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第 25回 N MR討論会

共催 日本化学会・日本生化学会・日本生物物理学会

日本薬学会・日本農芸化学会・日本分析化学会

日時昭和61年11月12日(水)-14日(金)

会場農協ホール(東京都千代田区大手町 1-8-3) 
討論を含めA講演い印)20分， B講演 13分

招待講演(L) 45分，英語講演(E) 15分

プログラム

1 1月 12日(水〉

12:30-13:22 座長:京極好正

1. NMRによるとト脳腫第髄腔内播種の診断について

(熊本大医生化学・脳神経外科)山堕盈盤・吉岡進

2.骨組織の T1 緩和時聞に関する研究

(京都第一赤十字病院・京都府医大・生理研)野口昌彦・日下義章・三船哲郎・

日下部虎夫・山下文治・榊田喜三郎・西川!弘恭・瀬尾芳輝

3. 23Na-， 39K-NMRによるラット唾液腺細胞内イオン動態の解析

(生理研・京都府医大)瀬尾芳輝・村上政隆・西川弘恭・亘弘

4.胆汁酸による赤血球膜障害の 31P-NMR法を用いた検討

(京都府医大)中鳴俊彰・西川弘恭・瀬戸良文・中島年和・島俊英・奥野忠雄

-瀧野辰郎

13:22-13:55 座長:金沢洋子

5* 31p_飽和移動NMR法による筋細胞内エネルギー輸送の研究

(京都府医大)宣旦皇塁

6.光照射下におけるクロレラ細胞の 31P幽 NMRsaturation transfer 

(国立公害研)三森文行

13:55-14:41 座長:亘弘

7. リジン発酵菌コリネパクテリゥムの 31P NMRによるポリリン酸の研究

(東レリサーチセ・東レ基礎研)JII口謙・丸山花子・松本俊一

8. 19F NMRによるフッ素標識単糖類の生体内動態の研究

(九大薬)桃園裕子・金盟j主王・原田平輝志・前田稔・小鳴正治
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V 回転する磁場勾配を用いた NMRイメージングー信号の特異性

(目立中研)量生産・河野秀樹

15: 10-15:49 座長:瀬戸治男

10. lH-NMRによる糖脂質糖鎖の化学構造の解析

(都臨床研)盤里一主塑・児玉千恵・鈴木明身・稲垣冬彦

11.核酸関連化合物の N-15 NMRスベクトル

(理研)鵜沢淘，安斉謙太郎

12. C CKオクタペプチドの諮液内構造について

〈奈良女大理・生理研・九大理)中沢隆・亘弘・矢内原昇・松隈純滋・

草田祐弘・郷信広

15:49-16:29 座長森島績

13*毒素ペプチドのNMRと distancegeometry 

(阪大蛋白研・九大理)大久保忠恭・小林祐次・京極好正・郷信広

14 '蛋白質の構造変化を指標とした血清アルブミンーリガンド相互作用の解明

(大日本製薬総研)主旦宣車

16: 29-17: 15 座長:阿久津秀雄

15. タンパク質のプロトン緩和のシミュレーション・プログラム

(近畿大医・京大理)柴田進・赤坂一之

16'ヘムタンパク質におけるヘムの再配向ならびに交換反応の機構とその圧力依存性

(京大工)石森浩一郎・青木正博・森島績

17.免疫グロプリンの光 CIDNP

(阪大蛋白研・東大薬)盈去晶・京極好正・遠藤聡史・荒田洋治

17:15-17:54 座長:鷲藤肇

18. NMR法による上リ蚕絹フィブロインの溶液構造の研究

(農工大工)朝倉哲郎・出村誠・樫葉均

19. 2D NMRによる蛋自の水和特性

(北大低温研)花房尚史

20. 配向DNA繊維の 2H NMR 

(東薬大・ N1 H)神藤平三郎・ Y.Hiyama • D. A. Torchia 
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1 1月 13日(木〉

9:00-9:45 座長:寺尾武彦

Ll Two dimensional and zero field NKR of oriented molecules 

(U. of California) K.Gochin' D.Hugi-Cleary' K.Luzar' K.Schenker' A.Thayer' 
A.Pines 

9:45-10:30 座長:赤坂一之

L2 Dipolar SASS NKR Spectroscopy: separation of dipolar powder patterns in 
rotating solids 

(京大理)寺尾武彦・中井利仁・三浦等・雑賀亜幌

10: 30-11: 00 座長:中僚利一郎

El Frequency switched inversion pulse and its application to broadband 
decoupling 

(日本電子)藍星皇I遵・永山国昭

E2 Determination of the 14N quadrupole coupling tensors in a single crystal of 

L-histid.ine hydrochloride monohydrate by NKR spectroscopy 

(Univ. British Columbia・京大理)C.A.KcDowell .血豊島・ D.L.Sastry・

竹腰清乃理

11: 00-11: 30 座長:小林祐次

E3 13C NKR spectra of liquid crystalline compounds. 1. 4'-Alkoxy-4-biphenyl-

carbonitriles 

(化技研)早水紀久子・柳沢勝・山本修

E4 63CU MAS NMR of田ixedcrystals of CuY"Zl-x(Y=Cl or Br; Z=Br or 1) and 

CuxAg1-"I 
(三菱製紙感材研・日本電子)遠藤一央・山本京之介・岡地誠・出口鍵三・

松下和弘・藤戸輝昭

12:30-13:05 座長:iJ I地 邦 男

E5 Nuclear magnetic resonance of B22・.26pentapeptide and the methyl ester of 
B23-25 tripeptide of insulin 

(Shanghai Inst. Biochem.) Q.ーL.Shi. Y.-K.Feng・Z.-X.Lu

-].工]. -



E6 Mechanism of activation of hormone-sensitive GTP-binding regulatory protein 

by F-ion 

(東大理・都立大理)東島勉・甲斐荘正恒

13:05-13:50 座長:富津辰雄

L3 2D NHR studies of the specificity of dihydrofolate reductase 

(Leicester U.) G.C.K.Roberts 

13:50-14:40 座長:永山国昭

E7 A new strategy to determine the solution structure of a protein using 

13C-spectroscopy -a protein proteinase inhibitor SSI 

(都立大理)甲斐荘正恒・長尾洋昌・広沢敦彦

E8 Binding modes of inhibitors to RNase T， as studied by NMR 
(都臨床研・東大理)盤旦全産・紫田康行・鳴田一夫・富津辰雄

E9 Computer simulation of spin diffusion in proteins 

(京大理・近畿大医)赤坂一之・柴田進

15:00-15:45 座長:甲斐荘正恒

L4 Proton nuclear magnetic resonance studies of proteins of immunological 

interest 

(東大薬・阪大微研・阪大蛋白研)伊藤渉・遠藤聡史・武藤裕・西村実和・

東伸昭・荒田洋治・坂戸信夫・藤尾啓・林文晶・京極好正

15:45-16:30 座長:荒田洋治

L5 Protein structure and dynamics by NMR 

(U. Pennsylvania) S.J.Opella 

16:30-17:00 座長:神藤平三郎

EIO Time-resolved 31p NHR studies on energy utilization associated with muscle 

contraction 

(大分医大)山田和広・国之倉慢・河野義久・北野敬明

Ell A 'H_3Ip cross-polarization study on in vivo systems 

(横浜田大工・阪大蛋白研・鳥取大工)阿久津秀雄・小田原孝行・月原富武・

京極好正
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17: 00-17: 45 座長:稲垣冬彦

L6 Spatial localization techniques for in vivo NMR 

(Oxford U.) R.Freeman 

18:00-20:00 懇親会 (農協ビル 8階第 1大会議室)

1 1月 14日(金}

9:00-9:39 座長:高橋憲助

21.溶液中の立体配座解析における IH Biselective T 1の利用

(神戸女薬大・阪大薬)杉浦真喜子・禁東玲・高尾楢雄・藤原英明

22.緩和時間法によるストレプトマイシンの化学構造と動的性質の研究

(阪大薬・神戸女薬大)護辺一邑主・高木達也・藤原英明・佐々木喜男・

杉浦真喜子

23. Quinidine類の 13C T 1 とその異方性運動の検討

(神戸女薬大)察東玲・杉浦真喜子・高尾楢雄

9:39-10:18 座長:鵜沢淘

24. IH NMRにおける核オーバーハウザー効果を利用した局所麻酔薬とフォスファチジ

ルコリンベシクルとの相互作用研究

(京大薬・京都薬大)墨旦重弘・藤原靖弘

25.天然有機化合物の構造解析における新しいNOE測定法

(東大応微研・日本電子)降旗一夫・瀬戸治男・大内宗城

26. 異穏核 2量子遷移NMRの天然有機化合物の構造解析への応用ー lH核測定による感

度向上法

(日本電子・東大応微研)大内宗城・横山修明・福島裕・降旗一夫・瀬戸治男

10:18-10:57 座長:早水紀久子

27.中国産半枝蓮 Scutellariarivularisの新ジテルベノイドの構造一

2-D INADEQUATEおよび 1H -13 C long-range couplingの応用

(富山医薬大・北陸大薬)菊池徹・門田重利・坪野浩二・富森毅・木津治久・

井本吉隆

28. フェニルホスフィン類のアルカリ金属塩のNMR

(名工大)横山幸弘・高橋憲助

29.金属核NMRの化学シフトに及ぼす溶媒効果のオリジン (II)

(近畿大理工)宗像恵・北JII進・佐々木学
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10:57-11:23 座長:下川繁三

30. ゲージ不変な INDO法

(北見工大)福井洋之・三浦宏一・平井明彦

31.微小量スピン 170のプロトンの回転系スピン格子緩和時間に及ぼす影響:いくつか

のサルフェイトの場合

(広島大総科)森本邦彦

12:30-13:22 座長:竹内敬人

32. トリフェニルホスホニウムシクロベンタジエニリドにおける水素及び水銀付加の

NMRによる研究

(芝浦工大)永田親清・山田郁

33. ポリオレフィン類のほCNMR立体規則性ピークの化学シフトの理論的計算に基づ、

く帰属

(農工大工)朝倉哲郎・西山祐幸

34. ピリジンN-オキシド類の置換基効果:170ーおよび 1
5N-NMR置換基ケミカルシフト

(阪大産研)沢田正実・高井嘉雄・木村聡・山野智・三角荘一・都野雄甫・

花房昭静

35. 阪大産研材料解析総合システム (TASMAC)におけるNMRの機能

(阪大産研)高井嘉雄・山田等・福田房子・田中高紀・沢田正実・花房昭静

13:22-14:08 座長:藤原英明

36. NMRによる高分子膜中の低分子の挙動 (III)一三酢酸セルロース膜とセルロース

膜の比較

(化技研)松村和紀・早水紀久子・中根尭・柳下宏・山本修

37. 芳香族ポリアミドイミドおよび関連化合物の構造解析における NOEの利用

(東レリサーチセ)樫旦五立

38本多量子 2次元NMR-高分子の構造解析への応用

(北大理・日本電子)伊倉光彦・安田学・加藤徹・引地邦男・大内家城・

江口恵二

14:08-14:41 座長:中川直哉

39. 19 F ，1 H気相高分解能NMRによるし2ージフルオロエタンの配座エネル年一の測定

(東大工)野々山信二・富島陸・川村時治・平野恒夫

40ま差分NMR法.左右大脳半球機能差の計測

(電総研)亀井裕孟・片山義朗・横山浩

-Vl. -

takai
鉛筆



15:00-15:52 座長:安藤勲

41.結晶中ピリジニウムイオンの運動と lHNMR 
(名大理)伊藤ゆかり・浅地哲夫・池田龍一・中村大雄

42.二三の固体試料中の 13Cスピン交換に関する二次元NMR
(京大化研)瞭宜宜，堀井文敬・北丸竜三

43.高分子多相系の lHスピン拡散に関する CP13C NMR 
(京大化研)中川将・堀井文敬・北丸竜三

44.国体高分解能NMRによるプラズマ重合膜の解析

(豊田中研)田嶋一郎・山本豊

15:52-16:44 座長:横山茂之

45. 13C V T-MAS NMRによる圏体高分子の構造の研究

J 
J 

(日本電子・東工大工)藤戸輝昭・出口健三・今成司・室産主主・山延縫

46.国体ポリアセチレンの 13CNMR化学シフトと電子構造

(東工大工)山延健・安藤勲

47.国体状態におけるグリシン残基のほC化学シフトと水素結合の相関

(東工大工・群大工短大・クラレ中研)室重一室i宣・山延鍵・安藤勲・荘司顕・

尾崎拓男・網犀繁俊

48. 15N CP-MAS NMR [111] . 15N標識L-アラニン残基を含む種々のコボリ

ペプチドの固体構造と 15N化学シフトとの関係

(群大工短大・日本電子・東工大工)荘司顕・尾崎拓男・藤戸輝昭・出口健三・

安藤慎二・安藤勲

16:44-17:30 座長:山本修

49. ポリ (βーベンジルー L-アスバルテート)鎖中に巻き込ませた L-アラニン残基のコン

ホメーションと固体 13CNMR化学シフト

(東工大工・国立がんセ研・群大工短大)込1童・甲本忠史・安藤勲・鷲藤費量・

荘司顕・尾崎拓男

50. 2
3Na高分解能NMR.ナトリウムコンプレックスの固体および溶液構造の直接比較

(国立がんセ研)宮藤肇・多部国涼子

51* 13C圏体高分解能NMR:イオノフォア抗生物質の金属イオン結合による構造変化の

検出(国立がんセ研)璽重量・多部田涼子

-V~~-
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THE 25TH NMR SYMPQS工UM (JAPAN) 

Noukyou Hall， Tokyo 

November 12-14， 1986 

The Chemical Society of Japan 

The Japanese Biochemical Society 

The Biophysical Society of Japan 

The Pharmaceutical Socie七Y of Japan 

The Agricultural Chemical Society of Japan 

The Japan Society for Analytical Chemistry 
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PROGRAM 

Wednesday， November 12， 1986 

CONTR工BUTEDPAPERS 

12:30-13:22 Chairman: Y. Kyogoku 

1. NMR Study of Human Cerebrospinal Fluid in The Diagnosis 

of Subarachnoid Dissemination of Brain Tumors 

M. Yamasaki and S. Yoshioka 

2. Study on 1H-NMR Relaxation Time (T1) of Rabbit Bone 

M. Noguchi， Y. Kusaka， T. Mifune， T. Kusakabe， 
F. Yamashita， K. Sakakida， H. Nishikawa and Y. Seo 

3. Measurement of Intracellular 23Na and 39K in Perfused Rat 

Salivary Gland by NMR Spectroscopy 

Y. Seo， M. Murakami， H. Nishikawa and H. Watari 
4. Bile Acid-Induced Erythrocyte Membrane Damage Studied by 

31p-NMR 

T. Nakashima， H. Nishikawa， Y. Seto， T. Nakajima， 
T. Shima， T. Okuno and T. Takino 

13:22-13:55 Chairwoman: Y. Kanazawa 

5. Intracellular Energy Transpor七 inMuscle Studied by NMR 

K. Yoshizaki 

6. The Flux of Pi to ATP in Chlorella vulgaris Cells under 

工lluminationMeasured by P-31 NMR Saturation Transfer 

F. Mitsumori 

13:55-14:41 Chaiman: H. Watari 

7. Polyphosphate Metabolism in Corynebacterium glutamicum 

as Studied by 31p Nuclear Magne七icResonance 

K. Kawaguchi， H. Maruyama and S. Matsumoto 
8. Metabolic Pathway of Fluorinated Hexoses in Mice: 

A 19F NMR Study 

Y. Momozono， Y. Kanazawa， T. Haradahira， M. Maeda 
and M. Kojima 

9. NMR工magingwith A Rotary Field Gradient. The Signal 

with Unusual Properties 

S. Matsui and H. Kohno 

-
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15:10-15:49 Chairman: H. Seto 

10. Analysis of The Chemical Structtire of Sugar Chains 

of Glycolipids by 1H Nuclear Magnetic Resonance 

D. Kohda， C. Kodama， A. Suzuki and F. Inagaki 

11. N-15 NMR Spectra of Nucleoside Derivatives 

J. Uzawa and K. Anzai 

12. The Solution Conformation of Cholecystokinin Octapeptide 

T. Nakazawa， H. Watari， N. Yanaihara， J. Matsukuma， 
S. Kusada and N. Go 

15:49-16:29 Chairman: 工. Morishima 

13. Conformational Analysis of Toxin Peptide by 1H-NMR and 

Distance Geometry 

T. Ohkubo， Y. Kobayashi， Y. Kyogoku and N. Go 

14. Classification of 工nteractionsof Human Serum Albumin 

with Ligand Molecules as Studied by Proton NMR 

Spectroscopy 

T. Oida 

16:29-17:15 Chairman: H. Akutsu 

15. Computer Simulation program for P~oton Relaxation in 

Proteins 

S. Shibata and K. Akasaka 

16. The Mechanism and The Pressure Dependence of Heme Re-

orientation and Heme Exchange Reaction of Hemoproteins 

K. 工shimori，M. Aoki and 1. Morishima 

17. Photo CIDNP Studies of 工mmunoglobulins

F. Hayashi， Y. Kyogoku， S. Endo and Y. Arata 

17:15-17:54 Chairman: H. Sai七合

18. NMR S七udyof Philosamia cynthia ricini Silk Fibroin 

Structure in Solution 

T. Asakura， M. Demura and H. Kashiba 
19. Charac七eristicsof Protein Hydration by 2H NMR 

N. Hanafusa 

20. Deuterium NMR Study of Oriented DNA Fibers 

H. Shindo， Y. Hiyama and D. A. Torchia 
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Thursday， November 13， 1986 

工NV工TEDLECTURES 

9:00-9:45 Chairman: T. Terao 

L1 Two Dimensional and Zero Field NMR of Oriented Molecules 

M. Gochin， D.日ugi-Cleary，M. Luzar， K. Schenker， 
A. Thayer and A. Pines 

9:45-10:30 Chairman: K. Akasaka 

L2 Dipolar SASS NMR Spectroscopy: Separation of Dipolar 

powder Patterns in Rotating Solids 

T. Terao， T. Nakai， H. Miura and A. Saika 

CONTR工BUTEDPAPERS 

10:30-11:00 Chairman: R. Chujo 

E1 Frequency Switched工nversionPulse and 工tsApplication 

to Broadband Decoupling 

T. Fujiwara and K. Nagayama 

E2 Determination of The 14N Quadrupole Coupling Tensors in A 

Single Crystal of L-Histidine Hydrochloride Monohydrate 

by NMR Spectroscopy 

C. A. McDowell， A. Naito， D. L. Sastry and K. Takegoshi 

11:00-11:30 Chairman: Y. Kobayashi 

E3 13C NMR Spectra of Liquid Crystalline Compounds. 1. 

4'-Alkoxy-4-biphenylcarbonitriles 

K. Hayamizu， M. Yanagisawa and O. Yamamoto 

E4 63Cu MAS NMR of Mixed Crystals of CUYxZ1_x (Y Cl or Bri 

Z Br or 工) and CuxAg1_x工

K. Endo， K. Yamamoto， M. Okaj i， K. Deguchi， 
K. Ma tsushi ta and T. Fuj i to 

12:30-13:05 Chairman: K. Hikichi 

E5 Nuclear Magnetic Resonance of B22-26 Pentapeptide and 

The Methyl Ester of B23-25 Tripeptide of Insulin 

Q.-L. Shi， Y.-M. Feng and Z.-X. Lu 
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E6 Mechanism of Activation of Hormone-Sensitive GTP-Binding 

Regulatory Protein by F一工on

T. Higashijima and M. Kainosho 

工NV工TEDLECTURE 

13:05-13:50 Chairman: T. Miyazawa 

L3 2D NMR Studies of The Specificity of Dihydrofola七e

Reductase 

G. C. K. Roberts 

CONTR工BUTEDPAPERS 

13:50-14:40 Chairman: K. Nagayama 

E7 A New Strategy to Determine The Solution Structure of A 

Protein Using 13C-Spectroscopy - A Protein Proteinase 

工nhibi七or SS工

M. Kainosho， H. Nagao and A. Hirosawa 
E8 Binding Modes of 工nhibitors and A Substrate Analog to 

Ribonuclease T1 as Studied by NMR 

F. 工nagaki，Y. Shibata，工.Shimada and T. Miyazawa 

E9 Computer Simulation of Spin Diffusion in Proteins 

K. Akasaka and S. Shibata 

工NV工TEDLECTURES 

15:00-15:45 Chairman: M. Kainosho 

L4 PどotonNuclear Magnetic Resonance Studies of Proteins 

of 工mmunological 工nterest

W.工to，S. Endo， Y. Muto， M. Nishimura， N. Higashi， 
Y. Arata， N. Sakato， H. Fujio， F. Hayashi and 

Y. Kyogoku 

15:45-16:30 Chairman: Y. Arata 

L5 Protein Structure and Dynamics by NMR 

S. J. Opella 

CONTRIBUTED PAPERS 

16:30-17:00 Chairman: H. Shindo 
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E10 Time-Resolved 31p NMR Studies on Energy Utilization 

Associated with Muscle Contraction 

K. Yamada， M. Tanokura， Y. Kawano and T. Kitano 

E11 A 1H_31p Cross-Polarization S七udyon In Vivo Systems 

H. Akutsu， T. Odahara， T. Tsukihara and Y. Kyogoku 

工NVITEDLECTURE 

17:00-17:45 Cha土rman: F. 工nagaki

L6 Spatial Localization Techniques for 工n Vivo NMR 

R. Freeman 

BUFFET PARTY 

18:00-20:00 Conference Room (Noukyou Building， 8th Floor) 

Friday， November 14， 1986 

CONTRIBUTED PAPERS 

9:00-9:39 Chairman: K. Takahashi 

21. Application of 1H Biselective T1 Data on Conformational 

Analyses in Solution 

M. Sugiura， T. Sai， N. Takao and H. Fujiwara 

22. Molecular Dynamics and Chemical Structure of Streptomycin 

in Solution Determined from Relaxa七ionTime Analysis 

M. Watanabe， H. Fujiwara， T. Takagi， Y. Sasaki and 

M. Sugiura 

23. 13C T1 Studies of The Anisotropic Motion of Quinidine 

Derivatives 

T. Sai， M. Sugiura and N. Takao 

9:39-10:18 Chairman: J. Uzawa 

24. Locations of Local Anesthetics and Their Dynamical 

Perturbations for Lipids in Phosphatidylcholine Vesicles 

as Studied by Nuclear Overhauser Effects in 1H Nuclear 

Magnetic Resonance Spectroscopy 

Y. Kuroda and Y. Fujiwara 
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25. A New NOE Technique Using Highly Selective Irradiation 

Frequency U~eful for Structural Studies of Natural 

Products 

K. Furihata， H. Seto and M. Ohuchi 

26. Application of Heteronuclear Double Quantum Coherence 

NMR for Structural Studies of Natura工 Products

M. Ohuchi， N. Yokoyama， Y. Fukushima， K. Furihata and 
H. Seto 

10:18-10:57 Chairwoman: K. Hayamizu 

27. Structures of New Triterpenoids from Chinese Crude Drug 

"Ban Zhi Lian" (Scutellaria rivularis) -Application of 

2-D工NADEQUATEand Long-Range 1H-13C COSY 

T. Kikuchi， S. Kadota， K. Tsubono， T. Tomimori， H. Kizu 

and Y. Imoto 

28. 13C and 31p NMR Study of Organic Anions Produced from 

Phenyl and Diphenylphosphines 

Y. Yokoyama and K. Takahashi 

29. The Origin of Solvent Effect on The Chemical Shift of 

Metal Nuclear Magnetic Resonance 

M. Munakata， S. Kitagawa and M. Sasaki 

10:57-11:23 Chairman: S. Shimokawa 

30. Calculation of NMR Chemical Shifts by A Gauge-工nvariant

工NDOMethod 

H. Fukui， K. Miura and A. Hirai 

31. Effect of Rare Spin 170 on The Spin-Lattice Relaxation 

Time T1p of Protons in The Rotating Frame: Study in 

Some Sulfates 

K. Morimoto 

12:30-13:22 Chairman: Y. Takeuchi 

32. Nuclear Magnetic Resonance Studies of Protonation and 

Mercuriation of Triphenylphosphonium Cyclopentadienilide 

c. Nagata and K. Yamada 

33. Assignment of The 13C NMR Resonances of Poly(olefine)s 

to The Tacticity on The Basis of The Chemical Shift 

Calculation 

T. Asakura and Y. Nishiyama 
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34. 15N- and 170-NMR Substituent Chemical Shifts of pyridine 

1-0xides: A Multiple Multinuclear Approach to The Dual 

Resonance Effects 

M. Sawada， Y. Takai， S. Kimura， S. Yamano， S. Misumi， 
Y. Tsuno and T. Hanafusa 

35. Functions and Characteristics of The NMR Section in The 

Supermini-Computer System of Material Analysis Center 

(TASMAC): F1D Data Receive， Processing， and Linkage to 
Chemics 

Y. Takai， H. Yamada， F. Fukuda， T. Tanaka， M. Sawada 

and T. Hanafusa 

13:22-14:08 Chairman: H. Fujiwara 

36. NMR Studies of Behavior of Molecules in Polymer Films 

(工工工 )i Comparison between Cellulose-Triacetate and 

Cellulose Films 

K. Matsumura， K. Hayamizu， T. Nakane， H. Yanagishita and 

O. Yamamoto 

37. Use of The Nuclear Overhauser Effectfor Structure-Analysis 

Studies of Aromatic Polyamideimides and Related Compounds 

K. Yokota 

38. Multiple Quantum 2D-NMR: Application to Structural 

Analysis of Polymers 

M. Ikura， M. Yasuda， T. Katoh， K. Hikichi， 
M. Ohuchi and K. Eguchi 

14:08-14:41 Chairman: N. Nakagawa 

39. Gas-Phase 19F and 1H High-Resolution NMR Spectroscopy: 

Application to The Study of Unperturbed Conformational 

Energies of 1，2-Difluoroethane 
S. Nonoyama， T. Miyajima， T. Kawamura and T. Hirano 

40.A Non-工nvasive Method to Detect The Difference in 

Functions of Cerebral Hemispheres by "Differential NMR" 

H. Kamei， Y. Katayama and H. Yokoyama 

15:00-15:52 Chairman: 工. Ando 

41. MoLecular Dynamics of Pyrid土nium10ns in Solid 

as Studied by 1H NMR 

Y. 1to， T. Asaji， R. 工kedaand D. Nakamura 
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42. Observation of 13C Spin Exchanges in Solids by 

Two-Dimensional NMR Spectroscopy 

Y. Y. Chen， F. Horii and R. Kitamaru 

43. CP/MAS 13C NMR Study of 1H Spin Diffusion in The 

polymeric Multi-Phase System 

M. Nakagawa， F. Horii and R. Kitamaru 

44. Structural Analysis of Plasma Polymerized Film by 

High-Resolution Solid-State NMR. Polyacrylonitrile 

工.Tajima， T. Suda， M. Yamamoto， K. Satta and 

H. Morimo七O

15:52-16:44 Chairman: S. Yokoyama 

45. Polymer Structure in The Solid State as S七uidedby 13C 

VT-MAS NMR 

T. Fujito， K. Deguchi， M. 工manari，1. Ando and 

T. Yamanobe 

46. 13C NMR chemical Shift and Electronic Structure of Cis 

and Trans Polyacetylenes in The Solid State 

T. Yamanobe and 工. Ando 

47. Hydrogen Bonding Effect on the 13C NMR Chemical Shift of 

Glycine Residue Carbonyl Carbons in Glycine-Containing 

Peptides in The Solid State 

S. Ando， T. Yamanobe，工.Ando， A. Shoji， T. Ozaki and 
S. Amiya 

48. 15N CP-MAS NMR [工工工].A Study on The Relationship between 

The Solid Conformation and The 15N Chemical Shift of 15N 

Labeled L-Alanine Residues in Various Copolypeptides 

A. Shoji， T. Ozaki， T. Fujito， K. Deguchi， S. Ando and 

1. Ando 

16:44-17:30 Chairman: O. Yamamoto 

49. Conformation and 13C NMR Chemical Shift of L-Alanine 

Residues 工ncorporated into Poly(s-Benzyl L-Aspartate) 

in The Solid State 

S. Tsuji， T. Komoto，工.Ando， H. Saito， A. Shoji and 

T. Ozaki 

50. Direct Comparison of Tertiary Structures between The 

Solid and Solution State as Determined by High-Resolution 

23Na NMR Spectroscopy 

H. Saito and R. Tabeta 

51. Conformational Change of Ionophore Antibiotics by 

Metal-Ion Binding as Detected by High-Resolution 

Solid-εtate 13C NMR 

H. Saito and R. Tabeta 

X
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NMR S七udyof Human Cerebrospinal Fluid in the Diagnosis 

of Subarachnoid Dissemination of Brain Tumors 

Masaki Yamasaki and *Susumu Yoshioka 

Depar七men七 ofBiochemis七ryand 大Depar七men七 ofNeuro-
surgery， Kumamo七oUniversi七y Medical School， Kumamo七0

工n 七hediagnosis of brain tumors， i七 isrequired七o dis七inguish

clearly be七ween七hebrain七umorw~七h dissemina七ionand七hebどain

七umorwi七hou七 dissemina七ionin七he subarachnoid space. The relax-

a七ion七imes (Tl， pro七on) of cerebrospinal fluid (CSF) of 28 

pa七ien七swi七h 七hebrain七umoど were s七uaiedby nuclear magne七ic

resonance in order七odiagnose defini七elyCSF dissemina七ionof the 

brain tumor. 

Tl values of七hebrain七umoど wi七hCSF dissemina七ionwere shor七er

七hanthose of七hebrain七umorwi七hou七 CSFdissemina七ionand did not 

overlap wi七h 七hevalues of七he0七hercase as shown in七hefigure. 

These da七a indica七ethat七hebrain tumoど wi七hCSF dissemination can 

be clearly dis七inguishedfrom七hebrain七umorwi七hou七 dissemina七ion

by七heuse of七herelaxa七ion七imes. sec 

Fure七hermore，七heseresul七ssugges七

七ha七九 valuesare useful for七he τ1 
diagnosis of CSF dissemina七ionand 
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STUDY ON 1H-NMR RELAXATION TIME(T1) OF RABBIT BONE 

M.NoquchL Y.lくusaka~ T.Mifune~ T.Kusakabe; F.Yamashitaてlく.Sakalくida ，'" 

H. Ni shi kawa~;j: y .Seo 
Dept. of Orthopaedic Surgery， Kyoto First Red Crossトlospital，Dept. of 

本Z
進 Orthopaedic Surgery and 'Physi 0 logy， Kyoto Prefectura 1 Uni vers ity of Medi cine， 
本本1

トlational Institute for Physiological Science 

Bone is m昌deup of water， lipid， m昌cromoleculesthat compose the micro-

structure， such as collagen， proteoglycan， andi;hydroxyapatite. The mobilities 

of water in a bone are determined by its interaction with the macromolecules， 

and represented by its T1 value. The T1 value of a pathological bone may 

differ from normal one on account of changes of the micro-structure. In this 

study， the T1 values and contents of water and lipid were observed by a spin 

echo NMR technique in normal rabbit bone and fractured one in the process of 

healing， and then discussed the differences between them. Our findings provide 

a basis for the possible clinical application of MRI. 

Normal cortical and cancellous bones of femurs of male rabbits(O.5-4.0kg) 

were used as mater寸als.Those bones of frac七uredfibula of rabbits(2.6-3.5kg) 

in the process of healing were used as pathological mater寸als.T1 values were 

mesured by spin echo NMR(JNM-FSE-60E) by using IR pulse sequence. Water and 

lipid contents were mesured by both NMR and weight. 

The normal cortical bone had昌 singlecmponent of T1 due to water， and 

normal cancellous bone had two components the long and short ones due to 

water and lipid in the bones. T1 due to water in those bones correlated wel1 

with each water content. On the other hand， the T1 value of cancellous bone 

had longer than the one of cortical bone， even if both bones had the same 

water contents. The short T1(ca. 140msec) did not chミng邑 underany condition. 

The T1 value in the process of healing of fractured rabbit fibula 

decreased gradually as heョ1i ng・
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23.，. . "... 39 MEASUREMENT OF INTRACELLULAR "''''NA AND ...."'K IN PERFUSED RAT SALIVARY GLAND BY 

NMR SPECTROSCOPY 

Yoshiteru Se0， Mas ataka Muralくami，Hiroyasu Nishikawa， & Hiroshi Watari 
Department of ~101ecular Physiology， National Institute for Physiological 

Sciences， Okazaki， 444; and Department of Physiology， Kyoto Prefectural 

University of Medicine， Kyoto， 602， Japan 

In the mechanisms of epithelial water and e1ectrolyte transport， Na， K， 

and C1 p1ay important roles (Na+/K+ ATPase， Na+/K+I2C1- co-transport， K+ 

channe1). Especially， the Na gradient acrOS5 basolatera1 membrane， which 
+ estab1ished by Na'/K' ATPase， is important as an ionic energy store for 

epithe1ial transport. With the onset of secretion by acety1choline (ACh) in 

the sa1ivary gland， the increase in K extrusion is well known and considered 

to support for driving a Na-K-2Cl entry across baso1ateral membrane. An NMR 

spectroscopy enabled us to measure the phosphorus energy metabolites of the in 

vivo organs， non-invasive1y and continuous1y. The present study was undertaken 
23.. ~..~ 39 using sodium-and potassium-nuc1ear magnetic resonance (~""Na and ...."'K NMR) to 

measure intra-and extra-cel1u1ar Na and K in the isolated perfused mandibular 

of rat. The intra-and extra-cellular electro1ytes were discriminated by use 
3-of the chemica1 shift reagent， Dy(TTHA)""- (dysprosium triethy1enetetramine-

23，，_ _~ -' 39 N，N，N' ，N" ，N'" ，N" '-hexaacetic acid). ~""Na and .....7K NMR spectra were co11ected 

using WM-360wb Nt4R spectrometer (Bruker) operating at 95.27 and 16.8 MHz， 

respective1y. A broadband tunab1e probe， 10 mm diameter‘ was used. The rat 

submandibu1ar gland (0.2 9 wet weight) was iso1ated and perfused arteria11y at 

240C. During contro1 perfusion， the intrace11ular Na was estimated as around 

10 mmo1/1 ICF. During secretion by 1μmo1/1 of acetylcho1ine (ACh) for 30 min， 

intracel1u1ar Na increased by about 9.1 mmo1/1 ICF. During perfusion on1y with 

ouabain (1 mmol/1)， Nain a1most unchanged， but the Na
in 

increased drastica11y 

by 44 mmol/1 ICF during perfusion with ouabain (1 mmo1/1) and ACh (lμmo 1/1 ) . 
39 Ce 11 u1 ar and extrace llul ar K were a150 di scrimi nated by "'JK Nt.1R spectr05copy. 

At rest intrace11 ul ar K was around 135 mmo1/1 ICF and the 1evel of 

intrace11u1ar K decreased to around 100 mmol/1 ICF during the perfusion with 

ACh (1μmo1/1) and ouabain (1 mmo1/1). 
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31 
B耳JEAC工D -工NDUCEDERYTHROCYTE MEMBR泣~E DAMAGE STUD工EDBY --P-NMR 

1) TT':~__..........-.~. ""TT~TT ïT'7\ T.'T7\ 2) 'T_..... l-...:+=~...........: c"C1mr'¥l) Toshiaki NA  ASH工M~:' r Hiroyasu N工SH工KAWA~' ， Yoshifumi SETO.' r 

1) rn__'-':1-':..:J，.. '"'T'TT.../l7¥l) m.....:l...._ rq'T'r"t...'Tf"'¥l) Toshikazu NA  AJ工MA-'，Toshihide SH工MA.'，Tadao a丈UNO-'r 

Ta七suroT五K工NO
1) 

l)mk":_~ ~_~~_~~_~~ _~ T~~~__~' M_~~_~~a 2) Third Departニmen七 of 工n七erna1Medicine， -'Pirs七 Depar七mentof 

Physio10gy， Kyoto Prefec七uどa1Universi七Y of Medicine， Kamikyo-ku， 

K yoto， Japan 
To examine七heeffec七sof bi1e acids on bio工ogica1membrane， 

31 we ana1ized七he--P-NMR spec七raof human e工y七hrocy七e ghos七s induced 

by various bi1e acids. 

The ery七hrocy七eghos七sprepared according七0 七heme七hodof Dodge 

were fur七hersonica七edin七o sma11 vesic1es. The samp1es were 

incuba七edwith 3-6 mM bi1e acids a七 38C for 10-30 min in 154 mM 

31 NaC1 (5 mM Tris-HC1 buffer， pH 7.4). The --P-NMR spec七rawere 
31 measured by JE0L-PFT-100 NMR (_.P: 40.3 MHz， 24，000 Gaus). 

As a resu1七， a broad spec七rumw~七h 七wo prominen七 peakswas 

de七erminedin un七どea七ed (con七ど01) samp1e; 七hepeak a七 10.4 ppm 

origina七edprobab1y from membrane phospho1ipid arranged in order 

and七hata七 0.6ppm did from disordering phospho1ipid in七he
31 menbrane. There were marked differences of -.P-NMR spec七どa of 

ery七hrocy七emembrane af七ereach bi1e acid七rea七men七. These da七a

sugges七七ha七 eachbi1e acid has differen七 effec七 onbio1ogica1 

membrane due七o i七'snumber of -OH and/or七aurineor glycine 

conjuga七edform. 
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INTRACELLULAR ENERGY TRANSPORT工N lt1USCLE STUDIED BY Nt.1R. 

Kazuo Yoshizaki， 
Dept. Physiol.， Kyoto Pref. Univ. Med.， Kyoto 602， 

Japan 

The diffusion rates of ATP and phosphocreatine (PCr)， 
and the flux of creatine kinase (CPK) reaction in muscle 

were s七udied七o evalua七e the energy shuttle hypo七hesis0:': 

PCr and CPK system. 

1. Diffusion coefficient of PCr was 1.4 times larger than 
31 

that of ATP measured by -P-pulsed field gradient NMR， 
suggesting the efficiency of PCr aolecule for the 

intracellular energy七ranspor七.
-1 申 l

2. The CPK flux (770 nmol・9 ・s -) in res七ingsmooth muscle 
31 

of bullfrog stomach obtained by- P-saturation transfer 

Nr1.R was 1 00 七imes larger七han七he.ATP turnover ra七e (6.54 
-1 -1 

nmo工・9 ・s -) calculated from the oxygen consumption rate 

with the assumption that p/O = 3. Therefore the CPK 

reaction is a七 equilibriumin res七ingsmooth muscle of 
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3. ADP concen七rationwas 19 nmol・9 ，calculatedfrom the 

CPK equilibrium constant. The life七imeof ADP molecule 

was 25 ms using七heCPK flux. The mean square length of 

diffusion (1 dimensional) of ADP molecule was 3 um_， 
-6' -2-1 

calculated from the diffusion coefficient 2 x 10 cm s 

of ATP. The similar values were obtained using 七he

reported CPK flux on skeletal muscle， heart， and brain. 
4. The diffusion length of ADP is larger than the diameter 

of the myofibril (1制 2um). Therefore in heart muscle 

having the alternate arrangement of mitochondria and 

myofibril， ADP molecule can move from myofibril to 
mi七ochondriawi七hou七 CPKreaction. The energy shu七tle

hypothesis might be discarded. 
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THE FLUX OF pi TO ATP工NCHLORELLA VULGAR工SCELLS UNDER 

工LLUM工NAT工ONMEASURED BY P-31 NMR SATURAT工ONTRANSFER 

Fumiyuki M工TSUMOR工

Nationa1工ns七i七U七e for Environmen七a1S七udies，Ya七abe， Tsukuba， 

工baraki305， Japan 

Ch10re11a vu1garis 11h， a species of green a1gae， produces 
ATP by photophosphory1a七ionin七heligh七 aswe11 as glyc01ysis 

and oxida七ivephosphory1a七ion. 工七 has a1ready been shown 七ha七

七hes七roma1pi in七hech1orop1as七 andthe cy七op1asmicpi were 

separa七e1yobserved when七hesuspension of Ch10re11a ce11s was 
31 i11uminated担呈主主主[1，2]. 1n the presen七 S七udy ~~P-NMR sa七uration

七ransfer七echniqueswere app1ied to measure七heunidirec七iona1

f1ux of Pi七oATP in Ch1ore11a ce11s in七heligh七 Thef1ux in 

七hein七ac七 mu1七icompar七men七 ce11can curren七1yon1y be measured 

by NMR. When ATP rどesonancewas se1ec七ive1ysa七urated，10宅 and

3も reduc七ionswere observed a七 s七roma1Pi and cy七op1asmicPi， 

respec七ive1yunder i1工uml.na七ion. Using七heT
1 

va1ue of 1.0 s for 

Pi七hef1uxes of pi七oATP were ca1cu1a七edas 750+工50and 300+80 

nmo1 s-1(m1 packed ce11)-1 a七 S七romaand cy七op1asm， respec七ive1y.

This sa七ura七ion七ransferdisappeared in七hedark， or in七he

presence of DCMU， an inhibi七orof pho七osys七em工工， even in the 

ligh七 On七he0七herhand， 0ゥ evo1u七ionra七e in七hedi1u七e ce11 
ー -1， _"， -1 suspension was 201.4~工7.3 nmo1 s ~(m1 packed ce11) 占 in七he1ight. 

+ Assuming七ha七七heH'!ATP ra七iois 2 a七七heATP syn七hasein七he

thy1akoid membrane，七hene七 pho七ophosphory1a七ionra七ewas 
-1 ca1cu1ated七obe 806土69nmo1 s-~(m1 packed ce11)-~. This va1ue 

cou1d accoun七 for 七hef1ux ofpi to ATP observed a七 S七玄omaby 

七hesa七urationtransfer method. 

References: 

[1] F .Mi七sumoriand O.工七0，FEBS Le七七ers工74， 248-252 (工984)

[2] F.Mitsumori and O.工七0，J.Magn.Reson. 60， 106-108 (1984) 
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POLYPHOSPHATE METABOL工SM工N CORYNEBACTER工UMGLUTAM工CUMAS 
31 STUO工EOBY -'p NUCLEAR MAGNET工CRESONANCE 

主主旦 kawaguch日， Hanako Maruyama女 and Shunichi Matsumo七0付

* Analy七ical Sciences Oepar七men七， Toray Research Cen七er，

工nc.， Kamakura， Kanagawa， Japan 

*合BasicResearcn Labora七ories， Toray 工ndus七どies， 工nc.， Nagoya， 

Aichi， Japan 

31 Irと工~ ~Ip NMR has been used七o s七udy七heme七abolismof poly-

phospha七e in Corynebac七eriumglu七amicun1ATCC13286， a bac七eriumwhich 

excre七es large quan七ityof L-lysine in七o the medium. We observed 

a remarked resonance of polyphospha七eunder anaerobic condi七ions

when C. .9:工u七amicun1ATCC13286 was c叫七uredaerobically to s七a七ionary

phase in nu七rien七 bro七h， washed七wicewi七hchilled dis七illedwater 

and resuspended in七hewa七er (con七aining20宅 0
2
0)， bu七七heresonance 

was no七 soremarkable when washed wi七hphospha七ebuffeど (pH7.6) 

and resuspended in the same buffer. Upon addi七ionof glucose to 

七hecells resuspended in water，七hein七ensi七Y of七hepolyphospha七e

peak decreased drama七ically・ This is probably due七0 七hereac七ion

ca七alyzedby polyphospha七e glucokinase， in which the phospha七e is 

七ransferredfrom polyphosphate to glucose. The enzyme is known七o

be presen七 in many corynebac七eria， bu七 no七 in E・2主主・ The dec-

reased in七ensi七Y of po1yphospha七epeak by七headdi七ionof glucose 

was recovered in par七 byair bubb1ing. The accumula七ionof po1y-

phospha七eunder aerobic condi七ionis media七edby po1yphosphate 

kinase， 土nwhich 七he七ermina1phosphoどy1group of ATP is 七どans-

feどどed七opolyphospha七e.

There is li七七ledoub七七ha七 accumula七ionof po1yphospha七e is 

ca七alyzedby po1yphospha七ekinase. On七heother hand， the degra-

da七ivepa七hwayremains s七i11ambiguous. Our resu工七sindica七e tha七

polyphospha七e seems七obe u七i1izedfor七hephosphory1a七ionof 

hexoses in corynebac七eria.
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19 
METABOLIC PATHWAY OF FLUOR工NATEDHEXOSES 工N M工CE: A --F NMR STUDY 

Yuko Momozono， Yoko Kanazawa， Terushi Haradahira， Minoru Maeda， 
and Masaharu Kojima 

FacuYty of Pharmaceutica1 Sciences， Kyushu Universi七Y 62， 
Higashi-ku， Maidashi， Fukuoka 812 

2-Deoxy-2-f1uoro-D-g1ucose(FDG) has been used for in vivo 

studies of regiona1 glucose uti1iza七ion in man by posi七ronemis-
工8

S工on tomography in the form of ~~FDG. 工 n this work， in vivo 
19 

biochemistry and dynamics of FDG in mice was s七udiedby ~-F NMR. 
19 

The re1iabi1ity of ~-F NMR me七hodii1. quan七ifica七ionof f1uori-

nated hexoses and their metabo1ites in vivo was examined. The 

present system is extreme1y suitab1e for the 1a七七er purpose 

because the dynamics of FDG in 七he form of 七0七a1 f1uorine com-

pounds has been ex七ensive1ys七ud工edby the use of radio1abe1ed 
18 compound -~FDG. 

Ma1e mice(ddY) were injec七edintravenous1y withFDG and 2-

deoxy-2-f1uoro-D-mannose(FDM) (0.03 - 0.4 mg/g) disso1ved in iso-

tonic sa1ine. The excised organs and urine were subjec七ed七o NMR 

measurements with JEOL FX-100(94 MHz) at ambien七 temp. (25 :t 10 C ) • 

FDG and FDM cou1d be distinguished c1ear1y by七heirchemica1 

shifts. The shif七 betweenFDG and its me七abo1ite FDG-6-P or FDM 

and FDM-6-P was 七00 sma11 for their distinction in 七issues. The 

signa1s of f1uor工natedcompounds in tissues showed the chemica1 

shif七 corresponding七o the one in hydrophi1ic media. F s工gna1s

were found in brain and in heart mos七1yas mixtures of FDG(ー6-P)

and FDM(ー6-P). Especia11y in heart where the c1earance was 

slow， a marked interconversion between FDG and FDM was observed. 

The presence of such reaction cou1d be shown for the firs七 time

by this NMR s七udy. This unexpec七edconversion was demons七rated

in vi七ro by the treatmen七 of the former w工th phosphog1ucose 

isomerase. The concentrations of tota1 f1uorine compounds in 
19 

organs under various anima1 conditions determined by ~-F NMR 
18 

spec七rawere in good agreement with 七he -~F data. 
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NMR IMAGING WITH A ROTARY FIELD GRADIENT. 

THE SIGNAL WITH UNUSUAL PROPERTIES 

生当主旦旦註盟主 andHideki Kohno 

Central Research Laboratory， Hitachi， L七d.

P.O. Box 2， Kokubunji， Tokyo 185， Japan 

A new me七hodof imaging has been developed in which signal 

measurements are taken during ro七ationof a field gradient. 

preliminary experimental results will be repoど七edtogether wi七h

unusual aspec七sof七hepresen七 me七hod.

Generally，七hephase of七hesignal measured duどing七hero七a-

tion七racesa circle in the so-called k space (Fourier space). 

This signal provides no useful da七athat can undergo systema七ic

data processing to yield a spin image， because七hecircle is not 

symme七ricabou七 theorigin of七hek space. The circle， however， 

can be made symme七ricabou七七heorigin by prior application of a 

stationary field gradient. Thus， the resul七antsignal directly 

provides symme七riccircular phase information. Taking measure-

ments af七erchanging the gどadien七 amplitude (or七hero七a七ionfre-

quency) permi七sa concen七工ic set of circular signals to be ob-

七ained. The signal set can be converted七oa spin image by suit-

able data processing involving Fourier transforma七ionsalong the 

どadiiand back projec七ions.

In七hepresent me七hod，七henumber of projec七iondata is deter-

mined by七henumber of signal sampling poin七s. The image ma七rix

depends on the number of measuremen七s. These aspects are in con-

七rast七o the usual projection recons七ructionmethod. Fur七hermore，

for each FID ob七ainedalong七heradius， the phase developmen七 is

determined by the gradient effec七 only，provided七hatthe gra-

dient ampli七udeis varied as a measurement parameter while the 

rotation frequency is fixed. As a result， it is possible to ob四

七ainan FID shape which is unaffec七edby field inhomogeneity and 

七ransverserelaxa七ion. In addition， an analysis shows七ha七七he

circular signal can be regarded as a superposition of frequency 

componen七sover an infinitely wide frequency range. Their fre-

quencies consist of in七egermul七iplesof the ro七ationfrequency. 

Their ampli七udesdepend on七heBessel functions of the first kind 

and the spin distribution. This fac七 imposes七woconditions on 

signal de七ection，which will be discussed in de七ail.
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ANALYS工S OF THE CHEM工CALSTRUCTURE OF SUGAR CHA工NSOF 

GLYCOL工PIDSBY 1H NUCLEAR MAGNET工CRESONANCE 

Daisuke Kohda， Chie Kodarna， Akerni Suzuki+ and Fuyuhiko工nagaki

Departrnent of Medical Chernistry， +Metabolisrn Section， 
The Tokyo Metropolitan Institute of Medical Science， 

Bunkyo-ku， Tokyo， Japan 
Glycolipids are cornponents of cell rnernbranes and are thought 

to play irnportant roles in higher-order cell functions， such as 
cell-cell recognition. Clinically， glycolipids are useful as 

specific rnarkers of turnor cells for diagonosis and 七herapyof 

cancers. We need an efficient and nondestructive rnethod for 

deterrnining the chernical struc七ure of glycolipids. NMR is 

suitable for this purpose， but the overlaps of sugar proton 

signals have prevented us frorn analyzing the spectrurn of 

glycolipids in detail. 

In the present study， we applied Multiple-Relayed COSY and NOE 

七echniquesof NMR for the deterrnination of the chernical structure 

of Globoside (GalNAcs1-3Gal α1-4Gals1-4Glcs1-Cer in DMSO-d6)。

Using Mul tiple-Relayed COSY，七he rnagnetization of the anorneric 

proton is transferred sequentially to the neighbouring protons 

主主主 spin-spin couplings. Sub-spectrurn of each sugar residue can 

be obtained as a cross section of 2D Multiple-Relayed COSY 

spectrurn of Globoside. Frorn the spin coupling pattern of the 

extracted sub-spectra of the sugar residues， the types of the 

sugars can be identified. NOE is subsequently rneasured to 

deterrnine the linkage of the sugar chains. Upon selec七ive

irradiation of the anorneric proton signal， NOE is observed at the 
proton signal of the neighbouring residue in addition to the 

pro七onsignals of the sarne residue. The linkage of the sugar 

residues of glycolipids can be deterrnined using the NOE data 

cornbined with the assignrnent of the proton signals rnade by the 

Relayed COSY experirnent. 

We concluded that the chernical structure of sugar rnoiety of 

glycolipids can be deterrnined， in principle， nonernpirically and 

nondestructively using NMR inforrnation described above. Now we 

are testing a rnicro-NMR tube to reduce the sarnple volurne. We 

expect that the rninirnal arnount of glycolipid is decreased to 

about 200Ug， which is reasonable arnount frorn practical viewpoint. 
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N-15 NMR SPECTRA OF NUCLEOS1DE DER1VAT1VES 

Jun Uzawa and Ken七aroAnzai 

The 1nsti七uteof Physical and Chemical Research， Wako田 shi，
Saitama 351， Japan 

The Usefu工nessof LSPD on C-13 NMR spec七rain the structural 

de七erminationof nucleosides has been shown by the presen七 authors

(い3). This announcemen七 isconcerned wi七hour preliminary study 

on how七hestructural modifications of adenosine are ref工ectedon 

ト 15NMR spec七ra(4). 

11巾 仙 川ionof a methyl group a七 C6-Nof adenosine (dN62.5) 

caused sma工工 upfield shifts of C6-N， N1， and N3 signals. 工nthe 

case of七hecompounds where acyl or trityl groups are introduced 

at C6-N， downfield shifts at C6-N， N1， and N3 were observed: 三・亘・
6 ，，6 

N
V， NV-di-，E-toluyladenosine， Nl (A 35 ppm) t N3 (A 28 ppm). 

1ntroduc七ionof methyl group at N1 to give neutral N1四 me七hyl-

adenosine or a N1-charged immonium compound resul七edin upfield 

shifts at N1 (ゐ 82ppm). A similar upfield shift was observed in 

a N1-methoxy deriva七iveof adenosine (A 24 ppm). Though adenosine 

and adenosine N1唱 oxidewere indistinguishable in N-15 chemical 
2 shifts， a clear difference was observed in ~Jn_1 U_0; adenosine N-1， H-2 

2Jn u = -13 Hz; adenosine N-oxide 2Jn u =四5Hz. The announce-~! H ，，./ .U""'1 ......_.........v:~2: .11-¥J"O'..L..lo4..... CJN!LH 
ment on the decrease of ~JN. H by quenching七helone pairoffi七ro-

gen has a precedent (5)・ CombingN-15 chemica工 shiftswi七h ~JN ， H，' 
N-15 NT但 spectraseemed to afford usefu工informa七ionabou七七he

s七ructureof nucleoside compounds. 

1) J. Uzawa and M. Uramoto. Org. Magn. Reson. ~ゐ 612 (1979). 

2)J.uzawa and L AMU-can.J.Chem.2己， 1555 (1984). 

3) J. Uzawa and K. Anzai. can. J. Chem. 63， 3537 (1985). 
f、J

4) No refocussed pulse sequence was used for INEPT. N四 1ラChemical

shifts were measured relative to (N-15) ammonium nitra七eas the 

external s七andard.

5) R. Wasylishen釦 dT. Schaefer. Can. J. Chem・23，2989(1972).
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THE SOLUT工ONCONFORMAT工ONOF CHOLECYSTOK工NINOCTAPEPT工DE

Takashi Nakazawa， Hiroshi Watari士， Noboru Yanaihara* 
者

Junji Matsukuma"， Sukehiro Kusada" and Nobuhiro Go 

Faculty of Science， Nara Women's University， Nara， Japan. 
士Departmentof Molecu1ar、Physiology，National Institute for 

Physiological Science， Okazaki， Aichi， Japan. 

非Facultyof Science， Kyushu University， Fukuoka， Japan. 
Proton nuclear magnetic resonance of cholecystokinin C-termina工

工 2'~~n ， .3 斗 5.. . 6.  7 _. 8 
octapeptide， Asp~-Tyr~(S03H)-MetV-Gly'-Trpv-MetU-Asp'-Pheu-NH2 

CCCK-8)， in dimethy1sulfoxide solution was studied by two dimen-
sional techniques. This peptide stimulates gall bladder contrac-

tion and pancreatic juice secretion. 

Several structural features of the peptide were elucidated 

based on the complete assignment of signals and the NOE data ob-

tained from one dimensional NOE-difference spectra and two dimen由

sional NOESY spectra. As well as sequence-specific NOE networlくS ヲ

2 
the NOE between the amide proton of Tyr

2 
and the C~-proton of Met6 

was observed. These findings suggest that CCK-8 has a 100ped 

conformation. The assumption of this looped model for CCK-8 was 

supported by七hemeasurement of the temperature dependence of 

amide proton signa1sラ whichimplied the possibility of intrachain 

interactions and indicated the presence of a conformational tran-

sition at around 320 K. Different from CCK-8， no definite confor-
mations were found for the other peptides， non-sulfated CCK-8 and 
CCK司 7，which have practically no biological activity. 

The folding of the main chain was further ana工yzedby the dis-

tance geometry calcu1aてions for the hexapeptide moiety of CCK-8 
6 

from Asp~ to Met
u
. The ca1culations used six NOESY cross peaks by 

which the upper distance 1imits were defined， and started from 10 
initial structures. As expected from the definition of distance 

constraints assuming the s-sheet structure， the initia工 structures

converged into 100ped ~-sheet structures being similar to each 

other. A1though no information about the side-chain structure was 

obtained， the final structure satisfied every distance constraints. 
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CONFORMAT10NAL ANALYS1S OF TOX1N PEPT1DES BY 1H-NMR AND 

D1STANCE GEOMETRY 

Tadavasht1 0主主主主~， Yuji Kobayashi， Yoshimasa Kyogoku and 

Nobuhiro Go長

1nstitute for Protein Research， Osaka University， Suita， 

Osaka 565 and 後Depertment of Physics， Faculty of Science， 

Kyushu University， Fukuoka 812， Japan 

Recently we have developed a new technique to determine the 

solution structure of polypeptide with the combined use of 1H-NMR 

and distance geometry algorithm. Two toxin peptides， syロthetic

analogue of heat-stable enterotoxin ( STh [6-19] ) and conotoxin 

G1， were investigated by this procedure. STh [6-19] is produced 

by a human strain of enterotoxigenic Escherichia coli (SK-1) and 

causes acute diarrhea. Conotoxin G1 is a neurotoxic peptide 

contained in the venom of the marine snail Conus g eographu s and 

blocks the acetylcholine receptor at the neuromuscular junction. 

1n order to make peak assignments， so-called individual and 

sequenrial assignments were carried out with two dimensional NMR 

of COSY and NOESY. The distance constraints were obtained by 

the translation of intensities of proton-proton NOE's which were 

measured by NOESY w土thvarious mixing times ・ Thetranslation 

was done by three ways which stand on rigid， uniform averaging 

and threshold value models respectivly. Obtained distance 

constraints were systematically treated by a distance geometry 

algorithm. The algorithm which we used here consists of the 

determination and min土mization of a proper target function. 

Only dihedral angles are used as variables in th土s funct土on to 

reduce memory space and calculating tim~ in the computer. This 

algorithm is coded DADAS (Distance Analysis in Dihedral Angle 

Space). 1n order to define the conformational space satisfying 

experimentally 0 btained distance cons train ts， calcula tions were 

repeated from different initial conformations which were 

generated randomly. 
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CLASS工F工CAT工ON OF 工NTERACT工ONS OF HUMAN SERUM ALBUM工N W工TH

L工GANDMOLECULES AS STUDIED BY PROTON NMR SPECTROSCOPY 

主豆主豆旦ヱ主旦主卓三

Research Laboratories， Dainippon Pharrnacuetical Co.， Ltd. 
Sui七a-shi，Osaka， JAPAN 

工nteractionsof hurnan serurn alburnin (HSA) with a variety of 

ligand rnolecules were studied. 1H-NMR spectra of HSA solutions 

were rneasured with and withou七 ligands. Difference spec七ra

(ligqnd presence-absence) showed the type of ligand binding. 

工n non-specific binding (weak in七erac七ions)，signals of HSA were 

cancelled out， and only broadened signals of ligand rnolecules 

were observed. By contrast， in specific binding (strong 

interactions)， signals frorn ligand rnolecules were hardly 

observed， while signals frorn HSA showed drastic changes owing to 
the induced conforrnational change of HSA. 

These allosteric effects observed by 1H-NMR spectroscopy are 

qui te useful for investiga tion of ligand-HSA interactions. 

Firstly， difference spectral pa七七ernswere nearly the sarne for 

several ligands which were bound to a cornrnon specific site on 

HSA. Difference spectra of rnore than thirty kinds of ligand 

rnolecules were cornpared with difference spectra of two typical 

ligand rnolecules on the basis of characteristic peaks for each 

type: one is ibuprofen， the other is warfarin. Secondly， 
interactions of different ligands sirnultaneously bound to HSA 

could be investigated. 工fa difference spectrurn of one ligand 

was altered when another ligand was added， two sites of these 

rnolecules were interrelated. 工n such a way， i t was possible to 

classify binding sites rnore definitely and to rnap the binding 

si tes on HSA. 

Tryptophan binding was one of the typical exarnples. c D-

七ryp七ophan binding was non-specific， while L-tryp七ophan binding 

was specifically at the ibuprofen site. Oleic acid additon to 

HSA weakened binding of both isorners， which resulted in non-
specific binding of both isorners. However， the difference 

spectra for oleic acid were not affected by the addition of 

七ryp七ophan，which rneans oneway influence in two-ligand binding・
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COMPUTER S工MULAT工ONPROGRAM FOR PROTON RELAXAT工ON工N PROTE工NS

包旦旦旦笠些註呈 and*Kazuyuki Akasaka 

Depar七men七 ofBiochemis七ry， Kinki Universi七Y School 

of Medicine， Osaka， and *Depar七men七 of Chemis七どy，

Facul七y of Science， Kyo七oUniversity， Kyo七0， Japan 

Pro七onspin relaxa七ioncan be a useful tool to de七ermine

the conforma七ionand dynamics of a pro七einmolecule in 

solu七ion. So far， however， only a limited class of 

informa七ionof pro七onspin relaxa七ionhas been u七ilizedfor 

this purpose. 工n an effort to extend the utility of pro七on

spin relaxation in七hes七udyof七he s七ructureand dynamics of 

a pro七ein， a compu七erprogram for longi七udinalrelaxa七ionof 

protons in protein molecules in solu七ionhas been developed 

in our labora七ory.

The program七akesin七。 accoun七 dipolarcouplings be七ween

protons based on given coordinates (usually ob七ainedfrom 

protein Da七aBank) and a single correla七ion七imeis usually 

assumed. A七 presen七，七henumber of pro七onswhich are 

direc七ly七akeninto accoun七 forcalcula七ionis limited by 

七hesize of a core memory七o 300-500， so 七hatfor mos七

pro七einsonly a par七 of七hemolecule can be handled at one 

七ime. This program is available for七hefollowing七ypesof 

relaxa七ionmeasuremen七s， i.e.， non-selec七iveexci七a七ion，

selec七iveexci七a七ion， cどoss-satuどation， and NOE experエments.

Some七ypicalexamples of七heuse of七hisprogram will be 

given. (see also lec七ureE9 of this conference.) 
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THE MECHAN工SMAND THE PRESSURE DEPENDENCE OF HEME REOR工ENTAT工ON
AND HEME EXCHANGE REACT工ONOF HEMOPROTE工NS

Koichiro工shimori，Masahiro Aoki and工saoMorishima 

Division of Molecular Engineering， 
Graduate School of Engineering， 

Kyoto University， Sakyo-ku， Kyoto 606， Japan 

Toward further understanding of the interaction between heme 
and globin in hemoproteins， we present here some results of 
proton NMR studies of heme-reorientation and the heme-exchange 
reaction for the reconstituted myoglobin and hemoglobin by 
utilizing high pressure NMR spectroscopy. The recent studies 
have shown that major structural heterogeneity exists for these 
主econstituted proteins， with the two heme orientations， the 
native and disordered forms， differing in their heme orientation 
by 1800 about the αーy-mesoaxis. The disordered form reorients 
in time to the native form. Another interesting reaction 
representing the dynamical structure of the pro七einis the heme-
exchange reaction in which deuterohemin embeooed in the 
reconstituted myoglobin is exchanged with protohemin 七o form 
native myoglobin as shown below. 

deutero-Mb + protohemin --一一一一一→ proto-Mb + deuterohemin 
As Figure 1 shows， the heme reorientation reaction and the 

heme exchange reaction for the reconstituted myoglobin are 
accelerated under high pressure. The apparent activation volume 
at atm for both reactions are estimated as ca. ー160 A3. 
However， it is also evident tha七七herate of heme-reorienta七ion
reaction retarded at higher pressure， whereas the plot of ln k 
vs. pressure for the heme-exchange reaction is linear at any 
~ressure. These reactions could be exp工三inedby the scheme 
depicted in Figure 2 in which the heme-reorientation may proceed 
through the path (3) (heme-reorientation in the hydrophobic 
protein cage) and the heme-exchange reaction through the path 
(2). This may be responsible for quite a different feature of 
pressure dependence of heme-reorientation and heme-exchange 
reaction rates. 

工t is also to be noted that the heme-exchange reaction 
proceeded even in native myoglobin and hemoglobin in the presence 
of large excess of the modified heme. This observation indieates 
that the large conformational fluctuation takes place in the 
path (2) so as to induce the displacement of heme even in the 
stable native prote工n.
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Figure 1. Figure 2. 
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PHOTO C1DNP STUD1ES OF 1MMUNOGLOBUL1NS 

E盟主主主主邑工盟主主， Yostlimasa kyogoku， Satoshi EndJ， 

and Yoji Arata普

1nstitute for Prote土n Research， Osaka University and 

骨 Faculty of Pharmaceutical Sciences， University of Tokyo 

1mmunoglobulin G (1gG) consists of two identical Fab and one 

Fc regions. The Fc region of 19G plays an important role for 

activation of effector function， e.g.， activation of complement 

system. Fc is class土fied into four subclasses according to the 

difference of its amino acid sequence. There are slight 

differences in their functions. To investigate the d工fference

from the structural aspects we assigned all of the C1DNP signals 

and some other signals in normal spectrum. Discrepancy between 

the C1DNP intensity and accessible surface area obtained from X-

ray data were found. We will discuss the problem， and then 

mention about the comparison of 19Gs in different subclasses. 

To find the origin of the discrepancy we checked three 

contr土butions to CIDNP intensity one by one; 1) accessibility to 

the site from which an electron or H atom is abstracted (aromatic 

OH or NH group); 2) accessibility to the whole aromatic ring; 3) 

hydrogen bonding. By comparing them with NMR data the above 

discrepancy became to be explainable to some extent. We have 

further investigated the spectral difference of 19Gs in different 

subclasses. 1n the homogated irradiation spectra we newly found 

Phe 296 and the other two signals specific to a subclass (maybe 

Tyr). On the basis of these assignments we investigated the 

difference of the environment of the residues by using the 

informations on the CIDNP intensity， sp工n diffusion rate， and 

chemical shift deviation. The results showed that the 

differences in the spectral pattern of subclasses came from the 

residues around the amino acid substitution sites and in the 

contact region between the CH2 and CH3 domains ・ 1t is suggested 

that there exists a difference in quaternary structure among 

subclasses. 
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NMR STUDY OF PH工LOSAMIACYNTH工ARIC工N工 S工LKF工BRO工NSTRUCTURE 

工N SOLUT工ON

Tetsuo Asakura， 盟主主旦主o D豆旦旦主主， and Hitoshi Kashiba 

Departrnent of polyrner Engineering， Faculty of Technology， 
Tokyo University of Agriculture and Technology， 

Koganei， Tokyo， Japan 
Liquid silk frorn P・2・主主主主旦主 is a protein whose rnajoど arnino acid 

residues are alanine， glycine， serine and tyrosine. The rnos七

striking characteristic of the conforrnation is the presence ofα-

helical portion (ca. 30 宅) which consists of the -(Ala)n-

sequence. 
13 工n this s七udy， I~C NMR spec七roscopyhas successfuly applied七o

the conforrnational characterization and also the conforrnation 

七ransi七ionfrornα-hel ix to randorn coi 1. Peak doubl ings in the 

13C NMR were observed not only for the ca and carbonyl but also 

for the Cs carbons of the alanine residue. 工naddi tion，七he

low-field peaks of the Cαand carbonyl carbons shif七 upfield 1.0 

and 1.5 pprn， respectively， while the upfield peak of the Cs carbon 

shifts downfield 0.5 pprn as七heternperature is increased frorn -5 

tO +5O oc.However，other peaks show no temperature dependence. 

工n order to analyse these spec七ral behavior quan七i七a七ively，七he

carbonyl peak was sirnulated on the basis of the s七a七istical

therrnodynarnic analysis by Bixon-Scheraga-Lifson. 

At first， the averaged nurnber of the -(Ala)n- sequence in P・c.
1 主主主主旦isilk fibroin was deterrnined 22 frorn the I H NMR spectra of 

the residue obtained frorn the hydrolysis of the silk fibroin. 

Secondary， the helicity of every residue of the -(Ala)22-was 

calculated with statistical therrnodynarnic analysis according to 

Bixon-Scheraga-Lifson and then， the sirnulation for the carbonyl 

resonance region was perforrned assurning Gaussian. The asym-

rnetric shape of the rnain h peak and appearance of the h女 peak，
which was assigned to the terrninal residue of the ー(Ala)22-' were 

successfully reproduced. 

Ternperature dependence of the Ala carbonyl resonance was also 

sirnulated as functions of A (linewidth) and w (statistical weight 

of intrarnolecular hydrogen bond). The observed high field shifts 

of the h and h女 peakswere reproduced in terrns with decrease in 

the value of w. Thus， the helix-coil transition occurred in 

E・c.主主主主旦主 silk fibroin pro七ein is interpre七atedvery well on 七he

basis of BixOl!-Scheraga-Lifson theory. 
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CHARACTER工ST工CSOF PROTE工N HYDRATION BY 2H NMR 

NaoIumi HANAFUSA 

Ins七ituteof Low Temperature Science， Hokkaido Universi七Y

工twas examined that the a1teration of七heex七entsof the 

hydra七ionand the interac七ionof hydration water wi七h protein 

mo1ecu1e varying temperature on the unfrozen water oI pro七ein

solu七ionin D20 by 2H NMR. The resul七swere compared with thern 

obtained by lH NMR. 

The crystallized proteins were dissolved in 99.7 も D20.

The 2H NMR measuremen七swere carried ou七 bya JEOL FX100 FTNMR 

equipped 2H probe and temperature controlling unit. The amount 

of unfrozen water oI D20 in the protein solution was estima七ed

by comparing oI 2H signal areas wi七h 七hatof standard D20 solution. 

The relaxation measurements of T1 were rnade by inversion recovery 

method. 

The extents of the hydration， the amoun七sof unfrozen wa七er，
were decreased by lowering the temperature and retained similar 

values in the region between -10 to -30oC. They were decreased 

Iurther below this region. The region， of monolayer hydration， 
was shiftted to higher temperature abou七 5 七o 100C than the resu1ts 

in H20. The hydra七ion values，七heamounts of unfrozen water in 

七hisregion， were similar or slight1y decreased as compared with 
七heresu1ts by lH NMR. 

For the estimation of mo1ecu1ar corre1ation七ime T
C 

by 

quadrupo1e re1axation， the extent of the interaction be七ween

hydration water and pro七einmo1ecu1e， most reports used the va1ue 

of 215 KHz for the quadrupo1ar coup1ing constant obtained from 

D20 土ceor liquid crysta1. 工tcou1d be obtained七heva1ue of the 

coup1ing cons七antusing minimum value on the re1axation curve 

against ternperature under 1ェmittedcondition (WOT
C

くく0) based on 

the equation of quadrupo1e relaxation. 

Actua11y the es七imatedva1ue of the cons七antwas about 60 KHz. 

Using both va1ues of measured and repor七ed，the corre1ation times 

of unfrozen water of D20 in protein solution at optiona1 tempera-

tures were es七imatedapproxima七e1yfrom七heexperimen七a1resu1ts， 

respective1y. The va1ues of TC were greater about 10 times at 

same temperature than in H20. Though the coup1ing constant 

obtained here was v2ry sma11 than repor七edone， it cou1d be we11 

exp1ained the experimenta1 resu1ts. 

Q
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DEUTER工UMNMR STUDY OF OR工ENTEDDNA FIBERS 

Heisaburo Shindo， Yukio Hiyama* and D.A. Torchia* 
Tokyo Col1ege of Pharmacy， Hachioji， Tokyo Japan and *Bone 
Research Branch， Na七iona1工ns七i七U七eof Den七a1Research， 

N工H，Be七hesda，MD USA. 

Solid-s七a七e 2H NMR spec七rawere measured as a func七ionof 

rela七ivehumidity for non田 orien七edDNA films and orien七edDNA 

fibers deu七era七eda七 C8carbons of the purine bases. The line-

shpae ana1yses of七hequadrupo1e echo spec七rafrom orien七edDNA 

fibers demons七rated七ha七七hepurine base p1anes of七heA form 

of DNA were七i1七edby abou七 700 re1a七ive七o 七hehelix axis， 

and七ha七七hebase p1anes of七heB form varied significan七1y， a1-

七hough七heywere， on average， perpendicu1ar七o the he1ix axis 

axis. These resu1七swere general1y consis七entwi七h 七hex-ray 

fiber diffraction s七udiesand七hesing1e crys七a1s七ruc七ureof 

oligonucleo七ides.

Ana1yses of 2H re1axa七ion七II胞 s， T
1 

and T
2 

from orien七ed

fibers and non-orien七edDNA fi1ms， showed a七 79宅 RH七ha七七he

orien七a七ionof七hebase p1anes f1uc七uatedabou七 anaxis norma1 

七0 七hehe1ix axis with a corre1a七iontime， τc=3.6xlO 8s and 

ampli七udeof 8.5 0
• The correla七ion七imeof七hebase p1ane 

-8 
fluc七ua七ionwas 1.5x10 ~s and ampli七udewas 13.50 a七 92も RH.

工naddi七ion， a七 92宅 RHbu七 no七 a七 79% RH，七hebase p1ane re-
-6 

orien七edalowly， T ~ 10 ~s ， abou七七hehelix axis，七hroughan 

rms angle of ca. 30 0
• 

The above resu1七swere compared wi七h 七heresu1七sob七aned
31 previous1y by ~.P NMR s七udies.
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TWO DIMENSIONAL AND ZERO FIELD NMR OF ORIENTED MOLECULES 

M. Gochin. D. Hugi-Cleary. M. Luzar. K. Schenker. A. ThaYet'， andムヱ主主S

University of California， Berkeley， CA 94720， USA 

There have been some recent advances in multiple pulse techniques both 

in high field NMR and in zero field NMR. Most applications in our laboratory 

have been in solids but these techniques turn out to be very useful in other 

phases as well. As an example liquid crystals can be studied free of the 

perturbing effect of the magnetic field on the ordered fluid. We shall 

describe some theoretical and experimental NMR developments in this area. 

- L工ー



D工POLARSASS NMR SPECTROSCOPY: 

SEPARATION OF D工POLARPOWDER PATTERNS工N ROTAT工NGSOL工DS

T. Terao， T.Nakai， H.Miura and A.Saika 

Depar七mentof Chemistry， Faculty of Science 

Kyoto University， Kyoto 606， Japan 

A novel means that we recently developed will be discussed， 

which allows us to separately observe he七eronuclear direct 

and indirect couplings at individual chemically inequivalent 

sites in polycrys七alline and amorphous solids. This is 

a two-dimensional sample-spinning NMR method involving 

swi七ching the spinning axis on and off the magic angle 

during the course of the experimental sequence. 

What are observed by the SASS method are not spinning 

sidebands but powder pa七七erns; consequently by using this 

method even small dipolar couplings and the spectral. fine 

S七ructures due to molecular motions， remote spins， methylene 

bond angles L HCH， etc. can be observed clearly in comparison 

with methods based on observation of spinning sidebands. 

The calculated and experimental dipolar SASS spectra 

demonstrate that the spectral line shape allows determination 

of bond lengths and angles， and the magni tude and absolute 

signs of the indirect coupling constants， provides information 

on molecular dynamics， and renders help in spectral assignment. 

Among them， examination of dynamic fine structures of a 

molecule is a very important application of dipolar SASS 

spec七roscopy. Studies of s -quinol-methanol clathrate and 

urea-trans-4-octene clathrate ensure that this experiment 

is very useful for selectively obtaining local information 

in a complex molecular system. 

Extensions of dipolar SASS 

discussed， including separation 

powder patterns. 
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Frequency Switched Inversion Pulse and its Application to 

Broadband Decoupling 

Toshimichi Fujiwara， Kuniaki Nagayama 

Biometrology Lab， JEOL LTD. Nakagami， Akishima， Tokyo 

A series of broadband inversion pulses for two level system 

were constructed by the use of frequency and phase switching. 

They were applied to broadband spin decoupling. A systematic 

procedure to design these pulse sequences will be shown together 

with experimental and numerical results. 

At the first step， the broadband inver、sionpulses with rapid 

frequency switching were designed. They are approximately made 

of a few 1800 pulses which are different in frequency of about 

1.5 x B，r， where B. indicates strength of r.f. field. The 

frequency differences and pulse widths were refined numerically 

under the constraint of symmetry about offset frequency. The 

operati ve frequency range of these pulses is about 1.2 x B，r x n. 

where n is the number of frequencies used， or the number of 180
0 

pulses in the sequence. This class of pulses is thought to 

belong to a frequency sweep. but does ・tsatisfy the adiabatic 

fast passage condition. At the second step， the performance and 

the tolerance of inhomogeneity of BI field were improved by the 

phase cycling対 of00 ， 1500， 600， 1500， 0 0
• 

Finally 00 pulses i.e. decoupling pulses were constructed 

from these improved inversion pulses by the phase cycling of 

MLEV. 

* R.Tycko， A.Pines， Chem.Phys.Letters 111. 462 (1984) 
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14 DETERHINATION OF THE J....N QUADRUPOLE COUPLING TENSORS IN A SINGLE 

CRYSTAL OF L-HISTIDINE HYDROCHLODIDE NONOHYDRATE 

BY NHR SPECTROSCOPY 

C.A. HcDowell， b...!i主主必， Dム Sastry，and K. Takegoshi 

Department of Chemistry， University of British Columbia， 
2036 Hain Nall， Vancouver， British Columbia V6T 1 Y6， Canada 

骨Departmentof Chemistry， Faculty of Science， Kyoto University， 

Sakyo-ku，瓦yoto606， Japan 

14 It is of considerable interest to study the J....N quadrupole coupling 

tensors of the nitrogen nuclei in the imidazole ring if we are to 

understand the chemica1 nature of imidazole compounds like histidine， 

because those nuclei play an important role in the structure of biological 

molecules. Quadrupole coupling tensor data can provide information about the 

nature of chemical bonding since the magnitudes of the tensor are very 

sensitive to the charge distributions on the quadrupole nuclei. 

The 14N quadrupole coupling tensors of the NH3+， N2 and N3 nitrogen in 

a single crystal of l-histidine hydrochloride monohydrate were determined 

14" using proton enhanced J....N N日Rwith high power proton decoup1ing. The signs 

of the 14N quadrupole coupling constant，e2Qq/h， for the three chemically 

distinct nitrogen nuclei could be determined by analysing the line shapes of 
13 the J. ~C CP-HAS NMR signals of the C2， C4 and C6 carbon nuclei which are 

14 directly bonding to one of those nitrogen nuclei. The J....N quadrupole 

coupling constants including their signs and the asymmetry parameters.代，

were evaluated to be (e2Qq/h=1.147HHz， ~ =0.189)，(e2Qq/h=1.465HHz， l-( =0.268) 

and (e2Qq/h=-1.287. 11 =0.946) for the NH3 +， N2 and N3 nitrogen nuclei， 
14 respectively. The direction of the largest principal axis of the J....N 

quadrupole coupling tensor for the NH3+ nitrogen nucleus is almost parallel 

to the N1-C2 bond direction， while that for the N2 nitrogen nucleus makes an 

angle of 330 with the N2-C4 bond direction in the C4-N2-C5 plane， and for 

the N3 nitrogen nuleus it is perpendicular to the C5-N3-C6 plane. The 
14 difference between the J....N quadrupole coupling tensors of N2 and N3 

nitrogens， can be attributed to the difference in the hydrogen bonding at 

those two sites. 
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13C NMR Spectra of Liquid Crystalline Compounds. 

1. 4・-Alkoxy-4-biphenylcarbonitriles.

Kikuko Havamiz~， Masaru Yanagisawa， and Osamu Yamamoto 

National Chemical Laboratory for Industry， 

Tsukuba Research Center， Ibaraki 305 

Nematic liquid crystalline substances， 4'-alkoxy-4-biphenyl 

carbonitriles， 

CnH2n+lバートイ、 -CN (n 2 - 7) 、/r¥一/

have been studied by 13CNMR in the solid， nematic， and isotropic 

phases. The spectra in the isotropic spectra for these compounds 

are similar to those in the CDC13 solutions. In the nematic 

state， the quatenary carbons of the benzene rings show the signals 

in the lower field， while the nitril carbon appears in the higher 

field about 20 to -20 ppm from TMS， depending on the temperature. 

The signals for the aromatic carbons are fairly sharp， while the 

alkoxy side chain carbons show very broad signals. In the solid 

state high resolution 13C NMR of these liquid crystals， the alkoxy 

and quatenary carbons show sharp signals， while protonated 

aromatic carbons give broad signals. The 13C shifts in the solid 

state are almost similar to those in the isotropic state. At the 

same time， when the number of alkyl carbons is even， the 13C 

signals show a doublet for some of the peaks， which indicates that 

some specific interaction between the molecules exists in the 

solid state. We also observed the 13C relaxation time， Tt. in the 

solid state， which clearly indicates that molecular motions are 

quite different at the aromatic rings and side chaines. 
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63 Cu MAS NMR of Mixed Crystals of cuyxZ1-x(Y=clor Br ;Z =Br or工)

and Cu..A91 工
X -I-X 

kazunaka EndQ， Kyonosuke Yamamoto， Makoto Okaji， Kenzo Deguchi，+ 
+ Kazuhiro Matsushita' and Teruaki Fujito 

R&D Laboratories for Photo Materia1s， Mitsubishi Paper Mi11s， LTD. 
+ Nagaokakyo， Kyoto and 'NMR App1ication Laboratory， Scientific 

工nstrumentDivision， JEOL LTD. Tokyo 

63 
Cu MAS NMR and X-ray diffraction methods have been used to 

perform the structure ana1ysis of mixed crysta1s， CuY"Z1_~ and 
X I-X 

CU"A91 工.For the mixed crysta1s， we have produced comp1ete sol-X -I-X 
id-so1ution and a core-she11 type of crysta1: The one is prepared 

by theme1t-annea1ing method and the other by a conversion process 

in aqueous suspension by using solubi1ity difference between meta1 

ha1ides. 工n the 23rd NMR Symposium， we presented an avai1abi1i七Y

for structure ana1ysis of mixed crys七a1s，CuY..Z 1 ..， by use of the 
X I-X 

， '-63 
both methods. Here， we wi11 give a simu1ation for V~CU MAS NMR 

spectra of the mixed crystals ，cuclxBr1-x and CUB-rx工， -X I and pro-

vide the extended study of mixed crysta1s. 

The simu1ation was performed by solving a non1inear recurrence 

equation which is he1d between observed and assumed spectra for 

Gaussian 1ineshape of five tetrahedra1 structure species， Cu-Y
4
， 

CU-Y
3
Z， Cu-Y

2
Z
2
， Cu-YZ

3 
and CU-Z

4
， with Gauss-Newtonian methods. 

The simu1ation spectra correspond fair1y we11 to observed ones. 

Both MAS NMR and X-ray diffraction methods have a1sobeen used 

to discriminate whe七hercuyxZ1-x mixed crystal s which were prepared 

by a conversion process in aqueous suspension in a range of 20 to 

80 Oc are a near1y comp1ete solid-so1ution， or core-she11 type. 
Thus， in the preparation be10w 40 oc， CuC1..Br 1 .. is acore-she1工

-~-~x~.'-x 

type of crystal ，and C11Brx工1-xbecomes the same七ypebelow 70 oc. 

For C11XA91-xzcrystals，we have synthes i zed complete solid-
63 solution and a coどe-shel1type of crystal. V~CU signals in the 

complete solid-so1ution shifted around tens of ppm， relative to 
solid CuI， whi1e the signal in a core-she1l type of crystal did 

not a1most shift. 
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Nuclear Magnetlc Resonance of B22-26 Pentapeptide and the 
Methyl Ester of B23-25 Tripettide of insulin 
Qing-luo Shi， You-min Feng and Zi-xlan Lu 

Shangbす7寸古stTtu"te of Biochemistry， Academia Sinica 
320 Yue-yang Road， Shanghal 200031， China 

It was previously reported that the afflnity of insulin with 
its receptor could be promoted by insulin B22-26 fragment， RGFFY， 
or inhibited by the methyl ester of insulin B23-25 fragment， GFF-
OMe. Proton magnetlc resonance studies of two peptides in d6-
DMSO solution were undertaken to explore their structure-function 
relationships. 

J-connections of each residue were acquired through two-
dimensional correlated spectroscopy (COSY). Assignment 
ambiguities arising due to the overlap of aromatic side chain 
resonances were resolved by double quantum two-dimensional 
correlated spectroscopy. Though small peptides were often shown 
to be poor samples for two-dimensional NOE spectroscopy (NOESY) 
because of their unfavorable correlation times and/or 
conformational averaging， satisfactory NOESY sp日ctra of these two 
peptides were obtained by the elaborate selection of mixing time， 
randomization value， and window functlon. Relayed NOESY and 
double quantum NOESY which have been developed to resolve 
ambiguities present in conventional NOESY spectra were also 
attempted. Complete sequential assignment of the two peptides 
were acquired thereupon. 

Various NMR approaches were employed to get the information 
about the conformations and dynamic of both the backbone and side 
chains. Attentions were focused on the comparison of chemical 
shifts， vicinal coupling constants， chemical exchange， and spin-
lattice relaxation times of the GFF portions of the two peptides. 
Thus it appears that interactions between residues in RGFFY are 
stronger than ♂ those in GFF-OMe， and that RGFFY assumes more rigid 
conformation than GFF-OMe. Implications for their function-
conformation relationshlps were dlscussed. 
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Mechanism of Ac七ivationof Hormone-Sensitive GTP-Binding 
Regulatory Protein by P-ion 

Tsu七omuHigashijima and Masa七suneKainosho* 

Department of Biophysics and Biochemis七ry，pacul七Y of Science， 
University of Tokyo， *Depar七men七 ofChemis七ry，Pacul七y of 

Science， Tokyo Metropolitan University， Tokyo， Japan. 

Members of a family of guanine nucleo七ide-bindingregulatory 
proteins (G-proteins) serve as membrane-bound transducers， that 
couple the activation of recep七orby extracellular ligands七o the 
regulation of in七racellularmacromolecular effectors. Such a 
multiprotein complex has been studied extensively in hormone-
sensitive adenylyl cyclase system. 

The G-pro七eins 七hat have been purified to da七e (Gs， Gi， 
transducin and Go) are oligomers of three types of polypeptides， 
namely a guanine nucleotide-binding subuni七 (Gα)， a polypeptide 
of about 35 kDa (Gs)， and a peptide of 5-10 kDa (Gy). The Gα 
subunits vary in size from 39 kDa to 52 kDa， bu七¥七heyare clearly 
homologous. 

G-pro七eins (Gαsubuni七) are in inac七ive form when GDP is 
bound. 工nterac七ions of G-pro七eins with activating ligands (GTP， 
unhydrolyzable GTP analog such as GTPyS， and AMP (A13+， Mg2+， and 
P-)) cause characteris七icchanges in their struc七ureand func七ion
of G-proteins. GTP ac七iva七esG-pro七eins tentatively， since bound 
GTP is hydrolyzed to GDP by G-proteins. On七he0七herhand， AMP 
as well as GTPyS ac七iva七es G-proteins persistently. 工七 is qui七e
interes七ing why AMP ac七ivates G-proteins as well as GTPyS. Here 
we reports the molecular mechanism of activation of Goα subuni七
by P-.~on by using 19p_ and 32p-NMR spectroscopy. 

19p-NMR spectrum of Goα subuni七 in the presence of AMP 
showed two peaks at -10 ppm and -29 ppm. 工n 七heabsence of G-
protein， only the peak a七 -10 ppm was observed. Accordingly the 
peak at -29 ppm was assigned to P- bound 七o G-protein. The 
concentration of the P- ion bound to G-protein was calculated to 
be ca. three七imes as tha七 ofG-proteini three P- ions bind七O

one G-protein αsubunit. Por the observa七ionof七heresonance 
signal of_9ound P- ion， Mg2+ and A13+ were indispensable. 

The 31 P chemical. shifts of bound GDP (ー2and -8.5 ppm forα 
and s phosphate， respectively) of Goα were significantly diffe-
rent from those of free GDP (-6 and -10 ppm). The addition of 
AMP caused remarkable higher field shif七 (6ppm) only of the s 
phospha七e peak. 

These observations， in combination with the fluorescence 
analysis， showed that Gα-bound GDP is required foど theactivation 
of Gαby AIP3 and that the AIP3 mimics七hey phospha七e of GTP. 

Acknowledgement 
We are grateful to Professors T. Miyazawa and A. G. Gilman 

for their generous discussions and encouragement. 
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2D NMR STUDIES OF THE SPECIFICITY OF DIHYDROFOLATE REDUCTASE 

GORDON C.K. ROBERTS 

Department of Biochemistry， 
University of Leicester、，
Leicester、.U.K. 

Dihydrofolate reductase (Mr 18，300) is the target for a number of 
clinically useful drugs， including methotrexate and trimethoprim. 
We have been using nmr to study the molecular basis of the 
specificity this enzyme shows in binding small molecules. 

By a combination of 2D (COSY， RELAY， NOESY) spectra. selecti ve 
deuteration and semi-quant~tative use of crystallographic 
information， we have assigned 'H resonances from about 25% of the. 
residues of the protein. Using these assigned resonances as 
'reporters'， we can begin to define the conformational changes which 
accompany ligand binding， and to describe the differences in mode of 
binding among a series of closely related inhibitors. 

工thas been established that the substrate， folate， and the closely 
related inhibitor methotrexate bind quite differently to the enzyme. 
By a combination of 1H， 13C and 15Nnmr， we have characterised the 
conformational equilibria in .the enzyme-folate and enzyme-
fOlate-NADP+ complexes and shown that the substrate can bind in 
'productive' and 'non-productive' modes， while the inhibitor binds 
exclusively in the 'non-productive' mode. 

Nmr studies of dihydrofolate reductase containing single amino-acid 
subs七itutions， produced by oligonucleotide-directed mutagenesis. 
will also be discussed. 
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A NEW STRATEGY TO DETERM1NE THE SOLUT10N STRUCTURE OF 

13 
A PROTE1N US1NG ~-C-NMR SPECTROSCOPY 

- A PROTE1N PROTE1NASE 1NH工B1TORS81 -

Masatsune KainoshQ， Hiromasa Nagao， Atsuhiko Hirosawa 

Department of Chemistry， Faculty of 8cience， Tokyo Metropolitan 

University， 8etagaya-ku， Tokyo， Japan 

The carbonyl carbon resonances of S81 have been classified 

into the subspectra representing the each type of 113 amino acid 

residues which consist of a po1ypeptide chain of the subunit. A 

carbony1 carbon NMR region of 8S1 reconstracted from a comp1ete 

set of the subspectra fit perfect1y well with that of the natura1 

abundant 
13 

C NMR spectrum. During these several months we have 

made a fair progress in the site-specific assignment of those 

classified carbony1 subspectra， and we are now very confident to 

be ab1e to estab1ish the complete assignment of the back-bone 

carbony1 NMR signa1s within a few years. With this new situation 

in mind， we have urged to explore a general technique to extend 

the carbonyl assignments to a11 of the side由 chaingroups. 

1n a pre1iminary resu1t for the two Lys residues in 881， we 

clear1y showed that the most powerfu1 technique for such purpose 

13 
is undoubted1y the use of uniform1y ~~C labe1ed amino acids (The 

24th NMR Symposium Japan， Tsukuba， 1985). We have app1ied this 

method to the nine Leu residues， for which assignment of the 

carbonyl resonances have been almost established. A genera1 

strategy using the site-specifica11y assigned various NMR 

resonances for studying the larger proteins for which most of the 

existing two-dimensiona1 techniques fai1 to be app1ied wi11 be 

discussed， if the a110ted time a1lows us to do it. 
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B工ND工NGMODES OF工NH工BITORSAND A SUBSTRATE ANALOG TO 

R工BONUCLEASET1 AS STUD工EDBY NMR 

Fuyuhiko工nagaki，Yasuyuki Shibata， Ichio Shimada 
and Tatsuo Miyazawa 

The Tokyo Metropolitan工nstituteof Medical Science， 18-22， 
Honkamagome 3-chome， Tokyo 113 and Department of Biophysics and 
Biochemistry， Faculty of Science， University of Tokyo， Bunkyo-ku， 
Tokyo， 113 Japan. 

Ribonuclease T1 (RNase T1) is an acidic protein isolated 

from Takadiastase， a commercial product of Aspergillus oryzae. 

RNase T1 specifically cleaves ribonucleic acid chains at guanylic 

acid residues in contrast to the pyrimidine specificity of bovine 

pancreatic ribonuclease A. Rigorous recognition of guanine 

base by RNase T1 is a typical example of RNA-protein inter-

actions. Recently， the crys七al and molecular structures of the 

complex of RNase T1 and guanosine 2'-phosphate (2'-GMP) have been 

elucidated by X-ray analysis. On the basis of such structures， 
the pro七onNMR spectra of RNase T1 in aqueous solution may now be 

analyzed in detail. 

工n the present study， we have analyzed the dependence of 

chemical shifts of high field shifted methyl proton resonances of 

RNase T1 on the binding of inhibitors and a substrate analog， 2'-
deoxy-2' -fluoroguanylyl-( 3'-5' )-uridine (GfpU). These methyls 

have been classified into two groupsi one is located at the 

recogni tion si te of the guanine base and the other， at the 

binding site of the phosphate group. Moreover， the limiting 
shifts of those methyl proton resonances are similar， suggesting 
that the relative orientation of the inhibi七orsand the analog to 

RNase T1 is nearly the same. From the analyses of nuclear 

Overhauser effects for the pair of H8 and H1' protons， together 
with the analyses of the vicinal coupling constants for the pair 

of H1' and H2' or H1' and F2'， the conformation of the guanosine 

moiety as bound to RNase T1 was found to be C3' -endo-syn for 3 '-

GMP， 2 I -GMP and GfpU. The producti ve binding to RNase T1 
probably requires the syn form of the guanosine moiety of RNA 

substrates. 

-E8 -



COMPUTER S1MULAT10N OF SP1N D1FFUS10N 1N PROTE1NS 

kazuvuki Akasaka and Susumu Shibata来

Department of Chemistry， Faculty of Science， Kyoto 

University， Kyoto and :KDepartment of Biochemistry， School of 

Medicine， Kinki University， Osaka 

1n order to further clarify the relationship between spin 

diffusion and the gross conformation of a protein in solution， time 

dependence of cross saturation in the proton NMR spectrum was 

computer-simu1ated using七heprogram deve10ped in our 1aboratories 

(cf. 1ecture 15 of this conference). This paper reports resu1ts of 

simu1ation main1y in streptomvces subtilisin inhibitor (SS1) for 

experiment at 400 MHz. The ca1culation was performed based on 

coordinates given by x-ray diffraction (Y. Mitsui et a1.， J. Mo1. 

Bio1・ ぷよ， 697， 1979) under the assumption of isotropic rotationa1 

diffusion， neglec七inginternal motions. However， the three-si七e

jumps for methy1 
o 

protons and the 180- jumps of tyrosine and 

pheny1alanine rings were considered to average re1axation matrices 

of respective protons. The result of ca1cu1ation c1ear1y indicates 

that upon saturation of the resonance of the core protons， 

saturation prevai1s in the entire spectra1 region after 2 seconds， 

bu七 thatthe signals from the segment invo1ved in binding to the 

protease， subti1isin BPN'， is almost unaffected. Simi1ar resu1t was 

obtained when some of the methy1 protons in the protein core were 

chosen for initia1 saturation， in qua1itative agreement with 

experiment(K. Akasaka， J. Magn. Reson. ゑl，14， 1983). The present 

result also indicates that "the geometrica1 fac七or" (or the 

exposure of segment) can be a decisive factor in determining 

selectiveness of spin diffusion. 
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PROTON NUCLEAR MAGNET工C RESONANCE STUDIES OF PROTEINS OF 
IMMUNOLOG工CAL INTEREST 

W.lto， S.Endo， Y.Muto， M.Nishimura， N.Higashi， and Y.A主主主主
Faculty of Pharmaceutical Sciences， University of Tokyo 

Hongo， Tokyo 113， Japan 

N.Sakato and H.Fujio 
Department of Immunology， Research Institute for Microbial 

Diseases， Osaka University Medical School 
Suita， Osaka 565， Japan 

F.Hayashi and Y.Kyogoku 
Institute for Protein Research， Osaka University 

Suita， Osaka 565， Japan 

Proton nuclear magnetic resonance has been extensively used 
for the elucidation of molecular struatural basis of biological 
functions of proteins of immunological interest. 

1. Flexibiljty of IgG molecules and its biological signifi-
cance: Spin diffusion has been observed to discuss the biological 
significance of the m♀呈主主三 structure that constitutes the hinge 
part of the molecule. 

2. Interactions between Fc and staph protein A: The pKa 
values of histidine residues， which exist in the Fc and protein A， 
were determined on the basis of NMR titration data and used for 
the calculation of the electrostatic potential profiles for the 
two interacting surfaces. Possible mechanisms for the pH de-
pendent interactions between these two proteins will be discussed 
on the basis of the pattern of the electrostatic potential pro-
files. 

3. Mode of interactions between antigen and antibody: In-
teraetions between hen egg white lysozyme (HEL) and a monoclonal 
antibody raised against it were studied. A peptide fragment P守ヴ

which corresponds to one of ~pitope~ on the HEL molecule， and品 the
antibody were used for the analyses of the mode of the antigen-
antibody interactions. Intermolecular transferred nuclear Over-
hauser effect was observed and analyzed. The results obtained 
will be discussed in terms of the potential profiles that are 
similar to those used for the analyses of the Fc-protein A inter-
action. 

4. Photo-CIDNP analyses of the surface structure of IgG 
molecules: A variety of IgG molecules of subclasses 1-4 have been 
used for the assignments of His， Tyr， and Trp residues that exist 
on the surface of the IgG molecules. Possible modes of interac-
tions between IgG and C1q will be briefly discussed. 

5. Structure and functions of the third component of comple-
ment C3: A method of spin diffusion has been used along with 
CPase/difference spectroscopy for the analyses of the conformation 
of the segment intervening C3a and C3b. Similarities and differ-
ences between C3 and alpha-2-macroglobulin will also be discussed. 
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PROTEIN STRUCTURE AND DVNAMICS BV N門R

Stan1ey J. Opella 
~~part~en{_ol Chem}stry 
~n.i~er~ity of 'pen~sy1.v.!l!'f 0 

Phi1ade1phia， Pennsy1vania-19t04 U.S.A. 

The time-average (structure) and time-dependent (dynamic) properties of 

proteins can be descnbed with so1id-state and s01ution N門Rmethods. 

Structure deterrnination by so1id-state NMR re1ies on measurements of 

onentatlons of molecu1ar axes re1at1ve to the dlrectlon of the appl1ed 

magnetic f1e1d 1n sing1e crystal or uniaxially onented samples. In contrast， 

structure determination with s01ution N門R re1ies on measurements of 

intrdm01ecular distances. In both cases consider司b1ecomputational effoパis

requlred to translate the expenmental data lnto molecu1ar structures. The 

amp1itudes and directions of molecular motions can be determined through 

the analysis of motionally averaged powder pattem 1ineshapes in so1id-state 

N門R，whi1e the freQuencies of the motions can be deterrnined from the 

analys1s of re1axat1on measurements 1n both so1id-state and solutlon N門R.

The coat protein of the fi1amentous bactenophages provides an example 

of a protein that is weJ1 suited for N門Rstudies and can not be crysta11ized in 

e1ther 1ts structural forrn 1n the vlrus partlcles or its membrane bound forrn 

in Hpid bi1ayers or in detergent micelles. Both so1id-state and solution NMR 

are being used in these studies. A vanety of nuclei (t H， 2H， 13C， 14N， 15N， 
31 P) and spin-interactions (dipole-dipole， chemical shift， quadrupole) are 

aval1able for analys1s because ofthe ab111ty to 1ncorporate stable fsot叩es

into the protein biosynthetically. Compa同sonsbetween the two structural 

and membrane bound forms of the coat protein are particularly interesting 

because the protein undergoes lransitions between the two forrns dunng the 

V1rall1fecycle. 
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31 
TIME-RESOLVED ~~P NMR STUDIES ON ENERGY UTILIZATION ASSOCIATED 

WltH MUSCLE CONTRACTION. 

kazuhiro Ya旦坐， Masaru Tanokura， Yoshihisa Kawano 

and Takaaki Kitano 

Department of Physiology， Medical College of Oita， 
Oita 879-56， Japan 

During muscle contraction ATPases are activated. Because of 

the creatine kinase reaction the net results are a decrease in 

phosphocreatine (PCr) and an increase in inorganic phosphate 

(Pi).It has been suspected on various grounds that the 

utilization of ATP continues well after the contraction is over. 

We have demonstrated this phenomenon， the post-contractile 
31 utilization of ATP， using a 仁ime-resolved ~~P NMR， and further 

that the phenomenon is caused by the actomyosin ATPase activity. 

We followed essentially the method of Dawson， Gadian & Wilkie 

(1977)， while the signal-to-noise ratio was greatly improved by 

using many muscles (Yamada & Tanokura， 1983). 
The results indicated that 1) a fixed amount of ATP (0.3 mmol 

Kg-
1 

muscle， which is equal to the myosin content of muscle) is 

utilized in an early recovery period (己 4 min) at 40C， in 
bullfrog and toad sartorius and bullfrog semitendinosus muscles， 
irrespective of the duration of contraction. 2) The amount of 

free phosphates (sum of P.; + PCr) increases during contraction， 
l 

and then decreases during the early recovery period. Amounts of 

ATP and sugar phosphates (SP) do not change in these periods. 3) 

At 10
0 

C， this phenomenon disappears， suggesting the rate of the 
post-contractile utilization of ATP to be steeply dependent on 

temperature. 4) The post-contractile utilization of ATP 

disappears at long muscle lengths where actin-myosin interaction 

can no longer take place. The above results favour the idea that 

the post-contractile utilization of ATP is a property of 

actomyosin， and that it may also be related at least partly to 

unsolved problems in the study of energy transducing mechanism of 

muscle. 
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A 1H_31p CROSS-POLARIZATION STUDY ON IN VIVO SYSTEMS. 

出虫旦些些三旦・ TakayukiOdahara"， Tomitake Tsukihara掛

勢

and Yoshimasa Kyogoku勢

Facu1ty of Engineering・YokohamaNationa1 University， 
告を

Hodogaya-ku， Yokohama， -Institute for Protein Research. 
発長

Osaka University， Suita， Osaka， ....Faculty of Engineering・
Tottori University， Minami 4-101， Kozancho， Tottori-shi. 

High reso1ution nuc1ear magnetic resonance spectroscopy of biological sys-

tem i旦 vivohas been deve10ped rapidly in the 1ast decade. Especial1y， phos-

phorus 31 NMR has been wide1y used for that purpose. The content of phosphorus 

in bio10gica1 systems is not so high as proton， carbon and nitrogen， and thus 

it makes a spectrum simp1er. A1though phosphorus is 10cated in important sub-

stances such as DNA， RNA and membranes. it was impossib1e to get high reso1u-

tion spectra of them i旦工主旦 becauseof their extreme1y broadened signals. We 

have deve10ped a method to obtain the information on DNA， RNA and membranes in 

i旦二viv旦systemsseparate1y by the use of solid-state 31p NMR. 

As reported in the 1ast meeting， we have succeeded in obtaining the 31p 

NMR spectrum of the chicken erythrocyte chromatins t旦工ivoby the cross-

po1arization method. The spectrum revealed an asymmetric powder pattern with 

about -156 ppm chemical shift anisotropy at 4 oC， suggesting that-DNA takes on 

a very rigid structure in the nuc1eus. 凶ehave extended this work to a more 

complex system， bacter・ia‘ In the cross-polarization spectrum of mar・inebac-

teri a Alteromonas笠良心盟主 inful1 growth， on1y the contr・ibutionsfrom 1arge 

or insoluble molecu1es such as DNA， RNA and phospholipids can be expected. 

With a contact time of 3-7 ms. a powder pattern typica1 for the phosphorus un-

dergoing an axially symmetrical motion was observed， which can be ascribed to 

phospholipids in membranes. A symmetrical powder pattern was observed for the 

contact time of 0.1-0.7 ms. In order to characterize the spectrum， isolated 

ri bosomes were a 1 so exami ned. 1 t was conc 1 uded that the DNA i n与笠巴ぷ盟主

does not have such a rigid higher order structure as that the chicken chromatin 

has. However， a higher order structure formation of 川 c1eic acids inム
笠E.tl担旦 wasobserved in their fully active growth phase. Thus it turned out 

that the cross-polarization spectrum can follow the physiological change ;n a 

cel1 in vivo. 
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SPATIAL LOCALIZATION TECHNIQUES fOR IN VIVO NMR 

Ray Freeman 

Physical Chemistry Laboratory， Oxford University， 

South Parks Road， Oxford， Eng1and 

Nuc1ear magnetic resonance spectroscopy h苗5 made a big impact on medical 

science， pr1nc1pa11y through magnet1c resonance imaging， but more recent1y by 

studying the int自rna1 chemistry within 1iving organs， the so-called in-vivo 

spectroscopy. Here the pr1ncipa1 prob1em 15 to干inda method 干or defin1ng a 

restricted "sensitive v01ume ・干romwhich the NHR spectrum will be excited， a11 

other NHR signa1s being suppressed. It 15 possib1e to adapt the imaging 

techniques to do this， using interise switched gradients of the static magnetic 

干leldBO'but th ere a re lmportant ad va nt age s to be ga1ned lf BB fleld grad ient s 

can be avoided. An a1ternative scheme is to uti1ize the 1ntrinsic spatia1 

inhomogeneity 0干 theradiofrequency 干ieldB to de干ine the sensitive volume 
1 

because most of these experiments are performed with a .surface coi1" which by 

its very nature has a very non-un1干orm B 干ie1d distribution. 
1 

The main 

dif干icu1t1es w1th the surface coi1 technique are toobtain a 5uf干1cient1ydeep 

penetration into the samp1e， to define a suitab1y-shaped restricted v01ume and 

to compensate 干or0千千ーresonancee千千ects so that the 5ame v01ume is defined 干or

a11 chemica11y shifted species. Composite radiofrequency pulses h司vebeen used 

to tack1e this 1ast prob1em. 

Pulse sequences have been devised to exploit the干actthat the pulse flip 

ang1e varies rapid1y across the samp1e and only satisfies th~ chosen condition 

s =官 radiansover a 1imited region of space. Better spatia1 definition can be 

achieved by c直scadingpu1se sequences. Encouraging resu1ts have been obtained 

for phosphorus-31 spectra from phantom samples showing exce11ent spatial 

discrimination. Even better per干ormanceis predicted 干or a ・straddle coil" 

scheme where there is a radio干requencycoi1 on each side 0干 thesamp1e， driven 

with pulses 0干 oppositephase. Fast electronic switching is used and the two 

coi1s can be reconnected in series to act as a sensitive receiver coi1 with good 

coupling to the entire sample. 
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Application of 'H Biselective T， Data on 

Conformational Analyses in Solution 

Makiko SuqiurA， Torei Sai， Narao Takao， ~nd Hideaki Fujiwara* 
Kobe Women's College of Pharmacy， Higashinada-ku， Kobe， Japan 
*Faculty of Pharmaceutical Science， Osaka University， Suita， 

Osaka， Japan 

last symposium， we discussed the stereochemistry of 
quinidine using 'H selective (T，i(i))， biselective (T，i(ij))， and 
nonselective T，(T，l(all)) data， and emphasized the usefulness of 

biselecti ve T，・ Theextended and systematic method for conforma-

tional and/or stereochemical analysis has now been developed， and 
biselective T，values obtained using the pulse sequence shown in 

Fig. ， have been checked by changes in ~ values. 2-Vinylpyridine 

{工) has been chosen as a model compound. T，l(i)， T，l(ij)， and 
T，l(all) for all protons of I were measured. 
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-6 . so fi1 fi2 :.......fij ri' ・ri2-V :.......rij 

fij values obtained from equation (') should be correlated 

H-H distances (rij) as shown in equation {3)， assuming molecular 
isotropic motion. For one possible conformation， every H-H dis-
tance from the Oreiding model and the three measured sets of T， 
data are used as input， and the calculation to check the best 

giving the correlation coefficient (R). For 工 the calculations 

have been carried out for three possible conformations (A， B， and 
C) and the correlation coefficients have been compared. Conforma-

tion A has the largest coefficient suggesting the 

conformation. 

(3 ) 

with 

optimum 

Cld 除外。)(品 coupler 0'卑;LZPW{900}

恥 (C) モ一一一一→ (B) モ一一一一一+

2-Vinylpyridine(工)
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MOLECULAR DYNAM工CSAND CHEM工CALSTRUCTURE OF STREPTOMYC工N

工N SOLUT工ON DETERM工NEDFROM RELAXAT工ONT工MEANALYS工S

Masayuki Watanab~ ， Hideaki Fujiwara， Tatsuya Takagi 
and Yoshio Sasaki 

Faculty of Pharmaceutical Sciences， Osaka University， 
Suita， Osaka 

Makiko Sugiura 

Kobe Women's College of Pharmacy， Higashinada-ku， Kobe 

NMR relaxation data provide information related to molecular 

dynamics and struc七ure in solu七ion. A simplest model for the 

molecular motion is "isotropic model"， which is used extensively 
in routine works. But for nonsymmetrical molecules the overall 

motion is expec七ed to be anisotropic， and additional correlation 
times (or inversely related diffusion coefficients) are required 

to describe differential rates about molecular diffusion axes. 

We have examined an七ibio七ics streptomycin sulphate by means of an-
13_ ， 1 

isotropic model based on the '-C and 'H T
1 

data. 

T
1 

mesurements were made using inversion-recovery me七hodat 
13 200MHz for 'H and at 22.6MHz for '-C. Concentrations of the 

13_， 13 
samples were O.07M ('H) and O.t4M ('-C). Also '-C and 'H 

resonances in streptomycin were assigned with the aid of COSY and 

decoupling techniques. Fiどst，we assumed the isotropic model for 

the in七erpretation of the T1 data， which led to the diffusion 

constant of 1.2X107 sec-1 for 1H in contrast with 2.4X10
5 7 -1 

13~ ~_ ___..:1' __ " sec-' for '-C. Secondly， "symmetric top model" was assumed. 

This has given two diffusion constants of D
1
= 9.8X108 sec-

1 

8 -1  
and D

2
= 2.0X10~ sec fどom 'H da七a in a rather excellent 

8 -1 
agreement with those of D勾= 14.6X10v sec and D2= 3.5X 

-1 1 L 10v sec from '-C data. As regards the structure， an 
extraordinary short C-H distance was found in the published X-ray 

13 data， whereas the corresponding '-C T
1 

value was observed in 

the normal range. 
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13CT1 Studies of the Anisotropic Motionof Quinidine Derivatives 

Torei Sai， Makiko Sugiura， and Narao Takao 
Kobe Women's College of Pharmacy， Higashinada-ku， Kobe， Japan 

'3CT， measurements are very important since they provide 

detailed information concerning molecular stereochemistry and 

molecular motion in solution. 工n the present study， this technique 

was applied to the study of molecular motions of quinidine， which is 
commonly used as an antiarrhythmia drug， and its derivatives. 

Quinidine(l)， dihydroquinidine(2)， and acetylquinidine(3) have 

been studied. Quinoline and quinuclidine have been used as reference 
13 compounds. '-'CT.， and N.O.E. measurements were obtained in CDC13(O.3 

mol/l) solution.We have calculated anisotropic motion using T， DD 

Diffusion rates around the long axis (D，) and the short axis (D2) ， 

which is perpendicular to the long axis were obtained， together with 
geometric factors(8，中)which show the direction of the long axis for 

which ['/T，DD(obsd.) -'- '/T，DD(calcd')j2 is minimized. We separate 

quinidine into the quinoline part and the quinuclidine one.' The dif-

fusion rates for 3 are much bigger thah thσse of 1 and 2. This result 

shows 七hat 1 and 2 seem to existas a dimer in CDC13 because of 

hydrogen bonding of the hydroxy gro.up， while 3 is present in solution 

as a monomer. The dエfussion rates for 2 are also a bit smaller than 

those for 1 as the size of molecule becomes bigger by reduction. The 

diffusion rates for the quinuclidine part are bigger compared with 

the quinoline part. For the quinoline part， quinidine derivatives 

rotate predominantly around the X axis while quinoline rotates 

predominantly around the Z axェs. A deviation of the main axis from 

the X axis is observed with derivatives with different substituent 

groups and different species (monomer or dimer) in CDC13・ For the 

quinuclidine part， both quinidine derivatives and quinuclidine rotate 
predominantlyaround the Z axis. But the main axis also deviates from 

the Z axis， and this also varies with the derivatives. 

z 

MeO 

23 

Quinidine (1) 

R.= CH=CH_ R_= H -"--"2 "2 

Dihydroquinidine (2) 

R.= CH~CH~ R_= H ，--..2-""3 .'2 

Acetylquinidine (3) 

R 勾 CH=CH~ R_= COCH~ -"--"2 .'2- -~-""3 



LOCATIONS OF LOCAL ANESTHETICS AND THEIR DYNAMICAL PERTURBATIONS 

FOR LIPIDS IN PHOSPHATIDYLCHOLINE VESICLES AS STUDIED BY NUCLEAR 
1 

OVERHAUSER EFFECTS IN ~H NUCLEAR MAGNETIC RESONANCE SPECTROSCOPY 

Yoshihiro K旦坐豆 andYasuhiro Fujiwara 

Faculty of Pharmaceutical Sciences， Kyoto University， Sakyo-ku， 

Kyoto， Japan andKyoto Pharmaceutical University， Yamashina-ku， 
Kyoto， Japan 

Loca七ions and dynamical per七urba七ions for lipids of local 

anesthetics (procaine.HCl， tetracaine.HCl， and dibucaine.HCl)in 

sonicated egg yolk phosphatidylcholine (PC) vesicles have been 
L 1 

s七udiedby ~H-~H nuclear Overhauser effec七 (NOE) measurements. 

It was found that tetracaine and dibucaine bind much strongly 

to the neu七ral lipids than procaine does and that their mobilities 

are lowered七o such an exten七七ha七 transmi七s spin diffusion (i.e.， 
2 2 

ωτc ~> > 1)・ The intermolecular NOEs between drugs and PC were more 

effec七ive in dibucaine 七hanin te七racaine，indica七ingtha七

dibucaine binds to the lipids moどe s七rongly七hantetracainei 七his

order agrees well with that of anes七heticpo七ency. However， i七

was only the 七etracainethat showed an appどeciableextent of 

dynamical per七urba七ions to the PC vesicles， when they were 

monitored by the ex七en七 oftransfer of the negative NOE from α-

methylene protons七o choline methyls， olefinic methines， acyl 

methylenes and terminal methyl protons. This finding was 

interpre七edas being due to七hedifferences in the locations of 

七hesedrugs in small unilamellar vesicles: (1) procaine in七erac七S

with lipids very weakly a七 theou七er surface of the vesicles i (2) 

tetracaine binds to the lipids both at the outer and inner halves 

of七hebilayer inser七ingi七srod-like molecule in a fores七 ofacyl 

chains of PC; (3) dibucaine binds tightly七o the polar head group 

of PC which resides only at the outer half of 七hebilayer vesicles. 

工twas concluded七ha七 therelative order of anesthe七icpotency 

within these drugs can be correla七ednot wi七h 七heability七o affect 

membrane fluidity but with the abili七y that binds to lipids 

at七hepolar head group of the bilayer vesicles. 
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A NEW NOE TECHN工QUEUSING H工GHLY SELECTIVE IRRAD工AT工ONFREQUENCY 

USEFUL FOR STRUCTURAL STUD工ESOF NATURAL PRODUCTS 

主笠旦o Fur・iha七~， Haruo Seto and Muneki Ohuchi普

工ns七itute of Applied Microbiology， The University of Tokyo， 

Bunkyo-ku， Tokyo，器JEOLCO.， Nakagami， Akishima， Tokyo， Japan 

In the structural studies of complicated natural products， 

nuclear Overhauser effec七 (NOE) gi ves very impor七ant information 

七o connec七 proton spin sys七ems separated by a quaternary or 

heteroa七om and to analyze stereochemical relationships. One 

problem associa七ed wi七h NOE experimen七 however， is 七he

occurrence of selective popula七ion transfer (SPT) in七hestrongly 

coupled spin systems， which causes the analysis of NOE very 

difficul七.

So far repor七ed，七he composi七e pulse technique repor七ed by 

Bauer is an excellent me七hod which enables 七o 0 vercome this 

problem. We have modified his me七hodby replacing Gaussian pulse 

wi七h 七ime sharing decoupling (DANTE). This modified method gives 

very excellent results with regard七ohigh selec七ivityand easier 

operation. 

In addi t ion， appl i c.a七ion of 七his me七hod to the new NOE 

experimen七sin the rota七ingframe (ROESY) gave excellent results. 
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APPLICATION OF HETERONUCLEAR OOUBLE QUANTUM COHERENCE NMR FOR 

STRUCTURAL STUOIES OF NATURAL PROOUCTS 

主盟主主主 Q単主主主， NObuaki Yokoyarna， Yuta岡山kushirna，

Kazuo Furihata* and Haruo Seto女

JEOL CO.， Nakagarni， Akishirna， Tokyo， *Institute of Applied 

Microbiology， University of Tokyo， Bunkyo-ku， Tokyo， Japan 

Several techniques have recently been introduced to 

irnprove the low sensitivity of NMR spectroscopy. Arnong thern， 

the rnost interesting and irnportant rnethods would be those 

proposed by Bax et al.， i. e， • HMQC and HMBC， which reveal the 

shift correlation be七ween the proton and heteronucleus by 

l observing the rnost sensi七ive.H nucleus. Their application to 

cornplica七ed natural products， however， has not been ipvesti-

gated in detail. 

After rnany experirnental investiga七ions，we have es七ablish-

ed the rnost suitable experirnen乞al condi tions necessary for 

these techniques， and atternp七ed their application to the 

struc七ural analysis of a new polye七her antibiotic portrnicin. 

As a result，七hesernethods turned out to be extrernely powerful 

rne七hods for structural s七udies of cornplicated rnolecules. 

However， even these new techniques suffer frorn a disadvantage 

of 20 NMR being very time-consuming. In order to overcome 

this problem， we have a七temp七ed to modify these 七echnique by 

decreasing the column points in order to make par七ialobserva-

七ion of these 20 NMR spectra and have obtained satisfactory 

results. In this paper， application of this 20 NMR and its 

partial observation to natural products will be reported. 

ぷ
りつ白



Structures of New Tri七erpenoidsfrom Chinese Crude Drug 

"Ban Zhi Lian" (Scu七e11ariarivu1aどis) ーーーー- Applica七ion
L 13 of 2-D工NADEQUATEand Long-Range ~H---C COSY 

Tohru Kikuchi，a) Shige七oshiKadota，a) Koji Tsubono，a) 
b) ..~ '__L' ~~ ." ___ b) Tsuyoshi Tomimori ， ~1 Haruhisa Kizu ， ~1 and 

Yoshi七ake工mo七o
b) 

Research工ns七i七U七e for Wakan-Yaku(Orien七a1Medicines) f 

Toyama Medica1 and Pharmaceu七ica1Universi七y，a)Toyama，
b) Japan and Schoo1 of Phaどmacy，Hokuriku Universi七y，

Kanazawa， Japan 

Di七erpeneComponen七sof Chinese crude drug "Ban Zhi Lian" 

(Scu七e11ariarivu1aris) were examined. 

The e七hersolub1e frac七ionobtained from七hee七hano1ex七rac七

was separa七edby si1ica ge1 chroma七ographyfo11owed by prepara-

七iveHPLC七o give new di七erpenoids，designa七edas scu七erivu-

lac七oneC1(1)， C2 (2) (iso1a七edas ace七a七e)，and D(3)， a10ng wi七h

four七eenf1avonoids. The s七ruc七uresof these di七erpenoidswere 

de七erminedby means of the七wo-dimensiona1 (2-D) NMR including 

2-D工NADEQUATE (工ncredib1eNa七ura1Abundance Doub1e Quan七um
L_ 13 

Transfer Experimen七) and 1ong-range ~H-~-C COSY. The s七ereo-

chemis七rywas assigned on七hebasis of七hecoup1ing cons七ants

and七heNOE experimen七s.
13 A1so七he ~-C-NMR spec七rawere ana1ysed in de七ai1and七he

assignmen七sof七heircarbon signa1s were done on七hebasis of 

DEPT and 2D-NMR methods. 
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13_ ..._ 31 
C AND -.P NMRSTUDY OF ORGANIC ANIONS PRODUCED FROMPHENYL 

AND DIPHENYLPHOSPHINES 

Yukihiro Yokoyama and Kensuke Takahashi 

Department of Applied Chemistry，. Nagoya Institute of 

Technology， Gokiso-cho， Showa-ku， Nagoya 466 

13_ . 31 
We report here the .-C and -.P NMR parameters of PhPHLi and 

Ph2PM(M=Li，Na ，K)in several solvent s .The ef feet s of solvent s 
13_ . 31 

and counter cations on the ~-C and -~P chemical shifts and 

coupling constants are discussed. 
13 

In the compounds studied anionization results in large ~-C 

shifts to lower field for the ipso carbon atoms and to upper 

field for the para carbon atoms as shown in Table 1. It is .found 

that the changes of shifts of the ipso and para carbons in the 

anions produced from phenylphosphines are larger than those in 

anilidelithium. It seems that the degree of delocalization of 

the anions is larger than that of anilidelithium. 
31 When phenylphosphines are anionized， _-~P NMR sighals shift 

3 L  13 to lower field， while the one-bond -~P-~-C coupling constants 

extremely increase in magnitude. It seems that the changes of 

the NMR parameters are affected by not only excess charge， but 
also hybridization， as well as in the case of anilidelithium. 

It is of interest to note that solvent and countercation 
13_ . 31 

glay a significant role in the C and P chemical shifts，and 
L 13_ • 31_ 1 
p_.-C and -~P-.H coupling constantsof these. anions. The NMR 

parameter changes are larger in solvents with stronger polarity. 

Therefore， it seems that the large changes of chemical shifts 
and coupling constants are dtie to the strudture of ion~péiring 

in the anion solutions. 

a 
Table 1. The chemical shifts (ppm)~ and coupling constants (Hz) 

of phenylphosphine and its lithium salt in several s~lvent~ 

Compd/Solv. ;; C
i 

$C
O 

dCm 5cp dP 1 JpC 1 JpH 
PhPH

2
/THF 129.21 135.33 129.15 128.マ9 -125.4 10 199 

PhPHLi/THF 161.63 129，91 126.80 116.53 -112.6 43 163 

/DME 160.95129.96 126.77 116.72 -111.9 4'4 163 

/2MTHF 158.05 130~27 1.26.57 117.70 -114.3 37 172 

/HMPA 170.27 127.80 125.46 110.54 - 74.9 59 144 
13_ .... __ L...  31 

a) Referred to TMS for ~VC and H
3
P0

4 
for -.P. 
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1HE OR1G1N OF SOLVEN1 EFFEC1 ON 1HE CHEM1CAL SH1FI OF ME1AL 

NUCLEAR目AGNE11CRESONANα 

Hegumu Munaka七~， Susumu Kitagawa and Manabu Sasaki 

Department of Chemistry， Facu1ty of Science and Techno1ogy， 

Kinki University， Kowakae， Higasi-Osaka 577， Japan 

1he meta1 NMR resonance of a me七a1ion is remarkab1y sensitive 

to the solvent. 23Na shifts have been reported to corre1ate we11 

with donor numbers for七ensolvents. But water and 1舵 .thano1devi-

ate from the corre1ation. Such corr叫 a七ionis not satisfactory for 

1Li， 39K and 133CS shifts. 

65Zn， 113Cd and 20511 shifts in donor solvents corre1ate neither 

with donor number nor fundamen七a1proper七iesof the solvents such 

as die1ectric constan七 andZ va1ue. 1hus， one has been so far 

forced to conc1ude七ha七 thereare no wide-ranging corre1ations 

between meta1 chemica1 shifts and solvent proper七ies.1his shou1d 

bea七七ribu七ab1e七othe absence of a good 1配 asurefor donor abi1ity 

of a solvent. We have been proposed coordina七ionpower (CP) as a 

measure for the donor abi1ity which is re1ated七oGibbs free 

energy change on the solva七ionof nicke1 ( n) ions (Inorg. Chem. 

1985， 24， 1638). 

CP=1/6 10g( [NiSs] [MeCN] 6/[Ni(Meα)6][S]6) ， S=solvent 

113Cd NMR resonances of 1 M Cd2+ ion in a1coho1 and ni七ri1e

series were measured and were found to shift downfie1d wi七h

increasing CP of七hea1coho1 and nitri1e， respective1y. 108Ag 

shifts were obtained for 1 M AgC10， solution. 1t was a1so found 

tha七 108Agshifts in nitri1e corre1ate we11 with CP of七he

nitri1e: 1he deshie1ding of 108Ag nuc1eus increases with 

increasing of CP. The remarkab1e downfield shifts were obtained 

because of the specific interac七ionbetween Ag+ and nitri1e. Such 

good corre1ation was not obtained for a1coho1 and ke七。neseries. 

respective1y. 1his sugges七stha七七hecoordination number of si1ver 

(1) solva乞eions is no七 a1ways乞hesame in the 1a七tertwo solven七

ser1es. 
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CALCULATION OF NMR CHEMICAL SHIFTS 

BY A GAUGE-INVARIANT INDO METHOD 

EIi rovukiE旦主旦~， Koichi Miura， and Akihiko Hirai 

Kitami Institute of Technology 

165 Koencho， Kitami， Hokkaido 090， Japan 

A gauge-invariant INDO method based on the coupled 

Hartree-Fock perturbation theory is presented and applied to 

L 13 
the calculation of ~H and ~~C chemical shifts of 

hydrocarbons including ring compounds. Invariance of the 

diamagnetic and paramagnetic shieldings with respect to 

displacement of the coordinate origin is discussed. 

Comparison between calculated and experimental results 

exhibits fairly good agreement， provided that the INDO 

parameters of Ellis et a1. (J. Am. Chem. Soc. 94， 4069 

(1972)) are used with the inclusion of all multicenter one-

electron integrals. 
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17 
EFFECT OF RARE SP工N "0 ON THE SP工N-LATT工CERELAXAT工ONT工ME

T
1p 

OF PROTONS 工N THE ROTAT工NGFRAME:STUDY工N SOME SULFATES 

Kunihiko MOR工MOTO

Faculty of七he工n七egratedArts and Sciences，Hiroshima 

Universi七y，Hiroshirna 730，Japan 
17 Recently we found七herare spin "0(0.037も na七ural abundance) 

has a pronaunced effect on七he spin-lattice relaxa七iontime T唱。
1)ソ

of pro七ons('H) in the ro七a七ingframe in some solids. " In 七he

presen七 s七udy 七he 七empera七ure dependence of T
1p 

of 1H was 
2) 

measured in some sulfa七es.' (NHA)~S~Oo/NH.HSO. and KHSO. in order 4'2~2~8/''''4''~~4 

to investigate 七hero七a七ionaldiffusion(reorien七a七ion) of 七he

oxygen a七oms in S04group. 工七 wasfound七ha七七hreelarge 

minima(1-3sec) should appear in七he七empera七uredependence of T 
1p 

of 1H in general;one minimurn due七o (A)modula七ionof七he dipolar 
1.. "17 interac七ionbe七ween七he 'H and "0 spins by七hereorien七a七ion of 

S04g:~uP and七wominima due七o (B)cross relaxa七ionbe七ween七he 1H 
17 

and "0 spins as 

T:1zA f{Qj，T)+A f{EJ T}  
1ρ1~L'''''1'-a' "'2~L'-1'~1S }

 

4

・a{
 

1 ~，. ~ _ _. 2 _ ，_ ， 2 I _ ..， "̂ . _. I ~， 1 
T1;'=8/1875(e~qQf制作L (Ws， "ta> +4fL (2tも，(a) J， (2) 

where u/1=nH1 is 七heLarmor frequency of 1H in 七he rotating 

frame，包 七hecorrelation七ir肥 ofthe reori民en此l比七a抗七iω。∞n of SOλAgro。∞u昭1甲p
17_ 2 ‘ 

T
1S 

七he spin-la七七ice relaxa七ion七imeof "0 spin，e.qQjh 七he
17_ ".，，_ .2_2 

quadrupole coupling cons七an七 of "0 and f
L 
(W，τ) =マi( ， + cv. 'l~). The 

ternpera七ure dependence of T1p in three sulfates shows large 
17 

minima(1-3sec) due 七o the in七eractionbetween七he 'H and "0 
2 _.. _ 17 

spins. The values T
a
，T

1s 
and e~qQ/h of "0 were determined by 

using Eqs. (1) and (2). 工n some compounds in which T
1 

of 'H is 

larger 七han a few seconds，七hemeasuremen七 of T，p migh七 make
2_" _17 

possib工e to determine T
1S 

and e.qQ/h of "0. 1)K.Morimoto and 

K.ShimomuraiJ，Phys.Soc.Jpn.53(1984)2752，J.Phys.C18 (1985)403， 

J.Phys.Soc.Jpn.54(1985)3244，Phys.Let七.A116(1986)85.2)T.Chiba and 

S.Miyajimai J.Chem.Phys.83(198S)6385. 
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NUCLEAR MAGNETIC RESONANCE STUDIES OF PROTONATION AND MERCURIATION 

OF TRIPHENYLPHOSPHONIUM CYCLOPENTADIENILIDE 

chikakiyo N呈孟主主主 and Kaoru Yamada 

Department of Industria1 Chemistry， Shibaura Institute of 
Techno1ogy， Minato-ku， Tokyo， Japan 

In order to e1ucidate the structure of the reaction products 

between tripheny1phosphonium cyc1opentadieni1ide(ph
3
PCp) and tri-

f1uoroacetic acid and mercuric ha1ide(HgXゥ :X=C1，Br)，respective1y， 
L 13~ ， 199 μ  

we measured ~H ， ~vC and ~JJHg NMR spectra. 
13 The ~vC signa1s of the cyc1opentadieny1(Cp) ring of ph

3
PCp in 

CF3COZH solution appeared at 46.4， 1Z5.3， 134.4， 148.5 and 158.7 
ppm(from TMS) ， and these peaks are sp1itted to doublet by the spin 

31 
coup1ing with -~P. By the consideration of the amp1itudes of the 

31~ 13 coup1ing constants(Jcp) with J~p and a1so of the ~JC chemical 

shifts of ph
3
PCp， the site of protonation was determined as the 

3-position of the Cp ring. 

The site of interaction between the Hg atom and Cp ring in com-

p1exes of CpHgX
Z
(X=C1，Br) hasbeen a subject of debate for 10ng 

time. By means of X-ray diffraction method， Ho1y et a1. determined 

the site of attachment of the Hg atom as the C-3 position. How-
13 

ever， from the ~vC NMR spectra of the mercury comp1exes in DMSO， 
they proposed that the nature of the Hg-Cp interaction in solution 

13 is f1uxiona1 if-bonding. Our ~vC NMR data supported this proposi噸

tion. Further confirmation of the f1uxiona1 ~bonding was obtained 
199 

by the measurement of the ~JJHg NMR， ~~ectra of ph
3
PCp.HgC1

Z 
comp-

199 1ex in DMSO-d
6 

solution， where the ~JJHg signal appeared at Z73ppm 

(from HgC1Z)・Theseresu1ts indicate that the protonation occurs 

predominant1y at the C ・3position of the Cp ring， whereas the mer-
cury is not attached at a definite site but is interacted via 

f1uxiona1がbonding.
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ASS工GNMENT OF THE 13C NMR RESONANCES OF POLY(OLEFINE)S TO THE 

TACT工C工TYON THE BAS工SOF THE CHEM工CALSH工FTCALCULAT工ON

Z旦呈旦2 主g主旦主主 andYuko Nishiyama 

Department of polymer Engineering， Faculty of Technology， 
Tokyo University of Agriculture and Technology， 

Koganei， Tokyo， Japan. 
工tis possible to use theoretical chemical shift calculations 

on the basis of 1 3C NMR a-effec七七o the chemical shift and the 

application of 七he rotational isomeric state， r.i.s. model to the 

polymer conformation as a reliable method of the peak assignment 

due to the polymer tacticity. Moreover， if the agreement 

between 七he calculated and observed chemical shift was obtained， 
we can analyze rigorously the time-averaged polymer conformation 

in solu七ionfrom七hebond probabilities obtained wi七hthe r.i.s. 

model at the same time. 

工n this s七udy，13c NMR chemica 1 shift of reg ioirregular 

polypropylene， PP， is calculated on the basis of 13C NMR chemical 

shift a- effect and application of the r.i.s. model 七o the local 

conformation of the inver七edPP portions. 工n addi七ion，in order 

to obtain the 13C chemical shifts of regioirregular PP，七he13C NMR 

spectra of regioirregular syndiotactic and atactic PP samples are 

observed. Especially， the 工NEPT spectra are obtained 七o

identify small peaks of 七he carbons loca七ed at the inverted 

portion to the methine， methylene and me七hyl carbons and also， to 
distinguish the methine carbon peaks from the methylene ones when 

these peaks overlapped. In 七he tail-to-tail sequence， the 
spectra of the Ts， carbon which is observed as a singlet peak and 

the S 1"臥(3~ carbon which is spli七七edrough工y into two peaks with 

peak separa tion of about ppm are well reproduced. The 

splitting into two peaks is also pどedictedfor the Pβr carbon 

although七hepeak is not observed because of the presence of main 

methy 1 peaks of 七he head-to-tail sequence. Similarly， 
the spectral character of T(志向 Sβふo.o and Pcj..β carbons in the 

head-to-head sequence are also well reproduced. 

工n conclusion， these theoritical chemical shif七 calculation
1 3 on the basis of I -'c NMR iJ- effect and application of the r.i.so 

model is very useful for the purpose of assignment of the 

regioirregular PP spectrum to the tacticity as well as 

stereoirregular PP， poly(1-butene) and ethylene-propylene 

copolymer. 
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15... __-" 17 N-and "O-NMR Substituent Chemical Shifts of Pyridine 1-0xides: 

A Multiple Multinuclear Approach to the Dual Resonance Effects 

旦主主主旦主主主主主豆三 Yoshio Takai， Sa toshi Kimura， Sa toshi Yamano， 
Soichi Misumi， Yuho Tsuno， Terukiyo Hanafusa 

Material Analysis Center，七he 工nsti七ute of Scientific and 

Industrial Research， Osaka University， Suita， Osaka 567 
pyridine 1-oxide is an interesting system for us to study 

electronic substituent effects on reactivi七ies and/or physical 

properties because of the very unique N-O functionality which can 

act~effectively in both directions as a pi-electron donoど anda pi-

electron acceptor function. However， there are very rew where this 

historically accepted dual N-oxide func七ionality has been 

apparently expressed by means of a quantitatively treated equation 

on the basis of a systematic change of both 3-and 4-substituents. 

15N_ and 170-NMR spectra of the same series of substituted 

pyridine 1-oxides were measured at natural abundance in DMSO， and 
their resulting se七s of substituent chemical shifts(SCSs) were 

correla ted wi th those of several rela ted systems， and tested 

whether this type of dual func七ionalityreally exis七sor not in the 

pyridine 1-oxide system. 
1 7 (1) I 10 SCSs of the 4-subs七ituents show clearly the dual 

resonance contributions of the unique N-oxide system and include 

enough the inductive con七ribution.
17 (2) "0  SCSs of the 3-substituents correlate be七七erw i th σ工

19 scale just like the IJF SCSs of meta-substituted fluorobenzenes and 

the quantities of (6占1704- 6817~3) give a bilinear relationship 
+ -

with the resonance scale ofσπand σ甘

1 5 (3) I..JN SCSs of the 4- (and 3-) substituents bilinearly 

1 3 correlate with the corresponding I~C SCSs of mono-substitu七ed

benzenes， indicating they are mainly controlled by resonance effect 

and negligible inductive one. 

(4 )工nspite of completely different contributions of the 

inductive effects on 170 and 15N， the resonance susceptibility 
ratios，p:/p;values，keep constant between 170 and 15N in the 

pyridine 1-oxide system. 
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Functions and Characteristics of the NMR Section in the 

Supermini-Computer System of Material Analysis Center (TASMAC) 

F工D Data Receive， Processing， and Linkage to CHEM工CS

主旦呈主主旦主主主主主， Hi七oshiYarnada， Fusako Fukuda， Takanori Tanaka， 

ド1asarniSawada， Terukiyo Hanafusa 
Material Analysis Center， the 工nstitu七e of Scientific and 

工ndustrialResearch， Osaka University， Suita， Osaka 567 

Material Analysis Center (MAC)，工S工R， Osaka Univ. has 

developed a superrnini-cornputer sys七erncalled TASMAC which can 

process data frorn a variety of analytical instrurnen七s such as 

NMR， MS，工R，UV e七c. The TASMAC is intended to a systern of their 

total analysis. Here， we describe a cornpu七erprograrn of 

the NMR section. 工tis rnainly constructed by七hreernodules，七hat

is， (1) NMR data receiving frorn ASPECT3000， Bruker AM360， to 

FACOM S3500 ，Fuji七su，via RS232C， (2) NMR data processing， and 

(3) linkage to CHEMICS/version 6 (a cornputer-assis七ed struc七ure

elucidation systern of organic cornpounds: a prograrn constructed by 

prof. Shin-ichi Sasaki). When a user follows the next processes 

(Chart 1)， he can know all possible structures of 七heorganic 

rnolecule in the outpu七 of NLP. The outline of our "rnenu" flow is 

in Chart 1. 

10. FILE nANAGEMENT 

30. CHEIfICS INTERFACE 

NMR. AOOOINOl.F ID-一一一一

NMR. AOOOIN01.SPC-

NMR. AOOOIN01. PEAK 

NMR  FL O"W" NMR. AOOOIN01. CIlEM 
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NMR Studies of Behavior of Mo1ecu1es in Po1ymer Fi1ms (111); 

Comparison between Ce11u10se-Triacetate and Ce11u10se Fi1ms 

kazunori Ma七sumur~ ， Kikuko Hayamizu， Takashi Nakane， 

Hiroshi Yanagishita and Osamu Yamamo七。

Nationa1 Chemica1 Labora七oryfor 1ndustry， 

Tsukuba Research Cen七er，1baraki 305， Japan 

A七七he 24七h NMR Conference and 七he 52七h Annua1 Meeting of 七he

Chemica 1 Socie七Yof Japan， we presen七edthe 1H and 2H NMR s七udies

ofwa七er and me七hano1 contained in七hece11u1ose ace七ate (CA) 

f i 1 m. The emp 10yed CA inc 1 udes approxima七e1y 2.5 acety 1 groups 

and 0.5 hydroxyl groupsper one pyranose ring on an average. 

Therefore in the CA fi 1m .wa七eror me七hano1 are probab 1 y bonded 

bo七h 七o acety1 c=o and hydroxyl O~H ， which makes it comp1icated 

七o in七erpre七七hebeha v ior of七hesemo1ecu1es in the fi1m. This 

七imeusing七hecel1u10se 七riace七a七e (CTA) fi1m which has 3 ace七y1

groups and七he ce11u1ose (CEL) film which has 3 hydroxy1 groups， 
1TT __..:1 2 we presen七七hes七udiesof .L.H and ""H NMR s.pec七raof H20 and D20 in 

these fi1ms. 

NMR spec七ra. are observed changing 七he ang1e be七ween 七he

surface of 七he fi1m and the magne七ic fie1d 七o determine the 

orienta七ion of wa七er rrto1ecu1es in 七hese fi1ms. 1七 is found 七ha七

wa七er mo1ecu1es in the CTA fi1m have a 七endency to orien七

perpendicu 1 a 1 y 七0 七he surface of the fi1m， whi1e in the CEL fi1m 

七oor ien七 paral1e 1. The 1 ine wid七hof wa七erln七heCEL fi1m is 

broader 七han 七ha七 in 七he CTA fi1m， which sugges七s that 七hewa七er

mo 1 ecu 1 es are bonded七0七heCEL f i 1 m more tigh七1Y than七othe CTA 

f i 1 m. The temper a七ure dependences of spec七どa are a 1 so observed 

to determine 七he mobi1i七Y of 七he wa七er mo1ecu1es in these fi1ms. 

1" 2 Comparing be七ween .L.H and 'H NMR spec七ra，we ob七ained 七he

informa七ionabou七七hepro七onexchange between七hedifferen七 water

mo1ecu1es or be七weenthe water mo1ecu1es and the fi1m ma七eria1 s. 
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USE OF THE NUCLEAR OVERHAUSER EFFECT FOR STRUCTURE-ANALYS工S

STUDIES OF AROMAT工CPOLYAM工DE工M工DESAND RELATED COMPOUNDS 

Ka七suγukiYokota 

Toray Research Center， Inc.， Ohe-cho， Minato-ku， Nagoya， Japan 
The proton-proton nuclear Overhauser effect (NOE) has been 

used for struc七ure-analysis studies of aromatic polyamideimides 

and related compounds. Experiments were performed with oligoamide 

prepared from m-phenylenediamine and isoph七halicacid (oligo-

(mP/工PA))，polyamideimide from 4，4'-diaminodiphenylether and 
trimellitic acid (poly(DDE/TMA))， and other polymers. The results 

obtained demonstrate that the NOE or spin-diffusion experiments 

are useful to obtain both resonance assignments and information 

of monomer sequence in such oligomer and polymer systems. 

Most of the resonances in七he 1H spectrum of oligo(mP/工PA) are 

assigned based on both the COSY experiments and chemical shif七s.

These assignments show 七hatby irradiation of the amide protons， 
NOEs are produced on the protons of the adjacent acid residues as 

well as the amine residues. The resonances could therefore be 

sequentially assigned by the combined use of COSY and NOE withou七

consideration of the chemical shifts. Application of a similar 

procedure to七hepolymer systems is also suggested. 

工t is found that the NOEs observed on poly(DDE/TMA) and 0七her

polymers are not completely non-specific， although they are 
grea七lyinfluenced by spin diffusion. On the basis of both七he

J-coupling and spin-diffusion networks obtained， the 1H spec七rum

of poly(DDE/TMA) can be assigned to the three possible struc-

tures， ie.， head to七ail，head to head， and tail to tail struc-
tures. These results indicate that spin diffusion across the 

ether bond or imide bond is effectively suppressed， which is 
probably the main reason that makes the NOE experiments useful in 

these systems. The author thus suggests that the NOE or spin-

diffusion experiments could be generally applied to obtain infor-

mation of local s七ructureor par七icularcomponen七sin the polymer 

mixture systems where some spin-diffusion barrier is present. 
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MULTIPLE QUANTUM 2D-NMR: 
APPLICATION TO STRUCTURAL ANALYSIS OF POLYMERS 

M itsuhikQ. 1主旦ζ金， Manabu Yasuda， Tohru K~toh ， Kunio Hikichi， 
Muneki Ohuchiキ， and Keiji Eguchi* 

High-Resolution NMR Laboratory and Department of Polymer S~ienc~ ， 
Faculty of SCience， Hokkaido University， Sapporo， and 本JEOL Co. 

Ltd.， Tokyo， Japan 

The multiple quantum spectroscopy has been extensively used for 

the study of structure of ordered phase. For isotropic solution， 

double quantum spectroscopy has been mainly utilized for analyzing 

1.. __.J 13 H and ~~C spectra ofcomplex organic compounds. The purpose of 

this paper is to examine utility of the multiple quantum 2D-NMR 

spectroscopy for analyzing structure of synthetic polymers includ-

ing atactic poly{vinyl alcohol) (PVA)， poly{propylene oxide) 

(PPO)， and polybutadiene (PB). 

Experimenta 1: PVA was dissolved in D20 at a concentration of 

10wt%. PPO was dissolved in CcDc at a concentration of ca. 80wt%. 6"""6 

PB was dissolved in CDClnCDCln at a concentration of 19wt%. 2D-2"''''''''''.2 

NMR spectra were observed using JEOL GX-500 and GX-400 

spectrometers equipped with a phase shifter of 22.50， 300， 450， 

and 600 in addition to 00， 900， 1800， and 2700 phases. 

Experimental methods of 2D-NMR were described elsewhere. 

lu_l Results and Discussiorr: ~H-~H double quantum coherence echo 

correlated spectroscopy (DECSY) was applied to analyze 

configuration of PVA. DECSY provides an important information 

about chemically equivalent protons of CH2 in rrr and mrrn tetrad 

sequences. Triple quanturn filtered COSY with broad-band 

decoupling of F1 axis can be utilized for selective detection of 

13，，_13 nonequivalent resonances of CH
2 

group of PVA. ~vC-~vC DECSY is 

preferable to INADEQUATE for the analysis of connectivities 

between CH and CH2 carbons of PPO， because the F1 spectral width 

13，.， 13 of DECSY is 2 tirnes narrower than that of INADEQUATE. ~vC-~vC 

DECSY was also applied to PB and we found that two larg~ CH2 peaks 

of 1.4-trans and 1，4-cis stereoisorners were connected each other 

13，.， 13 through ~vC-~vC coupling. Therefore， the PB sample used here is a 

randorn copolyrner. 
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19.，. ""Tr. GAS-PHASE 'JF AND 'H H工GH-RESOLUT工ON NMR SPECTROSCOPY: 

APPL工CAT工ON TO THE STUDY OF UNPERTURBED CONFORMATIONAL ENERG工ES

OF 1，2-DIFLUOROETHANE 

豆且主旦ユi Nonoyam~， Takashi Miyajima， Tokiji Kawamura， 

and Tsuneo Hirano 

Department of Synthe七icChemis七ry， Facul七y of Engineering， 

University of Tokyo， 7-3-1 Hongo， Bunkyo-ku， Tokyo 113， Japan 

We studied the conformational equilibrium of 1，2-difluoro-

ethane through七hegas-phase 19F and 1H NMR coupling constants， 

hoping 七o ob七ain conformational energies and 七o se七七le the 

longs七anding debate on the experimen七alvalues repor七ed in a 

wide range (0七o -1.76 kcal/mol). 

Gas-phase NMR spectra were observed a七 eighttempera七ureson 

19 a JEOL GX-400 for 19F at 376 MHz， and for 1H at 400 MHz・

Chemical shif七sare given in p.p.m. downfield from the gaseous 

19 internal s七andardsCFC13 for 'JF and TMS foど H.

19 The 'JF and 'H NMR spec七raas se七swere analyzed as 七he

AK A" A!"XX'/ spin sys七emwith七heaid of LAOCN3 program. Under the 

rotational isomeric state model and the assumption of Boltzman 

distribution， the conformational energy difference be七weenthe 

主主旦2主主 and 主主主旦呈 s七ateshas been es七ima七ed from the coupling 

cons七antsobserved in七he 19F and 1H NMR spec七ra.
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a) R. J. Abraham and R. H. Kemp， ~. 主主主旦. Soc. J.旦1.， 1 971 ， 
1240. 
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A NON-工NVAS工VEMETHOO TO OETECT THE 0工FFERENCE 工N FUNCT工ONSOF 

CEREBRAL HEMISPHERES BY nO工E・FERENT工ALNMR" 

Hirotake Kamei， Yoshiro Katayama， and Hiroshi Yokoyama 

E1ec七ro七echnica1Laboratory， 1-1-4 Umezono， Sakura-mura 

Niihari由 gun，工baraki 305 

The functiona1 difference of human cerebra1 hemispheres is 

one of 七hemos七 impor七antprob1ems in the brain research. We 

describe here a nove1 (non-invasive) NMR七echnique 七o approach 

七his subjec七 Theme七hodis based on 七he fact 七ha七七he b100d 

f10w 七hrough七hebra工n tissues varies inhomogeneous1y according 

to 七heir 1eve1s of me七abo1ismand func七iona1 ac七ivi七y， and that 

the inhomogeneous b100d dis七ribu七ion is then to resu1t in the 

variations of signa1s， in amp1i七ude and in phase， gathered from 

region-se1ective NMR de七ectors 10ca七eda七 severa1parts of 七he

head surface. The presen七 paperreports the resu1ts of a sing1e 

differen七ia1 de七ec七or consisting of 七wo "surface coi1s." In 

spite of the crude nature of the experiment， however， we cou1d 

c1ear1y discern 七heenhanced b100d supp1y to cor七ica1 areas that 

are ac七iva七edby七heperformance of specific sensory， mo七or and 

men七a1 tasks. We app1ied七he 七echniqueto human 

found七ha七七he 1ef七 cerebra1 hemisphere p1ayed dominan七 ro1es in 

ma七hema七ica工七hinkingand percep七ionof musica1 rhy七hms， and七he

righ七 hemisphere in the percep七ionof me1ody. This is 工n accord 

with 七he current view of func七iona1 difference of hernispheres 

reached by means of PET(positron emrnission tomography)， SPET(sin-

gle photon emission tomography)， etc. 
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MOLECULAR DYNAM工CSOF PYR工D工N工UM工ONS 工N SOL工DAS STUD工ED

BY lH NMR 

Yukari工七0， Te七suoAsaji， gy主主hi 些豆坐， and Daiyu Nakamura 

Depar七mentof Chemistry， Faculty of Science， 
Nagoya universi七y， Chikusa， Nagoya， Japan 

+ Mo七ionsof pyridinium ions (C~NH~') in crys七alsare .expec七ed5....6 

七obe analogous七0 七hoseof benzene molecules in solid where random 

reoどien七a七ionaljumps of七hemolecule by 600 abou七 its Cc-axis 

have been observed. The same mo七ionalmode of C_NH_+ ions. how-5....6 

ever， resul七sin a dynamically disorderd s七どuc七ureowing 七0 七he

exis七enceof七heelec七ricdipole momen七 ofthe ion. 工n fac七，七he
+ presence of random orien七a七ionsof七heC

5
NH

6
' dipoles be七ween七wo

opposite direc七ionsin七hecrys七alswas found in C
5
NH

6
[AUC工4l by 

a s七udyof X-ray diffrac七iona七 room七empera七ure. According七o

七hiscrys七al s七ruc七ure， i七 ishighly probable七ha七 七heC5NE6+re-

orien七a七ion七akesplace in a crys七alfield wi七h a lower symme七ry

七hanC
6 

l The七empera七uredependence of ~H NMR second momen七s(M..，) in C，，-
2 _2 

NH~[AuCIAl showed a gradual M..， decrease from 4.3 G 七o 0.9 G臼 wi七h6 L"--~4' _..-.._~ ~ :>-----~ "2 

increasing七empera七urefrom 77 K 七o eα. 400 K. This M
2 

decrease 

can be explained well by七heM
2 

calcu工a七ionfor the C
6 

reorien七a-
+ 

七ionmodel of七heC_NH_' ions abou七七he pseudo-C~ axes. However， 5....6 ~_..- -~-- ~ ~..- .l:'---~- -6 
七heM

2 
decrease observed over a wide七empera七urerange be七weenσα.

工20and σα. 350 K canno七 be a七七ribu七ed七o a single motional process 

suggesting七heexis七enceof con七inuouslydis七ribu七edor several 

discre七ecorrela七ion七imesof七hereorien七a七ion.
l 

The七empera七uredependence I陪 aSl江 er日 n七 of ~H T1 of C5~H6[AUC14J 

a七 aLarmor frequency of 45.5 MHz yielded a logT
1 

vs. T 占 curve

wi七h an asymme七ricT
1 

minimum a七 205 K which is unexplainable by 

七heBPP七heory. The observed T
1 

minimum value of cα. 590 mswas abou七

five七imes longer七han七ha七 predic七ed from七hesame七heory. These 

experimen七alresu工七swere analyzed by assuming七ha七七heC5NE16+ions 

reorien七 among七hreekinds of nonequivalen七 poten七ialwells. 

Calcula七ionbased on七hismodel gave an asymme七ricT
1 

curve in good 

agreemen七 wi七h 七heobserved one. 
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13 Observa七ionof '~C Spin Exchanges in Solids 

by Two-Dimensional NMR Spec七roscopy

Yi Yi Chen， Fumitaka Horii and Ryozo Kitamaru 
工nstitutefor Chemical Research， Kyoto Univ.， Uji 

13 
C spin exchanges in solids can be measured by combining 
13 

CP/MAS I~C NMR spectroscopy wi七h 2D NMR spec七roscopy. Since the 

spin exchange ra七esmust depend on七hedistances between spin 

pairs， it may be possible七oobtain important information about 

the connec七ivi七Y of carbon skeleton of an organic molecule by 

analyzing 七hespin exchanges. 工nthispaper we have s七udied 七his

possibili七y for some solid samples. 

Solid-s七ate2D NMR spec七rawere measured a七 room 七emperature
1 TT _ ~ 1 3 on JEOL JNM-FX200 spectrome七er. 'H and '~C RF field s七rengths

(B
1
/2iL were 70 kHz. The MAS ra七ewas 3.0-3.4 kHz. 2D data were 

analyzed using JEOL JNM-GX400 da七a sys七emaf七er七ransferred七othe 

GX400 sys七emand converted from FX format to GX format. 
13 

Figure 1 shows 2D '~C spin exchange spectrum of cellulose 工工

crystals. Since the column poin七swere so small as 128 (64 poin七s

were zello-filled) compared七o 512 points for the F
2 

axis， data 
along the F

1 
and F

2 
axes are no七 symmetric. However， some cross 

peaks can be clearly observed. 

Since七hreedouble七sa七 abou七 107，
89， and 64 ppm were unambiguously 
assigned to C1， C4 and C6 lines， 
respec七ively，0七herlines in the 

range of 72-79 ppm can be well 

assigned to C3， C5， and C2 carbons 
using the cどosspeaks be七weenthe 

respec七ivedoublets (Figure 1). 

工n con七ras七， it has been found 

tha七 almostall carbon pairs have 

cross peaks in anhydrous ~-glucose 

crys七als. This may be due 七o 七he "...，...， 

11也
Y 
100 

Y 

剥
T 

" 
Y 

喝

strong dipolar interac七ion whichFig.l 2D 13c spin exchange spectrum of 

favors 13C spin exchanges. cei1ulose II crystals. mixing time: 30s. 
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CP/MAS 13C NMR Study of 1H Spin Diffusion 

in七hePolymeric Mul七i-PhaseSys七em.

Masaru Nakaqaw~， Fum工七akaHorii and Ryozo Ki七amaru

工ns七itutefor Chemical Research， Kyoto Univ.， Uji 
1H spin diffusion experiments are very useful in 

characterizing the spacial distribu七ion of different phase~ 

separated regions in polymer solids. 工n 七his paper， we have 

measured 1H spin diffusion process in polye七hylene by combining 

Goldman-Shen pulse sequence with the 1H-13C cross-polariza七ion

procedure and analyzed the process by some structural models. 

Bulk-crys七allized liner polye七hylene sample was used. 

CP/MAS 13C NMR spectra were measured a七 room七emperatureon JEOL 

JNM-FX200 NMR spectrometer. 1H and 13C RF field s七reng七hsyB1/2π 

were 69.4 kHz， while 1H dipolar decoupling field was reduced to 

59.5 kHz. The con七act七imewas 1 ms. 

Figure 1 shows the resul七 of1H spin diffusion experimen七.

Here， we mearsured七hespin diffusion process from the rubbery 

componen七七o 0七hercomponents by observing the changes in 1H 

spins as七hoseof 13C spins 七hrough

七heCP process. Af七er each spec七rum

was resolved in七o 七he crystalline， 
interfacial， and rubbery components， 
ー七hediffusion process was analyzed for 

each componen七 using some structural 

models. As a result， it is found that 
the magne七iza七ion of the rubbery 

componen七 firs七 diffuse 七o the 

interfacial phase in the order of 

10-3 s. Af七er averaged out 

in 七he noncrys七alline region， 
七hemagnetization fur七her diffuse to 

七hecrystalline phase in the order of 

10-2 s. 
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STRUCTURAL ANALYS工SOF PLASMA POLYMERIZED FILM BY 

HIGH-RESOLUTION SOLID-STATE N~1R. POLYACRYLONITRILE. 

主込王oT叫担旦， Takako Suda， Minoru Yamamoto， 

Kozo Satta， and Hidetake Morimoto 

Toyota Centra1 Research and Deve10pment Laboratories， Inc. 
Nagakute-cho， Aichi， 480-11 Japan 

P1asma treatment and p1asma po1ymerization are known as 

effective methods for the surface modification， e.g. a contro1 

of the surface wettabi1ity. P1asma po1ymerization of acry1o-

nitri1e forms a hydrophi1ic thin fi1m. The water contact ang1e 

of the surface is 50-65 0
• P1asma po1ymerization of that in 

nitrogen gas decreases the water contact ang1e to 40-50 0
• The 

surface wettabi1ities of p1asma po1ymers are expected to depend 

on these chemica1 structures. High-reso1ution solid-state NMR 

technics were app1ied for structura1 ana1ysis of the p1asma 

po1ymerized acry1onitri1e. 

P1asma po1ymerization of acry1onitri1e was carried out in 

the p1asma reactor by the condition of pressure 13 Pa and 

power 100 W. NMR spectra of the po1ymers were measured by 

Fourier transform NMR spectrometer with superconducting magnet 

(1H 300 MHz at 7.0 Tes1a). Observation nuc1ei; 13C and 15N. 

Methodsi CP/MAS and CPDD/MAS (Cross Po1arization with De1ay 

Decoup1ing/Magic Ang1e Spinning). 

Various types of amines (=Nー) were formed from cyano group 

(ーC三N) in the p1asma po1ymerization of acry1onitri1e. In addi-

tion to the formation of carbon doub1e bonds (ーCH=CHー)， car-

boxy1ic acids (ーCOOH) were a1so prepared in the air after the 

p1asma po1ymerization. P1asma po1ymerization in the presence 

of nitrogen gas prepared the fi1m inc1uded a 1arge quantity of 

amine in the resu1t of the stabi1ization of nitrogen radica1s. 

In the region of e1ectrode， cross-1inked structures inc1uded 
heterocyc1ic s七ructuresby nitrogen and carbon atoms were found 

in the p1asma po1ymerized fi1m. These structura1 ana1yses 

revea1ed the p1asma po1ymerization mechanism and that the sur-

face wettabi1ity depended on the formation of amines and car-

boxy1ic acids in the p1asma po1ymerization. 
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POLYMER STRUCTURE IN THE SOLID STATE AS STUDIED BY 13C VT-MAS NMR 

Teruaki FUjil01， Kenzo Deguchi1， Mamoru Imanari1， 1 sao And0.2. 

and Takeshi Yamanobe2 

JEOL Ltd. Nakagami， Akishima-shi， TOkyo;2Department of Polymer 

Chemistry. Tokyo Institute of Technology， Ookayama， Meguro-ku， 

Tokyo 

The 13c cross polarization/magic angle spinning CCP/MAS) NMR 

spectroscopy has proved to be a very powerful tool for structural 

analysis as a convenient probe of dynamic feature of polymers in 

the solid state. Usually， 13C CP/MAS NMR experiment has been 

carried out mainly at ambient temperature because of the dif-

ficulty for the variable-temperatureCVT) spinner design. The ex-

perimenl in conjunction with variable-temperature operation may 

present the potential for detailed insight into molecular struc-

ture and dynamics in the solid state. 

The purpose of this work is to investigate the molecular struc-

ture of some polymers such as polyethylene and polyCL-glutamate) 

with n-alkyl side chain of long length as a function of tempera-

ture using 13C NMRCGX-270) spectroscopy equipped with VT-CP/MAS 

apparatus. From the 13c VT-CP/MAS experiments ト 1200C -120OC) 

for polyethylene， it was found that the fractions of the crystal-

line and amorphous states decrease and increase， respectively， 

13 as temperature is increased. On the other hand， from the ~~C VT-

CP/MAS experiments C250C -100OC) for poly(L-glutamate) with n-

alkyl side chains， it was found that at room temperature the long 

alkyl side chains can be packed into n-paraffin-like crystallites 

and above 35~C lhey can attain the fast motion as a liquid 

paraffin， but the main chain takes the α-helix form within the 

above temperature range. 
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13C NMR Chemical Shift and Electronic Structure of 

Cis and Trans PolyacetYlenes in the Solid State 

Takeshi Yamanobe and Isao Ando 

Department of Polymer Chemistry， Tokyo Institute of Technology， 

Ookayama. Meguro-ku. Tokyo 

A Recent development of the cross polarization-magic angle spinning 

(CP/MAS) NMR technique has provided useful information about the 

configuration of polyacetylenes in the solid state. It has been 

demonstrated that the 13C NMR signal of cis polyacetylene appears at 

about 10 ppm to low frequency of that of trans polyacetylene. In a 

previous report. we presented the formulae required to calculate the 

13C NMR shielding and its tensor of pOlymers using the tight-binding 

(TB) MO theory based on the CNDO/2 method incorporated with the 

sum-over-state theory (SOS). It was shown that the calculation of the 

isotropic NMR chemical shift and the components of shielding tensor of 

polyacetylene， within the framework of CNDO/2 method. reproduces the 

experimental data qualitatively. but quantitative agreement was not 

satisfactory. 

In this work. the calculation of 13C NMR chemical shift of 

polyacetYlenes were carried out within the framework of INDO/S method 

which provies an understanding of photoelectron spectorscopy and gives 

more reliable excitation enerヲiesthan the CNDO/2 method. It was 

found that the calculated 13C NMR chemical shift and its tensor agree 

with the experimental data fairly quantitatively. 

The origin of difference between 13C NMR chemical shift calculated 

by INDO/S and CNDO/2 method was discussed with dividing calculated 13C 

NMR chemical shift into the contributions from each energy bands and 

with comparing charge density and bond orders. 
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13 HYDROGEN BONDING EFFECT ON THE lvC NMR CHEMICAL SHIFT OF GLYCINE 

RESIDUE CARBONYL CARBONS IN GLYCINE-CONTAINING PEPTIDES IN THE SOLID 

STATE 

Shin.ii AndQ!. Takeshi Yamanobe 1 • lsao Ando 1 • Akira Shoji2， 

T~~~~_~~~~l~ ~~d ~~~:.:~~Sh~k~~;:~: 
~~~~~!~e~!__~~ ， _~O~~~~~. S~~~~~~~~~~T~~y~_~!~~~!~~t~~_~!_~!~ch~~t~!~; 

Ookayama， Meguro-ku， Tokyo; ~Department of Industria1 Chemistry， Co11ege 
sf Technology， GLIm}a11niversltY9Tenjircho， kiryu-shi， GUrmia; 
Centra1 Research Laboratory. Kuraray CO.， Kurashiki-shi. Okayama 

13 We have studied the relationship between the lvC chemica1 shift 

of po1ypeptides and its characteristic conformations. such as α-helix. 

s-sheet， 31-he1ix and ω-helix forms. in the solid state. It was 

13 revealed that the lvC chemica1 shifts of individual amino acid 

residues in peptides are main1y depending on the 10cal conformation of 

the residue under consideration. 

For the carbonyl carbons in peptides， however.it was Suggested 

that hydrogen bonding a1so takes an important role in deter‘mining i ts 

chemical shift by our study of cOllagen-like polypeptides and collagen 

13 fibrils， and by the another one of the conformational feature of >vC 

chemical shift tensors of glycine-residue carbonyl-carbons (Gly C=Ol 

incorporated into some polypeptides which take various conformations. 

For the purpose of elucidating the hydrogen bonding effect on the 

13 C chemica1 shift， we intended to observe the cross polarizationl 

magic angle spinning (CP/MASl spectra of the peptides which have a 

variety of hydrogen bond length in the po1ycrysta11ine state. of which 

the conformations were already determined by X-ray diffraction 

studies. A clear relationship was obtained for the hydrogen bond 

13 lengths and lvC chemical shift for the peptides. Therefore， We may 

explain reasonably the chemica1 shift displacements of Gly C=O in 

polyg1ycine and glycine-containing polypeptides by taking into account 

of the manner of hydrogen bonding. 
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15N CP-MAS NMRCllIl. A STUDY ON THE RELATIONSHIP BETWEEN THE SOLID CONFO-

RMATION AND THE 1 5 N C田 MICALSHIFT OF 1 5 N LABELED L-ALANlNE RESIDUES工N

VAR工OUSCOPOLYPEPTIDES. 

Akira Shoji1 ， Takuo Ozaki1 ， Teruaki Fuj i tο2， Kenji Deguchi2 ， 

Shinji And03 ，Isao And03. 

1 Dept. Industrial Chemistry， College of Technology， Gunma University， 

Tenjin-cho， Kiryu， Gunma 376， Japan. 2~侃 Group ， Analytical Instruments 

Technical and Engineering Division， JEOL Ltd.， Nakagami， Akishima， Tokyo 

196， Japan. 3Dept. Polymer Chemistry， Tokyo Institute of Technology， 

Ookayama， Meguro-ku， Tokyo 152， Japan. 

We have previously found that 15N chemical shifts of homopolypeptides 

in the solid state depend on conformations such as α-helix or β-sheet 

forms， amino acid residue and amino acid sequence. 

In this study， we have synthesized various copolypeptides containing 

15 N-labeled L-alanine residue{about 5% and 20% )， and investigated the 

relationship between the 15N chemical shift and the main chain conforma-

tion， amino acid residue， amino acid. sequence by using the 15N cross 

polarization-magic angle spinning NMR. From these results， it was found 

that 15N chemical shift depends on conformation of solid copolypeptide， 

although 15N chemical shift value of L-alanine residue in copolypeptide 

is varied with the kind of amino acid residue in copolypeptide. This 

result is very interesting in comparison with the case of 13C chemical 

shifts which are not strongly influenced by a specific amino acid 

sequence. Further， we have measured powder pattern{static)15N NMR 

spectra in order to obtain various kinds of 15N chemicalshift tensors 

{σ11 ，σ22 ，σ33 )of 15N-labeled amino acid residues of copolypeptides 

taking conformations such as α-helix or β-sheet forms. These results 

showed that the 15N chemical shift tensors remarkably depend on confσrm-

ation， amino acid residue and amino acid sequence. We conclude that the 

t5N NMR in the solid state is very useful to understand the polypeptide 

{or protein)structure. 
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CONFORMATION AND 13C NMR CHEMICAL SHIFT OF L-ALANINE RESIDUES 

INCORPORATED INTO POLY(β-BENZYL L-ASPARTATE) IN THE SOLID STATE 

Satoru Tuz i1， Tadashi Komoto l
• Isao Ando1 • Hazime Saito2， 

Akira Shoji3 and Takao Ozaki3 
1 Department of Polymer Chemistry， Tokyo Institute of 
Technology， Ookayama， Meguro-ku. TokYo; 2Biophysics Division， 
National Cancer Center Research Institute. Tsukiji. Chuo-ku， 
Tokyo; 3 Department of Industrial Chemistry， College of 
Technology， Gunma University， Tenjin-cho. Kiryu-shi. Gunma 

We have demonstrated by 13C NMR studies of polypeptides in the 

solid state. as measured by the CP/MAS technique， that 13C chemical 

shifts of the Cα・Csand carbonyl carbons are considerably displaced， 

up to 7 ppm. depending on the particular conformations. such as 

α-helix， ω-helix and s-sheet forms， The existence of such confor-

mation-dependent 13C chemical shifts and the collection of such data 

are very valuable in examining whether or not the conformation of 

polypeptide under consideration is retained in the solution state， 

This approach can be extended to probe local conformations of amino 

acid residues in peptides and proteins. 

In this wurk. as a continuation of the above studies， we aim to 

obtain and discuss the relationship between the 13C chemical shift and 

conformation of poly(βーbenzylL-aspartate) containing 13C enriched 

[3-13CJalanine residue as a minor component in the solid state. taking 

the antiparallel β-sheet， the right-handedα-helix. the left-handed 

α-helix and the left-handed ω-helix forms by appropriate treatment. 

The latter two conformations for alanine residue are achieved only 

when alanine residues are incorporated in the poly(β-benzyl 

L-aspartate)， taking the respective conformations (Poly(L-alanine) 

takes only two conformations such as the right-handedα-helix and 

antiparallel β-sheet forms in the solid state.). It is found that the 

alanine Cβchemical shifts are significantly displaced， depending on 

conformational change. These chemical shift data are expected to be 

used as reference data to examine conformation for alanine residues 

in proteins and also to examine whether or not conformation in the 

solid state is retained in the solution state. 
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D工RECTCOMPAR工SONOFTERT工ARYSTRUCTURES BETWEEN THE SOL工D
23 AND SOLUT工ONSTATE AS DETERM工NEDBY H工GH-RESOLUT工ON -'..JNa 

NMR SPECTROSCOPY 

Hazime Sai七oand Ryoko Tabeta 

Biophysics Div.， Natioanal Cancer Center Research工ns七.

Tsukiji 5-chome， Chuo-ku， Tokyo， Japan 
We have recen七ly demonstrated tha七 23Na chemical shif七s of 

sodium sal七sand complexes are significantly displaced (up七o 60 

ppm) depending on a variety of anions or ligand molecules and 

七he Na-O in七eratomic distances， as determined by magic angle 

spinning.1 Accordingly， it is now possible七o examine whether 

or not conformations of sodium-complexed ionophores achieved in 

七hesolid state is retained in solu七ionor membrane-bound s七a七e，
by comparison of the 23Na chemical shifts in the solid and 

solution. 

Here， we recorded 23Na NMR spec七raof sodium complexes with 

naturally occurring and synthe七ic ionophores in chloroform 

solution.2 The 23Na chemical shif七s of sodium complexes with 

monensin and 七e七ranac七in obtained in chloroform solu七ion are 

very close to七hosein the solid s七ate，as a result of adop七ing

similar conformation be七ween the solid and solu七ion. For the 

res七 of complexes， however，七he 23Na NMR signals are displaced 

downfield in solu七ionas compared wi七h those of七hesolid sta七e:

such downfield shif七s are well in七erpre七ed in terms of the 

presence of conforma七ionalfluc七ua七ionand/or sodium ions inter司

ac七ing wi七h solven七 or anions. The presence of larger 

fluc七ua七ion-induced quadrupole coupling cons七an七s (up 七o 4.7 

MHz) is consisten七 w:i.th our view abou七 23Na chemical shifts. 

These quadrupole interac七ionswere reduced in methanol solu七ion，
owing to七hepresence of exchange，wi七h solvents. 

1. R. Tabeta， M. Aida and H. saito， Bull. Chem. Soc. Jpn.， ~旦，
1957 (1986). 

2. H. Sai七oand R. Tabe七a，Bull. Chem・Soc. Jpn.， in press. 
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CONFORMAT工ONALCHANGE OF工ONOPHOREANT工B工OT工CSBY METAL-工ON
13 B工ND工NGAS DETECTED BY HIGH-RESOLUT工ONSOL工D-STATE '.，c NMR 

Eiazime SaitQ and Ryoko Tabeta 

Biophysics Div.， National Cancer Center Research工nst.

TsuJ王iji 5-chome， Chuo-ku， Tokyo， Japan 
13 We previously showed七ha七 sizableconforrna七ion-dependen七 C

chemical shifts (up to 8 ppm) are accompanied by a conf。どma-

七ional change of a varie七y ofionophores complexed with rne七al

ions.1 ，2 工n addition， the existence of such conforrnation-
dependent displacements of 13C chemical shifts have been so far 

dernonstrated for a varie七y of molecular systerns such as 

peptides， polypep七ides，polysaccharides， e七c.3，4

Here， we fur七her examined high-resolu七ion solid-state 13C 

NMR spec七raof nonac七inand七etranactincomplexed wi七hrnono-and 

divalen七 ca七ions such as NH4+' Rb+， ca2+， and Ba2+. We found 

that 七he carbonyl (C-1) 13C chemical shifts of nonac七in and 

te七ranac七inare displaced subs七an七iallydownfield a七 abou七 180-

183 pprn， as compared with those of the complexes with alkali 

cation (178 ppm). Obviously， such a significan七 change in 七he

13C chemical shif七s could. be ascribed to the presence of dis-

七ortedconformation of ligand rnolecules. 工n fac七， fur七herdis-

placements of peaks 0七her than the C-1 carbons are no七ed for 

七hese cornplexes. 工n addi七ion， we showed tha七七he C-1 13C 

chemical shifts are well related to 七he 七orsion angles O'1-C1-

C2-C3 as de七erminedby X-ray diffrac七ion， for 七he cornplexes 

whose X-ray diffrac七ionda七a are available. Finally， we com四

13 pared the '.，c chemical shifts of these cornplexes be七ween the 

solid and solution，七ogain a clue how七hesolid-s七a七econforma-

tion could be retained in solu七ion.

1. R. Tabeta and H. Saito， Biochemistry， 主主， 7696 (1985) 

2. R. Tabe七aand H. Sai七o，Bull. Chem. Soc. Jpn.， 互旦， 3215 

(1985). 

'‘ 3. H. Saito， Magn. Reson. Chem. in press. 

4. H. Sait~ ， e七. al. in "Magne七icResonance in Biology and 

Medicine"， Ta七aMcGraw-Hill， p.195， 1985. 
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