
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。

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 http://stableisotope.tn-sanso.co.jp

元NMRでの構造解析に必須な安な 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

●　　　  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
■ 中量・大量スケール合成

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

New!

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

無細胞タンパク質合成技術を用いた受託合成を開始しました。
細胞内タンパク質、分泌系タンパク質、膜タンパク質発現を承ります。

New!

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

New!

New!
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会場（川崎市コンベンションホール）への交通案内

川崎市コンベンションホール
パークシティ武蔵小杉 ザ ガーデン タワーズイースト 2階

懇親会会場：ホテル精養軒

徒歩10分
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会場の案内図
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ポスター・展示会場詳細図

川崎市コンベンションホール
ホールC

ホワイエ

1・2 NMR共用プラットフォーム
3 株式会社リアクト
4 京都スピンラボ株式会社 （SEST2019協賛企業）
5 株式会社エルエイシステムズ
6 ジャスコインタナショナル株式会社
7・8 大陽日酸株式会社
9 株式会社シゲミ
10 株式会社エムアールテクノロジー

11 Wavefunction, Inc. 日本支店/
株式会社アフィニティサイエンス

12 日本サーマルエンジニアリング株式会社
13 日本電子株式会社
14 日本電子株式会社 （SEST2019協賛企業）
15 株式会社バイオネット研究所
16 昭光サイエンス株式会社
17 AMPLITUDE JAPAN合同会社 （SEST2019協賛企業）
18・19 ブルカージャパン株式会社
20 ブルカージャパン株式会社 （SEST2019協賛企業）
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討論会日程表

11月6日（水）　
Nov. 6, Wed 11月7日（木）　Nov. 7, Thu 11月8日（金）　Nov. 8, Fri 11月9日（土）　Nov. 9, Sat
ホールB ホールA ホールC ホワイエ ホールA ホワイエ ホールA ホールC ホワイエ

ポスター
貼付

ポスター
貼付

9 9Opening

NMR討論会・
SEST2019合同
シンポジウム2
S2-1～3

Exhibition
展示

Lecture 5
一般演題5
L3-1～3

Exhibition
展示

Lecture 1
一般演題1
L1-1～3

10 10

Lecture 6
一般演題6
L3-4～6

Lecture 2
一般演題2
L1-4～6

Exhibition
展示

Invited 
Lecture
招待講演
IL-1, 2

11 11

Poster Session 
(Odd No.)
ポスター
セッション
奇数番号

Meeting of 
NMRSJ
総会

12

Lunch
昼食

12

Lunch
昼食

Lunch
昼食

ポスター
撤去

ポスター
撤去

13 13

チュートリアル
コース

NMR討論会・
SEST2019合同
シンポジウム1
S1-1～4 Prof. Yoji Arata 

memorial 
session

荒田洋治先生
追悼セッション
ML-1～6

Exhibition
展示

Exhibition
展示 NMR討論会・

SEST2019合同
シンポジウム3
S3-1～2

14 14

Poster Session 
(Even No.)
ポスター
セッション
偶数番号

Poster Session
(Young Scientists 
Poster Awards)
ポスター
セッション

若手ポスター賞

Lecture 7
一般演題7
L3-7～9

15 15

16
Lecture 8
一般演題8
L3-10～12

16

Lecture 3
一般演題3
L1-7～9 Honorary 

Lecture
特別講演
HL-1, 2

17 Closing 17

Lecture 4
一般演題4
L1-10, 11

18 18

理事会
(会議室3，4)

評議員会
新評議員会
新理事会
(ホールB) Banquet

懇親会
（ホテル精養軒）

19 19

20 20

21 21
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参加者へのご案内

1．受付と参加登録
◇受付
受付は入り口正面（エントランスホール奥）に設けます。

受付時間：11月7日（木）　8:30～17 :00

11月8日（金）　8:30～17 :00

11月9日（土）　8:30～16 :00

・ 事前登録ならびに参加費の支払をお済ませの方は、会場での受付は不要です。事前に送りました参加証
（名札）をご着用のうえ会場にお進みください。

・ 当日参加の方は、受付前に置かれた当日参加用紙にご記入の上、受付デスクにお越しください。参加費
と懇親会費（懇親会に出席される場合）を現金でお支払いただきます。

当日参加
会員 非会員

正会員 学生会員 一般 学生
討論会参加費 4,000円 2,000円 13,000円 7,000円
懇親会費 7,000円 5,000円   7,000円 5,000円

◇参加証（名札）
大会会場内では必ず着用してください。参加証のない方の入場は固くお断りします。

懇親会にご参加の方は、懇親会会場でも参加証を必ずご着用ください。

◇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事前送付しています。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。要旨集本文は第58回NMR討論会
ホームページ(http://www.nmr2019.jp/)で公開します。

◇学会費の支払いと入会手続き
日本核磁気共鳴学会の本年度の学会費を未納の場合は、受付に設置する日本核磁気共鳴学会の受付でお
支払ください。また、日本核磁気共鳴学会への入会も受け付けます。
なお、日本核磁気共鳴学会の受付は1日目（11/7）のみとなります。
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2．会場内のサービス・施設

◇クローク
クロークを設置しています。ただし、破損・紛失などの責任は負いかねますので、貴重品やコンピュー
タなどについては、各自でお持ちください。懇親会の際には懇親会会場に荷物置き場を設置いたします
ので、そちらをご利用ください。

利用時間：11月7日（木）　8:30～18 :30

11月8日（金）　8:30～18 :00

11月9日（土）　8:30～17 :30

◇インターネット
学会では、無料でご利用いただけるインターネット接続サービスは用意しておりません。 

◇呼び出し
会場内での呼び出しは、緊急の場合を除き、原則おこないません。

3．禁止事項

◇飲食・喫煙
喫煙は館内の喫煙所をご利用ください。喫煙所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。

4．第58回NMR討論会についてのお問い合わせ

◇会期中
総合受付

〒211-0063 神奈川県川崎市中原区小杉町2丁目276番地1
 パークシティ武蔵小杉 ザ ガーデン タワーズ イースト2階
川崎市コンベンションホール

会期中の連絡先　044-455-6340

◇会期外
第58回NMR討論会事務局

〒230-0045　神奈川県横浜市鶴見区末広町1-7-22　国立研究開発法人理化学研究所内

Tel: 045-503-9203　E-mail: 58nmr2019@ml.riken.jp
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5．発表者へのご案内

◇座長の方へ
受付： 座長の方は、担当時間の10分前までに、ホールA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、セッション終了後に予定さ
れている会議や懇親会の開催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PC受付までお越
しください。

講演時間：持ち時間は、特別講演35分、招待講演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 30分 35分 - ※
招待講演 25分 30分 35分

一般演題（日本語または英語） 13分 15分 20分
NMR討論会・SEST合同シンポジウム ※ ※ ※

荒田洋治先生追悼セッション ※ ※ ※

※特別講演には質疑の時間はありません。
※NMR討論会・SEST合同シンポジウム、荒田洋治先生追悼セッションは、座長にお任せしております。

◇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件あたり、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：ポスター会場はホールCおよびホワイエ（若手ポスター賞登録者）です。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。
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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7日（木）8：30～
10 :20の間に掲示し、11月9日（土）12 :40～13 :20の間に取り外してください。ポスター撤去時刻を過
ぎても取り外されないポスターは事務局で撤去します。

ポスター発表時間：若手ポスター賞登録者（YP1, YP2, …）およびポスター番号が偶数番号（P2, P4, …）
の方は、11月7日（木）14 :30～16 :00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9日（土）11 :10～12 :40にポスター討論をおこなってください。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。

6．2019年度日本核磁気共鳴学会通常総会開催通知

日時：2019年11月7日（木）　11 :20～12 :00
場所：ホールA

日本核磁気共鳴学会通常総会を開催しますので必ずご出席ください。やむをえず欠席される方は事前に
委任状の提出をお願いいたします。委任状はNMRニュースレターで電子メール送付されます。委任状
にご記入の上、指定の提出先にメールで送信をお願いいたします（委任状は討論会受付デスクにも印刷
したものを用意しておきますので、総会開始までに紙媒体で受付にご提出いただいても構いません）。

なお、委任状の提出は、総会を欠席する一般会員だけが必要であり、学生会員、賛助会員は必要ござい
ません。

7．理事会・評議員会の案内
理事会 11月6日（水）18 :00より 会議室3、4
評議員会

11月7日（木）18 :00より ホールB新評議員会
新理事会

※ 通常総会で承認された新評議員も出席の必要があります。また、新理事会は新評議員会が終わりしだ
い開催します。

※いずれも食事の用意はございません。
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チュートリアルコース
日　時：11月6日（水）／November 6 (Wed) 13:00～17:50（受付開始：12:30～）
会　場：川崎市コンベンションホール　ホールB

13:00～14:30

「測定の不確かさ評価についての初歩」
田中　秀幸　先生（産業技術総合研究所　計量標準総合センター）

近年試験所認定の拡大とともに、不確かさ評価の重要性が増してきております。また，海外の論文誌では測定結果と
ともに不確かさも表記するように、との指摘がされることも増えてまいりました。そこで本講演では、なぜ不確かさ
が必要となったのか、不確かさとは何か、誤差との違いということから不確かさ評価の概要を説明し、定量NMRの
測定の不確かさについて簡単に解説いたします。

14:40～16:10

「錯体結晶の固体NMR」
犬飼　宗弘　先生（徳島大学大学院　社会産業理工学研究部）

近年、金属イオンと有機配位子から組み上がる無限骨格構造を持つ錯体結晶（配位高分子や金属有機骨格体とも呼ば
れる）は、ガスの分離・貯蔵材料やイオン伝導体として優れた機能を有しており、次世代の機能性材料として注目さ
れています。本講演では、結晶性固体の固体NMR測定に興味があるNMR初心者を対象に、錯体結晶の固体NMR解
析例を紹介します。一般的な錯体結晶の構造解析の方法として、単結晶X線回折が挙げられます。しかし、X線解析
によって得られる結晶構造は、あくまでモデルであり、かつ平均構造です。固体NMR解析によって得られた結晶骨
格の運動挙動や局所構造の変化に関する情報を、結晶構造に付け加えることにより、動的な結晶構造の解析が可能と
なります。X線回折やX線吸収微細構造などのオーソドックスの分光法と固体NMR分光法を組み合わせた動的な結
晶構造の解析例、およびそれら動的な結晶構造が引き起こすプロトン伝導や二酸化炭素貯蔵能の機構解明の研究例を
話します。

16:20～17:50

「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Gorterの凝縮系NMRの失敗」

寺尾　武彦　先生（京都大学　名誉教授）

教科書では、長年にわたって積み重ねられた多数の研究成果が系統的に整理され、簡潔に淡々と記述されていて、学
問が創られた背景にある含蓄に富んだ話はすっかり削ぎ落とされている。しかし、先人たちが歴史的な研究に取り掛
かったきっかけや となるアイデアの着想の経緯、あるいは回り道やつまずきなど創造の過程で辿った軌跡を知るこ
とは、我々にとって間違いなく貴重な財産になるであろう。そのためには、研究を行なった本人の経歴や人物像、研
究が行なわれた時代背景、研究環境、周辺の人々の関わりや反応など、学問が創られるに至った状況を様々な角度か
ら知ることも極めて重要である。本講演では、時代を画した研究を行った人物にスポットを当てて、できる限りその
研究が成功するに至った道のりや、研究が行われた現場を、様々な文脈において多面的に蘇らせる。うまくいけば、
おそらくはその人物の人間性や生き方に根ざしているであろう、研究に対する姿勢やものの考え方、奥深い想いが浮
かび上がってくるかも知れない。その試みを通して、研究者として歩み出した若い人たちに、“科学する” とはどう
いうことなのかを物語全体から感じ取ってもらえれることを願っている。今回は、一昨年に引き続きBlochとPurcell
に先立ってNMRを試みたRabiとGorterについて話す。
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Professor Yoji Arata memorial session
Date: November 8 (Fri) 13:10 ~ 16:10

Venue: Hall A, Kawasaki Convention Hall

Prof. Yoji Arata passed away on March 2019 at the age of 84. Prof. Arata was born on March 27, 
1934 in Okayama, Japan. He graduated from the University of Tokyo in 1956 and obtained the Ph. D. 
degree in 1963. In 1960, he was an assistant professor at University of Electro-Communications. 
From 1965, he was at the University of Tokyo as an assistant professor, a lecturer and an associate 
professor.

Prof. Arata was appointed a Full Professor of the Graduate School of Pharmaceutical Sciences, the 
University of Tokyo, in 1986. He became a director of the Water Research Institute after his 
retirement of the University of Tokyo in 1994 and then an advisor of RIKEN Genomic Sciences 
Research Complex in 2000.

Prof. Arata greatly contributed to the pioneering and the development of the magnetic resonance in 
biological systems in Japan. He served as the fi rst president of the NMR Society of Japan from 2002 
to 2004 and became the fi rst honorary member of the NMR society of Japan in 2004.

Professor Yoji Arata

An honorary member

and

the fi rst president

of 

the NMR society of Japan
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Session organizers  Masatsune Kainosho, Hideo Akutsu, and Ichio Shimada

ML-1 Prof. Yoji Arata - A passionate academic scholar with a singular sense of humor
◯Masatsune Kainosho (Tokyo Metropolitan University, Japan)
Soon after our fi rst encounter in 1964 at the 4th NMR Symposium in Tokyo, Yoji became a 
most respected friend and mentor of mine. We helped each other overcome the extremely 
harsh circumstances during the early days of biological NMR research in Japan. Some of my 
work reminiscent of that period will be mentioned to commemorate him.

ML-2 NMR studies of the biosynthesis of iron-sulfur proteins in human mitochondria
◯John L. Markley (University of Wisconsin-Madison, USA)
I met Yoji Arata fi rst in 1971, when he was a postdoc with Oleg Jardetzky at Stanford and I 
was a postdoc at University of California, Berkeley, with Mel Klein. We became co-authors on a 
1972 publication on NMR studies of pH-induced reversible unfolding of the protein 
staphylococcal nuclease. He and I met again at many NMR meetings over the years, and I 
particularly remember hanging out with him on the beach at 1984 ICMRBS meeting in Goa. 
His studies of immunoglobulin G set a new standard for NMR studies of larger proteins. He was 
a friend whose passing is mourned.

ML-3 Lessons Learned from Antibody NMR
◯Koichi Kato (National Institute of Natural Sciences, Japan)
I cannot express my sentiment to the memory of our mentor, Yoji Arata Sensei, in a few 
sentences. Through the antibody NMR saga, we could not only acquired NMR skill and 
knowledge but also inherit his research spirit, which we would impart to the next generation.

ML-4 Memories of Professor Arata and the Water Research Institute (機能水研究所)
◯William S. Price (Western Sydney University, Australia)
Prof. Yoji Arata was one of the giants of Japanese NMR. He was an extremely intellectual 
gentleman with a very deep and broad knowledge of NMR as well as many other interests. He 
was very generous of his time in assisting and encouraging other researchers. I was very 
privileged to have Prof. Arata as my boss, wonderful scientifi c mentor and, most of all, very 
close friend. My time spent working in the Water Research Institute (機能水研究所) in Tsukuba 
was one of the most enjoyable and productive periods of my life. Many times I have recounted 
to friends and colleagues the great time I spent in Japan and also of Prof. Arata’s wonderful 
sense of humour.

ML-5 NMR for high-molecular-weight proteins.
◯Ichio Shimada (University of Tokyo, Japan)
The main research target of the late Prof. Arata was antibodies with molecular weight of 
150K, which were very huge proteins for NMR at that time. During my time at his lab., I have 
learned various things to tackle with high-molecular-weight proteins.  In my presentation, I 
will talk about our recent studies of membrane proteins.

ML-6 Prof. Yoji Arata and Biomolecular NMR in Japan and Elsewhere around the World
◯Kurt Wüthrich (ETH Zürich, Switzerland, and The Scripps Research Institute, USA)
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第58回NMR討論会（2019）
The 58th Annual Meeting of the Nuclear Magnetic Resonance Society of Japan (2019)

会期：2019年11月7日（木）～11月9日（土） 
November 7 (Thu) - 11 (Sat)

会場：川崎市コンベンションホール 
Kawasaki Convention Hall 
〒211-0063 神奈川県川崎市中原区小杉町2丁目276番地1

パークシティ武蔵小杉 ザ ガーデン タワーズ イースト2階

第1日目　11月7日（木）／Day 1（Nov. 7, Thu）

：英語発表

9:00～9:10　　 開会の挨拶　　加藤 晃一（日本核磁気共鳴学会会長）
Opening remarks: Koichi Kato
（President of the Nuclear Magnetic Resonance Society of Japan）

一般演題1［会場：ホールA］
9:10～10:10　　座長：木川 隆則

9:10～9:30
L1-1  常磁性ランタノイドイオンを用いたNMRとEPRによるマルチドメインタンパク

質の構造解析
○斉尾智英1,2,4, 平松蒼野2, 浅田瑞枝3, 瀧下俊平2, 齋藤彦太4, 中村敏和3, 石森浩一郎1,2,4（1北海道大学 
大学院理学研究院, 2北海道大学 大学院総合化学研究院, 3分子科学研究所, 4北海道大学 理学部）

9:30～9:50
L1-2  水素結合のNMRによる観測

高田夢人, 小泉大貴, 中島弘稀, 伊藤隆, ○三島正規（首都大学東京大学院　理学研究科）

9:50～10:10
L1-3  構造平衡制御によるタンパク質のドラッガビリティの改善

○竹内恒1, 水越弓子2, 德永裕二1, 滝沢剛3, 半沢宏之3, 嶋田一夫4（1産業技術総合研究所・創薬分子
プロファイリング研究センター, 2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東京
大学大学院薬学系研究科）

10:10～10:20　　休憩

一般演題2［会場：ホールA］
10:20～11:20　　座長：出村 誠

10:20～10:40
L1-4  Direct Observation of Spontaneous Polarization in Freestanding GaN Substrate

○Susumu Sasaki1,2, Yusuke Mori3,4, Maki Kushimoto5, Hiroshi Amano4, Kenji Shiraishi4（1Faculty of 
Engineering, Niigata University, 2Japan Agency for Medical Research and Development, AMED 
SENTAN, 3Graduate School of Engineering, Osaka University, 4IMaSS, Nagoya University, 
5Graduate School of Engineering, Nagoya University）
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10:40～11:00
L1-5  NMR信号の高効率な光変換のための小型薄膜モジュールの開発

○冨永雄介1, 松川陽亮1, Wern Ng1,2, 武田和行1（1京都大学大学院 理学研究科, 2インペリアル・カ
レッジ・ロンドン 材料工学科）

11:00～11:20
L1-6  CdSe及びAgマジックサイズクラスターの固体NMRによる研究

○野田泰斗, 栗原拓也, 竹腰清乃理（京都大学大学院理学研究科）

11:20～12:00　　Meeting of NMRSJ総会

12:00～13:10　　Lunch

NMR討論会・SEST2019合同シンポジウム1［会場：ホールA］
（このシンポジウムは、理研シンポジウムの一環として行われています）　　　　  

13:10～14:30　　座長：立石 健一郎（S1-1～2），熊田 高之（S1-3～4）

13:10～13:30
S1-1  高磁場極低温DNPによる超分極の空間分布定量法とメソスケール分子ドメイン選

択観測法
○松木陽, 杉下友晃, 藤原敏道（大阪大学蛋白質研究所）

13:30～13:50
S1-2  偏極中性子と水素核偏極試料を用いた複合材料の構造研究

○熊田高之（原子力機構　物質セ）

13:50～14:10
S1-3  超偏極13C MRI代謝イメージングと抗がん治療評価

○松元慎吾1, Murali C. Krishna2（1北海道大学 大学院情報科学研究院, 2米国立がん研究所 放射線生
物学部門）

14:10～14:30
S1-4  光励起電子スピンを用いた動的核偏極－超偏極溶液NMRに向けて

○立石健一郎1,2, 上坂友洋1,2（1理化学研究所・開拓研究本部, 2理化学研究所・仁科加速器科学研究セ
ンター）

ポスターセッション［会場：ホールC］

14:30～16:00 ポスターセッション（偶数番号）
Poster Session（even numbers）

ポスターセッション（若手ポスター賞）［会場：ホワイエ］

14:30～16:00 ポスターセッション（若手ポスター賞）
Poster Session（Young Scientists Poster Awards）
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一般演題3［会場：ホールA］
16:00～17:00　　座長：松木 陽

16:00～16:20
L1-7  ダイヤモンドNV中心を使ったナノスケールの溶液NMR

○大木出1, 森田航希1, 藤原正規1, 森下弘樹1, 白川昌宏2,3, 水落憲和1（1京都大学　化学研究所, 2京都
大学大学院　工学研究科, 3量子科学技術研究開発機構 (QST)）

16:20～16:40
L1-8  高磁場における溶解トリプレットDNP実験

○宮西孝一郎1, 一条直規1, 本山誠1, 香川晃徳1,2,3, 根来誠1,2,3, 中村祐士4, 江野澤英穂4, 村田剛志4, 森
田靖4, 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・
量子生命研究部門, 3さきがけ, 4愛知工業大学　工学部）

16:40～17:00
L1-9  セレノメチオニン標識蛋白質の77Se-NMR

○杉木俊彦1, Vladimír Sychrovský2, 原田健一1, 平岡万里菜3, 藤原敏道1, 児嶋長次郎1,3（1大阪大学　
蛋白質研究所, 2Inst. Org. Chem. and Biochem., Acad. Sci. Czech Rep., 3横浜国立大学大学院　理工
学府）

17:00～17:10　　休憩

一般演題4［会場：ホールA］
17:10～17:50　　座長：池上 貴久

17:10～17:30
L1-10  Structural characterization of deoxyribozyme possessing heme

○Yasuhiko Yamamoto1,2,3, Yasuhito Suzuki1, Yusuke Nakajima1, Tomokazu Shibata1, Atsuya 
Momotake1, Saburo Neya4, Akihiro Suzuki5（1Department of Chemistry, University of Tsukuba, 
2Tsukuba Research Center for Energy Materials Science (TREMS), University of Tsukuba, 3Life 
Science Center for Survival Dynamics, Tsukuba Advanced Research Alliance (TARA), University 
of Tsukuba, 4Department of Physical Chemistry, Graduate School of Pharmaceutical Sciences, 
Chiba University, 5Department of Materials Engineering, National Institute of Technology, Nagaoka 
College）

17:30～17:50
L1-11  Zn2+依存的な新規DNAzymeの立体構造解析

○山崎和彦, 猪股梨華, 山崎智子, Jing Zhao, 久保田智巳, 宮岸真（産業技術総合研究所　バイオメ
ディカル研究部門）

18:00～20:00　　評議員会，新評議員会，新理事会
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第2日目　11月8日（金）／Day 2（Nov. 8, Fri）

：英語発表

NMR討論会・SEST2019合同シンポジウム2［会場：ホールA］
9:00～10:30　　座長：河合 明雄

9:00～9:30
S2-1  Radical pairs in proteins

○Kiminori Maeda（Department of Chemistry, Graduate School of Science and Engineering, 
Saitama University.）

9:30～10:00
S2-2  Observation of Singlet fi sson in Ordered Thin Films of Pentacene in 

p-Terphenyl at Room Temperature
○Christopher W. M. Kay1,2（1Department of Chemistry, University of Saarland, Saarbücken, 
Germany., 2London Centre for Nanotechnology, University College London, London, UK. ）

10:00～10:30
S2-3  Exploiting Radical Triplet Pair Hyperpolarization for Sensitivity 

Enhancement in Solution-State NMR 
Matthew W. Dale1, Daniel Cheney2, ○Christopher J. Wedge2（1Department of Physics, University 
of Warwick, Coventry, UK., 2School of Applied Sciences, University of Huddersfi eld, Huddersfi eld, 
UK.）

10:30～10:40　　休憩

招待講演［会場：ホールA］
10:40～11:50　　座長：木川 隆則

10:40～11:15
IL-1  Alpha-Deuteration makes kinases more amenable to NMR studies

GHOUIL Rania1, BOUGUECHTOULI Chafi aa1, ROCHE Maxime2, ○THEILLET Francois-Xavier1
（1Institute for Integrative Biology of the Cell, CNRS/CEA/Univ. Paris Saclay, Gif-sur-Yvette, France., 
2Cortecnet, Gif-sur-Yvette, France.）

11:15～11:50
IL-2  Integrated NMR and cryo-EM atomic-resolution structure determination of a 

half-megadalton enzyme complex
○A. Favier1, Diego F. Gauto1, Leandro F. Estrozi1, Charles D. Schwieters2, Gregory Eff antin1, Pavel 
Macek1,6, Remy Sounier1,7, Astrid C. Sivertsen1, Elena Schmidt3, Rime Kerfah1,5, Guillaume Mas1,8, 
Jacques-Philippe Colletier1, Peter Güntert3,4,5, Guy Schoehn1, Jerome Boisbouvier1, Paul 
Schanda1（1Univ. Grenoble Alpes, CEA, CNRS, Institut de Biologie Structurale (IBS), Grenoble, 
France., 2Center for Information Technology, National Institutes of Health, Bethesda, USA., 
3Institute of Biophysical Chemistry, Goethe University Frankfurt am Main, Frankfurt, Germany., 
4Laboratory of Physical Chemistry, ETH Zurich, Zurich, Switzerland., 5Graduate School of Science, 
Tokyo Metropolitan University, Tokyo, Japan., 6NMR-Bio, Grenoble, France., 7Institut de 
Génomique Fonctionnelle, University of Montpellier, Montpellier, France, 8Biozentrum University 
of Basel, Basel, Switzerland.）

11:50～13:10　　Lunch
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Prof. Yoji Arata memorial session［会場：ホールA］
13:10～16:10　　座長：嶋田 一夫（ML-1～3），甲斐荘 正恒（ML-4～6）

13:10～13:35
ML-1  Prof. Yoji Arata - A passionate academic scholar with a singular sense of humor

◯Masatsune Kainosho (Tokyo Metropolitan University, Japan)

13:35～14:10
ML-2  NMR studies of the biosynthesis of iron-sulfur proteins in human mitochondria

◯John L. Markley (University of Wisconsin-Madison, USA)

14:10～14:35
ML-3  Lessons Learned from Antibody NMR

◯Koichi Kato (National Institute of Natural Sciences, Japan)

14:35～14:45　　休憩/Break

14:45～15:10
ML-4  Memories of Professor Arata and the Water Research Institute (機能水研究所)

◯William S. Price (Western Sydney University, Australia)

15:10～15:35
ML-5  NMR for high-molecular-weight proteins.

◯Ichio Shimada (University of Tokyo, Japan)

15:35～16:10
ML-6  Prof. Yoji Arata and Biomolecular NMR in Japan and Elsewhere around the World

◯Kurt Wüthrich (ETH Zürich, Switzerland, and The Scripps Research Institute, USA)

16:10～16:20　　休憩/Break

特別講演［会場：ホールA］
16:20～17:30　　座長：西村 善文（HL-1），加藤 晃一（HL-2）

16:20～16:55
HL-1  Can NMR help cure cancer?

○Mitsuhiko Ikura（Princess Margaret Cancer Centre, University of Toronto, Canada）

16:55～17:30
HL-2  Refl ections upon my Research on Biological Spectroscopy

○Hideo Akutsu1,2（1Osaka University, Suita, Japan., 2Yokohama City University, Yokohama, Japan.）

17:30～17:40　　名誉会員証授与式

18:30～20:30　　懇親会（ホテル精養軒）/Banquet
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第3日目　11月9日（土）／Day 3（Nov. 9, Sat）

：英語発表

一般演題5［会場：ホールA］
9:00～10:00　　座長：西山 裕介

9:00～9:20
L3-1  頑強で持続可能な超偏極キセノンガス生成供給装置の開発と応用

○藤原英明1,2, 今井宏彦3, 木村敦臣1（1大阪大学大学院医学系研究科, 2MRメドケム研究所合同会社, 
3京都大学大学院情報学研究科）

9:20～9:40
L3-2  ゴム材料中の気体のNMR情報からわかる構造と物性

○吉水広明1, 高橋雅人2, 堤遊3（1名古屋工業大学大学院　工学研究科, 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, 3ブルカージャパン株式会社 バイオスピン事業部）

9:40～10:00
L3-3  残余双極子カップリング測定における配向力、温度安定性、有機溶媒耐性を兼ね

備えた新規配向剤
○内田紀之1, 山口芳樹2, 海老名保男3, 佐々木高義3, 石田康博1（1理化学研究所, 2東北医科薬科大, 
3物質・材料研究機構）

10:00～10:10　　休憩

一般演題6［会場：ホールA］
10:10～11:10　　座長：川村 出

10:10～10:30
L3-4  ガングリオシド膜上におけるアミロイドβの固体NMR解析

○矢木真穂1,2,3, 西村勝之2, 加藤晃一1,2,3（1生命創成探究センター、自然科学研究機構, 2分子科学研究
所、自然科学研究機構, 3名古屋市立大学、大学院薬学研究科）

10:30～10:50
L3-5  β2-microglobulinアミロイド線維のex vivo立体構造解析

○田巻初, 宗正智, 川本晃大, 後藤祐児, 藤原敏道, 松木陽（大阪大学 蛋白質研究所）

10:50～11:10
L3-6  Unexpected Prion-like Cross Talk between Ab42 and Aβ40 studied by solid-

state NMR
○Yoshitaka Ishii1,2, Yiling Xiao3, Brian Yoo3, Isamu Matsuda1, Dan McElheny3（1School of Life 
Science and Technology, Tokyo Institute of Technology, 2RIKEN RSC NMR Science & Development 
Division, 3Department of Chemistry, University of Illinois at Chicago）

ポスターセッション［会場：ホールC］

11:10～12:40 ポスターセッション（奇数番号）
Poster Session（odd numbers）

12:40～13:30　　Lunch
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NMR討論会・SEST2019合同シンポジウム3［会場：ホールA］
13:30～14:30　　座長：生駒 忠昭（S3-1），竹内 恒（S3-2）

13:30～14:00
S3-1  パルスESR法を用いたタンパク質間相互作用及び反応中心の解明

○三野広幸（名古屋大学・理学研究科）

14:00～14:30
S3-2  常磁性効果による遠距離構造情報を利用したタンパク質multi-state立体構造解析

○池谷鉄兵1, 立石泰1, 岡田真由1, Peter Güntert1,2,3, 伊藤隆1（1首都大学東京大学院・理学研究科化学
専攻, 2ドイツ フランクフルトゲーテ大学, 3スイス連邦工科大学チューリッヒ校）

14:30～14:40　　休憩

一般演題7［会場：ホールA］
14:40～15:40　　座長：伊藤 隆

14:40～15:00
L3-7  区分標識法の拡張とタンパク質の動的構造解析への応用

○岩井秀夫, Kornelia M. Mikula, Hannes M. Beyer, O.H. Samui Ollila（ヘルシンキ大学,バイオテク
ノロジー研究所）

15:00～15:20
L3-8  核緩和機構最適化アミノ酸を利用した高分子量蛋白質の動態構造解析法の開発

○宮ノ入洋平1,2, 武田光広2,3, 寺内勉4,5, 甲斐荘正恒2,4（1大阪大学　蛋白質研究所, 2名古屋大学大学院　
理学研究科附属構造生物学研究センター, 3熊本大学大学院　生命科学研究部, 4首都大学東京大学院　
理工学研究科, 5SAILテクノロジーズ株式会社）

15:20～15:40
L3-9  重複NMRシグナルの分離・解析を可能にするアミノ酸符号化安定同位体標識と

テンソル分解法
○葛西卓磨1,2, 小野峻佑2,3, 田中利幸4, 池田思朗5, 木川隆則1,3（1理化学研究所 生命機能科学研究セン
ター, 2科学技術振興機構 さきがけ, 3東京工業大学 情報理工学院, 4京都大学大学院 情報学研究科, 
5統計数理研究所）

15:40～15:50　　休憩

一般演題8［会場：ホールA］
15:50～16:50　　座長：竹腰 清乃理

15:50～16:10
L3-10  磁場掃引法を活用した半整数四極子核固体NMR法の開発

○山田和彦（高知大学総合科学系複合領域科学部門）

16:10～16:30
L3-11  electron and NMR crystallography for pharmaceutical applications

○Yusuke Nishiyama1,2,3（1JEOL RESONANCE Inc., 2RIKEN-JEOL Collaboration Center, 3RIKEN 
SPring-8 Center）
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16:30～16:50
L3-12  1.3GHz NMRに向けて:高温超電導体の超電導接合を用いた永久電流400MHz 

NMR
○山崎俊夫1, 柳澤吉紀1, 朴任中1, 末富佑1,2, 山岸風摩1,3, 高橋雅人1, 高尾智明3, 大木康太郎4, 山口高
史4, 永石竜起4, 三好康之5, 吉川正敏5, 濵田衞5, 斉藤一功5, 北口仁6, 蜂谷健一7, 石井佳誉1,8, 前田秀
明1,9（1理化学研究所, 2千葉大学大学院, 3上智大学, 4住友電気工業株式会社, 5ジャパンスーパーコン
ダクタテクノロジー株式会社, 6物質・材料研究機構, 7株式会社JEOL RESONANCE, 8東京工業大学, 
9科学技術振興機構）

16:50～17:00　　閉会の挨拶（世話人）
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若手ポスター賞発表／Young Scientists Poster Awards［ホワイエ］

1日目（2019/11/7　14:30～16:00）

YP1 Development of the overexpression system of recombinant small peptides for NMR 
research used calmodulin for the stabilization
○谷昊1, 大沼幸暉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, Hans J Vogel2, 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）

YP2 免疫抑制剤結合タンパク質FKBP12の薬剤認識における動的構造解析
○平河卓也, 岩川直都, 森本大智, 菅瀬謙治（京都大学大学院　工学研究科）

YP3 免疫応答に関与するHOIL-1Lによる直鎖型ダイユビキチンの認識機構
○石井公貴1, ヴァリンダ エリック2, 岩川直都1, 森本大智1, 菅瀬謙治1, 白川昌宏1（1京都大学大学院　工学
研究科, 2京都大学大学院　医学研究科）

YP4 Structural Basis for the Concerted Action of Trigger Factor and ClpX Chaperones 
in Protein Unwinding
○朱浩傑1, 斉尾智英1,2, A. Houry Waild3, 石森浩一郎1,2（1北海道大学総合化学院, 2北海道大学理学部, 3ト
ロント大学生物化学部門）

YP5 VAP結合蛋白質群が持つVAP認識モチーフのNMR解析
○平岡万里菜1, 古板恭子2, 藤原敏道2, 児嶋長次郎1,2（1横浜国立大学大学院　理工学府, 2大阪大学　蛋白質
研究所）

YP6 プロテイン・ドロップレットのNMR解析
○吉岡賢一1, 長谷颯士2, 政喜優3, 青木大将2,4, 吉村優一1, 梅原崇史4, 木村英昭5, 楯真一1,2,6（1広島大学大学
院　統合生命科学研究科, 2広島大学大学院　理学研究科　数理分子生命理学専攻, 3広島大学　理学部　化
学科, 4理化学研究所　生命機能科学研究センター, 5ブルカージャパン株式会社, 6広島大学　クロマチン動
態数理研究拠点）

YP7 マウス脳より発見された低分子non-coding RNAの二次構造解析
○小林ひなの1, 鈴村拓馬2, 清澤秀孔1,2, 河合剛太1,2（1千葉工業大学・先進工学部, 2千葉工業大学・大学院工
学研究科）

YP8 ヒト便試料の保存条件とメタボローム変動のNMR解析
○宋子豪1, 包克非1, 北田直也1, 熊木康裕3, 大西裕季3, 塚本卓1,2,3, 菊川峰志1,2,3, 出村誠1,2,3, 中村公則2, 綾部
時芳2, 山村凌大4, 中村幸志5, 玉腰暁子5, 相沢智康1,2,3（1北海道大学・大学院生命科学院, 2北海道大学・大学
院先端生命科学研究院, 3北海道大学・国際連携研究教育局, 4北海道大学・大学院医学院, 5北海道大学・大
学院医学研究院）

YP9 NMRを用いた定量的なグルタミン分解速度の解析
○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）

YP10 19F-NMRを用いた高溶解度フォーカスドライブラリーの構築とフラグメントベースの
薬剤探索
○小篭蒼1, 新家粧子2, 藤原敏道2, 児嶋長次郎1,2（1横浜国立大学・大学院理工学府, 2大阪大学・蛋白質研究所）

YP11 半整数四極子核のDNP-NMR信号取得の高速化
○永島裕樹1, Julien Trebosc2,3, 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, ENSCL, Univ. Artois, UMR 
8181, UCCS, 3リール大学, CNRS,-2638, Federation Chevreul, 4Institut Universitaire de France, 5ブル
カーバイオスピン, 6理研 NMR研究開発部門）
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YP12 微結晶の三次元磁場配向機構を備えたin situ固体NMRプローブの開発
○門間啓1, 久住亮介1, 和田昌久1, 木村恒久1, 武田和行2（1京都大学大学院　農学研究科, 2京都大学大学院　
理学研究科）

YP13 Field-swept Nuclear Integrated Cross Polarization
○日部雄太, 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）

YP14 高速MAS固体NMR下でのスピンロック緩和の最適化による高効率CPの実現
○松永達弥1, 松田勇2, 山崎俊夫1, 石井佳誉1,2（1理化学研究所　放射光科学研究センター, 2東京工業大学　
生命理工学院）

YP15 多次元固体MAS NMRによる光駆動型Na+ポンプロドプシンKR2の構造解析
○金子莉奈1, 重田安里寿2, 長島敏雄3, 山崎俊夫3, 井上圭一4,5, 神取秀樹5, 川村出1,2（1横浜国立大学　大学院
理工学府, 2横浜国立大学　大学院工学府, 3理研, 4東京大学, 5名古屋工業大学）

YP16 多次元固体NMRによるヘリオロドプシンの構造解析
○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, 吉住玲4, 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）

YP17 Structural characterization of Aβ(1-42) fi brils in nano-mole scale by 1H-detected 
SSNMR under UFMAS
○Ayesha Wickramasinghe1,2,3, Yiling Xiao3, 小林直宏2, 石井佳誉1,2,3（1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, 3イリノイ大学）

YP18 固体DNP-NMRによる高分子材料の構造解析
○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）

YP19 医薬製剤に含まれる薬物の結晶状態評価を目的とした T1およびT2緩和の解析
○岡田康太郎1, 林祥弘2, 熊田俊吾2, 大貫義則1（1富山大学　大学院医学薬学研究部, 2日医工株式会社）

YP20 多孔性金属錯体中で集積制御されたアセン化合物におけるスピン偏極生成
○折橋佳奈1, 藤原才也1, 立石健一郎4, 上坂友洋4, 君塚信夫1,2, 楊井伸浩1,2,3（1九州大学大学院　工学府, 2九
州大学分子システム科学センター, 3JST-さきがけ, 4理化学研究所・仁科加速器研究センター）

YP21 磁場掃引を用いたSWIFT法
○小林洋太, 竹腰清乃理, 武田和行（京都大学大学院　理学研究科）

YP22 深度・運動性・化学シフトの3次元CSIのパルス系列及び疑似スペクトル画像法の開発
○伊藤研悟1,2, 坪井裕理1, 菊地淳1,2,3（1理化学研究所 環境資源科学研究センター, 2横浜市立大学大学院 生命
医科学研究科, 3名古屋大学大学院 生命農学研究科）

YP23 テンソル分解と圧縮センシングによる超偏極13C代謝MRIの高速撮像の検討
○辻野正之介, Neil Stewart, 平田拓, 松元慎吾（北海道大学大学院　情報科学研究科）

YP24 パラ水素誘起偏極法による磁場サイクル型13C励起装置の開発
○福江優香1, 内尾佳貴2, ジェイ スチュワート ニール2, 平田拓2, 松元慎吾2（1北海道大学大学院　情報科学
院　生体情報工学コース, 2北海道大学大学院　情報科学研究院　生命人間情報科学部門）

YP25 31Pスピンの高偏極化のための極低温DNP装置開発
○土井徹1, 香川晃徳1,2,3, 根来誠2,3, 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・量子生命部門, 3JSTさきがけ）
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一般ポスター発表／Poster presentation［ホールC］

偶数番号：1日目（2019/11/7　14:30～16:00）
奇数番号：3日目（2019/11/9　11:10～12:40）

P1 マルチレシーブ実験によるNOESYとHOESYの同時観測
○金場哲平（ブルカージャパン株式会社バイオスピン事業部）

P2 異種核間スピン拡散を利用したファーマコフォア解析の試み
○栗田順一, 平尾優佳, 西村善文（横浜市立大学生命医科学研究科）

P3 13C直接観測測定の高感度化法の開発
○古板恭子1, 服部良一1,2, 杉木俊彦1, 池上貴久1,3, 藤原敏道1, 児嶋長次郎1,4（1大阪大学　蛋白質研究所, 2徳
島文理大学　薬学部, 3横浜市立大学　生命医科学研究科, 4横浜国立大学　大学院工学研究院）

P4 19F核とアミド間の水素結合への14N核デカップリングHOESYの適用
○蓮見景子, 内海博明, 笹川拡明（株式会社JEOL RESONANCE）

P5 高感度Rheo-NMRによるタンパク質の不安定化機構および凝集機構の解析
○菅瀬謙治（京都大学大学院　工学研究科）

P6 COSY法の新しい応用測定--Selective-HR-COSY法について
○降旗一夫1, 田代充2（1東京大学大学院、農学生命科学研究科, 2明星大学、理工学部）

P7 パルス不完全性を補償する 15N/13C-CPMG-HSQC パルス系列の開発
○池上貴久1, 小沼剛1, 栗田順一1, 長土居有隆2（1横浜市立大学　生命医科学研究科, 2ブルカージャパン株
式会社）

P8 軽水中の化合物の定量NMR（内標準法）
○松村雄輝1, 中野隆行1, 川口謙2（1（株）東レリサーチセンター　バイオメディカル分析研究部, 2（株）東レ
リサーチセンター　品質保証部）

P9 多様なユビキチン鎖のロバストな合成法とNMR法への応用
○鈴木拓巳, 高田夢人, 伊藤隆, 三島正規（首都大学東京・大学院・理学研究科）

P10 PEGを付加したアプタマーのNMR解析
○坂本泰一（千葉工業大学　先進工学部　生命科学科）

P11 常磁性緩和促進(PRE)法を用いたタンパク質変性中間体の立体構造研究：ボレリア菌
表層タンパク質OspAの圧力変性と温度変性
若本拓朗1, 北沢創一郎2, ○北原亮1,2（1立命館大学大学院　生命科学研究科, 2立命館大学　薬学部）

P12 分子クラウディング環境下の蛋白質の緩和解析
○田岸亮馬, 田中孝, 三島正規, 池谷鉄兵, 伊藤隆（首都大学東京大学院　理学研究科　化学専攻）

P13 高圧下におけるユビキチンの水-アミド水素交換反応:H/D Exchange & CLEANEX-
PM NMR
○北沢創一郎1, 若本拓朗2, 北原亮1,2（1立命館大学　薬学部, 2立命館大学大学院　生命科学研究科）

P14 基質の特異的結合を介したMAPキナーゼp38αのアロステリック活性制御の動的構造
基盤
○徳永裕二1, 竹内恒1, 嶋田一夫1,2（1国立研究開発法人産業技術総合研究所　創薬分子プロファイリング研
究センター, 2東京大学大学院薬学系研究科）
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P15 ヘテロクロマチンタンパク質HP1αと染色体パッセンジャー複合体因子INCENPとの相
互作用
○古川亜矢子1, 迫洸佑2, 栗田順一1, 広田亨2, 西村善文1（1横浜市立大学大学院　生命医科学研究科, 2公益
財団法人がん研究会）

P16 PRE,PCSを用いた蛋白質立体構造解析のための常磁性金属タグの性能評価
○田端真彩子1, 池谷鉄兵1, 彦根佑哉1, 岡田真由1, 田岸亮馬1, 八木宏昌2, 木川隆則2, 三島正規1, 伊藤
隆1（1首都大学東京大学院　理学研究科, 2理化学研究所　生命機能科学研究センター）

P17 花成ホルモン蛋白質のNMR解析および19F-NMRスクリーニング
○安澤すあい1, 新家粧子2, 古板恭子2, 小篭蒼1, 田岡健一郎3, 辻寛之3, 藤原敏道2, 児嶋長次郎1,2（1横浜国立
大学　理工学府, 2大阪大学　蛋白質研究所, 3横浜市立大学　木原生物学研究所）

P18 常磁性緩和干渉法(PRI)を用いたTauタンパク質の過渡的構造解析
○川嵜亮祐1, 楯真一1,2,3（1広島大学大学院 理学研究科 数理分子生命理学専攻, 2広島大学大学院 統合生命科
学研究科, 3広島大学 クロマチン動態数理研究拠点）

P19 抗体のNMR解析のための安定同位体標識法の開発と応用
○谷中冴子1,2, 與語理那1,2, 山崎俊夫3, 宮ノ入洋平4, 矢木宏和2, 加藤晃一1,2（1自然科学研究機構　生命創成
探究センター/分子科学研究所, 2名古屋市立大学　大学院薬学研究科, 3理化学研究所　放射光科学研究セ
ンター, 4大阪大学　蛋白質研究所）

P20 光構造スイッチ型抗菌ペプチドGF-17の活性と構造
○長島敏雄, 山崎俊夫, 石井佳誉（理化学研究所　放射光科学研究センター）

P21 α－シヌクレイン変異体の残存構造のNMR解析
○西村千秋（帝京平成大学　薬学部）

P22 ヒストンシャペロンNAP1の酸性領域とヒストンH2A-H2Bとの結合様式
○大友秀明, 栗田順一, 森脇義仁, 津中康央, 西村善文（横浜市立大学　生命医科学研究科）

P23 常磁性NMRを用いたYeast Ubiquitin hydrolase 1 (YUH1) の構造決定及びダイナミ
クス解析
○立石泰1, 池谷鉄兵1, 岡田真由1, 三島正規1, 美川務1,2, 八木宏昌2, 河野俊之3, 木川隆則2, 伊藤隆1,2（1首都
大学東京・理学部化学科，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, 3北里
大学・医学部）

P24 NMRによる種々の水素結合の検出
○高田夢人, 伊藤隆, 三島正規（首都大学東京・理学研究科）

P25 シアノバクテリア由来GAFドメインのNMRによる構造解析
○小泉太貴1, 会津貴大1, 伊藤隆1, 広瀬侑2, 三島正規1（1首都大学東京大学院 理学研究科, 2豊橋技術科学大
学 大学院工学研究科）

P26 フェレドキシンタンパク質の水素結合の直接観測
○中島弘稀1, 小泉太貴1, 伊藤豊1, 海野昌喜2, 三島正規1（1首都大学東京理学研究科, 2茨城大学大学院理工
学研究科）

P27 溶液NMR法を用いた界面活性剤ミセル中における膜タンパク質の比較構造解析
○鈴木里佳1, 吉田真帆子1, 廣畑雅史1, 村田武士2, 小島慧一3, 須藤雄気3, 高橋栄夫1（1横浜市立大学大学院　
生命医科学研究科, 2千葉大学大学院　理学研究院, 3岡山大学大学院　医歯薬総合研究科　薬学系）

P28 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との相互作
用解析
○黒川優香1, 葛貫絵梨奈1, 浦野智子1, 島崎安希子1, 河野俊之2, 細田和男1, 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）
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P29 非常に高い活性を有する抗プリオンRNAアプタマーの構造機能相関
真嶋司1,2, Joon-Hwa Lee3, 鎌足雄司4, 林智彦1, 木下正弘1,2, 桑田一夫5, ○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, 3Department of Chemistry and Research 
Institute of Natural Science, Gyeongsang National University, 4岐阜大学　科学研究基盤センター, 5岐阜
大学大学院　連合創薬医療情報研究科）

P30 腸球菌のバンコマイシン耐性の原因蛋白質 VanX の二量体構造の解析
○土屋智恵子1, 小沼剛1, 西田真之1, 長土居有隆2, 池上貴久1（1横浜市立大学大学院 生命医科学研究科 生命
医科学専攻, 2ブルカージャパン株式会社）

P31 分子混雑環境下のRas蛋白質の動態解析
○亀井駿1, 池谷鉄兵1, 田仲加代子2, 伊藤隆1（1首都大学東京大学院　理学研究科, 2Department of 
Molecular and Cell Biology, University of Leicester）

P32 Structural comparion of RNA binding domains between RbpD and other Rbps from 
cyanobacterium Anabaena variabilis
○森田勇人1, 杉木俊彦2, 児嶋長次郎2,3, 林秀則4, 佐藤直樹5（1城西大学理学部, 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, 4愛媛大学大学院理工学研究科, 5東京大学大学院総合文化研究科）

P33 創薬のための生物物理学的アプローチ
○鎌足雄司1,2（1岐阜大学 研究推進･社会連携機構 科学研究基盤センター 機器分析分野, 2岐阜大学 大学院
連合創薬医療情報研究科 創薬科学専攻）

P34 溶液NMRを用いたATP-タンパク質相互作用の解析
○西澤茉由1, ヴァリンダ エリック2, 森本大智1, 菅瀬謙治1, 白川昌宏1（1京都大学大学院・工学研究科, 2京
都大学大学院・医学研究科）

P35 排水処理膜のファウリング予測に寄与する重要因子探索
○横山大稀1, 朝倉大河1, 松本朋子1, 菊地淳1,2,3（1理化学研究所環境資源科学研究センター, 2横浜市立大学大
学院生命医科学研究科, 3名古屋大学大学院生命農学研究科）

P36 魚類における入出力代謝応答の評価系構築
○藤村哲平1, 坂田研二2, 菊地淳1,2,3（1横浜市立大学大学院 生命医科学研究科, 2特定国立研究開発法人理化
学研究所 環境資源科学研究センター, 3名古屋大学大学院 生命農学研究科）

P37 データサイエンスによる肉質と魚類共生系の関係性探索
○村田泉1, 朝倉大河2, 菊地淳1,2,3（1横浜市立大学大学院　生命医科学研究科, 2理化学研究所CSRS, 3名古屋
大学大学院　生命農学研究科）

P38 成分・物性のNMR情報因子を駆使した水産餌料の最適化戦略
○朝倉大河1, 伊藤研悟1, 菊地淳1,2,3（1特定国立研究開発法人理化学研究所　環境資源科学研究センター, 2横
浜市立大学大学院　生命医科学研究科, 3名古屋大学大学院　生命農学研究科）

P39 1D-MRIと疑似スペクトル画像法による魚肉の多変量解析
○魏菲菲1, 伊藤研悟1, 坂田研二1, 朝倉大河1, 菊地淳1,2,3（1理研CSRS, 2横市大院・生命医, 3名大院・生命農）

P40 NMRスペクトルを指標としたアミロイドβ42凝集阻害物質の探索
今前田大朗1, 久米田博之2,3, 久保研二4, 渡邉輝4, 倉賀野正弘4, 相沢智康2,3, 関千草4, 中野博人4, 徳樂清孝4, 
○上井幸司4（1室蘭工業大学応用理化学系学科, 2北海道大学大学院　先端生命科学院, 3北海道大学大学院　
国際連携研究教育局　ソフトマターグローバルステーション, 4室蘭工業大学大学院工学研究科）

P41 完全重水素化シクロデキストリンの化学酵素合成と糖脂質のNMR解析
○山口芳樹1,2, 眞鍋史乃1, Peter Greimel1, 伊藤幸成1（1理研, 2東北医科薬科大）

P42 31P-NMRを用いたナノディスクの組成解析
○中村光咲1, 杉木俊彦2, 藤原敏道2, 児嶋長次郎1,2（1横浜国立大学大学院　理工学府, 2大阪大学　蛋白質研
究所）
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P43 水溶液中の重原子イオンの希釈-濃縮シフトに影響を及ぼす相対論的効果の研究
○佐藤立樹, 田崎健太, 横山拓海, 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）

P44 NMRによる濃厚電解液の溶液状態の解析
○木村一雄, 青木靖仁, 松田景子（株式会社 東レリサーチセンター）

P45 重原子を配位したキレート化合物中の原子に現れる相対論的効果の検討
○朝倉由光, 富岡優充, 中谷幸人, 桑原大介, 中川直哉（電気通信大学大学院情報理工学研究科）

P46 NMRマイクロプローブとスピントラッピングESRを用いた酸化チタンの光反応解析
○金折賢二, 住吉政則, 會見宗平, 三宅祐輔, 田嶋邦彦（京都工芸繊維大学　分子化学系）

P47 半整数四極子核の固体高分解能MQMASとSTMAS測定におけるSPAM法の活用
○佐々木彬子1, 堤遊1, Jean-Paul Amoureux2（1ブルカージャパン株式会社, 2リール大学）

P48 三次元拘束磁場下にある微結晶懸濁体のin situ固体NMR
○久住亮介1, 門間啓1, 和田昌久1, 木村恒久1, 武田和行2（1京都大学大学院　農学研究科, 2京都大学大学院　
理学研究科）

P49 高磁場MAS-DNP固体NMRによる核偏極の空間的不均一性を反映する超偏極率測定法
の開発
○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）

P50 Accurate 1H-14N distance measurements by phase-modulated RESPDOR at very 
fast MAS of 70 kHz
○Nghia Tuan Duong1, Federica Rossi2, Maria Makrinich3, Amir Goldbourt3, Michele R. Chierotti2, 
Roberto Gobetto2, Yusuke Nishiyama1,4（1NMR Science and Development Division, RIKEN SPring-8 
Center, and Nano- Crystallography Unit, RIKEN-JEOL Collaboration Center, 2Department of Chemistry 
and NIS Centre, University of Torino, 3School of Chemistry, Raymond and Beverly Sackler Faculty of 
Exact Sciences, Tel Aviv University, 4JEOL RESONANCE Inc.）

P51 固体NMR測定におけるAdiabatic Pulseを用いた溶媒信号抑制パルスの開発
松永達弥1, ○岡部遼太郎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）

P52 New Progress toward High-Dimensional Biomolecular SSNMR
○高橋涼1, 松永達弥2, 神原孝之1, 石井佳誉1,2（1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）

P53 In situ光照射固体NMRによるレチナール結合光受容膜タンパク質(SRII, SRI, bR)の
中間体の観測と光反応サイクルの解明
○内藤晶1, 槙野義輝2, 重田安里寿2, 川村出1（1横浜国立大学　大学院工学研究院, 2横浜国立大学　大学院
工学府）

P54 水和脂質膜中での高度不飽和脂肪酸脂質の運動性解析
○大田英和, 梅川雄一, 花島慎弥, 土川博史, 村田道雄（大阪大学大学院　理学研究科）

P55 固体NMRによるフェニルアラニンジペプチドの自己組織化ファイバーの構造解析
○川村出1,2, 尾澤夢実2, Mijiddorj Batsaikhan2,3, 茅野洋平1, 佐藤久子4, 上田一義2, 内藤晶2（1横浜国立大学 
大学院理工学府, 2横浜国立大学 大学院工学府, 3モンゴル国立大学, 4愛媛大学）

P56 Practical study of protein measurement by 1H detection MAS solid-state NMR
○張欣, 田巻初, 藤原敏道（大阪大学蛋白質研究所）
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P57 好熱菌H+-ATP合成酵素サブユニットcリングの膜内構造の精密化
○戸所泰人1, 姜秀珍2,3, 鈴木俊治4, 吉田賢右4,5, 池上貴久6, 藤原敏道3, 阿久津秀雄3,6（1阪大・理, 2ソウル大, 
3阪大・蛋白研, 4東工大, 5京産大, 6横市大・生命医科学）

P58 固体NMRを用いたAβ(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, 石黒貴也1, 石井佳誉1,2（1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）

P59 タンパク質の固体NMR分解能向上のための側鎖選択的重水素標識法の開発
○宮崎勇輝1, 高橋涼1, 松田勇1, 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）

P60 固体NMRによる異種Aβ間相互作用の解析
○石黒貴也1, 松田勇1, 石井佳誉1,2（1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）

P61 Towards in-cell DNP MAS NMR spectroscopy of α-synuclein
○Jaka Kragelj1, Julita Chlebowicz2, Rupam Ghosh1, Yiling Xiao1, Barbara Stopschinski2, Marc Diamond2, 
Kendra Frederick1（1Department of Biophysics, University of Texas Southwestern Medical Center, 
Dallas, USA, 2Center for Alzheimer's and Neurodegenerative Diseases, University of Texas, 
Southwestern Medical Center, Dallas, USA）

P62 固体NMRによるポリビニルピロリドン中の水の状態分析
○石田宏之, 中田克, 古島圭智, 松田景子（株式会社東レリサーチセンター）

P63 分子性ナノ細孔によって安定化された人工XeハイドレートにおけるXe吸蔵挙動
○中山連太朗, 今泉卓, 鈴木陽, 亀渕萌, 田所誠（東京理科大学理学部第一部化学科）

P64 β-グルカンの無秩序ー秩序構造転移の解明
○甲野裕之1, 近藤修啓2, 平林克樹2, 尾形慎3（1苫小牧工業高等専門学校, 2伊藤忠製糖株式会社, 3福島工業
高等専門学校）

P65 木綿布に存在する水とセルロースの分子運動性解析
○笹原久武, 五十嵐崇子, 中村浩一（花王株式会社）

P66 リコンビナントクモ糸の産業化に果たすNMRの役割
○朝倉哲郎1, 松田裕生1, 内藤晶1, 佐藤健大2, 安部佑之介2, 菅原潤一2（1東京農工大学大学院　工学研究科, 
2スパイバー（株））

P67 19 F 固体NMRによるタイソナイト型フッ化物のイオン伝導の研究
○村上美和1, 嶺重温2（1京都大学　産官学連携本部, 2兵庫県立大学大学院　工学研究科）

P68 親水性ナノ細孔で安定化されたCO2ハイドレートの 13C-NMR スペクトル解析
○今泉卓, 中山連太朗, 鈴木陽, 亀渕萌, 田所誠（東京理科大学 理学部第一部化学科）

P69 高圧環境下における配位高分子内部の二酸化炭素の運動
○犬飼宗弘1, 栗原拓也2, 野田泰斗2, 中村浩一1（1徳島大学大学院　社会産業理工学研究部, 2京都大学大学
院理学研究科）

P70 ガラス溶解によって生じる表面変質層の多核固体NMRによる解析
○古谷健太, 大窪貴洋（千葉大学大学院　融合理工学府）

P71 石炭の固体NMR線形分離のための多変量解析法の応用
○奥下慶子1, 畑友輝1, 杉本義一2, 高橋貴文1, 金橋康二1（1日本製鉄株式会社, 2産業技術総合研究所）

P72 生分解性ポリマーの構造・物性データサイエンス
○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横浜市立大学大学院 生命医科学研究科, 2理化学研
究所 環境資源科学研究センター, 3名古屋大学大学院 生命農学研究科）
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P73 重水素NMRによる細孔径の異なる活性炭素繊維へ吸着挙動の検討
○出田圭子1, 下林佑輝2, 中林康治1,2, 尹聖昊1,2, 宮脇仁1,2（1九州大学先導物質化学研究所, 2九州大学総合理
工学府）

P74 超高速MASのLIB正極材解析への応用－NMR、XRD、TEMを相補的に用いた構造
およびサイクル劣化挙動解析－
○矢澤宏次1, 佐々木義和2, 田渕光春3（1（株）JEOL RESONANCE, 2日本電子（株）, 3産業技術総合研究所）

P75 固体NMRによるC-S-Hおよび水和aliteの構造解析
○高橋貴文（日本製鉄株式会社　先端技術研究所）

P76 Agマジックサイズクラスターの109Ag CP/MAS NMR シグナルの帰属
○木下誠志1, 室和希1, 藏重亘2, 川脇徳久2, 根岸雄一2, 野田泰斗1, 竹腰清乃理1（1京都大学大学院　理学研
究科, 2東京理科大学　理学部）

P77 水素―金属原子間距離と1H NMRスペクトルの相関
○俣野晃広1, 青山拓也2, 野田泰斗1, 竹腰清乃理1（1京都大学大学院　理学研究科, 2東北大院理）

P78 結晶多形をとるジシラン化合物の固体NMRスペクトル
○服部峰之1, 治村圭子1, 林繁信1, 西尾正樹2, 尾本賢一郎2, 島田真樹2, 前田啓明2, 宮地麻里子2, 山野井慶
徳2, 西原寛2（1産業技術総合研究所　計量標準, 2東京大学大学院理学系研究科化学専攻）

P79 in situ NMR法によるリチウムイオン電池炭素負極の過充電挙動の解析
○山上登夢1, 米谷雛1, 後藤和馬1, 端健二郎2, 清水禎2, 大山貴志3, 石田祐之1（1岡山大学大学院　自然科学
研究科, 2国立研究開発法人物質・材料研究機構, 3オーティス株式会社）

P80 固体NMR測定と量子科学計算によるポーラスカーボンの構造モデリング
○柏原功典1, 石井佳誉1,2, Rodney Ruoff 3（1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, 3Ulsan National Institute of Science & Technology(UNIST), 蔚山、韓国）

P81 1Hおよび2H NMRによるMg共挿入エチレンジアミンの黒鉛層間での運動状態解析
○橋本一樹1, 後藤和馬1, 水野元博2, 堂ノ下将希3, 北川宏3, 石田祐之1（1岡山大学大学院　自然科学研究科, 
2金沢大学大学院　自然科学研究科, 3京都大学大学院　理学研究科）

P82 化学交換飽和移動（CEST）-MRIプローブとしての新規ホスホリルセリンポリマーの合
成と機能評価
○村上知広1, 山田久嗣2, 今井宏彦3, 青山安宏4, 木村裕1, 近藤輝幸1（1京都大学大学院　工学研究科, 2徳島
大学大学院　社会産業理工学研究部, 3京都大学大学院　情報学研究科, 4京都大学）

P83 超偏極13CMRIの高速撮像法の開発
○菅井秀斗, 松元慎吾（北海道大学大学院　情報科学研究科　生命人間情報科学専攻 磁気共鳴工学研究室）

P84 ラミネートLi全固体電池の低磁場1TeslaによるNMR/MRI計測
拝師智之1, ○藤木聡2, 相原雄一2（1株式会社エム・アール・テクノロジー(つくば市), 2株式会社サムスン日
本研究所）

P85 9.4Tesla-MRIを用いて生体マウス腎の23Naナトリウム分布を可視化する
○拝師智之1, 忰田亮平2, 成田一衛3, 佐々木進3（1株式会社エム・アール・テクノロジー(つくば市), 2新潟
大学大学院医歯学総合研究科, 3新潟大学工学部）

P86 周期的刺激と独立成分解析を用いたマウス嗅覚応答の機能的MRI研究
○武田光広, 林芙優, 杠直哉, 吉永壮佐, 寺沢宏明（熊本大学大学院　生命科学研究部）

P87 In-cell NMR法を用いたヒト生細胞内のDNAおよびRNAの構造安定性評価
○山置佑大1, 永田崇1,2, 高見昇平2, 阪本知樹2, 片平正人1,2（1京都大学　エネルギー理工学研究所, 2京都大学
大学院　エネルギー科学研究科）
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P88 Toward automatic metabolite identifi cation by machine learning of observed and 
simulated NMR spectra
○張金哲1,2, 寺山慧2,3,4, 隅田真人2, 伊藤研悟5, 菊地淳5, 津田宏治1,2,6（1東京大学大学院新領域創成科学研究
科, 2理化学研究所　革新知能統合研究センター, 3理化学研究所　メディカルイノベーションハブ, 4京都大
学大学院　医学研究科, 5理化学研究所　環境資源科学研究センター, 6物質・材料研究機構）

P89 粘土鉱物に吸着したCsのケミカルシフトと構造の関係
○武井滉洋1, 大窪貴洋1, 舘幸男2, 深津勇太2（1千葉大学大学院　融合理工学府, 2日本原子力研究開発機構　
核燃料サイクル工学研究所）

P90 分極剤濃度が高磁場DNP効率に与える影響のスピン拡散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）

P91 Nearly complete assignments for 23kDa membrane protein by solid-state NMR 
using MagRO system assisted by Graph_Robot based on fi nite automaton theory.
○小林直宏, 長島敏雄, 山崎俊夫（理化学研究所 放射光科学研究センター）

P92 PHIP-SAH法を用いた腫瘍における超偏極13Cピルビン酸の代謝MRI技術の開発
○加瀬優希1, Neil J Stewart2, 平田拓2, 松元慎吾2（1北海道大学大学院　情報科学研究科　情報科学専攻　
生体情報工学コース, 2北海道大学大学院　情報科学研究科　生命人間情報科学専攻）

P93 バルク超伝導磁石のためのパッシブシムの検討
○仲村髙志1, 高橋雅人1, 井上夏希2, 岡徹雄2（1理化学研究所　RSC NMR研究開発部門, 2芝浦工業大学工学
部材料工学科）

P94 片側開放型NMRを用いたマグロ肉の脂質の非侵襲計測
○中島善人（産業技術総合研究所 地圏資源環境研究部門）

P95 磁気共鳴法によるゴムの架橋評価
○原英之（ブルカージャパン株式会社　バイオスピン事業部）

P96 パラ水素誘起偏極法によるINEPT型13C NMR計測手法の開発
○友広潤志, J.Neil Stewart, 平田拓, 松元慎吾（北海道大学大学院　情報科学研究科　生命人間情報科学専
攻）
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ポスター会場 ポスター会場 ポスター会場

（ホールC） （ホールC） （ホールC）

講演者 座長 講演者 座長 講演者 座長

B3-4　河村佳歩
筑波大

B3-5　杉山佑樹
大阪大

B3-6　岩崎義己
大阪府大

B3-7　栗田伸之
東工大

B3-8　Takuma Sato
Univ. of Tsukuba

B1-4　中村敏和 B3-10 藤井泰範
分子研 国立天文台

B1-7　山本久美子
北海道大

B1-8　田嶋邦彦
京都工繊大

B1-9　田中滉大
大阪市大

役員会18：00～20：00（会議室3,4） 懇親会18：30～　ホテル精養軒
若手の会18：00～20：00（会議室1,2）

第58回電子スピンサイエンス学会年会（SEST2019）プログラム
11月7日(木） 11月8日(金） 11月9日(土）

口頭会場 口頭会場 口頭会場

（ホールB） （ホールB） （ホールB）

山田健一

九州大

脇川祐介

静理工大

休憩（65分）

休憩（10分）

S1-3　松元慎吾

北海道大

B1-5　中川公一

弘前大
安井博宣

北海道大

9:00 9:00

開会

稲波修

北海道大

ポスター展示

S2-1

Kiminori Maeda

Saitama Univ.

河合明雄

神奈川大

30 30

J1-2　岩田菜々

埼玉大
S2-2

Christopher W. M. Kay

Univ. of Saarland

40 40

B3-3 脇川祐介

静理工大
50 50

J1-3　薛 冬

筑波大

ポスター展示

B3-1 松岡秀人

大阪市大

矢後友暁

埼玉大

ポスター展示

10 10

J1-1　佐藤将也

東京大
20 20

B3-2 松尾太亮

埼玉大

10:00 10:00

S2-3

Christopher J. Wedge

Univ. of Huddersfield

10 10

J1-4　山田 瑛葉

新潟大
20 20

30 30
休憩（10分） 休憩（10分）

40 40

B1-1　田中秀数

東工大
太田仁

神戸大

I2-1　Hirona Takahashi

Okayama Univ. of

Science 三浦智明

新潟大

50 50

11:00 11:00

B1-2　金子 侑樹

筑波大

I2-2 Jonathan R.

Woodward

The Univ. of Tokyo

10 10

20 20

30 30

休憩（10分）

中村敏和

分子研

40 40
B2-2

矢後友暁

Saitama Univ.

50 50

昼休み

B1-3　齋藤 佑

神戸大 田中秀数

東工大

B2-1

Tomoaki Miura

Niigata Univ.
J. R.

Woodward

東京大

B3-9 小林正

大分大 平田拓

北海道大

B3-11 房 知輝

北海道大
浅田瑞枝

分子研

12:00 12:00

昼休み

10 10

B3-12 荒田敏昭

大阪市大
20 20

30 30

10

S1-1　松木 陽

大阪大

ポスター展示

20 20

30 30

S1-2 熊田　高之

原研 S3-1　三野広幸

名古屋大

昼休み

40 40

50 50

13:00 13:00

会員集会・授賞式

ポスター展示

10

生駒忠昭

新潟大

40 40

50 50

14:00 14:00
休憩（5分）

S3-2　池谷鉄兵

首都大

竹内恒

産総研

10

Y2-1

荒田敏昭

大阪市大

三野広幸

名古屋大

10

S1-4　立石　健一郎

理研
20 20

30 30

50

15:00 15:00

B3-14　小林広和

昭和大
10 10

20 20

B3-15　櫻井康博

京都工繊大

前田公憲

埼玉大

ポスター

発表

休憩（10分）
40 40

B3-13　加藤賢

大阪市大
三宅祐輔

京都工繊大

50

Y2-2

藤原敏道

大阪大

藤井裕

福井大

30 30

40

50

10

20

10 10

20

B1-6　堀谷正樹

佐賀大
30 30

Y2-3

杉﨑研司

大阪市大

工位武治

大阪市大
40 40

50 50
Y2-4

高橋英幸

神戸大

大道英二

神戸大
17:00 17:00

理事会

（NMR討論会）

40

B3-16　杉﨑研司

大阪市大

立石健一郎

理研

熊田高之

原研

40 40

50 50

18:00 18:00

Y2-5

三宅祐輔

京都工繊大

河合明雄

神奈川大
20 20

30 30

50

16:00 16:00

ポスター展示

B3-17　本橋 真優

筑波大
10
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口頭発表 

 

          11 月 7 日（木） SEST 会場（ホール B）             
 
9:05 開会 

 
【優秀講演賞エントリ－講演】 

 

9:10 一般講演（座長：稲波修） 

J1-1 蛍光顕微鏡と TROA 顕微鏡による任意波形パルス RYDMR 法の確立 

 〇佐藤将也 1, 前田公憲 2, 菅原道彦 3, ウッドワード ジョナサン 1 
1 東京大学大学院総合文化研究科, 2 埼玉大学理工学研究科, 3 慶應義塾大学理工学部

化学科 

J1-2 バインディングポケット内部で生成するラジカル対のダイナミクス 

○岩田菜々1, 前田公憲 1 

 1 埼大院理工 

J1-3   PTzBT:ITIC:PCBM 高分子太陽電池の電荷状態と素子特性劣化機構の 

光誘起 ESR 分光研究 

○薛 冬 1・斎藤 慎彦 2・尾坂 格 2・丸本 一弘 1,3 

1 筑波大数物・2 広島大院工・3 筑波大エネ物質科学セ 

J1-4   Perylene diimide をドープした Poly(N−vinylcarbazole)薄膜における 

  光伝導に対する磁場効果 

 ○山田 瑛葉, 三浦 智明, 生駒 忠昭 

 新潟大院自然 

 

休憩（10:30〜10:40） 

 

【固体電子物性】 

 

10:40 一般講演（座長：太田仁） 

B1-1 量子スピンダイマー磁性体 Ba2NiSi2O6Cl2の多周波 ESR 

○田中秀数 1, 小池暢人 1, 栗田伸之 1, 渡邉正理 1,赤木暢 2, 奥谷顕 2, 萩原政幸 2 
 1 東工大理・2 阪大先端強磁場 

B1-2  発光性有機高分子を用いたトランジスタにおける電荷状態の ESR 分光研究 

○金子 侑樹 1・山添 昌人 1・勝俣 潤哉 1・丸本 一弘 1,2 

 1 筑波大数物・2 筑波大エネ物質科学セ 

 

11:20 一般講演（座長：田中秀数） 

B1-3 ペロブスカイト化合物 YTiO3の X−バンド ESR 測定：Ti-3d1軌道とその方向依存性 

○齋藤 佑 1, 大久保 晋 2, 鬼頭 俊介 3,4, 有馬 孝尚 5, 田口 康次郎 5, 澤 博 3,  

太田 仁 2 

1 神戸大 研究基盤セ・2 神戸大 分子フォトセ・3 名古屋大院工 応用物理・4 分子研 物質

分子科研・5 理研 創発物性科研セ 

B1-4 [DM-MeDH-TTP]2X 系の示す異常な ESR 挙動 

○中村敏和 1, 江幡健太 2, 宮本尚 2, 西川浩之 2 

1 分子研・2 茨城大院理工 

 

昼休み（11:52〜13:10） 
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【合同セッション: 電子スピンと核スピンの協奏 －動的核偏極(DNP)を中心に】 

      （理研シンポジウムとの共催） 

13:10 招待講演（座長：立石健一郎） 

S1-1 高磁場極低温 DNP による超分極の空間分布定量法と 

 メソスケール分子ドメイン選択観測法 

○松木 陽，杉下友晃, 藤原敏道 

大阪大学蛋白質研究所 

S1-2 偏極中性子と水素核偏極試料を用いた複合材料の構造研究 

○熊田 高之 

原子力機構 物質セ 

 

13:50 招待講演（座長：熊田高之） 

S1-3 超偏極 13C MRI 代謝イメージングと抗がん治療評価 

○松元慎吾 1， Murali C. Krishna2 
1 北海道大学 大学院情報科学研究院  
2 米国立がん研究所 放射線生物学部門 

S1-4 光励起電子スピンを用いた動的核偏極－超偏極溶液 NMR に向けて 

○立石 健一郎 1,2，上坂 友洋 1,2 
1 理化学研究所・開拓研究本部 
2 理化学研究所・仁科加速器科学研究センター 

 

ポスター発表（14:30〜16:00） 

 

【ESR を用いた生化学】 

 

16:00 一般講演（座長：安井博宣） 

B1-5 電子スピン共鳴法による基底細胞がんの研究 

○中川公一 1,i・皆川智子 2・澤村大輔 2 

 弘前大院保健 1・弘前大院医 2 

B1-6 好冷細菌由来無機ピロフォスファターゼの低温適応機構 

○堀谷正樹 1, 楠林和貴 1, 大嶋杏佳 1, 杉本宏 2, 渡邉啓一 1 
 1 佐賀大学農学部・2 理化学研究所播磨研究所 

 

16:40 一般講演（座長：山田健一） 

B1-7 ESR 法を用いた培養細胞における細胞外 pH 評価法の開発 

○山本久美子 1, 安井博宣 1, 藤本政毅 1, 房知輝 1, Valery V. Khramtsov 2,  

平田拓 3, 稲波修 1 

1 北大院獣・2West Virginia Univ.・3 北大院情報 

B1-8 スーパーオキシドラジカルとフェノール誘導体の 2 次反応速度定数の 

 pH 依存性と酸化還元反応機構 

○田嶋邦彦、山下智之、盧 瑶、櫻井康博、三宅祐輔、金折賢二 

京工繊大 

B1-9 フェロセン置換型 1.3-ジアゼチジン-2.4-ジイミンで架橋された 

ニトロキシドビラジカルの酸化状態 

○田中滉大 1, 杉崎研司 1, 松岡秀人 1, Irina Bagryanskaya 2,3,  

Larisa Gurskaya 2,3, Evgeny Tretyakov 2,3, 工位武治 1, 佐藤和信 1 

1 阪市大院理・2 ノボシビルスク有機化学研・3 ノボシビルスク大 
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          11 月 8 日（金） SEST 会場（ホール B）            
 

【合同セッション: 光を用いたスピン偏極生成と磁気共鳴計測】 

 

9:00 招待講演（座長：河合明雄） 

S2-1 Radical pairs in proteins 

Kiminori Maeda 

Department of Chemistry, Graduate School of Science and Engineering, 

Saitama University. 

S2-2 Observation of Singlet fisson in Ordered Thin Films of Pentacene in p-Terphenyl 

at Room Temperature 

Christopher W. M. Kay1,2 

 1Department of Chemistry, University of Saarland, Saarbücken, Germany. 
 2London Centre for Nanotechnology, University College London, London, UK. 

S2-3 Exploiting Radical Triplet Pair Hyperpolarization for Sensitivity Enhancement  

 in Solution-State NMR 

Matthew W. Dale1, Daniel Cheney2 and Christopher J. Wedge2 
1 Department of Physics, University of Warwick, Coventry, UK. 

        2 School of Applied Sciences, University of Huddersfield, Huddersfield, UK. 

 

休憩（10:30〜10:40） 

 

【スピン対動力学】 

 

10:40 招待講演（座長：三浦智明） 

I2-1 Photoinduced Dynamic Electron Polarization Generated by the Interaction 

between Excited Triplet States of Xanthene Dyes and Nitroxide 

Hirona Takahashi,1 Toshihiro Tamura,2 Keisuke Yokoyama,2 and Akio Kawai3 
1Department of Chemistry, Okayama University of Science, Japan; 
2Department of Chemistry, Tokyo Institute of Technology, Japan; 3Department 

of Chemistry, Kanagawa University, Japan 

I2-2 Can and should we study spin effects on single radical pairs? 

Jonathan R. Woodward1, Noboru Ikeya1 

Graduate School of Arts and Sciences, The University of Tokyo, Tokyo, Japan 

 

11:20 一般講演（座長：Jonathan R. Woodward） 

B2-1 Simultaneous Measurement of Transient Photocurrent and Optical Absorption 

of Organic Semiconductor Thin Films 

Tomoaki Miura, Ryoya Akiyama, Akiha Yamada, So Kobayashi, Naoya 

Muramatsu, and Tadaaki Ikoma 

Graduate School of Science and Technology, Niigata University, Japan 

B2-2 Low Magnetic Field Effects on Triplet Pairs 

Tomoaki Yago 

Grad. Sch. of Sci. Eng., Saitama Univ. 

 

昼休み（12:00〜13:00） 
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13:00 会員集会、授賞式 

 

休憩（14:00〜14:05） 

 

14:05 学会賞受賞講演（座長：三野広幸） 

Y2-1 先端的スピンラベル ESR 法によるタンパク質作動原理の探究 

○荒田敏昭 

 大阪市立大院理  

 

14:45 学会賞受賞講演（座長：藤井裕） 

Y2-2 電子スピン分極を利用する高磁場動的核分極による 

 高感度高分解能固体核磁気共鳴実験法の開発 

○藤原敏道 1 

 1 阪大蛋白研 

 

休憩（15:25〜16:30） 

 

16:30 奨励賞受賞講演（座長：工位武治） 

Y2-3 高スピン開殻系の磁気的性質の量子化学計算手法及び 

 量子コンピュータ量子アルゴリズムの開発 

○杉﨑研司 

 阪市大院理 

 

16:50 奨励賞受賞講演（座長：大道英二） 

Y2-4 ナノメンブランを用いたテラヘルツ領域における力検出電子スピン共鳴法の開発 

○高橋 英幸 1,2 
       1 神戸大学分子フォトサイエンス研究センター・2JST さきがけ C 

 

17:10 奨励賞受賞講演（座長：河合明雄） 

Y2-5 ESR 分光法による機能分子の物性および生成機構の分子論的研究 

○三宅祐輔 

 京都工繊大 分子化学  

 
  

－ 33 －



SEST2019 プログラム 

 

 

          11 月 9 日（土） SEST 会場（ホール B）            
 

【励起状態と再結合】 

 

9:00 一般講演（座長：矢後友暁） 

B3-1 りん光性有機 EL 発光体の開発に向けたフェナジン誘導体の励起状態研究 

〇松岡秀人 1, 松井大樹 1, 秋元郁子 2 

 1 阪市大院理・2 和大システム工 

B3-2 磁場スイッチング実験による低磁場効果の解析 

○松尾太亮 1, 前田公憲 1 

1 埼玉大院理工 

B3-3 光電流検出磁気共鳴による有機単膜ダイオードの電荷再結合研究 

○脇川祐介 1, 生駒忠昭 2 

 1 静理工大先端機分セ・2 新潟大院自然 

 

休憩（10:00〜10:10） 

 

【機能性材料】 

 

10:10 一般講演（座長：脇川祐介） 

B3-4 逆構造有機発光ダイオードの ESR 分光研究 

◯河村佳歩 1, 祐本晋太郎 1, 勝俣潤哉 1, 神谷晨平 1, 金子侑樹 1, 丸本一弘 1,2 

   1 筑波大数物・2 筑波大エネ物質科学セ 

B3-5 液晶中の光磁気効果 

○杉山佑樹, 秋田拓也, 清原大知, 内田幸明, 西山憲和 

阪大院基礎工 

 

10:34 一般講演（座長：中村敏和） 

B3-6 ハニカム格子をベースとした特異なスピンモデルの磁場誘起量子物性 

○岩崎義己 1, 細越裕子 1, 川上貴資 2, 木田孝則 3, 萩原政幸 3, 山口博則 1  
 1 阪府大院理・ 2 阪大院理・ 3 阪大先端強磁場 

B3-7 蜂の巣格子量子磁性体 α-RuCl3の集団励起 

○栗田伸之 1・竹田竜二 1・野尻浩之 2・田中秀数 1 
 1 東工大理学院・2 東北大金研 

B3-8 Investigation of paramagnetic defects in BaSi2 by ELDOR-detected NMR 

Takuma Sato,1,2 Takashi Suemasu1 and Serge Gambarelli2 

1 Institute of Applied Physics, University of Tsukuba, Tsukuba, Japan;  
2 Université Grenoble Alpes, CEA, CNRS, IRIG, SyMMES, Grenoble, France 

 

休憩（11:10〜11:20） 

 

【装置開発と医生物学応用】 

 

11:20 一般講演（座長：平田拓） 

B3-9 電磁ホーン型 ESR 装置の開発と応用 

○小林正 1,金沢誠司 1,戸高孝 1,上田徹 1,  鵜澤佳徳 2,藤井泰範 2 
 1 大分大・2 国立天文台  
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B3-10 電磁ホーン型ＥＳＲ：透過測定再挑戦 

○藤井泰範 1, 鵜澤佳徳 1, 上田徹 2, 小林正 2 

 1 国立天文台・2 大分大学 

 

11:52 一般講演（座長：浅田瑞枝） 

B3-11 次世代近赤外光免疫療法に用いられる水溶性フタロシアニン誘導体 IR700 の 

 アニオンラジカル形成機構 

房 知輝 1, 平岡 和佳子 2、後藤 悠人 3, 高倉 栄男 3，小川 美香子 3、○稲波 修１ 
 1 北海道大学大学院獣医・ 2 明治大学理工、3 北海道大学大学院薬学 

B3-12 スピンラベルＥＳＲによるヘテロクロマチンタンパク質ＨＰ１の動的構造の研究： 

 アイソフォーム特異性とリン酸化 

○荒田敏昭 3,4,佐藤和信 5,中澤重顕 5,三島優一 4,工位武治 5,川上徹 4,北條裕信 4, 

藤原敏道 4,宮田真人 3,末武勳 1,2,4 
 1 甲子園大,2 阪大ツインリサーチセンタ—,3 阪市大院理生物,4 阪大蛋白研, 

 5 阪市大院理化学 

 

昼休み（12:32〜13:30） 

 

【合同セッション: タンパク質の立体構造解析 〜ESR と NMR〜】 

 

13:30 招待講演（座長：生駒忠昭） 

S3-1 パルス ESR 法を用いたタンパク質間相互作用及び反応中心の解明 

 ○三野 広幸 1  
 1 名古屋大学・理学研究科 

 

14:00 招待講演（座長：竹内恒） 

S3-2  常磁性効果による遠距離構造情報を利用したタンパク質 multi-state 立体構造解析 

  ○池谷 鉄兵 1，立石 泰 1, 岡田真由 1，Peter Güntert1,2,3, 伊藤 隆 1 

 1 首都大学東京大学院・理学研究科化学専攻 
2 ドイツ フランクフルトゲーテ大学 
3 スイス連邦工科大学チューリッヒ校 

 

休憩（14:30〜14:40） 

 

【電子状態と反応機構】 

 

14:40 一般講演（座長：三宅祐輔） 

B3-13 TIPS−ペンタセンおよびペンタセンラジカル誘導体の光電流挙動と 

 電気的検出磁気共鳴測定 

○加藤賢・清水章皓・手木芳男 

 阪市大院理 

B3-14 PMMA マトリクス中の nitronylnitroxide および iminonitroxide ラジカルの 

 ESR 測定 

 ○小林広和 1, 秋庭健人 2, 岩堀史靖 3 
1 昭和大教・2 日大院総合基礎科学・3 日大文理 
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15:20 一般講演（座長：前田公憲） 

B3-15 流通型 ESR 法による大気圧プラズマに由来するラジカルの生成機構解明 

○櫻井康博 1, 山本直子 2, 藪田勇気 2, 亀井龍一郎 2,  

三宅祐輔 1, 金折賢二 1, 田嶋邦彦 1 
 1 京都工繊大・2 誠南工業(株) 

B3-16 量子コンピュータによる量子化学計算：スピン演算子による 

 波動関数の時間発展量子シミュレーション 

○杉﨑研司, 中澤重顕†, 豊田和男, 佐藤和信, 塩見大輔, 工位武治 

阪市大院理 

B3-17 スズペロブスカイト太陽電池材料における電荷状態の ESR 分光研究 

○本橋 真優 1・木全 晴 1・浅井 遥香 1・薛 冬 1・尾崎 雅司 2・中村 智也 2・若宮 淳志 2・

丸本 一弘 1,3 

1 筑波大数物・2 京大化研・3 筑波大エネ物質科学セ 
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ポスター発表 
 

            11 月 7 日（木） ポスター会場（ホール C）              
 

14:30〜16:00 

 

P201 新規正孔輸送材料を用いた鉛ペロブスカイト太陽電池の ESR 研究 

○鄒 湘涛 1，渡邊 孝弘 1，木全 晴 1，薛 冬 1，嶋﨑 愛 2，中村 智也 2， 

若宮 淳志 2，丸本 一弘 1,3 
 1 筑波大数物・2 京大化研・3 筑波大エネ物質科学セ 

P202 フェルダジル系金属錯体が形成する正方格子モデルの低温磁気状態 

○上本菜央 1, 山口博則 1, 河野洋平 1, 橘高俊一郎 2, 榊原俊郎 2, 萩原政幸 3,  

細越裕子 1 

 1 阪府大院理・2 東大物性研・3 阪大先端強磁場 

P203 混合ハロゲンスズペロブスカイト太陽電池材料の電荷移動の ESR 分光研究 

○王 奕璜 1, 本橋 真優 1, 鄒 湘涛 1, 木全 晴 1, 薛 冬 1,佐伯 昭紀 2, 中村 智也 3, 

若宮 淳志 3, 丸本 一弘 1,4 
 1 筑波大数物・2 阪大院工・3 京大化研・4 筑波大エネ物質科学セ 

P204 移動度の実時間観測による P3HT:PCBM 薄膜のキャリアダイナミクスの研究 

○小林奏 1, 三浦智明 1, 生駒忠昭 1 

 1 新潟大院自然 

P205 Rapid-scan 法による NV- センターESR 信号の高効率測定 

○牧 祐介 1, 松岡 秀人 2, 秋元 郁子 1 

 1 和大院シス工・2 阪市大院理 

P206 P3HT 正孔輸送材料を用いた順構造ペロブスカイト太陽電池の ESR 分光研究 

○戴 文超 1，鄒 湘涛 1，木全 晴 1，本橋 真優 1，薛 冬 1，中村 智也 2， 

若宮 淳志 2，丸本 一弘 1,3 

 1 筑波大数物・2 京大化研・3 筑波大エネ物質科学セ 

P207 極低温・ミリ波帯の電気検出型磁気共鳴測定装置の開発 

○大見謝恒宙 1, 笈田智輝 1, 石川裕也 1, 藤井裕 1, 福田昭 2, 光藤誠太郎 1 

 1 福井大学遠赤外領域開発研究センター・2 兵庫医科大物理 

P208 高強度マイクロ波パルス照射下における逆スピンホール効果 

○鐘本勝一 1,2, 中橋健太 1,鈴木 貴之 3 
 1 大阪市大院理・2 南部研 B・3（株）JEOL RESONANCE 

P209 ESR を使用した一重項酸素測定法に関する基礎的検討 

○高城徳子, 栗原義暢, 岩瀬弘大, 土田和徳, 安西和紀 

 日本薬科大学 

P210 Q-band ESR 装置を用いた光キャリアのサイクロトロン共鳴 

○秋元郁子 1, 中暢子 2, 松岡秀人 3 

 1 和歌山大シス工・2 京大院理・3 大阪市大院理 

P211 スピンコントラスト粉末結晶構造解析法の開発 

○三浦大輔 1, 熊田高之 2, 岩田高広 1, 宮地義之 1, 元川竜平 2, 関根由梨奈 2,  

中川洋 2, 大場洋次郎 2, 大原高志 2, 高田慎一 2, 廣井孝介 2, 森川利明 3,  

河村幸彦 3, 大石一城 3 

1 山形大理・2 日本原子力開発機構・ 3 CROSS 東海 

P212 電気検出磁気共鳴(EDMR)イメージング 

○原英之 

 Bruker Japan K.K. 
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P213 プリオンペプチド銅錯体のレドックスポテンシャル 

○村上周平, 平岡和佳子 

 明治大学大学院理工学研究科 

P214 植物 PSII の初期光電荷分離による立体配置と電荷再結合に対する温度効果 

○尾崎恭佑 1, 長嶋宏樹 2, 尾山真也 1, 三野広幸 3, 立川貴士 1,2, 小堀康博 1,2, 
 1 神戸大院理・2 神戸大分子フォト・3 名大院理 

P215 光合成酸素発生系高スピン S2状態の起源 

○三野 広幸 1、長嶋宏樹 2 
 1 名大院理・2 神戸大分子フォト 

P216 154 GHz ジャイロトロンを用いた希釈 BDPA ラジカルの FID 信号の測定と解析 

○堂野壱暉, 林哉汰, 石川裕也, 佐藤丈賀, 藤井裕, 古屋岳, 光藤誠太郎 

 福井大学遠赤外領域開発研究センター 

P217 非フラーレンアクセプターを用いたブレンド膜の時間分解 EPR 

○岡村芽衣水 1, 濱田守彦 2, 小堀康博 1,2 
 1 神戸大理・2 神戸大分子フォト 

P218 スピントラップ法によるポリメタクリル酸メチルの劣化反応機構の解明 

○一瀬翔太 1，木梨憲司 2，坂井亙 2，堤直人 2，前中佑太 3，新井彩子 3 

 1 京工繊大院･2 京工繊大材化･3 三菱ケミカル 

P219 AWG-RYDMR 法によるラジカル対系の反応制御 

○増澤健太 1, 菅原道彦 2, 前田公憲 1 
 1 埼玉大学理工学研究科・2 慶應義塾大学量子コンピューティングセンター 

P220 8-アミノキノリンを導入したフェノキシルラジカルを配位子に持つ 

 コバルト 4 核錯体の電子状態 

○芝野 祐樹 1、杉﨑 研司 1、松岡 秀人 1、豊田 和男 1、塩見 大輔 1、 

Nico M. Bonanno2、Alan. J. Lough3、Martin T. Lemaire2、佐藤 和信 1、 

工位 武治 1 
 1 阪市大院理、2 Brock University、3University of Toronto 

P221 ナフタレンジイミド誘導体の励起状態のダイナミクス 

○芝野祐樹 1・神崎祐貴 1・秋元郁子 2・松岡秀人 1 
 1 阪市大院理、2 和大システム工 

P222 磁場スイッチング(SEMF)法による FAD 分子のアミノ酸による 

 クエンチング反応測定 

○佐藤太一 1, 坂下哲弘 1, Lewis M. Antill1, 前田公憲 1 

 1 埼玉大院理工 

P223 時間分解 EPR 法による一重項励起子分裂により生成した多重励起子解離機構の解明 

○松田紗季 1, 尾山真也 1, 立川貴士 1,2, 小堀康博 1,2 

 1 神戸大院理・2 神戸大分子フォト 

P224 スピントラップ法によるポリビニルアルコールの熱劣化反応機構の解析 

○林 知輝 1，木梨憲司 2，坂井 亙 2，堤 直人 2，藤井彩花 3・稲田誠亮 3 
 1 京工繊大院工芸科，2 京工繊大材化，3 クラレ 

P225 放射線照射により糖類から生成するラジカル量の評価(１) 

○中川清子 

 都産技研 

P226 塩基性水溶液中での安定ニトロキシドラジカルと Trolox との反応 

○中島暉 1, 長野文子 2, 櫻井康博 3, 田嶋邦彦 3 
1 宮崎大学フロンティア・2 宮崎大学医学部・3 京都工芸繊維大学 

P227 ストップトフローESR 法および光吸収法によるスーパーオキシドラジカルと 

 ガロカテキン誘導体の酸化還元反応機構の研究 

○中野涼汰、太田 宇、桑原慶子、櫻井康博、三宅祐輔、金折賢二、田嶋邦彦 

 京都工繊大 
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P228 TIPS ペンタセン薄膜の一重項分裂による室温での時間分解 EPR 

○長友敬晃 1・松田紗季 2・濱田守彦 3・小堀康博 1,3 

 1 神戸大理・2 神戸大院理・3 神戸大分子フォト 

P229 ゴム材料におけるイオウ架橋構造が示す劣化反応のラジカル解析 

○齊藤桐吾 1，木梨憲司 2，坂井亙 2，堤直人 2 

1 京工繊大院･2 京工繊大材化 

P230 時間分解 EPR 法を用いた P3HT：PC70BM ブレンド膜における 

 光誘起電荷ダイナミクスの解明 

○尾山真也 1, 長嶋宏樹 2, 濱田守彦 2, 梅山有和 3, 立川貴士 1,2, 今堀博 3,  

小堀康博 1,2 
 1 神戸大院理・2 神戸大分子フォト・3 京都大院工 

P231 ヘテロレプティックな二核 Cu(I)錯体の時間分解 EPR スペクトル 

○橋本 祥 1, 浅野素子 1, 兒玉 健 2, 西川道弘 3, 坪村太郎 3, 竹田浩之 4, 石谷 治 5 

 1 群大院理工・2 首都大院理・3 成蹊大理工・4 阪市大 ReCAP・5 東工大理 

P232 スピントラップ法によるポリウレタンの劣化反応機構の解析 

○藤浪正季 1，木梨憲司 2，坂井 亙 2，堤 直人 2 
 1 京工繊大院工芸科，2 京工繊大材化 

P233 動的核分極 NMR を用いたリン脂質表面の局所的水和環境解析のための 

 プローブ合成  

○李ギョレ 1・景山義之 2・武田定 2 

1 北大院総化、2 北大院理 

P234 トリプレットフュージョンの 10 T までの磁場効果測定の検討 

○篠原優太, 矢後友暁, 若狭雅信 

埼玉大院理工学研究科 

P235 スピン局在型ニトロキシドを縮環した金属フタロシアニン類縁体の合成と 

 物理化学的性質 

○石原 瞭, 土屋 遼, 三浦 洋平, 吉岡 直樹 

 慶應大理工 

P236 フッ素系樹脂の熱劣化および変色における分光分析 

○山口陽司・沢井隆利・徳岡麻里子・熊沢亮一 

 （株）東レリサーチセンター 

P237 偏光励起による五重項状態の効率的形成に関する研究 

○長嶋宏樹 1, 松井康哲 2,3, 河岡秀平 2, 秋本誠志 4, 立川貴士 1,4, 池田浩 2,3,  

小堀康博 1,4 

 1 神戸大分子フォト・2 大阪府大院工・3 大阪府大 RIMED ・4 神戸大院理 

P238 フェルダジルをスピン中心とするオリゴラジカルの電子状態 

○関口 亮子, 佐藤 拓歩, 大島 陸，三浦 洋平, 吉岡 直樹 

 慶應大理工 

P239 塗膜中の光安定剤（HALS）の機能発現と反応機構 

○駒口健治 1, 河邉光祥 2，湊允哉 2, 早川慎二郎 1 

 1 広島大院工・2 マツダ㈱技術研究所 

P240 SQUID 磁束計での静磁化検出による Q-バンド円偏波 ESR 

○塩見大輔, 佐藤和信, 工位武治 

 阪市大院理 

P241 スピン分極したラジカルの Inversion Recovery 観測を利用した 

 ラジカル付加反応速度の新規測定法の開発 

 ○平野弘樹 1，高橋広奈 2，河合明雄 1  
 1 神奈川大学大学院理，2 岡山理科大学理 

P242 スピントラップ法による高分子材料の光劣化反応機構の解明 

 ○宇野航平 1，木梨憲司 2，坂井亙 2，堤直人 2 

 1 京工繊大院･2 京工繊大材化 
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P243 高活性 TiO2光触媒におけるアナターゼ-ルチル結晶相間の電荷移動反応 

 ○長谷滉平 1, 高渕翔太 1, 駒口健治 1, 早川慎二郎 1, 井出裕介 2 

 1 広島大院工・2MANA 

P244 キサンテン系色素三重項の TEMPO ラジカルによる消光過程と 

 電子スピン分極発生における溶媒依存性 

○寺岡龍哉 1, 高橋広奈 2, 河合明雄 1 

 1 神奈川大院理・2 岡山理科大学 

P245 ESR 法によるマウス細胞の体積測定法の検討 

○沢井隆利, 中田克, 山口陽司  

 株式会社東レリサーチセンター 

P246 DSS 誘発大腸炎マウスの大腸における亜硫酸由来ラジカルの産生 

○安川圭司 1, 佐藤泰樹 1, 松尾幸汰 1, 岩﨑将紘 1, トンシン 2,小山 進 1 

 1 第一薬大薬・2 九大生医研 

P247 CW-EPR による pH/pO2同時イメージング法の開発 

○田口 晃裕 1, Stephen De Vience2, Benoit Driesschaert2, Valery V. Khramtsov2, 

平田 拓 1 

 1 北大情報科学・2 ウエストバージニア大医 

P248 紫外線照射によりケトプロフェンが惹起するリポソーム膜傷害の検出 

○岡崎 祥子、宮瀨 のぞみ、有田 瑠名、山田 瑠依、竹下 啓蔵 

 崇城大薬 

P249 非アルコール性脂肪肝炎の DNP-MRI を用いたレドックス代謝イメージングと 

 代謝反応のレドックス解析  

○兵藤文紀 1、庄田真一 1、森崇 2、高須正規 2、江藤比奈子 3、中路睦子 4、長沼辰弥 4、

富田弘之 1、村田正治 3、松尾政之 1 

 1 岐大医・2 岐大獣医・3 九大先端医イノベ・4 日本レドックス 

P250 750-MHz CW-EPR による圧縮センシング再構成画像の評価 

○木村洸太, 平田拓 

     北大院情報科学 

P251 色素性植物種子の内因性ラジカルに関する研究 

○中川公一 1,i  

弘前大院保健 1 

P252 EPR 分光のための 750 MHz チューナブル共振器雑音特性の解明 

○中岡梨々子・平田拓 

 北大情報科学 

P253 L バンド·ラピッドスキャン EPR デジタル分光器の開発 

 〇大槻智也, 辻健太郎, 赤羽英夫 

 阪大院基礎工 

P254 ミリ波二重磁気共鳴測定のための平面型 NMR コイルの最適化 

 ○笈田智輝 1, 大見謝恒宙 1, 大浦拓実 1,  石川裕也 1, 藤井裕 1, 光藤誠太郎 1,  

 小林英一 2, 菊池彦光 3 

 1 福井大遠赤セ・2 福井大工技術部・3 福井大工 

P255 EPR 生体イメージング用静磁場マグネットの設計 

  ○岡田侑樹, 辻健太郎, 赤羽英夫 
 阪大基礎工 

P256 OMRI 可視化範囲拡大のための多チャンネル EPR 励起コイルアレイの開発 

○榎本彩乃 1, 市川和洋 1 

    1 長崎国際大学薬学部 
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図１ 超偏極13C MRI代謝イメージングと抗がん治療効果 (a) ３種のヒト由来膵管癌モデルにおける超偏極13C MRIから得たLDH
活性マップ，（b) 免疫ブロットによるLDH発現量，（c）放射線治療および低酸素標的薬TH302の治療効果．
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Figure 7. Dynamics of the triplet and quintet states. a) Time-resolved electron paramagnetic 
resonance (tr-EPR) of the 10% pentacene in p-terphenyl 1μm film. The innermost peaks from 
the centre-field belong to strongly-coupled triplets from parallel dimers, 5(TT)||, with the next 

pair of peaks originating from strongly-coupled triplets with a herringbone geometry, 5(TT) . 
The penultimate and strongest pair of peaks belong to dissociated parallel triplets and isolated 
ISC crossing triplets, (T). Finally, the outermost peaks are the dissociated triplets from the 
herringbone quintet. Timescales for the formation and dissociation of spin species are labelled 
1-4 on the right-hand side. b) Schematic of the triplet and quintet kinetics: i) formation of 

5(TT)||, ii) formation of ISC (T) and of the 5(TT) , iii) dissociation of the quintets into triplets, 

iv) equilibrium state between (TT) ⇌ T+T , forming a trap-state, whilst (TT)||⟶T+T  

forms long-lived triplets. 
 
[1] Daphné Lubert-Perquel, Enrico Salvadori, Matthew Dyson, Paul N. Stavrinou, Riccardo 

Montis, Hiroki Nagashima, Yasuhiro Kobori, Sandrine Heutz and Christopher W. M. Kay, 
Nature Communications, 2018, 9, 4222. 

 
[2] Daphné Lubert-Perquel, Kuk Kim Dong, Peter Robaschik, Christopher W. M. Kay and 

Sandrine Heutz, Journal of Materials Chemistry C, 2019, 7, 289-296. 
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NMR-based strategy to improve the druggability of proteins by controlling the 
conformational equilibrium 
○1Koh Takeuchi, 1,2Yumiko Mizukoshi, 1Yuji Tokunaga, 3Takeshi Takizawa, 3Hiroyuki Hanzawa, and 
4Ichio Shimada 
1. National Institute of Advanced Industrial Science and Technology, Molecular Profiling Research Center 
for Drug Discovery  
2. The Japan Biological Informatics Consortium  
3. Daiichi-Sankyo RD NOVARE  
4. The University of Tokyo, Graduate School of Pharmaceutical Sciences 

In drug-developments, ligands often bind to pockets that are not evident in the unligated state  to 
improve the affinity and specificity. These pockets are called cryptic sites and the presence of the 
cryptic sites usually becomes evident only after the serendipitous finding of the ligands. By using 
solution NMR, we showed that the cryptic site already exists in the conformational equilibrium of 
unligated BclxL, a target of PPI inhibitors. We quantified that ~1% of the unligated BclxL has the 
cryptic site with an open conformation. An allosteric mutation that stabilizes the cryptic site was 
developed based the NMR chemical shift information and was successfully improved the hit rate 
of an initial screening. These results indicate that the draggability of proteins can be rationally 
improved by controlling the population of cryptic site in the conformational equilibrium.  
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2D
NMR

PPI

Fig. 1 ABT-737 binds to cryptic site
between α3 and α4 helix of Bcl-xL. 

Fig. 2 Efficient screening of peptide ligand by cryptic site open mutant. 
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○佐々木 進1,2, 森勇介3,4， 
久志本真希5，天野浩4，白石賢二4 

1 新潟大学工学部 
2 日本医療研究開発機構AMED先端計測 

3 大阪大学工学研究科 
4 名古屋大学IMaSS 

5 名古屋大学工学研究科 
 

Direct Observation of Spontaneous Polarization in Freestanding GaN Substrate 
○Susumu Sasaki1,2, Yusuke Mori3,4, Maki Kushimoto5, Hiroshi Amano4, Kenji Shiraishi4 

  
1 Niigata University, Faculty of Engineering 

2 Japan Agency for Medical Research and Development (AMED), SENTAN 
3 Osaka University, Graduate School of Engineering 

4 Nagoya University, IMaSS 
5 Nagoya University, Graduate School of Engineering

We have directly observed spontaneous polarization in freestanding c- and m-GaN crystal through Ga 
nuclear magnetic resonance (NMR). We also clarified that the polarization lies in the c-direction (in the 
in-plane direction) for the c-GaN (m-GaN).   

1. Introduction 
In GaN, it has been widely believed that, due to 

strong ionic bonding, there should exist 
spontaneous polarization. To the best of our 
knowledge, however, no direct observation has 
been reported.  

Nuclear magnetic resonance (NMR) is a 
powerful method to observe internal electronic 
states of various materials, since the nuclei that 
constitute the material are used to probe the 
surrounding electronic states in atomic-scale. 
Indeed, NMR has been contributing a great deal to 
clarify the microscopic electronic states in various 
materials such as superconductors [1] and 
magnetic materials. Mainly due to technological 
difficulties, however, NMR has not been fully 
employed to the study of semiconductors [2].  

Here, using home-built and customized NMR 
spectrometer, we have succeeded in direct 
observation of spontaneous polarization in c-GaN 
and m-GaN through Ga-NMR. We also found that 
the polarization lies in the c-direction (in-plane 

direction) for the c-GaN (m-GaN). The present 
result is well reproduced by the first-principle 
calculations. 
 
2. Experiments, Results and Discussions  
   For this study, we used two types of 
freestanding GaN substrate. One is HPVE c-GaN 
and the other is m-GaN.  
   If spontaneous polarization exists, it should be 
observed as splitting of NMR frequency spectra 
through the interaction between Ga nuclei and the 
electric field gradient (EFG) at the Ga-sites.  
 
(a) c-GaN : This is exactly observed in Figure 1 
whereθ(the angle between the c-axis and the 
magnetic field) is zero. As is seen in Fig. 1, the 
splitting between the right-hand satellite and the 
left one is equally divided by the center peak with 
the interval of 1.36 MHz. From other experiments, 
we have confirmed that the interval is completely 
attributed to the EFG at the Ga-sites.

GaN結晶，自発分極，直接観察，Ga-NMR 
○佐々木進（ささき すすむ）もりゆうすけ くしもとまき あまのひろし しらいしけんじ 
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Figure 1. Ga-NMR spectrum for c-GaN with =0 under the 
magnetic field of 6.16 tesla. 
 
Moreover, we found that the interval depends on θ 
as (3cos2θ-1) [3], which is clearly seen in Fig. 2. 
 

 
 
 

 

 

 
 
 
 
 
 
 

Figure 2. -dependence of the interval of Ga-NMR 
spectra for c-GaN. The shift of the peak angle from 0  
is confirmed to come from canted setting of the c-GaN 
sample. 

 
These results indicate that there exists surely 
spontaneous polarization in c-GaN and the 
direction is parallel to c-axis. 
 
(b) m-GaN 
 For m-GaN, we also observed splitting of the 
Ga-NMR spectra which are confirmed to come 
from the EFG at the Ga-sites. Compared to the 
results of c-GaN, however, the angular dependence 
is totally different. The upper panel of Fig. 3 
shows the Ga-NMR spectrum in the case that the 
m-surface is parallel to the magnetic field. In 
contrast, the lower panel is the spectrum when the 
m-surface is placed perpendicular to the magnetic 
field. These results can be understood only when  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Ga-NMR spectra for m-GaN under the magnetic 
field of 9.4 tesla. Upper: The m-surface is placed parallel to 
the magnetic field. Lower: The m-surface is placed 
perpendicular to the magnetic field. These results indicate 
that, for m-GaN, the spontaneous polarization lies in the 
m-surface. 
 
the polarization lies in the in-plane direction for 
m-GaN, as expected.  

 
3. Conclusions 
  Through Ga-NMR spectra, we have directly 
observed the spontaneous polarization in both 
c-GaN and m-GaN. From the angular dependence, 
the polarization in c-GaN is perpendicular to the 
c-surface, whereas the polarization in m-GaN lies 
in the m-surface. 
 
References 
[1] L. C. Hebel, C. P. Slichter, Phys.Rev. 113, 
1504 (1959). 
[2] S. Watanabe, S. Sasaki, S. Sato, N. Isogai, Y. 
Matsumoto, Appl. Phys. Lett. 92 253116. 1 - 
253116. 3, (2008). 
[3] C. P. Slichter, Principles of magnetic 
resonance, Solid-State Sciences 1, Springer 
(1990). 
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Development of a compact rf-to-light transducer for electro-mechano-optical
NMR
©Yusuke Tominaga1, Takaaki Matsukawa1, Ng Wern1,2, Kazuyuki Takeda1

1 Graduate School of Science, Kyoto University
2 Department of Materials, Imperial College London

Recently, we reported on proof-of-principle demonstrations of Electro-Mechano-Optical (EMO)

NMR, in which radio-frequency signals are up-converted to the optical regime through electrome-

chanical and optomechanical couplings. However, the sensitivity of EMO NMR still remains less

than ideal. Towards realization of practical EMO NMR, we present here the design and fabrication

of a high-performance compact rf-to-light transducer that can be installed inside the body of an NMR

probe. The main body of the module is a palmtop vacuum chamber equipped with hermetically sealed

SMA ports and an optical window. Inside the chamber is installed a metal-coated SiN membrane os-

cillator serving as both a capacitor electrode and a mirror of an optical cavity, so that the oscillating

metal layer transcribes the profile of NMR signals onto the optical carrier.

1 Introduction

[1]

NMR Electro-Mechano-Optical (EMO) NMR [2, 3]

EMO NMR NMR

NMR

EMO NMR

2 Design & Fabrication

Figure 1 EMO NMR 2

[2, 3]

EMO NMR EMO NMR

1. NMR

Fig. 2a

2. Fig. 2b

Electro-Mechano-Optical (EMO) NMR - -

©

L1-5
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Fig. 1 In EMO NMR, the signal is transduced in two steps, whereas the noise due to the thermal

fluctuation of the membrane is transduced only in a single step.

Fig. 2 (a) Design of vacuum chamber, (b) picture of

harmetic contact probe, (c) picture of vacuum chamber

viewed from a side with harmetic ports, (d) previous design

and (e) new design of parallel-plate membrane capacitor.

Fig. 3 Fabricated EMO system

Figure 2c

3.

Fig. 2d, e

Figure 3 EMO NMR

Fabry–Pérot

NMR

References

[1] BAGCI, T., SIMONSEN, A., SCHMID, S., VILLANUEVA, L. G., ZEUTHEN, E., APPEL, J.,
TAYLOR, J. M., SØRENSEN, A., USAMI, K., SCHLIESSER, A., AND POLZIK, E. S. Optical
detection of radio waves through a nanomechanical transducer. Nature 507, 7490 (2014), 81.
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TAYLOR, J. M., AND USAMI, K. Electro-mechano-optical detection of nuclear magnetic reso-
nance. Optica 5, 2 (2018), 152–158.

[3] TOMINAGA, Y., NAGASAKA, K., USAMI, K., AND TAKEDA, K. Studies on nmr-signal up-
conversion from radio-frequency to optical regimes using a lightweight nanomembrane trans-
ducer. Journal of Magnetic Resonance 298 (2019), 6–15.
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Solid-State NMR of CdSe and Ag Magic-Sized Clusters
Yasuto Noda1, Takuya Kurihara2, and Kiyonori Takegoshi 

1Graduate School of Science, Kyoto University 

Clusters, where most of the constituent atoms occupy at or near the surface, show unique 
properties and structure due to strong effects from the surface/interface. Moreover, the properties 
and stability depend on the number of the constituent atoms. A cluster which is stable at a particular 
number of the constituent atoms is called magic-number cluster (MSC). Here, we report on the 
results of solid-state NMR analysis of CdSe and Ag MSCs, which results have been conducted to 
for the purpose of clarifying the static/dynamic structures of these MSCs.

MSC
MSC

MSC
MSC

MSC NMR CdSe Ag MSC
NMR

CdSe (CdSe)13, (CdSe)19, (CdSe)34 MSC
L-Cysteine (CdSe)34

NMR
J NMR NMR

CdSe

CdSe
43% 2.4 Å

11% [1]

NMR 
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IR XPS
MSC

S Cd XPS 23Na MAS NMR IR 
13C CP/MAS NMR

MSC  CdSe-Cys 
S

N (~43%) S
(~57%)  CdSe MSC [2]

CdSe MSC
CH2 3,3-d2

CdSe MSC 2H NMR
2H NMR 2

4 0.2 eV
[3]

MSC
MSC MSC

NMR 109Ag MSC
MSC Ag13(Ag2(SR)3)6 NMR CP/MAS

3 Ag13

DFT

CP
Cryocoil MAS  [4]

JSPS JP16H06440 18J11973 19K22168
DFT

[1] T. Kurihara, Y. Noda, and K. Takegoshi, J. Phys. Chem. Lett. 81 (2017) 22555—2559. 
[2] T. Kurihara, Y. Noda, and K. Takegoshi, ACS Omega 4 (2019) 3476—3483. 
[3] T. Kurihara, A. Matano, Y. Noda, and K. Takegoshi, J. Phys. Chem. C 123 (2019) 14993—14998. 
[4] S. Uchida, T. Okunaga, Y. Harada, S. Magira, Y. Noda, T. Mizuno and T. Tachikawa, Nanoscale 11

(2019) 5460—5466. 
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Nanoscale solution NMR spectroscopy using Nitrogen-Vacancy centers in diamond  
○Izuru Ohki1, Koki Morita1, Masanori Fujiwara1, Hiroki Morishita1, Masahiro Shirakawa2,3 and Norikazu 
Mizuochi1 
1 Institute for Chemical Research, Kyoto University 
2 Graduate School of Engineering, Kyoto University  
3 National Institutes for Quantum and Radiological Science and Technology (QST)  
 

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 in a single cell, and have already succeeded in measuring 
proton NMR of 1000 or less organic molecules in vitro. In this presentation, we would like to discuss the 
progress of NV-NMR and its application to biological systems. 

1 NMR
1015

- NV NMR
 

 
NV NMR 

NV 1
ODMR optically detected magnetic resonance

NV 1 nT/√Hz
5 nm 1 10 nT

[1] NV NMR

NMR 1 5 nm3 104 1H
[2] NMR NV

T2 < 1 ms NMR   
 

NMR NV  
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>1 kHz 2017 Q-
dyne CASR [3,4,5,6] T2

NMR
1Hz NMR

1
1H NMR [6]  

 
Qdyne NMR NMR
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[7] NMR
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NMR in vitro 103 1H 

NMR 1,2
NMR Statistical polarization
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Dissolution Dynamic Nuclear Polarization using Photoexcited Triplet Electron Spins 
For Solution NMR in a high magnetic field 
○Miyanishi Koichiro1, Ichijo Naoki, Motoyama Makoto, Kagawa Akinori, Negoro Makoto, 
Nakamura Yushi, Enozawa Hideo, Murata Tsuyoshi, Morita Yasushi, Kitagawa Masahiro 
1 Graduate School of Engineering Science, Osaka University 
2 Quantum Information and Quantum Biology Division, Institute for Open and Transdisciplinary Research 
Initiatives, Osaka University 
3 JST, PRESTO 
4 Faculty of Engineering, Aichi Institute of Technology 

Dissolution Dynamic Nuclear Polarization (DNP) has been implemented for various biomedical 
applications. The conventional DNP requires a cryogenic instrument and a superconducting magnet to 
obtain high nuclear polarizations. In this study, we construct DNP using photo-excited triplet electron spins 
(triplet-DNP) apparatus combined with dissolution apparatus for solution NMR in a high magnetic field. 
After triplet-DNP at room temperature, a polarized sample in the solid state is transferred to a 
superconducting magnet and dissolved by injecting aqueous solvents for solution NMR. For carboxyl-13C 
benzoic acid in solution, the enhancement factor of 220 has been obtained in 11.7 T at room temperature. 
We have also created a long-lived state with hyperpolarized nuclear spins in solution. 
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Fig 1. Schematic diagram of our 
dissolution Triplet-DNP system. 

Fig 2. (a) Liquid 13C-NMR spectra of benzoic acid in 11.7 T. The spectra were acquired with a 
ttime interval of 5 s using a 30° pulse (b) The relaxation curve of the signal from aromatic protons 
hyperpolarized by triplet-DNP. 
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77Se-NMR for selenomethionine-labeled proteins 
○Toshihiko Sugiki  1, Vladimír Sychrovský 2, Kenichi Harada  1, Marina Hiraoka  3, Toshimichi 
Fujiwara 1, Chojiro Kojima 1,3 
1Institute for Protein Research, Osaka University 
2Inst.Org. Chem. and Biochem., Acad. Sci. Czech Rep. 
3Graduate School of Engineering Science, Yokohama National University 

Methionine and cysteine residues play important and unique roles in regulation of structure or 
biological function of the proteins, such as post-translational oxidation and electron transfer, due 

to the chemically reactive sulfur atoms. In addition, methyl group of methionine residue, which is 
separated from other carbon and proton atoms by the sulfur, can be sensitive probe for protein 
NMR studies. By substituting the sulfur to selenium, the chemical environmental changes of the 

sulfur, which is reactive center in various function of the methionine residue, can be directly 
analyzed by 77Se NMR in an atomic resolution.  In this study, we developed several applications of 
77Se NMR for structural and functional studies of proteins by using selenomethionine-labeled 

proteins: (1) post-translational oxidation of desired methionine residue can be sensitively observed. 
(2) 1H, 13C signals of the methyl group of methionine residue can be assigned wi thout mutagenesis. 

(33S) NMR
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Fig. 1. Assignment of NMR signal of methyl 
group 1H, 13C of selenomethionine residues 
by assignment-walking of 1H -77Se-1H  
correlation. 
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Figure 1. Experimental NMR and EM data of the 468 kDa TET2 assembly. a MAS NMR and b solution-

NMR spectra of TET2, showing high resolution despite the large subunit size. c Experimental 4.1 Å 

IL-2

－ 88 －



resolution cryo-EM electron-density map. 
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RAS proteins are frequently mutated in cancer (~30% of all human tumours) and an estimated world-wide 

death pole of RAS-associated cancers exceeds 2 million/yr. Despite of enormous efforts in the RAS research 

over three decades, there is no clinically approved RAS inhibitor and the RAS protein remains to be a 

challenging target for cancer therapy development. In order to overcome this challenge, we ought to better 

understand how RAS functions under physiological conditions and alters related signaling pathways in the 

mutant RAS-driven tumours. Fully-matured protein K-RAS4B is prenylated and methylated at the carboxy-

terminus, which enables K-RAS4B to anchor to the plasma membrane where it receives an upstream signal 

and transmits the signal to a number of downsteam pathways. Unfortunately, There is a large gap in our 

understanding of how the matured K-RAS4B protein functions at the surface of the plasma membrane. To 

this end, we have been extensively employing isotope-aided NMR spectroscopy and have developed new 

conformational and functional assays for the RAS protein on lipid bilayers using the nanodisc platform 

developed by Sligar et al. We elucidated how the membrane environment dictates the conformation of K-

RAS4B and how oncogenic mutations influences the membrane-dependent conformational states of the 

protein ( PNAS 2015). More recently, we have been investigating multiple aspects of K-

RAS4B functions and I will discuss (i) how the biological membrane influences K-RAS4B interaction with 

a binding domain of RAF kinases and (ii) how we could inhibit K-RAS4B at the membrane surface by small 

molecules (Fang et al. Cell Chem Biol 2018) and an engineered protein. I believe that these efforts should 

eventually lead to a successful development of a cancer therapy for KRAS-driven cancer patients. 

Supported by CCS, CIHR, CFI & PMCF.
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Reflections upon my Research on Biological Spectroscopy
Hideo Akutsu1, 2

Osaka University, Suita, Japan.
Yokohama City University, Yokohama, Japan.

I have been interested in the molecular mechanism of life throughout my research. When I entered 
university in 1963, impact of the double helical DNA structure discovered by Drs. Watson and Click on 
biological science was still obvious. I thought that spectroscopy might be useful for elucidating structure and 
function of biological molecules. Since Prof. M. Tsuboi was active in that field, I joined his group when I 
became a graduate student. My research interest moved from nucleic acids to biological membranes during 
the master course. Prof. Tsuboi suggested me analysis of built-up films of lipids by vibrational spectroscopy.

Vibrational spectroscopy enjoys reasonably high sensitivity and provides structural information on the 
basis of vibrational coupling and relatively well-defined directions of local transition moments. Although 
water was a major obstacle of infrared (IR) spectroscopy at that time, Raman scattering could avoid this 
problem. In collaboration with Prof. K. Fukuda I carried out structural analysis of phosphatidylethanolamine 
bilayers in built-up films using IR dichroism1 under instruction of late Prof. Y. Kyogoku. He moved to 
Institute for Protein Research (IPR), Osaka University from the University of Tokyo in 1971. He also moved 
to the NMR field on this occasion, recognizing its rising influence. Since he invited me to join his group and 
I shared his view on NMR, I took NMR as the major spectroscopic method in my research. Thus, I explored 
the structural analysis of phospholipid bilayers not only by vibrational spectroscopy but also by NMR at IPR. 

From 1978 to 1980, I worked with Prof. J. Seelig as a postdoctoral fellow at Biocentre, Basel University. 
During my stay in Basel, I was convinced that the solid-state NMR was one of major methods for structural 
analysis of membrane systems. Actually, we succeeded in determining the polar group structure of 
phosphatidylcholine bilayers in the liquid-crystalline state by solid-state NMR with specific 2H-labeling and 
a restriction from Raman spectroscopy2. In contrast to vibrational spectroscopy, NMR could provide well 
defined information of structure and dynamics. The structure was determined analytically (not by simulation) 
using their powder pattern spectra. Phospholipid miscibility in membranes could be also analyzed by ssNMR.

I should indicate a great influence of late Prof. Y. Arata on my research. He was an advocator of biological 
NMR throughout his life. When he proposed a correlation NMR spectroscopy system after Dr. J. Dadok in 
1976, we also modified our PS-100 (JEOL) NMR spectrometer to set up a correlation NMR spectroscopy
with a water signal subtracting system at IPR. Unfortunately, it was only used for producing publication data.
I also felt affection on his claim to work on large molecular systems, since I was interested in biomembranes. 
Actually, we investigated really large systems such as intact viruses3 and whole cells by introducing a ssNMR
attachment to FX-100 (JEOL) spectrometer. Arata also encouraged me on important occasions in my life.

Prof. K. Niki at Yokohama National University offered me a position of associate professor to work on 
tetraheme-cytochrome c3. Since this protein was involved in an energy transduction system of sulfate-
reducing bacterium, a strict anaerobe, this was also a membrane-related molecule for me. We investigated 
tetraheme-cytochromes employing solution NMR. However, specific isotope-labeling was difficult with this 
bacterium of ancient origin. Our isotope-labeling efforts brought us serendipity, namely, discovery of a 
completely new heme-synthesis pathway in anaerobic bacteria4. Furthermore, to make gene-engineering 

_________________________________________________________________________________
vibrational spectroscopy, solid-state NMR, biomembrane systems, BioMagResBank
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applicable, a new and very-efficient expression system for multiheme c-type cytochromes was developed 
using Shewanella oneidensys (host cell) and E. coli plasmids.

I was inspired by the dipolar recoupling works developed by Profs. R. G. Griffin and J. Schaefer, since 
we used powder patter NMR. When I had my own group, I invited Dr. T. Fujiwara as an associate professor 
to boost our high-resolution solid-state NMR technology. I could luckily join the team of Grant-in-Aids for 
Specifically Promoted Research led by Kyogoku together with Prof. M. Kainosho, which provided us a 
CMX400 solid-state NMR spectrometer. We could completely assign 13C and 15N signals of solid adenosine 
uniformly labeled by Kainosho under magic angle spinning. The methodology was further developed by 
Fujiwara using membrane-bound mastoparan-X. I also planned to work on H+-ATP synthase, a huge 
membrane protein involved in the energy transduction, in collaboration with Prof. M. Yoshida. 

Moving back to IPR in 2000, we intensely worked on F1-ATPase (a soluble part of H+-ATP synthase) 
using 950 MHz solution NMR in collaboration with Prof. T. Yamazaki, focusing on the subunit (52 kD).
Dr. H. Yagi, the major player in this project, found that the monomer performed a piston-like 
conformational change on binding ADP or ATP similar as in the F1-ATPase complex5. He also successfully 
elucidated the molecular mechanism underlying this conformational change. Eventually, he could analyze 
the whole F1 (360 kD), focusing on the subunit. I tried to set up ssNMR facilities and technologies for 
biological investigations at IPR in collaboration with Fujiwara. They facilitated such works as structure 
determination of membrane-bound mastoparan-X, amyloid protofilaments of 2-microglobulin fragment (Prof. 
Y. Goto), light-harvesting bacteriochlorophyll c assembly in chlorosomes6, H+-ATP synthase subunit c-ring 
active site in lipid membranes, and others. 

From a viewpoint of contribution to the NMR community, BioMagResBank (BMRB) Osaka site was 
established in Protein Data Bank Japan (PDBj) in collaboration with Profs. J. L. Markley and H. Nakamura 
to support the accumulation of NMR data and NMR structures. They were heavily produced during the time 
of national project “Protein 3000”. Since the chemical shift data used for structure determination by RIKEN 
(about 1300 structures registered in PDB) were not deposited to BMRB, we made special efforts to retrieve 
them. Eventually, we could collect almost half of them in five years in collaboration with Drs. S. Yokoyama 
and N. Kobayashi7. Data entry from the Osaka site was 31.5% of the whole deposition to BMRB in 2010.

Although much is left to be done, I have tried to make serious contribution to the biological NMR 
spectroscopy as well as to the NMR Society of Japan. 
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Development and Application of a Robust and Sustainable System for the 
Production of Hyperpolarized 129Xe Gas 
Hideaki Fujiwara1,2, Hirohiko Imai3, Atsuomi Kimura1 

1 Graduate School of Medicine, Osaka University, 2 MR MedChem Research, LLC, 3 Graduate 
School of Informatics, Kyoto University  

 The hyperpolarized noble gas NMR/MRI, in which 129Xe has now become a main target spin 
for research and development, can be easily accessed for basic studies compared to other 
several methods of using hyperpolarized nuclei for sensitivity enhancement: it does not cost 
much in establishing and maintaining a basic equipment, and any special difficulties are usually 
not encountered in treating the experimental data. However, it has not found widespread 
applicability in different fields such as chemistry, materials sciences, biology, and medicine.  
In the present study, aiming to be a trigger of overcoming such a situation, robust and 
sustainable hyperpolarizing system is developed by improving our hyperpolarizing system 
hitherto reported.  Application to industrial samples of polymers and fibers is also presented. 
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Fig. 2. 129Xe decay curves to obtain 
the decay constant for HP cell.  

 

 
Fig. 1. A separated chamber of Rb (RPC) 

attached to the hyperpolarizing cell (HPC). 
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Fig. 4. Second stage of purification  
for the recovered Xe gas. 

 
Fig. 3.  First stage of purification  
for the recovered Xe gas. 

 
Fig. 5. 129Xe NMR spectra of 

Nano Fiber. 129Xe=110.6 MHz.   
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[1] A. Kimura, H. Imai, and H. Fujiwara, in: T. Meersmann and E. Brunner, eds., Hyperpolarized Xenon-129 

Magnetic Resonance, Royal Society of Chemistry, Cambridge, UK, Chap.17, pp.301-316 (2015).
[2]  57 NMR  p.310 (2018). 
[3] H. Fujiwara, H. Imai, and A. Kimura, Anal. Sci., 2019, 35, 869-873. 

 
Fig. 6. 129Xe NMR spectrum.  

Clover machine thread (Unbleahed). 

 

 
Fig. 8. 129Xe NMR spectrum.  

Clover machine thread (White) .  

 

 
Fig. 9. 129Xe NMR spectrum.  

Clover machine thread (White); 
surface wiped with organic solvent .  

 
Fig. 7. 129Xe NMR spectrum.  

Clover machine thread (Unbleached); 
surface wiped with organic solvent. 
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Structure and physical properties from NMR of the gases in rubbery polymers 

Hiroaki YOSHIMIZU 1, Masato TAKAHASHI 2, Yu TSUTSUMI 3 
1 Graduate School of Engineering, Nagoya Institute of Technology, 
2 RIKEN RSC NMR Science & Development Division, 
3 BioSpin Division, Bruker Japan K.K. 

Structural features of rubbery materials were estimated through NMR observations of the 
sorption gases in the materials.   The NMR data of sorption process and diffusion coefficient of 
Xe in the materials were corresponding to dimeter of that.  Further, the NMR peak width of Xe 
as a sorption gas was roughly corresponding to  the segmental motions of the rubbery materials.  
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Fig. 1.  Sorption curve obtained by 

NMR method using silicon rod with a 
dimeter of 2 mm. 
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Fig. 1. Aligner of TiNS with high specific surface area, high 
stability, surface tunability, and strong orientation capability.  
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Titanium oxide nanosheet-based ultimate aligner for RDC analysis 

Noriyuki Uchida1, Yoshiki Yamaguchi2, Yasuo Ebina3, Takayoshi Sasaki3, Yasuhiro Ishida1 
1RIKEN  
2Tohoku Medical and Pharmaceutical University 
3NIMS 

NMR analysis in the presence of aligner which can anisotropically align under magnetic field 
(magnetic-field oriented NMR), has draw particular attentions because it gives angle-dependent 
information together with typical distance-dependent information.  However, existing aligners for 
magnetic-field oriented NMR of biomacromolecules such as proteins are insufficient in terms of 
orientability and stability, which has largely hampered a wide application of magnetic-field oriented NMR.  
We will report ultimate aligner composed of magnetically-alignable titanium oxide nanosheet with high 
orientability, stability, tolerance in organic solvents which outperforms previous aligners.   
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Fig. 2. Solvent tolerance of 
protein-coated TiNSs. 

 

Fig. 3. Structural change of 15N-GB1 upon 
cooling and heating. 
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Assembling State of Amyloid-β on Ganglioside Membrane  as Studied by Solid-
state NMR Spectroscopy 
○Maho Yagi-Utsumi1,2,3, Katsuyuki Nishimura2, Koichi Kato1,2,3 
1Exploratory Research Center on Life and Living Systems (ExCELLS), National Institutes of 
Natural Sciences 
2 Institute for Molecular Science (IMS), National Institutes of Natural Sciences  
3Graduate School of Pharmaceutical Sciences, Nagoya City University  
 

Growing evidence has recently demonstrated that gangliosides on neuronal cell membranes can 
be interaction targets for various amyloidogenic proteins that are associated with neurodegenerative 
disorders exemplified by amyloid β (Aβ) in Alzheimer’s disease.  To understand the conformational 
effects of the ganglioside membrane on protein oligomerization at the atomic level, we performed  
NMR experiments and molecular dynamics simulations for an Aβ monomer in the presence and 
absence of the hydrophilic/hydrophobic interface. Furthermore, our solid-state NMR data obtained 
by employing GM1 ganglioside-containing DMPC vesicles as model membrane system have 
elucidated the membrane-induced conformation of Aβ . These data provide insights into the 
mechanisms underlying the α-to-β conformational transition of Aβ on ganglioside clusters, which 
promote nucleation processes in Aβ  fibrillization in the membrane environments.  

β Aβ
α

 
NMR

Aβ GM1
Aβ

NMR / 2
Aβ α

Aβ  

 

L3-4

－ 104 －



Aβ C β
GM1 Aβ α

β
NMR NMR  
13C NMR GM1 Aβ(1-40) 2 α

1 α C 2 α
C Aβ(1-40)

Aβ C N 1 α
/ Aβ(1-40)

NMR
Aβ 2 α β

β Aβ
 

NMR U-[13C, 15N]Aβ(1-40) GM1 1,2-dimyristoyl-
sn-glycero-3-phosphocholine DMPC
NMR CC-COSY NCO NCA DARR GM1-DMPC

Aβ  
Aβ Aβ

 
 
 

 
[1] M. Utsumi, Y. Yamaguchi, H. Sasakawa, N. Yamamoto, K. Yanagisawa, K. Kato, 

Glycoconj. J. 26, 999-1006 (2009). 
[2] M. Yagi-Utsumi, T. Kameda, Y. Yamaguchi, K. Kato, FEBS Lett. 584, 831-836 (2010). 
[3] M. Yagi-Utsumi, K. Matsuo, K. Yanagisawa, K. Gekko, K. Kato, Int. J. Alzheimers Dis. 

2011, 925073 (2010). 
[4] M. Yagi-Utsumi, C. M. Dobson, Biol. Pharm. Bull. 38, 1668-1672 (2015). 
[5] M. Yagi-Utsumi, K. Nishimura, K. Kato, PLoS One 11, e0146405 (2016). 
[6] S.G. Itoh, M. Yagi-Utsumi, K. Kato, H. Okumura, J. Phys. Chem. B 123, 160-169 (2019). 
[7] M. Yagi-Utsumi, Biol. Pharm. Bull. 42, 867-872 (2019). 

－ 105 －



 

 

L3-5

－ 106 －



 

 
－ 107 －



β
β

 
○ Yoshitaka Ishii 1 ,2 Yiling Xiao3, Brian Yoo3, Isamu Matsuda,1 Dan McElheny32 
1 School of Life Science and Technology, Tokyo Institute of Technology 
2 RIKEN RSC NMR Science & Development Division 
3 Department of Chemistry, University of Illinois at Chicago 

Cross-seeding of misfolded amyloids is believed to induce cross-species infection of prion diseases. 
Despite increasing evidence that misfolded beta-amyloid (Aβ) mimics prions, interactions of misfolded 42-
residue Aβ42 with more abundant Aβ40 in AD are elusive. Through 13C SSNMR and other experiments, 
this study demonstrates that an E22G pathogenic (“Arctic”) mutation of Aβ40 can enhance misfolding via 
cross-seeding from WT Aβ42 fibril, suggesting unexpected cross talk of Ab isoforms that may promote 
early onset of AD. Other data on Ab cross seeding and amyloid assemblies will be presented.  

Amyloid diseases, including AD, Parkinson’s and prion diseases, are commonly characterized by 
misfolded fibrillar aggregates of disease-specific amyloid proteins.1 These amyloid fibrils catalyze self-
replication as a “seed” or template by recruiting monomeric proteins into a template-dependent 
polymerization. Increasing in-vitro and in-vivo evidence suggests that fibril from one amyloid protein can 
promote misfolding of another amyloid protein via cross-seeding/propagation.2 In yeast prions exposure to 
a misfolded form of a Sup35 prion domain originated from one yeast strain was shown to prompt 
misfolding of another Sup35 prion domain from a divergent strain through a cross-species barrier.3 It is 
believed that such cross-seeding of prions is essential in cross-species transmission of mammalian prion 
diseases.4 However, cross-seeding mechanisms at a molecular level are poorly defined for prions and other 
amyloid proteins.  

 AD is an amyloid disease that is linked with misfolding of 39- to 43-residue β-amyloid (Aβ) protein. 
Aβ is a primary component of the amyloid plaque, a hallmark of AD. Among the Aβ species in AD, 42-
residue Aβ (Aβ42) is considered to be the more pathogenic species since it is both more aggregation-prone 
and toxic than most abundant 40-residue Aβ (Aβ40).1 Furthermore, a lower ratio of Aβ42 to Aβ40 in the 
plasma is an indicator of AD;5 thus, selective misfolding of Aβ42 may trigger initial amyloid plaque 
deposition. Although early studies reported some degree of cross-seeding on Aβ40 misfolding by Aβ42 
fibril seed, recent studies using improved protocols to prepare fibrils consistently showed negligible or poor 
enhancement of misfolding of Aβ40 via cross-seeding with Aβ42 fibril seed.6-8 Recent kinetic studies 
indicated that cross-seeding effects between Aβ42 and Aβ40 may be explained by non-specific surface-
catalysis rather than structure-specific template nucleation.7 Thus, unlike prion proteins, cross-seeding 
effects between the Aβ isoforms have largely been neglected in AD.
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In this study, we re-examined the impact of cross-seeding in familial AD (FAD) using an in-vitro model 
by investigating co-aggregation of WT Aβ species and a pathogenic mutant of Aβ using the E22G Aβ40 
associated with “Arctic” FAD. Unlike many pathogenic mutants of Aβ linked with FAD, which generally 
promote amyloid fibril formation, the E22G mutation was reported to promote the formation of sub-fibrillar 
diffusible aggregates rather than fibril.9 Here, we present an alternate hypothesis that explains how this 
E22G mutant and possibly other pathogenic mutants of Aβ can modulate a misfolding pathway of Aβ in 
FAD via cross-seeding between the mutant and wild-type (WT) Aβ isoforms. Our results suggest that a 
pathogenic mutation on Aβ can render more abundant Aβ40 prone to aggregation by enhancing 
interactions between Aβ42 and Aβ40 via cross-seeding. We also introduce SSNMR as a structural tool for 
investigating cross-seeded amyloids for the first time. Other data on Aβ cross seeding and amyloid 
assemblies as well as SSNMR method development efforts in our group may be presented. 
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Structural dynamics analysis of high molecular weight proteins using new 
transverse relaxation optimized SAIL amino acids. 

Yohei Miyanoiri 1,2, Mitsuhiro Takeda2,3, Tsutomu Terauchi4,5, Masatsune Kainosho2,4 
1 Institute for Protein Research, Osaka University,2 Structural Biology Research Center, 
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. 

We have been developing the stereo-array isotope labeling (SAIL) method, to observe the 
highly sensitive NMR signals for various proteins larger than 50 kDa. By using the SAIL amino 
acids with transverse relaxation-optimized isotope labeling patterns, we succeeded in observing 
the extremely narrow aromatic / aliphatic 13C-1H signals and conducting the precise intra / inter-
residue NOE signal assignments for the 82 kDa malate synthase G (MSG) protein. We also 
developed cost-effective cellular expression system using various amino acid auxotrophic E. coli 
strains, to prepare SAIL labeled proteins such as antibody-antigen complexes and membrane 
proteins. To expand the versatility of our SAIL-NMR method, we have further improved the SAIL 
amino acid. We will present the latest data on the structures and dynamics of 80-900 kDa proteins 
obtained under various conditions, including high-pressure and low temperature. 
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1) M. Kainosho, et al. (2018), J. Biomol. NMR 71, 119-127. 
2) D. Gauto, et al. (2019), J. Am. Chem. Soc. 141, 11183-11195. 
3) Y. Miyanoiri, et al. (2016), J. Biomol. NMR 65, 109-119. 

Figure 1. New transverse relaxation optimized (RO) 
SAIL amino acid for studying large molecular 
proteins: 
Structure of RO-SAIL -Phe (a) and New RO-SAIL -Phe 
(c). (b) aromatic CH TROSY HSQC spectrum of RO-
SAIL -Phe labeled MSG. (d) 1H 1D spectrum of New 
RO- SAIL -Phe labeled MSG. 
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Resolving signal overlapping by isotope labeling and tensor decomposition for 
protein NMR analysis 
○Takuma Kasai1,2, Shunsuke Ono2,3, Toshiyuki Tanaka4, Shiro Ikeda5, Takanori Kigawa1,3 
1 RIKEN Center for Biosystems Dynamics Research 
2 PRESTO, JST 
3 School of Computing, Tokyo Institute of Technology 
4 Graduate School of Informatics, Kyoto University 
5 The Institute of Statistical Mathematics 

Signal overlapping is one of major bottlenecks for protein NMR analysis. We propose a novel method, 
SiPex (Stable-isotope assisted Parameter extraction) to solve the problem. SiPex is based on our previously 
reported amino-acid selective isotope labeling method, SiCode (Stable isotope encoding). In SiCode, amino 
acid information is encoded in isotope labeling ratios of multiple samples and decoded from the spectra. In 
SiPex, the isotope labeling ratios are also utilized as a clue for resolving overlapping signals by tensor 
decomposition. The introduction of tensor decomposition also enabled us to integrate other NMR 
experiments for protein characterization such as 15N relaxation measurements. Moreover, direct analysis of 
non-uniformly sampled time-domain NMR data without spectral reconstruction reduces the measurement 
time. Resolving overlapping signals and extraction of amino-acid information and protein characteristics 
with the help of isotope labeling should expand NMR applications to difficult target proteins. 

NMR
15N 1H-15N 2 NMR

3 HNCO

SiPex Stable-isotope assisted Parameter extraction  
SiPex SiCode[1] Stable 

isotope encoding SiCode

2 15N-HSQC HN(CO)
i i-1 Fig.1
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[1] T. Kasai et al., J. Biomol. NMR, 2015, 63:213-221. [2] D. M. Korzhnev et al., J. Biomol. NMR, 2001, 
21:263-268. [3] M. Kainosho and T. Tsuji, Biochemistry, 1982, 21:6273-6279. 

 
Fig. 2. Decomposition of overlapping signals, (L)E16 and (N)V26, and extraction of amino-acid and 
relaxation information 

 

Fig. 1. Excerpt of SiCode 
labeling pattern and intensities 
of (L)E51 signal from Ubiquitin 
3A mutant protein 
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Development of Field-stepwise-swept QCPMG-MAS NMR of half-integer 
quadrupolar nuclei 
○Kazuhiko Yamada 1  
1Interdisciplinary Science Unit,  Multidisciplinary Sciences Cluster,  Research and Education 
Faculty, Kochi University 

Field-stepwise-swept solid-state nuclear magnetic resonance (NMR) of half-integer 
quadrupolar nuclei, combined with a rotor-synchronized Quadrupolar Carr-Purcell-Mei boom-
Gill (QCPMG) magic-angle spinning (MAS) experiment, is presented. QCPMG experiments 
provide a gain in signal intensity, and MAS can completely or partially average out the first -
order nuclear spin interactions such as dipole-dipole interactions and chemical shift 
anisotropy. One of the practical advantages is to make it possible to determine the adequate 
step size of field-stepwise-swept solid-state NMR, i.e., the multiple of the spikelet separation, 
prior to measurements. 

NMR NMR
NMR

Frequency-swept NMR Field-
swept NMR

WURST-QCPMG

NMR Q

NMR
QCPMG-MAS

home-made MAS 
NMR 3.2 mm NMR

SMR-1004S-NK / GS200 YOKOGAWA
Quadrupolar nuclei 
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Figure 1. (a) rotor-synchronized QCPMG 
79Br MAS NMR spectrum, (b) 
experimental 2D field-stepwise-swept 
QCPMG-MAS NMR spectrum, observed 
at 76.00 MHz between 6.8 and 7.4 T. 

Figure 2. (a) Simulated field-swept 
stationary and (b) experimental field-
stepwise-swept QCPMG-MAS 79Br NMR 
spectra 
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Electron and NMR Crystallography for Pharmaceutical 
applications [1] 
○Yusuke Nishiyama1, 2, 3

1 JEOL RESONANCE Inc.,
2 RIKEN-JEOL Collaboration Center,
3 RIKEN-SPring8 Center

Determining the crystal structure of chemical compounds and biological molecules, by 
defining the precise spatial arrangements of their atoms in a crystalline state, is crucial to 
understanding their function and reactivity. In addition to crystalline structure, analyzing the 
hydrogen bonding strength between hydrogen and electronegative atoms is vital in applications 
such as medicine, engineering, materials science and pharmaceutical research. This is due to 
the influence of hydrogen bond strength on molecular function and inter- and intra-molecular 
packing stability. Elucidating the structure of molecular crystals at atomic resolution and 
defining the position of hydrogen atoms is critical to understanding their complex 
hydrogen-bonding networks. 

Single-crystal X-ray diffraction (SCXRD) is a fundamental technique for determining the 
structure of large single crystals (>10-100 μm) and their hydrogen-bonding networks. However, 
smaller crystals rarely produce enough diffraction spots for structural elucidation . In addition, 
the hydrogen atoms are poorly located by SCXRD. So, although SSNMR provides chemical 
shift values and information on the proximity between hydrogen atoms and internuclear 
distance measurements (1H-X [X=13C, 15N]), its combination with XRD and quantum
computation is required to gain a comprehensive understanding of crystal structures and 
hydrogen-bonding networks of unknown compounds.  

In this combined approach, termed NMR crystallography, XRD is used to determine the 
position of every atom in a crystal except hydrogen. Quantum computation then places the 
hydrogen atoms in rational positions to be verified using SSNMR, which directly measures 
nitrogen and carbon atoms and assures atomic assignments.  

However, elucidation of the structure and hydrogen-bonding network are still challenging 
for active pharmaceutical ingredients (APIs) which forms nano- and microcrystals that are too 
small for SCXRD. Although electron diffraction (ED) or electron 3D crystallography are  quite 
recently proved to be able to determine the structures of such nanocrystals owing to their 
strong scattering power, these techniques still lead to ambiguities in the hydrogen atom 
positions and misassignments of atoms with similar atomic numbers such as carbon, nitrogen, 
and oxygen. Here, we propose a technique combining electron diffraction (ED), solid-state 
NMR (SSNMR), and first-principles quantum calculations to overcome these limitations.  

The rotational ED method is first used to determine the positions of the non -hydrogen atoms 
of L-histidine as a demonstration. A set of ED patterns under the uniaxial rotation was 
collected (Fig 1a). ED patterns from three different crystals were merged for structural 
solution. The initial structure was solved by the direct method . However, carbon, nitrogen and 
Electron Diffraction, microED, NMR Crystallography 
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oxygen atoms are wrongly assigned and, in addition, hydrogen positions are poorly located 
(Fig 1b). Finally, four candidate structures were assigned with the chemical knowledge of 
L-histidine and 1H-14N correlation NMR spectra [2] (Fig 1c). Bond lengths were then 
determined by measuring 1H-X dipolar interactions using 2D inversely proton-detected
cross-polarization with variable contact time (invCP-VC), and structures were finally refined 
with these bond lengths using SSNMR. To identify the correct structure, gauge -including 
projected augmented wave (GIPAW) calculations and SSNMR were combined in the NMR 
crystallography workflow. GIPAW optimizes a crystal structure by relaxing the atomic 
positions to local minima of the energy surface in addition to providing NMR parameters, such 
as isotropic chemical shifts and quadrupolar couplings. The results showed the LH1 structure 
to be the most energetically favorable, a finding which was ratified by root -mean-square 
deviation (RMSD) calculations. (Fig 1d) 

Fig 1. (a) A set of ED 
patterns of L-histidne at 
various rotation angles. 
(b) Initial structure 
solved by the direct 
method. (c) Four 
plausible candidates. (d) 
RMSD comparison of 
calculated and 
experimental NMR 
chemical shifts.  

We have also successfully solved the unknown structure of cimetidine (C10H16N6S) by the 
current method. Cimetidine is a histamine H2 receptor antagonist that inhibits stomach acid 
production, used primarily in treating heartburn and peptic ulcers. It is known to take various 
crystal forms (A, B, C and D/Z) and the monohydrates (M1, M2 and M3). The needle -like 
structure of CB in its crystal form makes it challenging to produce a single crystal for XRD 
analysis, and it often crystallizes in a mixed state with crystal form C, limiting PXRD use.  

References: 
[1] C. Guzmán-Afonso, Y.-l. Hong, H. Colaux, H. Iijima, A. Saitow, T. Fukumura, Y. Aoyama, S. Motoki,
T. Oikawa, T. Yamazaki, K. Yonekura, Y. Nishiyama*, Understanding hydrogen-bonding structures of
molecular crystals via electron and NMR nanocrystallography, Nat. Commun. 10 (2019) 3537. DOI: 
10.1038/s41467-019-11469-2. 
[2] T. Oikawa, M. Okumura, T. Kimura and Y. Nishiyama*, Solid-state NMR meets electron diffraction:
Determination of crystalline polymorphs of small organic microcrystalline samples, Acta Cryst. C73 (2017) 
219–228. DOI: 10.1107/S2053229617003084 
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Towards 1.3 GHz NMR: A Persistent 400 MHz NMR with Superconducting Joints for 
High-Temperature Superconductors 
○T. Yamazaki1, Y. Yanagisawa1, R.Piao1, Y. Suetomi2,1, K. Yamagishi3,1, M. Takahashi1, T. Takao3, K. 
Ohki4, T. Yamaguchi4, T. Nagaishi4, Y. Miyoshi5, M. Yoshikawa5, M. Hamada5, K. Saito5, H. Kitaguchi6, 
K. Hachitani7, Y. Ishii8,1, and H. Maeda9,1 
1 RIKEN, 2 Chiba University, 3 Sophia University, 4 Sumitomo Electric Industries, Ltd., 5 Japan 
Superconductor Technology, Inc., 6 National Institute for Materials Science, 7 JEOL RESONANCE Inc., 8 
Tokyo Institute of Technology, 9 Japan Science and Technology Agency 

 The world’s first persistent NMR installing superconducting joints between high-temperature 
superconductors (HTS) is presented. To develop a persistent-mode 1.3 GHz NMR, many superconducting 
joints between HTS must be installed. Towards this goal, we demonstrate the persistent operation of a 400 
MHz LTS/HTS NMR with superconducting joints, in which HTS layers were atomically connected. The 
magnet provided a very stable magnetic field with a drift rate of +0.84 ppb/h without decay. Months later, 
the field became completely flat within the measurement accuracy. We succeeded in obtaining 
high-resolution NMR spectra, including 3D data for a protein. 

 Introduction: Superconducting joints of high-temperature superconductor (HTS) are a key technology to 
develop an NMR magnet that operates at 1H NMR frequency higher than 1 GHz in a persistent mode (i.e. 
without a power supply). In 2015, we developed a 1.02 GHz NMR using HTS innermost coil, which was 
the world’s first high-resolution GHz NMR system(1). However, the magnet operated in the 
power-supply-driven mode because a practical technology to implement superconducting joint between 
HTSs or that between HTS and low-temperature superconductor (LTS) was not developed. In the end of 
2017, we started a 10-year new project to develop a 1.3 GHz NMR operated in the persistent mode, as 
presented at the Ultra-high-field NMR Workshop at the last ENC(2).  
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To make the magnet reasonably compact, we have employed a design concept to generate major part of the 
magnetic field by HTS inner coils in combination with LTS outer coils. The biggest technical challenge is 
to operate the magnet in the persistent mode. Such a magnet requires several tens of superconducting joints 
between HTSs. Here, we demonstrate the first NMR equipped with superconducting joints between 
REBCO-type HTSs. 
 
 Experimental Procedure: We fabricated a REBCO inner coil and a persistent current switch (PCS), and 
connected them with intermediate grown superconducting (iGS) joints(3). The joint, 1 cm in length, 
provided an outstanding high-current-transport property in magnetic fields, achieving a low joint resistance 
of < 10-12 Ω. We installed the HTS inner coil in a LTS outer coil (Fig. 1) that operated individually in the 
persistent mode in a liquid He bath. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Results and Discussion: A drift of the magnetic field showed excellent stability 1 month after the charge 
to 400 MHz (Fig. 2). The field did not “decay” and slightly increased with a drift rate of 0.84 ppb/h over 48 
h. This positive drift was due to the relaxation of screening currents in the wide REBCO tape(4). The field 
homogeneity after RT-shimming provided linewidth of < 0.5 Hz for chloroform sample (no sample 
spinning). With regular shim-tracking, the field was stably uniform for > 1 week. The 3D (H)CCH-TOCSY 
spectrum on GB1 (protein G - B1 domain, 56 amino-acid residues in D2O PO4 buffer). (Fig. 3) was 
essentially perfect and no field distortions or instability was observed. The increasing drift disappeared in 
additional several months. The magnetic field is flat within the measurement accuracy. These results show 
that the superconducting joints for HTSs fully functioned in a real high-resolution NMR system, which 
gives a promising prospect of a persistent 1.3 GHz NMR. Other interesting findings will be discussed.  
 
References: (1) Hashi et al., J. Mag. Res. 256, 30-33, 2015. (2) Maeda et al., presented in ENC2018. (3) 
Ohki et al, Super. Sci. Tech. 30, 115017, 2017. (4) Maeda et al., eMagRes 5, 1109-1120, 2016. 
Acknowledgements: The present project is supported by the JST Mirai-Program Grant Number 
JPMJMI17A2. 

 
 
 

 

 
Fig. 1. Conceptual diagram of 

the persistent 400 MHz 

 

 
Fig. 2. A drift of the magnetic 

field at 400 MHz 

 

Fig. 3. 3D (H)CCH-TOCSY 
spectrum of 15N,13C-labeled 

0.1 mM GB1 protein 
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Development of the overexpression system of recombinant small peptides for 
NMR research used calmodulin for the stabilization 
Gu Hao1, Onuma Koki1, 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  

Recently, kinds of cationic peptides with powerful antimicrobial activity have become an impressive subject 
for researchers around the world called antimicrobial peptides (AMPs). To support more detail research about 
AMPs, a high-yield and high-activity method to produce stable isotopic labelled AMPs is needed. The normal 
recombinant expression system by Escherichia coli (E. coli) has outcomes on the production of various AMPs, 
as degradation by proteases from hosts and toxicity from production to hosts. To solve these problems and to 
establish a relatively general overexpression system, in previous work, a novel fusion expression system 
applying calmodulin (CaM), which has a high affinity for AMPs as a fusion partner, was invented [1]. Thanks 
to it, most stable labelled AMPs can be produced on a large scale except a kind of AMPs derived from chicken, 
fowlicidin-1 (Fow). In this research, we used many strategies to gain a large amount of intact and active Fow 
with the stable isotopic label by a novel CaM overexpression system for NMR research. 

Changing the cleavage site to avoid undesired glycine on N-terminal 
In the previous system, DNA of target AMPs was introduced into a vector as a His-tagged CaM fusion protein 
under control of the T7lac promoter and E. coli strain BL21(DE3) was transformed with it. In addition, 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 Fow. To get rid of it, I changed 
the TEV site to Enterokinase (EK) cleavage site. The latter had no such worries (Fig. 1 CaM-EK-Fow). 

antimicrobial peptides calmodulin stable isotopic label

 

 

CaM-TEV-Fow CaM-EK-
Fow/CaM

CaM-EK-Fow CaM-EK-
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fusion proteinf i t i

EKCaM Fow EKCaM Fow CaM
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Fig. 1 Constructions utilized in this research 
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Introducing more CaM as a co-expression partner to reduce the toxicity of Fow 

We speculated that the source of toxicity was 
from free Fow which could not be covered by 
CaM. On the one hand, the fusion CaM has the 
possibility to bind other peptides or proteins of 
hosts. On the other hand, the cleavage site of 
fusion may be digested by proteases of hosts, 
which releases free Fow to exert its toxicity. To 
ensure all Fow can be covered totally by CaM, 
more CaM as a co-expression partner was 
introduced into CaM-EK-Fow (Fig. 1 CaM-EK-
Fow/CaM). Consequently, in the case of the growth curve (Fig. 2), CaM-EK-Fow/CaM increased smoothly 
after induction, which revealed the co-expression CaM displayed a stronger ability to restrict the toxicity of 
Fow. Therefore, the band of fusion of CaM-EK-Fow/CaM was much higher than CaM-EK-Fow. 
 
Optimization on co-expression system of CaM to increase the yield 
Furthermore, the amount of ribosome of E. coli 
cell is limited. In order to increase the yield of the 
fusion part, we tried to recede the expression of 
co-expression CaM. We removed the second 
T7lac promoter (Fig. 1 CaM-EK-Fow/CaML).  
Therefore, the CaM-EK-Fow/CaML group was 
able to control the toxicity of Fow possessing an 
uptrend growth curve (Fig. 3). And the scale of 
co-expression CaM decreased, accompanied by 
an increase of fusion protein. 
 
After purification by immobilized metal affinity chromatography (IMAC), EK digestion and reverse-phase 
high-performance liquid chromatography (RP-HPLC), 2.5 mg Fow was obtained from 1L LB medium. It 
was almost 25 times larger than previous work [1]. For further structure research, enough stable isotope-
labelled Fow was produced to 
support NMR research. From 
1L M9 medium, 1.8 mg 15N 
labeled Fow and 1.3 mg 15N, 
13C labeled Fow was 
obtained. Figure 4 shows 1H-
15N HSQC NMR spectra 
measured in different 
environments. 
 

References  
[1] Ishida et al., J. Am. Chem. Soc., 2016, 138, 11318−11326 

Fig. 2 (A) Growth curve, (B) Tricine-SDS-PAGE: 
Lane1: CaM-EK-Fow, Lane2: CaM-EK-Fow/CaM 

Fig. 3 (A) Growth curve, (B) Tricine-SDS-PAGE:  
Lane1: CaM-EK-Fow/CaM, Lane2: CaM-EK-
Fow/CaML 
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Fig. 4 (A) 1H-15N HSQC in aqueous environment, (B) 1H-15N 
HSQC in 30% TFE membrane mimic environment 
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Structural dynamic analysis of FKBP12 in the recognition of immunosuppressive 
drug 

Takuya Hirakawa1, Naoto Iwakawa1, Daichi Morimoto1, Kenji Sugase1, and Masahiro Shirakawa1 

1Graduate School of Engineering, Kyoto University 

 In the drug recognition, proteins are in the equilibrium between the free and bound states. Relaxation 
dispersion NMR spectroscopy is the method of choice to detect and quantify such conformational exchange 
dynamics on a timescale from microseconds to milliseconds in which proteins bind to drugs. To date, the 
drug recognition has been well-studied in the dilute conditions. By contrast, the intracellular environment 
where drugs are expected to function is highly crowded with macromolecules and the crowded environment 
can affect physical and chemical properties of the drug binding. In this study, we quantitatively analyzed the 
effects of crowded environment on the interaction between the immunosuppressant pimecrolimus and its 
target protein FKBP12 by using R2 relaxation dispersion NMR. There was no significant difference in koff 
(dissociation rate constant) for the binding of pimecrolimus to FKBP12 between the dilute and crowded 
conditions; on the other hand, kon (association rate constant) decreased in the crowded condition. 

NMR
R2 relaxation 

dispersion

 

g/L

FKBP12
 

FKBP12  
 

Fig. 1 Schematic diagram of the equilibrium 
between free and bound states of FKBP12. 
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15N FKBP12
1H-15N HSQC

slow exchange regime
Fig. 2a

FKBP12

Fig. 2b

BSA

Kd 15N R2

kon’ pimecrolimus kon koff kon

NMR Kd R2 koff Kd = koff/kon

NMR R2

Kd kon (Table 1)

(1)

Kd

kon

kon

 Kd (= koff/kon)
kon

Fig. 3 BSA FKBP12
BSA FKBP12

NMR

 
 

1. Zhou HX et al. Macromolecular crowding and confinement: biochemical, biophysical, and potential 
physiological consequences. Annu Rev Biophys, 2008. 

Fig. 2 Interaction between FKBP12 and pimecrolimus 

Table 1. Parameters with and without BSA 

Fig. 3 Kinetic effects by crowded environment 

(a) (b) (b)
binding pocket 

Crowded Dilute 
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NMR analysis of VAP recognition motifs of VAP-binding proteins 
○Marina Hiraoka 1, Kyoko Furuita2, Toshimichi Fujiwara2, Chojiro Kojima1,2 

1Graduate School of Engineering Science, Yokohama National University 
2Institute for Protein Research, Osaka University 

VAP protein is known as a scaffold protein that localizes in the endoplasmic reticulum and interacts with 
lipid transport proteins. VAP-binding proteins often have a region with many acidic residues in the vicinity 
of two phenylalanine residues called FFAT motifs. A sequence similar to the FFAT region is also present 
in bacteria and viruses, and it has been shown that it interacts with VAP to regulate viral membrane-
endoplasmic reticulum membrane contact sites and regulate intracellular virus growth. In order to elucidate 
the structural basis of the interaction between various proteins with FFAT-like regions and VAP, we 
performed comprehensive interaction analysis using NMR. The details of the interaction will be reported in 
the presentation.  
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NMR analysis of protein droplets  

Ken-ichi Yoshioka1, Hayato Nagatani2, Yu Masaki3, Daisuke Aoki2,4, Yuichi Yoshimura1,  
Takashi Umehara4, Hideaki Kimura5, Shin-ichi Tate1,2,6  
1Graduate School of Integrated Sciences for Life, Hiroshima University 
2Department of Mathematical and Life Sciences, Graduate School of Science, Hiroshima University 
3Department of Chemistry, School of Science, Hiroshima University  
4Center for Biosystems Dynamics Research, RIKEN 
5Bruker Japan 
6RcMcD, Hiroshima University 

Intrinsically disordered regions (IDRs) constitute 50% segments in the proteins expressed in mammalian 
cells, which achieve the functions that have never been found in the folded proteins ever. Some IDRs have 
found to gain the physicochemical property to show the liquid-liquid phase transition to mediate various 
types of granule formations within the living cells. T-cell Intracellular Antigen-1 (TIA-1) is the major 
component in the stress granules: the IDR in TIA-1 is revealed to have the central role in the granule 
formation. The isolated IDR in TIA-1 per se forms a hydrogel in the test tube, which is also named as ‘protein 
droplet.’ This work aims to explore how TIA-1 form a droplet through the IDR interactions by the 
combinatorial use of liquid and solid-state NMRs. In particular, this poster presents the basic physicochemical 
properties of the droplets formed in different chemical conditions and the NMR spectral characteristics of 
each of the droplet.  

Stress Granules, SGs
SG

SG SG SG
[1] SG

SG  

protein droplet, phase separation, 13C-detection 
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SG Intrinsically 
disordered region, IDR [2] SG TIA-
1 TIA-1 3 RNA (RRM) C Low Complexity Sequence 
(LCS) IDR   

3 RNA LCS RRM3-LCS
TIA-1 (Fig.1)

Fig.2  
 

 

NMR

 
NMR NMR NMR

TIA-1  
 
References 
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Figure 1: TIA-1 (RRM3-LCS) forms protein 
droplets  

Figure 2: Phase state change of TIA-1 RRM3-LCS depends 
on TIA-1 and salt concentration (L; liquid state, M; mixture, 
G; Hydrogel state) 
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Studies on sample storage conditions for human fecal metabolomics by using 
NMR 
○ Zihao Song1, Kefei Bao1, Naoya Kitada1, Yasuhiro Kumaki2, Yuki Ohnishi2, Takashi 

Tsukamoto1, 2, 3, Takashi Kikukawa1, 2, 3, Makoto Demura1, 2, 3, Kiminori Nakamura2, 
Tokiyoshi Ayabe2, Ryota Yamamura4, Koshi Nakamura5, Akiko Tamakoshi5, Tomoyasu 
Aizawa1, 2, 3. 

1 Graduate School of Life Science, Hokkaido University.  

2 Faculty of Advanced Life Science, Hokkaido University.  

3 Soft-Mater Global Station,  GI-CoRE, Hokkaido University.  
4 Graduate school of Medicine, Hokkaido University. 
5 Faculty of Medicine, Hokkaido University. 
 

We investigated and evaluated the effects of human fecal sample storage conditions on 
metabolome by 1H NMR. After preservation in different storage conditions (room temperature, 
chilled and frozen), alternation of metabolites in the extracted water-soluble fraction of fecal 
samples was analyzed. Even in the case of fecal samples stored at frozen condition also 
exhibited metabolomic alternation after storage because of the disruption of microbes in the 
sample after thawing for extraction. These results suggest interpretation metabolomics dat a of 
fecal samples should be discussed with the storage condition of the samples.  
 

1H NMR
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1H 
NMR
Bruker Avance III HD, 600 MHz noesypr1D

NMR
Chenomx 8.4

NMR
30

(Fig. 1)

PCA (Fig. 2)
A

B

C
 

 

 

Figure 1. 1H NMR spectra of fecal extraction. 

A25

A4 A-20

ASTD

B25
B4B-20

BSTD C25

C4C-20
CSTD

Figure 2 PCA score plots of 19 samples on 3 storage 
conditions. Shapes are distinctive examples of three 
sample patterns. Attached subscripts showed each sample 
storage condition. 
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Quantitative analysis of Glutamine degradation using NMR 
○Tatsuki Ogura 1, 2, Masataka Wakayama 1, Tomoyoshi Soga 1, Masaru Tomita 1 
1 Institute of Advanced Biosciences, Keio University 
2 Shonai Regional Industry Promotion Center 

Glutamine (Gln) is known as an unstable compound and converts to pyroglutamate (pGlu) in  
water solvent. Gln degradation speed is depended on temperature, pH, and ion strength. 
However, quantitative analysis of Gln degradation was little information. In this study, we 
investigated the quantitative analysis of Gln degradation using 1H nuclear magnetic resonance 
(1H-NMR). 100 mM Gln solution dissolved in 600 μL of 10  mM DSS-d6 / D2O solution was 
prepared, and acquired to 1H-NMR and 1H-1H COSY using 600 MHz NMR at 25, 30, 35, 40 °C 
for 10 days. Gln degradation and pGlu production speeds became faster at 40 °C compared to 
25 °C. In opened NMR tube condition; air exchanging condition, Gln degradation was two times 
speed up compared to pGlu production speed. It is suggested that air exchanging affects to Gln 
degradation speed. 

NMR MS

Gln
1 Gln

pGlu

2 Gln
pH

3 pGlu

NMR
Gln
Gln

NMR
Gln  
 

NMR  
 
○  

 

1. Gln pGlu 1H-NMR 
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Gln 600 μL 10 mM DSS- 6/D2O
8.77 mg 100 mM Gln Gln φ 5 mm 

NMR Jeol 600 MH  NMR 10 13C
1H-NMR 25 30 35 40°C

60 8 13
NMR φ 1 mm

1H-1H COSY Delta ver. 
5.2.1, Jeol NMR

 
 

1H-1H COSY Gln pGlu Gln
2.17, 2.46, 3.77 ppm pGlu 2.02, 2.39, 2.58, 4.17 ppm

1H-NMR HMDB
1 Gln pGlu Gln

pGlu 1 1
2 25 °C

Gln pGlu 1 1
Gln pGlu 2 1

Gln pGlu
 

Gln
 

1. Labow et. al., World Journal of Surgery, 24, 1503-1513 (2000) 
2. Purwaha et. al., Analytical Chemistry, 86, 5633-5637 (2014) 
3. Arii et. al., European Journal of Pharmaceutical Sciences, 9, 75-78 (1999) 

2. Gln pGlu (A)Gln (B)pGlu  
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Speeding up DNP acquisition of half integer quadrupolar nuclei 
○Hiroki Nagashima1*, Julien Trébosc2,3, Yoshihiro Kon1, Kazuhiko Sato1, Olivier Lafon2,4*, Jean-Paul 
Amoureux2,5 ,6* 
1 Interdisciplinary Research Center for Catalytic Chemistry, National Institute of Advanced Industrial 
Science and Technology (AIST) 
2 Univ. Lille, CNRS, Centrale Lille, ENSCL, Univ. Artois, UMR 8181, UCCS 
3 Univ. Lille, CNRS-2638, Fédération Chevreul 

4 Institut Universitaire de France 
5 Bruker Biospin 
6 Riken NMR Science and Development Division 

We have optimized the transfer of magnetization from 1H to quadrupolar nuclei for indirect DNP 
experiments. Three different sequences for such a transfer exist presently: CPMAS, PRESTO and D-
RINEPT-SR42

1. D-RINEPT-SR42
1 works well at ultra-fast MAS, but not at the moderate spinning speeds 

encountered with DNP ( R = 10-15 kHz). This small efficiency is mainly associated to the large losses related 
to 1H-1H interactions. We have introduced three changes in this D-RINEPT scheme that resulted in 16-fold 
improvement in its efficiency for 27Al of γ-alumina. In the case of transfers with long-distances and/or low-
γ nuclei, the new sequence is also much more efficient than PRESTO and direct DNP: as an example, it 
multiplies by 3.9 the signal of 17O for Al-O-Al species of γ-alumina and by 5.5 that of 95Mo for 
MoO3 supported on TiO2 with respect to PRESTO sequence. On this unlabeled sample, we have analyzed in 
details its surface structure using DNP-enhanced NMR 17O, 95Mo and 47,49Ti data. 

 (Dynamic Nuclear Polarization, DNP) NMR
 (LT-MAS) MAS-DNP

[1] 13C 15N 29Si 1/2 MAS-DNP
 (S > 1/2)  ( ) 
73%

MAS-DNP  
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MAS-DNP 1H Indirect DNP

CPMAS RF R3 ν1 = 
n∗νR , n = 1 or 2  

CQ

DNP 27Al PRESTO
[2] H  

D-RINEPT [3] D-RINEPT
Recoupling SR 1

2 RF RF offset CSA Dipolar truncation 
SR41

2 RF ν1 = 2*νR Recoupling 1H-1H 
decoupling (νR  40 kHz) D-RINEPT

CSA Recoupling 90 180 Delay
Delay 1H-1H dipolar coupling MAS-DNP

 ( 100 K) 3.2mm DNP 
12.5 kHz  

  SR41
2 R element Tanh/Tan A(adiabatic) SR41

2 RF
RF [4]  (νR = 12.5 kHz) 1H-1H 

decoupling Recoupling Delay CW 
decoupling 1H-1H dipolar coupling CW 
decoupling 1H 90 180 ASR 1

2 Heteronucler dipolar coupling
 

27Al , 17O (γ-Al2O3) 17O, 95Mo , 47,49Ti (MoO3-TiO2)  
γ-Al2O3

27Al D-RINEPT D-RINEPT 16
D-RINEPT

γ-Al2O3
17O (Al-O-Al ) 10%wt MoO3-TiO2

95Mo
Indirect-DNP QCPMG

D-RINEPT PRESTO-III γ-Al2O3
17O (Al-O-A

) 3.9 10%wt MoO3-TiO2
95Mo 5.5

Heteronucler dipolar coupling D-RINEPT
17O Direct DNP 6.7
D-RINEPT MoO3-TiO2

17O, 47,49Ti
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In situ solid-state NMR probe for three-dimensional orientation of microcrystals 
in a liquid medium 
○Hiroshi Kadoma 1, Ryosuke Kusumi 1, Masahisa Wada1, Tsunehisa Kimura 1, Kazuyuki Takeda 2 
1 Graduate School of Agriculture, Kyoto University, Kyoto, Japan 
2 Graduate School of Science, Kyoto University, Kyoto, Japan 

A probe for measuring solid-state NMR of a Magnetically Oriented Microcrystal Suspension 
(MOMS) was developed. In this probe, the sample tube is rotated slowly ( 100 rpm) about an 
axis perpendicular to the static magnetic field (B0). Under such a rotating magnetic field, 
microcrystals in a liquid medium are aligned by a torque arising from the anisotropic bulk 
magnetic susceptibility of the crystal. When the rotation is modulated, e.g., temporally stopped 
at the B0 direction every 180° rotation, three-dimensional orientation of the microcrystals is 
achieved (3D-MOMS). Single-crystal rotation patterns were obtained from the 3D-MOMS of L-
alanine microcrystals by solid-state CP measurements triggered in synchronous with the 
sample-tube rotation. The process of three-dimensional magnetic alignment was also studied by 
monitoring the spectral changes during continuous application of the modulated sample rotation.  

1. 
NMR MAS MAS

 
NMR [1–3] mm

( Magnetically Oriented Microcrystal Array 
(MOMA))[4] NMR

[5] (
)

 
NMR

NMR
(Magnetically Oriented Microcrystal 

Suspension (MOMS)) in situ NMR
NMR  

 
NMR
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2. 

(300 MHz, 7.05 T) rf
JEOL CMX300 Infinity

FPGA OPENCORE NMR [6]

L- (<20 μm)
(20 wt%) (15 

rpm 180° B0 1 s ) 13C 
CP CP

1 ms 6 s 2048

 rf B0

(χ1) ( )
13C

L- 1

 
3.

Fig. 1 L-
13C CP rf

mm

μ
Fig. 2

L- 10

 
 

[1]  C. A. Fyfe, Solid State NMR for Chemists (1983).  
[2]  D.L. Sastry et al., Carbohydr. Res. 165, 161 (1987).  
[3]  A. Naito et al., J. Chem. Phys. 74, 3190 (1981).  
[4]  T. Kimura et al., Langmuir 22, 3464 (2006).  
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[6]  K. Takeda, J. Magn. Reson. 192, 218 (2008). 

Fig. 1 13C CP spectra of L-alanine 
microcrystals in a suspension under 
the modulated rotating magnetic 
field. The spectra simulated from 
the single-crystal data[3] are also 
shown as dashed lines.  

709 s 
268 s 268
100 s 100
52 s 
34 s 

22 s 

10 s 
4 s 

1 s 

0 s 

Fig. 2 13C CP spectra of L-alanine 
microcrystals being oriented in a 
suspension under the modulated 
rotating magnetic field. 
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Field-Swept Nuclear Integrated Cross Polarization 

Yuta Hibe1, K. Takegoshi1, Kazuyuki Takeda1 
1 Division of Chemistry, Graduate School of Science, Kyoto University 
 
Nuclear integrated cross polarization (NICP) is an efficient method for cross polarization (CP), in which 

adiabatic sweep is applied to the source spin from far off-resonance toward on resonance. In the original 
NICP using frequency sweep, the sweep range is limited by the bandwidth of the resonant circuit. Here, we 
report a variant of NICP, in which field sweep is adopted instead of frequency sweep. Since the frequency is 
fixed, this approach is compatible with a probe with a very high Q factor of resonant circuit or such 
quadrupolar nuclei that yield very wide spectral width. We demonstrate field swept NICP by implementing 
a field-sweep coil to a CP/MAS probe. The sweep is applied to both nuclei, and the sweep width is 
proportional to the gyromagnetic ratio. Thus, this approach can be regarded as a field swept version of 
simultaneous adiabatic sweep (SADIS) CP. 
 

(Cross Polarization: CP) NMR 13C 15N
Nuclear Integrated Cross Polarization 

(NICP) [1] CP NICP /2

Hartmann-Hahn
Simultaneous Adiabatic Sweep CP (SADIS CP)[2]

Q

 
 

NICP (Field-swept NICP)
NICP

SADIS CP  
 

 
Nuclear Integrated Cross Polarization (NICP), Field-swept NICP, Simultaneous adiabatic sweep CP 
 

YP13

－ 148 －



Field-swept NICP Fig. 1 1/2
Field-swept 

NICP  
 

 

rf Magic Angle Spinning (MAS)
 

 

 
z tilted rotating frame

 

 

 

tilted rotating frame  
 

 
 

 

 
MAS Hartmann-Hahn  

 
 

 

 

Fig. 1. A pulse sequence for field-swept NICP.
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1H–13C 5 mm MAS Field-swept 
NICP (
70 mm 50 mm 80)

(Fig. 2)

 
7 T

1H–13C CP/MAS Field-swept NICP
13C rf 25 kHz 1H

10–40 kHz 13C NMR
Field-swept NICP 1.2 mT

( ) 6 ms CP/MAS Field-swept NICP
CP  

(4) (5) (12) rf

1H 13C
1H 20 kHz (12) ( )/( )

 

 

 
 

Fig. 3 CP/MAS MAS CP
Field-swept NICP CP CP

CP/MAS Hartmann-Hahn  
Field-swept NICP CP 1H rf 13 kHz CP

(12) 13 kHz 2
rf CP

25 kHz CP (13)
Hartmann-Hahn  

Fig. 2. A probe for field-swept NICP. 

Field-sweep coil 
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Fig. 3.  dependence of 1H–13C CP efficiencies in adamantane for the conventional CP (triangles)
and field-swept NICP (circles) schemes. These experiments were carried out in 7 T at room 
temperature with 2 kHz MAS frequency.  was fixed to 25 kHz. The CP contact time (field-
sweeping time) was 6 ms and field sweeping width was 1.2 mT. 
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Development of high-efficient CP with optimization of spin-lock relaxation 
under fast MAS 
○Tatsuya Matsunaga1, Isao Matsuda2, Toshio Yamazaki1, Yohsitaka Ishii1, 2 
1 RIKEN SPring-8 Center 
2 School of Life Science and Technology, Tokyo Institute of Technology 

High-resolution solid-state NMR (SSNMR) using ultra-fast magic-angle (UFMAS) at spinning speed of 
60 kHz or higher improved 1H spectral resolution and drastic sensitivity enhancement by 1H-detected 
SSNMR. However, limited efficiency of polarization transfer using cross-polarization (CP) in UFMAS has 
still restricted the sensitivity and multi-dimensional applications of SSNMR. We propose a new approach 
to improve the efficiency of CP between 1H and other rare nuclei such as 13C by incorporating off-
resonance irradiation to 1H spin. In the UFMAS, life time of spin-locked 1H polarization can be notably 
prolonged with such an RF irradiation with moderately large offset frequency, and it caused sensitivity 
enhancement of 1D 13C CPMAS spectra by 1.1–1.4-fold comparing with traditional CP method. We call it 
relaxation optimized tilted-angle CP (ROTA CP). In this scheme, for a spin-lock pulse for CP on rare spin 
such as 13C a traditional scheme like adiabatic CP[2] can be also adopted to improve sensitivity further. We 
demonstrate notably improved sensitivity of 13C- and 1H-detected SSNMR experiment by ROTA-CP on 
56-resicue β1 immunoglobulin binding domain of protein G (GB1) and N-formyl-Met-Leu-Phe-OH (f-
MLF) in UFMAS conditions. 

60 kHz (ultrafast magic-angle spinning, UFMAS)[1]
1H NMR NMR

Cross Polarization (CP) adiabatic 
CP[2] CP CP  

CP
CP 100 kHz CP

Hartman-Hahn [3] CP
recoupling 1H dipolar interaction

CP 1H UFMAS CP
 

1H off-resonance CP
ΩH off-resonance z θ  
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ωeff Fig. 1a UFMAS
1H on-resonance

CP CP off-resonance
CP relaxation optimized tilted-angle CP (ROTA CP) ROTA 

CP 13C γ CP
Fig. 1b ROTA CP 1H CP

θ = 30° 13C CP adiabatic CP[2]
 

Fig.2 13C, 15N 56-resicue β1 immunoglobulin binding domain of protein G 
(GB1) 13C CPMAS (Cα ) JEOL 0.75-mm 1H/13C/15N3

Bruker Avance III HD 1H 900 MHz
90 kHz Cα ROTA CP 13C 90°

3.4 adiabatic CP 2.5
ROTA CP Adiabatic CP 1.3

SNR 1/1.8  
ROTA CP GB1 HCH 2D CPMAS NMR

N-formyl-Met-Leu-Phe-OH (f-MLF) ROTA CP
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Fig. 2. 13C CPMAS spectra of Cα 

region of uniformly 13C-, 15N-labeled 
GB1. They were measured with the 

sequence shown in Fig. 1b. 

 

Fig. 1. (a) Relationship between the rf offset (ΩH), rf 
field amplitude (ω1), and the effective field (ωeff). (b) 
Pulse sequence of ROTA CP. Black square represent 
a hard pulse with indicated flip angle of θ. θ is set to 

30° in this work. 
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Structural analysis of light-driven Na+ pump rhodopsin KR2 by 
multidimensional solid-state MAS NMR 
○Rina Kaneko 1, Arisu Shigeta2, Toshio Nagashima3, Toshio Yamazaki3, Keiichi Inoue4,5, Hideki 
Kandori5, Izuru Kawamura1,2 

1. Graduate School of Science and Engineering, Yokohama National University,  
2. Graduate School of Engineering, Yokohama National University, 
3. RIKEN RSC NMR, 4. University of Tokyo, 5. Nagoya Institute of Technology. 

Krokinobacter rhodopsin 2 (KR2), a light-driven Na+ pump, has characteristic non-transported Na+ at the 
extracellular side. Here, we investigated the effects of substitution of alkali metal ions on KR2 in 
POPE/POPG membrane by multi-dimensional solid-state MAS NMR. We observed significantly peak shifts 
of protonated Schiff base and several residues depending on the alkali metal ions in the buffer solution. 
Especially, the peak shifts of in Thr83 and Thr87 (Na+-binding site), Ile14 and Ala16 (N-helix), His30 N 1 
(A-helix), Arg109 N  (B-helix) occurred. It suggests the presence of long-distance interactions between 
the retinal chromophore and extracellular Na+ binding site. But, separated Nη peaks of Arg109 was kept 
on any alkali metal ion conditions (slow chemical exchange). It is indicated that Arg109, which plays a 
crucial role of Na+ pump process, keeps basically strong hydrogen bonding with specific residues. Therefore, 
we have demonstrated hydrogen bonding network between the retinal-binding pocket and extracellular Na+ 
binding site. 

2 
(Krokinobacter rhodopsin 2; KR2)

Krokinobacter eikastus 7
[1] KR2

Na+

Na+

AFM KR2

Na+

[2,3]
[1] Na+

[4]  
NMR  

 

Fig. 1. Oligomeric structure of KR2 and extracellular 
Na+-binding site. 
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KR2 Na+

KR2 NaCl LiCl, CsCl
NMR  

KR2 DNA C41(DE3) U-13C , 
15NH4Cl [14, 20-13C] M9 His-tag

[Uniform-13C, 15N], [14, 20-13C] retinal WT-KR2
POPE:POPG=3:1 : =1:20( ) 100 
mM NaCl ( LiCl, CsCl)(pH=8.0) NMR
Bruker 600 MHz 700 MHz NMR 278K MAS

10 kHz, 15.75 kHz NMR 2 13C-13C DARR DREAM
3 CANCO, NCOCX, NCACX

13C-15N NCO NCA
 

2D NMR

2D NCO
Arg

R109K
Arg109 Arg109

Na+

Fig. 2 Arg109N C

Arg109N CsCl Arg109N
Gln78(B-helix)

Arg109 2 N 10 ppm
”wing peaks” Arg

2 Nη 1
Arg109 Nη1 Nη2 wing peaks

Arg109 N Asp251 Gln244

N
N

Na+
Na+ B-helix Arg109 N Gln78

 
CsCl LiCl 100 mM Cs+

Li+

Arg109  

[1] K. Inoue et al. (2013) Nat. Commun., 4, 1678., [2] I. Gushchin et al. (2015) Nat. Struct. Mol. Biol., 22, 
390-395., [3] M. Shibata et al. (2018) Sci. Rep., 8, 8262., [4] A. Shigeta et al. (2018) PCCP. 20, 8450-8455. 

Fig. 3. A view of Arg109 and the 
surrounding residues. 

Fig. 2. NCO correlations of Arg signals (NaCl, LiCl, CsCl) 
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Structural analysis of Heliorhodopsin by multidimensional solid-state NMR 
○Shibuki Suzuki1, Toshio Nagashima2, Rina Kaneko1, Takashi Okitsu3, Akimori Wada3, 
Naohiro Kobayashi2, Toshio Yamazaki2, Rei Abe-Yoshizumi4, Keiichi Inoue5, Hideki 
Kandori4, Izuru Kawamura1,  
1. Graduate School of Engineering Science, Yokohama National University , 2. RIKEN RSC, 3. 
Kobe Pharmaceutical University, 4 . Nagoya Institute of Technology, 5. University of Tokyo,  

Heliorhodopsin is a transmembrane protein with a retinal chromophore that constitutes a new 
rhodopsin family different from type-1 and type-2 rhodopsin in views of sequence homology, 
membrane protein topology and function [1]. We performed multidimensional solid -state NMR 
experiments of a HeR. As a comparison of 13C and 15N NMR signals of the retinal chromophore in 
HeR with those of other microbial rhodopsins, we have identified the more twisted 13 -trans, 15-
anti configuration in HeR. Furthermore, multidimensional chemical shift correlations with MagRO 
NMR view resulted in the backbone assignments of over 60 amino acid residues.   
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Fig.1 Stable isotope-labeled retinal 

chromophore in HeR is for C14, C20, and 
Schiff base nitrogen atoms in this work.  
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[1] A. Pushkarev et al. (2018) Nature, 558, 595-599. 
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Fig. 2 The relationship with max (nm) and 15N chemical 

shifts of the Schiff base. 

Fig.3 13C-13C DARR of reverse-labeled HeR at 

mixing time 20 ms. 
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Structural characterization of A (1-42) fibril in nano-mole scale by 
1H-detected SSNMR under UFMAS 
Ayesha Wickramasinghe1,2,3, Yiling Xiao3, Naohiro Kobayashi2, Yoshitaka Ishii1,2,3 

1Department of Life Science, Tokyo Institute of Technology, Yokohama, Japan 
2Advanced NMR Application and Platform Team, RIKEN SPring-8 Center, Yokohama, 
Japan 
3Department of Chemistry, University of Illinois at Chicago, Chicago, USA 

 
Misfolded amyloid-beta (A ) is a hallmark in AD.1 Among the different A  species present in AD 

brain, 42-residue A  (A (1-42)) fibril is considered as the most pathogenic species since it exhibits higher 
neurotoxicity and aggregation propensity. Therefore, structural characterization of A (1-42) fibril is crucial 
for a profound understanding of AD. However, due to its insoluble and non-crystalline nature, it has been 
difficult to characterize A (1-42) and other amyloid fibrils by conventional structural tools such as solution 
NMR and X-ray crystallography. SSNMR spectroscopy has proven to be a powerful tool for determining the 
atomic level structure of A  fibrils.2-4 Nevertheless, structural heterogeneity of these fibrils greatly challenges 
the preparation of samples suited for SSNMR analysis. Also, previous studies on structure elucidation of 
A (1-42) by SSNMR relied on 13C-detected SSNMR,2-5 which generally requires a large amount of sample. 

In this work, we discuss a novel approach of sequential assignment for A (1-42) fibril by 1H-
detected SSNMR under ultra-fast MAS (UFMAS) at 90 kHz and automated assignment software called 
MagRo-NMRView (upgraded version of Kujira, a package of integrated tools for NMR analysis6). A new 
protocol has been established in our lab to produce conformationally homogeneous 13C-and 15N-uniformly 
labeled A (1-42) fibril using bacterial protein expression incorporated with a seeding method for an efficient 
structural characterization. 

Dramatic enhancement of 1H resolution by UFMAS at 90 kHz and excellent sensitivity by 1H-
detected SSNMR permitted us to assign most of the resonances in both protein backbone and side chains 
using only ~60 nmol (300 g of fibril sample. We recorded CANH, CA(CO)NH and CA(CON)CAH 3D 
experiments to assign chemical shifts of backbone 13C , 15N, 1HN and 1H  nuclei of A (1-42) fibril. Here, we 
were able to assign 93% of 13C , 15N and 1HN resonances and, 90% of 1H  resonances of the structured region. 
Additionally, side chain chemical shifts were assigned using a combined analysis of CCH and CX(CA)NH 
3D experiments and, C-C correlation 2D experiment. Spectral data allowed us to identify 73% of 13C and 
51% of 1H signals from the side chains. 

Moreover, secondary chemical shift analysis performed from the assigned 13C  and 13C  chemical 
shifts to identify the secondary structural elements shows the A (1-42) fibril analyzed here was composed 
of 4 -strands in the residues 10-15, 18-21, 26-28 and 39-42. A comparison of the assigned resonances and 
the locations of the -strands suggest that the structure of the A (1-42) fibril studied here is likely distinct 
from previously reported A (1-42) fibril structures.2-5 We also discuss an approach to elucidate distance 
constraints for the sample by 1H-detected SSNMR.   

 
  
 

 
A  fibrils, SSNMR, Ultra-fast MAS 
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DNP-enhanced solid-state NMR spectroscopy for structural characterization of 
organic polymer materials 
○Shinji Tanaka 1, Atsuko Ogawa 1, Yumiko Nakajima 1, Kazuhiko Sato 1 
1 Interdisciplinary Research Center for Catalytic Chemistry, AIST 

Solid-state nuclear magnetic resonance (SSNMR) spectroscopy has been a powerful tool to provide 

structural information of solid materials at the molecular level, yet the key challenge to its broader 

applications has been the low sensitivity.  In recent decades, dynamic nuclear polarization (DNP) enhanced 

SSNMR spectroscopy has enabled the detailed structural characterizations of inorganic and organic materials.  

Cross-linked organic polymers are useful solid materials for a variety of applications, and a representative 

one is a support of solid-phase organic synthesis and catalysis.  While SSNMR has been particularly useful 

to investigate cross-linked organic polymers, the application of DNP enhanced SSNMR to those has been 

scarce so far.  Herein we developed the guideline for DNP-NMR spectroscopy of cross-linked organic 

polymers.  The developed guideline allowed us to perform the characterization of polystyrene-supported 

ammonium salt catalysts by 15N NMR using natural abundance (0.37%) samples. 

NMR

NMR

 (Dynamic Nuclear 
Polarization; DNP) 
NMR

1 DNP-NMR

H 660
NO

 (Figure 1a) 
DNP-NMR

DNP-NMR

R
R

R

R

Polystyrene chain
Divinylbenzene linker

CH2Cl (2: Merrifield resin)
CH2NMe3Cl (3a)
CH2NEt3Cl (3b)
CH2N(nBu)3Cl (3c)
CH2N(nOct)3Cl (3d)
CH2N(nDec)3Cl (3e)
CH2N(nDodec)3Cl (3f)

R
R = H (1: Cross-linked polystyrene)

O

O O

O
NN OO

Ph

Ph

Ph

Ph

N
H

N

O N O

O

O

NO

O

O

R’

R’ = (CH2CH2O)4Me

TEKPol AMUPol

(a)

(b)

Figure 1. Structure of polarizing agents (a) and model structure 
of cross-linked polystyrenes (b)
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Analysis of T1 and T2 relaxation for evaluating the crystalline state of drugs in 
pharmaceutical formulations 

Kotaro Okada1, Yoshihiro Hayashi2, Shungo Kumada2, Yoshinori Onuki1 
1 Graduate school of Medicine and Pharmaceutical Sciences, University of Toyama 
2 Nichi-Iko Pharmaceutical Co., Ltd. 

 
The purpose of this study is to demonstrate the usefulness of T1 and T2 relaxation measured 

by time domain NMR (TD-NMR) method for characterization of the crystalline state of drugs 
in pharmaceutical formulations. First, this study measured the 1H T1 and 1H T2 relaxation of crystalline 
and amorphous indomethacin (IMC). From the result, we confirmed that both the T1 and T2 relaxation times 
measured by TD-NMR were effective parameters to distinguish between crystalline and amorphous states in 
IMC powders. In the next phase, this study examined the physical mixture of IMC with polyvinylpyrrolidone 
(PVP) and their solid dispersion. The result clarified that T1 relaxation enables evaluation of not only the 
crystalline form of IMC but also the miscibility of IMC and polymers. 
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X PXRD

 
 

 
IMC
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IMC 1H T1 1H T2

NMR minispec mq20 Bruker
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Figure 1. Chemical structure 
of indomethacin (a) and 
polyvinylpyrrolidone (b). 
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Figure 2. T1 relaxation (a and b) and T2 relaxation (c and d) of indomethacin (IMC) mixtures. For 
the preparation of physical mixture (PM; a and c) and solid dispersion (SD; b and d) , 
indomethacin was mixed with polyvinylpyrrolidone (PVP) in arbitrary weight ratios.  
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Generation of spin polarization with orientation controlled acene derivatives in 
MOF 

Kana Orihashi1, Saiya Fujiwara1, Kenichiro Tateishi4, Tomohiro Uesaka4, Nobuo Kimizuka1 2 ,  
Nobuhiro Yanai1 2 3, 
1 Dept. Chemistry and Biochemistry., Kyushu Univ., 2 CMS, Kyushu Univ., 3 JST-PRESTO,  
4 RIKEN Nishina Center for Accelerator-Based Science 

 
Triplet dynamic nuclear polarization (triplet -DNP), which is a technique that transfers 

polarization of photoexcited triplet electrons to nuclei, can enhance sensitibity of NMR or MRI 
at room temperature. Conventional triplet-DNP systems, however, have been limited to organic 
crystals or glasses doped with very small amount of polarizing agents. This is because of the 
spin-lattice relaxation caused by aggregation of the polarizing agents and their varied molecular 
orientations occurring at high doping ratio. In this work, we avoid the electron spin-lattice 
relaxation by controlling the orientation of polarizing agent in the crystalline lattices of metal-
organic frameworks (MOF) and investigated spin polarization behaviors in the MOFs.  

 
 

(DNP) NMR MRI
triplet-DNP

triplet-DNP
1 2 (MOF)

 

MOF

MOF
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MOF 

 
, , ,  

,  

Fig.1 Schematic image of aligned 
polarization agent in a MOF. 
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Fig.4 Time-resolved ESR spectra (a) and (b) ESR signal decay of the MOF and DPyDAT. 
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Development of the 3D CSI Pulse Sequences for the Depth-Motility-Chemical 
Shift Correlation Spectra and Pseudo 2D Spectral Imaging Method 
○Kengo Ito1,2, Yuuri Tsuboi1, Jun Kikuchi1,2,3 
1RIKEN CSRS, 2Grad. Sch. Med. Life Sci., Yokohama City Univ., 3Grad. Sch. Bioagri. Sci., Nagoya Univ. 

We have developed a technique for comprehensively evaluating the chemical structures and mobility of 
complex metabolites from the position, composition, and mobility correlation spectra of intact samples. 
This three-dimensional (3D) high-resolution (HR) spatial mobility ordered spectroscopy (SMOOSY) 
combines chemical shift imaging (CSI) and mobility ordered spectroscopy (MOSY). In this study, a small 
intact shrimp was used as an example of biological sample to evaluate the methodology. The shrimp was 
inserted into an HR magic angle spinning (HR-MAS) rotor, and our SMOOSY experiment was used to 
noninvasively observe the chemical compositions and mobility of metabolites at each z-position in the 
shrimp’s body. The mobility information was mapped onto 2D CSI spectra by pseudo spectral imaging 
method using a processing tool named SMOOSY processor developed for the purpose. From the resulting 
pseudo 2D HR-SMOOSY spectral image, it was possible to assess the different mobilities of the 
metabolites at each z-position of the shrimp’s body. Principal component analysis (PCA) was used to 
characterize the mobility of metabolites at each z-position of the body.  
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2. 3D High Resolution Spatial MObility Ordered 
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Fig.1 Pulse sequence of HR-SMOOSY used in this study. These involved a combination of (a) a CSI 
pulse sequence with (b) diffusion (HR-D-SMOOSY), (c) saturation recovery (HR-T1-SMOOSY), (d) 
PROJECT (HR-T2-SMOOSY), or (e) REST (HR-REST-SMOOSY). REST was also constructed in 
combination with (c) or (d). (f) The method measures the depth-motility-chemical shift correlation 
spectrum. 

Fig.2 A GUI of SMOOSY processor. (a) The 
first main window shows the parameter 
settings. (b) The plot window showing the 
processed SMOOSY spectra. 
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Fig.3 The HR-CSI and HR-D-SMOOSY experiments. (a) The sample was an intact shrimp placed in 
the HR-MAS rotor. (b) The 2D HR-CSI spectrum and (c) pseudo 2D HR-D-SMOOSY spectral 
image. The annotated major metabolites are shown with diffusion coefficients colored from red (slow 
diffusion) to blue (fast diffusion) according to the range shown in the bar above the figure. DHA, 
Docosahexaenoic acid; EPA, Eicosapentaenoic acid; LA, Linoleic acid; TMAO, Trimethylamine 
N-oxide; TAG, Triacylglycerol. H, head side; T, tail side. 
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Acceleration of hyperpolarized 13C metabolic MRI image acquisition using tensor 
decomposition and compressed sensing 
○Shonosuke Tsujino1, Neil J. Stewart1, Hiroshi Hirata1, Matsumoto Shingo1 
1Graduate School, Faculty of Information Science and Technology, Hokkaido University 

In contrast to 1H MRI for obtaining anatomical images, MRI of carbon stable isotope 13C, which is 
abundant in biomolecules, is used for metabolic studies. Although the relative sensitivity of 13C at thermal 
equilibrium is about 1.5% of 1H, real-time metabolic imaging is feasible by using hyperpolarization 
technology that temporarily amplifies 13C MRI signal intensity tens of thousands of times using dynamic 
nuclear polarization (DNP), parahydrogen induced polarization (PHIP), and so on. In metabolic MRI with 
hyperpolarized 13C-labeled tracers, time resolution is an issue, and fast image acquisition using compressed 
sensing reconstruction to restore images from partially acquired k-space data have being studied. In this 
study, we tried to improve image quality of compressed sensing reconstruction by applying a low rank 
approximation by tensor decomposition as a denoising method. 
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1. PET by MRI:Glucose Imaging by 13C-MRS without Dynamic Nuclear Polarization by Noise 
Suppression through Tensor 
2. Accelerated Chemical Shift Imaging of Hyperpolarized 13C Metabolites 
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Development of A 13C Hyperpolarizer Device with Magnetic Field Cycling based 
PHIP technique. 
○Yuka Fukue1 Yoshiki Uchio2 Neil J Stewart2 Hiroshi Hirata2 Shingo Matsumoto2 
1 Course of Bioengineering and Bioinformatics, Graduate School of Informatics Science and Technology, 
Hokkaido University 
2 Division of Bioengineering and Bioinformatics, Faculty of Information Science and Technology, Hokkaido 
University 

 Aiming at application to metabolic imaging by hyperpolarized 13C MRI, we developed a 13C hyperpolarizer 
based on parahydrogen induced polarization (PHIP) method using parahydrogen, a nuclear spin isomer of 
hydrogen molecule. For the polarization transition from 1 H to 13 C, magnetic field cycle (MFC) method 
capable of polarization transfer to nuclei separated by 3 or more covalent bonds was used. All J values in the 

13 C-labeled metabolic probe including long-distance J value were determined by NMR measurements 
including sel-HSQMBC-TOCSY. An optimal solution of the variable MFC pattern which maximizes the 1H 
to 13C polarization transfer efficiency was obtained by the DFT simulation considering the singlet relaxation 
time of hyperpolarized 1H and 13C. A fully automated system to accurately controll the MFC was constructed 
using the LabVIEW / PXIe system. 
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Fig.2 Hyperpolarized 13C NMR spectrum 
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Development of A Low-temperature DNP Instrument for 31P spins 
○Toru Doi 1, Akinori Kagawa1,2,3, Makoto Negoro2,3, Masahiro Kitagawa1,2 
1Graduate School of Engineering Science, Osaka University 
2Institute for Open and Transdisciplinary Research Initiatives, Quantum Information and Quantum Biology 

Division 
3JST PRESTO 

Dynamic nuclear polarization (DNP) provides a way to significantly improve NMR 
sensitivities. Ardenkjær-Larsen et al. developed a dissolution DNP instrument, which can 
monitor real-time chemical reaction and metabolic processes in solution. These studies are 
mainly carried out with 13C spin. The phosphate nucleus (31P), which plays an important role 
in life science, has not been studied by dissolution DNP extensively, because its spin-lattice 
relaxation time is generally short. However, Nardi-Schreiber showed that several biological 
phosphates highly polarized by DNP have potential applications such as pH-imaging. In this 
work, we show our developed low temperature DNP instrument for 31P spins and the 
experimental results using the instrument. 
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DNP Fig. 1 72 min
DNP 240 min 31P Fig. 2
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Parallel acquisition of the 1H-1H NOESY and 1H-19F HOESY by multi-receive 
experiment 
○Teppei Kanaba 
BioSpin Division, Bruker Japan K.K. 

Multi-receive experiments can be performed in which FIDs of multinuclear are observed in a 
single NMR measurement by using an NMR instrument eq uipped with multiple receivers. Modern 
NMR spectrometers have been enabled us to easily perform multi -receive experiments in which 
FIDs of some nuclei are observed in a single NMR measurement.  Here, I describe a newly developed 
multi-receive experiment that makes it possible to detect 2D 1H-1H NOESY and 1H-19F HOESY 
spectra simultaneously in half the experimental time compared with conventional experiments.   

1D PANSY-COSY(1) UTOPIA-NMR(2)

NMR NMR
FID

1H-1H NOESY 1H-19F HOESY

 
 

SmartProbe 
AVANCE NEO    (400 MHz)

diflunisal (2mg / 600 l 
DMSO)   

Fig.1
1D selective NOESY HOESY

1H 1H
NOESY 19F HOESY

diflunisal 1H  
 
 

Fig.1 Pulse sequences of multi-
receive experiments 
(a) 1D selective NOESY and HOESY 
(b) 2D NOESY and HOESY 
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(1) E. Kupče et al., J. Am. Chem. Soc., 2006, 128, 9606-9607 
(2) A. Viegas et al., J. Biomol. NMR, 2016, 64, 9-15 

Fig.2 Experimental NOE build-up curves 
The chemical structure of diflunisal is shown in (a). 
Proton pairs or proton-fluorine pairs are as follows: 
(b) H-3 versus F-2 and H-3 versus F-1, (c) H-5 versus 
H-1 and H-5 versus H-4, (d) H-5 versus F-1. 

Fig.3 2D 1H-1H NOESY and 1H-19F HOESY 
spectra recorded simultaneously by multi-
receive experiment 
2D 1H-1H NOESY spectrum (a) and 2D 1H-19F HOESY 
spectrum (b) of diflunisal. 
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Pharmacophore analysis using heteronuclear spin diffusion 
Jun-ichi Kurita, Yuuka Hirao, Yoshifumi Nishimura 

Graduate school of medical life science, Yokohama City University

NMR is currently used as a screening and interaction analysis tool at various stages of drug 
discovery. 1H nuclei are widely used in NMR observations mainly for screening and interaction 
analysis, but in recent years, NMR screening using 19F nuclei has attracted attention. Since the 19F 
nucleus has 100% natural abundance and the Larmor frequency is the second highest after 1H, it can 
be observed with high sensitivity. In addition, 19F nuclei are also widely present in recent drugs. 
The chemical shift width of 19F nuclei is about 20 times that of 1H nuclei, and signal overlap hardly 
occurs. Therefore, this nucleus is suitable for simultaneous detecting the interaction of multiple 
compounds with proteins, and high throughput is expected for screening. In this study, we attempted 
to detect more detailed protein-ligand interactions using 19F. 
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(1) Kurita, J., Hirao, Y., Nakano, H., Fukunishi, Y., and Nishimura, Y. (2018) Sertraline, chlorprothixene, and 
chlorpromazine characteristically interact with the REST-binding site of the corepressor mSin3, showing 
medulloblastoma cell growth inhibitory activities. Sci. Rep. 8, 13763. 
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Development of a sensitivity enhancement method for 13C direct detection 
○Kyoko Furuita1, Yoshikazu Hattori1, 2, Toshihiko Sugiki1, Takahisa Ikegami1, 3, Toshimichi Fujiwara1 and 
Chojiro Kojima1, 4 
1Institute for Protein Research, Osaka University 
2Faculty of Pharmaceutical Sciences, Tokushima Bunri University 
3Graduate School of Medical Life Science, Yokohama City University 
4Graduate School of Engineering Science, Yokohama National University 

Direct detection of 13C nuclei has several advantages over 1H detection. For example, 13C resonances are 
well dispersed even where the 1H resonances are heavily overlapped, and 13C nuclei have slower relaxation 
rate than 1H. However, the sensitivity of 13C detection is much lower than that of 1H detection, having been 
requiring any method of sensitivity enhancement. In this study, we have developed a sensitivity enhancement 
method for the 13C detected HCACO experiment. In this method, FID is acquired twice in a single scan as 
in-phase (IP) and anti-phase (AP) signals. IP and AP spectra of HCACO were successfully obtained using 
this method with 13C-labeled valine and 13C/15N-labeled protein GB1. 13Cα-13C’ J coupling that appeared in 
the direct dimension was successfully removed by IPAP virtual decoupling. The sensitivity of HCACO 
experiment was increased by this method by 1.4- and 1.3-fold for valine and GB1, respectively. This method 
is effective for sensitivity enhancement of most 13C-detected experiments. 

NMR 1H 13C 1H
13C 1H

1H
13C 1H sensitivity enhancement

2005 COCAINE 13C C -C’
[1]

Double-acquisition [2] NMR 1 2
double-acquisition

13C  
 
 

13C  
 

 

 P3

－ 186 －



 

 

 
13C 5 mM 13C, 15N GB1 0.6 mM
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Fig. 1.  13C, 15N GB1 dHCACO ( ) AP ( )IP  
 

 
[1] D. Lee, B. Vögeli, K. Pervushin, J. Biomol. NMR. 31 (2005) 273–278. 
[2] M. Fukuchi, M. Inukai, K. Takeda, K. Takegoshi, J. Magn. Reson. 194 (2008) 300–302.  
[3] W. Bermel, I. Bertini, I.C. Felli, R. Pierattelli, J. Am. Chem. Soc. 131 (2009) 15339–45.  
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Application of 14N-decoupled HOESY for 19F-mediated amide hydrogen bonds 
○Keiko Hasumi , Hiroaki Utsumi , Hiroaki Sasakawa  
1Application Group, Engineering Division, JEOL RESONANCE. Inc  

 
Fluorine and nitrogen containing organic compounds are often found in a variety of fields such 

as pharmaceutical and material sciences. Such compounds show unique properties based on their 
conformations and orientations, which are often induced by hydrogen bonds b etween N-H and F 
atoms. Unlike the other approaches such as AFM, DFT calculation, and solid state NMR, solution 
state NMR approaches have difficulties due to low sensitivities of NOEs and 1H signals broadening 
caused by neighboring N atoms. In this work, we report a new NMR technique for detection of N -H

F hydrogen bonds, 1H–19F heteronuclear NOE (HOESY) and 1H–19F heteronuclear correlation 
(HETCOR) with 14N-decoupling techniques for fluorinated benzanilide as a demonstration. By 
using these new techniques, through-space coupling between the amide 1H and two 19F atoms were 
clearly observed, which means direct observa tion of the hydrogen bonds.  
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(a)                                         (b)

Fig. 1. (a) HOESY (b) HETCOR 
(a) 2D-HOESY spectrum of 1 under 14N-decoupling condition. (b) 2D-HETCOR spectrum of 1 
under 14N-decoupling condition.  

[1] G. N. Manjunatha Reddy, M. V. Vasantha Kumar, T. N. Guru Row, N. Suryaprakash, Phys. Chem. 
Chem. Phys., 12, 13232 13237 (2010).  
[2] L. E. Combettes, P. Clausen-Thue, M. A. King, B. Odell, A. L. Thompson, V. Gouverneur, T. D. W. 
Claridge, Chem. Eur. J., 18, 13133 13141 (2012).  
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 Selective-HR-COSY: A New Method for Measuring Proton-Proton 

Spin Coupling Constants of Multiplet Signals 

K. Furihata
1)

 and M. Tashiro
2)

 

1) Division of Agriculture and Agricultural Life Sciences, University of Tokyo 

     2) Department of Chemistry, College of Science and Technology, Meisei University, 

Natural products very often possess several spin systems consisting of a methine group directly 

linked to a methyl group (-CH(OH)-CH(CH3)-CH(OH)-). The methine proton splits into a broaden 

multiplet by coupling with several vicinal protons rendering analysis difficult of JH-H cross peaks of 

said methine proton in DQF-COSY or E-COSY. 

  In order to overcome this problem, we have developed a new technique named  Selective-HR(high 

resolution)-COSY. This method incorporates selective pulse and J-scaling pulse into COSY. In this 

method, high resolution cross peaks can be observed in the F1 dimension by J-scaling pulse, and 

Selective pulse converts n-type cross peaks into p-type cross peaks. Therefore resolution of cross 

peaks can be increased. Observation of JH-H values of multiplet signals becomes easy by introducing 

these two methods into COSY. 
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NMR

Quantitative NMR for compounds in H2O by internal standard method
Yuki Matsumura1, Takayuki Nakano1, Ken Kawaguchi2

1 Biomedical Analysis Laboratories, Toray Research Center, Inc.
2 Quality Assurance Department, Toray Research Center, Inc.

Quantitative NMR is usually carried out by accurately weighing a powder sample and an internal
reference material and dissolving them a deuterated solvent. On the other hand, in the case of a solution 
sample originally, since it contains a lot of “light” solvents, it is necessary to eliminate the solvent peak in 
addition to the usual quantitative NMR technique. In this study, we examined NMR measurements and 
sample preparation methods for the purpose of quantifying compounds in “light” aqueous solutions. As a 
result, we have adopted WET method for solvent suppression. The result of comparing two preparation 
methods, using mixed solvent and mixed sample solution, the accuracy of the mixed sample solution was
enough high but slightly lower than that of the mixed solvent.

NMR

NMR

NMR
13C

NMR NMR 13C NMR

1- -L-
90.0 % DSS-d6

NMR
1- -L- DSS-d6

NMR
n=3 Fig. 1 AVANCE III HD 500

99.7 % RSD 0.3 %

NMR qNMR

Fig. 1. 1H NMR Specta of 
1-Methyl-L-Histidine and DSS-d6 in D2O
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1. Santosh Kumar Bharti, Raja Roy, Quantitative 1H NMR spectroscopy, Trends in Analytical Chemistry, 
35, 5-26 (2012).
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NMR analysis of PEG conjugated aptamer 
żTaiichi Sakamoto1 
1 Dept. Life Sci., Fac. Adv. Eng., Chiba Institute of Technology 

Aptamers are nucleic acids that bind to a target molecule with high affinity and specificity, which are 
selected from systematic evolution of ligands by exponential enrichment (SELEX). Because of their high 
affinity and specificity, aptamers are strong candidates of next generation molecular targeted agents. 
However, for the development of aptamer therapeutics, chemical modification of aptamers is required to 
improve their nuclease resistance. For the efficient modification, structural information could be important.  
In this study, influence of PEG conjugation to the aptamer was analyzed by NMR. 

 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Macugen 
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Reference 
Lee J.H., Canny M.D., De Erkenez A., Krilleke D., Ng Y.S., Shima D.T., Pardi A., Jucker F., A therapeutic 
aptamer inhibits angiogenesis by specifically targeting the heparin binding domain of VEGF165, Proc. Natl. 
Acad. Sci. USA, (2005) 102, 18902-18907. 
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Paramagnetic relaxation enhancements in locally unfolded proteins: Pressure 
and heat denaturation of outer surface protein A (OspA) of Borrelia 
burgdorferi 
Takuro Wakamoto1, Soichiro Kitazawa2, Ryo Kitahara1,2 
1 Graduate School of Life Sciences, Ritsumeikan University 
2 College of Pharmaceutical Sciences, Ritsumeikan University 

We have investigated conformational fluctuations of outer surface protein A (OspA) by high-
pressure NMR spectroscopy. OspA is crucial in the infection of Borrelia Burgdorferi, which causes 
Lyme disease. In a previous study, pressure-induced changes in the NMR spectra indicated that the 
intermediate conformer of wild-type OspA has a folded N-terminal domain but disordered central 
and C-terminal domains (1). We suggested that the selective unfolding of the C-terminal domain 
exposes the receptor binding sites of OspA to interact efficiently with the tick receptor for OspA 
(TROSPA) in the tick gut. Here, we characterized the structure of pressure- and temperature-induced 
intermediate conformations of OspA by NMR combined with paramagnetic relaxation enhancement 
(PRE). The PRE results reveal disorder in the central and C-terminal regions of the intermediate 
structures.
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1. Kitahara, R. et al., A delicate interplay of structure, dynamics, and thermodynamics for function: a high 
pressure NMR study of outer surface protein A, Biophys. J. 102, 916-926 (2012). 

2. Koide, S. et al., Multiple denaturation of Berrelia burgdorferi OspA, a protein containing a single-layer 
β-sheet, Biochemistry 38, 4757-4767 (1999). 

 

Fig.1 Crystal structure of OspA. MTSL-
tagged sites are depicted by bold sticks. 
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Relaxation analysis of proteins under macromolecular crowding 
○Ryoma Tagishi1, Takashi Tanaka1, Masaki Mishgima1, Teppei Ikeya1 and Yutaka Ito1 
1Department of Chemistry, Tokyo Metropolitan University  

Proteins that work inside living cells exhibit their biological functions under various effects such 
as structural stabilization by excluded volume effect, destabilization by nonspecific interactions 
and electrostatic interaction. Relaxation analysis of proteins with crowding reagents or in E.coli 
cells so far has revealed that the backbone 15N T2 relaxation times of proteins in the crowding 
environment are greatly reduced. However, it has not yet been clarified what kind of intracellular 
phenomena actually contribute to changes in T2 relaxation.  

In this study, we aimed to understand the dynamics of proteins in the macromolecular crowding 
environment quantitatively by employing backbone 15N relaxation analysis, estimation of relaxation 
contribution (Rex) to T2 by TROSY-selected spin echo experiments1 and 15N-DEST(dark-state 
exchange saturation transfer) experiments2. 
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[1] Wang, C. et al. J. Am. Chem. Soc. 1125, 8968-8969 (2003); [2] Fawzi, N.L. et al., 
Nature 4480, 268–272 (2011). 
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Protein hydration coupled with conformational fluctuation of Ubiquitin studied 
by high-pressure CLEANEX-PM and H/D Exchange NMR 
○Soichiro Kitazawa1, Takuro Wakamoto2 Ryo Kitahara1,2 
1Department of Pharmaceutical Sciences, Ritsumeikan University 
2Graduate School of Life Sciences, Ritsumeikan University 

Conformational fluctuations of proteins are important for their function. However, changes 
in the location and dynamics of hydrated water with a conformational transition have not been 
clear. Here we show changes in water-amide proton exchange rates involved to the 
conformational transition of ubiquitin from native (N 1) to alternatively folded state (N2) using 
high-pressure phase-modulated clean chemical exchange (CLEANEX-PM) and H/D Exchange 
(HDEX) NMR spectroscopy. CLEANEX-PM demonstrated that water-amide proton exchange 
rates of residues 32-35, 40, 41 and 71 were consistent with the transition time scale between N1 
and N2 (~100 s). HDEX showed that water-amide proton exchange rates of residue 3, 4, 5, 17, 
26, 27, 29, 30, 44 and 56 were significantly increased with increasing pressure . These results 
suggest a stabilization of the totally unfolded state  of the protein because the residues are 
located in the protein interior and the volume change for the transition ( V HX) are close to that 
of the global-unfolding1. The present strategy, namely a combination of CLEANEX-PM and 
HDEX NMR coupled with pressure perturbation, is useful to detect s~s conformational 
dynamics of proteins and then characterize more open and hydrated protein structures.  
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Structural basis for the regulation of the kinase activity of MAP kinase p38α by 
the allosteric interaction with a specific substrate  
○Yuji Tokunaga1, Koh Takeuchi1, Ichio Shimada1,2 
1 Molecular Profiling Research Center for Drug Discovery, National Institute of Advanced Industrial 

Science and Technology (molprof-AIST) 
2 Graduate school of pharmaceutical sciences, the university of Tokyo 

The kinase activity of a member of MAP kinases, p38α, was regulated by the allosteric 
interaction with its specific substrates, although its structural basis remained unclear  [1]. In 
this research, we found that p38α was in an equilibrium between two states with higher and 
lower affinities for ATP. This equilibrium was shifted to the higher affinity state upon 
forming the allosteric interaction, which could underlie the allosteric enhancement of the 
affinity of p38α for ATP. Indeed, mutational analyses of the conserved motif of the allosteric 
sequence of a substrate revealed the correlation between the extents of the equilibrium shift of 
p38α and the enhancements of the affinity for ATP. From these results, we concluded that t he 
allosteric interaction enhanced the kinase activity of p38α via modulating the functional 
equilibrium. 
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“Performance evaluation” of paramagnetic metal-chelating tags for protein 
structure determination using PRE and PCS 

Maako Tabata1, Teppei Ikeya1, Yuya Hikone1, Mayu Okada1, Ryoma Tagishi1, Hiromasa Yagi2,  
Takanori Kigawa2, Masaki Mishima1 and Yutaka Ito1 
1Department of Chemistry, Graduate School of Science, Tokyo Metropolitan University 
2Center for Biosystems Dynamics Research, RIKEN 

Paramagnetic relaxation enhancements (PREs) and pseudocontact shifts (PCSs) caused by 
interactions of unpaired electrons in transition metal ions and nuclear spins have been proved 
to be useful for structural analyses of proteins. The key to obtain accurate distance/angle 
information from PRE/PCS parameters is to find suitable paramagnetic metal-binding tags that 
allow for site-selective, rigid, irreversible, fast, and quantitative conjugation of the tags to 
proteins. While various tags have been proposed, there seems to be no “versatile” tags that give 
strong paramagnetic effects with easy conjugation reactions. 

We will report the performance evaluation of four lanthanoid binding tags, DOTA-M8-SPy, 
DOTA-M8-CAM-I, Maleimide-DOTA, and 4PhSO2-PyMTA, by combining them with three 
model proteins, ubiquitin, YUH1, and Grb2. The strength of paramagnetic effects and the 
reactivity with proteins will be discussed. 
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[1] Häussinger, D. et al., J. Am. Chem. Soc. 131, 14761-14767 (2009); [2] Hikone, Y. et al., J. Biomol. NMR. 
Soc. 66, 99-110 (2016); [3] Ahlgren, S. et al., Bioconjugate. Chem. 19, 235-243 (2008); [4] Yang, Y. et al., 
Chem. Commun. 51, 2824-2827 (2015). 

Fig. 2. Residue resolved NMR signal intensity 
ratios derived from PRE measurements of YUH1. 
Asterisks indicate the positions of paramagnetic 
centers. 

Fig. 1. Structures of paramagnetic metal-binding 
tags. (A) DOTA-M8-SPy, (B) DOTA-M8-CAM-I, 
(C) Maleimide-DOTA, (D) 4PhSO2-PyMTA 
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Transient structure analysis of Tau protein by Paramagnetic Relaxation 
Interference (PRI) 

Ryosuke Kawasaki 1, and Shin-ichi Tate1,2,3 
1Department of Mathematical and Life Sciences, Graduate School of Science, Hiroshima University 
2Graduate School of Integrated Sciences for Life, Hiroshima University 
3Reseach Center for the Mathematics on Chromatin Live Dynamics (RcMcD), Hiroshima University 

Paramagnetic relaxation interference (PRI) has applied to reveal the conformational dynamics of 
Tau protein to make explore its transiently formed conformations. On the protein having two 
paramagnetic spins labeled, the effect of the paramagnetic enhancing transverse nuclear spin 
relaxations from one paramagnetism changes by the other paramagnetic spin, which is the PRI. The 
magnitude of the interference depends on the angles formed by the vectors connecting the observed 
nuclear spin to the paramagnetic spins, respectively. PRI is quite useful to gain insights into the 
spatial conformational ensembles of the intrinsically disordered proteins like Tau. Here, we will 
demonstrate how the Tau proteins having pathological modifications, including familial mutation s 
and phosphorylations, change their conformational dynamics by PRI.  
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Development and application of stable-isotope labeling techniques for NMR studies of 
antibodies 

Saeko Yanaka1, 2, Rina Yogo1, 2, Toshio Yamazaki3, Yohei Miyanoiri4, Hirokazu Yagi1, 2, Koichi Kato1, 2, 
1 Institute for Molecular Science, National Institutes of Natural Sciences 
2 Graduate School of Pharmaceutical Sciences, Nagoya City University 
3 RIKEN SPring-8 Center 
4 Institute for Protein Research, Osaka University 
 

A variety of engineered immunoglobulin G (IgG) molecules are currently developed for therapeutic and 
diagnostic applications. NMR is now featured as a promising tool for the quality and higher order structure 
assessment of therapeutic IgG (1). We have developed a methodology for preparation of stable-isotope 
labelling of antibody glycoproteins using eukaryotic expression systems and thereby achieved backbone 
assignments of the NMR signals of Fc regions of mouse and human IgG antibodies (2, 3). Using these 
signals as spectroscopic probes, we elucidated the structural dynamics of human IgG Fc, which is affected 
by its glycan structures (4). We have also applied transverse relaxation optimization by tailored deuteration 
of selected amino acid residues and successfully performed NMR characterization of the full-length IgG 
with the molecular mass of 150 kDa. This enabled us to conduct in-serum NMR for probing molecular 
interaction networks in the blood system. Here we show the fruits of our technical development and 
applications of stable-isotope labeling techniques for NMR studies of antibodies. 
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Fig. 1 (a) A typical conformational snapshot of the functionally important tyrosine residue (Tyr296) in 

the major conformational states of IgG-Fc derived from our molecular dynamics simulation. (b) 2D 
HSQC-NOESY spectrum of IgG1-Fc labeled with [CO, α, β, γ, ε1, ε2-13C6; β2, δ1, δ2-2H3; 15N] tyrosine. 
(c) 1H-13C methyl-TROSY spectrum of IgG1 labeled with [methyl-13C] methionine derived from 
silkworm cocoon (inset). 
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Analysis on Activated Structure of Photoswitchable Antimicrobial Peptide, GF-
17 
○Toshio Nagashima 1, Toshio Yamazaki 1, Yoshitaka Ishii 1 
1 RIKEN Spring-8 Center 

GF-17 peptide is a fragment of an antimicrobial peptide (AMP), LL-37 in human, and forms 
a helical structure on a bacterial membrane. However, the activation mechanism of GF-17 
including LL-37 is not clear yet, even though a great number of research are reported. To 
elucidate the structural aspect in activated complex of AMP and  the bacterial membrane, we 
perform the structural analysis by NMR spectroscopy. GF-17 peptide covalently bound with 
an azobenzene derivative, is controlled its helical structure by light -illuminations. NMR 
observed the structural change between helix and denatured structure , using a photoswithable 
GF-17 peptide with a bacterial membrane-mimic bicelle. Furthermore, MIC assay evaluated 
the activity of helix and denatured structure of GF-17 peptide against E. coli. These results 
lead to obtain a novel knowledge of the activation mechanism of the antimicrobial peptide.  
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Figure 1. (A) cis-trans 

photoisomerization of 

azobenzene. (B) GF-17 peptide 

crosslinked with cis-

azobenzene through two 

cysteine residues. (C) Same 

peptide as (B), but crosslinked 

with trans-azobenzene. 

Improper distance between two 

cysteine residues leads to 

unfolded conformation of GF-

17 peptide. 

(A) (B) 

Figure 2. (A) Paramagnetic relaxation enhancement of GF-17-AB peptide on a 
bicelle. (B) MIC assay of GF-17-AB peptide. 

－ 223 －



 

 
Residual structure monitored by NMR in the -synuclein mutants  
○Chiaki Nishimura 1 
1Faculty of Pharmaceutical Sciences, Teikyo Heisei University 
 

 Parkinson’s disease is thought to be due to either fibrillation or oligomerization of -synuclein. It attacks 
the nerves system in brain. Furthermore, it is one of well-known intrinsically disordered proteins, which 
adopts no globular structure under physiological condition. The residual structures in -synuclein can give 
a hint about the fibril structure at the solid state. In order to examine the residual structure, the method of 
amide-proton exchange was employed for the calculation of kex rates for each residue by NMR. In this 
paper, the additional three strategies were tested to seek for the more reliable data. One of them was the 
calculation of the ratio of kex values at different temperatures. Another approach was the usage for the peak 
intensities. Finally, the ratio of the peak intensities was also used. All calculation supports the data about 
more flexible structure in the C-domain in A30P than those in WT. Some folded structure was observed at 
mutated 30-70 area (N and NAC regions) derived from the calculation of the ratio of intensities.  
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The binding mode of the acidic domain of histone chaperone NAP1 with histone 
H2A-H2B 
○Hideaki Ohtomo1, Jun-ichi Kurita1, Yoshihito Moriwaki1, Yasuo Tsunaka1, Yoshifumi 
Nishimura1 
1Graduate School of Medical Life Science, Yokohama City University  

Nucleosome assembly protein 1 (NAP1) is a histone chaperone protein, which supports the 
nucleosome assembly and disassembly. NAP1 contains a core domain and a C -terminal acidic 
domain (CTAD). We have shown that CTAD of human NAP1 (hNAP1) significantly 
contribute to the histone chaperone activity interacting with H2A-H2B. NMR analyses of 
labeled CTAD with non-labeled H2A-H2B revealed two binding sites in CTAD, CTAD-N and 
CTAD-C, both of which contained many acidic residues with a few hydrophobic residues. 
Corresponding to this, two binding sites in H2A-H2B have been revealed as hydrophobic 
patch (HP) for the interaction with CTAD-C and basic patch (BP) for the interaction with 
CTAD-N. Base on theses interactions we could model the complex structure of H2A-H2B with 
CTAD by using HADDOC. 
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Fig.1 (A) The amino acid sequences of CTAD, CTAD-N, CTAD-
C. Residues in which the signals disappeared by binding to H2A-
H2B were shaded and the residues with CSD> 0.1 were 
highlighted in gray. (B) CTAD binding regions in H2A-H2B. 
Residues whose chemical shifts were significantly changed by 
binding to CTAD-N or CTAD-C were shown in black. 
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Fig.2 The binding model structure of H2A-H2B with CTAD. 
Based on CTAD-N/H2AR77E-H2B interaction analysis, CTAD/BP 
of H2A-H2B interface was modeled. 
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Structural and Dynamics Analysis of Yeast Ubiquitin Hydrolase 1 (YUH1) Using 
Paramagnetic NMR Spectroscopy 

Yutaka Tateishi1, Teppei Ikeya1, Mayu Okada1, Masaki Mishima1, Tsutomu Mikawa1,2, Hiromasa Yagi2, 
Toshiyuki Kohno3, Takanori Kigawa2, Yutaka Ito1,2 
1 Department of Chemistry, Tokyo Metropolitan University  

2 RIKEN Center for Biosystems Dynamics Research 
3 Kitasato University School of Medicine 
 

Ubiquitination and deubiquitination of proteins are involved in numerous cellular processes such as 
proteolysis, signal transduction, DNA repair, and so on. Yeast Ubiquitin Hydrolase 1 (YUH1), which is 
composed of 236 residues (26.4kDa), is a deubiquitinating enzyme, capable of hydrolyzing ubiquitin adducts 
for homeostasis of free ubiquitin levels in the cell. However, the molecular mechanism of its specific 
substrate recognition and hydrolysis is not fully understood because the three-dimensional (3D) structure of 
monomeric YUH1 in solution has not been solved yet whilst the crystal structure of its complex with the 
tight-binding inhibitor ubiquitin aldehyde (Ubal) has been reported previously. Hence, we addressed the 
protein structure determination and dynamics analysis of monomeric YUH1 to elucidate the structural basis 
of this specificity with the ubiquitin and dynamical processes. 
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(1) Johnston, S. C. et al., EMBO J. 1999, 18, 3877-87 

Fig.1 PRE measurements of YUH1. (a) Three paramagnetic
tags used for the measurements. (b) The observed PREs for
the backbone 1HN resonances represented as peak intensity
ratio per residue. (c) The PREs caused by Maleimide-
DOTA(Mn2+)-conjugation to YUH1 C90S/N225C, which are
mapped on the YUH1 structure (PDBID: 1CMX). 

a 

b c 

Fig.2 Overlay of 1H-15N HSQC spectra of
YUH1(C90S/N140C) tagged with diamagnetic Lu3+- (black)
or paramagnetic Dy3+ (grey) -bound form of DOTA-M8-Spy.
The spectra were acquired at 303 K. 
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Comparative structural analysis of membrane proteins in detergent micelles using 
solution NMR spectroscopy. 

Rika Suzuki1, Mahoko Yoshida1, Masafumi Hirohata1, Takeshi Murata2, Keiichi Kojima3, Yuki Sudo3, 
Hideo Takahashi1 
1.Graduate School of Medical Life Science, Yokohama City University 
2.Graduate School of Science, Chiba University 
3.Graduate School of Medicine, Dentistry and Pharmaceutical Sciences, Okayama University
 
 Membrane proteins are expressed in lipid membranes and play important roles in all organisms. 
The solubilization of membrane proteins is crucial for the purification of membrane proteins, and the 
solubilizing environment is known to influence their functions.  In this study, we investigated how 
different membrane mimetic environments affect the stability and structure of a membrane protein using 
solution NMR spectroscopy.  Light-driven proton-pump RxR from the eubacterium Rubrobacter 
xylanophilus was selected as a target membrane protein, and the thermal stability of RxR was estimated 
for each detergent micelle environment used for the solubilization.  Well-resolved 1H-15N TROSY-HSQC 
spectra of RxR were obtained for several detergent micelles environments, and the substantial chemical 
shift differences of RxR were observed around the membrane interface region. 
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Fig. 1 Time-dependent decrease of the 
absorbance at 541 nm of RxR in different 
detergent micelles. 

 

Fig. 2 (A) 1H-15N TROSY spectrum of 
[15N] RxR in DH7PC micelles. (B) Close–
up views of the Trp indole region in 
DH7PC, DM, β-OG micelles. 
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Interaction of the third intracellular loop of adrenergic receptor with spinophilin, a 
modulator of GPCR signaling 
○Yuka Kurokawa1, Erina Kuzunuki1, Tomoko Urano1, Akiko Simazaki1, Toshiyuki Kohno 2, Kazuo 
Hosoda1, Shin-ichi Terawaki1, and Kaori Wakamatsu1  
1 Faculty of Science and Technology, Gunma University 
2 School of Medicine, Kitasato University 

 G protein-coupled receptors (GPCR) play important roles in signal transductions, and their functions are 
regulated by many different modulator proteins. Spinophilin (SPL), a scaffold protein abundant in neuronal 
spines is 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 (α2A-ADR), we first narrowed down the interaction regions by referencing 1H 15N 
HSQC spectral change of SPL by the addition of ADR-3iL, and confirmed the sites by pull-down analyses. 
Different temperature dependences of the HSQC signals in the presence and absence of ADR-3iL 
suggested the interacting residues in SPL.  

G GPCR
GPCR α2A-

α2A-ADR  3 1
Spinophilin SPL SPL GPCR SPL
GPCR Receptor Binding Domain: RBD
RBD ADR

1–3

α2A-ADR SPL

HSQC  
 

α2A-

 

Fig. 1. Domain structures of α2A-ADR and spinophilin. 
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Fig. 2. Titration of [15N]SPL-d with GST-α2A-ADR-B. 

Fig. 3. Temperature dependence of [15N]SPL in the presence (left) and absence of ADR. 

－ 239 －



 
Structural and functional study of anti-prion aptamers having high activity 
Tsukasa Mashima1,2, Joon-Hwa Lee3, Yuji O. Kamatari4, Tomohiko Hayashi1, Masahiro 
Kinoshita1,2, Kazuo Kuwata5, ○Takashi Nagata1,4 and Masato Katahira1,4 
1Inst. of Adv. Energy, Kyoto Univ., 2Grad. Sch. of Energy Sci., Kyoto Univ., 3Dept. of Chem. 
and RINS, Gyeongsang Natl. Univ., 4Life Sci. Res. Center, Gifu Univ., 5Unit. Grad. Sch. of 
Drug Disc. and Med. Info. Sci., Gifu Univ. 

The conformational transition of prion protein (PrP) from a normal cellular form (PrPC) into an abnormal 
form (PrPSc) is reportedly responsible for prion disease. Previously, we obtained an RNA aptamer, R12, 
that reduces the production of PrPSc due to tight binding to PrPC. Our NMR studies showed that two R12 
molecules form a homodimer, in which a single R12 folds into parallel quadruplex. Here, we designed new 
prion aptamers, R24 and R12-A-R12, based on the structure of R12 homodimer. Both aptamers were 
supposed to unimolecularly form a similar structure made of two R12 molecules. The assay with prion-
infected cells showed that aptamers exhibited much higher anti-prion activity than R12. Then, we 
determined the solution structure of R12-A-R12. The structure of a single R12-A-R12 molecule resembled 
that of the R12 homodimer. The mode of interaction was deduced by a model of a single R12-A-R12 
molecule in a complex with PrP peptides. 
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Fig. 1. Representative structure of R12-A-R12 

(left) and that of R12 homodimer (right) 
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Analysis of the VanX dimer structure of a vancomycin-resistant Enterococci 

Chieko Tsuchiya 1, Tsuyoshi Konuma1, Masayuki Nishida 1, Aritaka Nagadoi 2, Takahisa Ikegami 1 
1 Graduate School of Medical Life Science, Yokohama City University  
2 Bruker Japan K.K. 

 
VanX is one of the enzymes possessed by vancomycin-resistant bacteria such as enterococci. 

The bacteria have major problems such as causing nosocomial infection. In order to prevent it, 
I am aiming at developing an inhibitor of VanX. In this study, I analyzed the three-dimensional 
structure of VanX dimer by NMR. By incorporating amino acid selective unlabeling, I prepared 
samples with 9 types of amino acids (Arg, Tyr, Asn, Ala, His, Gln, Lys, Thr, and Ser) unlabeled. 
By combining 3D NMR measurement results and NOE results, I completed about 98% of the 
assignments of the main chain amide groups. In addition, I performed a transfer-cross-
saturation experiment, and almost determined the structure as a dimer. The results show that 
cation-π interaction possibly exists between Arg and Trp, and that side chains interact between 
Arg and Asp to form a dimer. 
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Fig.1 The crystal structure of  
the VanX monomer PDB: 1r44 
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D.E. Bussiere, S.D. Pratt, L. Katz, J.M. Severin, T. Holzman, and C.H. Park (1998) The structure of VanX 
reveals a novel amino-dipeptidase involved in mediating transposon-based vancomycin resistance. 
Molecular Cell 2 75-84. 

Fig.2 1H -15N TROSY-HSQC at 303K 
[15N, 14N-Lys]-VanX (C78S,C157S) at pH4.0 

Fig.3 1H-15N TROSY-HSQC of [15N]-VanX (C78S,C157S) at pH4.0, at 303 K 

Fig.4 A VanX dimer model 

－ 243 －



 

 

Ras
1 1 2 1 

1  
2Department of Molecular and Cell Biology, University of Leicester 
 

Ras proteins under macromolecular crowding environment 
Shun Kamei1, Teppei Ikeya1, Kayoko Tanaka2 and Yutaka Ito1 

1Department of Chemistry, Tokyo Metropolitan University.  
2Department of Molecular and Cell Biology, University of Leicester  

 
The GTP-bound Ras exhibits localised conformational multiplicity around the functionally important three 

loop regions, L1, L2 and L4 with an exchange rate of ~msec range, while single conformations are found for 
the corresponding regions in the inactive GDP-bound state. Proteins in living cells interact specifically or 
nonspecifically with an enormous number of biomolecules, and this macromolecular crowding environment 
affects proteins’ behaviours such as 3D structures, dynamics, binding events. We expect that flexible regions 
in proteins seem to be affected largely by the crowding effects. However, it has not yet been clarified whether 
the equilibrium between the multiple conformations in the GTP-bound Ras is altered under the intracellular 
environment. 

In this presentation, we will report our recent results of heteronuclear multi-dimensional NMR studies for 
HRas(1-171) in the dilute solution and with excess amount of a protein crowder, BSA. 
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Structural comparison of RNA binding domains between RbpD and other Rbps from 
cyanobacterium Anabaena variabilis. 
Hayato Morita 1, Toshihiko Suzuki2, Chojiro Kojima2,3, Hidenori Hayashi4, Naoki Sato5 
1 Fac. Sci., Josai Univ. 2 Inst. Prot. Res., Osaka Univ. 3 Fac. Eng., Yokohama Nat. Univ. 4 Grad. Sch. Sci. 
Eng., Ehime Univ. 5 Grad. Sch. Arts. Sci., Univ. Tokyo 

In the cyanobacterium Anabena variabilis, series of the small RNA-binding proteins (Rbps) are expressed 
for the adaptation to low temperatures.   These Rbps are composed of single N-terminal RNA recognition 
motif (RRM) and a C-terminal Glycine-rich domain.  RbpA1 and RbpD are member of these Rbps.  
RbpA1 is composed of an RRM and a C-terminal glycine rich domain.  However, RbpD is composed only 
of and RRM (homologous to RRMs in other Rbp family) and lacks C-terminal glycine rich domain.  In 
addition to this difference, RbpD expression is not induced with the low temperature stress.    
To elucidate the functional differences of RRMs between RbpD and other Rbps, especially RbpA1, we 

overexpressed the stable isotope labelled RbpD in E. coli and chemical shifts were assigned for 1HN, 15NH, 
13Ca, 13Cb and 13CO.   From this data, the secondary structure of RbpD was estimated and compared with 
that of RbpA1 based on our previous study. 
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Fig. 1. RbpD 1H-15N HSQC  
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Biophysical approaches for drug discovery 
○Yuji O. Kamatari 1,2 
1 Life Science Research Center, Gifu University,  
2 United Graduate School of Drug Discovery and Medical Information Sciences, Gifu University 

We use multiple biophysical techniques for drug discovery researches including differential 
scanning fluorimetry (DSF) for high-throughput screening, surface plasmon resonance (SPR) and 
isothermal titration calorimetry (ITC) for quantitative evaluation of the drug binding, and NMR 
spectroscopy for structural information. We can select a suitable technique for the purpose and 
target characteristics. In addition, combination use of these different techniques can be used to 
understand the reaction mechanism. This information can feed back to molecular design and 
accelerates drug discovery. We present here some examples of our research aimed at developing 
therapeutics for prion diseases and influenza.  
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Data mining for factors to occur fouling in an effluent treatment 
○Daiki Yokoyama1, Taiga Asakura1, Tomoko Matsumoto1, Jun Kikuchi1,2,3 
1RIKEN CSRS 
2Grad. Sch. Med. Sci., Yokohama City Univ. 
3Grad. Sch. Bioagri. Sci., Nagoya Univ. 

One of the most critical problems in aquaculture in a closed system is a fouling, which 
increases an operation cost by obstructing membrane pores. In this study, we aim to identify 
organic substances to cause the fouling using NMR spectroscopy and machine learning.  

We set an experimental system where artificial seawater kept filtered with a membrane 
filter. We monitored time-series data on flow rate of filtered water and collected the 
membrane filter after fouling occurred. We found a filter on which fouling occurred promptly 
had a larger proportion of specific substances (e.g. Glycerol Betain Taurine
Trimethylamine-N-oxide Alanine Lactate). We will further collect the membrane samples to 
search causative agents in membrane fouling using machine leaning techniques.  
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Building evaluation system for input to output metabolic response in fish 
○Teppei Fujimura 1, Kenji Sakata2, Jun Kikuchi1,2,3 

1Graduate school of Medical Life Science, Yokohama City University 
2RIKEN Center for Sustainable Resource Science  
3Graduate school of Bioagricultural Sciences, Nagoya University 
 
In recent years, fish consumption has been increasing worldwide, which is provided from natural resources 
and aquaculture at a ratio of around 1:1. Since feed is the most important needs in aquaculture, it is 
desirable to establish an evaluation system for feed development because of the wide variety of feed 
sources and metabolic capacity depending on fish ecology. In addition, microplastics in natural fishes are 
also a critical problem. However, there is limited information regarding its effect on metabolic capacity of 
natural fish. Therefore, this study is aimed to contribute to build evaluation system for input to output 
metabolic response and the maintenance of biological marine resources. Here, we report the evaluation of 
metabolic capacity of low and high molecular weight components in fish, using solution and solid-state 
NMR-based metabolic profiles of feed and feces of fish, which can be sampled non-invasively and easily. 

 

[1-3]

[4]
NMR

 

Fig. 1. Experimental scheme of this study. 
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[1] Tanaka, K., Takeda, H. Scientific Reports 6, 34351 (2016)   
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Fig.2. Profiles of the water-soluble fecal components evaluated by 
PCA. (a) PCA score plot, (b) PCA loading plot. 
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Extraction of the relationship between fish meat characteristics and symbiosis 
from the perspective of data science 
○Izumi Murata 1, Taiga Asakura2 ,Jun Kikuchi  
Graduate School of Medical Life Science, Yokohama City University, Japan. 
RIKEN Center for Sustainable Resource Science, Japan 
Graduate School of Bioagricultural Science, Nagoya University ,Japan. 

The Japan coast has been a biodiversity hot spot due to the rich nutrients from the tidal stream and rivers. 
As for seafood, there is health consciousness, no religious food restrictions, and producible without water 
footprint. Therefore, recent fishery namely aquaculture has become an overwhelming higher demand than 
land livestock. However, aquaculture fish feeds require a lot of animal proteins compared to the proportion 
of livestock feeds. Furthermore, attention to be made for the conversion efficiency from feeds to fish meats 
among from diversed fish species. The purpose of this study is to visualize the unique meat characteristics 
of fish by comprehensive analysis using chemical information, biological information, and physical 
information. 

1-5
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Optimization for aquatic feed using NMR spectra of ingredient and physical 
properties 

Taiga Asakura1, Kengo Ito1, Jun Kikuchi1,2,3,4 
 1RIKEN Center for Sustainable Resource Science  
 2Graduate school of Medical Life Science, Yokohama City University 
 3Graduate school of Bioagricultural Sciences, Nagoya University. 

Aquaculture is one of the major protein sources for human and has a large market scale in terms of the 
economy. Therefore, it is desired appropriate development and research of feed, but there is few 
comprehensive understanding of the effects of chemical properties and physical properties on the 
aquaculture environment. In particular, regarding the physical properties of feed, there is little knowledge 
about whether dynamics such as diffusion of molecules component affects growth and water quality. By 
applying various pulse sequences of NMR, it is considered could be achieved that comprehensive 
understanding and optimization of aquaculture feed. SMOOSY (Spatial Mobility Ordered Spectroscopy) 
that developed in our laboratory could capture the spatial distribution of feed components diffusion. In this 
study, we evaluated the relationship between changes in feed components and physical properties, and 
changes in the dynamics of molecules due to diffusion coefficients. 

 

NMR
[1-6]

 

1H HSQC   

aquaculture, molecular mobility, machine learning  machine learning 
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Fig. 1. CSI spectra of gel feed. 1 and 5 hours after 
adding the sample to the NMR tube. 

Fig. 2. SMOOSY spectra of gel feed. 
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Fish muscle characterization using 1D-MRI and pseudo-spectral method 
○Feifei Wei1, Kengo Ito1, Kenji Sakata1, Taiga Asakura1, Jun Kikuchi1,2,3 
1RIKEN CSRS, Yokohama, Japan; 2 Grad. Sch. Med. Life Sci., Yokohama City Univ., Yokohama, Japan; 
3 Grad. Sch. Bioagr. Sci., Nagoya Univ., Nagoya, Japan. 

NMR experiments with 1D spatial encoding are not so common even though they provide 
data that are spatially resolved along the sample depth-profile, which could provide detail 
information on the microstructure of organism samples. In the present study, the NMR 
relaxation times, diffusion coefficients and chemical shifts of fish muscle samples were 
analyzed along its 1D-concentration profile to obtain spatially resolved information on the 
physical and chemical characterization. By using multivariate analysis, significant spatial 
differences of chemical shift profiles were observed between the red and white muscle tissues, 
which indicated the 1D MRI may be a powerful tool to evaluate the fish muscle based on its 
species diversity. 
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Chemoenzymatic synthesis of completely deuterated cyclodextrins and its 
application to NMR analysis of demicellized glycolipids in aqueous solution  

Yoshiki Yamaguchi 1,2, Shino Manabe 1, Peter Greimel 1, Yukishige Ito 1 

1 RIKEN 
2 Tohoku Medical and Pharmaceutical University 

Hydrophobic molecules such as lipids, including sterols, or low molecular weight drugs are difficult to 
solubilize in water due to their tendency to form aggregates like micelle. Aggregation may profoundly 
affect the interaction of these molecules with their respective binding proteins. Cyclodextrins (CD) can trap 
amphiphilic molecules inside their hydrophobic cavity, effectively acting as a transporter as well as prevent 
micellization. Our idea is that demicellization of hydrophobic molecules by CD will provide more detailed 
structural information by NMR due to their increased tumbling rate. Here we report characterization of CD-
lipid complexes, utilizing lysophosphatidyl-myo-inositol (LysoPtdIns) and lysophosphatidyl β-D-glucoside 
(LysoPtdGlc) as model lipids. Both model lipids have been reported to act as putative ligands for G protein 
coupled receptor (GPR) 55, which has been associated with pain sensation. To reduce complexity of NMR 
spectral data resulting from the overlap of signals originating from CD and the complexed molecule, we 
chemoenzymatically synthesized completely deuterated CDs from deuterated glucose. Herein, we will 
report the advantages of deuterated CD for NMR analysis. 

Solution NMR analysis of hydrophobic or amphiphilic molecules, such as phospholipids and cholesterol, 
are in general conducted in organic solvents, such as chloroform, methanol and dimethyl sulfoxide. 
Conformational analysis of the fully hydrated, native like state, however, require aqueous solution as NMR 
specimen to preserve physiological relevant interactions, such as hydrogen bonds. NMR analysis of 
hydrophobic biomolecules in aqueous solution is hampered by their inherently low solubility in water and 
strong tendency to aggregate, forming micelles or vesicles. Furthermore, aggregation likely profoundly 
affects intermolecular interaction, specifically with their respective binding proteins, rendering elucidation 
of solubility limits and critical micellar concentration (CMC) important for the design of biological assay.  

One solution to prevent micellization is to use CD which can trap amphiphilic molecules inside its 
hydrophobic cavity. Due to its unique encapsulation capability, CD is widely used as adjuvant to enhance the 
bioavailability of drugs. We envisaged that demicellization of hydrophobic and amphiphilic molecules by 
CD will not only provide comprehensive structural information due to the increased tumbling rate, but also 
allow conformational analysis under fully hydrated, physiological condition by solution NMR. Here we  
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report the characterization of CD-model lipid complexes with LysoPtdIns and LysoPtdGlc. Both lipids 
have been suggested as putative ligands for the class A G protein coupled receptor (GPR) 55 [1]. 
Additionally, better understanding of the conformational properties of these lipids are important to further 
characterize their structure-function relationship [2]. Initial NMR analysis was complicated by large 1H-
NMR signals originating from CD overlapping with the lipid head group signals of glucose or inositol. To 
avoid this NMR spectral complexity, we chemoenzymatically synthesized completely deuterated CD and 
demonstrate the advantage of deuterated CD for the conformational analysis of trapped molecules. 

To this end, we envisaged to utilize cyclodextrin-glucosyltransferase (CGTase) and -glucosyl fluoride 
donors. Completely deuterated -glucosyl fluoride, -D-[1,2,3,4,5,6,6-2H7]glucopyranosyl fluoride, was 
prepared successfully from commercial deuterated glucose and was obtained after two steps. -D-
glucopyranosyl fluoride was accepted by B. circulans CGTase as a substrate with a Km = 32.5 mM and kcat = 
333 s-1 [3], providing completely deuterated CDs. We monitored the reaction in situ by 13C-NMR with 2H-
decouling. During CD formation, the anomeric C1 signal exhibited an explicit shift and loss of 19F coupling. 
Furthermore, an additional 13C signal appeared at ~80 ppm, which was assigned to C4. These spectral changes 
facilitated monitoring of reaction progress and of reaction completion during this enzymatic reaction. 

Finally, with deuterated CDs in hand, we conducted NMR analysis of LysoPtdIns in aqueous solution. 
Addition of deuterated -CD (2 eq) to 1 mM micellar LysoPtdIns sharpened the NMR signals in the absence 
of intense -CD signals (Fig. 1). This observation suggests that deuterated -CD can trap LysoPtdIns. Due 
to the absence of intense NMR signals derived from -CD, demicellized LysoPtdIns can be analyzed in detail. 
Pure shift NMR spectrum of the LysoPtdIns- -CD complex clearly indicates the heteronuclear 3J(31P,1H) 
coupling (8 Hz) between inositol H1 and phosphorus, allowing to determine the P-O-C1-H1 dihedral angle 
following the Karplus equation. 

In summary, we successfully synthesized completely deuterated CDs and showed its benefit in NMR 
analysis of model lipids. We suggest that the use of deuterated CD is an alternative and powerful method to 
analyze glycolipids and other insoluble molecules in aqueous solution. 
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Fig. 1. 1H-NMR spectra 
of 1 mM LysoPtdIns in 
micellar form (upper) 
and in the presence of 
deuterated -CD 
(lower). 
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Fig. 1. 31P-NMR spectra of (a) PI(4)P-containing nanodisc (rot #1), (b) PI(4)P-containing 

nanodisc (rot #2), and (c) Golgi membrane-mimetic nanodisc. 

－ 267 －



 

1 1 1 1 

1  
 
Relativistic effects for the dilution-inspissation shifts observed on heavy atoms in aqueous 
solutions 

Tatsuki Sato 1, Kenta Tasaki 1, Takumi yokoyama1, Naoya Nakagawa 1, Daisuke Kuwahara1 
1Graduate School of Informatics and Engineering, The University of Electro-Communications 
 

In 1967, Nakagawa et al. [1] presented the article on the NMR chemical shifts for heavy atoms. This was 
the first study for the NMR chemical shifts generated by spin polarization due to heavy atoms. In addition, 
the NMR chemical shifts were the first relativistic effects found in chemistry. Following this pioneer work, 
there have been considerable researches on the calculations for the relativistic effects on the NMR chemical 
shifts. However, the relativistic effects have not been thoroughly investigated experimentally. In this work, 
we measured the chemical shifts for metallic ions in water solutions of various metallic nitrates and 
metallic halides. The NMR measurements were performed at a lot of concentrations from the conditions 
diluted to measurable limit to saturated conditions. We elucidate that the chemical-shift changes between 
the diluted and saturated conditions arise from relativistic effects based on the spin polarization. 
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Figure 1. Chemical-shift changes for 
metallic ions in water solutions of various 
metallic nitrates. The chemical-shift changes 
from the conditions diluted to measurable 
limit to saturated conditions were measured.

Figure 2.  Chemical-shift changes for metallic 
ions in water solutions of various metallic 
halides. The chemical-shift changes from the 
conditions diluted to measurable limit to 
saturated conditions were measured. 
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Analysis of solution state of concentrated electrolyte by NMR 

Kazuo Kimura 1, Yasuhito Aoki1, Keiko Matsuda1 
1 Toray Research Center, Inc. 
 

In recent years, lithium ion batteries using concentrated electrolytes have been studied vigorously in 
order to improve the safety and to achieve high voltage.  However, structural information of concentrated 
electrolytes in solution state has not been analyzed so much.  In this study, we tried 1H and 13C NMR and 
two dimensional NMR measurements for solvent structure analysis on electrolytes, and TD-NMR and 
diffusion coefficient measurements on the electrolytes for evaluation of molecular mobility.  As a result, it 
was estimated that the concentrated electrolyte solution formed a relatively ordered solvent structure. 
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Fig.1 Chemical shift comparison.  (a) and (b) are 1H NMR spectra, and (c) is 13C NMR spectrum.  
 

 
 
 
 
 
 
 
 
 
 

Fig.2 Left: T1 relaxation time vs temperature, obtained by TD-NMR.  
Right: Diffusion coefficient vs concentration of electrolytes.  

 
 
 
 
 
 
 

Fig.3 HOESY slice data.  (a): electrolyte of 1 mol/L at mixing time of 100 ms, (b): electrolyte of 5 mol/L 
at mixing time of 10ms. 
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Relativistic effects found in heavy and light atoms in chelate compounds 
coordinated with heavy atoms 

Yoshimitsu Asakura 1, Masamitsu Tomiaka 1, Yukito Nakatani1, Daisuke Kuwahara 1, Naoya Nakagawa 1 
1Graduate School of Informatics and Engineering, The University of Electro-Communications 

 
The NMR chemical shifts for heavy atoms in the fifth and sixth periods change depending on the 

concentration of the heavy atoms (and the counter anions) in the aqueous solutions [1][2]. However, such 
changes are not observed in the complexes of ethylenediamine (ED) and the heavy atoms, in which all 
coordination sites in the ligands are bonded to counter anions [2]. In this study, we measured the chemical 
shifts of 207Pb coordinated with ethylenediaminetetraacetic acid (EDTA), and found that the chemical shifts 
of 207Pb varied with concentration. The concentration change in the 1H or 13C chemical shifts was small 
compared to the variations in the 1H or 13C chemical-shift values, which were measured in water solutions of 
different EDTA compounds with heavy atoms other than 207Pb. It follows from these results that EDTAs 
coordinated with heavy atoms significantly shows the HALA effects [4]. 
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1H 13C EDTA 13C

Fig. 2 13C
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Table 1. 13C Chemical shifts in different 
water solutions. 

Solute 0.01mol/kg 0.1mol/kg 

Na4[(edta)] 51.64 51.95 
Na3[Tl(edta)]  51.44 51.53 
Na2[Pb(edta)] 53.09 53.10 
Na[Bi(edta)] 55.94 55.96 
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Fig. 1 Concentration dependence of 207Pb 
Chemical Shifts in Na2[Pb(edta)] aqueous 

 
Fig. 2 Concentration dependence of 13C Chemical 

Shifts in Nan[M(edta)] aqueous solutions. 
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Photoreaction analysis of TiO2 using NMR microprobe and spin trapping ESR 
○Kenji Kanaori1 Masanori Sumiyoshi1 Sohei Aimi1 Yusuke Miyake1 Kunihiko Tajima1 
1Molecular Chemistry and Engineering, Kyoto Institute of Technology 

 
There have been many reports on photoreactions of bio-related molecules with titanium oxide, 

and product analysis has been conducted by NMR. However, it is difficult to accurately 
determine the generation rate of decomposition products generated by light irradiation by NMR 
measurement because light is not completely transmitted through a normal sample tube. We 
measured the reaction rate accurately by using a 1.7 mm diameter NMR microprobe, and 
identified various amino acid and peptide degradation products taking advantage of its high 
sensitivity. In addition, the radical species generated from amino acids and peptides were 
observed using spin trapping ESR method, and the decomposition reaction mechanism on the 
titanium oxide surface was examined from the structure of the product and radical species 
detected by NMR. 
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Revisiting the Soft-Pulse-Added-Mixing (SPAM) in MQMAS and STMAS NMR 
of Half-Integer Quadrupolar Nuclei in Solids 

Akiko Sasaki1, Yu Tsutsumi1, Jean-Paul Amoureux2 

1 Bruker Japan K.K. 

2 University of Lille 

In solid-state NMR, multiple-quantum (MQ) MAS and satellite-transition (ST) MAS experiments 

are well-established techniques to obtain high-resolution spectra of half-integer quadrupolar nuclei. 

In 2004 and 2005, a soft-pulse-added-mixing (SPAM) concept was introduced in MQMAS and 

STMAS NMR by Gan et al. and Amoureux et al., respectively, to enhance S/N ratio. Here, we 

further exploit SPAM-MQMAS and SPAM-STMAS with respect to (a) signal enhancement per unit 

time and (b) resolution enhancement per unit time. Its ease in experimental setup is demonstrated 

and some precautions are discussed. 

 

Background 

Quadrupolar nuclei account for 

more than 70% of NMR-active 

nuclei. Nevertheless, its use in 

solid-state NMR is limited owing 

to the presence of quadrupolar 

interaction that causes a significant 

loss of sensitivity and resolution. 

Two-dimensional MQMAS and 

STMAS are well-known methods to 

refocus quadrupolar interaction 

and obtain high-resolution spectra 

of half-integer quadrupolar nuclei. 

In 2004 and 2005, Gan et al.1 and 

Amoureux et al.2–4 introduced a 

soft-pulse-added-mixing (SPAM) 

concept in MQMAS and STMAS NMR to enhance S/N ratio. In Figure. 1, pulse sequences and 

coherence transfer pathways are shown for triple-quantum MQMAS and DQF-STMAS experiments 

using z-filter and SPAM approaches. In conventional MQMAS or STMAS methods such as z-filter, 
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signals from a pair of symmetrical coherence transfer pathways (echo and antiecho) are selected to 

yield two-dimensional absorptive lineshape, and frequency sign discrimination is ensured via hyper-

complex treatment. In SPAM, an alternate acquisition of echo and antiecho signals via a central-

transition selective pulse with properly fixed phase enables constructive addition of signals from 

other pathways, resulting in an efficient S/N enhancement. Furthermore, antiecho acquisition can 

be arbitrarily skipped in SPAM approaches, resulting in a reduction in total experimental time.  

Here, we further exploit the SPAM concept to establish an efficient acquisition of MQMAS and 

STMAS spectra with respect to (a) sensitivity enhancement per unit time and (b) resolution 

enhancement per unit time. SPAM-MQMAS and SPAM-STMAS experiments will be a promising 

approach for (a) nuclei with intrinsically low S/N and (b) high-resolution heteronuclear correlation 

experiments (such as SPAM-MQ-HETCOR5). 

 

Experimental, results and discussion 

All experiments were performed using Bruker Avance NEO spectrometer equipped with a 14.1 T 

widebore magnet, for 23Na (I = 3/2), 87Rb (I = 3/2), 27Al (I = 5/2) and 85Rb (I = 5/2) nuclei. A 3.2 

mm MAS probe was employed and MAS frequencies of 20-22 kHz were used. Powder samples 

(Na2SO4, NaH2PO4, Na citrate, AlPO-14, Berlinite, RbNO3, Rb2SO4) were packed as purchased or 

as synthesized. Accurate adjustment of spinning axis to the magic angle was performed prior to all 

STMAS experiments using the sample of interest itself. 

(a) Sensitivity enhancement: Three sets of MQMAS and STMAS experiments were performed 

with a fixed amount of experimental time (1. conventional z-filter, 2. conventional SPAM in which 

the number of echo and antiecho is fixed, 3. truncated SPAM in which antiecho acquisition is fully 

skipped and data points are zero-filled). Compared to conventional z-filter, a maximum signal 

enhancement of ∼2 can be observed in conventional SPAM spectra, and a maximum signal 

enhancement of ∼4 can be observed in truncated SPAM spectra, respectively. 

(b) Resolution enhancement: Similarly, three sets of MQMAS and STMAS experiments were 

performed and its experimental time to achieve an identical resolution in the indirect dimension was 

compared. With respect to conventional z-filter, conventional SPAM experiments can be twice as 

short, and truncated SPAM experiments can be four times as short, to achieve an identical resolution. 

For samples with small quadrupolar interaction or intrinsically high S/N, however, residual 

dispersive parts are visible in truncated SPAM spectra. Our retrospective analysis of conventional 

SPAM spectra revealed that the number of echo:antiecho = 4:1 is sufficient to obtain a two-

dimensional absorptive lineshape. Therefore, as a rule of thumb, we suggest to use truncated SPAM 

with echo:antiecho = 4:1 to maximize sensitivity and resolution of MQMAS and STMAS spectra. 
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Measurement of hyperpolarization reflecting spatial polarization heterogeneity 
by high-field MAS-DNP solid-state NMR 

Tomoaki Sugishita 1, Yoh Matsuki1,2, and Toshimichi Fujiwara1,2 
1Institute for Protein Research, Osaka University, Osaka, Japan 
2Quantum Information and Quantum Biology Division, Institute for Open and Transdisciplinary Research 
Initiatives, Osaka University 

  High-field dynamic nuclear polarization (DNP) not only significantly improves sensitivity in solid-state 
NMR, but also generates spatial polarization heterogeneity around polarizing agents in samples, which can 
provide nanometer-order structural information. In order to quantify polarization, we have developed a new 
method using high-order spin-correlated component of hyperpolarized magnetization, instead of the 
conventional method, which have suffered from depolarization in MAS-DNP NMR. Our method also can 
evaluate polarization heterogeneity as magnetization-growth time dependence of polarization. The 
experimental result showed polarization of samples of 2-13C alanine and 2-13C glycerol have different 
tendency to decay, which suggested different efficiency of 1H spin diffusion derived from their chemical 
structures. We will also discuss local polarization with multi-dimensional polarization measurement. 
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Fig. 1. Pulse sequence for observing 13C linear 
signal and 1H-13C spin-correlated signal 
separated from each other. 1H 180° pulse is or is 
not irradiated synchronously with inversion of 
acquisition phase. 

Fig. 2. τ2 dependence of 1H polarization obtained from powder 
samples of 2-13C glycerol and 2-13C alanine with the pulse 
sequence Fig. 1. Data points were fit by double exponential 
function, , 
excluding the point at τ2 = 60 s of 2-13C alanine because of 
severe distortion of spin-correlated spectral line shape. 
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Accurate 1H-14N distance measurements by phase-modulated  
RESPDOR at very fast MAS of 70 kHz  
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R. Chierotti2, Roberto Gobetto2, Yusuke Nishiyama1,4 
1 NMR Science and Development Division, RIKEN SPring-8 Center, and Nano-
Crystallography Unit, RIKEN-JEOL Collaboration Center, Yokohama, Kanagawa 
230-0045, Japan 
2 Department of Chemistry and NIS Centre, University of Torino, V. P. Giuria 7, 
10125, Italy 
3 School of Chemistry, Raymond and Beverly Sackler Faculty of Exact Sciences, Tel 
Aviv University, Ramat Aviv, Tel Aviv 6997801, Israel 
4 JEOL RESONANCE Inc., Musashino, Akishima, Tokyo 196-8558, Japan 

 
The proton-nitrogen (H-N) distance is important for structural characterizations of molecules in chemistry, 
biology, and pharmacy. The combination of magic-angle spinning (MAS) and recoupling sequences in solid-
state nuclear magnetic resonance (ssNMR) enables such distance measurement when the other methods are 
unavailable. It is noted that for accurate quantification of 1H-N dipolar coupling, thus distance between the 
two atoms, the recoupling sequences are required not only to recouple 1H-N dipolar interaction but also to 
suppress the intense 1H-1H homonuclear dipolar interactions. A number of sequences have been designed but 
mainly for a 1H-15N pair despite the presence of two N isotopes (14N and 15N nuclei) since 15N nucleus is a 
spin-1/2. Recent advances in fast MAS technology (νR ≥ 60 kHz) have further simplified the developments 
and implementation of 1H-15N recoupling sequences, making the 1H-15N distance measurement 
straightforward. Nevertheless, these experiments are insensitive due to the low natural abundance of 15N 
nucleus (0.4 %). In contrast, 14N nucleus benefits from a significantly higher natural abundance (99.6 %); 
however, it suffers from the quadrupolar interaction since 14N is an integer quadrupolar nucleus (spin number 
I = 1). The presence of a strong quadrupolar interaction and the absence of the central transition for 14N 
nucleus make the 1H-14N distance measurement challenging. Despite the 1H-14N distances being reported in 
the literature, that measurement requires the detailed prior knowledge on the studying systems [1]. 

Rotational-echo saturation-pulse double-resonance (RESPDOR) has been used to determine the distance 
between a spin-1/2 and a quadrupolar nuclei [2]. However, one drawback of this sequence is that its efficiency 
depends on experimental conditions. To alleviate such dependences, phase-modulated (PM) pulse has been 
designed [3]. It is robust to various parameters at moderate MAS, but has not been performed at fast MAS 
yet. Here, we numerically and experimentally investigate the feasibility of PM-pulse combined with 
RESPDOR (PM-RESPDOR) sequence, shown in Fig. 1, in measuring 1H-14N distances at very fast MAS. 
 

 

Figure 1. PM-RESPDOR sequence. The 
phase-modulated (PM) pulse is 
unsymmetrically composed by the 
combination of numerous blocks [3]. The 
pulse length of the PM pulse is N tR, 
where N is an integer and tR is the length 
of a rotor period.  
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Firstly, by simulations, we examine (i) the feasibility of PM-RESPDOR at very fast MAS condition, and 
then investigate (ii) the effect of 14N radio-frequency (rf) field as well as (iii) the robustness to 14N 
quadrupolar coupling constant (CQ) on the PM-RESPDOR efficiency. All simulations are performed on an 
isolated 1H-14N spin system. For (i), the MAS frequency is varied from 20 to 70 kHz while the 14N rf field 
and CQ values are fixed. For (ii), the 14N rf field is varied from 10 to 100 kHz at MAS frequency of 70 kHz 
and fixed CQ value. For (iii), at MAS frequency of 70 kHz and fixed 14N rf field, simulations are performed 
with varying 14N CQ from 1.0 MHz to 6.0 MHz. Based on these simulations, it is concluded that with PM-
pulse length of ~ 0.15 ms and 14N rf field of 80 kHz or higher, the PM-RESPDOR sequence is not only 
feasible at fast MAS condition but also robust to large variations of different experimental parameters. 

Finally, the performance of this sequence is experimentally tested on the two model samples, L-
tyrosine HCl (Tyr) and N-acetyl-L-alanine (Ac-Ala). By fitting the experimental data with the analytical 
fraction curves, the dipolar couplings, thus the distances can be extracted. Fig. 2a, b show an example for the 
fitting of Ac-Ala where the root-mean square deviation (RMSD) analysis is calculated for the best result of 
1H-14N dipolar couplings. The obtained distances are in agreement with those from diffraction techniques. 
 

 
Figure 7. Ac-Ala: the experimental 1H-14N fraction curves at 1H chemical shift of 7.9 ppm (a) and 3.9 ppm 
(b) achieved by PM-RESPDOR (dots) and the fitting curves by the analytical expression (solid lines). The 
errors of ΔS/S0 intensities are displayed as the vertical bars. The structure of Ac-Ala is shown in the middle 
of Fig. 7a and 7b, where 1H chemical shifts of 7.9 ppm and 3.9 ppm correspond to NH and CH sites, 
respectively. The insets show the best fitting 1H-14N dipolar coupling values based on RMSD analysis.  
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Development of solvent suppression pulse with adiabatic pulse for solid -state 
NMR experiment 
Tatsuya Matsunaga 1, ○Ryotaro Okabe2, Yoshitaka Ishii1,2 

1 NMR Science and Development Division, RSC, RIKEN 
2 School of Life Science and Technology, Tokyo Institute of Technology  

1H-detected solid-state NMR (SSNMR) is gaining wide-spread usage because of improved sensitivity due 
to ultrafast magic-angle spinning (UFMAS) at 60 kHz or a higher sample spinning rate. In 1H-detected 
SSNMR for samples containing solvents such as proteins, 1H signal of water and/or other solvents can be an 
obstacle. In this work, we developed a new method for solvent suppression in SSNMR experiment with 
adiabatic pulse. We compared the new method and the conventional methods through calculations and 1H 
MAS NMR experiments. The results indicated that the new solvent suppression showed robustness against 
chemical shift difference. It was also shown that the new method showed better suppression effect for more 
than one solvents, compared with traditional methods. 

Introduction  
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NMR 13C, 15N 1H
UFMAS 1H NMR

1H 1H NMR
1H NMR  

1H NMR RF
continuous wave (CW) 2 RF
MISSISSIPPI[1] NMR

NMR
NMR

NMR  
NMR

Suppression of Liquid with Adiabatic Pulse (SLAP) RF RF
dephasing  

solvent suppression, adiabatic pulse, RF inhomogeneity 

 

P51

－ 284 －



RF
dephasing

SLAP adiabatic 
pulse[2] (Fig.1)

RF

adiabatic pulse CW pulse

 
 

Methods and Results  
1 NMR Simulation 
RF inhomogeneity RF

adiabatic pulse
MISSISSIPPI

adiabatic pulse Ix Iy Iz

adiabatic pulse
MISSISSIPPI Iy, Iz

suppression pulse MISSISSIPPI
SLAP 1H MAS 

NMR  
 
2 NMR suppression pulse   
β1 immunoglobulin binding domain of protein G (GB1) 1H 2D 13C/1H

SSNMR MISSISSIPPI
1H

4.6 ppm 0.8 ppm
NMR

 
 
 
 

 
[1] Zhiheng Yu et al., “NIH Public Access” 377, no. 2 (2009): 364–77 
[2] J Baum, R. Tycko, and A. Pines, “Broadband Adiabatic,” Physical Review A 32, no. 6 (1985): 3435–47. 

Fig.1. Schematic of CW pulse (a) and adiabatic 
pulse (b) to rotate magnetization around y axis. 

－ 285 －



 

 
New Progress toward Higher-Dimensional Biomolecular SSNMR 
○Ryo Takahashi 1, Tatsuya Matsunaga 2, Takayuki Kamihara 1, Yoshitaka Ishii 1, 2 
1 School of Life Science and Technology, Tokyo Institute of Technology 
2 NMR Division, RIKEN SPring-8 Center, RIKEN 

Solid-state NMR has played an important role in structural analysis of various insoluble biomolecules such 
as amyloid fibrils. The lack of spectral resolution, however, still poses a serious problem. Although multi-
dimensional experiment can enhance spectral resolution, higher dimensional SSNMR experiments beyond 
4D are challenging due to exponential increase of the machine time as a function of the dimension. As a 
benchmark, we performed 5D HACACONH and 4D HACANH experiments with GB1protein to examine 
the usefulness of these high-dimensional experiments for structural analysis of protein. 

 
Introduction 
Solid-state NMR has played an important role in structural analysis of various insoluble and 

heterogeneous biomolecules such as amyloid fibrils. The lack of spectral resolution, however, still poses a
serious problem. Although multi-dimensional experiment can potentially enhance spectral resolution, 
higher dimensional SSNMR experiments beyond 4D are challenging due to exponential increase of the 
machine time as a function of the dimension.  
In this study, we examined the feasibility of data collection of 1H-detected 5D protein SSNMR as well as 

fast data collection of 4D protein SSNMR using fast magic-angle spinning (MAS) at 60 kHz and a 1H 
frequency of 900 MHz. The use of ultra-high field and fast MAS significantly enhanced the 1H resolution 
and sensitivity for the experiments. To accelerate the experiments, we doped the sample with 20 mM Cu-
EDTA and made recycle delays 10 times shorter. (1 Additionally, nonuniform sampling (NUS) was 
employed to reduce the sampled data points down to 5% of the total points. As a benchmark, we performed 
5D HACACONH and 4D HACANH experiments for uniformly 1H, 13C, 15N-labeled the β1 
immunoglobulin binding domain of protein G (GB1) in order to examine the usefulness of these high-
dimensional SSNMR experiments for structural study of protein in terms of spectral resolution and 
sequential back bone assignment. The resolution of the 4D and 5D data were compared with the 
corresponding 3D data.  The feasibility of the 4D-5D experiments will be discussed.   
 
Reference 
1) N. P. Wickramasinghe et al., Nature Methods 6, 215-218 (2009). 
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Photointermediates and photoreaction cycles of retinal-binding photoreceptor membrane 
proteins (SRII, SRI, bR) as studied by in situ photoirradiation solid-state NMR spectroscopy 
○Akira Naito 1, Yoshiteru Makino2, Arisu Shigeta2, Izuru Kawamura1 
1Fuculty of Engineering, Yokohama National University 
2Graduate School of Engineering, Yokohama National University 

Photoirradiation solid-state NMR spectroscopy is a powerful means to study photoreceptor retinal-
binding proteins by the detection of short-lived photointermediates to elucidate the photoreaction cycle and 
photoactivated structural changes. An in situ photoirradiation solid-state NMR apparatus has been 
developed for the irradiation of samples with extremely high efficiency to enable observation of 
photointermediates which are stationary trapped states. Therefore, in situ photoir radiation is particularly 
useful to study the photocycle of retinal-binding proteins. Photoreaction cycle of sensory rhodopsin II 
(SRII) was revealed to be SRII → K → L→ M → O(  N’) → SRII. In SRI, M-intermediate was 
stationary trapped under illumination with green light, and P-intermediate was trapped under illumination 
with UV light. In Y185F-bR, CS* and O-intermediates were stationary trapped and the NMR signals were 
observed in the first time under illumination with green light. 

[4,9]
[2,9]
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[1-9]

[1,8,9]

Fig. 1 Structure of bacteriorhodopsin and retinal 
chromophore with all-trans configuration[9]. 

Fig.2 Schematic illustration of in situ 
photoirradiation solid-state NMR 
spectrometer[2,9]. 

Fig. 3 A: Photoreaction cycle of SRII. B: (a). 13C CP-MAS NMR 
spectrum of Dark state. (b)Green state. (c) Difference spectrum (Dark-
Green). C: (a). 13C CP MAS NMR spectrum of green state. (b). Dark2 
state. (c). Difference spectrum (Green – Dark2)[9]. 
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[1,8,9]

→ → SRIK(620 nm) 
→ SRIL(540 nm) → SRIM(373 nm) → 
SRIG(587 nm) UV

SRIM(373 nm) → SRIP(520 nm) → 
SRIG(587 nm)

Dark
Green

(Green – Dark)
G- M-

Dark UV
(UV – Dark)

G- P-

UV – 
Green M- P-

Fig. 4 Photoreaction cycle of ppR/pHtrII complex. A: (a).13C CP 
MAS NMR spectrum of dark state. (b). Green state. (c). Dark2 state. 
B: (d). Difference spectrum (Green – Dark1). (e). Dark2 – Dark1. (f) 
Dark2 – Green. C: Photoreaction cycle of ppR/pHtrII under 
irradiation with green light. D: Difference spectra. (a). Green – Dark. 
(b). UV – Dark1. (c). UV – Green. E. Difference spectra. (d). UV – 
Dark1. (e). Dark1 – Dark2. (f). Dark2 – UV. F: Photoreaction cycle 
of ppR/pHtrII complex under green and UV light irradiation[8,9]. 

Fig. 5 Photoreaction cycle of SrSRI. A: 13C CP-MAS NMR 
spectra of [20-13C]ret-SRI under dark (top), green (top) light 
irradiation and difference spectrum (Green – Dark). B: under 
dark (top), UV(top) irradiation and difference spectrum (UV – 
dark). C: under green (top), UV(top) and difference spectrum 
(UV – Green). D: under UV(top), dark2 (top) and difference 
spectrum (Dark2 – UV). E: Photoreaction cycle of SrSRI[2,9]. 
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SRI Fig.5E [2,9]  
 

Y185F-bR In situ NMR Y185F-bR
Y185F-bR

CS AT

AT AT → K → L → M → 
N → O → AT

Dark
D1 Green
L1

(L1 – D1) AT
N- CS CS*

L1 D2
(D2 – L1)

N- O-

D2 L2
(L2 – D2)

O- N-

Y185F-bR Fig. 6B [4,9]  
 

 
[1]. Y. Tomonaga, T. Hidaka, I. Kawamura, T. Nishio, K. Ohsawa, T. Okitsu, A. Wada, Y. Sudo,  A. Ramamoorthy, A. Naito. 
An active photoreceptor intermediate revealed by in situ photoirradiated solid-state NMR spectroscopy. Biophys. J. 101,  
L50-L52 (2011).. 
[2]. H. Yomoda, Y. Makino, Y. Tomonaga, T. Hidaka, I. Kawamura, T. Okitsu, A. Wada, Y. Sudo, A. Naito, Color- 
discriminating retinal configurations of sensory rhodopsin I by photo-irradiationsolid-state NMR spectroscopy. Angew. 
Chem. Int. Ed. 53, 6960-6964 (2014). 
[3] A. Naito, I. Kawamura, Advances in Biological Solid-State NMR-Proteins and Membrane Active Peptides. Ch. 20 
Photoactive structural changes in photoreceptor membrane proteins as revealed by in situ photoirradiation solid-state NMR 
spectroscopy. Eds. F. Separovic, A. Naito. Royal Society of Chemistry (2014). 
[4]. K. Oshima, A. Shigeta, Y. Makino, I. Kawamura, T. Okitsu, A. Wada, S. Tuzi, T. Iwasa, A. Naito. Characterizatioin of 
photo-intermediates in the photo-reaction pathways of a bacteriorhodopsin Y185F mutant using in situ photo-irradiation solid-
state NMR spectroscopy. Photochem. Photobiol. Sci., 14, 1694-1702 (2015). 
[5] A. Naito, I. kawamura, N. Javkhlantugs, Recent solid-atate NMR studies of membrane-bound peptides and proteins Annu. 
Rep. NMR Spectrosc., 86, 333-411 (2015) 
[6] A. Naito, Y. Makino, I. Kawamura. In-situ photo irradiation solid-state NMR spectroscopy applied 
to retinal binding protein. Modern Magn. Reson. 537-557 (2017). 
[7] A. Naito, Y. Makino, Y. Tasei, I. Kawamura. Photoirradiation and microwave irradiation NMR spectroscopy. Expefrimental 
approaches of NMR spectroscopy. Methodology and application of life science and materials science. The NMR Society of 
Japan. Ed. Springer (2018). 
[8] Y. Makino, I. Kawamura, T. Okitsu, A. Wada, N. Kamo, Y. Sudo. Retinal configuration of ppR intermediates revealed by 
photoirrdiation solid-state NMR. Biophys. J. 115, 72-83 (2018). 
[9] A. Naito, Y. Makino, A. Shigeta, I. Kawamura. Photoreavtion pathways and photointermediatews of retinal-binding 
ohotoreceptor proteins as revealed by in situ photoirradiation solid-state NMR spectroscopy. Biophysd. Rev. 11, 167-181 
(2019). 

Fig. 6 Photoreaction cycle of Y185F-bR. A: 13C CP-MAS 
difference spectra of [20-13C]Ret-Y185F-bR. (a) difference 
spectrum (Light1 – Dark1). (b) Dark2 – Light1. (c) Light2 – Dark 
2. (d) Dark3 – Light2). (e) Dark2 – Dark1. B: Photoreaction cycle 
of Y185F-bR[4,9]. 
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Mobility analysis of polyunsaturated fatty acid lipids 
in model membranes 

○Hidekazu Ota, Yuichi Umegawa, Shinya Hanashima, 
Hiroshi Tsuchikawa, Michio Murata 

Graduate School of Science,  Osaka University 

Glycerophosholipids largely acquired their structural variety from their acyl chains. Polyunsaturated fatty 
acids (PUFAs) have two or more olefins, and play critical roles in membrane functions. Lately, it has been 
revealed that the ω-3 fatty acid, docosahexaenoic acid, is essential in disk membranes of retina for retaining 
their morphology. Yet, a behavior of PUFA-containing lipids in membrane remains elusive. In this study, we 
focused on two PUFA-containing membrane lipids, palmitoylarachidonylphosphatidylcholine (PAPC) and 
palmitoyldocosahexaenoylphosphatidylcholine (PDPC), and compared them on 2H solid-state NMR spectra 
and DPH fluorescence anisotropy. The results suggested that the orientation of PAPC and PDPC is different 
from that of usual saturated acyl-chain, and the fluidity of PAPC membrane is higher than that of PDPC 
membrane. 

(PUFA)
PUFA

ω-3

1 PUFA
PUFA ω-3

ω-6 Fig. 1 2H NMR
 

 
 

○  ,  ,  ,  ,   
  

 
Fig. 1. Chemical structures of 2H labeled PUFA and unsaturated phospholipids. 
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Reference 
1 Shindou, H. et al. J. Biol. Chem. 2017, 292, 12054−12064. 
2 Rajamoorthi, K. et al. Biochemistry 1991, 30, 4202−4212. 
3 Rajamoorthi, K. et al. J. Am. Chem. Soc. 2005, 127, 1576−1588.   

 
Fig. 2. Temperature dependence of DPH anisotropy in various 
unsaturated phospholipid bilayers. 
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Fig. 3 2H NMR spectra of (a) d5-

phenyl-labeled Phe crystal, (b) Self-

assembled FF and (c) Self-assembled 

Ff at 298 K. 
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Practical study of protein measurement by 1H detection MAS 
solid-state NMR 

Xin Zhang1, Hajime Tamaki1 and Toshimichi Fujiwara1 

1Institute of Protein Research, Osaka University  

 

Proton detection solid-state NMR under fast MAS condition dramatically improves sensitivity 
of NMR signals and enables us to measure expansive targets. This was exemplified by our 
experiments for the almost complete 1H and 13C, 15N main chain signal assignments of protein 
GB1. However, the spectra resolution along proton detected axes was limited by incomplete 
removal of proton-proton dipolar couplings and the narrow dispersion of 1H chemical shifts for 
large proteins. Until now, limited samples provide well separated 1H signals, and ultra-fast MAS 
frequency (>100 kHz) experiments for the improvement in proton-proton dipolar decoupling is 
performed at the cost of low sensitivity due to reduced amount of samples. Therefore, we should 
continue to develop sample preparation techniques to expand the application of proton detection 
solid-state NMR. Here, we developed a complete 1H/2H back-exchange protocol for HN in 
proteins with transmembrane helices, which can be used for narrowing 1H signals and improving 
spectral resolution along the proton axes for membrane protein samples in solid-state NMR. 

 

Introduction 

Proton detection is the most useful way for increasing sensitivity in NMR since proton has 
high gyromagnetic ratio. However, in solid states the strong dipolar interaction between protons 
leads to significant 1H line broadening at moderate magic-angle spinning (MAS) frequencies and 
makes the proton detection solid-state NMR (ssNMR) useless. 

Combination of increasing the MAS frequency and dilution of 1H content can further narrow 
1H linewidth by reducing the remaining proton-proton dipolar interactions. However, the 
increasing of MAS frequency needs advanced probe with smaller rotor, the most advanced 
equipment available in market support 150 kHz MAS frequency by using 0.6 mm rotor, which 
narrows the 1H resonance at the expense of reduced sample volume leading to decrease in the 
sensitivity. Therefore, in most cases, we need to prepare deuterium labeled protein samples for 
ssNMR study of large protein molecules because those proteins require higher sensitivity given by 
larger sample volume. 

For most proteins, we can use perdeuteration and reprotonation method to make deuterated 
with amide 1H labeled samples for ssNMR experiments. However, proton exchange rate depends 
mainly on solvent accessibility. Thus, proteins are unfolded to expedite the 1H/2H exchange. 
However, membrane proteins are often difficult to reconstitute into lipid bilayers in native state 
after the 1H/2H exchange in unfolded states. 

In this study, we evaluate the necessity of deuteration for 13C, 15N uniformly labeled proteins 
GB1 and halorhodopsin (HR) from Natronomonas pharaonis by applying multidimensional 
NMR. We are also developing a complete HN back-exchange protocol including proteins having 
transmembrane helices. By using this deuterium labeling sample preparation method we can 
obtain high-resolution proton detection ssNMR spectra for native state membrane proteins that 
have large molecular weight with less homogeneity under 70 kHz MAS frequency. 

Method and results 

We have measured CP-based 1H-15N HSQC spectra and 3D (H)CANH spectra for fully 13C and 
15N labeled native state HR in lipid bilayer and microcrystalline GB1 at 70 kHz MAS.  We made 

solid-state NMR, signal assignments of proteins, H/D exchange 
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an almost complete backbone signal assignment for 56 amino-acid residues protein GB1 (Fig .1). 
Compared with GB1 spectra, heavily overlaps are found in spectra of HR (Fig .2), which are due 
to less homogeneity and large molecular weight with about 260 residues. The serious overlaps in 
HR spectra prevent any clearly assign for HR. The result showed that 70 kHz MAS frequency is 
not enough for reducing proton-proton dipolar couplings and providing narrow enough 1H 
linewidth for signal assignment of large membrane proteins with low homogeneity. 

Therefore, 2H-labeled HR samples are necessary for ssNMR structure analysis for HR. 
However, the limited proton exchange rate in transmembrane regions prohibited direct proton 
exchange for making deuterated HR with protonated backbone under native states. Previous study 
showed that after 1-month proton exchange the core of bacteriorhodopsin still remained 
deuterated1. Here we designed an unfolding and refolding method for proton exchange using on-
column method. By unfolding HR we can increase the proton exchange rate at transmembrane 
regions, which allows us to make protonated 
backbone amides by proton back-exchange 
method. A successful reconstitution would allow 
us to obtain native state HR for further structural 
analysis at higher resolution. 

In this unfolding and refolding experiment, 
we used SDS for solve and unfold HR; DDM 
with retinal and DMPC liposome are used for 
reconstitution. The state of HR is checked by 
UV/Vis spectrum (Fig.3) and CD spectrum, 
which showed after reconstitution we could 
obtain monomer native state HR with a yield 
about 10%. 

 

References 

(1) Linser, Rasmus, et al. "Proton‐detected solid‐state NMR spectroscopy of fibrillar and 
membrane proteins." Angewandte Chemie International Edition 50.19 (2011): 4508-4512. 

 

Fig. 3 UV/Vis spectrum of refolded 
HR. Arrow shows the characteristic 
absorbance peak of native state HR. 
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New method for selective deuteration of side chains for high-resolution protein SSNMR 
 
○Yuki Miyazaki1, Ryo Takahashi1, Isamu Matsuda1, Toshio Yamazaki2, and Yoshitaka Ishii1,2 
1School of Life Science and Technology, Tokyo institute of Technology 
2 NMR Division, RIKEN SPring-8 Center, RIKEN 

Solid-state NMR (SSNMR) measurement using 1H detection is attracting attention as a 
powerful method of protein structure determination. However, the 1H line broadening due to 
1H-1H dipolar interactions cannot be completely eliminated even with the 100 kHz ultra-fast 
MAS, which is an obstacle to signal assignment and structure determination. In this study, we 
developed a method to selectively deuterate side chains at a high deuteration level with E. 
coli BL21 (DE3) expression system while maintaining the protons at the α-positions, which 
are useful for determining the backbone structure. 1H-detected 2D 1H-13C SSNMR data 
showed a drastically simplified spectrum and improved resolution for a microcrystalline 
sample of uniformly 13C- and 15N-labeled GB1 protein that was deuterated by this method. 
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2D (H)CH double-CP

Fig. 1. 2D (H)CH double-CP SSNMR spectra of (a) fully protonated and (b)selectively deuterated 
microcrystalline GB1. MAS rate of 60 kHz and a 1H NMR frequency of 900 MHz. 
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Solid-state NMR studies of cross-seeding of Aβ40 with Aβ42 fibril 
○Takaya Ishiguro 1, Isamu Matsuda1, Yoshitaka Ishii1,2 

1Department of Life Science and Technology, Tokyo Institute of Technology  
2RIKEN SPring-8 Center 

Misfolded β-amyloid (Aβ) is 39-43 residue peptide associated with Alzheimer’s disease (AD).  Among 
different isoforms of Aβ, the most abundant isoforms in brains are 40-residue Aβ40 and 42-residue Aβ42. 
Despite similarities in their amino acid sequences, the two Aβ species have different properties. Aggregation 
kinetics and structures of both Aβ40 and Aβ42 fibrils have been studied separately to investigate the 
mechanism of AD. However, both Aβ40 and Aβ42 coexist in AD. Thus, it is important to understand 
interactions between the different isoforms of Aβs. To examine the interaction between Aβ40 and Aβ42 at 
atomic level, in this study, we analyzed 13C SSNMR spectra for Aβ40 cross-seeded with Aβ42 fibril as 
fingerprints. The solid-state NMR data suggested that Aβ40 monomer is likely to interact with Aβ42 fibril, 
but may “cap” the terminus of Aβ42 fibril and prevent further elongation by forming a disrupted structure 
that was not fully templated by A 42 fibril. 

Aβ 40-43
40 Aβ40 42 Aβ42 Aβ40 Aβ42

2 Aβ
1,2 Aβ40 Aβ42

Aβ Aβ
 

Aβ40 Aβ42 Aβ42
Aβ40 Aβ40 Aβ42

 

Aβ40 Aβ42 Aβ
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Aβ42 Aβ42
Aβ42 Aβ42

Aβ42 Aβ40   
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References
[1] Petkova, A. T. et al., Proc. Natl. Acad. Sci U. S. A. 2002, 99, 16742. 
[2] Xiao, Y. et al., Nat. Struct. Mol. Biol.  2015, 22, 499. 
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Structural analysis of water in polyvinylpyrrolidone by solid-state NMR 

Hiroyuki Ishida1, Masaru Nakada1, Yoshitomo Furushima1, Keiko Matsuda1 
1 Toray Research Center, Inc. 

  The states of water in polyvinylpyrrolidone (PVP) were studied by using solid-state 2H-NMR.  In order 
to investigate the behavior of water in PVP, the temperature dependence from 90°C to 40°C of 2H-NMR 
spectra and spin-lattice relaxation times T1 were observed for PVP with various contents of water (D2O).  
The water contents of PVP samples were adjusted to 18, 35, 57, 108, 145, 435 wt%.  The results of 
temperature dependence of the peak area and T1 for D2O characterize slow and fast intermediate waters in 
PVP samples according to molecular mobility and interaction with PVP. 
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Fig. 2. Temperature dependence of the peak areas 
converted into water contents for D2O in PVP. 

 
Fig. 1. Spin-lattice relaxation time (T1) of D2O in PVP at 
various temperatures. 
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Aureobasidium pullulans

1 National Institute of Technology, Tomakomai College 
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Aureobasidium pullulans
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Molecular mobility measurement of water and cellulose in the cotton fabric 
○Hisamu Sasahara, Takako Igarashi, Koichi Nakamura 
Kao Corporation 

We are trying to understand the phenomenon that wet cotton becomes very hard after natural 
drying. Regarding this phenomenon, we have already proposed new theory that it originates from 
cross-linkage type of hydrogen bonding made of bound water between cotton single fibers.
However, the actual state of this bound water could not be well clarified. Therefore, the relaxation 
time of water molecules in the cotton cloth were tried and measured using the solid-state NMR. 
As a result, it was found that the calculated T 2 value of water molecule was significantly smaller 
than that of free water. In addition, we have cleared that the cotton fiber after complete -drying 
showed signals originated from cellulose molecules whose relaxation time is higher than those 
measured under the normal condition.  
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 T. Igarashi, et al., Journal of Surfactants and Detergents, 2016, 759-773 
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 N. Sun, et al., Journal of Magnetism and Magnetic Materials, 2009, 2971-2975 
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Fig. 1   1H-NMR spectra of cotton by 6.0 mm 
probe of 500 MHz and 1.0 mm probe of 700 MHz 
solid NMR 

6 mm probe 
1 mm probe 

 
 
 
 
 
 

 
Fig. 2   1H-NMR spectra of cotton at echo pulse 
2.0 ms irradiation by 1.0 mm probe of 700 MHz 
solid NMR 
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Spiber

Role of NMR in the Industrialization of Recombinant Spider Silk  
Tetsuo Asakura1,Hironori Matsuda1,Akira Naito1,Takehiro K. Sato2,Yunosuke Abe2,Jun-ichi Sugahara2 

1Department of Biotechnology, Tokyo University of Agriculture and Technology, Koganei, Tokyo, Japan 
2Spiber Inc., Tsuruoka, Yamagata, Japan 
 

Structural and dynamical analyses of spider dragline silk fibers have been the focus of numerous recent 
studies because of the silk’s high tensile strength and exceptional extensibility. The primary structures are 
repeated ones of polyalanine (PLA) and Gly-rich regions. The PLA region has been associated with high 
tensile strength, and the Gly-rich region is associated with the exceptional extensibility. In this work, 13C 
solid-state NMR together with MD simulation was used to clarify the structure and dynamics of the spider 
silk fibers for the industrialization of recombinant spider silk. Appropriate 13C-labeled model peptides were 
used for the NMR analyses. The staggered packing structure was a key of the PLA region with antiparallel 

-sheet structure. On the other hand, the fraction of each residue in Gly-rich region was determined 
experimentally and could be reproduced by MD simulation theoretically. The supercontraction of the spider 
dragline silk fiber was also studied using several solid-state NMR. 
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Packing

13C CP/MAS NMR -

 
MD

Fig.3 “
” 8,9 

X Fig.4  

N………GAGAAAAAAGGAGQGGYGGLGGQGAGQGGY
GGLGGQGAGQGAGAAAAAAAGGAGQGGYGGLGSQG
AGRGGQGAGAAAAAAGGAGQGGYGGLGSQGAGRGG
LGGQGAGAAAAAAAGGAGQGGLGGQGAGQGAAAAA
AGGAGQGGYGGLGSQGAGRGGLGGQGAGAAAAAAG
GAGQGGYGGLGGQGAGQGGYGGLGSQGAGRGGLGGQ
GAGAAAAAAAGGAGQGGYGGLGNQGAGRGGQ……. C 

Fig.1 Primary structure of Nephila clavipes dragline silk. The 
upper and lower underlined sequences are adapted as the model 
peptides of Gly-rich and PLA regions, respectively, in this work. 

Fig. 2. 
13

C CP/MAS NMR spectra of Gr(Ala)nGr* 
(n = 4-8) after FA /MeOH treatment. 

Fig.3 Geared hopping motion of the Ala methyl groups  
for Ala residues where two methyl groups are located 
closely each other in the staggered packing arrangement.  
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Fig.5 Plots of the fractions of several conformations (β-sheet, β-turn and random coil) of Gly and Ala 
residues against the 13C labeled position in the Gly-rich region of 47-mer peptides. (left): determined by 13C 
CP/MAS NMR experimentally and (right): calculated for the same sequence by MD simulation theoretically.  

Fig. 4. X-ray powder pattern of  
N. clavata dragline silk fiber 
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Fig.6 (left) 13C Solid-state NMR spectra of N. clavata silk fiber. (a)13C CP/MAS NMR spectrum in the dry state, 
(b) 13C CP/MAS NMR spectrum in the hydrated state. (c) 13C DD/MAS NMR spectrum in the hydrated state and 
(d) 13C r-INEPT spectrum in the hydrated state. 
(right) 13C solid-state NMR spectra of 47-mer model peptides with 13C-labeled blocks, (1)[2-13C]Gly12[3-13C]Ala13 
[1- 13C]Gly14, (2)[2-13C]Gly25[3-13C]Ala26 and (3)[1- 13C]Gly27[2-13C]Gly35[3-13C]Ala36 [1- 13C]Gly37. (b) 13C 
CP/MAS, (c) 13C DD/MAS and (d) 13C r-INEPT spectra in the hydrated state. 
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Dynamics of carbon dioxides in a metal-organic framework under high pressure 
○Munehiro Inukai1, Takuya Kurihara2, Yasuto Noda2, Koichi Nakamura1 
1 Graduate School of Technology, Industrial and Social Sciences, Tokushima University  
2 Graduate School of Science, Kyoto University  

We investigate CO2 dynamics in a MOF under high pressure using the combination of MAS 
NMR and CSA analyses. The NMR studies reveal the multiple dynamics of CO 2, which are local 
vibration or rotation with the rate of ~10-8 s and rotation on a cone around adsorption sites with 
the rate of ~10-6 s. The detail analyses would help to enhance the function of separation in 
MOFs via the control of dynamics and kinetics for CO 2. 

Figure 1. Crystal 
structure of MOF-74 
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Figure 2. 13C CSA patterns of CO2. 

Figure 3. 13C MAS NMR spectra 

Figure 4. Pressure dependence of T1. 

－ 325 －



 

 
Multinuclear solid-state NMR analysis of surface alteration layers caused by glass 
dissolution 
○Kenta Furutani, Takahiro Ohkubo 
Chiba University Graduate School of Science and Engineering 

 
Surface alternation layers resulting from glass dissolution is a key material to control dissolution rate of 

the nuclear water glass for Long-term safety assessment. To understand formation mechanisms and mass 
transport in the surface alternation layers, structural analysis of pristine and altered alumino-boro silicate 
glasses following nuclear waste glass was carried out by multinuclear solid-state NMR. Four glasses with 
different Al content were prepared, and glass dissolution test was run to obtained the sample including the 
alternation layer. 29Si MAS NMR spectra of pristine glasses showed Q3, Q4 and neighboring Al Q4(1Al) 
species. Significant peak narrowing and increasing Q4 contents were found in the altered glasses due to the 
release of soluble elements in the glass. Peak narrowing is due to structural relaxation, and increasing Q4 was 
caused by repolymerization of dissolved Si. Preferential dissolution of BO4 species for the glass without Al 
was found in the 11B MAS NMR spectra. On the other hand, the glass with higher Al content show congruent 
dissolution of BO3 and BO4. 
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Figure 1 29Si MAS NMR spectra of 
glasses with different aluminum content 
before and after dissolution 

Figure 2 11B MAS NMR spectra of 
glasses with different aluminum content 
before and after dissolution 
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Application of multivariate analysis for peak deconvolution in  solid-state NMR 
spectra of coals 
○Keiko Okushita 1, Yuki Hata1, Yoshikazu Sugimoto2, Takafumi Takahashi1, Koji Kanehashi1 
1Nippon Steel Corporation 
2National Institute of Advanced Industrial Science and Technology  
 

The structure and percentage of organic components in coals affect their physical and chemical 
properties necessary in the iron-making process. Solid-state NMR spectra contain these structural 
parameters of bulk coals, but there are also unavoidable problems in the spectra, namely multiple 
overlaps and broad width of the spectra,  derived from their complex origin. In this study, we 
applied a multivariate analysis to extract the peak deconvolution parameters in solid -state NMR 
spectra of coals by combining NMR relaxation measurements, and discussed the reliability of the 
extracted parameters.  
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Fig. 1 (a) 15N Hahn-echo and 1H-15N CP/MAS NMR spectra of A300, (b) deconvolution result of Hahn-echo by 
previously reported parameters, (c) PLS-score plot of CP/MAS spectra, and (d) application of deconvolution 
parameters to CP/MAS spectrum (contact time 1.0 ms), which parameters were improved by PLS application.  

 
1) Okushita et al., Energy & Fuels 2019, submitted. 
2)  2002, 81, 49-56. 
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Data Science for Evaluating the Relationship among Structure and Physical 
Properties of Biodegradable Polymers 

Ryo Yamawaki1, Yuuri Tsuboi2, Akiyo Tei2, Kengo Ito1,2, Jun Kikuchi1,2,3 
1Grad. Sch. Med. Life Sci., Yokohama City Univ., 2RIKEN CSRS, 3Grad. Sch. Bioagri. Sci., Nagoya Univ. 

Since the conventional plastics are difficult to degrade in the natural environment, there is an 
increasing interest towards the biodegradable polymers as alternative materials. However, to produce 
the biodegradable polymers practically, it was considered necessary to clarify the relationship among 
these structures, physical properties, and degradability. In this study, we conducted biodegradation 
experiments using the biodegradable polymers with higher -order structure formed by the annealing 
process. Also, we aimed to construct the strategy that can comprehensively evaluate the relationship 
among the structures, physical properties, and decomposability by data scientific method using 
various analytical data from NMR, TG/DTA, etc. From the PCA results using the 13C CP/MAS spectra 
of the molded PLA, the structural change due to the annealing process was confirmed, and this change 
was expected to affect the degradation performance.  
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[1] Drumright, R. E., Gruber, P. R. and Henton, D. E. Adv. Mater. 12, 1841–1846 (2000). 
[2] Bagheri, A. R., Laforsch, C., Greiner, A. and Agarwal, S. Global Challenges 1, 1700048 (2017). 
[3] Spaccini, R., Todisco, D., Drosos, M., Nebbioso, A. and Piccolo, A. Chem. Biol. Technol. Agric. 3, 4 

(2016). 
[4] Kikuchi, J., Ito, K. and Date, Y. Prog. NMR Spectrosc. 104, 56–88 (2018). 

Fig. 1. (a) Score plots and (b) loading plots of PCA 
using 13C CP/MAS spectra. 
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1 Institute for Materials Chemistry and Engineering, Kyushu Univ., Fukuoka, Japan.  
2 Interdisciplinary Graduate School of Engineering Sciences, Kyushu Univ., Fukuoka, Japan. 
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Applications of ultra fast MAS for LIB cathode materials - Complementary analysis by 
using NMR, XRD, and TEM 
○Koji Yazawa 1, Yoshikazu Sasaki2, Mitsuharu Tabuchi3 
1 JEOL RESONANCE Inc. 
2 JEOL Ltd. 
3 National Institute of Advanced Industrial Science and Technology 

NMR is extremely useful tool for characterizing local structure of materials for lithium ion battery (LIB) 
because it is able to observe Li ion directly. In this study, we report composition and deterioration in 
charge/discharge cycle of layered lithium nickel manganese oxides synthesized under air and nitrogen by 
7Li solid state NMR spectroscopy. In order to obtain high resolution 7Li spectra without spinning side band 
originated from paramagnetic interaction, we used an ultra fast spinning magic angle spinning system and a 
recent pulse technique, magic angle turning and phase adjusted sideband (MATPASS). 7Li MATPASS 
spectra showed clear peaks originated from Li in Li layer and in transition metal layer, respectively, for the 
both sample. However, the sample synthesized under air exhibited narrower linewidth indicating formation 
of Ni rich and Mn rich domains, and suggesting these domains relates to the Li rich phase forming small 
monoclinic (c2/m) domain which is not observable in x-ray spectra. We will report the results of after 
charge/discharge samples as well and discuss structural change in cycles with results from XRD and 
TEM-EDS analysis in the presentation. 

Co LIB
Li

LIB
SSB 7Li

SSB NMR

MAS magic-angle turning and phase adjusted sideband separation 
(MATPASS) 1mg SSB 7Li

Li
XRD TEM EDS
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(1)  Hung, I.; Zhou, L.; Pourpoint, F.; Grey, C. P.; Gan, Z. J. Am. Chem. Soc. 2012, 134, 1898–901. 

Fig. 1  2D MATPASS spectrum of 
LiNi0.3Mn0.7O synthesized under air 
atmosphere. Isotropic spectrum 
(pj-MATPASS) is obtained from summation 
of ssbs after shearing. Spin echo spectrum 
obtained at 70kHz MAS is also shown. 

Fig. 2 pj-MATPASS spectra of 
LiNi0.3Mn0.7O synthesized under (a) air 
and (b) nitrogen atmosphere. 
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Solid State NMR structural analysis on C-S-H and hydrated alite 
○Takafumi Takahashi 1 
1Advanced Technology Research Laboratories, Nippon Steel Corporation 

 Since alite (3CaO SiO2) is the most abundant mineral component in Portland cement , its 
hydration would affect the strength of cement pastes in the early stage of hydration.  In this study, 
we have examined the effect of gypsum (CaSO4 2H2O) on hydration of alite by using solid state 
NMR. Structural analysis of C-S-H has also been performed for characterization of the hydration 
products. Network structure of hydrated products was analyzed based on the spectra of 29Si MAS, 
29Si{1H} CPMAS and 29Si DQMAS. 
 

 

 
Figure 1. Crystal structure of alite visualized by VESTA3. 
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Figure 2. 29Si MAS NMR spectra of alite before and after 
hydration and C-S-H samples.  

 
Figure 3. 29Si DQMAS NMR spectrum of alite without the 
addition of CaSO4 2H2O after 24h hydration. 
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The relationship between hydrogen–metal distance and 1H NMR spectrum 
○Akihiro Matano1, Takuya Aoyama2, Yasuto Noda1, and K. Takegoshi1 
1Division of Chemistry, Graduate School of Science, Kyoto University 
2Department of Physics, Graduate School of Science, Tohoku University  

 In these days, oxyhydrides, where H- partially substitutes to O2- of oxides, has attracted attention as new 
materials. 1H NMR has potential to be an effective method for characterization of oxyhydrides as reported 
that the interatomic distance reduced by atomic substitution in mayenite shifted the 1H chemical shift toward 
higher and lower frequencies for the proton and the hydride, respectively. However, it is uncertain whether 
the relationship observed in mayenite holds with other oxyhidrides. In this study, measuring the 1H NMR of 
the sample where the interatomic distance is reduced directly and continuously by high pressure, we examine 
the relationship between 1H NMR chemical shift and hydrogen–metal distance. 
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Solid state NMR of polymorphic crystals for organodisilane molecules 
○Mineyuki Hattori1, Keiko Jimura1, Shigenobu Hayashi1, Masaki Nishio2, Kenichirou Omoto2,  
Masaki Shimada2, Hiroaki Maeda2, Mariko Miyachi2, Yoshinori Yamanoi2 and  
Hiroshi Nishihara2 
1 National Institute of Advanced Industrial Science and Technology, MCM, NMIJ 
2 Department of Chemistry, School of Science, The University of Tokyo 

 
Correlation between the SHG (second harmonic generation) activity and molecular packing 

in single crystals of 1,1,2,2-tetramethyl-1-(4-dimethylaminophenyl)-2-(2cyanophenyl)disilane  
are reported. This compound showed two polymorphs and both crystals were characterized by 
single-crystal X-ray diffractions. The single crystal analysis indicated that the SHG activity 
was attributed to the crystal packing and the orientation of dipole moment. Single-crystal from 
MeOH exhibited non-centrosymmetric packing (Pa (Cc)) in a parallel fashion, which is a 
favorable situation for SHG. On the contrary, single crystal crystallized from pentane showed 
centrosymmetric structure (P21/c) in an antiparallel form which is loss of SHG activity. When 
SHG active crystal was melted and cooled, SHG inactive crystal was obtained. Recrystallization 
of SHG inactive crystals from MeOH reversibly return to SHG active crystals. Powder XRD 
and solid-state 13C NMR were applied for quantitative analysis of the centrosymmetric or non-
centrosymmetric polymorphs.   
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2. Shimada, M.; Yamanoi, Y.; Matsushita, T.; Kondo, T.; Nishibori, E.; Hatakeyama, A.; Sugimoto, K.; 
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Analysis of overcharge behaviors of carbon negative electrode in lithium ion battery using 
in situ NMR 
○Tomu Yamakami 1, Hina Kometani1, Kazuma Gotoh1, Kenjiro Hashi2, Tadashi Shimizu2, Takashi 
Oyama3, Hiroyuki Ishida1 
1Graduate School of Natural Science and Technology, Okayama University 
2National Institute for Materials Science 
3OTIS CO., Ltd 

 
A problem with lithium ion batteries is that dendritic lithium deposits on a negative electrode. The dendrite 

lithium breaks a separator and causes short circuit. Thus, observing the lithium deposition is quite important 
for the safety of the battery. In situ NMR is suitable for analyzing internal changes during overcharge of 
lithium ion batteries. In this research, overcharge behaviors in graphite and hard carbon (HC) electrodes were 
observed at various charging rates by in situ 7Li NMR using lithium ion half-cells composed of negative 
electrode and lithium metal counter electrode. When the charging rate was 1 C or less, dendritic lithium 
deposited on the surface of the electrode after insertion of lithium into carbon, whereas dendrite deposition 
began during insertion into carbon in the case of high-rate charging. 
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Fig. 2. 7Li NMR spectrum of HC cell (at 0.2 C). 
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Structure modeling of porous carbon by solid state NMR measurement and quantum 
chemical calculation 
○Kousuke Kashihara1, Yoshitaka Ishii1, 2, and Ruoff Rodney3 
1School of Life Science and Technology, Tokyo Institute of Technology 
2NMR Science and Development Division, RIKEN SPring-8 Center 
3Ulsan National Institute of Science and Technology (UNIST), Ulsan, Korea 

Porous carbon is widely used for adsorbents and battery materials. It has been considered that the structure 
of porous carbon is based on the graphene or graphite structure. However, its detailed chemical structure at 
the molecular level has not been understood. We performed quantum chemical calculations for several 
models including single-layer graphene-based defect structure. Structural stability and chemical shifts were 
calculated for several models. The obtained 13C chemical shifts were compared with those of a 13C solid state 
NMR (SSNMR) spectrum of a-MEGO (activated microwave expanded graphite oxide), a mesoporous carbon 
material which showed excellent performance as a prospective electrode material for supercapacitor.[1] We 
also performed quantum chemical calculations for graphite that has defect structure in order to evaluate the 
correlation between interlayer distance and chemical shifts. 
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2. Zhu, Y.W., et al., Microwave assisted exfoliation and reduction of graphite oxide for ultracapacitors. 
Carbon, 2010. 48(7): p. 2118-2122. 
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CEST −MRI 

 
 
Synthesis and Functional Evaluation of a Novel Phosphorylserine Polymer Probe 
for CEST−MRI  
○Tomohiro Murakami, 1 Hisatsugu Yamada,2 Hirohiko Imai,3 Yasuhiro Aoyama,4 Yu Kimura,1 Teruyuki 
Kondo1 
1Graduate School of Engineering, Kyoto University  
2Graduate School of Technology, Industrial & Social Science, Tokushima University  
3Graduate School of Informatics, Kyoto University  
4Kyoto University  

We have already developed a biocompatible and zwitterionic phosphorylcholine polymer (PMPC) probe 
which accumulated efficiently and selectively in tumor in mice observed by the probe−targeted MRI 
technique. Here, we report our success in developing a novel phosphorylserine polymer (PMPS) probe that 
mimicked the membrane of apoptosis cell as well as the results of Chemical Exchange Saturation Transfer 
(CEST)−MRI using the present PMPS probe. 

MRI

 PMPC
 MRI

CEST: Chemical Exchange Saturation Transfer
 MRI CEST−MRI  1H 

 CEST 

CEST−MRI
CEST−MRI

2−
PMPS
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N-Boc-O-tert-butyl-MPS ATRP
 Boc  tert-butyl 

 1H  33,000  = 110
 PMPS  

 7T MRI Bruker Biospec 70/20 USR PMPS  
CEST  0 ppm 5 μT, 5 sec

 −10 ppm  10 ppm PMPS 0.20 mM, pH 5.0
 CEST 1–5 ppm  MR 

Figure 1a PMPS  1H 
CEST MTRasym

2.0 ppm  CEST 
Figure 1b O

L PMS  = 110 CEST 
Figures 1a and 1 b PMPS  CEST 

 1H 
 

PMPS 
CEST−MRI

 

1) Yamada, H.; Hasegawa, Y.; Kimura, Y.; Aoyama, Y.; Kondo, T. et al. J. Am. Chem. Soc. 2015, 137, 
799−806.  

2) Fadok, V. A.; Voelker, D. R.; Campbell, P. A.; Cohen, J. J.; Bratton, D. L.; Henson, P. M. J. Immunol. 
1992, 148, 2207−2216. 

Figure 1. CEST properties of PMPS (solid line) and PMS (dotted line) by 7 T MRI (pH 5.0 at 25 ºC).  
(a) CEST spectra of 0.20 mM PMPS and PMS. (b) MTRasym plots of PMPS and PMS.
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 Hyperpolarized (HP) 13C signal overcomes intrinsic low sensitivity of 13C NMR/MRI and makes it 

possible to noninvasively image metabolic process. Because HP signal rapidly decays by longitudinal 

relaxation and RF excitation pulse, acceleration of image acquisition of hyperpolarized (HP) 13C MR 

is essential. To boost image acquisition of HP 13C MRI, we combined a partial k-space imaging 

technique and a deep learning reconstruction (DLR). Anatomic 1H MRI and HP 13C MRI images of 

HP [1-13C] allylpyruvate were prepared as training and test data of DLR, creating a guesser for image 

reconstruction. The guesser was applied to partial k-space MRI data and reconstructed images. 

Improvement of image quality was confirmed in HP 13C MRI images with 20% acquisition rate of k-

space using the objective evaluation parameters including SSIM. 

 

[ ] 1H MRI 13C MRI 13C
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[1] Jiaming Chen, Lu Zhang, Yuemin Zhu, and Jianhua Luo, “MRI reconstruction from 2D Partial 

k-space Using Algorithm” 

[2] Olaf Ronneberger, Philipp Fischer, and Thomas Brox ,” U-Net: Convolutional Networks for 

Biomedical Image Segmentation ” 

[3] Ki Hwan Kim , Won-Joon Do, Sung-Hong Park,“Improving resolution of MR images with an 

adversarial network incorporating images with different contrast“ 
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 7Li-NMR/MRI at 1Tesla for a laminated all-solid-state rechargeable lithium battery  
Tomoyuki HAISHI 1, ○Satoshi FUJIKI 2, Yuichi AIHARA 2 

1) MRTechnology, Inc., Tsukuba, Ibaraki, JAPAN, 2) Samsung R&D Institute Japan Co. LTD 
 
Synopsis:  A experimental method of 7Li-NMR/MRI for aluminum-laminated rechargeable Li batteries 
with acquiring a charge / discharge curve in-situ has developed. we performed NMR/MRI measurements 
(at 1.0T / 9.4Tesla) of aluminum-laminated all-solid-state lithium batteries in a proper orientation of the B1 
excitation pulse to the sample’s lamination plane with a 200 μm sealing gap. Charge / Discharge operations 
of the Li battery were prepared for NMR/MRI measurements. 
 

 NMR/MRI Li( ) NMR 7Li
Li

 4.7 9.4Tesla in-situ

7Li -NMR Li
in-situ NMR/MRI ( He

N2) 1Tesla MRI
Li NMR 9.4Tesla  

NMR/MRI system and Li battery samples:  
A 1.0-Tesla 90 mm gap permanent magnet (Fig.1), 

9.4-Tesla narrow-bore NMR magnet, analog NMR/MRI 
(DTRX5, S7A, MRTe, Japan), digital NMR/MRI console 
(DTRX6/ S7D/ iPlus, MRTe, Japan), home-built 3-axis 
gradient coils, and rectangle solenoid rf coils were 
employed. The TX power for the B1 excitation was less 
than 50 W for 120 μs pulse width. The aluminum - 
laminated film of 110 μm was consisted by Al-foil of 30 
μm thickness, PET (polyethylene terephthalate), and 
Nylon. Two laminate films of (28 mm)2 square with tab 
thickness of 200 μm and 3 mm sealing width were used 
to enclose a battery stack. Measurement homogeneity for 
space of (20 mm)2 in the laminated sample was 
confirmed by MRI of an all-solid-state electrolyte package. A whole battery package (500 μm thickness) 
with the lamination was (29 mm)2 square with Al/Cu current collectors. 
 
 
MRI, Li 

 

Fig.1. rf probe with gradient 
coil: B0 is in perpendicular, or 
parallel to the rf slot’s plane.  

Fig.1. 1T/90mm permanent magnet 
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NMR/MRI experiments and results:                 
The aluminum-laminated all-solid-state rechargeable Li 

batteries (NCA/ Solid- Electrolyte/ Li-foil) were prepared 
for NMR/MRI experiments. For negative electrodes, Cu, 
AgC and Au/Cu (only for imaging) were used and SOC 
of 0, 10, 30, 70, and 100% were prepared before 
NMR/MRI experiments. Fig.2 shows one of the 
rechargeable Li batteries and Fig.3 is an MRI of Li- 
deposition at 9.4T. The 7Li NMR spectra were acquired at 
9.4T (Fig.4) and at 1.0T (Fig.5). For the measurement of 7Li-NMR spectra, pulse sequence parameters were 
below: TR = 50ms, width = 120 s, sampling rate =1 s, deadtime delay = 50 s, 2048 points, Tacq = 51sec. 
 

  

 
 
Conclusion: 
NMR spectra of the Li batteries at 1.0 Tesla were clearly acquired as well as at 9.4 Tesla. The chemical 

sifts between the solid electrolyte peak and Li foil peak were observed at 1.0T and the sift was changed as 
the battery sample direction was in perpendicular to the B0 filed or in parallel.  

7Li NMR/MRI spectra of aluminum-laminated all-solid-state Li batteries (Cu / AgC, SOC: 0, 10, 30, 70, 
100%) were compared with at 1.0T/90mm of 7Li-17MHz or at 9.4T/54mm of 7Li-156MHz. No big 
differences in NMR spectra at 1.0T or 9.4T were observed.  
 

 
1) 7Li-NMR

Li : 55 NMR ( ) 2016 
2) Li NMR MRI : 65 NMR

( RE ) 2019 

Fig.2. All-solid Li B 
28 mm x 28mm 

Fig.3. Li-deposition. 
SOC 100% on Au/Cu 

Fig.4. 7Li-NMR spectrum difference in negative 
electrodes at 9.4T (SOC100%, Cu vs AgC). 

Fig.5. 7Li-NMR spectrum difference in negative 
electrodes at 1.0T (SOC100%, Cu vs AgC). 
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Visualization of sodium distribution in living mouse kidney using 9.4 Tesla 23Na-MRI 
○Tomoyuki HAISHI 1, Ryohei KASEDA 2, Ichiei NARITA 2, Susumu SASAKI 3 

1) MRTechnology, Inc., Tsukuba, Ibaraki, JAPAN, 2) Niigata University Graduate School of Medical and 
Dental Sciences, 3) Faculty of Engineering, Niigata University, 

SSynopsis:  The number of chronic kidney disease is reported as an increasing trend in 
~15% of the world population (NHANES). Renal biopsy is still required for clinical 
diagnosis. In this study, we have started a research and development of a 23Na-MRI to 
visualize sodium dynamics in renal disease mice models. 
 

MRI 1H
low- ( ) NMR

1,000
sodium 3/2 =11.26MHz/T

23Na-MRI Na+

0.9% =140mEq

15% (NHANES)
1H-MRI NSF

23Na-MRI  
 

9.4T/54mm ( , 
39-32mm) MRI (DTRX6, S7D, iPlus) RF

22mm( 2, 10mm) 23Na-NMR
C57BL/6(M, 5wo) BALB/cAJcl-nu/nu(M,5wo)

3D-GRE  

 
Fig.1 23Na signal intensity on its saline density.  Fig.2 FID signal of albumin (8g/dL) saline 
 
sodium, MRI, kidney 

 

P85

－ 356 －



 
Fig.3 Absolute signal level [dBm] of 1H, 23Na  Fig.4 23Na -MRI at 9.4T: res. 2802x260(μm)3  

 
Fig.5 Mouse Kidney: 23Na-MRI at 9.4T, C57BL/6, 3D-GRE, 64x64x16, (420μm)2 1.1mm 

 
Fig.1 90 (0.4%

1.75%) 23Na-NMR Na+

23Na-MRI Na+ Fig.2
8 g/dL FID

T2 18 ms 0.9% 9.4T 23Na T2

2ms 20ms 2 ( ) 1H T2

ms ms T2 Fig.3
0.9% 1H 23Na 20,000

Fig.4 23Na-MRI 1H-MRI
Fig.5 3D-GRE in-vivo  (420μm)2

1.1mm AMED
 (2018 ~)  

 
23Na-MRI Na  

 
[1] vol.80-3 2016  [2] 9.4 

Tesla NMR C57BL/6 MR
45 ( )2017  
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In-cell NMR studies on structural stabilities of DNA and RNA introduced inside 
the living human cells 

Yudai Yamaoki1, Takashi Nagata1,2, Shohei Takami2, Tomoki Sakamoto2, and Masato Katahira1,2 
1 Institute of Advanced Energy, Kyoto University, 2 Graduate School of Energy Science, Kyoto University 

The intracellular environment is extremely crowded with biomolecules. It has long been 
considered that the structures and structural stabilities of macromolecules, such as nucleic 
acids, inside the living cells are different from those in in vitro dilute conditions. In-cell NMR 
is a promising method to obtain relevant information. So far, NMR spectra of nucleic acids 
(NAs) were reported mostly in Xenopus laevis oocytes. Since we are interested in the 
properties in living human cells, we introduced NAs into those cells using a pore forming toxin 
streptolysin O (SLO) and observed their NMR signals. The observation of the imino-proton 
signals indicates the formation of hairpin and G-quadruplex structures inside the living human 
cells. Imino-proton/water exchange rate indicates that the structural stabilities of the hairpin 
and G-quadruplex inside the living human cells are lower than those in in vitro conditions. 

in vitro

in-cell NMR [1]
in-cell NMR

[2] O (SLO)
DNA RNA

[3] in-cell NMR
[4]

[5] (Fig. 1)
/

 
 

SLO HeLa DNA RNA
CaCl2 SLO

L15 3%
0.5 mm PTFE

in-cell NMR  
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in-cell NMR

10% D2O L15
 

 
In vitro
RNA (5'-GGCACUUCGG 

UGCC-3' 2'-OMe )
DNA 

(5'-TTGGG(TTAGGG)3A-3')
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NMR

24

24

RNA in vitro
DNA in 

vitro
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in-cell in vitro
 

in vitro in-cell RNA DNA
/ (Fig. 2)

in vitro in vitro
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References [1] Luchinat, E. and Banci, L. (2017) IUCrJ, 4, 108-118. [2] Giassa, I.C., Rynes, J., Fessl, T., 
Foldynova-Trantirkova, S. and Trantirek, L. (2018) FEBS Lett., 592, 1997-2011. [3] Yamaoki, Y., Kiyoishi, 
A., Miyake, M., Kano, F., Murata, M., Nagata, T. and Katahira, M. (2018) Phys. Chem. Chem. Phys., 20, 
2982-2985. [4] Kubo, S., Nishida, N., Udagawa, Y., Takarada, O., Ogino, S. and Shimada, I. (2013) Angew. 
Chem. Int. Ed., 52, 1208-11. [5] Breindel, L., DeMott, C., Burz, D.S. and Shekhtman, A. (2018) 
Biochemistry, 57, 540 546. 

Fig. 1 Bioreactor system for in-cell NMR measurement 
using agarose gel. 

Fig. 2 Two-state model of imino proton exchange. 
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Fig. 1 Concept of NMR-Tree Search (NMR-TS)
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Database 

We downloaded molecules in form of SMILES with 

PCCDB-ID from 1 to 138895. We run a selection on 

these 138895 molecules to eliminate all SMILES 

contains elements other than C, H, N, O. Also, we 

have eliminated molecules with chemical charge (such as O+, N+, C-).  After selection, 10548 molecules 

remained. 8 molecules are removed for Gaussian failure. Finally, 10540 molecules are used as the SMILES 

database.  

 

Test molecules 

We selected 9 molecules, Butyric Acid, N-Methyl-DL-alanine, Glycylglycine, Sarcosine, Alanine, Salicylic 

Acid, , Phenylalanine, and Phenpromethamine, as test set of the presented method. For 

case of Butyric Acid and Sarcosine, they are originally contained in our database which against our 

assumption of molecule being unknown. We therefore removed them from the database. 

Fig. 2 Use of Wasserstein Distance to quantify

difference between NMR spectra to SMILES

generated molecules.
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Fig.3 Typical results for targeted spectra and computed signals

Fig.4 Results of NMR-TS for targeted molecules.
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Relationships between 133Cs chemical shift and absorbed structure on clay
Koyo Takei1, Takahiro Ohkubo1, Yukio Tachi2, Yuta Fukatsu2

1Graduate School of Science and Engineering, Chiba University
2Graduate School of Engineering, Chiba University
3Japan Atomic Energy Agency

Cs adsorption sites on vermiculite clays were investigated by 133Cs magic-angle-spinning

nuclear magnetic resonance (MAS NMR) and theoretical 133Cs chemical shift calculations.

A vermiculite sample with partially Cs exchange was prepared. Three peaks on 133Cs MAS

NMR spectra were experimentally found, however, assigning Cs absorption sites were not

assigned to these peaks. A molecular model of fully Cs exchanged vermiculite was built

to obtain theoretical 133Cs chemical shift by GIPAW method. Calculated 133Cs chemical

shift ranged 23 to 47 ppm, which corresponds to the peak of the lowest field side. Detailed

relationships between structure and 133Cs chemical shifts were investigated from Cs position

and vermiculite layer structure.
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Effect of concentration of biradical dopant in sample on high-field solid-state DNP 
efficiency as analyzed by a fast and quantitative spin dynamics calculation which includes 
the effect of spin diffusion 

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 exceed six hundred times, the ratio of the electron gyromagnetic ratio to the proton gyromagnetic ratio, 
actual DNP experiments show less effectiveness. We studied possible causes by using the simulation 
program we have developed, in which we calculate DNP enhancement by computing only the critical spin 
dynamics exactly and leaving others approximately, under the electron spin relaxation and magic angle 
spinning. We considered the effects of intermolecular electron spin couplings,  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. 
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Fig.1. Histogram of Simulated DNP enhancement 
of AMUPOL molecule system, after a build-up 
time of 7.1 s, about 6044 data of ZCW3 molecular 
Euler-angle set. In this calculation,  =4 s, 

=7 kHz. 
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Nearly complete assignments for 23kDa membrane protein by 
solid-state NMR using MagRO system assisted by Graph_Robot 
based on finite automaton theory.  
Naohiro Kobayashi1, Toshio Nagashima1 and Toshio Yamazaki1 
1RIKEN Spring-8 Center, Yokohama, Japan 

 
We have developed new function of MagRO which is upgraded version of the integrated 

tools for NMR analysis named Kujira (1) using a module Graph_Robot based on finite 
automaton theory. The module allows us to manipulate and display multi -dimensional NMR 
spectra, and simulate expected peaks based on libraries describing chemical topology, isotope 
labeling and simplified pulse scheme for wide variety of NMR experiments. Here we present a 
high completeness of assignments for observable signals (>90%) in solid -state NMR spectra of 
13C/15N uniformly labeled membrane protein in natural lipid bilayer, bacterial Aquaporin Z 
(~23kDa) demonstrating high feasibility of flexible and easy handing complicated data sets.  

 
Solid-state NMR spectrum data measurement and analysis have been routinely performed by 
established methods for uniformly stable isotope labeled (13C and 15N) samples. However, the 
assignments of the signals for difficult cases such as membrane protein with a number of 
residues (more than 200aa) are required extremely complicated spectrum data sets and special 
isotope labeling in order to over-come the severe signal overlapping. On the other hand, if a 
high completeness of the assigned chemical shifts was achieved as well as expected observable 
signals on the multi-dimensional NMR spectra are reasonably explained by the assigned 
chemical shifts, their trustfulness of the assignments would be more strongly enhanced. 
Additionally the high complete assignments will be more applicable to such as ligand 
interaction, local and global stability analysis. We have developed new module, named 
Graph_Robot, implemented in the MagRO system and further optimized for solid-state NMR 
study, which is using subroutines based on finite automaton theory with the chemical topology 
of target sample, isotope labeling of nuclear spins and simplified NMR magnetization transfer 
scheme (Fig. 1). By the new functions of the module allow the user to easily manipulate wide 
variety of multi-dimensional NMR spectra either for solution- or solid-state with special stable 
isotope-labeling. The module requires several mandatory libraries, chemical structure 
(*_atom*.lib), spin hierarchy (magn_spin.lib) and NMR magnetization transfer scheme 
(magn_spec.lib). The chemical structure library is described according to the ontology schema, 
for instance, chain→residue→atom. In the case of protein as chain system to construct whole 
chemical structure topology, the module requires proten_residue.lib for residue names, 
protein_atom.lib for atoms in each residue, protein_atom_isotope.lib for isotope -labeling and 
protein_atom_topo.lib for inter-atomic connectivity. The module then constructs database file, 
protein_x_y_acs.db for assigned chemical shifts from these libraries and residue sequence 
(protein_x_y_seq.db), where x corresponding to Chain-ID and y to status-ID (useful for 
description of minor state or comparison with other assignments).  The simulated peak 
positions are then calculated finite automaton operator imitating coherence transfer based on 
the simplified pulse scheme library (Fig. 2).  
Solid-sate NMR, finite automaton theory, automation 
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Fig. 1. Schematic representation of flow-chart to simulate NMR signals by Graph_Robot based on finite 
automaton theory. The module requires residue names in chain system (protein), atoms composing in 
each residue, atom-atom bonding topology and isotope labeling information with chain sequence. Firstly 
starting from building whole chemical topology the coherence automata are calculated according to spin 
resonance and simplified pulse scheme information. 

Fig. 2. An example of simplified NMR pulse scheme (right lower panel) for 2D NCA spectrum (left upper 
panel). In the pulse scheme only three steps of automaton command CP1 and CP2 (1- and 2-bond cross 
polarization transfer) are used for spins CL (all aliphatic carbons) and NN (all nitrogen).  

 

 

## Spec step Nu1 Nu2 Path TD - -  eff  fold 
Spec: nca  0 CL CL -- 2 0 0 1.0 1 
Spec: nca 1 CL NN CP1 0 0 0 1.0 0 
Spec: nca 1 CL NN CP2 0 0 0 1.0 0 
Spec: nca 2 NN NN -- 1 0 0 1.0 1 
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The bacterial membrane protein, uniformly 13C/15N labeled Aquaporin Z (AqpZ) in natural 
lipid bilayer (231aa, ~23kDa) was used as a sample for demonstration of this study. Aquaporin 
is a ubiquitous family protein which has been widely found in life organs from bacterial to 
mammals. The major function of the protein is selective transportation of water channel whose 
detailed mechanisms have been studied by high resolution X-ray structure and NMR studies 
(2-5). We have measured hetero-nuclear 2D and 3D slid-state NMR spectra for the AqpZ. The 
sample expression and preparation were described elsewhere (5), all NMR experiments for 2D 
13C-13C DARR, NCA, NCO, 3D CANCO, NCACB, NCACX, NCOCX, CANCOCA and 
N(CO)CACB on Bruker 700MHz Avanace spectrometer using 3.2mm HCN MAS probe  
(15.7kHz MAS frequency). 

In the new system of MagRO, three Sync-Jump modes were designed for manipulating 2D 
spectrum strips extracted from multi-dimensional data, synchronizing 2D plane for 15N(i) and 
13C (i) as NA, 15N(i) and 13CO(i-1) as NC and 15N(i) and 13C (i-1) as NS. Using 
semi-automated sequential method in MagRO, the backbone assignment over 98% of residues 
were achieved using the information of signal clusters  of 15N resonance accompanied with 
13CO(i-1), 13CO(i), 13C (i-1), 13C (i), 13C (i-1) and 13C (i) resonances. The side-chain 
signals were also assigned using 2D 13C-13C DARR, 3D NCACX and NCOCX.  

Backbone signal assignments were confirmed by checking sequential signal connectivity on 
the module to graphically display aligned 2D strips extracted from corresponding region of 3D 
spectra with automated signal simulation by Graph_Robot as shown in Fig. 3.  

   
 

Fig. 3. Graphical module for displaying arrayed 2D spectrum strips. The sequential connectivity (indicated 
by arrows) of 13CO (left) and 13C /  (right) are shown in y-axis using sync-jump modes, NC and NA/NS 
respectively. 3D CANCOCA for 13CO(i-1), NCACX for 13CO(i), while 3D N(CO)CACB for 13C / (i-1) 
and NCACB for 13C / (i) are used respectively. Three residues, G21, S22 and A23 of AqpZ are shown for 
the sequential connectivity. Simulated peak positions are calculated by Graph_Robot and represented by 
blue boxes.  
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The assigned chemical shifts of AqpZ were further confirmed by careful inspection of minor 
and weak signals that are expected by 2D NCA and NCO spectra using different types of 
customized magnetization transfer scheme to display evidential sequential peaks. Finally 1242 
out of 1370 observable signals (~90.7%) were assigned including aromatic a nd amide 
side-chains (see Fig. 5). The assigned chemical shifts performed by previous study (4) are 
compared and the residues revealing large difference (greater than 1.0 ppm for backbone 13C 
and 15N signals) mapped on the X-ray crystal structure of AqpZ at 3.2Å in Fig.6.  
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Fig. 4. One of the function of 
GUI module in MagRO for 
Backbone signal assignments. 
The sequence board is showing 
assignment completeness. 

Fig. 5. 2D 13C-13C DARR spectrum (20ms mixing 
time) of AqpZ. Only showing aliphatic region (15-75 
ppm). The peaks simulated by Graph_Robot are 
represented by blue boxes with simplified labeling 
(residue number and abbreviated atom names). 

Fig. 6. Ribbon model of X-ray structure of AqpZ 
(2ABM). Blue lines are corresponding to the 
residues found to have large difference (>1.0 ppm) 
are mainly localized on loop regions. 
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Development of metabolic MRI technique for hyperpolarized 13C pyruvate in tumors 
using PHIP-SAH method 
○Yuki Kase1, Neil J Stewart 2, Hiroshi Hirata2, Shingo Matsumoto2 
1 Course of Bioengineering and Bioinformatics Graduate School of Information Science and Technology, 
Hokkaido University 
2 Division of Bioengineering and Bioinformatics Graduate School of Information Science and 
Technology, Hokkaido University 

 Hyperpolarized 13 C MRI metabolic imaging of [1-13 C] pyruvate has been clinically applied in cancer 

diagnosis and cardiac function evaluation. Although the dynamic nuclear polarization (DNP) is current 

mainstream of hyperpolarization techniques for 13C, side-armed parahydrogen-induced polarization 

(PHIP-SAH) can potentially reduce the initial cost of clinical applications. To conduct 13C MRI of 

hyperpolarized [1-13C] pyruvate in tumor-bearing mouse, we considered two types of 1H/13C RF coil 

system; a dual coil structure of 13C solenoid and 1H saddle coils or a pair of independent solenoid coils for 

both channels. Mouse squamous cell carcinoma SCC VII and human hepatocellular carcinoma HepG2 

xenografts were prepared, and the feasibility of PHIP-SAH hyperpolarized 13C MRI was evaluated. 
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Fig.1 1H/13C dual RF coil for 
measurement of tumor-bearing model 
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Fig.2 Concept of 1H/13C solenoid coil pair for  
high sensitivity of  1H channel. The tumor-bearing 
mouse is fixed on a dedicated holder, and the RF coil 
is exchanged according to the nuclide to be imaged.
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Study of passive shims for superconducting bulk magnets 
○Takashi Nakamura 1, Masato Takahashi 1, Natsuki Inoue 2, Tetsuo Oka 2 
1 RIKEN RSC NMR Science and Development Division 
2 Materials Science and Engineering, Shibaura Institute of Technology 
 

We have developed a 200 MHz (4.7 T) superconducting magnet using a high-temperature 
superconducting bulk material (Eu-Ba-Cu-O) to realize a cryogen-free benchtop NMR system. 
Last time, we reported on the development of a multi-shim coil to enable high-resolution NMR, 
but in order to generate a uniform magnetic field at a low cost, we studied a passive shim using 
iron pieces like a MRI system. 
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FCM: Field Cooling Method
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Fig. 1 Schematic view of passive 
shim 1) Some small 
ferromagnetic piece attached to 
a multi-shim coil 
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Evaluation of cross-linking of rubbers by magnetic resonance  

Hideyuki HARA 
BioSpin Division, Bruker Japan K.K.  
 

TD-NMR (time domain nuclear magnetic resonator) is the analytical method which estimates the 
motility from relaxation time of the proton. In generally low motility materials indicate short relaxation 
time and high motility materials indicate long relaxation time. It's possible to observe the difference in the 
motility by crosslinking of rubber by using this method. The ESR (electron spin resonance) method is an 
analytical technique for observing unpaired electrons (radicals). Many radicals are observed in the 
reaction system such as crosslinking reaction of rubber. By using ESR, it is possible to evaluate the 
crosslinking reaction process. 
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ESR  
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Fig.1 Pulse sequence of MQ 
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Eq.1 Gaussian distributed fitting function) 
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Fig.2 Relation between crosslink density and RDC 
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Fig.3 ESR signal vs. temperature for EPDM(left), EPDM+DCP(center) and 
EPDM+DCPD+DCP(right) 
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Fig. 1 Hyperpolarized 13C NMR spectrum (blue) and thermal spectrum (red) were acquired at 1.5 T.

Two polrarization transfer sequences (LPH-INEPT+ (a) and Goldman sequence (b)) were

implemented. Both enhanced spectra indicate that polarization transfer was occurred due to the

irradiation of the INEPT-based RF pulse sequences. 
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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。

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 http://stableisotope.tn-sanso.co.jp

元NMRでの構造解析に必須な安な 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

●　　　  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
■ 中量・大量スケール合成

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

New!

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

無細胞タンパク質合成技術を用いた受託合成を開始しました。
細胞内タンパク質、分泌系タンパク質、膜タンパク質発現を承ります。

New!

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

New!

New!
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