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会場（広島国際会議場）への交通案内

広島国際会議場　〒730-0811　広島市中区中島町1-5

＊上に記載の所要時間は、目安です。交通状況により異なる場合がございますのでご注意ください。
＊詳細は会場ホームページをご覧ください。http://www.pcf.city.hiroshima.jp/icch/access.html

JR広島駅より
●路線バス（所要時間 :約20分）

 ・ 南口バスのりばA-3ホームより、広島バス24号線
 吉島営業所または吉島病院行「平和記念公園」下車すぐ

●市内電車（所要時間：約25分）
 ・ 広島港①行「袋町」下車、徒歩約10分
 ・ 西広島②、江波⑥、 宮島行「原爆ドーム前」
 下車、徒歩約10分

●タクシー（所要時間：約15分）

広島バスセンターより　
●徒歩約10分

広島空港より
●リムジンバス（所要時間：約70分）

 ・ 空港ターミナルビル1階到着フロア1番ホームより、広
島バスセンター行終点下車、徒歩約10分

●タクシー（所要時間：約50分）

広島港（宇品港）より
●路線バス（所要時間：約25分）

 ・ 広島バス21号線広島駅、向洋大原、洋光台団地行「中
電前」下車、徒歩約10分

●市内電車（所要時間：約35分）
 ・ 広島駅①、西広島③行「中電前」下車、徒歩約10分
●タクシー（所要時間：約20分）
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会場の案内図

国際会議ホール
ヒマワリ

大会議室
ダリア

広島国際会議場　地下2F

［ヒマワリ］口頭発表会場、総会会場
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ポスター・展示会場詳細図
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④

⑤

⑥
⑦ ⑧ ⑨ ⑩ ⑪

位置 社　名

① 株式会社シゲミ（SHIGEMI Co., Ltd.）

② 大陽日酸株式会社（TAIYO NIPPON SANSO CORPORATION）

③ SIサイエンス株式会社（SI SCIENCE Co., LTD.）

④ 株式会社エムアールテクノロジー（Magmetic Resonance Technology Ltd.）

⑤ 株式会社エルエイシステムズ（L.A.Systems Inc.）

⑥ 日本カンタム・デザイン株式会社（Quantum Design, Inc.）

⑦ ブルカー・バイオスピン株式会社（Bruker BioSpin K.K.）

⑧ 株式会社 JEOL RESONANCE（JEOL RESONANCE Inc.）

⑨ 株式会社東京インスツルメンツ（Tokyo Instruments Inc.）

⑩ 株式会社 システムプラス / Mestrelab Research, S.L.（System Plus Inc. / Mestrelab Research, S.L.）

⑪ ジーンフロンティア株式会社（Gene Frontier Corporation）

広島国際会議場　地下2F

［ダリア］展示ブース、ポスター発表会場、ドリンクコーナー、クローク
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懇親会会場の案内図

瀬戸内海汽船　銀河（18：20乗船開始、18：50出港、21：00帰港）

＊討論会会場（広島国際会議場）から懇親会会場へのバスを用意いたしております。
＊公共交通をご利用の場合は市内電車（1、3、5番線 広島港（宇品）行き）にご乗車の上、「広島港（宇品）」で下車、
または広島バス21番線（広島港（宇品）行き）にご乗車の上、「広島港桟橋」で下車いただけるのが便利です。

問い合わせ
瀬戸内海クルーズ株式会社　Tel: 082-255-3344　URL: http://ginga-cruise.com

島しょ部
フェリー乗り場
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広島港湾ビル
（東ターミナル）
銀河受付カウンター

バス乗降場所
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討論会日程表

Nov. 15（Tue） Nov. 16（Wed） Nov. 17（Thu） Nov. 18（Fri）

ヒマワリ ダリア ヒマワリ ダリア ヒマワリ ダリア ヒマワリ ダリア

一般演題
（L1-1～

L1-6）

一般演題
（L2-1～

L2-7）
ポスター
セッション
奇数番号

撤去

展示搬入と
ポスター 
会場設置

チュートリ
アルコース

ポスター
セッション
偶数番号
ポスター賞

稲垣先生 
追悼

セッション
（SL1～SL7）

理事会
（アステー
ルプラザ）

評議会
新評議会
新理事会
（アステー
ルプラザ）

9:00

10:00

11:00

12:00

13:00

14:00

15:00

16:00

17:00

18:00

19:00

20:00

21:00
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12:00

13:00

14:00

15:00
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19:00
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開会

総会

一般演題
（L1-7～

L1-12）

招待講演
(IL1～ IL4)

特別講演
（HL1, HL2）

懇親会
（クルーズ）

一般演題
（L3-1～ 

L3-4）

閉会

展示
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1．受付と参加登録

◇ 受　付
受付はヒマワリ前に設けます。
受付時間：11月16日（水）　9：00～17：30
　　　　　11月17日（木）　9：00～17：30
　　　　　11月18日（金）　9：00～16：30

・ 事前登録された方で、参加費を支払済みの方は、本要旨集と一緒に送付した参加章を忘れずに持参し、
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。

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 ￥10,000 ￥8,000 ￥10,000 ￥8,000

◇ 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。

◇ 講演要旨集
講演要旨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、要旨集本文を第55回NMR討論会ホームページ
（http://www.nmrj.jp/NMR2016/index.html）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付ます。

参加者へのご案内
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2．会場内のサービス・施設

◇ クローク
ダリア（ポスター・展示会場）にクロークを設置しています。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
会場に荷物置き場を設置いたしますので、そちらをご利用ください。

利用時間　　11月16日（水）　9：00～17：00
　　　　　　11月17日（木）　9：00～17：00
　　　　　　11月18日（金）　9：00～12：00

◇ インターネット
全会場・ロビーにおきましてWi-Fiによるインターネットをご利用いただける環境を整えております。
詳しくは受付にてご案内いたします。

◇ 呼び出し
会場内での呼び出しは、緊急の場合を除き、原則行いません。

3．禁止事項

◇ 喫煙・飲食
館内は全て禁煙です。喫煙所は地下2階レストラン前「サンシャインガーデン」（中庭）のみとなっており
ます。また会場内でのご飲食は可能です。

◇ 携帯電話
口頭発表会場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
〒730-0811　広島県広島市中区中島町1-5
広島国際会議場

◇ 会期外
55thNMR 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 ： nmr55@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、大教室内の「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
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下さい。なお、音声出力には対応しておりません。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下さい。プロジェクターとの接続は、HDMIとD-subピンに対応
しております。また、ワイドサイズの画面表示にも対応しております。一部のノートパソコン（特に
Mac）では専用の出力変換ケーブルが必要となりますので、必ず持参して下さい。バックアップ用とし
て、発表データをCD-ROMあるいはUSBメモリで持参して下さい。

講演の受付：講演前の休憩時間までに、講演会場内の「PC受付」に講演に使用するコンピュータを持参
して下さい。なお、スリープモードやスクリーンセーバーの設定は解除して下さい。講演前の休憩時間
を利用して、動作確認の試写を行うことができます。ご希望の方はお早めに受付までお越しください。

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35分、招待講演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 30分 35分 　－※
招待講演 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。

◇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180 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：ポスター会場は大会議室ダリアです。演題番号が表示されたパネルに展示して下さい。

提示期間：会期中はポスターの張り替えを行いません。全ての発表ポスターは、11月16日（水） 9：30
～13：30の間に掲示し、11月18日（金） 12：00～12：30の間に取り外して下さい。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16
日（水）13：30～15：00にポスター討論を行って下さい。奇数番号（P1, P3, …）の方は、11月18日（金） 
10：30～12：00にポスター討論を行って下さい。発表時間の間は、必ずポスター前に立ち、質問と討
論に応じて下さい。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。
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6．第55回日本核磁気共鳴学会　総会開催通知

日　時：2016年11月16日（水）　11：50～12：10
場　所：広島国際会議場　ヒマワリ

第55回日本核磁気共鳴学会総会を開催いたします。必ずご出席ください。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15日（火）18：00より アステールプラザ
評議員会

11月16日（水）18：00より アステールプラザ新評議員会
新理事会

◇いずれも、食事のご用意がございます。
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チュートリアルコース

日　時：11月15日（火）／ Nov. 15, Tue.　13：30～17：30（受付13：00～）
会　場：広島国際会議場　ヒマワリ（受付　ヒマワリ入口前）

13:30～14:30

「フーリエ変換を工夫してNMRスペクトルをよみがえらせる」
池上　貴久　先生（横浜市立大学）

同じ測定データでも、どのようにフーリエ変換するかによって、スペクトルに大きな違いが生じることがあります。
もちろん、プロセス法も考えておいたうえで測定パラメータを設定するのがよいのですが、もし間違えて測定してし
まったとしても、フーリエ変換をなんとか工夫することによって、そのミスを少しでもカバーできればそれに越した
ことはありません。今回はプロセス用パラメータをブラックボックスとして使ってしまっているNMR初心者を対象
に、プロセス法における工夫や個々の基本的なパラメータの意味について、できるだけ詳しく紹介したいと思いま
す。

14:30～14:50　休憩

14:50～15:50

「四極子核固体NMR法の基礎の基礎」
山田　和彦　先生（高知大学）

ほとんど全ての元素は固有の核スピン（I）を有する安定同位体を含んでいる。従って、原理的には周期表上のほとん
どの元素がNMR測定の対象になるはずである。また、その八割程度は四極子核と呼ばれる I  ≥ 1の核種であり、四
極子モーメントを有している。そのため、周囲の電荷が創出する電場勾配と四極子モーメントの間で、核四極相互
作用と呼ばれる静電的な核スピン相互作用が生じる。概して、NMRユーザーは 1Hや 13Cなど I = 1/2の核種を測定
対象とすることが多く、四極子核NMRを使用する機会は少ないかもしれない。これは、化学シフト相互作用や双
極子－双極子相互作用などに比べて、核四極相互作用は線形に与える影響が大きいため、線幅が広がることを反映
した結果と思われる。しかしながら、近年の技術的な進歩に伴って、それら難易度は確実に下がっており、NMR測
定が可能な四極子核が増えてきた。そして、NMR法を応用できる研究分野は確実に広がってきている。このような
背景から、従来からのNMRユーザーのみならず、これからNMR法を活用する研究者においても、四極子核を測定
対象とするNMR法への関心が高まってきている（と思われる）。本講演では、これから四極子核NMRに挑戦する
ユーザーを対象に、四極子核NMRの基礎的理論やバックグランドを概説し、四極子核の代表格（核？）である酸素
（17O）NMRを実例として、スペクトル解析の重要性について説明する。

15:50～16:00　休憩

16:00～17:30

「NMRを創った人たち：第1話　夜明け前　
　1. SternとGerlach―偶然はいかに彼らに微笑んだか」

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、学問が創られた背景には、様々な味わい深い物語がある。研究対象の選択や となるアイデアの着想の経緯、
あるいは回り道やつまずきなど創造の過程で辿った軌跡を知ることは、学問を創る側に立とうとしている若い人々
にとって素晴らしい財産となろう。研究を行なった本人の人物像、研究が行なわれた時代背景、研究環境、周辺の
人々などもまた創造の物語を構成する重要な要素である。本講演では、時代を画した研究を行った人物にスポットを
当て、可能な限りその研究が行われた現場を蘇らせる。その試みが研究者として歩みだした若い人たちにとって一つ
の道標になれば幸いである。今回は角運動量の方向量子化を発見し、陽子などの磁気能率を初めて測定してNMRが
出現する土壌を培った先人の物語を話す。
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9:30～13:30 ポスター貼り付け

9:30～17:00 展示会

9:30～9:40 開会の挨拶　　竹腰　清乃理（京都大学大学院　理学研究科）
  Opening remarks: Kiyonori Takegoshi 

  （Division of Chemistry, Graduate School of Science, Kyoto University）

一般演題1 ［会場：ヒマワリ］
9:40～10:40 座長：山田　和彦

9:40～10:00
L1-1 PbSnF4固体イオン伝導体のダイナミクス解析
 Dynamics study of ionic conductivity in PbSnF4

○村上美和，森田善幸（京都大学・産官学連携本部）

10:00～10:20
L1-2 アルミラミネート型全固体リチウム二次電池の 7Li-NMRイメージング法： 
 正極，固体電解質，およびLi箔について 
 7Li-NMR imaging for aluminum-laminated all-solid-state rechargeable lithium battery 

○拝師智之 1，藤木聡 2，相原雄一 2（1株式会社エム・アール・テクノロジー（つくば市），2株式会社サムスン
日本研究所）

10:20～10:40
L1-3 含水状態における絹の構造および水との相互作用に関するNMR研究
 NMR study of the structures of hydrated silks and the interaction with water

○田制侑悟 1，平沖敏文 1，松田裕生 1，片岡奈緒美 1，大窪貴洋 2，朝倉哲郎 1（1東京農工大学大学院 工学研究
科、2千葉大学大学院 工学研究科）

10:40～10:50 休憩

一般演題2 ［会場：ヒマワリ］
10:50～11:50 座長：犬飼　宗弘

10:50～11:10
L1-4 2次元交換NMRの交換速度に対する3スピンフリップ－フロップの影響 
 Effects of 3 spin flip-flop for exchange rate in 2D exchange NMR

○大橋竜太郎，水野元博（金沢大学・大学院・自然科学研究科）

11:10～11:30
L1-5 高磁場DNPの高速定量的シミュレーションによる高効率核磁化増大法の研究 
 Effective high field solid-state DNP techniques as analyzed by fast quantitative calculation

○深澤隼，藤原敏道，松木陽（大阪大学蛋白質研究所）

第55回 NMR討論会（2016）
The 55th Annual Meeting of the Nuclear Magnetic Resonance Society of Japan (2016)

会　期： 2016年11月16日（水）～ 18日（金） 
 November 16(Wed)-18(Fri), 2016

会　場： 広島国際会議場 
 International Conference Center Hiroshima 
 〒730-0811　広島県広島市中区中島町1-5

第1日目　11月16日（水）／Day 1 （Nov. 16, Wed）
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11:30～11:50
L1-6 超偏極キセノンガスを用いた二次元NMRによるカーボンナノチューブの細孔解析 
 Hyperpolarized 129Xe Aided 2D-NMR Study of Carbon Nanotube Pore Analysis 

○藤原英明 1，木村敦臣 1，今井宏彦 2，宮脇仁 3, 4，尹聖昊 3, 4，池田基 4，吉鉉植 4，出田圭子 3，齋藤公児 5，
金橋康二 6（1阪大院・医，2京大・学際融合，3九大・先導研，4九大・総理工，5新日鐵住金・技術開発本部，
6新日鐵住金・先端研）

11:50～12:10 日本核磁気共鳴学会総会 / Meeting of the NMR Society of Japan

12:10～13:30 昼食 / Lunch

13:30～15:00 ポスターセッションⅠ（偶数番号、若手ポスター賞審査含む）
  Poster Session （even numbers） including poster presentations for  
  Young Scientists Poster Awards

ポスターセッション［会場：地下2階ダリア］

一般演題3 ［会場：ヒマワリ］
15:00～16:00 座長：伊藤　隆

15:00～15:20
L1-7 高感度レオロジーNMRの開発と応用
 Highly Sensitive Rheo-NMR Spectroscopy For Proteins

○森本大智 1，Erik Walinda2，西澤茉由 1，Ulrich Scheler3，山本昭彦 4，白川昌宏 1，菅瀬謙治 1（1京都大学
大学院 工学研究科，2京都大学大学院 医学研究科，3Leibniz Institute of Polymer Research Dresden，4ブル
カー・バイオスピン株式会社）

15:20～15:40
L1-8 定量固体NMRを用いた単一大腸菌細胞内で合成される分子種の同定および分子数の計測 
 Identification the species of molecules and counting the number of molecules synthesized in  
 an Escherichia coli cell by quantitative solid-state NMR 

○山田和哉，江川文子，藤原敏道（大阪大学・蛋白質研究所）

15:40～16:00
L1-9 木質バイオマスにおける超分子構造とステレオ選択的な酵素反応及び核酸の in-cell NMR 
 Supramolecular structure and stereoselective enzymatic reaction of wood biomass,  
 and in-cell NMR of nucleic acids

山置佑大 1, 2, 5，永田一真 1, 2，清石彩華 1, 2，西村裕志 3, 4, 5，加納ふみ 6，村田昌之 7，大田ゆかり 5, 8，渡辺隆司 3, 4， 
永田崇 1, 2, 4, 5，○片平正人 1, 2, 4, 5（1京大・エネルギー理工学研究所，2京大・エネルギー科学研究科，3京大・
生存研，4JST・CREST，5JST・ALCA，6東工大・院科学技術創製，7東大・院総合文化，8海洋研究開発機構） 

16:00～16:10 休憩

一般演題4 ［会場：ヒマワリ］
16:10～17:10 座長：児島　長次郎

16:10～16:30
L1-10 コアフコース認識レクチンの三量体溶液構造と糖鎖認識機構の解析
 The trimeric solution structure of a core fucose-specific lectin and its recognition ofoligosaccharide

○山崎和彦 1、山崎智子 1、清水弘樹 2、長島生 2、清水明 3、千葉靖典 3、舘野浩章 3（産業技術総合研究所　 
1バイオメディカル研究部門、2生物プロセス研究部門、3創薬基盤研究部門）
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16:30～16:50
L1-11 アゾベンゼン架橋剤の光異性化反応によるタンパク質変性のNMR同期測定
 NMR-synchronized protein denaturation by photoisomerization of an azobenzene cross-linker

長島敏雄 1，植田啓介 2，西村千秋 2，○山崎俊夫 1（1理化学研究所・ライフサイエンス技術基盤研究センター，
2帝京平成大学・薬学部）

16:50～17:10
L1-12 CAST/CNMRシステムを用いた 13C NMRシフト値による様々な有機化合物の構造訂正
 Structural Revision of Several Organic Compounds by Evaluation of 13C NMR Chemical Shifts using  
 CAST/CNMR System

○越野広雪 1，小市俊後 2，佐藤寛子 3, 4（1理化学研究所 環境資源科学研究センター，2南山大学 システム数理
学科，3情報・システム研究機構，4チューリッヒ大学 化学科）

18:00～21:00 日本核磁共鳴学会評議会・新評議会・新理事会［会場：アステールプラザ］
  （総会で承認された新評議員も出席の必要があります。また、新理事会は新評議会が終わり 
  しだい開きます）
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9:00～17:00 展示会

一般演題5 ［会場：ヒマワリ］
9:30～10:30 座長：片平　正人

9:30～9:50
L2-1 新規安定同位体標識技術を利用した高分子量蛋白質の溶液立体構造解析 
 Relaxation-optimized SAIL method for structural studies of large proteins

○宮ノ入洋平 1，武田光広 1, 2，寺内勉 3, 4，甲斐荘正恒 1, 3（1名古屋大学・大学院・理学研究科附属構造生物学
研究センター，2熊本大学・大学院・生命科学研究部，3首都大学東京・大学院・理工学研究科，4SAILテク
ノロジーズ株式会社）

9:50～10:10
L2-2 多剤耐性転写制御因子の転写制御機構：非特異的DNA吸着の役割 
 Transcriptional regulation of a multidrug transcriptional repressor: role of non-specific DNA adsorption 

○竹内恒 1, 2，今井美咲 3、嶋田一夫 1, 4（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科
学技術振興機構・さきがけ，3バイオ産業情報化コンソーシアム，4東京大学・大学院薬学系研究科）

10:10～10:30
L2-3 高磁場DNPの効率改善をめざした手法開発とその応用
 Methods for improving high-field DNP and its application

○松木陽 1，中村新治 2，福居滋夫 3，出原敏孝 4，Jagadishwar Sirigiri5，末松浩人 2，藤原敏道 1（1大阪大学・
蛋白質研究所，2（株）JEOL RESONANCE，3（株）クライオバック，4福井大学・遠赤外領域開発研究センター，
5Bridge12 Technologies Inc, MA, USA）

10:30～10:40 休憩

一般演題6 ［会場：ヒマワリ］
10:40～12:00 座長：藤原　敏道

10:40～11:00
L2-4 NMR signals to light conversion through a membrane capacitor

○武田和行 1，長坂健太郎 2，宇佐見康二 2（1京都大学・大学院・理学研究科、2東京大学・先端科学研究セン
ター）

11:00～11:20
L2-5 固体NMRを用いたイモリの肢再生制御蛋白質におけるアンカリングの役割の解明 
 The Role of Anchor in the Prod1 essential in Newt Limb Regeneration

○野村薫 1，谷本泰士 2，林文夫 3，原田英里砂 1，単小遠 4，森垣憲一 5，島本啓子 1（1公益財団法人サントリー
生命科学財団・生物有機科学研究所，2神戸大学大学院・農学研究科，3神戸大学大学院・理学研究科，4サ
ントリーグローバルイノベーションセンター株式会社研究部，5神戸大学・バイオシグナル総合研究センター）

11:20～11:40
L2-6 高分解能固体NMRおよびFIB-TOF-SIMSを用いたフライアッシュ中ホウ素の化学構造解析 
 Chemical structure analysis of coal fly ash by using high-resolution solid state NMR and  
 FIB-TOF-SIMS

○高橋貴文 1，金橋康二 1，林俊一 2，長坂徹也 3（1新日鐵住金 先端技術研究所，2新日鐵住金 技術開発本部，
3東北大学 工学研究科）

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

Tetsuo Oikawa1, Manabu Okumura2, Ryosuke Kusumi2, Fumiko Kimura2, Tsunehisa Kimura2, Manoj Kumar 
Pandey3, ○Yusuke Nishiyama3（1JEOL ASIA Pte. Ltd., 2Graduate School of Agriculture, Kyoto University,  
3 JEOL RESONANCE Inc. & RIKEN CLST-JEOL Collaboration Center）

第2日目　11月17日（木）／Day 2 （Nov. 17, Thu）
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12:00～13:10 昼食 / Lunch

Invited Lecture

13:10～13:45 Chairperson: Kazuhiko Yamada

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

○Toshikazu Miyoshi（Department of Polymer Science, The University of Akron, USA）

13:45～13:50 Break

13:50～14:25  Chairperson: Yoshiyuki Tanaka

IL2 Advanced NMR studies of DNA conformational polymorphs
○Lukas Trantirek（Central European Institute of Technology, Brno, Czech Republic）

14:25～14:30 Break

14:30～15:05 Chairperson: Masayoshi Sakakura

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

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

15:05～15:10 Break

15:10～15:45 Chairperson: Shin-ichi Tate

IL4 The Future of NMR in Metabolomics
○David S. Wishart（Departments of Biological Sciences and Computing Science. University of Alberta, 
Canada）

15:45～16:00 Break

Honorary Lecture

16:00～16:35 Chairperson: Kaoru Nomura

HL1 Gazing NMR for Thirty Six Years
○Takashi Iwashita （（Former） SUNTORY FOUNDATION for LIFE SCIENCES
Bioorganic Research Institute, Structure and Function Group, Division of Structural Biomolecular Science）

16:35～16:40 Break

16:40～17:15 Chairperson: Tetsuo Asakura

HL2 High Resolution Solid-State NMR Spectroscopy. Development and Application to  
 Structural Biochemistry

○Akira Naito（Graduate School of Engineering, Yokohama National University, Japan）

18:50～21:00 Banquet
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9:00～12:00 展示会

一般演題7 ［会場：ヒマワリ］
9:10～10:30 座長：山崎　俊夫

9:10～9:30
L3-1 化学物質のヒト脳への影響評価を目指したMR定量測定法の開発
 Development of quantitative measurement methods in MR for evaluation of effects of 
 chemicals to human brain

○渡邉英宏 1，高屋展宏 1，Tin Tin Win Shwe2，三森文行 1（1国立環境研究所 環境計測研究センター 画像・
スペクトル計測研究室，2国立環境研究所 環境リスク・健康研究センター 生体影響評価研究室）

9:30～9:50
L3-2 磁石回転による主磁場制御型MRIのT1強調効果
 New Type T1 weighted imaging of main field cycle MRI with rotary magnet

○小林竜馬 1，内海英雄 2（1九州大学・先端融合医療レドックスナビ研究拠点、2静岡県立大学）

9:50～10:10
L3-3 情報科学を活用したシグナル帰属法の in-cell NMRへの応用 
 Signal Assignment Strategy with Information Science for in-cell NMR

○葛西卓磨 1, 2，樋口佳恵 1，猪股晃介 1, 3，木川隆則 1, 2, 4（1理化学研究所・生命システム研究センター，2JST・
CREST，3JST・さきがけ，4東京工業大学・情報理工学院）

10:10～10:30
L3-4 深層学習に支援されたNMRシグナルの自動解析 
 Automated analysis of NMR signals assisted by Deep Neural Networks  

○小林直宏 1，服部良一 2，永田崇 3，児嶋長次郎 4，藤原敏道 1（1大阪大学・蛋白質研究所，2徳島文理大学・
薬学部，3京都大学・エネルギー理工学研究所，4横浜国立大学・理工学部）

10:30～12:00 ポスターセッションⅡ（奇数番号）
  Poster SessionⅡ（odd numbers)

ポスターセッション ［会場：地下2階ダリア］

12:00～13:30 昼食 / Lunch

オーガナイザーセッション ［会場：ヒマワリ］
13:30～13:35 趣旨説明：楯　真一

13:35～14:25 座長：楯　真一

13:35～14:00
SL1 μ-オピオイド受容体のシグナル選択性制御機構の解明
 Identification of a Conformational Equilibrium That Determines the Efficacy and 
 Functional Selectivity of the μ-Opioid Receptor

奥出順也 1，上田卓見 1, 2，幸福裕 1，佐藤元彦 1，延山尚幸 1，近藤啓太 1，白石勇太郎 1，水村拓也 1，大西健 
人 1，夏目芽依 1，前田正洋 3，辻下英樹 3，倉永健史 1，井上将行 1，○嶋田一夫 1（1東京大学・大学院薬学系
研究科，2日本学術振興会（JST）・さきがけ（PRESTO），3塩野義製薬・創薬研究所）

14:00～14:25
SL2 アスパラギン結合型糖鎖転移反応の理解のための統合的構造生物学アプローチ
 Integrative structural biology approach to decipher the molecular mechanism of Asn-glycosylation

○神田大輔（九州大学・生体防御医学研究所）

第3日目　11月18日（金）／Day 3 （Nov. 18, Fri）
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14:25～15:15 座長：神田　大輔

14:25～14:50
SL3 四ヘムシトクロムにおける常磁性電子系の動的協同性とその生物学的意義
 Dynamic and cooperative behaviors of paramagnetic electron systems in tetra-heme cytochromes and  
 their biological significance

○阿久津秀雄（横浜市立大学生命医学研究科）

14:50～15:15
SL4 NMR Approaches to Dissect Oncogenic RAS Signaling in Biological Membranes

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

15:15～16:15 座長：寺沢　宏明

15:15～15:35
SL5 常磁性ランタノイド金属とBiomolecular NMR
 Paramagnetic lanthanides for biomolecular NMR

○八木宏昌（理化学研究所・生命システム研究センター）

15:35～15:55
SL6 受容体チロシンキナーゼ FGFR1 のがん変異体の動的構造状態と阻害剤耐性機構の解析
 NMR analysis of dynamic feature and drug resistant mechanism of cancer mutant of tyrosine kinase

○小橋川敬博 1，稲垣冬彦 2（1熊大・院・生命科学、2北大・院・先端生命）

15:55～16:15
SL7 NMRとX線結晶解析の協業から迫るオートファジーの分子機構
 Molecular mechanisms of autophagy revealed by collaboration of NMR and X-ray crystallography

○野田展生 1，稲垣冬彦 1, 2（1微生物化学研究会・微生物化学研究所，2北海道大学・大学院先端生命科学研
究院）

16:15～16:25 閉会の挨拶　（世話人）
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P1 化学修飾によるタンパク質の新たな安定同位体標識法の開発
 Newly developed stable isotope labeling methods of proteins via chemical modification

○服部良一 1, 2，David Heidenreich1，横山敬一 3，鈴木榮一郎 3, 4，田中好幸 2，藤原敏道 1，児嶋長次郎 1, 5 

（1大阪大学・蛋白質研究所，2徳島文理大学・薬学部，3味の素株式会社・イノベーション研究所、4バイオ産
業情報化コンソーシアム・JBIC研究所，5横浜国立大学・大学院工学府）

P2  Y  二重試料管を用いた定量NMR法の開発と応用
 Develoment and application of quantitative NMR method using coaxial NMR tube

○大木慈子，島田治男（資生堂グローバルイノベーションセンター）

P3 蛋白質選択的飽和によるタンパク質 -リガンド相互作用観測の試み
 Protein-ligand interaction analysis using adiabatic spin lock as spin saturation

○栗田順一，平尾優佳，西村善文（横浜市立大学・生命医科学研究科）

P4 WET 法の新しい応用測定Flip-Back-BBWET-TOCSY 法について
 Flip-Back-BBWET ---a new method to saturate huge sugars and to observe minor components and  
 amide protons in foods

○降旗一夫 1，佐久間千勢子 2，田代充 3（1東大院農・応生化，2東薬大・薬，3明星大・理工）

P5 ケモカイン受容体制御因子FROUNT－新規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  
 new anti-inflammatory compounds.

江崎宗一郎 1，○吉永壮佐 1，石田規人 1，武田光広 1，柚木芳 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）

P6 HSP70基質結合ドメインにおけるリッドの動的構造と機能との相関解析
 Structural dynamics and functional relationship of the lid in the substrate binding domain of HSP70

○梅原康平 1，栃尾尚哉 2，星川美穂 1，楯真一 1, 2（1広島大学・大学院・理学研究科，2広島大学・クロマチン
動態数理研究拠点（RcMcD））

P7 天然変性領域 (IDR)を介した過度的ドメイン間相互作用による基質結合能増強機構の解明
 Enhancement of the ligand binding ability through the transient inter-domain interaction facilitated by  
 intervening IDR

○井上涼平 1，川嵜亮祐 1，栃尾尚哉 2，楯真一 1, 2（1広島大学・大学院・理学研究科，2広島大学・クロマチン
動態数理研究拠点（RcMcD））

P8 ライゲーション反応を用いたマルチドメインタンパク質PKCの構造解析
 Structure determination of the multi-domain protein PKC by protein ligation

○貴堂晃弘 1，金場哲平 1, 2，伊藤隆 1，三島正規 1（1首都大学東京・大学院・理工学研究科，2ブルカー・バイ
オスピン株式会社）

P9 メチル基を利用した蛋白質の全自動NMR構造決定 
 Automated protein structure determination using methyl groups

○新家粧子，小林直宏，藤原敏道，児嶋長次郎（大阪大学 蛋白質研究所）

P10 NMRによるR型レクチン改変体とシアル酸糖鎖との分子間相互作用解析 
 NMR analysis of the interaction between a novel sialic acid-binding lectin mutant from the C-terminal  
 domain of an R-type lectin and sialyllactose

○逸見光 1，久野敦 2，平林淳 2（1農研機構・食品研究部門，2産総研・創薬基盤研究部門）

P11 ヘムと四重鎖DNAの複合体の構造解析
 Structural characterization of a complex between heme and G-quadruplex DNA formed from  
 d(GGG(TGGG)3)

○越智健太郎 1，柴田友和 1，逸見光 2，萩原正規 3，山本泰彦 1（1筑波大学・大学院・数理物質科学研究科， 
2農研機構・食品部門，3弘前大学・大学院・理工学研究科）

一般ポスター発表／Poster presentation ［地下２階ダリア］

偶数番号：1日目（2016/11/16）、奇数番号：3日目（2016/11/18）
Y ：若手ポスター賞
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P12 TRAF6の二量体形成機構のNMR解析
 NMR analysis for the dimerization mechanism of TRAF6

○上田和也 1，栃尾尚哉 2，楯真一 1, 2（1広島大学・大学院・理学研究科，2広島大学・クロマチン動態数理研
究拠点（RcMcD））

P13 拡張moel-free解析法による分子混雑環境下の蛋白質ダイナミクス解析 
 A novel extended model-free analysis reveals protein dynamics under macromolecular crowding  
 environment.

○岡村英保 1, 7，栃尾尚哉 2，杉山修世 1, 2，伊東優拡 1，渡部暁 1, 2，ワン ポーハン 3，優乙石 3，フェイグ マイケ
ル 1, 4，杉田有治 1, 3, 5, 7，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理化学研究所 杉田理論分子科学研究室，4ミシガン州立大学，5理化学研究所 計算
科学研究機構，6東京工業大学 情報理工学院，7CREST/JST）

P14 NMRを用いた脂質二重膜中における1回膜貫通型タンパク質C99の構造解析 
 NMR study of a single transmembrane protein C99 in lipid bilayers

○真嶋健大 1，坂倉正義 1，藤井萌 1，三尾和弘 1,2，Charles R. Sanders3，高橋栄夫 1 （1横浜市立大学・大学院・
生命医科学研究科，2産業技術総合研究所，3Department of Biochemistry and Center for Structural Biology, 
Vanderbilt University School of Medicine）

P15 放線菌の接合伝達タンパク質TraBの構造研究
 Structural study of the DNA translocase of Streptomyces, TraB

○金場哲平 1,2，上埜大空 2，前崎綾子 2，伊藤隆 2，片岡正和 3，三島正規 2（1ブルカー・バイオスピン株式会
社，2首都大学東京　理工学研究科，3信州大学　工学部）

P16 酵母Pichia pastoris発現系を用いて調製した安定同位体標識ヒト膜タンパク質のNMR解析 
 NMR analyses of human membrane proteins produced by the yeast Pichia pastoris expression system

○坂倉正義，鈴木里佳，森雅樹，藤井萌，高橋栄夫（横浜市立大学・大学院・生命医科学研究科）

P17 免疫受容体Mincleによる糖脂質認識機構のNMR解析
 NMR analysis of glycolipid recognition mechanism by innate immune receptor Mincle

○齊藤貴士 1，須知祐介 2，古川敦 3，前仲勝実 3（1北海道薬科大学、2北海道大学大学院・生命科学院、3北海
道大学大学院・薬学研究院）

P18 B型肝炎X蛋白質（HBx）BH3様モチーフとBcl-xLのNMR相互作用解析
 NMR analysis of the interaction between the BH3-like motif of hepatitis B virus X protein (HBx) and  
 Bcl-xL

○楠英樹 1，田中俊之 2，河野俊之 3，木村博一 4，細田和男 5，若松馨 5，浜口功 1（1国立感染症研究所 血液・
安全性研究部，2筑波大学大学院生命環境科学研究科，3北里大学医学部 生化学，4国立感染症研究所 感染症
疫学センター，5群馬大学大学院理工学府 分子科学部門）

P19 昆虫細胞発現系における高度重水素標識を用いた脂質二重膜中のGタンパク質共役型受容体の 
 動的構造解析 
 Functional Dynamics of Deuterated β2-Adrenergic Receptor in Lipid Bilayers Revealed by  
 NMR Spectroscopy

○幸福裕 1，上田卓見 1, 2，奥出順也 1，白石勇太郎 1，近藤啓太 1，水村拓也 1，鈴木志歩 1，嶋田一夫 1（1東京
大学・大学院薬学系研究科，2日本学術振興会（JST）・さきがけ（PRESTO））

P20 複数の抗原を特異的に認識する抗体G2の抗原結合による構造及び揺らぎの変化
 Structural and dynamical changes of multispecific antibody G2 induced by binding of different antigens

○鎌足雄司 1，臼井大樹 2，石黒直隆 3，織田昌幸 2（1岐阜大学・生命科学総合研究支援センター、2京都府立
大学大学院・生命環境科学研究科、3岐阜大学・応用生物科学部）

P21 メチル化アミロイドβと金属イオンとの相互作用解析
 Analysis of interaction between methylated Aβ42 and metal ions

髙井朋代 1，物部容子 1，山口りつ子 1，竹内昌男 1，竹内喜久子 1，児玉高志 1, 2，○赤木 謙一 1（1医薬基盤・健
康・栄養研究所，2京都大学 理学研究科）

P22  Y  NMRとSAXSによるRNA結合性マルチドメインタンパク質Nrd1の構造解析
 Structural studies of the RNA-binding multi-domain protein Nrd1 by NMR and SAXS

○小林彩保 1，永井敢 1，佐藤亮介 2，伊藤隆 1，杉浦麗子 2，三島正規 1（1首都大・理工，2近畿大・薬）
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P23 FGFR4活性化に関わるFGFR4-FGFR1キナーゼドメイン間相互作用のNMRによる解析 
 NMR analysis of the interaction between kinase domains required for activation of  
 the receptor tyrosine kinase FGFR4

○逆瀬川知香 1，雨宮舜 2，与座魁斗 1，姫野梨花 1，林田大輝 1，赤星璃 1，佐藤卓史 3，森岡弘志 3，小橋川敬
博 3（1熊大・薬，2熊大・院・薬，3熊大・院・生命科学）

P24  Y  LINEの逆転写酵素がLINE RNAの1残基の違いを識別するメカニズムの解析 
 Mechanism of the discrimination of a single residue difference in LINE RNAs by LINE reverse  
 transcriptase

○大津舞菜 1，梶川正樹 2，河合剛太 1（1千葉工業大学・工学部，2東京工業大学・生命理工学院）

P25 RMF mRNA 5'-UTRにおいて1残基の変異がRNA構造およびスペルミジンとの相互作用に与える 
 影響 
 Effect of a point mutation in RMF mRNA 5'-UTR on RNA structure and interaction of  spermidine

○佐原潤平 1，照井祐介 2，五十嵐一衛 3, 4，柏木敬子 2，河合剛太 1（1千葉工業大学・工学部，2千葉科学大学・
薬学部，3千葉大学大学院・薬学研究院，4アミンファーマ研）

P26  Y  Cyclin D1遺伝子転写制御やテロメア長制御に関わるTLS/FUSタンパク質と非コード核酸間の 
 相互作用のNMR法による解析 
 NMR analysis of interaction of TLS/FUS and non-coding RNA/DNA, a key event for regulation of  
 CCND1 transcription and telomere shortening

○近藤敬子 1，真嶋司 1, 2，大吉崇文 3，米田竜馬 4，黒川理樹 4，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・エネルギー科学研究科，3静岡大学・理学部，4埼玉医科大学・ゲノム医学研
究センター）

P27 転写共役因子天然変性領域（IDR）の低存在率構造と核内受容体の結合能の相関解析
 Functional roles exerted by the low population structures in the intrinsically disordered region (IDRs)  
 of the co-activator protein

○伊藤慎一郎 1，栃尾尚哉 2，中嶋直大 1，楯真一 1, 2（1広島大学・大学院・理学研究科，2広島大学・クロマチ
ン動態数理研究拠点（RcMcD））

P28  Y  C:G塩基対を選択的に認識する人工塩基を含む三重鎖DNAの構造解析 
 Structural analysis of triplex DNA containing an artificial nucleoside which selectively recognizes  
 the C:G base pair

○真嶋司 1, 2，岡村秀紀 3，王磊 3，谷口陽祐 3，佐々木茂貴 3，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，3九州大学大学院薬学研究院）

P29 NMRを用いた汗のメタボロミクスと皮膚表在微生物叢
 NMR-based human sweat metabolomics and skin microbiome

○筒井聡志 1，伊達康博 1, 2，菊地淳 1, 2, 3（1横市院生命医，2理研CSRS，3名大院生命農）

P30  Y  天然変性領域を介した動的なドメイン協働による基質認識機構の解明
 Enhanced substrate binding through the inter-domain dynamics linked by the intrinsically disordered  
 region (IDR)  

○川嵜亮祐 1，栃尾尚哉 2，楯真一 1, 2（1広島大学・理学研究科・数理分子生命理学専攻，2広島大学・クロマ
チン動態数理研究拠点（RcMcD））

P31 NMRによる多様な水産資源のビックデータ解析に基づく代謝・物理特性の総合評価 
 NMR-based comprehensive evaluation of metabolic and physical characteristics of the diversified  
 aquatic resources

○魏菲菲 1，福地実 2，朝倉大河 1, 2，坂田研二 1，伊達康博 1,2，菊地淳 1, 2, 3（1理研CSRS，2横市大院・生命医，
3名大院・生命農）

P32  Y  天然変性領域の多重リン酸化によるFACTヌクレオーム結合の超高感度応答性機構
 Ultra-sensitive regulation of the nucleosome binding of FACT, a chromatin remodeling factor,  
 through multiple phosphorylation to its intrinsically disordered regions (IDRs)

○青木大将 1，上脇準一 2，栃尾尚哉 2，楯真一 1, 2（1広島大学・大学院・理学研究科，2広島大学・クロマチン
動態数理研究拠点（RcMcD））
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P33 魚類多様性の生息環境・表現型の体内物質・微生物群のビッグデ ータ解析
 Big data analysis of metabolic and microbial profiling for characterization of habitat and phenotype in  
 fish diversity

○佐藤有穂 1，朝倉大河 1, 2，坂田研二 2，伊達康博 1, 2，菊地淳 1, 2, 3（1横市院・生医，2理研CSRS，3名大院・
生命農）

P34  Y  機械学習理論に基づく生体分子複雑系の解析技術高度化
 Machine learning as advanced analytical technique of complex biomolecular mixtures

○伊達康博 1, 2，菊地淳 1, 2, 3（1国立研究開発法人理化学研究所・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名古屋大学大学院・生命農学研究科）

P35 シアロ糖鎖α,β結合の判別と セレン含有糖鎖のNMRによる解析
 Determination of alpha, beta connectivity of sialo-glycans and analysis of seleno-carbohydrates using  
 NMR spectroscopy

○ 鵜澤洵 1，山口芳樹 1，田中浩士 2，鈴木達哉 3, 4，安藤弘宗 3, 4，木曽真 3, 4（1理研 糖鎖構造，2東工大 物質理
工，3岐阜大 応用生物，4京大 物質－細胞 統合システム拠点）

P36 NMRを用いた定量法の比較―内部標準法と外部標準法
 Comparison of quantitative methods by NMR- Internal and External Calibration Methods

○片平律子，大澤弘幸，大室喜久子，望月正（JFEテクノリサーチ株式会社 分析ソリューション本部 先端有
機分析部 先端医薬品解析センター）

P37 無機材料結合ペプチドと無機ナノ粒子の相互作用解析 
 Structure and dynamic properties of Ti-binding peptide bound to inorganic nanoparticles

○鈴木悠 1，神藤平三郎 2，朝倉哲郎 3（1福井大学テニュアトラック推進本部，2東京薬科大学，3東京農工大学
大学院工学研究科）

P38 NMR多変量解析による食用油の熱劣化解析
 Thermal degradation analysis of edible oils by multivariate analysis of NMR

○大田陽介，早河裕子，岡田明子，平田真吾，塩成さゆり，森美詞，則武智哉（株式会社UBE科学分析セン
ター）

P39 紅藻ハナヤナギ由来パリトキシンの構造解析 
 Palytoxin isolated from a marine red alga, Chondria armata

○森祥子 1，菅原孝太郎 1，前田満 2，岩下孝 1，山垣亮 1（1（公財）サントリー生命科学財団・生物有機科学研
究所，2サントリーグローバルイノベーションセンター（株））

P40 リポソーム/水分散液における水分子のダイナミクス解析 
 Water Dynamics Analysis in Liposome/Water Dispersion

○川口翼 1，喜多理王 2，新屋敷直木 2，八木原晋 2，福崎稔 3（1東海大学大学院総合理工学研究科，2東海大学
理学部物理学科，3東海大学熊本教養教育センター）

P41 セルロース誘導体の化学シフト帰属と構成モノマー組成の決定
 Chemical shift assignment of cellulose derivatives: Determination of the mole fractions of monomers  
 comprising sodium carboxymethylcellulose

○甲野裕之，藤田彩華，大島和浩，橋本久穂，清水祐一（苫小牧高専 応用化学・生物系）

P42  Y  ゴム状高分子の溶液NMRを用いた種々の測定 
 A variety of measurements using solution NMR of the rubber-like polymer

○宮代亜紗美，吉水広明（名古屋工業大学・大学院・工学研究科）

P43 ポリプロピレンのF2選択励起TOCSY
 F2-selective TOCSY of polypropylene

○松原康史 1, 2（1三菱化学株式会社・開発研究所，2日本ポリケム株式会社・研究開発部）

P44 さまざまな低分子液体のPFG-NMR法と誘電分光法による並進および回転拡散の評価 
 Evaluation of the translational and rotational diffusion of various low-molecular liquid by  
 PFG-NMR and dielectric spectroscopy.

○堀雄貴 1，川口翼 2，喜多理王 3，新屋敷直木 3，八木原晋 3，福崎稔 4（1東海大学大学院理学研究科，2東海
大学大学院総合理工学研究科，3東海大学理学部物理学科，4東海大学熊本教養教育センター）
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P45 金属ルテニウムを含む新規イオン液体のガラス転移温度降下メカニズム
 The mechanism of glass transition temperature drop for new type ionic liquids involving Ruthenium  

○鄭智海 1，桑原大介 2，持田智行 3（1電通大 情報理工学研究科，2電通大 研究設備センター，3神戸大 大学院
理学研究科）

P46  Y  PS，PMMS 内に収着させた Xe をプローブとし，129XeNMRによって評価する気体輸送特性
 The gas transport properties characterized by 129Xe NMR observations of the Xe in PS and  
 PMMA as a probe

○西口枝里子，吉水広明（名古屋工業大学・大学院・工学研究科）

P47 重金属のスピン分極シフトの測定 
 Measurement of the chemical shift of the heavy metal by the spin polarization  

○横山拓海，花坂明、桑原大介、中川直哉（電気通信大学・大学院・情報理工学研究科）

P48  Y  定量NMR法における不純物の重なる信号に対するクロマトグラフィーを併用した新規評価法の 
 確立 
 Establishment of a Novel Evaluation Method for Analyte Signals Overlapping with Impurity Signals by  
 Using Chromatography in Combination with Quantitative NMR 

○斎藤直樹 1，北牧祐子 1，大塚聡子 1，西﨑雄三 2，杉本直樹 2，井原俊英 1（1産業技術総合研究所 計量標準総
合センター 物質計測標準研究部門，2国立医薬品食品衛生研究所 食品添加物部）

P49 リチウムイオン二次電池用無機固体電解質のリチウム拡散挙動
 Lithium ion migration of inorganic solid electrolytes for lithium ion batteries

○栗間昭宏，石川朋希，夏目穣，橋本康博，松岡直樹，吉野彰（旭化成株式会社）

P50 光励起三重項状態を用いた動的核偏極による安息香酸の高偏極化
 Hyperpolarization of benzoic acid with dynamic nuclear polarization using photoexcited triplet states. 

○田中良樹，根来誠，香川晃徳，北川勝浩（大阪大学大学院・基礎工学研究科）

P51 磁場掃引NMRパターン上の特異点を用いた四極子パラメータの決定法 
 Determination of quadrupolar parameters using singularities in field-swept NMR patterns

○一条直規 1，武田和行 1，山田和彦 2，竹腰清乃理 1（1京都大学大学院 理学研究科 化学専攻，2高知大学 教
育研究部 総合科学系 複合領域科学部門）

P52  Y  固体NMRによる光駆動型ナトリウムイオンポンプKR2のpH変化に対する 
 レチナール結合サイトの構造変化の解析
 Structural analysis upon pH-change of retinal binding site in light-driven sodium ion pump rhodopsin,  
 KR2, by solid-state NMR

○重田安里寿 1，伊藤奨太 2，沖津貴志 3，和田昭盛 3，井上圭一 2,4，神取秀樹 2，川村出 1（1横浜国立大学大学
院・工学府，2名古屋工業大学大学院・工学研究科，3神戸薬科大学，4JST・さきがけ）

P53 13C固体NMRを用いたDMPC脂質二重膜存在下におけるペプチドホルモングルカゴンの 
 線維構造の解析 
 Glucagon fibril structure in the presence of DMPC lipid bilayers as studied by 13C solid-state NMR

○羽矢和未，川村出，内藤晶（横浜国立大・院工）

P54 ナトリウムポンプ型ロドプシンにおけるイオン結合サイトの役割
 Role of cation binding site of sodium pump rhodopsin

○田巻初 1, 2，斉藤優太 2，江川文子 1，菊川峰志 3，相沢智康 3，出村誠 3，藤原敏道 1（1大阪大学・蛋白質研究
所，2北海道大学・大学院生命科学院，3北海道大学・大学院先端生命科学研究院）

P55 固体NMRを用いたミドルロドプシンの温度変化に対する構造変化の解析
 Temperature-dependent structural changes of middle rhodopsin as studied by solid-state NMR

○川村出 1，関隼斗 2，槙野義輝 1，重田安里寿 1，沖津貴志 3，和田昭盛 3，須藤雄気 4（1横浜国立大学・大学
院・工学府，2横浜国立大学・理工学部 化学生命系学科，3神戸薬科大学，4岡山大学 院医歯薬）

P56 光照射固体NMRによるセンサリーロドプシン IIの光反応過程における光中間体構造の解明 
 Photo-intermediates in sensory rhodopsin II as revealed by in-situ photo-irradiation solid-state NMR

○槙野義輝 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，上田一義 1（1横浜国大・
院工、2神戸薬大、3岡山大・院医歯薬、4北海道大・院生命理）



－ 23－

P57 In-situ光照射固体NMRによるバクテリオロドプシンD96N変異体の光反応過程でのレチナール 
 およびタンパク質構造変化の解析 
 Structural change of retinal and protein during photoreaction of bacteriorhodopsin D96N mutant as  
 revealed by in-situ photo-irradiation solid-state NMR

○大谷優人 1，重田安里寿 1，槙野義輝 1，宮佐亮太 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・工学府，2神戸薬科大学，3兵庫県立大学大学院・生命理学研究科） 

P58  Y  2H, 19F NMRを用いた脂質膜中におけるアンフォテリシンBの配向解析 
 Orientation Analysis of Amphotericin B in membrane using 2H and 19F NMR

○山本智也 1, 2，梅川雄一 2, 1, 山上正輝 1, 2, 花島慎弥 1，土川博史 1，松森信明 3, 1，村田道雄 1, 2（1大阪大学大学
院・理学研究科，2JST-ERATO，3九州大学大学院・理学研究院）

P59 固体NMRによるポリヒドロキシアルカン酸ブレンドのマルチスケール解析評価
 Multi-scale analysis of poly (hydroxyalkanoic acid) blend with solid-state NMR

○西田雅一 1，田中智子 1，早川由夫 1，伊藤嘉晃 2，安田洸平 2，西田政弘 2（1産総研・構造材料，2名工大院・
電気機械工学専攻）

P60  Y  固体NMR法によるエチレンアイオノマーの結晶構造と運動性解析 
 Solid-State NMR study of crystalline phase and molecular motions of Poly (ethylene-co-methacrylic  
 acid) Ionomers

○松川隆幸，中澤千香子，浅野敦志（防衛大学校・応用化学科）

P61 ポリ（γ-グルタミン酸）の固体NMRによる構造解析
 Characterization of Poly (γ-glutamic acid) by Solid NMR

○藤井美暉子，柿下拓史，前田史郎（福井大院工）

P62 メチレン鎖長の異なる半芳香族ポリアミドの物性と構造解析
 Structure and Physical property of semi-aromatic polyamides with various methylene length

○田中佑弥，米山賢，上原宏樹，山延健（群馬大学・大学院・理工学府）

P63 界面活性剤及びシランカップリング剤を利用したシリカエアロゲルの構造解析
 Structure analysis of silica aerogel using surfactant and silane coupling agent by solid state NMR

○日下康成 1，大鷲圭吾 1，遠藤健司 2，安孫子大祐 2，酒井秀樹 2（1積水化学工業株式会社，2東京理科大学工
学部工業化学科）

P64  Y  固体NMRおよびDFT計算による二次電池負極炭素中のリチウムおよびナトリウムの状態分析 
 Analysis of the state of lithium and sodium in carbon anode for secondary battery using solid state NMR  
 and DFT calculation

○森田凌平 1，後藤和馬 1, 2，福西美香 2, 3，久保田圭 2, 3，駒場慎一 2, 3，西村直人 4，湯村尚史 4，出口健三 5，大
木忍 5，清水禎 5，石田祐之 1（1岡山大学大学院 自然科学研究科，2京都大学ESICB，3東京理科大学 理学部，
4京都工芸繊維大学 工芸科学部，5物質・材料研究機構）

P65 ジシラシクロファン誘導体の溶液中並びに固体中でのコンフォメーション変化に関する研究 
 Conformational Consideration of Octamethyltetrasila[2,2]cyclophanes in Solution and Solid State  

○服部峰之 1，治村圭子 1，林繁信 1，島田真樹 2，山野井慶徳 2，西原寛 2，尾本賢一郎 2，田代省平 2，塩谷光
彦 2（1産業技術総合研究所・計量標準総合センター・物質計測標準研究部門，2東京大学大学院・理学系研究
科・化学専攻）

P66 2H NMRによる黒鉛層間エーテル分子の構造および動的挙動の解析
 Structure and dynamics of ether molecules intercalated in graphite layers studied by 2H NMR

○後藤和馬 1, 2，○丸山寿史 1，森田凌平 1，宮東達也 3，水野元博 3，瓜田幸幾 4，石田祐之 1（1岡山大学 大学
院・自然科学研究科，2京都大学 触媒・電池元素戦略研究拠点（ESICB），3金沢大学 大学院・自然科学研究
科，4長崎大学 大学院・工学研究科）

P67 固体NMRによるNaI-LiBH4固溶体のLiイオン伝導機構の解明 
 Solid-State NMR reveals Li-ion transport mechanism in NaI - LiBH4 solid-solution

○野田泰斗 1，内林渓 1，宮崎怜雄奈 2，栗原大 2，日原岳彦 2，竹腰清乃理 1（1京都大学大学院理学研究科化学
専攻，2名古屋工業大学大学院工学研究科物理工学専攻）

P68 無機固体酸塩Cs2(HSO4)(H2PO4)におけるアンモニウムイオン置換とスピン－格子緩和 
 Ammonium ion exchange and spin-lattice relaxation in inorganic solid acid salt Cs2(HSO4)(H2PO4)

○林繁信，治村圭子（産業技術総合研究所・物質計測標準研究部門）
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P69 超高速MAS NMRを用いた石炭の化学構造解析
 Ultra-fast MAS NMR of coal

○金橋康二（新日鐵住金・先端研）

P70 クライオMASプローブによる 43Ca NMRの研究 
 43Ca NMR by using the cryo-coil MAS probe

○最上祐貴 1，清水禎 1，水野敬 2，竹腰清乃理 3（1国立研究開発法人物質材料研究機構，2株式会社 JEOL 
RESONANCE，3京都大学 大学院理学研究科）

P71 13C固体NMRおよび 2H溶液緩和NMRによるクモ糸の超収縮機構の解明に関する研究
 Study of super-contraction phenomenon of spider by 13C solid state and 2H solution relaxation NMR

○田制侑悟 1，亀谷俊輔 1, 2，朝倉哲郎 1（1東京農工大学 工学部，2（株）三井分析センター）

P72 プロトン伝導体 PVPA /xIm（x≧ 2）におけるイミダゾールの運動性および局所構造
 Mobility and local structure of imidazole in proton conductor, PVPA / xIm (x ≥ 2)

○成田貴光，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）

P73 固体NMRによるプロトン伝導性ジホスホン酸イミダゾリウム結晶の構造解析
 Structural Analysis of Proton Conducting Imidazolium Diphosphonate Crystals Using Solid-State NMR

○畝亮太 1，不破寛規 1，大橋竜太郎 2，井田朋智 2，水野元博 2, 3（1金沢大学理工学域物質化学類，2金沢大学
大学院自然科学研究科，3金沢大学新学術創成機構）

P74  Y  多孔性配位高分子の空 に物理吸着させた気体分子のダイナミクス 
 Dynamics of gas molecules in porous coordination polymers.  

○田村優実，犬飼宗弘，中村浩一（徳島大学大学院 理工学研究科）

P75 擬単結晶試料を用いた単結晶NMR法による四極子結合テンソルの解析 
 Determination of quadrupole coupling tensor by single-crystal NMR measurement using magnetically  
 oriented microcrystal arrays

○奥村学 1，久住亮介 1，木村史子 1，木村恒久 1，出口健三 2，大木忍 2，藤戸輝昭 2，清水禎 2（1京大・院農， 
2物材機構）

P76  Y  結晶多形を示すシンジオタクチックポリスチレンの固体NMR法を用いた結晶構造解析 
 Crystal structure analysis of syndiotactic polystyrene showing a crystal polymorphism by solid-state  
 NMR method

○伊藤美翔，吉水広明（名古屋工業大学大学院 工学研究科）

P77 NMR法による種々の高次構造を形成する液晶性ポリエステルの気体輸送特性評価
 A Gas Transport Properties of liquid crystalline polyester to form various conformation by NMR  
 method

○石神稜大，吉水広明（名工大院・工）

P78 31P固体NMRによる抗菌ペプチドボンビニンH2およびH4の細菌模倣膜に対する作用の解析
 Analysis of membrane interaction of antimicrobial peptide bombinin H2 and H4 on bacterial mimetic  
 membrane by 31P solid-state NMR

○金田志穂，北橋由貴，内藤晶，川村出（横浜国立大学大学院 工学府）

P79 1.5 T/280 mm水平開口型超伝導磁石のための小動物用勾配磁場コイルの開発と応用 
 Development and application of an insertable gradient coil for a 1.5 T/280 mm horizontal bore  
 superconducting magnet

○矢野順也，小林優太，寺田康彦，巨瀬勝美（筑波大学数理物質科学研究科 電子・物理工学専攻）

P80  Y  楕円筒型勾配磁場コイルの開発と小児骨年齢計測への応用
 Development of an oval gradient coil set for child bone age measurements

○松澤晃樹 1，阿部充志 2，巨瀬勝美 1，寺田康彦 1（1筑波大学数理物質科学研究科 電子・物理工学専攻， 
2（株）日立製作所 研究開発グループ）

P81 連続供給超偏極 129Xeから固体表面の生体分子上 13Cへの超偏極移行 
 Hyperpolarization transfer from continuously provided hyperpolarized 129Xe to 13C included in  
 bio-molecules on surface of solid-state materials

○服部峰之 1（1産業技術総合研究所・計量標準総合センター・物質計測標準研究部門）
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P82  Y  0.2 T永久磁石MRIを用いた屋外樹木中の水輸送計測 
 Measurement of water transport in an outdoor tree using a 0.2 T permanent magnet MRI

○長田晃佳 1，福田健二 2，巨瀬勝美 1，寺田康彦 1（1筑波大学大学院 数理物質科学研究科 電子・物理工学専
攻，2東京大学大学院 農学生命科学研究科 森林科学専攻）

P83 動物培養細胞の in-cell NMR要素技術開発の更新とその応用への試み
 Technical improvements for advanced in-cell NMR of mammalian cells

○猪股晃介 1, 5，杤尾豪人 2，伊藤隆 3，白川昌宏 4，木川隆則 1（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・理学研究科，3首都大学東京・理工学研究科，4京都大学大学院・工学研究科，5JST・さき
がけ）

P84  Y  グリーンレーザーを用いたアロディニア特異的な痛みに対する鎮痛薬評価に関する fMRI研究 
 An fMRI study for the evaluation system of analgesic agents on allodynia-specific pain using the green  
 laser

○杠直哉 1，吉永壮佐 1，武田光広 1，佐藤博司 2，寺沢宏明 1（1熊本大学大学院 生命科学研究部 構造生命イ
メージング分野，2ブルカー・バイオスピン株式会社 アプリケーション部）

P85 細胞分散系のPFG-NMRと誘電分光による膜損傷に伴う水とイオンの運動性の変化 
 The influence of water and ion dynamics in cell suspension induced by membrane lesion.

○青山剛志 1，斉藤宏伸 2，川口翼 2，喜多理王 3，新屋敷直木 3，八木原晋 3，福崎稔 4，伊藤敦 5，浅見耕司 6 

（1東海大学大学院理学研究科，2東海大学大学院総合理工学研究科，3東海大学理学部，4東海大学熊本情報
教育センター，5東海大学工学部，6京都大学化学研究所）

P86  Y  細胞内におけるALS関連タンパク質SOD1のフォールディングに 関する動的構造解析
 Structural dynamic analysis of SOD1 in living cells

○岩川直都 1，森本大智 1，ヴァリンダエリック 2，菅瀬謙治 1，白川昌宏 1（1京都大学大学院・工学研究科・分
子工学専攻，2京都大学大学院・医学研究科）

P87 酸化ストレスに対するTrxの細胞内分子応答の in-cell NMR観測
 Real-time observation of intracellular oxidative stress response using in-cell NMR

○望月綾野 1、佐宗新 1、久保智史 1、西田紀貴 1、嶋田一夫 1（1東京大学・大学院薬学系研究科）

P88  Y  NQR用低インピーダンス送受信回路の開発 
 Development of a low impedance transceiver circuit for NQR 

○大田垣祐衣，大平龍太郎，宮戸祐治，赤羽英夫（大阪大学・大学院・基礎工学研究科） 

P89 新規ランタノイド結合タグを用いたヒト培養細胞内蛋白質の in-cell PCS解析
 A new carbamidemethyl-linked lanthanoid chelating tag for PCS NMR spectroscopy of proteins in  
 living HeLa cells.

彦根佑哉 1, 2，平井剛 2, 3，三島正規 1, 4，猪股晃介 5, 6，池谷鉄兵 1, 4，○新井崇一郎 1，白川昌宏 3, 7，袖岡幹
子 2, 3，伊藤隆 1, 4（1首都大学東京大学院理工学研究科，2理化学研究所袖岡有機合成化学研究室，3AMED-
CREST，4CREST/JST，5理化学研究所生命システム研究センター，6PRESTO/JST，7京都大学大学院工学研究科）

P90  Y  NMR-NQR二重共鳴法を用いたNQR信号高感度化 
 NMR-NQR double resonance technique for enhancement of NQR signals

○大平龍太郎，大田垣祐衣，韓猛，宮戸祐治，赤羽英夫（大阪大学・大学院・基礎工学研究科）

P91 MRIを用いた小児骨年齢測定へのDeep Learningの応用 
 The application of deep learning to pediatric bone age measurements using MRI

○皆川新 1，寺田康彦 1，巨瀬勝美 1（1筑波大学・大学院・数理物質科学研究科）

P92 理論化学シフト・スピン結合定数と構造相関モデル式を用いた代謝混合物同定法の構築
 Development of assignment method of metabolic mixtures by using structural correlation analysis with  
 theoretical chemical shifts and spin-spin coupling constants

○尾渕由佳 1，伊藤研悟 1, 2，菊地淳 1, 2, 3（1横市大院・生命医，2理研環境資源，3名大院・生命農）

P93 オーバーハウザー効果に現れる非線形性と非平衡熱力学的特徴
 Non-Linearity and non-equilibrium thermodynamical characteristics appearing in the Overhauser effect  

○戸田充 1, 2，藤井裕 1，光藤誠太郎 1，出原敏孝 1（1福井大学・遠赤外領域開発研究センター，2（株）JEOL 
RESONANCE・技術部）
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P94 極低温下での動的核偏極のためのENDOR共振器の開発 
 Development of an ENDOR resonator for dynamic nuclear polarization at very low temperature.

○竹盛勝彦 1，香川晃徳 1，根来誠 1，北川勝浩 1（1大阪大学大学院 基礎工学研究科） 

P95 円筒型マルチサーキュラーシムコイルを用いたダイナミックシミングシステムの開発 
 Development of dynamic shimmin system using a cylindrical multi-circular shim coil

○山田諒太 1，寺田康彦 1，巨瀬勝美 1（1筑波大学 数理物質科学研究科 電子・物理工学専攻）

P96 NMR向け高温超電導バルク磁石の高磁場化への課題
 Challenge to the higher magnetic field of the high temperature superconducting bulk magnet for NMR

○仲村髙志 1，内海博明 2，柳陽介 3，伊藤佳孝 3，内藤智之 4，藤代博之 4（1理化学研究所・環境資源科学研究
センター・技術基盤部門・分子構造解析ユニット，2JEOL RESONANCE，3イムラ材料開発研究所，4岩手大
学理工学部、物理・材料理工学科）

P97 広帯域―多核対応型クライオコイルMASプローブの開発
 Development of Broadband-Multinuclear Cryocoil MAS-NMR probe

○水野敬 1，戸田充 1，中井利仁 1，芦田淳 1，根本貴宏 1，藤岡耕治 2，最上祐貴 3，清水禎 3，竹腰清乃理 4 

（1（株）JEOL RESONANCE，2（株）クライオウェア，3物質・材料研究機構，4京都大学大学院・理学研究科）

P98 大気非曝露型MASプローブの開発 
 Development of a MAS probe to prevent sample from exposure to the atmosphere  

○内林渓 1，野田泰斗 1，竹腰清乃理 1（1京都大学・大学院・理学研究科）

P99 TD-NMRによる化粧品の評価 
 Evaluation of cosmetics by TD-NMR

○原英之（ブルカー・バイオスピン株式会社）

P100 Nafionの水アルコール混合溶液中の分散状態の19Fのスピン緩和速度プロファイル測定による 
 検討
 Dispersion of Nafion in water-alcohol mixtures studied by 19F spin-lattice relaxation rate profiles

○山口真 1，松永拓郎 2，雨宮一樹 3，大平昭博 1,4，長谷川直樹 2，篠原和彦 1（1技術研究組合FC-Cubic，2豊田
中央研究所，3トヨタ自動車，4産総研）

P101 活性炭細孔径の 129Xe-NMRによる検討
 Study of pore size distribution of Activated carbon using 129Xe-NMR

○出田圭子 1，秦弘一郎 2，吉鉉植 1，中林康治 1, 2，持田勲 3，尹聖昊 1, 2，宮脇仁 1, 2（1九州大院総合理工学府，
2九州大先導物質化学研究所，3一般財団法人九州環境管理協会）

P102  Y  Satellite transition selective {27Al}/1H D-HMQC experiment at very fast MAS for  
 the determination of quadrupolar coupling constants

○Nghia Tuan Duong1, Manoj Kumar Pandey1, 2, and Yusuke Nishiyama1, 2（1RIKEN CLST-JEOL 
collaboration center, 2JEOL RESONANCE Inc.）

P103 14N/14N correlations at fast magic angle spinning (MAS) solid-state NMR to distinguish parallel  
 and antiparallel beta-sheet forming alanine tripeptides

Manoj Kumar Pandey1, 2, Jean-Paul Amoureux3, 4, Tetsuo Asakura5 and Yusuke Nishiyama1,2  
（1JEOL RESONANCE Inc., 2RIKEN CLST-JEOL NMR Collaboration Center, 3Shanghai Key Laboratory 
of Magnetic Resonance, School of Physics and Materials Science, East China Normal University, 4UCCS 
(CNRS-8181), Lille University, 5Department of Biotechnology, Tokyo University of Agriculture and 
Technology）

P104  Y  Simultaneous observation of 1H detected 13C/1H and 15N/1H 2D correlation solid-state NMR  
 spectra in natural abundance at very fast MAS > 60 kHz

You-lee Hong1 and Yusuke Nishiyama1,2（1RIKEN Center for Life Science Technologies, JEOL Collaboration 
Center, 2JEOL RESONANCE Inc.）

P105 赤潮発生予測の精度向上を図る環境評価技術の構築
 Integrative environmental profiling for a better prediction of red-tide outbreaks

○大島嵩裕 1，内宮万里央 2，松本朋子 2，朝倉大河 1, 2，伊達康博 1, 2，菊地淳 1, 2, 3（1横市院・生命医，2理研・
CSRS、3名大院・生命農）
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 Magnetic field sensing using Pulsed ODMR

○田辺竜太郎 1，五十嵐龍治 1，白川昌宏 1（1京都大学大学院 工学研究科）

P107 ナノダイヤモンドによる分子標識技術 
 Establishment of selective molecular labeling system by nanodiamond  

○寺田大紀 1，外間進悟 1, 2，五十嵐龍治 1，白川昌宏 1（1京都大学工学研究科，2中央研究院原子分子科学研究
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Fig. 1. Temperature dependence of the 19F 
(triangle), 119Sn (square), and 207Pb (circle) 
spin-lattice relaxation times ( 1) for -PbSnF4. 

 
 

 
Dynamics study of ionic conductivity in PbSnF4 

Miwa Murakami, Yoshiyuki Morita 
Office of Society-Academia Collaboration for Innovation, Kyoto University 
 
PbSnF4 has long been known to show high anionic conductivity, and various structural studies have been 
done to elucidate the relationship between its structure and the conduction properties. The -PbSnF4 
crystalline form with its conductivity in the order of 10-3 Scm-1 has been considered as a two-dimensional 
super ionic conductor, in which the F- ion moves in the crystallographic plane normal to the c axis. In this 
work, we applied high-resolution solid-state NMR for 207Pb, 119Sn, and 19F to examine dynamical features 
of -PbSnF4. NMR lineshapes and spin-lattice relaxation times (T1) were measured as a function of 
temperature. The 119Sn T1 data was fitted using the BPP equation with the correlation time being expressed 
by the Arrhenius equation. It is shown that the mechanism that governs the T1 relaxation of 119Sn is the 
fluctuation of the CSA interaction. 
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Fig. 2. 119Sn MAS spectrum for -PbSnF4. 
The broken line is a simulated one. 

     (1) 

 

 
Ea  

Sn-F 0.2 nm T1 6.5s 85ms
100 119Sn-19F  

CSA 3,4  

 .  (4) 

A

 

     (5) 

 

 

 
(3) (4) (Fig.1 A = (3.35 ± 0.05) 1010 (s-2),  = 

(6.0 ± 2.0) 1015 (s), Ea = 27.0 ± 0.1 (kJ/mol) A

355 ppm Fig.2 - PbSnF4
119Sn MAS  ( ZZ = -1360 ppm, 

YY = -585 ppm, XX = -635 ppm)  -750 ppm  0.04
119Sn CSA T1 | 55ppm

119Sn -1100 ppm
119Sn 119Sn CSA F

CSA Fig.2 CSA
(Sn-F-Pb-F-Pb-F-Sn) Sn F

Sn Pb F 119Sn CSA
19F 207Pb  

 
References  
(1) J.M. Reau et al., Study of Structural and Electrical Properties of a New Anion Conductor - PbSnF4, Mater. 

Res. Bull., 13, 877-882 (1978). 
(2) M. Murakami et al., to be submitted. 
(3) A. Abragam, Principles of Nuclear Magnetism, Oxford, 1961. 
(4) H.W. Spiess, Dynamic NMR Spectroscopy (NMR: Basic Principles and Progress, vol. 15), P. Diehl, E. Fluck, 

and R. Kosfeld, Eds., Springer-Verlag, New York, 1978. 
 

(NEDO)
(RISING )  

－ 31－



 
1H 6Li 7Li NMR

NMR NMR
NMR

NMR NMR
 

 
NMR/MRI  
NMR

50μm MHz

NMR 2

( 0.5mm~5mm, 20mm) 2 C
30mm 1.5T/280mm 1H-NMR

(1H-64MHz)

MRI  
 
laminate, MRI, Lithium 
 

 

－ 32－

L1-2



7Li-NMR/MRI Li  
4.7T/89mm NMR (7Li-78.45MHz) NMR/MRI

( )  ( , ) RF (Fig.1, 
29mm 3mm ) RF 50W/120  

(Graphite, ) ( SE) Li (20 mm)2

Al/Cu (Fig.2)
NMR  Li

Fig.3 SE+Li 7Li-NMR 242ppm
2D T2* SE

2.3ms Li 0.6ms SE
NMR Graphite dope Li NEX 1 SNR

T2 T2* 0.5ms  

    
Fig.1 rf-solenoid imaging coil  Fig.2 Li-sample Fig.3 7Li -NMR-Spectrum of SE +Li-foil 

 
7Li-NMR SE Li  
Fig.4 (28mm)2 2D

MRI SE Li Fig.5 Fig.4
2D Fig.6

Li CSI (TE=0ms) MIP 2D  

   
Fig.4 Stack of three aluminum-laminated samples     Fig.5 SE-MRI  Fig.6 7Li-MRI 
 

 
NMR MRI

Li

NMR NMR
NMR/MRI

Li SE Li SE=Li
Graphite dope Li  

－ 33－



 
NMR study of the structures of hydrated silks and the interaction with water  

Yugo Tasei1, Toshifumi Hiraoki1, Hironori Matsuda1, Naomi Kataoka1, Takahiro Ohkubo2, Tetsuo Asakura1 
1 Department of Biotechnology, Tokyo University of Agriculture and Technology, Koganei, Tokyo, Japan 
2 Department of Engineering, Chiba University, Chiba, Chiba, Japan 
 

The mechanical properties of silk fibers, such as elasticity and tensile strength, change remarkably upon 
hydration. However, the microscopic interaction with the fibers and water molecules is not well understood 
yet on a molecular level. In this study, the structures of Bombyx mori silk cocoon fiber, silk sericin (powder 
and fiber) and silk fibroin fiber in the hydrated state were determined by using 13C NMR, that is, 
refocused-INEPT, DD/MAS and CP/MAS NMR. Moreover, the dynamics of water molecules interacting 
with the silks was studied by 2H solution NMR relaxation (T1 and T2) measurements in the silks-2H2O 
system. Using an inverse Laplace transform algorithm, we were able to identify distinct several 
components in the relaxation times of 2H2O. Other hydrated silks were analyzed by using similar NMR 
methods. Our measurements provide new insight relating the characteristics of the hydrated structure of 
silks and water molecules which are relevant in light of current interest in the design of novel silk-based 
biomaterials which are usually used in body fluids and blood.  
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Fig.1 13C r-INEPT, DD/MAS and CP/MAS NMR 
spectra (10-70 ppm) of natural abundance silk sericin 
(upper three spectra) and silk fibroin (lower three 
spectra) in the hydrated state. 

Fig. 2 2H T1-T2 correlation 
map of 2H2O-silk sericin fiber 

Fig. 3 2H T1-T2 correlation map of 
2H2O-silk fibroin fiber system 
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Fig.2. DNP enhancement profile for 
TEMTriPol-1 and TOTAPOL, after a 
build-up time of 15k times the MAS 
period (almost equilibrated). 

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

NMR  
1 Erik Walinda 2  1 Ulrich Scheler 3  4  

 1  1 
1 2  
3 Leibniz Institute of Polymer Research Dresden  
4  

 
Highly Sensitive Rheo-NMR Spectroscopy For Proteins 

Daichi Morimoto 1 Erik Walinda 2 Mayu Nishizawa 1 Ulrich Scheler 3 Akihiko Yamamoto 4  
Masahiro Shirakawa 1 and Kenji Sugase 1 
1 Graduate School of Engineering, Kyoto University 2 Graduate School of Medicine, Kyoto University  
3 Leibniz Institute of Polymer Research Dresden 4 Bruker BioSpin K.K. 
 
The interior of cells is an extremely dense and crowded environment. The concentration of macromolecular 
components in cells is quite high, approximately 50-400 mg/ml; in addition, some of them are supposed to 
move unidirectionally by cytoplasmic streaming. Therefore, intracellular proteins may be aligned along the 
cytoplasmic flow direction and/or may undergo mechanical stress to induce their deformation. To 
investigate an effect of unidirectional force on proteins, we have designed a simple rheo-NMR instrument 
that can be applied for an NMR spectrometer equipped with a cryoprobe. Using this novel instrument, we 
have observed not only a shear-dependent molecular alignment, but also fibril formation of amyloid-prone 
proteins. The sensitivity in our rheo-NMR instrument with a cryoprobe is much higher compared to other 
reported rheo-NMR instruments, which contributes to further rheological studies of proteins. 
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Figure 2. Geometry of the NMR tube used in this study. 

 

Figure 3. RDC values of sheared ubiquitin. 
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The trimeric solution structure of a core fucose-specific lectin and its recognition of 
oligosaccharide 

Kazuhiko Yamasaki1, Tomoko Yamasaki1, Hiroki Shimizu2, Izuru Nagashima2, Akira Shimizu3,  
Yasunori Chiba3, and Hiroaki Tateno3 
1Biomedical Research Institute, 2Bioproduction Research Institute, and 3Biotechnology Research Institute for 

Drug Discovery, National Institute of Advanced Industrial Science and Technology (AIST), Tsukuba, Japan. 

 
Because 1-6 fucosylation (core fucosylaiton) of a tumor marker protein, -fetoprotein, is closely related 

to hepatocelluar carcinomas, a lection specific to core fucose enables precise diagnosis of such cancer cells. 
Here we report a solution structure of a core fucose-specific lectin, PhoSL, from a mushroom Pholiota 

squarrosa. This protein consists of only 40 amino acid residues and, therefore, we initially expected to be 
able to determine the structure by solution NMR easily. However, we could not obtain a monomeric 
structure that satisfies all the NOE distance constraints. Gel filtration assay, chemical cross-linking, and 
mass spectrometry were, thus, performed, which clearly indicated that PhoSL forms a trimeric state. 
Structure calculation for a symmetric trimer revealed a structure that satisfies the distance constraints, 
showing a -prism motif. Now we are analyzing the interaction between PhoSL and a core fucose 
disaccharide, fucose ( 1-6) GlcNAc, by NMR in order to understand the mechanism of recognition.  
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1) Miyoshi, E., Moriwaki, K., and Nakagawa, T. J. Biochem. 143, 725–729, 2008.  
2) Aoyagi, Y., Suzuki, Y., Igarashi, K., Saitoh, A., Oguro, M. et al., Cancer 67, 2390–2394, 1991. 
3) Kobayashi, Y., Tateno, H., Dohra, H., Moriwaki, K., et al., J. Biol. Chem. 287, 33973–33982, 2012. 
4) Hester, G., Kaku, H., Goldstein, I. J., and Wright, C. S. Nature Struct. Biol. 2, 472-479, 1995. 

Fig. 2: The trimeric solution structure of PhoSL, 
possessing a three-fold rotational symmetry (left). Trp 
residues forming the structural core near the 
symmetry axis are shown in stick. The crystal 
structure of a mannose-specific lection (PDB ID: 
1MSA; ref. 4) showing a pseudo three-fold symmetry, 
which also has three Trp residues forming the core 
(right). MMA stands for o1-methylmannose. 

Fig. 1: Trimeric state of 
PhoSL as revealed by 
chemical cross-linking and 
SDS-PAGE. Molecular 
masses for the three bands 
are determined by mass 
spectrometry.  
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Fig. 1 A structure-correlation NMR spectrum 
of azobenzene-cross-linked peptide. 
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Fig. 2 A comparion of 15N-HSQC spectra in dark state 
(after blue irradiation, left) and in UV-adapted state (right). 
HSQC spectrum in UV-adapted state were calculated by a 
formula, 1.5 × (UV-adapted state) – 0.5 × (dark state) to 
remove residual -components in the UV-adapted state. 

 
Fig. 3 Strip plots of 15N-edited 1H 
structure-correlation (left) and 15N-edited 
15N structure-correlation (right) on Thr43 
residue in azobenzene-cross-linked 
protein GB1 in states of dark and light. 
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Structural Revision of Several Organic Compounds by Evaluation of 13C NMR 
Chemical Shifts using CAST/CNMR System 

Hiroyuki Koshino1, Shungo Koichi, 2 Hiroko Satoh3,4 

1 RIKEN Center for Sustainable Resource Science 
2 Department of Systems and Mathematical Science, Nanzan University 
3 Research Organization of Information and Systems 
4 Department of Chemistry, University of Zurich, Switzerland 
 
  The CAST/CNMR system is composed of two functions for prediction of 13C NMR chemical shift 
values from a query chemical structure (CAST/CNMR Shift Predictor) and elucidation of chemical 
structures from query 13C NMR data (CAST/CNMR Structure Elucidator). These functions work using a 
database consisting of reported/observed 13C NMR chemical shift values associated chemical structures 
described using the CAST (CAnonical-representation of STreochemistry) coding method. In the 
development of the database, we add reported data from peer-reviewed journals with careful evaluation. 
We have applied the CAST/CNMR system to find and correct wrong assignments or structures. Here, we 
will present structural revision for a pyrone-related class natural products, flavonoid C-glycosides, some 
terpenoids, and so on. 
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Methods for improving high-field DNP and its application 

Yoh Matsuki1, Shinji Nakamura2, Shigeo Fukui3, Toshitaka Idehara4, Jagadishwar Sirigiri5, Horoto 
Suematsu2, and Toshimichi Fujiwara1 
1Institute for Protein Research, Osaka University, Japan, 2JEOL RESONANCE Inc., Japan, 3Cryovac 

Corp., Japan, 4Research Center for Development of Far-Infrared Region, University of Fukui, Japan, 
5Bridge12 Technologies Inc., MA, USA 

 
Sensitivity enhancement using dynamic nuclear polarization (DNP) is becoming increasingly popular at 
moderate external field strength (B0 < 9.4 T) and temperatures (T > 90 K), but less accepted at higher field 
conditions. High field condition is crucial for gaining spectral resolution and basic NMR sensitivity, but 
decreases the DNP efficiency. To compensate for this loss of efficiency, we have recently improved our 
closed-cycle helium MAS system and the sub-mm wave (SMMW) irradiation system. Also, we are 
developing novel polarizing agent based on the transition metal complexes. In the presentation, we will 
report on these efforts, together with our latest DNP data. 
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Fig. 1 DNP enhancement factor vs 
sub-millimeter wave power. At T = 66 K, 
2.2-fold higher enhancement was obtained with 
40% of the power required at T = 90 K. Sample 
was 1-M urea in 20 mM TOTAPOL-doped 
glycerol matrix. B0 = 16.4 T, vR ~ 6 kHz. 
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Fig. 1. Schematic description of opto-electro-mechanical NMR. 
Nuclear induction develops the electromotive force in the tuned circuit, which, in turn, causes 
displacement of the membrane of the capacitor. The NMR signal originally appearing as an 
radiofrequency signal is eventually transferred to an optical carrier.  

NMR signals to light conversion through a membrane capacitor 
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NMR signals to light conversion through a membrane capacitor 

Kazuyuki Takeda1, Kentaro Nagasaka2, Koji Usami2 
1 Division of Chemistry, Graduate School of Science, Kyoto University 
2 Research Center for Advanced Science and Technology, The University of Tokyo 

 
To open the possibility of sensitive measurement of broad resonance lines of quadrupolar nuclei with 

large quadrupolar interactions, we explore an unprecedented experimental approach, in which 
radiofrequency signals are up-converted to optical carriers[1] using a capacitor made of an elastic, high-Q 
SiN membrane. 

In such a capacitor, displacement of the membrane changes the capacitance, thereby affecting the 
resonant mode of the probe circuit. Conversely, electric charges on the electrodes of the capacitor cause the 
Coulomb force that pulls the membrane. Thus, electromotive force due to nuclear-spin induction is 
converted to the membrane displacement, which can be read out by an optical interferometer. Since optical 
measurements can be performed with quantum-limited accuracy, the sensitivity of the NMR signal detected 
in this way is expected to be very high, provided that both thermal noise in the resonant circuit and thermal 
fluctuation of the membrane are suppressed. Here, we report our recent development of such an 
opto-electro-mechanical NMR system (Fig. 1). 
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－ 64－

L2-4



 

 

 
 

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

We purchased stoichiometric SiN membranes (Fig. 2(a)) with a size of 500 500 um and a thickness of 
50 nm. To fabricate a capacitor, a metal (gold or aluminum) layer was deposited on the membrane. For the 
counter electrode, aluminum electrode was deposited on a SiO2 substrate. In addition, pillars were grown on 
the SiO2 plate, on which the Au-deposited SiN membrane was mounted, as described in Fig. 2(b). The 
capacitance was estimated to be ca. 0.1 pF. The metal layer on the membrane also serves for a mirror of an 
optical cavity. The capacitor was placed in a vacuum chamber to avoid mechanical damping of the 
membrance by air. We found the fundamental mode of the membrane oscillation at ~180 kHz. 

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

 

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

: 
Školáková P, Foldynová-Trantírková S, Bedná ová K, Fiala R, Vorlí ková M, Trantírek L. 
Unique C. elegans telomeric overhang structures reveal the evolutionarily conserved 
properties of telomeric DNA.   43(9):4733-45.  
 
Hänsel R, Löhr F, Trantirek L, Dötsch V. High-resolution insight into G-overhang 
architecture. .  135(7):2816-24 
 
Hänsel R, Foldynová-Trantírková S, Dötsch V, Trantírek L. Investigation of quadruplex 
structure under physiological conditions using in-cell NMR.  . , 
330:47-65.  
 
Hänsel R, Löhr F, Foldynová-Trantírková S, Bamberg E, Trantírek L, Dötsch V. 
The parallel G-quadruplex structure of vertebrate telomeric repeat sequences is 
not the preferred folding topology under physiological conditions. 

 , 39(13):5768-75.  
 
Fiala R, Spacková N, Foldynová-Trantírková S, Sponer J, Sklenár V, Trantírek 
L. NMR cross-correlated relaxation rates reveal ion coordination sites in DNA. 

.  133(35):13790-3 
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Charles R. Sanders1 

C99 is the transmembrane C-terminal domain of the amyloid precursor protein.  C99 is cleavage by 
-secretase to release the amyloid-  polypeptides that are believed to for toxic oligomers and aggregates that 

initiate Alzheimer’s disease.  It is known that elevated cholesterol promotes amyloid- , but the mechanism 
has not previously been clear. In this study the structure of C99 was determined using NMR and EPR 
spectroscopy in model membranes.  It was also discovered the C99 binds cholesterol to a 1:1 complex.  We 
hypothesize that the C99-cholesterol complex plays a central role in the mechanisms by which cholesterol 
promotes formation of amyloid- .  We describe our initial efforts to test this hypothesis and to elucidate the 
underlying mechanisms.  We also describe work to find compounds that block binding of cholesterol to 
C99.   
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Fig. 1. A schematic representation of noise recognition system assisted by Deep Neural Network.  
Right panels are showing noises recognized as NMR peaks have been correctly eliminated on 3D 
CBCA(CO)NH of FKBP12. 
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Integrative structural biology approach to decipher the molecular mechanism of 
Asn-glycosylation 

Daisuke Kohda 
Medical Institute of Bioregulation, Kyushu University 
 

Asparagine-linked glycosylation (N-glycosylation) is the most ubiquitous protein modification. The 
defining event in N-glycosylation is clearly the formation of the covalent bond between the oligosaccharide 
and asparagine, which is catalyzed by an integrative membrane enzyme, oligosaccharyltransferase (OST). 
The archaeal OST is a single subunit enzyme consisting only of the AglB protein, and thus suitable for 
structural studies. The acceptor asparagine resides in the N-glycosylation sequon (Asn-X-Ser/Thr, X  
Pro). The glycan donor is the lipid-linked oligosaccharide (LLO). An oligosaccharide chain is assembled 
on a lipid-phospho carrier. We pursue an integrative strategy for the understanding the molecular 
mechanism of the N-oligosaccharyl transfer reaction. The approach include the structural analyses of the 
AglB structures in complexes with the glycan donor and acceptor. Unfortunately, we have little knowledge 
of biochemistry about archaeal N-glycosylation. Thus, we perform the chemical structure determination of 
N-glycans and LLOs from several archaeal species by MS and NMR. Our integrative approach using 
crystallography and NMR, with the combination of biochemical techniques including disulfide-bond 
tethering revealed the structure and dynamics of the AglB protein, which is essential to achieve the efficient 
and accurate N-glycosylation reaction.  
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Fig. 1. Oligosaccharyltransferase catalyzes the 
transfer of oligosaccharide chain from LLO to 
the N-glycosylation sequon. 
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(4) Taguchi, Y. et al., J Biol Chem, 291: 11042-11054 (2016) 

P

dolichol

Pyrococcus 
furiosus

Archaeoglobus 
fulgidus

P

Pyrobaculum 
calidifontis

C50 C60 C60

4

P

P

EuryarchaeotaCrenarchaeota

Saccharomyces 
cerevisiae

dolichol

Eukaryotes

C70

P

P

dolichol dolichol

NAc

NAc

OSO3-

COOH

0 31-4

Fig. 3. Comparison of chemical 
structures of archaeal LLOs with that of 
eukaryotic LLO. 

Fig. 2. Crystal structure of the 
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NMR Approaches to Dissect Oncogenic RAS Signaling in Biological 
Membranes 
 
Zhenhao Feng, Teklab Gebregiworgis, Ki-Young Lee, Le Zheng, 
Mohammad Mazhab-Jafari, Mathew J. Smith, Christopher B. Marshall, 
Mitsu Ikura 
 
Princess Margaret Cancer Centre and Department of Medical 
Biophysics, University of Toronto, Toronto, Ontario, Canada, M5G 1L7 

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

 
 
Oncogene, small GTPase, paramagnetic relaxation, membrane interaction 
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NMR analysis of dynamic feature and drug resistant mechanism of cancer 
mutant of tyrosine kinase 
 

Yoshihiro Kobashigawa1, and Fuyuhiko Inagaki2 
1Kumamoto University, Kumamoto, Japan. 2Hokkaido University, Sapporo, Japan.  
 

Tyrosine kinases are key enzyme for cellular signal transduction pathways. Their 

aberrant activation is related to various human cancers, thereby assumed to be attractive 

therapeutic targets. Various tyrosine kinase inhibitors (TKIs) are under clinical use, while 

acquisition of resistance to these drugs is a major problem. To clarify the mechanism of 

drug-resistance, we studied dynamic feature of drug-resistant mutants of fibroblast growth 

factor receptor 1 (FGFR1) and their interaction with ATP-competitive inhibitors by NMR, 

differential scanning fluorometry (DSF) and fluorescence spectroscopy. 
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Fig. 1. Schematic representation of dynamic structural 

equilibrium between inactive and active kinase. 
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Newly developed stable isotope labeling methods of proteins via chemical modification 
Yoshikazu Hattori1,2, David Heidenreich1, Kei-ichi Yokoyama3, Ei-ichiro Suzuki3,4, Yoshiyuki Tanaka2, 

Toshimichi Fujiwara1, and Chojiro Kojima1,5 
1 Institute for Protein Research, Osaka University 
2 Faculty of Pharmaceutical Sciences, Tokushima Bunri University 
3 Institute of Innovation, Ajinomoto Co., Inc 
4 JBIC Research Institute, Japan Biological Informatics Consortium 
5 Graduate School of Engineering, Yokohama National University 

 
Protein chemical modification-aided stable isotope labeling is one of the better strategies for NMR studies 

of biologically important but difficult samples to be expressed including isotopes. Here, we present a protein 
modification method of glutamine with a trifluoroethyl group using enzymatic reaction mediated by 
transglutaminase (TGase). 19F-NMR is useful for interaction studies due to its susceptibility to local change 
of chemical environment, hence we could detect the interactions between 19F-labeling proteins and a ligand 
or proteins, appeared as specific peak broadening. Furthermore, we are developing the modification methods 
for isotope labeling of other residues, and will present in the meeting. 

NMR

NMR
 

TGase
2,2,2-

19F Fig. 1  

 
19F-NMR  

 

 

Fig. 1. Transglutaminase (TGase)-catalyzed 19F-labeling by trifluoroethylation of glutamine. 
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19F
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Fig. 2. 19F-NMR spectra of (a) FKBP12 labeled by TGase and (b) that with FK506. 
(c) Complex crystal structure of FKBP12 with FK506 (PDB: 1FKF). 

Fig. 3. 19F-NMR spectra of (a) GF14b labeled by TGase, (b) that with Hd3a, and (c) 
with OsFD1. (d) Complex crystal structure with Hd3a and OsFD1 (PDB: 3AXY). 
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Flip-Back-BBWET ---a new method to saturate huge sugars and to   

observe minor components and amide protons in foods 

In many foodstuffs, the signals of water and sugars make the minor components undetectable or detected 

with very low sensitivity due to the limitation of dynamic range. BB-WET method has already been reported 

as a robust method for broad band saturation. Because the BB-WET method saturates signals of water and 

sugars, signal intensities of exchangeable protons are generally decreased. In purpose of observing the 

exchangeable protons such as amides, a new technique, named Flip Back-BBWET, has been developed. The 

proposed methods were applied to observe the minor components and amide protons in pineapple juice. The 

signals of minor components and exchangeable amide protons were clearly observed, resulting from the 

effective saturation of major components, which often interfere spectral analysis.   

°
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Fig.2   ¹H-NMR spectra of pineapple fruit juice. The saturation
           was set in the range of 3.10-5.40 ppm.
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Fig.3 The saturation profiles aquired using (a) conventional WET, (b) BB-WET and 
       (c) Flip-Back-BB-WET pulse sequences. The pulse width of E-BRUP and Flip-Back
        was 3.91 ms and 11. 27 ms. Resonance offsets were recorded at 25 Hz 
        increments. A solution containing 5% H2O  was used.

-2875 -2500 -2375-2625 -2250-2750-3000 (mG/c m)

Fig.4 The gradient profiles of water gate pulse of Flip-Back-BB-WET pulse sequences. 
        The strengh of pulse field gradient  were recorded at 0.5mG/cm increments. 
        A solution 95% H2O  was used.
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            = 3.92ms, flip back pulse = 11.27ms, scans = 64.
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Fig. 2 Ubiquitin structure determined by automated 
NMR analysis system MagRO-FLYA. 

Fig. 3 1H-13C HSQC spectrum of ILV-methyl labeled 
Ubiquitin. 

Fig. 1 Structures of (A)Ubiquitin, (B)GB1, (C)FKBP12. Ile, Leu and Val 
residues are shown as spheres. 
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Fig. 3. Formation of G-quadruplex DNA from d(TTAGGG  (A), its dimerization (B), structure of 
carbon monoxide (CO) adduct of a heme- complex (C), and its heme coordination structure (D).

Fig.1. Structures of heme (left) and 
G-quartet (right). 

Fig.2. Structure of G-quadruplex DNA 
formed from d(GGG(TGGG)3). 

 
Fig. 3. Formation of G-quadruplex DNA from d(TTAGGG), (d(TTAGGG))4, (A), its dimerization (B), structure of 
carbon monoxide (CO) adduct of a heme-(d(TTAGGG))4 complex (C), and its heme coordination structure (D).
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Fig. 4. Down- and upfield-shifted portions of 1H NMR spectra of d(GGG(TGGG)3) (A), CO adduct of 
heme-d(GGG(TGGG)3) complex (B), (d(TTAGGG))4 (C), and CO adduct of heme-(d(TTAGGG))4 complex (D) in 90% 
H2O/10% D2O, 50 mM KCl, 50 mM potassium phosphate buffer at pH 7.0 and 25 ºC. Signal assignments are shown 
with the spectra. Y-gain of the shift range, 3 -  is expanded by a factor of 4 relative to that of the 
downfield-shifted one. G M and G D, where  = 4, 5, or 6, represent the monomer and dimer, respectively (see Fig 3B). 
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Tumor necrosis factor Receptor Associated Factor-6 (TRAF6) is a K63-polyubiquitin E3 ligase involved 
in the activation of NF B. TRAF6 is composed of the N-terminal RING domain and four zinc fingers, and 
the C-terminal TRAF-C domain. Polyubiquitination is mediated by the N-terminal region; the RING 
domain and the 1st zinc finger (ZF1) are required for the interaction with ubiquitin conjugation enzyme 
(E2) and polyubiquitination-activity. In addition, the dimerization of the TRAF6-N-terminal region is 
known to be crucial for polyubiquitination-activity. Although the TRAF6-dimerization requires not only 
the RING domain but also ZF1, ZF1 is not involved in the dimer-interface. Instead, the linker between the 
RING domain and ZF1 adopts the helical structure and forms the dimer-interface together with the RING 
domain. However, the mechanism for the formation of the linker-helix and the resultant dimer-formation 
are still unclear. In fact, the construct for the RING domain and the linker region without ZF1 did not show 
the linker-helix formation and the resultant dimer formation anymore.  

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

Tumor necrosis factor Receptor Associated Factor-6 (TRAF6) K63 E3
NF B

TRAF6 N RING 4 Zinc finger
C Coiled coil TRAF-C E3 N

E2 RING 1
Zinc finger (ZF1) N

N [1](Fig. 1) NMR
TRAF6-RING 15N RING

[2] (Fig. 1) ZF1
RING ZF1 RING

RING
(PDBID: 2ECI)  

RING (R) R ZF1 (RZ1) R ZF1-3 (RZ123) 
-6(TRAF6)  
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The RING domain, Zinc fingers, and the linker helix are shown as light gray, dark gray, 
and black, respectively. (PDBID: 3HCS). 
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C99 is a single-span transmembrane protein and is -secretase to produce 
s), such as has 

been shown to influence lar basis for this 
phenomenon, we analyzed C99 in different lipid bilayers by utilizing the nanolipoprotein particles (NLPs) 
and solution NMR spectroscopy.  The main chain NHs of the transmembrane helix (TMH) of C99 did not 
provide detectable signals in NLPs, while the TMH signals were observed for the mutant that lacks C-
terminal intracellular region (C99-del).  The chemical shifts of the TMH signals were almost identical in 
different lipids (DMPC/DMPG = 4/1 and POPC/POPG = 4/1), however, the linewidths of the signals were 
different below 33 C.  These observations suggest that conformational dynamics exist for C99-TMH and 
they are influenced by the surrounding lipids well as C-terminal intracellular region of C99.   

 
C99 amyloid 
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NMR analysis of glycolipid recognition mechanism by innate immune receptor Mincle 

Takashi Saitoh1, Yusuke Shuchi2, Atsushi Furukawa3, Katsumi Maenaka3 
1 Hokkaido Pharmaceutical University School of Pharmacy 
2 Graduate School of life Science, Hokkaido University 
3 Faculty of Pharmaceutical Sciences, Hokkaido University 
 
Mincle activates expression of IFN-  and IL-6 through Syk-CARD9-Bcl10-MALT1 pathway by binding 
trehalose dimycolate (TDM). We successfully determined the crystal structure of human Mincle. However, 
we have not obtained the crystal of complex of Mincle and glycolipid. Thus, the glycolipid recognition 
mechanism is still unknown. We are trying to reveal the detail recognition mechanism by NMR spectra 
analysis. We performed titration experiments to analyze the interaction mechanism, however most of the 
NMR signals disappeared during titration of glycolipid. This is due to multimeric complex formation by 
glycolipid. We found the condition of inhibition of the multimerization. NDSB-195 known as protein 
aggregation inhibitor inhibited the multimeric complex formation. We performed the titration experiments 
in the presence of 0.5 M NDSB-195. We observed the NMR chemical shift perturbation during titration of 
the glycolipid. 

C
Mincle trehalose 

dimycolate (TDM) NMR
(Fig. 1) Mincle 

 
,  

 
, ,  

 
Fig. 1.  Structure of Trehalose 6,6-
dimycolate and Mincle. (PDBID:3WH2).  

1, Yusuke Shuchi2, Atsushi Furukawa3, Katsumi Maenaka3 
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(Fig. 3B)
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Fig. 3. Dynamic light scattering.  The concentration of 
TDM(C12) is 250 M. 

 
Fig. 2. 1H 15N HSQC spectra. 
A: 1H 15N HSQC spectrum of 15N labeled Minle. B: 1H 15N HSQC 
spectrum of 15N labeled Minle adding TDM(C12) (1eq). 
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NMR analysis of the interaction between the BH3-like motif of hepatitis B virus X 
protein (HBx) and Bcl-xL 

Hideki Kusunoki1, Toshiyuki Tanaka2, Toshiyuki Kohno3, Hirokazu Kimura4, Kazuo Hosoda5, Kaori 
Wakamatsu5, and Isao Hamaguchi1 
1Department of Research on Blood and Biological Products, National Institute of Infectious Diseases 
2Graduate School of Life and Environmental Sciences, University of Tsukuba 
3Department of Biochemistry, Kitasato University School of Medicine 
4Infectious Disease Surveillance Center, National Institute of Infectious Diseases 
5Department of Molecular Science, Graduate School of Science and Technology, Gunma University 

 
   Hepatitis B virus X protein (HBx) is a multifunctional protein, which is closely associated with the 
development of hepatocellular carcinoma. HBx (154 residues) possesses several domains or motifs, such as 
a transactivation domain, a DNA damage-binding protein 1 (DDB1) binding motif, a p53-binding domain, 
and an anti-apoptotic protein-binding motif (a BH3-like motif). HBx can directly interact with many host 
proteins via its domains or motifs. For example, HBx interacts with anti-apoptotic proteins, Bcl-2 and 
Bcl-xL, through its BH3-like motif, and this interaction results in elevated cytosolic calcium level, efficient 
viral DNA replication, and the induction of apoptosis. In this study, to reveal the interaction between HBx 
and Bcl-xL and to understand the role of the tryptophan (W120) of the HBx BH3-like motif in this 
interaction, we analyzed the interaction of the HBx peptide containing the BH3-like motif or its tryptophan 
mutants (W120A and W120L) with Bcl-xL by NMR. The interaction of the BH3-like motif of HBx with 
Bcl-xL will be described and compared with those of other related BH3 peptide/Bcl-xL complexes. 
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Fig. 1. Overlaid 2D 1H-15N HSQC spectra of 15N-labeled Bcl-xL (0.1 mM) in the absence and the presence 
of 0.4 mM of HBx(101–136) (left) or its tryptophan mutants, W120A (middle) and W120L (right). 
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Fig. 1. Normal mAb (A) and multispecific 
Ab G2 (B). 

Pep18mer: EAVAAANQTEVEMENKVV 
Pep8: CQQTWEKLHAATTKN 

Fig. 2. Epitpoe amino acid sequence of 
Pep18mer and Pep8 on ChPrP and 
ATP6V1C1, respectively.  
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Structural and dynamical changes of multispecific antibody G2 induced by binding of 
different antigens 

Yuji O. Kamatari1, Daiki Usui2, Naotaka Ishiguro3, Masayuki Oda2 
1Life Science Research Center, Gifu University 
2Graduate School of Life and Environmental Sciences, Kyoto Prefectural University 
3Faculty of Applied Biological Science, Gifu University 
 

A multispecific antibody G2 can react with three proteins other than the original antigen, chicken prion 
protein. In this study we made scFv of G2 and made binding experiments of the scFv and the antigen 
peptides. The result indicated that the free form of G2 has a flexible and it can adapt to rigid conformations 
depending on the antigens. 

G2  (1) G2

 
 (ChPrP) 

174–247
 (mAb) 
G2

 ChPrP 
3  (Fig. 1)

DNA
G2 3
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ATP6V1C1
G2

 (Pep8) ChPrP
 (Pep18mer)  (Fig. 2)  
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Fig. 3. ITC measurements for the 
interactions between G2+Pep18mer (A, B) 
and G2+Pep8 (C, D).  

 

Fig. 5. A schematic view of the energy 
landscape of normal mAb (A) and 
multispecific Ab (B).  

  
Fig. 4. 1H/15N HSQC spectra of G2 scFv (A) 
and G2 scFv+Pep18mer (B).  
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Fig. 1. Kinase domain dimer structure of 

FGFR1 related to the phosphorylation of 

the activation-loop tyrosine residues(1). 

 

 
Fig. 2. Amino acid 
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TLS RGG3:telo-q RGG3:TERRA-q
RGG3 telo-q TERRA-q CSP

13C,15N RGG3 Telo-q TERRA-q
RGG3 1HN,15N

NMR Telo-q TERRA-q Y479, Y484, F494, 
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 (Fig. 2)  
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Shin-ichiro Ito1*, Naoya Tochio2, Naohiro Nakashima 1, and Shin-ichi Tate1,2 
1  
2 
 

Steroid Receptor Coactivator-1 (SRC1) interacts with a nuclear receptor, PPAR  in a ligand-dependent 
manner and regulates the transcriptional activation. SRC1 is known to be an intrinsically disordered protein, 
while PPAR -binding site of SRC1 is also known to adopt the helical structure upon PPAR -binding. Our 
previous study demonstrated that PPAR -binding site of SRC1 showed about 10% helix structural 
probability even in the absence of PPAR . However, it has been unclear how the low-probability structural 
components contribute to PPAR -binding. In this study, we prepared a series of PPAR -binding site 
mutants those showed the distinct structural probabilities evaluated by the backbone chemical shift values, 
and we examined the PPAR -binding-affinity of each mutant using Time-Resolved Förster Resonance 
Energy Transfer (TR-FRET) method. Our results showed that the transient structural stability of SRC1 was 
engaged in PPAR -binding-affinity.  
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Fig. 1. Putative models of recognition of 
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derivative. 
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Structural analysis of triplex DNA containing an artificial nucleoside which selectively 
recognizes the C:G base pair 

Tsukasa Mashima1,2, Hidenori Okamura3, Lei Wang3, Yosuke Taniguchi3, Shigeki Sasaki3, Masato 
Katahira1,2 
1 Institute of Advanced Energy, Kyoto University, 2 Graduate School of Energy Science, Kyoto University,  
3 Graduate School of Pharmaceutical Sciences, Kyushu University 
 

Triplex-forming oligonucleotide (TFO) that binds to DNA in a sequence specific manner has the 
potential to become therapeutical applications. However, the sequence of target DNA is limited to a 
homopurine-homopyrimidine duplex. Dr. Okamura developed an artificial nucleosides that selectively 
recognizes the inverted C:G base pair within homopurine strand. In this study, we have performed 
structural analysis of triplex DNA containing the artificial nucleoside. Screening of triplex DNA which 
exists in a single-conformation was conducted by 1H NMR spectra. 1H-15N-HSQC spectra at natural 
abundance showed the possibility of alternative structure of base triplet that was not anticipated. 
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Fig. 3. Sequential assignment of 
triplex DNA. Solid line, dotted line 
and dashed line indicates 
H6/H8-H1  connectivities of the 
residues 1-7, 8-14 and 15-21, 
respectively. 

 
Fig. 2. The sequence of the 
triplex DNA containing 
pseudo-dC derivative. The 
derivative is indicated by Z. 
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Fig. 4. 1H-15N HSQC spectrum of 
triplex DNA. 
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NMR-based human sweat metabolomics and skin microbiome  
Satoshi Tsutsui1, Yasuhiro Date1,2, Jun Kikuchi1,2,3 

1Graduate School of Medical Life Science, Yokohama City University, Kanagawa, Japan. 
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3 Graduate School of Bioagricultural Sciences, Nagoya University, Nagoya, Japan.  
 
NMR metabolomics enables to find important knowledge because of high comprehensiveness and easy 
handling of sample preparations. Especially in the study of metabonomics on human, many researchers 
focused on plasma, urine and feces as non-invasive sample because those biological samples were known 
as closely connected to systemic metabolisms and their products circulated through the body. Similarly, 
human sweat is known as closely connected to the systemic metabolisms like plasma and urine. However, 
there were few reports on sweat study using NMR. In this study, we evaluated the metabolic fluctuations 
between intra- and inter-individuals with annotating the signal derived from human sweat. In addition, we 
collected and analyzed skin microorganism that is supposed to have close relationships with sweat. The 
evaluation and characterization of sweat samples by NMR and Miseq measurements with multivariate 
analyses revealed metabolic and microbial features that were characteristic of each part in human body. 
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Fig. 1 Annotation of metabolites based on 1D-NOESY, 2D-Jres, and TOCSY spectra of human 

sweat collected from eccrine and apocrine grands.  
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Ultra-sensitive regulation of the nucleosome binding of FACT, a chromatin remodeling 
factor, through multiple phosphorylation to its intrinsically disordered regions (IDRs) 

Daisuke Aoki1, Jun-ichi Uewaki2, Naoya Tochio2, Shin-ichi Tate1,2 

1 Department of Mathematical and Life Sciences, Graduate School of Science, Hiroshima University 
2 Research Center for the Mathematics on Chromatin Live Dynamics (RcMcD), Hiroshima University 
 

Regulation of biological process often involves phosphorylation of intrinsically disordered regions 
(IDRs), thereby modulating protein interactions. Some IDRs are known to have multiple phosphorylation 
sites and their binding ability to their partners depends on the number of phosphorylation to the IDRs. 
Since its response is sigmoidal, the response is called ‘ultra-sensitive’ response. In this study, we worked to 
see how IDRs achieve such a specific functional regulation regardless of their lack of defined three-
dimensional structure. Eventually, we found that the ultra-sensitivity is achieved by the scissoring motion 
of the IDRs with the Gly-rich region as the hinge. 
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Fig. 1. Ultra-sensitive response of 
DNA binding ability of FACT 
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Fig. 2. The regulation mechanism of the nucleosome binding of FACT 
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Figure 1. Flowchart for the method used in this 

study. 
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Figure 3. Association networks of lactic acid computed by 

MBA approach. 

Figure 2. 
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The data is retrieved from 
Thomson Reuters’ ISI web of Science using 
keywords [metabolomics; PLS, PLS-DA, and 
PLSDA], [metabolomics; support vector 
machine] (SVM), [metabolomics; random 
forest] (RF), [metabolomics; neural network] 
(NN), or [metabolomics; deep learning] (DL). 
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Machine learnings such as deep learning are one of the most important analytical tools for not only 
artificial intelligence programs but also data mining in the field of metabolomics. However, the technical 
levels in terms of utilization, application, and research have a big gap between most-advanced 
artificial-intelligence research and data mining for metabolomics data. This study focused on advancement 
of data mining methods based on machine learnings in the field of metabolomics. The advanced method 
enabled to establish the useful discriminant models for identification of specific fish species based on 
metabolic profiles and capture the metabolic features in muscle tissue for bluefin tuna or leopard grouper. 
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The significant 
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      Determination of alpha, beta connectivity of sialo-glycans and analysis 
            of seleno-carbohydrates using NMR spectroscopy 
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  Bioactive sialo-glycans were chemically synthesized and their anomericity (alpha/beta) was examined by 
1H-13C HMBC spectra. Differences were observed between alpha and beta sialoglycans, in the 
characteristic cross peaks between H-3ax/H-3eq and C1 carbonyl carbon. In order to obtain the 3JCH values, 
LSPD (Long-range Selective Proton Decoupling) method was applied for these samples. To get further 
insights into the conformational property of sialo-glycans, we tried to measure selenium (Se)-containing 
glycans, in which glycoside oxygen atom is replaced with selenium atom. 1H-77Se HMBC spectral analysis 
provide unique structural information which has not been obtained so far. 1D 77Se-NMR measurements 
were conducted in the presence of sialoglycan-binding lectins, and we found that 77Se-NMR is a sensitive 
method to monitor the glycan-lectin interaction through changes in chemical shift and line width. 
 

 
1) NMR

HMBC H-3ax H-3eq 1
LSPD (Long-range 

Selective Proton Decoupling) 2)  nJC,H  
3)

77Se-NMR 77Se
1/2 7.58% 13C 4/5
NMR 77Se-HMBC

13C
 nJC,H SIMBA 

(Selective Inversion Multiple Bond Analysis)4) 
T2  

77SeNMR
5)

77Se  
Determination of ,  connectivity , Seleno-carbohydrates, 77Se-HMBC and 3D structure

 

 

－ 188－

P35



 

 

OAcHN
O

H

H

H

Hax
Heq O-Sial-C9

2

3

Cl
O

OCH3O
OAcHN

O

H

H

H

Hax

O

Cl
O

OCH3

Sial-C9

Heq O3
5

5

2
1 1

Hax

C4 Heq

O

C1

Sial-C9
Hax

C4 Heq

C1

O
Sial-C9

O6 O6

R-O-9Neu5Ac- O-9Neu- -O-6GlcBn
4

OCOCH2Cl

R-O-9Neu5Ac- O-9Neu- -O-6GlcBn

4
4

4
OCOCH2ClR=1 2

3 4

5 6  

 
Fig.1. 1 and 2 are structure of sialo-glycan, 3 is partial structure of 
Neu -O-9Neu, 4 is partial structure of Neu -O9Neu, 5 is  
Newman projection down the C3-C2 bond of , and 6 is . 

 
Fig. 2. LSPD spectra of 1. (a) is original 1D, (b) is 20ppm irradiation, 
(c) is 3.74ppm(OCH3) irradiation, (d) is 3.84ppm(OCH3) irradiation, 
(e) is 4.06ppm(CH2-Cl) irradiation. 
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Fig.3. 1H, 13C assignment and 13C-HMBC correlation of seleno-carbohydrates. 
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   Fig.4. Results of 77Se-HMBC correlation and 77Se chemical shifts of 7, 
     Newman projection down the Neu-C3-C2 bond and Gal-C6-C5 bond. 

 
NMR

DQF-COSY HSQC HSQC-TOCSY
HMBC

Fig.3

 
77Se

426.6ppm
1 269.4ppm Se-CH3 53.4ppm 77Se-HMBC Fig.4

HMBC
nJSe,H 8Hz 6Hz

8Hz

H-3eq
426.6ppm

Vicinal 
coupling 6)

NMR
2 3 nJSe,H 

2014 7) HMBC SIMBA
nJSe,H 10Hz 1Hz

53 269 426ppm
rectangular pulse 2ms 77Se 426ppm

Fig.5 nJSe,H
nJSe,H

T2
8) HMBC ”T2 decay”

nJSe,H

null point Neu-3ax-Se Gal-6-Se nJSe,H 12Hz  

－ 190－



 

 

 
Fig.5.1H,77Se-SIMBAspectra of 7 by variable nJSe,H settings. 
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セルロース誘導体の化学シフト帰属と構成モノマー組成の決定
○甲野裕之，藤田彩華，大島和浩，橋本久穂，清水祐一 
1苫小牧高専 応用化学・生物系 

○Hiroyuki Kono, Sayaka Fujita, Kazuhiro Oshima, Hisaho Hashimoto, Yuuichi Shimizu 
Division of Applied Chemistry and Biochemistry, National Institute of Technology, Tomakomai College 
 

The chemical shifts of the substituent groups of sodium carboxymethyl cellulose (CMC) were assigned by 
examining a series of CMC samples with different degrees of substitution. Comparative analysis of the 1H–
13C heteronuclear single quantum coherence (HSQC) and heteronuclear multiple bond correlation (HMBC)
spectra allowed the complete assignment of the substituent groups at the 2-, 3-, and 6-positions of the seven 
substituted monomers comprising the CMC chains, namely, 2-mono-, 3-mono-, 6-mono-, 2,3-di-, 2,6-di-, 
3,6-di-, and 2,3,6-tri-substituted anhydroglucose units (AGUs). In addition, the mole fractions of the 
monomers were determined by lineshape analysis of the carbonyl carbon resonances. The comparison 
between the chemical shifts of the substituents revealed strong interactions between 2- and 3-substituents in 
the same AGU, and showed that the steric hindrance by a substituent at the 2- or 3-position suppresses 
subsequent substitution at the adjacent position.  
 

セルロースの誘導体特性を決定する主な構造因子は置換基種とその置換度(DS)と考えられ
るが、その分布状態も機能物性と強い相関がある。しかし2,3,6位水酸基を完全置換したDS=3の誘
導体を除くと、置換基の分布状態を精密に決定すること自体がセルロース化学における問題のひ
とつであった。即ち、単一置換基による誘導体であっても、その構造中には非常に類似した構造
を持つ8種類のグルコース残基（AGU）が含まれており、簡便にその存在比を決定することは困難
であった。最近、我々のグループは各種二次元NMR法を駆使することで、カルボキシメチルセル
ロース（CMC）に含まれる8種類のグルコース骨格の1Hおよび13C化学シフトを帰属した。その結
果、骨格の化学シフト変化はカルボキシメチル（CM）基による置換基効果のみで説明でき、隣接
残基による化学シフトへの影響は殆ど無視できることを示した[1, 2]。 

AGU骨格構造の化学シフトはセルロース誘導体のグルコース環構造変化に鋭敏に応答するが、
分子鎖全体のコンフォメーション、分子鎖間の相互作用については置換基の立体構造が強く関係
する。さらに置換基の局所情報を得るには置換基の化学シフトをダイレクトに決定する必要があ
る。CMCの場合、CM基のメチレン基(CH2)とカルボニル炭素C=Oが対象となる。そこで本研究で
はこれら8種類のAGUについて、CM置換基の化学シフトの帰属を行い、その化学シフトの変化か
ら同一および隣接残基におけるCM置換基間の相互作用を明らかにすることを検討した。 

CMC合成は既報[1]に準じて行なった：Whatman社製CF11粉末セルロースを水酸化ナト
リウム水溶液/イソプロパノールカルボキシメチルセルロース中、モノクロロ酢酸によりCM化を
行なった。メタノールで洗浄、乾燥後、CMCを得た。本CM化反応を2、4、6、10、13回繰返し、
DS = 0.94、1.59、1.86、2.44、2.76の試料（CMC1–5）を合成した。各CMCを重水に溶解し、500MHz 
NMR装置を用いて、363Kで各種NMR実験を実施した[3]。 

CMC試料についてHSQC、HSQC-TOCSY、HMBCスペクトル測定を行ない、相関解
析から、未置換、2-, 3-, 6-一置換、2,3-, 2,6-, 3,6-二置換、2,3,6-三置換グルコース残基におけるCM
置換基の1H、13C化学シフトの全帰属を行なった（Table 1）。 

セルロース，モノマー組成，置換状態 
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 1H and 13C chemical shifts (ppm) for the substituents at 2-, 3-, and 6-positions of CMC. 
AGU 2-position 3-position 6-position 

CH2 CH2 C=O CH2 CH2 C=O CH2 CH2 C=O 
2-mono- 73.90 4.77 

4.64 
180.30   

3-mono-    73.70 4.85
4.71 

181.04   

6-mono-    73.19 4.53 
4.50 

179.90

2,3-di-  4.81 
4.75 

179.30 73.22 4.84
4.76

179.30   

2,6-di- 73.86 4.76 
4.63 

180.18 72.95 4.53 
4.51 

179.81

3,6-di-    73.51 4.81
4.74

180.92 73.22 4.54 
4.51 

179.69

2,3,6-tri 74.13 4.76 
4.63 

179.30 73.19 4.83
4.77

179.21 73.02 4.53 
4.51 

179.73

 
CH2水素はいずれも4.9～4.5 ppm付近に重複し、そのカップリング定数はジェミナル1H核の典型

的な値JH,H = 16～18 Hzであった。一方、二つの炭素の化学シフトは同じ置換位置であっても変化
を示した。例えば、2位に置換したCM基のCH2炭素は一置換AGUでは73.90 ppmに現れた。二置換
AGUになると、2, 6位二置換では73.86 ppmと殆ど変化を示さないが、2, 3位二置換と2, 3, 6位三置
換では、順に74.16, 74.13 ppmと低磁場シフトを示した。また3位に置換したCM基のCH2炭素でも
一置換および3, 6位二置換AGUの場合、その化学シフトはほぼ同一であるが、2, 3位二置換と2, 3, 
6位三置換では、0.5 ppm程度の高磁場シフトが生じた。6位に置換したCM基のCH2炭素ではそのよ
うな化学シフトの変化は殆ど見られないことから、同一AGUにおいて2位CM基と3位CM基の間で
立体障害などの相互作用が働き、6位CM基と2および3位CM基の間ではそのような相互作用が極め
て低いことが示唆された。C=O炭素ではその傾向がより顕著となった。即ち、3位C=O炭素は2位
でのCM基置換によって1.8 ppmの高磁場シフトを示し、2位C=O炭素は3位でのCM基置換により1 
ppm程度の高磁場シフトを示した。一方、2位及び3位での置換基による6位C=O炭素への影響は殆
ど確認できなかった[3]。 

2位と3位に置換したCM基のコンフォメーションは二面角 と3つの回転角 , , で決定できる
（Fig. 1）。全てのCM基（CH2）の1H–1HのJ値は16~18Hzであり、二面角 はいずれもほぼ同一であ
る。また既報[1]で述べたようにグルコース環の化学シフトは置換基
効果で説明できることから、2および3位での は置換基により変化
しない。つまり2位、3位置CM基は隣接水酸基の置換により、回転角

, を変化させていると言える。これら置換基は共にグルコースの
環構造に対しequatorialで配置しているため、その立体障害は低いと
予想される。つまりカルボン酸塩間の静電反発を回避するために側
鎖のコンフォメーションを変化させ、構造安定化が図られていると
予想される。 
以前の報告において、セルロースCM化では置換度が1.5以上では

2,6位二置換AGUが優先して生成し、3位置換は抑制されることを明
らかにした[1]。この理由として、隣接するAGU間に存在する2, 6位
分子内水素結合の切断による、2位6位置換の相乗効果と結論した。
本研究で明らかになった同一残基内2, 3位置換基の静電反発が3位
水酸基の反応性低下の一因になっている可能性が高い。 

 本研究はJSPS科研費JP 16K05802およびJP25410134の助成を受けたものである。 

[1] H. Kono, et al., Carbohydr. Polym.  1-9 (2016). 
[2] H. Kono, et al., Cellulose  2927-2942 (2015). 
[3] H. Kono, et al., Carbohydr. Polym.  241-246 (2016).  
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Role of cation binding site of sodium pump rhodopsin 

Hajime Tamaki1,2, Yuta Saito2, Ayako Egawa1, Takashi Kikukawa3, Tomoyasu Aizawa3, 
Makoto Demura3, Toshimichi Fujiwara1 
1 Institute for Protein Research, Osaka University 
2 Graduate School of Life Science, Hokkaido University 
3 Faculty of Advanced Life Science, Hokkaido University 
 

Sodium ion pump family of rhodopsin (NaR) was recently discovered in bacteria. They are proposed to 
perform dual-function light-driven H+/Na+ pumps. In 2015, X-ray structures of the NaR were revealed and 
the structural basis for Na+ transport mechanism was proposed. Interestingly, some NaRs have Na+ binding 
sites in the ground state, however the mechanism does not require the Na+-binding. To investigate the role 
of Na+ binding activity, we have studied NaR by solid-state NMR spectroscopy. The backbone chemical 
shift and signal intensity are changed by the presence of Na+. These perturbations suggest that the Na+ 
binding can change the conformation of NaR segments including far from the binding site and contribute to 
forming a structure for the Na+ pumping adopt state. 
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Na+ 3D-CANCO, NCACX, NCOCX CX[i-1]-N[i]-CX[i]

 (Fig. 1) 60 CA[i-
1]-N[i]-CA[i] 3D-CAN(CO)CA
C C - ShiftX2

NMR
 

Na+ Na+ CANCO
Na+ Na+

 (Fig. 2) Na+

NMR Na+

Na+

Na+ NaR
Na+  

Fig.1 An example of CX[i-1]-N[i]-CX[i] signal connectiv-
ities. V251-S252 spin system is illustrated. 

Fig.2 Difference between the chemical shifts with and 
without Na+. The peak-to-peak distance is defined as Euclid-
ean distance between the 3D-CANCO peaks. The secondary 
structures, Na+ binding site and protonated Schiff base bond-
ing site are also shown. 

－ 231－



 

 

NMR
 

 
4 

1.  
2.   
3.  
4.   

 

 
Temperature-dependent structural changes of middle rhodopsin as studied by 
solid-state NMR 

Izuru Kawamura1, Hayato Seki2, Yoshiteru Makino1, Arisu Shigeta1, Takashi Okitsu3, Akimori Wada3, 
Yuki Sudo,4 
1Grad. Sch. Eng., Yokohama Natl. Univ., Japan, 
2Col. Eng. Sci., Yokohama Natl. Univ., Japan, 
3Kobe Pharm. Univ., Japan, 
4Grad. Sch. Med. Dent. Pharm., Okayama Univ., Japan.  
 

Middle rhodopsin (MR), isolated from the Haloquadratum walsbyi, is evolutionarily transitional 
between bacteriorhodopsin (BR) and sensory rhodopsin II (SRII). MR has quite unique properties: 
coexistence with all-trans, 13-cis and 11-cis retinal isomers, and bR-like fast photocycle without H+ 
pump activity, but SRII like orange color. Here, we showed distinct cross peaks of 13C  Tyr185 of MR 
with 13C-20 all-trans and 11-cis retinal based on 13C spin diffusion solid-state MAS NMR experiment. 
We also checked temperature dependent of isotropic chemical shifts of retinal. The NMR signal of 
retinal in MR is sensitive to temperature compared with those of BR and SRII. Therefore, our 
solid-state NMR data revealed the flexibility of the structure of retinal binding pocket in MR. 
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1:30 PG NMR Bruker Avance III 
600 MHz NMR 4.0 mm E-free MAS 10.0 kHz
DARR mixing time 500 ms  
 
[ ] Tyr

[3] 13C-13C DARR ( 10 ) MR all-trans
(12.60 ppm) Tyr185 13C (157.15 ppm)

BR SRII
Asp (BR:Asp212) MR
11-cis (16.20 ppm) Tyr185 13C (156.14 ppm)

 
10 30 15N CP-MAS(Figure 1)

MR
all-trans 160.62 ppm

13-cis 11-cis 153.59 ppm

30 Lys

13C

MR
BR

 
 
[ ] 11-cis NMR BR

MR
MR NMR
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Figure 1. 15N CP-MAS NMR spectra of [14, 
20-13C]retinal, 15N  Lys and13C  Tyr-labeled MR in 
PG liposome at 283 and 303 K.  
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Effects of poly(hydroxyalkanoic acid) (PHA) / poly(butylenesuccinate) (PBS) / poly( -caprolactone) 
(PCL) blend with a cross-linking agent (PERHEXA) were examined by multi-scale instrumental analysis. 
X-ray CT observation of the PHA/PBS/PCL blend showed a sea-island structure, which was homogenized 
by 1% of PERHEXA. The quasi-static tensile test of the PHA/PBS/PCL blend showed higher breaking 
elongation than the PHA/PBS/PCL blend with PERHEXA. 1H MAS NMR spectra of the PHA/PBS/PCL 
blends showed lower signal intensity for PHA than PBS and PCL. PHA could be detected in enough signal 
intensity for both 13C CP-MAS and 13C PST-MAS NMR spectra; PST/CP signal ratio was, however, 
unchanged by the addition of PERHEXA. Furthermore, the T1H values were decreased in the addition of 
PERHEXA as well as in addition of PCL. Although the breaking elongation of the quasi-static tensile test 
was dominated by the PCL unit, the homogenization by PERHEXA disturbed the motion of the PCL unit 
in the quasi-static tensile test to result the lower breaking stress. 
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PHA PBS
PHA/PBS

PCL X
CT

NMR  
 

 
PHA/PBS PCL PERHEXA 175 C, 50rpm

20 175 C, 30 MPa 30
X CT NMR  
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Fig.2 Solid state NMR spectra of the PHA/PBS/PCL 
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(32.5/15/50/1) 
PHA/PBS/PCL
/PERHEXA 

Run 2 
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Ethylene-methacrylic acid random copolymer (EMAA) with Na+-ion (EMAA-Na) is one of ionomers. 
The physical properties of ionomers such as transparency, modulus, mechanical strength, elasticity, and 
adhesion, are related on existence of both the flexible long hydrophobic chain and the hydrophilic ionic 
cluster region. The ionomers have also recently attracted attention as polymeric electrolytes. In this study, 
we investigated and focused on the crystalline phase of EMAA-Na ionomers by the solid-state NMR. The 
carboxy carbon signal of EMAA was divided to apparently three peaks after neutralization with Na+-ions. 
We assigned the three peaks to the COO -Na+ interacted carbons at ca. 188 ppm, the original COOH 
carbon near 185 ppm, and the dissociated but not interacted with Na+ or hydrogen at ca. 184 ppm. We 
found that the crystalline phase consisted of ethylene main chain of EMAA includes three distinguished 
phase. The T1C measurements and the temperature dependence of spectra revealed that the one of them has 
the similar tendencies with those of the amorphous phase. 

1)

NMR  

EMAA-Na EMAA
MAA 15% Na+ 54% EMAA

EMAA-54Na 30% EMAA-30Na DTA Rigaku
Thermo Plus TG8120 2 K/min / 30 130

15 mg Al2O3
13C NMR Varian Agilent NMR systems 400WB

MAS 5 kHz 1H DD TPPM 62.5kHz 
 

 NMR  
 

 

－ 242－

P60



1H 90 3.3 μs CP 1H 55.6 kHz 13C
53.8 kHz

 

 Fig. 1 (a) EMAA (b) EMAA-30Na
(c) EMAA-54Na

13C CPMAS NMR
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184 ppm 188 ppm
(c)

EMAA-30Na EMAA
(b)

EMAA 185 
ppm 30%(b) 54%(c)

15% 8%
Na+

188 ppm
36% 42% 183 ppm

EMAA

 
Fig. 2 T1C 13C 

CH2 33 ppm
31 ppm

(a) 31 ppm
(a) (c) 33 

ppm 1
2

3

T1C

3 33.4 
ppm 2

1 33.4 
ppm

3 T1C

 
 

1)  A. Eisenberg, B. Hird, and R. B. Moore, Macromolecules, , 4098-4107 (1990). 

 13C CPMAS NMR spectra of carboxy 
group region for (a) EMAA, (b) EMAA-30Na, 
and (c) EMAA-54Na. The simulated spectra 
were depicted on the left side. 

 13C NMR spectral change of CH2 carbon 
region of EMAA-54Na occurred during T1C 
measurement. The elapsed times after 90 pulse 
following CP for 13C in the Torchia pulse 
sequence were (a) 1 ms, (b) 2 s, (c) 10 s. 
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Characterization of poly( -glutamic acid)s ( -PGA) with different D/L ratio was done by using IR and 

solid NMR. Free form (acid form) of -PGA shows a characteristic peak at 171ppm in 13C solid NMR 
spectrum and a strong absorption band at 1735 cm-1 in IR spectrum which are not observed in its sodium 
salt, -PGA/Na. Carbonyl carbon peak of -PGA was deconvoluted into three peaks: Two peaks in the 
higher field side were assigned to two different kinds of side-chain carboxyl groups, probably one for the 
carboxyl group which forms the strong hydrogen bonds among carboxyl groups (dimeric form) and the 
other for free carboxyl group.  

( - ) -PGA -
- ( - ) -

-
( - )

( -
) -PGA/Na
-PGA Figure1 D/L

7/3 -PGA -PGA/Na 13C NMR
(a)

-PGA 171ppm
 (a)

PGA 3

COOH
171ppm

COOH
 

( - ) NMR  
 

 

Scheme1. Repeating units of 
poly( -glutamic acid)s ( -PGA). 

C=O

C=O

185 180 175 170 165 PPM

PPM185 180 175 170 165

 
Figure 1. 13C solid NMR spectra of ( ) -PGA powder and ( ) -PGA/Na 
powder  
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(b) -PGA/Na 2
COO [1] -PGA/Na pH -PGA pKa

(=2.23) 13C NMR -PGA
171ppm pH -PGA pKa -PGA D/L

8/2 7/3 5/5 -PGA IR NMR -PGA 171ppm
D/L 0/10 L -PGA

 
 

 
D/L=7/3 -PGA/Na -PGA D/L=8/2
5/5 0/10 -PGA/Na

D/L -PGA/Na 0.1MHCl 1.0MHCl
pH 1 D/L 8/2 7/3 5/5

IR NMR D/L 0/10 pH 1
CaF2 IR  

 
 

Figure2 D/L 8/2 7/3 5/5 0/10 -PGA/Na 13C NMR D/L
-PGA/Na Figure3(a)

D/L=7/3 pH1 IR D/L 8/2 7/3 5/5 -PGA
D/L 13C NMR IR 171ppm

1735cm-1 Figure3(b) D/L =0/10 pH1
IR 1735cm-1

D/L . D/L=0/10 pH=1
13C NMR  

 
 
 

      
Figure 2. 13C solid NMR spectra of (a) D/L=8/2,   Figure 3. IR spectra of (a) precipitate from pH<1 
(b) 7/3, (c) 5/5 and (d) 0/10 -PGA/Na.          aqueous solution of D/L=7/3 and of (b) film cast 
                                     from pH<1 aqueous solution of D/L=0/10. 
 
 
Reference 
[1] S. Maeda and Y. Shimizu, . (2), 3300(2008). 
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Sodium is hardly intercalated into graphite although Li can be easily inserted into graphite. Because low-

stage secondary graphite intercalation compound (GIC) (NaCX) don't form electrochemically, amorphous 
carbon or modified carbon materials had been used as anodes of sodium ion batteries (NIBs). The possibility 
of the use of graphite to NIB's electrode is largely expected, but the structure of the ternary GIC has not been 
understood. Our group synthesized a ternary GIC consisting of sodium, deuterated diglyme (diglyme(d14)) 
and graphite by a solution reaction (Na-diglyme(d14)-GIC), and investigated the dynamics and the 
coordination structure of diglyme(d14) molecules using 2H solid state NMR observation. Diglyme molecules 
should coordinate rigidly to sodium ions at low temperature. At ambient temperature, at least three 
components having different qcc were observed. It means that diglyme's fluctuation motions are activated, 
which enable sodium-diglyme complexes to diffuse between carbon layers. 

GIC

GIC
GIC

Adelhelm (1)

diglyme
 

GIC  
2H NMR  
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GIC
Na-diglyme(d14)-GIC 2H NMR

GIC diglyme  

Na-diglyme(d14)-GIC Na-
en(d4)-GIC Na-thf(d8)-GIC (2)

1:1 diglyme / diglyme(d14) 
GIC

diglyme

GIC X XRD GIC
 STEM, 

JEOL JEM-2010UHR 2H 
NMR 45.3 MHz 123 K 

D2O ICP-AES
CHN Na-diglyme(d14)-GIC 

 

  XRD Na-diglyme(d14)-GIC 1
GIC 1.161 nm

Na-diglyme(d14)-GIC 
C24(diglyme)2Na1 Na 2 diglyme

STEM GIC
EDX Na

 2H 
NMR 123 K 233 K 

qcc =165 kHz 50 kHz
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-CD3(50 kHz) , diglyme
rigid Na

diglyme
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Table 1. Area ratio of fitted peaks of 7Li MAS NMR of Li-ion solid electrolyte 
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Study of super-contraction phenomenon of spider by 13C solid state and 2H solution 
relaxation NMR  

Yugo Tasei1, Shunsuke Kametani1,2 and Tetsuo Asakura1 
1 Department of Biotechnology, Tokyo University of Agriculture and Technology, Koganei, Tokyo, Japan 
2 Mitsui Chemical Analysis & Consulting Service, Sodegaura, Chiba, Japan 

 
 Spider dragline silk attracts comprehensive scientific interests because of its unique combination of 
strength and extensibility that makes it highly tough material. In addition, interaction with water causes 
spider dragline silk to contract up to 50% in length and swell in diameter, a process known as 
“super-contraction”. In this study, 13C solid state NMR was used to study the super-contraction phenomena 
of recombinant spider dragline silk and the synthesized model peptides for the crystalline and 
non-crystalline regions of spider dragline silk in the hydrated state. In addition, the 2H solution NMR 
relaxation times, T1 and T2 were observed for 2H2O in the presence of the spider silks to study change in the 
water dynamics by water-silk interaction coupled with an inverse Laplace transform algorithm in the 
analysis. Several reservoirs were detected in the 2H T1-T2 correlation maps which reflect the presence of 
2H2O molecules with different water-silk interactions as different relaxation times and different fractions. 
 

Ala
Gly

Ala Gly 13C
13C NMR(CP/MAS, DD/MAS, refocus-INEPT)

2H NMR

(Nephila clavipes) MaSp1
13C

NMR,  
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1 (E)4GGLGGQ- GAGAA[3-13C]A16AAAGGAGQGGYGG(E)4  

2-a (E)4(A)6G[2-13C]G12[3-13C]A13[1-13C]G14QGGYGGLGSQGAGRGGLGGQGAG(A)6(E)4 

2-b (E)4(A)6GGAGQGGYGGLGSQ[2-13C]G25[3-13C]A26[1-13C]G27RGGLGGQGAG(A)6(E)4 

2-c (E)4(A)6GGAGQGGYGGLGSQGAGRGGLGGQ[2-13C]G35[3-13C]A36[1-13C]G37(A)6(E)4 

Gly Ala  (Ala)6
13C 33

2 Ala Gly 3 13C
3 47 NMR Brucker Avance 400

13C r-INEPT, 13C CP/MAS  13C DD/MASNMR  
NMR 12 JEOL ECX400

CPMG 2H NMR
2H T1-T2  

 
 

Fig. 1 13C r-INEPT and CP/MAS NMR spectra of 13C site-specific labeled model peptides of N. clavipes dragline MaSp1 
sequence (Sample1: (Ala)6 region and Sample 2-a, b, c: Gly rich region). 

Fig.1 13C r-INEPT CP/MAS NMR
CP/MAS 20 ppm(Ala C )

r-INEPT
la

Gly 2 CP/MAS

r-INEPT 2-a 2-b Gly C
Ala C

2-c r-INEPT
Gly

Ala N
C  
 Fig.2 2

2HT1-T2 T1

T2 NMR
T T2

26 A 26248050 ImPACT

Fig.2 2H T1-T2 correlation map
of 2H2O-model peptide 2 system 
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Mobility and local structure of imidazole in proton conductor, PVPA / xIm (x  2) 

Takamitsu Narita, Ryutaro Ohashi, Tomonori Ida, Motohiro Mizuno 
Graduate School of Natural Science and Technology, Kanazawa University, Ishikawa, Japan. 

 
The composite of proton conducting polymer, poly(vinylphosphonic acid) (PVPA) and imidazole (PVPA 

/ xIm; x is the number of imidazole molecules to a phosphonic acid group of PVPA) is known to show the 
high proton conductivity even under anhydrous and high temperature condition (e.g. ~ 5 10-3 S cm-1 at x = 
2, 130 ) [1,2]. The conductivity increases with increasing x. Thus, imidazole plays an important role in 
the proton conducting mechanism for PVPA / xIm. In this study, we investigated the mobility and local 
structure of the imidazole in PVPA / xIm (x  2) using 13C{1H} CP/MAS spectra and spin-lattice relaxation 
time (T1). T1 (1H) measurements revealed that the imidazole in composite with x  3 has two states and the 
state of x = 4 is nearer the bulk imidazole than x = 3. 
 

 
 poly(vinylphosphonic acid) PVPA

Im  PVPA / xIm x  PVPA 
Fig. 1

100 
[1, 2] PVPA / xIm

x = 2, 130 
 5 10-3 S cm-1 [1]

[3]
 

x  2 13C{1H} 

CP/MAS 

 
 

 
   NMR PVPA / xIm x = 2, 3, 4

 JEOL ECA-300  6.928 T 1H 294.988 MHz 13C 74.175 MHz
13C{1H} CP/MAS  T1 (1H)  

Fig. 1 Structures of 
poly(vinylphosphnic acid) 
(a), and imidazole (b). 
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  Fig. 2  PVPA / xIm x = 2, 3, 
4  13C{1H} 
CP/MAS  x = 2, 3, 4 

3, 4 x  3 
x = 2 

5, 6, 7
 20 s  30,000 s 

x  
3  T1 (1H) 

 
  Fig. 3 PVPA / xIm x = 3, 4

 T1 (1H) 
Fig. 3 

 2 
Table 1 

 T1 (1H) x = 4 
T1 (1H) 

  
x = 3  x = 4 

x = 3  x = 4 

PVPA / xIm 

 
 
 

 
[1] F. Sevil, and A. Bozkurt, J. Phys. Chem. Solids 

2004, 65, 1659–1662. 
[2] M. Yamada, and I. Honma, J. Phys. Chem. B 

2004, 108, 5522–5526. 
[3] M. Mizuno, A. Iwasaki, T. Umiyama,  

R. Ohashi, and T. Ida, Macromolecules 2014,     
47, 7469–7476. 

Fig. 3 Recovery curves of PVPA / xIm (x = 3, 4) 
and imidazole at room temperature in the 
saturation recovery experiment for T1 (1H) 
measurement. 

Fig. 2 13C{1H} CP/MAS spectra of PVPA / xIm 
(x = 2, 3, 4) and bulk imidazole at room 
temperature. (RT: repetition time) 
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( ) acid 1
 ( 2)  3,4-dihydroxy-3-cyclobutene-1,2-dione NaOH

1 CaCl2 C2H3NaO2,CH3COOH 2
CaSq 300 K 10 0.1wt% H2  

Fig. 1. (a) Home-made inner cap in a rotor, (b) photograph of the 
inner cap, and (c) schematic illustration of the cap. 

Fig. 2. Crystal structures of (a) CID-Me adsorbed CO2 and (b) 
CaSq adsorbed H2. 
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Fig. 3. (a) 13C CP-MAS NMR spectra of 13CO2 in CID-Me and (b) 13C T1 at various temperature. 
(c) CO2 influenced from steric hindrance of bpy. 
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Akiyoshi Nagata1, Kenji Fukuda2, Katsumi Kose1, Yasuhiko Terada1 
1 Institute of Applied Physics, University of Tsukuba 
2 Department of Forest Science, Graduate School of Agricultural and Life Sciences, The University of 

Tokyo 
 
We have developed a 0.2T permanent magnet MRI system to measure an outdoor tree since 2013. In this 

study, we measured water transport in principal cross-section of an outdoor  tree using the 
MRI. The tree height was about 4 m. Water transport was measured by q-space imaging (QSI) and the 
volume flow maps were calculated on basis of the propagator approach. We analyzed diurnal changes in the 
volume flow in the xylem and phloem regions where the sap flow was transported. The xylem exhibited 
upward flow which was faster at midday than at night. The phloem exhibited downward flow which was 
almost constant during the day. 

1.  
2013 0.2 T MRI [1] 2015

11 q-space imaging(QSI) [2]

(5 8 )  

 
8 QSI  

 
2.  

2013 2 4 m ( 1.2 m
) 0.26 m  (Fig. 1) 40 cm

0.2T 16 cm
Gx = 6.76 mT/m/A , Gy = 1.23 mT/m/A , Gz = 2.62 mT/m/A 

x y z RF 120 mm
60 mm 12  

 
Plant imaging, Outdoor MRI system, Flow 
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2.1 QSI 

pulse field gradient - spin echo (PFG-SE)
TR/TE = 800 ms/40 ms field of view (FOV) = 256 mm 128 mm  = 40 mm matrix size 
=256 64 motion probing gradient (MPG)  = 20ms  = 8 ms

-23.0 22.7 mm-1 128
2 18

propagator propagator 1 [3]

8 propagator  
 
2.2 QSI 

pulse field gradient - stimulated echo (PFG-STE)
TR/TE = 800 ms/40 ms FOV = 256 mm 128 mm  = 40 mm matrix size =256 64

MPG  = 200ms  = 10 ms -28.8 27.7 mm-1 
32 34 2.1

 
 
 
 
 
 
 
 
 
 
 
Fig. 1 (Left) MRI system and Stevenson screen. (Center, right) Installation of the RF probe. The solenoid 
RF coil was (center) covered by the shield box and (right) covered by aluminum foil. 
 
3.  
3.1 QSI 

QSI Fig. 2 Fig. 2 (a) spin echo (SE) 
4

QSI

 
Fig. 2 (b) 2.1 QSI 2016 8 2 13

 

  

MR  
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Fig. 2 (c) 2016 8 3 0 Fig. 2 (b) 

 

 
 
 
 
 
 
 
 
 
Fig. 2 Diurnal change in the volume flow in the xylem. (a) SE image (q=0). (b),(c) Volume flow maps 
measured with PFG-SE (b) at 13:01 on August 2, 2016 and (c) at 0:36 on August 3, 2016. 
 
3.2 QSI 

QSI Fig. 3 Fig. 3 (a) stimulated echo (STE) 
 

Fig. 3 (b) 2.2 QSI 2016 8 2 12
Fig. 3 (c) 2016 8 3 0

STE

 
 
 
 
 
 
 
 
 
Fig. 3 Diurnal change in the volume flow in the phloem. (a) STE image (q=0). (b),(c) Volume flow maps 
measured with PFG-STE (b) at 12:26 on August 2, 2016 and (c) at 0:01 on August 3, 2016. 
 
3.3 QSI  

8 propagator
Sap flow meter

Sap flow meter
Fig. 3 (a) 

(a) (b) 

phloem 

xylem 

water phantom 

oil phantom 

(c) 

(a) (b) (c) 
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Fig. 3 Volume flow measured at different times of the day (from 8/01/2016 to 8/08/2016).(a) Volume flow 
averaged over the whole region of xylem developed in 2016. (b) Volume flow averaged over the whole 
region of phloem. (c) Sap flow measured with the conventional sap flow meter. 
 
4.  

MRI QSI
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Technical improvements for advanced in-cell NMR of mammalian cells 

Kohsuke Inomata1,5, Hidehito Tochio,2, Yutaka Ito3, Masahiro Shirakawa4, Takanori Kigawa1 
1 Quantitative Biology Center (QBiC), RIKEN 
2 Department of Biophysics, Kyoto University 
3 Department of Chemistry, Tokyo Metropolitan University 
4 Department of Molecular Engineering, Kyoto University 
5 PRESTO, JST 

 
In-cell NMR spectroscopy is one of the most promising techniques to observe protein structure, interactions, 
and dynamics at atomic level in living cells. We are trying technical improvements of in-cell NMR method 
to be more versatile experiment. In this presentation, two technical improvements for advanced in-cell NMR 
methodology of mammalian cells will be presented. The first one is the introduction of stable isotope labeled 
proteins into mammalian culture cells. The second one is the improvement of the medium flow system in a 
NMR tube. In addition to these technical improvements, a few trial results for investigating protein structure 
and protein-protein interactions in living mammalian cells will be presented. 

pH

“ ”

in-cell NMR  
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in-cell NMR  
in-cell NMR NMR  
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Fig.1; isotope enriched protein transduction techniques for in-cell NMR of mammalian cells 

Fig.2; improved medium flow system for in-cell NMR of mammalian cells 
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The influence of water and ion dynamics in cell suspension induced by membrane lesion.  
Tsuyoshi Aoyama1, Hironobu Saito2, Tsubasa Kawaguchi2, Rio Kita3, Naoki Shinyashiki3, Shin 

Yagihara3, Minoru Fukuzaki4, Atsushi Ito5, Koji Asami6 
1 Graduate School of Science, Tokai University 
2 Graduate School of Science and Technology, Tokai University 
3 School of Science, Department of Physics, Tokai University 
4 Liberal Arts Education Center, Kumamoto Campus, Tokai University 
5 School of Engineering Department of Nuclear Engineering, Tokai University 
6 Institute of Chemical Research, Kyoto University 

 

Water molecules and ions restricted in non-uniform matrices show characteristic behaviors of molecular 
dynamics. The dynamics characterized by “diffusion” and “relaxation” are obtained from PFG-NMR and 
Dielectric Relaxation Spectroscopy measurements, respectively. In this study, molecular dynamics such as 
translational and rotational diffusion of water molecules and ion reflecting the cell membrane structure and 
its damage were analyzed. In order to clarify the structure dependence, damaged cell membranes by heating, 
ultrasonication, and autolysis procedures were examined. Bimodal translational diffusion processes were 
observed by PFG-NMR for water protons in cell suspensions, however, the signal intensity of the slower 
process was decreased according to the heat treatment. In dielectric relaxation spectroscopy measurements, 
a dielectric relaxation process due to ion dynamics trapped on the cell membrane was observed between 
100 k and 100 MHz. The relaxation strength indicating a tendency of decreasing by the heating treatment 
clearly suggests destructions of the cell membranes. 
 

1) Pulsed Field Gradient - Nuclear Magnetic Resonance 
(PFG-NMR) Maxwell-Wagner

2)

PFG-NMR  
PFG-NMR  
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Fig.5. SNRs of the TIAs with the NQR antenna 
plotted as a function of Cs. 
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The application of deep learning to pediatric bone age measurements using MRI 

Shin Minagawa1, Yasuhiko Terada1, Katsumi Kose1 

1 Graduate School of Pure and Applied Sciences, Tsukuba University 
 

Bone age is a biological measure of a child’s growth, which is often manually assessed by rating the 
maturity of bones in a radiograph of the left hand. In a previous study, we showed the validity of assessing 
bone age using MRI [1] However, the acquired MR images are three-dimensional and the skeletal 
assessment is time-consuming. Recently, deep learning strategies for classification of big data have 
attracted considerable attention. In this study, we apply a deep learning framework with a convolutional 
neural network (CNN) to the bone age assessment. 
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deep learning( )
(2) MRI deep learning
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Fig. 2 Accuracy (1 year increment). 

Fig. 3 Accuracy (0.5 year increment).  

2 convolutional neural network(CNN)
3 3

Adam Chainer
(3)  

(epoch) 1000 (Fig. 2 Fig. 3)
800 0.98 1.00  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

References  
(1) Y. Terada et al., Skeletal age assessment in children using an open compact MRI system. Magn Reson 
Med 2013; 69:1697-1702. 
(2)Quoc V. Le, Marc’Aurelio Ranzato, Building High-level Features Using Large Scale Unsupervised 
Learning(ICML 2012) 
(3)http://docs.chainer.org/en/stable/ 

－ 317－



 

 
 

Development of assignment method of metabolic mixtures by using structural 
correlation analysis with theoretical chemical shifts and spin-spin coupling constants 
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In NMR analysis of metabolic mixtures, accurate assignment of signals of metabolites and identification of 
unknown metabolites from un-assigned signals are important issues. Quantum chemical calculation is 
enable to estimate NMR signals of metabolites, however, theoretical and experimental chemical shift do 
not necessarily coincide. So, we tried to construct the support protocol of signal assignment by using 
structural correlation analysis with theoretical calculation and machine learning. In this study, 16 
metabolites were used for NMR measurements and theoretical calculation. Scaling factor was calculated by 
support vector machine as machine learning for correction of theoretical chemical shifts, corrected 
theoretical chemical shifts were close to experimental chemical shifts than uncorrected theoretical chemical 
shifts. Furthermore, by improving the model formula, accurate prediction of chemical shifts was considered 
to be possible. 
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Fig. 2
13C 13.81 ppm 1H 0.76 

ppm
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13C 3.76 ppm 1H
0.24 ppm

NMR
 

 

Fig. 1 Procedure from theoretical calculation
to correction.  

Fig.2 Experimental data compared with  (a) theoretical 13C, 
(b) corrected 13C, (c) theoretical 1H, and (d) corrected 1H. 
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Challenge to the higher magnetic field of the high temperature superconducting bulk 
magnet for NMR 

Takashi Nakamura1, Hiroaki Utsumi2, Yoshitaka Itoh3, Yousuke Yanagi3, Tomoyuki Naito4, Hiroyuki 
Fujishiro4 
1 Molecular Structure Characterization Unit, Technology Platform Division, Center for Sustainable 

Resource Science, RIKEN, 2 JEOL RESONANCE Inc., 3 IMRA Material R&D Co., Ltd., 4 Department of 

Physical Science and Materials Engineering, Iwate University 

 
      We have succeeded in energizing a superconducting bulk magnet at 5.5 T for NMR and micro MRI. 
The magnet is a table-top cryogen free superconducting magnet which has a room temperature bore of 20 
mm in diameter. Using this magnet, we observed 1H NMR spectrum of doped H2O at 234.17 MHz with 
about 1 ppm Full Width at Half Maximum (FWHM). 
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Fig. 1. Photo and Schematic View of Superconducting Bulk Magnet, a) Normal Cylindrical 
Magnet, b) New Design Magnet with HTS Tube, c) Sample Spinning Module 

 
Fig. 2. 1H NMR spectra of doped H2O 
Resonance Frequency 234.17 MHz (5.5 T) 
Single Pulse Experiment: Pulse Width 13 us, 
Repetition Time 3 s, Single Acquisition  
a) Shimming (X,Y,Z) Data: 1.06 ppm FWHM  
b) Not Shimming Data: 15.68 ppm FWHM 

 
Fig.1a 26.5 mm

10 mm Gd-Ba-Cu-O 3
FCM: Field Cooling Method 5.5 T

4.7 T FCM 0.3 A/min. 5.5 T FCM SCM He
5.5 T 4.7 T  1.2 A/min.

4.7 T 0.3 A/min. SCM
SCM

5.5 T  

 
23 mm 20 mm 4.7 T

RF MRI 1 ppm
(Fig.2)

 
References  
[1] Maeda, H. and Yanagisawa, Y. (2014) IEEE 

Transactions on Applied Superconductivity 24(3) 1-12. 
[2] Hashi, K. et al. (2015) J. Magn. Reson. 256 30-33. 
[3] Nakamura, T. et al. (2007) Concept in Magn. Res. 
B (MRE) 31B 65-70. 
[4] Ogawa, et al. (2011) Appl. Phys. Lett. 98 234101. 
[5]  52-53. 
[6] Nakamura, T. et al. (2015) J. Magn. Reson. 259 
68-75. 
[7] Nakamura, T et al. (2014) Abstract of CSSJ 

Conference 92 48. 
[8] Durrell, J.H. et al. (2014) Supercond. Sci. Tech. 
27 082001. 

－ 327－



－ 328－

P97



－ 329－



 

 

NMR
MAS MAS

MAS
MAS

 
(Fig. 1) MAS

MAS  
 
Fig. 2 Fig. 2a

NW MAS
Fig. 2b 1.6 

mm MAS Fig. 2c MAS VCO
(Fig. 2d MAS 180°

(Fig. 2e)
MAS

VCO
 VCO  

－ 330－

P98



 

－ 331－



－ 332－

P99



－ 333－



－ 334－

P100



－ 335－



－ 336－

P101



40

60

80

100

120

140

160

180

0 1 2 3 4 5 6 7

Ch
em
ic
al
 s
hi
ft
 (p
pm
)

Average pore size (nm)

－ 337－



Nghia Tuan Duong1, Manoj Kumar Pandey1,2, and Yusuke Nishiyama1,2. 
1 RIKEN CLST-JEOL collaboration center, RIKEN, Yokohama, Kanagawa 

230-0045, Japan 
2 JEOL RESONANCE Inc., Musashino, Akishima, Tokyo 196-8558, Japan 

Solid-state Nuclear Magnetic Resonance (ssNMR) spectroscopy is a powerful analytical technique to 
characterize the atomic-level structure and dynamics of materials. However, unlike spin I = ½, the 
applications of ssNMR to quadrupolar (I > ½)-containing materials are still limited owing to the large 
anisotropic interaction, arising from the interaction of electric quadrupolar moment and electric field 
gradient. This interaction, not completely averaged by magic-angle spinning (MAS), severely broadens the 
spectral lines, resulting in the low resolution and low sensitivity of acquired spectra, preventing the 
extraction of valuable structural information. Multiple Quantum MAS (MQMAS)1 is a two dimensional 
(2D) sophisticated technique that enables the acquisition of high resolution spectra for half-integer nuclei, 
hence facilitate the structural investigations. From the spectra acquired, not only are the number of sites of 
nuclei of interest determined but also are their quadrupolar parameters (CQ, Q) as well as the chemical shift 
information extracted. Despite being widely used for characterizing materials containing quadrupolar 
nuclei, the disadvantages of this technique lie on two points. The first point is the inefficiency in exciting 
sites experiencing large quadrupolar interaction since the excitation of forbidden triple quantum is required. 
The second point is the analytical fitting of MQMAS by SIMPSON simulation2 is time consuming.  

The proton-detected dipolar heteronuclear multi-quantum coherence (D-HMQC)3,4 at very fast MAS is 
one of the alternatives to alleviate the problematic issues when studying quadrupolar nuclei. By utilizing 
this approach, the advantages are multifold, including the larger sensitivity as proton is detected; better 
resolved correlation peaks between 1H and quadrupolar nuclei; and probe ringing avoidance. Furthermore, 
recent study has demonstrated the application of D-HMQC to probe 1H/35Cl on pharmaceutical compounds 
to determine quadrupolar coupling constant (CQ) based on the relative shift difference between the ST and 
the central transition (CT) peaks.5 

The applicability of this technique is further investigated on spin I = 5/2, namely 27Al; and kaolin was 
used as the sample since it consists of one site, and this site does not experience large quadrupolar 
interaction.6 However this is not a straightforward study owing to the intrinsic characteristics of 27Al 
nucleus and the conventional D-HMQC, especially if the quadrupolar interaction is small like kaolin. For 
the first point, 27Al consists of three transitions, namely CT and inner (ST1) and outer (ST2) ST, in which 
CT and ST1 are partially unresolved no matter how “soft” the radiofrequency (rf) pulse is. Regarding the 
conventional D-HMQC, the T2’ of 1H detrimentally affect the resolution of 27Al in the indirect dimension. 
In order to overcome these limitations for reliable CQ achievement, we performed constant time D-HMQC7, 
in which the time duration between two recoupling blocks is fixed. The advantage of this modified version 
compared  
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　  Solid-state Nuclear Magnetic Resonance (ssNMR) spectroscopy is a powerful analytical technique to 
characterize the atomic-level structure and dynamics of materials. However, unlike spin I = ½, the appli-
cations of ssNMR to quadrupolar (I > ½)-containing materials are still limited owing to the large 
anisotropic interaction, arising from the interaction of electric quadrupolar moment and electric field gradient. 
This interaction, not completely averaged by magic-angle spinning (MAS), severely broadens the spectral 
lines, resulting in the low resolution and low sensitivity of acquired spectra, preventing the extraction of 
valuable structural information. Multiple Quantum MAS (MQMAS)1 is a two dimensional (2D) sophisticated 
technique that enables the acquisition of high resolution spectra for half-integer nuclei, hence facilitate the 
structural investigations. From the spectra acquired, not only are the number of sites of nuclei of interest 
determined but also are their quadrupolar parameters (CQ, Q) as well as the chemical shift information 
extracted. Despite being widely used for characterizing materials containing quadrupolar nuclei, the 
disadvantages of this technique lie on two points. The first point is the inefficiency in exciting sites 
experiencing large quadrupolar interaction since the excitation of forbidden triple quantum is required. The 
second point is the analytical fitting of MQMAS by SIMPSON simulation2 is time consuming. 
　  The proton-detected dipolar heteronuclear multi-quantum coherence (D-HMQC)3,4 at very fast MAS is 
one of the alternatives to alleviate the problematic issues when studying quadrupolar nuclei. By utilizing this 
approach, the advantages are multifold, including the larger sensitivity as proton is detected; better resolved 
correlation peaks between 1H and quadrupolar nuclei; and probe ringing avoidance. Furthermore, recent 
study has demonstrated the application of D-HMQC to probe 1H/35Cl on pharmaceutical compounds to 
determine quadrupolar coupling constant (CQ) based on the relative shift difference between the ST and the 
central transition (CT) peaks.5

　  The applicability of this technique is further investigated on spin I = 5/2, namely 27Al; and kaolin was 
used as the sample since it consists of one site, and this site does not experience large quadrupolar interaction.6 
However this is not a straightforward study owing to the intrinsic characteristics of 27Al nucleus and the 
conventional D-HMQC, especially if the quadrupolar interaction is small like kaolin. For the first point, 27Al 
consists of three transitions, namely CT and inner (ST1) and outer (ST2) ST, in which CT and ST1 are 
partially unresolved no matter how “soft” the radiofrequency (rf) pulse is. Regarding the conventional D-
HMQC, the T2’ of 1H detrimentally affect the resolution of 27Al in the indirect dimension. In order to 
overcome these limitations for reliable CQ achievement, we performed constant time D-HMQC7, in which 
the time duration between two recoupling blocks is fixed. The advantage of this modified version compared

quadrupolar coupling constant (CQ) determination for spin I = 5/2 nuclei (27Al) 
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quadrupolar coupling constant (CQ) determination for spin I = 5/2 nuclei (27Al) 

to conventional D-HMQC is that the broadening effect caused by T2’ of 1H in the indirect dimension is 
alleviated, hence providing better resolution for 27Al spectrum. Moreover, no peaks shift or splitting were 
observed unlike the conventional D-HMQC. 

The CT shift was determined by the use of constant time D-HMQC without rotor-synchronization in 
the t1 dimension. The unsynchronized indirect dimension prevents the overlap of spinning sidebands (ssb) 
to the center bands of STs, hence dramatically reduces the intensity for these transitions. As 27Al CT is not 
affected by the first order quadrupolar interactions, under MAS condition this is the only detectable peak in 
the indirect dimension; hence this resonance is reliably assigned. 

 

Figure 1. (a) The 2D 1H-27Al correlation spectra acquired by constant time D-HMQC at MAS frequency of 
70 kHz, in which the indirect dimension was set to 210 kHz and (b) the projection of the indirect dimension 
was (up) and was not (bottom) shifted by the spinning frequency of 70 kHz. The arrows in (b) help 
visualization of the shift of identical resonances while the ellipses denote the shift differences between the 
ssb of STs with the CT and center band STs. 

After the precise assignment of the CT resonance, the next step is the ST shifts determination. In this 
study, we performed constant time D-HMQC at very fast MAS (70 kHz) under rotor-synchronization with 
the indirect dimension equal to 210 kHz, three times the spinning frequency. As STs are affected by the first 

order quadrupolar coupling, this results in the occurrence of ssb in the spectrum. Hence, based on the shifts 
of spinning sidebands, we could identify the ST shifts as shown in Figure 1(a) and (b). 

Knowing the shifts of CT and ST1 and assuming Q equal to 0.5, CQ is estimated to 3.5 MHz, which is 
in excellent agreement with literature.6 Since the experiment with large indirect bandwidth is 
time-consuming, and low sensitivity was achieved, we further developed selective sidebands excitation 
approach for getting ST resonances. Instead of applying rf field at the center band resonance, it is applied to 
the first ssb, namely at 460 ppm for the sake of intensity. The aim of this experiment is to selectively excite 
the ssb of STs, not the center bands; and from the direct one-dimensional (1D) spectrum, the ST resonances 

to conventional D-HMQC is that the broadening effect caused by T2’ of 1H in the indirect dimension is 
alleviated, hence providing better resolution for 27Al spectrum. Moreover, no peaks shift or splitting were 
observed unlike the conventional D-HMQC. 

 

Figure 1. (a) The 2D 1H-27Al correlation spectra acquired by constant time D-HMQC at MAS frequency of 
70 kHz, in which the indirect dimension was set to 210 kHz and (b) the projection of the indirect dimension 
was (up) and was not (bottom) shifted by the spinning frequency of 70 kHz. The arrows in (b) help 
visualization of the shift of identical resonances while the ellipses denote the shift differences between the 
ssb of STs with the CT and center band STs. 

After the precise assignment of the CT resonance, the next step is the ST shifts determination. In this 
study, we performed constant time D-HMQC at very fast MAS (70 kHz) under rotor-synchronization with 
the indirect dimension equal to 210 kHz, three times the spinning frequency. As STs are affected by the first 

order quadrupolar coupling, this results in the occurrence of ssb in the spectrum. Hence, based on the shifts 
of spinning sidebands, we could identify the ST shifts as shown in Figure 1(a) and (b). 

　  The CT shift was determined by the use of  constant time D-HMQC without rotor-synchronization in the 
t1 dimension. The unsynchronized indirect dimension prevents the overlap of spinning sidebands (ssb) to the 
center bands of STs, hence dramatically reduces the intensity for these transitions. As 27Al CT is not affected 
by the first order quadrupolar interactions, under MAS condition this is the only detectable peak in the 
indirect dimension; hence this resonance is reliably assigned. 

　  Knowing the shifts of CT and ST1 and assuming Q equal to 0.5, CQ, is estimated to 3.5 MHz, which is in 
excellent agreement with literature.6 Since the experiment with large indirect bandwidth is time-consuming, 
and low sensitivity was achieved, we further developed selective sidebands excitation approach for getting 
ST resonances. Instead of applying rf field at the center band resonance, it is applied to the first ssb, namely 
at 460 ppm for the sake of intensity. The aim of this experiment is to selectively excite the ssb of STs, not the 
center bands; and from the direct one-dimensional (1D) spectrum, the ST resonances would be precisely 
acquired. Numerical simulations were performed (not shown) so that the intensity of center band is negligible
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Fast MAS, Dual cross polarization 

 
 Pulse sequence of dual CP-based HSQC for 1H detection in ss-NMR with 80 kHz MAS.  

 
Here, we present a novel approach of parallel acquisition for multidimensional ss-NMR data experiments. 
Analogous to the previous parallel CP sequence, we utilize simultaneous CP to polarize 1H to both 13C and 
15N nuclei and then 13C magnetizations are evolved, while 15N magnetization is kept along the z axis. The 
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resultant 13C magnetizations are transferred to 1H followed by 1H detection. Finally, 15N magnetizations are 

Heteronuclear correlation experiment is useful to investigate molecular structure and dynamics of naturally 
abundance samples by NMR. However, the low natural abundance of 13C and 15N together with intrinsic low 
sensitivity of NMR is challenge in NMR measurements and analyses. 1H-detection alleviates these issues 
due to the high gyromagnetic ratio and natural abundance of proton and is optimal choice for solution NMR. 
On the other hand, 13C and 15N direct detections are much common in solid-state (ss-) NMR due to broad 1H 
resonances of rigid solid. Recently, the developed very fast magic-angle spinning (MAS) > 60 kHz reduces 
severe line-broadening of 1H resonances, making 1H-detection of heteronuclear correlation experiments in 
ss-NMR routinely applied and enhancing the sensitivity in 13C/1H and 15N/1H experiments of natural 
abundance samples.1-3 However, the each measurement of multidimensional spectra requires long times, 
especially in using naturally abundant materials. Thus, parallel acquisition of 13C and 15N signals are proposed 
to measure two distinct spectra simultaneously. This gives maximum 2 fold reduction in measurement time 
and extensively demonstrated both in solid and solution NMR. However, the requirements of additional 
equipment like parallel receivers hinder common usages.4 The 1H detection with parallel acquisition, also 
proposed to improve the sensitivity in the solid, cannot combine the different magnetization transfer for 13C 
and 15N because 13C and 15N magnetizations are transferred to 1H simultaneously by the second cross 
polarization (CP). Moreover, the 1H/13C and 1H/15N correlation spectra are obtained by subtracting or adding 
the two spectra can induce additional t1 noise in the resultant spectra.5-6
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  2D 1H/13C and 1H/15N correlation spectra of f-MLF-OH obtained by dual CP-based HSQC. The 

1H/13C and 1H/15N spectra is right and left. The 2D spectra were acquired with a total number of 1200 scans, 
relaxation delay is 3s, and total time of measurement is 1day 20hr for both experiment. R=80 kHz   

CP1=2ms,  CP2=2ms, and CP3=0.4ms.  
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brought to the transversal plane for time evolution and transferred to 1H for detection. This sequence has 
several benefits which overcome the drawback of other dual CP sequences. 1) The parallel CP is able to 
reduce the measurement time to obtain two spectra with a maximum reduction factor of 2. 2) The separate 
transfer to 1H for each nucleus allows different magnetization transfer schemes to be applied. It was 
demonstrated with a combination of J-coupling based 1H/13C and dipolar-based 1H/15N correlations, which 
requires similar measurement time, maximizing the time saving factor. 3) The additional t1 noise which could 
come from addition or subtraction of spectra can be avoided, since the resultant 1H/13C and 1H/15N spectra 
are observed separately. 4) The two separated spectrum can be measured without any special hardware, since 
all the signals are observed by 1H. 5) Since both the 13C and 15N are rare nuclei in natural abundance, there 
are no interference between 1H-13C and 1H-15N during dual CP. Unlike uniformly 13C, 15N labeled samples, 
no signal loss is expected. The developed dual sequence based on the heteronuclear single quantum coherence 
(HSQC) was demonstrated by 2D 15N/1H and 13C/1H correlation spectra of naturally abundant N-formyl-L-
methionyl-L-leucyl-L-phenylalanine (f-MLF-OH) at the fast MAS (80 kHz) as shown in Figure 2.
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Magnetic field sensing using Pulsed ODMR 
Ryotaro Tanabe1, Ryuji Igarashi1, Masahiro Shirakawa1 
1 Graduate School of Engineering, Kyoto University 

 
It is significant to analyze neural network quantitatively for gaining insight to information processing 

and mechanism of memory. In this work, I focused optically detected magnetic resonance (ODMR) using 
fluorescent nanodiamonds as a method for imaging neuronal network, and I developed a device for 
magnetic imaging. Consequently, I got an ODMR spectrum influenced by a magnetic field while real time 
fluorescent imaging. 

 

NVC 
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Fig. 1. NV center in diamond lattice. 

 

 
Fig. 2. Equipment set up for ODMR  
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Fig. 3. (a)ODMR spectra of nanodiamonds 
applying external magnetic field. (b)Rabi 
pulse sequence(c)Rabi oscillation of NV 
electron spin. 
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