index 
suggested the structural changes of extracellular loop by chloride binding to HR. 
Optimization of isotope labeling by spectral simulation was performed to design the 
assignment to extracellular loop of HR. 
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Analyses of amyloid fibrillation mechanism and its inhibition effect of hCT 
as studied by 13C solid-state NMR 

Hikari Watanabe(Itoh)1, Miya Kamihira2, Masasi Konndou3, Michio Sato3, Masamichi 
Nakakoshi3, and Akira Naito1 
1Gradute School of Engineering, Yokohama National University 
2Institute of Multidisciplinary Research Tohoku University 
3Instrumental Analysis Center, Yokohama National University   

Human calcitonin (hCT) is known as forming amyloid fibril in concentrated aqueous 
solution. We have shown that the fibrillation mechanism of hCT can be analyzed by the two 
step autocatalytic reaction mechanism. In this study, we investigated inhibition effect in the 
fibrillation of hCT. First, we investigated inhibition effect on a variety of solvent in fibrillation.  
The morphology of hCT in the initial step of fibrillation in HEPES aqueous solution was 
examined by means of TEM. It was revealed that the fibrillation rate became very slow and 
consequently spherical intermediate appeared. Second, we determined the role of Phe residue 
in fibrillation by comparing the fibrillation rates of hCT mutants (F19L-hCT) with that of 
Wt-hCT. 13C NMR experiments were performed on the fibrillations of hCT mutants at pH3.3, 
5.3 and 7.4. The 13C NMR signals showed that structural transition of hCT mutants from 
random coil to -sheet and random coil near C-terminal regions appeared during fibrillation. 
Rate constant, k1s of hCT mutants are determined to be as fast as those of Wt-hCT, while k2s 
of hCT mutants were decreased. These results suggest that Leu at the position of Phe in hCT 
mutants pronouncedly inhibit the fibril elongation process. 

solid-state NMR amyloid fibril amyloid fibril inhibitor 
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Fig.1  

k2

micellemonomer  nucleus fibril  
Fig.1 The mechanism of fibrillation 

 
 

Wt-hCT

HEPES  

Fig.2 Wt-hCT image 
in the initial step of fibrillation

in HEPES aqueous solution
 

 
 sodium phosphate buffer aqueous acetic acid HEPES Buffer

Wt-hCT by TEM 
(0.0025g/l) protofibril 

30mins  2days  7weeks  

F19L-hCT by 13C NMR 
(40g/l) CP-MAS Spectra 
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Table1. inhibition effect by 3 types of solvents 

 
Table1 Wt-hCT
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TEM Wt-hCT

Fig.2
 

hCT
NMR

Table2 HEPES
 

CP-MAS NMR
HEPES 10 NMR

Wt-hCT hCT HEPES
 

 
 

hCT Phe, Tyr  
stacking hCT F19L-hCT
hCT  

 
Wt-hCT hCT DD-MAS

CP-MAS Table 2  
 

Table 2 13C chemical shifts of hCT and its mutants (ppm from TMS) and their assignments  
Sample Gly10 C=O Ala26 CH3 

Condition: pH3.3  

hCT 
Monomer(a) 

Fibril(b) 
171.8 ( -helix) 
169.9 ( -sheet) 

 16.9 (random coil) 
19.3 ( -sheet), 21.3 ( -sheet) 

F19L-hCT 
Monomer(a) 

Fibril(b) 
171.9 ( -helix) 
170.0 ( -sheet) 

16.9 (random coil) 
19.1 ( -sheet), 17.0 (random coil) 

Condition: pH5.3 HEPES  

F19L-hCT 
 

Monomer(a) 
Fibril(b) 

171.8 ( -helix) 
169.6 ( -sheet) 

16.9 (random coil) 
19.1 ( -sheet), 17.0 (random coil) 

Condition: pH7.4  
hCT Monomer(a) 171.8 ( -helix) 16.9 (random coil) 

F19L-hCT Monomer(a) 171.8 ( -helix) 16.9 (random coil) 

(a) DD-MAS,  (b) CP-MAS 
 

-helix
C random coil

pH3.3 hCT F19L-hCT C random coil
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-sheet random coil Wt-hCT

 
 

hCT Fig.1
k1 k2  

hCT F19L-hCT
CP-MAS NMR

Fig.3 -sheet

Table 2  
 

Table 2 Wt-hCT hCT k1

k2 100  
4

F19L-hCT -  stacking
-sheet

 
Table3 Kinetics parameters for fibril formation of Wt-hCT, F19L-hCT and L-3-mutant hCT 

L3-mutant hCT 3 Phe Leu hCT  
 

HEPES
HEPES

hCT Wt-hCT

F19  

pH 7.4 pH3.3 
 

k [s-1] k2[s-1M-1] k1[s-1] k2[s-1M-1] 

Wt-hCT 2.79×10-6 2.29 3.28×10-6 2.04×10-3 

F19L-hCT 7.41×10-9 2.90×10-2 1.27×10-6 1.58×10-3 

L3-mutant hCT 1.52×10-6 1.03×10-2 1.85×10-6 6.14×10-4 

ppm

10hr

27hr

54hr

170.0ppm

-sheet

CP-MAS

112hr

Fig.3 13C NMR sprctra of 
[1-13C]Gly10,F19L-hCT 
 at CP-MAS in the time  

course of fibril formation 
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Solid-solution transition analysis of cellulose upon ionic liquid 
pretreatments by monitoring its chemical shift perturbation   

Tetsuya Mori1,2, Yuuri Tsuboi3, Nobuhiro Ishida1, Noriko Shisa4, Yoshiyuki Noritake4,
Shigeharu Moriya3,5,7, Haruo Takahashi1, Jun Kikuchi2,5,6,7

1TOYOTA Central R&D Labs. Inc.,.  2Grad. Sch. Bioagri. Sci. ,Nagoya Univ.,  3RIKEN ASI,
4TOYOTA Motor Corp., 5Grad. Sch. Bionano., Yokohama City Univ., 6RIKEN PSC, 7RIKEN 
Biomass Eng. Prg. 

Plant biomass including cellulose is abundant renewable resources produced by H2O and CO2

through photosynthesis. However, “biomass recalcitrance” is significant issue for its effective 
use in biorefinery process as alternative oil resources. In other words, physicochemical 
analysis such as solid-solution transition, might be key technology for promotion of 
biorefinery era, whereas petroleum-derived polymers could be easily done. Therefore, we
have tried for analysis of structural transition of 13C- labeled cellulose upon ionic liquid 
pretreatments using solid- and solution-state NMR. Especially, we monitored chemical shift 
perturbation of cellulose and ionic liquids before and after pretreatment processes. 

1-5)

NMR
6)

NMR
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 Fig. 1, Diagrammatic illustration of structural evaluation of cellulose  
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13C NMR MAS

Solid State 13C NMR Study of Natural Rubber Stretched by the MAS 
Atsushi Asano, Masashi Kitamura, Chikako Nakazawa, Takuzo Kurotsu 

Department of Applied Chemistry, National Defense Academy, Japan 

Soft materials, such as elastomers or rubbers, are deformed under the conditions of fast 

magic-angle spinning (MAS) and relatively moderate temperature. The deformation will 

cause a change of its original molecular motion, molecular orientation, and morphology. We 

found that a natural rubber (NR) after experience of MAS over 5 kHz and 60 C, which 

elongation against the rotor axis (cylindrical height direction) is restrained by teflon spacers, 

shows a wider static 13C NMR line shape than that of a pristine NR. However, the static 13C

NMR spectrum of a stretched NR after the experience of MAS over 5 kHz and 60 C without 

teflon spacers resembles that observed by Kimura et al. in Polym. J., 2010. Furthermore, we 

found that 13C NMR chemical shifts of NR under the MAS condition depends on temperature, 

but the temperature dependence under the static condition was different from those under the 

MAS condition.

MAS Magic

Angle Spinning; MAS

13C DDMAS NMR
1)

MAS

MAS

MAS

3 v-NR unv-NR

NR 13C NMR Varian NMR systems 

400 WB 6.0 mm 3 mm

MAS 13C NMR
13C T1

C

Keywords , ,

, , ,

P79

－346－



C CH

CH2 H2C

H3C

n
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Contact Time Calibration at Cross Polarization 
under Fast Magic Angle Spinning 

Jun Ashida 
Agilent Technologies Japan Ltd. (Varian Technologies Japan Ltd.) 

Because of the low sensitivity of 13C Solid State NMR, Cross-Polarization (CP) 
technique is generally used to obtain higher 13C signal intensity. In order to obtain 
maximum intensity, it is necessary to calibrate contact time carefully for every sample. 
However, in some cases, because of the low signal-to-noise ratio or long relaxation 
time, it is not easy to calibrate. Therefore we often start the experiment without 
adjustment, and use the value from our experience.

Contact time of 0.5-2.0ms and >5.0us are usually used as standard for crystal and 
amorphous regions, respectively. However these numbers are introduced more than 10 
years ago. 

Recently, a rotor size is becoming smaller, so we can spin the sample faster and 
can input higher RF power. In this paper, the contact time dependence of sample 
spinning speed, RF power, and the pattern of CP are described. 

H
CH TtTtItI 1

1 expexp10 H
CH

C
CH TTTT 111

CP MAS
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23Na-MQMAS NMR法による高分子Na塩の研究 
○平沖敏文 1、藤江正樹 1、荒樋 周 1、畠山盛明 2、齋藤広児 2 

1 北大院工、２ 新日鐵先端研 
 

23
Na-MQMAS NMR Studies on Na ion complexes of Polymers 

○
Toshifumi Hiraoki

1
, Masaki Fujie

1
, Syu Arahi

1
, Moriaki Hatakeyama

2
, Koji Saito

2 

1
 Grad. Sch. Eng., Hokkaido University, 

 
2
 Advanced Technology Res. Lab., Nippon Steel Corp. 

 

Solid-state 
23

Na 3QMAS NMR measurements were made of sodium salts of poly(glutamic 

acid), poly(aspartic acid), and poly(methacrylic acid). Local structures of the sodium ion were 

characterized with the isotropic chemical shift cs and the quadrupole coupling product Pq to 

be 0 ~ -1 ppm and 1.6 ~ 2.1 MHz, respectively. 

 

序 

 水溶性ポリアミノ酸は、対イオンに依存してポリアミノ酸の固体状態の主鎖コンフ
ォメーションや対イオン結合部位の構造が変化することが知られている。本研究では、
23

Na MQMAS 法を用いて、高分子に対する Na(I=3/2)イオン結合部位の局所構造を検
討した。 

 

実験 

 23
NaNMR測定は JEOL ECA700(16.4T, 185 MHz)により、4mmローターを用いて室温

で行い、1 M NaCl水溶液を化学シフト基準に用いた。MQMAS測定は Z-filter 3QMAS

法を用いた。13
C-CPMAS測定は 75MHzで行った。 

 試料は、ポリメタアクリル酸 Na(PMA-Na)、ポリ
グルタミン酸 Na(PGA-Na)、ポリアスパラギン酸
Na(PAA-Na)及び酢酸ナトリウム 3H2Oを用いた。 

 

結果と考察 

 Fig.1に各試料の 23
Na-MASスペクトルとその化

学シフト値を示す。高分子系では半値幅が
400~600Hz の巾広いシングレットが得られた。化
学シフト値は Na-O間距離が長くなると、減少する
ので 1)、得られた結果は Na-O 間距離が
PMANa<PGANa<PAANa の順で長くなることを示
唆している。一方酢酸ナトリウムのスペクトルは
四極子分裂を含む線巾が狭い線形を示した。 

 

---------------------------------------------------------------------------------------------------------- 

キーワード：23
Na MQMAS、高分子錯体、四極子結合定数 

○ひらおき としふみ、ふじえ まさき、あらひ しゅう、はたけやま もりあき、さいとう こうじ 

Fig. 1 23Na MAS NMR spectra 
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  13
C CPMAS スペクトルの化学シフ

ト値から求めた高分子のコンフォメ
ーションはそれぞれコイル、コイル/

ヘリックス、ヘリックスである。 

 酢酸ナトリウムの 23
Na 3QMASスペ

クトルを Fig.2に示す。3種の Na部位
の存在が明瞭に判別でき、それぞれの
化学シフト等方値( cs)と四極子積（Pq）
を求めた。強度が最大のシグナル Iは

cs=0.01ppm、Pq= 1.44MHzである。II

は-1.91ppm、1.27MHz、IIIは-0.34ppm、
1.40MHzである。 

 Fig. 3にPGANaの 23
Na 3QMASスペ

クトルを示す。正の傾きを示す巾の広
い 単 一 シ グ ナ ル が 観 測 さ れ 、

cs=0.04ppm、Pq =1.64MHzが得られた。
この試料のコンフォメーションは
70％がコイルで、30%がヘリックスで
あるが、線形に影響はないようである。 
 Fig. 4に PAANaの 23

Na 3QMASスペ
クトルを示す。PGANa と同様に正の
傾きを示す巾の広い単一シグナルが
得られ、 cs= -1.32ppm、Pq=2.02MHz

である。 

 PMANaの 23
Na 3QMASスペクトル

（Fig. 5）は PGANaや PAANaと同様な線形を示し、 cs= -0.44ppm、Pq=2.10MHzであ
る。 

 高分子 Na塩の Pq値はいずれも低分子結晶の NaAcetateより大きい。 csはコンフォ
メ-ションにはほとんど依存していない。 

  

 1) A. George, S. Sen, J. Stebbins, Solid State NMR, 10, 9(1997).  
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Analysis of ionic mobility in the porous separator for Li ion battery 
Takuya Morikawa1, Yasuhiro Hashimoto1, Hirohide Otobe1, Aguru Yamamoto1,
Akira Yoshino2

1ASAHI KASEI CORP. Analysis & Simulation Center  
2ASAHI KASEI CORP. Yoshino Laboratory 

Li-ion, diffusing in confined micro porous spaces of the membrane separator was 
characterized with PFG-NMR. By placing the membrane sample with its direction 
appropriately set, every x/y/z component of the ion mobility was individually obtained. 
Further, with the varied diffusion time, an anomalous diffusion behavior was observed. These 
anisotropy and anomalous diffusion phenomena may well be related with the inhomogeneity 
of the micro pore distribution. With further information from FIB-SEM and computer 
simulation combined, we will discuss the battery characteristics, focusing on the Li-ion 
diffusion and micro porous structure. 

LIB
PFG-NMR

LIB 1) 

PFG-NMR LIB

PFG-NMR
FIB-SEM

LIB

( )
PFG-NMR

Li+ Stejskal
PFG-NMR JEOL ECA400 13T/m

1M LiTFSI / EC-MEC(1 : 2  
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Fig.1
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Z X Y

Fig. 1  Sample preparation for
PFG-NMR measurement

FIB-SEM HITACHI
NB5000

FIB
SEM e-

Ga+

FIB
SEM

LIB

LIB

Fig. 2  Fabrication observation
image of FIB-SEM

Fig.3

LIB

LIB

PFG-NMR
Fig.4

PFG-NMR
FIB-SEM

Fig.3 Diffusion constant of Li+ in 
the separator normalized against the
bulk electrolyte.

Fig. 4 The diffusion plot of
electrolyte in separator.1) Hayamizu K. et al, J. Phys. Chem. B, 1999, 103, 519-524. 
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6Li/7Li MAS NMR studies on LiCoO2

Miwa Murakami1, Yasuto Noda2,3, Kiyonori Takegoshi2,3, Hajime Arai1,
Yoshiharu Uchimoto4, Zenpachi Ogumi1

1Office of Society-Academia Collaboration for Innovation, Kyoto University, Kyoto, Japan. 
2 Graduate School of Science, Kyoto University, Kyoto, Japan. 3 CREST, Japan. 
4 Graduate School of Human and Environmental Studies, Kyoto University, Kyoto, Japan.

6Li/7Li solid-state magic-angle spinning (MAS) NMR has been employed to study 
microscopic local structure of LiCoO2, which is one of the most widely used cathode 
materials in lithium ion batteries. The 6Li/7Li MAS spectra consist mainly of a strong sharp 
signal at 0 ppm and several small signals at ca. 183, 4, -5, -16 ppm. The shift was attributable 
to hyperfine interaction between Li and paramagnetic Co ions, which are introduced by 
excess Li ions occupying the Co sites in the -NaFeO2 lattice structure. 7Li-7Li 2D exchange 
NMR experiment bears cross peaks among the central Li peak and the minor peaks, for which 
the exchange mechanism is ascribed to spin-diffusion. Analysis of the 2D NMR spectra as 
well as T1 measurement allow us to assign the minor peaks and local structures of these minor 
Li sites near the paramagnetic center is discussed. 

 Fig. 1 7Li/6Li MAS spectra of 

LiCoO2 observed at 9.4 T with the 

MAS frequency of ca. 20 kHz. 
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7Li-7Li 2D NMR
500ms

(A-C)

Li

( YP5)
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6Li
2D

6Li-6Li 2D

Li
Co

T1
7Li

6Li T1

T1 (ca. 7 s)
T1

T1 Li

T1

183 ppm T1 0.1 s
183 ppm Li Co

References 
1. S. Levasseur et. al., Chem. Mater. 15 (2003) 348-354. 

 Fig. 3 Recovery curves of 6Li signal intensities 

of LiCoO2 observed at 14 T with the MAS 

frequency of ca. 14 kHz. 

Fig. 2 7Li-7Li 2D exchange MAS spectrum 

of LiCoO2 observed at 9.4 T with the MAS 

frequency of ca. 19 kHz. 
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Ion dynamics in alkali borohydrides
Keiko Jimura and Shigenobu Hayashi 

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

Hydrogen gas is a clean energy source for fuel cells. Hydrogen storage with high densities 
is one of key technologies to realize the fuel cells. A number of materials containing hydrogen 
have been studied as hydrogen storage materials. Among them, Inorganic compounds such as 
sodium borohydride NaBH4 and lithium aluminum hydride LiAlH4 are attractive because of 
their high mass density of hydrogen. To understand hydrogen states and dynamics is useful to 
create new hydrogen-storage materials. Solid-state NMR is a powerful method to study local 
structure and dynamics. In the present work, we focus on alkali borohydrides. We have 
studied ion dynamics in alkali borohydrides by means of solid-state NMR.
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Fig. 1. 1H static NMR spectra of 
NaBH4 (200.13 MHz).

Fig. 2. 1H and 11B T1 of NaBH4, (A) 11B T1

(64.207 MHz), (B) 1H T1 (19.65 MHz) and
(C) 1H T1 (200.13 MHz).
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NMR measurements of Brønsted acid sites on zeolites  
Natsuko Kojima and Shigenobu Hayashi 

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

Zeolites are solid acid catalysts widely used. OH groups on the zeolite surface work as 
Brøensted acid. We can study the acid strength and the amount of the acid sites by 1H MAS 
NMR measurements. However, it is difficult to get the spectra of the OH groups, because 
zeolites easily adsorb H2O in air. In the present work, we have tried to reduce the H2O content 
as low as possible and we have obtained 1H MAS NMR spectra of OH groups on several 
zeolites. 

1H NMR

1H MAS NMR
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Figure 2. 1H MAS NMR spectra of H-type 

ZSM5 and HBEA after heating under vacuum.

Figure 1. 1H MAS NMR spectra of H-type 

mordenites and HY after heating under 

vacuum. 
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NMR C60  
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Solid-state NMR study of physical properties of C60 molecule intercalated in 
graphite oxide 

Daisuke Kuwahara1, Daisuke Inoue2, Masaru Suzuki1, Toshikazu Nakamura3, Makoto 

Ishikawa4, Koji Miura4 

1,2 Univ. of Electro-Communications, 3 Institute for Molecular Science, 4 Aichi Univ. of Education 
 

Recently, Miura and co-workers have synthesized the novel nanocomposite consisting of a 
stacked single graphite oxide sheet and a C60 fullerene monolayer (GO-C60) [1]. GO-C60 
shows a ultralow friction. In C60 fullerene and its compounds, one of the interesting topics is 
the rotational dynamics. Furthermore, understanding of the rotational dynamics in those 
materials is of importance to elucidate the mechanism for ultralow friction. Solid-state 13C 
NMR experiments for the fullerene and some compounds have revealed this dynamics. Thus 
motivated, we carried out solid-state 13C NMR experiments for GO-C60. In addition, we tried 
to confirm the intercalation of C60 into graphite oxide sheets by using solid-state NMR 
techniques. 
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2.  2.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Fig. 1 /C60 /

Figure 1. 
13C NMR spectra of static GO-C60 at 
different indicated temperatures. 

Figure 3. (a) Carboxyl carbon resonances of all 
13C enriched L-alanine measured (a) with  
pulses and (b) without pulses. 
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NMR BN

Structures of surface-modified boron nitride nano-particles and bonding
states of organic molecules studied by high-resolution solid-state NMR

Hiroyuki Souma and Shigenobu Hayashi 
Research Institute of Instrumentation Frontier, National Institute of Advanced Industrial 
Science and Technology (AIST), Tsukuba, Japan. 

It is important that the surface of nano-particles is modified by chemical species having hign 
affinity with the matrix in order to disperse nano-particles uniformly in the matrix. We 
demonstrated previously that solid-state nuclear magnetic resonance (SSNMR) can detect the 
bonding between the surface of the titania nano-particles and the surface-modified reagent. 
And we proved previously that SSNMR is very useful to characterize the surface-modified 
nano-particles. In the present study, we have synthesized boron nitride (BN) nano-particles 
modified by propylphosphonic acid (PPA) and decylphosphonic acid (DPA), and have 
demonstrated that SSNMR can detect the bonding between the surface of the BN 
nano-particles and PPA or DPA.  

PPA DPA

[1]
BN

PPA DPA NMR
BN

BN

PPA DPA BN
PPA/BN DPA/BN 100 3

31P CPMAS NMR 11B MAS NMR 1H MAS NMR Bruker 
ASX400 31P 161.98MHz 11B 128.34MHz 1H 400.13MHz

NMR BN
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Figure 1. 31P CPMAS NMR spectra of a) PPA/BN 
nano-particles, b) crystalline PPA, c) DPA/BN 
nano-particles and d) crystalline DPA.

Bruker ASX200 11B 64.21MHz 1H 200.13MHz

PPA/BN DPA/BN 1H MAS NMR
PPA DPA

PPA DPA 31P
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PPA DPA/BN DPA 31P
CPMAS NMR Figure 1
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2
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31P CPMAS NMR

PPA DPA

11B MAS NMR

BN

NEDO

[1] 48 NMR (2009)
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NMR VHxDy (x+y 0.8)

Study of phase structures in VHxDy (x+y 0.8) using solid-state NMR

You Suzuki, Shigenobu Hayashi
Research institute of instrumentation frontier, National institute of advanced industrial 
science and technology (AIST)

Vanadium (V) metal can absorb a large amount of hydrogen to the extent of a 
hydrogen-to-metal atomic ratio of 2. It is known that the phase diagrams for vanadium 
hydride and deuteride are much different. Especially the hydrides and deuterides in which the 
hydrogen or deuterium contents are in 0.7~1.0 have different vanadium sublattices. In our 
previous work, the VHxDy system (x+y 0.8) was studied by X ray diffraction, 1H NMR and 
2H NMR. And the hydrogen and deuterium diffusion were analyzed by spin-lattice relaxation 
time. In the present work, we have studied the phase structure in the VHxDy system (x+y 0.8)
at room temperature using 1H and 2H MAS NMR.

[ ]

(Fig. 1)
VHxDy x+y 0.8 X
NMR

VH0.84

(BCT) 6
VD0.81

(BCC) 4
VH0.4D0.4 BCC BCT

NMR

1H, 2H NMR

NMR, ,

Fig. 1 The phase diagrams of vanadium 
hydride (A) and deuteride (B)

(A)

(B)
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[ ]

1H 2H NMR Bruker ASX400 ( 1H 400.13 MHz, 2H 61.423
MHz) 1H, 2H NMR 2.5 mm

(MAS) 12~20 kHz

[ ] Fig. 2 1H MAS NMR
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Fig. 2. 1H MAS NMR spectra of VHxDy,
referenced to the signal of TMS. The MAS ratio 
was 12 kHz. The marks * indicate background 
peaks
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Fig. 3. 2H MAS NMR spectra of VHxDy,
referenced to the signal of TMS. The MAS 
ratio was 20 kHz.
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Solid state NMR study  
of proton conductors based on metal pyrophosphates 
Masakazu Nishida1, Koji Genzaki2, Haruhiko Fukaya1, Wataru Kanematsu1, and Takashi 
Hibino 2

1National Institute of Advanced Industrial Science and Technology (AIST), Chubu, Japan.  
2 Graduate School of Environmental Studies, Nagoya University, Nagoya, Japan. 

Protons and phosphates in metal prophosphates were analyzed by solid state NMR in order to 
investigate proton conduction in these materials. The results of solid state NMR analysis 
suggested that active species of the metal pyrophosphate were dependent on the 
hygroscopicity: there were different pathways for protons, depending dopant species and 
preparation procedure. In3+ and Al3+ doped tin pyrophosphates had an active P2O7 unit, which 
was easily absorbing moisture, while SnP2O7-SnO2 composite has an active PO4 unit, being 
less active for moisture. Furthermore, the P2O7 unit of Mg2+ doped tin pyrophosphate was 
restricted in bulk, resulting in less proton conductivity at ambient temperature. 

Fig. 1. Structure of doped tin  
pyrophoshate (blue: SnO6,
yellow: P2O7; red: dopant) 
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Fig.4. 31P DD/MAS NMR of 
tin pyrophosphates 
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Fig.5. 31P CP/MAS NMR of 
    tin pyrophosphates 
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Fig.2. 1H MAS NMR of 
Sn1-xMxP2O7 (M=In, Al, Mg)
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Fig.3. 1H MAS NMR of tin 
pyrophosphates 

24681012141618
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In3+ (10 mol%, washed) 
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Hydrothermal formation of tobermorite studied by solid-state 43Ca NMR
Mie Nayuki1, Yasuhiro Hashimoto1, Masamichi Tsunashima1, Jun Kikuma1,

Shinya Matsuno1, Masataka Tansho2, Tadashi Shimizu2, Kunio Matsui3

1Asahi kasei Corporation, 2National Institute forMaterial Science, 3Asahi kasei Construction 
Materials Corporation  

Tobermorite, a naturally present hydrated calcium silicate, is hydrothermally produced in 
industry. To clarify the synthetic pathway, we have been performed in-situ XRD under 
autoclaved condition. However, the information on the amorphous phase including a key 
intermediate, C-S-H, has yet to be extracted. Here, ex-situ NMR was carried out for the 
intermediates quenched at varied reaction time. In our attempt to comprehensively understand 
the pathway, natural abundance 43Ca solid-state NMR in addition to the conventional 29Si and 
27Al NMR spectroscopy was carried out. In this report, we will discuss the structure of the 
C-S-H and its conversion to tobermorite in terms of the CaO and SiO layer structure as well 
as the Al3+ incorporation.   

(5CaO 6SiO2 5H2O)

Fig.1

in-situ X
C-S-H

Al

CaO layer

CaO layer

SiO layer

Al substitution

Ca2+
Ca2+

Fig.1  Tobermorite structure.
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Fig.1  Tobermorite structure.

NMR X

CaO SiO2 Al2O3

27Al 29Si NMR 43Ca NMR

43

P90

－368－



43Ca NMR JEOL ECA930 
(21.8T) 27Al 29Si NMR

ECA700 (16.4T)
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Fig.2   Solid -state 43Ca NMR (16.4T) spectra
of a series of cement based materials.
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Fig.2   Solid -state 43Ca NMR (16.4T) spectra
of a series of cement based materials.
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Fig.3 Hydrothermal formation of tobermorite
monitored by solid-state  NMR.
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ε-Keggin 95Mo NMR
◯飯島隆広 1, 西村勝之 1, 山瀬利博 2,3, 丹所正孝 4, 清水　禎 4

（分子研 1, 東工大 2, MOデバイス 3, 物材機構 4）

Solid state 95Mo NMR of ε-Keggin polyoxomolybdates
T. Iijima1, K. Nishimura1, T. Yamase2,3, M. Tansho4, T. Shimizu4

Institute for Molecular Science1, MO Device2, Tokyo Institute of Technology3, National

Institute for Materials Science3

We report solid state NMR of 95Mo NMR of ε-Keggin polyoxomolybdates. 95Mo

static NMR spectra for a diamagnetic crystal of [PMo12O36(OH)4 {La(H2O)2.75Cl1.25}4]·
27H2O were measured under moderate (9.4 T) and ultrahigh (21.8 T) magnetic fields to

clarify the localization of eight d1 electrons included in the {Mo12} core. The obtained

spectra could be simulated by superimposing two subspectra that arise from Mo(V) and

Mo(VI) with the ratio 2:1. NMR parameters were estimated by density functional theory

(DFT) calculation with a localized-electron model. From these results, it was found that

eight d1 electrons of Mo(V) are localized to form four Mo(V)-Mo(V) bonds.

【 】モリブデンには 0-6価の原子価状態があり、これまで溶液NMRでは全ての整数原
子価について 95Mo NMRの研究が報告されている [1]。特に、Mo(0), Mo(II), Mo(VI)は
配位化学や反応性の研究で広く用いられてきた。一方、固体NMRでは、I = 5/2の四極
子核である 95Moのスペクトルは、核四極相互作用により線幅が広がってしまうため、固
体 95Mo NMRによる研究は多くなかった。最近我々は、感度・分解能を向上させるため
強磁場マグネットを使用して、局在化または非局在化した d1電子を有する混合原子価モ
リブデン (V, VI)ポリ酸の固体 95Mo NMRを測定し、これまで観測例のなかったMo(V)

の固体 95Mo NMRスペクトルを報告した [2]。その中で、Mo(VI)サイトに比べMo(V)サ
イトの 95Mo化学シフトは大きくなること、また d1電子の局在性の違いにより化学シフ
ト異方性が大きく異なることを示した。

今回研究対象としたのは ε-Keggin型の {Mo12}をコアとする化合物 [PMo12O36(OH)4

{La(H2O)2.75Cl1.25}4] · 27H2O（以下 {Mo12}(La)）である。おおよその構造は、{Mo12}
が 4つの La(H2O)2.75Cl1.25でキャップされたものである [3]。構造式に小数が現れるのは
La(III)に配位したH2Oや Clが disorderしているためである。電位差滴定の結果による
と {Mo12}のMoは 8個のMo(V)と 4個のMo(VI)から成っており、Moも disorderして
いるのではないかとされているが、X線回折の結果からは一つのMoサイトしか報告され

95Mo, ポリ酸

○いいじま　たかひろ、にしむら　かつゆき、やませ　としひろ、たんしょ　まさたか、
しみず　ただし
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ておらず、構造の詳細（Mo(V)の d1電子の局在性）は分かっていない。
本研究では、強磁場マグネット等を用いた固体 95Mo NMR測定を行い、得られたス

ペクトルのシミュレーションや量子化学計算により {Mo12}(La)の構造を調べたので、結
果を発表する。

【 】9.4 Tでの 95Mo固体NMRはVarian Inova 400分光器を用い、共鳴周波数 26.060

MHzで測定した。21.8 Tでは JEOL ECA 930 分光器を利用し共鳴周波数 60.572 MHzで
95Mo固体NMR測定を行った。測定は静止サンプルに対しエコー法で行った。スペクト
ル・シミュレーションは自作のプログラムを用いて行った。NMRパラメータのDFT計算
は、VWN + BPの汎関数及び triple-ζレベルの Slater型基底関数を用い、ADF 2009.01

で行った。

【 】Figs. 1(i-a)および 1(ii-a)に
それぞれ、9.4, 21.8 T の磁場で測定した
{Mo12}(La)の 95Mo NMR staticスペクトル
を示す。両磁場とも、数千 ppmにわたるブ
ロードなスペクトルが得られた。Mo(V)の
d1 電子が分子全体に非局在化している場合
は、スペクトルは単一成分になるが、これら
のスペクトルをシミュレーションするには2成
分（Mo(V)とMo(VI)）が必要であった。Fig.

1(b)は、Fig. 1(c)と 1(d)を 2:1の強度比で
重ね合わせたシミュレーション・スペクトル
である。
一方、DFT計算においても、全てのモリ

ブデンが等価であるとする平均構造（X線に
よる構造）では計算が収束することはなかっ
た。そこで、d1 電子の局在化モデルとして
Mo-Mo の距離を可変（4つのMo(V)-Mo(V)

と 2つのMo(VI)-Mo(VI)）として計算を行っ

-500005000
υ / ppm

(i)

(a) Obs.

(b) Sim. 

(c) MoV

(d) MoVI

-300003000
υ / ppm

(ii)

Fig. 1: 95Mo MAS NMR spectra of
{Mo12}(La) under (i) 9.4 and (ii) 21.8 T.
(a) and (b) show the observed and simu-
lated spectra, respectively. (c) and (d) de-
note spectral components constituting the
spectrum in (b).

たところ、計算は収束しリーズナブルなNMRパラメータが得られた。以上のことから、
ε-{Mo12}コアの d1電子は局在化しており、Mo(V)-Mo(V)結合の形成に寄与していると
考えられる。

[1] M. Minelli, J.H. Enemark, R.T.C Brownlee. M.J. O’Connor, A.G. Webb, Coord.

Chem. Rev. 68, 169 (1985).

[2] T. Iijima, T. Yamase, M. Tanasho, T. Shimizu, K. Nishimura, Chem. Phys. Lett.

487, 232 (2010).

[3] P. Mialane, A. Dolbecq, L. Lisnard, A. Mallard, J. Marrot, F. Secheresse, Angew.

Chem. Int. Ed 41, 2398 (2002).
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Structural analysis of microbial poly(amino acid)s and their polymer blends 
by solid NMR 
Shiro Maeda1, Shingo Oumae1, Xiong Hui1, and Ko-Ki Kunimoto2 
1 Division of Applied Chemistry and Biotechnology, Graduate School of Engineering, 
University of Fukui, Japan and 2 Division of Material Engineering, Graduate School of 
Natural Science and Technology, Kanazawa University, Japan.  

Solid NMR measurements of poly ( -glutamic acid) ( -PGA), its sodium salt ( -PGA/Na) and 
poly ( -lysine), and their polymer blends were done. 13C spectrum of -PGA differs from that 
of -PGA/Na. C=O peak of -PGA and -PGA/Na were deconvoluted into three and two 
peaks, respectively. The miscibility of -PGA/PVA was investigated by measuring 1H 
spin-lattice relaxation times. There were unassigned peaks in CPMAS spectrum of -PL film 
cast from aqueous solution at 165ppm in 13C and 90ppm in 15N, respectively. These peaks are 
not observed in powder sample. We assigned these peaks to C=O and NH group of carbamic 
acid formed by reaction of the amino groups with gaseous CO2.  

 
3 ( - ) ( -PL)[1] ( -

) ( -PGA)[2] -PL L

streptomyces albulus -PGA

Bacillus
-PL -PGA

( - ) ( -PGA /Na)
NMR

 
-PL -PL

-PGA pH -PGA
-PGA/PVA

-PGA PVA

NMR Chemagnetics CMX
Infinity 300  
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Fig.4 13C CP/MAS NMR spectra of (a) -PGA,  
(b)-(f) -PGA/PVA, and (g)PVA. Molar unit ratio of 
-PGA/PVA are (b)2/1, (c)1/1, (d)1/2, (e)1/3, and (f)1/5. 

 
-PL -PL 13C Fig.1 15N Fig.2

13C 165ppm 15N 90ppm
CO2 NH2

(-NHCOOH) [3] 

-PGA -PGA 13C pH Fig.3 pH
-PGA pKa (=2.23) 180ppm

3 pH

IR  
50ppm C pH

pKa COO
C

 
-PGA/PVA -PGA/PVA 13C Fig.4

PVA 13C
3 3

T1
H T1

H  

[1] S. Maeda et al., Polym. Preprints.2008, 49, 730-731 
[2]S. Maeda et al., Polym. Preprints Jpn. 2008, 57, 3300, 2009, 58, 1162, 2010, 59, 1060 
[3]A. Dos et al., J. Phys. Chem. B, 2008, 112, 15604-15614 

200 150 100 50 0 PPM200 150 100 50 0 PPM

Fig.1 Solid state 13C NMR spectra of (a) -PL powder and 
(b) -PL cast film from aqueous solution. *:spinning side

350 300 250 200 150 100 50 0 -50PPM350 300 250 200 150 100 50 0 -50PPM  
Fig.2 Solid state 15N NMR spectra of (a) -PL powder and 
(b) -PL cast film from aqueous solution. 

(a) 

(b)

(a) 

(b) 

Fig.3 13C CP/MAS NMR spectra of -PGA film cast from 
aqueous solution at (a)pH7.1, (b)pH4.9, (c)pH3.3, (d)pH2.3, 
and (e)pH1.5 

* 

* 
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Solid-state NMR analysis of structure and composition of coal ash  
Xiongchao Lin1, Keiko Ideta2, Jin Miyawaki2, Isao Mochida3, Seong-Ho Yoon1,2,3

1 Interdisciplinary Graduate School of Engineering Sciences, Kyushu univ. ,2 Institute 
for Materials Chemistry and Engineering, Kyushu univ., 3 Research and Education 
Center of Carbon Resources, Kyushu univ.

Coal ashes usually become the cause of many troubles for a stable continuous operation in coal 
gasification process. Smooth tap-out of molting ash and slag from the gasifier is one of the most important 
tasks, which is sensitive to compositions and temperature of ash and slag. Correlation between structure and 
viscosity under various temperatures of the minerals was closely traced using 27Al-, 29Si-solid state NMR and 
XRD, etc. to interpret the transition behaviors and crystal structures of coal ash during gasification. Further, 
effects of Ca and Fe compositions, as are known as fluxing agents, on the structural changes of ash are also 
examined. 

P93

－374－



5 20 35 50 65 5 20 35 50 65 5 20 35 50 65

－375－



129Xe NMR
1 1 2 

1( ) 2  
 
Hyperpolarized 129Xe NMR of Xe in Catalysis Pores 

Mineyuki Hattori1, Takashi Hiraga1, and Shinichi Nakata2 
1 National Institute of Advanced Industrial Science and Technology, Tsukuba, Japan. 
2 Engineering and Resources Science, Akita University, Akita, Japan. 
 
129Xe 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 and tried to apply it to catalysis samples.  
 

Xe NMR
1

ms 1
Xe 129Xe NMR Xe

129Xe NMR

 
 

Xe NMR ( ) 3% Xe
[1]
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Rb
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 JRC-CEO-1 JRC-CEO-2 JRC-CEO-3 
Fe(%) 0.001  0.003  0.003  

m2/g  156.9 123.1 81.4 
nm  2.82 7.08 11.6 

 300 400  600  

 

 
129Xe ( ) FWHM  

NoTr: 200deg Ev:200 RT Ev:  
 

200
NMR

129Xe NMR 
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Analysis of molecular orientation in polyfluorene films by solid-state NMR 

Masashi Fukuchi, Tatsuya Fukushima, Atsushi Goto, and Hironori Kaji 
Institute for Chemical Research, Kyoto University, Kyoto, Japan. 
 
  Poly (9,9-di-n-octyl-2,7-fluorene) (PFO), a prototypical fluorene-based conjugated polymer, 
is a highly-efficient blue-emitting polymer with potential applications of light-emitting diodes 
and electrically pumped organic lasers.  Recently, it has been reported that optical and 
electrical properties of organic amorphous films were related to molecular orientations 
relative to the substrates.  In this study, we characterize molecular orientations in amorphous 
thin films of PFO by solid-state NMR.  From chemical shift anisotropy (CSA) measurements, 
it is found that 11 signal is reduced and 33 signal is enhanced when the thin films are 
perpendicular to B0.  This indicates that the fluorene rings tend to be parallel to the substrates.  
The quantitative analysis will be shown in the presentation. 
 

 

[1,2]

EL poly 
(9,9'-di-n-octyl-2,7-fluorene) (PFO)

[3]

PFO NMR
 

 
 

1 13C ( 13C1-FIQ PFO )
( 20 1 m) 30

13C (CSA)
NMR Bruker AVANCE III 9.4 T

Fig. 1.  Chemical structure of 13C1-FIQ PFO. 
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13C
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[1] D. Yokoyama, A. Sakaguchi, M. Suzuki, C. Adachi, Org. Electron. 2009, 10, 127. 
[2] D. Yokoyama, A. Sakaguchi, M. Suzuki, C. Adachi, Appl. Phys. Lett. 2009, 95, 243303. 
[3] M. Redecker, M. Inbasekaran, E. P. Woo, D. D. C. Bradley, Appl. Phys. Lett. 1999, 74, 1400. 

Fig. 2.  The 13C CSA spectra of 13C1-FIQ PFO in 
BULK (a), in cast films arranged perpendicular to 
B0 (b), and in cast films set parallel to B0 (c). 

(a)

(b)

(c)
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Multinuclear Solid-state NMR for Coal Organic and Inorganic
Structure

Koji Kanehashi1, Takafumi Takahashi2j ,
1Advanced Technology Research Laboratories, Nippon Steel Corporation

Detailed studies on the inorganic matter as well as organic one in coal are very
important from the viewpoint of both geology (coalification and diagenesis) and
coal utilization. Solid-state NMR, a nuclide specific method, is well suited for the
analysis of chemical structure of coal, multicomponent systems. In this study, we
have applied to 1H, 13C, 15N (organic species) and 27Al, 29Si, 11B (inorganic
species) solid-state NMR to obtain information about organic and inorganic
phases in coal.

90 mass%
10 mass%

NMR
13C, 27Al, 29Si

15N 11B

NMR Table 1

NMR
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N 1 mass% B 0.01 mass%

A, B 1H 15N CP/MAS Fig. 1

A B
B

B

CP/MAS N H

C 11B MAS Fig. 2 0 20 ppm 3

2 3 B 3
4

2
4 B

1H 11B CP/MAS
OH B

Pyridine Quinoline Pyrrole Indole Calbazole
Table 1   NMR parameters for coal samples.

Coal A

15N chemical shift / ppm

0100 -100 -200 -300 -400 -500

Coal B

11B chemical shift / ppm

50 40 30 20 10 0 -10 -20 -30 -40

Coal C

Fig. 1   1H 15N CP/MAS spectra for coal A and B. Fig. 2   11B MAS spectra for coal C.

11B chemical shift / ppm
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1H NMR MAS
CRAMPSCRAMPS

1 2
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2

Comparison of spectral resolution between high-speed MAS and
CRAMPS in 1H solid-state NMR for inorganic compounds

Tatsuya Nishiura1, Koji Kanehashi2

1Mishima Kosan Co., Ltd.
2Advanced Technology Research Laboratories, Nippon Steel Corporation

In recent years, Magic angle spinning at very fast spinning frequency, “fast
MAS”, has been utilized to obtain high resolution 1H NMR spectra for solids as
well as CRAMPS. Fast MAS has some advantages over CRAMPS, e.g. easy to
implement and more reliable in the chemical shift. Whereas MAS with the
spinning rate up to 60 kHz provides still insufficient spectral resolution compares
with CRAMPS for 1H abundant compounds such as organic polymer, it is
promising for inorganic solids with lower concentration of 1H, causing the smaller
dipolar interaction. In this study, we have applied high-speed MAS and CRAMPS
to inorganic solids to compare spectral resolution.

1H NMR CRAMPS 1H

1 2 3

60 kH60 kHz
1H NMR

1H 60 kHz
1H CRAMPS

CRAMPS 1H NMRCRAMPS 1H NMR
CRAMPS

MAS

MAS CRAMPS
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1H CRAMPS NMR CMX-300 7.0 T BR24
90 1.3 s 1500 Hz

1.5 ppm MAS INOVA-500 11.7 T
10 60 kHz

1.91 ppm
MAS Fig. 1 Silicic

acid MAS
Kaolin Al2Si2O5(OH)4 H3BO3

H3BO3

MAS
1) Silicic acid Kaolin H3BO3

< 1 mass% 1.6 mass% 4.9 mass%
1H MAS

H3BO3 MAS

MAS 60 kHz MAS BR24
CRAMPS Fig. 2 Kaolin

MAS
OH

H3BO3 CRAMPS
Fig. 1 60

kHz MAS 1H

60 kHz
MAS CRAMPSMAS CRAMPS

1H NMR

2500

3000

3500

4000

4500

H
M

 / 
H

z

H3BO3

Kaolin

Fig. 1 Dependence of line width on rotor 
period for some inorganic compounds 
i 1H MAS

Fig. 2 1H solid-state NMR spectra for kaolin (a) and 
H3BO3 (b). Top: CRAMPS spectra, bottom: 
MAS ( 60 kH )

0

500

1000

1500

2000F
W

H

Rotor Period / s

Kaolin

Silicic acid

in 1H MAS spectra.

1) J. P. Yesinowski, H. Eckert, G. R. Rossman, JACS, 110 (1988) 1367.

MAS spectra ( r=60 kHz).

－383－



 
 
 

2  
 
Characterization of chemical species for trace amounts of fluorine using a fluorine-less NMR 
probe 

Takafumi Takahashi1, Koji Kanehashi1, Takahiro Nemoto2 
1Advanced Technology Research Laboratories, Nippon Steel Corporation 2JEOL 

Fluorine is one of the elements whose environmental risks have been frequently discussed. Trace 
amounts of fluorine in by-products of steel-making industry make it difficult to characterize its 
chemical species. To improve the quality of 19F-NMR spectra, a fluorine-less NMR probe has been 
developed by substituting a module and a variable condenser with non-fluorine ceramics. As a result, a 
19F MAS NMR spectrum of synthetic products with fluorine content < 1mass% can be obtained 
without applying a depth pulse. In addition, new analytical techniques such as 19F{27Al} TRAPDOR 
and 31P{19F} CPMAS have been employed. In a 19F{27Al}TRAPDOR spectrum, the fluorine atoms 
bonding with aluminum ones are selectively observed. On the other hand, in a 31P{19F}CPMAS NMR 
spectrum, the fluorine atoms occurring close to phosphorous ones are selectively observed. The 
combination of these analytical techniques allows us to characterize the chemical species of trace 
amounts of fluorine.   
 

F

1mass% F NMR
NMR

F BG
Al-F Si-F F 19F-MAS

Ca-F F
F BG

F-Al 19F{27Al}TRAPDOR P-F
31P{19F}CPMAS

F  
 

NMR JEOL-ECA700(16.4T) 27Al-19F
3.2mm 31P-19F (4mm)  
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19F-MAS NMR 20kHz 18°
0.7 s 5s 

19F{27Al}TRAPDOR [1] 27Al-19F
Fig.1

18kHz t1
31P{19F}CPMAS 10kHz

contact time 0.2ms  
 

Fig.2

200ppm

Ca(OH)2-Al2O3-SiO2 CaF2-Na3AlF6-Ca5(PO4)3F(FAP=fluorapatite)
19F{27Al}TRAPDOR Fig.3

Al-F Na3AlF6

F (F 0.7mass%) F
1mass depth [2]

19F-NMR F
FAP 31P-MAS

31P-MAS FAP
FAP

31P{19F}CPMAS FAP
19F-NMR FAP

 
 

Cory&Ritchey, J.Magn.Reson. (1988) 80 128, 2Grey&Vega, J. Am.Chem. Soc. (1995) 117 8232

 
Fig. 1. Comparison of fluorine background s
before and after improvement of a N. 

 
Fig.2. Comparison of fluorine background signal
before and after improvement of a NMR probe. 

 
Fig.3. Plots of 19F-MAS and 19F{27Al}TRAPDOR spectra.  
The symbol * indicates spinning side bands. 

TRAPDOR 

MAS 

Before 

After 

Na3AlF6 

CaF2 
Ca5(PO4)3F 

Fig.1 19F{27Al} TRAPDOR pulse sequence. 
The time t1 is rotor-synchronized. R indicates 
spinning frequency.  

t1= 1/ R 
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LED
NMR

Structural Analysis of LED Package by Solid-State NMR Using Micro 
probe

Hiroyuki Ishida1, Riko Miyoshi1, Yuko Miwa1, Katsuya Hioka2, and Tetsuo Asakura3

1 Toray Research Center, Inc., Shiga, Japan.  
2 JEOL Ltd., Tokyo, Japan. 
3 Department of Biotechnology, Tokyo University of Agriculture and Technology, Tokyo, Japan. 

It has been very difficult to analyze the materials in electronics field by solid-state NMR 
because of the lack of sample volume.  Recently, micro probe makes it possible to observe a 
small amount of samples.  As a result of the analyses for the LED encapsulation resin or 
LED phosphor, some cross-linking structures were made in degraded LED encapsulation 
resin, and it was supposed change of valence state of Ce in degraded LED phosphor.  
Furthermore, oxidation or defection of Ce from the crystalline was suggested in degraded 
LED phosphor.  

LED

LED
LED

LED

NMR mg

0.5 1mg LED
LDE

Fig. 1 Photographs of microprobe and sample tube. 
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Characterizations of the Oriented Materials by NMR Techniques 
○Hiroaki Yoshimizu1, Masahiro Okazawa1, Yuki Okumura1, Toshihito Karakasa1

1Graduate School of Engineering, Nagoya Institute of Technology, Nagoya, Japan.  

It was already confirmed that the layered structure of the liquid crystalline aromatic polyester 
with n-alkyl (C14) side chain (B-C14) could be easily oriented by magnetic field.   In this 
study, the magnetically oriented layered structure of B-C14 was characterized by 13C
CP/static NMR. The sample of B-C14 which was prepared by quenching to room 
temperature (RT) from 160 °C in the isotropic liquid state was used as non-oriented and 
starting samples for the magnetic orientation under magnetic field of 9.4 T.   As a result, the 
best temperature condition was determined 130 °C on heating from room temperature, and 
70 °C on cooling from 160 °C. Furthermore, to clarify the gas transport properties of 
polymeric crystalline structure, poly(4-methyl-1-pentene) (PMP) membranes were drawn and 
investigated the oriented structure. 
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Fig. 1  13C CP/static NMR spectra of B-C14 at 

room temperature; (left) c axis is parallel 
to B0 (right) c axis is perpendicular to B0. 
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Investigation of the interaction mechanism between tea catechins and 
phospholipid membranes by NMR spectroscopy 

Yoshinori Uekusa1,2, Miya Kamihira-Ishijima2, Osamu Sugimoto2, Ken-ichi Tanji2, 
Kozo Nakamura3, Takeshi Ishii2, Shigenori Kumazawa2, Koichi Kato1, Akira Naito3, 
and Tsutomu Nakayama2 

1Okazaki Institute for Integrative Bioscience, National Institutes of Natural Sciences 
2Department of Food and Nutritional Sciences, University of Shizuoka 
3Department of Bioscience and Biotechnology, Shinshu University 
4Graduate School of Engineering, Yokohama National University 
 
   Epicatechin gallate (ECg), a galloyl-type green tea polyphenol, strongly interacts with 
phospholipid membranes. Our previous NOE experiments revealed an important site of 
ECg–phospholipid membranes interaction: the B ring and galloyl moiety of ECg locate near 
the γ position of phospholipid. To elucidate the mechanism of this interaction, we measured 
the interatomic distance between the carbonyl carbon of ECg and the phosphorus of 
phospholipid by 31P–13C rotational echo double resonance (REDOR) method in solid-state 
NMR spectroscopy. Based on the results of REDOR and previous solution NMR experiments, 
it was revealed that the galloyl moiety of ECg contributes to stabilization of catechin 
molecules in the phospholipid membranes through cation–π interaction between the galloyl 
ring and quaternary amine of the phospholipid head-group. 
 

galloyl epicatechin 
gallate (ECg) (Fig. 1) 

 
–π 
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Magnetic Alignment of Bicelle Composed of Un-, and Saturated 

Phosphatidylcholine as Studied by Solid State NMR Spectroscopy 

Naoko Uekama
1
, Satoru Tuzi

2
, and ż Katsuyuki Nishimura

1
 

1
Institute for Molecular Science, 

2
University of Hyogo 

㻌

We have reported the development of new bicelle composed of un-, and saturated lipids 

together with phosphatidylinositol 4, 5-bisphosphate (PIP2) in which can be magnetically 

aligned at room temperature stably. In this study, we explored the origin of enhancement 

factor of magnetic alignment of the developed bicelle above by changing the composition of 

lipids.  

 

Introduction: Conventional bicelle prepared from the hydrated mixture of saturated lipids 

possessing short and long acyl-chains at proper composition forms planer lipid bilayer and 

can be magnetically aligned under static magnetic field from 30 to 40 °C. Triba et al., 

proposed a bicelle prepared by mixture of saturated lipid 1,2-dimyristoyl-sn- 

glycero-3-phosphocholine (DMPC) and unsaturated lipid 1-palmitoyl-2-oleoyl-sn-glycero-3- 

phosphocholine (POPC) for long acyl chain lipids, and 1,2-dihexanoyl-sn-glycero-3- 

phosphocholine (DHPC) for short acyl chain lipid, respectively, in order to achieve magnetic 

alignment at temperature lower than that of conventional bicelle
1)

. In the following we refer 

above bicelle to as POPC/DMPC/DHPC-bicelle. However we found out that 

POPC/DMPC/DHPC-bicelle magnetically aligned only at narrow temperature range. 

Furthermore, we also found out that addition of phosphatidylinositol 4,5-bisphosphate (PIP2) 

to the bicelle at proper molar ratio enables significant enhancement of magnetic alignment. 

Our developed bicelle magnetically aligned over 3 hold larger temperature range than that of 

POPC/DMPC/DHPC-bicelle, stably. 

 

Experimental:  POPC/DMPC/DHPC-bicelle, and PIP2/POPC/DMPC/DHPC-bicelle, and 

SAPC/POPC/DMPC/DHPC-bicelle were prepared with q value of 3.0. Orientational 

properties of those bicelles were compared based on 
31

P-NMR. All of NMR experiments were  
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Fig. 1 Molecular structure of lipid of (a)DHPC, (b) 

DMPC, (c) POPC, (d) PIP2, and (e) SAPC used in 

this study. 

Fig. 2 31
P-NMR spectra of (a) PIP2/POPC/DMPC/ 

DHPC-bicelle, (b) POPC/DMPC/DHPC-bicelle (c) 

SAPC/POPC/DMPC/DHPC-bicelle, respectively. 

carried out using Varian INOVA 400 spectrometer equipped with JEOL 6 mm o.d. narrow 

bore MAS probe at static mode.  

 

Results and Discussions: Figure 1 shows the molecular structure of lipids used in this study. 

Figure 2 shows the comparison of 
31

P-NMR spectra for (a) PIP2/POPC/DMPC/ DHPC-bicelle, 

(b) POPC/DMPC/ DHPC-bicelle, and (c) SAPC POPC/DMPC/ DHPC-bicelle, respectively. 

The peaks around -3 and -11 ppm are originated from DHPC and POPC/DMPC mixture, 

respectively.  The peak around -15.5 ppm is ԋedge of axially symmetric powder pattern of 
31

P chemical shift anisotropy from multi lamella vesicles (MLVs). As shown in Figure 2 (a), 

PIP2/POPC/DMPC/DHPC -bicelle was magnetically aligned stably from 14 to 20°C. In 

contrast, POPC/ DMPC/DHPC-bicelle was magnetically aligned only at 16 °C. At 18 °C, ԋ
edge of axially symmetric powder pattern of 

31
P chemical shift anisotropy from MLVs was 

appeared. Furthermore, magnetic alignment of SAPC/POPC/DMPC/DHPC–bicelle was lower 

than those of other bicelles. Thus we concluded that polar head region of PIP2 may contribute 

to the enhancement of magnetic alignment of bicelle. 

 

References 

(1) Triba MN, Devaux PF, Warschawski DE, Biophys. J. 2006, 91, 1357. 
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Non uniformity correction of human brain image at high 
field using B1

+ and B1
- mapping 

Hidehiro Watanabe, Nobuhiro Takaya, Fumiyuki Mitsumori 
National Institute for Environmental Studies

A new method of correcting image non-uniformity at high field is proposed. Image 
non-uniformity originates from the spatial distribution of RF transmission and reception fields, 
represented as B1

+ and B1
-, respectively. In our method, B1

+ mapping was performed in vivo by 
a phase method. In B1

- mapping, images with multiple TEs were acquired with a multi-echo 
adiabatic spin echo (MASE) sequence which enables homogeneous excitation. By T2 fitting 
of these images an M0

MASE map was obtained, in which signal intensity was expressed as the 
product of B1

- and M0(1-e-TR/T1). The ratio of this M0
MASE map to the B1

+ map showed a similar 
spatial pattern in different human brains. These ratios of M0

MASE to B1
+ in 24 subjects were 

averaged and then fitted to obtain a universal ratio map of B1
-/B1

+ ( ). Uniform image 
intensity was achieved by using both the measured B1

+ and calculated B1
- from the  map. 
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CPMG multi-echo adiabatic spin echo MASE
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References
1. Hoult D. I. The principle of reciprocity in signal strength calculations – a mathematical 
guide, Concepts Magn. Reson., 2000; 12: 173-183. 

Fig. 1. Maps of B1
+, M0

MASE and M0
MASE/B1

+ in one 
subject are shown at the left. Profiles along the three 
lines in each map in 5 subjects are overlaid at the right. 
An M0

MASE map was generated by removing CSF after 
fitting MASE images with multiple TEs. Profiles in each 
map had similar patterns in different subjects. 

Fig. 2. Non-uniformity correction of 
MASE images obtained from a single 
subject using both B1

+ (a) and B1
- (b) 

maps. An M0
MASE image (c) was 

generated after fitting the MASE 
images with multiple TEs. A more 
uniform image was obtained after B1

-

correction (d). 
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Detection of Membranes by MR Imaging with Ultrasonic 

Takuya Ogura
1

, Naotaka Nitta
2  

and Kazuhiro Homma
2

1
Photonics Research Institute , AIST , Tsukuba, Japan.  

2
Human Technology Research Institute , AIST, Tsukuba, Japan.  

In recent MR imaging studies, the measurement of MR imaging with sending mechanical 

vibrations to objects is called “MR Elastography”, and is watched. In this study, we have 

detected very thin membranes which by MRI sending ultrasonic waves [MHz range] to 

samples. Phantoms are pure water in the plastics container which thin films as a boundary 

plane are attached. Measurements are modified diffusion-weighted imaging methods. As a 

result, they can be detected that ultrasonic waves are reflected by the thin films.  

It is difficult that the thin boundary plane inside homogeneous matters is visualized by MRI. 

But it is indicated possibility that the boundary plane can be clearly and easily visualized 

through imaging propagation of ultrasonic waves. 
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Clinical application of 1H NMR metabolomics-3.
Marker quantification in bio-fluid

Itiro Ando1,, Takuo Hirose1, Kazuhisa Takeuchi 1,2, Yutaka Imai1, Hiroshi Sato1, Masako Fujiwara1
1 Graduate School of Pharmaceutical Sciences, Tohoku University, Sendai, Japan,

2CKD Center, Koujinkai Central Hemodialysis Clinic, Sendai, Japan

Quantitative analysis of metabolites is important in 1H NMR-based metabolomics of plasma.
Human plasma contains a high density of proteins which heavily adsorb the commonly-used
standard compound of TSP (sodium 3-(trimethylsilyl) propionate 2, 2, 3, 3-d4). We have
evaluated calcium formate as an alternative standard in 1D single-pulse 1H NMR spectra to
quantify plasma metabolites and found excellent linearity with those obtained by
biochemical analysis. Formate, however, is not always available for internal standard in
medical analysis because it presents in plasma endogenously. Then, we examined the
applicable conditions of TSP as an internal standard such as dilution of plasma and
concentration of TSP.

NMR

NMR
H NMR

NMR
NMR

TSP DSS
sodium 2,2 dimethyl -2-silapentane-5-sulfonate-d6

(Fig.1)

glucose creatinine H NMR
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T1(
) 6.5 s

1

TSP

(Fig.2)
TSP DSS

NMR CPMG
CPMG

single-pulse D
1D

I.Ando, T. Hisose, K. Takeuchi, Y, Imai, M. Fujiwara, et al., Quantification of
molecules in 1H-NMR metabolomics with formate as a concentration standard.
(2010), J. Toxicol. Sci. 35, 253-256

Fig. 2
Correlation between sensitivity of TSP and dilution factor of plasma

TSP sensitivity TSP detected /TSP added
TSP detected (integral of TSP peak/integral of formate peak) formate added.

Enlargement around 3
times dilution of plasma

TSP
(2mM)

Fig.1 Superposition of spectra at different dilution of plasma with formate as an
internal standard, when each concentration of formate and TSP added is constant.

Formate
(0.5mM)

1:10
1:7
1:5
1:3

TSP
(2mM

Both height and width of
formate signals did not
change.

The height and the width of TSP signal
increased and decreased, respectively,
when plasma was progressively diluted.

Plasma was diluted with saline to 1: 10, so on .
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Correlation analysis between phytochemicals and insect genetic traits 
involved in plant-insect-symbiont interactions for field-harvested samples. 

Hirokazu Sasaki1,2, Tsutomu Tsuchida3, Yuuri Tsuboi3,
Eisuke Chikayama1,2, Jun Kikuchi1,2,4,5

1Grad. Sch. NanobioSci., Yokohama City Univ.; 2RIKEN PSC;
3RIKEN ASI; 4Grad. Sch. Bioagr. Sci., Nagoya Univ. ; 5RIKEN BMEP

 An ecosystem is a living community which depends on each member and its surrounding 
environment, especially in terms of acquiring chemical energy. Thus far, however, chemicals 
involved in the interactions between plants, insects, and symbionts are largely unknown. In 
this study, we conducted extensive survey of the genetic traits of the pea aphids, 
endosymbiotic bacteria, and chemical components of legume plants. From the NMR-based 
metabonomic analyses, we identified some phytochemicals which might be involved in the 
plant adaptation of the pea aphids with specific symbionts. Further, we will discuss the 
plant-insect-endosymbiont interactions in eco-system based on the results of 3D-correlation 
analysis . 

Fig.1 Concept of our correlation analysis plants(x) – insects(y) - 
symbionts (z) for field-harvested samples. 
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Fig. 2 Correlation analysis between phytochemicals(x) and symbionts(y). 
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Transverse relaxation rate of the water molecule in gelatin gel doped with 
ferritin.

Nobuhiro Takaya, Hidehiro Watanabe, Fumiyuki Mitsumori
National Institute for Environmental Studies,Tsukuba, Ibaraki, Japan

We reported that the apparent transverse relaxation rate (R2
† = 1/T2

†) of the tissue water in 
human brain is well explained with a linear combination of relaxations due to ferritin iron 
([Fe]) and the macromolecular mass fraction (fM = 1 – water fraction).  We are attempting to 
mimic the relaxation using simple model systems. In one model system of agarose and ferritin 
the water relaxation was described as the similar linear combination, but the contribution of 
agarose was almost B0 independent. With another model of gelatin and ferritin the relaxation 
of water due to gelatin showed the B  dependence. Difference in the above two systems 
suggested the difference in relaxation mechanisms. 

0
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Table1. Coefficients of  and  obtained with a multiple regression analysis for the 
observed R2 values in gelatin gels doped with vearious amounts of ferritin at four B0 
strengths.  was from a buffer solution containing no ferritin nor gelatin. 

F. Mitsumori, H. Watanabe, N. Takaya, Magn. Reson. Med., Vol.62, 1326-1330 (2009). 
p374(2009) 

Fig.1 B0 dependence of 
coefficient  in two 
model systems of gelatin 
gel and agarose. 
 

Table2. Comparison of values in 
vivo, in gelatin, and in agarose gels at 
4.7T. 
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Investigation of metabolic profiling methods for aquatic organism from 
Keihin region 

Seiji Yoshida1, Yasuhiro Date1,4, Shigeharu Moriya1,2,3, Jun kikuchi1,2,4,5

1Grad. Sch. NanoBioSci., Yokohama City Univ.; 2RIKEN BMEP;  3RIKEN ASI; 4RIKEN 
PSC;  5Grad. Sch. Bioagr., Nagoya Univ. 

Preservation and deviation of homeostasis can be evaluated by statistical analysis of changes 
in major metabolite composition, this new-field is so called as metabonomics. Similar study, 
environmental metabonomics, is also introduced in wild-life samples, such as fishes.
Relationship between variations of chemical compositions in fish and environmental changes 
in their habitat is important for consideration of taste, safety and quality in fishery product. 
Therefore, we are exploring differences of metabolic profiling in fish from both natural and 
artificial environment. We focused on the yellowfin goby that is a primary consumer in the 
Keihin region. Extraction conditions of muscle and internal organs in fish were successfully 
determined by 1H-NMR measurements. Then, we processed the NMR spectra to a data matrix, 
and compared yellowfin goby in natural and artificial environments by PCA. 

[ ]  DNA

1)

NMR
Prj

2)

(Fig.1)  
Fig.1 Concept of our environmental metabonomics study 
of fish grown in natural and artificial environments. 
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[ ] 1H-NMR PCA
Fig.2 PCA

PCA
8.3 ppm

 
 

[ ] 
1) Nicholson & Lindon, Nature,455,1054-1056 (2008); 

 7, 371-378 (2009); ,  16, 81-85 (2010). 
2) Viant et al. Environ. Sci. Tech.,43,219-225 (2009). 

Artifical environment

Natural environment

ArtificalA enviroonmennnn

Natural environment

Artifical environment

Natural environment

Fig.2 PCA of internal organ samples of yellowfin goby. Natural 
(left) and artificial (right) environments were classified for both 
PC2 and PC3 directions. 
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A new tool using ontology engineered data structure, MagRO system, designed
for analysis and validation of NMR data as well as assistance in deposition to
the public database.

Naohiro Kobayashi1, Yoko Harano1, Takahisa Ikegami1, Chojiro Kojima1, Junko Sato1,
Haruki Nakamura1, Hideo Akutsu1 and Toshimichi Fujiwara1

1Institute for Protein Research, Osaka University, Suita, Japan.

Owing to the recent developments of NMR techniques for biomolecules, a lot of useful
information has been archived in the public database like PDB and BMRB.  On the other
hand, the data structure required for the database has been getting more complicated, which
strongly discourages the NMR scientists to exchange the NMR data each other. This is
because the NMR study tends to provide highly hierarchical information cross-linked between
a number of NMR experiments and parameters.  In this study, we have designed a core
program which can manage the complicated data structure using ontology engineering
techniques, called “MagRO (Magnetic Resonace Ontology)” system.  Using the core
program, we have developed a GUI based analysis tool with the spectrum viewer, Sparky, for
NMR data analaysis as well as tool for assistance on deposition to NMR database, BMRB.

  NMR

NMR NMR
MagRO (Magnetic Resonace Ontology)

GUI

BMRB

GUI NMR
MagRO-Core Windows

MacOSX Linux OS C

Ontology, Database, Data validation
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GUI Sparky
GUI MagRO-Core

GUI Python-TkInter

GUI

GUI

BMRB NMR

PDBj-BMRB

MagRO-core

GUI

Spectrum

GUI

data analysis

BMRB

data exchange

MagRO
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Development of computer assisted technique for efficient and robust
NMR spectral analysis

Masashi Yokochi1, Yoshihiro Kobashigawa1, Tomohide Saio2, Fuyuhiko Inagaki1

Faculty of Advanced Life Science, Hokkaido University
2 Graduate School of Life Science, Hokkaido University

 NMR spectral pattern matching gives strong evidence for reliable NMR signal
assignments. Human brain is extremely good at the pattern recognition rather than
computer especially in NMR assignment analyses. Well-trained analyst can distinguish
a signal from a spectral noise (e.g. ripple) and detect small signal distortions due to
overlaps. However, NMR signals are distributed in high dimensional NMR spectra,
which make it difficult to treat an amount of spectral data. Spectral pattern recognition
by computer can make this important but redundant task much easier. We demonstrate
here that the accuracy of NMR assignment prediction is greatly improved by using
spectral intensity as well as peak list information. These tools contribute to improve the
reliability of NMR data analysis.

 

, 
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Fig. 1 Distribution of correlation coefficients
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Fig. 2

Fig. 2 Accuracy of prediction of assignment using the spectral correlation
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NMR Olivia

(Fig. 3)

Fig. 3 Assignment candidates presentation tool using the spectral correlation
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Chemical shift-structure correlation with ab initio quantum chemical 
methods and classical molecular dynamics 
Eisuke Chikayama1,2, Yoshiyuki Ogata1, Yusuke Morioka2, Jun Kikuchi1,2,3

1RIKEN PSC, 2Graduate School of Bionano., Yokohama City University, 3Graduate School of 
Bioagri. Sci., Nagoya University 
 
Abstract: Recent high performance computing (HPC) technologies enable us ab initio
calculations in quantum chemistry by method such as post Hartree-Fock (post-HF) and 
density functional theory (DFT). Achieving highly accurate results, however, needs further 
optimizations of levels of theory including method and basis set, solvent effects, molecular 
ensembles, ways of calibrations to experimental values. There is only a small number of 
studies yet in causes and effects between calculated shielding constants and molecular 
ensembles in numbers of levels of theory. We here performed principal components analysis 
(PCA) for analyzing relation between calculated shielding constants and molecular ensembles. 
The shielding constants were calculated for coordinates of an ethanol molecule in a vacuum 
by using ab initio quantum calculations with the levels of theory for methods of HF, B3LYP(a 
DFT), and MP2 (a post-HF); and for basis sets of 6-31G(d) and cc-pVTZ. Molecular 
ensembles were calculated by classical molecular dynamics at 298.15 K in 10 ns.
 

post-Hartree-Fock(post-HF) (DFT)

10 ns
(MD) 100 HF/B3LYP(DFT)/MP2(post-HF)
6-31G(d)/cc-pVTZ

1 ns 1 ns
2 ns 10 ns MD CACTUS
(http://cactus.nci.nih.gov/) Mol2 (Tripos) ,
acpype (http://code.google.com/p/acpype/) GROMACS GAFF

MD GROMACS 4.0.5 Wolf
298.15 K Nose-Hoover 10 ps (1 ns/2 ns

) 100 ps (10 ns) 100
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2 2 (
) H(Mol2 8)-C(2)-C(1)-O(4)

C(2)-C(1)-O(4)-H(3) MD
Gaussian09 HF B3LYP MP2 3 6-31G(d)

cc-pVTZ 2 MP2/cc-pVTZ
1 1

100 10 ns MD
5 500 R

2.11.1 prcomp

1 ns 1 ns 2 ns MD
2 10 ns 2

( -60 , 60 , 180 ) (Fig. 1a)
10 ns MD 100

MP2/cc-pVTZ 5
H/C/O 9 100

(PC1) 40.5% (Fig. 1b)
PC1

PC2

 

(a) (b)

Figure 1. (a) Map of dihedral angles CCOH vs. HCCO in an ethanol molecule. Plot of 1 ns (open dark
diamond), 2 ns (dark square), and 10 ns (black circle). Each type has 100 points (molecular
conformations). (b) PCA score plot of shielding constants of all the atoms in an ethanol molecule in
PC1 and PC2 for five types of simulations varying levels of theory and basis sets. 
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Mandatory chemical shift deposition to PDB/BMRB with biological NMR 
structures 

Eiichi Nakatani1,2, Naohiro Kobayashi2, Yoko Harano2, Takanori Matsuura2, Hideo 
Akutsu2, Haruki Nakamura2, Toshimichi Fujiwara2 

1JST-Institute for Bioinformatics Research and Development 
2Institute for Protein Research, Osaka University 
 
Chemical shifts are basic parameters to elucidate biomolecular structures and interactions. 
PDB (Protein Data Bank) and BMRB (BioMagResBank) will introduce new policy that NMR 
structure must be deposited with the chemical shifts. The new deposition system and 
procedure have been developed in collaboration with wwPDB (World Wide Protein Data 
Bank) members of RCSB-PDB, PDBj, PDBe and BMRB. Here, we explain the new features 
of chemical shift mandatory deposition, updated data processing systems at the PDBj and 
other deposition sites. 
 
  
NMR

100  
PDB Protein Data Bank NMR PDB

BMRB BioMagResBank
wwPDB World Wide PDB; RCSB, PDBj, PDBe, BMRB

4
BMRB/PDB

 
 
1. ADIT-NMR; http://nmradit.protein.osaka-u.ac.jp/bmrb-adit

 
2. NMR-STAR 3.1  
3.

 
4. PDB BMRB PDB BMRB  
 

BMRB  
 

 

P112

－414－



ADIT-NMR

 
PDB

BMRB

 
PDB BMRB

 
 
 
 

BMRB
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BMRB http://bmrb.protein.osaka-u.ac.jp/deposit
BMRB  
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ADIT-NMR PDB BMRB
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PDBj

wwPDB
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Fig 1. New web page for file uploading in ADIT-NMR

Fig 2. Web checker for nomenclature consistency between PDB and Chemical Shifts 
http://nmradit.protein.osaka-u.ac.jp/cgi-bin/bmrb-adit/standalone-shift-coord 
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固体高分解能ＮＭＲの感度向上�
クライオコイル��� プローブによるアプローチ
○水野　敬 �、野田　泰斗 �、竹腰清乃理 �

��日本電子 �株�，�京大院・理）
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ＮＭＲ検出コイル・プリアンプなどの信号検出系を極低温（+,�以下）に冷却
し、試料を検出系から断熱して室温下に置くことにより、検出系の熱雑音低下・Ｑ向上に
よって +～.倍程度の �-�向上を達成するプローブ装置は、溶液ＮＭＲにおける「クライ
オプローブ」として知られる。我々は、この手法を固体高分解能ＮＭＲプローブに適用す
る「クライオコイル	0�プローブ」を段階的に開発・製作した �;����� 5�<5=。
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向上率は ����倍であった ����	
� �。また、クライオコイル���スペクトルの応用例と
して ������� �次元交換���の結果を示す ����	
� �。２次元磁化交換スペクトルを通常
の���プローブでは４日以上かかるところ約 ��時間以内に効率よく測定することがで
きた。メインピーク �� ���とマイナーピーク ���� ���� �� ���との間に明確なクロス
ピークを確認することができた。今後、測定条件を変えたりなどしてデータを収集し、拡
散様式（運動によるものか、スピン拡散によるものか）の違い、各マイナーピークの帰属
を明らかにし、電池の充放電特性のメカニズムを調べる。
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Validation of NMR process parameters in quantitation of organic 
compounds

Toru MIURA, Takeshi SAITO, Yoko OHTE, Toshihide IHARA 
National Metrology Institute of Japan, AIST 

Abstract
Quantification using NMR is one of the attractive methods for purity determination of organic 
compounds. We have optimized data acquisition and process parameters, and optimized their 
associated uncertainties for the quantification. Last year, we proposed a process parameter set 
for quantification; in this presentation, quantitative validation of the process parameter set 
was demonstrated using quantification experiment between two reference materials whose 
purity was certified. 

1NMR
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Detection of substances hidden in the body using NQR 
Yukihide Yamane, Yu Nakahara, Junichiro Shinohara, Hideo Sato-Akaba, Hideo Itozaki 

Graduate School of Science Engineering, Osaka University 

 

A nuclear quadrupole resonance (NQR) detection technique, which does not require a static 

magnetic field, can be applied to remote sensing more simply than a NMR technique. We 

evaluated the possibility that the NQR technique can detect the substances hidden in the body 

with a simple experiment using conductive salt solutions (saline solution) for simulating a 

human body. The calculation based on the conductivity indicated that skin effect measured in 

0.9% salt solution decreased 20 % of RF magnetic fields measured in pure water. However, 

the results of experiments showed the possibility to detect the substances hidden in the body 

using NQR. 

 

NQR NMR
NMR

NQR

NQR
NQR

HMT
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S/m
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NQR
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Fig.2 RF magnetic amplitude by gradiometer field 
plotted as a function of distance in the conductive 
salt solutions with different concentration of NaCl. 

Fig.3 Decay of NQR intensity from HMT (200g) 
in the conductive salt solutions with different 
concentration of NaCl. 

16 S/m 15 % 0.05 m
HMT 200g NQR

Martin B. Kraichman The resistivity of aqueous solutions of sodium chloride, Defense 
documentation center for scientific and technical information, AD437890, 1964 

3.308MHz RF 320 W
400 µs 50 ms 1000

NQR

0.9 % 1.6 S/m 3.0 % 4.7 S/m 15 %
16 S/m  HMT

3.308 MHz
Fig.1 Experimental setup of the NQR measurement 
for HMT (200 g) in the conductive medium. 
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Development of an NQR NMR double resonance spectrometer to search 

for NQR frequencies 

Hideo Sato-Akaba, Bryn Baritompa, Junichiro Shinohara, Hideo Itozaki 

Graduate School of Science Engineering, Osaka University 

 

We are developing a small NQR NMR double resonance spectrometer to search for NQR 

frequencies and to detect NQR signals from small samples of several grams. The polarization 

transfer from proton to 
14

N nuclei was done by a level crossing technique for enhancing the 

NQR signal intensity. A sample was shuttled between a high field (828 mT) and a low field 

(several mT) for polarization of protons, level crossing and free induction decay of 
4
N nuclei 

using an air compressor and solenoid valves. A single-shot NQR signal from diethylamine 

hydrochloride was observed.  
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 NQR

NMR 14N NQR
(T1 )

NQR (~ 2 g)
5

0.1s

NQR
NQR

Figure 2 NQR NQR
500g 1.008MHz

1000   
NQR

NMR 14N NQR
 

[1] J. Seliger and V. Žagar, NATO Science for Peace and Security Series B: Physics and 
Biophysics, 139-158 (2009). 

[2] J. Luznik et al., J. Appl. Phys. 102, 084903 (2007). 

 
Fig 1 Schematic diagram of a homemade NQR NMR 
double resonance system. The resonator coils for NMR 
and NQR, which were set at the middle of the magnets, 
were not shown.   

 
Fig 2 Single-shot polarization transfer 
14N NQR spectrum from diethylamine 
hydrochloride (2 g).    
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Our activities on construction of reliable SDBS-NMR data 
Mami Nabeshima, Toshiki Yamaji, Shinichi Kinugasa, and Takeshi Saito 

National Metrology Institute of Japan (NMIJ), AIST.  

We have been constructing a reliable NMR database of SDBS (Spectral Database for Organic 
Compounds, SDBS-NMR) open freely through AIST’s web site. SDBS-NMR compiles high 
quality solution state 1H and 13C NMR spectra which are acquired and evaluated by ourselves. 
Chemical structures for these spectra with their chemical shift assignments are also provided. 
We will discuss one of our activities to ensure the reliability of SDBS-NMR with 
(S)-1-(tert-butoxycarbonyl)-3-pyrrolidinol (SDBS No. 51972) as an example. 13C NMR 
spectrum of this compound observed at 30°C showed two sets of resonances from  
pyrrolidine-ring carbons which are cisoide and transoide to the carbonyl group; the 
resonances became one set when the spectrum was obtained at 70°C. This suggested these 
resonances were originated from two structures due to the restricted rotation around the 
carbamate C-N bond. 

SDBS Web
SDBSWeb MS IR HNMR 13CNMR Raman ESR

SDBS-NMR HNMR 13CNMR
web

NMR NMR

SDBSWeb
NMR

SDBS-NMR NMR

SDBS-NMR
SDBSWeb

1)

NMR
S/N
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- DEPT gHMQC gHMBC
- IR MS
-
-

Fig. 1 SDBS 51972 (S51972)
(S)-1-(tert-butoxycarbonyl)-3-pyrrolidinol

13C
NMR C-N

2) N 5

(Fig. 2)

Fig. 3 30 50 70
13CNMR 30

70

C-N
Web

30 70
2D

NMR C-N

SDBS-NMR NMR

1) 47 NMR P420
2) G.C.Levy, G.L.Nelson, J. Am. Chem. Soc., 94, 4897 (1972) 

N

O

O OH

Fig. 1 Structure of the compound, 
S51972. 

Fig.2 13C NMR spectra of the compound, 
S51972, and its expansion in DMSO-d6

solution.

Fig.3 13C NMR spectra of the compound, 
S51972, obtained at 1) 30 , 2) 50  and 3) 
70 , respectively. 
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Automatic scanning for NQR frequencies 
Junichiro Shinohara,Yu Nakahara, Hideo Sato-Akaba and Hideo Itozaki 

Graduate School of Science Engineering, Osaka University 
 

Nuclear quadrupole resonance (NQR) spectroscopy has potential applications in the 
detection of illegal substances, such as narcotics which frequently include 14N (I=1). To apply 
NQR to narcotic detection, the NQR frequency of each compound must be known. We 
introduce an automatic scanning system for finding NQR frequencies using the pulse method. 
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Fig.1 Setup of an automatic NQR frequency 
scanning system. 
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NQR

2
 

 
Fig3.(a)

C1 C2 Fig3.(b)
C1 C2

Fig3.(c)

 
 

 
 
 
 
 
 

(a)Equivalent circuit     (b)Calculated RF field intensity at 1.036MHz 
 
 
 
 
 
 
 

 (c) Matching and tuning algorithm 
Fig.3 Matching and tuning mechanism. (a) Equivalent circuit of resonator. (b) RF field 
intensity for a fixed frequency calculated as a function of C1 and C2. The maximum intensity 
is possible to obtain by selecting C1 and C2. (c) Matching and tuning algorithm to search 
maximum RF field intensity by adjusting C1 and C2 automatically. 

Fig.2 Mechanical adjustment of the capacitors 
for impedance matching and frequency tuning. 
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Fig.4  
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Fig.4 RF field intensities generated by the RF coil. The 
intensity was plotted as a function of RF frequency with 
and without automatic matching and tuning.  
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NQR frequency of sodium nitrite using a step of 2kHz. 
A peak was found at 1036kHz. 

 
 

 
NQR
NQR

 
NQR  

 
 

[1] R.A. Marino, S.M. Klainer, Multiple spin echoes in pure quadrupole resonance, J. Chem. 
Phys. 67 (1977) 3388–3389. 

－431－



－432－







キーワード索引 

（数字・アルファベット） 

1 mm MAS ···································P66 
1H MAS NMR ·······························P88 
1H-27Al FSLG HETCOR ··················L29 
13C, 15N filter·································· P9 
13C 直接測定 ··································· P5 

15d-PGJ2······································P47 
19F 標識タンパク質 ·························P39 

II 型 AAA-ATPase ··························· L9 
2H decoupling································· L3 
23Na-MQMAS································P80 
27Al NMR ·····································P92 
27Al 体 NMR··································L29 
29Si NMR······································P92 
31P MAS NMR·······························P88 
31P-HOESY···································P64 

3 次元 NOESY·······························P22 
43Ca NMR·····································P89 

4D NOESY ·································YP13 
95Mo ············································P90 

（A） 

actin ············································P55 

agarose gel ···································P61 

A-quartet ·····································P29 

（B） 

bHLH transcription factor················ P7 

BMRB········································ P111 

BN ナノ粒子··································P86 

（C） 

CD44 ···········································P57 

chemical shift anisotropy ················L14 

conformational equilibrium ·············P57 

CP···············································P79 

CRAMPS······································P96 

cross-saturation·····························P28 

Cryocoil······································ P112 

（D） 

DARR ········································· YP1 

denoise·········································L24 

DHFR··········································P52 

disulfide bond ·····························YP18 

domain orientation ························P40 

（E） 

EB1·············································P30 

E-box binding··································P7 

EF hand·······································P59 

ESP1 ·········································YP19 

ESP1 受容体 ·······························YP19 

ESP ファミリー ·····························P34 

（F） 

FABP4 ·········································P42 

FKBP ··········································P60 

FliK·············································P43 

FLYA ···········································L18 

（G） 

GIPAW 法 ···································· YP3 

GPVI ···········································P41 

G-quartet ·····································P29 

（H） 

HCA(N)CO ·····································L3 

High order spin system···················P65 

HMG ···········································P40 

（I） 

in situ 光照射-固体 NMR ················ YP4 

in-cell NMR ··········· YP15, P37, P39, P49 

INPHARMA ·································P41 

interaction····································P55 

IQGAP1 ·······································P55 

（L） 

larger protein NMR ·······················P62 

LBT·············································P60 

LED 蛍光体···································P98 

LED 封止樹脂································P98 

（M） 

Mal ·············································P36 

MAS··············································P2 

mitochondria ······························YP18 

molecular mobility ·························P61 

MR エラストグラフィ ··················· P103 

－435－



Musashi ········································ P9 

（N） 

NADPH oxidase ····························P59 

Nanodisc ····································YP14 

NF-B シグ ナリング······················P50 

NMR ····································P35, P40 

NMR spin-label ···························YP18 

NMR プローブ開発 ······················· P113 

NMR 滴定法··································P12 

non uniform sampling ····················P62 

NQR ··································· YP7, P118 

NQR・NMR 二重共鳴分光装置 ······· P116 

NQR 核磁気モーメント ·················· YP7 

NQR 周波数探査 ·························· P116 

（O） 

Orange domain······························· P7 

（P） 

PFG-NMR ····································P81 

phox ··········································YP14 

PH ドメイン································· YP2 

- stacking ··································P29 

+TIPs ··········································P30 

protein ·········································P61 

Protein dynamics···························P49 

protein structure ···························L14 

Protein-ligand interaction ···············P32 

PX dmain ···································YP14 

（R） 

RDC ··········································YP12 

Relaxation····································P49 

RNA ·······································P9, P58 

RNase··········································P46 

（S） 

SAIL·······································L4, P32 

segmental isotope labeling ··············P28 

Selective J- resolved HMQC ············P65 

selective methyl protonation············P62 

staphylococcal nuclease V66K··········P54 

STD···············································P3 

SUMO 化翻訳後修飾·······················P27 

SWAP-70····································· YP2 

（T） 

TCS 実験 ······································P14 

TIR ドメイン ································P36 

transferred cross-saturation ············P13 

TRAPDOR····································P97 

triplet-DNP ··································P67 

TROSY ········································L14 

TSP ··········································· P104 

Tubulin ········································P24 

two-component system ···················P28 

（V） 

VRK1·············································L2 

（Z） 

Zeolite ·········································P84 

Zn2+ フィンガードメイン·················P50 

－436－



（五十音） 

（あ行） 

アイソトポマー ····························· YP8 

アプタマー ····································· L8 

アミノ酸選択ラベル ························P75 

アミロイド線維 ······························P76 

アミロイド線維阻害 ························P76 

アミロイドタンパク ·············· YP1, P70 

アミロイドベータペプチド ···············P35 

アメロジェニン ······························P53 

アラニン連鎖ペプチド ·····················P73 

アルツハイマー病 ···························P35 

安定化 ··········································· L6 

安定同位体標識 ················ L19, P26, P58 

安定同位体ラベル ···························L21 

イオン液体 ····································P77 

イオン拡散 ····································P81 

異核測定 ·······································L19 

異種核多次元 NMR················YP15, P37 

異種相関 ·······································L27 

異性化平衡 ···································· P11 

イネ ·············································P10 

インスリン ····································P15 

液体物検査 ··································· YP6 

エピトープマッピング ······················ P3 

塩橋 ···········································YP11 

オリゴマー ····································P20 

オルタナティブスプライシング ·········· L9 

オントロジー ······························· P108 

（か行） 

解析条件 ····································· P114 

回転エコー二重共鳴 ························L22 

回転磁場系 ·································· P102 

外部ロック ····································P68 

化学シフト ··································· YP3 

化学シフト異方性 ···························P94 

化学シフト摂動 ······························P77 

化学修飾 ·····································YP11 

可逆的配位数変化 ···························L29 

拡散 ············································ YP5 

核磁気緩和 ··································YP10 

核四極子共鳴 ······························· P115 

核小体局在シグナル ··························L9 

画像不均一性 ······························· P102 

カチオン-相互作用······················ P100 

活性酸素 ·······································P59 

カテキン ····································· P100 

過渡的構造 ······································L1 

カドミウム ··································YP16 

カナマイシン 3’リン酸 ·····················P64 

カリウムチャネル ·························YP17 

カルシウムハイドロシリケート ·········P89 

カルモジュリン ····························YP16 

環境メタボローム ························· P107 

感度向上 ····································· P112 

緩和時間 ································YP6, P78 

緩和時間測定 ·································P42 

緩和分散法 ····································L20 

気孔の分化 ····································P16 

帰属解析 ····································· P109 

気体拡散係数 ·································P99 

気体の NMR··································P99 

キナーゼ ·······································P44 

絹フィブロイン ······························L21 

凝集 ···············································L6 

共分散 ··········································L24 

共鳴周波数探査 ···························· P118 

局所構造 ·······································L22 

金属水素化物 ·································P87 

クモ牽引糸 ····································P72 

グラファイト ·································P85 

クルクミン ··································· YP1 

結合サイト ······································P8 

高磁場条件 ···································· L11 

高圧 NMR······························ P52, P54 

高圧力 ············································L5 

高温超伝導 ·································· P113 

交換 NMR···································· YP5 

抗菌ペプチド ·································P33 

交差飽和法 ····································P19 

－437－



高磁場 NMR··································P68 

高周波磁場 ·································· P102 

酵素 ·············································P24 

構造解析 ········································ L1 

高速 MAS ·····································P79 

高速 MAS ·····································P96 

酵素分解 ·······································P63 

抗プリオン化合物 ···························· P8 

高分子錯体 ····································P80 

高分子量タンパク質 ························P26 

酵母発現系 ····································P26 

固体 15N NMR ·······························L28 

固体 NMR········ L11, L21, YP8, P66, P69,  

 P71, P72, P73, P76, P82,  

 P83, P84, P86, P91, P101 

固体 NMR 法 ································ YP3 

固体 17Ｏ NMR ······························P74 

固体酸触媒 ····································P84 

固体重水素 NMR····························P87 

コバルト酸リチウム ······················· YP5 

コレステロール ······························L23 

昆虫 ··········································· P105 

（さ行） 

最小二乗フィッティング ··················L20 

最大エントロピー法 ···············YP13, P22 

細胞質ダイニン ······························P14 

差スペクトル ·································· P1 

酸素還元反応 ·································L28 

サンプリング条件 ························· P107 

サンプル調製 ····························L6, P45 

四極子結合定数 ······························P80 

四極子相互作用 ······························P74 

シグナルアサイメント ·····················P69 

自己集合 ·······································P53 

脂質 ·············································P45 

脂質二重膜 ··································· YP2 

脂質ラフト ····································L23 

自然免疫 ································P33, P46 

シックスドメイン ···························P56 

自動構造計算 ·································L18 

シトクロム c ························· P17, P38 

磁場安定化 ····································P68 

磁場配向 ·······································P99 

シミュレーション ·························· YP7 

ジャスモン酸 ·································P10 

重水素交換 ····································P53 

主成分分析 ·································· P110 

ジユビキチン ···································L5 

受容体 ··········································P15 

準安定状態 ····································P25 

常磁性ランタニド ·····························P4 

常磁性 NMR··································P17 

常磁性緩和効果 ································L1 

触媒 ·············································P93 

植物 ··········································· P105 

植物細胞 ·······································P16 

植物バイオマス ······························L27 

試料管内転写 ·································P58 

試料調製 ·····································YP20 

親和性制御 ····································P14 

水素化ホウ素化合物 ························P83 

水素結合 ·········································L4 

水素貯蔵材料 ·································P83 

ストレス耐性 ·································P10 

スピン拡散 ····································P67 

スフィンゴミエリン ························L23 

スペクトルシミュレーション ············P71 

スペクトルデータベース ················ P117 

石炭 ·············································P95 

石炭灰 ··········································P92 

ゼラチンゲル ······························· P106 

セラミド輸送タンパク質 ··················P51 

セルロース ····································P77 

セルロース分解 ····························· YP8 

選択標識 ·········································L2 

相関係数 ····································· P109 

相互作用 ································ P15, P18 

相互作用解析 ·································P30 

装置開発 ····································· P116 

阻害剤構築 ····································P41 

－438－



側鎖交換性水素 ······························· L4 

第一原理計算 ······························· P110 

ダイナミックレンジ ························L24 

多核固体 NMR·······························P95 

多孔質 ··········································P93 

多重結合部位 ·································P27 

縦緩和時間 ····································· P3 

多糖 ·············································P63 

妥当性確認 ·································· P114 

多変量解析 ··································· YP9 

タンパク質間相互作用 ·····················P19 

蛋白質ダイナミクス ·················P52, P54 

チオエステル転移反応 ·····················P27 

地磁気 NMR································· YP6 

窒素含有カーボン ···························L28 

窒素 14·········································P66 

超 1GHz NMR ····························· P113 

超高磁場 ········································ P5 

超低摩擦 ·······································P85 

超偏極 Xe······································P93 

定量 ··········································· P104 

定量 NMR··································· P114 

データ登録 ·································· P111 

データ評価 ·································· P108 

データベース ·······················P108, P111 

鉄 ················································L26 

転移 NOE ·····································P33 

転移交差飽和法 ······························· P2 

電磁界シミュレーション ················ P115 

電子伝達複合体 ······························P38 

転写因子複合体 ······························P31 

転写コアクチベーター ··············P12, P31 

天然物構造解析 ······························P63 

天然変性タンパク質 ························P12 

糖 ················································P18 

糖鎖 ············································· P11 

糖鎖 ·············································· P1 

動的核分極(DNP)法 ························ L11 

動的核偏極 ····································P67 

特異的認識 ····································P34 

トバモライト ·································P89 

トランスポーター ···························P13 

（な行） 

二次元 NMR··································P21 

二次元相関 NMR····························P82 

ヌクレオソームコア ························P23 

（は行） 

バイオマス分解 ································P6 

バイオマス前処理 ·························· YP9 

配向 ·············································P78 

バイセル ····································· P101 

薄膜 ·············································L25 

バナジウム水素化物 ························P87 

パルス法 ····································· P118 

ハロロドプシン ······························P75 

光活性中間体 ································ YP4 

光受容体 ·······································P44 

光照射固体 NMR····························L12 

光中間体 ·······································L12 

ヒストン ·······································P23 

微生物産生ポリアミノ酸 ··················P91 

微生物叢 ·········································P6 

非線形サンプリング ···············YP13, P22 

ヒト脳 ··········································L26 

非破壊検知 ·································· P115 

標準酸化還元電位 ···························P17 

表面修飾 ·······································P86 

微量フッ素 ····································P97 

ピルビン酸 ····································L19 

ピロリン酸スズ ······························P88 

フィトクロム ·································P44 

富栄養化水 ·································· P107 

フェリチン ·································· P106 

フェロモン ····································P34 

複合生物系代謝 ···························· P105 

複合体 ········································YP20 

物質循環 ·······································L27 

フッ素レス ····································P97 

フラーレン ····································P85 

プリオン ·········································L8 

－439－



プリオン病 ····································· P8 

プローブ ····································· P112 

プロトフィブリル ···························P70 

プロトン移動 ·······························YP10 

分子間構造 ····································P73 

分子間シート ·······························P70 

分子動力学 ·································· P110 

分子内水素結合 ····························YP10 

分子内相互作用 ······························P51 

ペプチド ·······································P45 

ヘム ·············································P21 

ヘムタンパク質 ······························P20 

べん毛 ··········································P43 

ホスト-ゲスト化学 ························YP12 

ポリアラニン ·································P72 

ポリグルタミン ······························L22 

ポリ酸 ··········································P90 

ポリフルオレン ······························P94 

ポリマーブレンド ···························P91 

（ま行） 

マイクロプローブ ···························P98 

マウスフェロモン ·························YP19 

膜タンパク質 ·················YP17, P38, P71 

膜蛋白質 ·······································P13 

マジック角回転 ·······················L25, P78 

マルチドメイン蛋白質 ·····················P48 

ミオグロビン ·································P20 

無機化合物 ····································P96 

無細胞タンパク質合成 ·····················P19 

無細胞発現系 ·································P75 

ムチン ··········································· P1 

メタ相関解析 ·································· P6 

メタボロミクス ···························· P104 

メチオニン選択標識 ······················YP16 

メチル TROSY·····························YP17 

メリチン ·······································P74 

免疫グロブリン ······························ P11 

（や行） 

有機 EL········································P94 

有機化合物 ·································· P117 

ユビキチン ····························· P25, P50 

溶液 ···············································P5 

溶液 NMR···············P24, P47, P48, P117 

横緩和 ··········································L26 

横緩和速度 ·································· P106 

四重鎖 DNA ··································P21 

（ら行） 

ランタニド結合タグ ··························P4 

ランタノイド ·································P60 

リアルタイムモニタリング ·················L8 

リガンドスクリーニング ····················P4 

リグノセルロース可溶化 ················· YP9 

リジン ········································ YP11 

リチウムイオン二次電池 ··················P81 

リチウム電池 ·································P82 

立体構造 ·······················YP15, P37, P64 
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 P43, P50 

白水 美香子 P76 

秦 殊斌 P48 

神藤 平三郎 P28 

榛葉 信久 P16 

菅瀬 謙治 L6, L20, P26 

杉木 俊彦 P27, P52 

杉本 収 P101 

鈴木 榮一郎 P16 

鈴木 孝 L23 

鈴木 勉 P20 

鈴木 不律 YP3 

鈴木 勝 P86 

鈴木 悠 L21, P74 

鈴木 陽 P88 

鈴木 倫太郎 P10, P28 

鈴木 美穂 P58 

須藤 雄気 L12, YP4 

住本 英樹 P60 

関 宏子 P2 

関口 光広 P61 

瀬谷 司 

 P37 

相馬 洋之 P87 

染谷 友美 P76 

（た行） 

太 虎林 P18, P22, P30 

高折 晃史 L8 

高垣-加藤 こずえ P42 

高野 誠 P45 

高橋 雅彦 L6 

高橋 貴文 P96, P98 

高橋 利和 L29 

高橋 治雄 P78 

高橋 栄夫 L19, P3, P16,  

 P27, P52 

高橋 大樹 L11 

高橋 雅人 P69, P114 

高橋 三雄 P16 

高屋 展宏 L26, P103,  

 P107 

宝田 理 P14 

竹内 理 P47 

竹内 恒 L19, YP16,  

 P3, P27, P42, P52 

竹内 誠 P17 

竹内 和久 P105 

竹腰 清乃理 L24, YP1,  

 YP5, P71, P83, P113 

武田 和行 YP1, P68, P71 

武田 光広 L4, P33 

田制 侑悟 P75 

立和名 博昭 P24 
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楯 真一 L14, P41,  

 P44, P53 

楯 直子 P41 

伊達 康博 L27, YP8, P6 

立石 健一郎 P68 

立山 誠治 P64 

田中 利好 P45 

谷口 雅浩 P35 

谷村 隆次 P42 

高橋 栄夫 P42 

田巻 初 P76 

丹治 健一 P101 

丹所 正孝 P90, P91 

近山 英輔 L27, P106,  

 P111 

辻 暁 YP2, P102 

津嶋 崇 P47 

土江 祐介 P23, YP13, P63 

土田 努 P106 

土屋 渉 P10, P28 

綱嶋 正通 P90 

坪井 裕理 YP9, P106 

手塚 福栄 L6 

出村 誠 P34, P54, P76 

寺内 勉 L4, P33 

寺尾 佳代子 YP17 

寺沢 宏明 YP18, P35,  

 P36 

天野 剛志 L9, P51 

土井 崇嗣 P71 

東原 和成 YP18, P35 

徳田 尚美 YP2 

戸田 充 L11 

栃尾 尚哉 L2 

杤尾 豪人 P40, P43 

友永 雄也 L12, YP4 

豊永 翔 P1 

（な行） 

内藤 晶 L12, YP4,  

 P75, P77, P101 

永井 義崇 P32 

長尾 聡 P21 

中川 敦史 P112 

中越 雅道 P77 

中込 秀樹 P114 

中澤 千香子 P79 

中澤 靖元 P73 

中田 真一 P94 

永田 崇 L8, P9 

中谷 英一 P112 

長土居 有隆 P24, P57 

中冨 晶子 YP15 

長友 重紀 P18, P22,  

 P30 

仲野 朋子 YP10 

中野 佑亮 P30 

中原 優 YP7, P116, P119 

中村 浩蔵 P101 

中村 新治 L11 

中村 壮史 P16 

中村 敏和 P86 

中村 春木 P109, P112 

中山 顕貴 P68 

中山 勉 P101 

鍋島 真美 P118 

行木 信一 L6 

名雪 三依 P90 

成松 久 P11 

成松 由規 P11 

西浦 達也 P97 

西尾 拓動 L12 

西ヶ谷 有輝 P45 

西川 諭 L8 

西川 富美子 L8 

西田 紀貴 P14, P56, P58 

西田 雅一 P89 

西村 勝之 P91, P102 

西村 善文 P24, P57 

西山 裕介 P67, P74 

新田 尚隆 P104 

根来 誠 P68 

根本 貴宏 P67 

根本 貴弘 P98 

野田 泰斗 YP5 

野田 泰斗 L25, YP5,  

 P83, P113 

野本 直子 P39 

則武 義幸 P78 

（は行） 

浜津 順 平 L18 

はが 紗智子 YP18, P35 

箱嶋 敏雄 L1, P31 

橋本 康博 P82, P90 

長谷 隆司 P69, P114 

秦 和澄 L5, P55 

畠山 盛明 P81 

服部 峰之 P94 

服部 良一 YP11 

花島 知美 P15, P50 

花田 賢太郎 P52 

浜津 順平 P15 

濱津 順平 P38, P50 

早坂 晴子 P58 

林 こころ P72 

林 繁信 L29, P84,  

 P85, P87, P88 

林 宣宏 P38 

林 裕志 YP9 

早野 陽介 P8 

原田 幸祐 YP14 

原野 陽子 P109, P112 

樋岡 克哉 P67, P74, P99 

樋口 真理花 P76 

肥後 聡明 P69 

日高 徹郎 L12, YP4 

日比野 高士 P89 

平沖 敏文 P81 

平賀 隆 P94 

平金 真 YP18 

平野 貴志 L5 
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平林 淳 P19 

廣明 秀一 L9, P51 

広瀬 進 P32 

廣瀬 卓男 P105 

廣田 俊 P21 

黄 多率 YP15 

深尾 陽一朗 P45 

深田 はるみ YP11 

深谷 治彦 P89 

福井 泰久 YP2 

福島 達也 P95 

福田 真嗣 L27 

福地 将志 YP1, P95 

藤江 正樹 P81 

藤田 大士 YP12 

藤田 誠 YP12 

藤戸 輝昭 P69 

藤原 健一郎 L9 

藤原 芳江 L9 

藤本 瑞 P10, P28 

藤原 敏道 L11, YP11,  

 P5, P44, P72,  

 P76, P109, P112 

藤原 正子 P105 

降旗 一夫 P66 

古板 恭子 YP11, P5 

古川 亜矢子 L8 

古川 早苗 P11 

古川 大祐 P13 

逸見 光 P19, P22 

細川-武藤 淳二 P8 

細田 和男 L6, P46 

細野 政美 P69, P114 

細谷 沙織 P38, P50 

堀 浩 P2 

本坊 和也 P60 

本間 一弘 P104 

（ま行） 

前崎 綾子 P25, P31 

前田 史郎 P92 

前田 佳子 L23 

前田 秀明 P69, P114 

前野 覚大 P53, P55 

真 嶋司 L8 

益田 祐一 YP10 

増田 裕一 YP1, P71 

町山 麻子 P13, P29 

松井 久仁雄 P90 

松浦 孝則 P112 

松岡 茂 L22 

松木 陽 L11 

松野 信也 P90 

松森 信明 L23 

三浦 浩治 P86 

三浦 亨 P115 

三神 すずか L1, YP19 

三島 正規 L1, L18,  

 YP13, YP19, P15, P23,  

 P25, P31, P32, P38,  

 P49, P50, P63 

水越 弓子 P3 

水野 志乃 P44 

水野 敬 YP5, P113 

三田 肇 P22 

三森 文行 L26, P103,  

 P107 

湊 雄一 P13, P29 

宮坂 昌之 P58 

宮崎 健介 P49 

宮崎 隆好 P69, P114 

宮脇 仁 P93 

三好 理子 P99 

三輪 優子 P99 

村井 元紀 L22 

村上 美和 P83 

村田 道雄 L23 

村山 秀平 P40 

持田 勲 P93 

森 哲哉 P78 

森 智行 P31 

森 正之 P17 

森井 尚之 P11 

森岡 祐介 P111 

森川 卓也 P82 

森下 了 L8 

森戸 昭等 P43 

守屋 繁春 P78, P108 

森脇 義仁 P24 

諸原 理 YP12 

（や行） 

八木澤 仁 YP2 

矢木 真穂 L5, P26 

安田 智一 L23 

安田 弘之 L29 

谷田川 達也 YP1 

柳澤 吉紀 P114 

山内 一夫 P67 

山口 圭一 P8 

山口 敏幸 L23 

山口 芳樹 YP12 

山崎 和彦 P11 

山崎 俊夫 L22, P9,  

 P69, P114 

山崎 俊正 P10, P28, P45 

山澤 哲 YP8 

山路 俊樹 P118 

山瀬 利博 P91 

山田 和彦 P69, P75 

山根 千英 P116 

山本 挙 P82 

山本 泰彦 P18, P22, P30 

楊 淳竣 P33 

尹 聖昊 P93 

横川 真梨子 YP14, P1 

横地 政志 P4, P47,  

 P61, P110 

横山 茂之 L2, P76 

横山 順 L2, P76 

吉浦 知絵 P13 

吉川 信也 P39 
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吉川 正敏 P114 

吉田 卓也 P48 

葭田 征司 P108 

吉田 直樹 YP14 

吉永 壮佐 YP18, P35 

吉野 彰 P82 

吉益 雅俊 P38 

吉水 広明 P100 

梁 明秀 L8 

林 雄超 P93 

（わ行） 

若松 馨 L6, P46 

和田 昭盛 L12, YP4 

和田 侑士 P53 

渡辺 健太 P114 

渡邉 翔大 YP6 

渡邉(伊藤) ひかり P77 

渡邉 英宏 L26, P103,  

 P107 
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