
第52回 NMR討論会
The 52nd Annual Meeting of The Nuclear Magnetic Resonance Society of Japan

講演要旨集
Abstracts

主　催：日本核磁気共鳴学会
共  催：高分子学会、日本生物物理学会、日本農芸化学会、日本材料科学会
協  賛：日本分析化学会、分子科学会、日本蛋白質科学会、 
　  　　日本生化学会、日本磁気共鳴医学会
後  援：日本物理学会、日本分子生物学会

会　期： 2013年11月12日（火），13日（水），14日（木）
 November 12(Tue)-14(Thu), 2013

会　場： 石川県立音楽堂
 ISHIKAWA ONGAKUDO
 〒920-0856　石川県金沢市昭和町20-1



第52回NMR討論会　運営委員会

水野　元博（金沢大学）　［委員長］
大木　進野（北陸先端科学技術大学院大学）
前田　史郎（福井大学）
水口　峰之（富山大学）
井田　朋智（金沢大学）
大橋竜太郎（金沢大学）



－ 1－

会場（石川県立音楽堂）への交通案内
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石川県立音楽堂
邦楽ホール・交流ホール
〒920-0856　石川県金沢市昭和町20-1

電車をご利用の場合
JR金沢駅東口より徒歩1分。

お車をご利用の場合
音楽堂専用駐車場は地下2階にあり152台まで駐車できます。音楽堂と金沢
全日空ホテルとの間の道路からお入りください。
〈普通駐車料〉
入場料1回につき1時間以内 …… 400円
1時間を超える場合は、30分までごとに……200円
午後11時を超えて翌日の7時までの間……1,000円

＊詳細は会場ホームページ（http://www.ongakudo.jp/access.html）をご覧ください。
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会場の案内図

◆ 2F邦楽ホール：口頭発表会場、チュートリアルコース会場、総会会場、ウェルカムランチ
◆ 地下1F交流ホール：ポスター発表会場、プレゼンコーナー、展示ブース、
　　　　　　　　　 インターネットコーナー、休憩所
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ポスター発表会場
プレゼンコーナー、展示ブース
インターネットコーナー、休憩所
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ポスター・展示会場詳細図

プレゼンコーナー

ポスターセッション

インターネットコーナー

展示ブース

位置 社　名

① SIサイエンス株式会社

② 株式会社エルエイシステムズ

③ 株式会社フレックス

④ Wavefunction, Inc.

⑤⑥ 株式会社 JEOL RESONANCE

⑦⑧ アジレント・テクノロジー株式会社

⑨ 株式会社エムアールテクノロジー

⑩ 株式会社セルフリーサイエンス

⑪ 株式会社ニッピ

⑫ 大陽日酸株式会社

⑬ 株式会社シゲミ

⑭ セティ株式会社

⑮⑯ ブルカー・バイオスピン株式会社

場　所：石川県立音楽堂　地下1F交流ホール

ポスター発表会場、プレゼンコーナー、展示ブース、インターネットコーナー、休憩所
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懇親会会場案内図
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〒920-0852 石川県金沢市此花町6-10
TEL: 076-261-2111

開始日時：11月13日（水）19:00 ～
会　　場：金沢都ホテル　7階　鳳凰の間　

＊詳細は会場ホームページ（http://www.miyakohotels.ne.jp/kanazawa/）をご覧ください。
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参加者へのご案内

討論会日程表

1．受付と参加登録

◇ 受　付
受付は石川県立音楽堂1F正面口に設けます。
受付時間：11月 12日（火）　　8：30～ 18：00
　　　　　11月13日（水）　　8：30～ 18：00
　　　　　11月14日（木）　　8：30～ 16：30

・ 事前登録された方で、参加費を支払い済みの方は、本要旨集と一緒に送付した参加章を、忘れず
に持参してください。受付前に置いているホルダーに参加章を入れた上で、会期中は常に携帯し
てください。（受付デスクで手続きを行う必要はありません）

・ 事前登録された方であっても、参加費の振込みがない場合は、当日参加登録扱いとなります。
・ 当日参加の方は、受付前に置かれた当日参加用紙を記入の上、受付デスクにお越しください。
　参加費と懇親会費（懇親会に出席される場合）を現金でお支払いいただきます。

一般講演
L1～ L7

一般講演
L8～ L13

招待講演
IL6

一般講演
L14～L21

一般講演
L22～L25

招待講演
IL7～ IL11

特別講演
HL1、HL2招待講演

IL1～ IL5

展　示 展　示展　示

ポスター 
セッション
（偶数番号）

ポスター 
セッション
（奇数番号）

Break
休憩

Break

総　会
昼　食

ウェルカムランチ

昼　食
昼　食

評議員会
（5F兼六の間）

新評議員会
新理事会

（5F兼六の間）

懇親会
（7F鳳凰の間）

若手ポスター賞
受賞講演休憩

休憩

休憩

休憩

休憩
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当日参加
会　員 非会員

正会員 学生会員 一　般 学　生
年会参加費 ￥4,000 ￥2,000 ￥13,000 ￥7,000

懇親会 ￥6,000 ￥4,000 ￥6,000 ￥4,000

◇ 参加章（名札）
参加章に所属と氏名を各自で記入し、大会会場では必ず着用してください。参加章のない方の入場
は固くお断りします。

◇ 領収書の発行
参加章に印刷されている領収書をお使いください。それ以外の領収書が必要な方は、参加章を持参
して受付デスクへお越しください。

◇ 講演予稿集
講演予稿集を日本核磁気共鳴学会会員に事前送付します。残部がある場合に限り、一冊につき5,000
円で受付にて当日販売を行います。
討論会終了後に、予稿本文を第52回NMR討論会ホームページ
（http://www.nmrj.jp/NMR2013/）で公開します。

◇ 学会費の支払いと入会手続き
日本核磁気共鳴学会の本年度の学会費を未納の場合は、受付に設置する日本核磁気共鳴学会の受付
でお支払いください。また、日本核磁気共鳴学会への入会も受け付けます。

◇ ウェルカムランチ整理券の配布について
ウェルカムランチの参加には整理券が必要となります。整理券は、当日の8：30より、受付にて配布
いたします。

2．会場内のサービス・施設

◇ クローク
石川県立音楽堂1F邦楽ホールエントランスにクロークを設置します。ただし、貴重品やコンピュー
タなどについては、破損、紛失などの責任は負いかねますので、各自でお持ちください。
懇親会の際には、懇親会会場の前に、懇親会用のクロークを設置します。

利用時間　　11月 12日（火）　　8：30～ 19：00
　　　　　　11月13日（水）　　8：30～ 18：50
　　　　　　11月14日（木）　　8：30～ 18：10
　　　　　　（＊講演が延びた場合の終了時間は、最終講演終了の30分後とします。）
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◇ 昼　食
石川県立音楽堂周辺に、レストランが複数あります。

◇ インターネットコーナー
地下1F交流ホール内に無線LAN接続のインターネットコーナーを設置します。コンピュータは各自
用意してください。

◇ 呼び出し
会場内での呼び出しは、緊急の場合を除いては一切行いません。

3．禁止事項

◇ 喫煙・飲食
会場内は禁煙です。邦楽ホール内での飲食は（ウェルカムランチ以外）固く禁じられております。ま
た、ポスターセッションのスペースでの飲食も禁止となっております。喫煙と飲食は所定の場所で
お願いします。御協力よろしくお願いします。

◇携帯電話
口頭発表会場（邦楽ホール）内での携帯電話による通話を禁止します。口頭発表会場内では電源をオ
フにするかマナーモードに設定して、呼び出し音が鳴らないようにしてください。

4．年会についての問い合わせ

◇ 会期中
 総合受付
 〒920-0856　石川県金沢市昭和町20-1
 石川県立音楽堂　1F正面口

◇会期外
 52ndNMR 討論会事務局
 〒102-0072　東京都千代田区飯田橋3-11-15　UEDAビル6F
 株式会社クバプロ内
 TEL ： 03-3238-1689　FAX ： 03-3238-1837
 E-mail ： nmr52@kuba.jp
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5．発表者へのご案内

◇ 座長の方へ
受付： 座長の方は、担当時間の10分前までに、邦楽ホール内の「座長席」（休憩をはさまない場合は

「次座長席」）までお越しください。
進行： 進行は座長に一任します。例年、終了時間が延びる傾向にありますが、講演時間終了後には

会議や懇親会などが予定されております。質疑応答などにおいてイニシアティブをとってい
ただき、終了予定時間を厳守するようお願いします。

◇講演者の方へ
招待講演、一般講演および若手ポスター賞受賞講演の講演方法：液晶プロジェクターを用いたプレ
ゼンテーションのみとなります。講演に使用するコンピュータは各自で持参してください。
音声出力には対応していません。バッテリー切れに備えて、必ず電源アダプターを持参してく
ださい。液晶プロジェクターとの接続はD-sub15ピンとなります。一部のノートパソコン（特に
Macintosh）では専用の変換ケーブルが必要となりますので、必ず持参してください。バックアップ
用として、発表データをCD-ROMあるいはUSBフラッシュメモリで持参してください。

招待講演、一般講演および若手ポスター賞受賞講演の受付：講演前の休憩時間までに、邦楽ホール
内の「PC受付」に講演に使用するコンピュータを持参してください。

講演時間：進行は座長に一任されています。持ち時間は特別講演40分、招待講演（海外）40分、招待
講演（国内）35分、一般講演20分、ベルの鳴動時刻は以下の通りです。

一鈴 二鈴（発表終了） 三鈴（質疑終了）
特別講演 35分 40分 －

招待講演（海外） 30分 35分 40分
招待講演（国内） 25分 30分 35分
一般講演（日本語または英語） 13分 15分 20分

※特別講演には質疑の時間はありません。
※若手ポスター賞受賞者には10分程度のショートトークを行っていただく予定です。

◇ポスター発表の方へ
作成要項：ポスター作成の使用言語は英語あるいは日本語とします。ただし、図の説明には、英語
を用いてください。タイトル、名前、所属については、英語と日本語を併記してください。発表代
表者の氏名には、左肩に小さな○印を付けてください。3 m離れた位置からでも、十分に読める文字
の大きさを用いてください。図や表もできるだけ大きくしてください。
ポスターパネルサイズは縦210 cm×横90 cmです。左上隅20 cm四方のスペースに演題番号を表示し
てあります。床から30 cm程度のスペースを空けておくことを推奨します。画鋲は各ポスターパネ
ルに用意します。

展示場所：ポスター会場は地下1F交流ホールです。演題番号が表示されたパネルに展示してください。
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提示期間：会期中はポスターの貼り替えを行いません。すべての発表ポスターは、11月12日（火）
9：00～ 12：00の間に掲示し、11月14日（木）14：30～ 16：20の間に取り外してください。ポス
ター撤去時刻を過ぎても取り外されないポスターは事務局で撤去します。

ポスター発表時間：ポスター番号が偶数番号および若手ポスター賞候補の方（P2, P4,…）は、11月12日（火）
13：50～ 15：20にポスター討論を行ってください。奇数番号（P1, P3,…）の方は、11月14日（木）12：50
～ 14：20にポスター討論を行ってください。発表時間の間は、必ずポスターの前に立ち、質問と討論に
応じてください。また、発表者はポスターボードに備え付けられたリボンを付けて発表して下さい。

6．第52回日本核磁気共鳴学会　総会開催通知

日　時：2013年11月12日（火）　12：05～ 12：35
場　所：石川県立音楽堂　邦楽ホール（2F、口頭発表会場）

第52回日本核磁気共鳴学会総会を開催いたします。是非、ご出席ください。都合で出席できない方
は委任状を総会開始前にご送付ください。また、委任状は討論会受付にも用意します。総会開始前
に受付にご提出ください。

7．理事会・評議員会の案内

理事会 11月11日（月）18：00より 金沢都ホテル　5F兼六の間
評議員会 11月12日（火）18：55より 同上
新評議員会 11月13日（水）12：00より 同上
新理事会 11月13日（水）引き続いて 同上

◇いずれも、食事の用意があります。
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チュートリアルコース

日　時：11月11日（月）／ Nov. 11, Mon.
会　場：石川県立音楽堂（2F邦楽ホール）
　　　　（受付　1F邦楽ホール〈※エスカレータ前、クロークの傍〉）

13:00～ 14:30

「メチル基を通して巨大な分子を観る」
池上　貴久　先生（大阪大学蛋白質研究所 准教授）

　たとえTROSY-CRIPTなどの測定法を使っても、蛋白質主鎖のアミド基ではもはや観測できないよ
うな大きな分子量を対象とすることに挑戦がなされている。その鍵はメチル基を観ることである。一
般的にメチル基は、その軸で速く回転し、さらに3つの 1Hスピンの化学シフト値が重なることのため
に感度が他の基よりも高くなることはよく知られていた。近年、それに加えて交差相関の働きにより、
さらに横緩和が遅くなっていることも実証され、Methyl-TROSYの名で知られるようになった。この
現象を利用すると、巨大分子どうしの相互作用だけでなく、その側鎖のダイナミクスも分かり、また、
必ずしも帰属をしなくても、巨大な蛋白質のアロステリック効果に伴う構造変化なども追うことがで
きるようになった。ここでは、それらの実験例とその原理について紹介したい。

14:45～ 16:15

「NMRおよびGIPAW計算を用いた有機EL、有機太陽電池の解析」
梶　弘典　先生（京都大学化学研究所 教授）

　NMRが、他の解析手法では得ることが困難なユニークかつ重要な情報を与えてくれることは、本学
会の皆様はよくご存知のことと思う。本チュートリアルでは、NMRを有機エレクトロルミネッセンス
（有機EL）、有機太陽電池といった有機デバイスの解析に応用した例を紹介する。また、最近、分子間
相互作用を考慮した化学シフトの計算が可能となってきた。GIPAWと呼ばれるこの手法の応用例に関
しても紹介したい。

16:30～ 18:00

「NMRはいかに創られたか： 7. フーリエ変換NMR」
寺尾　武彦　先生（京都大学 名誉教授）

　教科書では長年にわたって積み重ねられた多数の研究成果が系統的に整理され、簡潔に淡々と記述
されている。しかし、その行間には先人たちの汗と涙がにじみ、フィクションを超えるドラマが潜ん
でいる。本講演では時代を画したNMRの方法論の研究にスポットを当て、どのような時代背景の下で
どういう人物が何をきっかけに歴史的な発想を得たのか、またどんな困難に出くわしてそれをどう解
決して研究を完成させたかを人間的なエソードを交えて話す。若い方々が話を通じて優れた科学者の
研究に取り組む姿勢や学問に対する情熱を学んで頂ければ幸いである。今回はフーリエ変換NMRにつ
いて話す予定である。
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9:25 ～ 9:30

開会の挨拶　朝倉　哲郎（日本核磁気共鳴学会会長）
Opening remarks: Tetsuo Asakura （President of The Nuclear Magnetic Resonance Society of 
Japan）

9:30 ～ 10:10

座長　林　繁信

L1 多量子カウンティング法を用いたリチウム電池正極材料の研究
 Application of Multi-Quantum Counting NMR for Positive Electrode Materials of  
 Lithium Ion Battery

○村上　美和 1，最上　祐貴 2，清水　俊介 2，竹腰　清乃理 2，荒井　創 1，内本　喜晴 3，小久見　
善八 1（1京都大学 産官学連携本部，2京都大学大学院 理学研究科，3京都大学大学院 人間・環境学
研究科）

L2  イオン伝導性配位高分子の開発と拡散NMR・固体NMRによる伝導機構の解明
 Diffusion NMR and solid-state NMR study on fast ion conducting coordination polymers

○犬飼　宗弘 1，堀毛　悟史 2, 3，上坪　祐介 2，梅山　大樹 2，北川　進 1, 2（1京都大学 物質 -細胞
統合システム拠点，2京都大学大学院 工学研究科，3 JST-さきがけ）

10:10 ～ 10:50

座長　西村　勝之

L3 GPIアンカー型蛋白質模倣分子の脂質二重膜存在下での固体NMR測定
 Solid-state NMR Spectra of Pseudo GPI-anchored Protein in membranes under  
 Magic Angle Spinning

○野村　薫，原田　英里砂，菅瀬　謙治，島本　啓子（サントリー生命科学財団 生物有機科学
研究所）

L4 15N NMRによる環状イミドリン酸イオン群の互変異性のpH依存性とプロトン伝導特性
 pH dependence of Tautomerism Equilibria and Proton Conductivity of  
 Various Cyclo-imidophosphate Anions by 15N NMR

○牧　秀志，片岡　大亮，水畑　穣 （神戸大学大学院 工学研究科）

10:50 ～ 11:00 休憩 /Break

第52回 NMR討論会
The 52nd Annual Meeting of The Nuclear Magnetic Resonance Society of Japan

会　期： 2013年11月12日（火）～14日（木）
 November 12（Tue）-14（Thu）, 2013
会　場： 石川県立音楽堂　邦楽ホール
 ISHIKAWA ONGAKUDO
 〒920-0856　石川県金沢市昭和町20-1

第1日目　11月12日（火）／Day 1 （Nov. 12, Tue）

English lecture

Poster Session
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11:00 ～ 12:00

Chairperson: Hironori Kaji

L5 A Solid-state 17O NMR Study of Molecular Dynamics for Water in Organic Compounds
○Kazuhiko Yamada1, Shinji Yamada2, Nodoka Sako2, Kenzo Deguchi3, Tadashi Shimizu3 and 
Junji Watanabe1 （1Tokyo Institute of Technology, 2Ochanomizu University, 3National Institute for 
Materials Science）

L6 Quick measurement of 1H solid-state NMR at very fast MAS
Yue Qi Ye1, Michal Maloň1, Charlotte Martineau2, Francis Taulelle2, ○Yusuke Nishiyama1 （1JEOL 
RESONANCE Inc., 2University of Versailles）

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

○Shigeki Kuroki1, and Hideyuki Hara2 （1Department of Organic and Polymeric Materials, 
Tokyo Institute of Technology, 2Bruker Biospin Japan）

12:05 ～ 12:35 日本核磁気共鳴学会総会 /Meeting of the NMR Society of Japan

12:35 ～ 13:50 昼食 /Lunch（ウェルカムランチ）

13:50 ～ 15:20 ポスターセッション（偶数番号 , 若手ポスター賞審査）
  Poster Session（even numbers） including poster presentations for 
  Young Scientists Poster Awards

15:20 ～ 15:30 休憩 /Break

15:30 ～ 16:05

座長　鈴木　榮一郎

IL1 Invited Lecture 1
 縮合系合成高分子の溶液NMR構造解析
 Structural analysis of condensation polymers using NMR

○松田　裕生 1，菅沼　こと 1，朝倉　哲郎 2, 3 （1帝人株式会社 構造解析研究所，2東京農工大学 
工学部，3分子科学研究所）

16:05 ～ 16:40

座長　浅野　敦志

IL2 Invited Lecture 2
 鉄鋼業における固体NMR の活用
 Application of solid-state NMR to steel industry

○金橋　康二 （新日鐵住金株式会社 先端技術研究所）

16:40 ～ 16:55 休憩 /Break
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16:55 ～ 17:30

座長　水野　元博

IL3 Invited Lecture 3
 多孔性ソフト結晶材料の化学と応用
 Chemistry and Application of Porous Soft Materials

○北川　進 1，犬飼　宗弘 1，堀毛　悟史 2, 3

（1京都大学 物質－細胞統合システム拠点，2京都大学大学院 工学研究科，3JST-さきがけ）

17:30 ～ 18:05

座長　大木　進野

IL4 Invited Lecture 4
 質量選別した気相イオンのNMR分光法の開発
 Development of NMR Spectroscopy for Mass-selected Molecular Ions

○冨宅　喜代一 （神戸大学大学院 理学研究科）

18:05 ～ 18:40

座長　池上　貴久

IL5 Invited Lecture 5
 糖鎖の機能解明を目指したNMRアプローチ
 NMR approaches for elucidating the functional roles of glycans

○加藤　晃一 1, 2, 3, 4 （1自然科学研究機構分子科学研究所 岡崎統合バイオサイエンスセンター，
2名古屋市立大学大学院 薬学研究科，3お茶の水女子大学 糖鎖科学教育研究センター，4株式会社 
グライエンス）

18:55 ～ 日本核磁気共鳴学会 評議員会（新評議員は出席の必要はありません）
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第2日目　11月13日（水）／Day 2 （Nov. 13, Wed）

9:00 ～ 10:00 

Chairperson: Hiroaki Terasawa

L8 Development and application of the methodology to investigate wood biomass by  
 solution NMR

Hideyasu Okamura1, 2, Hiroshi Nishimura3, 2, Yoshinori Imamura4, Yu Kozawa1, Noritsugu 
Terashima4, Yasuyuki Matsushita4, Kazuhiko Fukushima4, Takashi Watanabe3, 2, and ○Masato 
Katahira1, 4 （1Institute of Advanced Energy, Kyoto University, 2CREST, JST, 3Research Institute 
for Sustainable Humanosphere, Kyoto University, 4Graduate School of Bioagricultural Science, 
Nagoya University）

L9 Ligand-driven conformational changes of MurD characterized by paramagnetic NMR
Tomohide Saio1, Kenji Ogura1, Hiroto Yamaguchi 2, Hideki Tsujishita2,○Fuyuhiko Inagaki1 
（1Faculty of Advanced Life Science, Hokkaido University, 2Shionogi Innovation Center for Drug 
Discovery, Shionogi & Co., Ltd）

L10 Structure and dynamics of proteins based on the alignment tensors determined  
 by TROSY

○Shin-ichi Tate1, 2 （1Department of Mathematics and Life Sciences, Hiroshima University, 
2 Research Center for the Mathematics on Chromatin Live Dynamics （RcMcD））

10:00 ～ 10:10 休憩 /Break

10:10 ～ 11:10

Chairperson: Naoki Asakawa

L11 Dissolution mechanism of carbonate in silicate melts: Information from  
 ab initio calculations and 13C NMR measurements

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

L12 Microwave Heating NMR Spectroscopy. Application to Liquid Crystalline Systems
○Akira Naito1, Yugo Tasei1, Teruaki Fujito2, and Izuru Kawamura1（1Graduate School of 
Engineering, Yokohama National University, 2 Probe Laboratory Inc.）

L13 Precise Structure of Bombyx mori Silk Fibroin before and after Spinning determined 
 by Solid state NMR

Tetsuo Asakura1, 2, ○Koji Yazawa1, 3, Keiko Okushita4, Yu Suzuki1, Yasumoto Nakazawa1, Akihiro 
Aoki1, Katsuyuki Nishimura2, Yusuke Nishiyama3, Hironori Kaji5（1Department of Biotechnology, 
Tokyo University of Agriculture and Technology, 2Institute for Molecular Science, 3 JEOL 
RESONANCE Inc., 4National Defense Academy of Japan, 5Institute for Chemical Research, Kyoto 
University）

11:10 ～ 11:20 Break/休憩

11:20 ～ 12:00

Chairperson: Kiyonori Takegoshi

IL6 Invited Lecture 6
 Native Membrane Protein Structure in Lipid Bilayers Requires Solid State NMR

Nabanita Das1, 2, Dylan T. Murray1, 2, Yimin Miao1, 3 and ○Timothy A. Cross1, 2, 3 （1National High 
Magnetic Field Lab, Florida State University, 2Institute of Molecular Biophysics, Florida State 
University, 3Department of Chemistry & Biochemistry, Florida State University）
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12:00 ～ 13:20 Lunch/昼食
  日本核磁気共鳴学会 新評議員会・新理事会

13:20 ～ 14:00

Chairperson: Ichio Shimada

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

Fernando Correa1, Victor Ocasio1, Giomar Rivera-Cancel1, Laura B. Motta-Mena1, Yirui Guo1, 
Thomas H. Scheuermann1 and ○Kevin H. Gardner1, 2 （1UT Southwestern Medical Center, 
2CUNY Advanced Science Research Center）

14:00 ～ 14:40

Chairperson: Shin-ichi Tate

IL8 Invited Lecture 8
 Folding dynamics of topologically knotted proteins

○Shang-Te Danny Hsu （Institute of Biological Chemistry, Academia Sinica）

14:40 ～ 14:55 Break/休憩

14:55 ～ 15:35

Chairperson: Toshimichi Fujiwara

IL9 Invited Lecture 9
 Solid-state NMR Spectroscopy of Membrane Proteins

○Stanley J. Opella （University of California, San Diego）

15:35 ～ 16:15

Chairperson: Masatsune Kainosho

IL10 Invited Lecture 10
 Enhancing Signal and Contrast in MRI with Long-Lived Hyperpolarization or  
 Intermolecular Coherences

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

16:15 ～ 16:30 Break/休憩

16:30 ～ 17:10

Chairperson: Yasuhiko Yamamoto

HL1 Honorary Lecture 1
 Personal Reminiscences on Helical Polymers by NMR

○Toshifumi Hiraoki （Graduate School of Engineering, Hokkaido University）

17:10 ～ 17:50

Chairperson: Akira Naito

HL2 Honorary Lecture 2
 Why can F0 F1 ATPsynthase rotate? / F0 F1 ATP合成酵素はなぜ回る？

○Hideo Akutsu （Institute for Protein Research, Osaka University）
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17:50 ～ 18:30

Chairperson: Tetsuo Asakura

IL11 Invited Lecture 11
 Nuclear Magnetic Resonance: A Powerful Tool for Elucidating the Interplay between  
 Structure and Dynamics of Soft Matter

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

18:30 ～ 19:00 Break/移動・休憩

19:00 ～ Banquet/懇親会
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第3日目　11月14日（木）／Day 3 （Nov. 14, Thu）

9:00 ～ 9:40

座長　木川　隆則

L14 高分子量蛋白質の立体構造解析に向けた新規SAILアミノ酸標識法の開発
 New SAIL-NMR methods on structural analysis for large molecular protein

○宮ノ入　洋平 1，武田　光広 1，寺内　勉 2, 3，甲斐荘　正恒 1, 2, 4（1名古屋大学大学院理学研究科 
構造生物学研究センター，2首都大学東京 戦略研究センター，3 SAILテクノロジーズ株式会社，
4大阪大学 蛋白質研究所）

L15 多剤耐性転写制御因子の運動性と薬剤認識機構のNMR解析
 Dynamic drug recognition by multidrug-resistance transcriptional regulator

○竹内　恒 1，嶋田　一夫 2（1産業技術総合研究所 創薬分子プロファイリング研究センター，2東
京大学大学院 薬学系研究科）

9:40 ～ 10:20

座長　北原　亮

L16 天然変性タンパク質のＮＭＲによる揺らぎ構造解析
 Dynamic structure of the intrinsically disordered proteins monitored by NMR

岡﨑　萌花 1，大堀　由佳 1，幸元　雅也 1，渡部　暁 2，栃尾　尚哉 2,○西村　千秋 1（1帝京平成
大学 薬学部，2理化学研究所）

L17 抗体創薬への貢献を目指すNMR解析
 NMR Analysis Aiming for Contribution to Antibody Therapeutics

鳥澤　拓也 （中外製薬株式会社 研究本部）

10:20 ～ 10:30 休憩 /Break

10:30 ～ 11:10

座長　片平　正人

L18 ヘムオキシゲナーゼ -2の天然変性領域による活性制御機構の解明
 Regulation of heme oxygenase-2 activity elucidated by the analysis of structural dynamics

○古川　亜矢子 1，山本　竜也 2, 3，末松　誠 1, 2, 3，菅瀬　謙治 1（1サントリー生命科学財団 生物
有機科学研究所，2慶応義塾大学 医学部，3JST ERATO）

L19 符号理論を応用した新規の安定同位体標識戦略
 Novel Stable Isotope Labeling Strategy Using the Coding Theory

○葛西　卓磨 1，小柴　生造 1, 2，横山　順 1, 3, 4，木川　隆則 1, 3, 5（1理化学研究所 生命システム研
究センター，2東北大学 東北メディカル・メガバンク機構，3理化学研究所イノベーション推進
センター，4大陽日酸株式会社 つくば研究所，5東京工業大学 総合理工学研究科）

11:10 ～ 11:50

座長　伊藤　隆

L20 ヒト脳内の高精度 in vivo 1H スペクトロスコピー絶対定量化に関する検討
 Error and Correction in Absolute Quantitation of Metabolites in vivo Using Water as 
 Internal Reference

○渡邉　英宏，高屋　展宏（国立環境研究所 環境計測研究センター）
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L21 ヒト in vivo脳における鉄分布画像
 In vivo iron mapping in human brain

○三森　文行，渡邉　英宏， 高屋　展宏（国立環境研究所 環境計測研究センター）

11:50 ～ 12:50 昼食 /Lunch

12:50 ～ 14:20 ポスターセッション（奇数番号）
  Poster Session （odd numbers）

14:20 ～ 14:30 休憩 /Break

14:30 ～ 16:10 若手ポスター賞受賞講演
  Short talks by Young Scientists Poster Award Winners
  座長　河合　剛太，藤原　敏道

16:10 ～ 16:20 休憩 /Break

16:20 ～ 17:00

座長　出村　誠

L22 二次元ラプラス逆変換利用した緩和と拡散による材料解析
 Material analysis based on NMR relaxation and diffusion using Laplace-Laplace inversion

○大窪　貴洋，岩舘　泰彦 （千葉大学大学院 工学研究科）

L23 光励起三重項電子スピンを用いたDNPによる室温下での偏極率34%の達成
 Room-temperature hyperpolarization of nuclear spins with DNP using  
 photo-excited triplet electron spin

○立石　健一郎 1，根来　誠 2，西田　辰介 3，香川　晃徳 2，森田　靖 3，北川　勝浩 2（1理化学研
究所 仁科加速器研究センター，2大阪大学大学院 基礎工学研究科，3大阪大学大学院 理学研究科）

17:00 ～ 17:40

座長　武田　和行

L24 Al-MCM-41中の骨格内６配位Alの構造変化
 Structure Change of Framework Octahedral Al species in Al-MCM-41

○髙橋　利和 1，岩浪　克之 2，林　繁信 3，安田　弘之 1（1産業技術総合研究所 触媒化学融合研究
センター，2茨城工業高等専門学校 物質工学科，3産業技術総合研究所 計測フロンティア研究部門）

L25 トリメチルホスフィンオキシドを用いたZSM-5型ゼオライトの酸性質の評価
 Evaluation of Acid Properties of ZSM-5 Type Zeolite Probed by Trimethylphosphine Oxide

○林　繁信，治村　圭子，小島　奈津子 （産業技術総合研究所 計測フロンティア研究部門）

17:40 ～ 17:45

閉会の挨拶　水野　元博（第52回NMR討論会世話人代表）
Closing Remarks: Motohiro Mizuno（Organizer of the 52nd Annual Meeting of The Nuclear 
Magnetic Resonance Society of Japan）
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一般ポスター発表／Poster presentation

P1 水産資源循環再利用を目指した複合微生物系代謝反応場の評価技術構築
 Evaluation methods for metabolic process of metabolic community for  
 sustainable re-utilization of marine resources

○星野　玲緒奈 1，山澤　哲 1, 2，葭田　征司 1，伊達　康博 1, 3，菊地　淳 1, 3, 4, 5 （1横浜市立大学大
学院 生命ナノシステム科学研究科，2鹿島技術研究所，3理化学研究所 環境資源科学研究センター，
4理化学研究所 バイオマス工学研究プログラム，5名古屋大学大学院 生命農学研究科）

P2      2－置換環状β－ジケトンのプロトン互変異性
 Proton tautomerism of 2-substituted cyclic β- diketones

○知名　秀泰，岡田　豊 （立命館大学 生命科学部）

P3 不均一サンプリングを用いた多次元NMR による低分子化合物の解析
 Analysis of Small Molecules by Multiple Dimensional NMR Relying on  
 Non-Uniform Sampling

○片平　律子 1，佐藤　一 2，児嶋　長次郎 1，池上　貴久 1，藤原　敏道 1（1大阪大学　蛋白質研
究所，2ブルカー・バイオスピン株式会社）

P4      多変量解析を用いたNMRによる食品成分の分析
 Component Analysis of Food using Multivariate Statistics by NMR

○久保田　通代 1，細谷　孝博 2，熊澤　茂則 2 （1静岡県立大学大学院 薬食生命科学総合学府，2静
岡県立大学大学院 食品栄養環境科学研究院）

P5 不均一サンプリングで測定したポリプロピレンの3次元TOCSY-HSQCスペクトル
 Non-Uniformly Sampled Three-Dimensional TOCSY-HSQC Spectra of Polypropylene

○松原　康史 （日本ポリケム株式会社 研究開発部）

P6      カテキン誘導体の水溶性向上効果の検討
 Study of water solubility improvement effect of catechin derivatives

○梅原　将洋，柳江　高次，斎　政彦，伊藤　建比古 （森永製菓株式会社研究所 健康科学研究
センター）

P7 Multi-phase NMRによる木質バイオマスの溶液・ゲル・固体状態の比較解析
 Comparative Analysis of Woody-Biomass in Solution, Gel, and  
 Solid State Using Multi-phase NMR

○小松　功典 1, 2，菊地　淳 1, 2, 3, 4 （1理化学研究所 環境資源科学研究センター，2横浜市立大学大
学院 生命医科学研究科，3理化学研究所 バイオマス工学研究プログラム，4名古屋大学大学院 生
命農学研究科）

P8      キラルシフト試薬による光学活性化合物の分離
 NMR Separation of Enantiomer Menthol Using a Chiral Shift Reagent

○大田　陽介，新谷　恭兵，後々田　忠夫，則武　智哉 （株式会社UBE科学分析センター）

P9 NMR によるシアロ糖鎖の緩和機構とダイナミクスの研究
 NMR study on relaxation mechanism and dynamics of sialo-glycans

○鵜澤　洵 1, 2，関　宏子 2，桝　飛雄真 2，山口　芳樹 1（ 1理化学研究所　糖鎖構造生物学研究
チーム，2千葉大学　共用機器センター）

偶数番号：1日目（2013/11/12）、奇数番号：3日目（2013/11/14）
: 若手ポスター賞Ⅰ、 : 若手ポスター賞Ⅱ
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P10    NMRスペクトルの多変量解析によるアクリル系共重合体の一次構造解析
Analysis of Primary Structures of Methacrylate Copolymers and Terpolymers 
by Multivariate Analysis of 13C NMR Spectra
○百瀬　陽 1, 2，前田　智也 2，直野　辰哉 1, 2，浅川　聖子 2，坂尾　竜一 2，押村　美幸 2，平野　
朋広 2，右手　浩一 2（1三菱レイヨン株式会社，2徳島大学大学院 ソシオテクノサイエンス研究部）

P11 1H NMRによるアミノ酸類の純度測定
 Purity determination of amino acids by 1H NMR

○斎藤　直樹，齋藤　剛，山﨑　太一，加藤　尚志，山中　典子，井原　俊英 （産業技術総合研
究所 計測標準研究部門）

P12    31P NMR を用いたりん酸基含有有機化合物の定量分析法の検討
 Study of quantitative analysis method for organophosphoric acid compounds with 31P NMR

○山﨑　太一，齋藤　剛，井原　俊英，沼田　雅彦（産業技術総合研究所 計測標準研究部門）

P13 13C NMR化学シフト値を用いた構造推定：CAST/CNMRシステムの新しい機能と応用
 Structure Elucidation from 13C NMR Chemical Shifts: New Algorithm to CAST/CNMR 
 System and Its Application

○越野　広雪 1，小市　俊悟 2，佐藤　寛子 3 （1理化学研究所，2南山大学，3国立情報学研究所）

P14    ポリオレフィンの溶液 13C NMRにおけるピーク強度の定量性
 Quantitative Evaluation of 13C NMR Peak Intensity for Polyolefin Solution

○茂呂　ふみか，佐藤　浩子，恩田　光彦（株式会社三井化学分析センター 構造解析研究部）

P15 超好熱性古細菌由来のオリゴ糖転酵素の基質となるオリゴ糖の化学構造決定と 
 相互作用解析
 Structural elucidation of N-linked oligosaccharides of hyperthermophilic archaea and  
 Methyl-TROSY spectroscopy of the archaeal oligosaccharyltransferase

○藤浪　大輔，神田　大輔 （九州大学 生体防御医学研究所） 

P16 奈良朝における「うま味調味料：楡皮」のNMR研究
 “Umami Seasonings： Elm Skin” in the Imperial Court of the Nara Period of Japan as  
 Studied by Nuclear Magnetic Resonance

鈴木　榮一郎，伊藤　萌美，小澤　真一，○水越　利巳，近藤　高史，宮野　博 （味の素株式会
社イノベーション研究所）

P17 分子進化工学的手法によるミミズ由来R型レクチン改変体の 
 シアル酸糖結合メカニズムに関するNMR解析
 NMR analysis of a novel sialic acid-binding lectin mutant from the C-terminal domain of  
 an R-type lectin from earthworm

○逸見　光 1，久野　敦 2，海野　幸子 2，平林　淳 3 （1農業・食品産業技術総合研究機構 食品総
合研究所，2産業技術総合研究所　糖鎖医工学研究センター，3産業技術総合研究所 幹細胞工学
研究センター）

P18 抗ウイルス因子APOBEC3GのDNA認識機構の解明 
 ～NMR実時間計測法によるアプローチ～
 Elucidation of the DNA recognition mechanism of the antiviral factor APOBEC3G as  
 evaluated with the NMR real-time monitoring method

○神庭　圭佑 1, 2，永田　崇 1, 2，片平　正人 1, 2 （1京都大学 エネルギー理工学研究所，2京都大学大
学院 エネルギー科学研究科）
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P19 LINE RNA逆転写酵素認識部位の立体構造と機能
 Structure and function of reverse transcriptase recognition site of LINE RNA

○大津　舞菜 1，野呂瀬　直 1，新井　直 1，寺尾　亮 1，梶川　正樹 2，岡田　典弘 3，河合　剛太 1  
（1千葉工業大学工学部 生命環境科学科，2東京工業大学大学院 生命理工学研究科，3台湾国立成
功大学）

P20 MAPキナーゼによりリン酸化されるRNA結合タンパク質Nrd1の構造解析
 Structural studies of RNA-binding protein Nrd1, a MAPK target RNA binding protein

○小林　彩保 1，佐藤　亮介 2，藤原　俊伸 3，伊藤　隆 1，杉浦　麗子 4，三島　正規 1（1首都大学
東京大学院 理工学研究科，2微生物化学研究所 基盤生物研究部，3名古屋市立大学大学院 薬学研
究科，4近畿大学 薬学部）

P21 分子混雑環境における蛋白質のNMR緩和解析
 NMR relaxation analysis of the protein under macromolecular crowding environment

○岡村　英保 1，栃尾　尚哉 2，杉山　修世 1, 2，渡部　暁 1, 2，フェイグ　マイケル 1, 3，杉田　有
治 1, 4, 5，木川　隆則 1, 2, 6, 7（1理化学研究所 生命システム研究センター，2理化学研究所 生命分子
システム基盤研究領域，3ミシガン州立大学，4理化学研究所 杉田理論分子科学研究室，5理化学
研究所 計算科学研究機構，6理化学研究所 イノベーション推進センター，7東京工業大学大学院 
総合理工学研究科）

P22 マルチドメインタンパク質Protein kinase Cの構造解析の試み
 Attempt to determine the structure of a multi-domain protein, protein kinase C

○金場　哲平 1，矢巻　菜央 1，秋吉　克昂 1，前崎　綾子 2，宮崎　健介 1， 伊藤　隆 1，三島　正
規 1（1首都大学東京 理工学研究科，2奈良先端科学技術大学院大学 バイオサイエンス研究科）

P23 Interface Dynamics Studies in Protein-Ligand Complexes with the Aid of SAIL and 
 High-Pressure NMR Techniques

○楊　淳竣 1，武田　光広 1，宮ノ入　洋平 1，寺内　勉 2，甲斐荘　正恒 1, 3（1名古屋大学大学院 
理学研究科，2SAILテクノロジーズ株式会社，3首都大学東京大学院 理工学研究科）

P24 ミオグロビンにおけるヘムと軸配位子ヒスチジンの電子的相互作用を介した 
 外部配位子識別機構の解明
 Elucidation of Mechanism Responsible for Exogenous Ligand Discrimination through  
 Electronic Interaction between Heme and Proximal Histidine Residue in Myoglobin

○西村　龍 1，柴田　友和 1，鈴木　秋弘 2，根矢　三郎 3，山本　泰彦 1 （1筑波大学大学院　数理
物質科学研究科，2長岡高専物質工学科，3千葉大学大学院 薬学研究院）

P25 ヒト細胞内におけるユビキチンタンパク質の構造安定性解析
 Ubiquitin folding stability in human cells

○猪股　晃介 1，杤尾　豪人 2，白川　昌宏 2（1理化学研究所 生命システム研究センター，2京都
大学大学院 工学研究科） 

P26    UBIQUITIN RECOGNITION IN SELECTIVE AUTOPHAGY
○Erik Walinda1，森本　大智 1，小沼　剛 2，菅瀬　謙治 2，杤尾　豪人 1，白川　昌宏 1（1京都大
学大学院 工学研究科，2サントリー生命科学財団）

P27 NMR analysis of intramolecular allostery in the PLC-δ1 PH domain
○谷生　道一，西村　勝之 （分子科学研究所）

P28 NMRによるp47phox PXドメインとホスファチジルイノシトールの相互作用の解析
 NMR analysis of Interaction between p47phox PX domain and phosphatidylinositol

○小椋　賢治 1，小橋川　敬博 1，斎尾　智英 1，横川　真梨子 1，久米田　博之 1，天野　伸治郎 1，
吉田　直樹 1，住本　英樹 2，稲垣　冬彦 1 （1北海道大学 先端生命科学研究院，2九州大学 医学部） 
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P29 遠隔アミノ酸残基の置換による好熱性水素細菌シトクロム c552の
 軸配位子メチオニン側鎖硫黄原子の不斉反転と機能への影響
 Inversion of the Stereochemistry around the Sulfur Atom of the Axial Methionine Side  
 Chain through Replacement of a Remote Amino Acid Residue in Hydrogenobacter 
 thermophilus Cytochrome c552 and Its　Functional Consequences

柴田　友和 1，太　虎林 1,*，利根川　健 1，逸見　光 2，小林　長夫 3，○山本　泰彦 1（1筑波大学
大学院 数理物質科学研究科，2農業・食品産業技術総合研究機構 食品総合研究所，3東北大学大
学院 理学研究科，*現所属：奈良先端科学技術大学院大学 物質創成科学研究科）

P30 高圧力NMR法によるユビキチンの準安定状態N2の立体構造解析 : Q41N変異体、2500気圧
 High Pressure NMR Reveals Solution Structure of Alternatively Folded State of Ubiquitin:  
 Q41N Variant at 2500 bar

北沢　創一郎 1，亀田　倫史 2，矢木－内海　真穂 3, 4，Nicola Baxter5，加藤　晃一 3, 4，Mike P. 
Williamson5，○北原　亮 1（1立命館大学 薬学部，2産業技術総合研究所 生命情報工学研究セン
ター，3岡崎統合バイオサイエンスセンター，4名古屋市立大学大学院 薬学研究科，5シェフィー
ルド大学 分子生物学・バイオテクノロジー学部）

P31 高圧力NMR法によるジヒドロ葉酸還元酵素の構造揺らぎ研究
 Conformational fluctuation of dihydrofolate reductase mutant by using high pressure NMR  
 spectroscopy: D27E mutant

○北沢　創一郎 1，小林　直弘 2，井上　沙紀 1，大前　英司 3，北原　亮 1（1立命館大学 薬学部薬
学科，2大阪大学 蛋白質研究所，3広島大学大学院 理学研究科）

P32 常磁性緩和効果を用いたタンパク質の溶液構造解析法の開発
 A method for determination of high-resolution protein solution structures using  
 paramagnetic relaxation enhancement

○古板　恭子 1，片岡　沙織 1，小林　直宏 1，村山　真一 2，建部　恒 2，塩﨑　一裕 2，藤原　敏
道 1，児嶋　長次郎 1（1大阪大学 蛋白質研究所，2奈良先端科学技術大学院大学 バイオサイエン
ス研究所） 

P33 蛋白質リジン残基側鎖アミノ基の水素交換速度の解析
 NMR hydrogen exchange study for side-chain amino groups of lysine residues in proteins

○武田　光広 1, 寺内　勉 2，甲斐荘　正恒 1, 3 （1名古屋大学大学院理学研究科 構造生物学研究セン
ター，2SAILテクノロジーズ株式会社，3首都大学東京 戦略研究センター）

P34    NMRを用いたヒト主要組織適合複合体の動的なペプチド認識及び構造維持機構の解明
 Dynamic Regulation of Peptide Recognition and Stabilization of a Human Leukocyte  
 Antigen Revealed by NMR

○谷中　冴子 1，上野　貴将 2，Shi Yi3, 4，Qi Jianxun3, 4，Gao George3, 4，津本　浩平 1, 5, 6，菅瀬　謙
治 7（1東京大学大学院 新領域創成科学研究科，2熊本大学 エイズ学研究センター，3Beijing 
Institute of Life Science・CAS，4Institute of Microbiolog・CAS，5東京大学大学院 工学系研究科，
6東京大学 医科学研究所，7サントリー生命科学財団 生物有機科学研究所）

P35 PDZドメイン -低分子化合物相互作用に重要なアミノ酸残基の同定
 Identification of important amino acid residues for the interaction between PDZ domain and 
 small molecule

○天野　剛志 1，合田　名都子 1，岩谷　奈央子 1，木下　賢吾 2, 3，太田　元規 4，廣明　秀一 1 
（1名古屋大学大学院 創薬科学研究科，2東北大学大学院 情報科学研究科，3東北大学 加齢医学研
究所，4名古屋大学大学院 情報科学研究科）
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P36    アミロイドベータペプチドのオリゴマー形成機構の解明
 Analyses of the oligomerization mechanism of amyloid beta peptides

○田中　愛弓 1，岩本　成人 1，斉藤　貴志 2，山口　瞳 1，吉永　壮佐 1，河野　俊之 3，西道　隆
臣 2，寺沢　宏明 1（1熊本大学大学院 生命科学研究部，2理化学研究所 脳科学総合研究センター，
3北里大学医学部）

P37 抗炎症薬の創出を目的とするケモカイン受容体制御因子FROUNT 
 －制御化合物間の相互作用解析
 Analyses of the interaction between the regulating factor of the chemokine receptor  
 FROUNT and an anti-inflammatory compound

○石田　規人 1，吉永　壮佐 1，江崎　芳 1，寺島　裕也 2，遠田　悦子 2，松島　綱治 2，寺沢　宏
明 1（1熊本大学大学院 生命科学研究部，2東京大学大学院 医学系研究科）

P38    メチル化リジンの化学シフトと塩橋との相関に関する理論的・実験的研究
 Theoretical and experimental study about the correlation between the chemical shift of  
 methylated lysine and salt bridge

○服部　良一 1，Jakub Sebera2，Vladimír Sychrovský2，古板　恭子 1，大木　出 3，池上　貴久 1，
藤原　敏道 1，児嶋　長次郎 1（1大阪大学 蛋白質研究所，2チェコ科学アカデミー 有機化学・生
化学研究所，3奈良先端科学技術大学院大学 バイオサイエンス研究科）

P39 IVV法により取得した高選択的MDM2結合ペプチドによる MDM2:  
 p53結合阻害の構造基盤
 Structural basis for the inhibition of MDM2: p53 interaction by highly selective  
 MDM2-binding peptide obtained with IVV method

○永田　崇 1, 2，白川　貴恵 3，小林　直宏 2，始平堂　弘和 3，片平　正人 1, 2，堀澤　健一 3，土
居　信英 3，柳川　弘志 3 （1京都大学 エネルギー理工学研究所，2京都大学大学院 エネルギー科
学研究科，3慶應大学大学院 理工学研究科）

P40    TRAF6を標的としたタンパク質間相互作用阻害剤の探索および構造解析
 Development and Structural Analysis of a Protein-protein Interaction Inhibitor  
 Targeting TRAF6

○守谷　潤 1，竹内　恒 2，田井　健二 1，米田　直樹 1，新井　謙三 3，小林　直樹 4，福西　快文 2，
井上　篤 1，木原　美穂 1，村上　拓己 4，千葉　健一 1，嶋田　一夫 5 （1エーザイ株式会社，2産業
技術総合研究所，3H3 Biomedicine，4サンプラネット株式会社，5東京大学大学院 薬学系研究科）

P41 リン酸化されたSHARP/SMRTキメラの構造解析
 Structure analysis of phosphorylated SHARP/SMRT chimera

○飯沼　純弥，小林　彩保，金場　哲平，伊藤　隆，三島　正規 （首都大学大学院 理工学研究科）

P42  天然変性蛋白質PQBP1のセグメント同位体標識
 Segmental isotope labeling of the intrinsically disordered protein PQBP1

○水口　峰之，鍋島　裕子 （富山大学 薬学部）

P43 Preparation of secretory proteins produced by Brevibacillus choshinensis for NMR study
○谷生　道一 1，楠　英樹 2，河野　俊之 3  （1分子科学研究所，2国立感染症研究所，3北里大学 医
学部）

P44 HMBC 法の新しい応用測定 ----BASHD-J-resolved HMBC 法について
 BASHD-J-resolved-HMBC, an efficient method for measuring proton-proton and  
 heteronuclear long range coupling constants

○降旗　一夫 1，田代　充 2 （1東京大学大学院 農学生命研究科，2明星大学 理工学部）
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P45 大腸菌を用いた大量発現系によるアミノ酸選択標識技術の最適化
 Optimization for Amino Acid Selective Labeling using E. coli Overexpression System

○寺内　勉 1, 2，宮ノ入　洋平 3，武田　光広 3，近藤　早恵 1, 2，甲斐荘　正恒 1, 2, 3 （1SAILテクノロ
ジーズ株式会社，2首都大学東京 戦略研究センター，3名古屋大学大学院理学研究科付属 構造生
物学研究センター）

P46    オルトギ酸メチルを用いてポリジメチルシロキサンを分解する過程のDOSY解析
 Dosy analysis of the decomposition process of polydimethylsiloxane by  
 using methyl orthoformate

○曽我部　啓介 1, 2，藤本　祐一郎 1，右手　浩一 2，大谷　肇 3（1株式会社カネカテクノリサー
チ，2徳島大学大学院 ソシオテクノサイエンス研究部，3名古屋工業大学大学院 工学研究科）

P47 In-cell NMRを用いた，HeLa細胞内のストレス応答によるCa2＋濃度変化のモニタリング
 An in-cell NMR study of monitoring stress-induced increase of cytosolic Ca2＋ 
 concentration in HeLa cells

Dambarudhar Shiba Sanker Hembram1，○鴨志田　一 1，晴柀　貴洋 1，濱津　順平 1，井上　仁 1，
池谷　鉄兵 1，三島　正規 1，白川　昌宏 2，伊藤　隆 1（1首都大学東京大学院 理工研究科，2京都
大学大学院 工学研究科）

P48    リン系誘導体化試薬による樹脂中の微量水酸基、カルボン酸基分析の検討
 Quantitative Determination of Hydroxyl and Carboxylic Acid Groups in Synthetic Polymers  
 by 31P-NMR Spectroscopy

○仲村　仁浩，佐野　純子 （DIC株式会社 分析センター）

P49 多核NMRによる液相析出反応における酸化チタン薄膜の析出機構の解析
 Deposition Mechanism Analysis of TiO2 Thin Films by the LPD Process with 
 Multi Nuclear NMR

○牧　秀志 ，奥村　雄三 ，水畑　穣 （神戸大学大学院 工学研究科） 

P50    NMRによる多価アルコールおよびエーテルの定量分析
 Quantitative analysis of polyol and ether by the NMR

○竹嶋　奈緒美，土屋　耕一 （日本化薬株式会社　分析グループ）

P51 異なる栄養源条件下における微細藻類の代謝動態の比較解析
 Comparative analysis of metabolic dynamics in microalgae system upon  
 different nutrient condition

○小林　俊哉 1，小松　功典 1, 2，菊地　淳 1, 2, 3, 4 （1横浜市立大学大学院 生命医科学研究科，2理化
学研究所 環境資源科学研究センター，3理化学研究所 バイオマス工学研究プログラム，4名古屋
大学大学院 生命農学研究科）

P52 水産物の恒常性維持・品質向上を目指したプローブ試料管理および評価技術開発
 Development of non-invasively evaluation method for quality improvement and  
 maintenance of fishery resources

○佐藤　有穂 1，朝倉　大河 1，伊達　康博 1, 2，菊地　淳 1, 2, 3, 4 （1横浜市立大学大学院 生命医科学
研究科，2理化学研究所 環境資源科学研究センター，3理化学研究所 バイオマス工学研究プログ
ラム，4名古屋大学大学院 生命農学研究科）

P53 ヒト由来非侵襲的試料を用いたNMR計測技術高度化の試み
 Advanced sample control techniques using NMR measurements for  
 noninvasive human samples

○三澤　拓真 1，伊達　康博 1, 2，菊地　淳 1, 2, 3, 4 （1横浜市立大学大学院 生命医科学研究科，2理化
学研究所 環境資源科学研究センター，3理化学研究所 バイオマス工学研究プログラム，4名古屋
大学大学院 生命農学研究科）
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P54 13C-ポリマーを利用した 1H-{13C}-HMQC-MRI法のための分子プローブ開発
 Development of a novel molecular probe for 1H-13C-HMQC-MRI

○李　真和 1，山田　久嗣 1，牧野　顕 2，木村　俊作 1，近藤　輝幸 1，白川　昌宏 1，杤尾　豪人 1

（1京都大学大学院　工学研究科，2福井大学　高エネルギー医学研究センター）

P55 Sf9細胞の in-cell NMRにおけるアミノ酸選択的安定同位体標識
 Amino acid-selective stable isotope-labelling of proteins for the observation of  
 in-cell NMR spectra in sf9 cells

○田中　孝，浜津　順平，清和　恵美子，池谷　鉄兵，三島　正規，伊藤　隆 （首都大学東京大
学院 理工学研究科）

P56 13C標識された緑藻類の代謝混合物群の固体・溶液多次元NMR法による分析
 Solution and solid state multidimensional NMR for complex metabolic mixtures of  
 13C-labeled green algae

○伊藤　研悟 1，小松　功典 1，坂田　研二 2，伊達　康博 1, 2，菊地　淳 1, 2, 3, 4 （1横浜市立大学大学
院 生命医科学研究科，2理化学研究所 環境資源科学研究センター，3理化学研究所 バイオマス工
学研究プログラム，4名古屋大学大学院 生命農学研究科）

P57 被災地土壌による 13C標識化作物非食部の分解代謝動態
 Degradation profiles and metabolic dyanamics by soil ecosystems in disaster area using  
 inedible part of 13C-labeled plant

○小倉　立己 1, 2，伊達　康博 1, 2，坪井　裕理 2，菊地　淳 1, 2, 3, 4（1横浜市立大学大学院 生命医科
学研究科，2 理化学研究所 植物科学研究センター，3名古屋大学大学院 生命農学研究科，4理化学
研究所 バイオマス工学研究プログラム）

P58 NMRスペクトルに基づく深海底泥有機物質の化学的多様性評価法
 Chemical diversity profiling for organic substances in deep-sea sediment  
 based on NMR spectra

○伊達　康博 1, 2，朝倉　大河 2，坪井　裕理 1，坂田　研二 1，吉田　尊雄 3，丸山　正 3，菊地　
淳 1, 2, 4, 5 （1理化学研究所 環境資源科学研究センター，2横浜市立大学大学院 生命医科学研究科，
3海洋開発機構，4理化学研究所 バイオマス工学研究プログラム，5名古屋大学大学院 生命農学研
究科）

P59 多孔質体上を連続フローさせた超偏極 129Xeによる吸着相XeのNMR観測
 129Xe Nuclear Magnetic Resonance Spectroscopy of Xenon Adsorbed on Mesoporous
 Materials under Continuous-flow Hyperpolarized Xenon Gas

○服部　峰之 1，平賀　隆 1，加賀　尚博 2，大竹　紀夫 3 （1産業技術総合研究所 電子光技術研究
部門，2アウレアワークス株式会社，3東横化学株式会社）

P60    MRI を用いた嗅覚刺激による嗅球の活性化の検出
 Detection of responses to olfactory stimuli in olfactory bulbs using  
 magnetic resonance imaging

○平金　真 1，後藤　はるな1，吉永　壮佐 1，岩本　成人 1，白須　未香 2, 3，東原　和成 2, 3，寺沢　
宏明 1 （1熊本大学大学院 生命科学研究部，2東京大学大学院 農学生命科学研究科，3科学技術振
興機構 ERATO）

P61 高沸点ガスのクエンチング効果による超偏極 129Xe MRI の高感度化と応用
 Application of Hyperpolarized 129Xe MRI with the Sensitivity Improved by Quench Effect of 
 the Gas with High-boiling Point

〇木村　敦臣，河村　綾乃，内山　知香，奥村　慎太郎，松本　浩伸，山内　紬起子，藤原　
英明 （大阪大学大学院 医学系研究科）
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P62    高温超伝導バルク磁石を用いた高分解能MRI
 High-Resolution Magnetic Resonance Imaging Using a High Tc Bulk 
 Superconducting Magnet

○玉田　大輝 1, 2，巨瀬　勝美 1，柳　陽介 3，伊藤　佳孝 3，仲村　高志 1, 2 （1筑波大学大学院 数理
物質科学研究科，2理化学研究所，3株式会社 イムラ材料開発研究所）

P63 超低磁場機能的核磁気共鳴画像装置の基礎検討
 Feasibility study of an ultra low-field functional magnetic resonance imaging system 

○樋口　正法，小山　大介，上原　弦 （金沢工業大学 先端電子技術応用研究所）

P64    脂質二重膜再構成H＋-ATP合成酵素subunit c-ringの固体高分解能NMR法によ
 る構造決定
 Structure determination of H＋-ATP synthase subunit c-ring reconstituted into 
 lipid bilayer by solid-state NMR

○戸所　泰人 1, 2，姜　秀珍 3，湯面　郁子 1，岩崎　郁 1，鈴木　俊治 4, 5，吉田　賢右 4, 5，藤原　
敏道 1，阿久津　秀雄 1, 3 （1大阪大学 蛋白質研究所，2大阪大学大学院 理学研究科，3ソウル大学，
4東京工業大学 資源化学研究所，5京都産業大学 総合生命科学部）

P65 スピンエコーMAS法を用いた脂質二重膜の化学シフト異方性測定法
 CSA measurement of lipid bilayer by Spin-Echo MAS NMR

○梅川　雄一 1, 2，松岡　茂 1, 2，山口　敏幸 1, 2, ＊，村田　道雄 1, 2 （1科学技術振興機構 ERATO，
2大阪大学大学院 理学研究科，＊現所属：サントリー生命科学財団 生物有機科学研究所）

P66 中性膜に結合したラクトフェランピンの膜結合構造と膜親和性に基づく抗菌活性の解明
 Structure and affinity analysis of bovine lactoferrampin bound to neutral model membranes  
 as studied by solid state NMR and QCM

○井町　昌義 1，ナムズライ　ジャフカラントゥクス 1，吉良　敦史 2，堤　敦史 1，川村　出 1，
内藤　晶 1（1横浜国立大学大学院 工学府，2株式会社 アルバック）

P67 固体NMR 法を用いた細胞内の膜蛋白質pHtrII の構造解析
 Solid-state NMR structural analysis of transmembrane halobacterial transducer pHtrII in 
 cellular environment

○江川　文子 1，池田　恵介 1, 2，Lili　Mao3，林　こころ1，児嶋　長次郎 1，井上　正順 3，藤原　
敏道 1 （1大阪大学 蛋白質研究所，2富山大学大学院 医学薬学研究部，3ニュージャージー医科歯
科大学） 

P68  固体NMRにおけるGFT NMRを応用したタンパク質連鎖帰属法ならびに 
 解析支援プログラムの開発
 Development of GFT NMR based sequential assignment method and tools for proteins  
 in solid states

○田巻　初 1，江川　文子 2，神谷　昌克 1，菊川　峰志 1，相沢　智康 1，河野　敬一 1，藤原　敏
道 2，出村　誠 1 （1北海道大学大学院 生命科学院，2大阪大学 蛋白質研究所）

P69 13C固体MAS NMRによるフォボロドプシンのレチナール-タンパク質間
 相互作用の解析
 Retinal-Protein interaction in Phoborhodopsin as studied by 13C solid-state MAS NMR

○川村　出 1，西川　亮汰 1，沖津　貴志 2，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 工学研究院，2神戸薬科大学，3名古屋大学大学院 理学研究科，4北海道大
学大学院 薬学研究院）
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P70 光照射固体NMRによる暗順応状態のバクテリオロドプシンの光励起過程と 
 局所構造変化の解析

Structural changes in the photo excited process in dark-adapted state of Bacteriorhodopsin as 
studied by photoirradiation solid-state NMR
○重田　安里寿 1，宮佐　亮太 1，堀籠　美也子 1，川村　出 1，沖津　貴志 2，和田　昭盛 2，辻　
暁 3，内藤　晶 1 （1横浜国立大学大学院 工学研究院，2神戸薬科大学，3兵庫県立大学大学院 生命
理学研究科）

P71 In situ 光照射固体NMRによるセンサー型光受容膜タンパク質センサリーロドプシンの
 光反応経路の解析
 Analysis of photoreaction pathway of sensor type photoreceptor membrane protein by  
 in situ photo irradiation solid-state NMR

○槙野　義輝 1，友永　雄也 1，柴藤　祐介 1，四方田　洋紀 1，日高　徹朗 1，川村　出 1，沖津　
貴志 2，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 工学研究
院，2神戸薬科大学，3名古屋大学大学院 理学研究科，4北海道大学大学院 生命科学院）

P72    Silk II型家蚕絹の構造解明へ向けて：DARR法からのアプローチ
 Elucidation of Silk II Structure of Bombyx mori Silk Fibroin: Use of DARR Method

○奥下　慶子 1，浅野　敦志 1，青木　昭宏 2，朝倉　哲郎 2, 3（1防衛大学校 応用化学科，2東京農
工大学大学院 工学研究院，3分子科学研究所）

P73 高度に 13C/15N標識化した樹木初期成長時の炭酸固定および根圏吸収代謝動態の評価
 Evaluation of metabolic dynamics in early stage growth using highly 13C/15N labeled trees

○大石　梨紗 1，小松　功典 2，篠　阿弥宇 3，菊地　淳 1, 2, 3, 4, 5（1横浜市立大学大学院 生命ナノシ
ステム科学研究科，2横浜市立大学大学院 生命医科学研究科，3理化学研究所 環境資源科学研究
センター，4理化学研究所 バイオマス工学研究プログラム，5名古屋大学大学院 生命農学研究科）

P74    固体NMRによるタンパク質の構造解析に向けた 13C-常磁性緩和促進の研究
 Structural analysis of proteins by paramagnetic relaxation enhancement of 13C-NMR 
 in solid states

○木戸　浩貴 1，田巻　初 1，江川　文子 2，亀田　倫史 3，神谷　昌克 1，菊川　峰志 1，相沢　智
康 1，河野　敬一 1，藤原　敏道 2，出村　誠 1 （1北海道大学大学院 生命科学院，2大阪大学 蛋白質
研究所，3産業技術総合研究所 生命情報工学研究センター）

P75　  　常磁性Gd3＋存在下での 1H-NMR緩和による大腸菌細胞の解析
 Living Escherichia coli cells as studied by 1H-NMR relaxation under Gd3＋ paramagnetism

○Chalermpon Khampa，江川　文子，児嶋　長次郎，藤原　敏道（大阪大学 蛋白質研究所）

P76 ヒトカルシトニンの酸性膜との相互作用に依存した線維形成機構の解明
 Amyloid-like fibrillization and the structure of human calcitonin  
 in the presence of acidic lipids

○浅野　洸 1，阿部　友樹 1，石島（上平）美弥 2，渡辺（伊藤）ひかり 1，川村　出 1，Ayyalusamy 
Ramamoorthy3，内藤　晶 1（1横浜国立大学大学院 工学府，2兵庫県立大学 理学部・大学院 生命
理学研究科，3ミシガン大学 化学部 生物物理学科）

P77 液晶7CB―n-ヘプタン混合物の 2H NMR
 Liquid crystal 7CB―n-heptane mixture as studied by 2H NMR

○熊谷　翼秀，大橋　竜太郎，井田　朋智，水野　元博（金沢大学大学院 自然科学研究科）
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P78    液晶性バナナ型分子の固体NMRおよび量子化学計算による高次構造解析
 Higher-order structure analysis of banana-shaped liquid crystal studied  
 by solid-state NMR and quantum chemistry

○遠洞　佑美 1，木村　沙織 1，中西　彩季 1，橋本　朋子 1，姜　聲敏 2，曽根　正人 3，渡辺　順
次 2，黒子　弘道 1（1奈良女子大学大学院 人間文化研究科，2東京工業大学大学院 理工学研究科，
3東京工業大学 精密工学研究所）

P79 層状構造を形成する液晶性ポリエステルの磁場配向膜の構造と気体拡散特性の 
 NMR法による研究
 The structures and gas diffusion properties of the magnetically oriented membranes of  
 liquid crystalline polyester forming the layered structures as studied by NMR methods

○浅沼　諒太，吉水　広明 （名古屋工業大学大学院 工学研究科）

P80 ポリカーボネートのXe収着特性と 129Xe NMRによる微細高次構造の解析
 129Xe NMR analyses of Xe sorption properties and higher-ordered structure of polycarbonate

○樋口　智章，吉水　広明 （名古屋工業大学大学院 工学研究科）

P81 アルキル側鎖を有する液晶性ポリエステルにおける気体収着測定と 
 局所分子運動性に関するNMR法による研究
 A study on the gas sorption properties and local molecular motions of the liquid crystalline  
 polyesters with alkyl side chains by NMR methods

○山内　雅弘，吉水　広明 （名古屋工業大学大学院 工学研究科）

P82 強磁場中で調製した固体PBLGの構造解析と気体輸送特性
 Structural Analysis and Gas transport Properties of Solid PBLG Prepared  
 in the Strong Magnetic Field

○岩本　純，吉水　広明 （名古屋工業大学大学院 工学研究科）

P83 温度応答性ポリマー水溶液のゲル化に関する二次元 2H T1−T2 NMR緩和挙動の検討
 A study of the gelation behavior of thermo-responsive polymer using two-dimensional  
 2H T1−T2 NMR relaxation

○渡部　英司 1，佐藤　浩子 2，関根　素馨 2，Gregory S. Boutis3，朝倉　哲郎 1 （1 東京農工大学
大学院 工学府，2三井化学 分析センター，3ニューヨーク市立大学シティカレッジ 物理）

P84 超高速MAS高分解能 1H固体NMRを用いた一連の絹結晶部モデルペプチドの構造解析
 Structural analysis of model peptide for the crystalline domain of silk fibroin studied with  
 high resolution 1H solid state NMR by ultra fast MAS

○大畑　卓也 1，矢澤　宏次 1, 2, 青木　昭宏 1 ，西山　裕介 2，西村　勝之 3，朝倉　哲郎 1, 2 （1東京
農工大学大学院 工学府，2JEOL RESONANCE inc.，3分子科学研究所）

P85 延伸ロールで一軸延伸されたPETフィルムの固体NMR構造解析
 Structural Analysis of uniaxial roll drawing poly（ethylene terephthalate）film by  
 Solid-State NMR

○石田　宏之，岡田　一幸，中田　克 （株式会社 東レリサーチセンター）

P86    MASで圧延伸長したゴムの 13C NMRの異方性と運動性
 Anisotropic Properties of 13C NMR Spectra and Molecular Motion Change of 
 Rubbers Rolled by MAS

○北村　成史，浅野　敦志，黒津　卓三（防衛大学校 応用化学群 応用化学科）

P87 固相反応で得られたQuinhydroneの構造研究
 Structural study of Quinhydrone Synthesized by Solid-State Reaction.

○伊澤　研一郎，野田　泰斗，竹腰　清乃理 （京都大学大学院 理学研究科）
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P88 アミノ基を持つ高分子と二酸化炭素の反応
 Reaction of polymers which have amino group and carbon dioxide

○高木　健 1，小林　未奈 1，前田　史郎 1，国本　浩喜 2 （1福井大学大学院 工学研究科，2金沢大
学大学院 自然科学研究科）

P89 固体NMRによる木質素材の乾燥と含浸過程の解析
 Solid State NMR Analysis of Drying and Impregnation Processes of Woody Materials

○西田　雅一 1，田中　智子 1，三木　恒久 2，金山　公三 2，兼松　渉 1（1産業技術総合研究所 計
測フロティア研究部門，2産業技術総合研究所 サステナブルマテリアル研究部門）

P90    チタン結合性ペプチドのTiO2粒子上におけるNMR構造解析
 Structure of the Ti Binding Peptide on the Surface of TiO2 Nano Particles Studied by NMR

○鈴木　悠 1，芝　清隆 2，朝倉　哲郎 1, 3 （1東京農工大学大学院 工学府，2がん研究所，3分子科
学研究所）

P91 固体インジウムNMRによる In-doped ZnOの局所構造解析
 Local structural analysis of In-doped ZnO by solid-state indium NMR

○大橋　竜太郎 1，川村　祐史 1，宮下　智史 1，井田　朋智 1，佐藤　渉 1，水野　元博 1，丹所　
正孝 2，清水　禎 2 （1金沢大学大学院 自然科学研究科，2物質・材料研究機構）

P92    材料開発のための固体NMR活用事例
 Solid-state NMR applications for material development

○新井　彩子，西岡　大輔，陳　海軍，松尾　武士，武脇　隆彦，小西　洋平，丹那　晃央 （株式
会社三菱化学科学技術研究センター）

P93 6Li/7Li 固体NMRによる電極/電解質界面相互作用の研究
 Interfacial interaction at electrode/electrolyte studied by 6Li/7Li solidstate NMR

○清水　俊介 1，村上　美和 2，竹腰　清乃理 1，荒井　創 2，内本　喜晴 3，小久見　善八 2 （1京都
大学大学院 理学研究科，2京都大学 産官学連携本部，3京都大学大学院 人間環境学研究科）

P94 in situ NMRによるリチウムイオン実電池解析－正極材がスペクトルに及ぼす影響－
 In situ solid NMR study for real component lithium ion batteries 
 - Influence of the bulk susceptibility of cathode materials to NMR spectra -

後藤　和馬 1，○伊塚　美里 1，新井　寿一 2，岡田　裕実春 2，武田　和行 3，石田　祐之 1 （1岡山
大学大学院 自然科学研究科，2ヤマハ発動機株式会社，3京都大学大学院 理学研究科）

P95 In situ NMR測定によるLiNi0.5Mn1.5O4電極のリチウムのその場観察
 In situ NMR measurements of the lithium extraction from LiNi0.5Mn1.5O4 cathode

○下田　景士 1，村上　美和 1，森島　慎 1，荒井　創 1，内本　喜晴 2，小久見　善八 1 （1京都大学 
産官学連携本部，2京都大学大学院 人間環境学研究科）

P96 23Na NMRによるナトリウムイオン電池負極の解析
 Analysis of negative electrode in sodium ion batteries using 23Na NMR

○後藤　和馬 1，伊塚　美里 1，嶋津　沙織 2，福西　美香 2，薮内　直明 2，駒場　慎一 2，出口　
健三 3，大木　忍 3，清水　禎 3，武田　和行 4，石田　祐之 1 （1岡山大学大学院 自然科学研究科，
2東京理科大学大学院 理学研究科，3物質・材料研究機構，4京都大学大学院 理学研究科）

P97 1Hおよび 2H固体NMRによるEDLC電極中おける水系電解質の細孔内吸着挙動解析
 Adsorption behaviors of aqueous electrolytes in pores of EDLC electrode analyzed by 1H and 
 2H solid-state NMR

金　泰坤 1，○出田　圭子 1，宮脇　仁 1, 2，持田　勲 3，尹　聖昊 1, 2（1九州大学 先導物質化学研究
所，2九州大学 総合理工学府，3九州大学 炭素資源国際教育研究センター）
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P98 マロン酸イミダゾリウム結晶の局所構造と分子運動
 Local Structure and Molecular Motions in Imidazolium Malonate Crystal

○千頭和　瑞貴 1，海山　剛史 1，大橋　竜太郎 1，井田　朋智 1，水野　元博 1，丹所　正孝 2，清
水　禎 2 （1金沢大学大学院 自然科学研究科，2物質・材料研究機構）

P99 固体NMRによるPVPA-イミダゾール複合体のイミダゾールのダイナミクスと 
 プロトン伝導性の解析
 Analysis of dynamics of imidazole and proton conductivity in PVPA  
 – imidazole aggregate by solid-state NMR

○岩崎　彩乃，海山　剛史，大橋　竜太郎，井田　朋智，水野　元博 （金沢大学大学院 自然科
学研究科）

P100 分子性ナノ多孔質結晶に閉じ込められたガスハイドレート
 Characterization of Artificial Gas Hydrate Confined to Molecular Nanoporous Crystal

○須賀　亮太，鈴木　陽，齋藤　一輝，磯田　恭佑，田所　誠 （東京理科大学 理学部）

P101 固体NMRによるメソポーラスシリカSBA-16に取り込まれたNaCl水溶液の状態解析
 Analysis of NaCl Aqueous Solution Confined to Mesoporous Silica SBA-16 by  
 Using Solid-state NMR

○宮東　達也 1，佐々波　康一 1，大橋　竜太郎 1，井田　朋智 1，水野　元博 1，橘髙　茂治 2 （1金
沢大学大学院 自然科学研究科，2岡山理科大学 理学部）

P102 分子性ナノ多孔質結晶内で安定化された包接水和物のダイナミクス
 Dynamics of clathrate hydrate stabilized with nanoporous molecular crystal

○鈴木　陽 1，須賀　亮太 1，杉尾 友理恵 1，中村　瑛梨子 1，磯田　恭佑 1，熊谷　翼秀 2，水野　
元博 2，田所　誠 1 （1東京理科大学 理学部，2金沢大学大学院 自然科学研究科）

P103 固体NMRによるセメント硬化体の化学構造解析
 Analysis of Chemical Structure in Cement Pastes Using Solid State NMR

○髙橋　貴文 1，古瀬　佑馬 2，大窪　貴洋 2（1新日鐵住金株式会社 先端技術研究所，2千葉大学
大学院 工学研究科）

P104  2次元緩和相関 1H NMRによるセメント材料の解析
 Cement Materials Analysis by using Two－Dimensional Relaxation Correlation 1H NMR

○古瀬　佑馬 1，高橋　貴文 2，出口　健三 3，大木　忍 3，清水　禎 3，前田　孝一 1，岩舘　泰彦 1，
大窪　貴洋 1 （1千葉大学大学院 工学研究科，2新日鐵住金株式会社 先端技術研究所，3物質・材
料研究機構）

P105 常磁性金属イオンを用いた結晶性多孔質シリカの高分解固体NMR迅速測定
 Sensitivity enhancement in 29Si MAS NMR of porous silicate crystals by paramagnetic doping

〇稲垣　怜史 1，川村　出 1，佐々木　優吉 2，吉田　要 2，窪田　好浩 1，内藤　晶 1 （1横浜国立大
学大学院　工学研究院，2ファインセラミックスセンター）

P106  パルスNMRによるフィラー界面における分子運動性評価
 -シリカ配合SBRの性能発現機構の解明に向けて -
 The evaluation of the molecular mobility in the interface between fillers and  
 rubber by the pulsed NMR

○村上　公也 1，早田　大祐 2，井上　芳久 2，永田　員也 2，松田　孝昭 2，山崎　悟 1 （1旭化成株
式会社，2旭化成ケミカルズ株式会社）

P107 多量子NMRを用いた 1H分布の次元数の決定とその応用
 Dimensionality of 1H distribution in solids as studied by MQNMR

○最上　祐貴 1，山崎　悟 2，野田　泰斗 1，竹腰　清乃理 1 （1京都大学大学院 理学研究科，2旭化
成株式会社 基盤技術研究所）
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P108  1H DQ MASを用いた医薬品原薬中の微量フリー体の定量～固体NMRの検出限界は？～
 What is the lowest concentration of a minor free form component that can be detected by  
 1H DQ MAS experiments in pharmaceutical solids?

○丸吉　京介 1，Dinu Iuga2，Steven P. Brown2（1第一三共株式会社 分析評価研究所，2ウォーリッ
ク大学 物理学科）

P109 MAS下における二重回転照射異種核デカップリングの解析
 Analysis of double-nutation heteronuclear dipolar decoupling under MAS

 ○脇坂　朝人，武田　和行，竹腰　清乃理 （京都大学大学院 理学研究科）

P110 Easy tuning of high-resolution 1H NMR measurements
○Michal Malon1, Ivan Hung2, Zhehong Gan2 and Yusuke Nishiyama1 （1 JEOL RESONANCE 
Inc., 2National High Magnetic Field Laboratory）

P111 光を使った固体NMRの汎用高感度化法の開発
 General Method for Sensitivity Enhancement of Solid-State NMR Using Laser Induced  
 Paramagnetic Species

○松木　陽，Kris Frost，笹原　久武，藤原　敏道（大阪大学 蛋白質研究所）

P112  MAS下の新CP法：異方性による低効率化の克服
 Novel cross-polarization scheme under magic-angle spinning that can overcome  
 the degrading effect by anisotropies

○神原　孝之 1，村上　美和 2，野田　泰斗 1，武田　和行 1，竹腰　清乃理 1（1京都大学大学院 理
学研究科，2物質・材料研究機構［現職は京都大学 産官学連携本部］）

P113 平均ハミルトニアン理論と最適制御理論に基づく選択平均パルスの数値的設計法
 Numerical design method of selective averaging pulses based on averaging Hamiltonian  
 theory and optimal control theory

○陶山　雷 1，田渕　豊 2，根来　誠 1，北川　勝浩 1 （1大阪大学大学院 基礎工学研究科，2東京大
学 先端科学研究センター）

P114  In-situマイクロ波照射NMRによる液晶分子の非平衡加熱状態の観測
 Observation on non-equilibrium local heating state of liquid crystal molecule by  
 in-situ microwave irradiation NMR spectroscopy

○田制　侑悟 1，藤戸　輝昭 2，川村　出 1，内藤　晶 1（1横浜国立大学大学院 工学府，2プローブ
工房）

P115 常磁性液体を用いた銅管コイルの磁化率マッチング
 Susceptibility matching of an RF coil wound with paramagnetic-liquid-filled copper pipe

○高崎　智弥，竹腰　清乃理，武田　和行 （京都大学大学院 理学研究科）

P116 平均場近似を用いた核磁気相転移の解析
 Analysis of nuclear magnetic phase transition using mean field approximation

○香川　晃徳 1，北野　崇博 1，根来　誠 1，丸山　勲 2，北川　勝浩 1（1大阪大学大学院 基礎工学
研究科，2福岡工業大学 情報工学科）

P117 核スピン増幅を用いた量子非破壊測定
 Quantum Non-Demolition Measurement with Nuclear Spin Amplification

○根来　誠 1，立石　健一郎 2，西田　辰介 3，香川　晃徳 1，森田　靖 2，北川　勝浩 1 （1大阪大学
大学院 基礎工学研究科，2理化学研究所 仁科加速器研究センター，3大阪大学大学院 理学研究科）
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P118  NQR 用平面アンテナ特性に対する近接導電体の影響
 The effect of near conductor on NQR planar antenna

○大林　輝一，赤羽　英夫，糸﨑　秀夫（大阪大学大学院 基礎工学研究科）

P119 低γ核種の観測感度向上に適したクライオコイルMASの実用化開発
 Development of a single-tuned Cryocoil MAS probe suitable for low-gamma nuclei

○水野　敬 1，戸田　充 1，藤岡　耕治 2，竹腰　清乃理 3 （1株式会社 JEOL RESONANCE，2株式
会社クライオウェア，3京都大学大学院 理学研究科）

P120  X0シムコイルの性能及び再現性の向上
 Improvement of performance and reproducibility of X0 shim coil

○松永　達弥 1，水野　敬 2，竹腰　清乃理 1 （1京都大学大学院 理学研究科，2株式会社 JEOL 
RESONANCE）

P121 常磁性シム－可変磁場の空間的均一性の向上
 Paramagnetic shim ‒Improvement in homogeneity of variable magnetic field 

○一条　直規，武田　和行，竹腰　清乃理（京都大学大学院 理学研究科）

P122  周波数可変磁気共鳴装置によるパイ共役系高分子デバイス向け分子運動測定法の開発
 Development of a measurement methodology of molecular dynamics for π- conjugated  
 polymer electronics devices by a variable frequency magnetic resonance instrument

○福田　國統，浅川　直紀 （群馬大学大学院 理工学府）

P123 ソフトウェア定義磁気共鳴分光計の開発
 Development of software defined magnetic resonance spectrometer

○佐伯　保明，一村　裕基，根来　誠，北川　勝浩  （大阪大学大学院 基礎工学研究科）

P124  T2測定およびCOSYにおける入れ子型複合パルスの有用性
 Usefulness of Concatenated Compostite Pulses in T2 Measurement and COSY Experiment

○坂東　将光 1，市川　翼 2，近藤　康 1, 3，中原　幹夫 1, 3，鹿野　豊 4（1近畿大学大学院 総合理工
学研究科，2学習院大学 理学部，3近畿大学 理工学部，4分子科学研究所 協奏分子システムセン
ター）

P125 統合化に向けてリニューアルされたBioMagResBank
 Web-service renewal of BioMagResBank for integration of databases

 ○小林　直宏，横地　政志，岩田　武史，高橋　あみ，児嶋　長次郎，藤原　敏道 （大阪大学 
蛋白質研究所）

P126 同種核REDOR NMR法の理論的研究
 Theoretical study for Homonuclear REDOR NMR experiments

○櫻木　隆広 1，桑原　大介 2 （1電気通信大学 情報理工学研究科，2電気通信大学 研究設備セン
ター）

P127 NMR蛋白質立体構造決定のための新規構造最適化法の開発
 Development of a new refinement method for NMR protein structure determination

○嶋崎　真那人 1，池谷　鉄兵 1，三島　正規 1，伊藤　隆 1，Peter Güntert1, 2 （1首都大学東京大
学院 理工学研究科，2Goethe-University Frankfurt）

P128 Nuclear chemical shielding of quest molecules in sI crystal of gas hydrates
○遠藤　一央 1，井田　朋智 2，鈴木　陽 3，田所　誠 3（1東京理科大学 総合研究機構，2金沢大学
大学院 自然科学研究科，3東京理科大学 理学部）
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Application of Multi-Quantum Counting NMR for Positive Electrode 
Materials of Lithium Ion Battery 

Miwa Murakami1, Yuuki Mogami2, Syunsuke Shimizu2, Kiyonori Takegoshi2, Hajime 
Arai1, Yoshiharu Uchimoto3, and Zempachi Ogumi1 
1Office of Society-Academia Collaboration for Innovation, Kyoto University, Uji, Japan.  
2Graduate School of Science, Kyoto University, Kyoto, Japan.
3Graduate School of Human and Environmental Studies, Kyoto University, Kyoto, Japan.  

To examine lithium ion insertion and extraction processes in a LiCoO2 electrode during 
charge-discharge cycles, the so-called MQ spin counting experiment is applied to 7Li and the 
obtained results are simulated using a newly developed statistical approach based on the 
percolation theory. The observed MQ dynamics in a pristine LiCoO2 sample is consistent with 
that calculated using a triangular lattice model, while those in samples after charge/discharge   
are not. Further examination will be presented on site. 
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Reference 
1. J. Baum, et al, Phys. Rev. Lett., 1986, 56, 1377-1380. 
2. Y. Mogami et al, Phys. Chem. Chem. Phys., 2013, 15, 7403-7410. 
 

  
(NEDO)

(RISING)  

Fig.2 Experimental m-dependence of 
I(4)/I(2) (pristine: filled circle; 1 cycled: 
open circle) plotted against the calculated 
one for the triangular lattice model (line) 
for pristine LiCoO2. 

Fig.1 MQ counting spectra of the three 
samples for m=3,6, and 9. 



－ 36－

-

 
Diffusion NMR and solid-state NMR study on fast ion conducting 
coordination polymers 

Munehiro Inukai1, Yusuke Kamitsubo2, Satoshi Horike2,3, Tomohiro Fukushima2, Susumu 
Kitagawa1,2 
1iCeMS, Kyoto University, 2Graduate School of Engineering, Kyoto University, 
3JST-PRESTO 

Proton conductive coordination polymers have potential to serve as a versatile platform for a 
new class of proton conductors because of their tunability, diversity, and thermal stability. In 
this presentation, we show two types of proton conducting coordination polymers operating 
25 °C under relative humidity 40% and 190 °C without humidity. Single crystal X-ray, 
diffusion NMR and solid-state NMR study elucidated the effective proton transporting 
pathway and the mechanism. 
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1. S. Horike, Y. Kamitsubo, M. Inukai, T. Fukushima, D. Umeyama, T. Itakura, S. Kitagawa 

J. Am. Chem. Soc. 2013, 135, 4612.

Fig. 1 Crystal structure of (a) 1 and (b) 1’. (c) 1H and 
(d) 7Li spin-echo attenuation in PFG NMR spectra of 1’ 
at 25 °C and relative humidity 40%. 

Fig. 2 (a) Proton hopping pathway in the crystal 
structure of 2 and (b) 2H solid-state NMR spectra of 
deuterated 2 in the region of 22-180 °C 
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Solid-state NMR Spectra of Pseudo GPI-anchored Protein in membranes 
under Magic Angle Spinning 

Kaoru Nomura, Erisa Harada, Kenji Sugase, and Keiko Shimamoto 
Bioorganic Research Institute, Suntory Foundation for Life Sciences, Osaka, Japan.  

We designed a new type of pseudo-GPI-anchored protein in which the protein part was 
expressed in E. coli and attached to a chemically synthesized GPI anchor mimic. So far, such 
a NMR measurement has not been accomplished because supplying sufficient amount of 
stable isotope labels in overexpression is difficult for GPI-anchored protein which required 
complex posttranslational modification. Using two different types of membranes, liposomes 
and bicelles, we demonstrated two types of insertion procedures for GPI-anchored protein 
into membranes. The high resolution solid-state NMR spectra for these samples demonstrated 
the feasibility of this methodology to examine the roles of GPI-anchor in regulating diverse 
biological phenomena.  
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Fig 1. Schematic representation of the 
reconstitution of the anchored-protein 
into liposomes (a) and bicelles (b). 
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pH dependence of Tautomerism Equilibria and Proton Conductivity of 
Various Cyclo-imidophosphate Anions by 15N NMR. 
○Hideshi Maki, Daisuke Kataoka, and Minoru Mizuhata 
Graduate School of Engineering, Kobe University, Hyogo, Japan 
 

Tautomerism equilibria of various cyclo-imidophosphate anions, involving P-NH-P linkages have 
been studied by 15N NMR. The pH profile of the 1H-coupled 15N NMR spectra of both anions give 
most straight forward evidence of the drastic change of the activity of the tautomerisms in these cyclic 
anions as well. The localization to the imino nitrogen atom of the hydrogen atom remarkably depends 
on the pH. The H+ form of tetramer showed a comparatively high proton conductivity. 

P-N
H

(Scheme 1)

15N NMR pH

90
15NH4Cl(15N: 98%) 135 16

NH4Cl
 45ºC 1,4-

90 rpm 4

Na3P3O6(NH)3 4H2O Na4P4O8(NH)4 3H2O
15N NMR, ,  
 
○  , ,   

Scheme 1 Tautomerization of P4O8(NH)4
4- 
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15N NMR

(0.1 mol L-1 in 10 % D2O) HClO4 NaOH pH
1H-coupling 1H-decoupling 15N NMR
Na H 100~200ºC

 
 

Fig. 1 1H-coupled 15N NMR pH
(> pH 11) P

- H -
H N (pH 6 – 9)

15N 1H -
(<pH 4) 1H

pKa 3.2 3.71)

pH H NMR
 

Fig. 2 H4P4O8(NH)4

100ºC 3 120ºC 6.54 10-5 
Scm-1 30.0 kJ

150ºC
 3 1.22 10-4 Scm-1

13.7 kJ
 

 
H4P4O8(NH)4

 
 

1) H. Maki, H. Nariai, T. Miyajima, Polyhedron, 30, 903 (2011) 
 

Fig. 1 Stack plots of 1H-coupled 15N NMR spectra of (a) 
P3O6(NH)3

3- and (b) P4O8(NH)4
4-at various pH. 
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A Solid-state 17O NMR Study of Molecular Dynamics for Water in Organic 
Compounds  

Kazuhiko Yamada1, Shinji Yamada2, Nodoka Sako2, Kenzo Deguchi3, Tadashi Shimizu3 
and Junji Watanabe1 
1Tokyo Institute of Technology, Tokyo, Japan.  
2Ochanomizu University, Tokyo, Japan.  
3National Institute for Materials Science, Ibaraki, Japan.  

We present experimental and theoretical investigations of molecular dynamics for water 
molecules in 4-nitrostyrylpyridinium chloride and bromide hydrates, as determined by 
solid-state 17O NMR.  
 

chain tape sheet discrete water motifs

S. Yamada -
head-to-tail

4-nitrostyrylpyridinium hydrates [1]
Fig.1 4-nitrostyrylpyridinium hydrates

water channel

water channel
water channel

17ONMR
4-nitrostyrylpyridinium 

hydrates
 

 
 

Fig.1 (a) Molecular structure and  
(b) packing of 4-nitrostyrylpyridinium 
hydrates 
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Fig.2 (a) 
4-nitrostyrylpyridinium bromide (b)
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Fig.3
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[1] S. Yamada, N. Sako, M. Okuda, A. Hozumi  
Cryst. Eng. Comm., 2013, 15, 199-205. 
[2] K. Yamada, S. Yamada, N. Sako, T. Shimizu, K. 
Deguchi, J. Watanabe  in preparation

Fig.2 13C CPMAS NMR spectra of  
(a) 4-nitrostyrylpyridinium bromide 
and (b) dehydrate, acquired at 11.7 T. 

Fig.3 Stationary 17O NMR spectra of 
4-nitrostyrylpyridinium chloride as a 
function of temperature, acquired at 11.7 T. 
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Quick measurement of 1H solid-state NMR at very fast MAS 
Yue Qi Ye 1, Michal Maloň 1, Charlotte Martineau 2, Francis Taulelle 2, Yusuke 
Nishiyama 1 
1JEOL RESONANCE Inc., Japan 
2 University of Versailles, France 

A novel method to realize rapid repetition in 1H NMR at very fast MAS is shown. 
The very fast MAS at 110 kHz slows the 1H-1H spin diffusion, leading to variation of 1H T1 
relaxation time 1H atom to atom. However, this different relaxation behavior for each 1H 
nucleus is averaged out by applying 1H-1H recoupling during relaxation delay even at very 
fast MAS, reducing the optimal relaxation delay to maximize the signal to noise ratio. The 
way to find optimal relaxation delay for arbitrary relaxation curve is shown. The reduction of 
optimal relaxation delay by RFDR was demonstrated on glycine and ethenzamide with one 
and multi-dimensional NMR measurements. 
 
1. Background 

The popular perception1 is no longer valid at very fast MAS of 110 kHz2 that all the 
1H nuclei shear the same T1 relaxation time in solid samples. The 1H T1 relaxation time at very 
fast MAS is no longer dominated by 1H-1H spin diffusion, but determined by intrinsic T1 
relaxation time of each 1H nucleus. Thus some molecules show huge variation of 1H T1 
relaxation time among the 1H nuclei in the same molecule, reflecting the variation of intrinsic 
1H T1 relaxation time. Some 1H nuclei show very long T1, requiring very long repetition delay 

RD. This is especially problematic in 2D experiments, where numerous number of scan is 
required for the time-increment in the indirect dimensions. While the origin of this difficulty 
is partial suppression of 1H-1H dipolar interactions by very fast MAS, the 1H-1H interaction 
can actually be reintroduced by rotor-synchronous rf irradiations. 

 
2. Basic principle 

We have applied radio-frequency driven recoupling (RFDR) during RD to pump the 
1H magnetization to 1H of long T1 out of 1H of short T1 (Figure 1)3. In the current experiments  
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we apply RFDR before all the 1H reach full recovery. After relatively short delay, a part of 1H 
nuclei is polarized again while the others are still close to saturated. RFDR reintroduces 
1H-1H spin diffusion and thus averages the magnetization, transferring those magnetizations 
from short T1 nuclei to long T1 nuclei. After repeating this procedure several times, all the 
nuclei are polarized within the period shorter than longest T1 relaxation time. 

 
3. Optimal relaxation delay 

The SNR per unit time T  can be written by 
21

RDRD
21SNR ST ,      (1) 

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

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

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

 
4. experiment 

All the NMR measurements were performed on JNM-ECA600 (JEOL 
RESONANCE Inc.) at a static magnetic field of 14.1T. The standard double resonance probes 
equipped with 0.75 mm MAS or 1 mm MAS stators (JEOL RESONANCE) were used. 96  
pulses were applied for each RFDR train, so that the total length of the RFDR train is 1.37 ms 
at 70 kHz MAS. The 1H SQ/SQ homonuclear correlation (HOMCOR) spectra were obtained 
by conventional three /2 pulse experiments, and 1H DQ/SQ HORMOR were by using 
BABA-xy16 pulses. The 1H/13C heteronuclear correlation (HETCOR) and 13C CPMAS were 
observed by RAMP-CP. 
 
5. Results and discussion 

Figure 2 shows the 1H T1 relaxation time of glycine at various spinning frequencies 
up to 110 kHz MAS. The 1H T1 relaxation time of each peak start to separate each other at 
faster MAS; the 1H T1 relaxation time is ranging from 0.23 s to 1.75 s differing 7.6 times at 
110 kHz MAS. Circles and triangles in Figure 3(a) show the 1H saturation recovery curve of 

Figure1. 
Pulse schemes used in the 
general experiments. The 
equally spaced m RFDR trains 
can be applied during RD. In 
the current experiments, m = 3 
were used and each RFDR 
consists of 96  pulses.  
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CH2 protons of glycine at 100 kHz MAS 
with and without RFDR during RD, 
respectively. The recovery curve at the 
intermediate RD is definitely different 
between with and without RFDR. RFDR 
enhances the growth of 1H magnetization 
in the CH2 moiety by transferring the 
magnetization from 1H in the NH3

+ moiety. 
It seems the difference between with and 
without RFDR is rather small, but SNR per 
unit time is greatly affected by RFDR. 
Figure 3(b) shows the SNR per unit time 
with applying RD  window function to 

Figure 3(a). The improvement of RFDR in CH2 
protons is clearly seen in Figure 3 (c); RFDR 
shortens the optimal RD from 1.80 s to 0.60 s, 
enabling rapid scans. Note that the optimal RD 

of 0.60 s is much shorter than T1 of 1.45 s. Even 
with this quick repetition, the maximal SNR with 
RFDR at RD of 0.60 s shows 30% improvement 
than the maximal SNR without RFDR at RD of 
1.8 s. 

The current method is demonstrated on a pharmaceutical molecule of ethanzamide, 
which is widely used as a common analgesic and anti-inflammatory drug. Figure 4 shows the 
reduction of optimal RD by RFDR train. The optimal repetition times with and without RFDR 
for each 1H are determined by saturation recovery curve with the RD  window function. 
The optimal RD is ranging from 3.5 s to 120 s if no RFDR is applied, requiring a RD of 120 s. 
On the other hand, RFDR greatly reduces the variation which is 8 s to 25 s; 1H nuclei with 
very long T1 shows significant decrease of optimal RD  with RFDR irradiations and the 
others are rather lengthened. The results clearly show that the averaging of 1H magnetization 
by RFDR realizes the quick and efficient repetition by quick polarization of 1H nuclei with 
long T1 relaxation time. 

Figure 2. 1H T1 relaxation time of 
glycine at various spinning 
frequencies from 20 kHz to 110 
kHz MAS at 14.1 T. 
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Figure 3. (a) the signal intensities of RDS  of 

glycine CH2 protons at 100 kHz MAS measured by 
saturation recovery experiments with (triangles) 
and without (circles) RFDR irradiation during RD. 
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The effectiveness of RFDR 
irradiation is demonstrated in 
multi-dimensional experiments. Figure 5 
shows 1H-1H DQ-SQ and SQ-SQ HOMCOR 
experiments, and 1H-13C HETCOR 
experiments of ethenzamide at 70 kHz MAS 
with and without RFDR. We need RD of 25 
s and 120 s to avoid signal suppression with 
and without RFDR, respectively. However, 
we have applied a repetition delay of 12 s for 
all the experiments to make total 
measurement time reasonable. As clearly 

shown in the spectra the signals around 8 
ppm is partly suppressed due to too quick 
repetition if no RFDR is applied. On the other 
hand, RFDR recover these signal intensities 
and enables to observe these peaks.  
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The Paramagnetic Effects of Iron Ion in Nitrogen-Doped Carbon 
ORR Active Electrochemical Catalysts 

Shigeki Kuroki1, and Hideyuki Hara2 
1Department of Organic and Polymeric Materials, Tokyo Institute of 
Technology, Tokyo, Japan.  
2Bruker Biospin Japan, Kanagawa, Japan.  

 
Iron-containing and iron-free 15N labeled polyanilines (PANI) are prepared as a precursor of 
N-doped carbon electrochemical oxygen reduction catalysts in polymer electrolyte fuel cells 
(PEFCs).  The oxygen reduction reaction (ORR) activity of iron-containing PANI is much 
higher than that of iron-free PANI. The ESR spectra show that iron-containing PANI contains 
Fe3+ high spin state ions and also 15N solid-state NMR spectra shows the large paramagnetic 
shift of nitrogen which is the evidence of the Fe-N coordination existence. 
 
INTRODUCTION: After Jasinski1 first reported that transition metal porphyrins and 
phthalocyanines display electrocatalytic activity towards ORR, it has been found that active 
ORR catalysts can be synthesized by pyrolyzing a wide variety of transition metal, carbon and 
nitrogen-containing precursors at high temperature.2 However, there is much disagreement 
in the literature regarding the nature of the active sites for ORR.   Some researchers have 
proposed that the Fe-N4/Fe-N2 center bound to the carbon support is catalytically active, and 
that the central Fe plays a crucial role in ORR.  Others have proposed that the transition 
metal (e.g., Fe or Co) may not itself be part of the active site, but rather serves to catalyze the 
formation of active sites.  In this work, iron-free and iron-containing 15N labeled polyaniline 
(PANI) is prepared as other kind of precursor of N-doped carbon catalysts and is pyrolyzed at 
several different conditions.  The ORR activity of these samples is evaluated and the 
solid-state(SS) 15N NMR and ESR spectra of these samples are measured. Finally, we discuss 
the relationship between the ORR catalytic activity and nitrogen species in N-doped carbon 
catalysts. 
EXPERIMENTAL: 15N-labeled PANI was obtained by the polymerization of 15N-labeled 
aniline. The 15N-PANI was dispersed in FeCl3 aqueous solution (PANIFe). The obtained PANI 
and PANIFe were pyrolyzed under a flow of N2 gas for 1 hour at 800 C (PANIFe800, 
PANI800).  PANIFe800 was stirred in conc. HCl for 2 hr and then filtered (PANIFe800aw). 
PANIFe800aw was repyrolyzed under a flow of N2 gas for 1 hour at 800 C and washed in 
conc. HCl (PANIFe800aw800aw). Further, PANIFe800aw800aw was repyrolyzed under a 
flow of NH3/N2 gas for 1hour at 700, 800 and 900 C and washed in conc. HCl 
(PANIFe800aw800aw700NH3aw, PANIFe800aw800aw800NH3aw and PANIFe800aw800aw 
900NH3aw).  

The catalytic activity of the samples was tested by liner sweep voltammetry (LSV, 1 mV 
sec-1) with a rotating disk electrode (RDE).  
Paramagnetic NMR shift, Fe-nitrogen doped carbon, Oxygen reduction 
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ESR measurements were carried out on a 
Bruker Biospin EMX EPR spectrometer at 
100 K in X-frequency band. SS 15N 
NMR measurements were carried out on a 
Bruker Biospin Avance DSX-300 NMR 
spectrometer at 7.05 T.  The observed 
frequency of 15N was 30.42 MHz.  The 

/2 pulse width was 3.0 s for both 15N 
and 1H.  The MAS speed was set to 14 
kHz.  15N chemical shifts were calibrated 
indirectly through external glycine-15N (  
= 11.59 ppm; line width = 17 Hz ) relative 
to saturated 15NH4NO3 ( = 0 ppm ) 
solution in H2O.   
RESULTS AND DISCUSSION: The 
electrocatalytic activity for ORR of the PANI 
and PANIFe samples was tested by RDE 
voltammetry. The iron-free PANI samples 
show quite poor catalytic activity for ORR, 
whilst the iron-containing PANIFe show better 
catalytic activity compared with iron-free 
PANI.  After the NH3/N2 heat treatment, the 
ORR activity of PANIFe improve more 
higher. 
 Fig. 1 shows ESR spectra of PANIFe 
catalysts. The signal at g = 4.26 is assigned to Fe3+ high spin state in low symmetric 
six-coordinate iron complex.  Also some different signals appear at g = 2.62, 2.26, 2.12, 2.00 
and 1.67 which will be assigned to the different type Fe3+ in coordinate iron complex.   Fig. 
2 shows SS 15N NMR spectra of PANIFe catalysts.  The peak at 145 and 255 ppm are 
assigned to graphitic and pyridinic nitrogens, respectively from our previous work.3  Further, 
the broaden peak at 1350 ppm is observed.   This large chemical shift come from the 
paramagnetic effects (fermi contact shift) from iron ion. This is the evidence of the Fe-N 
coordination existence. 
Acknowledgments: The author acknowledges the financial support from a Grant-in-Aid for 
Scientific Research from the Ministry of Education, Science, Culture and Sports of Japan 
(24560818) and the New Energy and Industrial Technology Development Organization 
(NEDO). 
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Fig.1 The ESR spectra of PANIFe ORR 
catalysts at 100 K. 

Fig.2 The SS 15N NMR spectra of PANIFe 
ORR catalysts. 
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Structural analysis of condensation polymers using NMR
Hironori Matsuda1, Koto Suganuma1, Tetuo Asakura2,3

1 Material Analysis Research Laboratories, Teijin Ltd.,Tokyo, Japan.
2 Department of Biotechnology, Graduate School of Engineering, Tokyo University of 
Agriculture and Technology, Tokyo, Japan.
3 Institute for Molecular Science, Aichi, Japan.

In the condensation copolymers, the sequence analyses have been almost limited to the 
short-range level.  One of the reasons is that the large repeating monomer units in the chain 
limit the NMR peak splitting. So, the development of the analytical technique for the more 
detailed microstructures of the condensation polymers is necessary. In this experiment, the 
sequence analyses of some terephthalic copolyesters and fully aromatic copolyamides were 
performed using uncommon solvents by 1H or 13C NMR.

Figure 1
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IL1



－ 51－

Figure 2

dyad Figure 3
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(3) Matsuda, H.; Nagasaka, B.; Asakura, T. Polymer 2003, 44, 4681.
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Figure 3. Expanded 100 MHz 13C NMR spectra (the carbonyl 

carbon region) of the Technora polymer and the model 

polymers in trifluoromethanesulfonic acid at 100°C.

Figure 1. Expanded 600 MHz 1H-NMR spectra (The 

alcoholic CH2 proton region) of poly(ethylene/butylene

terephthalate) copolymer in 75/25 (v/v) mixture of 

o-chlorophenol/deuterated chloroform at 80 °C.

Figure 2. Expanded 100 MHz 13C NMR spectra (the carbonyl 

carbon region) of the Technora polymer in some solvent 

conditions.
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Application of solid-state NMR to steel industry 
Koji Kanehashi 

Advanced Technology Research Laboratories, Nippon Steel & Sumitomo Metal Corporation 

We have applied NMR (especially solid-state NMR) to structural analysis of a variety of 
industrial materials, e.g. coal and slag. Since these materials often are structurally complex, poorly 
crystalline and insoluble in any solvents, multinuclear solid-state NMR is a powerful tool for 
analysis of chemical structure and dynamics. Some examples of NMR application in our company 
are shown in the presentation. 
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Chemistry and Application of Porous Soft Materials
Susumu Kitagawa1, Munehiro Inukai1, and Satoshi Horike2,3

1Institute for Integrated Cell-Material Sciences (iCeMS), Kyoto University, Kyoto, Japan.
2Department of Synthetic Chemistry and Biological Chemistry Kyoto University, Kyoto,
Japan. 3PREST, Japan Science and Technology Agency

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

Graduate School of Science, Kobe University, Kobe, Japan. 

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

NMR NMR

NMR NMR Rabi Ramsey

(Fig. 1)
NMR 1)

NMR
Fig. (A) Experimental setup, (B) Magnetic field distribution

                                                            
1) Fuke, K. et al., Rev. Sci. Instrum. 2012, 83, 085106-1-8.

Gas phase ions, Structural analysis, Gas-phase NMR spectroscopy
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NMR approaches for elucidating the functional roles of glycans
Koichi Kato1, 2, 3, 4

1Okazaki Institute for Integrative Bioscience and Institute for Molecular Science, National 
Institutes of Natural Sciences, Okazaki, Aichi, Japan.
2Graduate School of Pharmaceutical Sciences, Nagoya City University, Nagoya, Japan.
3The Glycoscience Institute, Ochanomizu University, Tokyo, Japan.
4GLYENCE Co., Ltd., Nagoya, Japan.

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

In this presentation, I present new carbohydrate NMR techniques exploiting the effects of 
introduced paramagnetic probes and stable isotopes to target glycans. Our NMR approach is 
also presented for characterization of glycolipid clusters as unique platforms for interactions
of amyloidogenic proteins associated with neurodegenerative disorders.
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Development and application of the methodology to investigate wood 
biomass by solution NMR
Hideyasu Okamura1, 2, Hiroshi Nishimura3,2, Yoshinori Imamura4, Yu Kozawa1, Noritsugu 
Terashima4, Yasuyuki Matsushita4, Kazuhiko Fukushima4, Takashi Watanabe3,2, and

Masato Katahira1,4

1Institute of Advanced Energy, Kyoto University, Kyoto, Japan.
2CREST, JST, Tokyo, Japan.
3Research Institute for Sustainable Humanosphere, Kyoto University, Kyoto, Japan.
4Graduate School of Bioagricultural Science, Nagoya University, Nagoya, Japan.

Wood biomass is a promising alternative of oil to obtain energy and various chemical 
products. Identification of precise chemical structures of its components and monitoring of 
conversion of the components during its degradation at atomic resolution have not been 
achieved so far. Solution NMR has a potential to answer these demands. Here, we have 
developed the methodology to investigate wood biomass by solution NMR. The methodology 
involves optimized sample preparation, application of TROSY, new quantification methods 
that are not skewed by variation of either 1JCH or T2 values of each component, development 
of 13C-labeling and its application, and real-time monitoring of biodegradation of wood 
biomass in an NMR tube. Development of these elementary techniques made it possible to 
identify and monitor the conversion of components of wood biomass at atomic resolution.
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Figure 1 Real-time monitoring
of biodegradation of wood biomass 
by rotting fungi in an NMR tube.

(Figure 1)
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Ligand-driven conformational changes of MurD characterized by 
paramagnetic NMR 
Tomohide Saio1, Kenji Ogura1, Hiroto Yamaguchi2, Hideki Tsujishita2, Fuyuhiko Inagaki1*
1Faculty of Advanced Life Science, Hokkaido University, 060-8638 Sapporo, Japan and 
2Shionogi Innovation Center for Drug Discovery, Shionogi & Co., Ltd, 001-0021, Sapporo, 
Japan 

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

Here we report Nuclear Magnetic Resonance (NMR)-based approach to investigate the 
dynamic structural changes of MurD coupled with substrate binding and ATP-hydrolysis in 
solution, exploiting NMR titration and paramagnetic lanthanide probe method (Saio et al.).
Paramagnetic lanthanide ions fixed in a protein frame induce several paramagnetic effects in 
NMR spectra of the protein, such as a pseudo-contact shift (PCS). PCS is a chemical shift 
change induced by the paramagnetism of the lanthanide ion and provides long-range (~40 Å) 
distance and angular information on the observed nuclei. We introduced the lanthanide ion to 
MurD by the use of lanthanide chelating reagent attached to the surface of MurD via double 
disulfide bridges. Our NMR-based study identified a novel intermediate state of the 
C-terminal domain that regulates the binding of the substrates. Combined with the existing 
knowledge, we propose the molecular mechanism of MurD that will provide a key feature for 
structure-based drug design.  

Reference
Saio T, Ogura K, Shimizu K, Yokochi M, Burke TR Jr, Inagaki F. (2011) An NMR strategy 
for fragment-based ligand screening utilizing a paramagnetic lanthanide probe. J. Biomol. 
NMR. 51, 395-408.

L9



－ 65－



－ 66－

Structure and dynamics of proteins based on the alignment tensors 
determined by TROSY 
Shin-ichi Tate1, 2 
1Dept. Mathematics and Life Sciences, Hiroshima University, Higashi-Hiroshima, Japan  
2Research Center for the Mathematics on Chromatin Live Dynamics (RcMcD) 

We have been working on the technical improvement and expanding the application of the 
TROSY-based alignment tensor determination called as DIORITE. We intended to make the 
DIORITE applicable to the wider range of proteins by reducing the intrinsic limitations 
associated with the conventional RDC experiments, which include size limitation, solvent, 
temperature conditions to be applied. In this presentation, I will report our recent technical 
progresses in the DIORITE approach with some applications to explore the protein structure 
dynamics in combination with small-angle  X-ray scattering (SAXS). 
 

Exploring protein structural dynamics in large amplitudes has become focused. This is 
because of the technical progresses in the experimental approaches, including small-angle  
X-ray scattering (SAXS) and the faster computational environments available. In NMR, the 
RDC-based approach enables to explore the mode of structural change and the potential 
structural dynamics in large-amplitude associating with the domain rearrangement, for 
example. In addition, the combined use of the RDC and SAXS paved new ways to improve 
the structural studies along that line [1].  
 The RDCs give valuable structural information to grasp the protein structurel dynamics 
in a large amplitude, but they are generally hard to measure for large proteins (typically over 
30 kDa) due to the faster transverse relation of one of the paired signals needed. The sample 
conditions required for achieving the weak alignment by a liquid crystalline medium also 
limit the RDC measurement to the sample, which is stable in the temperature over the phase 
transition point for the liquid-crystalline and the low ionic strength to allow the liquid 
crystalline phase. The rather narrow ranges in the allowable experimental conditions restrict 
the RDC application for exploring the large-amplitude motion of proteins. We have proposed 
an alternative approach to overcome the above limitations in the RDC-based structural 
analyses, which is called as DIORITE (Determination of the Induced ORIentation by Trosy 
Experiments) [2-4]. In this presentation, we are going to show some recent progresses in the 
DIORITE approach.  
 
anisotropic spin interactions, protein dynamics, domain rearrangement 
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Structure calculation using DIORITE restraints in XPLOR-NIH  
 DIORITE analysis requires the 15N CSA 
tensor values for each residue in a priori. We 
have established a set of 15N CSA tensor 
parameters, which allows the precise alignment 
tensor determination free from the biases 
coming from the pre-defined 15N CSA values 
(in preparation). By embedding the 15N CSA 
tensor information in the subroutine in 
XPLOR-NIH, we enabled the structure 
calculation using the alignment induced 
TROSY shift changes as structure restraints, 
which are measured by the chemical shift 
changes for each TROSY signal ( TROSY) 
collected in the stretched (anisotropic) and isotropic acrylamide gels [3]. The DIORITE 
restraints are simultaneously used with the other restraints, including NOEs, the torsion angles, 
and the SAXS scattering profile on the XPLOR-NIH platform. The example applications will 
be presented [5].  
 
Simulation of the alignment protein in a stretched acrylamide gel 
To avoid the technical limitations in achieving weak alignment of proteins, we use the 
chemically stable acrylamide gels as aligning media in the DIORITE experiments. To 
elucidate the protein structure dynamics in large amplitudes using weak alignment, the 
simulation for the protein alignment in an aligned medium is essential. The simulation for 
proteins in an aligned bicellar medium is possible with the program PALES [6], while the 
simulation for the acrylamide gels is not available due to the complete difference in the 
aligning mechanism. We developed the simulator for the protein alignment in the acrylamide 
gels. The technical details will be presented.  
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Fig.1: Example input data to incorporate 
DIORITE restraints. 
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Dissolution mechanism of carbonate in silicate melts: Information from ab 
initio calculations and 13C NMR measurements 

Xianyu Xue1, and Masami Kanzaki1 
1Institute for Study of the Earth's Interior, Okayama University,Misasa,Tottori, Japan.  

It is generally known that CO2 dissolves in silicate melts/glasses as molecular CO2 and CO3
2- 

species, but how the latter groups are incorporated in the melt and its effect on the silicate 
structure have been less certain. Here we report ab initio calculation (vibrational frequencies, 
13C chemical shift tensors) and 13C NMR measurements on 13CO2-bearing glasses of diverse 
silicate compositions. Our study suggests that both vibrational frequencies and 13C chemical 
shift tensor are sensitive to the local environments of carbonates. The data indicate that 
carbonates are present dominantly as free carbonates (not bonded to tetrahedral Si/Al) in 
depolymerized melts, and as network carbonates (bonded to two Si/Al via two of its oxygens) 
in polymerized melts. The formation of free carbonates would lead to polymerization of the 
silicate structure. 
 
Introduction. Carbon dioxide is one of the abundant volatile components in natural magmas. 
Knowledge of its dissolution mechanisms in silicate melts is indispensible for understanding 
how it affects physical and thermodynamic properties. It is generally known that carbon 
dioxide dissolves in silicate melts/glasses as molecular CO2 and CO3

2- species, with the latter 
dominant for depolymerzed compositions and polymerized compositions with high Al/Si 
ratios. However, how the CO3

2- groups are incorporated in the melt and how it affects the 
silicate structure are less certain, because of controversial interpretations of previously 
reported vibrational and 13C MAS NMR spectroscopic results. Here we report ab initio 
calculations (vibrational frequencies and 13C chemical shift tensors) on CO3

2- groups in 
various environments as well as 13C MAS and static NMR results on 13CO2-bearing glasses of 
diverse silicate compositions. It will be shown that these new results provide unambiguous 
constraints on the speciation (local environments) of carbonates in silicate melts (glasses) of 
both depolymerized and polymerized compositions. 
Calculation & Experimental Methods. Ab initio molecular orbital calculations on various 
clusters that mimic the local environments of carbonates bonded to one and two SiO4/AlO4 
tetrahedra have been performed using Gaussian 09. Geometry optimization and vibrational 
frequencies were calculated at B3LYP/6-31+G(d,p), with the latter scaled by 0.9685. 13C 
chemical shift tensors were calculated with the GIAO method at B3LYP/6-311+G(2df,p). 
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Test calculations on model organic carbonate compounds (e.g. dimethyl carbonate, potassium 
monomethyl carbonate) showed satisfactory agreement with experimental IR and NMR data. 

13CO2-bearing (mostly ~ 1wt%) silicate glasses of both depolymerized compositions, e.g. 
diopside (CaMgSi2O6) and Ca-melilite (Ca1.5AlSi2O7), and fully polymerized compositions, 
e.g. jadeite (NaAlSi2O6) and nepheline (NaAlSiO4), were prepared by quenching melts at 
1.0-1.5 GPa and 1400-1600°C in a QUICKpress piston cylinder apparatus. 13C-enriched 
carbonate (CaCO3 or Na2CO3) was used as the CO2 source. NMR measurements were 
performed using a Varian Unity-Inova 9.4 T spectrometer and a 1.6 mm HXY triple 
resonance MAS probe. 
Results and Discussion. The ab initio calculation revealed that the splittings (Δν3) of the 
asymmetric stretching (ν 3) doublets for CO3

2- bonded to one or two tetrahedral Si/Al are all 
relatively large (around 180-480 cm-1). The calculated Δν3 for CO3

2- bonded to 0~2 metal 
cations (Na) and no tetrahedral Si/Al range from zero to ca 250 cm-1, depending on local 
geometry. Experimental data for minerals containing CO3

2- bonded only to metal cations 
show Δν3 from zero to moderate (up to ~100 cm-1). Thus, the moderate Δν3 (70-100 cm-1) 
reported for many depolymerized silicate glasses, which was used by some authors as 
evidence for CO3

2- bonded to one Si (e.g. [1,2]), should be better viewed as evidence for free 
carbonates (carbonates not bonded to any network formers, e.g. Si, Al) with somewhat 
distorted geometries. Our calculations also showed that carbonates bonded to one or two Si/Al 
show distinctly different characteristics of 13C chemical shift tensors (with skew close to -1) 
compared to free carbonates (with skew close to 1), similar to experimental observations for 
organic carbonates (bonded to one or two C).  

Our 13C MAS and static NMR data for depolymerized silicate glasses are all consistent 
with features of free carbonates. Our 13C MAS and static NMR data for fully polymerized 
compositions, on the other hand, show features that are consistent with the calculated 
chemical shift tensors for carbonates bonded to two Si/Al via two oxygens (network 
carbonate). Previously reported vibrational spectroscopic features, e.g. large Δν3 (>200 cm-1) 
(c.f. [1,2]), for glasses of similar compositions are also consistent with our calculation results 
for network carbonates.  
Conclusion. Our ab initio calculation has shown that both vibrational frequencies and 13C 
chemical shift tensor are sensitive to the local environments of carbonates. The combined ab 
initio calculation and experimental 13C MAS and static NMR data clearly indicate that 
carbonates are present dominantly as free carbonates (carbonates not bonded to any 
network-formers, e.g. Si, Al) in depolymerized glasses, and as network carbonates 
(carbonates bonded to two Si/Al via two of its oxygens) in polymerized glasses. The 
formation of free carbonates would lead to polymerization of the silicate structure. 
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Microwave Heating NMR Spectroscopy. Application to Liquid Crystalline 
Systems 

Akira Naito1, Yugo Tasei1, Teruaki Fujito2, and Izuru Kawamura1 
1Graduate School of Enbineering, Yokohama National University, Yokohama, Japan 
2Probe Laboratory Inc.,Tsukuba, Japan 

We investigated the microwave heating effect on liquid crystalline systems by means of 
in-situ microwave irradiation NMR spectroscopy. First, we have developed in situ microwave 
irradiation NMR spectrometer by combining microwave generator (2.45 GHz, 1.3 kW) with 
solid state NMR spectrometer. This allows us to observe NMR signals under microwave 
irradiation conditions. Second, we have investigated the microwave heating effect on liquid 
crystalline systems. 1H NMR spectra of liquid crystalline samples of MBBA were observed 
under microwave irradiation. The isotropic phase was stationary appeared as about 2% 
fraction which is considered as a non-equilibrium local heating state induced by microwave. 
Third, a nematic-isotropic phase-correlated 2D NMR spectra were successfully obtained in 
EBBA. The transition from nematic to isotropic phase was established within 10 ms. 
Consequently, local dipolar fields of 11 magnetically different protons in EBBA were 
separately observed. 
 
Introduction 
Microwave heating is widely used in the acceleration of organic reaction as well as activity 
enhancement of enzymes. These effects are considered to exist as a non-equilibrium heating 
state induced by a microwave irradiation. However, detailed molecular mechanism of 
microwave heating effect on the chemical reaction has not well understood yet. 
     To characterize a non-equilibrium local heating state, we developed an in-situ 
microwave-irradiation solid state NMR spectrometer. Microwave irradiation liquid state NMR 
spectrometer has been developed by Naito et al.1-5. Using a microwave irradiation NMR 
spectrometer, state-correlated two-dimensional NMR spectroscopy was developed1. This 
technique turned out to be useful to observe 1H dipolar patterns of 1H NMR spectra with high 
resolution in the liquid state rather than liquid crystalline state. In this technique, local dipolar 
interaction of individual protons in the liquid crystalline state can be obtained via resonance in 
the isotropic phase1,2,4,5 and also used to detect state correlated two dimensional NMR spectra 
of native and denatured states of proteins3.  
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Liquid crystalline sample is known to be absorbing microwave highly efficiently as in 
the case of liquid crystalline display. It is therefore expected to observe a non-equilibrium 
local heating phenomena more clearly in the liquid crystalline systems. In-situ microwave 
irradiation solid state NMR spectrometer was particularly designed to observe NMR signals 
under microwave irradiation with good isolation of radio wave for NMR detection with 
microwave for local heating. This spectroscopy allowed us to observe NMR signals under 
microwave irradiated condition. This is the first report to observe NMR signals of liquid 
crystals under microwave irradiating condition.  

Materials and Methods 
Liquid crystalline sample of 
N-(4-methoxybenzyliden)-4-butylaniline 
(MBBA) and 
4’-ethoxybenzylidene-4-n-buthylaniline 
(EBBA) was purchased from Wako 
Chemical Co. and used without further 
purification. Liquid crystalline phase to 
isotropic phase transition temperature 
(Tc) is 40 and 108 oC for MBBA and 
EBBA, respectively. 
      The microwave irradiation solid 
state NMR spectrometer was developed 
by building magnetron (2.45 GHz) into a 
Chemagnetics solid state NMR 
spectrometer (CMX infinity 400) as 
schimatically shown in Figure 1. A flat 
copper ribbon of 3 mm in width is used for the capacitor of the resonated circuit, which is 
wound inside the radiowave circuit perpendicularly to reduce arching and increase isolation 
during microwave irradiation. This allows us to observe NMR signals under microwave 
irradiating condition. The microwave circuit is tuned properly to 2.45 GHz and radiowave 
was tuned to 398 MHz by using sweep generator. NMR spectra were recorded at 398 MHz on 
a Chemagnetic infinity 400 NMR spectrometer, equipped with a microwave generator (IDX, 
Tokyo Electric Co Ltd.) capable of transmitting 1.3 kW pulsed microwave at a frequency of 
2.45 GHz. Microwave was transported from microwave generator to near the magnet through 
wave guide, and transfer the wave guide to coaxial cable. This coaxial cable was guided to the 
resonance circuit at the probe head. Microwave pulse was controlled by the gating pulse 
produced by the pulse programmer of the NMR spectrometer. The temperature of the sample 
was cooled down to that of the liquid cryatalline phase with a help of gas flow temperature 
controller. 

Figure 1. Block diagram of the in situ microwave 
irradiation NMR spectrometer equipped with a 
microwave transmitter. Microwave and radiwave 
coils in the probe head are also shown. 

 
Results and Discusion 
Microwave heating of liquid crystalline systems 
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Figure 2A shows 1H NMR spectra of 
MBBA at 25 oC which is 15 degree below 
the phase transition temperature (Tc = 40 
oC). Broad 1H NMR spectrum with 40 
kHz line width was obtained in the liquid 
crystalline sample (Figure 2 left column). 
1H NMR spectrum in the isotropic phase 
was obtained and all kinds of proton 
signals were resolved and assigned to the 
deferent protons in the spectrum taken at 
50 oC which is 10 degree higher than the 
Tc (Figure 2D). When the temperature 
was set at 40 oC, signals due to isotropic 
phase appeared as a small amount in the 
majority of liquid crystalline phase 
(Figure 2C). It was noticed that the 
signals were broader than that of fully 
isotropic phase. This kind of broadening 
can be attributed to the interaction of 
isotropic phase with liquid crystalline phase. The temperature was set at 25 oC, which is 15 
degree below the Tc, followed by continuous microwave (CW) irradiation. When the CW 
microwave power was carefully controlled, small amount of isotropic signals (about 2% 
fraction) were stationary appeared in the majority of signals in liquid crystalline phase (Figure 
2C). Although the signal shape is similar to that of thermal heating state, the chemical shift 
value was shifted upper field by 0.5 ppm. This result indicates that microwave heats up 
locally to quite high temperature. 

Figure 2. 1H NMR spectra of MBBA at 25 
0C(A), 250C under microwave irradiation (B), 
40 0C and 50 0C (D). Left column: Entire range 
of the spectra of liquid crystalline state. Right 
Column: Ecpanded spectra of isotropic state. 

      These phenomena can be explained 
as shown schematically in Figure 3. When 
the liquid crystalline phase below the phase 
transition temperature was heated up by the 
microwave irradiation (MWH) to reach up 
the temperature near the Tc, small amount of 
the isotropic phase was appeared. Because 
the factor of dielectric loss of the isotropic 
phase was higher than that of liquid 
crystalline phase, isotropic phase was more 
efficiently heated up by microwave 
irradiation as compared to the liquid crystalline phase did. This caused much higher 
temperature of isotropic phase than that of liquid crystalline phase. This can be considered as 
a kind of non-equilibrium local heating state. 

Figure 3. Schematic diagram thermally and 
microwave heating processes of liquid 
crystalline state. 

 
State correlated 2D NMR experiments 
The pulse sequence used in the state-correlated two dimensional (SC-2D) NMR spectroscopy 
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is practically the same for the radio frequency 
part as that of 2D exchange or NOE experiment 
(Figure 4). The first 900 pulse creates the 
transverse magnetization. During the evolution 
period, the temperature of the sample is kept to 
maintain the nematic phase so that the 1H spins 
show precession frequency under strong dipolar 
interactions between proton nuclei in the 
nematic phase. At time t1, the second 900 pulse 
is applied to align the magnetization vector 
along the z axis. During the transition period, a 
pulsed microwave is applied for a short time to 
raise temperature, during which the nematic 
phase is transformed into the isotropic phase. 
Any remaining transverse magnetization is 

expected to diphase within a couple of 
milliseconds during the transition period under 
strong dipolar interactions of the nematic 
phase. 

Figure 4. Pulse sequence for state-correlated 
2D NMR experiments. A mixing time tm is 
inserted into the beginning of a transition 
period to examine the spin diffusion 
properties. 

     Figure 5 (left column) shows the contour 
plot of the SC-2D NMR spectrum of EBBA 
between the nematic and isotropic phases, that 
was carried out using the pulse sequence of 
Figure 4. This figure clearly demonstrates that 
the SC-2D NMR experiment was successful in 
the liquid crystal sample of EBBA. It is 
recognized that the dipolar spectra of 
individual protons are separated in the F1 
dimension with resolution in the F2 dimension, 
namely with resolution in the isotropic phase. 
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Figure 5. A nematic isotropic phase 
correlated 2D NMR spectrum of EBBA 
with cross sectional pattern by applying a 
microwave pulse of 10 ms. 
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Precise Structure of Bombyx mori Silk Fibroin before and after Spinning 
determined by Solid state NMR  
Tetsuo Asakura1,2, Koji Yazawa1, 3, Keiko Okushita4, Yu Suzuki1, Yasumoto Nakazawa1, 
Akihiro Aoki1, Katsuyuki Nishimura2, Yusuke Nishiyama3, Hironori Kaji5 
1Dept. of Biotechnology, Tokyo University of Agriculture and Technology, Koganei, Japan.  
2Institute for Molecular Science, Okazaki, Japan, 
3 JEOL RESONANCE Inc., Akishima, Japan 
4 National Defense Academy of Japan, Yokosuka, Japan 
5Institute for Chemical Research, Kyoto University, Uji, Japan  
 
Determination of the structure of Bombyx mori silk fibroin is important because of increase in 
studies to clarify the reason why the silk fiber is so strong and so tough, and also many 
applications of the silk fibroin to biomaterials. In this work, the precise structures of B.mori 
silk fibroin before (Silk I) and after (Silk II) spinning could be proposed with solid state NMR 
and the CASTEP calculation. For Silk I, the 1H co-ordinates were newly determined on the 
basis of the co-ordinates of the backbone structure reported previously. For Silk II, the 
heterogeneous structure which consists of two kinds of anti-parallel β sheet structures with 
different inter-molecular arrangement in the crystalline domain, (AGSGAG)n could be 
determined. The proposed structures are generated from two kinds of β sheet structures on the 
basis of X-ray diffraction unit cell and optimized energetically by the CASTEP calculation. 
The observed 1H, 13C and 15N solid state NMR chemical shift data could be reproduced well 
by the GIPAW chemical shift calculation of the optimized structures.  
 
Introduction 
As the dimorphs of B. mori silk fibroin, two forms, Silk I and Silk II, have been proposed.  
By using several solid state NMR techniques, the Silk I structure has been determined to be 
repeated type II β-turn structure by us.1 On the other hand, the precise inter-molecular 
structure of B.mori silk fibroin with Silk II form is not still determined although the structure 
was reported first by Marsh et al.2 using X-ray diffraction. This structure is well known as a 
regular array of anti-parallel β-sheets, but later Fraser et al.,3 Lotz and Cesari,4 and Takahashi 
et al.5 claimed the presence of irregular structure in the silk fibers.  
 In this work, heterogeneous structure of B. mori silk fibroin with Silk II form will be  
 
Bombyx mori Silk Fibroin, Silk I and Silk II, 1H DQMAS, CASTEP, GIPAW 
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determined. For the purpose, the combination with the use of a micro-coil probe-head and 
ultrahigh field NMR at 920 MHz, and also the 1H DQMAS observation6,7 were used to obtain 
information on the 1H chemical shifts and relative 1H-1H proximities. Then, initial two 
anti-parallel β-sheet structures with different inter-molecular arrangements were generated 
with X-ray unit cell of Silk II reported previously.5 Then the optimization with CASTEP 
program7 was performed for these two model structures. The 1H,13C and 15N chemical shifts of 
Silk II were calculated to check the proposed models. The DARR experiments were 
performed to obtain information on the spatial positions between two structures.  

 
Materials and Methods 
The sample, (AG)15 was synthesized by the solid phase method. The 13C uniformly labeled Cp 
fraction (The precipitated fraction after chymotrypsin reaction) was prepared from the 
aqueous solution of regenerated silk fibroin prepared by giving [U-13C] glucose with artificial 
diet at the 5th larval stage of silkworm. 1 

The 1H DQMAS and double CP 1H-13C correlation NMR were measured using a JEOL 
JNM-ECA920 spectrometer with ultrahigh speed MAS probe (70 kHz) at Institute for 
Molecular Science. The 13C DARR spectra of the 13C uniformly labeled Cp fraction were 
obtained using a Bruker DRX 500 spectrometer. 

Two kinds of anti-parallel β-sheet structures with different inter-molecular arrangement 
were generated with unit cell, a = 9.38 Å, b = 9.49 Å, c = 6.98 Å of Silk II structure5 and with 
Discover (pcff force field : Accelrys, Japan) method. Then the geometry optimization was 

applied for all atoms under periodic boundary conditions using CASTEP method under 
keeping the same cell parameter. The GIPAW calculations of the  1H, 13C and 15N chemical 
shifts were performed for two anti-parallel β-sheet structures with different inter-molecular 
arrangements and the results were compared with the observed chemical shifts.  
 
Results and Discussion  

The assignment of the 1H chemical 
shifts of (AG)15 with Silk II form was 
performed by double cross polarization 
1H-13C correlation measurement for 
(AG)7[1,2,3-13C]AG(AG)7 as shown in 
Figure 1. Interestingly Ala methyl 
region gives two distinct crystalline 
states that could be distinguished by 1H 
and 13C chemical shifts. Our previous 
13C CP/MAS NMR study of B. mori 
silk fibroin with Silk II structure 
revealed that Ala methyl peak could be 
divided to three components, that is, 
two kinds of β-sheets (19.2 and 22.3 
ppm) and distorted β-sheet (16.1ppm).1 
The 1H chemical shifts of Ala methyl 

Fig.1 Double cross polarization 1H-13C correlation 
spectrum of (AG)7[1,2,3-13C]AG(AG)7 with Silk II 
form. 
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group can be distinguished from the 1H-13C 
correlations, 1.2 ppm (1H) – 16.1ppm (13C), 1.0 
ppm -19.2 ppm, and 1.3 ppm - 22.3 ppm. In 
order to elucidate 1H-1H correlations, we 
performed 1H-1H DQMAS measurement for the 
Silk II form of AG15 and showed the spectrum 
with projections (Figure 2). A cross peak 
between Hα of Gly located in the β-sheet plane 
(4.6 ppm) and Hα of Ala (5.0 ppm) exists. This 
means that hydrogen bondings in β-sheets are 
formed between Ala and Gly residues, and this 
result is conflict with the Marsh model.2   
  In our previous paper,8 the torsion angles of B. 
mori silk fibroin fiber were determined by 
orientational constraints based on solid state 
NMR to be (-140°, 142°) for Ala residue and 
(-139°,135°) for Gly residue. Thus, we used 
typical torsion angles (-140°, 140°) of β-sheet 
for Ala and Gly residues of (AG)15. Then we 
prepared two initial structural models by 
energy minimization with Discover under 
fixing the cell parameter. Furthermore, the 
energy minimization with CASTEP for the 
two models (AG)15 was performed. The 
optimized structures A and B are shown in Figure 3.   

Fig.2 1H DQMAS spectrum of (AG)15 with Silk 
II form. (Inset) An enlarged view of the cross 
peak between Ala Hα and Gly Hα 

1

Fig.4 Observed (top) and calculated (bottom) 
chemical shifts of 1H, 13C, and 15N nuclei of 
Silk II. Red lines and blue half length lines 
are originated from A and B structures, 
respectively. The calculated chemical shifts 
are set to minimize RMSD between the 
observed and the calculated data. 

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



－ 77－

Figure 4 shows the stick spectra of 1H, 13C 
and 15N chemical shifts of (AG)15 calculated by 
the GIPAW for the models A and B. The 
agreement between the calculated and observed 
chemical shifts is good for all nuclei. From the 
1H chemical shift calculation of the model A, it 
is possible to assign the two Gly Hα peaks. The 
Gly Hα observed at lower field at 4.6 ppm can 
be assigned to the Hα located in the β-sheet 
plane. The appearance of higher field peak of 
the model A than the model B was also 
reproduced in the Ala methyl region. For 13C 
chemical shifts, the agreement between the 
observed and calculated chemical shifts is 
excellent. The appearance of the higher field peak of the model A compared with that of the 
model B could be reproduced in the Ala methyl region. Finally, 15N chemical shifts were 
compared between the calculated and observed ones. In this case, the relative peak position 
and the chemical shift difference should be compared because of two peaks for Ala and Gly 
residues, respectively. The results are also excellent.  

Thus, the chemical shift calculation could reproduce the observed chemical shifts very well. 
This means the models A and B proposed here is valid. The final assignment of Silk II methyl 
peak was summarized in Figure 5. For Silk I structure, the 1H co-ordinates were determined 
on the basis of the previous co-ordinates of the backbone structure with similar approach.9 
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Fig.5 A summery of Silk II structure. This 
hetero structure consists of 25% of A (β-sheet), 
13% of B (β-sheet), 22% of distorted β-sheet, 
and 40% of distorted β-turn. 
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Native Membrane Protein Structure in Lipid Bilayers 
Requires Solid State NMR 
Nabanita Das1,2, Dylan T. Murray1,2, Yimin Miao1,3 and Timothy A. 
Cross1,2,3

National High Magnetic Field Lab, Florida State University, 
Tallahassee, Florida, USA.
Institute of Molecular Biophysics, Florida State University, Tallahassee, 
Florida, USA.

Helical membrane proteins account for 50% of all drug targets. Few of these structures have 
been characterized and fewer than this have been characterized as the native functional 
structures. These helical membrane protein structures are very sensitive to their environment. 
The influence of detergents both in micelles and in crystal lattices will be shown through 
studies of proteins in the Protein Data Bank, where they show the influence in the 
transmembrane domain of 1) a weak hydrophobic environment, 2) a relatively high dielectric 
constant, and 3) the influence of a weak lateral pressure profile. The result is that helices 1) 
are bent, kinked and distorted more than they are in a lipid bilayer environment, 2) show 
extensive hydrogen deuterium exchange, 3) show an outward curvature of helices in micellar 
environments, 4) show poor packing of the helical structures, a feature that is required for 
tertiary and quaternary 
structural stability, 5) 
show effects from 
crystal packing contacts 
that distort the tertiary 
and quaternary structure. 
These influences lead to 
non-native like 
membrane protein 
structures, structures 
that mislead the 
biological and 
pharmaceutical research 
communities.  To 
avoid this the structures 
need to validated by a 
comparison with 
structural data obtained 
from lipid bilayers (Fig. 
1), or the structures 

IL XX

Fig. 1: OS ssNMR spectra for 15N Met and 15N Trp labeled 
diacyl glycerol kinase in the contours were obtained in lipid 
bilayers. Shown in the ellipses are the predicted data from the 
structure shown that was obtained from detergent micelles. The 
poor fit to the data indicates that this is not a native structure.
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need to be characterized in lipid bilayers. 
In this talk I will show how structures in a detergent environment can be validated or refuted 
by data obtained from oriented sample solid state NMR (OS ssNMR) spectroscopy. OS 
ssNMR data for diacyl glycerol kinase was published in 2007 (Li et al., J. Am. Chem. Soc. 
129:5304). Since then multiple structures of this protein have been characterized in detergent 
environments (Van Horn et al., 2009, Science 324:1726; Li et al., 2013 Nature 497:521). By 
comparing predicted OS ssNMR data from these structures with the observed data it is 
possible to validate or refute the native-like character of the structures (Fig. 1). I will also 
show how the transmembrane domains of several membrane protein structures can be 
characterized by a combination of OS and MAS ssNMR. The influenza A M2 proton channel 
drug target has been characterized in lipid bilayers as has the Mycobacterium tuberculosis
proteins Rv1861 and CrgA. The latter protein is a key protein in cell division and a potential 
drug target. By using the absolute restraints provide by OS ssNMR the number of distance 
and torsional restraints from MAS ssNMR needed to characterize the tertiary and quaternary 
structure is greatly decreased. The methodology for such characterizations will be discussed. 
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Environmentally-controlled protein/protein interactions: 
Insights provided by NMR into nature’s switches
Fernando Correa1, Victor Ocasio1, Giomar Rivera-Cancel1, Laura B. 
Motta-Mena1, Yirui Guo1, Thomas H. Scheuermann1 and Kevin H. 
Gardner1,2

UT Southwestern Medical Center, Dallas, TX, USA.
CUNY Advanced Science Research Center, New York, NY, USA.

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

Here I will discuss examples of our work from one such family of regulatory domains: the 
Per-ARNT-Sim (PAS) domains, found in thousands of proteins throughout biology. I will 
present results from studies of PAS domains that respond to radically different stimuli –
ranging from blue light illumination to the presence of metabolites – showing how these share 
a common transduction mechanism as revealed by solution NMR complemented by other 
biophysical and biochemical approaches.  I will further discuss how we have taken 
advantage of this mechanistic understanding to search for artificial PAS-binding ligands using 
NMR-oriented fragment-based approaches and high-throughput screens. Importantly, these 
compounds can be harnessed as potent modulators of certain PAS-based protein/protein 
interactions, both in vitro and in living cells.  Taken together, our work provides an 
integrated view of a fascinating class of natural switches and suggests routes by which these 
can be manipulated in the future to achieve desired therapeutic and/or technological 
outcomes.
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Folding dynamics of topologically knotted proteins
Shang-Te Danny Hsu1

Institute of Biological Chemistry, Academia Sinica, Taipei, Taiwan

Recent studies on the mechanisms by which topologically knotted proteins attain their 
natively knotted structures spontaneously without the aid from molecular chaperones have 
intrigued theoretical and experimental biophysicists in the field of protein folding [1, 2]. 
Despite the lack of spectral signatures to identify the presence of residual secondary and 
tertiary structures, cyclisation-coupled refolding data provided strong biochemical 
evidence to indicate that YibK and YbeA, two best-studied knotted proteins, remain 
knotted in their chemically denatured states [3]. In this talk, I shall discuss our recent efforts 
in investigating the folding characteristics of a family of proteins that contain a trefoil (31)
knot or a Gordian (52) knot in their backbone structures. Solution state NMR spectroscopy 
and small angle X-ray scattering (SAX) are employed to investigate the structures and 
dynamics of YibK and YbeA in order to understand how these proteins can remain 
topologically knotted in their urea-denatured states. NMR is also employed extensively to 
study the folding dynamics of the human ubiquitin C-terminal hydrolyase (UCH-L1), which 
contains a Gordian knot and is a risk factor in Parkinson’s disease (PD) [4]. The I93M and 
S18Y mutations in UCH-L1 have been reported to associate with increased risk of PD. 
UCH-L1 and its variants exhibit a highly populated folding intermediate, also known as the 
partially unfolded form (PUF) during chemical denaturation under equilibrium conditions. 
The nature of the PUF is characterised by NMR hydrogen-deuterium exchange (HDX) in the 
presence of chemical denaturant. The impact of the I93M mutation is investigated by NMR 
HDX, which indicates that the mutation significantly destabilises UCH-L1 under native 
conditions and that the increased population of PUF may be implicated in the aggregation of 
UCH-L1 into the Lewy body, which is the hallmark of PD. 

References
[1] A. L. Mallam, FEBS J 276, 365 (2009). 
[2] P. Virnau, A. Mallam, S. Jackson, J Phys Condens Matter 23, 033101 (2011).
[3] A. L. Mallam, J. M. Rogers, S. E. Jackson, Proc Natl Acad Sci U S A 107, 8189 (2010).
[4] F. I. Andersson et al., J Mol Biol 407, 261 (2011).
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Solid-state NMR Spectroscopy of Membrane Proteins

Stanley J. Opella

University of California, San Diego

Membrane proteins are immobilized and aligned by their interactions with phospholipid bilayers. 

Although they undergo fast rotational diffusion in liquid crystalline bilayers, they require solid-state 

NMR methods to give high-resolution spectra. Solid-state NMR methods can be used to measure 

angles and distances as input for structural determination. A variety of solid-state NMR methods will 

be illustrated with membrane proteins with between one to seven transmembrane helices.
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Enhancing Signal and Contrast in MRI with Long-Lived 
Hyperpolarization or Intermolecular Coherences

Warren S. Warren1

Departments of Chemistry, Radiology, Biomedical Engineering and 
Physics, Duke University; Duke Box 90346, Durham, NC 27708 USA

I will discuss two recent research directions in my lab, which address some of the 
fundamental limitations of conventional approaches to magnetic resonance imaging:

1. Hyperpolarization methods may drastically increase the range of species which can 
be explored in magnetic resonance microscopy, but the most important issue is short T1

relaxation times.  A recent insight has been that it is possible to make extremely long-lived 
hyperpolarization, stored in a state which is protected by symmetry from interacting with the 
outside environment (such as the singlet state, ( - )/21/2). The basic challenge is that 
the same symmetry property that reduces relaxation in such disconnected states also makes it 
difficult to load population into them, or later convert this population to observable 
magnetization for detection. The initial solution was to create singlets between chemically 
inequivalent spins1, preserved using spin locking sequences or by rapid translation to very low 
magnetic field.  However, this creates serious challenges for many imaging applications, and 
more recent work has focused on slightly inequivalent spins2.  Alternatively, ref [3] used 
chemical transformation to pump singlets between chemically equivalent spins.  Ref. [4] 
drastically generalized this approach, showing that if the molecule has the right combination 
of couplings, it is possible to transfer population in and out of chemically equivalent singlet 
states at high field, using only rf pulses to make the transfer.

Here we present a variety of molecules with biologically relevant structures and long-lived 
states (for example using diphenylacetylene (DPA) as a building block), using combinations 
of 15N, 13C, 19F and 1H. We also present three new results which significantly extend the 
generality of the approach in reference 4.  First we demonstrate a unique and highly 
counterintuitive advantage of the equivalent spin approach:  the long-lived state has 
substantial carbon character, but can be accessed from thermal equilibrium or bulk 
magnetization using only proton pulses and proton detection.  For example, DPA (with 
carbon-13 on the acetylene) has a proton T1 less than 4s, but the singlet state pumped and 
detected only through the hydrogen channel lasts five minutes [5].  Second, we show that 
extremely simple sequences (essentially carefully calibrated spin locking) can make robust 
and quantitative transfer into singlet states, with very modest rf power [6].  Finally, we show 
that a fundamental challenge to screening for useful compounds (synthesizing molecules with 
carbon-13 in the right positions) can be overcome by high field NMR at natural abundance, 
where carefully targeted sequences can select only the signal from the correct doubly labeled 
species.  The idea of looking for doubly labeled carbon at natural abundance is not new (the 
INADEQUATE sequence has been used for years) but existing approaches do not work on 
equivalent carbons, so this required some novel pulse sequence development as well.  Taken 
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as a whole, these results significantly brighten the prospects for hyperpolarized imaging.

2. Dipolar field effects provide a unique window into subvoxel image structure7, on a 
distance scale intermediate between typical image resolution and diffusion-limited distances 
(tens to hundreds of microns).  Recent experimental advances have enhanced sensitivity and 
improved our ability to look for “dipolar surprisal images”-that is to say, structural features 
that arise not just because the magnetization is structured, but reflect the local anisotropy.  
Examples primarily in tissue imaging will be presented, including temperature imaging, 
alternatives to diffusion tensor imaging, and distinguishing between different types of adipose 
tissue. 

1. Carravetta, M., O.G. Johannessen, and M.H. Levitt, Phys. Rev. Lett 92, 153003 (2004)
2.  M. Tayler and M. H. Levitt, Phys Chem Chem Phys 13, 5556–60 (2011).
3.  W. S. Warren, E. R. Jenista, R. T. Branca and X. Chen, Science 323, 1711–4 (2009).
4.  Y. Feng, R. M. Davis and W. S. Warren, Nature Physics 8, 831–837 (2012)
5. Feng Y, Theis T, Liang X, Wang Q, Zhou P, Warren WS. Storage of hydrogen spin 
polarization in long-lived 13C2 singlet order and implications for hyperpolarized magnetic 
resonance imaging. J Am Chem Soc. 2013;135(26):9632-5
6. Theis T, Feng Y, Wu T-L, Warren WS. Spin lock composite and shaped pulses for 
efficient and robust pumping of dark states in magnetic resonance. arXiv:1308.5666 2013.
7. W. S. Warren, “Concentrated Solution Effects”,  Encyclopedia of Magnetic Resonance 
(2011), DOI: 10.1002/9780470034590.emrstm0088.pub2
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HL X Personal Reminiscences on Helical Polymers by NMR
Toshifumi Hiraoki

Grad. Sch. Eng., Hokkaido University, Sapporo.

My first contact with NMR came in the year 1972-73, as the undergraduate thesis 

about the molecular motion of hydrated poly(amino acid)s with using JEOL CW 1H

broad-line NMR equipment at 12 MHz in the Department of Polymer Science, Hokkaido 

University under the direction of Professors K. Hikichi and A. Tsutsumi. The instrument was 

no lock and field sweep. My Ph.D. work in the laboratory was the NMR characterization of 

poly(D-glutamic acid)-paramagnetic transition metal-ion complexes in solution by using 

JEOL FX-60Q under the supervisor Prof. Hikichi.   I attended at first the 19th annual NMR 

meeting (1980) at Sapporo, and presented the dynamic structure of poly(L-ornithine)-Cu(II) 

complex. Local structure of the complex could be obtained from the contribution of 

paramagnetic relaxation times.

In 1985 autumn, I started to work with Professor H. J. Vogel as a research associate 

at University of Calgary, Canada. We investigated the structures of metal-binding proteins 

with the state of art AM400.  43Ca(II),113Cd(II) and 207Pb(II) were found to be excellent 

reporter molecules for the coordination sites of metal ions to proteins.

Then, I moved back to Professor Tsutsumi’s laboratory at Hokkaido University in 

1987. We started to the solid state 2H NMR experiments of partially deuterated helical 

poly(amino acid)s with MSL200 and the home-made probe-head with 90° pulse width of 

about 1.5 s, in order to investigate the local motions of the main and side chains of the 
polymers. Selected C-2H bond directions are monitored in 2H NMR providing well-defined 

indicators of polymer orientation and dynamics, because the correlation time of molecular 

dynamics of polymers is remarkably distributed of 10 to 10-12 s. This technique was applied to 

the surface dynamics of globular proteins which were selectively deuterated in the end of the 

side chain of an amino acid residue. Our current research includes the conformational 

dynamics of various polyacetylene derivatives and poly(amino acid)-metal complexes with 

DSX300 and ECA920. Their results will be presented in the meeting.

NMR has been always for me the endless frontier. I have really enjoyed my 

research with NMR. It is my pleasure to thank all my colleagues who have been involved in 

endeavor which has sometimes been frustrating but more often stimulating.
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Why can FoF1 ATPsynthase rotate?
Hideo Akutsu
Institute for Protein Research, Osaka University, Suita, Japan.

H+-driven FoF1-ATP synthase plays a major role in energy production in most organisms. 
It converts the electrochemical potential generated by H+-gradient across membranes into the 
rotation of the c-subunit ring in Fo and then into that of the -subunit in F1 and vice versa. The 
rotation of is related to a conformational change of the subunit, which induces ATP
synthesis/hydrolysis. To understand this mechanism on structural basis, we have been 
working on this machinery for more than 20 years, using solution and solid-state NMR. Since 
its molecular mass is more than 500 kDa, we have encountered great difficulties. I will 
summarize our strategy to tackle on this complex system and what we have learned so far.

F1Fo ATP synthase is a ubiquitous molecular motor involved in H+-mediated energy 
conversion in organisms from bacteria to man. The 
H+-driven ATP synthase transfers the energy of the 
transmembrane electrochemical potential to ATP. It 
consists of a water-soluble F1 and a membrane 
integrated Fo. The former has catalytic site for ATP 
synthesis/hydrolysis, and the latter mediates H+

transport across the membrane. The components of F1

and Fo are 3 3 and ab2cn, respectively. The c
subunits form the rotor ring. Walker’s group reported 
the crystal structure of 3 3 , in which taking the 
open and closed forms in the absence and presence of 
a nucleotide, respectively. Furthermore, Yoshida, 
Kinoshita and their colleagues revealed that rotated 
at the expense of ATP. The rotation may be induced by a change in the soft interaction 
between the and s generated by the conformational change in . We have been working on 
this energy conversion system using NMR for more than 20years to elucidate its mechanism.
1. A strategy to understand the whole mechanism

We started with the interest on the energy conversion mechanism in general. However, it 
turned out that the mechanism of the rotation is the key to understand the energy conversion 
mechanism. Why can FoF1 rotate? Question is simple. To answer the question, however, we 
need to investigate this system from many kinds of approaches. NMR can contribute to elucidation of
the structure and function. The problem is that this enzyme is a membrane protein with multi-subunits,

energy conversion, molecular motor, soft interaction, proton translocation

Fig. 1 Bacterial FoF1 ATPsynthase

HL2



－ 91－

and huge in terms of NMR difficulty on molecular size. Thus, the strategy was the combination of 
“from a subunit to the complex” and “solution NMR for soluble proteins and solid-state NMR for 
membrane bound proteins” in collaboration with Prof. Masasuke Yoshida.
2. What is pKa of the catalytic carboxyl group of the subunit?

We started with the catalytic site of the subunit from thermophilic Bacillus (TF1 ). Since there 
was no Cys, the catalytic Glu was replaced with Cys. Then, 13COOH was introduced by 
carboxymethylation. We could detect this signal even in a 52 kDa protein. By pH titration of this 
signal, pKa of the catalytic carboxyl group was determined to be 6.8. It can provide catalytic ability.
3. What is the driving force of the rotation of the subunit?

We tackled on the conformational analysis of specifically deuterated TF1 at first, then moved to 
the uniformly 15N-labeled one. Especially, segmental labeling with Intein in collaboration with Prof. 
Toshio Yamazaki opened a new stage. We analyzed the chemical shift perturbation induced by 
ADP binding and determined the relative orientation between the N- and C-terminal domains 
of a monomeric subunit using residual dipolar couplings in combination with segmental 
isotope labeling. It was demonstrated that the conformational change of from the open to 
the closed form (bending motion) upon nucleotide binding was similar to that expected from
mitochondrial F1 (MF1) crystal structures and was an intrinsic property of the subunit. This 
could be a driving force for the rotational catalysis. We also found that ATP- and ADP-bound 
conformations were different. The latter was similar to the closed conformation in the crystal 
structure of MF1. We suggested that the former was related to an excited conformation.
4. How about the subunits in F1 in solution?

We were also successful to analyze the 360 kDa TF1’ in solution, using the segmentally labeled .
We could confirm that the open and closed conformations were similar to the open and ADP-bound
conformations of the monomers, respectively. 
5. Why can the TF1 subunit act as a brake of the rotation?

The helix domain of TF1 was found to fold and extend in the presence and absence of ATP, 
respectively. Thus, the extended helical rod will interfere with the interaction between / and at 
low ATP concentration to suppress the rotation not to waste ATP.
6. Why can the c-subunit ring rotate in Fo?

To elucidate whole mechanism of the energy conversion, we have to understand the mechanism 
underlying the proton translocation and the c-ring rotation in Fo. Since a, b, and c subunits are 
membrane proteins, analysis was not easy. We started with structural determination of TFoc monomer 
in organic solution, which showed inconsistency with the proposed E. coli c-ring model. So, we 
performed structural analysis of EFoc-ring with solid-state NMR and found out that our previous 
conclusion was correct. We also investigated the interaction between the c-rings and lipid bilayers. For 
structural determination of the c-ring in membranes, we selected TFoc-decamer ring as a target 
because of its stability. Solid-state analysis of the active site of the membrane-reconstituted 
TFoc-rings labeled with SAIL-Glu and Asn was carried out. The chemical shift of C of Glu56 
essential for H+-translocation revealed that its carboxyl group is protonated in membranes, 
forming the H+-locked conformation with Asn23. Furthermore, it turned out that there were 
two types of H+-locking in the c-rings from different biological species. The assignment of all 
13C signals and structural determination of TFoc-ring is under the way.
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Nuclear Magnetic Resonance: A Powerful Tool for 
Elucidating the Interplay between Structure and Dynamics 
of Soft Matter
Hans Wolfgang Spiess
Max-Planck-Institute for Polymer Research, Mainz, Germany

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

Interaction Geometry Nuclei Structure Dynamics
Chemical 
shift

Intrinsic 
and 
orientation

1H, 13C,
15N, 19F,
29Si, 31P

Conformation, 
through-space 
proximities 

Conformational 
transitions, rotational 
motions

Dipole-dipole 
coupling

Internuclear 
distance, 
orientation

1H, 13C,
15N, 19F,
29Si, 31P

Through-space 
distances

Translational and 
rotational motions

J-Coupling Internuclear 
distance, 
orientation

1H, 13C,
15N, 19F,
29Si, 31P

Conformation 
and intergroup 
binding

Conformational 
transitions, rotational 
motions

Quadrupole 
Coupling

Intrinsic 
and 
orientation

2H, 14N, 
17O, 27Al

Symmetry of 
electronic 
environment, 

Rotational motions

Table 1. NMR interactions used for characterizing the dynamics of polymers.

Therefore, NMR is an indispensable tool for structural and dynamic characterization of soft 
matter as part of a multi-technique approach, combining spectroscopy, scattering, microscopy 
and computer simulation. Examples of such studies of various nanoscopically structured 
functional materials will be described.

Reference: H. W. Spiess, Macromolecules 43, 5479 5491 (2010)
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New SAIL-NMR methods on structural analysis for large molecular protein 

Yohei Miyanoiri1, Mitsuhiro Takeda1, Tsutomu Terauchi2,3 and Masatsune Kainosho1,2,4 
1Structural Biology Research Center, Graduate School of Science Nagoya University, Aichi, 
Japan. 
2Center for Priority Areas, Tokyo Metropolitan University, Tokyo, Japan.  
3SAILTechnologies, Inc, Kanagawa, Japan. 
4Institute for Protein Research, Osaka University, Osaka, Japan. 

At present, the solution NMR spectroscopy of large molecular proteins (>50-60 kDa) relies 
exclusively upon the information obtained from the backbone NH and side-chain CH3 signals, 
which are not sufficient for precise structural studies. In order to overcome this situation, we 
have been exploring further optimizations of the isotope labeling patterns for stereo-array 
isotope labeled (SAIL) amino acids and successfully observed extremely well-separated 
aromatic and aliphatic CH cross peaks, even for a 82 kDa E. coli malate synthase G (MSG). 
In this presentation, we introduce a differential labeling method of leucine and valine CH3 
groups for optimizing a precise structural analysis of large molecular proteins. 

[ ] 50-60kDa NMR
(1H15N) (1H3

13C)

NMR
stereo-array isotope labeling: SAIL

1-3) SAIL
SAIL

82kDa malate synthase G: 
MSG 1H13C

 

(Leu)
(Val) 4) MSG
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  Leu Val
SAIL

SAIL
1

1H,13C Val 1-Val Fig.1 
SAIL-Leu/Val

MSG
200ml M9  (

Leu/Val, [U-2H]- , [15N]-
, 99.8% ) 5mg (0.2 

mM / 300 ul)
MS

SAIL-Leu/Val 1-10 mg/100ml 90%
MSG SAIL-Leu/Val MSG
NMR cryoprobe Bruker AVIII-900  

Leu/Val   Leu/Val
Leu

Val

NOE
1-Val(Fig.1)

Val 1

Leu 1 2 Val 1 2

NOE
 

 
 SAIL-Leu/Val

80 kDa

SAIL
 

 
[ ] 
[1] M. Kainosho, et al. (2006), Nature, 440: 52-57.  
[2] M. Takeda, et al. (2010), J. Biomol. NMR, 46: 45-49. 
[3] Y. Miyanoiri, et al. (2011), J. Biomol. NMR, 51: 425-435 
[4] Y. Miyanoiri, et al. submitted 
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Dynamic structure of the intrinsically disordered proteins monitored by 
NMR 
Honoka Okazaki1, Yuka Ohori1, Masaya Komoto1, Satoru Watanabe2, Naoya Tochio2  
and Chiaki Nishimura1

1 Faculty of Pharmaceutical Sciences, Teikyo-Heisei University, Tokyo, Japan.  
2 RIKEN System and Structural Biology Center, Yokohama, Japan.  

Alpha-synuclein is an intrinsically disordered protein, which is unfolded even at the 
physiological condition.  The remaining structure may be related to the amyloid formation.  
The CLEANEX-PM experiment is useful to elucidate the weak protected region of the 
amide-protons.  The residual structure and disorder structure were analyzed in 
alpha-synuclein.     
   The p24 was predicted as an intrinsically disordered protein, but its globular structure was 
successfully determined by the X-ray and NMR.  In this study, the protein was destabilized 
by the addition of the artificial extension at the N-terminus or C-terminus.  In this case, the 
other flexible regions were observed using the relaxation and amide-proton exchange studies.  
These flexible areas were mainly consistent with the disorder prediction from the primary 
sequence.  
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NMR Analysis Aiming for Contribution to Antibody Therapeutics. 

Takuya Torizawa1 
1Research Division, Chugai Pharmaceutical Co.,ltd., Kamakura, Japan.  

The biotherapeutics market is expanding rapidly and global pharmaceutical companies are 
competing to develop drugs in this field.  Chugai has been a pioneer of antibody therapeutics, 
taking the first developed antibody product in the country to market.  In addition to the 
products in the market, we have been continuing research on various candidate molecules 
which could become the next generation of antibody drugs.  In the rapidly developing field, 
a wide range of analytical information of the molecules of interest is required at the discovery 
stages of seeds, in their optimization to become drugs, and in subsequent production and 
quality control.  To provide this essential information, we are now using NMR analysis to 
discover what is going on around the molecules in terms of structure, physicochemical issues 
and interactions.  Here some of these NMR activities will be introduced. 
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 Fig. 1: 1H-15N TROSY of [u-2H,13C,15N] Fab 

 Fig. 2: 3D TROSY–(H)N(CA)NH of  
[u-2H,13C,15N] Fab   (2D HN projection)  
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Regulation of heme oxygenase-2 activity elucidated by the analysis of 
structural dynamics 

Ayako Furukawa1, Tatsuya Yamamoto2,3, Makoto Suematsu1,2,3, and Kenji Sugase1 

1Bioorg. Res. Inst., Suntory Fndn. Life Sci. 
2Sch. of Med., Keio Univ. 
3JST, ERATO 
 
Heme oxygenase-2 (HO-2), which degrades heme into biliverdin, free iron, and CO, is 
responsible for cerebral vasodilatation. HO-2 is composed of a structured region including the 
heme-binding site and a C-terminal disordered region. The C-terminal region has two 
characteristic cystein residues, which are supposedly involved in the regulation of HO-2 
activity. However, its role in the activity is elusive and is difficult to explain by the crystal 
structure alone because it is disordered. We hypothesized that the C-terminal region 
transiently interacts with the structured region to regulate the structural dynamics responsible 
for the activity. To test this hypothesis, we have examined the enzyme activity and structural 
dynamics of two HO-2 constructs with (long HO-2) and without (short HO-2) the C-terminal 
region. Enzyme activity assay showed that long HO-2 had 1.5 times higher activity than short 
HO-2. To explain the difference in the enzyme activity, we performed PRE, R2 dispersion, and 
CLEANEX-PM experiments. The results of these experiments suggest that the change of the 
fluctuating mode by the interaction with the C-terminal disordered region regulates the HO-2 
activity. 

Heme oxygenase-2 HO-2 O2 CO
HO-2 CO

HO-1
HO-2

HO-2 C 2 Cys
HO-1 Cys HO

C
HO-2 C  
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C long HO-2 short HO-2
long HO-2 short HO-2 1.5

long HO-2 short HO-2 15N-HSQC

(< 0.1 
ppm; Figure 2d)
C

HO-2
PRE, R2 

dispersion, CLEANEX-PM
PRE C

(gray box in Figure 
2a) R2 dispersion
CLEANEX-PM

fold unfold
(Figures 2b and c) PRE

(Figure 2 and 3)  

 

 
Figure 2 Structural dynamics of HO-2 (a)PRE (b) CLEANEX-PM (c) 
R2 dispersion (d) chemical shift differences between long and 
short HO-2. 

 
Figure 3 Mapping of the residues interacting 
with the C-terminal region colored in black, 
corresponding to the gray region in Figure 2.
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Novel Stable Isotope Labeling Strategy Using the Coding Theory 
Takuma Kasai1, Seizo Koshiba1,2, Jun Yokoyama1,3,4, Takanori Kigawa1,3,5 

1Laboratory for Biomolecular Structure and Dynamics, RIKEN Quantitative Biology Center 
2Tohoku Medical Megabank Organization, Tohoku University 
3Cell-Free Technology Application Laboratory, RIKEN Innovation Center 
4Tsukuba Laboratory, Taiyo Nippon Sanso Corporation 
5Department of Computational Intelligence and Systems Science, Interdisciplinary Graduate 
School of Science and Engineering, Tokyo Institute of Technology 

Amino-acid selective stable isotope labeling is useful for the main-chain assignment process 
of difficult proteins or in hard cases such as in-cell NMR. We consider the selective labeling 
as encoding and decoding processes, that is, information of amino acid type is encoded to 
isotope labeling ratio and decoded by analyzing NMR spectra. From this point of view, 
canonical and reported combinatorial selective labeling methods utilize only qualitative 
information of isotope labeling, in other words, one labeled sample possesses only one bit 
information, therefore require many samples. With our new strategy, the information amount 
per sample is increased by quantitative and precise isotope labeling using 
scramble-suppressed cell-free protein synthesis system. This enables that all 19 non-proline 
amino acids are discriminated with as few as three labeled samples. 
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Fig.1 Encoding and decoding process of digital transmission (left) and amino-acid selective labeling (right). 

 
Fig. 2 Labeling pattern for discriminating 19 

amino acids with 3 samples. 
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in vivo 1H

 
Error and Correction in Absolute Quantitation of Metabolites in vivo Using 
Water as Internal Reference 

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

Localized 1H magnetic resonance spectroscopy in vivo is a method of measurements of 
metabolite concentration in human brain. Absolute quantitation method using water signal as 
internal reference is widely used. We examined position-dependent error caused by chemical 
shift displacement at high magnetic field. In this measurement, displacement occurs between 
the slice position of water and that of a metabolite due to chemical shift difference. In addition, 
B1 distribution is inhomogeneous inside a human body at high field. In our finding through 
experiments at 4.7T, those displacement and inhomogeneous B1 cause errors in quantitation of 
the metabolite using water signal. We also proposed and validated the correction method. 

 
In vivo 1H 1H MRS

MR

In vivo

 
 

1H MRS  
1H MRS

 
MRI  

In vivo 1H MRS , ,  
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4.7T MR Agilent INOVA

150 mm
3 40mm

25mM N NAA Cr
300 mm RF QD TEM

20 20 20 mm3

STEAM  

B1  
 

 
NAA, Cr Singlet

PA PA

-8.7% NAA 2.01ppm -4.8% Cr 3.02ppm
-2.2% Cr 3.92ppm
5.1% 2.4% 3.7%

PA

B1 3
Fig. 1, 

NAA Cr 3.02ppm

NAA

-1.8% ~ 1.5%  
 

 
1H MRS B1

 

Fig. 1. Relationships between chemical 
shift displacement and peak areas of water 
( ) and those between displacement and 
B1 amplitude of corresponding voxel ( ). 
Each arrows shows chemical shift 
displacement of a metabolite peak. An 
image shows a B1 map in this phantom. 



－ 108－

 
1, 1, 1,  

1  

In vivo iron mapping in human brain 
F.Mitsumori1, H.Watanabe1, N.Takaya1

(Natl. Inst. for Environmental Studies1) 
 

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

 [Fe]  fM

 [1] in vivo

 [2] 30

Agilent Inova 4.7T Multiecho Adiabatic 
Spin Echo  (MASE) 6

(R2 ) M0

(1)
R2 = 0.47[Fe] + 24.9fM + 9.54     (1) 

fM M0 fw 1 – fw M0

B1
- RF

 [3]
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Fig.2. Age dependent increase in the iron 
concentration in the putamen region. 
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Fig.3. Age dependent increase in the iron 
concentration in the frontal grey matter region. 

Fig.4. Age dependent increase in the iron 
concentration in the frontal grey matter region. 

fr WM

0
2
4
6
8
10

0 10 20 30 40 50 60 70
Age  year[F

e]
  m

g/
10

0g
 fr

. w
t.

 
 
Fig.1. Brain iron maps in healthy subjects at the age of (a) 10s, (b) 20s, (c) 30s, (d) 40s, and 
(e) 50s. 

 
[1] Mitsumori F, Takaya N, Watanabe 
H, Garwood M et al: Magn. Reson. 
Med., 68, 947 (2012). 
[2] Smith MA, Thu X, Tabaton M et 
al: J. Alzheimer’s Dis. 19, 363 (2010). 
[3] Watanabe H, Takaya N, 
Mitsumori F: J. Magn. Reson. 212, 

426 (2010). 
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二次元ラプラス逆変換利用した緩和と拡散による材料解析
○大窪 貴洋, 岩舘 泰彦
千葉大院工

Material analysis based on NMR relaxation and diffusion using Laplace-
Laplace inversion
○ Takahiro Ohkubo, Yasuhiko Iwadate
Graduate School of Engineering, Chiba University, Japan

The basic principles and experimental techniques of two-dimensional analysis by NMR
relaxation and diffusion are presented. A program for Laplace-Laplace inversion based
on an algorithm by Venkataramanan was developed, and verified on various NMR ex-
perimental parameters such as signal-to-noise ratio and sampling points.
We applied a methodology of 2D relaxation and diffusion, which led to individual self-

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

[緒言]
空隙を充填した分子の緩和時間 (T1 および T2)は、空隙の固体表面から沖合いに存在する

バルク状態と表面吸着状態の分子が ps オーダーの早さで化学交換する場合、空隙サイズに
比例する。よってサイズ分布を持つ多孔質材料の空隙を充填した流体を対象とした CPMG
法で観測される信号強度は、空隙サイズに対応した緩和時間分布に由来する指数関数の重ね
合わせとして観測される。それゆえ、信号減衰を CONTIN法等による逆変換 (ラプラス逆変
換) によって、緩和時間分布を得ることができれば、空隙サイズ分布を評価することができ
る。このようなラプラス逆変換を利用した解析手法は、自己拡散係数 (D)の分子量依存性を
利用した DOSY法等でも用いられている。
本研究では、これまで行われてきた一次元ラプラス逆変換による緩和や拡散の分布関数解

析を拡張し、T1-T2 や T1-D 等の緩和と拡散をパラメータとした二次元スペクトルによる解
析手法の構築を目的とする。そのため二次元ラプラス逆変換プログラムの作成と開発したプ
ログラムで得られる解の安定性評価を行った。また実材料への応用として、固体電解質ポリ
マーの T1-D二次元スペクトルによる水チャンネルの評価を行ったので紹介する。
[解析理論]

T1 と T2 が分布関数 F (T1, T2)として存在する試料を考える。この試料を対象に回復時間
τ1 で反転回復法により磁化を操作し、CPMGトレインでエコー信号を観測する場合、信号強
度M は、以下のように表される。

M =
� T1,max

T1,min

� T2,max

T2,min

F (T1, T2)
�
1− 2 exp

�
− τ1

T1

��
exp

�
− τ2

T2

�
dT2dT1 + � (1)

ここで �は白色ノイズとなる。T1 と T2 を N1 と N2 ポイントで離散化し、τ1 と τ2 の計測ポ
イントを Nx と Ny する。(Nx ×N1)のK1 と (Ny ×N2)のK2 行列を考えれば、式 (1)は、
以下のようになる。

M = K1FKT
2 + � (2)
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観測データM から F を求めことが本研究の問題となる。原理的には式 (2)の K1 と K2 の
クロネッカー積をとれば、1次元の逆問題に転換することができる。しかし、例えば τ1 のポ
イント数として Nx = 32、τ2 のポイント数として Ny = 1000、T1 と T2 の離散化をそれぞ
れ N1 = N2 = 100とすると、K0 は 10000× 32000の密で巨大な行列となる。CONTIN法
のように F の 2 回微分を求めて繰り返し演算を行う場合、一般的なコンピュータを用いて
解を得ることは現実的ではない。本研究では、Venkataramanan らの提案した K1 と K2 を
特異値分解で低ランク近似し、実用的な計算コストで逆変換を行うプログラムの作成を行っ
た。特異値分解によるデータ圧縮は、対角行列の最大要素 Σmax と圧縮変数 Sfactor との積
より小さい行列要素を 0とおいて行った。K1 とK2 のデータ近似により (Nx × s1)の K̃1 と
(Ny × s2)の K̃2 を求め、ユニタリ行列を使ってデータ圧縮した M̃ を求める。次に近似デー
タに基づいてノイズによる解の発散を抑制する smoothing 項 α||F || を用いたアルゴリズム
により、F を得るための最小化関数 χは以下のようになる。

χ = ||M̃ − K̃1FK̃T
2 ||2 + α||F ||2 (3)

適当な αを仮定して、F の要素に対する非負の制限付き条件で最適化問題を繰返し計算によ
り解くことで F を得ることができる。最適な α は可能な限り χを最小にするはずであるか
ら、得られた F より αopt は以下のようになる。

αopt =
√

s1s2

||K̃0F − M̃ || (4)

よって適当な αから出発して F を求め、さらに得られた F から αopt を得る手順を繰返し行
うことで最適解の F と αを得ることができる。
[解析方法の検証]
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Figure 1 A model T1-T2 distribution
function.

作成したプログラムの検証は、反転回復法
により T1 エンコードした磁化を CPMG で信
号を観測する T1–T2 相関パルスシーケンスで
得られる分布関数に基づいて行った。モデル
データは、図 1 に示すようなガウス型関数で
分布した 2 つのピークを持つ T1–T2 から計測
データを生成した。T1–T2 分布関数は、ピーク
トップとして (T1, T2) = (0.153, 0.0409) およ
び (0.0409, 0.00244) に等しい高さの強度を持
つ。計測データに印加されるノイズの影響およ
び特異値分解でのデータ圧縮に用いる Sfactor

の影響評価を行った。τ1 として 0.01 から 1.0
まで 32 ポイント、τ2 として 0.0 から 1.0 まで
2000ポイントの計測データを対象に計算を行った。モデル計測データに印加する白色ガウス
ノイズは、最大ノイズ強度を �として Signal-to-noize(S/N)比を以下の式により定義した。

S/N = 10 log
||S + �||2
||�||2 (dB) (5)

解析条件とするデータの S/Nは、2.5, 3.5, 6.0, 8.5, 11, 16, 20, 40, 60 dBとした。Figure 2
は S/N の異なるモデル計測データの逆変換から得られた T1–T2 分布を示す。図中に解析結
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果から得られた smoothing parameter α, 解析で得た解 F と計測データの差 Σ||m − K̃0F ||
および特異値分解で近似した K̃0 と K̃1 の列のサイズ s1, s2 を示す。
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Figure 2 T1-T2 distribution calculated
from model data with different signal-
to-noise ratio.

Figure 2は、S/Nの異なるモデルデータ
から算出した T1-T2分布を示し、強度 0から
100%の範囲を 10%刻みでコンタープロッ
トしている。解析によって得られた T1-T2

分布は、S/Nの増加にしたがって Fig. 1の
モデル分布の線形に近づいている。10 dB
以下の S/N において、T1 の小さい領域に
“ゴーストピーク” が出現している。また
S/N の増加にしたがって、Σ||m − K̃0F ||
は減少している。S/N が 20 dB 以下では
α = 1.2に収束し、S/N = 40および 60 dB
のモデル計測データの解析結果は、α < 1で
モデル分布関数のピークトップを再現して
いる。S/N = 20 dB程度のデータはノイズ
によって過剰のスムージングがなされ、解析
結果に影響を与えていると考えられる。ま
た特異値分解によって圧縮されたデータサ
イズは、Sfactor = 0.0001による解析で S/N
によらず (s1, s2) = (9, 15)であった。特異
値分解によるデータの圧縮率は S/N に大
きく依存しないことがわかった。次に S/N
の異なるモデル計測データを対象に Sfactor

を変えて (1e-6∼1e-2) 解析を行い、Sfactor

が T1–T2 分布に与える影響について検討し
た。小さい Sfactorを用いることで、(s1, s2)
は大きくなるが、等しい S/Nのデータを異
なる Sfactor で解析した結果は、ほぼ同等の
線形を持つ T1–T2 分布を示した。この結果
は圧縮率に関係する Sfactor パラメータが
1e-2から 1e-6の範囲では、解析結果に影響
を与えないことがわかった。良好な解を得
るためには Sfactor= 1e-4 程度で解析を行
うことが妥当と考えられる。
[実材料への応用]
固体高分子形燃料電池の電解質として用

いられる高分子は、燃料電池としての効率
を最大限活用するため高いプロトン電導性
能が求められている。固体高分子中のプロ
トン伝導は、固体高分子中のスルホン酸基
等で形成されるナノメートルスケールの水チャンネルを介して起こると考えられている。こ
のように水を介してプロトン伝導を達成する固体高分子電解質は、プロトン伝導が含水率に
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強く依存し、高温 ·低湿度で性能が低下することが知られている。よって、高いプロトン伝導
を発揮する材料を設計するためには、温度湿度をパラメータとした様々な環境下でナノメー
トルレベルの水チャンネルの構造と役割を解明する必要がある。本研究では、磁場勾配NMR
を用いて、T1 とDの二次元相関スペクトルを取得し、高分子中に存在する水チャンネルの構
造と拡散特性の評価を試みた。測定対象の固体電解質ポリマーはスルホン化ポリエーテルス
ルホン (SPES)を対象とした。これらの膜を短冊状にカットし、湿度 (30, 50, 70, 90および
95%) と温度をコントロールしたチャンバーにて含水率調整を行った後、テフロン棒を使っ
て NMR試料管に密閉した。NMR装置は日本電子製 DELTAを用い静磁場強度 11.75 Tの
下で最大 13 T/mまで磁場勾配を印加できるプローブを用いた。パルスシーケンスは、反転
回復法で磁化をエンコードした後、Pulse gradient spin-echo を適用する IR-PGSE により
NMR信号を得た 2。回復時間 (τ)と磁場勾配強度 (g)を変化させて信号を観測し、得られた
信号をフーリエ変換したスペクトルから水に由来する信号強度を評価した。このシーケンス
で得られる信号強度は、T1 と Dに依存し、以下のように表される。

M(T1, D) = M0

��
1− 2 exp

�
− τ

T1

��
exp

�
−γ2δ2g2

�
Δ− δ

3

���
(6)

ここで γ は磁気回転比、δ は磁場勾配を印加した時間、Δ は拡散時間となる。
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Figure 3 T1-D distribution of water
confined in a polymer exchange mem-
brane under 30%RH.

単一パルスにより含水率の異なる試料の
1H NMRスペクトルを観測したところ、単
一のブロードなピークのみを示し、ケミカル
シフトからプロトン伝導に関係する水チャ
ンネルの評価を行うことができなかった。
しかし SPES を対象に、IR-PGSE で得た
信号を 2次元ラプラス逆変換を用いて T1-D
の二次元スペクトルを得たところ、全ての
湿度条件で明白な 2 つのクロスピークを示
した。Fig. 3 は、30%RH で調湿した試料
の T1-D スペクトルを示す。10−1 より短い
T1 と長い T1 でピークが識別されており T1

の異なる二種類の水分子が SPES中に存在
している。SPES 中で親水性のスルホン酸
回りに配位している水は、psオーダーでバ
ルク水と交換していることが、分子動力学
計算から示されている 3。よって 2 つの T1 に相当する水は、サイズの異なる水チャンネル
に存在する水に相当すると考えられる。2 つのクロスピークの D 軸に着目すると、短い T1

をもつ水の方が早い拡散係数を示している。拡散係数の違いは空隙サイズよりはむしろ ms
オーダーの拡散時間で引き起こされる制限拡散構造を反映していると考えられ、水チャンネ
ルの連結性に由来すると考えられる。
[参考文献]

1. L. Venkataramanan et al., IEEE Transactions, 50, 1017-1026 (2002)
2. T. Ohkubo et al.et al., J. Phys. Chem. Lett., 3, 1030-1034 (2012)
3. T. Ohkubo et al.et al., J. Mol. Model., 18, 533-540 (2012)
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Room-temperature hyperpolarization of nuclear spins with DNP using 
photo-excited triplet electron spin 

Kenichiro Tateishi1, Makoto Negoro2, Shinsuke Nishida3, Akinori Kagawa2,  
Yasushi Morita3, and Masahiro Kitagawa2 
1RIKEN Nishina Center for Accelerator-Based Science, Saitama, Japan. 
2Graduate School of Engineering Science, Osaka University, Osaka, Japan. 
3Graduate School of Science, Osaka University, Osaka, Japan. 

Dynamic nuclear polarization (DNP), a means of enhancing bulk nuclear spin polarization 
with using electron spins, has been successfully applied in various research fields. By 
utilizing electron spins in the photo-excited triplet state, DNP can realize enhancement 
beyond the conventional limit of 660, independent of the temperature and magnetic field 
strength. We demonstrate a 1H spin polarization of 34%, which gives an enhancement factor 
of 250,000 in 0.4 T at room temperature. The key in this work is suppression of the 
spin-lattice relaxation by regioselectively isotope labeling of the constituent molecules. 

 

Fig.1 Energy diagram of pentacene doped in a 
p-terphenyl crystal. Electrons excited with laser 
irradiation transit to a triplet state by intersystem 
crossing (ISC). The populations of the triplet 
sublevels are 12 %, 76 %, and 12 % respectively.  
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Fig. 2 Polarization buildup curves of four samples. 
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Structure Change of Framework Octahedral Al species in Al-MCM-41 

 
Toshikazu Takahashi1, 2, Katsuyuki Iwanami, Shigenobu Hayashi, and Hiroyuki Yasuda1 

1 Interdisciplinary Research Center for Catalytic Chemistry, National Institute of Advanced 
Industrial Science and Technology, Ibaraki, Japan.  
2Department of Chemistry and Material Engineering, Ibaraki National College of Technology, 
Ibaraki, Japan.  
3Research Institut of Instrumentation Frontier, National Institute of Advanced Industrial 
Science and Technology, Ibaraki, Japan.  
 
27Al MAS spectra of Al-MCM-41(Si/Al=20, d = 2.8 nm) under some conditions 
(before / after crushing, crushing pressures, storage period) are studied. On 
crushing mesopores (100 kN for 1h), a large part of Al[6] sites is once disappeared, 
then recovered in a different shape. The restricted water diffusion in this sample 
has enabled us to observe the water re-distribution within the sample. Since most 
of the catalytic activity have lost after the mesopore crushing, we have concluded 
that one of Al[6] components having a large electric field distortion, that is easily 
disappeared by mechanical compression should be the precursor of the active site. 
With some presumptions, this site appeared to have, in average, four Al-O-Si 
bonds from the results of site-selective magnetization transfer experiments.  
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Al[4] Al[6]
PQ

Al
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Fig. 1 27Al MAS spectra of 
Al-MCM-41, before (a) and after 
compression at 10 kN (b), 30 kN 
(c), 100 kN (d), (d) stored for 2 
weeks under 50% humidity (e). 
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(d) 
 
(c) 
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(a) 

Fig.2 27Al-29Si CPMAS-CPMG 
spectra of Al-MCM-41. Contact 
time dependence. 
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Fig.3 Frequency dependence of spin lock durable magnetization of 27Al. Spinlock duration: 
400 s (a, left) and 6400 s (b, right). (Solid-line: positive, dashed-line: negative). 
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Chem., C, 2007, 111, 1480. 
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Fig.4 27Al-29Si CPMAS 
spectra of Al-MCM-41. 
DDMAS,CPMAS, Al[4], 
Al[6] site-selective 
magnetization transfer. 

Fig.5 27Al[6]-29Si site 
selective CPMAS spectra 
of Al-MCM-41 
with/without a T1 -filter. 
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ZSM-5

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

Shigenobu Hayashi, Keiko Jimura, and Natsuko Kojima
Research Institute of Instrumentation Frontier, National Institute of Advanced Industrial 
Science and Technology (AIST).

Evaluation of acid properties is important to develop new acid catalysts, because the catalytic 
activity is intimately related to the acid properties of the solid surfaces. In the present work, 
the acid properties of ZSM-5 type zeolites were evaluated by means of solid-state NMR using 
trimethylphosphine oxide (TMPO) as a probe molecule. TMPO was introduced to the zeolite 
samples at 373 K via a gas phase (a vapor method), and 31P MAS NMR spectra were 
measured, which reflected the acid properties.

NMR
NMR NMR
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2) 3)

TMPO ZSM-5
TMPO

JRC-Z5-25H JRC-Z5-70H JRC-Z5-70Na
Z5 ZSM-5 H Na H Na

H Na SiO2/Al2O3
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38, 960 (2009). 3) S. Hayashi, N. Kojima, Micropor. Mesopor. Mater., 141, 49 (2011).

Fig. 1.  31P MAS NMR spectra of 
TMPO-loaded samples; (A) Z5-25H 
(0.42 mmol/g), (B) Z5-25H (1.64 
mmol/g), (C) Z5-70H (0.14 mmol/g) and 
(D) Z5-70Na (0.23 mmol/g).  * indicates 
spinning sidebands.
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Evaluation methods for metabolic process of metabolic community for 
sustainable re-utilization of marine resources 

Reona Hoshino1, Akira Yamazawa1,2, Seiji Yoshida1, Yasuhiro Date1,3, Jun Kikuchi1,3,4,5 
1 Yokohama City Univ., 2Kajima Tech. Res. Ins., Tokyo, 3RIKEN CSRS, 4 RIKEN BMEP, 

5Nagoya Univ. 

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

EEZ

TPP

NMR

(Fig. 1)  
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CODcr (mg/kg-dry weigt) 1,140,000 510,000
 (mg/kg-dry weigt) 9,200 2,800
 (mg/kg-dry weigt) 4,000 3,000

C/N (-) 34.1 5.3
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Analysis of Small Molecules by Multiple Dimensional NMR Relying on 
Non-Uniform Sampling 

Ritsuko Katahira1, Hajime Sato2, Chojiro Kojima1, Takahisa Ikegami1 and Toshimichi 
Fujiwara1  
1Institute for Protein Research, Osaka University, Osaka, Japan.  
2Bruker Biospin, Kanagawa, Japan.  

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

NMR NUS
NUS

PR MEM MDD shift CS
NUS
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Fig.1 INADEQUATE spectra 
obtained by conventional (upper) 
and NUS (lower) sampling 

Fig.2 1H-15N HMBC spectra obtained by (a) conventional, (b) 
25%, (c) 12.5% and (d) 6.25% NUS sampling, respectively 
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Component Analysis of Food using Multivariate Statistics by NMR 

Michiyo Kubota1, Takahiro Hosoya2, Shigenori Kumazawa2 

1Graduate School of Integrated Pharmaceutical and Nutritional Sciences, University of 
Shizuoka, Shizuoka, Japan. 
2Graduate Division of Nutritional and Environmental Sciences, University of Shizuoka, 
Shizuoka, Japan. 
 

Recently, nuclear magnetic resonance (NMR) has been used for quantitative analysis and 
metabolomic analysis with multivariate statistics, which can characterize based qualitative 
and quantitative analysis in intact sample. We discussed component analysis of food using 
this method. In this study, we analyzed the constitution of leaves from 35 kinds of green tea 
harvested from five countries, including Japan, using a combination of quantification and 
multivariate statistical analysis using NMR spectra. The contents of the main components 
such as catechins and caffeine were calculated from the integrated values of 1H-NMR spectra 
of the green tea extracts. Principal component analysis (PCA), which is a kind of a 
multivariate analysis, was performed with AMIX software (Bruker BioSpin) using the 
1H-NMR spectra. The results showed that the 35 kinds of green tea could be clearly 
discriminated based on the contents of the tea by PCA according to differences in country and 
harvest season. This analytical method may be applied to tea quality control and to the 
screening of unique types of tea. 
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(Fig. 1a)
2
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Fig. 1 PCA score plot of 1H-NMR spectra of green tea. 35 kinds of green tea harvested from six 
areas in the world (a) and 17 kinds of green tea harvested from Japan (b). 
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Study of water solubility improvement effect of catechin derivatives 

Masahiro Umehara, Koji Yanae, Masahiko Sai, and Tatsuhiko Ito 
Morinaga & CO., LTD., Yokohama, Japan.  

The polyphenols show many biological activities, such as antioxidant activity, antimicrobial 
activity, and inhibitory effect of fat accumulation. But many of the polyphenols have low 
solubility in water and this prevent effective use of these compounds. In this study, we 
focused catechin derivatives with several aromatic rings and found that some catechins 
improve the water solubility of insoluble polyphenols by the stacking interaction. Furthermore, 
we studied structure-activity relationship of catechins. 

Catechin derivative, Water solubility improvement, Stacking interaction 
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Comparative Analysis of Woody-Biomass in Solution, Gel, and Solid State 
Using Multi-phase NMR 

Takanori Komatsu1, 2, and Jun Kikuchi1, 2, 3, 4 
1RIKEN Center for Sustainable Resource Science, Yokohama, Japan. 2Grad. Sch. Med. Life 
Sci., Yokohama City University, Yokohama, Japan. 3 RIKEN Biomass Engineering Program, 
Wako, Japan. 4Grad. Sch. Bioagri., Nagoya University, Nagoya, Japan.  

We have developed analytical techniques for lignocellulosic biomass using solution NMR, 
HR-MAS, and solid-state NMR. Total of 119 chemical shifts of solubilized13C-lignocellulose 
were assigned comprehensively by 2D and 3D-NMR experiments. Next, we also developed a 
new solid-state NMR experiment named dipolar dephasing filtered INADEQUATE, which 
were used to detect relatively mobile hemicellulosic signals in lignocellulosic mixtures; where 
dipolar dephasing was used as a signal filter to remove signals derived from immobile 
cellulose. Furthermore, HR-MAS experiments provided high-resolution spectra of whole cell 
wall components, which could be used as structural characterization of cell wall samples. 
Finally, chemical shifts in solution and solid-state NMR were compared, indicating 
inhomogeneous structure of supramolecular-associated polysaccharides.  
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NMR multi-phase
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1. NMR2 Komatsu and Kikuchi, Anal. Chem. in press  
13C

DMSO-d6/Pyridine-d5

NMR

Figure 1  Outline of current study. We applied 3D-NMR experiments to obtain chemical 
shifts of lignocellulose in organic solvent. HR-MAS is a robust method for structural 
characterization of gel-state lignocellulose. We have developed signal separation techniques 
in solid-state NMR.. 
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NMR Separation of Enantiomer Menthol Using a Chiral Shift Reagent
Yousuke Ohta, Kyouhei Shingai, Tadao Gogota and Tomoya Noritake

UBE Scientific Analysis Laboratory, Inc.

Separation of enantiomer has been investigated in many analytical methods for a long time.
NMR spectroscopic method with chiral shift reagent such as Eu complex, Pr complex has 
been studied. However, chiral shift reagent consisting of paramagnetic elements has a 
problem that NMR signal is broad. Recently there are many reports of chiral shift reagent
consisting of no paramagnetic elements. In this study, separation behavior and quantitative 
analysis in enantiomer menthol with metal-free chiral molecular (Chirabite-AR) in 1H- and
13C-NMR were investigated.

Fig. 1 Structure of Chirabite-AR and D/L-Menthol
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1. Tadashi Ema, Daisuke Tanida, and Takachi Sakai, J. Am. Chem. Soc., 129, 10591-10596 (2007).

Fig. 2 1H-NMR spectra of menthol and Chirabite-AR
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Fig. 3 13C-NMR spectra of menthol and Chirabite-AR
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NMR study on relaxation mechanism and dynamics of sialo-glycans  

Jun Uzawa
1,2

, Hiroko Seki
2
, Hyuma Masu

2
, Yoshiki Yamaguchi

1
 

1
Structural Glycobiology Team, RIKEN, 

2
Center for Analytical Instrumentation, Chiba 

University 

Abstract 

We will report the NMR analysis of sialyloligosaccharides. 
1
H and 

13
C NMR signals 

were completely assigned for sialyllactose derivative (Neu5Ac 2-3Gal 1-4Glc 1-(CH2)2 

-Si-(CH3)3), Neu5Ac 2-3Gal 1-MP (4-methoxyphenyl) and Neu5Ac 2-6Gal 1-MP, using a 
series of one and two-dimensional NMR spectra. We further obtained the information on the 
conformation and dynamics of these sialoglycans from one dimensional NOE and ROE 
measurements as well as relaxation parameters. At 25

o
C, almost all the observed 

1
H-

1
H NOEs 

were negative. When the temperature was increased, each NOE signal became zero at 
different temperature. At the 

1
H frequency of 600 MHz, the 

1
H-

1
H NOE becomes zero when 

the correlation time is around 0.3 nsec
1)

. Under this condition, the sign of NOE was different 
for each 

1
H-

1
H pair. Thus we detected very subtle dynamical features. The spin lattice 

relaxation time (T1) were also varied by correlation time and observed frequency. We propose 
that the temperature-dependent NOE analysis coupled with T1 relaxation analysis of 
oligosaccharides is a sensitive approach to get information on the dynamics in detail.  
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Figure 1. 1 ; Neu5Ac 2-3Gal 1-4Glc 1-(CH2)2-Si-(CH3)3, 2 ; Neu5Ac 2-3Gal 1-MP

(p-methoxy-phenyl), 3 ; Neu5Ac 2-6Gal 1-MP. 
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                     Figure 5  DPFGSE-NOE spectra of 1. Irradiation condition ; SINC 

                      Pulse: 50ms, mix time;0.4sec, a; Glc-1 
1
H irradiation, b; Si(CH3)3  

                       irradiation, c; original 1D spectrum. 

1. R. Freeman, “Spin Choreography”, P-340, Oxford University Press, 1998. 

2. NOE 11 (1990). 

3. J.Uzawa et al, "The conformational study of N-acetylneuramic acid by Hetero 2D-NOE 

and relaxation time (T1)", SMASH 1999, Argonne, USA, Sept. (1999).  
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Analysis of Primary Structures of Methacrylate Copolymers and 
Terpolymers by Multivariate Analysis of 13C NMR Spectra
○Hikaru MOMOSE1,2, Tomoya MAEDA2, Tatsuya NAONO1,2, Seiko ASAKAWA2, Ryuichi 
SAKAO2, Miyuki OSHIMURA2, Tomohiro HIRANO2, and Koichi UTE2

1 Mitsubishi Rayon Co. Ltd., Hiroshima, Japan.
2 Deptment of Chemical Science and Technology, The University of Tokushima, Tokushima, 
Japan.

13C NMR spectra of copolymers exhibit complicated splitting due to comonomer sequences
and tacticities, and thus assignment of individual resonance peaks is troublesome. In the 
present paper, multivariate analysis was applied to get quantitative information about primary 
structures, such as chemical composition, comonomer sequence and tacticity, from 13C NMR 
spectra of copolymers and terpolymers of methyl methacrylate, tert-butyl methacrylate, and 
2-hydroxyethyl methacrylate without making assignment for the resonance peaks.

NMR 1
NMR

[1]

[2]

(MMA) tert- (TBMA)
2- (HEMA)

13C NMR

Multivariate analysis, Methacrylate copolymer, Primary structure

O
O

O
O

O
O

O
H

MMA
TBMA HEMA

Scheme 1.  Chemical structures of monomers.
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20 wt%
8 wt/vol% CDCl3

CDCl3/DMSO-d6 [4/6 (mol/mol)] 
10 mmϕ TH JEOL JNM- ECX400 55 °C

5000 7.5 μs (45°) 2.73 s
13C NMR (Figure 1) JEOL Alice2 ver.5 for metabolome 
ver 1.6 Pattern Recognition Systems Sirius ver. 7.0

MMA-TBMA MMA TBMA
(PMMA PTBMA) PMMA PTBMA 9
MMA-TBMA 16 27 13C NMR

2 (175.0–179.0 ppm)
4 (44.1–48.1 ppm) α- (15.1–23.1 ppm) 0.25 

ppm (PCA)
Figure 2

1
(PC1) TBMA

PC1
PC1 TBMA

R2 = 0.998
PC1

2
9

(PLSR) 16 TBMA

1H NMR TBMA
R2 = 0.997 (RSD) = 3.4 %

[3]

Figure 1.  Figure 1. 100 MHz 13C NMR spectrum of poly(MMA-co-TBMA) with 55.5 mol% in TBMA 
units, as measured in chloroform-d at 55 °C.

Figure 2.  PCA score plots for 13C NMR 
signals of the carbonyl, backbone quaternary 
and α-methyl carbons of PMMA ( ), 
PTBMA ( ), their blends ( ) and poly
(MMA-co-TBMA)s obtained at early ( ) and 
late ( ) stages of copolymerization.
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2 (PC2)
PC2

fMT
[2] PC2 fMT 9

(rMMA = 0.81 ± 0.06 rTBMA = 1.26 
± 0.03) fMT PC2 (R2 = 0.996)

2 9 PLSR
7 R2 = 0.997 RSD = 7.1 mol%

[4]

MMA-TBMA -40 °C  80 °C
MMA-TBMA 25 0.05 

ppm PCA Figure 3
TBMA PC1 PC1

PC2

(m)
(r) [5, 6]

r NMR PC2
PC2

Figure 3 16
PLSR

9 3
mm

mr
rr rr mr
mm TBMA

PMMA
13C NMR

PLSR rr mr mm
R2 = 0.500 (mm) 0.717 (mr) 0.825 (rr)

RSD = 26.0 % (mm) 10.1 % (mr) 4.3 % (rr)

MMA-TBMA-HEMA MMA-
TBMA 27 HEMA (PHEMA)

3 25 MMA-HEMA
TBMA-HEMA 14 MMA-TBMA-HEMA

32 113 2 9
5 2

16 13C NMR
(173.0–177.0 ppm) 4 (41.5–45.5 ppm) α-

Figure 3.  PCA score plots for 13C NMR 
signals of the carbonyl, backbone quaternary 
and α-methyl carbons of 25 poly(MMA-co-
TBMA)s polymerized at -40 °C ( ), -20 °C 
( ), 0 °C ( ), 40 °C( ) and 80 °C( ).
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3
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3
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homopolymer blends ( ), copolymers ( , ), and terpolymers ( ).



－ 150－

Purity determination of amino acids by 1H NMR
Naoki Saito1, Takeshi Satio1, Taichi Yamazaki1, Hisashi Kato1, Noriko Yamanaka1 and 

Toshihide Ihara1

1National Metrology Institute of Japan, National Institute of Advanced Industrial Science and 
Technology, Ibaraki, Japan

In recent years, Nuclear Magnetic Resonance (NMR) spectroscopy has become 
recognized more and more as a quantitative analytical tool called qNMR, because areas of 1H
NMR signals can be evaluated accurately. We have previously demonstrated that accurate 
purity evaluation of amino acids may be achieved by careful investigations of solubility and 
stability of analyte in solution, as well as whether impurities interfered with 1H NMR signals
of the analyte or not. In this study, we conducted purity determination of 17 kinds of amino 
acids by qNMR with consideration of the above three points. For verification of these purities, 
a titration method was used. From our results of analysis, sample preparation, 1H NMR 
measurement and process parameters for most of the amino acids can be controlled with 
consideration of only the above three points. However, attentions were needed to be given 
for 13C decoupling parameter, existence of rotamers and shift in chemical shifts by addition of 
internal standard.
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However, specific 1H NMR signal of  the imidazole ring is unstable.

L-Ornithine monohydrochloride (Orn HCl) D2O Stable (over 12 h) 78.47 (0.48) 78.33 (0.33)

2-Aminoethanol hydrochloride (EOHNH2 HCl) D2O Stable (over 12 h) 62.56 (0.38) 62.59 (0.19)
5-Hydroxy-DL-lysine monohydrochloride (Hylys HCl) D2O Stable (over 12 h) 80.75 (0.48) 80.50 (0.39)

1-Methyl-L-histidine (1-Mehis) D2O Stable (over 12 h) 89.71 (0.74) 90.12 (0.29)
Sarcosine (Sar) D2O Stable (over 12 h) 99.30 (0.76) 99.46 (0.55)

O -Phosphoethanolamine (PEA) 0.1 mol/L NaOD/D2O Stable (over 12 h) 93.97 (1.62) 94.48 (2.29)
L-Hydroxyproline (Hypro) D2O Stable (over 12 h) 99.53 (0.86) 99.84 (0.56)

L-Carnosine (Car) D2O Stable (over 12 h) 99.22 (0.84) 99.37 (0.57)
L-Citrulline (Cit) D2O Stable (over 12 h) 99.40 (0.82) 99.56 (0.37)

DL-3-Aminoisobutyric acid monohydrate ( -AiBA H2O) D2O Stable (over 12 h) 84.85 (0.72) 85.18 (0.26)
b-Alanine ( -Ala) D2O Stable (over 12 h) 99.51 (0.82) 99.83 (0.29)

DL-2-Aminobutyric acid ( -ABA) D2O Stable (over 12 h) 99.62 (0.86) 99.50 (0.37)
4-Aminobutyric acid ( -ABA) D2O Stable (over 12 h) 99.08 (0.82) 99.29 (0.33)

L-Tryptophan (Trp) 0.1 mol/L DCl/D2O Stable (over 12 h) 99.56 (0.84) 99.96 (0.42)
L-2-Aminoadipic acid (AAA) 1 mol/L DCl/D2O Stable (over 12 h) 99.11 (1.72) 98.89 (0.26)

L-Asparagine monohydrate (Asn H2O) D2O Stable (over 12 h) 87.71 (0.72) 87.99 (0.27)
L-Glutamine (Glu) D2O Stable (about 10 h) 99.53 (0.80) 99.74 (0.42)

amino acids solvent stability mean purity by 1H NMR mean purity by Titration
(uncertainty, k=2, %) (uncertainty, k=2, %)

Table 1 Results of purity determination of amino acids
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31P NMR

Study of quantitative analysis method  
for organophosphoric acid compounds with 31P NMR 
Taichi Yamazaki, Takeshi Satio, Toshihide Ihara, Masahiko Numataa 

National Institute of Advanced Industrial Science and Technology (AIST), 
National Metrology Institute of Japan (NMIJ) 

Abstract
Recently, nuclear magnetic resonance (NMR) spectroscopy has used for 

quantitative analysis by 1H NMR. We have established accurate quantitative analysis by 19F
NMR to expand target compounds1)2). In this research, we discuss the quantitative analysis by 
31P NMR. Purities of the glyphosate reference material obtained by 1H NMR and 31P NMR 
techniques were in agreement with its reference value. On the other hand, the measurement 
variation acquired by 31P NMR was larger (ca. 2 %) compared with that by 1H NMR (ca. 
0.5%). This approach was also applied to mononucleotides which are basic units of nucleic 
acids. 

1. Introduction 
NMR 1H NMR

1H 19F
19F NMR 1 % 1)2)

31P NMR
31P NMR

1H NMR

2. Experimental
1H 599.9 MHz NMR Varian Inc. VNS 600A

MestReNova IS (PHP))
NMIJ CRM 3001-b 1H NMR

(CH3)4PBr
TRM

(dAMP-Na2),
(dCMP-Na2), (dTMP-Na2)

(dGMP-Na2)
31P NMR
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 3. Results and discussions 
31P NMR

1 % H3PO4/D2O
1

100 ppm
20 %

IS

31P NMR
31P NMR IS (CH3)4PBr 1H NMR (0.998

0.001)kg/kg 31P
(CH3)4PBr IS

1H NMR (0.984 0.02)kg/kg 31P NMR (0.982 0.015)kg/kg
31P NMR 1.5 % 1H NMR

1H NMR 31P
NMR 31P NMR

1H NMR
31P NMR

31P S/N (S/N<500)
1 % H3PO4/D2O S/N=1000 2000 1 %

S/N>1000

4. Conclusions 
31P NMR 1H NMR

31P NMR

5. Reference 
1) T. Yamazaki, T. Saito and T. Ihara, The 50th Memorial Annual Meeting of the NMR 
Society of Japan.148-151 (2011). 
2) 51 NMR 230-231 (2012). 
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Structure Elucidation from 13C NMR Chemical Shifts: New Algorithm to 
CAST/CNMR System and Its Application 

Hiroyuki Koshino1, Shungo Koichi2, Hiroko Satoh3 
1RIKEN, Wako, Japan.  
2Nanzan University, Seto, Japan.  
2National Institute of Informatics, Tokyo, Japan. 

CAST/CNMR Structure Elucidator, a new chemical structure elucidation system is developed 
and implemented to play a complementary role for CAST/CNMR Shift Predictor. The 
Structure Elucidator uses a CAST/CNMR database to obtain fragment structures by mapping 
the input chemical shift values to a part of each compound in the database, and then 
assembles the fragments to form substructures and constructs candidate structures by merging 
common parts of the substructures. The protocol is implemented by using some graph 
algorithms such as convex bipartite matching(CBM) and weighted bipartite matching(WBM).  
Structure Elucidator was applied to structural characterization of two sets of NMR data for a 
mixture of two oxidized sclareolide analogues, and also to some indole-diterpene alkaloids. 
 

CAST/CNMR

(CAST/CNMR Shift Predictor) 1-3
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Structural elucidation of N-linked oligosaccharides of hyperthermophilic 
archaea and Methyl-TROSY spectroscopy of the archaeal 
oligosaccharyltransferase  

Daisuke Fujinami, and Daisuke Kohda 
Medical Institute of Bioregulation, Kyushu University, Fukuoka, Japan.  
  
   Protein N-glycosylation is an important posttranslational modification that occurs in all 
domains of life. Oligosaccharyltransferase (OST) is a membrane protein that catalyzes the 
transfer of an oligosaccharide preassembled on a lipid carrier onto Asn residues in proteins. 
We selected thermostable OST proteins derived from hyperthermophilic archaea for structural 
studies. The minus side of the archaeal OSTs is a lack of imformation regarding the chemical 
structures of archaeal N-linked glycans. Here, we report the N-glycopeptide production by in 
vitro enzymatic reaction using crude membrane fractions of archaeal cells, and the chemical 
structure determination of N-linked glycans. To study the interactions with the glycopeptides 
with OST enzymes, we prepared an archaeal OST protein labeled with 13CH3 ε-methionine in 
the presence of DPC-d38, and successfully recorded Methyl-TROSY spectra at 50 oC. 

 Fig.1 Biosynthesis of N-linked glycans in eukaryotes 
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 Fig. 2 Switching between the two conformational 
states of EL5 loop is critical for the LLO binding 

Fig.3 Reaction scheme of in vitro enzymatic 
production of N-glycopeptides 
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Umami Seasonings  Elm Skin”  in the Imperial Court of the Nara 
Period of Japan as Studied by Nuclear Magnetic Resonance 
Ei-ichiro Suzuki, Moemi Ito, Shin-ichi Ozawa, Toshimi Mizukoshi, Takashi Kondo, 
Hiroshi Miyano 
Institute for Innovation, Ajinomoto Co., Inc., Kawasaki, Japan.  

In the Man-yo-shu Waka (Japanese poems) Collection encyclopedia compiled by Susumu 
Nakanishi, elm skin is on the list as one of umami seasonings (in the Imperial Court of the 
Nara Period of Japan). 1H-NMR and amino acid analysis showed it contains glutamate and 
aspartate in the similar ratio as in Laminaria ochotensis (species of kelp; Rishiri kombu) . 

P16



－ 161－

Glu

Glu
pH 7.184Glu
pH 7.190

  

 Fig. 1  
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NMR analysis of a novel sialic acid-binding lectin mutant from the
C-terminal domain of an R-type lectin from earthworm
Hikaru Hemmi1, Atsushi Kuno2, Sachiko Unno2, and Jun Hirabayashi3

1National Food Research Institute, National Agriculture and Food Research Organization
(NARO), Japan.
2Research Center for Medical Glycoscience, National Institute of Advanced Industrial
Science and Technology (AIST), Japan.
3Research Center for Stem Cell Engineering, National Institute of Advanced Industrial
Science and Technology (AIST), Japan.

We tailored a novel sialic acid-binding lectin (SRC) from the C-terminal domain of an R-type
lectin from earthworm Lumbricus terrestris (EW29Ch) by natural evolution-mimicry and the
crystal structures of the sugar-free and the sugar-bound SRC have been determined. However,
the X-ray crystallographic analysis does not explain the characterization of dynamic structure

15N relaxation experiments
for the backbone of SRC in the lactose-bound state. These results show that the extended loop

15N{1H}-NOE value of the extended loop region is
low. By contrast, that of the corresponding region of EW29Ch is similar to the average
15N{1H}-NOE value in the lactose-bound state. Thus, the difference in the backbone
dynamics may be associated with the sialic acid-binding mechanism of SRC.

NMR R C
EW29Ch

X
100 1

2
R

SRC SRC ’ X

EW29Ch
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25 1H-15N HSQC NMR CBCA(CO)NH

HNCACB HNCO NMR
15 25 15N R1, R2, {1H}-15N NOE
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APOBEC3G DNA
NMR

2

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

Keisuke Kamba 1, 2, Takashi Nagata 1, 2, Masato Katahira 1, 2

1 Institute of Advanced Energy, Kyoto University.
2 Graduate School of Energy Science, Kyoto University.

Human APOBEC3G protein (A3G) is an antiviral factor that disrupt HIV gene by introducing 
a significant level of mutations in the viral genome. A3G inactivates HIV by converting 
cytidene (C) into uridine (U) within the first DNA strand, which was reverse-transcribed from 
RNA genome of HIV. Deamination activity of A3G is highly sequence specific, by which 
three base repeat of cytidine (CCC) within single-stranded DNA (ssNA) is converted into 
CCU then CUU, sequentially. Recently, it has been suggested that A3G may also targets RNA 
as well as modified bases (5-methyl cytidine and 5-hydroxymethyl cytidine). In this study, we 
analyze the deamination activity of A3G against RNA and modified cytidines by our NMR 
real-time monitoring method. Systematic DNA to RNA replacement of the nucleotide around 
the target cytidine contributed to the elucidation of the recognition site by A3G.

APOBEC3G (A3G) HIV RNA
DNA(ssDNA) (C) (U) ( ) HIV

A3G ssDNA
CC CU CCC ( )

A3G CCC CCU
CUU NMR 1 A3G

C 1

A3G DNA A3G-DNA

APOBEC 5- (5mC) 5-
(5hmC) 5- (5hmU)
5mC 5hmC

APOBEC
RNA APOBEC

RNA ssDNA A3G NMR
ssDNA RNA

APOBEC3G, , NMR
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DNA A3G
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A-3 RNA ssDNA 5 -AAACCCGAAA-3
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5 -AAAAC5hmCGAAA-3 5 -AAAAC5mCGAAA-3
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[1] Furukawa et al. (2009) EMBO J. 28, 440–451
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LINE RNA逆転写酵素認識部位の立体構造と機能 
○大津 舞菜1，野呂瀬 直1，新井 直1，寺尾 亮1，梶川 正樹2， 
岡田 典弘3，河合 剛太1 
1千葉工業大学・工学部，2東京工業大学大学院・生命理工学研究科，
3台湾国立成功大学 

 
Structure and function of reverse transcriptase recognition site of LINE 
RNA 
○Maina Otsu1, Nao Norose1, Nao Arai1, Ryou Terao1, Masaki Kajikawa2, Norihiro Okada3, 
and Gota Kawai1 
1 Faculty of Engineering, Chiba Institute of Technology, Japan.  
2 Graduate School of Bioscience and Biotechnology, Tokyo Institute of Technology, Japan. 
3National Cheng Kung University, Taiwan. 
 
In order to elucidate the recognition mechanism of LINE RNA by the reverse transcriptase 
(RT), we are analyzing the tertiary structures of RT recognition sites of LINE RNAs. We 
already determined the tertiary structure of the RT recognition site of the LINE RNA from ell 
(UnaL2-17). In the present study, the RT recognition site of the LINE RNA from zebrafish 
(ZfL2-1-34: among several LINEs from zebrafish, ZfL2-1 is similar to UnaL2) was subjected 
to the NMR analysis. ZfL2-1-34 has two stemloops and, by the comparison of NMR spectra, 
the structures of the stemloop1 and stemloop2 were found to be similar to those of UnaL2-17 
and stem2 which is an RNA with the sequence of the stemloop2, respectively. Thus, the 
present NMR study clearly showed that ZfL2-1-34 forms the predicted secondary structure. 
Now, we are determining the tertiary structure of ZfL2-1-34. 
 
序論 
  Long interspersed nuclear element (LINE) は，自身にコードされた逆転写酵素により
RNAを介して逆転写することで新たな位置に挿入されることが知られているが (Fig. 
1)，逆転写酵素がどの様にしてLINE RNAを認識しているのかは解明されていない．
そこで本研究では，LINE RNAの立体構造解析を行うことで逆転写酵素によるRNAの
認識メカニズムを明らかにすることを目的としている． 
 私達は既にウナギのLINE RNA (UnaL2) の逆転写酵素認識部位のステムループ 
(UnaL2-17，Fig. 2) の立体構造を決定しており，ウナギのLINE逆転写酵素の認識にお
いてG8が重要であり，U10がその構造を支えていることを示した (Baba et al., RNA 
10,1380–1387, 2004. Nomura et al., Nucleic Acids Res. 34,5184–5193, 2006.)． 
 今回はウナギの逆転写酵素認識部位と高い類似性を持つゼブラフィッシュのLINE 

(ZfL2-1) に着目し (Kajikawa et al., Mol. Biol. Evol. 22, 673- 682, 2004.)，ZfL2-1におけ
る逆転写酵素の認識メカニズムがUnaL2と同じであるかを調べるため，ZfL2-1のRNA
のステムループの構造解析を行った． 

LINE, structure, RNA 
 
○おおつまいな，のろせなお，あらいなお，てらおりょう，かじかわまさき， 
おかだのりひろ，かわいごうた 
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方法  
 34残基のZfL2-1 (ZfL2-1-34) および
ZfL2-1-34の10番目の残基をAからGに置換
したRNA (ZfL2-1-34-G10) は試験管内転写
法により調製した．必要に応じて標識NTP 
(大陽日酸社) を用いて標識RNAを調製した．  

ZfL2-1-34のステムループ部分のみの
RNA (stem2, 14残基) は，化学合成法により
調製した． 
 
結果 
 まず，14残基のRNAであるstem2のNMR
スペクトルを測定してシグナルの連鎖帰属
を行い (Fig. 3)，そのNMRデータに基づき
stem2の立体構造をcns_solveを用いて計算
したところ，二次構造で予想した通りのス
テムループを形成していることが分かった．  
次に，ZfL2-1-34のNMRスペクトルを測定
し連鎖帰属を行った．ZfL2-1-34のステムル
ープ2の部分の連鎖帰属の結果 (Fig. 4) を
stem2の結果と比較することにより，立体構
造が共通であることが分かった．また，
ZfL2-1-34のステムループ1の部分を
UnaL2-17と比較することにより，ステムル
ープ1についても立体構造が共通であるこ
とが分かった． 
  
考察 
二次構造予測や活性から，ZfL2-1のステ

ムループにおいてはUnaL2のGGRNAモチ
ーフのNの位置に，もう一つステムループが
挿入されている可能性が示され，NMRスペ
クトルの解析から，予想通りの二次構造を
形成していることが確かめられた． 
これらのことから，ZfL2-1においても

UnaL2 / ZfL2-2と同様な逆転写酵素認識メ
カニズムがあることが示唆された． 
現在，ZfL2-1-34の立体構造決定を進めて

いる．さらに，逆転写酵素による認識に重
要と考えている10番目の残基をAからGに
置換したRNA (ZfL2-1-34-G10) の立体構造
も決めることで，ZfL2-1とZfL2-2の認識特異
性について議論したいと考えている． 

Fig. 1  Retrotransposition 

Fig. 2  RNAs used for the NMR analysis 

Fig. 3  Sequential assignment of stem2 

Fig. 4  Sequential assignment of stemloop2 
region of ZfL2-1-34 
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Structural studies of RNA-binding protein Nrd1, a MAPK target RNA 
binding protein 

Ayaho Kobayashi1, Ryosuke Satoh2 , Toshinobu Fujiwara3, Yutaka Ito1, Reiko Sugiura4 

and Masaki Mishima1 

1Graduate School of Science and Engineering, Tokyo Metropolitan University, Tokyo, Japan 
2Laboratory of Basic Biology, Institute of Microbial Chemistry, Tokyo, Japan 
3Graduate School of Pharmaceutical Sciences, Nagoya City University, Nagoya, Japan 
4School of Pharmaceutical Sciences, Kinki University, Osaka, Japan 
 
Negative regulator of differentiation 1 (Nrd1) is known as a negative regulator of sexual 
differentiation in fission yeast. Further, Nrd1 binds and stabilizes the Cdc4 mRNA which 
encodes a myosin II light chain, and thereby suppressing the cytokinesis. Pmk1 (yeast 
MAPK) phosphorylates Nrd1 resulting in markedly reduced RNA binding activity. The 
mechanism by which Pmk1 regulates the RNA binding activity of Nrd1 is unknown. In an 
effort to delineate the relationship between Nrd1 structure and function, we prepared each 
RRM (RNA recognition motif) of Nrd1. The structure of the second RRM of Nrd1 has been 
determined. Furthermore, we will discuss usage of split intein and paramagnetic relaxation 
enhancement for the full-length Nrd1.  
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Fig. 1

Fig. 2

(1)  Tsukahara, K. et al. Mol. Cell. Biol. 18, 4488-98(1998) 
(2)  Jeong, H.T. et al. Biosci. Biotechnol. Biochem. 68, 1621-6(2004) 
(3)  Satoh, R. et al. Mol. Biol. Cell. 20, 2473-85(2009) 
(4)  Kobayashi, A. et al. Biochem. Biophys. Res. Comm. 437, 12-17(2013) 

Fig. 1   Solution structure 
of the RRM2 domain. 
Backbone superposition of the 
final 20 simulated annealing 
structures of RRM2. 

Fig. 2 Scheme of using inteins and PRE 
RRM1 joint  RRM2-RRM3-RRM4 by intein-splicing. NMR experiments using PRE is useful for 
multi domain proteins or huge complexes.  
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NMR relaxation analysis of the protein under  
macromolecular crowding environment 

Hideyasu Okamura1, Naoya Tochio2, Shusei Sugiyama1,2, Satoru Watanabe1,2, 
Michael Feig1,3, Yuji Sugita1,4,5, Takanori Kigawa1,2,6,7

1RIKEN Quantitative Biology Center, 2RIKEN Systems and Structural Biology Center, 
3Department of Biochemistry & Molecular Biology and Department of Chemistry, Michigan 
State University, 4RIKEN Theoretical Molecular Science Laboratory, 5RIKEN Advanced 
Institute for Computational Science, 6RIKEN Innovation Center, 7Graduate School of Science 
and Engineering, Tokyo Institute of Technology 

The interior of biological cells is a crowding environment. Such macromolecular crowding 
environment is significantly different from the experimental condition performed in diluted 
solutions. However, macromolecular crowding effect upon the protein dynamics has still not 
been fully understood. To elucidate the macromolecular crowding effect, we studied the 
dynamics of villin head peace at 1 ~ 32 mM concentrations by NMR relaxation analysis. 

Feig
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villin head peace sub domain (36aa) (Fig.1 )
1 ~32 mM

 (1 mM)  (32 
mM) 

1H-15N HSQC

(Fig.2 )
villin

600 ~ 900 MHz
NMR 278 ~ 298K

15N R1, R2, NOE R2

R1 R2

R1, R2, NOE
model-free

32 mM, 288K Fig.1 rotational 
diffusion model ( ) ( )

19.6 ns 1 mM 7

R2

278K (Fig.2)

Fig. 1. Model-free analysis for  

32 mM villin at 288K. 

Fig. 2. Changes of 
1H-15N HSQC spectra 

and R2 relaxation 

dispersion profiles for 

V10 of 1 to 32 mM 

villin.  
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2

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

Teppei Kanaba1, Nao Yamaki1, Katsutaka Akiyoshi1, Ryoko Maesaki2, Kensuke Miyazaki1,
Yutaka Ito1 and Masaki Mishima1

1Graduate School of Science and Engineering, Tokyo Metropolitan University
2Graduate School of Biological Science, Nara Institute of Science and Technology 

Protein kinase C (PKC) family is a multi-domain protein consists of N-terminal regulatory 
domains (C1 and C2 domain) and C-terminal kinase domain, and regulates a wide range of 
biological processes. In cytoplasm, PKC is thought to be autoinhibited by the interaction 
between regulatory domains and the kinase domain. Recently, the full-length crystal structure 
of PKC II was reported(1). However, in this crystal structure, the C1A domain was not 
observed and the C2 domain was influenced by the crystal packing interaction. Therefore, the 
domain orientation and the interactions between the domains of PKC are still elusive. In this 
study, we are trying to determine the structures of full-length PKC proteins, PKC  and PKC ,
and investigate the regulation mechanism using long-range distance information derived from 
PRE detected by solution hetero-nuclear NMR. 

Protein kinase C (PKC)

PKC N (C1 C2 ) C
PKC C1 C2

Hurley PKC II
(1) C1A

C2 PKC
PKC

(PRE)
PKC

P22



－ 173－

conventional PKC (cPKC)
PKC novel PKC (nPKC) PKC

PKC
split intein

(2) (Fig.1)
PKC

PRE TROSY

PKC

PKC PKC NMR

PKC C1A
PKC

C1A
NMR

(Fig.2) C1B C2
NMR

PKC C2 like C1A C1B
C2 like C1A C B C1A-C1B

NMR NMR
split intein

(1) Leonard TA., et al, Cell, 144, 55-66, 2011 
(2) Minato Y., et al, Journal of Biomolecular NMR, 53, 191-227, 2012 

Fig.1 Strategy of this study 
Schematic drawing of protein ligation reaction 
and measurement of PRE 

Fig.2 solution structure of PKC
C1A domain 
Superposition of the final 20 simulated 
annealing structures of PKC C1A domain. 
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Fig. 1 Structures of the heme cofactors used in the study
(left) and the heme coordination structure in Mb(O2) (right). 
Protoheme (R2 = R7 = CH3, R3 = R8 = CH=CH2), mesoheme 
(R2 = R7 = CH3, R3 = R8 = C2H5), 3,8-DMD (R2 = R3 = R7 = 
R8 = CH3), 7-PF (R2 = CH3, R3 = R8 = C2H5, R7 = CF3), and 
2,8-DPF (R2 = R8 = CF3, R3 = R7 = CH3).  

1 1 2 3 1

1  
2  
3  

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

Ryu Nishimura1, Tomokazu Shibata1, Akihiro Suzuki2, Saburo Neya3, and Yasuhiko Yamamoto1 
1Department of Chemistry, University of Tsukuba, Tsukuba, Japan  
2Departmen of Materials Engineering, Nagaoka National College of Technology, Nagaoka, Japan 
3Graduate School of Pharmaceutical Sciences, Chiba University, Chiba, Japan

 
We have found that functional properties of myoglobin (Mb) are regulated by the intrinsic 

heme Fe reactivity through the heme electronic structure.  In this study, we extended our 
efforts to further characterize the electronic control of the intrinsic heme Fe reactivity through 
interaction among the heme and Fe-bound ligands in order to gain deeper understanding of 
functional regulation of the protein, particularly mechanism of discrimination between 
oxygen (O2) and carbon monoxide (CO).  We characterized electronic structures of 
functionally relevant histidine residues, i.e., His64 and His93, of O2- and CO-bound protein.  
We found that the nature of Fe-O2 and Fe-CO bonds is manifested in shifts of the side chain 
imidazole 15N signals. 

(O2)
(Mb) O2

O2 (CO)

(T.Shibata et al., 
JACS (2010)) Mb O2 CO

(His93)

(Fig. 1) O2

Mb L29F  
(T.E.Carver et al., JBC (1992)) 
O2 CO L29F
(L29F(O2) L29F(CO)) His93  
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L29F(O2) L29F(CO) 1H NMR

Val68 C 1H3

Mb
 (Table 

1) Val68
L29F

L29F(O2) 1H-15N HMQC
(Fig. 2) 1JNH His93 N H
2JN(C)H His93 N (C )H N (C )H

O2

His64 N H (J.A.Lukin et 
al., PNAS (2000)) L29F(CO)

His64 N H ( )  
His93 N N L29F(O2) L29F(CO) (Table 1)

Fe-O2 Fe-CO Fe-O2 O2 Fe
Fe-CO Fe CO

Fe dz2 His93 N
( p) Fe

p sp2 250 ppm p
160 ppm

His93 N  L29F(O2) L29F(CO) 
N p

His93 N L29F(CO) L29F(O2) N H
p

His93 N N His93
 

L29F(O2) L29F(CO)
1H NMR

His64 N H
His93 N H

C H n.d.b
C H

15N NMR
His64 N
His93 N

N

Val68 C 1H3 -2.91

1.29
1.85

172.4 166.5
202.7 214.1

(-2.86)a (-2.41)a

9.53

-2.46

5.91 n.d.b

161.4             n.d.b

3.01

10.65

Table 1. Shifts (ppm) of some 1H and 15N 
signals of L29F(O2) and L29F(CO) at 
pH7.4 and 25 °C.

a Observed for the wild-type Mb (R.G.Shulman 
et al., JMB (1970)).  b Not determined. 

His64 N H 

His93 N H His93 N (C )H 

His93 N (C )H 

Fig. 2. A portion of 1H-15N HMQC spectrum of L29F(O2) at pH7.4 and 25 °C.  
Connectivities used for signal assignmnetnts are given with the spectrum.
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Ubiquitin folding stability in human cells 

Kohsuke Inomata1, Hidehito Tochio2, and Masahiro Shirakawa2 
1Quantitative Biology Center (QBiC), RIKEN, Osaka, Japan.  
2Department of Molecular Engineering, Kyoto University, Kyoto, Japan. 

 It was a general belief that the folding of proteins under the highly crowded cellular 
environment was more stable than in vitro. However our previous results and the several 
resent studies by other groups indicated that there was the case that the protein folding 
stability under the crowded environment is lower than in vitro. So we are trying to clarify its 
mechanism using NMR hydrogen exchange experiment in cells based on the example that the 
folding stability of wild-type ubiquitin and its mutant in human cells is lower than in vitro. In 
this presentation, we want to discuss about the possible mechanisms from our results. 

Fig. 1 Hydrogen exchange experiment 
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Fig. 2 Hydrogen exchange experiment of ubiquitin in the reconstituted 
crowded solution. 
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UBIQUITIN RECOGNITION IN SELECTIVE AUTOPHAGY 
 
Erik Walinda1, Daichi Morimoto1, Tsuyoshi Konoma2, Kenji Sugase2, Hidehito Tochio1 & 
Masahiro Shirakawa1 
1 Kyoto University Graduate School of Engineering, Japan 
2 Suntory Foundation for the Life Sciences, Osaka, Japan 
 
 
Eukaryotes degrade proteins via one of two major pathways – the ubiquitin-proteasome 
system and autophagy. While the proteasome system is limited to degradation of 
single-domain proteins that fit into the narrow (~ 13 Å) opening of the proteasome barrel, 
autophagy is thought be a bulk degradation system that is capable of recycling entire 
organelles, protein oligomers and large protein aggregates which may be toxic to the cell. 
 
Autophagy (“self-eating”) is a conserved pathway, in which cytoplasm and organelles are 
engulfed by vesicles called autophagosomes. By fusion of these vesicles with lysosomes, 
cellular constituents and protein aggregates can be degraded or, when nutrients are scarce, 
subjected to turnover. The vital importance of autophagy is reflected by studies in mice that 
develop neurodegeneration if autophagy is inhibited, presumably due to irreversible 
accumulation of protein aggregates in neurons. 
 
Long believed to be a somewhat random degradation system, recent evidence suggests that 
specificity in autophagy. This “selective autophagy” is thought to be mediated by autophagy 
receptor proteins containing ubiquitin-associated (UBA) domains that recognize 
ubiquitin-marked substrates (Kraft et al., 2010) and deliver them to autophagosomes for 
degradation.  
 
While UBA domains show high conservation in both – amino-acid sequence and tertiary 
structure, their affinity for various types of ubiquitin are completely different. We are studying 
structure and dynamics of the autophagy receptor proteins p62 and NBR1 by NMR to 
understand their specificity for ubiquitin and its respective recognition mechanism. 
 
 
Kraft, C., Peter, M., and Hofmann, K. (2010). Selective autophagy: ubiquitin-mediated recognition 
and beyond. Nature cell biology 12, 836-841. 
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2 Suntory Foundation for the Life Sciences, Osaka, Japan 
 
 
Eukaryotes degrade proteins via one of two major pathways – the ubiquitin-proteasome 
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cellular constituents and protein aggregates can be degraded or, when nutrients are scarce, 
subjected to turnover. The vital importance of autophagy is reflected by studies in mice that 
develop neurodegeneration if autophagy is inhibited, presumably due to irreversible 
accumulation of protein aggregates in neurons. 
 
Long believed to be a somewhat random degradation system, recent evidence suggests that 
specificity in autophagy. This “selective autophagy” is thought to be mediated by autophagy 
receptor proteins containing ubiquitin-associated (UBA) domains that recognize 
ubiquitin-marked substrates (Kraft et al., 2010) and deliver them to autophagosomes for 
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Kraft, C., Peter, M., and Hofmann, K. (2010). Selective autophagy: ubiquitin-mediated recognition 
and beyond. Nature cell biology 12, 836-841. 
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NMR analysis of intramolecular allostery in the PLC-δ1 
PH domain  

Michikazu Tanio1, and Katsuyuki Nishimura1 
1Institute for Molecular Science 

 
   Protein activities are generally regulated by intramolecular allosteric interactions, by 
which an event, such as ligand binding or mutation, at a local site modifies conformations 
and/or dynamics at spatially distal sites in a protein molecule. Intramolecular allosteric 
interactions in the phospholipase C (PLC)-δ1 pleckstrin homology (PH) domain were 
investigated by solution NMR spectroscopy for selectively [α-15N]Lys-labeled proteins. NMR 
analyses demonstrated that the ligand-binding activity of the PLC-δ1 PH domain is 
allosterically regulated by interaction networks among the α2-helix, the β1-β2 loop, and the 
β3-β4 loop mediated by the side chains of Lys-30, Lys-32, Lys-57, and Phe-87. 
 
Introduction 
   Ligand binding to a protein usually induces changes in the protein conformation and 
dynamics, which also occur at distal sites away from the ligand-binding site in the protein 
molecule, causing allosteric regulation of protein functions. Although elucidation of allosteric 
mechanisms is expected to be useful for regulations of protein functions and for allosteric 
drug designs, the detailed molecular mechanisms remain unclear. 
   Our previous study suggested the existence of intramolecular allosteric interactions in the 
PLC-δ1 PH domain [1]. The protein binds to phosphatidylinositol 4,5-bisphosphate (PIP2) in 
the cell membrane, and inositol 1,4,5-triphosphate (IP3), a product of PIP2 hydrolysis by 
PLC-δ1. Mutational analyses of the PLC-δ1 PH domain demonstrated that conformational 
disruption of the characteristic short α-helix (α2) from residues 82 to 87 results in reduced 
affinity for IP3 and in thermal instability, and that the phenyl ring of Phe-87 contributes to 
effective stabilization of the IP3-binding state [1]. However, the α2-helix does not make direct 
contact with IP3 in the crystal structure of the PLC-δ1 PH domain complexed with IP3, and 
our findings therefore indicate that the α2-helix indirectly interacts with the IP3-binding site 
through intramolecular interactions. In this study, we investigated the detailed molecular 
mechanisms of intramolecular allosteric interactions among spatially separated sites in the 
PLC-δ1 PH domain by NMR [2]. 
 
Materials & Methods  
   The wild-type and mutant proteins of the selectively [α-15N]Lys-labeled PLC-δ1 PH 
domain were prepared by E. coli BL21(DE3) [1,2]. All NMR experiments were carried out 
using a JEOL JNM ECA600 spectrometer equipped with an HCN triple resonance inverse 
probe. Two-dimensional 1H-15N HSQC NMR spectra were acquired at 20C with resonance 
frequencies of 600.2 and 60.8 MHz for 1H and 15N nuclei, respectively [2]. 
 
Intramolecular allostery, Ligand binding, Mutation 
 

 

P27



－ 183－

Results & Discussion 
   The 1H-15N HSQC NMR study of the 
selectively [α-15N]Lys-labeled wild-type 
PLC-δ1 PH domain revealed that IP3 binding 
affects the local environments at all lysine 
residues. In addition, the mutational analyses 
indicated that an interaction network mainly 
consisting of the side chains of Lys-30, Lys-32, 
and Lys-43, but not Lys-57 or Lys-86, exists in 
the ligand-free protein (Fig. 1).  
   The IP3 titration experiment of the 
wild-type protein also demonstrated that in the 
ligand-free state, the α2-helix (Lys-86) 
undergoes intermediate chemical exchange 
between at least two conformations with 
different population, and that IP3 binding 
stabilizes one of the two conformations. 
Interestingly, such stabilization of the α2-helix induced by IP3 binding was also observed in 
F87Y, but not in K57A or F87A (Fig. 2), indicating that the side chains of Lys-57 and Phe-87 
contribute to stabilization of the IP3-binding state, although Lys-57 does not contribute to the 
interaction network in the ligand-free state. Our results therefore strongly suggested that the 
pre-existing interaction network, mainly consisting of Lys-30, Lys-32 (β1-β2 loop) and 
Lys-43, in the ligand-free state is modified by IP3 binding, resulting in formation of a new 
interaction network, in which Lys-57 (β3-β4 loop) and Phe-87 (α2-helix) contribute to 
stabilization of IP3-binding state [2]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
References 
[1] Tanio, M., and Nishimura, K., Anal. Biochem. 431, 106–114 (2012). 
[2] Tanio, M., and Nishimura, K., Biochim. Biophys. Acta 1834, 1034–1043 (2013). 

Fig. 1. Graphical summary of the mutational 
effects on the PLC-δ1 PH domain. K30, K32 
and K57 directly interact with IP3. 

F87 

Fig. 2. 15N projections around the Lys-86 signal of the 1H-15N HSQC NMR spectra of 
[α-15N]labeled K57A (left), F87A (middle) and F87Y (right) in the absence (top) and presence of 
IP3 (bottom) as compared with those of the wild-type protein (gray). HLW means half line width. 

HLW 
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NMRによるp47phoxPXドメインとホスファチジルイノ
シトールの相互作用の解析 
○小椋賢治1，小橋川敬博1，斎尾智英1，横川真梨子1，久米田博之1，
天野伸治郎1，吉田直樹1，住本英樹2，稲垣冬彦1 
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NMR analysis of Interaction between p47phox PX domain and 
phosphatidylinositol 

Kenji Ogura1, Yoshihiro Kobashigawa1, Tomohide Saio1, Mariko Yokogawa1, Hiroyuki 
Kumeta1, Shinjiro Amano1, Naoki Yoshida1, Hideki Sumimoto2 and Fuyuhiko Inagaki1 

1Faculty of Advanced Life Science, Hokkaido University, Sapporo, Japan. 
2Faculty of Medical Sciences, Kyushu University, Fukuoka, Japan. 

We analyzed the interaction between p47phoxPX domain and phosphatidylinositol 
(3,4)-bisphosphate using solution NMR spectroscopy. Using mutagenesis and chemical shift 
perturbation method, we determined the PI(3,4)P2-binding site on the p47phoxPX domain was 
not R43/R90 site but K55/R70 site. Residue-specific change of signal intensities of p47phoxPX 
domain by titration of a lipid bilayer system nanodisc suggested that firstly p47phoxPX domain 
weakly binds to cell membrane using the membrane-insertion loop region, and subsequently 
recognizes PI(3,4)P2 embedded in the cell membrane using the K55/R70 site. We constructed 
the molecular complex model of p47phoxPX domain and the inositol phosphate group of 
PI(3,4)P2 using a paramagnetic lanthanide probe fixed on the p47phoxPX domain. 
 

 NADPHオキシダーゼを制御する細胞質タンパク質p47phoxはPX-SH3-SH3-AIRのド

メイン構成からなるマルチドメインタンパク質である．NADPHオキシダーゼの活性

化状態において，p47phoxPXドメインは細胞膜上のホスファチジルイノシトール二リ

ン酸 PI(3,4)P2と結合している．本研究の目的は，NMR法を用いてp47phoxPXドメイン

とPI(3,4)P2および細胞膜の相互作用機構を解析することである． 

1. PI(3,4)P2 結合部位の同定 

 NMR化学シフト摂動法を用いて，p47phoxPXドメインのPI(3,4)P2結合部位の同定を

おこなった．水に難溶性であるPI(3,4)P2の代替としてIns(1,3,4)P3を滴定し化学シフ

ト変化を追跡したところ，K55Q/R70Q変異体では化学シフト変化がほとんど観測さ 

___________________________________________________________________________ 

PXドメイン，常磁性プローブ，ホスファチジルイノシトール 

○おぐらけんじ，こばしがわよしひろ，さいおともひで，よこがわまりこ，くめたひ

ろゆき，あまのしんじろう，よしだなおき，すみもとひでき，いながきふゆひこ 
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れなかったのに対して，R43Q/R90A変異体では野生型と同様の化学シフト変化が観

測された．このことは，K55/R70サイトがPI(3,4)P2結合部位であることを示している． 

2. ナノディスクによるp47phoxPXドメインと細胞膜の相互作用解析 

 再構成高密度リポタンパク質（rHDL）の脂質二重膜中にPI(3,4)P2を組み込んだナ

ノデバイス（PI-Nanodisc）を作成した．p47phoxPXドメインにPI-NanodiscおよびPI

を含まないBlank-Nanodiscを加えてNMRスペクトルを測定し，Nanodisc添加前後で

各残基の信号強度を比較した．PI-Nanodiscでは残基番号73～88の領域，

Blank-Nanodiscでは残基番号78～88の領域において信号強度が減弱した．残基番号

78～88の領域は細胞膜挿入ループと呼ばれる部位であり，残基番号73～77の領域は

PI(3,4)P2結合部位に近接している．この結果は，p47phoxPXドメインは，初めに細胞

膜挿入ループを使って細胞膜に弱く結合したのち（テザリング），細胞膜上のPI(3,4)P2
に強く結合する（アンカリング），という二段階の相互作用機構を持っていることを

示唆する． 

3. 常磁性ランタニドプローブ法による複合体モデルの構築 

 p47phoxPXドメインにランタニド結合タグを付加した試料を調製した．常磁性ラン

タニドが誘起するPXドメインの偽接触シフト（PCS）から，磁化率異方性テンソルを

決定した．さらに，Ins(1,3,4)P3がPXドメインに結合したときのPCSを測定した．

Ins(1,3,4)P3はPXドメインに対してKd = 0.5mMと比較的弱い相互作用を示すが，

Ins(1,3,4)P3のPCSと磁化率異方性テンソルを用いてp47phoxPXドメイン-Ins(1,3,4)P3
複合体立体構造モデルを構築することができた． 
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Inversion of the Stereochemistry around the Sulfur Atom of the Axial 
Methionine Side Chain through Replacement of a Remote Amino Acid 
Residue in Hydrogenobacter thermophilus Cytochrome c552 and Its 
Functional Consequences
Tomokazu Shibata1, Hulin Tai1,*, Ken Tonegawa1, Hikaru Hemmi2, Nagao Kobayashi3, and 

Yasuhiko Yamamoto1

1Department of Chemistry, University of Tsukuba, Tsukuba, Japan.
2National Food Research Institute, NARO, Tsukuba, Japan.
3Department of Chemistry, Graduate School of Science, Tohoku University, Sendai, Japan.
*Present address: Graduate School of Materials Science, NAIST, Ikoma, Japan.

In cytochrome c, the coordination of the axial Met S atom to the heme Fe atom occurs in 
one of two distinctly different stereochemical manners, i.e., R and S configurations, 
depending upon which of the two lone pairs of the S atom is involved in the bond, and hence 
the Fe-coordinated S atom becomes a chiral center.  We demonstrated that the A73V 
mutation in Hydrogenobacter thermophilus cytochrome c552 forces the inversion of the 
stereochemistry around the S atom from the R configuration to the S one.  Functional 
comparison between the wild-type and the A73V mutant proteins possessing the R and S
configurations, respectively, demonstrated that the redox potential of the mutant protein 
exhibited a positive shift of ~20 mV relative to that of the wild-type one, i.e., 245 mV, in an 
entropic manner.

(Hydrogenobacter thermophiles)
c552(HT(Fig. 1))

80
Lys48 The65 -loop

-loop
-helix 2 -helix

-loop
HT R Met59

-helix Ala73 Val
S (Tai et al., Biochemistry, 52,4800(2013))

Fig. 1. Structure of H. thermophilus cytochrome 
c552(PDB:1YNR)(left). Axial Met59 is shown as a
ball-and-stick model, and the mutation site (Ala73) 
by a space-filling model. Structure of heme active 
site shown on the right.

Ala73
Met59

helix-3

helix-4

-loop

His14

Met59
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c Met
(S ) 2

S
Met R S

(Fig. 2(bottom)) c
Met

S c

A73V
1H-15N HSQC

(Fig. 3) Met59
meso NOE HT

X (Travaglini-Allocatelli et al., JBC, 280,
25729(2005)) Met59 C H3 5
20 meso NOE A73V

Met59 C H3 15 20 meso NOE (Fig. 2(top))
A73V Met59 S

Ile46 Met59 Gln62 Val73
A73V Met59 S

A73V (Em) 265 mV HT 20 mV
Em S A73V

Ile46 Met59 Gln62 Val73 -loop
S Em

A73V HT Fe3+ Fe2+

7.5 2.9 °C

Fig. 2. NOESY connectivities between 
axial Met59 C H3 and heme meso proton 
signals of the wild-type HT (left) and 
A73V mutant (right) at pH 7.0 and 25 oC
(top). Slice spectrum at axial Met59 C H3
proton signal for each protein is also 
shown. R (left) and S (right) forms of the 
axial Met59 side-chain, with respect to 
heme, are illustrated at the bottom.
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Fig. 3. Plots of the shifts (ppm) for the main chain amide 1H and 15N NMR signals of the A73V mutant in 90% H2O/10% 2H2O, pH 
6.0, at 25 °C relative to those of the corresponding ones of the wild-type HT ( A73V-HT) against the amino acid residue number.  
Effects of the A73V mutation on the main chain amide 1H and 15N signals are observed on the residues at positions 39-77.
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High Pressure NMR Reveals Solution Structure of Alternatively Folded 
State of Ubiquitin: Q41N Variant at 2500 bar 
Soichiro KItazawa1, Tomoshi Kameda2, Maho Yagi-Utsumi3,4, Nicola Baxter5, Koichi Kato3,4, 
Mike P. Williamson5, Ryo Kitahara1 
1College of Pharmaceutical Sciences, Ritsumeikan University, Kusatsu, Japan 
2Computational Biology Research Center, Advanced Industrial Science and Technology, 
Tokyo 
3Okazaki Institute for Integrative Bioscience and Institute for Molecular Science, Okazaki, 
Japan 
4Graduate School of Pharmaceutical Sciences, Nagoya City University, Nagoya, Japan 
5Department of Molecular Biology and Technology, University of Sheffield, Sheffield, UK 
 
We demonstrate the NOE-based structure determination of Q41N variant of ubiquitin at 2500 
bar, where the alternatively folded N2 state is 98% populated, but only 70% populated at 
ambient pressure. This allows us to characterize the structure of N2. The N2 produced by dual 
perturbations of Q41N mutation and high pressure shows much more changes in the 
orientation of β5-starand. The conformational change matches the change seen on binding of 
ubiquitin to the E1 activating enzyme. Since the N1-N2 conformational fluctuation and the 
change in the orientation of β5-starand by the E1 binding are evolutionally conserved in 
ubiquitin and ubiquitin like protein NEDD8, both of which are the post-translational 
modifiers having E1-E2-E3 cascade reaction. These results strongly suggest that E1 
recognition of ubiquitin and NEDD8 is explained by conformational selection, rather than 
induced-fit motion. 
 
We have previously shown that wild type (WT) ubiquitin populates a high free-energy 
conformer N2 at high pressure, and Q41N mutation amplifies the population of N2 in the 
protein. High pressure NMR revealed that the N2 is 70% populated in Q41N variant at 
ambient pressure, but 98% populated at 2500 bar. So far, solution structures as a model for N2 
were obtained for the mixed states with estimated populations ratio of N1:N2=23:77 for WT at 
3000 bar [1] and 30:70 for Q41N at 1 bar [2]. Conformational changes in the structures were 
commonly obtained at α-helix, the following loop, β3-starnd, and C-terminal strand. 15N spin 
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relaxation NMR analysis showed that the N1-N2 conformational fluctuation occurs in the 
ten-microsecond time scale [2]. Here, we demonstrate the NOE-based structure determination 
of Q41N at 2500 bar, where N2 is 98% populated. This allows us to characterize the structure 
of N2 more purely than those in the previous approaches.  

High pressure NMR measurements were performed between 1 and 2500 bar on 
Q41N variant of ubiquitin at 298K and pH7.2 using AVANCE3-800 spectrometer (Bruker 
BioSpin Co.) with a ceramic pressure-resistance cell (Daedalus innovations). Distance 
constraints were obtained from single 3D time-sharing 13C/15N edited NOESY-HSQC, and 
dihedral angle constraints were obtained from chemical shifts of Cα, Hα, H, N, and C’ using 
TALOS+ program. Structure calculations for the doubly 15N- and 13C-labeled Q41N ubiquitin 
were performed with CYANA version 3.93 with 1311 distance and 74 angle constraints, and 
then energy-minimized using AMBER11 in explicit water (TIP3P).  
 The calculated 20 models show 0.44 
Å RMSD for backbone and 0.89 Å RMSD for 
heavy atoms, showing sufficient quality as a 
NMR derived structure. The structure of N2 
produced by dual perturbations of Q41N 
mutation and high pressure shows changes in 
orientation of α-helix, the following loop, 
β3-strand, and C-terminal strand. In particular, 
the change in orientation of C-terminal strand 
is much larger at 2500 bar than at 1 bar 
because of an increase in the N2 state 
population. The conformational change 
matches the change seen on binding of 
ubiquitin to the E1 activating enzyme (Fig. 1). 
The N1-N2 conformational fluctuation and the 
change in the orientation of C-terminal strand 
by the E1 binding are evolutionally conserved 
in ubiquitin and ubiquitin like protein NEDD8 
[3], both of which are the post-translational 
modifiers having E1-E2-E3 cascade reaction. 
These results strongly suggest that E1 recognition of ubiquitin and NEDD8 occurs by 
conformational selection, rather than induced-fit motion.  
 
References 
1 Kitahara et al. JMB 347, 277-285, 2005. 
2 Kitazawa et al. Biochemistry 52, 1874-1885, 2013. 
3 Kitahara et al. JMB 363, 395-404, 2006. 
 
 

Fig.1 Solution structures of ubiquitin. Wild 
type at 1 bar (PDB: 1D3Z), Q41N at 2500 
bar, and wild type ubiquitin bound to E1 
activating enzyme at 1 bar (PDB: 4II2). 

 

WT at 1 bar 

Ub-E1  

complex 

Q41N  

at 2500bar 
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Conformational fluctuation of dihydrofolate reductase mutant by using 
high pressure NMR spectroscopy: D27E mutant 

Soichiro Kitazawa1, Naohiro Kobayashi2, Saki Inoue1, Eiji Ohmae3 and Ryo Kitahara1

1: College of Pharmaceutical Sciences, Ritsumeikan University, Kusatsu, Japan 
2: Institute for Protein Reserch, Osaka University, Osaka, Japan 
3: Graduate School of Science Hiroshima University, Higashihiroshima, Japan 

Conformational fluctuations among the basic folded state and high-free energy states have 
been recognized to be important for protein function, especially in enzymatic reaction. 
Dihydrofolate reductase (DHFR), which catalyzes the reduction of dihydrofolate to 
tetrahydrofolate, assumes a variety of conformations in solution. We found that several 
cross-peaks in the 1H /15N HSQC spectrum for the folate-bound form of E.Coli DHFR are 
split into two with increasing pressure, indicating a presence of alternatively folded 
conformation of E.Coli DHFR in solution. We also showed that the alternatively folded 
conformation is 25% populated in D27E mutant at ambient pressure, but only 10% populated 
in wild type (WT). Here, we show that the alternatively folded conformation has similar in 
both structure and dynamics with the basic folded state. High pressure NMR spectroscopy 
revealed that free energy difference ( G0) and partial molar volume difference ( V0) 
between the two conformations in D27E are 2.67  0.09 kJ/mol and 5.5  0.6 mL/mol, 
respectively.  

Introduction

NMR  
 (DHFR)

DHFR M20
DHFR

M20 2
NMR (WT) M20

NMR, DHFR,  
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Fig.1. Pressure dependence of 
population of two conformations 
of DHFR-D27E 

NH HSQC 2 2
M20  

M20 HSQC 2 DHFR- 
D27E - NMR

D27E 2
 

 
Methods  
1 mM 15N D27E DHFR 20 mM TrisHCl, 5 mM Fololic acid, pH 7.0

NMR 600 MHz NMR (Bruker Avance 600) 298 K
(15N-R1,R2,NOE)

NMR (CLEANEX-PM)
1 2500 1H/15N HSQC

 
 

Results and Discussion  
D27E 25%

HSQC 2
D27E NMR D27E

2500 bar 40%
(Fig.1)
M20 110-125

V0 5.5  0.6 
ml/mol, G0 2.67  0.09 kJ/mol  

D27E WT

 R1 WT D27E
 R2 M20

(17-40) 110-125 D27E

D27E
R1,R2,NOE, -

D27E
 

DHFR D27E NOE
(NOE) 2

 
 
 
                                                 

 Michael R. Sawaya et al.,Biochemistry, 36,586-603 (1997) 
 Ryo Kitahara et al.,Biochemistry, 39, 12789-12795 (2000) 
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A method for determination of high-resolution protein solution structures 
using paramagnetic relaxation enhancement 

Kyoko Furuita1, Saori Kataoka1, Naohiro Kobayashi1, Shinich Murayama2, Hisashi Tatebe2, 
Kazuhiro Shiozaki2 and Chojiro Kojima1 
1Institute for Protein Research, Osaka University, Osaka, Japan.  
2Graduate School of Biological Sciences, Nara Institute of Science and Technology, Nara, 
Japan.  

Protein tertiary structure determinations by solution NMR usually rely on NOE-derived 
distance restraints. Therefore it requires sufficient number of NOE peaks and nearly complete 
assignments of the NOE peaks. However this cannot be always achieved depending on the 
target protein. In this study, we utilized paramagnetic relaxation enhancement (PRE) to 
determine a high-resolution structure of a protein which NOE data was insufficient for the 
structure determination. By combining a total of 867 PRE-derived distance restraints with 
NOE-derived distance restraints, the structure of the protein was successfully determined with 
sufficient convergence and accuracy. 
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 NMR Bruker  AVANCE I 800 MHz AVANCE 
III 950 MHz NMR NMRPipe
Rowland NMR toolkit MagRO-NMRView Sparky 3.115
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Fig1a  
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Fig1b PRE

 
PRE PRE

NOE NOE
PRE

PRE
RMSD RDC
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± 7 Å 
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[1] J.L. Battiste, G. Wagner, Biochemistry, 39 (2000) 5355-5365 

Fig1. Overlaid pictures of 10 lowest energy 
structures of spSin1 (structured region) 
calculated without PRE (a) and with PRE (b).  
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NMR hydrogen exchange study for side-chain amino groups of lysine 
residues in proteins 

Mitsuhiro Takeda1, Tsutomu Terauchi2 and Masatsune Kainosho1,3

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

We have recently developed NMR methods for monitoring hydroxyl exchange rate of 
side-chain hydroxyl and sulfhydryl groups in proteins. In the methods, peaks of carbons 
attached to polar groups are directly observed in a 1:1 mixture of H2O and D2O, where polar 
groups exist in equilibrium between protonated and deuterated isotopomers. The chemical 
shift of the carbon peaks are different between the two isotopomers due to a deuterium 
isotope shift effect and the carbon peaks of the two isotopomer peaks are resolved when the 
exchange rate is slower than the size of deuterium isotope in the H2O/D2O (1:1) solution. This 
approach was extended for monitoring the side-chain amino groups of lysine residues. For 
this analysis, we synthesized [ -13C; , -2H2] lysine and incorporated into proteins to be 
studied. We present the feasibility of this approach for lysine residues of some proteins. 

P33



－ 195－

Fig. 1 [ -13C; , -2H2] Lysine 

Fig. 2 A side-chain amino group exists in 
equilibrium between four isotopomers in a 
mixture of H2O and D2O (a) and if hydrogen 
exchange rate is slower than the size of 
isotope shift effect, the four isotopomer 
peaks become resolved (b), otherwise 
averaged as single averaged peak (c) 



－ 196－

 

 

Dynamic Regulation of Peptide Recognition and Stabilization of a Human 
Leukocyte Antigen Revealed by NMR 

Saeko Yanaka1, Ueno Takamasa 2, Shi Yi3,4, Qi Jianxun3,4, Gao George3,4, Kouhei 
Tsumoto1,5,6, Kenji Sugase7

1Graduate School of frontier Sciences, the University of Tokyo., 2Center for AIDS Research, 
Kumamoto University., 3Beijing Institute of Life Science, Chinese Academy of Sciences., 
4Institute of Microbiology, Chinese Academy of Sciences., 5Graduate School of Engineering, 
the University of Tokyo., 6Institute of Medical Science, The University of Tokyo., 7Bioorganic 
Research Institute,Suntory Foundation for Life Sciences. 

In immune-mediated control of pathogens, human leukocyte antigen (HLA) class I 
complexes present various antigenic peptides and activates cytotoxic T lymphocytes (CTLs). 
The stability and long-lived presentation of the peptide-HLA complex (pHLA) depends 
heavily on the bound peptide. Crystal structures of pHLAs, however, are very similar to each 
other, irrespective of the bound peptides. Thus, the inherent determinant of pHLA 
stabilization remains elusive. In this study, we examined the mechanism by which 
HLA-B*35:01 recognizes various peptides and stabilizes the complex by elucidating the 
conformational dynamics of HLA-B*35:01 using relaxation dispersion NMR spectroscopy. 
Our data revealed that HLA loosely binds to peptides and then transiently forms a minor 
conformation in which the peptide is more tightly bound, circumventing pHLA disintegration.  
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Fig. 2 Diagram of HLA fluctuation 
The pHLA heavy chain is shown in gray, and the peptide as a trapezoid. Water molecules are shown 
as gray circles. 

Fig. 1 Profile of HLA fluctuation
(a) The residues showing relaxation dispersions are plotted on the crystal structure of HLA as gray. 
The positions around Tyr99 important for selective peptide recognition is encircled. (b) Relaxation 
dispersion profiles for Tyr99 recorded at 14.1 T (black) and 17.6 T (gray).  

Tyr99
a b
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Identification of important amino acid residues for the interaction between 
PDZ domain and small molecule 

Takeshi Tenno1, Natsuko Goda1, Naoko Iwaya1, Kengo Kinoshita2,3, Motonori Ota4, 
Hidekazu Hiroaki1 
1Graduate School of Pharmaceutical Sciences, Nagoya University, Aichi, Japan.  
2Graduate School of Information Sciences, Tohoku University, Miyagi, Japan.  
3Institute of Development, Aging and Cancer, Tohoku University, Miyagi, Japan.  
4Graduate School of Information Science, Nagoya University, Aichi, Japan.  

We predicted interactions between PDZ domains and small molecules by eF-seek 
program and verified them by NMR titration experiments. As a result, many PDZ domains 
were demonstrated to interact three molecules including diclofenac (DIF). In addition, their 
interfaces were similar to the canonical binding pocket for a C-terminus of their native ligand. 
However, the recognition mechanism of PDZ domain for small molecule is still unknown. 

In this study, key residues at the interface were identified by the construction of PDZ 
domain mutants around the canonical binding pocket. When Val 92 and Arg 96 of ZO-1 
PDZ1 domain were substituted for Glu and Gln, respectively, almost all signals were not 
changed by the addition of DIF. Thus, these residues were important for the interaction with 
DIF.  

PDZ
Post-synaptic density-95 PSD-95, Disc large Dlg, Zonula occludens ZO-1

C
2 β- β2 α-

 
eF-seek -

PDZ PDZ 11  
 

PDZ
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Analyses of the oligomerization mechanism of amyloid beta peptides 

Ayumi Tanaka1, Shigeto Iwamoto1, Takashi Saito2, Hitomi Yamaguchi1, 
Sohsuke Yoshinaga1, Toshiyuki Kohno3, Takaomi C. Saido2, Hiroaki Terasawa1 
1 Faculty of Life Sciences, Kumamoto University, Kumamoto, Japan.  
2 RIKEN, BSI, Saitama, Japan.  
3 Kitasato University, School of Medicine, Tokyo, Japan.  

The deposition of senile plaques is observed in the brains of Alzheimer’s disease (AD) 
patients. Amyloid beta peptide (Aβ) oligomers formed in the process of senile plaque 
production are thought to be neurotoxic in AD. The Aβ (1 40) and Aβ (1 42) species, 
which have different C-terminal lengths, were previously identified. Aβ (1 42) is reportedly 
more prone to aggregation than Aβ (1 40). 

To elucidate the roles of Aβ (1 40) and Aβ (1 42) in the formation of Aβ oligomers, 
we used solution NMR, PICUP (Photo-Induced Cross-linking of Unmodified Proteins) and 
ESI-TOF MS techniques to analyze Aβ (1 40) and Aβ (1 42). Our results indicated that 
the central and C-terminal regions of Aβ (1 42) may play a critical role in the formation of 
Aβ oligomers. 
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Aβ (1 40) Aβ (1 42) 

 
 

15N Aβ 15N T1 T2 T1ρ

T1 100 200 300 400 500 600 700 800 ms 9
T2 10 20 40 60 90 120 160

200 240 ms 9 T1 T2 Aβ (1 40) 
Aβ (1 42) T1ρ 8 20 40 60 80 100 120
140 160 ms 9 1 kHz T1ρ

Aβ (1 42) NMR Bruker 600 MHz
NMR NMRPipe

 Olivia  
PICUP (Photo-Induced Cross-linking of Unmodified Proteins)  [1] 

Aβ Aβ

ESI-TOF MS
ESI-TOF MS Bruker

Data Analysis 4.0 SP3  
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[1] Bitan, G. et al., J. Biol. Chem., 276, 35176–35184 (2001) 
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Analyses of the interaction between the regulating factor of the chemokine 
receptor FROUNT and an anti-inflammatory compound. 

Norihito Ishida1, Sosuke Yoshinaga1, Kaori Esaki1, Yuya Terashima2, Etsuko Toda2, 
 Kouji Matsushima2, and Hiroaki Terasawa1 
1Faculty of Life Sciences, Kumamoto University, Kumamoto, Japan. 
2Graduate School of Medicine, The University of Tokyo, Tokyo, Japan. 

Leukocyte chemotaxis is induced when chemokines bind to their receptors during 
inflammation.  We identified the chemotaxis-regulating factor, FROUNT, which binds to the 
chemokine receptor CCR2.  We also obtained a compound that inhibits the CCR2-FROUNT 
interaction and exerts an anti-inflammatory effect.  To clarify the mechanism of binding 
between the compound and FROUNT, we performed NMR titration analyses using the 
compound and the CCR2-binding domain of FROUNT (FNT-C), which revealed 
wide-ranging signal changes in FNT-C.  These results suggested that a large conformational 
change occurred in FNT-C.  In addition, the compound-binding site on FNT-C is different 
from the CCR2-binding site.  Therefore, we considered the compound to induce an allosteric 
inhibition of the FROUNT–CCR2 interaction. 
 

 
 CCR2  (Pro-C) 

 FROUNT  [1] FROUNT 
 C  (FNT-C)  FNT-C  

NMR  
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[1] Terashima, Y., et al., Nat. Immunol. 6, 827–835 (2005) 
[2] Etsuko, T., et al., J. Immunol. 183, 6387–6394 (2009) 
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Theoretical and experimental study about the correlation between the 
chemical shift of methylated lysine and salt bridge 

Yoshikazu Hattori1, Jakub Sebera2, Vladimír Sychrovský2, Kyoko Furuita1, Izuru Ohki3, 
Takahisa Ikegami1, Toshimichi Fujiwara1, Chojiro Kojima1 
1Insititute for Protein Research, Osaka University 
2Institute of Organic Chemistry and Biochemistry, Academy of Sciences of Czech Republic 
3Graduate School of Biological Sciences, Nara Institute of Science and Technology 
 
  NMR signals derived from the methyl groups of methylated-lysine residues are sensitive 
probes to monitor the electronic environments of lysine side-chain amino groups. Here we 
quantitatively demonstrate that the salt bridge formation induces upfield shift and split peaks 
in the 1H-13C HSQC spectrum of the methyl group of the methylated-lysine residue. 
Experimental chemical shift values were compared to the theoretical values calculated by the 
quantum chemical calculation based on density functional theory, and surprisingly good 
correlation was obtained for both 1H and 13C chemical shifts. The split peaks were also 
explained by the salt bridge formation. These features are useful for determining the strength 
of the lysine-mediated salt bridges. 
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Fig. 1 13C-methylation of lysine side-chain amino group. 

Fig. 2 1H-13C HSQC spectra of (a) ubiquitin, (b) FKBP and (c) thioredoxin 
acquired at pH 6.8, 30 °C and 400 MHz NMR. 
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Fig. 4 Correlation plot between N O distances and (a) 13C shift differences 
or (b) averaged 13C shifts. 
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Fig. 5 Peak shifts of the methyl groups of K11 in ubiquitin induced by 
(a) the pH changes from 6.9 to 3.2 and (b) the mutation of E34Q (E34 
forms a salt bridge to K11). 
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Structural basis for the inhibition of MDM2:p53 interaction by 
highly selective MDM2-binding peptide obtained with IVV method 

Takashi Nagata1, 2, Kie Shirakawa3, Naohiro Kobayashi4, Hirokazu Shiheido3, Masato 
Katahira1, 2, Kenichi Horisawa3, Nobuhide Doi3, and Hiroshi Yanagawa3 
1Institute of Advanced Energy, Kyoto University 
2Graduate School of Energy Science, Kyoto University 
3Graduate School of Science and Technology, Keio University 
4Institute for Protein Research, Osaka University 

MDM2 is an oncoprotein whose binding to a tumor suppressor p53 has been implicated in 
human cancers. Peptides that mimic MDM2-binding region of p53 reportedly restore the 
anti-cancer activity by p53. We had performed rigorous selection of MDM2-binding peptides 
by means of mRNA display (IVV method) and identified an optimal peptide, MIP, which 
shows higher activities for MDM2-binding and tumor cell proliferation suppression over the 
known peptides. Here we determined the structure of MIP bound to MDM2. Higher 
anti-MDM2 activity observed for MIP turned out to originate from its ability to enlarge the 
binding interface. The structural information obtained in the present study provides a road 
map for the rational design of an inhibitor against the MDM2:p53 binding. 
 
INTRODUCTION  Oncoprotein MDM2 is the E3 ubiquitin ligase that targets the tumor 
suppressor p53. Since p53 prevents tumorigenesis through cell cycle arrest or apoptosis, 
inactivation of p53 by MDM2 results in cancers. MDM2 binds directly to the transactivation 
domain of p53, and therefore, inhibition of the MDM2:p53 interaction has been a major target 
for the development of anticancer drugs. Our IVV method, which can handle larger random 
peptide libraries than phage-display, enabled rigorous selection of MDM2-binding peptides 
and obtained an optimal 12-mer peptide, MIP. We have shown previously that MIP has higher 
activities for MDM2-binding and tumor cell proliferation suppression over the known 
peptides. In the present study, we have intended to shed light on the structural basis for the 
strong binding of MIP to MDM2 and obtain fruitful information towards rational drug design. 
MDM2 p53  

P39



－ 209－

EXPERIMENTS  MIP (residues 1-12) and MDM2 (12-108) were expressed as a fusion 
protein so as to facilitate the preparation of stable isotope labeled MIP as well as MDM2. The 
fusion protein contains from N- to C-term: a histidine affinity tag (HAT), GB1 as the 
solubility-enhancement tag, MIP, MDM2, and T7 tag. The HAT-GB1 tag was removed by 
thrombin cleavage, and MIP and MDM2 were allowed to be cleaved with TEV protease. All 
NMR data were collected at 298 K on Bruker AVANCE 600. The conventional set of NMR 
spectra needed for backbone and side chain resonance assignments, and collection of distance 
and dihedral angle information was performed. NMR spectra were processed with 
NMRPipe/NMRDraw. Spectral analysis was performed with MagRO 1.2.19. Structure 
calculations were performed using CYANA 2.1 and AMBER 12. 
 
RESULTS AND DISCUSSION  Firstly, [1H, 15N] HSQC spectra of MIP-MDM2 fusion 
protein (MIP-MDM2) and MIP:MDM2 complex, which was obtained by TEV protease 
treatment, were compared. Only minor differences in the signal patterns of the [1H, 15N] 
HSQC spectra were identified, so we decided to use MIP-MDM2 for further NMR 
measurements. Next, NMR spectral and structural analyses were performed by standard 
protocols. For reference, 90 % of the backbone resonances were assigned among 131 residues 
(excluding the N-term and six Pro). The solution structure of MIP-MDM2 was determined 
with good geometry and excellent structure quality scores. The structure of MIP portion, 
which comprises residues 1-12 and TEV cleavage site (residues 13-21), contains a single 
α-helix (3-12); while that of MDM2 portion, which consists of 12-108 and T7 tag (109-119), 
contains from N- to C-term: αA (38-47), αB (56-70), β1 (80-82), αC (87-92), β2 (96-98), and 
αD (102-112). Steady-state {1H}-[15N] NOE experiment was then performed; it has clearly 
shown that the TEV cleavage site in the MIP portion and the residues 12-34 and 113-119 of 
MDM2 portion are flexible, which are consistent with the obtained structural results.  
  The structure of MIP bound to MDM2 turned out to be similar to that of previously 
reported MDM2-binding peptides but with some prominent differences. All of the 
MDM2-binding peptides contain a single α-helix (3-12 in MIP). The distinction is that the 
α-helix of MIP is elongated by M11 and E12 to the C-term as compared with others. All of 
known MDM2-binding peptides share conserved F3-W7-L10 triad, side chains of which are 
oriented towards the deep binding cleft of MDM2 and form a hydrophobic core. Further 
structural analysis revealed that there are two hydrophobic patches that are formed by solvent 
exposed residues: (i) W4, L8, and M11 of MIP and three residues of MDM2; (ii) Y6 of MIP 
and two residues of MDM2. The position of M11 in the previously reported MDM2-binding 
peptides is usually small amino acid such as Ser, Thr, or Pro. In the case of MIP, M11 seems 
to contribute to both the elongation of the α-helix and formation of the hydrophobic patch. It 
is unusual to find a hydrophobic residue exposed to the solvent in MDM2-binding peptides. 
However, W4 of MIP seems to play important role in making many interactions. Thus 
strongest binding to MDM2 and resulting highest anti-MDM2 activity by MIP seems to have 
originated from enlarged binding interface. Although, MIP is one of the shortest 
MDM2-binding peptides, it uses solvent exposed residues to increase the number of 
interactions. Designing of small molecules that utilize solvent exposed functional groups for 
MDM2-binding may be highly rational. 
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Structure analysis of phosphorylated SHARP/SMRT chimera 
Junya Iinuma, Ayaho Kobayashi, Teppei Kanaba, Yutaka Ito, Masaki Mishima

Graduate School of Science and Engineering, Tokyo Metropolitan University, Tokyo Japan. 

SHARP is a component of transcriptional repression complex in steroid hormone receptor 
and Notch/RBP-J  signaling pathways. SHARP recruits HDAC complex regulates 
transcription at the chromatin level. SHARP has three RRM domains at N-terminal part and 
the SPOC domain at C-terminal. The SPOC domain binds the C-terminal tail of SMRT. Until 
now, the structure of phosphorylated SHARP/SMRT complex has been determined, and we 
revealed CK2 phosphorylation on SMRT is important to its interaction. In this study, we 
constructed SHARP/SMRT chimera in order to label SMRT peptide, and aimed to achieve 
rigorous structure analysis of SHARP/SMRT complex.   

SHARP
spen

Notch/RPB-J

SHARP C SPOC
SMRT C HDAC

SHARP/SMRT
SMRT

(Fig. 1)
SMRT

SHARP/SMRT SMRT
SHARP/SMRT  

Fig.1 Structure of SHARP/SMRT 
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Infusion SHARP SMRT GS SHARP/SMRT
SMRT

SHARP/SMRT Casein Kinase (CK ) 15N

99

HSQC (Fig.2)

C 5N SHARP/SMRT
(3D HNCACB, CBCA(CO)NH, HN(CA)CO, HNCO) (3D C(CO)NH, 

H(CCO)NH, 4D HC(CO)NH)

SHARP /SMRT chimera

Fig.2 HSQC spectrum of SHARP 
/SMRT chimera 
0.8 mM phospholyrated SHARP 
/SMRT chimera. 
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PQBP1

Segmental isotope labeling of the intrinsically disordered protein PQBP1 
Mineyuki Mizuguchi and Yuko Nabeshima 

Faculty of Pharmaceutical Sciences, University of Toyama, Toyama, Japan.  

The polyglutamine tract-binding protein 1 (PQBP1) is one of the pre-mRNA splicing factors 
involved in the spliceosome.  PQBP1 is composed of a small folded WW domain and long 
unstructured regions containing the polar amino acid-rich domain and the C-terminal domain.  
Here we produced segmentally labeled PQBP1, which is composed of a non-labeled segment 
(residues 1-219) and a 13C/15N-labeled segment (residues 220-265).  The segmental isotope 
labeling of PQBP1 decreased the number of overlapping cross-peaks and dramatically 
simplified NMR spectra.   

intrinsically disordered protein; IDP
disorder

NMR

IDP

Expressed Protein Ligation 
(EPL) EPL

Fig. 1
IDP

NMR

PQBP1
PQBP1

PQBP1 WW
WWD PRD C CTD PRD

CTD disorder
PQBP1(1-219) Mxe GyrA INTEIN N Fig.

2 Mxe GyrA INTEIN C chitin-binding
domain (CBD)
Segmental labeling, Expressed protein ligation, Intrinsically disordered protein 

Fig. 1 Protein Ligation of PQBP1. 
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chitin beads
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PQBP1(220-265) Gly220Cys
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NaCl (pH 8.5 at 20oC)
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EPL N-fragment C-fragment 1:10 37oC Fig. 1
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SDS-PAGE
MALDI-TOF-MS
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240-265
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Fig. 2 Preparation of N-fragment of PQBP1. 

Fig. 3 Preparation of C-fragment. 

Fig. 4 1H-15N HSQC spectra of uniformly isotope 
labeled PQBP1 (left) and segmentally isotope labeled 
PQBP1 (right). 
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Preparation of secretory proteins produced by 
Brevibacillus choshinensis for NMR study  

Michikazu Tanio1, Hideki Kusunoki2, and Toshiyuki Kohno3 
1Institute for Molecular Science 
2National Institute of Infectious Diseases 
3Kitasato University School of Medicine 

 
 
   The Brevibacillus choshinensis expression system is useful to produce recombinant 
proteins with intramolecular disulfide bonds. We established a simple and cost effective 
protocol for uniform and selective isotope labeling of recombinant proteins secreted by B. 
choshinensis. The monomeric mutant of the human M-ficolin pathogen-recognition domain 
(FD1), which has two disulfide bonds, was uniformly and selectively labeled by using this 
system, and the backbone resonances of the protein were assigned. The predicted secondary 
structure of the monomeric FD1 suggested that the secondary structures are mostly conserved 
between the monomeric form in solution and the trimeric form in the crystal.  
 
Introduction 
   Stable isotope labeling is an essential tool for NMR studies of proteins. Many protein 
expression systems, such as Escherichia coli, Pichia pastoris, Lactococcus lactis, Leishmania 
tarentolae, baculovirus-infected insect cells, mammalian cells, and cell-free protein synthesis, 
are available to produce recombinant proteins, and each of these systems has some advantages 
and disadvantages. In these systems, the gram-positive bacterium Brevibacillus choshinensis 
may be one of the best candidates for NMR studies of secretory proteins. We previously 
established a simple and cost effective method to prepare uniformly or amino-acid-type 
selectively isotope-labeled recombinant proteins using this system [1,2]. In the present study, 
we applied this protocol to the monomeric mutant of the human M-ficolin pathogen 
recognition domain (FD1), which is a secretory protein with two disulfide bonds [3], to assign 
its backbone signals [4]. 
 
Materials & Methods 
   The monomeric mutant of FD1, F127S/L128S (26.8 kDa), and its histidine-replaced 
mutants were expressed by the B. choshinensis expression system (TaKaRa Bio) [5, 6]. To 
check the ligand-binding activity of the recombinant proteins, the zonal affinity 
chromatography (ZAC) experiments were performed as described previously [6]. 
Isotope-labeled proteins were prepared using the C.H.L. media (Chlorella Industry) as 
previously described [1,2]. All NMR data were acquired at 303 K on a Bruker AVANCE II 
700 spectrometer, and the backbone resonance assignments were obtained using the 
TROSY-based NMR spectra of the labeled proteins. 
 
Secretory protein, ficolin, Brevibacillus choshinensis 
 

,
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Results & Discussion 
   The ZAC analyses of the monomeric FD1 and its histidine mutants provided clear 
evidence that the monomeric FD1 has a ligand-binding activity [6], and that His-251, His-284 
and His-297 are essential for the ligand-binding activity of the monomeric protein as well as 
the wild-type trimeric protein [5], indicating that the recombinant protein is correctly folded. 
The 1H-15N TROSY HSQC NMR spectrum of the uniformly 15N-labeled monomeric FD1 
showed well-dispersed signals (Fig. 1), also supporting that it is properly folded. In total, 
89.4% of the backbone 15N, 89% of 1HN, 94.3% of 13Cα, 93.7% of 13Cβ and 93.4% of 13C’ 
resonances have been assigned in the protein sequence (BMRB accession No. 11522). The 
secondary structure predicted from these backbone assignments indicated that the secondary 
structures are mostly conserved between the monomeric FD1 in solution and the trimeric FD1 
in the crystal. This result strongly suggests that these chemical shift assignments of the 
monomeric FD1 may be beneficial for solution and/or solid-state NMR studies of the trimeric 
FD1 and the full-length M-ficolin [4]. 
    
References 
[1] Tanio, M., Tanaka, T., & Kohno, T., Anal. Biochem. 373, 164-166 (2008). 
[2] Tanio, M., Tanaka, R., Tanaka, T., & Kohno, T., Anal. Biochem. 386, 156-160 (2009). 
[3] Tanio, M., Kondo, S., Sugio, S., & Kohno, T., J. Biol. Chem. 282, 3889-3895 (2007). 
[4] Tanio, M., Kusnoki, H., & Kohno, T., Biomol. NMR Assign. 

doi:10.1007/s12104-013-9484-4 (2013) 
[5] Tanio, M., & Kohno, T., Biochem. J. 417, 485-491 (2009). 
[6] Tanio, M., Wakamatsu, K., & Kohno, T., Mol. Immunol. 47, 215-221 (2009). 

Fig.1. 1H-15N TROSY HSQC NMR spectrum of the 15N-labeled monomeric FD1. 
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Natural products often possess various spin systems consisting of a methine group directly 

bonded to a methyl group (e.g. -CHa-CHb(CH3)-CHc-).  The methine proton Hb splits into 

a broadened multiplet by coupling with several vicinal protons, rendering analysis difficult of 
n
JC-H with respect to Hb in the J-resolved HMBC-1.  In purpose of the reliable and easy 

measurements of 
n
JC-H and 

n
JH-H in the aforesaid spin system, we have developed a new 

technique, named BASHD-J-resolved-HMBC.  This method incorporates the band selective 

homo decoupled (BASHD) pulse and J-scaling pulse into HMBC.  In this method, high 

resolution cross peaks can be observed along the F1 dimension by J-scaling pulse, and 

BASHD pulse simplified multiplet signals.  Determinations of 
n
JC-H and 

n
JH-H of multiplet 

signals can easily be performed using the proposed pulse sequence. 
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Optimization of Amino Acid Selective Labeling using an E. coli 
Overexpression System  

Tsutomu Terauchi1, 2, Yohei Miyanoiri , Mitsuhiro Takeda , Sanae Kondo  and Masatsune 
Kainosho  
1SAIL Technologies Inc., Kanagawa, Japan.  
2Center for Priority Areas, Tokyo Metropolitan University, Tokyo, Japan.  
3Structural Biology Research Center, Graduate School of Science, Nagoya University, Aichi, 
Japan. 
 
We developed a practical and robust method involving a conventional E. coli overexpression 
system for producing recombinant proteins selectively labeled with Ala, Arg, His, Ile, Leu, 
Lys, Phe, Pro, Met, Thr, Tyr, Trp, and Val residues. Using our protocol, labeling rates higher 
than 90%, which is sufficient for a variety of NMR experiments, could be achieved for the 13 
amino acid residues even on using only small amounts of labeled amino acids. A merit of this 
approach is that a variety of proteins that are otherwise difficult to produce can be obtained 
because of robust cellular expression, thereby providing an opportunity to apply this advanced 
isotope labeling method for a variety of proteins. Thus, the results of the current study, which 
involved the preparation of proteins labeled using SAIL amino acids in an otherwise 
deuterated background, show the feasibility of using this method for some proteins. 

2H 13C 15N

in vivo 
NMR

SAIL
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 Fig.1 Determination of labeling rate by GCMS 
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Dosy analysis of the decomposition process of polydimethylsiloxane by 
using methyl orthoformate 

Keisuke Sogabe1, 2, Yuichiro Fujimoto1, Koichi Ute2 and Hajime Ohtani3 
1 KANEKA TECHNO RESEACH CORPORATION, Osaka, Japan 
2Department of Chemical Science and Technology, The University of Tokushima, Tokushima, 
Japan.  
3Department of Materials Science and Engineering, Nagoya Institute of Technology, Aichi, 
Japan.  
 

Polydimethylsiloxane (PDMS) was decomposed by methyl orthoformate in methanol. 
Process of the decomposition was monitored by 1H DOSY. Diffusion coefficients (D) for the 
end-groups and the main chain of the PDMS increased with the passage of time. Number 
average molecular weight (Mn) was calculated from the intensity ratio of the resonances due 
to the end-groups and the main chain. Changes in Mn and D of PDMS were investigated. 

-Si-O-Si- C-C C-O
MOF 1) 2
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PDMS

PDMS PDMS MOF
3) PDMS 1H NMR

PDMS
SEC

Diffusion Ordered Spectroscopy DOSY (D)
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PDMS MOF 1H DOSY  

MOF
MOF MOF solv. 500 mg

 8,000 30 mg 2 mm NMR  

MOF  1H DOSY
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Fig.1 Time dependence of composition of peak 
x, y and z. 

Fig.2 Time dependence of D and Mn of peak x, 
y and z. 
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An in-cell NMR study of monitoring stress-induced increase of 

cytosolic Ca2+ concentration in HeLa cells 
Dambarudhar Shiba Sanker Hembram1, Hajime kamoshida1, Takahiro Haremaki1, 
Junpei Hamatsu1, Jin inoue1, Teppei Ikeya1, Masaki Mishima1, Masahiro Shirakawa2 

and Yutaka Ito1 
(1Dept. of Chem., Tokyo Metropolitan Univ., 2Dept. of Eng., Univ. of Kyoto) 

 
 Recent developments in in-cell NMR techniques have allowed us to study proteins in 

details inside living eukaryotic cells. The lifetime of in-cell NMR sample is however 
much shorter than that in culture media, presumably because of various stress as well as 
the nutrient depletion in the anaerobic environment within the NMR tube. It is well 
known that Ca2+-burst occur in HeLa cells under various stress. In this study, aiming at 
monitoring the states of proteins resulting from the change of cytosolic Ca2+ 
concentration during experiments, human calbindin D9k was used as the model protein 
and cultured HeLa cells as host cells. 
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(3) Inomata, K. et al. Nature 458, 106-109 (2009) 
 
 

Fig1. Time course of the 2D 1H-15N SOFAST-HMQC spectra of uniformly 
15N-labelled calbindin D9k(P47M+C80) in HeLa cells. The spectra were obtained 
during the period of 0-38 min (a), 39-76 min (b), 77-114 min (c), 115-152min (d), 
153-190min (e) from the start of the in-cell NMR experiments. 
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Quantitative Determination of Hydroxyl and Carboxylic Acid Groups in 
Synthetic Polymers by 31P-NMR Spectroscopy 

Masahiro Nakamura1, and Junko Sano1 
1DIC Corporation, Chiba, Japan.  

The end groups of synthetic resins affect drastically their physical properties and performance 
as products. For analysis of hydroxyl and carboxylic groups in some kinds of polymers, the 
derivatization using 2-chloro-4,4,5,5-tetramethyldioxaphospholane (TMDP) followed by 
31P-NMR spectroscopy1, 2) was investigated. This efficient and convenient method was found 
to analyze the small amount of end groups in polymers. 
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1)  A. Spyros and P. Dais, J. Agric. Food. Chem., 48, 802 (2000) 
2)  A. Spyros, J. Appl. Polym. Sci., 83, 1635 (2002) 

 Scheme 1 

 Fig. 1 31P-NMR spectrum of derivatized alkyd resin. 

 Fig. 2 31P-NMR spectrum of derivatized acetylated TMP. 
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Deposition Mechanism Analysis of TiO2 Thin Films by the LPD Process 
with Multi Nuclear NMR. 
○Hideshi Maki, Yuzo Okumura, and Minoru Mizuhata 
Graduate School of Engineering, Kobe University, Hyogo, Japan 
 

The Liquid Phase Deposition (LPD) reaction mechanism for preparing TiO2 films was 
investigated by 19F NMR analysis. In the LPD reaction solutions, 19F NMR spectra indicated 
that BF3(OH)- formed within a short reaction time, and the concentration of BF3(OH)- was 
much higher than that of BF4

- during the reaction. The concentration of fluoride ions which 
were not scavenged by H3BO3 was higher with increasing the concentration of (NH4)2TiF6. 
The complicated equilibrium behaviour of these various intermediate species in the LPD 
reaction solutions will affect the surface morphologies and the amount of yields of the metal 
oxide thin films. 
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- H3BO3 2
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- + H3O+ + 2H2O  2  

LPD SiO2, V2O5

TiO2

pH
[1]

19F NMR
NMR LPD TiO2

 
 

H3BO3 0.20 mol L-1 (NH4)2TiF6 0.025, 0.10, 0.20 mol L-1

3
30°C

SEM, XRD, 
19F NMR 1.0 mol L-1

KF F- 19F NMR H3BO3

(NH4)2TiF6 pH  
, , NMR 

 
○  ,  ,   

P49



－ 231－
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[1] S. Deki et al., Chem. Lett., 25, 433 (1996) 
 
 

Fig.2 Reaction time dependence of the concentration of the 
dissolving species in LPD reaction solutions.  
(NH4)2TiF6 aq. : (a) 0.025 mol L-1, (b) 0.10 mol L-1, (c) 0.20 mol L-1. 
H3BO3 aq. : 0.20 mol L-1. ●: TiF6

2-, ■: BF3(OH)-, ▲: BF4
- 

Fig. 1 19F NMR spectra of 0.1 mol L-1 (NH4)2TiF6 aq. 
and reaction time dependence of LPD reaction solution. 
(NH4)2TiF6 aq : 0.1 mol L-1. H3BO3 aq : 0.2 mol L-1. 
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Comparative analysis of metabolic dynamics in microalgae system upon 
different nutrient condition 

Toshiya Kobayashi1, Takanori Komatsu 1,2  and Jun Kikuchi1, 2, 3, 4 

1Grad.Sch.Medical Life Science , Yokohama City Univ., 2RIKEN CSRS, 3RIKEN BMEP 
4Grad. Sch. Bioagri., Nagoya Univ 

Microalgae system has “flexible” metabolic dynamics upon surrounding environmental 
changes such as different nutrient condition. We have investigated 13C/15N labeling conditions 
in microalgae system such as chlorella, and detected both water-soluble metabolites and 
macromolecular components in 1H-13C-HSQC spectra. Furthermore, use of 
1H-13C-HSQC-TOCSY and 3D-HCCH-COSY spectra help to identify as many as metabolites 
and macromolecular sugar moieties each other. Since the microalgae has unique metabolic 
system to storage its carbon sources into polysaccharides, we will discuss such environmental 
response and its polymer characterization by a variety of NMR techniques. 
 

30
10

Parachlorella kessleri 13C/15N
12 12 27

pH=7.0 NMR
700 MHz NMR NMR

HFA 3
DMSO-d6 / pyridine-d5 = 4:1 v/v 1H-13C-HSQC
3D-HCCH-COSY  
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13C/15N 1H-13C-HSQC-TOCSY
Fig. 1 SpinAssign

1H-13C-HSQC-TOCSY

DMSO-d6 / pyridine-d5
1H-13C-HSQC 3D-HCCH-COSY Fig. 2

3D-HCCH-COSY 1H-13C-HSQC
 

NMR
 

Fig. 1  1H-13C-HSQC-TOCSY spectra of water-soluble metabolites from chlorella. 

Fig. 2  1H-13C-HSQC and HCCH-COSY spectra of DMSO-d6 / 
pyridine-d5 soluble polysaccharides in chlorella. 
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Advanced sample control techniques using NMR measurements for 
noninvasive human samples 

Takuma Misawa1,Yasuhiro Date1,2 and Jun Kikuchi1,2,3,4 
1Yokohama City Univ., Kanagawa, Japan, 2RIKEN CSRS, Kanagawa, Japan, 3RIKEN BMEP, 
Kanagawa, Japan, 4Nagoya Univ., Aichi, Japan 

Noninvasive human samplings are important to alleviate pain with clinical test in a field of 
medical care. Metabolic profiling from the noninvasive samples may bring medical benefits 
such as discovering of biomarkers. In this study, we focused on the determining of most 
suitable condition for analyzing noninvasive human samples using NMR. According to the 
method optimized by our research, we performed PCA for noninvasive human samples 
collected from some volunteers. Our results will provide to advance in metabolic profiling 
technique for analyzing noninvasive human samples to lead to discovering of biomarkers by 
the modifications and optimizations. 
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1H NMR
STOCSY lactate

propionate (Figure 1) 1H NMR
PCA

Acetate lactate formate propionate
(Figure 2)
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Figure 1. 1D-STOCSY of 1H-NMR spectra for human saliva. 

Figure 2.PCA score plot (A) and loading plot (B) based on 1H 
NMR spectra. The volunteers described as ID in the score plot.  
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Development of a novel molecular probe for 1H-13C-HMQC-MRI 
○Masakazu Lee1, Hisatsugu Yamada2, Akira Makino4, Shunsaku Kimura3, Teruyuki Kondo2,  
Masahiro Shirakawa1, and Hidehito Tochio1 
1 Department of Molecular Engineering, Graduate School of Engineering, Kyoto University, Kyoto, Japan. 
2 Department of Energy and Hydrocarbon Chemistry, Graduate School of Engineering, Kyoto University, Kyoto, 
Japan. 
3 Department of Material Chemistry, Graduate School of Engineering, Kyoto University, Kyoto, Japan. 
4Biomedical Imaging Research Center, Fukui University, Fukui, Japan.  
 

As a candidate of novel molecular probes for Magnetic Resonance Imaging (MRI), a copolymer composed of 
poly-lactic acid and poly-sarcosine was synthesized with 13C enrichment. The polymer formed a molecular 

assembly called “lactosome” in aqueous solution, whose particle size was measured as approximately 50 nm. 2D 
1H 13C HMQC spectrum confirmed that the synthesized 13C-enriched lactosomes gave rise to substantially 
intense NMR signals, indicating its potential ability to be a molecular probe for 1H-{13C} HMQC MRI. The 

synthesized polymer was tested for in vivo visualization of tumors implanted in mice by using 1H {13C}-HMQC 
MRI pulse sequence.  
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1) van Zijl, et al., Magnetic Resonance in Medicine 30 (1993) 544 551 
2) A. Makino, et al., Biomaterials 30 (2009) 5156 5160  

Fig. 4 1H-13C-HMQC spectrum of 13C-PS PLLA 

Fig. 3 13C-PS PLLA 

Fig. 2 In vivo visualization of tumors in mouse models 

Fig. 1 Pulse sequence of 1H-{13C}-HMQC-MRI 
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Amino acid-selective stable isotope-labelling of proteins for the observation 

of in-cell NMR spectra in sf9 cells 
○Takashi Tanaka1, Jumpei Hamatsu1, Emiko Seiwa1, Teppei Ikeya1, Masaki Mishima1, and 

Yutaka Ito1 
1Department of Chemistry, Tokyo Metropolitan University, Tokyo, Japan. 

Abstract 
  The protocols employing intrinsic protein expression system for in-cell NMR 
measurements involve the considerable problem that severe background signals were 
commonly found in the spectra, whilst we have achieved ~80% of backbone resonance 
assignments of streptococcus GB1 in living sf9 cells by employing sf9/bacuoovirus protein 
expression system. 
  In this presentation, we show a demonstration of amino acid-selective stable 
isotope-labelling for sf9/baculovirus system, which allows us to simplify the severely 
overlapped in-cell NMR spectra. Furthermore, we also show a demonstration of utilising 
bioreactor system for extension of the lifetime of sf9 cells in NMR tubes, which is crucial for 
observing 3D NMR spectra. 
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in-cell NMR

Pichia pastris [7]
 

sf9/baculovirus
1H-15N HSQC

3 3 NMR GB1
80% Sf9/baculovirus

In-cell NMR, sf9, selective stable isotope-labelling 

P55



－ 243－

 
sf9/baculovirus in-cell NMR GB1

NMR
[8]

  
 

 
Sf9/baculovirus GB1 in-cell NMR

NMR 15N
Lys IPL-41 sf9

 
15N-Lys sf9 1H-15N HSQC GB1

Lys Fig. 1a
10

1H-15N SOFAST-HMQC Fig. 1b-g  
Ile, Leu, Val in-cell NMR

[9]
sf9/baculovirus Ile, Leu, Val

NOE  
 

Fig. 1 
  Overlay of the 2D 1H-15N HSQC spectra of sf9 cells expressing GB1 cultured with  uniformly 15N 
labelled medium (gray) and the Lys selective 15N-labelled medium are shown in (a). Close-up views of the 
overlayed HSQC spectra are also shown. 2D 1H-15N SOFAST-HMQC spectra of sf9 cells expressing GB1 
with bioreactor system (b~d) and without bioreactor system (e~g). The measurements were performed with 
respect to each 2 hours, 0~2 hours (b), (e), 4~6 hours (c), (f), and 8~10 hours (d), (g) from the initiation of 
the measurements are shown. 
 
References: [1] Ellis, R. J. Trends Biochem. Sci. 26, 597-604 (2001); [2] Ito, Y. & Selenko, P. 
Curr. Opin. Struct. Biol. 20, 640-648 (2010); [3] Selenko, P. et al. Proc. Natl. Acad. Sci. USA 
103, 11904-11909 (2006); [4] Sakai, T. et al. J. Biomol. NMR 36, 179-188 (2006); [5] 
Inomata, K. et al. Nature 458, 106-10(2009); [6] Ogino, S. et al. J. Am. Chem.Soc. 131, 
10834-10825 (2009); [7] Bertrand, K. et al. J. Am. Chem. Soc. 134, 12798-12806 (2012); [8] 
Kubo, S. et al. Angew. Chem. Int. Ed. Engl. 52, 1208-1211(2013); [9] Sakakibara, D. et al. 
Nature 458, 102-105(2009). 
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Solution and solid state multidimensional NMR for complex metabolic 
mixtures of 13C-labeled green algae 

Kengo Ito1, Takanori Komatsu1, Kenji Sakata2, Yasuhiro Date1,2 and Jun Kikuchi1,2,3,4 
1Yokohama City Univ., Kanagawa, Japan., 2RIKEN CSRS, Kanagawa, Japan., 
3RIKEN BMEP, Kanagawa, Japan., 4Nagoya Univ., Aichi, Japan. 

Comprehensive measurement of complex metabolic mixtures in seaweed has not yet been 
performed by combing 13C stable isotope labeling and NMR techniques. So we tried such 
analysis using 13C-labeled sample of Caulerpa brachypus Harvey by several NMR 
measurements. The cross peaks detected by 13C CP-INADEQUATE were analyzed by using 
network approach following through 13C-13C coupling connectivities, then polysaccharide 
peaks were annotated as Glucopyranose moiety. In solution NMR, the peaks of many 
saccharides were detected around 4 ppm, and Maltodextrin and alpha, alpha-Trehalose were 
abundantly observed in the sample. From these results, comprehensive analysis of complex 
metabolic mixtures in seaweed was possible by several NMR measurements using 13C-labeled 
sample. 
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1. Malz, F. et al., Carbohydrate Research. 2007, 342, 65–70. 
2. Lahaye, M. et al., Carbohydrate Research. 2003, 338, 1559–1569. 

Fig.1 The 2D 13C CP-INADEQUATE spectra 
of C. brachypus. 

Fig.2 The 3D HCCH-TOCSY spectra of C. 
brachypus. 
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Chemical diversity profiling for organic substances in deep-sea sediment 
based on NMR spectra 

Yasuhiro Date1, 2, Taiga Asakura2, Yuuri Tsuboi1, Kenji Sakata1, Takao Yoshida3, Tadashi 
Maruyama3, and Jun Kikuchi1, 2, 4, 5 
1RIKEN CSRS, Kanagawa, Japan., 2Grad. Sch. Med. Life Sci., Yokohama City Univ., 
Kanagawa, Japan. 3JAMSTEC, Kanagawa, Japan., 4RIKEN BMEP, Kanagawa, Japan., 
5Grad. Sch. Bioagri. Sci., Nagoya Univ., Aichi, Japan. 

Deep ocean floor is basically nutrient-poor environment but has an important food source 
provided by a continuous shower of marine snow consisting of mostly organic detritus. 
However, little information about complex forms, structures, and compositions of chemical 
mixtures deposited into the deep-sea sediments is available. Here we developed an evaluation 
approach for chemical diversity based on NMR spectral data by modification and 
optimization of the concept of “diversity index” in the field of ecology, and evaluated the 
chemical profiles and diversities in deep-sea sediments. The evaluation by the approach was 
capable to capture the characteristics of organic compositions and their complex chemical 
forms in individual sampling points. Correlation analysis based on the approach revealed 
chemical diversities inversely related with microbial diversities in the deep-sea sediment. 
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NMR

 
metabolomics, chemical diversity index, multivariate statistical analysis 
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 Fig. 1 Relationships between chemical diversity and microbial 
community diversity. 
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129Xe Nuclear Magnetic Resonance Spectroscopy of Xenon Adsorbed on 
Mesoporous Materials under Continuous-flow Hyperpolarized Xenon Gas

Mineyuki Hattori1, Takashi Hiraga1, Naohiro Kaga2, Norio Ohtake3

1National Institute of Advanced Industrial Science and Technology (esprit), Tsukuba, Japan.
2Aurea Works Corporation, Yokohama, Japan, 3Toyoko Kagaku Co., Ltd, Kawasaki, Japan.

129Xe Nuclear Magnetic Resonance (NMR) techniques have been applied to probe porosity of 
mesoporous materials and the pore size is known to relate with the chemical shift. Since the 
Van der Waals radius of Xe is known to be 0.216 nm, the possible pore size to adsorb xenon 
should be larger than 0.4 nm in diameter. Then the mean pore diameters ranging from 0.4 to 
300 nm are the possible target to show the relationship experimentally. We have developed an 
apparatus to produce the laser induced hyperpolarized (HP) Xe gas continuously and tried to 
apply it to mesoporous materials.
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Detection of responses to olfactory stimuli in olfactory bulbs using magnetic 
resonance imaging 

Makoto Hirakane1, Haruna Gotoh1, Sosuke Yoshinaga1, Shigeto Iwamoto1, Mika Shirasu2, 
Kazushige Touhara2, Hiroaki Terasawa1 
1Department of Structural BioImaging, Faculty of Life Sciences Kumamoto University 

2Department of Applied Biological Chemistry, Graduate School of Agricultural and Life 
Sciences, The University of Tokyo 
3ERATO Touhara Chemosensory Signal Project, JST, The University of Tokyo 

Sensory input to the olfactory system provides animals with essential information for survival. 
Odors are chemical signals that regulate a wide range of social and sexual behaviors in many 
animals. Mice detect odors through the olfactory sensory neurons in the main olfactory 
epithelium (MOE). This neuroepithelium is connected to the next central station, the main 
olfactory bulb (MOB). We sought to detect the activated glomeruli in the olfactory bulb by 
manganese-enhanced MRI techniques, and to clarify the mechanism of discrimination and 
recognition of numerous chemical signals. After an aqueous MnCl2 solution was injected into 
its nostril, the mouse was exposed to the odor. T1-weighted MRI covering the olfactory bulb 
was acquired with 3D rapid acquisition. We found that odors increase Mn2+ uptake into the 
cells of the olfactory bulb in the odor-stimulated groups, in comparison in a control group. 
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[1] K. Touhara, L. B. Vosshall, Annu Rev Physiol 71, 307-332 (2009) 
[2] N. Uchida, Y. K. Takahashi, M. Tanifuji, K. Mori, Nat Neurosci 3, 1035-1043 (2000) 
[3] F. Xu, M. Schaefer, I. Kida, J. Schafer, N. Liu, D. L. Rothman, F. Hyder, D. Restrepo, G. 
M. Shepherd, J Comp Neurol 5, 491-500 (2005) 
[4] Y. J. Lin, A. P. Koretsky, Magn Reson Med 38, 378-388 (1997) 
[5] R. G. Pautler, A. C. Silva, A. P. Koretsky, Magn Reson Med 40, 740-748 (1998) 

Fig. 1 Manganese-enhanced imaging (MEMRI) of 
the olfactory bulb. Both the glomerular layer (GL) 
and mitral cell layer (MCL) were enhanced, while 
other layers, such as the external plexiform layer 
(EPL) and the granular cell layer (GCL) were 
darker in coronal (left) and axial (right) slices. 
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High-Resolution Magnetic Resonance Imaging Using a High Tc Bulk 
Superconducting Magnet

Daiki Tamada1, 2, Katsumi Kose1, Yosuke Yanagi3, Yoshitaka Itoh3, and Takashi 
Nakamura1,2

1 Institute of Applied Physics, University of Tsukuba.
2 RIKEN.
3 IMURA MATERIAL R&D CO., LTD.

A high critical temperature (Tc) superconducting bulk magnet is a promising magnet for high 
resolution magnetic resonance imaging (MRI). A bulk magnet MRI system we developed in 
2011 showed their potential for high resolution imaging by acquiring the MR image with the 
resolution of (50 m)3. However, there are still challenges to achieve higher resolution, and 
better quality imaging because of the inhomogeneity of the magnetic field, the shielding effect
of the magnet, and low signal-to-noise ratio due to small voxel volume. In this study, we 
designed the new bulk magnet using the finite element method to achieve higher homogeneity
with lower shielding effect. In addition, the compressed sensing method was used for MR 
imaging to improve the signal-to-noise ratio per unite time. Finally, MR images were 
acquired to show the usefulness of our system.

[1]
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Q=52 (-3dB) [6] TL
B1

4 mm 4 mm Q=106 -3 dB
GX GY Golay GZ

Maxwell 14.7 mm 18.0 mm
0.3 mm

10

Figures 2 (a) Schematic of the bulk magnet. (b, and c) The bulk magnet was magnetized using the field cooling 

method. (d) Twisted Loop Coil 8.1 mm diameter (e) Solenoid Coil(4 mm diameter, 4 mm length, and 4 turns)

28 mm 36 mm EuBCO
Fig.2(a)

28 mm 36mm
(PHOTO-Series)

NMR JASTEC JRTC-300/89
4.74T

100K
Fig.2(b)

50K 4.74T
40K

Figure 1 MRI system used in this 

study.
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Fig.2(c)

3D TR /TE =100/10 ms
=(200 m)3 =643

6 mm 6 mm
TL Fig.2(d)
Fig.2(e) 202 MHz 

TL Fig.2(d)

OHP 25.4 mm 12.8 mm
0.3 mm 3 mm

33 pF
Figs.3(a, and b) (c, and d)

TL 8.1 mm
8mm Fig.3(d)

(CV)=0.21 TL

CV =0.15
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[4]

SNR [5] CS
Reduction Factor (R) = 5

20%
k-space GPU(NVIDIA, Tesla1060) Fast Composite Splitting Algorithm
FCSA CS

(FS) CS
3DSE (TR/TE=100/10 ms, =(50 m)3,

=2563 FS =2 CS =10)
FS CS 3.6

3DSE (TR/TE=600/10ms, =(50 m)3, FOV = (12.8mm)3,
=2563, =36.5 , (NEX)=16) TL

3DGE (TR/TE=70/10ms, =(32 m)3, FOV 
= (8.19 mm)3 NEX=5, =2563 =1.3 )

Figure 3 (a-d) MR images of NiSO4

doped water using the saddle shape coil 

(a, and b), and TL coil (c, and d). (e)

NiSO4 doped water in a 8 mm NMR 

tube.

Figure 4 (a) Phytolaccaceae (b, and c) MR images of 

Phytolaccaceae using spin echo sequences with full sampling 

(b), and CS sampling (c). 
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[1] T. Nakamura, et. al., Concept Magn. Reson. B (Magn. Reson. Eng.) 31B 

(2007) 65. [2] K. Ogawa, et. al., Appl. Phys. Lett. 98 (2011) 234101. [3] D.Tamada, et. al., 
Physica C, 492 (2013) 174. [4] M. Lustig, et al., Magn. Reson. Med. 58 (2007) 1182. [5]
D.Tamada, et. al., Proc., ISMRM, 21th Annual Meeting (2013) 0136. [6] W. Loew, et. al., 
Proc., ISMRM, 20th Annual Meeting (2012) 2623. 

Figure 5 (a) Pill bug. (b, and c) MR images of 

the pill bug using spin echo sequences with 

CS. (d, and e) Minimum intensity projection 

of the MR images.

Figure 6 (a) Apple seed. (b, and c) MR 

images of the apple seed using 

gradient echo sequences with CS.
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Feasibility study of an ultra low-field functional magnetic resonance 
imaging system 

Masanori Higuchi, Daisuke Oyama and Gen Uehara 
Applied Electronics Laboratory, Kanazawa Institute of Technology, Kanazawa, Japan.  

Recently, many studies of ultra low-field magnetic resonance imaging by using 
superconducting sensors have been reported. This brand-new technology has a potential to 
obtain functional information of a human brain (Ultra Low-Field functional Magnetic 
Resonance Imaging: ULF-fMRI). A problem is that the frequency of the nuclear magnetic 
resonance signal becomes extremely low and this causes difficulties to reconstruct images. 
We proposed a method to transform such extremely low frequency to more practical 
frequency by using the asymmetry spin echo method. By performing NMR experiments, we 
confirmed that the proposed method works properly.  
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Fig.1 System block diagram of the NMR 
experimental system. 
 

Fig.2 Observed NMR signals in asymmetry 
spin echo.  

Fig.3 Influence of the additional field(Badd) 
in first measurement field(B1). 

B1: 

B2: 
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H+-ATP subunit c-ring
NMR

 

 
Structure determination of H+-ATP synthase subunit c-ring reconstituted 
into lipid bilayer by solid-state NMR 

Yasuto Todokoro1,2, Su-jin Kang3, Ikuko Yumen1, Iku Iwasaki1, Toshiharu Suzuki4, 
Masasuke Yoshida4,5, Toshimichi Fujiwara1, Hideo Akutsu1,3 
1Institute for Protein Research, Osaka University, 2Department of Science, Osaka University,
3Department of Biophysics and Chemical Biology, Seoul National University, 4Chemical 
Resources Laboratory, Tokyo Institute of Technology, 5Department of Molecular Bioscience, 
Kyoto Sangyo University 

A rotary motor ATP synthase is located in bacterial plasma membranes, thylakoid 
membranes of chloroplasts, and mitochondrial inner membranes. F-type ATP synthase from a 
thermophilic Bacillus PS3 (TFoF1-ATP synthase) is one of them. TFo subunit c (TFoc) 
consists of 72 amino acids, and forms an oligomeric ring, which acts as a proton motor. The 
proton-transfer mechanism has not been understood in detail however several structures of 
c-ring have been determined in crystals. Thus, we determined the structure of the TFoc-ring 
reconstituted into liposomes to elucidate the proton-transfer mechanism by solid state NMR. 

 
H+-ATP

ATP ADP
ATP

F1 ab2c8~15 Fo

c ring PS3 ATP
Fo c-ring TFoc-ring c-ring

ring ring
ring

TFoc-ring NMR
13C,15N

TFoc-ring  TFoc-ring

NMR ATP
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2D 13C-13C
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spin diffusion 2D

13C-13C
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Xplor-NIH TFoc-ring TFoc-ring

TALOS

TFoc-ring Fig.1a
TFoc-ring

helix-turn-helix Fig.1c,d
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Fig. 1 Structures of TFoc-ring in membrane determined 
by solid-state NMR. (a) Superimposed 10 structures. (b) 
Electrostatic potential mapped with positive areas in 
black and negative in gray. Cartoon representation of the 
ring, viewed from membrane (c) and F1 (d). 

 (a)  (b) 

 (c)  (d) 

 E56 
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CSA measurement of lipid bilayer by Spin-Echo MAS NMR 

Yuichi Umegawa1, 2, Shigeru Matsuoka, Toshiyuki Yamaguchi, and Michio Murata 
1JST-ERATO Murata Lipid Active Structure Project, Osaka, Japan. 
2Graduate School of Science, Osaka University, Osaka, Japan.  

Chemical shift anisotropy (CSA) of lipids is frequently used to discuss membrane properties 
and lipid-protein interactions. To obtain the CSA values from high resolution MAS spectra, 
we performed spin-echo MAS experiments with non-rotor-synchronized interpulse delay time. 
In this method, the CSA value is observed as decay of center-band signal intensity.  

In this presentation, we applied the spin-echo MAS method to various lipid membranes, 
and successfully extracted the CSA values from high resolution NMR spectra. Based on these 
results, the advantages of this method will be discussed. 
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Figure 1. MAS (5 kHz) 31P NMR 
spectra of hydrated DMPC membrane 
(243 MHz, 29.5°C) at different 
interpulse delays (a) and relative 
intensity of centerband signal (b), 
where the best fit curve was drawn 
with the CSA value of 41.3 ppm and 
the T2 relaxation time of 2.21 ms. 
 

  
 
Figure 2. (a) MAS 31P NMR 
spectrum of SSM/DOPC/cholesterol 
membrane measured at 45°C under 
5 kHz MAS. (b) Relative intensity 
of SSM and DOPC 31P signals at 
different interpulse delays. (c) 
Non-1H decoupled MAS 13C NMR 
spectrum of SSM/DOPC/cholesterol 
membrane obtained at 45°C under 5 
kHz of MAS with the deconvolution 
of overlapping carbonyl signals of 
DOPC. (d) Relative intensity of 
three carbonyl carbon signals at 
different spin-echo interpulse 
delays.  
 

 
 

1) Raleigh, D. P.; Olejniczak. E. T.; Griffin, R. G. J. Chem. Phys. 1988, 89, 1333-1350. 
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Structure and affinity analysis of bovine lactoferrampin bound to neutral 
model membranes as studied by solid state NMR and QCM 

Masayoshi Imachi1, Namsrai Javkhlantugs1, Atsushi Kira2,Atsushi Tutsumi1, Izuru 
Kawamura1, and Akira Naito1 
1 Graduate School of Engineering, Yokohama National University, Yokohama, Japan. 
2Reasearch and Development Division, ULVAC Inc, Japan. 

Bovine lactoferrampin(LFampinB) is an antimicrobial peptide found in the N1-domain of 
bovine lactoferrin(268-284). The structure of LFampinB bound to the neutral 
membrane(DMPC:DMPG=5:1) was determined by analyzing the chemical shift anisotropies 
of carbonyl carbons of 6 kinds of amino acid residues. These results indicated that LFampinB 
formed α-helix in the N-terminal region and the α-helical axis rotated rapidly about the 
bilayer normal with the tilt angle of 40° to the axis. The association constant (Ka) of 
LFampinB with the neutral lipids was 300 times smaller than that with the acidic membrane 
determined by QCM. The difference of the Ka value explains that LFampinB selectively 
interacts with the acidic bacterial membrane.  

 Bovine Lactoferrampin (LFampinB) Bovine Lactoferrin(bLF)
N1 268-284 17

bLF N1 Bovine 
Lactoferricin(LFcinB) 1) LFampinB +5

2) 

LFampinB 1-11 α-helix helix
45° 3) 

LFampinB NMR
 

NMR LFampin
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 13C LFampinB Leu3, Leu4, Ala7, Gln8, Phe11, Gly12 13C
Fmoc
DMPC DMPG 5:1

(MLV) :
=1:20( ) 40 DD

20 CP 13C-NMR LFampinB 31P-NMR
NMR Chemagnetics CMX 

infinity-400 FT-NMR  
 

 
(1)  

31P-NMR MLV
MLV δ ,δ
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LFampinB
 

(2) LFampinB  
helix

Δδcal ζ
γ  

 
 

13C DD-static Δδobs
13C 

DD-MAS 13C CP-MAS
δ11,δ22,δ33 Fig.1  
 
 

 
 
Fig.1 13C NMR spectra for [1-13C] Leu4 LFampinB (a) DD-Static (b) DD-MAS 4kHz 
 (c)CP-MAS 2KHz peak of lipid 
Δδcal Δδobs RMSD helix

40 Δδcal Δδobs

( ) helix
Leu3 Ala7 α-helix Phe11

α-helix Fig.2
N 40°

 
 

1) Marieke, I. A. van der Kraan et al: Peptides (2004) 25, 177-183. 
2) Evan, F. et al: Biochim. et Biophys. Acta (2007) 1768, 2355-2364. 
3) Tsutsumi,A. et al: Biophys.J (2012) 103,1735-1743. 

Fig.2 Structure of 
LFampinB bound 
to neutral lipid bilayer 
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Solid-state NMR structural analysis of transmembrane halobacterial 
transducer pHtrII in cellular environment

Ayako Egawa1, Keisuke Ikeda1,2, Lili Mao3, Kokoro Hayashi1, Chojiro Kojima1, Masayori 
Inouye3 and Toshimichi Fujiwara1

1Institute for Protein Research, Osaka University
2Graduate School of Pharmaceutical Sciences, University of Toyama
3Department of Biochemistry, UMDNJ-Robert Wood Johnson Medical School

Transmembrane protein pHtrII from N. pharaonis is a transducer binding to phoborhodopsin. 
We studied fully 13C, 15N labeled 159-residues pHtrII by high-resolution solid-state NMR in 
Escherichia coli cells. Only protein pHtrII was labeled efficiently in the cells by the 
condensed single protein production (cSPP) system using m-RNA interference. The amount of 
the cells required for this cellular analysis was much smaller than that for the analysis of 
purified protein reconstituted in lipid bilayers. The obtained 13C chemical shifts in the cells 
confirmed that the transmembrane and cytoplasmic domains formed the structure reported by 
our previous solid-state NMR study of the purified protein. The cleavage of the peptide bonds 
in the cells was also monitored by the 15N signals.

N. pharaonis
ppR (pharaonis phoborhodopsin) 500nm

ppR
pHtrII (halobacterial transducer)

ppR pHtrII
HAMP

X Gly23 Leu82
pdbID:1H2S [1]

Leu82
NMR pHtrII HAMP

pHtrII
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Single Protein 
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SPP pHtrII 13C, 15N
ACA pHrtII ACA

MazF
3.2mm NMR Varian

Infinity-plus 700 2D 13C-13C 12.5
kHz –70oC 5oC 13C-13C NOE-TOCSY

15N 1D 15N

cSPP

1D
13C

13C-13C NOE-TOCSY
13C-13C DMPC
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70oC NMR pHtrII
pHtrII
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70 15N

5 % 
pHtrII 167 9

1. Gordeliy, V.I. et al. (2002) Nature, 419:484-487.  
2. Suzuki, M. et al. (2007) Nat Protoc, 2:1802-1810.

 
 
Figure1. 2D 13C-13C correlation spectrum of  
the membrane fraction of pHtrII expressed cells.  
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Development of GFT NMR based sequential assignment method and tools 
for proteins in solid states 

Hajime Tamaki1, Ayako Egawa2, Masakatsu Kamiya1, Takashi Kikukawa1, Tomoyasu 
Aizawa1, Keiichi Kawano1, Toshimichi Fujiwara2 and Makoto Demura1 
1 Graduate School of Life Science, Hokkaido University, Sapporo, Japan 
2 Institute for Protein Research, Osaka University, Osaka, Japan  

Magic-angle-spinning solid-state NMR (MAS ssNMR) has great potential to provide 
information for structure and dynamics of insoluble biomolecules such as membrane proteins 
and amyloid fibrils. In spite of rapid development of technical aspects, assignment is still a 
difficult task, due to peak line width broadening in solid-state. Multi-dimensional experiment 
is a straightforward approach to avoiding this problem. One of the biggest drawbacks of this 
approach is sampling limitation in indirect dimensions. To tackle this limitation, we have 
developed a sequential assignment method based on G-matrix Fourier transform (GFT) 
projection NMR spectroscopy, which is one of the fast data sampling methods. In addition, 
we have developed computer-aided assignment software for GFT NMR in solid states. We 
will discuss about them. 
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Figure 1. 
Chemical shift correlation 
diagrams of CANCOCX 
and CONCACX. Atoms 
circled with dashed line 
were jointly sampled. 
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Retinal-Protein interaction in Phoborhodopsin as studied by 13C solid-state 
MAS NMR 

Izuru Kawamura1, Ryota Nishikawa1, Takashi Okitsu2, Akimori Wada2, Yuki Sudo3, Naoki 
Kamo4 and Akira Naito1 
1Graduate School of Engineering, Yokohama National University, Yokohama, Japan.  
2Department of Organic Chemistry for Life Science, Kobe Pharmaceutical University, Kobe,  
3Graduate School of Science, Nagoya University, Nagoya, Japan.  
4Faculty of Advanced Life Science, Hokkaido University, Sapporo, Japan.  

   Here we present a 13C MAS SSNMR study of retinal-protein interactions in pharaonis 
phoborhodopsin (ppR), which is a microbial 7-transmembrane-helix protein. [15, 
20-13C]Retinal, [Cζ-13C]Tyr and [Cε-13C]Lys-labeled ppR and its mutants within the lipid 
bilayer were prepared to investigate the conformation of residues in the vicinity of retinal. 
The correlated peaks of Tyr174 and Lys205 with retinal were clearly appeared in 2D 
proton-driven spin-diffusion (PDSD) NMR spectra. These NMR signals have revealed 
structural information about retinal-binding site. In this presentation, we will describe the 
application of solid-state NMR to probe the change of interaction between retinal and protein.  

(ppR) Natronomonas pharaonis
7 ( 26,000)

ppR Tyr174 Thr204
( 1)

(1) F
Tyr

Tyr In-situ
- NMR ppR

(2) Proton-Driven 
Spin-Diffusion (PDSD) Tyr174 13C

 
NMR, 13C-13C ,  

 
○ , , , , 

,  
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2.  13C ppR ppR/His-Tag
BL21(DE3) [15, 20-13C] , [Cζ-13C]Tyr

[Cε-13C]Lys M9 OH Cζ
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3. 13C CP-MAS ppR 20 15

13.5 ppm 162.1 ppm ppR 11 Tyr 2
Lys( Lys205)
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4.  
(1) Y. Sudo, Y. Furutani, H. Kandori, J.L. Spudich (2006) J. Biol. Chem. 281 34239-34245. 
(2) Y. Tomonaga, T. Hidaka, I. Kawamura, T. Nishio, K. Osawa, T. Okitsu, A. Wada, Y. 
Sudo, N. Kamo, A. Ramamoorthy, A. Naito (2011) Biophys. J. 101 L50-L52. 
(3) M. Eilers, J.A. Goncalves, S. Ahuja, C. Kirkup, A. Hirshfeld, C. Simmerling, P.J. Reeves, 
M. Sheves, S.O. Smith (2012) J. Phys. Chem. B 116 10477-10489. 

1: Tyr174
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Analysis of photoreaction pathway of sensor type photoreceptor membrane 
protein by in situ photo irradiation solid-state NMR 

Yoshiteru Makino1, Yuya Tomonaga1, Yusuke Shibafuji1, Hiroki Yomoda1,  
Tetsurou Hidaka1, Izuru Kawamura1, Takashi Okitsu2, Akimori Wada2,Yuki Sudo3, 
Kamo Naoki4, and Akira Naito1 

1Grad. Sch. Emg, Yokohama Natl Univ.  
2Kobe Pharm Univ.  
3Grad. Sch. Sci, Nagoya Univ.  
4Grad. Sch. Life Sci, Hokkaido Univ.  
 

Sensory rhodopsin is a photo receptor retinal protein with a congenital transducer protein. 
Through the photo cycle, signal transfer to transducer protein to express function of negative 
or positive phototaxis. ppR(pharaonis phoborhodopsin) from complex with a transducer 
protein pHtrII to express negative phototaxis. To analyses photoreaction pathway, we 
measured 13C NMR under the photo irradiation using in situ photo irradiation CP-MAS NMR. 
The result demonstrated that the conformational change occurred in the transmembrane region 
of pHtrII, and some intermediates such as M, N, O were observed. In the same way, we 
observed to photo activation pathways of srSRI. srSRI shows mainly positive phototaxis, 
while negative phototaxis under UV light.  The result demonstrated color-discriminating 
pathways of srSRI such as G M, (green light) M P(blue light),and G P(blue light) .  
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 Fig. 2 13C NMR spectra at 0  

 Fig. 1 Potocycle of ppR(A) and srSRI(B) 
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Elucidation of Silk II Structure of Bombyx mori Silk Fibroin: 
Use of DARR Method 

Keiko Okushita1, Atsushi Asano1, Akihiro Aoki2, and Tetsuo Asakura2,3 
1 Department of Applied Chemistry, National Defense Academy, Kanagawa, Japan.  
2 Department of Technology, Tokyo University of Agriculture and Technology, Tokyo, Japan.  
3 Institute for Molecular Science, Aichi, Japan.  

The structure of the crystalline region of Bombyx mori silk fibroin changes from Silk I to Silk 
II by spinning. Although the structure Silk I was already determined with solid state NMR, 
the structure of Silk II has not been determined yet. Recently, a novel Ala-Gly (AG) model of 
the Silk II consisting of two kinds of -sheets with different inter-molecular arrangement and 
distorted -turn was proposed. In this study, we tried to elucidate the Cp-fraction (crystalline 
fraction) with Silk II form on the basis of the build-up curves obtained from 2D 13C-13C 
DARR measurements. At first, the validity of the build-up curve analysis was examined with 
AP-  [U-13C] Ala4, where the structure was already determined by X-ray study. The error 
range of the analysis was estimated to be (EV) = 0.31. Then, the 2D DARR spectrum of 
[U-13C] Cp-fraction was used to analyze the Silk II structure by paying attention to the 
inter-molecular distances between Ser and Ala residues. 
 

55%

Silk II

( Silk II
Cp )  

Cp 13C CP/MAS NMR
Ala-C 3
(Fig. 1)

NMR 2 Distorted -turn
1 2

2

 Fig. 1 Ala-C  region of solid-state 
13C CP/MAS NMR spectra
of (AG)15 and Cp fraction3. 

Solid-state NMR, DARR , Silk fibroin, Silk II structure 
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2 2-4  
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9 M LiBr
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[U-13C] Ala4 Bruker DMX 500 NMR( )

Fig.2 Schematic representation of analytical 
process for the Silk II structure. The build-up 
curve was simulated from each effective 
13C-13C distance (rA, rB) estimated from (AG)15. 
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 (Fig. 4a ) Ser 2  

 Fig. 3 (a) 13C CP/MAS and 2D DARR spectrum ( m = 100 ms) 
of AP-  [U-13C] Ala4, (b) comparison between the observed ( ) 
and calculated (solid line) build-up curve, and (c) evaluation 
value at each peak estimated from the normalized RMSD. 
Numbers of (b) and (c) correspond to the peak numbers in (a). 
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[1] Asakura et al., Protein Sci. 2005, 14, 2654-2657.  
[2] Demura M. et al., J. Am. Chem. Soc. 1998, 120, 1300-1308. 
[3] Asakura et al. J. Am. Chem. Soc., 2002, 124, 8794-8795. 
[4] Asakura, T.; Yao, J. Protein Sci., 2002, 11, 2706-2713. 
[5] , 25  2013 1C06. 
[6] Kameda T. et al., Macromolecules 1999, 32, 7166-7171. 

Fig. 5 Observed ( ) and calculated 
(solid line) build-up curves of a 
(Al-C -(Ser-C  correlated peak. 
The calculated curve in (a) was 
estimated from rA and rB directly 
and that in (b) was also utilized the 
13C label ratio and Ser-Ala residue 
fraction. 

 Fig. 4 (a) 13C 2D DARR spectrum of [U-13C] Cp-fraction 
( m = 400 ms). The cross peaks of Ser-Ala depicted by 
broken lines and circles. (b) The (Ala-C )-(Ala-C ) 
distances in the relation of intra- and inter-molecular 
structure in AG model A and B. 
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Structural analysis of proteins by paramagnetic relaxation enhancement of 
13C-NMR in solid states 

Kouki Kido1, Hajime Tamaki1, Ayako Egawa2, Tomoshi Kameda3, Masakatsu Kamiya1, 
Takashi Kikukawa1, Tomoyasu Aizawa1, Keiichi Kawano1, Toshimichi Fujiwara2 and 
Makoto Demura1 
1Graduate School of Life Science, Hokkaido University, Sapporo, Japan. 
2Institute of Protein Research, Osaka University, Suita, Japan. 
3Computational Biology Research Center, National Institute of Advanced Industrial Science 
and Technology (AIST), Tokyo, Japan. 

   Paramagnetic relaxation enhancement (PRE) provides longer distance information than 
NOE and spin diffusion. Thus, it is widely used for structure analysis of the biomolecules in 
solution NMR. Recently, 15N-PRE is applied to analysis protein backbone structures by 
solid-state NMR. In contrast, 13C-PRE has an advantage that it provides not only backbone 
information but also side-chain information. However, qualitative analysis of 13C-PRE in 
fully 13C labeled proteins is difficult due to spin-diffusion. In order to solve this problem, we 
aimed to develop a method for the measurement of 13C-PRE and the estimation of distance in 
solid-state NMR. We will discuss the validity of distances derived from 13C-PRE method. 
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Fig.1 2D 13C-13C correlation spectra of 
GB1. C’ region of 19EDTA-Mn2+ 
sample (A) and 19EDTA-Zn2+ (B). 
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Living Escherichia coli cells as studied by 1H-NMR relaxation under Gd3+ 
paramagnetism  

Chalermpon Khampa1, Ayako Egawa1, Chojiro Kojima1 and Toshimichi Fujiwara1 
 Institute for Protein Research, Osaka University 

 

      water component of an Escherichia coli sample containing glycerol and gadolinium (III) 
ion was studied by 1H-NMR at 0°C. An analysis of relaxation curves revealed that water protons 
in the E. coli sample in this study could be classified into two groups consisting of 1) the protons 
of the intracellular water and 2) the protons of the extracellular water. The concentrations of the 
free Gd3+ion inside and outside the E. coli cells were also estimated from the experimental 1H-
NMR spectral intensities. This verified that most of the free Gd3+ ions in this sample were 
distributed in the extracellular solution. Thus, the extracellular free Gd3+ ion could enhance the 
relaxation rate of a molecule on the outer membrane of the E. coli cells. The apprehension of the 
location of free Gd3+ ion in the E. coli sample will be utilized to develop the in-cell site specific 
NMR spectroscopy technique. This study, furthermore, proved that Gd3+ permeated gradually into 
the cells on the time scale of a day. 
 

Introduction     
 

     The location of a protein in cell is essential to apprehend the biological functions. Even 
though the using of paramagnetic relaxation enhancement (PRE) enables the NMR spectroscopy 
to investigate these properties in a membrane-mimetic environment [1-2], the determination of the 
protein location in cell is still difficult. In order to use the PRE of gadolinium (III) ion to examine 
the location of the protein in the native cell, the understanding of the distribution of free Gd3+ ion 
in the living cell sample is necessary.  
 
Materials and Methods  

 

 This study utilizes the Gd3+ paramagnetism to study the water of E. coli cells. The 
relaxation rate of the cellular water proton provides the concentration of free Gd3+ ion in the living 
E. coli sample. The BL21 StarTM (DE3) E. coli was cultured in LB medium. The suspension of the 
cell after washing and centrifugation was mixed with glycerol in order to prevent cell lysis due to 
the strong ionic strength of the Gd3+ solution. The Gd3+ solutions with various concentrations were 
finally added into the sample before the NMR experiment. (Figure 1.) The relaxation rates of 
proton in the E. coli samples were measured by 500 and 700 MHz spectrometer, equipped with a 
4.0 mm triple resonance probe using saturation recovery pulse. The relaxation curves were then 
In-cell NMR, Paramagnetic Relaxation Enhancement, Gadolinium 
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fitted with a multiple exponential relaxation function. The E. coli sample which did not contain 
glycerol and Gd3+ solution was lyophilized overnight. The final concentrations of Gd3+ ion in the 
extracellular of E. coli sample were estimated based on the lyophilization result and the statistical 
data of E. coli.  
 

 

 

 

 

 

 

 

         

                                                                 Figure 1. Procedure of E. coli sample preparation 

 
Results and Discussion   
 
     The relaxation curves of the E. coli sample containing Gd3+ ion were best fitted with the 
double exponential relaxation function. This revealed that water protons in the E. coli sample in 
this study could be classified into two groups consisting of 1) the protons of the intracellular water 
and 2) the protons of the extracellular water. This also indicated that the distributions of free Gd3+ 
ion inside and outside the cell were unequal. The extracellular proton should relax faster than the 
intracellular proton. This result confirmed that most of the free Gd3+ ion was confined outside the 
cell. (Figure 2.) Nevertheless, the relaxation rates of both intracellular proton and extracellular 
proton increased when the concentration of Gd3+ ion was higher. This delineated that some of Gd3+ 
ion could diffuse into the cell and enhance the relaxation rate of the intracellular proton. Moreover, 
the fraction of each type of proton in each E. coli sample which different in Gd3+ concentration 
was not constant. This reflected the response of E. coli against the raising of the extracellular Gd3+ 
ion. E. coli cell allow flowing some water to reduce the extracellular osmotic pressure caused by 
Gd3+ ion. [3] 
 
     The relaxation curve of the Gd3+-free E. coli sample was also able to be fitted with the 
double exponential relaxation function. The assignment of the proton components of this sample 
was based on the comparison with the reference sample and the theoretical model. The 20% by 
volume glycerol solution was prepared according to the lyophilization result to mimic the 
extracellular solution of the E. coli sample. Its relaxation rate was close to the relaxation rate of 
one of the proton components analyzed from relaxation curve. This component was, therefore, 
identified as the extracellular proton. The relaxation rate of the other component was distinct from 
the relaxation rate of the glycerol solution. This relaxation rate related to the cellular water model 
of Persson and Halle. [4] Persson and Halle stated that the cellular water could be divided into the  
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  Figure 2. Model for calculation the total concentration of extracellular Gd3+ ion 
 
 
first hydration layer and the bulk water. The viscosity of the first hydration layer is about 15.6 
folds higher than the bulk water. The correlation times of a water molecule in the first hydration 
layer and the bulk water calculated from Persson-Halle model corresponded well with the 
correlation times calculated from the experimental relaxation rate. Thus, this proton component 
should be the intracellular proton.  
 
      The relaxivities, the enhanced relaxation rate per one unit of concentration of a 
paramagnetic source, of Gd3+ ion on the extracellular and intracellular proton were estimated from 
the relaxation rates of the Gd3+-free E. coli sample. This method resulted the relaxivities of Gd3+ 

ion on the extracellular and intracellular proton of 43 and 23 sec-1 mM-1 respectively. These 
relaxivities led to the concentrations of the extracellular and intracellular free Gd3+ ion. The 
concentrations of the extracellular free Gd3+ ion were greater than the concentration of the 
intracellular free Gd3+ ion. This verified that most of the free Gd3+ ion in this sample was 
distributed in the extracellular solution. The concentrations of the extracellular free Gd3+ ion were 
related linearly to the total concentrations of Gd3+ ion estimated from lyophilization result. In 
contrast, there was no linear relation between the concentrations of intracellular free Gd3+ ion and 
the total concentrations of Gd3+ ion. This observation should occur from the inhomogeneous 
distribution of the Gd3+ ion inside the E. coli cell.   

     
     The transportability of Gd3+ ion through the cell membrane was investigated by repeating 
the NMR experiment of the same sample several times. The result described that Gd3+ ion could 
pass into the cell on the time scale of a day. This study also recommended the NMR experiment 
of living E. coli should be finished within a day.     
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Conclusion 
 

             In conclusion, this study proved that most of the free Gd3+ ion in E. coli sample distributed 
in the extracellular solution. Thus, the extracellular free Gd3+ ion could enhance the relaxation rate 
of a molecule in the E. coli cells. The apprehension of the distribution of free Gd3+ ion in the E. 
coli sample will be utilized to develop the in-cell site specific NMR spectroscopy technique. 
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 Ayyalusamy Ramamoorthy

 

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

Akira Asano1, Yuki Abe1, Miya Kamihira-Ishijima2, Hikari Itoh-Watanabe1, Izuru 
Kawamura1, Ayyalusamy Ramamoorthy3, and Akira Naito1 
1Graduate School of Engineering, Yokohama National University, Kanagawa, Japan.  
2Graduate School of Life Science, University of Hyogo, Hyogo, Japan.  
3Biophysics and Department of Chemistry, University of Michigan, Michigan, USA. 

Human calcitonin (hCT) is a 32-residue peptide hormone, involves in bone calcium 
metabolism and known as an amyloid peptide. However, the detailed fibrillization mechanism 
has been not well understood. In this study, the structure and fibrillation kinetics of hCT in 
solution containing neutral and acidic phospholipids (bicelles and micelles) were observed 
using NMR and UV-Vis spectroscopies. The fibrillation kinetics was revealed using a 
two-step autocatalytic reaction mechanism composed of fibril nucleation (k1) and fibril 
elongation reactions (k2). In the presence of lipid, the first reaction was accelerated but the 
second reaction was decelerated. The surface condensation effect and the electrostatic 
interaction between hCT and lipid may play a significant role in fibril formation. 
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13C 2
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α-helix

β-sheet Ala26 (C )
random coil
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(Fig 4)

NMR k1
k2 (Table.1)

hCT hCT
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hCT

 
Table 1. hCT  

hCT
hCT

(Fig 5)

M Kamihira et al. Protein science, 9, 867-877, (2000) 

 mg/ml  k1 s-1  k2 s-1M-1  

 80 2.71×10-8 1.04×10-3 
DMPC100% 20 5.81×10-6 3.03×10-5 
DMPG10% 20 8.97×10-6 1.10×10-5 
DMPG15% 20 9.77×10-6 1.12×10-5 
DMPG25% 20 2.90×10-5 5.95×10-5 

Fig 5
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The structures and gas diffusion properties of the magnetically oriented 
membranes of liquid crystalline polyester forming the layered structures as 
studied by NMR methods 

Ryota Asanuma1, and Hiroaki Yoshimizu1 
1 Graduate school of Engineering, Nagoya Institute of Technology  

The all aromatic polyester with n-alkyl side chain, B-Cn is one of the thermotropic liquid 
crystalline polymers. The main chain and side chain layers are formed by parallel-aligning at 
one molecular level. This characteristic higher-ordered structure of B-Cn is named to layered 
structure. In the side chain layer, their thickness is easily controlled with the number of 
carbon of the alkyl side chain, and it was confirmed that the gas sorption occur only in there. 
The permselectivity of gases can be changed with variation of the side chain layer. The 
diffusibity of gases can be improvement by magnetic orientation of the layered structure. In 
this study, the anisotropical diffusion properties of the magnetically oriented B-Cn 
membranes were observed by NMR methods. 
 

 

B-Cn (n
)(Figure 1) 1,4-

4,4-

1

B-Cn
 

Figure 2   Illustration of the magnetically orientation 

of layered structure.  

Figure 1   Scheme of B-Cn.     
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 Figure 3   13C CP/Static NMR spectra of B-C6 at 22   

; (a) not oriented (b) z axis is perpendicular to B0    

(c) z axis is parallel to B0.    
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129Xe NMR analyses of Xe sorption properties and  

higher-ordered structure of polycarbonate  
 

Tomoaki Higuchi1 , and Hiroaki Yoshimizu1 
1Graduate School of Engineering, Nagoya insitute od Technology 

In the glassy polymers,a part of the micro spaces between polymer chains,which is called it 
microvoid, is considered as the unrelaxed volume. Slowly cooled, melt quenched, and 
CO2-conditioned membranes of polycarbonate were prepared. Xe sorption and 129Xe NMR 
measurements were performed using three polycarbonate membranes. It was confirmed that 
the microvoid size was changed by some processings, such as slowly and rapidly cooling, and 
CO2-conditioning. 
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Figure 1   Schematic representation of 
a specific volume - temperature curve.
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Structural Analysis and Gas transport Properties of Solid 
PBLG Prepared in the Strong Magnetic Field 

Iwamoto Jun, and Yoshimizu Hiroaki 
           Graduate School of Engineering, Nagoya Institute of Technology, 

Gokiso-cho, Showa-ku, Nagoya, 466-8555, Japan. 
 

The PBLG which shows good solubility form a stable α-helix in the helix solvents.  PBLG 
also shows lyotropic liquid crystal and then, exhibits a cholesteric phase when it were in 
high-concentration.  Furthermore, it is transferred to the nematic phase by applying a 
magnetic field.  It would be intended to prepare a polymer sample was controlled orientation 
using this nature, which has the anisotropy of the gas transport properties.  This report, we 
prepared 35 wt% of the PBLG / chloroform solution.  Solid PBLG samples were obtained by 
casting in a strong magnetic field.  Result of the 2D WAXD measurement, the uniaxially 
oriented PBLG helix rods were confirmed. 

PBLG α

PBLG

 

Figure 1  The scheme of the hierarchical structure of the PBLG. 
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5~50 wt PBLG/
13C CP 

static NMR
Figure 2

22 (198 
ppm) 

PBLG

22

13C CP MAS NMR
(a) 175 ppm 

13C 
CP static NMR 10 35 wt% 195 ppm
10 wt (d)

10 wt
15 35 wt

 
35 wt

X Figure 3
NMR

 
 
 

Figure 2  (a)13C CP/MAS NMR spectrum 
of the solid PBLG, (b) (d)13C CP/static 
NMR spectra of the liquid crystalline 
solution of various concentration of PBLG, 
the concentration was (b)40, (c)15, (d)10 
wt%. 

Figure 3  X-ray diffraction photgraph of (i) non-oriented PBLG ( ) magnetic 
oriented PBLG measured at edge view. 
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A study of the gelation behavior of thermo-responsive polymer using 
two-dimensional 2H T1 T2 NMR relaxation 

Eiji Watanabe1, Hiroko Sato2, Sokei Sekine2, Gregory S. Boutis3, and Tetsuo Asakura1 
1Department of Biotechnology, Tokyo University of Agriculture and Technology, Japan 
2Mitsui Chemical Analysis & Consulting Service, Inc., Japan 
3Department of Physics, City College of New York, USA 

The thermo-responsive behavior of a unique biocompatible polymer, poly(N-substituted 
/ -asparagine) derivative (PAD), was studied with several NMR methods. The 13C solution 

NMR spectra did not change before and after the phase transition. The 13C CP/MAS NMR 
showed restricted backbone motion of the polymer chain occurred only at low temperature. 
The 2H two-dimensional (2D) T1 T2 relaxation studies based on an inverse Laplace transform, 
were used to monitor change in the correlation times and their distribution of 2H2O in the 
PAD 2H2O solution system during the phase transition. Namely, with increase of the 
observed temperature, several correlation times of 2H2O were observed suddenly above the 
temperature of the phase transition. This NMR observation corresponds to change in the 
viscosity of the system during the phase transition. Thus, 2H 2D T1 T2 relaxation studies are 
very useful to study the complex aggregation and dissociation process resulting in the liquid 
to gel transition of thermo-responsive polymer in aqueous solution.

/ -N- (PAD)
 

PAD 2H 
(2D) T1 T2 2D T2 T2 

13C  NMR 13C CP/MAS NMR PAD  
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[1] E. Watanabe et al, Chem. Lett., 876 878 (2005). 
[2] E. Watanabe et al, Macromol. Symp., 249/250, 509 514 (2007). 
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Structural analysis of model peptide for the crystalline domain of silk 
fibroin studied with high resolution 1H solid state NMR by ultra fast MAS 

Takuya Ohata1, Koji Yazawa1,2,Akihiro Aoki1,Yusuke Nishiyama2, 
Katsuyuki Nishimura3,and Tetsuo Asakura1 

1Department of Biotechnology, Tokyo University of Agriculture and Technology, Tokyo, 
Japan. 
2JEOL RESONANCE Inc., Tokyo,Japan. 
3Institute for Molecular Science, Aichi, Japan. 

The structures of model peptide, (AG)15, for the crystalline region of Bombyx mori silk and 
Ala oligomers for the crystalline regions of spider silk and Samia cynthia ricini silk were 
studied with 1H-DQNMR under ultra fast MAS. The difference between Silk I (before 
spinning) and Silk II (after spinning) forms was clarified; for example, the amide proton 
chemical shifts reflecting the inter-molecular hydrogen bonding distance are different 
between Ala and Gly residues in Silk I, whereas they are indistinguishable in Silk II. The 
1H-DQMAS also used to clarify the difference between anti-parallel and parallel structure of 
(Ala)4, showing difference in the correlation peaks in the Hα region. It shows that the Hα 
approximates Hα nearby molecules in anti-parallel structure and not in parallel structure. Thus, 
high resolution 1H solid state NMR by ultra fast MAS is useful for getting information on the 
structure, especially for intermolecular structure.  

  

Solid state NMR, Ultra fast MAS, Silk fibroin 
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Fig. 1 1H-DQMAS spectra of (AG)15 with Silk I (a) and 
Silk II forms (b) as the models for two kinds of  
crystalline structures of Bombyx mori silk fibroin. 

Fig. 2 1H-DQMAS spectra of anti-parallel β-sheet (a) 
and parallel β-sheet structures (b) of Ala4. 

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

Hiroyuki Ishida, Kazuyuki Okada, Masaru Nakada 
Toray Research Center, Inc., Shiga, Japan.  

Higher order structures of poly(ethylene terephthalate) uniaxial roll drawing films (drawn 
ratio: 2.25 3.5, preheating temperatures: 90, 100°C) are characterized by solid-state 13C
CP/MAS NMR spectra and synchrotron SAXS/WAXS measurements. The SAXS/WAXS 
patterns suggest that a smectic state is formed in the drawn films at 90 °C preheating 
temperature, conversely, a normal crystalline is formed at 100 °C. Solid-state 13C CP/MAS 
NMR spectra reveal that although the ethylene unit transfer from gauche to trans structure,
the terephthalate unit of the drawn films at 90 °C preheating temperature remains the 
amorphous structure. 

PET
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Fig. 1. Static state 13C NMR 
spectra of (a) rolled NR and (b) 
deformed (cylindrical cavity) 
NR. Isotropic spectra depicted by 
the broken line were obtained 
from the bulk NR.

MAS 13C NMR

Anisotropic Properties of 13C NMR Spectra and Molecular Motion Change 
of Rubbers Rolled by MAS 

Masashi Kitamura, Atsushi Asano, and Takuzo Kurotsu
Department of Applied Chemistry, National Defense Academy, Kanagawa, Japan. 

Anisotropic 13C NMR spectra of natural rubber (NR) rolled during MAS were mainly 
investigated. The 13C NMR spectral shape showed the compression ratio dependence of rolled 
NR. Furthermore, the 13C chemical shift of a strip NR cut from the cylindrically rolled NR 
showed the angle dependence between a plane of the strip and the applied magnetic field. 
Magnetic susceptibility revealed the 13C chemical shift change quantitatively. The molecular 
motion change between the bulk and the rolled states was also investigated through the 
temperature dependence of T1

C. The simulation of T1
C temperature dependence on the basis of 

the WLF relation for the correlation time  indicated that the molecular orientation largely 
affects the single bond rotation, while the double bond group was not influenced so much. 
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Fig. 3. Relationship among the 
degree of compression (ξ), 13C 
chemical shift difference from the 
isotropic value (Δδ), and the mass 
magnetic susceptibility (χm).  

Fig. 2. (a): Angle dependent 13C NMR spectra of a strip 
obtained from the rolled NR. (b): Observed magnetisms 
for strip NR ( , ) and strip PIB ( , ). The solid and 
open symbols correspond to parallel and perpendicular 
directions against the magnetic field, respectively.
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Fig. 3. Temperature dependence of T1
C of CH2

group for NR at MAS speed of 9 kHz. The vertical 
axis is logarithmic. 
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Fig. 4. Temperature dependence of T1
C of NR. 

Solid line and  for bulk NR and dashed line and 
for rolled NR are obtained without MAS. 

Dotted line and are observed under MAS.

Table 1. Parameters used for eqs. (3) and (4) to 
simulate the observed temperature dependence of 
T1

C in Fig. 4. 
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Reaction of polymers which have amino group and carbon dioxide   

Ken Takagi1,Mina Kobayashi1,Shiro Maeda1, and Ko-Ki Kunimoto2 

1Division of Applied Chemistry and Biotechnology, Graduate School of Engineering, 
University of Fukui, Fukui, 910-8507, Japan. 2Division of Material Engineering, Graduate 
School of Natural Science and Technology, Kanazawa University, Kanazawa, 920-1192, 
Japan.

Formation of carbamates by bubbling carbon dioxide gas through aqueous solution of 
polymers which have amino groups as a side chain was studied by using liquid and solid 13C 
and 15N NMR. Some amino groups of polymers react with gaseous carbon dioxide to make 
carbamates, and others form ammonium groups. Self-assembly of ionic pairs of ammonium 
groups and carbamate anions leads to cross-linking of the polymers. Carbamate formation by 
bubbling carbon dioxide gas through poly( -L-lysine) and poly(allyl amine) aqueous solutions 
and its reversibility to regenerate amino groups by bubbling nitrogen gas through them were 
also examined. 

( - ) ( -PL) 
(Scheme 1) -NH2

(-NHCOO )

-PL -NH3+

15N NMR
-PL

(CMC/Na)
-PL

-NH2 CMC

[2] -PL -NH2 (PAA) 
(Scheme 2) DBU [3] [4]

 

Scheme 1. Repeating units of  
poly( -L-lysine) ( -PL). 

 
Scheme 2. Repeating units of 
poly(allyl amine) (PAA). 
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[5]  
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Fig.1 PAA CO2
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75 D2O
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Fig. 1 13C CPMAS NMR spectra of 
PAA films cast from PAA aqueous 
solution with (a) 75 sec (clear solution) 
and (b) 35 sec (turbid solution) CO2 
bubbling, respectively. Curve fittings 
for C=O resonances are shown in the 
insets.

200 150 100 50 PPM

(a)

(b)

(c)

(d)

(e)

200 150 100 50 PPM

(a)

(b)

(c)

(d)

(e)

Fig. 2 13C NMR spectra of aqueous 
solution of PAA with (a) CO2 bubbling 
for 75 sec, and CO2 bubbling for 75 sec 
followed by N2 bubbling for 2 hours at 
(b) room temperature, (c) 60 C, (d) 
80 C, and (e) 90 C. 
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Solid State NMR Analysis of Drying and Impregnation Processes of Woody 
Materials 

Masakazu Nishida, Tomoko Tanaka, Tsunehisa Miki, Kozo Kanayama, and Wataru 
Kanematsu 
National Institute of Advanced Industrial Science and Technology, Nagoya, Japan. 

In order to investigate changing micro-structure of woody materials in a flow molding process 
based on molecular- and nano-scales, drying and impregnation process of Japanese cedar 
were examined by 1H MAS NMR, 13C CP-MAS NMR, 13C PST-MAS, and T1H analysis. As 
a result, addition of phenolic resin into cedar increased hydrophobicity of the woody material. 
Humidity of impregnation samples did not affect cross-polarization efficacy and T1H values 
of cellulose but increased mobility of hemicellulose. 

Fig. 2 1H MAS NMR of cedar 

Stamping (10 sec, heating) 

 Fig. 1 Flow molding process 

without powdering 

-1001020
ppm

(a) untreated ceder

(b) dried ceder

(c) 0% PhOH
20C_30%_humid

(d) 10% PhOH
20C_30%_humid

(e) 20% PhOH
20C_30%_humid

(f) 10% PhOH
35C_dried

(g) 10% PhOH
20C_55%_humid

free H2Oolefinic/
aromatic OH / OCH3
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Fig. 5 T1H values of cedar 

Fig. 4 
13C PST-MAS NMR of cedar.

Fig. 3 
13C CP-MAS NMR of cedar
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Structure of the Ti Binding Peptide on the Surface of TiO2 Nano Particles 
Studied by NMR 

Yu Suzuki1, Kiyotaka Shiba2, Tetsuo Asakura1,3 
1 Dept. of Biotechnology, Tokyo University of Agri. and Tech., Tokyo, Japan.  
2 Cancer Inst. of JFCR, Tokyo, Japan.  
3Institute for Molecular Science, Aichi, Japan 

In order to improve the surface of Ti implant, the coating on the surface by silk fibroin is 
planned. We use hexapeptide, RKLPDA as TiO2 binding sequence to introduce into silk 
fibroin and to strengthen the interaction between the Ti surface and silk fibroin. The solution 
structure of RKLPDA in aqueous solution was determined in the presence of TiO2 particles 
using NOE observation. Then the structure of RKLPDA in aqueous solution was examined 
again with presence of AGSGAG in both sides of the peptide. The solid state structure of 
AGSG[1-13C]AGGRKLPD[3-13C]AGGAGSGAG adsorbed on the TiO2 surface was also 
studied using 13C CP/MAS NMR on the basis of 13C conformation-dependent chemical shift. 

6 RKLPDA
TBP TBP

TBP
 

   
NMR TBP

TBP

TBP NMR  

Table 1
Fmoc
HPLC  

Degussa TiO2 P25( 53 m2/g)  
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[ NMR ]  TBP 5mg/ml, TiO2 1mg/ml 20mM
pH7.0 TiO2 / 1H-1H TOCSY (mixing time 70 ms)
1H-1H NOESY (mixing time 150 ms) 1H-1H ROESY(mixing time 250ms)

JEOL ECX400, 4mm CYANA  
[ NMR ]  13C Silk-TBP TiO2

TiO2 / 13C CP/MAS NMR
Bruker Avance400, 4mm MAS 8kHz  

 TBP TBP/TiO2
1H 1D NMR

TiO2 (TiO2(+))  (TiO2(-))

TBP TiO2

TBP
 

TiO2 TBP
1H-1H NOESY

TiO2 TBP NOESY
Fig. 1(a)

TiO2(-)

TiO2(+)

TiO2(+) NOESY

NOE
TiO2 TBP

TBP TiO2

 NOE
(Fig.1(b)) Fig.1(c)

Arg
Lys TiO2 O-

 
13C labeled-SilkTBP TiO2

13C 
CP/MAS NMR 13C
TBP AlaC (Fig. 2) TiO2  

TiO2

-helix
TBP (GAGSGAG)

 
1) Sano K. and Shiba K., J. Am. Chem. Soc.; 125(47) 

14234 (2003)                                                                              

Fig.1 (a) 1H-1H NOESY spectra of TBP with TiO2 (right) and 
without TiO2 (left) in 20 mM phosphate buffer in pH 7.0 (b) Number 
of NOE constraints. white: intra-residue, light gray: inter-residue 
(R=1), dark gray: inter-residue (R<5) (c) The structure of  
RKLPDA adsorbed on the surface of TiO2 nano-particle proposed 
from NOESY experiment. 

(a) 

(b) 

Fig.2 Ala C  peaks of 13C 
CP/MAS NMR spectra for 13C 
labeled–SilkTBP (a) and 13C 
labeled–SilkTBP adsorbed on 
TiO2 (b).   
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Local structural analysis of In-doped ZnO  
by solid-state indium NMR 

Ohashi Ryutaro1, Kawamura Yuuji1, Miyashita Satoshi1, Ida Tomonori1, Sato Wataru1, 
Mizuno Motohiro1, Tansho Masataka2, and Shimizu Tadashi2.  

1Graduate school of Natural Science and Technology, Kanazawa University.  
2National Institute for Materials Science.  
 

In-doped zinc oxide was investigated by solid-state 115In NMR spectroscopy with 
the two magnetic fields of 21.8 and 11.9 T. The line-shapes of the 115In NMR spectra 
were analyzed to obtain parameters of quadrupole interaction and chemical shift 
anisotropy in two chemical sites of indium nuclei in zinc oxide. The obtained 
parameters of quadrupole interaction were consistent with results of TDPAC methods. 
Next, density functional theory (DFT) calculation was applied for 115In nuclei doped in 
zinc oxide to obtain quadrupole interaction of the 115In nuclei. By comparing parameters 
of quadrupole interaction by the spectral analysis of solid-state NMR with the ones by 
DFT calculation, we supposed that 115In nuclei doped in zinc oxide have structures of 
tetrahedral and hexagonal coordination.  

 
ZnO n

ZnO
ZnO In In-doped ZnO

TDPAC [1]
In-doped ZnO ZnO

TDPAC ZnO In ZnO

In
1 at.% In-doped ZnO 21.8, 11.7 T 115In 

203.6, 109.6 MHz JNM-ECA930 
115In I=9/2

[2]
Indium doped zinc oxide, Local structural analysis, Half integer spin 
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Fig. 1 21.8 T 11.7 T
1 at%-In-doped ZnO TDPAC

87%  main 
site VZZ = eq = 6.1×1021 V/m2 e2qQ/h = 119 MHz = 0.1

[1]
13 % secondary 
site

Fig. 1 

ZnO Fig. 
2(a)

[3] Zn

In2O3 Fig. 2(b)
In

site c, site d

[4] In2O3

[Fig. 3(a), (b)]
ZnO Zn In

DFT
115In

1 at% In-doped ZnO
site d [Fig. 3(b)] Zn-In [Fig. 3(c)]

[1] W. Sato, et al., Phys. Rev. B, 78, 045319 (2008). 
[2] P. R. Bodart, et al., Mol. Phys., 98, 1545 (2000).  
[3] K. Kihara, et al., Canadian Mineralogist, 23, 647 (1985).  
[4] S. Habenicht, et al., Z. Phys. B, 101, 187 (1996).

Fig. 1: Experimental and simulated 115In solid-state NMR spectra of  
1 at% In-doped ZnO under magnetic fields of 21.8 and 11.7 T.  

Fig. 2: Crystal structures of ZnO (a) and In2O3 (b).  

Fig. 3: Models for DFT calculation similar to site c (a)  
and site d (b) in In2O3, and 115In nuleus substituted 
by Zn in ZnO (c).  
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Solid-state NMR applications for material development 
Saiko Arai, Daisuke Nishioka, Haijun Chen, Takeshi Matsuo, Takahiko Takewaki, Youhei 

Konishi, Akio Tanna 
Mitsubishi Chemical Group Science and Technology Research Center, Inc., Kanagawa, 
Japan.  

Solid-state NMR is a powerful tool for material analyses because it gives knowledge of both 
structural details and dynamics. In this presentation, some solid-state NMR applications for 
material developments in our company are introduced.  
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050100150200

chemical shift/ppm

Fig.3 13C DD MAS NMR spectra of SAP. 

Water Absorbency 

Fig.2 13C MAS NMR spectra of Super 
Absorbent Polymer (SAP) with (a) wet and 
(b) dry condition. 

050100150200

chemical shift/ppm

Wet @DD/MAS 

Dry @CP/MAS 

(a) 

(b) 

-150-100-500

chemical shift/ppm

Fig.1 29Si DD/MAS NMR spectra of (a) AQSOA  and (b) publicly known SAPO-34. 

(a) 

(b) 
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In situ solid NMR study for real component lithium ion batteries 
- Influence of the bulk susceptibility of cathode materials to NMR spectra -  
Kazuma Gotoh1, Misato Izuka1, Juichi Arai2, Yumika Okada2, Kazuyuki Takeda3,
Hiroyuki Ishida1

1Graduate School of Natural Science & Technology, Okayama University, Okayama, Japan. 
2Yamaha Motor Co., Shizuoka, Japan. 
3Division of Chemistry, Graduate School of Science, Kyoto University, Kyoto, Japan. 
 
Understanding the reactions inside a lithium ion battery (LIB) is important to 

handle it safely and to improve its performance and lifetime. In this paper, we 
report in-situ 7Li NMR of small-sized unmodified cells composed of high-density 
coated electrodes and a normal liquid electrolyte. The cathode materials tested 
were LiCoO2, LiNiO2, LiNi0.44Co0.33Mn0.22O2, and LiMn2O4. By comparing the 
signals with that measured in a cell assembled with a PET film, it was found that 
the aluminum layer in the laminate packages did not degrade the spectra. 
7Li-NMR chemical shifts for Li ion in electrolyte and intercalated into graphite 
(GIC, LiC6) were well observed with the cells composed of actual electrodes and 
components. The chemical shift corresponding to LiC6 varied with cathode 
material due to the bulk magnetic susceptibility. 
 

[ ] 
  

NMR
NMR

in situ Li NMR
Li

1) Li
2),3) in situ

NMR

2)

 in situ NMR  
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[ ] 
1) M.Letellier et al., Carbon,61(2013)140-153.    2) C.P.Grey et al., Sol. Sta. NMR, 42 (2012) 62–70. 
3) K. Shimoda et al., Electrochim. Acta, 108 (2013) 343-349. 

, in situ NMR, 

Fig. 1  7Li static NMR spectra of a LiMn2O4/graphite cell 
(a), and a LiCoO2/graphite cell (b), using a probe for in situ
measurement. 

(a) 
(b) 
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In situ NMR measurements of the lithium extraction from LiNi0.5Mn1.5O4 
cathode 

Keiji Shimoda1, Miwa Murakami1, Makoto Morishima2, Hajime Arai1, Yoshiharu 
Uchimoto2, and Zempachi Ogumi1 
1Office of Society-Academia Collaboration for Innovation, Kyoto University, Uji, Japan.  
2Graduate School of Human and Environment Studies, Kyoto University, Kyoto, Japan. 

Rechargeable lithium-ion battery (LIB) is currently accepted to be one of the most suitable 
energy storage resources in portable electronic devices because of its high gravimetric and 
volumetric energy density. We performed in situ 7Li nuclear magnetic resonance (NMR) 
measurements during the electrochemical lithium extraction/insertion of LiNi0.5Mn1.5O4 
cathode and examined the lithium de-intercalation mechanism in the operating battery. The 
7Li NMR measurements were carried out with a wide-bore static probe having a 10 mm 
diameter solenoidal coil at a magnetic field of 14.1 T. The plastic cell battery consists of a 
positive electrode of LiNi0.5Mn1.5O4 (mixed with acetylene black and PVDF binder) and a 
counter electrode of Li foil soaked in 1 M LiPF6 (EC:EMC=3:7). From the in situ experiments, 
we successfully observed the very broad signals of lithium ion in the LiNi0.5Mn1.5O4 cathode, 
which showed a decrease/increase in intensity according to charge/discharge process. 
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Fig.1 7Li NMR spectra of LiNi0.5Mn1.5O4 cathode during a charge/discharge cycle. 
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Analysis of negative electrode in sodium ion batteries using 23Na NMR  
Kazuma Gotoh1, Misato Izuka1, Saori Shimadzu2, Mika Fukunishi2, Naoaki Yabuuchi2,
Shinichi Komaba2, Kenzo Deguchi3, Shinobu Ohki3, Tadashi Shimizu3, Kazuyuki Takeda4,
Hiroyuki Ishida1

1Graduate School of Natural Science & Technology, Okayama University, Okayama, Japan. 
2Department of Applied Chemistry, Tokyo University of Science, Tokyo, Japan. 
3National Institute for Materials Science, Tsukuba, Ibaraki 305-0003, Japan.
4Division of Chemistry, Graduate School of Science, Kyoto University, Kyoto, Japan. 
 
The state of sodium inserted in hard carbon electrode of sodium ion battery 
having practical cyclability was investigated using solid state 23Na MAS/MQMAS 
NMR. The peaks in Na MAS spectra of Na-doped hard carbon created from 
sucrose precursor shifted from the result of our previous spectra, which had been 
taken for hard carbon produced petroleum pitch. The 23Na MQMAS spectrum of a 
hard carbon sample heated at 1100 degrees showed three distinct sites, whereas 
another peak was found for hard carbon heated at 1600 degrees. 23Na MAS 
spectra of some Sn anode samples for Na ion battery will be also shown in the 
presentation. 
 
[ ] 
  

 

1)

23Na NMR 2) MAS NMR
void between misaligned graphene sheets

closed pores

MAS NMR MQMAS NMR
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23Na NMR  
[ ] 
  180 C 1100, 1300, 1500, 
1600ºC PVdF 9:1 

 Na 1 mol 
dm-3 NaClO4 / PC

FEC 2 % 
MAS

 
  NMR 11.7 T 1M NaCl

MQMAS 3QMAS  
[ ] 
  Fig. 1 1100

MQMAS Y MAS 
Fig. 1 3

MQMAS MAS 3
4 1600

MQMAS 28 ppm
1100 1300

 
  MAS

NaSnX

 

[ ] 
1) S. Komaba, K. Gotoh et al., Adv. Funct. Mater., 21, 3859 (2011). 
2) K. Gotoh, S. Komaba, H. Ishida et al., J. Power Sources, 225, 137-140 (2013). 

,

Fig. 1  23Na MQMAS spectrum of Na-doped hard 
carbon heated at 1100 .
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Adsorption behaviors of aqueous electrolytes in pores of EDLC electrode 

analyzed by
 1
H and 

2
H solid-state NMR 

 

Taegon Kim
1
, Keiko Ideta

1
, Jin Miyawaki

1, 2
, Isao Mochida

3
, and Seong-Ho Yoon

1, 2
 

1
 Institute for Material Chemistry and Engineering, Kyushu University, Fukuoka, Japan. 

2
 Interdisciplinary Graduate School of Engineering Sciences, Kyushu University, Fukuoka, 

Japan. 
3
 Research and Education Center of Carbon Resources, Kyushu University, Fukuoka, Japan. 

 

Electric double layer capacitors (EDLC) are in high demand as high-power electric storage 

devices, such as an assist battery for electric vehicles. We have previously found that 

activated carbon fibers (ACFs) having comparable surface area and pore size, but different 

surface properties showed remarkably different capacitance. To clarify the reason of the 

different capacitance, we have applied 
2
H solid-state NMR technique for aqueous EDLC 

systems due to an easiness of the measurement, but could not obtain full information about 

adsorption behaviors of electrolyte ions in pores of carbon materials. In this study, we tried to 

apply 
1
H and 

2
H solid-state NMR techniques in parallel to investigate adsorption states of 

aqueous electrolyte ions (H3O
+
 or D3O

+
) in detail. Furthermore, influence of surface 

functionalities on the adsorption states of the ions in the pores was also studied. 
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EDLC 650 

m2/g OG5A 0.6 F/g 1200 m2/g OG10A 138.8 

F/g Fig. 1 IMP CM
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free, 7 ppm

adsorbed T1 Table 1
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H T1
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1
H T1 ACF
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H
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H

FE
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NMR

 

 

 

NMR

47 NMR  

Table 1. T1 relaxation times of electrolyte ions (sec) 

OG5A OG10A  

IMP CM IMP CM 
1
H adsorbed 0.085 0.131 0.144 0.420 

1
H

 free 0.027 0.107 0.075 0.398 

2
H adsorbed 0.187 0.150 0.253 0.188 

2
H

 
free 0.532 0.381 0.340 0.303 

Fig. 1 1H solid-state NMR spectra of EDLC 
electrode only, and anodes at 
impregnated and charged states. 

CM 

OG5A 

IMP 

electrode 

OG10A  

 

IMP  

electrode 

30  

CM 



－ 340－

 
Local Structure and Molecular Motions in Imidazolium Malonate Crystal 

Mizuki Chizuwa1, Tsuyoshi Umiyama1, Ryutaro Ohasi1, Tomonori Ida1,Motohiro Mizuno1, 
Masataka Tansho2, Tadashi Shimizu2 

1Graduate School of Natural Science & Technology, Kanazawa Univ., 2NIMS  

Imidazolium salt of dicarboxylic acids is known to show high proton conductivity. 
Imidazole and dicarboxylic acid are connected by the hydrogen bond and form a 
two-dimensional network.  Although the proton conduction is considered to take place 
through this hydrogen bond network, the detailed mechanism has not been clarified. 

Imidazolium malonate only has the disordering imidazole ring in these salts, and the ratio of 
order imidazole to disorder one is 2 to 1. In this study, we analyzed the local structure and 
molecular motion in imidazolium malonate using solid-state 2H, 13C NMR in order to 
elucidate the mechanism of proton conduction. 
 

[1]

Fig.1

2:1
NMR

 
 13C NMR JEOL ECA-500 13C:125.764 MHz

1H :500.157MHz 2H NMR
JEOL ECA-300 45.282 MHz
Quadrupolar Carr-Purcell-Meiboom-Gill (QCPMG)  

QCPMG  
 

 

Fig. 1 Crystal structure of  
imidazolium malonate[1] 
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obs.

sim. a

sim. b

sim. a+b

59.66060.4
Offset [kHz]

-1000100

323K

333K

343K

Offset [kHz]
-1000100

Offset [kHz]

120130140

300 K

340 K

347 K

358 K

(c) (b) 

Fig .4 2H NMR QCPMG spectra at 323 – 343 K. (a) is experimental spectra and (b) is 
simulated spectra. (c) is experimental and simulated spectra around 60kHz. 
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[1] K. Pogorzelec-Glaser, J. Garbarczyk, Cz. Pawlaczyk, E. Markiewicz, Mat. Sci. Pol., 

 24, 245 (2006) 
[2] Samantha K. Callear and Michael B. Hursthouse, Crystal Structure Report Archive, 

National Crystallography Service, Univercity of Southampton, 2008, DOI: 
10.3737/ecrystals.chem.soton.ac.uk/610 

Fig .2 Observed and simulated 13C NMR spectrum 

Fig.5  
Small-angle rotational  
motion of imidazole 

(a) 

e2qQ/h  180 kHz 
0 

1 

3 

1 2,3 

2 

Fig .3 Temperature variation of  
13C NMR spectrum. 
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Analysis of dynamics of imidazole and proton conductivity in PVPA – 
imidazole aggregate by solid-state NMR 

Ayano Iwasaki, Tsuyoshi Umiyama, Ryutaro Ohashi, Tomonori Ida, and Motohiro Mizuno 
Graduate School of Natural Science and Technology, Kanazawa University, Ishikawa, Japan.  

PVPA x Im, which takes imidazole (Im) in poly(vinylphosphonic acid) (PVPA), has high 
proton conductivity, where x is the number of moles of Im per moles of polymer repeat unit. 
It’s assumed that Grotthuss mechanism associated with molecular motion of Im is effective as 
its proton conductive mechanism. However, details on molecular motion have yet to be 
revealed. In the present study, we analyzed frequencies and modes of molecular motion of Im 
in PVPA x Im using solid-state deuterium NMR. The relation between its molecular motion 
and proton conductivity is discussed. 

Fig.1   PVPA x Im 
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Fig.2  2H NMR spectra of PVPA 2 Im-d3 (left) and  
PVPA 2 Im-d1 (right) 
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Fig.4  Experimental (solid) and simulated (dot) 
2H QE NMR spectra of PVPA 2 Im-d1 at 294 K  
(3) krot = 3.7 103 Hz 
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2H QE NMR spectra of PVPA at 170 K  
(broad) e2qQ/h = 160 kHz  = 0.07 
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Characterization of Artificial Gas Hydrate Confined to Molecular Nanoporous Crystal 

Ryota Suka, Suzuki You, Kazuki Saitou, Kyosuke Isoda, and Makoto Tadokoro  
Faculty of Science, Department of Chemistry, Tokyo University of Science, Tokyo, Japan.  

Gas-Hydrates clathrating gases like CH4 are stabilized in natural under high pressure (50 
atm) and at low temperature (277 K) conditions, which is like a bottom of sea. While, there were 
many studies for Xe-Hydrate because it was stabilized under mild condition at 263 K (1 atom) in 
Gas-Hydrates. Therefore, in order to prepare an artificial Xe-Hydrate, we have prepared a 
nanoporous molecular crystal {{[RuIII(H2bim)3](TMA)}2(H2O)30(THF)3}n (1) with 1-D nano- 
channels filled with water molecular clusters clathrating THF molecules. This time, with 
excluding THF molecules from 1, it was confirmed that the Xe gases included to crystal 1 by 
measuring the solid-state 129Xe NMR. 

Xe-Hydrate Clathrate 
Hydrate  small cage (512 cage) large 
cage (51262 cage) 2  

I Xe-Hydrate Xe
263 K (1 atm)

CH4 H2 Gas Hydrate (GH)

Xe-Hydrate 129Xe-NMR (IXe = 1/2) 
small cage

238 ppm large cage 142 ppm
[1] 

(WNT : water 
nanotube) Xe Xe-Hydrate

{{[RuIII(H2bim)3](TMA)}2(H2O)30(THF)3}n (1) [RuIII(H2bim)3]3+ (H2bim = 
2,2´-biimidazole) TMA3– (trimesate) H2O THF

(Fig. 1) [2] 1 WNT X
Fig. 2 X WNT

O···O WNT
3 THF Xe THF

 

Nanoporous Crystal, 129Xe-NMR, Clathrate Hydrate 

 

 Fig. 1 Crystal Structure of 1 
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 1 [Ru (H2bim)3](NO3)3  K3TMA H2O /THF 
= 8 / 2 

 1  50 %RH 
 1 WNT THF

 1´  
1´  Xe  4 mm 

 1´  15 mg 
Xe

Xe 
 Xe  Xe 

Xe 
NMR  

Xe  253 K (24 )
 Xe  2 NMR  

CMX300  single pulse -  (T1) 
129Xe-NMR 83.10 MHz  

 Fig. 3  Xe  
2 263 K 129Xe-NMR

12.8 ppm  Xe 
(  ~30 atm) 

242 ppm  Xe 

Xe-Hydrate  small cage (512)  
238 ppm WNT

 Xe 
242 ppm  T1 

263 K  128 ms  Xe-Hydrate
 (5000 s at 234 K)[4] 

Xe
RuIII (S = 1/2)
 242 ppm  2 WNT  Xe 
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 Fig. 3 129Xe-NMR spectrum of crystal 2 
at 263K 

 Fig. 2 Structure 
of Water Nanotube 
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Analysis of NaCl Aqueous Solution Confined to Mesoporous Silica SBA-16 
by Using Solid-state NMR 
○Tatsuya Miyatou1, Kouichi Sazanami1, Ryutaro Ohashi1, Tomonori Ida1, Motohiro Mizuno1, 
Shigeharu Kittaka2 

1Graduate School of Natural Science and Technology, Kanazawa University, Japan.
2Faculty of Science, Okayama University of Science, Japan.
 

The concentration-temperature phase diagram of NaCl-water mixture is well-known. 
Mobility of water molecule in NaCl-water mixture increase at low temperature than that of 
pure water because of Na+ ion-water and Cl- ion-water interaction. Freeze point of Water in 
Mesoporous silica SBA-16 is very low because of confinement effect. In this work, dynamics 
of water in NaCl aqueous solution in SBA-16 was investigated by 2H NMR. Those water 
dynamics is affected by both NaCl-water interaction and confinement effect. 
 

 
Fig.1 SBA-16 [1]

SBA-16 nm 3

(HDL)- (LDL) 2
220 K 100 MPa -

[2]

HDL LDL HDL-LDL
 

NaCl
LDL

[3] HDL-LDL
NaCl SBA-16

2H NMR
 

 
NaCl 2H NMR 

 
 

 

Fig. 1 Structure of SBA-16[1]. 
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SBA-16 [4] 7.8 nm SBA-16
0~4 M NaCl SBA-16

2H NMR JEOL ECA-300
45.282 MHz

0.5 s T1

NMR Curie  
 

 
 SBA-16 NaCl 

2H NMR
Fig.2 Fig. 

3
238 K

1
DSC

NaCl
 

 0 M 235 K

200 K
0 M

4 M
190 K

190 K
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Fig. 2 Temperature dependence of 2H NMR signal 
intensity of liquid component of NaCl aqueous 
solution in SBA-16. The measurements was carried 
out at decreasing temperature. 
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Fig. 3 Temperature dependence of 2H NMR signal 
intensity of liquid component of NaCl aqueous 
solution in SBA-16. The measurements was carried 
out at increasing temperature. 
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Dynamics of clathrate hydrate stabilized with nanoporous molecular crystal 

You Suzuki1, Ryota Suka1, Yurie Sugio1, Eriko Nakamura1, Kyosuke Isoda1
, Yoshihide 

Kumagai2, Motohiro Mizuno2, Makoto Tadokoro1 
1 Faculty of Science, Department of Chemistry, Tokyo University of Science, Tokyo, Japan  
2Graduate School of Science & Technology, Kanazawa University, Kanazawa, Japan  

  Clathrate hydrate (CH) is one of inclusion compounds formed from water molecules, and 
trapped guest molecules in the building pores. In order to create an artificial CH, we have 
already prepared a nano-porous {[RuIII(H2bim)3(TMA)]2·3THF·30H2O}n (1) crystal with 1-D 
nanometer scale channel frameworks included to WNT (water nanotube) clusters containing 
THF molecules. Furthermore, by excluding THF molecules from crystal 1, some solvent 
molecules such as MeOH, EtOH, acetone, 1,4-dioxane, n-hexane and cyclo-hexane can be 
also clathrated to WNT to give . These obtained single crystals were measured by solid-state 
1H-, and 2H-NMR and motion modes, relaxation times (T1) and activation energies on their 
artificial CHs were revealed.  
 

Clathrate Hydrate (CH) THF

CH

-

1
 

(Water nanotube: WNT)
(1) WNT THF

THF-Hydrate
MeOH EtOH acetone 1,4-dioxane

n-hexane cyclo-hexane  
(Artificial CH)  Artificial CH

1H-NMR 2H-NMR
TDF MeOD EtOD d6-acetone d8-1,4-dioxane d14-n-hexane d12-cyclo-hexane

 
Fig. 1  The structure of crystal 1. 

2H NMR, Clathrate Hydrate, Nanoporous Crystal 
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WNT
 (T1) 

 
Artificial CH [RuIII(H2bim)3]3+ (Hbim– = 

2,2'-biimidazolate) TMA3– (=1,3,5-trimesate) H2O/THF = 8 / 2
{[RuIII(H2bim)3(TMA)]2·3THF·30H2O}n (1) 

3 THF
{[RuIII(D2bim)3(TMA)]2·3THF·30D2O}n (2)

n-hexane 1 50 %RH (298 K) 3
THF 3

3 n-hexane 24 {[RuIII(H2bim)3(TMA)]2·2(n-hexane)· 
30H2O}n (4) 4
{[RuIII(D2bim)3(TMA)]2·2(n-hexane)·30D2O}n (5)

NMR 2H NMR CMX300 
46.12 MHz

 (T1)  
2 5 2H-NMR Fig. 2 117 K 2

5 2 208 K
1 5 208 K 238 

K 2 DSC 2 217 K 5 213 K

Fig. 3 2 5 T1

230 K
BPP

2 29 kJ/mol 5
31 kJ/mol  

THF-Hydrate
H  

(4-site-jump) 
1

32.7 kJ/mol (2)  
2 THF-Hydrate

4-site-jump
5 2

2 5
n-hexane

 
[1] M. Tadokoro, et al., RSC adv., 2012, 2, 12101 
[2] T.M. Kirschgen et al., PCCP, 2003, 5, 5243 

-1000100

177 K

208 K

219 K

238 K

267 K

kHz kHz
-1000100

 
Fig. 2 Temperature dependence of solid state 2H 
NMR spectra of 2 (left) and 5 (right). 
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Fig. 3 2H NMR T1 of 2 and 5 as a function of 
inverse temperature. 
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Analysis of Chemical Structure in Cement Pastes Using Solid State NMR 
Takafumi Takahashi1, Yuma Kose2, Takahiro Ohkubo2 

1Advanced Technology Research Laboratories, Nippon Steel & Sumitomo Metal Corporation 
2Graduate School of Engineering, Chiba University 

Cement has become an important material in iron-making industry, because it is used as a 
binder to cement various kinds of materials. Since chemical structure and pore structure 
drastically change depending on curing temperature, mechanism of hydration process remains 
unclear despite of long-term research. In this study, we have applied solid state NMR to 
investigate time-dependent changes in chemical structure. As a result of 27Al MAS&3QMAS 
experiments, it is found that Al structure in initial hydration period changes depending on 
curing temperature. Furthermore, 29Si MAS NMR shows that polymerization degree of SiO4 
in Calcium Silicate hydrate increases with temperature due to dehydration reaction.  

 
1.  

NMR
NMR

 
2.  

(Table 1) 0.4
25oC 50oC, 80oC

40oC 24

NMR   
27Al MAS/MQMAS

JEOL-ECA700 16.4T
27Al-MQMAS Fig. 1
Soft pulse added mixing 

(SPAM)-3QMAS [1]

29Si MAS 1H MAS Agilent 
Inova-500 11.7T
Table 2 MAS

 
 

Table 1 Experimental condition in MAS measurements. 
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3.  
 
3-1.27Al NMR  

27Al NMR Fig.1
4

Al C3A
C4AF C3S Al

 

27Al I=5/2
MAS

3QMAS

6h (Ca6Al2(OH)12(SO4)3 26H2O)
(Ca4[Al(OH)6]2SO4 6H2O) Al TAP

Al
4 Al CSH Si  

 
3-2.29 Si NMR  

Fig.2 29Si MAS NMR 
MAS

-71ppm
C3S

C2S Si
-76 -85ppm

Q2 Q1

SiOH SiO4   
 

 
 

 
 

References [1]Gan, Z. and Kwak, H.T. J. Magn. Reson. 168, 346-351. 

Figure 2. 29Si MAS NMR spectra of cement pastes cured at 25 and 80oC. 

Figure 1. 27Al MAS NMR spectra of cement pastes cured at 25 and 80oC. 
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Cement Materials Analysis by using Two Dimensional Relaxation 
Correlation 1H NMR 

Yuma Kose1, Takafumi Takahashi2, Kenzo Deguchi3, Shinobu Ohki3, Tadashi Shimizu3, 
Koichi Maeda1, Yasuhiko Iwadate1, Takahiro Ohkubo1 
1Graduate School of Engineering, Chiba University 
2Advanced Technology Research Laboratories, Nippon Steel & Sumitomo Metal Corporation 
3National Institute for Materials Science 
 

In order to understand hydration process in cement materials, continuous measurements of 
1H T1 T2 correlation spectroscopies were applied to cement pastes under 0.5 and 11.7 
magnetic field. A typical white cement and white cement with sorbitol as an additive to 
control hydration time have been targeted to study time-dependent behavior of hydration. For 
white cement paste without sorbitol, T1 T2 correlation spectrum under 0.5 T showed single 
symmetrical peak at the initial state, a broadened peak along the diagonal line was observed at 
longer hydration time. On the other hand, two distinct peaks in T1 T2 correlation spectrum at 
11.7 T were observed at initial and long hydration time. The magnetic-field dependency of 
peaks on T1 T2 correlation spectra is caused by longer 1H correlation time of water molecules. 
It is expected that the clear difference of the peak position between 0.5 and 11.7 T results 
from water in confined space such as C S H gels. For the cement paste with sorbitol, a peak 
ranging from 10 3 to 10 2 s on T2 axis was close to the T1 T2 the diagonal line. The more 
"liquid like" water with shorter correlation time occupied in the pore for long hydration time. 
  
1.  

 
(3CaO SiO2 C3S) (2CaO SiO2 C2S)

(3CaO Al2O3 C3A) (4CaO Al2O3 Fe2O3 C4AF) 4
C3S C2S

(C S H ) C S H
C S H  
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C S H
NMR 1H (T1 T2)

T1 T2
[1]

1
NMR  

NMR 2 1
T1 T2 2

1H NMR 2 T1 T2

2 T1 T2

2 NMR
T1 T2  

 
2.  
2.1  

NMR
1H

( ) D( ) (
) 1.0 % (

) 0.50 90
11.7 T (d=4 mm) 0.5 T

(d=10 mm)  
2.2 T1 T2 2  

NMR MARAN ULTRA (Oxford  : 0.54 T) ECA500(JEOL
 : 11.7 T) 1H

CPMG

(Figure 1 )

1 10 s
T1

5 T1 > 100 ms
32 T1 < 100 ms 

64
Figure 2 

1 2

Figure 1 A pulse sequence for T1 T2 correlation 
experiments

Figure 2 Decay data as a function of 1 and 2 measured 
from white cement paste just after preparing a 
specimen
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Venkataramanan [2]

2

T1 T2

2
 

 
3.  
3.1 

 
Figure 3

(0 h) 24 h

0.54 T 11.7 T

0.54 T
0 h

T1 >> T2

27 h

0 h
T2 2

24 h
T1 1

d f T2

e
f

f 2
T1

 

Figure 4 T1 T2 correlation spectrum of white cement paste with added 
1.0 Wt.% sorbitol cured for 0 and 24 hours measured on different 
magnetic field strength (Left : 0.54 T, Right : 11.7 T) 

Figure 3 T1 T2 correlation spectrum of white cement paste cured for 0 
and 24 hours measured on different magnetic field strength (Left : 0.54 
T, Right : 11.7 T)  
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Sensitivity enhancement in 29Si MAS NMR of porous silicate crystals by 
paramagnetic doping

Satoshi Inagaki1, Izuru Kawamura1, Yukichi Sasaki2, Kaname Yoshida2, Yoshihiro Kubota1, and
Akira Naito1

1Graduate School of Engineering, Yokohama National University, Kanagawa, Japan. 
2Japan Fine Ceramics Center, Nagoya, Japan. 

The paramagnetic doping of Cu2+ in both mesoporous silica materials and microporous silicate 
crystals (zeolites) can be used effectively to enhance the signal intensity of 29Si solid state magic 
angle spinning NMR, as a result of shortening of the spin–lattice relaxation time, T1, by the
paramagnetic effect, because of the Cu2+ electronic relaxation time in the range of 10–8 s. This leads 
to drastically reduced data-collection times, typically 80-fold shorter than that in mesoporous silica.

1.

SiOH
NMR 29Si

NMR
29Si 240 NMR

Cu Fe 13C
NMR 1,2) Cu dope

29Si NMR 3)

29Si
NMR 4)

2.
2d-hexaonal MCM-41 SBA-15 2

29Si
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12
[Al]-beta HSZ-940HOA Si/Al = 18.5 Al

deAl-beta Si/Al > 1000 Fe beta
580ºC [Fe]-beta Si/Fe = 58

550ºC
Cu2+, Co2+ Ni2+

1.0 mmol/g-zeolite
0.3 2.0 mmol/g-zeolite

29Si dipolar-decoupling (DD) MAS NMR AVANCE III Bruker 600MHz
MAS 10 kHz NMR 3 5 10 15 20 30 s

1024 3 5 10 15 20 30 60
120 240 s 640

3.
Cu2+ Co2+ Ni2+ deAl-beta 29Si DD MAS NMR Fig. 

1 30 s Co2+/deAl-beta

(i) 
(ii) 
(iii) 
(iv) 
(v) 
(vi) 

Chemical shift / ppm
-100 -130-120-90-80 -110

 

Chemical shift / ppm
-100 -130-120-90-80 -110

(i) 
(ii) 
(iii) 
(iv) 
(v) 
(vi) 

-100 -120-90-80 -110
Chemical shift / ppm

(i) 
(ii) 
(iii) 
(iv) 
(v) 
(vi) 

-130

 

Chemical shift / ppm
-100 -130-120-90-80 -110

(i) 
(ii) 
(iii) 
(iv) 
(v) 
(vi) 

Figure 1. 29Si DD MAS NMR spectra of (a) unmodified dealuminated beta (= deAl-beta), (b) 
1.0-Cu(NO3)2/deAl-beta, (c) 1.0-Co(NO3)2/deAl-beta, and (d) 1.0-Ni(NO3)2/deAl-beta by various recycle 
times of (i) 30 s, (ii) 20 s, (iii) 15 s, (iv) 10 s, (v) 5 s and (vi) 3 s. Accumulation, 1024 times; magic 
angle spinning rate, 10 kHz; line broadening factor, 20 Hz.

(a) unmodified (b) Cu2+

(c) Co2+ (d) Ni2+
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Co2+ 29Si spin–spin relaxation
3 30 s Cu2+ 29Si

spin–lattice relaxation
Ni2+ 29Si Cu2+

[Fe]-beta 29Si DD MAS NMR
[Fe]-VPI-8

6) Cu2+ 29Si
Cu2+ spin–lattice relaxation time 10–8 s 29Si

10 MHz 29Si

1.0 mmol/g-zeolite Si/Cu = 16.7 Cu2+ deAl-beta
BET 457 m2/g 29Si

Si
Cu2+ Si deAl-beta Cu2+

1.32 /nm2 Cu2+ 29Si
1 nm

SBA-15 29Si DD MAS NMR 3
240 s Fig. 2 240 s 3 s

1/10 29Si 240 s
Cu(NO3)2 1.0 mmol/g-SiO2 SBA-15 NMR

3s 240 s 90% Cu2+

SBA-15
29Si Cu2+ 80

MCM-41 Cu2+

(i) 
(ii) 
(iii) 
(iv) 
(v) 
(vi) 
(vii) 
(viii) 
(ix)

Q4Q3Q2

Chemical shift / ppm

-100 -120 -140-80

 Q4Q3Q2

(i) 
(ii) 
(iii) 
(iv) 
(v) 
(vi) 
(vii) 
(viii) 
(ix)

Chemical shift / ppm

-100 -120 -140-80

Figure 2. 29Si DD MAS NMR spectra of (a) unmodified SBA-15 and (b) 1.0-Cu(NO3)2/SBA-15 by 
various recycle times of (i) 240 s, (ii) 120 s, (iii) 60 s, (iv) 30 s, (v) 20 s, (vi) 15 s, (vii) 10 s, (viii) 5 s and 
(ix) 3 s. Accumulation, 640 times; magic angle spinning rate, 10 kHz; line broadening factor, 100 Hz.

(a) (b)
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SBA-15 SiOH Fig. 3 SBA-15 Q4

Q3 Q2 Qn = (SiO)nSi(OH)4-n (n = 0~4) –109 –102 –91 ppm
Cu(NO3)2 SBA-15 Qn 240 s

Q4:Q3:Q2 = 59.4 : 34.4 : 6.2 3 s Q4:Q3:Q2 = 60.0 : 32.5 : 7.5

SBA-15 240 s Qn Q4:Q3:Q2 = 55.8 : 36.2 : 8.0
SBA-15 Cu(NO3)2 Q2 Q3 Cu(NO3)2

SBA-15
Cu
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Figure 3.  Peak-area distributions of Q2, Q3 and Q4 signals by various recycle times from 3 to 240 s.
(a) Unmodified SBA-15 and (b) 1.0-Cu(NO3)2/SBA-15.
*The broad spectra of 3, 5 and 10 s (recycle time) in unmodified SBA-15 are impossible to deconvolute 
as Q2, Q3 and Q4 signals.
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The evaluation of the molecular mobility in the interface between fillers and 
rubber by the pulsed NMR 

Kimiya Murakami1, Daisuke Hayata2, Yoshihisa Inoue2, Kazuyta Nagata2,  Takaaki 
Matsuda2 and Satoru Yamazaki1

1, ASAHI KASEI CORPORATION, Shizuoka, Japan.  
2, ASAHI KASEI CHEMICALS CORPORATION, Kanagawa, Japan. 

Recent years, silica compounded rubber is used as rubber for low fuel consumption tires. 
Although the aggregation structure of silica particles was revealed by many methods, the 
molecular dynamics near the filler surface in the silica particles was not revealed enough. Our 
purpose in this research is revealing the difference of the molecular dynamics between CB 
compounded rubber and silica compounded rubber by the evaluation of 1H T2 relaxation.  
In the short T2 component of CB compounded rubber, sample temperature didn’t affect its 

T2 very much. On the other hand, in the short T2 component of silica compounded rubber, its 
T2 was affected by the sample temperature. This result indicates that the molecular mobility 
of CB compounded rubber in the interface between filler and rubber is more restricted than 
that of silica compounded rubber. 

[1]

NMR
[2][3] CB

(CB)
NMR

(SBR) CB 50
SBR
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f(t) = Cs*exp(-(1/Wa)*(t/Ts)Wa)+Cm*exp(-t/Tm))+Cl*exp(-t/Tl) 1

1
(Short )

(Middle )
(Long )

Short Middle T2 Fig.1

Short CB

CB Middle

CB

CB
CB

CB

[1] G. P. Baeza et al., Macromolecules, 46, 317-329 (2012). 
[2] K. Fujimoto, and T. Nishi, NIPPON GOMU KYOKAISHI , 43, 465-476 (1970).  
[3] J. W. ten Brinke et al., Macromolecules, 35, 10026-10037 (2002). 

Fig.1 The relationship between T2 relaxation time and Sample temperature  
(a) Short T2 component (b) Middle T2 component.

(a) (b)
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Dimensionality of 1H distribution in solids as studied by MQNMR  

Yuuki Mogami1, Satoru Yamazaki2, Yasuto Noda1, and Kiyonori Takegoshi1 
1Division of Chemistry, Graduate School of Science, Kyoto University  
2ASAHI KASEI CORPORATION Analysis & Simukation Center  

1H multiple-quantum (MQ) NMR is useful for examination of proton distribution in solid 
materials.  However, due to the difficulty of simulating MQ dynamics for the case of a large 
number of protons, its application has been rather limited.  In this work, a novel approach 
based on the percolation theory and Monte Carlo methods for analyzing is developed, in 
which the difficulty of simulation is alleviated by adopting stochastic view for MQ 
development. It is shown that, using this approach representing 1H dimensionality in the 
sample, the observed growth curve of the ratio between the amount of double- and 
quadruple-quantum coherences I(4)/I(2) can be described satisfactorily. Application of this 
approach for tobermorite is discussed. 

 
(MQ) MQ 

counting
N n 2NCN-n

1H
MQ 1D 2D 2D 3D

MQ

MQ

1

1D 2D 3D 1H

MQ
1H

MQ counting
Fig.1  

Fig.1: The pulse sequence for MQNMR. We 

measured a amplitude of magnetization with 

the phase of pulse, φ, varied from 0 to 2π. 
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( )  
Fig.3
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Reference 
(1)Y. Mogami et al. Phys. Chem. Chem. Phys., 2013, 15, 7403-7410 

Fig.3 “m”-dependence of I(2)/I(4) for (a)natural tobermorite, (b)artificial tobermorite with 

simulation of linear, honeycomb, and cube. 

Fig.2 “m”-dependence of I(2)/I(4) for (a)hydroxyapatite, (b)Mg(OH)2, and (c)adamantane with simulation of linear, honeycomb, square, and cube. 
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What is the lowest concentration of a minor free form component that can 
be detected by 1H DQ MAS experiments in pharmaceutical solids? 
○Keisuke Maruyoshi1, Dinu Iuga2, and Steven P. Brown2 
1Analytical & Quality Evaluation Research Laboratories, Daiichi Sankyo Co., Ltd., Hiratsuka, 
Japan.  
2Department of Physics, University of Warwick, Coventry, U.K.  

The limit of detection for free form of cimetidine obtained with 1H magic-angle spinning 
(MAS) solid-state NMR is determined. The free form can be detected and quantified in a 
physical mixture with the salt form down to a concentration of 1% w/w by solid-state 
NMR experiments recorded at 850 MHz. 

Salt formation is an approach to improve the rate of dissolution and aqueous solubility of 
acidic and basic pharmaceutical products.1 Approximately a half of all drugs on the market 
are developed in salt forms nowadays. However, a salt can become unstable chemically and 
physically during various processing steps, it may transform to a free acid/base form or 
another polymorph or solvate. The solid state transformation from the salt to free form will 
alter the properties of the active pharmaceutical ingredient (API) and this is extremely 
undesired. To investigate the quality of pharmaceutical products, an efficient and 
high-sensitive method is required. Solid state NMR spectroscopy has become a standard tool 
for analytical research in pharmaceutics.2 Although 13C CP MAS is commonly used for 
pharmaceutical analysis, the potential of applying 1H solid-state NMR is being increasingly 
recognised. Concretely, the 1H double-quantum (DQ) solid-state NMR experiments (DQ 
MAS and DQ CRAMPS) are powerful methods for obtaining information of dipolar-coupled 
protons, with DQ peaks being observed for close (typically less than 3.5 Å) through-space 
H-H proximities.3,4 Therefore, two-dimensional 1H DQ spectra constitute “fingerprints” for 
the identification of a specific form of an organic molecule.5 A drawback of the 1H DQ 
CRAMPS method is the presence of spectral noise due to the homonuclear decoupling, i.e., a 
lower detection limit could be expected in a 1H DQ MAS experiment at high magnetic field. 
We have recorded 1H DQ MAS spectra at a 1H Larmor frequency of 850 MHz and a MAS 
frequency of 30 kHz for a cimetidine hydrochloride salt/free form mixture (20%, 10%, 5%, 
1% and 0.5% free form) samples and determined the limit of detection for the free form 
component as 1% by following the pair of cross peaks at a 1H DQ frequency of 7.4 + 11.6 = 
19.0 ppm derived from the free form (Figure 1).
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This result is on a level with limits of detection by both powder X-ray diffraction and 13C CP 
MAS NMR for minor polymorph components. This is important for the pharmaceutical 
industry, e.g., offering the potential to enable polymorph conversion to be detected much 
earlier in e.g. stability testing. 
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Figure 1. A comparative map of 2D 1H DQ 
MAS (850 MHz, r = 30 kHz) spectra using 
one rotor period of BABA recoupling of (a) 
cimetidine hydrochloride salt, (b) cimetidine 
free form and (c) 10% free form mixture 
sample. The experimental times were (a, b) 2 h 
and (c) 6 h.  
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Analysis of double-nutation heteronuclear dipolar decoupling under MAS 

Asato Wakisaka1, Kazuyuki Takeda1, and K.Takegoshi1 
1 Division of Chemistry, Graduate School of Science, Kyoto University, Kyoto, Japan.  

 In solid-state NMR, TPPM decoupling is analyzed in term of double nutation. In this view, 
all recoupling bands that degrade decoupling efficiency appear along straight lines, giving a 
simple guideline for the choice of the desirable experimental parameters, 

π

Urf (t) =Ux (t)Uy (t) Uφ(t) = exp(−2πiν1φIφt)

Urf (t) x y ν1x ,ν1y
Urf (t)

Hrf = i
dUrf
dt

Urf
−1

Hrf = i
dUrf
dt

Urf
−1

= 2πν1yIy + 2πν1x Ix cos(2πν1yt) − Iz sin(2πν1yt)[ ]
= 2πν s(t)Iφ(t) + 2πΔν f (t)Iz

νs(t) = ν1y
2 +ν1x

2 cos2(2πν1yt)

φ(t) = arctan(
ν1y

ν1x cos(2πν1yt)
)

Δν f (t) = −ν1x sin(2πν1yt)
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ν π 2 ± φ τ = π ν cosφ
x

H(t) = 2πν cosφIy +
4
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cos(ν cosφ t)sinφIx
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⎝ 
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⎟ 

x xz
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2
π
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Fig.1. Relationship between D-DEC and TPPM. In (a), constant ν lines and constant φ 
lines are mapped in the D-DEC (ν1y-ν1x) plane. Conversely, constant ν1y, ν1x lines are 
mapped in the TPPM (ν-φ) plane in (b). 
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Fig.2. Peak heights of the methylene carbon 
in CPMAS spectrum of 2-13C labeled glycine 
measured under TPPM and D-DEC. ν1y of 
D-DEC was 70 kHz. Correspondingly, ν and 
τ of TPPM were set according to Eq. (6). 

Fig.3. Experimental 13C peak heights for the CH2 group obtained in polycrystalline 2-13C labeled 
glycine under D-DEC with various sets of nutation frequencies ν1y and ν1x. MAS speed was 10 kHz 
in (a) and 23 kHz in (b). The data are normalized with that of cw decoupling with ν=100 kHz in (a) 
and 120 kHz in (b). 

i t l 13C k h i ht f th
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Fig.3 MAS ν1y ,ν1x
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[1] Z. Gan and R. R. Ernst, Solid State Nuclear Magnetic Resonance, vol. 8, no. 3, pp. 153–159, May 1997. 

Fig.4. The same data as those in Fig.3 plotted on the TPPM ν-φ plane using the mapping rule of Eq.(6) 

(a) (b) 
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Easy tuning of high-resolution 1H NMR measurements
Michal Malon1, Ivan Hung2, Zhehong Gan2 and Yusuke Nishiyama1 
 JEOL RESONANCE Inc., Tokyo, Japan.
 National High Magnetic Field Laboratory, Tallahassee, USA.

 

We will present two novel practical methods to optimize CRAMPS (Combined Rotation and 
Multiple Pulse Spectroscopy) pulse sequences for high resolution 1H NMR (Nuclear 
Magnetic Resonance) measurements in solid state. There are many parameters which need to 
be optimized to achieve high resolution, such as rf-field strength, cycle time of CRAMPS, 
sampling window and spin rate (Figure 1a). If these parameters are adjusted correctly, the 
spectral resolution is best. In this sense, T2’· cs should be optimized to maximize the 
resolution, where T2’ is the transversal relaxation time and cs is the scaling factor of 
CRAMPS. This optimization is traditionally done by visual inspection of a series of 1D 
CRAMPS spectra, which is a very time-consuming and tedious procedure. 
 

 
Figure 1. Pulse sequences used in this study: windowed CRAMPS experiment (a), the spin 

echo experiment with constant echo delay (b) [1], the new spin echo experiment 
with variable echo delay (c) and the 1D 1H-13C HMQC experiment (d). 

 
A very useful and robust method to evaluate T2’ by a spin echo experiment was reported 

[1]. Keeping the total echo time  constant, echo signal is collected with varying CRAMPS 
parameters (Figure 1b). Then we can easily find the optimum combination of parameters 
corresponding to the longest T2’ where the echo intensity gives the maximum. The 2D plot in 
Figure 2a shows 1H spin echo intensity of glycine at 19 kHz MAS at variable rf-field strength 

1 and cycle time c, and gives several conditions where T2’ is maximum. However, 
maximum T2’ does not necessarily correspond to maximum T2’· cs term (i.e. resolution). As

CRAMPS, solid-state NMR, 1H high-resolution NMR 

XX 
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a consequence, most of these T2’ maxima have small cs that leads to low resolution in 
CRAMPS spectra as shown in the middle section of Figure 2. 
 

 
Figure 2. 2D plots and 1D CRAMPS spectra recorded with the spin echo experiments at 19 

kHz on a JNM-ECA600 spectrometer (JEOL RESONANCE Inc.). Constant (a) and 
variable (b) spin echo delays were used, respectively. 

 
Here we propose an improved method based on the spin echo experiment described above. 

If the total echo time is modulated so that  / cs is kept constant (Figure 1c), we can easily 
find the only condition which maximizes T2’· cs and results in best resolution. It is obvious 
that cs must be known in advance in this new experiment. Although cs is traditionally 
determined from the peak separation in CRAMPS spectra, it has been shown that the scaling 
factor of wPMLG, TIMES and TIMES0 homonuclear dipolar decoupling sequences can be 
predicted and this theoretical scaling factor well agrees with experimental one [2]. Figure 2b 
shows a 2D plot obtained with the new spin echo experiment. The number of maxima is 
greatly reduced and the optimum condition can be found easily. Resulting 1D high-resolution 
spectrum recorded with a long excitation pulse (810°) is also shown [3]. 

Finally, we propose a new CRAMPS optimization method based on 1D 1H-13C HMQC 
(Figure 1d). This experiment requires 13C isotopic enrichment of the standard sample, but its 
advantage over the spin echo experiment described above is that cs does not need to be 
determined in advance. Therefore, it can potentially be applied to optimizing any 
homonuclear dipolar decoupling sequence. 
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General Method for Sensitivity Enhancement of Solid-State NMR Using 
Laser Induced Paramagnetic Species 

Yoh Matsuki, Kris Frost, Hisamu Sasahara, and Toshimichi Fujiwara 
Institute for Protein Research, Osaka University, Suita, Japan 

Laser induced radicals were formed in situ in attempt to promote the favorable 
photo-chemically induced DNP (CIDNP) in solids toward more widely useful technique. So 
far, we have observed signal enhancement not by DNP but by paramagnetic relaxation 
enhancement (PRE) of longitudinal magnetization. Laser irradiation of flavin-mononucleotide 
(FMN) molecules creates excited paramagnetic species, and the fast relaxation of neighboring 
protons was then transferred throughout the sample matrix via spin diffusion. The 1H T1 of the 
bulk matrix was reduced by a factor of up to ~5, which enhanced the unit-time sensitivity of 
13C signal accumulated under cross-polarization. Since the laser is off during acquisition, the 
enhancement is achieved without paramagnetic line broadening. We will also report on our 
efforts on the creation of a suitable radical pair ‘sensitizer’ compound to achieve net 
polarization enhancement via solid-state CIDNP. 

Figure 1 About 2.5x S/N gain was obtained via 
photo-chemically induced paramagnetic 
(longitudinal) relaxation enhancement 
(photo-CI-PRE). 13C CP spectra of 13C-glucose in 
xylitol matrix recorded with and without laser 
irradiation. The polarization buildup time is 160s 
maximizing unit-time sensitivity under 
illumination. Sugar matrix (xylitol/D2O=7/3) was 
doped with 5mM FMN. 
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Novel cross-polarization scheme under magic-angle spinning that can 
overcome the degrading effect by anisotropies 

Takayuki Kamihara1, Miwa Murakami2, Yasuto Noda1, Kazuyuki Takeda1, and K. 
Takegoshi1 
1Division of Chemistry, Graduate School of Science, Kyoto University, Kyoto, Japan. 
2National Institute for Materials Science, Ibaraki, Japan.  

Cross-polarization (CP) is one of the most commonly used solid-state NMR techniques. One 
well-known problem for CP is as follows. For nuclei with large chemical shift anisotropy 
and/or quadrupolar interaction, it is known that spin lock under magic-angle spinning (MAS) 
becomes difficult, leading to inefficient CP. 
   In this work, we develop a new CP sequence effective for nuclei with large anisotropy. Its 
key feature is that the new CP does not use spin locking as CP occurs among the Z 
magnetization modulated by the combination of two pulses with the opposite phases each 
other. By alternating the phase of the pair pulse synchronous with MAS, one can realize CP, 
thus avoiding degradation by anisotropic interactions. The CP efficiency of this new pulse 
sequence is demonstrated on 19F-13C and 1H-13C systems. 

(Cross Polarization, CP)

RF
Hartmann-Hahn 

(H-H) 
magic-angle spinning (MAS) 

CP RF
MAS

CP
[1]-[3] CP

MAS
RF RF

[1][2] CP RF
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CP  
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I

S

τ

– Φ

Φ

– Φ + �

Φ + �

Fig. 1 The pulse unit used 
      in a new CP sequence 
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Fig. 3 CP profiles of adamantane for CPZ (circles and 
bold line) and conventional CP sequence (triangles and 
dashed line). RF amplitude for 13C channel was ca. 50 
kHz in both experiments. The signal intensities were 
normalized by the intensity in its thermal equilibrium. 
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Fig. 4 CP profiles of poly(tetrafluoroethylene), (-CF2-)n, 
for CPZ (circles and bold line) and conventional CP 
sequence (triangles and dashed line). RF amplitude 
for 13C channel was ca. 50 kHz in both experiments. 
The signal intensities were normalized by the 
intensity in its thermal equilibrium. 
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Numerical design method of selective averaging pulses based on averaging 
Hamiltonian theory and optimal control theory 

Rai Suyama1, Yutaka Tabuchi2, Makoto Negoro1, Masahiro Kitagawa1 
1Graduate School of Engineering Science, Osaka University. 
2Research Center for Advanced Science and Technology, The University of Tokyo. 

In solid-state NMR, dipolar decoupling is very important. So far, many decoupling pulses 
have been designed on the basis of averaging Hamiltonian theory or optimal control theory. In 
this work, by means of numerical design method well based on the above two theories, we 
have designed a selective averaging pulse that keeps intended couplings and decouples other 
unwanted couplings like WHH-4 and MREV-8. 
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In-situ NMR

2  
 
Observation on non-equilibrium local heating state of liquid crystal 
molecule by in-situ microwave irradiation NMR spectroscopy 

Yugo Tasei1, Teruaki Fujito2, Izuru Kawamura1 and Akira Naito1 
1Graduate School of Engineering, Yokohama National University, Yokohama, Japan.  
2Probe Laboratory, Japan.  

 Microwave heating is extensively used in activation of organic reaction as well as activity 
enhancement of the enzymes. These effects are considered to exist a non-equilibrium heating 
state by microwave irradiation. However, detailed molecular mechanism of microwave 
heating effect on the chemical reaction has not well understood yet. In this study, we 
investigated the microwave effect to the liquid crystalline molecules by in-situ microwave 
irradiation solid-state NMR. 1H NMR signals of liquid crystal sample were measured under 
microwave irradiated condition. We have observed a non-equilibrium state appearing as 
changes of the chemical shift value and line width in the liquid crystalline sample at near the 
phase transition temperature. 

1 mm 3 m

In-situ NMR

 

NMR
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In-situ NMR
  In-situ NMR

Fig.1
2DNMR [1]

NMR  
(Chemmagnetics CMX 400 infinity)

1.3 kW, 2.45 GHz)

(Fig.2 )
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Fig.1 Apparatus of in-situ microwave 
irradiated NMR 

Fig.2 In-situ microwave irradiated 
NMR probe Left Probe head 
Right Sample tube  

Fig.3 Structure and 1H NMR spectrum 
of PCH3 (50 oC) 
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PCH3 A. 35 oC B. 35 oC C. 45.6 oC D. 46 oC 1H NMR
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Fig.5 Correlation between 1H 
NMR chemical shift (ppm) 
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Fig.6 1H NMR spectra of 
phase transition from liquid 
crystal phase to isotropic 
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A 46C  B 45.6C  
C 35C Microwave irradiation D 35C  

F

E



－ 383－

 
 

1H 
NMR

(Fig.7 )

(Fig.7 )
NMR

 

 

 
 

 
 

 
 

 
 

 
  

     
 

[1] A. Naito et al, Thermotropic Liquid Crystals, (2007) 85-116, Spriger 

Fig.7 Local heating process and differentiation between thermal heating and microwave 
heating (Light gray: Local heating molecule, Dark gray: Isotoric phase molecule, Black: 
Liquid crystalline phase molecule) 
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常磁性液体を用いた銅管コイルの磁化率マッチング

○高崎智弥, 竹腰清乃理, 武田和行
 京都大学大学院・理学研究科

Susceptibility matching of an RF coil wound with paramagnetic-liquid-filled 
copper pipe.
○Tomoya Takasaki, K.Takegoshi, and Kazuyuki Takeda
Division of Chemistry, Graduate School of Science, Kyoto University.

Even though a microcoil gives better sensitivity for tiny samples compared to typical coils, 
magnetic field inhomogeneity due to the coil susceptibility can cause serious line broadening.
In this work, we propose to wind a microcoil with a thin copper pipe, and fill paramagnetic 
liquid inside the pipe, in order to cancel the diamagnetic susceptibility effect of copper.

【序論】
　マイクロコイルを用いたNMRは、微量試料に対して感度よい測定が可能である。
しかし、コイルの系を小さくすると、コイルの磁化率に起因する不均一な磁場の影
響でスペクトルの分解能が低下する。この問題を解消する二つの方法がある。一つ
は、反磁性である銅線の周りを常磁性金属でコーティングしたzero-susceptibility 
wireを用いてマイクロコイルをつくる方法[1]である。もう一つは、銅と近い磁化率を
持つ溶液(fluorinert)でマイクロコイルと試料の系を浸す方法[2]である。
　本研究では銅線の代わりに銅管を用いてマイクロコイルを巻き、銅管コイル内に常
磁性溶液を満たすことで磁化率の影響を打ち消す方法を提案する。これを用いると、
常磁性溶液の濃度を変化させることで、正味の磁化率を微調整できる。さらに、液
体を流すことによってコイルの温度上昇を抑制する効果も期待される。

【実験と方法】
　Figure.1に内径/外径が0.1/0.2 mmの銅管を用いた手巻きソレノイドコイルを示す
コイルの内径は0.5 mm、長さは2.5 mmである。
　点Pにある磁化Mが、点Qに生成する磁場のZ成分Bzは次式のようになる。

ここで、μ0は真空透磁率である。

susceptibility matching, microcoil

○たかさきともや、たけごしきよのり、たけだかずゆき
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Z Y

X

1 mm

Figure  1.  A solenoid  coil  wound 
with a copper pipe with inner/outer 
diameters of 0.1/0.2 mm. The inner 
diameter of the coil is 0.5 mm.

Figure 2. Contour plots of the calculated magnetic eld in the XZ plane 
produced by the susceptibility effect of the coil wound with (a) a 0.2 mm 
copper wire, and (b) a hollow copper pipe with inner/outer diameters of 
0.1/0.2 mm. The dimension of the coil described in Fig.1 is assumed. (c) 
shows  eld  distribution  when  the  pipe  is  lled  with  2.4  M  aqueous 
solution of CuSO4.

　これを用いて、Fig.1のコイルの形状をもとに
磁化率の影響により生じる磁場の分布を計算した。

【結果と考察】
　Figure.2にXZ平面内でのコイル内の磁場分布
(ppm単位)を示す。３つの磁場分布図はそれぞれ
(a)銅線、(b)中空の銅管、(c)磁化率の影響を打ち
消すのに最適な濃度(2.4 M)を持つ硫酸銅水溶液
で満たされた銅管を用いた場合の結果である。
硫酸銅水溶液が満ちた銅管の正味の磁化率がゼロ
になる硫酸銅水溶液の濃度を計算したところ2.3 M
であった。つまり、コイルにした場合は銅管の正味
の磁化率がゼロより少し常磁性を示した方が最適であることがわかった。Fig.2にお
いて、全体的に磁場が右に寄っているのは、コイルが螺旋状でありY=0においてコイ
ルが通過しているのが右側であることを意味する。(a)に比べて(b)の方が勾配が小さ
い。これは、(b)は中空の分だけ銅の磁化による影響が少ないためである。(c)では磁
場分布の均一性が１桁以上改善されている。例えば7 Tの磁場で1H(ラーモア周波数 
300 MHz)を観測する場合、(a)では10 Hzほどの線幅が生じるが、ここで提案する磁
化率マッチング法(c)を用いると線幅は1 Hz以下になると予想される。

【参考文献】
[1] Zelaya FO, Crozier S, Dodd S, McKenna R, Doddrell DM, J Magn Reson Ser A 115:131-136 (1995).
[2] Olson DL, Peak TL, Webb AG, Magin RL, Sweedler JV, Science 270:1967-1970 (1995).
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Analysis of nuclear magnetic phase transition using mean field 
approximation 

Akinori Kagawa1, Takahiro Kitano1, Makoto Negoro1, Isao Maruyama2, and Masahiro 
Kitagawa1 
1Department of Engineering Science, Osaka University, Osaka, Japan.  
2Faculty of Information Engineering, Fukuoka Institute of Technology, Fukuoka, Japan.  

Highly polarized nuclear spin system can exhibit phase transition from paramagnetic phase to 
antiferromagnetic phase or ferromagnetic phase with domains. Roumpos proposed that 
quantum simulation can be implemented using multiple pulses, which transform the dipolar 
Hamiltonian between nuclear spins from Ising type to Hisenberg type.  

Recently, we have achieved 1H spin polarization of 34% in a p-terphenyl single crystal by 
dynamic nulear polarization (DNP) using triplet electron spins at room temperature. We 
calculated the necessary polarization to produce nuclear magnetic orderings in a p-terphenyl 
crystal using mean-field approximation for several static magnetic field orientations. The 
polarization with respect to one orientation can be achieved by using our experimental 
system. 
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 Fig. 1 (a) d12-p-terphenyl. (b) Unit cell of 
p-terphenyl crystal[4]. Spheres indicate 1H 
spins . (c) a layer of 1H spins almost parallel 
to the a-b plane. 
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Table 1 Estimated necessary polarization 
for nuclear magnetic phase transition.  

 Fig. 2 Predicted nuclear magnetic ordering of 
spins in a p-terphenyl crystal with respect to 
the static magnetic field orientation and spin 
temperature. 
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NQR  

 
The effect of near conductor on NQR planar antenna 

Kouichi Obayashi, Hideo Sato-Akaba, Hideo Itozaki 
 Graduate School of Science Engineering, Osaka University 

Nuclear quadrupole resonance (NQR) spectroscopy can be applied to the detection of illicit 
drugs. Especially, detecting illicit drugs in human body is expected recently. However, 
conductive material such as human tissues affects the characteristic of the planar antenna. 
Hence we investigated a change in planar antenna characteristics by measuring the reflection 
coefficient (S11) of the planar antenna close to the water. In addition, we estimated resistance 
and the parallel capacitance component which is added to the planar antenna close to the 
water by using the equivalent circuit representing antenna-water interactions and a circuit 
simulator. 

NQR NMR

NQR 14N

NQR

NMR
MRI 1)2) NQR

NQR
 

NQR 1mm
18cm 19
1.368MHz 50Ω  

Fig.1 d 103mm
3mm (S11)
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The effect of near conductor on NQR planar antenna 

Kouichi Obayashi, Hideo Sato-Akaba, Hideo Itozaki 
 Graduate School of Science Engineering, Osaka University 

Nuclear quadrupole resonance (NQR) spectroscopy can be applied to the detection of illicit 
drugs. Especially, detecting illicit drugs in human body is expected recently. However, 
conductive material such as human tissues affects the characteristic of the planar antenna. 
Hence we investigated a change in planar antenna characteristics by measuring the reflection 
coefficient (S11) of the planar antenna close to the water. In addition, we estimated resistance 
and the parallel capacitance component which is added to the planar antenna close to the 
water by using the equivalent circuit representing antenna-water interactions and a circuit 
simulator. 
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1) D. I. Hoult and P. C. Lauterbur, J. Magn. Reson, 34, 425 (1979). 
2) D. G. Gadian, J. Magn. Reson, 34, 449 (1979). 

 
Fig.2 The reflection coefficient (S11) 
of planar antenna with different 
distance from the water surface. 

 
Fig.1 Schematic figure of planar 
antenna and closing water. 
 

  

Fig.4 Estimated capacitance Ca and estimated resistance Ra as a function of distance between the 
planar antenna and water. 

 
 
Fig.3 The equivalent circuit of planar 
antenna and closing water. 
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Improvement of performance and reproducibility of X0 shim coil 

Matsunaga Tatsuya1, Takashi Mizuno2, K. Takegoshi1 
1Division of Chemistry, Graduate School of Science, Kyoto University, Kyoto, Japan  
2JEOL RESONANCE INC, Tokyo, Japan.  

   Recently we proposed the X0 shim coil, which is a new method for fine adjustment of the 
sample spinning angle of Magic Angle Spinning (MAS) by tilting the static filed instead of 
the spinning axis. In this work, we report modification of the X0 shim coil to reduce the 
inhomogeneous magnetic field and the tilting due to the Lorentz force by optimizing its 
design. 

 Fig. 1 Schematic of an X0 shim 
coil. ,  and  indicates the 
coil size; respectively, its diameter, 
height and gap angle between two 
opposed arcs.  is sample spinning 
angle. d axis lays along the sample 
spinning axis to designate the 
position in the sample. 
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Fig.3 Picture of the new 
designed X0 shim coil and 
the retainer. It’s inserted in 
the main magnet from the 
top and joins with the probe 
in the magnet. 

Fig 2 Calculation of space 
distribution of the magnetic 
field produced by the X0 
shim coil,  and  
when 10 A current flows on 
the new- (square) and the 
previous -design coil (cross). 
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Paramagnetic shim 

‒Improvement in homogeneity of variable magnetic field 
Naoki Ichijo, Kazuyuki Takeda and K. Takegoshi 

Graduate School of Science, Kyoto University, Kyoto, Japan. 

High-resolution NMR experiment requires highly uniform magnetic field. To homogenize the 
magnetic field, electric current shims (active shims) and/or passive shims are employed. The 
latter is performed by placing iron pieces inside the magnet bore in such a way that the gradi-
ent of the original field is cancelled. In this work, we propose a new passive shimming strat-
egy using paramagnetic pieces. This method is suitable for experiments in which the field 
value of a superconducting magnet is varied, since the magnetization, and thereby the com-
pensation field, produced by the paramagnetic material is proportional to the main field. It 
follows that once the shimming has been complete for one field strength, the paramagnetic 
shim would work for any other field values without changing the configuration of the shim 
pieces. This work opens the possibility of high-resolution, field-variable NMR. 

NMR

[1, 2, etc.]

[3]  

NMR
NMR

NMR [4] NMR

Cryogenic Ltd.
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Development of a measurement methodology of molecular dy-
namics for π-conjugated polymer electronics devices by a variable
frequency magnetic resonance instrument

Kunito Fukuda and Naoki Asakawa
Division of Molecular Science, Faculty of Science and Technology, Gunma University,
1-5-1 Tenjincho, Kiryu, Gunma 376-8515, JAPAN, email: asakawa@.gunma-u.ac.jp

We developed a variable resonance/modulation frequency magnetic resonance instru-
ment for measurements of molecular dynamics. The spectrometer could be useful to study
molecular dynamics of π-conjugated polymers that would be correlated with performance
of electronic devices in the post-silicon era: organic devices, bio-inspired stochastic de-
vices, spintronics devices, etc.

(3- ) /

Fig. 1: Microwave transmission circuits and

an electromagnet part of ESR instrument

ESR Fig.1 ESR
1- -2-

DPPH

waveguide window

π-conjugated polymer, Molecular dynamics, Organic devices
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Development of software defined magnetic resonance spectrometer 

Yasuaki Saeki, Yuki Ichimura, Makoto Negoro, and Masahiro Kitagawa 
Graduate School of Engineering Science, Osaka University 

Abstract: We have developed a software defined magnetic resonance (SDMR) spectrometer. 
The SDMR spectrometer has good flexibility of a functional specification such as frequency 
band because most of functions in the spectrometer are defined by software. By adapting 
general-purpose measurement apparatus as hardware of the spectrometer, we can expect cost 
reduction and sustanable development. We have developed a wide range of models, from 
low-end model to high-end model. 

 

 (SDMR: Software Defined Magnetic Resonance) 

(AWG: 
Arbitrary Waveform Generator) Fig. 1

 
SDMR AWG 33522A 

(Agilent ) DSO-X3012A (Agilent ) 33522A 
30 MHz 16 bit NMR

100 

Fig1: Diagram of SDMR spectormeter 
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Fig.2: Diagram of SDMR spectrometer with FPGA. 
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Usefulness of Concatenated Compostite Pulses in T2 Measurement and 
COSY Experiment 

Masamitsu Bando1, Tsubasa Ichikawa2, Yasushi Kondo1, 3, Mikio Nakahara1, 3, and Yutaka 
Shikano4 
1Interdisciplinary Graduate School of Science and Engineering, Kinki University, Osaka, 
Japan. 
2Department of Physics, Gakushuin University, Tokyo, Japan. 
3Department of Physics, Kinki University, Osaka, Japan. 
4Research Center of Integrative Molecular Systems, Institute for Molecular Science, Aichi, 
Japan. 

Composite pulses are an important techniques to design robust NMR pulses against one of 
two dominant errors (pulse length error and off-resonance error) in NMR.  In this 
presentation, we propose a concatenated composite pulse (CCCP) that is robust against two 
types of errors simultaneously, and show the fidelities of the T2 measurement and COSY 
experiment with CCCP as the examples. 

 Fig. 1 Diagram of composite pulse 
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BioMagResBank
, , ,

Web-service renewal of BioMagResBank for integration of databases
Naohiro Kobayashi1, Masashi Yokochi1, Takeshi Iwata1, Ami Takahashi1, Chojiro Kojima1,

and Toshimichi Fujiwara1

1Institute for Protein Research, Osaka University, Osaka, Japan.  

PDBj-BMRB has been collaborating with BMRB (Wisconsin, USA) and the wwPDB to 
develop and implement deposition and annotation management strategies for database of 
biomolecular NMR (BioMagResBank). The BMRB mirror server, which provides services in 
Wisconsin University, has been re-designed interface with an integrated data visualization 
tool for the submission of NMR data. Recently we have developed BMRBxTool which 
converts NMR-STAR format into XML format, originally developed at PDBj-BMRB. 
Combined with the new visualization and support tools, the data submission procedure is 
greatly enhanced by making it convenient and user friendly. 

PDBj-BMRB BMRB wwPDB NMR
BioMagResBank(BMRB)

Wisconsin BMRB

NMR
NMR (Fig. 1)

Keywords: Database, BMRB, XML, RDF 

Fig. 1 New mirror server of BMRB and its advanced seach 
function
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FAQ
NMR

MagRO NMR-STAR XML BMRBxTool
(Fig. 3) BMRB

XMLRDF RDF
(Fig. 3)

NMR-STAR ver.3 format 

XML format 

RDF format 

Fig. 2 New portal site of PDBj-BMRB group (left) and 
graphical instruction page for deposition (right) 

Fig. 3 XML and RDF format conversion by BMRBxTool and BMRBoTool 

BMRBxTool 

BMRBoTool 
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Figure 1. 
Homonuclear REDOR (HN-REDOR) 
pulse sequence. 

REDOR NMR  
1 2

1:  2:   
 
Theoretical study for Homonuclear REDOR NMR 
experiments 
Takahiro Sakuragi

C60  C70

C60-Gs C70-Gs C60-Gs
 [1]

C60-Gs NMR

C60

 
 REDOR 

NMR HN-REDOR Fig.1

1, Daisuke Kuwahara2 

1: Faculty of Informatics and Engineering, UEC (The University of 
Electro- Communications) 

2: Coordinated Center for UEC Research Facilities, UEC 
 

We have studied the structure and physical properties of layered composites such as stacked 
graphite sheets with a C60 fullerene monolayer (C60-Gs). In the course of the research 
activities, we explored the use of a simple rotational-echo double resonance technique for 
homonuclear spins (HN-REDOR) as a means of determining the location of the guest 
molecules in the host structures. In this study, we calculated the time-evolution operator for 
HN-REDOR by dividing the evolution period into four periods and determining the average 
Hamiltonians for these periods. It was found that the average Hamiltonians for HN-REDOR 
were equivalent to that for the heteronuclear REDOR when the ratio of the chemical-shift 
difference to the spinning speed was six or more. We finally derived the analytical expression 
of the reduction signals for the HN-REDOR experiments under the above condition. 
 
1.  

et r2T HN-REDOR

re ( 1)t n T HN-REDOR
REDOR  

re ( 1)t n T REDOR
 

 
REDOR  
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Figure 2. 
Homonuclear REDOR (HN-REDOR) 
pulse sequence. The evolution period 
was divided into four periods, (I)-(IV), to 
calculate the REDOR reduction at the 
end of the evolution period. 

Figure 3. Calculated REDOR reductions 
for homonulcear spin pairs (a solid line). 
The solid squares represent the REDOR 
reductions experimentally observed. 
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2Goethe-University Frankfurt 
 
Development of a new refinement method for NMR protein structure 
determination 

Manato Shimazaki1, Teppei Ikeya1,Masaki Mishima1, Yutaka Ito1 and Peter Güntert1, 2 
1Department of Chemistry, Tokyo Metropolitan University, Tokyo  
2Institute of Biophysical Chemistry, Goethe-University Frankfurt, Frankfurt am Main, 
Germany. 
 
NMR protein structure calculation adopts severe simplifications of the nonbonded interactions 
to rapidly obtain global structures. It is thus necessary to perform the subsequent refinement 
of the structures with a physical forcefield. While various refinement approaches are proposed 
using MD simulations, there are a few examples to optimize the NOESY assignment and 
calibration of the distances from NOE peak intensities based on the refined conformations. 
Recently, we implemented into the program CYANA a new structure refinement method that 
recursively improves the structures and NOE assignments, and addresses the calibration based 
on Bayesian inference. Here, we show the results applying it to several test data and its 
feasibility for the protein structure refinement. 
 

NMR

NOE

MD NOE

CYANA NOE

Nilges Inferential Structure 
Determination ISD CYANA

Bayesian, structure refinement, CYANA  
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Fig.1 G B1 structures obtained by the conventional 
simulated annealing (A) and the Bayesian-based 
structure calculation (B). While 20 bundle structures 
with the lowest energies computed by SA are imposed 
(A), all conformations within the standard deviation on 
the posterior by the Bayesian approach are shown (B). 

(A) (B) 
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Xe in small cavity 

 
CH4 in small cavity CO2 in small cavity 

129Xe NMR Spectra 

 

Molecule
 
Xe            5638.85    0.00   5638.85    0.00     0.00 
Xe  in s-C     5654.04  -212.08  5441.95   196.9    242
Xe  in l-C     5654.54  -144.68  5509.86   129.0    152 
 
TMS          249.50    -70.50   179.00    0.00    0.00 
 
CH4            247.25  -56.84   190.41   -11.41   -7.00
CH4 in s-C      269.54  -83.70   185.84    -6.84    -2.84 
CH4 in l-C      257.71  -70.26   187.45    -8.45    -5.71 
 
CO2            263.61  -210.33  53;28   125.72   124.2 
CO2 in s-C       289.89  -236.19  53.70   125.30 
CO2 in l-C       283.90  -230.64  53.26   125.74 
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