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会場（Gメッセ群馬）への交通案内

Ｇメッセ群馬
〒 370-0044 
群馬県高崎市岩押町 12番 24号
TEL.027-322-2100
https://www.g-messe-gunma.jp/

・新幹線でお越しの場合

・車でお越しの場合

高崎駅からは、市内巡回バス
「ぐるりん」が Gメッセ群馬に
乗り入れています。

駐車場
普通自動車 (24 時間利用可能 )
駐車料金　1時間　　100 円
　　　　　1日上限　500 円
　各自ご負担にてご利用ください。



- 2 -

中会議室
202B

メインホールC

エントランスロビーカフェ
スペース

場
車
駐

路
通
絡
連

エ
イ
ワ
ホ

メインホールB

メインホールA

中会議室
202A
中会議室
201B
中会議室
201A

会場の案内

メインホール

講演セッション
エリア

ポスターセッション
企業展示
エリア

総合受付

▲

高崎駅からお越しの方は
こちらのエントランスロビーより入場ください



- 3 -

ポスター・展示会場詳細図
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チュートリアルコース会場
講演会場
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① ② ③ ④ ⑤ ⑥ ⑦ ⑧ ⑨

①　株式会社 シゲミ
②　株式会社バイオネット研究所
③　日本電子株式会社
④　株式会社エルエイシステムズ
⑤　大陽日酸株式会社

⑥　株式会社リアクト
⑦　ブルカージャパン株式会社
⑧　株式会社エムアールテクノロジー
⑨　昭光サイエンス株式会社
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討論会日程表
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参加者へのご案内

◆受付
Gメッセ群馬２Fメインホール前に設けます。

◆受付時間
11月 17日（木）　8:30 ～ 17:00
11 月 18 日（金）　8:30 ～ 17:00
11 月 19 日（土）　8:30 ～ 16:00

◆事前参加登録済みの方
事前登録ならびに参加費の支払をお済ませの方は、事前に参加証をお送りしております。当日は必ず参
加証を持参ください。
参加証についている、「要旨集引換証」を切取り、事前参加受付にて要旨集と引き換えをしてください。
併せて、参加証についている「参加申告書（参加日ごと）」に体温を記入の上、受付に用意する「参加受
付ボックス」へ切り取って入れてください。
会場内では、参加証（名札）をご着用ください。
参加証のない方の入場は固くお断りします。

◆当日参加登録の方
当日参加登録をされる方は、受付前に置かれた当日参加登録用紙にご記入の上、参加費を添えて受付デ
スクにお越しください。参加費のお支払いは現金のみとなります。
 当日参加 : 一般・会員    4,000 円
   一般・非会員  13,000 円
   学生・会員    2,000 円
   学生・非会員    7,000 円
引換にお渡しする参加証は、会場内では、参加証（名札）をご着用ください。大会会場内では必ず着用
してください。
翌日以降参加される場合には、参加証についている「参加申告書（参加日ごと）」に体温を記入の上、参
加日当日、受付に用意する「参加受付ボックス」へ切り取って入れてください。

◆懇親会
新型コロナウイルス感染症対策を鑑み、全体懇親会は中止となりました。

◆領収証の発行
参加証に添付されている領収証をお使いください。それ以外の領収書が必要な方は、参加証および参加
証に添付されている領収証を持参して受付デスクへお越しください。

◆講演要旨集
講演要旨集は日本核磁気共鳴学会会員ならびに非会員の事前登録者にお渡しいたします。
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いたします。
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◆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
支払ください。
また、日本核磁気共鳴学会への入会も受け付けます。
日本核磁気共鳴学会の受付は 2日目（11/18）のみとなります。

◆会場内のサービス・施設
・参加会場
参加会場内では密にならないように運営を行うため、椅子を入口に用意いたしますので、参加者ご自
身にて着席場所を確保いただきます。一人当たり２脚お持ちいただき、1脚は荷物置きとしてご利用
下さい。また、会期中は同じ椅子をご利用下さい（感染防止のため）。

・クローク
クロークは設置いたしません。セッション会場内にてご自身にて管理ください。

・インターネット
会場内でご利用いただけるインターネット接続サービスを用意いたします。

・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。

◆禁止事項
・飲食・喫煙
喫煙は 1階エントランスを出た所にある喫煙所をご利用ください。そこ以外は禁煙となります。
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、呼び出し音がならないようにお願いいたします。

◆ 2020 年度日本核磁気共鳴学会通常総会
今年度はオンラインで開催する予定ですので、討論会中には開催いたしません。

◆理事会・評議員会のご案内
理事会：討論会中には開催いたしません。
評議員会：11月 17日の 18時 20分から開催いたします。
※食事の用意はございません。



- 7 -

◆第 59回 NMR討論会についてのお問い合わせ
・会期中
Gメッセ群馬　〒 370-0044 群馬県高崎市岩押町 12番 24号
代表電話番号 027-322-2100
会期中の連絡先　070-5557-2239

・会期外
株式会社 klar（クラール）
〒 371-0805 群馬県前橋市南町 2-65-1
TEL：027-260-9525　　FAX：027-260-9322
E-mail：nmr2020@klar.co.jp
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座長・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、ホール A（一番奥）内の「座長席」（休憩を挟まない場合は
「次座長席」）までお越しください。

◆進行
進行は座長へ一任いたします。例年、終了時間が延びる傾向にあり、セッション終了後の予定に影響
が出ることが懸念されます。討論会日程の円滑な進行のために、ご担当されるセッションの予定通り
の終了にご協力いただきますようお願いいたします。

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ください。
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ください。
プロジェクターとの接続はHDMI もしくは VGA (D-sub) になっております。
一部のノートパソコン（特にMac）では専用の出力ケーブルが必要になりますので、必ず持参してくだ
さい。
バックアップ用として、発表データをUSB メモリもしくは CD-ROM等で持参してください。

◆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ください。
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ください。講演前の休憩時間を利用して、
動作確認の試写をおこなうことができます。
ご希望の方はお早めに会場までお越しください。

◆講演時間
持ち時間は、特別講演90分、進歩賞講演35分、一般演題20分です。時間経過はベルでお知らせしますが、
そのタイミングは以下のとおりです。持ち時間内での終了にご協力いただきますようお願いいたします。

    一鈴  二鈴（発表終了） 三鈴（質疑終了）
 　　特別講演  70 分  　　80分  　　90分
 　　進歩賞講演  25 分  　　30分  　　35分
 　　一般演題  14 分  　　17分  　　20分
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ポスター発表の方へ

◆作成要領
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、日本語で作成された場合には、図
の説明文には英語を用い、タイトル・名前・所属については英語も併記してください。また、発表者
の氏名は、左に○印を付けるなどして明示してください。文字や図の大きさ、行間については、やや
離れた距離からでも判別できるように配慮をお願いいたします。
ポスターを貼付スペースのサイズは、1題あたり縦 210cm×横 90cmとなっており、このサイズの
範囲で自由に作成していただいて結構です。
ただし貼付の際には（見やすさのために）床から 30cm程度のスペースの確保を心掛けていただくよ
うにお願いします。左上隅の約 20cm四方のスペースに演題番号を表示してあります。
画鋲は各ポスターパネルに用意します。

◆展示場所
ポスター会場はメインホール内となります。
パネル左上隅に表示された演題番号をご確認の上、貼付・展示をお願いいたします。

◆掲示期間
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 17 日（火）12：00 ～ 14:00 の間に掲示し、11 月 19 日（木）11:30
～ 12:30 の間に取り外してください。
ポスター撤去時刻を過ぎても取り外されないポスターは事務局で撤去します。

◆ポスター発表時間
ポスター番号が偶数番号（P2, P4, …）の方は、11月 17 日（火）14:00 ～ 15:30 の間にポスター討
論をおこなってください。
奇数番号（P1, P3, …）の方は、11月 19日（木）10:00 ～ 11:30 にポスター討論をおこなってください。
若手ポスター賞対象のポスター（偶数の数字の後に "Y" が付加されている）も非対象のポスターと一
緒に 11月 17日（火）14:00 ～ 15:30 の間に討論してください。
また、発表者はポスターボードに備え付けられたリボンを付けて発表してください。

◆若手ポスター賞の発表と表彰
11月 18日（水）の特別講演の後に行う予定です。



- 10 -

第 59回 NMR討論会（2020）
The 59th Annual Meeting of the Nuclear Magnetic Resonance Society of Japan （2020）

会期：2020 年 11 月 17日（火）～ 11月 19日（木）
会場：Gメッセ群馬　メインホール
　〒 370-0044 群馬県高崎市岩押町 12番 24号

１日目　11月 17日（火）

12:50 ～ 13:00　開会式
 第 59 回 NMR討論会（2020）　世話人　若松 馨（群馬大学）

13:00 ～ 14:00　一般演題１「溶液 -1」
座長：池上貴久（横浜市立大学）

1L1　核緩和機構最適化安定同位体標識法を利用した高分子量蛋白質の動態構造解析
○宮ノ入洋平 1、２，武田光広３，寺内勉４，５，６，甲斐荘正恒２ 
1 大阪大学蛋白質研究所，2名古屋大学大学院理学研究科，3 熊本大学大学院生命科学研究部，
4 東京都立大学大学院 理学研究科，5 SAIL テクノロジーズ株式会社，6 大陽日酸株式会社

1L2　NMR studies on the protonation state of cyanobacteriochrome
○三島正規
東京都立大学，理学研究科

1L3　15N 直接検出NMR法による製剤・保存条件におけるモノクローナル抗体の非破壊的観測
○徳永裕二 1,2，竹内恒 1，奥出順也 3，小里一友 3，鳥澤拓也 3，嶋田一夫 1,4

1 産業技術総合研究所・細胞分子工学研究部門，2バイオ産業情報化コンソーシアム，3中
外製薬株式会社，4理化学研究所・生命機能科学研究センター

14:00 ～ 15:30　ポスター１（偶数）

15:30 ～ 16:30　一般演題２「DNP-1」
座長：西山裕介（株式会社 JEOL RESONANCE）

1L4　室温下でのダイヤモンド中NV中心とペンタセンによる 13C pulsed-DNP
○宮西孝一郎 1，Takuya F. Segawa2,3,，大木出 4，小野田忍 5，大島武 5，阿部浩之 5，高島秀
聡 3， 竹内繁樹 3，武田和行 6，Frederick T.-K. So3,4,5，寺田大紀 3,5，五十嵐龍治 5,8，香川晃徳 1,7,8，
北川勝浩 1,7，水落憲和 4，白川昌宏 3,5，根来誠 5,7
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1 大阪大学大学院，2 Eidgenö ssische Technische Hochschule (ETH) Zü rich, Switzerland，
3 京都大学大学院工学研究科，4 京都大学化学研究所，5 量子科学技術研究開発機構 (QST)，
6 京都大学 大学院理学研究科，7 大阪大学先導的学際研究機構 量子情報・量子生命研究セ
ンター，8 JST さきがけ

１L5　分極剤濃度が高磁場DNP効率に与える影響のスピン拡散と緩和を考慮した高速定量的
　　　シミュレーションによる評価

○深澤隼，藤原敏道，松木陽
大阪大学蛋白質研究所

１L6　高磁場・極低温MAS-DNP 法の新発展とその応用
○松木 陽 1, 2，杉下友晃 1，高橋大樹 3，保母史郎 3，末松浩人 3，藤原敏道 1, 2

1 大阪大学蛋白質研究所，2 大阪大学先導的学際研究機構，3 株式会社 JEOL RESONANCE

16:40 ～ 18:10　歴史解説
NMRを創った人たち：第１話 夜明け前 ２,Rabi の分子線NMRの成功と Gortpr の凝縮系NMRの
失敗

 　寺尾武彦（京都大学名誉教授）

２日目　11月 18日（水）

9:20 ～ 10:20　一般演題３「固体」
座長：石井佳誉（東京工業大学）

２L1　Nuclear Surface Acoustic Resonance with Spin-Rotation Coupling
○武田和行 1，宇佐見康二 2

1 京都大学 大学院理学研究科 化学専攻，2東京大学 先端科学技術研究センター

２L2　Probing local 1H spin network of rigid solids through 1H SQ, DQ and TQ coherences
○西山裕介 1, 2

1 理研 -JEOL 連携センター，2株式会社 JEOL RESONANCE

２L3　高温NMRによるフッ化物イオン伝導体の焼成過程のその場観測
○村上美和
京都大学産官学連携本部



- 12 -

10:40 ～ 12:00　一般演題４「溶液 -2」
座長：木川 隆則（理化学研究所）

２L4　固体NMRによる内向きプロトンポンプロドプシン Schizorhodopsin のレチナール結合
　　　サイトの構造解析

○但馬聖也 1，神取秀樹 2，井上 圭一 3，川村出 1

1 横浜国立大学 大学院理工学府，2 名古屋工業大学，3 東京大学

２L5　パルス磁場勾配NMRによるコーヒー粕由来脂質成分の自己拡散係数測定
○金井典子 1，川村出 1，William S. Price2

1 横浜国立大学大学院 理工学府，2 Nanoscale Group, Western Sydney University, NSW, 
Australia

２L6　好冷性細菌 Anabaena variabilis 由来のグリシンリッチ ドメインを持たない RNA 結合タン
　　　パク質 RbpD の溶液構造の特徴

○森田勇人 1，田中邑樹 1，古板恭子 2，杉木俊彦 2，児嶋長次郎 2,3

1 城西大学 大学院理学研究科，2 大阪大学 蛋白質研究所，3 横浜国立大学 大学院工学研究
院

２L7　高速・高精度なMagROによるNMR構造解析の完全自動化
○小林直宏 1，杉木俊彦 2，南慎太朗 3，佐久間航也 3,5，長島敏雄 1，児嶋長次郎 4，藤原敏道 2，
小杉貴洋 3，古賀理恵 3，古賀信康 3,5，山崎俊夫 1

1 理化学研究所 放射光科学研究センター，2大阪大学 蛋白質研究所，3自然科学研究機構 
生命創成探求センター，4横浜国立大学大学院 工学研究院，5総合研究大学院大学

（Lunch）

13:00 ～ 13:30　企業発表
 座長：出村誠（北海道大学）

13:40 ～ 14:20　進歩賞１
 座長：藤原敏道（大阪大学 蛋白質研究所）

高磁場・極低温DNP用装置、方法論の開発と応用
松木陽（大阪大学蛋白質研究所）
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14:20 ～ 15:00　進歩賞 2
 座長：山本泰彦（筑波大学）

NMRによる動的構造生物学の推進と創薬への応用
竹内恒（産業技術総合研究所 細胞分子工学研究部門）

15:10 ～ 16:40　特別講演
 座長：甲斐荘正恒（東京都立大学）

「in situ 動的構造」からみたタンパク質の機能解明
嶋田一夫（理化学研究所）

16:40 ～ 16:55　若手ポスター賞表彰式

16:55 ～ 17:00　次回世話人挨拶
片平正人（京都大学）

３日目　11月 19日（木）

9:00 ～ 10:00　一般演題５「溶液 -2」
座長：坂本泰一（千葉工業大学）

３L1　機能性長鎖ノンコーディングRNA SINEUP 機能ドメインの 2次構造決定
○大山貴子 1，高橋葉月 2，山崎俊夫 1，Piero Carninci2，石井佳誉 1,3

1 理研放射光科学研究センター，2理研生命医科学研究センター，3東京工業大学 生命理工
学院

３L2　ヒト脂質輸送蛋白質 CERT がクラミジア封入体の膜蛋白質 IncD にハイジャックされる分子
　　　機序の溶液NMR解析

○杉木俊彦 1，熊谷圭悟 2，新家粧子 1，小林直宏 1，藤原敏道 1，花田賢太郎 2，児嶋長次郎 1,3

1 大阪大学 蛋白質研究所，2国立感染症研究所 細胞化学部，3横浜国立大学大学院 工学研
究院

３L3　小胞体膜貫通タンパク質VAPのペプチド認識機構の研究
○古板恭子 1，平岡万里菜 2，藤原敏道 1，児嶋長次郎 1,2

1 大阪大学蛋白質研究所，2横浜国立大学大学院理工学府
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10:00 ～ 11:30　ポスター 2（奇数）

（Lunch）
　ポスター撤去

12:30 ～ 13:50　一般演題６「DNP-2 他」
 座長：松木陽（大阪大学蛋白質研究所）

3L4　固体DNP-NMRによる CdSe クラスター表面の構造解析
○野田泰斗 1，栗原拓也 1,2，鈴木克明 3，村田翔 1，梶弘典 3，竹腰清乃理 1

1 京都大学 大学院 理学研究科，2金沢大学 理工学域 物質科学類，3京都大学 化学研究所

3L5　固体DNP-NMRによる高分子担持触媒の構造解析
○田中真司，小川敦子，中島裕美子，佐藤一彦
産業技術総合研究所 触媒化学融合研究センター

3L6　表面増強NMR分光法による低γ四極子核の観測
○永島裕樹 1，Julien Trébosc 2,3，今喜裕 1，佐藤一彦 1，Olivier, Lafon2,4，Jean-Paul 
Amoureux2,5,6

1 産業技術総合研究所 触媒化学融合研究センター，2リール大学 , CNRS, Central Lille, Univ. 
Artois, UMR 8181, UCCS ，3 リ ー ル 大 学 , CNRS-2638, Fédération Chevreul，4 Institut 
Universitaire de France，5ブルカーバイオスピン，6理研 NMR研究開発部門

3L7　Understanding of the quadrupolar interaction between solid-state NMR and NQR
○ Kazuhiko Yamada
Multidisciplinary Sciences Cluster, Research and Education Faculty,in charge of Science 
Research Center, Kochi University

14:00 ～ 15:00　一般演題７「溶液 -3」
 座長：児嶋長次郎（横浜国立大学）

3L8　四重鎖DNAとフタロシアニン誘導体の複合体の解析
内山真見 1，岡本千奈 1，百武篤也 1，○山本泰彦 1,2，池上崇久 3

1 筑波大学 大学院数理物質科学研究科 化学専攻，，2 筑波大学 エネルギー物質科学研究セン
ター (TREMS)，3 島根大学 大学院自然科学研究科 環境システム科学専攻
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3L9　高圧力NMRで観るタンパク質の変性
○北原亮 1，Xue Mengjun2，若本拓朗 3，Mulder Frans4

1 立命館大学薬学部，2シントン大学化学，3立命館大学大学院生命科学研究科，4オーフ
ス大学 iNANO 

3L10　細胞内移行性を決めるRas 阻害環状ペプチドの構造的柔軟性
○竹内恒 1，今井美咲 2, 徳永裕二 1, 藤崎美和 2, 鴨志田一 2, 滝沢 剛 3, 半沢宏之 3, 嶋田一夫 4

1 産業技術総合研究所・細胞分子工学研究部門，2バイオ産業情報化コンソーシアム，3第
一三共 RDノバーレ，4理化学研究所

15:00 ～ 15:05　閉会式
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ポスター発表

P1 固体 NMRを用いた A (1-42) 線維への EGCG添加による構造変化の検出
藤田健太郎 1，松田勇 1，石井佳誉 1,2

1 東東京工業大学 生命理工学院，2理化学研究所 放射光科学研究センター NMR研究開発部門 

P2Y 固体 13C NMR法とＸ線回析によるジブロモアントラセン類の結晶構造と運動性の関係
○三影昇平，神谷奈津美，小泉俊雄，浅野敦志
1防衛大学校・応用化学科

P3 カルモジュリン融合タンパク質システムを使用した安定同位体標識セクロピン P1の大量発現と
　　　NMR構造解析

○谷昊 1，加藤貴純 1，石田博昭 2，熊木康裕 1，塚本卓 1,3，菊川峰志 1,3，出村誠 1,3，Vogel Hans J. 2，
相沢智康 1,3

1 北海道大学 大学院生命科学院，2カルガリー大学 生命科学学科，3北海道大学 国際連携研究教育
局

P4 Alpha-synuclein Aggregation Kinetics and Structural Insight in the Presence of -amyloid
　　　 Fibrils

○ Zixuan Wei1, Tatsuya Matsunaga2, Yoshiki Shigemitsu1,Yoshitaka Ishii1, 2

1 School of Life Science and Technology, Tokyo Institute of Technology，2 NMR Science and 
Development Division, RIKEN SPring-8 Center

P5 重原子水和物の希釈濃縮シフトに関する相対論的量子化学計算
○朝倉由光，中川直哉，桑原大介
電気通信大学大学院 情報理工学研究科

P6Y トリプレットDNP による p- ターフェニル擬単結晶の高偏極化
○森下裕貴 1，久住亮介 2, 宮西孝一郎 1, 武田和行 3, 根来誠 4, 香川晃徳 1,4,5, 北川勝浩 1,4

1 大阪大学大学院 基礎工学研究科，2 京都大学大学院 農学研究科，3 京都大学大学院 理学研究科，
4 大阪大学先導的学際研究機構量子情報・量子生命研究センター，5 JST さきがけ

P7 1H-19F 間の HOE (Heteronuclear Overhauser Eff ect) を利用したスピロ環の立体化学決定
○森田将夫 1，根本暢明 2，大森建 3

1 公益財団法人 乙卯研究所，2 （株）JEOL RESONANCE，3東京工業大学 理学院化学系

P8 固体 NMRによるプロトン伝導性アルギン酸 - ポリアクリル酸 - トリアゾール複合体の解析
○渡邉陵太 1，栗原拓也 1, 重田泰宏 2, 雨森翔悟 2, 井田朋智 1, 水野元博 1,2

1 金沢大学大学院自然科学研究科，2金沢大学ナノマテリアル研究所
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P9 Rab32 の NMRによる解析
○鈴木拓巳， 田島佳寿 , 川原裕之 , 伊藤隆 , 三島正規
東京都立大学・大学院・理学研究科

P10Y アミロイド化傾向を有するタンパク質・ペプチドの凝集防止
○黒川優香 1，葛貫絵梨奈 1，日比健人 1，河野俊之 2，寺脇慎一 1，若松馨 1

1 群馬大学大学院 理工学府，2 北里大学大学院 医療系研究科

P11 NMRを用いた液体金属中のナノ粒子分散・凝集状態評価法
○鄭智海 1, 大高雅彦 1, 桑原大介 2

1 日本原子力研究開発機構 高速炉サイクル研究開発センター 高速炉基盤技術開発部 ナトリウム機
器技術開発 Gr，2 電気通信大学 研究設備センター

P12 生体内反応による核スピン量子もつれ生成の検証に向けた極低温溶解DNP装置開発
○香川晃徳 1,2,3, 土井徹 1, 根来誠 2, 北川勝浩 1,2

1 大阪大学大学院基礎工学研究科，2大阪大学先導的学際研究機構 量子情報・量子生命研究センター，
3JST さきがけ

P13 オペランドNMRを用いた FeF3 正極の容量劣化要因の解明
○下田景士 1, 鹿野昌弘 2, 村上美和 1, 栄部比夏里 2

1 京都大 産官学連携本部，2 産総研 関西センター

P14Y 光受容タンパク質GAF ドメインにおける発色団のプロトン化状態の解析
○小泉太貴 1，会津貴大 1, 宮ノ入洋平 2, 伊藤隆 1, 広瀬侑 3, 三島正規 1

1 東京都立大学大学院 理学研究科，2大阪大学 蛋白質研究所，3豊橋技術科学大学大学院 工学研究
科

P15 DIRECTION-HSQC 法による糖鎖―タンパク質相互作用の解析
○田中孝，谷本典之
 ( 株 ) 東ソー分析センター

P16 HIV Vif 5 者複合体は APOBEC3G と APOBEC3F の脱アミノ化を阻害する
○神庭圭佑 1，万里 1, 2，雲財悟 3，森下了 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 法政大学・生命科学部，
4 セルフリーサイエンス（株）

P17 魚類の分析データサイエンスによるサケ科の特徴抽出及び可視化
〇村田泉 ¹, 魏菲菲 ² ，坂田研二 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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P18Y パルス磁場勾配NMRによるコーヒー粕由来脂質成分の自己拡散係数測定
○金井典子 1，川村出 1, William S. Price2

1. 横浜国立大学大学院 理工学府，2. Nanoscale Group, Western Sydney University, NSW, Australia

P19 NMRデータサイエンスに基づく生分解性プラスチックの分解要因解析
○山脇涼 1，坪井裕理 2，鄭章代 2，伊藤研悟 1,2，菊地淳 1,2,3

1 横市院 生命医 , 2 理研 環境資源 , 3 名大院 生命農

P20Y HIV-1 ゲノム RNAの 5' 末端の違いが構造と機能に与える影響
○大林カミーユ美智子 1，篠原陽子 1，増田貴夫 2，河合剛太 1

1 千葉工業大学，2東京医科歯科大学

P21 機能的MRI を用いた匂い刺激と行動を結びつけるマウスの脳活性化経路の解明：誘引性匂い物質
　　　ムスコンによる刺激と独立成分解析の適用

○武田光広，椿原由美子，吉永壮佐，寺沢宏明
熊本大学大学院生命科学研究部

P22 Band-selective CP 法を使った超高速MASにおける高効率 13C-13C、13C-1H 間磁化移動の実現
○松永達弥 1，高橋涼 2, 石井佳誉 1,2

1 理化学研究所放射光科学研究センターNMR研究開発部門，2 東京工業大学生命理工学院

P23 Vif-CBF -CUL5-ELOB-ELOC 複合体に結合するアプタマーのNMR解析
○熊谷紀志 1，鈴木拓也 1，関川湧斗 1，神庭圭介 2，万里 2，永田佳代子 3，高折晃史 3, 片平正人 2，
永田崇 2，坂本泰一 1

1 千葉工業大学，2京都大学エネルギー理工学研究所，3京都大学大学院医学系研究科

P24Y 構造・成分多様性のある高分子試料の T2 緩和に基づく固体NMR信号分離法の開発
○山田隼嗣 1,2，近山英輔 2,3，菊地淳 1,2,4

1 名大院 生命農，2理研 CSRS，3新潟国情大 システム，4横市院 生命医

P25 高次構造・運動性評価のマテリアルズ・インフォマティクスを趣向した時間因子分解NMR
○原光輝 1，山田隼嗣 2,3, 菊地淳 1,2,3

1 横市院生命医，2理研環境資源，3名大院生命農

P26 高分解能固体NMR測定の分解能向上を指向した側鎖重水素標識法のアミロイドタンパク質への
　　　応用

○重光佳基 1，寺見響 1，松永達弥 2，山崎俊夫 2，石井佳誉 1,2

1 東京工業大学生命理工学院，2理研 RSC NMR部門

P27 高磁場極低温MAS-DNP 固体 NMRによる空間選択的なスピン相関偏極成分の応用
○杉下友晃 1，松木陽 1,2, 藤原敏道 1,2

1 大阪大学 蛋白質研究所，2大阪大学先導的学際研究機構 量子情報・量子生命研究部門
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P28Y 固体 DNP-NMRによる高分子担持触媒の構造解析
○田中真司，小川敦子，中島裕美子，佐藤一彦
1産業技術総合研究所 触媒化学融合研究センター

P29 プリオン感染における「種の壁」を解明 
志田俊信 1，〇鎌足雄司 2，依田隆夫 3，山口芳樹 4，Michael Feig5，大橋祐美子 6，杉田有治 7，桑
田一夫 8，田中元雅 1

1 理化学研究所・脳神経科学研究センター，2岐阜大・科学基盤研究センター，3長浜バイオ大学，
4東北医科薬科大学・薬学部，5 Michigan State University，6神戸大学・理学研究科，7理化学研究所・
計算科学研究センター ，8岐阜大・連合創薬医療情報研究科

P30 9.4T の磁場下における 29Si-NMRのクライオMASプローブによる高感度測定
○戸田充 1,2，水野敬 1,2，中井利仁 1,2，根本貴宏 1,2，山腰良晃 1,2，最上祐貴 1,3，清水禎 1,3

1NIMS-JEOL 計測技術ラボ，2株式会社 JEOL RESONANCE，3国立研究開発法人物質材料研究機構

P31 NMRを用いたアダプター蛋白質Drk の動態解析
○渡邉吏輝 1，プバティ マキシン サイーシュ 1，末元雄介 1，木川隆則 2，三島正規 1，猪股晃介 1，
池谷鉄兵 1，伊藤隆 1

1 東京都立大学・大学院理学研究科・化学専攻，2理化学研究所・生命機能科学研究センター

P32Y ダイヤモンドNV中心を使ったピコリットルNMRと単一細胞測定への展開
○森田航希 1，大木出 1，藤原正規 1，中野裕太 2, 吉本智貴 2，徳田規夫 1,2,3, 水落憲和 1

1 京都大学化学研究所，2金沢大学大学院自然科学研究科，3金沢大学ナノマテリアル研究所

P33 同軸チューブを用いた qNMR測定法の最適化
○小倉立己 1,2，若山正隆 1, 曽我朋義 1, 冨田勝 1

1 慶應義塾大学 先端生命科学研究所，2（公財）庄内地域産業振興センター

P34 TDNMRによるスピン拡散の評価
○原英之
ブルカージャパン株式会社バイオスピン事業部

P35 溶解トリプレットDNP法を用いた分子間結合の観測
○松井拓海 1，杉木俊彦 2, 宮西孝一郎 1，香川晃徳 1,3,4，北川勝浩 1,3，藤原敏道 2,3，根来誠 3

1 大阪大学大学院基礎工学研究科，2 大阪大学蛋白質研究所，3 大阪大学先導的学際研究機構 量子
情報・量子生命研究センター，4 JST さきがけ

P36Y 固体 NMRによる内向きプロトンポンプロドプシン Schizorhodopsin のレチナール結合サイトの
　　　構造解析

○但馬聖也 1，神取秀樹 2, 井上圭一 3, 川村出 1

1 横浜国立大学 大学院理工学府，2 名古屋工業大学，3 東京大学
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P37 NDSB の添加によるユビキチン分子内の水素結合への影響
○中島弘稀 1，若松馨 2，伊藤隆 1，三島正規 1

1 東京都立大学院理学研究科，2 群馬大学院理工学府

P38Y piRNA の生成に関与するRNA element の二次構造解析
○高瀬直美 1，石津大嗣 2, 3，平形樹生 2，塩見美喜子 2, 河合剛太 1

1 千葉工業大学，2東京大学，3慶応義塾大学

P39 薬物ナノ懸濁液に含まれる薬物粒子の凝集評価 を目的とした時間領域NMR法の応用
○岡田康太郎，大貫義則
富山大学薬学部

P40 高速MAS 条件における半整数四極子核の高分解能 SPAM-MQMAS と SPAM-STMAS 測定
○佐々木彬子 1，Jean-Paul Amoureux1-3

1 ブルカー，2 リール大学，3 理化学研究所 放射光科学研究センター NMR研究開発部門

P41 In situマイクロ波照射 NMR 分光法と MD シミュレーションによるエタノールーヘキサン混合溶液
　　　のマイクロ波加熱過程の解明

内藤晶１ 、田制侑悟１ 、 Mijidorj Batsaikhan1,2 , 藤戸輝昭３ 、川村出１ 、上田一義１

１横浜国立大学 大学院工学研究院，２国立モンゴル大学 工学・応用科学科、 ３ プローブ工房

P42Y  Rapid Scan Nuclear Quadrupole Resonance
○日部雄太，野田泰斗 , 竹腰清乃理 , 武田和行
京都大学大学院理学研究科 化学専攻

P43 PRE, PCS を用いたマルチドメイン蛋白質Grb2 の立体構造解析
○田端真彩子 1，池谷鉄兵 1，美川務 2，川端庸平 1，安藤考史 1，館野桂太 1，三島正規 1，伊藤隆 1

1 東京都立大学・大学院理学研究科，2理化学研究所・生命機能科学研究センター

P44Y 多次元固体MAS NMRを用いたヘリオロドプシンの立体構造解析
○鈴木しぶき 1，長島敏雄 2, 金子莉奈 1, 沖津貴志 3, 和田昭盛 3, 小林直宏 2, 山崎俊夫 2, 井上圭一 5, 神
取秀樹 4, 川村出 1

1 横浜国立大学大学院 理工学府 , 2 理研 RSC，3 神戸薬科大学 , 4 名古屋工業大学 , 5 東京大学

P45 800 MHz WB-SCM における単核 クライオコイル MAS 高感度測定
〇水野敬 1 ,2 、 戸田充 1 ,2 、中井利仁 1 ,2 、根本貴宏 1 ,2 、山腰良晃 1 ,2 、最上祐貴 1 ,3 、清水禎 1 3

1 NIMS JEOL 計測技術ラボ，2 ( 株 )J EOL R ESONANCE ，3国研 物質・材料研究機構
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P46 Structural Diff erences and Novel Polymorphs of Synthetic and Brain-derived A 42 Fibrils by
　　　 1H-detected SSNMR

Ayesha Wickramasinghe1,2,3, Yiling Xiao3, Naohiro Kobayashi2, Toshio Yamazaki,2 Yoshitaka Ishii1,2,3

1 School of Life Science and Technology, Tokyo Institute of Technology, Yokohama, Kanagawa, 
Japan，2 NMR Science and Development Division, RIKEN SPring-8 Center, Yokohama, Kanagawa, 
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P47 19F 高速MAS NMRを用いた金属 ‒有機構造体の CO2 吸着ダイナミクスの解析
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P48Y NMR測定と量子化学計算による加硫天然ゴムの構造解析
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P49 New cross polarization method for solid-state NMR measurement
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P54Y アドレナリン受容体細胞内第三ループとGPCRモジュレーター Spinophilin との新しい融合タンパ
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P60 二酸化炭素 - メタン変換光触媒である、黒色金ナノ粒子を担持した針状ナノシリカの固体高分解能
　　　NMR

○村田翔，野田泰斗，竹腰清乃理
京都大学理学研究科
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Relaxation optimized isotope labeling method for studying structural dynamics 
of supramolecular proteins 

Yohei Miyanoiri 1,2, Mitsuhiro Takeda 3, Tsutomu Terauchi 4,5,6, Masatsune Kainosho 2,4 
1 Institute for Protein Research, Osaka University, 2 Graduate School of Sciences, Nagoya University, 
3 Faculty of Life Sciences, Kumamoto University,4 Graduate School of Science, Tokyo Metropolitan 
University, 5 SAIL Technologies, Inc., 6 TAIYO NIPPON SANSO CORPORATION 

During the past few years, we have been developing the stereo-array isotope labeling (SAIL) 
method to elucidate the precise structures and dynamics of proteins, which are essential for 
understanding their biological functions. Using SAIL amino acids with transverse relaxation-
optimized isotope labeling patterns (RO-SAIL), we successfully observed the extremely narrow 
aromatic / aliphatic 13C-1H signals, and achieved the precise NOE signal assignments for the 82 kDa 
malate synthase G (MSG) protein. Recently, we have been applying this RO-SAIL method to various 
large molecular weight proteins, such as membrane proteins and molecular motor machinery, to 
study their interactions and structural dynamics. To expand the versatility of our method, we have 
further improved the RO-SAIL amino acids. In this meeting, we will present the latest data on the 
structures and dynamics of 500 kDa supramolecular proteins. 

1L1
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SAIL RO-SAIL a.a.
13C-1H RO-SAIL CH-TROSY 80 kDa 

13C-1H (Fig.1a) 100 
kDa NMR RO-SAIL a.a. 
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12C (Fig. 1b)

 82 kDa  (Malate synthase G; 
MSG)  468 kDa  (tetrahedral shape aminopeptidase; TET) 

Rutgers Univ. BL21 (DE3) 
M9 3)  

RO-SAIL a.a. 82 kDa MSG 13C-1H

100 kDa

(Fig.1a)

1H

MSG NMR
(Fig.1b)

468 kDa TET
NMR

NMR

(C)

Y. Miyanoiri, et al. (2020), Biochem. Biophys. Acta. Gen. Subj. 1864, 129439
D. Gauto, et al. (2019), J. Am. Chem. Soc. 141, 11183-11195.
Y. Miyanoiri, et al. (2016), J. Biomol. NMR 65, 109-119.

Fig. 1 New RO SAIL a.a. for studying large molecular 
proteins:(a)sructure of RO-SAIL -Phe and CH TROSY 
spectrum of RO-SAIL -Phe labeled MSG. (b) New RO-SAIL -
Phe and 1H 1D spectrum of new RO-SAIL Phe labeled MSG. 
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Non-invasive observation of high molecular weight biologics monoclonal 
antibodies under formulated storage conditions via 15N direct detection NMR 

Yuji Tokunaga1,2, Koh Takeuchi1, Junya Okude3, Kazutomo Ori3, Takuya Torizawa3, Ichio Shimada1,4 
1 Cellular and Molecular Biotechnology Research Institute, AIST 
2 Japan Biological Informatics Consortium 
3 Chugai Pharmaceutical Co., Ltd. 
4 RIKEN Center for Biosystems Dynamics Research 
 

Noninvasive evaluation of tertiary structures is fundamental to the research, development, and 
use of the biologics. However, few methodologies are currently available for evaluating large 
molecular weight biologics, such as therapeutic monoclonal antibodies (mAbs; 150 kDa ). Here, 
we have newly developed a 15N direct detection NMR technique, the 15N direct detection 
CRINEPT, which allows the observation of the main chain amide resonances of mAbs. The 
technique not only expands the range of proteins applicable to solution NM R studies but also 
allows the noninvasive structural analyses of intact mAbs under a wide range of temperature and 
solvent conditions. We successfully acquired the 15N-detected CRINEPT spectra of an intact mAb 
in its formulated solution at 4°C. The technique was able to discriminate heterogeneous 
galactosylation states, demonstrating the benefit of high resolution of the 15N direct detection.  

 

 

 

1L3



- 33 -

 

 
Fig. 1. 1H-15N 2D spectra of an analogue of a therapeutic mAb under the formulated storage 
condition acquired by conventional methods 
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Fig. 2. 15N direct detection CRINEPT 

 
Fig. 3. 1H-15N 2D spectra of an analogue of a therapeutic mAb under formulated storage 
conditions acquired by 15N direct detection CRINEPT 
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[1] Takeuchi K, Arthanari H, Shimada I, Wagner G, J. Biomol. NMR (2015) 63(4):323-331. 
[2] Tokunaga Y, Takeuchi K, Okude J, Ori K, Torizawa T, Shimada I, J. Med. Chem. (2020) 63(10):5360-
5366. 

 
Fig. 4. Analysis of galactosylation states of the 
mAb by 15N direct detection CRINEPT 
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NV 13C pulsed-
DNP

Takuya F. Segawa
Frederick T.-K. So

Eidgenössische Technische Hochschule (ETH) Zürich, 
Switzerland

13C pulsed-DNP using pentacene or NV- centers in diamond at room temperature
Koichiro Miyanishi1, Takuya F. Segawa2,3, Izuru Ohki4, Shinobu Onoda5, Takeshi Ohshima5, Hiroshi 

Abe5, Hideaki Takashima3, Shigeki Takeuchi3, Kazuyuki Takeda6, Frederick T.-K. So3,4,5, Daiki Terada3,5,
Ryuji Igarashi5,8, Akinori Kagawa1,7,8, Masahiro Kitagawa1,7, Norikazu Mizuochi4, Masahiro Shirakawa3,5,
Makoto Negoro5,7

1 Graduate School of Engineering Science, Osaka University, 2 Eidgenössische Technische Hochschule 
(ETH) Zürich, Switzerland, 3 Graduate School of Engineering, Kyoto University, 4 Institute for Chemical 
Research, Kyoto University, 5 National Institutes for Quantum and Radiological Science and Technology, 
6 Graduate School of Science, Kyoto University, 7 Center for Quantum Information and Quantum Biology, 
Institute for Open and Transdisciplinary Research Initiatives, Osaka University, 10 JST, PRESTO

We demonstrate room-temperature 13C hyperpolarization by dynamic nuclear polarization (DNP) using 
optically polarized triplet electron spins (triplet-DNP) in polycrystalline pentacene-doped [carboxyl-
13C]benzoic acid and diamond containing NV- centers based on hitherto unexplored mechanisms. In the 
benzoic acid sample, the 13C polarization was enhanced by the integrated solid effect (ISE) to 0.12 % 
through direct electron-to-13C polarization transfer, which contrasts with the previous works that relied on 
prior 1H polarization followed by 1H-13C cross polarization. The ISE scheme has successfully been applied 
for the first time to polarize naturally abundant 13C spins in the diamonds sample to 0.01 %.

DNP

DNP
NV

DNP
MRI

pulsed-DNP C cross-polarization
Triplet-DNP Hyperpolarization Diamond
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[1] Kagawa, A. et al., J. Magn. Reson., 309, 106623 (2019).
[2] Ajoy, A. et al., Science Advances, 4, 5, (2018).

Fig. 1 ESR powder spectra of (a) nanodiamonds,
(b) microdiamonds, (c) pentacene.

Fig. 2 Buildup curves of 13C polarization in (a) microdiamonds and (b) [carboxyl-13C]benzoic acid for several 
repetition frequencies of the ISE sequence. (c) Curves of longitudinal relaxation of 13C spins in 
microdiamonds and benzoic acid.

(a) (b) (c)

(a)

(c)

(b)



- 38 -

Effect of biradical concentration on high-field solid-state DNP efficiency as analyzed by a 
fast and quantitative spin dynamics calculation considering the effect of spin diffusion and 
relaxation

Jun Fukazawa1, Toshimichi Fujiwara1, and Yoh Matsuki1

1Institute for Protein Research, Osaka University, Osaka, Japan. 

Although NMR signal enhancement by Dynamic Nuclear Polarization (DNP) is theoretically expected 
to be ~660 times, the ratio of the electron gyromagnetic ratio to that of the proton, actual DNP experiments 
show lower efficiency. We studied possible causes by using the simulation program we have developed, in 
which we calculate DNP enhancement by taking account of only the critical spin dynamics exactly and 
leaving others approximately, under the electron spin relaxation and magic angle spinning. We here present 
our analysis on the effects of intermolecular electron spin couplings, and depending on sample 
temperature, 1H spin diffusion etc. by the numerical simulation, to explain why both too high and too low 
concentration of biradical is bad for the signal enhancement by DNP.

Dynamic Nuclear Polarization, DNP
NMR 1H 660

NMR K
MAS

DNP
ESR NMR

NMR DNP DNP
DNP

DNP

MAS DNP GHz Hz

[1] MHz
Landau-Zener

TOTAPOL

2 1 3 1
Dynamic Nuclear Polarization, DNP ,
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1H
DNP

1H 1H
1H 1H

1H

1H
Fig. 1

1H

1H

1H

1H 1H

References
[1] K. R. Thurber, R. Tycko, J. Chem. Phys., 137, 084508 (2012)
[2] T. Mary, et. al., J. Chem. Phys. 128, 052211 (2008)

Fig.1. Histogram of 1H-1H magnetic coupling steps to 
each 1H from a CE-magnetized 1H next to the biradical.
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Probing local 1H spin network of rigid solids through 1H SQ, DQ and TQ 
coherences 

Yusuke Nishiyama 1,2 
1 RIKEN-JEOL Collaboration Center 
2 JEOL RESONANCE Inc. 

 
1H high resolution NMR spectra of rigid-solids are readily observed using very fast MAS > 

70 kHz. A cluster of protons is ubiquitous due to its high natural abundance and thus, in 
principle, provides useful information for structural analysis through 1H-1H homonuclear 
correlation experiments. However, the limited 1H chemical shift dispersion and complex 1H-1H 
network often obscures the local structures. Here we propose a new triple-quantum (TQ) 
recoupling sequences together with 3D TQ/DQ/SQ experiments to prove local three spin 
proximities. 

1H double-quantum (DQ)/1H SQ correlation spectra, where all the peaks come from correlated 
1H pairs, are very useful building block [1, 2]. Because of high DQ filtering efficiency (20~30% 
of 1H single pulse), 1H DQ/1H SQ correlation block is combinedly used with the other NMR 
dimensions [3, 4, 5] or used in constant time manner to improve resolution [ 6]. Similarly to 1H 
DQ/1H SQ experiments, 1H triple-quantum (TQ)/1H SQ experiments are proposed to probe 
three-spin connectivity [7]. The one of the practical problems of 1H TQ/1H SQ experiments is 
spectral complexity. The dense 1H network results in numerous TQ/SQ correlations, making 
spectral analysis complicated or impossible in a worst case.  In addition, low TQ filtering 
efficiency and intense t1-noise in the TQ dimension makes TQ experiments very time -
consuming to overcome low signa-to-noise ratio. Although TQ coherence can be produced by 
applying DQ recoupling sequence to transversal magnetization [8, 9], this procedure distributes 
coherence to the other odd order coherences. As a result, the TQ efficiency (~5%) is much lower 
than DQ. Intense t1-noise is often observed in fast MAS solid-state NMR spectra where a pair 
of dipolar recoupling sequences is applied, for example, D-HMQC, DQ/SQ, TQ/SQ etc. As the 
dipolar Hamiltonian depend on the initial rotor phase  , rotor-synchronization of sequences are 
needed to achieve perfect refocusing of dipolar Hamiltonians. However, instantaneous MAS 
fluctuation hampers rotor-synchronization, resulting in t1-noise.  

Here we first propose a novel TQ recoupling sequences to improve the TQ filtering efficiency 
by using three spin TQ Hamiltonian [10] then apply to novel 3D 1H TQ/1H DQ/1H SQ correlation 
experiments to facilitate the TQ spectral interpretation [11]. 

 
Fast MAS, t1-noise, multi-quantum 
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TQ Hamiltonian can more efficiently excite TQ coherences than DQ Hamiltonian, since the 
application of TQ Hamiltonian to longitudinal magnetization only produces 3N (N: integer) 
coherences, minimizing leakage to unwanted coherences. Although TQ Hamiltonian cannot be 
the first order, it is shown that second order average Hamiltonian can be used to design TQ 
recoupling sequence [12, 13] and demonstrated on 1H adamantane and fully 13C labelled samples 
at moderate MAS rate. We have designed TQ recoupling sequences robust to t1-noise. Since all 
the first order anisotropic Hamiltonian inevitably depend on the initial rotor phase, this t1-noise 
is unavoidable. However, the rotor phase dependence can be removed in the second order 
average Hamiltonians, here we call -free sequence. We have designed -free 1H TQ sequence 
and found that the TQ filtering efficiency (20~30%) can be comparab le to DQ filtering 
efficiency (Fig. 1) [13]. The -free TQ/SQ spectra shows significantly low t1-noise. 

 
 
 
 
Fig. 1 
1H solid-state NMR spectra of N-acetyl-L-alanine at 70 

kHz MAS. 1H spin echo (black)  and -free 1H TQ filtered 
spectra using (red) R243

8 and (green) R306
10 are shown at 

the same vertical scale. TQ filtering is achieved by using 
second-order -free sequences. The variation of TQ filtering 
efficiency reflects the local three spin topology through 
different second order scaling factors. 

 
 
 

References: 
[1] Review: S.P. Brown, Prog. Nucl. Magn. Reson. Spectrosco. 50 (2007) 199 -251. 
[2] K. Saalwachter, F. Lange, K. Matyjaszewski, C. -F. Huang, R. Graf, J. Magn. Reson. 212 
(2011) 204-215. 
[3] M. Malon, M.K. Pandey and Y. Nishiyama*, J. Phys. Chem. B 121 (2017) 8123-8131. 
[4] Y.-l. Hong, T. Asakura, Y. Nishiyama*, ChemPhysChem 19 (2018) 1841 -1845. 
[5] R. Zhang,† N.T. Duong,† Y. Nishiyama*, A. Ramamoorthy*, J. Ph ys. Chem. B. 121 (2017) 
5944-5952. 
[6] H. Colaux, Y. Nishiyama*, Solid State Nucl. Mang. Reson. 87 (2017) 104 -110.  
[7] U. Freidrich, I. Schnell, D.E. Demco, H.W. Spiess, Chem. Phys. Lett. 285 ( 1998) 49-58. 
[8] M. Carravetta, J.S. auf der Gunne, M.H. Levitt, J. Magn. Reson. 162 (2003) 443 -453. 
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[10] Manuscript in preparation. Strong collaboration with Vipin Agarwal and Rongchun Zhang.  
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- 46 -

 
 

High temperature NMR studies on phase transition and dynamics  
in fluoride ion conductor 

Miwa Murakami 
 Office of Society-Academia Collaboration for Innovation, Kyoto University 

 
PbSnF4 has long been known to show high anionic conductivity at room temperature, and recently, we 

applied solid-state NMR to study ion dynamics in tetragonal PbSnF4 (β-PbSnF4) and showed that the 
conductivity is defect-driven. It was also reported that cubic PbSnF4 (γ-PbSnF4) can be obtained by 
mechanical milling of SnF2 and PbF2 without thermal annealing. Further, annealing of the γ form at 200 C 
leads to the β-PbSnF4. Phase transition and ion dynamics in γ-PbSnF4 is examined by using 19F/119Sn/207Pb 
solid-state NMR at 7 T and 14 T. By comparing with the corresponding NMR data of the β-PbSnF4, we show 
that, while local structures around both Sn and Pb atoms are similar in the two forms, ion dynamics are 
markedly different. Further, we show that the γ-to-β phase transition is preceded by slowing down of a part 
of mobile fluoride ions at temperature ca. 100 C below the transition temperature observed by DSC. 

 
PbSnF4

α(monoclinic) β(tetragonal) γ(cubic) 3
1 β Fig.1a

19F 119Sn 207Pb NMR (T1)

2

γ Fig.1b Sn
Pb γ

β 3

NMR T1 γ β
NMR PbSnF4

4  
 

 
γ-PbSnF4 PbF2 SnF2 β-PbSnF4 γ-PbSnF4

200 NMR JEOL ECA600 (14 T)
OpenCore NMR (14 T, 7T)

NMR
 

  

Fig.1 Crystal structure of β- (a) 
and γ-PbSnF4 (b)  
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Fig.2 top β γ 119Sn, 207Pb MAS NMR
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(1) J.M. Reau et al., Mater. Res. Bull. 13, 877 (1978).  
(2) M. Murakami et al., J. Phys. Chem. C 121, 2627 (2017). 
(3) F. Fujisaki et al., J. Solid State Chem. 253, 287 (2017). 
(4) M. Murakami et al., Sold State Ionics 355, 115398 (2020). 

 
Fig.2 Temperature dependence of 
119Sn/207Pb MAS NMR spectra of β-(grey) 
and γ-PbSnF4 (black)  

 

Fig.3 Temperature dependence of 19F 
(circle), 119Sn (triangle), and 207Pb 
(square) T1 for the γ form (filled) and the 
β form (open).  
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Structure of retinal chromophore in Schizorhodopsin as studied by solid -state 
NMR 

Seiya Tajima 1, Hideki Kandori2, Keiichi Inoue3, Izuru Kawamura1 
1 Yokohama National University, Graduate School of Engineering Science 
2 Nagoya Institute of Technology 
3 The University of Tokyo 

 
Schizorhodopsin (SzR) found from Asgardarcheota  is a light-driven inward proton transporter. 

SzR has a unique Phe-Ser-Glu (FSE) motif around retinal, which motif is related to the function of 
rhodopsin. Moreover, SzR has Tyr71 on the extracellular side of the protonated Schiff base unlike 
typical rhodopsins,  and the Y71F mutation induces a large blueshift and decreases pump activity. 
Here, we conducted solid-state NMR measurements of SzR embedded into POPC/POPE membrane 
and revealed the structure of hydrogen network around retinal in SzR. 15N NMR signal of protonated 
Schiff base in Y71F mutant appeared at lower resonance than WT -SzR1 and 15N NMR signals of 
Arg67 in Y71F disappeared. Our results indicated that Y71F mutant has a stronger interaction 
between Asp184 and protonated Schiff base and perturbs the hydrogen bond network involving 
Arg67. We showed that the Tyr71 plays an essential role in color tuning and the pump activity.  
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Fig. 1 Structure of the retinal binding site  
in BR (left) and SzR4 (right)[2]. 
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Schizorhodopsin(SzR)
SzR1 SzR

[1] SzR Ser-Phe-Glu SFE)
BR PoXeR

SzR

SzR NMR SzR
SzR Tyr71

SzR
SzR1 SzR4 [2]

Y71F 20 nm H+

SzR Y71F NMR
Tyr71

 

U-15N, [ -13C]Tyr, [13C14, 13C20]Retinal- SzR1 SzR4
U-15N, [14,20-13C]Retinal-SzR1-Y71F

15N His
His ( ) POPG:POPE=1:3

1:20 4.0 mm
MAS NMR 15N 13C CP-MAS

DARR Bruker Advance III 600 MHz 4.0 mm E-free 1H-13C-15N
MAS 10 kHz 5 

13C 40.48 ppm (DSS), 15N NH4Cl 38.34 ppm

 
13C CP-MAS DARR
SzR1 C20 15.8 

ppm C14 124.4 ppm
C14, C20

SzR1 13-trans, 15-anti
Y71F

C20 15.2 ppm C14
124.8 ppm

Y71F
Fig. 2 DARR of [ -13C]Tyr, [14,20-13C]Retinal-

labeled wild-type SzR1(Mixing time: 500 ms) 
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Fig. 2 SzR1 13C DARR (  500 ms) C14 C20

Tyr C 156.4 ppm
13C [3] [2] 14 20 7 

Tyr C Tyr71 Tyr71 Tyr C
Tyr

160 ppm
156 ppm SzR1 Tyr71

 
15N CP-MAS SzR1

(SB) 163.1 ppm

[5]

(Fig. 4 )

SzR1
Asp184

SzR4
 

Y71F 170.2 ppm
7 ppm

Y71F

Asp184

NMR

Fig. 3 15N NMR signals of protonated Schiff base  
of wild-type SzR1(above) and Y71F mutant (below). 

Fig. 4 Relationship between the 15N chemical shifts and 
the maximum absorption wavelengths.  
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 Arg67
SzR1 Arg

71.4 ppm 66.9 
ppm 74.8 ppm
2 (Wing Peak)

Wing Peak Arg
N 1 N 2

[6]

wing peak BR KR2

Y71F Fig. 5
Wing Peak

Y71F
Arg67 Asp184

(pSB) NMR (Fig. 6) NMR

SzR1 NMR SzR1
Tyr71

SzR1

[1] K. Inoue et al. (2020) Schizorhodopsins: A family of rhodopsins from Asgard archaea that function as 
light-driven inward H+ pumps. Sci. Adv. 6, eaaz2441.  
[2] A. Higuchi et al. (2020) Crystal structure of schizorhodopsin reveals mechanism of inward proton 
pumping. BioRxiv, https://doi.org/10.1101/2020.07.28.224907
[3] K. Takegoshi et al. (2001) 13C 1H dipolar-assisted rotational resonance in magic-angle spinning NMR. 
Chem. Phys. Lett. 344, 631 637 
[4] J. Herzfeld et al. (1990) Solid-state carbon-13 NMR study of tyrosine protonation in dark-adapted 
bacteriorhodopsin. Biochem., 29, 5567-5574 
[5] J.G. Hu et al., (1997) The predischarge chromophore in bacteriorhodopsin: a 15N solid-state NMR study 
of the L photointermediate. Biochem., 36, 9316-9322 
[6] A.T. Petkova et al., (1999) Arginine Activity in the Proton-Motive Photocycle of 
Bacteriorhodopsin:Solid-State NMR Studies of the Wild-Type and D85N Proteins. Biochem., 38, 1562-
1572 

Fig. 5 A comparison of Arg 15N  and 15N  NMR signals 
between wild-type SzR1(above) and Y71F (below).  

Fig. 6 View of the retinal-binding site of 
SzR1. The possible movement of Asp184 

approaching pSB due to the Y71F mutation is 
shown by a pink arrow.  
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Self-diffusion coefficients of the lipid fraction extracted from spent coffee 
grounds by pulsed gradient spin-echo NMR

Noriko Kanai 1, Izuru Kawamura 1, William S. Price 2

1. Graduate School of Science and Engineering, Yokohama National University
2. Nanoscale Group, Western Sydney University, Penrith, NSW, Australia

Pulsed gradient spin-echo NMR is a convenient and noninvasive means to measure self-
diffusion coefficients of molecules in solution based on random translational motion . In this 
study, we determined the diffusion coefficients of lipid fraction extracted from spent coffee 
grounds with the pulsed gradient stimulated-echo (PGSTE) and double stimulated echo (DSTE)
sequences. Triacylglycerols and diterpenes, which may be in form of fatty acid esters in the 
lipids,1 give similar diffusion coefficients. These diffusion experiments will complement the 
characterization of the extracted lipid fraction.

NMR(PGSE NMR)
(D) 2

PGSE NMR
(TAG) TAG

PGSE NMR TAG
NMR

GC/MS TAG

NMR

William S. Price

 

Fig. 1. (a) DSTE and (b) PGSTE sequences with half-sine shaped gradient pulses.
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10 g n-
1.0 g 10 mg/ml

DMSO-d6 CDCl3(D, 99.8%) BBI
diff30 500 MHz (Bruker Avance II) 1H NMR
CDCl3 (DSTE)

DMSO (PGSTE) (Fig. 1)2 ,3

2 D

DSTE
1H MAS NMR4 TAG (Fig. 2

a) CDCl3

TAG D (5.32 ± 0.02) × 10-10 m2s-1 CDCl3

CDCl3 D5 TAG D
PGSTE TAG

(Fig. 2 b, c)

TAG D (2.52 ± 0.04) × 10-10 m2s-1 D
1

GC/MS NMR

 
1 Wang, X. et al., Food Chem. 2018, 263, 251-257. 2 Price, W. S., NMR Studies of Translational Motion: 
Principles and Applications, 1st ed., Cambridge University Press, Cambridge, 2009. 3 Jerschow, A.; Müller, 
N., J. Magn. Reson. 1997, 9, 299-336. 4 Kanai, N. et al., Biosci. Biotech. Biochem. 2019, 83, 803-809. 5 
Virk, A. S. et al., J. Mol. Liq. 2016, 214, 157-161.

Fig. 2. Typical (a) 1H-DSTE and (b) 1H-PGSTE spectra of the extracted lipid fraction. As the intensity 
of the applied gradient increases, the echo intensity decreases due to the effect of diffusion. (c) Self-
diffusion coefficients (D) were determined by regression of the function onto the attenuation of the 
echo signal (E).

1 1
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Structural features of cyanobacterial RNA binding protein, RbpD, lacking 
glycine rich domain, from Anabaena variabilis. 

Eugene Hayato Morita1, Yuki Tanaka1, Kyoko Furuita2, Toshihiko Sugiki2, Chojro Kojima2,3 
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2 Institute for Protein Reearch, Osaka Unviersity 
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RNA-binding proteins are involved in proper control of gene expression, development, stress 

response, and so on. In cyanobacterium Anabaena variabilis, low temperature induces the 
expression of rbp gene family, including rbpD.  However, the exact time-course and extent of 
response to cold were different among these genes.  On the structural point of view, Rbps other 
than RbpD consist of an N-terminal RNA recognition motif (RRM) and a C-terminal glycine rich 
domain.  RbpD only consists of an RRM domain. To elucidate the structural and functional 
differences of RRMs between RbpD and other Rbps (such as RbpA1 [1]), we solved the solution 
structure of RbpD overexpressed in E.coli, with heteronuclear multidimensional NMR 
spectroscopy.   

 

Anabaena variabilis 38 22
RNA rbps

RNA

RNA
rbps

(Rbps)
Rbp RbpD

RNA RRM
RbpD RRM RRM

RbpD Rbp
RbpD RRM
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RbpD pET-21a
 Rosetta-GamiTMB (DE3)/pLysS  RbpD 

 M9 15N 15N/13C
 RbpD  RbpD RbpD 

HiTrap QFF  (HiLoad Superdex 75pg) 
 95%  

 
NMR  

 RbpD  0.2~0.25 mM 
 AVANCEIII 800MHz (Bruker; Cryo Probe)

1H-15N HSQC, HNCO, HN(CA)CO, HNCACB, CBCA(CO)NH
1H-13C HSQC(aliphatic* & aromatic) HBHA(CACO)NH, HCCH-TOCSY 

(aliphatic & aromatic) NOE
MagRO-FLYA 13C-edited NOESY (aliphatic & 

aromatic), 15N-edited NOESY talos+
CYANA

 
 

 

2  
 

RbpD
RRM+

RRM

 
 

 
[1] E.H, Morita et al. J. Biomol. NMR 17 (2000) 351-352. 
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Fast and accurate analysis of automated NMR structure study 
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Kojima4, Toshimichi Fujiwara2, Takahiro Kosugi3, Rie Koga3, Nobuyasu Koga3 and Toshio Yamazaki1 
1RIKEN, RIKEN Spring-8 Center 
2Institute for Protein Research, Osaka University 
3ExCELLS, NINS.  
4Graduate School of Engineering, Yokohama National Universitys 
5SOKENDAI 

 
The process of NMR structural analysis in solution consists of measurement, data processing, signal 

detection and assignment, generation of distance and dihedral angle constraints, calculation of structural 
models, and evaluation of consistency with measured experimental data. A variety of automated methods 
and tools have been developed, if the protein is a small protein (5~15kDa) with good properties (high 
concentration, high solubility and so on), the process can be completed within a few weeks, but there is still 
room for further improvement. In this study, we have automated the entire process of structure 
determination, focusing on 13 artificial protein structures with novel folds, and have achieved a maximum 
throughput of 3~4 days for complete signal assignments and structure determination, supported by 
nonlinear sampling and deep learning techniques. This is an important milestone in the automation of NMR 
structural analysis. 

 

 

 

    
 nf1        nfA04      nfI04      nfG03      nfH02*         nfJ04      nfE03    nfK07* 

Fig.1 13-NMR structures determined by 
highly automated method with novel 
folds. Perfect automation was achieved 
for the proteins indicated by asterisks. 

   

 

Chantal      Rei         Gogy      Mussoc     Nomur 
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5 15kDa

13 (Fig.1)

NMR

[1,2]
600~900MHz Cryo-probe 1~2

 (Fig.2) 
(NUS) 3D 25%

IST ILRS MagRO [3,4] 
NMR

FLYA
MagRO FLYA TALOS+

CYANA CYANA 3D-NOESY
[5] 1H-15N RDC PALES

( rms>0.9, Q-value<0.4) RDC

( rmsd(C )<1.5 )
Amber (30ps)

MD PDB 13 10 10  
 nfH02, nfk07

All- -protein
Nomur

(4week) 4D
3D

1H-15N RDC 1H -13C  RDC

 
 

References  
(1) Koga R. & Koga N. Biophys. Physicobiol. (2019) 16, 304-309 
(2) Koga N. et al, Nature (2012) 491(7423), 222-227. 
(3) Kobayashi N. et al, J. Biomol. NMR (2007) 39(1), 31-52. 
(4) Kobayashi N. et al, Bioinformatics (2019) 34(24), 4300-4301 
(5) Kobayashi N. et al, 57 NMR ,  (2018) 

 

Fig.2 Time line of NMR measurements, 
assignment analysis and structure 
calculations for the most successful case 
(nfH02).  
SP: spectrum acquisition, AS: assignments, 
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Secondary structure determination of functional long non-coding RNA SINEUP 
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The discovery of that large variety of non-coding RNAs are widely presented in living cells was 

one of the biggest surprises in genomics in the past two decades. It is revealed that about 28,000 
kinds of lncRNA are annotated in human genome. Some of them have essential functional roles in 
controlling cellular activities by modulating translation and transcription. However, the mechanism 
of their functions are still unclear in most of the cases. It is partly because dynamic nature and other 
molecular properties of RNA makes it extremely challenging to analyze atomic-level structures of 
lncRNAs. Here we report the secondary structure of 167-nt functional domain of lncRNA “SINEUP” 
that enhances protein expression. This functional domain consists SINE B2 which is one of short 
interspersed nuclear element (SINE). Moreover, we identified the 89 -nt active site of SINE B2. Our 
study showed that our NMR approach is likely applicable to determine secondary structure of 
lncRNA. 
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A B 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1. Schematic drawing of 
secondary structure of SINE B2. 
A predicted by RNAfold, B 
determined from NMR analysis. 

 
 
 
 
 
 
 
 
 
 
Fig.2. Imino proton region of FL and fragments. 
a FL, b 31-117, c 31-118 and d 31-119. 
Eliminating nucleotides U118 and G119 causes 
diminishing signal intensities of 43-58 stem 
(indicated by arrow). Signals that were not 
observed in FL are indicated by star. 
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Solution NMR study for molecular basis of interaction between the human 
ceramide transfer protein (CERT) and the Chlamydia trachomatis inclusion 
membrane protein IncD 

Toshihiko Sugiki  1, Keigo Kumagai2, Shoko Shinya1, Naohiro Kobayashi1, Toshimichi Fujiwara1, 
Kentaro Hanada2, Chojiro Kojima1,3 
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3Graduate school of Engineering, Yokohama National University 

 
The ceramide transfer protein (CERT) mediates the transport of ceramide from the 

endoplasmic reticulum to the Golgi apparatus in eukaryotic cells. The obligate intracellular 
bacterium Chlamydia trachomatis forms unique membrane vesicles, “inclusion”, in the 
eukaryotic host cells, and hijacks CERT protein by utilizing specific interaction between the 
CERT PH domain and the inclusion-resident membrane protein IncD. Although the arrest of 
CERT protein is essential for proliferation of C. trachomatis , molecular mechanisms of the 
CERT PH domain-IncD interaction remain unknown. In this study, we developed novel 
experimental protocol for preparation of recombinant IncD protein and investigated interaction 
mode between the CERT PH domain and the IncD by solution NMR spectroscopy. 

 
Chlamydia trachomatis

 
inclusion

IncD
CERT PH domain CERT

Fig. 1 IncD CERT PH domain
CERT
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N C CERT PH domain
CERT PH domain 2 IncD

IncD N C CERT PH domain
CERT PH domain IncD N
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(2) CERT PH domain “ IncD” 

 
15N CERT PH domain IncD

1H-15N HSQC
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CERT PH domain IncD

CERT PH domain-IncD
 

 
[References] 
1. Sugiki T et al. (2012) JBC 287: 33706- 
2. Kumagai K et al. (2018) BBRC 505: 1070- 

Fig. 1. Schematic illustration of intracellular situations 
in a normal (the left panel) and a presence of the 
infection of Chlamydia trachomatis (the right panel). 

Fig. 2. Schematic illustration of strategy for 
preparation of “whole soluble” IncD protein. 
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NMR study on the peptide recognition mechanism of the endoplasmic reticulum 
membrane protein VAP 

Kyoko Furuita 1, Marina Hiraoka2, Toshimichi Fujiwara1, Chojiro Kojima1,2 
1Institute for Protein Research, Osaka University 
2Graduate School of Engineering Science, Yokohama National University 
 

VAMP-associated protein (VAP), an endoplasmic reticulum membrane protein, is involved in diverse 
cellular functions including lipid transport, neurotransmission, and autophagy, and also viral replication 
through protein-protein interactions at membrane contact sites. VAP is known to bind an “FFAT motif”, 
which consists of multiple acidic residues and a subsequent 'EFFDAxE' sequence. Recently, it has been 
shown that VAP can also bind an extremely diverse amino acid sequence in which multiple residues other 
than the first phenylalanine residue of the FFAT motif ('EFFDAxE') are substituted. These sequences are 
referred to as FFAT-like motifs. In this study, we performed solution NMR study on the interaction 
between VAP and eight FFAT-like motifs that have been shown to bind VAP. Furthermore, we found that 
RNA-dependent RNA polymerase of SARS-CoV-2 contains an FFAT-like motif and investigated its 
interaction with VAP. 
 

VAMP-associated protein(VAP)

RNA
VAP MSP FFAT

EFFDAxE
VAP FFAT

[1] FFAT-like
VAP FFAT [2] FFAT-like

NMR VAP
FFAT-like VAP-A MSP (VAP-AMSP)

RNA RNA
RdRp VAP VAP-AMSP

 
 

15N VAP-AMSP GST

FFAT-like FFAT Table 1  
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Table 1. Peptide used in this study. 
GenScript NMR

50 mM K-Pi (pH 6.9), 100 mM KCl, 1 
mM DTT, 0.1 mM EDTA 95/5 % H2O/D2O

VAP-AMSP 80 M
600 MHz AVANCE HD NMR

303 K  
 

FFAT-like VAP-
AMSP

15N
VAP-AMSP

15N  VAP-AMSP

FFAT-like
1:1 1H-15N HSQC
FFAT OSBP

FFAT-like 8 6
VAP-AMSP

FFAT OSBP
FFAT-like VAP-AMSP

OSBP FFAT Figure 1
FFAT

FFAT-like VAP-AMSP FFAT-like FFAT
FIP200 Kv2.1 Kv2.2 SNX2_1 SNX2_2

PTPIP51_1 FFAT  
VAP-AMSP FFAT-like VAP-AMSP

RdRp  
 

 
[1] S.E. Murphy, T.P. Levine, Biochim. Biophys. Acta. 1861 (2016) 952–961. 
[2] K. Furuita, J. Jee, H. Fukada, M. Mishima, C. Kojima , J. Biol. Chem. 285 (2010) 12961–70. 

 
 

 

 Peptide 
name 

Amino acid 
sequence 

FFAT-like 
motif 

FIP200 DFMSAVNEFV 

ULK1 EYCNGGDLAD 

Kv2.1 DSFISCATDFP 

Kv2.2 DSFTSCATDFT 

SNX2_1 DLFTSTVSTL

SNX2_2 DLFAEATEEV 

PTPIP51_1 VYFTASSGAT 

PTPIP51_2 TFTDAESEGG 

FFAT motif OSBP EFFDAPEIIT 

Figure 1. The solution structure of the complex between VAP-AMSP and the FFAT motif of OSBP (PDB 

ID: 2RR3). VAP-AMSP is shown in a ribbon diagram (light gray) and OSBP is shown in a stick model 

(black). Residues that showed a chemical shift change (> 0.008 ppm) or a decrease in peak intensity ( > 

20%) by the addition of each peptide are shown in spherical models (dark gray). In case more than six 

residues showed chemical shift changes, only the top five residues are shown in spherical models. 
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DNP NMR for surface structural analysis of CdSe clusters
Yasuto Noda1, Takuya Kurihara1,2, Katsuaki Suzuki3, Syo Murata1, Hironori Kaji3, and 

Kiyonori Takegoshi 1

1Graduate School of Science, Kyoto University
2Department of Chemistry, Graduate School of Natural Science & Technology, Kanazawa University
3Institute for Chemical Research, Kyoto University

The surface structure of Cysteine-capped CdSe magic-sized clusters is elucidated with DNP MAS 
NMR. 111Cd-{15N} J-HMQC revealed a surface Cd site coordinated with N for the first time, which 
was considered as Cd coordinated by S and two Se from the chemical shift. The other surface Cd 
peak observed in a CP/MAS 111Cd spectrum was assigned to Cd coordinated by S and th ree Se by
comparison with the J-HMQC spectrum. The CSA parameters of N-coordinated Cd was obtained, 
which are consistent with the assignment due to the chemical shift.

CdSe
CdSe-Cys

[1-3] CdSe
CdSe-Cys

43% 2.47Å
CdSe [1,2]

[3] CdSe-Cys CdSe

CdSe-Cys
CdSe-Cys

CdSe-Cys CdSe DNP MAS NMR

CdSe-Cys [1-3] 111Cd 77Se CdSe 15N
L-Cysteine DNP 20 mM AMUPol d

30 mg CdSe-Cys DNP MAS NMR 9.4 T Bruker 
AvanceNEO 400WB NMR 1H-111Cd-15N DNP

 

DNP-NMR J
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400.420 84.949 40.573 MHz 100 K MAS 12 kHz 12.8 s

Fig. 1 {1H}-111Cd CP/MAS 111Cd-{15N} 1D J-
HMQC 0.1 ms CdSe-
Cys 578 ppm

111Cd-{15N} 1D J-HMQC 578 ppm
474 ppm

Cd 4
2 Cd Cd-

NSSe2 Cd-SSe3 2
474 ppm Cd-NSSe2 578 ppm Cd-SSe3

Cd NMR
N

N Cd

J-HMQC Fig. 2
aniso

(CdSe)13 113Cd
Table 1 (CdSe)13 Cd 3 Se 1

N Table 1 aniso

0 N-Se C3v

Se [4] CdSe-Cys aniso

Cd Fig.2
Se2 N S 5 2

2

JSPS 16H06440 JSPS 18J11973

[1] T. Kurihara, Y. Noda, and K. Takegoshi, J. Phys. Chem. Lett. 8 (2017) 2555.
[2] T. Kurihara, Y. Noda, and K. Takegoshi, ACS Omega 4 (2019) 3476.
[3] T. Kurihara, A. Matano, Y. Noda, and K. Takegoshi, J. Phys. Chem. C 123 (2019) 14993.

Fig. 2. J-HMQC spectrum (black) 
and fitting curve (grey). Asterisks 
denote spinning-side bands. Inset 
shows an expected coordination 
model around a surface Cd.

Fig. 1. 111Cd spectra obtained through 
CP at a contact time of 0.1 ms (black) 
and J-HMQC (grey). Asterisks 
denote spinning-side bands.

Table 1. Chemical shift anisotropy parameters of CdSe clusters. 
 iso / ppm aniso / ppm  

CdSe-Cys (this work) 477.0 -358.1 0.63 
Amin-capped (CdSe)13[4] 576 320 0.05 
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DNP-enhanced solid-state NMR spectroscopy for structural characterization of 
polymer-supported catalysts 

Shinji Tanaka 1, Atsuko Ogawa 1, Yumiko Nakajima 1, Kazuhiko Sato 1 
1 Interdisciplinary Research Center for Catalytic Chemistry, AIST 

 
While solution-state NMR has been widely utilized for the development of molecular catalysts, solid-

state NMR has been sparsely applied for the analysis of solid-state catalysts due to low sensitivity.  In recent 
decades, dynamic nuclear polarization (DNP) enhanced solid-state NMR spectroscopy has enabled the 
detailed structural characterizations of solid materials.  DNP-NMR of catalyst species on inorganic supports 
was achieved using biradical polarizing agents, which induce a polarization transfer via cross-effect under 
microwave irradiation. For catalysts supported on organic polymers, however, non-porous structure prevents 
the effective distribution of biradical species over the sample, resulting in the insufficient signal enhancement.  
We have recently developed the rational guideline for DNP sample preparation from insoluble organic 
polymers.  Herein we further studied on this guideline and demonstrated that DNP-NMR is a powerful tool 
for the structural characterization of catalyst species supported on organic polymer. 
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DNP-NMR
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 (NEDO)  

(JPNP16010)  
1. Griffin, R. G. et al. J. Chem. Phys. 2008, 128. 052211.  2. Tanaka, S. et al. Phys. Chem. Chem. Phys. 
2020, 22, 3184-3190.  3. Tanaka, S. et al. ACS Catal. 2018, 8, 1097-1103.   
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R1 = R2 = Me (1-Cl)
R1 = nOct, R2 = Me (2-Cl)
R1 = Me, R2 = nOct (3-Cl)
R1 = R2 = nOct (4-Cl)Merrifield resin

(a)

(c)
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R2

Cl
CH3CN, 80 oC, 48 h

3-Cl
HNO3 (excess)NaOH (excess)

H2O, rt H2O, rt

(b)
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(3-OH)
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NEtiPr2 (1 eq)

NR1
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5
Scheme 1. Preparation of PS-supported quaternary ammonium salts and tertiary 
amine from Merrifield resin (a) (b) preparation of 3-OH, 3-NO3, and 3-NO3-15N by 
anion exchange reaction of 3-Cl, (c) preparation of PS-supported tertiary amine 5.
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1H DNP-SENS Adiabatic 

D-RINEPT ( 1)[3] Adiabatic D-RINEPT Adiabatic dipolar recoupling(SR41
2(tt))

CW 1H-1H coupling 1H

 

 
Figure 1. Pulse sequence diagram of Adiabatic D-RINEPT. QCPMG acquisition is utilized to further enhance 

the signal. This sequence is employed in the polarization transfer 1H to quadrupolar nuclei for DNP-SENS. 
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[1] K.-N. Hu., et al.  J. Am. Chem. Soc., 2004, 126, 10844–10845. 

[2] A. Lesage., et al., J. Am. Chem. Soc., 2010, 132, 15459–15461. 

[3] H. Nagashima., et al. J. Am. Chem. Soc., 2020, 142, 10659–10672. 

Figure 2. Surface 17O NMR spectra 

of non-enriched -Al2O3 acquired 

by DNP-SENS. R = 12.5 kHz.  
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Understanding of the quadrupolar interaction between solid-
state NMR and NQR
Kazuhiko Yamada1

1Multidisciplinary Sciences Cluster, Research and Education Faculty,
in charge of Science Research Center, Kochi University

Experimental and theoretical investigations on the quadrupolar interactions between nuclear quadrupole 
resonance (NQR) and solid-state nuclear magnetic resonance (NMR) spectroscopy are discussed. Solid-
state 35Cl NMR spectra of p-dichlorobenzene were observed by solenoid and cross-coil coils, while the 
strength in external magnetic fields stepwise increases from zero to a few hundred mT. Let us define 
regions where the quadrupolar interactions and the Zeeman interactions are dominant, as NQR-region and 
NMR-region, respectively. The fact that a cross-coil cannot detect NQR signals makes it possible to 
experimentally distinguish the point between NQR-region and NMR-region, as magnetic fields increase. 
The purpose of the present work is to understand the quadrupolar interaction between NQR and solid-state 
NMR spectroscopy from a single viewpoint. 

Introduction
The quadrupolar interaction is one of the nuclear spin interactions in solid-state NMR 

spectroscopy, and is observed for nuclear spin with quantum number, I, more than one-half, i.e.,
quadrupolar nuclei. Assuming that the Zeeman interaction dominates, the quadrupolar interaction 
is treated by perturbation theory, and such a resonant frequency can be expressed by mathematical 
formulas, defined as the first-order or the second-order. On the other hand, without external 
magnetic fields, the nuclear quadrupole moment in quadrupolar nuclei interacts with the local 
electric-field-gradient (EFG) to split their spin energy levels, which is the origin of NQR 
spectroscopy. In general, NQR spectroscopy can handle larger quadrupolar interactions and might
provide very sharp signals. The resonant frequency of a peak position is called a quadrupolar 
frequency, which becomes an important parameter for investigation of molecular structures or 
electric properties. Not necessary, but very often for I = 3/2, a small external magnetic field may 
be applied so that quadrupole coupling constant, CQ, and the asymmetric parameter, Q, can be 
obtained from the NQR spectra, broadened by the Zeeman interaction. In this case, the Zeeman 
interaction is treated by perturbation theory, and the resonant frequency can be expressed by 
mathematical formulas, similarly to the cases of solid-state NMR spectroscopy. Both solid-state 
NMR and NQR spectroscopy deal with the quadrupolar interactions, but the two techniques are 
considered as a different method. The purpose of the present work is to try to understand the 
quadrupolar interactions between the two techniques, from a single viewpoint.

It is helpful for this purpose to use a numerical calculation, which involves the diagonalization 
of the combined Zeeman-quadrupolar Hamiltonian, so that the line shape affected by the 
quadrupolar interactions in the intermediate region can be simulated. It is also useful to employ 
both solenoid and cross coils, and compare the results under the experimental conditions in which
external magnetic fields are varied from zero to a few hundred mT.

3L7
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Experimental
p-dichlorobenzene was purchased from FUJIFILM Wako Pure 

Chemical Corporation (Tokyo, Japan) and was used without 
further purification. All the experiments were performed using a 
home-made NMR system based on PulseBlasterDDS-II-300 and 
RadioProcessorTM (SpinCore Technologies, Inc., USA). An 
NMR probe with a cross-coil was kindly provided by Dr. 
Masato Takahashi (RIKEN Yokohama, Japan). As shown in 
Figure 1, variable superconducting magnet was used and the 
external magnetic fields were changed from zero to a few 
hundred mT.

Results and Discussion
Figure 2 shows solid-state 35Cl NMR spectra of p-

dichlorobenzene, observed by a solenoid coil, at (a) zero magnetic field and (b) 1.45 mT. The former 
is a pure 35Cl NQR spectrum, while the latter is an NQR spectrum broadened by the Zeeman 
interaction, which is in NQR-region. If the external magnetic field becomes much stronger, then the 
Zeeman interaction will dominate. In other words, NQR-region will change to NMR-region at a 

certain point, while the strength in 
external magnetic fields increases.
Although a solenoid coil can observe 
both NQR and NMR signals, in
principle, it is impossible to observe 
NQR signals by a cross-coil, since 
they are linearly polarized. 
Therefore, a cross-coil is effective
only in NMR region. Assuming that 
35Cl MR signals are detected by a 
cross-coil, while the strength in 
external magnetic fields gradually
increases from zero tesla, it is 
possible to experimentally 
distinguish the point between NQR-
region and NMR-region. In the 
present talk, I will discuss how to 
describe the quadrupolar 
interactions in such an intermediate 
region, and provide insight into 
nuclear spin phenomena between
NQR and solid-state NMR 
spectroscopy.

Figure 1. Variable superconducting 
magnet, used in the present work. 

Figure 2. Solid-state 35Cl NMR spectra of p-dichlorobenzene, 
observed by a solenoid coil, at (a) zero and (b) 1.45 mT. 
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Characterization of a Complex between a Phthalocyanine Derivative and 
a G-quadruplex DNA 
Mami Uchiyama1, China Okamoto1, Atsuya Momotake1, Yasuhiko Yamamoto1, 2, and Takahisa Ikeue3 
1 Department of Chemistry, University of Tsukuba, Tsukuba 305-8571, Japan 
2 Tsukuba Research Center for Energy Materials Science(TREMS), Univ. of Tsukuba, Tsukuba 305-8571, Japan 
3 Department of Chemistry, Graduate School of Science and Engineering, Shimane University, Matsue 

690-8504, Japan 
 

DNA 8
(GaPc) d(TTAGGGT) DNA G4 G-

G6 G- -
1:1 2:1  

 
Interaction between a phthalocyanine (Pc) derivative bearing eight N-methylpyridinium groups at peripheral 
-positions (2,3,6,7,10,11,14,15-octakis-[N-methyl-(4-methylpyridinium-3-yloxy) phthalocyaninato] chloro 

gallium(III) iodide (GaPc)) and a tetrameric parallel G-quadruplex of a heptanucleotide d(TTAGGGT) has 
been investigated to elucidate the molecular recognition of G-quadruplex DNA by the Pc derivative. We 
found that GaPc exhibits stepwise binding to the DNA with binding constants of ~107 and ~104 M-1 for the 
A3G4 and G6T7 steps, respectively, to form a 2:1 complex. Considering the similarity in the local structural 
environment between the A3G4 and G6T7 steps of the DNA, the remarkably large difference in the GaPc-
binding affinity between the sites indicated that the intermolecular electrostatic interaction between GaPc 
and the DNA is significantly affected by the environmental polarity of the binding-site.

 

G-
(Fig. 1A)

(GaPc (Fig. 1B)) DNA
d(TTAGGGT)

DNA  

DNA
 

 

Fig. 1. G- (A) (GaPc) (B)
DNA d(TTAGGGT) DNA

(C)  

3L8



- 73 -

d(TTAGGGT) DNA 1H 
NMR G

10 ppm
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1. H. Shimizu et al., Bull. Chem. Soc. Jpn., 2015, 88, 655-652. 
2. R. J. Abraham and C. J. Medforth, Magn. Reason. Chem., 1988, 26, 803-812. 
3. M. Uchiyama et al., Chem. Lett., 2020, 49, 530-533. 

 
(16KT0048 19H02824)  

Fig. 2. GaPc d(TTAGGGT) 2:1
NOESY (90% H2O/10% 2H2O, 

50mM potassium phosphate buffer, pH 6.80, and 
300mM KCl at 25 ) Mixing time ( m) = 150 ms
I(Gn/Gn+1) I1:1(Gn/Gn+1) DNA 1:1

NOE EX1Gn EX2Gn

DNA 1:1 1:1 2:1

(n = 4, 5 or 6) DNA GaPc
A3/G4

G6/T7
GaPc DNA  
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°

°

° °

Folded UnfoldedPUF1 PUF2 PUF3

Hydrophobic cavities

-70 mL/mol-35 mL/mol -86 mL/mol -100 mL/mol

Pressure 
(bar)

kex (s-1) pE (%)

1 1190±130 2.1±0.1

200 1130±110 2.7±0.1

500 990±140 4.8±0.2

700 1090±140 5.4±0.2

1000 940±190 10.1±0.8
1500 810±170 16.0±1.5
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Conformational plasticity of cyclic Ras-inhibitor peptides defines cell 
permeabilization activity 

Koh Takeuchi1, Imai Misaki2, Yuji Tokunaga1, Miwa Fujisaki2, Hajime Kamoshida2, Takeshi 
Takizawa3, Hiroyuki Hanzawa3, and Ichio Shimada4 
1 Cellular and Molecular Biotechnology Research Institute, AIST 
2 Japan Biological Informatics Consortium 
3 Daiichi Sankyo RD Novare Co., Ltd. 
4 Center for Biosystems Dynamics Research, RIKEN 

 
Cyclorasins 9A5 and 9A54 are 11-mer cyclic peptides that inhibit the Ras–Raf protein 

interaction. The peptides share a cell-penetrating peptide (CPP)-like motif, however, only 9A5 
can permeabilize cells to exhibit cell-based activity. To unveil the structural origin underlying 
their distinct cellular permeabilization activities, we compared the 3D structures of 9A5 and 
9A54 in water and in less polar solvent DMSO by solution NMR. We found that 9A5 changes 
its extended conformation in water to a compact amphipathic structure in DMSO. However, the 
conformation of 9A54 cannot readily change, due to the steric hindrance between two 
neighboring bulky amino-acid sidechains; Tle-2 and dVal-3. We found that the bulkiness of 
these sidechains defines the cell permeabilization activities, indicating that the conformational 
plasticity confers the cell permeabilization activity to the cyclic peptides.  
 

PPI

 
Cyclorasin 9A5 9A5 Ras-Raf PPI

11 Ras
 [1] Cyclorasin 9A54 9A54 Ras-Raf PPI

9A5
CPP-like

9A5 Thr-2, dAla-3, Fpa-9 9A54  Tle-2, dVal-3, F2pa-9
PPI
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Fig. 3B
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[1] Upadhyaya et al. Angew. Chem. Int. Ed. 
(2015), 54, 7602 –7606. 

Fig. 1. cyclorasin 9A5 9A54  

Fig. 2. NMR structures of (A) 9A5 and (B) 9A54 

Fig. 3. (A) Turn conformation of 9A5 in DMSO (B) 
Sidechain bulkiness and permeabilization activity. 
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Overexpression of stable isotope-labeled cecropin P1 by using calmodulin-fusion
protein system and NMR researches
Gu Hao1, Kato Takasumi1, Ishida Hiroaki2, Kumaki Yasuhiro1, Tsukamoto Takashi1,3, Kikukawa 
Takashi1,3, Demura Makoto1,3, Vogel Hans J. 2, Aizawa Tomoyasu1,3

1 Graduate School of Life Science, Hokkaido University
2 Department of Biological Sciences, University of Calgary
3 Global Institution for Collaborative Research and Education, Hokkaido University

Cecropin P1 (CP1), isolated from Ascaris suum inhabiting in the intestine of pigs, is a well-
studied -helical antimicrobial peptide (AMP). However, it is difficult to obtain a large amount
of recombinant CP1 by using Escherichia coli (E. coli) system because of high toxicity of CP1
and degradation by endogenous proteases. In this study, we applied calmodulin (CaM), which
has many successful cases as a new fusion partner for overexpression of recombinant AMP, to
enhance the expression of CP1. As a result, a large amount of stable isotope-labeled CP1 was
generated for structural analysis in a membrane-mimic condition by nuclear magnetic resonance
(NMR), and the structure of CP1 in a dodecylphosphocholine (DPC) micellar environment was
investigated.

Construction of fusion proteins
In previous work, to enhance the expression of CP1, 

thioredoxin (Trx) was utilized as a fusion protein to attempt 
to reduce the toxicity of CP1. But the effect was not ideal. The 
final scale of yield was just 0.10 mg per 1.0 litter Luria-
Bertani (LB) media. Many studies confirmed CaM could 
control various of AMPs to restrict their toxicity and protect 
the target AMPs from the proteolysis to increase the yield of 
overexpression [1]. As a classic -helical AMPs, CP1 is likely to get benefit from this novel
expression system as well. In the reported CaM fusion protein expression system, for
purification, a Tobacco Etch Virus (TEV) cleavage site was used to remove fusion CaM.
However, it led to an undesirable N-terminal glycine probably influencing the characteristic of
CP1. To get rid of it, this research changed the TEV site to enterokinase (EK) cleavage site.
The latter had no such worries (Fig. 1)
cecropin P1 calmodulin stable isotopic label

Fig. 1. Construction of fusion 
proteins
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Overexpression, purification and activity assay
Transformed E. coli cell BL21 (DE3) was grown in 

LB media and M9 minimal media. Fusion protein 
was induced with 1.0 mM -D-1-
thiogalactopyranoside (IPTG) for 4 h at 37 . For 
purification, immobilized metal ion affinity 
chromatography (IMAC), EK digestion, dialysis and 
reverse-phase high-performance liquid 
chromatography (RP-HPLC) were proceeded to get 
3.7 mg intact CP1 from 1 litter LB media. Finally, 
over 100 times larger amount of CP1 was obtained 
compared with Trx fusion protein system (Fig. 2).
In order to investigate the antibacterial activity of 
CP1 prepared by the method developed in this study, 
the minimum bactericidal concentration (MBC) was 
measured for E. coli ML-35 strain which is Gram-
negative bacterium. The result showed that CP1 completely inhibited bacterial growth at a concentration of 
3.2 M or less (Fig. 3), which is same as the results of previous studies that examined the antibacterial activity 
of CP1 against Gram-negative.

Structure analysis by NMR
The complete structure of chemical synthesized CP1 in 

1,1,1,3,3,3-hexafluoro-2-propanol (HFIP) had been identified in 
1992 [2]. In order to further investigate the structure in the 
membrane mimetic environment, 15N, 13C isotope-labeled CP1 
was overexpressed and purified for NMR research. The sample 
was dissolved with 10% D2O and 40 mM DPC in a pH 5.0 
condition. Standard triple-resonance experiments were performed
for signal assignment and for NOE information. The results 
proved recombinant CP1 produced by CaM fusion protein system 
had a -helical structure in membrane mimic environment (Fig. ). 
This system can safely produce large quantities of recombinant 
stable isotope-labeled CP1, which provides strong support for 
various researches.

References
[1] Ishida H, Nguyen LT, Gopal R, Aizawa T, Vogel HJ. Overexpression of Antimicrobial, Anticancer, and 
Transmembrane Peptides in Escherichia coli through a Calmodulin-Peptide Fusion System. J Am Chem Soc.
2016;138(35):11318-11326.
[2] Sipos D, Andersson M, Ehrenberg A. The structure of the mammalian antibacterial peptide cecropin P1 
in solution, determined by proton-NMR. Eur J Biochem. 1992;209(1):163-169. 
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          Alpha-synuclein Aggregation Kinetics and Structural Insight 
       in the Presence of -amyloid Fibrils 

                   Zixuan Wei1, Tatsuya Matsunaga2, Yoshiki Shigemitsu1,  
                    Yoshitaka Ishii1, 2 
                       1 School of Life Science and Technology, Tokyo Institute of Technology 
                      2 NMR Science and Development Division, RIKEN SPring-8 Center

Amyloid proteins, such as -amyloid (A ) and -synuclein ( -syn), misfold into amyloid 
oligomers and fibrils, which are regarded as pathological hallmarks of various 
neurodegenerative diseases. Dementia with Lewy bodies (DLB) and Parkinson s disease (PD), 
both major neurodegenerative disorders, are resulted by -syn aggregation and formation of  
Lewy bodies (LB). Recent studies suggested that deposition of LB was often found in half cases 
of Alzheimer’s (AD), implying possibility of correlation between A  and -syn aggregation. In 
this study, we examine effects of heterogeneous cross-seeding of A  fibril in -syn misfolding. 
Aggregation kinetics of -syn monomers in the presence of “seed” A  fibril was monitored via 
Thioflavin T (ThT) fluorescence assay. We will also report the impact of the cross-seeding on 
structures of the resultant fibrils characterized by solid-state NMR (SSNMR). 

 
Background

A major hallmark of PD’s brain is the formation of LB, which are comprised mainly of 
misfolded -syn. AD is characterized pathologically by accumulation of A  plaques and tau 
tangles. In up to half cases of AD, DLB pathology is also observed (Hamilton 2000). Previous 
studies suggested that -syn, A 40 and A 42 have a cross-seeding effect on each other s 
aggregation (Ono et al. 2012). Cross-seeding effect indicates acceleration of misfolding for an 
amyloid protein through interactions with “seed” fibril made from another amyloid protein, 
which often result in shortening of the lag phase of aggregation. However, variations in cross-
seeding efficiency, which typically depends on the amino-acid sequence, are not well 
understood. Also, structural data are rarely available for amyloid fibrils derived from such 
cross-seeding interactions. To discover overlapping pathology of AD and PD, we obtained 
structural insight via transmission electron microscopy (TEM) and SSNMR analysis.  
 
Experiments 

E. coli BL21 (DE3) strain was transformed by a plasmid pET28a -syn. A single colony was 
amplified and grew to 1 L of M9 medium and harvested 4 h after induction. Salting out, 
followed by ion-exchange chromatography, was applied to purify -syn and the sample was 
then dialyzed at 4°C for 32 h in a 20 mM phosphate buffer (pH 7.4). Then, -syn at 150 M 
was Incubated in the phosphate buffer at 37  under orbital shaking. To investigate seeding and cross-
seeding effect, mature A 42 and -syn fibrils are sonicated and added into samples as “seed”  

-synuclein; Cross-seeding; SSNMR
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before the incubation. Aggregation kinetics was observed via ThT fluorescence, which give 
strong fluorescence signals upon amyloid fibril formation. The morphology of unseeded, seeded, 
or cross-seeded products was visualized under TEM. Uniformly labeled 13C, 15N -syn fibrils 
were collected via centrifuge and lyophilized to be packed into 1 mm rotors for further SSNMR 
characterization of 13C-13C 2D SSNMR. 

Results 
Based on ThT fluorescence curve, which monitored aggregation pathways of -syn, 

fluorescence increased hyperbolically in the presence of both -syn seed (self-seed) and A 42 
seed (cross-seed), whereas sigmoidal curve was observed in absence of seeds. Self-seeding 
promoted aggregation with a higher aggregation rate than cross-seeding, also with higher 
reproducibility. We will discuss the morphological and structural differences of the self- and 
cross-seeded -syn fibrils observed by TEM and SSNMR, which may suggest some new insight 
into the interactions between AD and DLB pathogenesis.  
 
References 
(1) Hamilton, R. Lewy Bodies in Alzheimer's Disease: A Neuropathological Review Of 145 Cases Using 
-Synuclein Immunohistochemistry. Brain Pathology 2006, 10 (3), 378 384. 
(2) Ono, K.; Takahashi, R.; Ikeda, T.; Yamada, M. Cross-Seeding Effects of Amyloid -Protein And -
Synuclein. Journal of Neurochemistry 2012, 122 (5), 883 890. 



- 90 -

 
 

Relativistic quantum chemical calculations for dilution-concentration shifts in 
heavy atom hydrates 

Yoshimitsu Asakura 1, Naoya Nakagawa 1, Daisuke Kuwahara 1 
1 Graduate School of Informatics and Engineering, The University of Electro-Communications 

 
When measuring NMR resonance lines for nuclei that have been ionized from a salt in solution 

to become solvated ions, the resonance frequency changes with the concentration of the solution. 
The amount of this shift, i.e., the difference between the chemical shift in the infinitely diluted 
state and the saturated state (the dilution-concentration shift), basically increases with the atomic 
number, while it remains relatively small for alkali metals and alkaline earth metals  even for the 
elements in the 5th and 6th period.  In this study, we analyze the frontier molecular orbitals in the 
solvated complex structure and calculate the absolute NMR shielding constants for various heavy 
atoms by relativistic quantum chemistry calculations to clarify the factors determining the 
magnitude of the dilution-concentration shifts.  
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High polarization of pseudo-single-crystal p-terphenyl with triplet-DNP 

Yuki Morishita 1 Ryosuke Kusumi 2, Koichiro Miyanishi 1, Kazuyuki Takeda 3, Makoto Negoro 4, 
Akinori Kagawa 1,4,5, Masahiro Kitagawa 1,4 

1 Graduate School of Engineering Science, Osaka University,2 Graduate School of Agriculture, Kyoto 
University,3 Graduate School of Science, Kyoto University,4 Center for Quantum Information and 
Quantum Biology Division, Institute for Open and Transdisciplinary Research Initiatives, Osaka 
University,5 JST, PRESTO 
 

Dynamic nuclear polarization (DNP) using electron spins in the photo -excited triplet state 
(triplet-DNP) can lead to nuclear spin polarization of up to several tens of percent even at 
ambient temperatures and in low magnetic fields. Triplet-DNP can be combined with a dissolution 
technique to prepare hyperpolarized nuclear spins in solution. Even though rapid dissolution prefers 
powder samples, the effect of the large anisotropies of the zero-field splitting tensor and of electron-spin 
polarization of the photo-excited triplet state in such randomly-oriented systems is to significantly degrade 
the efficiency of the buildup of nuclear polarization. Here, we demonstrate triplet-DNP in a magnetically 
oriented microcrystal array (MOMA) of pentacene doped p-terphenyl. Using this “powder” sample where 
the individual microcrystals are nevertheless aligned three dimensionally in a polymer matrix, we show 
successful dynamic proton polarization of up to 5.2 %, which is 4.4 times higher than that obtained in the 
conventional powder sample. 
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[1] Kagawa, Akinori, et al. Journal of 
Magnetic Resonance 309, 106623 (2019). 
[2] Kusumi, Ryosuke, et al. Journal of 
Magnetic Resonance 223, 68 (2019). 
[3] Tateishi, Kenichiro, et al.  Proc. 
Natl. Acad. Sci. USA 111, 7257 (2014).  

Table 1. Values of and  obtained by parameter 
fitting. 

Fig 2. Experimental buildup curves of 1H 
polarization by triplet-DNP in single crystal 
(circles), MOMA (triangles), UV-cured 
suspension (squares), and powder 
(diamonds) samples of pentacene-doped  
p-terphenyl. 

Fig 1. Orientational dependence of ESR spectra of photo-excited triplet
state of pentacene. in (a) single crystal, (b) MOMA. 
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Determination of Stereochemistry of Spirocenter utilizing {19F}-1H HOE 
(Heteronuclear Overhauser Effect)  

Masao Morita1, Nobuaki Nemoto2, and Ken Ohmori3 
1 Research Foundation ITSUU Laboratory 
2 JEOL RESONANCE Inc. 
3 Department of Chemistry, School of Science, Tokyo Institute of Technology 

 
Synthetic organic chemists have relied on the 1H-1H NOE (Nuclear Overhauser Effect) for the 

stereochemical determination of natural organic compounds and products. However, the information 
obtained from {1H}-1H NOE alone is often insufficient for stereochemical determination, and in such cases, 
we must rely on X-ray crystal analysis. Although X-ray crystallography is a universal tool, it has many 
disadvantages, such as difficulty in crystallization and inability to measure a small amount of sample. We 
have successfully utilized the {19F}-1H HOE (Heteronuclear Overhauser Effect) to determine the 
stereochemistry of a compound with a spiro-centered structure, which has been difficult to determine from 
the {1H}-1H NOE alone. 

 
1H-1H

NOE (Nuclear Overhauser Effect) {1H}-1H NOE

{19F}-1H HOE (Heteronuclear Overhauser 
Effect) {1H}-1H NOE

A

{1H}-1H HOE

{19F}-1H HOE

Figure 1
{19F}-1H HOE 
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1) Morita, M.; Ohmori, K.; Suzuki, K. Org. Lett. 2015, 17, 5634–5637. 
2) Yu, C.; Levy, G.C. J. Am.Chem. Soc. 1984, 106, 6533–6537. 
 

Figure 2. The HOESY t1-first increment one dimensional (1D) spectra 
of  (top) and (bottom). The mixing time ( mix) is 300 ms. The 
coherence pathway selection using field gradient pulses is applied. 
During the observation period (1H), 19F decoupling is not carried out. 
The peak around 4.8 ppm is (is not) observed in ( ), respectively. 

X : parts per Million : Pro_Fluo_119
11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

X : parts per Million : Pro_Fluo_119
11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

O

O
MeO F

HTIPSO
19F-1H HOE

H
4.8 ppm

4.8 ppm

O

O
OMe

HTIPSO

F

4.8 ppm

4.8 ppm



- 96 -

 
Analysis of Proton Conductive Alginic Acid-Polyacrylic Acid-Triazole 
Composites by Solid State NMR 

Ryota Watanabe1, Takuya Kurihara1, Yasuhiro Shigeta2, Shogo Amemori2, Tomonori Ida1, 
 Motohiro Mizuno1,2 
1Graduate School of Natural Science and Technology, Kanazawa University 
2Nanomaterials Research Institute, Kanazawa University 
 
Composites of polymer and triazole (Tz) are known to exhibit high proton conductivity at high temperatures. 

[1] High proton conductivity of these composites is considered to originate from the continuous proton 
transfer (Grotthuss Mechanism) induced by the reorientation motion of Tz molecules in polymer. However, 
to our best knowledge, the detailed motion of Tz has not been clarified yet. Therefore, in this study, we 
prepared polymer-Tz compounds and investigated the mobility of Tz by solid-state 2H NMR measurement. 
Then, we aimed to clarify the proton conduction mechanism from the relationship between the mobility of 
Tz and the proton conductivity. 

 
 

Tz [1]
Tz

Tz

Tz 2H NMR Tz
Tz

PAA
AA Tz Tz

Tz
 

 

Fig.1. Grotthuss mechanism of Tz  

P8



- 97 -

 
Tz AA PAA

[ (1 x)AA-xPAA-yTz x y PAA Tz
] DSC

2H NMR 2H NMR
Tz Tz(d2) (1 x)AA-xPAA-yTz(d2) QE

 
 

 
DSC PAA

0.1AA-0.9PAA-0.75Tz
Tg=299.7 K PAA

AA-0.75Tz
Fig. 2 AA-0.75Tz 0.1AA-

0.9PAA-0.75Tz
0.1AA-0.9PAA-0.75Tz

AA-0.75Tz
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[1] Seyda T. Gundy, Ayhan Bozkurt, Polymer Journal, 2008, 40, 104-108 
 

Fig.2. Temperature dependence of proton conductivity 
for AA-0.75Tz, 0.1AA-0.9PAA-0.75Tz 

Fig.3. Temperature dependence of 2H NMR spectra for 
(a) 0.1AA-0.9PAA-0.75Tz(d2), (b) AA-0.75Tz(d2) 

(b) (a) 
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Analysis of Rab32 by solution NMR 

Takumi Suzuki, Kazu Tajima, Hiroyuki Kawahara, Yutaka Ito, Masaki Mishima 
1 Graduate School of Science, Tokyo Metropolitan University  

Rab protein is a low molecular weight G protein, which takes active state and inactive state and acts as a 
molecular switch in the cell. It has two switch regions whose structures changes occur depending on 
whether they are active or inactive. BAG6 binds to the switch I region and induces polyubiquitination.  
We study Rab32, one of the Rab family proteins. Rab32 is unstable because the switch I region is 

hydrophobic, but after consideration of the conditions, we established the conditions for high yield. Further, 
a binding experiment of Rab32 and BAG6 was conducted by NMR, and a significant chemical shift 
perturbation was observed. In the future, we will further improve the stability of Rab32 and proceed to 
analyze the Rab32/BAG6 complex. 

(Fig.1 upper)

(pre-emptive:
)

(Fig.1 lower)

(1)

 

Fig. 1 Schematic drawing of Rab32 and BAG6 

(Upper) Rab32. Region (20-201) was used. 

(Lower) BAG6. Ubl and Build domain are 

involved in the interaction for Rab protein. 

Fig. 1 Schematic drawing of Rab32 and BAG6

(Upper) Rab32. Region (20-201) was used.

(Lower) BAG6. Ubl and Build domain are 

involved in the interaction for Rab protein.
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(Fig.2)

(3)

(1) Takahashi, T., et al., EMBO rep, 2019, 20, e46794 
(2) Wachtel, R., et al., Nat. Commun., 2018, 9,44 
(3) Aizu, T., et al., Biochim Biophys Acta Gen Subj, 2020 1864, 129419 

Fig.2 2D-1H-15NHSQC spectrum of Rab32  
Buffer: 50 mM Tris-HCl(pH 7.5), 50 mM KCl, 

1 mM MgCl2, 10 M GDP, 20 mM CHAPS  
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Prevention of aggregation of proteins and peptides with amyloid tendency  

Kurokawa Yuka 1, Kuzunuki Erina 1 1Hibi Kento 1 Kohno Toshiyuki 2 Terawaki Shin-ichi 1

Wakamatsu Kaori 1 
1 Faculty of Science and Technology Gunma University  
2 School of Medicine Kitasato University 
 

The proteins and peptides that have a sequence to form amyloid tend to aggregate during 
purification and the interaction analysis with their target peptides/proteins. Unfortunately, some 
of intracellular loops of GPCR which are the binding site for their target proteins possess such 
amyloid forming sequences. In NMR analyses of their interaction, NMR -specific conditions such 
as deuterium oxide, DSS, and NMR tube surface bring about aggregations. We previously reported 
that Choline-O-Sulfate (COS) prevents self-aggregation of m4 muscarinic receptor fragment 
peptide (m4-peptide). Here we report that COS also prevents aggregation of m4 peptide by DSS, 
self-aggregation of GST-fusion of 2-adrenergic receptor fragment (GST- 2-peptide), and 
aggregation of GST- 2-peptide with its binding partner spinophilin, facilitating preparation and 
analysis of difficult peptides/proteins.  
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Fig. 3 COS
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Fig. 1 DSS COS  

Fig. 2 m4I3C(14) DSS Fig. 3 m4I3C(14) DSS+COS 
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Evaluation of Dispersion and Aggregation of Nanoparticles in Liquid Metal via
NMR

Chikai Tei1, Masahiko Ohtaka 1, Daisuke Kuwahara 2

1 Advanced and Innovative Sodium System Technology Development Gr Fast Reactor (FR) 
Fundamental Technology Development Dept. FR Cycle System R&D Center, Oarai R&D 
Institute
2 Coordinated Center for UEC Research Facilities, UEC

Evaluation of nanoparticles in liquid phase dispersants has been carried out by using methods 
such as particle size measurement and transmission electron microscopy. It is difficult to apply 
it to chemically active liquid metals (impermeable to visible light) that cannot be handled in 
the atmosphere. In this study, the NMR methods based on evaluating the interfacial state of 
sodium-nanoparticles in liquid metallic sodium (Na) was investigated for metallic nanoparticle 
dispersions. There are two types liquid Na in contact with the surface of the nanoparticles 
(atomic state bound to the particle surface) and liquid Na away from the particle surface (free 
atomic state). The relaxation time of each depends on the bound state of the atoms. The clear 
difference in relaxation times and the relative specific surface area estimated from the 
relaxation times are also obtained, leading to the development of methods for assessing the 
state of nanoparticles in liquid metal.

[1-2]

NMR NMR
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Figure 1 T2 1H T2

3.106[s] 5wt% 0.861[s] 10%wt
0.088[s]

T2

CPMG T2 ECA-500 23Na
132.255MHz 8

Fig. 2 One-dimensional NMR spectra of    Fig. 3 One-dimensional NMR spectra of 
metallic sodium                               nanofluid

23Na 1 NMR
Fig. 2 Fig. 3 1178[ppm] 0.12%

[4]

Fig. 4 T2 Measurement Relaxation Curves Fig. 5 T2 Measurement Relaxation Curves
(CPMG) of molten metallic sodium nanofluid

Fig. 4 Fig. 5 18.8wt%
23Na T2
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T2 T2 5.5[ms]
23Na T2 2.6[ms] 2

23Na T2

TD-NMR Spin track

[1]. Nucl. Eng. Des. 2010, 240, 2664-2673
[2]. Nucl. Sci. Eng. 2010, 47, 12, 1165-1170 
[3]. Magn. Reson. Chem. 2016, 54, 521–526
[4]. Phys. Lett. A. 2015, 379, 705–709
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Development of dissolution DNP instruments for verifying generation of nuclear spin 
quantum entanglement by in vivo reactions 

Akinori Kagawa1,2,3, Toru Doi 1, Makoto Negoro2, Masahiro Kitagawa1,2 
1Graduate School of Engineering Science, Osaka university, Osaka, Japan 
2Center for Quantum Information and Quantum Biology, Institute for Open and Transdisciplinary Research 
Initiatives, Osaka university, Osaka, Japan 

3JST, PRESTO 

 Recently, M. P. A. Fisher conjectured a quantum dynamical selection (QDS) rule for small molecules 
such as pyrophosphoric acid. The conjecture indicates that enzymatic chemical reactions dependent on 
whether the nuclear spin state in the small molecules is a singlet state or a triplet state. We apply dynamic 
nuclear polarization (DNP) to experimentally verify the QDS rule. The population ratio between the singlet 
state and the triplet state in the equilibrium is 1:3 at room temperature. We expect that the amount of the 
product for the chemical reactions can be changed by using hyperpolarized nuclear spins. To verify the 
QDS rule, we have developed DNP instruments and obtained 31P spin polarization of more than 50% for 
pyrophosphoric acid.  
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[1] Fisher M. P. A., Ann. Phys., 362, 593 (2015) 
[2] M. P. A. Fisher, et al., 115 (20), E4451 (2018) 
[3] Ardenkjær-Larsen J.H. et al., PNAS, 100, 18, 10158-10163 (2003) 
[4] Kayvan R. Kashari et al., Roy. Soc. Chem., 137, 3427-3429 (2012) 
[5] Karel Kou il et al., Nature commun., 10, 1733 (2019) 
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Fig. 1 Operando 7Li NMR spectra of the Li//FeF3 cell during the initial cycle
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Analysis of protonation state of chromophore in GAF domain of photoreceptor protein 

Taiki Koizumi1, Takahiro Aizu1, Yohei Miyanoiri2, Yutaka Ito1, Yuu Hirose3, Masaki Mishima1 
1Graduate School of Science, Tokyo Metropolitan University  
2 Institute for protein research, Osaka University 
3 Department of Environmental and Life Sciences, Toyohashi University of Technology 
 
A cyanobacterium synthesizes a photosynthetic pigment which absorbs red light under red-light condition. 
Conversely, under green-light condition, a photosynthetic pigment which absorbs green light is synthesized. 
This phenomenon is called “complementary chromatic acclimation”. RcaE protein, a photosensor protein, 
plays a central role phosphorylating transcriptional factors in a wavelength dependent manner. To elucidate 
the molecular mechanism of the structural change due to light absorption of RcaE, we are 
working on NMR structural analysis and X-ray crystallography of RcaE red light absorption form 
(Pr) and green light absorption form (Pg). We would like to discuss the findings obtained 
regarding the three-dimensional structure and the protonation state of the chromophore.  
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Fig.2 Conformational changes of PCB by light 
irradiation.  
Proposed mechanism of photochromic photocycle deduced from 
the biochemical assay and homology model 1). 

Fig.1 Domain organization of RcaE  
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Fig.5 1H-15N HSQC spectra of RcaE GAF 
(13C,15N PCB selectively labeled sample ) 
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dotted circle. 
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Fig.4  1H-15N HSQC spectra of RcaE GAF  
A : RcaE GAF in Pr state  B : RcaE_GAF Pg in state 

Fig.6 Electron 
density map of 
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Clear map 
provided E
configuration and 
syn conformation 
around C15=C16.  

Fig.7 Interaction site between RcaE and PCB. 
The side chain carboxyl group of Glu217 forms a 
hydrogen bond with NH of PCB. Glu217 is shown in a 
dotted circle. 
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Fig.9 Assignments of CO side chain of the 
glutamic acids. 
A selected region of 13Caliphatic-decoupled 13C- 
detection CGCBCO.  

Fig.8 1D15N spectra of RcaE GAF 
 (13C,15N labeled PCB) 
The amide signals around 130-160 ppm correspond to 

NH moiety, and the signal around 260 ppm 

corresponds deprotonated -N=C- moiety. 
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NMR analysis of oligosaccharide protein interactions using the 2D 1H-13C 
DIRECTION-HSQC technique 

Takashi Tanaka 1, Noriyuki Tanimoto1 
1 TOSOH Analysis and Research Center Co.,Ltd.  

 
The interaction studies of oligosaccharides and proteins by NMR spectroscopy is 

well-established by utilising Saturation Transfer Difference (STD) technique and other several 
methods, whilst the STD profiles, particularly, are sometimes shown the illegal regions which are 
not involved in the interactions. In this study, we applied the Difference of Inversion RECovery 
rate with and without Target IrradiatION (DIRECTION) technique to evaluate the 
oligosaccharides protein interactions. We constructed the 2D 1H-13C DIRECTION-HSQC 
experiment to overcome the severe overlap of the 1H signals of oligosaccharides, demonstrated by 
utilising several oligosaccharide-protein interaction systems, and compared with corresponding 2D 
1H-13C STD-HSQC analysis. 
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Fig. 1. a) 1H-NMR spectrum of the mixed 
aqueous solution of LAT and ECL. The structure 
and the isolated signals of LAT are shown on the 
spectrum. b) The pulse sequence of 2D 1H-13C 
DIRECTION-HSQC. The Gaussian-shape pulses 
(50 or 200Hz) at 0.8ppm and -40ppm were used 
for the irradiated and the reference experiment, 
respectively. The T1 delays were varied from 0.1 
to 1.0s. 
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Fig. 2. a) DIRECTION epitope mapping of lactose (LAT) 
interacting with Erythrina Crista-galli Agglutinin (ECA). The 
differences between the apparent longitudinal relaxation rates with 
irradiation of ECA (R1

irr) and those without irraciation (R1
non-irr) for 

each proton of LAT are shown. b) STD-based epitope mapping of 
LAT interacting with ECA. The STD factor (Istd/I0) is used to 
evaluate the epitope. The error bars were estimated from spectral 
noise. c) The ribbon model of crystal structure of ECA in complex 
with LAT (PDB:1GZC). The hydrogen bonds are shown with 
black dashed lines. d) The surface model of crystal structure of 
ECA in complex with LAT. 
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Vif five-membered complex inhibits the deamination reaction by APOBEC3G 
and APOBEC3F 

Keisuke Kamba 1, Li Wan1, 2, Satoru Unzai 3, Ryo Morishita4, Takashi Nagata1, 2, Masato Katahira1, 2 
1 Institute of Advanced Energy, Kyoto University  
2 Graduate School of Energy Science, Kyoto University  
3 Department of Frontier Bioscience, Hosei Universit y 
2 CellFree Sciences Co.,Ltd.  

 
APOBEC3G (A3G) and APOBEC3F (A3F) target newly synthesized minus strand DNAs of r etro 

viruses, and deaminate cytosines within them into uracils. HIV viral-infectivity-factor (Vif) 
protein neutralizes A3F and A3G. Vif forms a five -membered complex (Vif complex) by hijacking 
the components of human E3 ubiquitin ligase (Culin5, Elongin B, and Elongin C) and a 
transcription factor CBF . We investigated the effects of Vif complex on deaminase activities of 
A3G and A3F. We prepared Vif complex and its components individually. We found that the Vif 
complex inhibits deamination activity of both A3G and A3F, but individual component of the Vif 
complex in the free form did not fully inhibit the deamination activity of A3G and A3F. We 
carefully inspected the interaction between A3G, Vif complex, and DNA. We found that Vif 
complex binds A3G- and A3F directly; these bindings might be responsible for the inhibition of 
deaminase activity of A3G and A3F. 

 

APOBEC 1 DNA
APOBEC3G (A3G) APOBEC3F (A3F) HIV-1

DNA 1 HIV-1 Vif A3G
A3F Vif CBF E3  
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In the future of 2050, the United Nations predicts that the world population will reach almost 10 billion 

peoples, and there are concerns about imbalances in food supply, mainly protein sources, and water 

stress. Even fishery products supplying with low water stress, especially salmon family fish has good 

feed conversion rate, therefore its aquaculture is popular worldwide. In our laboratory, various fishes 

are sampled from natural environments, and individual information of fish has been accumulated by 

various data science methods namely using NMR [1-5]. The purpose of this study is characterization 

and visualization of salmon family from the analytical data by comprehensively integrating chemical, 

biological, and physical information on the meat quality among fish diversity, especially in salmon 

family. 
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Fig. 1. Classification of  

salmon family and  

other fishes by random  

forest of 2D-Jres data. 

 

Fig. 2. High importance ROI of classification model. 
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Self-diffusion coefficients of the lipid fraction extracted from spent coffee 
grounds by pulsed gradient spin-echo NMR 

 Noriko Kanai 1, Izuru Kawamura 1, William S. Price 2 
1.  Graduate School of Science and Engineering, Yokohama National University 
2.  Nanoscale Group, Western Sydney University, Penrith, NSW, Australia 

 
Pulsed gradient spin-echo NMR is a convenient and noninvasive means to measure self-
diffusion coefficients of molecules in solution based on random translational motion . In this 
study, we determined the diffusion coefficients of lipid fraction extracted from spent coffee 
grounds with the pulsed gradient stimulated-echo (PGSTE) and double stimulated echo (DSTE)  
sequences. Triacylglycerols and diterpenes, which may be in form of fatty acid esters  in the 
lipids,1 give similar diffusion coefficients. These diffusion experiments will complement the 
characterization of the extracted lipid fraction. 
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Fig. 1. (a) DSTE and (b) PGSTE sequences with half-sine shaped gradient pulses.
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1 Wang, X. et al., Food Chem. 2018, 263, 251-257. 2 Price, W. S., NMR Studies of Translational Motion: 
Principles and Applications, 1st ed., Cambridge University Press, Cambridge, 2009. 3 Jerschow, A.; Müller, 
N., J. Magn. Reson. 1997, 9, 299-336. 4 Kanai, N. et al., Biosci. Biotech. Biochem. 2019, 83, 803-809. 5 
Virk, A. S. et al., J. Mol. Liq. 2016, 214, 157-161. 
 

Fig. 2. Typical (a) 1H-DSTE and (b) 1H-PGSTE spectra of the extracted lipid fraction. As the intensity 
of the applied gradient increases, the echo intensity decreases due to the effect of diffusion. (c) Self-
diffusion coefficients (D) were determined by regression of the function onto the attenuation of the 
echo signal (E). 
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Analysis of Decomposing Factor for Biodegradable Polymers by NMR Data 
Science 

Ryo Yamawaki 1, Yuuri Tsuboi2, Akiyo Tei2, Kengo Ito1,2 , Jun Kikuchi1 ,2 ,3 
1Grad. Sch. Med. Life Sci., Yokohama City Univ. , Japan;  2RIKEN CSRS, Japan;  3Grad. Sch, 
Bioagri. Sci., Nagoya Univ., Japan 

 
 Recently, the disposal of plastics has become global issues contrary to those environmental stability. Then, 
biodegradable polymers, which are decomposed by microorganism in environment, are attracted public 
attention but they have challenges point that they can’t use long term. In this study, we conducted 
decomposing experiments for biodegradable polymers to reveal decomposing factor and their contribution 
rate. And, we aimed to propose the prediction model of polymer degradation that considers decomposing 
factors. We built prediction model that conduct machine learning and Bayesian estimation after dimension 
compression of data by PCA. At this meeting, we repot contribution rate and degradation factors based on 
the importance computed from the machine learning. 
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Fig. 1. Network visualization among decomposing and 
physical factors by solid-state NMR components. 
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Fig. 3. PCA score plot for prediction model. 

Fig. 2. Scheme of prediction model of polymer decomposition. 
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Influence of the 5'-terminal sequences on the structure and function of the 
HIV-1 genomic RNA 

Camille Michiko Obayashi 1, Yoko Shinohara 1, Takao Masuda2, Gota Kawai 1 
1 Chiba Institute of Technology, 2 Tokyo Medical and Dental University 

 
The 5'-UTR of HIV-1 genomic RNA is known to form the specific structure and has important 
functions. Especially, there are three kinds of 5'-terminal sequences, G1, G2 and G3, with 
different localization in the cell and virion particle as well as reverse transcription 
efficiencies. RNA fragments with 36-38 residues, named TP, corresponding to the junction of 
TAR and PolyA stems of the 5'-UTR were designed, and it was found that those structures 
and thermal stabilities were affected by the number of the G residue at the 5' end. In the 
present study, one of the three fragments, TP-G1G-36 was subjected to the NMR analysis to 
determine the solution structure. By using the residue-specific stable-isotopic labelled RNA 
as well as the sub-fragments, TAR-G1G-19 and PolyA-17, the signals of TP-G1G-36 were 
successively assigned and the solution structure was determined. 
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Development of high efficient 13C-13C and 13C-1H magnetization transfer with 
band-selective CP on Ultrafast MAS. 

Tatsuya Matsunaga1, Ryo Takahashi2, Yoshitaka Ishii1,2 
1 NMR Science and Development Division, RIKEN SPring-8 Center 
2 School of Life Science and Technology, Tokyo Institute of Technology 

 
Recent development of ultra-fast MAS (UFMAS) at a spinning rate over 60 kHz has realized 

high-resolution 1H-detected multidimensional solid state NMR (SSNMR). However, schemes for 
magnetization transfer including cross polarization (CP) still has considerable room for 
improvement in UFMAS conditions. This is particularly true for multi -dimensional biomolecular 
SSNMR since remaining magnetization after 3-4 transfer periods typically required for such 
experiments is often only 5–15% of the initial 1H magnetization. For multidimensional 
measurement, homonuclear dipolar recoupling schemes are as important as heteronuclear ones. 
Here, we demonstrate that band-selective homonuclear CP (BSH CP), which was previously used 
at a moderate MAS rate, provides highly efficient polarization transfer for UFMAS and realized 
effective and selective recoupling in both directions of 13CO-13Ca and 13Ca-13CO. We also discuss 
simulation results for a novel 1H-13C CP scheme which we introduced last year in this conference.  
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Fig. 1. 13CO region of 1H13Ca13CO spectra 

of uniformed 13C, 15N-labeled GB1. 
Methods for Ca-CO homonuclear 

recoupling are RFDR (left), DREAM 
(center) and BSH CP (right), respectively.  
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NMR analysis aptamers that bind to the Vif-CBF -CUL5-ELOB-ELOC 
complex 

Kazuyuki Kumagai 1, Takuya Suzuki1, Yuto Sekikawa1, Keisuke Kamba3,Li Wan2, Kayoko Nagata3, 
Akifumi Takaori-Kondo3, Masato Katahira2,4, Takashi Nagata2,4, Taiichi Sakamoto1 
1Chiba Institute of Technology 
2Institute of Advanced Energy 
3Kyoto University,Graduate School of Energy Science, Kyoto University 

 
APOBEC3G (A3G), a host factor with antiviral activity, has been shown to inhibit HIV-1 growth by 

introducing mutations into the HIV-1 genome. Viral infectivity factor (Vif), on the other hand, forms the 
Vif – CBF  – CUL5 – ELOB – ELOC complex (Vif complex) and guides A3G to the proteasome 
degradation pathway by polyubiquitination. To develop aptamer therapeutics against HIV-1, we have 
selected RNA aptamers that bind to Vif complex by SELEX experiment. Based on the predicted 
secondary structure and the results of the mutational analysis, we obtained a truncated aptamer. Here, we 
report NMR analysis of the short aptamer. 
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Fig. 1  Vif complex  
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Solid-state NMR Signal Deconvolution Method Based on T2* Relaxation for 
Macromolecular Samples with Structural and Compositional Diversity 

Shunji Yamada1,2, Eisuke Chikayama2,3, Jun Kikuchi1,2,4 
1Grad. Sch. Bioagri. Sci., Nagoya Univ., 2RIKEN CSRS, 3Dept. Inform. Sys., Niigata Univ. of Int. and 
Inform. Stud., 4Grad. Sch. Med. Life Sci., Yokohama City Univ. 

 
Solid-state NMR (ssNMR) spectroscopy, especially anisotropic interactions, carries high-order structure 

and dynamic information of the sample. Therefore, the separation of ssNMR signals is an important issue 
for extracting the information hidden in the NMR spectrum of polymer samples having diversity in high-
order structures and components. In this study, we report a technique for separating broad-spectrum of 
ssNMR based on T2* relaxation using the short-time Fourier transform (STFT) and nonnegative matrix 
factorization (Fig. 1). And, the application example of generative topographic mapping regression for 
visualization and prediction of integrated data of STFT processed NMR signals and various physical 
properties (Fig. 2) are shown. These data, especially the 1H anisotropic spectrum are expected to be used as 
high-order structure descriptors for data-driven science. 
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Fig. 2 Prediction of NMR signals and 
physical properties using GTMR 

 

 
Fig. 1. 1H ssNMR signal dconvolution 
under non-MAS of PCL (a), under fast 
MAS of E. gracilis (b) 
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Time factorization NMR toward structure and dynamics evaluation in 
materials informatics 

Koki Hara 1, Shunji Yamada2,3, Jun Kikuchi1,2,3 

1Grad. Sch. Med. Life Sci., Yokohama City Univ., 2RIKEN CSRS, 3Grad. Sch. Bioagri. Sci., Nagoya Univ. 
 
Polymers materials exhibit multiphase structure due to enormous chemical and structural diversity 

monomers and their polymerization, packing, as well as cross-linking. In recent years, the use of materials 
informatics based on data-driven approach has been promoted in the designing new materials. However, 
there are challenges such as lack of evaluation and description methods and databases of polymer 
properties. The purpose of this study is to develop a method for evaluating the domain structure and 
properties of polymer materials by using NMR data, frequency-domain information, time-domain 
information based on short-time Fourier transforms, and simulation modeling of domain structures. 
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Application of side chain deuteration to amyloid proteins to improve resolution 
by solid-state NMR 

Yoshiki Shigemitsu 1, Hibiki Terami1, Tatsuya Matsunaga2, Toshio Yamazaki2, Yoshitaka Ishii1,2 
1 School of Life Science and Technology, Tokyo Institute of Technology 
2 NMR Science and Development Division, RSC, RIKEN 

 
1H detected solid-state NMR spectroscopy is a powerful tool to elucidate determination of 

protein structure such as amyloid fibril . 1H line broadening due to 1H-1H dipolar interactions, 
however, cannot be completely eliminated even with the 100 kHz ultra-fast MAS. This often 
hampers signal assignment or structure analysis  of proteins. Last time, we reported a method to 
selectively deuterate side chains at high deuteration level with E. coli expression system while 
remaining the protons at the -positions. We applied this side chain deuteration method to -
amyloid protein (A ) expression. In this presentation, we would like to discuss simplification 
and/or resolution of NMR spectra between side chain deuterated labeled using this method and 
conventional uniformly labeled method. 
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Application of space-selective spin-correlated polarization components observed 
by solid-state NMR with high-field DNP and MAS under ultra-low temperature 
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Recent development of dynamic nuclear polarization (DNP) under a high magnetic field has 

enabled the observation of a spin-correlated component, i.e. a high-order term in the density 
operator for the hyperpolarization.  Using unique characteristics of this component, we can quantify 
the 1H spin polarization through the 13C spin in an 1H-13C spin system, reflecting 13C polarization 
heterogeneity depending on the distance from the polarizing agent. The analysis of the experimental 
results for the polarization measurement  with numerical simulations provides information of spin 
diffusion and paramagnetic relaxation by the biradical. In addition, the spin-correlated component 
is applied to surface-only spectroscopy. The high-resolution 13C-13C DQ-SQ experiments using the 
component permit the chemical shift perturbation measurements , revealing the subtle differences 
between the bulk and surface structure due to the differential molecular packing. 
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Fig. 1. Pulse sequence for 

observing the spin-correlated 
signals separated from the 
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Fig. 2. Pulse sequence for observing 
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DQ coherence.   
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DNP-enhanced solid-state NMR spectroscopy for structural characterization of 
polymer-supported catalysts 

Shinji Tanaka 1, Atsuko Ogawa 1, Yumiko Nakajima 1, Kazuhiko Sato 1 
1 Interdisciplinary Research Center for Catalytic Chemistry, AIST 

 
While solution-state NMR has been widely utilized for the development of molecular catalysts, solid-

state NMR has been sparsely applied for the analysis of solid-state catalysts due to low sensitivity.  In recent 
decades, dynamic nuclear polarization (DNP) enhanced solid-state NMR spectroscopy has enabled the 
detailed structural characterizations of solid materials.  DNP-NMR of catalyst species on inorganic supports 
was achieved using biradical polarizing agents, which induce a polarization transfer via cross-effect under 
microwave irradiation. For catalysts supported on organic polymers, however, non-porous structure prevents 
the effective distribution of biradical species over the sample, resulting in the insufficient signal enhancement.  
We have recently developed the rational guideline for DNP sample preparation from insoluble organic 
polymers.  Herein we further studied on this guideline and demonstrated that DNP-NMR is a powerful tool 
for the structural characterization of catalyst species supported on organic polymer. 
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Scheme 1. Preparation of PS-supported quaternary ammonium salts and tertiary 
amine from Merrifield resin (a) (b) preparation of 3-OH, 3-NO3, and 3-NO3-15N by 
anion exchange reaction of 3-Cl, (c) preparation of PS-supported tertiary amine 5.
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Short disordered protein segment regulates cross-species transmission of a yeast 
prion 
Toshinobu Shida1, Yuji O. Kamatari2, Takao Yoda3, Yoshiki Yamaguchi4, Michael Feig5, Yumiko 
Ohhashi6, Yuji Sugita7, Kazuo Kuwata8, Motomasa Tanaka1 
1RIKEN Center for Brain Science, 2Life Science Research Center, Gifu University, 3Nagahama Institute of 
Bio-Science and Technology, 4Faculty of Pharmaceutical Sciences, Tohoku Medical and Pharmaceutical 
University, 5Michigan State University, 6Graduate School of Science, Kobe University, 7RIKEN Research 
Center for Computational Science, 8United Graduate School of Drug Discovery and Medical Information 
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Soluble prion proteins contingently encounter foreign prion aggregates, leading to cross-species prion 

transmission. However, how its efficiency is regulated by structural fluctuation of the host soluble prion 
protein remains unsolved. In the present study, through the use of two distantly related yeast prion Sup35 
proteins, we found that a specific conformation of a short-disordered segment governs interspecies prion 
transmissibility. Using a multidisciplinary approach including high-resolution NMR and molecular 
dynamics simulation, we identified critical residues within this segment that allow interspecies prion 
transmission in vitro and in vivo, by locally altering dynamics and conformation of soluble prion proteins. 
Remarkably, subtle conformational differences caused by a methylene group between asparagine and 
glutamine sufficed to change the short segment structure and substantially modulate the cross-seeding 
activity. Thus, our findings uncover how conformational dynamics of the short segment in the host prion 
protein impacts cross-species prion transmission. More broadly, our study provides mechanistic insights 
into cross-seeding between heterologous proteins.  
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High sensitivity 29Si-NMR measurement with the cryo-coil MAS probe at B-field of 9.4T 

Mitsuru Toda1,2, Takashi Mizuno1,2, Toshihito Nakai1,2, Takahiro Nemoto1,2, Yoshiaki Yamakoshi1,2, 
Yuki Mogami1,3, Tadashi Shimizu1,3 
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2 JEOL RESONANCE Inc. 
3 National Institute for Materials Science 
 

29Si is essential in many industrial materials such as, cements, glasses, semicondutors and rubbers. NMR is 
one of the primary spectroscopic probes of the local environment of a nucleus, which is effective to explore 
the properties and qualities of such Si involved materials. However, NMR measurements often take a long 
time for 29Si because of the low natural abundance (4.67%), and relatively long-T1 time. Through high 
sensitivity 29Si-NMR measurements for well-known solid samples such as silica (SiO2) and pyrex glass, 
we have confirmed the advantages of using the cryo-coil MAS-NMR probe for the evaluation of small signals 
and the analysis of spectral distortions. 
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Fig. 1. 29Si-NMR spectra of silica at 9.4 T. Cryo-cooled 
measurement data is compared with room temperature 
measurement data. 4 5 signal enhancement has been confirmed. 
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Fig. 2. Deconvolution of silica 29Si-MAS NMR resonance at 9.4 T by 
Dmfit into Q2, Q3 and Q4 Gaussian lines. Peak positions, T2 and 
integral intensities are listed in the figure.

 
Fig. 3. Deconvolution of pyrex 29Si-MAS NMR resonance at 9.4 T by 
Dmfit into Si(0Al), Si(1Al), Si(XAl) (X= 2 or 3) Gaussian lines. 0, 1 
and X distinguish the local chemical environmental of the Si ions by 
numbers of SiOAl bridges. Considering the content ratio of boron in 
pyrex sample, Al atoms could be altered to boron; however, we have 
adopted notation of aluminosilicates for convenience.
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NMR studies of a Drosophila multi-domain adaptor protein Drk 

Riki Watanabe1, Pooppadi Maxin Sayeesh1, Yusuke Suemoto1, Takanori Kigawa2, Masaki 
Mishima1, Kousuke Inomata1, Teppei Ikeya1, Yutaka Ito1 
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Drosophila Drk (Downstream receptor kinase), which consists of 211 amino acid residues, 

is a multi-domain protein consisting of SH3 domains existing at the N- and C-termini and SH2 
domain sandwiched between these domains. Drk plays a role in connecting proliferation and 
differentiation signals from receptors on the cell membrane to Sos, which is an activator of Ras. 
Solution NMR studies on the N-terminal SH3 fragment (NSH3) have demonstrated that NSH3 
exists in a 1:1 equilibrium between fold and unfold, but the structure of full -length Drk has not 
yet been revealed. By employing amino acid selective 13C/15N-labelling, we recently found that 
the equilibrium of NSH3 in the full-length Drk is presumably biased toward unfold. In order to 
confirm that finding, we initiated the backbone resonance assignment of the full-length Drk in 
all regions by using 3D triple-resonance NMR spectroscopy. In addition, we prepared the C-
terminal SH3 fragment (CSH3) and investigate the difference in folding stability from NSH3. 
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Figure 1. Schematic drawings of the hypothesis on 
the folding stability of Drk NSH3 domain on its 
own (a) and in the full length protein (b). 
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Forman-Kay, J.D. Biochemistry 36, 3959-3970 (1997) 

Figure 2. Selected 1HN-13C strips extracted from the 3D 
TROSY-CT-HN(CO)CA and TROSY-CT-HNCA spectra of 
full length Drk measured at 288K. Each strip corresponds to 
the 15N frequency of the residue indicated. Cross-peaks due 
to intra-residual correlations are indicated by boxes. 
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Development of picoliter sample volume NMR system by using NV Center in 
diamond. 

Koki Morita 1, Izuru Ohki1 Masanori Fujiwara1 Yuta Nakano2, Tomoki Yoshimoto2, Norio Tokuda2,3, 
Norikazu Mizuochi1 
1 Institute for Chemical Research, Kyoto University. 2 Graduate School of Natural Science and 
Technology, Kanazawa University. 3 Nano Materials Research Institute, Kanazawa University. 
 
One of the major challenges of life science is to investigate and understand the molecular structure, 

interaction, and dynamics of living molecules in living cells as they are. NMR is one of the few techniques 
that makes it possible, but it requires a huge number of molecules and cells to observe, making it difficult 
to examine individual molecules. However, with the progress of nanoscale photo-detection NMR method 
using diamond NV center in recent years, the limitation is being removed. Using this technique, we are 
aiming for NMR detection of several molecules of protein, and have already succeeded in measuring proton 
NMR of 1000 or less organic molecules in vitro. In this poster, we would like to introduce new NMR 
measuring system highly suitable to living matter, and achieved spectral resolution of 1 ppm. 
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Fig.1 Illustration of TIRF setup for nuclear spin detection.
Aiming for small sample volume (10 picoliter) and high 
spectral resolution, we constructed new optical system. 
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Fig.2 Spectrum of AC magnetic field measurement. Using 
TIRF system and Qdyne method, high spectral resolution  
(about 1 ppm) is achieved. 
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Optimization of qNMR acquisition method using coaxial tube 
Tatsuki Ogura1, 2, Masataka Wakayama1, Tomoyoshi Soga1, Masaru Tomita1 

1 Institute of Advanced Biosciences, Keio University 
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Coaxial tube use combined two tubes filled different solutions, and use for qNMR external 
method. Because the sample is not needed to mix with the deuterium solvent, the solution is 
able to reuse for other analytical instruments such as mass spectrometry. However, qNMR using 
the coaxial tube was few reported. Here, we examined the optimization of qNMR acquired 
conditions using coaxial tube that had different diameters of the insert tube. The qNMR spectra 
were acquired using 1.7-4.1 mm diameters insert and evaluated stability of peak integral and 
S/N ratio in each tube and scans. The stabilities were high in 32 scans and 1.7 mm insert. For 
making similar qNMR condition of 1.7 mm tube, qNMR was performed in H 2O/D2O (9:1) Glu 
solution in 5 mm tube. The peak area and S/N ratio of 1.7 mm tube were higher than 5 mm tube. 
Thus, in the case of a high H2O solution, qNMR using a coaxial tube showed a possibility of 
suitable than 5 mm tube. 
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Fig. 1 Scheme of qNMR using coaxial tube 
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Evaluation of spin diffusion by time-domain NMR 

Hideyuki HARA 
BioSpin Division, Bruker Japan K.K.  
 
 The relaxation times of block copolymers and semi-crystalline materials are observed to contain a rigid 
component with short relaxation times and a long mobile component. These components interfere with 
each other, causing a phenomenon called spin diffusion. This phenomenon of spin diffusion can be 
observed by selective excitation of the rigid and mobile components. With MSE, it is possible to obtain a 
relaxation curve corresponding to the FID with no dead time. Using the MAPE-filter, the effect of dipole 
interaction can be suppressed and as a result only the mobile component can be extracted. Using the DQ 
(Double Quantum)-filter, the effect of the dipole interaction can be selectively extracted and only the rigid 
component can be extracted. By observing the signal in the MSE a certain time after these selective 
excitation pulses, we can observe the spin diffusion that occurs between the filter pulses. This can be used 
to estimate the heterogeneity and domain size of block copolymers and semi-crystalline materials. 
In this presentation, we will introduce a new method for determining the spin diffusion. 
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Fig.2 Comparison of NMR signal, demonstrating the effects of MSE refocusing and 
magnetization filters. 

Fig.1 Principle of spin diffusion experiments(upper),  
magnetization profiles(middle) and corresponding MSE signal(bottom). 
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Study of molecular interactions with dissolution Triplet-DNP 
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Dissolution Dynamic Nuclear Polarization (D-DNP) provides high signal enhancements in solution 
NMR and has opened new applications in the chemical and biochemical sciences. Recently, we have 
constructed DNP using photoexcited triplet electron spins (Triplet-DNP) apparatus combined with 
dissolution apparatus for solution NMR with high resolution. Triplet-DNP can hyperpolarize the nuclear 
spins in low magnetic fields and at room temperatures. In this study, we obtain the chemical shift changes 
of molecular interactions between a hyperpolarized ligand (salicylic acid) and a protein (human serum 
albumin (HSA)) without heat denaturation using the apparatus. In 13C NMR spectra of [carboxyl-13C] 
salicylic acid, the chemical shift changes w/ and w/o HSA are 32 Hz and w/ and w/o HSA and warfarin, 
which is an inhibitor, are 12 Hz in 11.7 T. 
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Fig. 1. Schematic diagram of our dissolution Triplet-DNP

Fig. 2. 13C NMR spectra of hyperpolarized [carboxyl-
13C] salicylic acid. [SA], [war], [HSA] are the 
concentrations of salicylic acid, warfarin and human 
serum albumin respectively. 
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Structure of retinal chromophore in Schizorhodopsin as studied by solid -state 
NMR 

Seiya Tajima 1, Hideki Kandori2, Keiichi Inoue3, Izuru Kawamura1 
1 Yokohama National University, Graduate School of Engineering Science 
2 Nagoya Institute of Technology 
3 The University of Tokyo 

 
Schizorhodopsin (SzR) found from Asgardarcheota  is a light-driven inward proton transporter. 

SzR has a unique Phe-Ser-Glu (FSE) motif around retinal, which motif is related to the function of 
rhodopsin. Moreover, SzR has Tyr71 on the extracellular side of the protonated Schiff base unlike 
typical rhodopsins,  and the Y71F mutation induces a large blueshift and decreases pump activity. 
Here, we conducted solid-state NMR measurements of SzR embedded into POPC/POPE membrane 
and revealed the structure of hydrogen network around retinal in SzR. 15N NMR signal of protonated 
Schiff base in Y71F mutant appeared at lower resonance than WT -SzR1 and 15N NMR signals of 
Arg67 in Y71F disappeared. Our results indicated that Y71F mutant has a stronger interaction 
between Asp184 and protonated Schiff base and perturbs the hydrogen bond network involving 
Arg67. We showed that the Tyr71 plays an essential role in color tuning and the pump activity.  

 

7

 

Fig. 1 Structure of the retinal binding site  
in BR (left) and SzR4 (right)[2]. 
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Fig. 5 A comparison of Arg 15N  and 15N  NMR signals 
between wild-type SzR1(above) and Y71F (below).  

Fig. 6 View of the retinal-binding site of 
SzR1. The possible movement of Asp184 

approaching pSB due to the Y71F mutation is 
shown by a pink arrow.  
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Secondary structure analysis of the RNA element involved in the piRNA 
biogenesis 

Naomi Takase 1, Hirotsugu Ishizu 2, 3, 2, Mikiko C. Siomi 2, Gota Kawai 1 
1 Chiba Institute of Technology 2 University of Tokyo 3 Keio University 

 
PIWI-interacting RNA (piRNA) is known to repress transposons in germ cells. In Drosophila 

the Traffic jam mRNA carries piRNA in its 3' UTR and a cis element (tj-cis element), which is 
also located in the 3' UTR, is involved in the piRNA biogenesis. It was demonstrated that the tj-
cis RNA (100 nt) corresponding to the tj-cis element consists of two structural domains, 5'-half 
(50 nt) and 3'-half (50 nt). In the present study, the secondary structure of a 47 nt RNA (SL-
123, a part of 5'-half) was analyzed by the NMR method. It was suggested that the structure of 
each stem loop was stablized by the interaction between stem loops. 
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Application of time domain NMR technique to investigate an agglomeration of 
drug nanoparticles in suspension 

Kotaro Okada, Yoshinori Onuki 
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This study investigated an agglomeration of drug nanoparticles in a suspension using nuclear magnetic 

resonance (NMR) relaxation. The nanosuspension was prepared by wet bead milling using indomethacin 
and polyvinylpyrrolidone as a drug and stabilizer, respectively. Transmission profiles using a dispersion 
analyzer based on multilight scattering technology confirmed that agglomeration occurred at 25 ºC 
immediately after wet bead milling. During the storage period, the 1H T2 relaxation time (T2) of water 
rapidly increased at the beginning of the storage. In a suspension system, because the T2 value of water is 
known to reflect the surface area of the particle, the observed rapid increase in T2 value indicated an 
agglomeration of nanoparticles. Therefore, it was shown that the measurement of T2 relaxation of a 
nanosuspension could evaluate the agglomeration process. 
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Figure 3. (a and c) Transmission profiles of (a) indomethacin–PVP and (c) indomethacin–poloxamer 407 nanosuspensions 
during storage at 25 ºC. The x-axis represents the vertical position of the sample bottle: positions “0” and “1” correspond to 
the bottom and top of the suspension, respectively. The y-axis expresses the transmission signals. (b and d) Mean transmission 
values as a function of storage period at 25 ºC for (b) indomethacin–PVP and (d) indomethacin–poloxamer 407 
nanosuspensions. The nanosuspensions were prepared by 12 h of wet bead milling and the transmission profiles were measured 
without dilution of nanosuspensions.  

1) Cooper C. L. et al. Soft Matter, 9, 7211–7228 (2013). 

Figure 2. The 1H T2 relaxation time of 
indomethacin–PVP and indomethacin–
poloxamer 407 nanosuspensions as a 
function of storage period at 25 ºC. The T2 
relaxation was measured without dilution of 
nanosuspensions. Each plot represents the 
mean ± standard deviation (n = 3). 
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Accelerating high-resolution SPAM-MQMAS and SPAM-STMAS under fast 
MAS conditions 

Akiko Sasaki1, Jean-Paul Amoureux1-3 
1 Bruker, 2 University of Lille-France, 
3 RIKEN RSC NMR Science & Development Division 

 
  In 2004 and 2005, a soft-pulse-added-mixing (SPAM) concept was introduced by Gan and Amoureux to 
enhance the S/N ratio of two-dimensional MQMAS and STMAS spectra. Recently, we established an 
efficient procedure upon implementation of SPAM-MQMAS and SPAM-STMAS experiments, 
demonstrating its ease in experimental setup with the aid of numerical simulations. Here, we show the 
applicability of SPAM concepts under fast MAS conditions, aiming to discuss precautions upon making a 
judicious choice of high-resolution methods of half-integer quadrupolar nuclei in materials investigations. 

 
Background 
  Despite that quadrupolar nuclei account for more than 70% of NMR-active nuclei, their applications in 
solid-state NMR are severely limited, owing to the presence of quadrupolar interaction that causes a loss of 
sensitivity and resolution, even under magic-angle spinning (MAS) conditions. Two-dimensional MQMAS 
and STMAS experiments are well-established methods to remove quadrupolar interaction and obtain high-
resolution spectra of half-integer quadrupolar nuclei. Although MQMAS has been widely employed, its low 
sensitivity is a limiting factor in practical applications. On the contrary, STMAS, despite that it requires 
accurate adjustment of spinning axis and stable spinning frequency, exhibits higher sensitivity and has shown 
its success as a complementary technique to MQMAS.  
  A variety of sensitivity enhancement techniques have been proved useful in MQMAS and/or STMAS 
contexts, although their optimization process may sometimes be found time-consuming due to the presence 
of multiple parameters. In 2004 and 2005, Gan1 and Amoureux2–4 introduced a soft-pulse-added-mixing 
(SPAM) concept to enhance S/N ratios. Recently, we established a general procedure upon implementation 
of SPAM-MQMAS and SPAM-STMAS experiments, demonstrating its effectiveness and ease in 
experimental setup with the aid of numerical simulations.5 We have shown that, compared to conventional 
z-filter, a maximum signal enhancement of 2 is observed in conventional SPAM, and of 4 in fully-truncated 
SPAM, respectively. For a given experimental time, we suggested to use an echo:antiecho ratio, E:AE = 4:1 
to maximize resolution and sensitivity simultaneously. Here, we present the applicability of SPAM concepts 
under fast MAS conditions, using 87Rb (I = 3/2) and 93Nb (I = 9/2) nuclei, and discuss precautions upon 
making a judicious choice of high-resolution methods of half-integer quadrupolar nuclei. 
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Experimental, results and discussion 
  All experiments were performed using a Bruker Avance NEO spectrometer with a 14.1 T widebore magnet, 
for 87Rb (I = 3/2) and 93Nb (I = 9/2) nuclei. Powder samples (Rb2SO4, Cs4Nb11O30, Nb3(NbO)2(PO4)7) were 
packed as purchased or as synthesized. A conventional 1.3 mm probe at MAS frequencies ( R) of 20-62.5 
kHz was used. Four sets of MQMAS and STMAS experiments were performed: (i) conventional z-filter, (ii) 
conventional SPAM with E = AE, (iii) fully-truncated SPAM with AE = 0, and (iv) partly-truncated SPAM 
with E:AE = 4:1. All simulations were performed using the SIMPSON density matrix simulation program. 
  We first note that the isotropic spectral width increases proportionally to R, and is doubled in STMAS 
with respect to MQMAS under identical R, which reduces the risk of signal aliasing. Also, under higher R, 
MQMAS efficiency decreases while STMAS efficiency increases, especially for large CQ values. Upon 
implementation of SPAM under various R, our numerical simulations indicated that, irrespective of R, the 
optimum pulse lengths are identical for z-filter and SPAM, and hence further optimization process is not 
required upon varying R. This was confirmed experimentally using 87Rb (I = 3/2: CQ = 2.7-5.3 MHz) and 
93Nb (I = 9/2: CQ = 16-30 MHz) nuclei, and the expected SPAM signal enhancements (of 2-4) were obtained 
both at R = 20 and 62.5 kHz. Overall, we suggest that SPAM-STMAS under fast MAS conditions is a 
practically promising approach to expand the range of CQ that can be investigated by high-resolution NMR 
of half-integer quadrupolar nuclei. 

References 
1 Z. Gan and H. T. Kwak, J. Magn. Reson., 2004, 168, 346–351. 
2 J. P. Amoureux, L. Delevoye, S. Steuernagel, Z. Gan, S. Ganapathy and L. Montagne, J. Magn. Reson., 2005, 
172, 268–278. 

3 J. P. Amoureux, A. Flambard, L. Delevoye and L. Montagne, Chem. Commun., 2005, 3472–3474. 
4 J. P. Amoureux, L. Delevoye, G. Fink, F. Taulelle, A. Flambard and L. Montagne, J. Magn. Reson., 2005, 175, 

285–299. 
5 A. Sasaki, Y. Tsutsumi and J. P. Amoureux, Solid State Nucl. Magn. Reson., 2020, 108, 101668. 
 

Fig. 1. (a) Z-filter and SPAM versions of MQMAS and STMAS experiments. (b) Examples of 87Rb 
(I = 3/2) MQMAS and STMAS spectra of Rb2SO4 at R = 20 and 62.5 kHz. 

(a)                                          (b) a)                                     
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Microwave heating processes of ethanol-hexane mixed solution as revealed by in situ 
microwave irradiation NMR and MD simulation 
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Microwave heating is widely used to accelerate organic synthesis reaction. However, role of non-

thermal microwave effect on the chemical reaction has not yet been well characterized. The microwave 

heating processes of an ethanol-hexane mixed solution were investigated using in situ microwave 

irradiation NMR spectroscopy and MD simulation. The temperature of the solution under microwave 

irradiation was estimated from the temperature dependence of the 1H chemical shift (chemical shift 

calibrated (CSC)-temperature. The CSC-temperature of CH2 and CH3 protons reflect bulk temperature 

of solution by thermal microwave effect. The lower CSC-temperature of the OH proton can be 

attributed to a non-thermal microwave effect. Microwave induced ordered molecules interact each 

other to form hydrogen bonds as non-thermal microwave effect. 
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Fig. 1. Schematic diagram of the in situ microwave 
irradiation NMR spectrometer [1,3]. 
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Fig. 2. (a) Plot of CSC-temperature of CH2, CH3, OH protons in ethanol and CH2, CH3 protons in 
hexane as a function of microwave irradiation time. (b) 1H NMR spectrum for the mixture of ethanol 
and hexane (1:1) solution regurated at 55 ºC (black) and that under microwave (135 W) irradiation 
for 10 min (orange) [4]. 
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Fig. 3. (a) Energy flow pathway under conventional 
thermal heating. (b) Energy flow pathway under 
microwave heating. OH orientations by MD simulation 
are also shown [4]. 
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Nuclear quadrupole resonance (NQR) provides information as to the electronic structure in materials of 
chemical interest through the electric field gradient tensor at a nuclear spin with its spin quantum number 
greater than 1/2. A major challenge in NQR is finding unknown resonance frequencies, which often distribute 
over a wide range. Towards time-efficient survey of NQR signals, we bring in this study rapid scan and 
frequency-comb excitation together, so that the frequency range over the probe bandwidth is scanned in a 
single run of the sequence. The gaps arising during excitation as a result of comb modulation can serve as 
windows for data sampling. This approach offers much more efficient protocol compared to traditional 
frequency stepping approaches. 
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Fig. 3 Rapid scan 35Cl NQR signals with frequency offsets of (a) 0 kHz and (b) 50 kHz obtained in 
the coarse survey mode by acquiring the signal during the gaps of the comb-modulated HS 
excitation. (c, d) Corresponding FID signals obtained in the fine survey mode by aborting rapid 
scan at  ms (dash line) and then immediately starting acquisition with a dwell time of 1 s. 
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Structural analysis of a multi-domain protein Grb2 using PRE and PCS 

restraints 
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2RIKEN Center for Biosystems Dynamics Research 
 

Human Grb2 is an adapter protein involved in the Ras-mediated signal transduction pathway.  
Grb2 consists of three functional domains,  nSH3-SH2-cSH3, which are connected with flexible 
linkers. The relative orientation of the domains and the inter-domain interactions are expected to 
be responsible for its biological functions. Since the SAXS study of full -length Grb21 has suggested 
the results inconsistent with the crystal structure2, structural analyses in aqueous solution have been 
awaited. Paramagnetic relaxation enhancements (PREs) and pseudocontact shifts (PCSs) provide 
unique long-range structural constraints for determining structures of multidomain proteins.  In this 
study, we performed the 3D structure determination of full -length Grb2 using the PRE and PCS 
restraints obtained by introducing various paramagnetic tags into multiple positions in Grb2.  
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291-293; [3] Yuzawa, S. et al., J. Biomol. NMR,  2003, 27, 185-186. 

Figure 2. Residue resolved NMR signal intensity ratio 
derived from PRE measurements. The asterisks indicate 
the positions of the paramagnetic centres, and unassigned 
residues are shown in gray. (a) C32S/S137C/C198A, (b) 
C32S/C198A/N208C 

Figure 1. 1H-15N HSQC spectrum of full-
length Grb2(C32S/C198A) at pH 7.2 and 
298K in the presence of two types of 
peptides derived from EGFR and Sos. 
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Heliorhodopsin (HeR) is a seven-helical transmembrane protein with a retinal chromophore that 

constitutes a new rhodopsin family different from microbial- and animal-type rhodopsins [1]. A crystal 
structure of TaHeR from the archaebacterium Thermoplasmatales archaeon provides completely new 
insights on hydrophobic interior of the extracellular part of the protein, unique dimer association in a 
membrane and formation of extremely slow photocyclic reaction [2]. Here, we investigate the structure of 
retinal chromophore and water accessibility in TaHeR embedded in POPC/POPE membrane by solid-state 
NMR. We report the signal assignments of 13C and 15N backbone and sidechain chemical shifts. In addition, 
using the assignments, site-specific H/D exchange measurements under dark/light conditions were recorded. 
We have identified several unaffected H/D exchanges to several transmembrane residues.  
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Fig. 2. NCA of TaHeR in POPC/POPE 
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High-sensitive solid-state NMR measurement by being equipped with the Cryo-coil MAS 
probe in the 18.8 T WB-SCM 
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We have demonstrated sensitivity enhancement on solid-state NMR by being equipped with the 4 

mm 800 MHz single-tuned Cryo-coil MAS NMR probe in the 18.8 T WB-SCM of NIMS. The 
enhancement factor by using the Cryo-coil MAS was attained at ca. 5 times compared with the 
conventional probe. We also exhibited natural-abundant 43Ca MAS-NMR spectrum of calcite with 
600 scans whose S/N is high enough to analyze its lineshape. In addition, the Cryo-coil MAS has a 
dead-time within 100 us shorter than that of previously reported, which is expected to be useful for 
high-sensitive solid-state NMR measurement especially for a variety of inorganic low-  nuclei. 
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Figure 2. Natural-abundant 43Ca MAS-NMR spectrum obtained by using the 4mm 800X Cryo-coil MAS probe (a), 
and the expanded spectrum of (a) with the fitting plot by DMFIT[7] (b). Experimental condition is shown as 
follows: Sample [weight]: calcite CaCO3 [64.0 mg]; Carrier Freq.: 53.84965 MHz (43Ca); Scans: 600; Repetition 
time: 120 s; Acquisition time: 300 ms; Pulse width: 2.9 us; Dead time: 50 us; Spinning Speed: 16 kHz; window 
function: single exponential -15 Hz; Reference: CaCl2 3M aqueous = 0 ppm. The fitted parameters are shown as 
follows: iso[ppm]=21.757, Cq[MHz]=1.37, =0.07. line broadening[Hz]=29.0 . cf. see [8] 
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Mizuno et al., RSI 79, 044706 (2008), [4]T. Mizuno et al., RSI 80, 124702 (2009), [5]T. Nakai et al., Chem. Phys. 
Lett. 678, 265 (2017), [6]S. Uchida et al., Nanoscale 11, 5460 (2019), [7]D. Massiot, et al., Magn. Reson. Chem., 
40, 70 (2002). [8]C. Gerveis et al., Chem. Phys. Lett. 464, 42 (2008). 

Sample [weight]: CaSO4 [50.6 mg]; 
Carrier Freq.: 53.84965 MHz (43Ca); 
Scans: 12500; 
Repetition time: 10 s; 
Pulse width: 2.5 us; 
Dead time: 125 us; 
Spinning Speed: 10 kHz; 
Magnet:18.8T WB-SCM (JASTEC); 
Spectrometer: JNM-ECZ800 (JRI);  
Reference: CaCl2 3M aqueous = 0 ppm. 

Figure 1. Natural-abundant 43Ca MAS-NMR spectra with the same experimental condition obtained by using the 
4mm 800X Cryo-coil MAS probe (JRI) (a), and by using the 3.2mm 800HX MAS probe (JRI) (b).  

(a) 

(b) 
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2NMR Science and Development Division, RIKEN SPring-8 Center, Yokohama, 
Kanagawa, Japan 
3Department of Chemistry, University of Illinois at Chicago, Chicago, Illinois, USA 

 
Misfolded fibrillar aggregates of amyloid-  (A ) is a hallmark in Alzheimer’s disease (AD).1 Among 

different A  species present in AD brain, 42-residue A  (A 42) fibril is considered as the most pathogenic 
species since it exhibits higher neurotoxicity and aggregation propensity. Thus, structural characterization of 
A 42 fibril is crucial for understanding the mechanism of AD. However, due to their insoluble and non-
crystalline nature, it has been difficult to characterize A 42 fibril and other amyloid fibrils by conventional 
structural tools such as solution NMR and X-ray crystallography. SSNMR spectroscopy has been a powerful 
tool to determine the atomic level structures of A  fibrils. While a handful of polymorphs having varied 
structures are reported by SSNMR for less pathogenic 40-residue A  (A 40) fibrils,2-4 essentially only one 
unique structure having S-shaped -sheet arrangement is indicated by previous studies on A 42 fibril samples 
prepared at a physiological pH.5-7 These SSNMR studies on A 42 fibrils relied on 13C-detected SSNMR, 
which is effective, but generally requires a large amount of sample (~5-30 mg) to record NMR spectra with 
sufficient sensitivity. 

In this work, we present the first structural characterization for A 42 fibril by a suite of 1H-detected 
3D and 4D SSNMR experiments under ultra-fast MAS (UFMAS) at 90 kHz. Our target is a novel polymorph 
of A 42 fibril prepared at pH of 7.4 from bacterial expressed protein. In contrast to previous studies on A  
structures that relied on 13C-detected SSNMR,2-8 our approach using 1H-detected SSNMR allows one to 
extract structural profile on A 42 fibril samples for 17-100 times less sample amount. Excellent sensitivity 
of NMR spectra by 1H-detected SSNMR and dramatic enhancement of 1H resolution by UFMAS at 90 kHz 
permitted us to complete the site-specific chemical shift assignment for a fully protonated A  fibril, for the 
first time, with the aid of an automated assignment software called MagRo-NMRView (an upgraded version 
of Kujira, a package of integrated tools for NMR analysis)9 together with some manual corrections, within a 
few weeks (12.7 days) using only ~60 nmol (~300 g) of fibril sample.  

We recorded CANH, CA(CO)NH and CA(CON)CAH 3D experiments, and CACONH 4D 
experiment to assign chemical shifts of backbone 13C , 15N, 1HN, 1H and 13CO nuclei of A 42 fibril. Here, 
we were able to assign 98% of 13C , 83% of 15N and 13CO, 93% of 1H and 86% of 1HN resonances of the 
structured region. Additionally, 80% of 13C and 54% of 1H resonances from the side chains were assigned 
using a combined analysis of CCH and CX(CA)NH 3D experiments and, C-C correlation 2D experiment. 
Moreover, torsion angles predicted by the TALOS-N software10 from the assigned chemical shifts to identify 
the secondary structure elements show the A 42 fibril analyzed here is composed of 5 - strands in the 
residues G9-H14, L17-E22, S26-I32, L34-V36 and G38-I41. A comparison of the locations of the -strands 

 
A  fibrils, 1H-detection, SSNMR 
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and the secondary chemical shifts suggest that the structure of the A 42 fibril species studied here is distinct 
from any of the previously reported A 42 fibril structures.5-8 

Here, we also present the feasibility of SSNMR-based high-throughput screening for the trace 
amounts of patient-derived A  fibrils prepared by incubating monomeric isotope-labeled A 42 with 1% 
(w/w) of brain-A  (~0.5 g or ~100 pmol; the sample kindly provided by Prof. Stephen Meredith at Univ. 
Chicago) as seed by 1H-detected SSNMR under UFMAS at 90 kHz. We will compare 13C and 15N chemical 
shifts of the AD brain-derived A 42 fibril sample with those reported in the previous studies on AD brain-
derived A 40 and A 42 fibrils.11 
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CO2-adsorption dynamics of a metal–organic framework studied by 19F ultra-
fast MAS NMR 
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Metal–organic frameworks (MOFs) have attracted attention as gas sorption and separation 

materials by utilizing their porosity. In this work, we investigated CO2-adsorption dynamics of 
[Zn(SiF6)(pyrazine)2]n (SIFSIX-3-Zn) MOF composed of Zn2+-pyrazine square grids and SiF6

2  
pillars by solid-state NMR. 19F 2D exchange NMR under ultra-fast MAS revealed exchange motion 
between F coordinating to Zn2+ and F having no coordination with a motional rate of ~101 Hz. This 
exchange also occurred under CO2 atmosphere with decreasing the exchange rate , indicating 
correlation between the SiF6

2  motion and CO2 uptake. The dynamics of the SiF6
2  pillars would 

play a key role in gas capture and separation of SIFSIX-3-Zn. 
 

–  (metal-organic frameworks, MOFs) 
3

MOF NMR
MOF MOF

MOF
static MAS static

static
 

19F MAS –  
 

      

 

P47



- 187 -

 

 

SIFSIX MOF 2 2
SIF62 3
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Figure 2ab Ar CO2
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CO2
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(7.40 ppm 143.92 ppm) CO2
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122.4 ppm
CO2

CO2 400 ppm

Figure 1. (a) Crystal structure and (b) local structure 
around Zn2+ of SIFSIX-3-Zn. 

Figure 2. (a) 1H 1-pulse and (b) 13C CP/MAS spectra of 
SIFSIX-3-Zn packed under Ar (upper) and 13CO2 
atmosphere (lower) into a 3.2 mm MAS rotor. 
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Figure 3. 19F 1-pulse spectra of 
SIFSIX-3-Zn packed under Ar 
(upper) and CO2 atmosphere 
(lower) into a 1 mm rotor. 

 
Table 1. 19F T1 relaxation time (in s) 

Figure 4. (a) 19F 2D exchange spectrum of SIFSIX-3-Zn packed under Ar and (b) exchange time 
dependence of cross peak area intensity. 
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Structure analysis of vulcanized natural rubber by NMR measurement and 
quantum calculation 
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1School of Life Science and Technology, Tokyo Institute of Technology 
2NMR Science and Development Division, RIKEN SPring-8 Center 
3 Chemical Analysis Center, Research & Development HQ., Sumitomo Rubber Industries, LTD. 
 

Vulcanized natural rubber is used for a wide range of rubber products including vehicle tires. I ts 
chemical structure is considered to be a cross-linked structure of 1,4-poly-isoprene connected with 
chemical bonds between a carbon atom and a sulfur atom that are formed upon sulfur vulcanization. 
Some structures of vulcanized natural rubber have been reported from NMR measurements and 
quantum calculations.[1,2,3] However, due to the complexity of the system, some other vulcanized 
structures may remain to be uncovered. In order to identify more detailed chemical structures of 
vulcanized natural rubber,  in this study, we performed high-field solid state NMR and solution NMR 
experiments on vulcanized natural rubber samples as well as quantum calculations for various 
structural models. 13C chemical shifts of various structural models obtained by quantum calculations 
were compared with the experimental NMR chemical shifts. We also assigned the signals obtained 
by the NMR measurements to estimate the chemical structure. 

 

 

P48Y



- 191 -



- 192 -

 

 

P49



- 193 -

 

 



- 194 -

1,2,3

 
 
Two-dimensional NMR relaxometry for characterizing fish muscle diversity 

Feifei Wei1, Kengo Ito1, Kenji Sakata1, Jun Kikuchi1,2,3 
1 RIKEN CSRS, Japan, 2 Gurad. Sch. Med. Life Sci.,Yokohama City Univ., Japan,  Grad. Sch. Bioagri.Sci., 
Nagoya Univ., Japan 
 
Relaxation is a sensitive probe to investigate geometrical, physical and chemical property of spins 

at molecular levels. Two-dimension (2D) NMR relaxometry is a powerful technique to characterize 

molecular dynamics using longitudinal (T1), transverse (T2) relaxation times as well as self-diffusion 
coefficients. During the past decade, the fast 2D Inverse Laplace Transform (ILT) algorithm which 

removes the computational barrier for data inversion had greatly promoted the wide applications of 

2D NMR relaxometry to extract valuable information from  T1-T2 maps. In the present study, a 
platform of 2D NMR relaxometry for characterizing fish muscle diversity was established using a 

low-field time domain NMR system. The multi -dimensional NMR data of fish muscle in Laplace 

domain was processed using 2D-ILT, and the physical and chemical properties were 
comprehensively evaluated to provide new insights into the diversity of marine fish resources.  
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Fig.1. Schematic of CW pulse (a) and adiabatic 

pulse (b) to rotate magnetization around y axis.
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Investigation of factors involved in growth and amino acid metabolism in 
juvenile bluefin tuna

Ken-ichi AKAGI 1, Kenji SAKATA 1, Taiga ASAKURA 1, Jun KIKUCHI 1,2,3 
1RIKEN CSRS, Japan, 2Gurad. Sch. Med. Life Sci.,Yokohama City Univ., Japan, Grad. Sch. Bioagri.Sci., 
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The sustainable use of biological marine resources is an urgent issue for humanity. The 

development of an efficient diet is essential for the efficient artificial cultivation of bluefin tuna. 
We used solution NMR to analyze the factors that are important for the growth of juvenile bluefin 
tuna. The results suggested the importance of compounds with an indole ring such as histidine in 
the diet. In addition, the juvenile bluefin tuna were fed a mixture of 13C/15N stable isotope amino 
acids in their diet, which provided insight into amino acid metabolism. 
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Interaction of a novel fusion protein between the adrenergic receptor intracellular third 
loop and the GPCR modulator Spinophilin 
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G protein-coupled receptors (GPCR) play important roles in signal transductions, and their 

functions are regulated by many different modulator proteins. Spinophilin (SPL) i s known 
to modulate activities of -adrenergic receptors. The putative receptor-binding domain 
(RBD) in SPL does not contain typical domain sequences, nor be expected to adopt a 
defined conformation in its free state. To analyze the interaction of the RBD of SPL with 
the third intracellular loop (3iL) of 2A -adrenergic receptor ( 2A-ADR), we have narrowed 
down the ADR binding region in the SPL and the SPL binding site in the ADR.  We found 
that these peptides fused to an appropriate protein exhibit excellent  NMR spectrum of the 
peptide free from protein signals. This peptide-protein fusion was found useful for 
interaction analyses because they were less susceptible to aggregation. 

 
G GPCR
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2A- 2A-ADR

Spinophilin SPL SPL GPCR
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Fig. 1. Domain structures of 2A-ADR and Spinophilin 
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Field-sweep one-dimensional MRI for multilayer polymeric films using static 
magnetic field gradient from neodymium ferromagnet 
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Magnetic resonance imaging (MRI) technique of solids is one of intriguing methodologies for 
experimental visualization of spatial distribution of inhomogeneous solids.   Here, we demonstrate the 
possibility for low-cost one-dimensional (1D) MRI of multilayer films using an external static magnet field 
gradient(MFG) from a neodymium ferromagnet.   We show the results of magnetic-field-sweep 1D 19F 
MRI experiment for three layered films of PTFE(500um)/Aluminum(10um)/PTFE(500um).   The obtained 
result could lead to one of low-cost MRI instrument for thin films. 
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The importance extraction of monitoring factors related to the purification of organic 
matter in aqueous environment. 

Kohei Murayama1, Daiki Yokoyama2, Jun Kikuchi1, 2, 3 
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Fouling through the membrane filtration is a problem in the wastewater treatment of 
membrane bioreactor. The occurrence of fouling can be controlled by changes in the C/N 
balance, temperature and aeration of the wastewater. The purpose  of this study is to analyze the 
changes in organic matter profile of wastewater incubated with different environmental factors 
by NMR with machine learning calculations. Environmental variation of 12 wastewater samples 
were prepared, then time-series of samples were analyzed by PCA and spectral ANOVA to 
profile the organic matter in the wastewater. Both incubation dates and amount of aeration 
contributed significantly to the changes in membrane fouling. 
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Fig. 1 Schematic diagram of the experimental system. 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2 A  p-value of ANOVA, where objective 
variables are PC1, PC2 and factors are incubation day, 
C/N, temperature, aeration rate. B  Score plot of PCA. 
Explanatory variables are relative intensity of NMR 
spectra of wastewater. C  Loading plot of PC1 and 
PC2.

 
 
 
 
 
 
 
 
 
 

Fig. 3 ANOVA in NMR spectra of wastewater 
incubation. The significant regions are colored on an 
actual NMR spectrum as an example. 
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Yaeyama scorpion, Liocheles australasiae, mainly inhabits in the Yaeyama island in Japan. It has been 

known that this scorpion has venom including -toxin acting on K+-channels ( KTx) and this venom has 
insecticidal activity [1]. Lacking three-dimensional structure of LaIT2 prevents understanding its structure-
function relationship. To clear this issue, we tried to overexpress LaIT2 with Escherichia coli (E. coli) and 
to analyze its solution structure using NMR. In this study, we have succeeded to overexpress the recombinant 
LaIT2 (rLaIT2) using E. coli. We obtained approximately 0.5 mg of rLaIT2 from E. coli cultured in 1L of 
M9 medium. The labeled rLaIT2 was subjected to measure HSQC, CBCA(CO)NH, HNCA, HNCACB, 
HCCH-TOCSY, 15N-edited NOESY, 13C-edited NOESY and 15N-edited TOCSY. The results of NMR 
analysis suggested that the LaIT2 has - -  structure in the C-terminal region.  
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Analysis of Proton Conduction Mechanism of Imidazolium Diphosphonate 
Crystal by Solid State NMR 

Masashi Annen 1, Ryota Une2, Takuya Kurihara2, Yasuhiro Shigeta3, Shogo Amemori3, Tomonori Ida2, 
Motohiro Mizuno1,2,3  

1 Graduate School of Frontier Science Initiative, Kanazawa University 
2 Graduate School of Natural Science and Technology, Kanazawa University 
3 Nanomaterials Research Institute, Kanazawa University 
 
Among proton-conducting materials, organic crystals have attracted attention from the viewpoint 

of the diversity of the constituent molecules.  Various proton conducting materials containing 
imidazole have been studied as one of them.  In this study, imidazolium crystals using diphosphonic 
acid (1,5-pentylenediphosphonic acid and 1,10-decyldiphosphonic acid) were synthesized and the 
temperature dependence of the proton conductivity of them were investigated using AC impedance 
measurement. The purpose of this study was to elucidate the proton conduction mechanism by 
analyzing the molecular motions of these samples by solid-state 2H NMR, and by analyzing the 
local structure of the crystals using solid -state 13C, 31P NMR and single crystal XRD.  

 

 

Fig.1 Imidazole (left) and diphosphonic 
acid (right). n=5 is PDPA. n=10 is DDPA. 
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Fig.2 DSC curves of PDPA-2Im and 
DDPA-2Im 

Fig.3 Temperature dependence of 
proton conductivity for PDPA-2Im and 
DDPA-2Im 

Fig.4 2H NMR spectra for PDPA-2Imd3 
(left) and DDPA-2Imd3 (right) 
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山田和彦 ------------------------------------------------------------------------------------------------- 3L7
山田隼嗣 --------------------------------------------------------------------------------------P24Y，P25
山本泰彦 ------------------------------------------------------------------------------------------------- 3L8
山脇涼 ----------------------------------------------------------------------------------------------------- P19

［よ］
横山大稀 ------------------------------------------------------------------------------------------------- P56
吉永壮佐 ------------------------------------------------------------------------------------------------- P21
吉本智貴 ----------------------------------------------------------------------------------------------- P32Y
依田隆夫 ---------------------------------------------------------- P09，P37，P14Y，P43，P31

［わ］
若松馨 -------------------------------------------------------------------------------P37，P10Y，P54Y
若本拓朗 ------------------------------------------------------------------------------------------------- 3L9
若山正隆 ------------------------------------------------------------------------------------------------- P33
和田昭盛 ----------------------------------------------------------------------------------------------- P44Y
渡邉吏輝 ------------------------------------------------------------------------------------------------- P31
渡邉陵太 ------------------------------------------------------------------------------------------------- P08

キーワード検索
数字

15N 直接検出 ------------------------------------------------------------------------------------------ 1L3
19F 高速MAS ------------------------------------------------------------------------------------------ P47
1H-detection -------------------------------------------------------------------------------------------- P46
29Si-NMR ------------------------------------------------------------------------------------------------ P30
7 回膜貫通型タンパク質 ---------------------------------------------------------------- 2L4，P36Y

アルファベット
[A]

Amyloid beta (A β ) --------------------------------------------------------------------------------- P51
antimicrobial peptides -------------------------------------------------------------------------------- P3
Arctic mutation (E22G) ----------------------------------------------------------------------------- P51
A β fi brils ----------------------------------------------------------------------------------------------- P46
A β 42------------------------------------------------------------------------------------------------------ P1

[B]
Barnett eff ect ------------------------------------------------------------------------------------------- 2L1

[C]
calmodulin ------------------------------------------------------------------------------------------------ P3
CERT ------------------------------------------------------------------------------------------------------- 3L2
Choline-O-Sulfate (COS) -------------------------------------------------------------------------- P10Y
cis-element -------------------------------------------------------------------------------------------- P38Y
CPMAS ---------------------------------------------------------------------------------------------------- P49
CYANA ---------------------------------------------------------------------------------------------------- 2L6

[D]
Diamond ------------------------------------------------------------------------------------------------- 1L4
DIRECTION-HSQC ------------------------------------------------------------------------------------ P15
DNP-NMR ------------------------------------------------------------------------------------------------ 3L6
DNP 効率 ------------------------------------------------------------------------------------------------- 1L5
Dynamic Nuclear Polarization ------------------------------------------------------------------- 1L5

[E]
EGCG -------------------------------------------------------------------------------------------------------- P1

[F]
fast MAS -------------------------------------------------------------------------------------------------- 2L2
FID 信号処理 ------------------------------------------------------------------------------------------ P24Y
fi eld-sweep MRI --------------------------------------------------------------------------------------- P55

[H]
Heteronuclear Overhauser Eff ect ----------------------------------------------------------------- P7
HIV-1 ---------------------------------------------------------------------------------------------------- P20Y
Homonuclear recoupling -------------------------------------------------------------------------- P22
Hyperpolarization ------------------------------------------------------------------------------------ 1L4

[J]
J 相関 ------------------------------------------------------------------------------------------------------ 3L4

[L]
long non-coding RNA-------------------------------------------------------------------------------- 3L1

[M]
MQMAS--------------------------------------------------------------------------------------------------- P40
Multidimensional NMR ----------------------------------------------------------------------------- P22
multilayer fi lm ----------------------------------------------------------------------------------------- P55
multi-quantum ----------------------------------------------------------------------------------------- 2L2

[N]
NDSB ------------------------------------------------------------------------------------------------------ P37
neodymium magnet --------------------------------------------------------------------------------- P55
NQR -------------------------------------------------------------------------------------------------------- 3L7
Nuclear quadrupole resonance (NQR) ------------------------------------------------------ P42Y
N- 結合型糖鎖 ------------------------------------------------------------------------------------------ P15

[P]
PCS --------------------------------------------------------------------------------------------------------- P43
piRNA --------------------------------------------------------------------------------------------------- P38Y
PRE --------------------------------------------------------------------------------------------------------- P43
protein analysis ------------------------------------------------------------------------------------- P52Y

[Q]
qNMR ----------------------------------------------------------------------------------------------------- P33
quadrupolar interaction ---------------------------------------------------------------------------- 3L7
quadrupolar nuclei ----------------------------------------------------------------------------------- P40

[R]
Rab ----------------------------------------------------------------------------------------------------------- P9
rapid scan NQR -------------------------------------------------------------------------------------- P42Y
RNA ------------------------------------------------------------------------------------------------------ P20Y
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RNA 結合モチーフ ------------------------------------------------------------------------------------ 2L6
[S]

secondary structure ------------------------------------------------------------------------------- P38Y
Solid-state NMR (SSNMR)-------------------------------------------------------------------------- P51
Solid-state NMR -------------------------------------------------------------------3L7，2L2，P52Y
solvent suppression -------------------------------------------------------------------------------- P52Y
spin-rotation coupling ------------------------------------------------------------------------------ 2L1
SSNMR ---------------------------------------------------------------------------------------------------- P46
stable isotopic label ------------------------------------------------------------------------------------ P3
STMAS ---------------------------------------------------------------------------------------------------- P40
Sup35 ----------------------------------------------------------------------------------------------------- P29
surface acoustic wave (SAW) --------------------------------------------------------------------- 2L1

[T]
TDNMR --------------------------------------------------------------------------------------------------- P34
Triplet-DNP --------------------------------------------------------------------------------------------- 1L4

[U]
UFMAS -------------------------------------------------------------------------------------------P22，P49

[V]
Y15N 直接観測 ---------------------------------------------------------------------------------------- 1L2
Vif ---------------------------------------------------------------------------------------------------------- P23

五十音順
[あ ]

アプタマー ---------------------------------------------------------------------------------------------- P23
アミノ酸代謝 ------------------------------------------------------------------------------------------- P53
アミロイド化 ----------------------------------------------------------------------------------------- P10Y
アミロイド線維 ---------------------------------------------------------------------------------------- P26
アルツハイマー病 -------------------------------------------------------------------------------------- P1
α 2Aアドレナリン受容体 ---------------------------------------------------------------------- P54Y
安定同位体標識法 ------------------------------------------------------------------------------------ 1L1

[ い ]
イオン伝導体 ------------------------------------------------------------------------------------------- 2L3
位置特異的安定同位体標識 --------------------------------------------------------------------- P20Y
異種核多次元NMR ----------------------------------------------------------------------------------- P31

[ え ]
エタノール・ヘキサン混合溶液 ----------------------------------------------------------------- P41
液体金属 ------------------------------------------------------------------------------------------------- P11

[ お ]
オペランドNMR -------------------------------------------------------------------------------------- P13

[ か ]
ガス吸着 ------------------------------------------------------------------------------------------------- P47
化学シフト ------------------------------------------------------------------------------------------------ P5
化学シフト摂動実験 --------------------------------------------------------------------------------- 3L3
加硫 ------------------------------------------------------------------------------------------------------ P48Y
架橋構造 ----------------------------------------------------------------------------------------------- P48Y
環状ペプチド ----------------------------------------------------------------------------------------- 3L10
緩和 -------------------------------------------------------------------------------------------------------- P39
緩和解析 ------------------------------------------------------------------------------------------------- P25
緩和時間 ----------------------------------------------------------------------------------------P2Y，P11
緩和時間計算 ----------------------------------------------------------------------------------------- P58Y

[ き ]
キャビティー ------------------------------------------------------------------------------------------- 3L9
機械学習 -------------------------------------------------------------------------------P17，P53，P56
機能的MRI ---------------------------------------------------------------------------------------------- P21
魚肉 -------------------------------------------------------------------------------------------------------- P50
凝集 -------------------------------------------------------------------------------------------------------- P39
凝集防止 ----------------------------------------------------------------------------------------------- P10Y
局所構造 ------------------------------------------------------------------------------------------------- P27
金属 - 有機構造体 ------------------------------------------------------------------------------------- P47

[ く ]
クライオコイルMAS -------------------------------------------------------------------------------- P30
クラミジア・トラコマチス ----------------------------------------------------------------------- 3L2

[ け ]
計測インフォマティクス --------------------------------------------------------------------------- P19

[ こ ]
固体DNP-NMR --------------------------------------------------------------------3L4，3L5，P28Y
固体 NMR ----------------------------P25，1L6，2L4，P19，P26，P36Y，P44Y，P59
固体ＮＭＲ ---------------------------------------------------------------------------------------------- P2Y
固体重水素NMR ---------------------------------------------------------------------------------------- P8

固体電解質 ------------------------------------------------------------------------------------------------ P8
光受容タンパク質 ---------------------------------------------------------------------------------- P14Y
光触媒 ----------------------------------------------------------------------------------------------------- P60
好冷性細菌 ---------------------------------------------------------------------------------------------- 2L6
構造解析 ------------------------------------------------------------------------------------------------- 2L7
構造機能相関 ------------------------------------------------------------------------------------------- P57
行列因子分解 ----------------------------------------------------------------------------------------- P24Y
酵素反応 ------------------------------------------------------------------------------------------------- P16
高圧 -------------------------------------------------------------------------------------------------------- 3L9
高温 NMR測定----------------------------------------------------------------------------------------- 2L3
高感度 ----------------------------------------------------------------------------------------------------- P45
高感度プローブ ---------------------------------------------------------------------------------------- P30
高磁場・極低温 ---------------------------------------------------------------------------------------- 1L6
高分解能固体NMR ----------------------------------------------------------------------------------- P60
高分子 ------------------------------------------------------------------------------------------ 3L5，P28Y
高分子物性 ---------------------------------------------------------------------------------------------- P19
高分子量タンパク質 --------------------------------------------------------------------------------- 1L3
高分子量蛋白質 ---------------------------------------------------------------------------------------- 1L1
黒色金ナノ粒子 ---------------------------------------------------------------------------------------- P60

[ さ ]
細胞透過活性 ----------------------------------------------------------------------------------------- 3L10
材料シミュレーション ------------------------------------------------------------------------------ P25

[ し ]
シアノバクテリオクロム --------------------------------------------------------------------------- 1L2
ジブロモアントラセン ------------------------------------------------------------------------------ P2Y
シミュレーション ------------------------------------------------------------------------------------ 1L5
シングレット状態 ---------------------------------------------------------------------------------- P58Y
四極子核 ------------------------------------------------------------------------------------------------- 3L6
四重鎖 DNA --------------------------------------------------------------------------------------------- 3L8
脂質 --------------------------------------------------------------------------------------------- 2L5，P18Y
磁場勾配NMR ------------------------------------------------------------------------------ 2L5，P18Y
磁場配向 ------------------------------------------------------------------------------------------------- P6Y
自己拡散係数 -------------------------------------------------------------------------------- 2L5，P18Y
自動解析 ------------------------------------------------------------------------------------------------- 2L7
手法開発 ----------------------------------------------------------------------------------------------- P32Y
周波数掃引 -------------------------------------------------------------------------------------------- P42Y
重水素 - 水素交換 ----------------------------------------------------------------------------------- P44Y
触媒 --------------------------------------------------------------------------------------------- 3L5，P28Y
新型コロナウイルス --------------------------------------------------------------------------------- 3L3
深層学習 ------------------------------------------------------------------------------------------------- 2L7

[ す ]
スピノフィリン -------------------------------------------------------------------------------------- P54Y
スピロ環 --------------------------------------------------------------------------------------------------- P7
スピン拡散 ---------------------------------------------------------------------------------------------- P34
スピン軌道相互作用 ----------------------------------------------------------------------------------- P5
水素結合 ------------------------------------------------------------------------------------------------- P37

[ そ ]
創薬 -------------------------------------------------------------------------------------------------------- P35
相互作用 ------------------------------------------------------------------------------------------------- P15
相転移挙動 ---------------------------------------------------------------------------------------------- 2L3
側鎖重水素標識 ---------------------------------------------------------------------------------------- P26

[ た ]
ダイナミクス ----------------------------------------------------------------------------------------- 3L10
ダイヤモンドNV中心 ---------------------------------------------------------------------------- P32Y
タンパク質間相互作用 --------------------------------------------------------------------- P16，3L3
多様性 ----------------------------------------------------------------------------------------------------- P50
短時間フーリエ変換 ------------------------------------------------------------------------------- P24Y
蛋白質動態 ---------------------------------------------------------------------------------------------- 1L1
蛋白質立体構造解析 --------------------------------------------------------------------------------- P43

[ て ]
定量性 ----------------------------------------------------------------------------------------------------- P33
天然ゴム ----------------------------------------------------------------------------------------------- P48Y
天然存在比試料 ---------------------------------------------------------------------------------------- P49
天然変性タンパク質 --------------------------------------------------------------------------------- P29

[ と ]
トリプレットDNP ---------------------------------------------------------------------------P6Y，P35
統合解析 ------------------------------------------------------------------------------------------------- P17
動的核分極（DNP） ----------------------------------------------------------------------------------- P27
動的核分極 (DNP) 法 --------------------------------------------------------------------------------- 1L6
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動的核偏極 ---------------------------------------------------------------------------------------------- P12
同軸チューブ ------------------------------------------------------------------------------------------- P33

[ な ]
ナノ粒子 ------------------------------------------------------------------------------------------------- P11

[ に ]
二次元時間領域NMR-------------------------------------------------------------------------------- P50
匂い -------------------------------------------------------------------------------------------------------- P21

[ は ]
バイオ医薬 ---------------------------------------------------------------------------------------------- 1L3
発色団 --------------------------------------------------------------------------------------------------- P14Y

[ ひ ]
ピーク分離 ---------------------------------------------------------------------------------------------- P56
表面構造解析 ---------------------------------------------------------------------------------- 3L6，3L4

[ ふ ]
フォールディング安定性 --------------------------------------------------------------------------- P31
フタロシアニン ---------------------------------------------------------------------------------------- 3L8
プリオンタンパク質 --------------------------------------------------------------------------------- P29
プローブ ------------------------------------------------------------------------------------------------- P45
プロトン化シッフ塩基 ------------------------------------------------------------------- 2L4，P36Y
プロトン化状態 ---------------------------------------------------------------------------------------- 1L2
プロトン伝導 ------------------------------------------------------------------------------------P8，P59
プロファイリング ---------------------------------------------------------------------------P17，P56
複合体 ----------------------------------------------------------------------------------------------------- P16
分子認識 ------------------------------------------------------------------------------------------------- 3L8

[ へ ]
ペプチド毒素 ------------------------------------------------------------------------------------------- P57
偏極率 ----------------------------------------------------------------------------------------------------- P27
変性 -------------------------------------------------------------------------------------------------------- 3L9

[ ほ ]
ポリマー ------------------------------------------------------------------------------------------------- P34

[ ま ]
マイクロ波加熱 ---------------------------------------------------------------------------------------- P41
マイクロ波照射NMR-------------------------------------------------------------------------------- P41
マルチドメイン蛋白質 ------------------------------------------------------------------------------ P31
膜タンパク質 ----------------------------------------------------------------------------------------- P44Y
膜蛋白質 ------------------------------------------------------------------------------------------------- 3L2

[ む ]
無機物 ----------------------------------------------------------------------------------------------------- P45

[ め ]
メタボロミクス ---------------------------------------------------------------------------------------- P53

[ や ]
薬物ナノ懸濁液 ---------------------------------------------------------------------------------------- P39

[ ゆ ]
有機結晶 ------------------------------------------------------------------------------------------------- P59

[ よ ]
容量劣化 ------------------------------------------------------------------------------------------------- P13
溶液 NMR -------------------------------------------------------------------- P37，P35，P32Y，P9

[ り ]
リチウムイオン二次電池 --------------------------------------------------------------------------- P13
立体化学 --------------------------------------------------------------------------------------------------- P7
立体構造 ------------------------------------------------------------------------------------------------- P57
立体構造解析 ----------------------------------------------------------------------------------------- P14Y
量子もつれ ---------------------------------------------------------------------------------------------- P12
量子化学 /分子動力学計算 --------------------------------------------------------------------- P58Y
量子化学計算 --------------------------------------------------------------------------------------------- P5
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製造・総販売元 大陽日酸株式会社  SI 事業部
 〒142-8558  東京都品川区小山1-3-26 東洋Bldg.
 Tel.03-5788-8550（代表） Fax.03-5788-8710
 ●資料のご請求は、大陽日酸までお気軽にご用命ください。
 メ ー ル ア ド レ ス Isotope.TNS@tn-sanso.co.jp
 ホームページアドレス https://stableisotope.tn-sanso.co.jp

大陽日酸は多次元NMRでの構造解析に必須な安定同位体標識化合物を高品質・お求め易い価格で販売しております。元NMRでの構造解析に必須な須なな安定同位体標識化合物を高品質 お求め易い価格で格で格で格 販販売

※Biomolecular NMR専門カタログをご用意しておりますのでお気軽にお問い合わせください。

無細胞タンパク質受託合成

無細胞くん®

無細胞くん用 安定同位体標識アミノ酸・膜タンパク質合成用試薬

●D-Glucose (13C, d)　●Salts (15N, d)
●Deuterium Oxide 99.9atom%

培地

●　　　  10%, 20% Phosphoramidites (13C, 15N, d)
●NTPs / NMPs (13C, 15N, d)　●RNA・DNAオリゴマ合成

核酸
●L-Amino Acids (13C, 15N, d)　●Algal Amino Acids (13C, 15N, d)
●α-Keto Acids (13C, d)

アミノ酸・ケト酸

　　　Deuterated NDSB ● Lanthanide Tag
●Water-17O (10-90atom%)　●Pf1 NMR Cosolvent

その他

■無細胞くんStart特徴
無細胞タンパク質合成をお手軽に
お試しいただけます。小スケール
（0.1mL）反応を付属の微量透析カ
ップで6回実施できます。発現量や
可溶性の確認および条件検討用に
最適です。

■ 鋳型DNA設計・作製
■ 発現・可溶性確認試験

■ 条件検討試験
■ 大スケール合成

製品番号 製品名 数量 希望納入価格（円）
SAT2001 SAIL アミノ酸混合物水溶液 1mL 220,000

G07-0226 [δ2-13CH3;2H]Leu＋ [γ1-13CH3;2H]Val
+ 18種重水素標識アミノ酸 1mL 120,000 膜タンパク質 発現例

製品番号 製品名 数量 希望納入価格（円）
A107-0144 アミノ酸混合物水溶液-UL-d 1mL 25,000
A39-0072 アミノ酸混合物水溶液-UL-15N 1mL 15,000
A41-0074 アミノ酸混合物水溶液-UL-15N,d 1mL 18,000
A40-0073 アミノ酸混合物水溶液-UL-13C,15N 1mL 30,000
A42-0075 アミノ酸混合物水溶液-UL-13C,15N,d 1mL 35,000
A91-0128 アミノ酸混合物水溶液-Lys,Arg-UL-13C,15N 1mL 20,000
A92-0129 アミノ酸混合物水溶液-Lys,Leu-UL-13C,15N 1mL 20,000
A108-0145 アミノ酸混合物水溶液-SeMet 1mL 12,000

20種類のアミノ酸を含有しております。

■各種安定同位体標識アミノ酸

■膜タンパク質合成用試薬■SAIL メチル・芳香族選択標識

理化学研究所の高度な無細胞タンパク質合成技術をキット化いたしまし
た。大腸菌抽出液を用いており、抗体や膜タンパク質などをはじめ各種タ
ンパク質を迅速・簡便に大量合成し、高効率に安定同位体標識できます。

◎PCRで調製した直鎖状DNAもご使用いただけます。

製品番号 製品名 数量 保存温度 希望納入価格（円）

A183-0242 無細胞くんStart 1キット
（0.1mL反応×6回分） －80℃ 28,000

A89-0126 無細胞くんSI SS 1キット
（1mL反応×1回分） －80℃ 65,000

A29-0059 無細胞くんSI 1キット
（1mL反応×1回分） －80℃ 55,000

◎ スクリーニング用多検体発現、細胞毒性タンパク質発現、変異体発現
◎ 多次元NMR、クライオ電子顕微鏡、X線回折、中性子線回折等による構造解析用タンパク質発現
◎ 質量分析用安定同位体標識タンパク質発現

国立研究開発法人 科学技術振興機構「産学共同シーズイノベーション化事業」の支援を受け、開発
された製品です。

用途例

細胞内タンパク質、分泌系タンパク質、膜タンパク質合成を承ります。
弊社HPの専用フォームより簡単にご依頼いただけます。

Bacteriorhodopsin

製品番号 製品名 数量 希望納入価格（円）
A226-0290 膜タンパク質合成用添加剤 Set A 1キット 20,000

Purplish brown color represents proper folding of Bacteriorhodopsin.

Coming
   Soon！
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