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'H-dipolar driven *C—3C polarization transfer
under MAS and its applications
(Kyoto Univ.) O K. Takegoshi, Shinji Nakamura, Takehiko Terao

Abstract

A new *C—13C recoupling mechanism referred to as DARR (Dipolar- Assisted
Rotational Resonance) which occurs under magic-angle spinning is presented. The re-
coupling mechanism can basically be attributed to rotational resonance (R2), but the
conventional R2 condition is modified by a recoupled *C—'H dipolar interaction. The
present method does not have the drawbacks associated with 1f irradiation on *C and
is applicable for 13C—13C correlation experiments useful for signal assignment for a mul-
tiply *C-labeled molecule. The *C—*3C recoupling mechanism under **C-'H recoupling
is theoretically explained and is experimentally demonstrated using several *C labeled
peptide samples. Further, we show that DARR can be used to enhance 3C signal via
nuclear Overhauser effect.

13C-13C recoupling under MAS without applying rf to *C

Recently, we proposed two *C-13C recoupling methods under magic angle spin-
ning (MAS) referred to as resonant interference recoupling (RIR) [1] and *C-'H dipolar-
assisted rotational resonance (DARR) [2]. Both methods do not employ 13C rf irradiation
for recoupling. Hence, a fast decay of 1*C magnetization due to inhomogeneity of the rf ir-
radiation and a short relaxation time under a rf field, which are commonly associated with
other recoupling methods using *3C rf irradiation, can be avoided. Polarization transfer
experiments can thus be done for 3C longitudinal magnetization for which a relaxation
time much longer than that under rf irradiation is generally observed. Instead of 1*C
rf irradiation, the *C—'H dipolar interaction is used to manipulate the **C-3C dipolar
interaction. In RIR, the FSLG-m2mm sequence [3] is applied to 'H spins under MAS to
produce modulation-induced *C-'H dipolar sidebands for a *3C spin coupled to 'H. The
spectral overlap necessary to ensure energy conservation for efficient polarization trans-
fer between two '3C spins is achieved between a spinning sideband of one '3C spin and
a modulation-induced sideband of the other *C spin and vice versa. The polarization-
transfer mechanism is thus the combination of rotor-driven and 'H-driven [4]. In DARR,
the *C-'H dipolar interaction is recovered by CW irradiation on 'H with which the 'H
ri-field intensity 1y satisfying the rotary-resonance condition v; = nvg (n =1 or 2) [5].
Contrary to RIR, the recoupled *C—H dipolar interaction is time-independent and fur-

Key Words: Homonuclear polarization transfer in solids, Magic angle spinning, Nuclear
Overhauser effect in solids



ther the flip-flop term of the 'H-'H dipolar interaction is not averaged to be zero. Hence,
the 13C lines are broadened by both *C-H and *H-'H dipolar interactions. The spectral
overlap between the two relevant C spins is realized between a spinning sideband of one
13C spin and the 3C—'H dipolar pattern of the other *C spin and vice versa. It is true
that the 3C-13C recoupling is weak for RIR and DARR as compared to other recoupling
methods employing 3C rf pulses, the polarization-transfer time can be extended to a
few seconds due to the long-lived longitudinal magnetization. Hence, their capability for
transfering polarization is comparable or superior to the other ones using rf. While RIR
achieves recoupling for a particular pair (selective recoupling), DARR is semi-selective
for a shorther transfer time but is broad-band for a longer transfer time. Further, no
critical adjustments of phases and intensities of 'H irradiation is necessary for DARR.
These features would make DARR, useful for long range correlation experiments. Some
examples are to be presented.

Nuclear Overhauser Polarization (NOP)-MAS experiments

In DARR, the 'H irradiation would saturate 'H spins, which leads to the 3C signal
enhancement due to the nuclear Overhauser effect for '3C in a fast rotating methyl group.
Then, it is expected that '3 C-'3C polarization transfer enhanced by DARR successively
distributes polarization among the other *C spins, leading to uniform enhancement for
all 13C spins for uniformly/multiply *C labeled samples. Hence, DARR can be used for a
new '3C polarization technique in rotating solids operative under fast MAS. The present
nuclear Overhause polarization (NOP)-MAS does not have the drawback associated with
the conventional cross-polarization method under fast MAS, that is, its extreme suscep-
tiblity to variations in the spinning frequency, rf intensities, and inhomogeneity. Further,
NOP can enhance all 3C in a sample quantitatively. These features were demonstrated
for uniformly 3C,*N-labeled glycylisoleucine. NOP-MAS is also examined for a naturally
abundant 3C sample.
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O &, B3, PRI, *hiEEsE, *HERZ, P B
CHIRET. AR OB

Fibril formation of human calcitonin as studied by high resoluteion solid state NMR
"Yokohama National University, “Himeji Institute of Technology, *Oxford University, *Niigata
University of Management,
2Akira Naito, **Miya Kamihira, *Yuki Oshiro, *Terumi Dohi, *Ryozo Inoue, *Satoru Tuzi, *Atsuko

Nosaka, *Hazime Saito

The effects of an electrostatic interaction in the fibril formation and molecular packing of human
calcitonin (hCT) were investingated by solid state °C NMR spectroscopy using site specifically °C
labeled hCTs and a hCT mutant having replacement of asparatic acid with asparagines at the position
15 (D15N-hCT). It is found that the fibril structure of D15N-hCT fibril at pH 7.5 was similar to that of
DI5N-hCT and hCT fibrils at pH 3.3, which are mixtures of antiparallel and parallel $-sheets in the
absence of negative charge at the residue 15, whereas it was different from the case of the hCT fibril
at pH 7.5 , which is uniformly antiparallel B-sheets. Fibril structure was further examined by
measuring interatomic distances to determine the molecular packing of the fibrils.

(RUBIZ] AN R 3BT ARBCEERREZREZL TWBXRTF REFILVEY
THD, BHREOHRBREL THHEHINTVWS, LMLARFSE MLV b dkE
P TERICHMEEBRL TR TO2HEND D20, BEEELUTEATIHEGIRKRER
WELRS, —F. ZOBERBRERKIEITIVINTIT—IRICRSNS, 7 IO FEERR
EFLLTWAIEDNS, IV P OMMBRESES T LRIV TEMRTSHZ L, #
MEZEZ UK WHEEROHBBOLRST, TIO1 FEEEROBEERBRHETI AN
PDEETDHD, LHLARNSEMEREBOBEREICAKR NMR ® X REFEEHWS Z &
BETROY, ZOXIRRICHL TEESHHE NMR OFEEANWS Z&ITkD, REY
HEERDOBRWERA LU THERRE S BEREE FRICOBESERT 2 2 &R, V
- AR TIREEESEE NMR OFEERAWT, SHEOS THEZH 5 MNTT 5 S RIRFCH
HRRICBI2MEOBRHOXELMA TSI LEENE LA,

B NMR, #MERR, AL R, 730408, BEES

BRWESIHES, hBUVBHEPL, BBLADE, WOIZDLDES, DUIES, OIh
HOZ, TVESRLD ‘



(8] AF—L4 11ITRT 6 BEORMARER hCT BXY DISN-hCT IXEMEICLD X
THEITE hCT 28R U7, ZORBRTF RIIBREL 2%, ¥ HPLC KX DHERUZ,
BoONEBILE hCT 28 1 HEKBLEIET, 2 FHRICSS#E2H D hCT 288 L7,
Z 0%, BOWH HPLC KX 2 BB ZTWER hCT 2572, BERHETOMMLIIFRE
R (EH3.DITES U TITW, FEREOMMILII ) S EEEFREHT.)ZANWTIT > .

BC NMR A7 ML OFEIX. Chemagnetics #8 CMX400NMR 26882 HWTHF-
T7o BRICHET=F /) v —REBOEBIZ DD-MAS k20, {ETIBERSOEST
CP-MAS i ZHWTHIE Lz, /247 C-N ETHERMS REDOR RICX VEFICHE
L7 '

1 5 10 15
C{S-Gly-Asn-Leu-Ser—Thr—Cys-Met—Leu-Gly-Thr—Tyr—Thr—Gln—Asp-
i

20 25 30
Phe-Asn-Lys-Phe-His-Thr-Phe-Pro-Gln-Thr-Ala-lie-Gly-Val-Gly-
Ala-Pro-NH;

Scheme 1. Amino acid sequence of hCT.

[1-®C]Gly10,[3-"C]Ala26-hCT, [1-*C]Phe22, [3-°C]JAla31-hCT
[1-°C]Gly10,[3-"C]A1a26-D15N-hCT, [1-°C]Phe16,[3-°C]Ala31-D15N-hCT
[1-*CIGly10, ["*N]JPhe22-hCT, [*N]Gly10. [1-*C]Pro23-hCT

(hsR &E%) K112 pH?.5, 4.1, 3.3 THIEL = hCT &/ ¥ —® DD-MAS AR ML &
hCT #i#eD CP-MAS NMR A7 bV ERT, TDOANRT MUhSELNE BC FhH{L2
YT MEEKEDREEZE 1ICRET, BEORBICREFNARTF RTHSNEREEZS
BLE, COBRE /v —0 2 KEEICE L T, Gly10 T30~ v 7 X, Phe22, Ala26,
Ala3l BETRS LA NIEEERED ZEWHHAL 2. —F, HEEEICEL T, Glyl0
EEROWTNO pHIZBWTH— 2 — MEBIKEBE T3 Z &Mook, £ Phe26 ik
Ti3 pH7.5 B U 3.3 TIEP— 3 — M EWRT 5% pHALl TRS>FLAMNTHB L
WA, Ala3l KL T pH 7.5 & 4.1 T I > F A1)V, pH 3.3 TEI & A0
ANVEB——NDEE LIRSz, Ala26 BB WT pH7.5 Ti3p—— b, pH3.3 &£ 4.1
TIIT AT N ER—— bAAFE LT, pH ICX DM DHERMLIT Aspl5s OWFER
BAET DI EMIET B &£, Aspls % Asnls KEEXRAABMHEHEI®E
D15N-hCT Z &A% B W TR S O 2175 72,

B 2 12 DIGN-hCT &/ ¥ —® DD-MAS A7 b )LB L N REBD CP-MAS NMR X
KT RV ERT, I5IT BC %Y 7 MELREDRBER LITRT, ZORR. £/ 7—
BT hCT [k Gly10 iEE3o~~Y v 7 X, Phel6, Ala26, Ala31 iEfE35 > ¥ A4



WHEEE LD 2 EMHBI LTz, DISN-hCT OB#EIREICBWT Gly10 i TiXa-AU v 7
ZEB—3— ML, Phel6 iEEETIIB— > — . Ala26, Ala3l EBETIRT > ¥ Aa1

Phe?2C=0 Ala®! CHs
16 ~__ 31
l ( A) j Phe'® C=0 Ala”’ CHgs

A A b

o ~-£em {ppm) (ppm)
180 170 Ty T pr— T

o T80 176 180 30 3010
Gly® C=0 Ala? CHg

Gly* c=0 Ala®® CHg

ﬁﬁ: e

M/kw e A

e ——— {PDm) (ppm)
180 170 180 170~ 160 30 20 10
Fig. 1: ®C NMR spectra of "*C labeled hCT. )
A and E: DD-MAS spectra at pH 4.1. Flg. 2: BCNMR spectra of C labeled D15N-hCT.
B and F; CP-MAS spectra at pH 3.3. Acand D; DD-MAS spectra at pH 7.5.
C and G; CP_MAS spectra at pH 4.1. B and E; CP-MAS spectra at pH 7.5.
D and H; CP-MAS spectra at pH 7.5. Cand F; CP-MAS spectra at pH 33.
Table1: ®C chemical shifts (ppm from TMS) and the assignments
pH3 pH7 pH4
Monomer Fibril Monomer Fibril Monomer Fibril
hCT ’
Glyl0 C=0 171.8 (o) 169.9 (B) 169.1 (B) 171.8 (o) 169.7 (B)
Phe22 C=0O 171.4 (xc) 170.1 (B) 168.8 (B) 171.4 (rc) 171.4 (rc)
. 171.5 (rc)

Ala26 CH3 16.9 (xc) 16.9 (rc) 16.9 (1c) 187 (B) 16.9 (rc) 16.9 (1c)

193 (B 19.1 (B)

213 (p)
Ala31 CH3 17.2 (rc) 17.3 (1c) 17,2 (1c) 17.0 (rc) 17.2 (rc) 17.2 (rc)

19.7 (B) 188 (B)
D15N-hCT
Gly10C=0 171.9 (o) 169.7 (B) 171.9 (o) 169.8 (B)

171.5 (o) 171.7 (o)
Phe16 C=0 173.4 (1c) 171.8 (B) 1B4@). 1717 (B)
Ala26 CH, 17.0 (rc) 17.0 (r¢) 169 (1c) 169 (1c)

19.5(B) ; 189 (®)
Ala31 CH3 17.2 (xc) 17.2 (1c) " 172 (1c) 17.2 (rc)

191 B) _ 194 (B)

o: a-helix, PB: p-sheet, rc: random coil



WEB—— AT B T EMHB LI, & 5ICRKEN Z &I DISN-hCT DR pH
WIRELRWZ ENGho 7z,

BLEORRED hCT ORMBRIIN 3 ICRT & D ERT 5 LB 2505, SIWHRR
BTE/) T—NRELTI UV EBRT 5. COLE, HERKTIE hCT ® Aspl5()&
Lys18(+) QBB EARIC & D BT ICRSI L TRENWET 5. —F. BIERHTI Aspl5
DABRANLT 5720, 2AOBCHTOMECHNZZIBY, TO/E FHLBT
AR LI S EVABRT 5, ZOIUAMEREEET L. BHEAETIZREIY
B~ FEBRT B, — AR TIZTAT EHTITARE LIep— 3 — hEWRT B,

HNATB— 3 — MEEDH T/ v > Y ORI HRESS DS TFMO C-N FT MR
HEZT>7. [PNIGly10-{1-13C]Phe22 BXU[NIGly10-[1-*C]Pro23 ®FE$#EHd C-N
FTBERINTIS N5 ORENERARMS EBRT BRI THRD KER{EE
RECENS, Gyl KN L TEBKRREZHRT HELTORER Thr2l 551Nt
His20 T % (AT EB X 515,

[£&®] LS D ORMRICE T Aspls ORERENEEZEHE R L T
BIEMWISMIE o, BB, Aspls RADEREBDEE, BEHEAAORRAICE
> THTATB— 3 — MEEERT 548 Aspls OBAAMNET 5 L BBHEIR QBRI A
WS BIed, TATWTATASAET 5 RAERE IR X 1B T LA S0 T, AR
T L BT OAREE NMR 2703 h = > OSBRSS 5107 3 04 MRS
BB TH D T EAHE LTz,

) hCT D15N-hCT
pH 7.5 pH 4.1 pH 3.3 pH 3.2 (pH 7.5)

ZMI” Jar e e %L o
random cO|| His®

+ +

e -

i!i S
+

¢ -
e %é%

Fig. 3: Schematic representation of the proposed model for the fibril formation of hCT at pH 7.5, 4.1,
and 3.3 and D15SN-hCT at pH3.2 and 7.5

[3Zi#R] 1) M. Kamibhira et al. Protein Sciience (2000) )9 ,867-877.
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Solid-state NMR Study on the Stability Mechanism of o-helix Structure in S. ¢. ricini Silk Fibroin
Yasumoto Nakazawa, Satoko Nishio, Kousuke Ohgo and Tetsuo Asakura
Department of Biotechnology, Tokyo University of Agriculture and Technology, Koganei, Tokyo 184-8588
Tel: 042-383-7733 Fax: 042-383-7733 e-mail: asakura@cc.tuat.ac.jp

The mechanical property of silk fibroin from Samia cynthia ricini is originally due to the primary structure
which consists of poly Ala and Gly rich regions. The polyAla region takes a-helix in the aqueous solution and
there are repeated sequences, Asp-Gly-Gly-(Ala);,- at the N-terminal region.

In this study, the local structure of S.c.ricini silk fibroin before and after spinning, especially the N-terminal
region of poly Ala was determined by the conformation-dependent chemical shifts, 2D spin-diffusion NMR and
REDOR methods. We synthesized the model peptide, GGAGGGYGGDGG(A);;GGAGDGYGAG, where
several residues in the N-terminal region were 13C stable isotope labeled. The Gly»(¢, ¥) and Ala;s(¢, ) angles
were determined to be (-60°, -30"), and other Ala (9, ) angles were (-60°, -45%). Thus, a tightly winded helical

structure was proposed as the N-terminal region of polyAla with a-helical conformation.

[#E] BABEOH A 2 TH L) BS.cricini W, FEL IR 2 MBEOME 2 HoBATEET 5,
ZOWHOENT—KEEOEIER L TBY, A& Ala BHEERE Gly V vy FHEBEW) 25
DEREMREF—TDEVEL»OLED, BEOD Ala & Gly OXERBEESHREIIELRL, ZUYEH7
1784 Y 3ERIZBVT, Ala EHEER o helix BEFHHL, HRT25IL12E > TABERD
B-sheet ENE BT B, ZOBLEL 2> THMTEET A AN AL EEREEREERY
ZEHMTHY . BEIRE, BERREOTRET, FRTAEALBEIERT LI LS TEL S V8
JETHDHLVR D, —RIEELEMICRE T2 &, Ala BEEHO N RHAICIE, —#&iCo-helix 4
5D Capping B & L THIHT 5 Asp BREIIFENICEB SN TB D, £ Capping IR IC L 2 EE
AR E NS, o-helix BEOREMBBORHIL, =) BHLEM L 2HBERMB OB LE
R RCH D, #2CERHFETIE. KT °C AY V5 NMR . REDOR E%26HT 2 L CRE
bz > T3 &E 2 Hhbohelix i N KB EROBEEZFEF LNV THLPIZ L,

[£%] =) THEEFLVRTF F GGAGGGYGGDGG(A),GGAGDGYGAG 3 Fmoc BEAHAKIEIZL
FRLT. BONARTF FILOM LiBr KBHWISEE L. BN AT 5 I & TB-sheet ##12, F 72 TFA
WERE, DI F NI F LTRSS LML & B —0BE 2 BT % 2 &£ 5% C CPIMAS A
MV EDHERE SN, FICEA NMR BIC L D FEREOEEIERE 85720, Ala E#EFER N KR
> Gly B Ala BHENCEERMAT NNV ERL 72, PC ZRTTA ¥ 58 NMR 58 3 Varian Unity
INOVA 400 iZ & » T Off MAS(54+9 VM- CAT o720 I ¥ 3 0 7% 1 20t 25, 3B X 6KHz,
BRTEELZ. YIab—v a3 rid 2spin RTDARY VOB T D L IZ/EBLL 72 Fortran 7115
J 5% SGI #H# D OCTANE % B\, “HA% 30°METEE LA, T4 REDOR #IEIZiE, CMX
Infinity400NMR 4335t (Chemagnetics Co)% Fiv>, PC $£IB/E Hd 100MHz, 7 17— 713 Chemagnetics
# 3, HYX Triple Resonance T-3 7'~ 7% F\7:, ARHOEEHEE L 3kHz B & F6kHz TB I v,
Evolution time (I 24ms ¥ THll5E L 72,

T)ERT 4704 v, BERMKT NV, PC KRTEA Y~ LE NMR. REDOR, o-helix

HREhRTHE ILBELI, BITHIZHTI, 35 T2B

_8_



[HRERBLUEE] Al EHEBO N RKEMIFE
% Glyy Glyp. Ala 5o E i helix iETH 5 = & 75,
BIRGICEMET XV ENLEF VLA OLEY
TMEX Db o, TOERDS. a-helix gL
Ala EHHBEROAL LY, Gly U v FEIRICORAT
WBZEDPHLMPER o, £ T, o-helix B IZ%
ERAINATIVERETH S, ClypnB LU Alayd
ML HEET BRI L.

TRTEA Y VB NMR 212X 1) | Gly, BED
HABERELIZEIA, (4,¢9)=(-60" -30° )ThHo
.7z (Figure 1,A,C)o T 72, Ala 128 LT FAEDFER
FELN, Ala BB, ¢)=(-60" 45 YD
o-helix ETHEEVIME ' EEBETL L, Ala &
SHFIH A RIRIL( 4, ¢)=(-60° 45" ). BHEID helix ¥
— YildH7: B N KM 4 5RED Gly,-Gly,o-Alajs-Alayg
DA($,¢)=(-60" 30" Y72, N KM, §i3%
o 7283, T%bbH [winding helical structure | % AL
LTWaIEPHLER 72,

% 7-. REDOR {EI2 X B, [1-"C]Gly - [°NlAla JEF
ML ME LTS, 50101 A L RES N, &
DB RN B ohelix BET R LB EOHEET
HBHA2A% LR Ala BEEAEEE P& T 5 helix
HEAE —Zorhelix TRAWIEEZFHLTWS,
#Z 7T, REDOR 5 G 6N HEE% b £ 12 helix 2K
W4BREDELD DL EHAMB Yy TEER L
(Figure 2)o 2D 7T v MZTKRTLA K VLI NMR O
Yialb—varxERLE. (§,4)=(-60" ,-30° )
O _THEAHMET REDOR OFREZM/A-LTwD I &t
bh b, ’

—J7. WHELRROBELZRET 5720, Gly, P
HAMELYRET L/ 25, Bsheet BEOEBTH S,
($,¢)=(-170° ,140° YTHH I LFPELp L o1

(Figure 1, B,D). T O HEIZ. HMEZETiro 4.

TYBH7 1 701 YEEOAEKREEE NMR ©
HR2EL—%T 3,

PDEXY, ZUEHT7 1704 VLT O
BT, RMATOBEER L HET 570 0REME

“7200 190 180 170 160 150 140 ~ 200 190 180 170 160 150 140

Figure | The (A) experimental and (C) simulated 2D
spin-diffusion NMR spectra of GGAGGGYGGD(1-*CIG
[1-®CIG(A),GGAGDGYGAG (a model for before
spinning). The torsion angles (¢ and ) used for the
simulation of this spectrum were (¢, y)=(-60, -30). And (B)
experimental spectrum after dialysis (a fiber model). The
simulated spectrum of the (B) with torsion angles (9,
¥)=(-170° ,140° ) is also shown.

\j 90
-120

-150

-180
-150 -120 -90

-60

¢

Ramachandran map of the calculated 2D
spin-diffusion NMR spectra for Glyy, in the model peptide.
The contour map indicates the distance between label sites,
[1-PC1Glyio-[“N]Alays, as a function of the torsion angle.

30 0 30 60

Figure 2

% [winding helical structure] 12X > TiT» TV B LERTE S, —F. ZORELEBIZEMELD
BRIZBWTIE B L ZHET LT & 2 {HRH» I Bsheet BELETBL TWLIE LWL EL 572,
BE, AETFTANRTF FOMDT I 7 BIREIZOWTH FARIEERT 217> T b,

LB, ABFEIE—F. T ERERENEESEICI N fThbh,

(1)van Beek, J. D.; Beaulieu, L.; Schafer, H.; Demura, M.; Asakura, T.; Meier, B. H. Nature 2000, 405, 1077-1079.

(2)Asakura, T.; Ito, T.; Okudaira, M.; Kameda, T. Macromolecules 1999, 32, 4940-4946.
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A Solid State NMR Study of Structure and Dynamics of Transmembrane o-Helices in Bacteriorhodopsin
(OSatoru Tuzi, Jun Hasegawa, Ruriko Kawaminami, Michikazu Tanio, Atsushi Kira, Tadashi Arakawa, Hazime
Saito

Department of Life Science, Himeji Institute of Technology

Transmembrane a-helix bundle of membrane protein forms functionally important site for molecular function
such as translocation of informatioh or molecules across lipid bilayer, and is expected to possess structural
characteristics different from hydrophilic moiety of protein at the membrane surfaces. We observed *C NMR
spectra of individual residues in the transmembrane a-helices of bacteriorhodopsin (bR) in biomembrane by
solid state *C NMR, utilizing relaxation reagent Mn® in order to suppress signals from water exposed surface
and examined structure and dynamics of residues in the vicinity of functionally important kinks of the
transmembrane a-helices of bR. Temperature dependences of signals arising from ProS0, 91, 186 and Alai84
indicate that the structure of kinks involving these residues are unsusceptible to temperature variation between

5C and 35 C.

BENTERES © XN BOBEBERIL. BERYIWEBIOEROBRR S D) FREICE
ERBEERELTVS, TNS5OBEOHFL UVCB T 2EMOEHIC. BEBERO
KEATic B B, EEME A AENATESDEEORGE TICBVTEIIL 5> 3 FEN
PBEEEZ5ND, BAEOMRE NMR i3, B LSOREEMAD ZEREVEET
BB EGEFORSY X7 BENSE LU TR RNAMESRESX S5 L VS Y
M5, AL, RREEORECE B REBBEOTICE D ERREEE 2 5 THEtD
HOMEREROEH EMTTHFHRELTELTWS EEZ NS, Z 2T, EEFE
BONXTOR R T NPENIZFIAORT L U EFEELT, BEESEE °C
NMR % iV, BEEE -\ v 27 AOBEERIEL )L THEB L, HeE FEEABEE o~
Uv?X@#)ﬁ%ﬁKBH%%ﬁtﬁ%fEvﬁxéﬁﬁbtoﬁﬁﬁwAUwﬁXt
HRT 515 B ONMERN. BEOLDIC, EHE GRE) REICBEL. BAREHROE

Bk NMR, & >/XIE, NrFUFD Ry, BERaNUY T A, F20

ODU &&3, BEsth Uwh. hbaRHB 502, kitd HBHT, E5 D
L. 3600 EL, WESRUD



BEAELE. HETHIENRVEINEBREE M”ORMICK O BKREIABT S
BEHKDOEESEZHELRE Y Fig. 1IZ[1-°ClPro Z# % 4% bR @ “C CP-MAS NMR A X7
MVERY  BEBEICMHEBEL, o NUY 7 ADF 2T EFEL TS Pro50, Pro9l B
KT Pro186 J1 VAR ZIVERBIIBAFF ROERBAICL D ML bR DAY ML TE
RICEHAIIND 3 AOBFBCREI N, BEBDLF T M Pro REO_HAZK
BL., EEHeANY I AOF LIV OBELZERICKBRTSEEISNDH, 5THS
BISCOREMPATINSDEFOZEI T N, RBIXFEAEEET. BKEHEICRHL
a7 A, V—TBWTHREKFHEOREBICEHELLENR NS ZDRE

HHEIZBWT ? a-NY w7 AHNDK
FERECORBFCIVDESEELOHBE
NEWETFHIEINDF 2 7 BORHE
WP UEFECEETHLI &N
RwgFanf. a-~Uv 7 A F OF
> HICHLE T B [3-PClAlalgd DL
7 MM17.27 ppm)d 0~20C DEIHH T
BEEGEEZRET, Pro EEHO%
HERUE, O S BEROKRE
BEAICRITILF O IEEORERD
FEROUGEDELTa-NUy 7 AH
OKRFBHGTEEBEL, aNJv TR
F-G BlOKARBEITHEET S Tyrl8s
ZKEREGEEDR W Phe ICEHL /-
[3-"ClAla #E3% Y185F 22 bR @ NMR
HlEZ2fToEZA. ARl DES
@ 17.27 ppm M 5 17.36 ppm DK
BT MBBEIIN, a-NUw TR
MABREOF 7 BENOZEINR
BIhi, INSHEERBLUNYI8SF
ZRE DR CELUTES&Ea-N\NUYv T
CAF MBI BESE. YT
YT RABHE, BT 5.

Progt (176.0), || Pro50(174.2)

Pro186 (177.7)

Intact PM (20°C)

Mn*-treated
PM (35°C)

<

Mn*-treated
PM (20°C)

Mn*-treated
PM (5°C)

——
185 180 175 - 170 165

Fig. 1 ®C CP-MAS NMR specira of [1-PC]Pro labeled
bacteriorhodopsin in the intact purple membrane (PM) and PM
treated with 40 uM Mn?* at temperatures between S and 35 C.

1) Tuzi, S., Hasegawa, J., Kawaminami, R., Naito, A., and Saito, H. (2001) Biophys. J. , 81, 425-434.
2) Yamaguchi, S., Yonebayashi, K., Konishi, H., Tuzi, S., Naito, A., Lanyi, J. K., Needleman, R., and

Saito, H. (2001) Eur. J. Biochem., 268, 1-12.
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Diffusional Behavior of Regents in Network Polystyrene Gels
as Studied by 'H Pulsed-Field-Gradient Spin-Echo NMR Method (1)
Department of Chemistry and Materials Science, Tokyo Institute of Technology
Yuji Yamane, Masatoshi Kobayashi, Shigeki Kuroki and Isao Ando

The reaction rate in the solid phase reaction field is closely associated with structure and dynamics of
polymer gels used, and intermolecular interaction between the polymer network and amino acids. The
diffusion coefficients of Boc-Phe(tert-butyloxycarbonyl-phenylalanine) in Merrifield network
polystyrene gels used as solid phase reaction field have been determined as a function of the degree of
volume swelling and concentration for Boc-Phe over the temperature range from 30 to 50°C by means
of 'H pulsed-field-gradient spin-echo NMR Method. From these experimental results, it was found
that Boc-Phe in network polystyrene gels has multi-components in diffusion by intermolecular
interaction between amino acids and polystyrene chains. These interactions depend on molecular

distance between them.

E, Fy b= R =—%FALEEERGIE,. 208 F I T IR MY —
~NEH I, BENEELNOIFIENOENEREL TWD, LirL, BEOKGR%EME
BRI T & @I L TEVWEIZE ARV, BRRERSEZEELT 510, KIS
BTHIBEDFINVIOWTOEMERERDDZ ZENEETH D, BHRRGHIE MY v R
BAF@ESTEXRE), JOSEER( M) v 7 AESTFFOERELZET A8, ek
HROEETHER SN TS, EHERIGSIIRSEE SR OREEE OEEIMEN, WHRRGE
BICHB L TRESEEEIN TS LEXOND, £2C. FHETIR, RISGEENRY <
—Fy b= NOBEE N LI RISEEOIBORRE & BB YicbdZ LicEB L.,
BEfKGEE OBRS T & RSEEOIEERR 2 LMt 5, ZHE T, Merrifield #
fgth DIEE OIEEOERRICSWT, BT AL OEEIERE &R ONEEREMEIZ DV T H
ExLT& Y, SENL, Merrifield #BEFORISEE (73 /8) OEBBREE LT
ET52ob0ThHB,

PNV ABEAEA Y = a— NMR &, 8RR, 7 I VB, AU 74— NitlE

RERDH L, TIERLEELL, < BEXLITE, HALINEE
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PS v —X#% DMF |Z Boc-Phe F£721X Boc-Gly #¥0> L 72 ¥AE TR & &, Boc-Phe
KO Boe-Gly D E O8RS D %V AREEAE NMR B2 LV HIE L7z, DVBImol%3:
BL PS YA 07 ) BT OIEREIT 2 RO LOWBRS B EET S, i, B
BRIV AOREE 10ms & L72HE, 60%DEBWERRSNHEETH Z Edbhoiz,
BVMEEAL 51, Boc-Phe 437 & PS 8L DHEIEADOT-DIEBEAIFEEI LTI HDEE
Z B, 60%DBNIEEALSIE PS SUTFEICFEEL, PS ${EHEERAE2 LTV A HFEK
ML, ZOMD 40%DBWIEER 2T PS & DEBEOBEWICE VIRE D | B FEL S
FTCRVWERDOERTIVTFET DEELOND, —F . DVB2mol%ZEiF X TV 5 (k1%
D /NE VY PS L3 D Boe-Phe DIEBER 1T 1 Ay Th o7, THIAEREBABE L/
EWV (Ry BU—=ZAREWN) 72biz, PS LB DiE L A YD Boc-Phe 53708 PS $5%
WHEETDHEHEEZILND,

¥7. NMR BIEDZ A LAY 10 o 10 8
—n WBEEALVAOME) ¥ . 2
RfeseTHBFEEOMELT) g |, . 1% ¢
ZEizkYy, Tu—THFREE “'S o ] o 1oe §
BICHRT B LIckVBIBM 3 Tt £
BL#EHBL, WEDFALZ  §  6F dos E
ron LBOEERSOREOE  § :
REBLPICLE, Figl i3 B g . {oz =
EDEA LA =KL TR B o °
R OIERR LG T T e E ’ 0 1;1 2;1 3:) 4:) 5:) 60 " §
Yy FLebDTHD, BIEDH A =
ARG BS 50ms (L8 D L Gradient pulse interval 4 /ms
T ENT PS 4 h oyLEuk gD
1S LIRD 2 &N DN, Fig.1 Dependence of the diffusion coefficient of Boc-

ARmR Tid, PS S Gly10wt%(solvent : DMF) in PS gels (@) and the
DT R BRAFOWBBREICD | fraction of slow diffusion component ([1) on the
WT, PS YA ORBEE. RE. gradient pulse interval A at30 °C.
TIJBREOEEIIONTD
BETDTETH D,
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Development of Total Spinning Sideband Summation (TOSSX)

~ Jun Ashidal-, Daisuke Klﬁwaharaz, and Toshihito Nakai
Varian Technologies Japan , Institute of Molecular Science

A novel method for observing Be cpmas spectra showing no spinning
sidebands is proposed.  Unlike well-known TOSS (TOtal Spinning sideband
Suppression), the method allows summation of spinning sidebands (SSBs) onto
the corresponding centerbands: We call the new technique TOSSX (TOtal
Spinning Sideband Summation). = TOSSZ overcomes the serious disadvantage
of TOSS which does not work properly when SSBs are truly required to be
suppressed for large ~C chemical-shift anisotropies, under comparatively slow
spinning and/or high mal%netic field conditions.  TOSSX is expected to give
quantitative analysis for ~C CPMAS signal intensities. ‘

[F])

BC CPMAS 13378, BRE SERE NMR OEAIT 7 = v 7 L LT
FEELTWVBD,CPMAS A7 ML TR NMR A7 hVIZEL T,
HEMEE TN TN TELEY T VEFEEL2 T T HEBER
(centerband) NHF LB N, {LFEL 7 NEFHEDO KX IPREEEEE X
D K& 72354 . spinning sideband (SSB) & FEIEHL 2 HINAY 72 ILIRAR N B
%, SSBidfbZEL 7 VEFEEE DL BRI RETHYD, X HITSSB &
centerband DEL VIZ XV X7 M2 EH L. ALFES 7 NEFARY
NV ORENT A REEZ 35,

CPMAS #E0 b D BT O K AL, TOSS (TOtal Spinning sideband
Suppression) ¥E L FEEIN AT V= VR AT A Z L T MEIND L &
LTV 5, TOSS #E13. centerband LIS SSB FRE#R DA AE % @ HIHZ 7> <
HTBHZLICEY, FRHDEELZBRETHILOTH D, ‘

L2xLA223 5, TOSS HEIZEIZ SSB OBRENRMEL XNAEEGT T
ITEZ RN RN TS, T72bb, KEREFEVT NEFHES
o PCEERE LT BBAC, MREICBEORAEER S 5\ I

Spinning Sideband (SSB). TOSS. TOSSX. {bZL 7 FEFH. CPMAS

HLEL®A. <DELEVTI, hnE LD E



VWVRESRSRE DO T Tl E I D% centerband DN EREIZIHA TLEHSTED
REL720%F5, bbAA, EEHREOEEMER FETe~ HEN,

[ 5]

Foxit, TOSSIER b O FROEMAR R EZ RT3 HEXIRET
%, FOFETEH, SSB #0<ELLTlRETLIRDVIZ, §3TD SSB
% centerband IZFEBIIICE LEDLEAZ LIZL Y HEOHEEXD HOD
TH B, ZDOFEE TOSSE (TOtal Spinning Sideband Summation) & FESS,

T _XTD SSB % centerband (ZE D D HFiEEL LT, A E&EHEH
tg=1/vR (Vg ITRBIEEBEELER) RS ETEFEEZF TV 715
(tgw= tR : taw (ZEEV 7Y o J R, dwelling time) FiEDH L L
TW5, LL7eRns I OFE SSBIFBRNBWNLOD, AT MUVIER
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DELL X7 A7 MUTE LR,
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BRERINDT 7=y 7 BERIND, 20K, (k¥ 7 NEF
MY TV 7Tl refocus SNAUERSH D, ZDOXIRT I =y
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DT oL KRERARXT MABNRERIND, 2L 2id =1 (=tR/6) I
RELZEBE. WV ARFL Carr - Purcell 7NV A RFNAEN 26T, T
SRTCOEFET T M refocus 4L, FEFMARZEDOLBRIZTT X THRIZE
EDINNNZ D E RN MBswidolli2 b, ZDFEEBRE LT,
7o & 2 BRI ER B ES SkHz BBE T, A7 MUIE sw % 50kHz 72 &
WCERET DI LN TE B,

B|RT HHIEIL TOSS EOREEZLRIIHBKRTE—F, —EOLE
/\"/I/X*?? =y 7 ThHIZD, TOSS IEIZHARD L ETHRETLH D,
- T2 % CRAMPS 72 MO ZE ARV AT 7 = v 7 LR, 7V ADRSE
EMENR AR PNVOBIIKRELEZET DS, Lz a VRO
mis-adjustment NVEFE I D & MBImIZEVY FID=broadening LT_ LAE R
EHZDHI LIRS, LLeRnb, Z0OL) REBROREE - HERED
B EZLEIWTH, TOSSEIEIZERIZAIT B INEENH EEXT
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1 R EBEMER A & B85 (INi; «Pd, X (chxn),]X, (X: Cl, Br; chxn:
cyclohexanediamine)® *C & 'H E{& NMR
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3C and 'H Solid NMR Studies in Antiferromagnetically Coupled One-Dimensional Mixed
Metal Complexes, [Ni;xPdX(chxn);]X, (X: Cl, Br; chxn: cyclohexanediamine)

( Department of Chemistry, Faculty of Education, Wakayama University'; Depaﬁineht of
Chemistry, University of Tsukuba? )
Noriyoshi Kimura', Masataka Kano?, Shinya Takaishi? and Ryuichi Tkeda®

Halogen-bridged one-dimensional complexes [MX(chxn),]X, (M: Ni, Pd; X: Cl, Br; chxn:
cyclohexanediamine) form an averaged paramagnetic -X-M’'-X-M’*-X- structure in M=Ni,
whereas a mixed valence -X-M*"-X-M*"-X- structure in M=Pd. Recent studies on the mixed metal
complexes [Ni;..,Pd,X(chxn),]X, revealed marked conversion of valence and spin states with
changing x. In the present study, we measure °C CP/MAS NMR spectra and "H NMR spin-lattice
relaxation times 7} in [Ni,..Pd,X(chxn),]X, (0.0<x<1.0) and discuss the electronic structure in this
system.

1.FF

NS UBRE 1 R = v 7 VEEEINIX (chxn),]X, (X: Cl, Br; chxn: cyclohexanediamine)
IXXNTXNPX-D &9 R EHFEFMRELZ. 3T 20 L EKPIX(chxn)]X, I
X-Pd*-X-Pd"-X-DBAFFMRELZ IS = &2 X BHEEMET. BibR, eI
EREDERIZIVIZEHALNR-2TEY, BAFXINETE 2 O#EEICBITAHER
PUOOBMEBICEKE/F o CHRET-CERk, BRI, FILCREGEBHEE
[NiPdX(chxn),]X; AER I, ZHETIIHRABIR, 7~ 8EL. ESR 2A~X7 FAOH]
ERRENTER, TORBRIZL B &, NIFTOEAIZ X - T Pd Okt pd* DIREBIZE L
LTWBZERFRINTEY, BEREEEREOCHREICL S L x 239 0.5 THRLREE
BEL, DOBELETRIVE=INEL RoTWD, AFETIE, HLEOFTFHEELE
FAE L OBMTKBEEAZALICT A BRT, "C 3L UV'H s NMR ORIEZ1T-
7

2.E5

[Ni;Pd.X(chxn)) )X, i BB L IEE VAR LTz, [Ni*(chxn),]*" & [Pd* (chxn),* D &
KAZ )= NERETEL DEIETRALLELDIXFERE L LTHELT NI AFAT
FoYAX: Cl), BILTF FFnTFAT E= T AX: BEME, $20uA DEEREE
RIZBEL, BREMNTREOERE 2\, RBOREIXT 7 X RIS HITE LU
FKXBERTFIZ TITFo 70 BCCP/MASNMR A7 FMAOBEIEITZETITFV. MAS D[R
BT 3 kHz 552 1000 [EREE L7, '"HNMR 2 & 4% FAEFIRER 7) 1% 180°-1-90°
2V AR VT 100- 300 K DIRESEIRIC ISV T E i # 54.3 MHz THRIE LT,

E{ENMR, AY U -BFEMEE T, "oy 8048 | Roe Bl

e OB XL, BOH FId, EhWVL LA, WiHE Dwoinh
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5 5372 [NiPd,Cl(chxn),]CL I BT 5 ‘3CNMR AARY bV Fig 1, 2107 T, B5
ntzafwmgniﬁm%m# JECRFIZR L 9 %L — FROREME (. B.
YIPE—Z7EEZ N5, x=1.00 IZBT5EHEBREMIEELNDC LD 2EKDT I
3. FNFENPE, PAMIZEUL L7 chxn BIZRB SN D, —FH. x=000D 1 KD C, v
FAZTEHFE Tl NiT BN L7z chxn BIZRB NS, F7. Fig. 2 TRLEZLSIZC
DAY MVIBEERE L BB UTRER. RASEE(x = 044, 056, 0.74, 0.90 yTHH
L2 B0 —23FNER NIiBLOPdIZEAM LT chxn BO CIZRBTE, 7T x
=0.90 U"F'C“/\"?“/“'?A@Jﬁ%fﬂﬁl;tilzﬂaﬁﬁﬁ P&IZRo TV B EFHREND, &b, Fig
1D CUZERT B L, AT PN x=044, 0.56, 0.74 THEEITRIES R-oTHEY, #E
M3+(M Ni, Pd ) EOFRKEF AL /kotZ)%%%@ﬁ/@z:cﬂ KBEEZHRhTWAZ L
PBREEIND,

& /ppm S /ppm
Fig. 1 ®*C CP/MAS NMR spectra observed in Fig 2 C _signals separated into two
[Ni;Pd,Cl(chxn),]Cl, and carbon positions in a components corresponding to Ni and Pd
M(chxn) chelate ring (M: Ni, Pd) : sites in [Ni;Pd,Cl(chxn),]Cl,
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A Stray Field Imaging and CRAMPS, MQMAS Studies of the Drying
Process of Precasting Materials used in a Steel Making Converter

O Koji Saito ”, Koji.Kanehashi ", Peter.J. McDonald

1) Nippon Steel Corporation, Advanced Technology Research Lab.

2) University of Surrey Department of Physics

Optimization of the drying process conditions for a steel-making converter in a steel works is very
critical since the process is basically off-line and very time-consuming. However, it is very difficult to
optimize drying process conditions (temperature, surface active etc.), as steam explosion can readily
occur with insufficient drying-time. To help understanding, we have demonstrated that we can monitor
the drying of real refractory mortar using Stray Field Imaging and CRAMPS and MQMAS. We choose
this method because of the possibility of detecting short T: components. In this paper, I will show the
effect of varving water content of different materials on the drving rate. In particular, we find that the
free water loss rate is relatively independent of this parameter. However the bound water loss rate is
more affected. It is clear that imaging and solid state NMR give useful information to optimize drying
conditions: Using this data, we can adjust and optimize the drving process and time in steel works.
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Figure 1 Figure 2
A schematic diagram of a one Representative STRAFI echo train profiles recorded at 50 °C

dimensional stray field profiling probe every 40 min from a sample of drying refractory mortar.

3. HE

BoNTERIZ. M =M exp(-2it/T:Hc (¢ = constant, i = echo number) TAEHT L, T: @ long fX
4y (HeEK) & short R4y (FEA/K) & ZOEMEFM %7, Figure 3iZ Sample 1 XTF3 2D
WTC, FH, FEBECEROBREZHFHAOEFBIIH LTI ey PLELDERT,

-~ 50 g %0
4 80
o \\‘ : 70 Ry
EOL D z "‘:&\\
3 a0 XY A BN
2 Sra NN - ¥ g0 [ =, -
ES N Surface n e N + Surface
k1 ‘"\“\ ... ~ Middle E 40 ST = 8 * Middle
& 20 g © Average ] Y ’“\'\ @ Average
\ NS e 3 % Ha
% . N\ e, < Bottom E- 30 LR * Bottom
o "
& 1 \ L S 20 LN .41 o
¥ N ¥ AN
3 Ml s S
L] L]
[} 5 10 15 20 25 [ 5 10 15 20 25 30 35
(Drying time)1/2 (min1/2.) (Drying time}1/2 (min1/2.)
Tn T2
%‘ . E s
U RN
B = X,
z 8 - = 8 2 -
a B, Ny ‘% Surface En > + Surface
Y S \ * Middle 2 : = Middle
-] ~— B ® Average ‘E - < Aversge
g . S ‘A\ * Bottom 2 \%L\-wz v Bottom
s 4 2L
- g an
g 2 \\\K\L.N Rk n 5 a —M‘ e Fat—
t Bty :? Tty
z 0 z 0 - -
[] 5 10 15 20 25 L] 5 10 15 20 25 30 35
Drying time 1/2 (min.)1/2 Drying time 1/2 (min.)1/2

Figure 3 Long component intensity and Short componcnt intensity at the three position from surface
front as a function of root t for Sample 1(lcft) and 3 (right)
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Figure 4 Relationship between the water transfer rate and the distance from surface.
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Figure 3 Short component relaxation time at the three position from surface front-as a function of
time for Sample 1(left) and 3 (right)



Figure 6 CRAMPS (left) and Al-5QMAS (right) spectra of Sample 3
(upper: before drying Jower:after drying)
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NMR Study of Static and Dynamic Structures of Supercritical Water
Nobuyuki Matubayasi, Naoko Nakao, Chihiro Wakai, and Masaru Nakahara
(Institute for Chemical Research, Kyoto University)

The hydrogen bonding structure and dynamics of supercritical water is studied by means of
high-temperature and high-pressure NMR. The proton chemical shift is measured over a wide
range of thermodynamic conditions and is related to the number of hydrogen bonds in supercritical
water with the help of computer simulations. It is found that the hydrogen bonding persists at
supercritical temperatures and that the average number of hydrogen bonds is at least one in the
supercritical densities. The spin-lattice relaxation time of D,0 is further determined to provide
the reorientational correlation time of the O-D axis of a single water molecule. It is then found
that while the reorientational correlation time decreases rapidly with the temperature on the
liquid branch of the saturation curve, it remains on the order of several tens of femtoseconds

when the density is varied up to twice the critical at a fixed supercritical temperature of 400 °C.
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Fig. 2. The proton NMR spectra of water.
At 30, 300, and 350 °C, the large peak cor-
responds to the liquid branch of the liquid-
gas coexistence curve, and at 400 °C, the
density is 0.4 g/cm®. The magnetic suscep-

figure stands for the density in the units
of g/cm® The upper and lower curves in
the subcritical region correspond, respec-
tively, to the liquid and gas branches of
the liquid-gas coexistence curve.

tibility correction is already made.
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Relaxation Behavior of Laser-Polarized Xe-129 Gas: Wall Effect and Influence of Diffusion o
the T1 Relaxation Time in Glass

Takashi Kamiya, Takaoki Shimizu, Yasuhiro Yanagawa, Atsuomi Kimura, and Hideak
Fujiwara

School of Allied Health Sciences, Faculty of Medicine, Osaka University

Size dependency of the relaxation time T is measured for the laser polarized Xe-129 ga:
encapsulated in different sized cavities made by glass bulb or tube. The dependency i
measured under rigorous exclusion of contamination from air, and the relationship betweer
relaxation rate and the inverse square of mean free path has been established for glass bulbs
Namely, a good linear correlation was obtained between the relaxation rate 1/T:1 o
hyperpolarized Xe gas encapsulated in Pyrex glass bulb and its inverse square of the mear
free path (1/¢%). On the other hand, T of hyperpolarized Xe gas encapsulated in Pyrex glas:
tube showed a different relationship with the mean free path. This behavior was explainec
successfully by taking into account of the diffusion of the polarized Xe gas in the tube.
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T FRUC & 0 P E AR L BRI bhs v 2mm) T (seo) 0(mm) T, (sec)
UT1=(3.75D/t1,wai)(1/02)+1/T 1 ing ®) 31 3100+800 22 5500+560
D i3 HE R B (5.7mm%se) . tiwanld 18IS 1 40 3500500 . 34. 62001800
DS CREBECEZENE T ABAD 1HH-Y 0k 45 3600+300 39 6800+2100
RS A~OF L, §TTH E BT, Tow ZERKY 5.2 4500200 4.5 80001400
4 AR TORFBR TH S, @KEANTT—F % 59 S600£750 57 9900700

BT LI A, ALy s AHTTAERIZOW T

TiE & Ve OBICBIFZERBENRILEZ @), UTOXRELNE,
1/T1=0.000453(=0.000123)(1/02+0.000157(=0.00003) r=0.819 (4)

r ITEFBEEEFET, 2R L0, tiwan & LT 47000(% 14000) 3R E - 7z, Z OMEIEATEIOfE &

TRy REV, ZRRERSEOERFEORBRICEL VEBRMMRN 2N EL o7l %

BT 5, SEIE Xe VAZEHAREZBLTH 7 AR~NBAL T DO TEDORHRERE EHN

7mLEZ N5, QRO OEM S ERRERR B VTR T BRI Tyt D FME TE 5 (TLin=

I OB, Tring b IELATE & OBNC KZEE A2 h o 7288,

BEIRVICH E L (TLine6400 #(£1300)), |

BRY > TMATDNT. H T AEIZHDNT@WRE R 00003 b .

Tuy b7 EEL DL D ICER LR BT, TR +>

REENESNF(K2oM), ZORRE LTIE, D E 00002

T OB SRR A D ARICEE L COB EELD Jf”'

B, FIT, A NATI UL ARE SHARRER H A, 00001 ~

wEID VAR E TORIC, YU ABRERIIS LTS _

DEETH 7 AENFERIC LY FREND LREL, 0 o1 02 os oa

(1) XKEBF LT LIz, 22T, LOoQRUTHIET S e

A& LTKRANE LRI,

In(Sw)=[In{1-f(1-cos o )} T&/Tu(n-1)+In(S1) () Fig.2 Plots of 1/T: against 1/8*
N e . o o L for the pyrex glass

THRDBTDI/VOVLAAEN® L 2a° TOERBREITV, bulbs and tubes (eq.4)

ISP DIZxT 57 my O E LY

fE£L 0 2ZE=1n[{1-f(1-cos2 o )}/{1-f1-cos o )}] (6)

OBERFIR LU, B £130.3-:06 Thotz, Zhick b, FRoEWF 7 ef =
AAMED a® NVAEZIT RS ~OIEN T1 F—F I KEBELTWS I Ehibng,
T, BEICHT AERMDECERN R IMMICITERR TORRY L ILDERPEETHDH T
LSRR ST,
5| F STk,
1) BEE. AN HUI L ERE, . R, % 39 B NMR SimAE S p,24-27 (2000); H. Fujiwara,
et al, J Magn. Reson. 150, 156-160 (2001).
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"H NMR evaluation method for brain metabolism affected by chemicals using STEAM
localized spectroscopy with ultra-short echo time

(National Institute for Environmental Studies', University of Tsukuba?)

EMitsumori'!, M.Kumagai'?, K.Yamane'

We made an evaluation method of pharmaceutical or toxic agents in terms of their
effects on the brain metabolism based on 'H NMR spectroscopy. We prepared a rat
installed with a bypass at its internal carotid artery, through which chemicals were
directly injected to the brain after breaking its blood brain barrier by hypertonic
mannitol solution. In order to observe 'H NMR spectra localized to its brain
hemisphere we implemented a STEAM method with ultra-short echo time of 2ms.
Considering the T, relaxation time of most metabolites are longer than 100 ms, the 'H
spectra enable us to quantitatively evaluate the change in metabolites avoiding the T,
weighting. We can also observe metabolites with coupled spin systems with minimal
J modulations.

(FUDIZ) SEIEREYOLEYNKORBEEEICRITTEZEZEZ 'H NMR
ZRHWTEEBRMNICTHMET 50 0ERBMFMROBEELITo /. RIETIE
v MNAO MK ZHE. EHREE THRET 2{LEWEZ KNI
BEHE5L. TORIW~OEEZL2 'H NMR ETHEMETZ2HDTH S, NE
Fi®D 'H NMR AXRZ7 RMVOBIEI. 2ms EWIH O TE WL I -2 EH
L7 STEAM &2 BWE, ZHUck D, RO 10 BEU EoR#WE 1 TR
. LENOEEZIZILAEZIIZELRBRITAZENAETH S,

(75 ) D Wistar v b2 halothane (1%) KREF T CHRE. WHEBIRE
WAAERER ZZEL. XD D-mannitol (25% wiv, 5mlkg AE)Z 5
T5ZEITKY., Ao mMEMKBEIR (BBB) Z2RIRMICHEL-. XWTHK
NDOEEBEZFHET SEMEER CAFBRER X D ARNICEERES L.
J5574 L2 MLa—# (TR/TE=50/5ms) (&K BKDOEIRE, wSRETEBIC
EOWTHRWUERAIZ 5X5X6mm (15041 OFEBREZIT> -, '"HNMR
ARYT FIVIZIESFR of /X)L R 2 FHVyD STEAM #£12 & D, TR/TE/TM=5000/2/30
ms THEIFE L7211, BEOEBNORTS Al FASTMAP #2 HWTEEHERIC
FABLER], BESXTLE IMT #£OBE Y —) REKER7RE (4.7T,
3lcm bore) T Varian £ Inova 73 Y63 & HE8E L. Magnex #2002 17.8cm @
HO — )V REREBAERIT V. ATV ERWE BRI BEDORNE 5cm
D sine -1 )V ZEH W=,

(REER]) N1ICEETY AR SX5X6mm (15011 OFER THEE 128

F—T7—F :invivo NMR, 'HNMR AR%> k)b, MfR#H. STEAM

ADBHDESBHYE, <ENNDHSH, PERNT T



BITHEEINZARY MVERT, ERBREINE. N-TEFINTANSTF
CEE(NAA). 7 VT F U (Cre). YU ECho)IIMA, 7o, JIFI
B, 7Y% 10 REORBYNEARIEETH D, T3 KD 2ms EED
HTEWED, BEoTFERBYICMZ. T, BNOEVWAS FEMELEEIS
NTW53, 7 @D CHESS NMIVAIZLDABHERELEAEZL2IHEEIN TN
5, 2B, BIEESNOESE DO —EIZ/KOHEIIET 8-10Hz ICHEL Tha,
FREFEZEZRNT, EEPEORRBENOEXERMREBETLEBL
LT, MENKEME2EETS-DICHNSEEY I BROEEDH &
ZEMLUE. Y b= NVERERIBOERDANRY VORI, EAWRMEER
DOHERICED, S h—)UEMD 'H NMR AR MIVCIEEAEREE 5 Z
BNWT EMNHESNIEo72, Y b —ILEEZORRRBINCX > T, 3 K
MREFE TEER 'HNMR AXR7 RVBRERI SN,
51T, BEEHWT, VIWVIIDE, M= 8. RN ZFOME
EEMEOREEITV., FOD 'H NMR ARYZ M ANOEEEZRE, JIVF 3
CEE26 mole). A =B (BFEN 70 umolekg AEH) TiX. MAREYO
TEIR SN2, R—=/X3 2 (53umole) 5T, AFIVEFER
TOHE— OHBZEBIL 7=,
ARETHEL HLFPE ORRFANOZEFFMEL. HRMWEZ NMR 7
NENTIRNICERZKRS L. TORBONOZEZ LS TRIENSEAT 2
ZE. ERBEMERRAIEDREERIREE Lz, 2ms OME LTI —FHET
?D STEAM BIEICX D, T,BAMICK2EEREORES. AEHEEITXKD ]
TREFIEALEEETBILERLS. REMOEENFMMNRIEE 2> 7, '
(3 #2)] FEMFH/NIVAZFNSD STEAM > —27 T2 X, FASTMAP HEY
AT S LhEBEINZI XYY KE Rolf Gruetter {1, Ivan Tkac LI
BB L £
[].Tkac, Z.Starcuk, 1.-Y.Choi, R.Gruetter, MRM, 41, 649-656 (1999)
[2] R.Gruetter, L. Tkac, MRM 43, 319-323 (2000)
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Effects of pCO2 on the CSF production in rat brain using Gd-DTPA enhanced
T1-weighted MRI. |

(1 Dept. of Physiology, Kyoto Prefectural University of Medicine, 2 Dept. of Biochemistry
and Cellular Biology, National Institute of Neuroscience, National Center of Neurology and
Psychiatry, 3 Dept. of Physiology, School of Medicine, Gifu University, 4 Dept. of Molecular
Physiology, National Institute for Physiological Sciences)

Yoshiteru Seol, Akira Takamatal, Takashi Oginoz, Hironobu Morita3, Masataka Murakami4

Cerebrospinal fluid (CSF) secretion of rat was monitored by longitudinal relaxation time-

weighted magnetic resonance imaging (T1-weighted MRI) in combination with ventricular
injection of a Ti-relaxation reagent: gadolinium-diethylene - triamine-N,N,N',N" N"-
pentaacetic acid (Gd-DTPA). A cannula was inserted in the left lateral ventricle, and 5 ul of
8.5 mM Gd-DTPA was injected as a CSF marker. Changes in the image intensity of the CSF
were measured every 30 sec, and the turnover rate of CSF (k) in the left lateral ventricle was

obtained from the dilution of Gd-DTPA, based on the_assumption of a single compartment

model. In the control conditions, & was 0.158 + 0.009 min-! at an arterial blood CO? tension

(pCO2) of 38.6 £ 2.2 mmHg (n=10), which corresponds to the CSF secretion rate of 3.6
ul'min-l. The % value was decreased (0.078 + 0.010 min-1, n=4) by a carbonic-anhydrase
inhibitor (acetazolamide). The turnover rate was decreased by hypocapnia (0.094 + 0.019
min-!, pCO2 = 24.7 + 2.9 mmHg, n=4), and it increased gradually and reached a plateau level

due to hypercapnia (0.194 £ 0.011 min~1, pCO2 = 104.5 + 7.1 mmHg, n=10). These results

suggested that CO2 upregulates the secretion of CSF in the rat.
F—T7—F KEF, Bwﬁ”ﬁ{ﬁ\ MR, T BHEeE, B
TBILTA, 720FE7bixb, BEOrL, 3 N720A0R, ohihE S0



[IZU 2] BEEEIIBEMIE T IR PATE D . R, BT R
BEPOTFD X, BB FICE L AL LEBNEE T, BEABRNOZERSENL
EETHAEELRBREL R L TVE, MEMBIL, ARENOREETER I N,
BIME, BARELREERT, BHBNAZE) CVETE~NLER, (BET
D & B IEEER S, BIRNEBE NS (K1), REMRERERE~D, M5k
B ADIEDREEL, /X - LV EIIOWTHIEESNT X35, BET 2HIEEE
PHESNTBY, B3k, SR, 5v FR< T A% EO/NEY TOREIT
B BB ROR I E FEEZRE L. T MBI A EMEEREE~D M
WRBEAT ADEDHERZRE L-0T, HET A,

Fig. 1. A diagram showing the intraventricular injection of Gd-DTPA in the rat brain. The
production of cerebrospinal fluid (CSF) in the choroid plexus, the flow of CSF through the
ventricular systems, and drainage of CSF from the arachnoid granulation are shown as arrows.
The bold lines in the choroid plexus and the ventricles represent the presence of the blood-
ventricular-barrier and ventricle-brain-barrier, respectively. A small region-of-interest (ROIL,
0.076 ul) was placed near to the chorid plexuses. ‘
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[FiE] Wistar 29 v P2 VAR TIC, ZARERCA T —TFVEZRE L, B
TESICEE 18mm OERE I A VERE L, 24 VHFLERT 1807 NV RIS L)
IR L7, 8.5 mM Gd-DTPA Wik 5 ul # AR, WENOREBEHBROETHRED
A% 30-60 2 RICH 72D EIE L 72 T, 5858 MR Hi{5 1%, & ®aEHs Rz 2 — L(GEF])
W, FOV 25 x 25 cm, =% H A4 X128 x 128, AT 4 A 1 mm, 7SVA#ED
3R UKERI(TR) 100 msec, T2 —BF(TE) 4.2 msec, 9 AT A4 A, 2 a8, B
B 30 sec THlllEE L7z, BIFEIZIL. Biospecd.7/40 (4.7 T)& ParaVisionl.1-5 % F\V 7z,



1. T, LEBREWNIC Gd-DTPA %
fi)\lé}‘&w T, ﬁﬁUf%%lza L/m“ fiﬁlﬁmt TEAS N/ GA-DTPA &, %
SWELHMOBGAREIZT TICHN TN L. ERMEORITOESHREDEE 7
oy b Lt@fﬁle‘(%é AR ETIX, FAERIETMENS LA L, £0%
HPEIZEDL L TWhE, BEIMERLHBPARETIE, PRENTE—-27%R0L, bok
HEEN, BRI DR Fﬂf@il 0oz LRAMHED . b L
V) B 1SR T X912, BRED» S O—FmoOfiilE - T GA-DTPA ML 22
BTN TV AHPHERTE 7,

Fig. 2. a), b) A T1-weighted coronal gradient-echo image of a rat brain at 0.8 mm and 5.2 mm
caudal to the bregma, 1 min after the injection of 5 ul of the Gd-DTPA solution.
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1) BB RATIZEA L7 GA-DTPA &, #7- IR S I INEREIZ X D AR 2
ZORBEEALIZ, [Gd]=[Gd]oexp(-kt) L FEEINL,

2) ROREREED T, BAREEIL, Gd-DTPA DR LIZ XD
/T = 1/Tesf + Rgd = 1/Tesf + K1o[Gd] = 1/Tcsf + UTgdeexp(-ht) & EKENL. 2
T Testo Tgd 3 AORDBHF A ORAEFE 5 L O° Gd-DTPA HEABE RO
HMT 2 BAEMTH 5 .

3) . T EFABEEOETIEEEIL, 1= 1o [1-exp(-TR/T1)] & E X5 DT, GI-DTPA
FARIORFWRDOE 5EEIL, L= 1o [1-exp(-TR/Tesf)] & E . Gd-DTPA iE AR
@Mﬁmﬂmg%%ﬁi It = Io {1-exp(-TR/Tcsf) * exp[-TR/Tgdeexp(-kt)]} & Kt 5 .

4) DL EOBEE UL, turnover rate (k)I220W T,

log{-log [(Io - 11)/(Io - Ip)]} = log(TR/Tgd ) -kt LKL, RKHZHZ EHTE L

-
e

FRLO T SEFEROE 558, WIEEALIZ 907 27NV ASEIR] BB EARE LT
EBEOWETIE, EH ANV EH T WA méch HISESRAL T RF 1E. 60 05
1207 O#FHHE & 5. L#L\ PIVb—varlLiblIA, BHEDEL L To A

AF I, turnover rate (k) 121E, BRK I5%DBE LA L WE EMHELD S IL.



i ki i PR ERARE TE I v P OREFRER turnover rate
i, OlSiOMlmn( 8) %oﬁmGdUWA&lﬁ&QGdMTA®‘ﬁT
5M§%ﬁ®¢&i‘m8123u@1&T@otorﬁwﬁﬁgwﬁﬁﬁE&LF
i3, # 3.6 ul/min EROH N, TOfEIE, Ty M2V, MOFETRKD LN
724 (2-3ul/mi) & X<—FK L7

3. Jﬂlqjmﬁftﬁz A & B REE turnover rate T v MIWFI X5 REET ABE
i A e S HERDOBFREE turnover rate 2 M%E L7z MO REEA ABEIL
?bﬂlﬁﬂﬂ%ﬁﬁlb A A ATEEE 2 CSE L7z, turnover rate HIEDRIHZ T, &
ELTWAZEEHRA Lz, BRER AT, MPRBTAREL, EFRE. £
40 mm Hg TH A, 40 mm Hg PUF OERZEAL K R IMAE TIELEAREIZH L 2L
%572, 40 mm Hg Bl EDOBTEBALRFMAETIZ, 2LLMMT2d0n, M REEAY
ARED 80 mmHg PLETIX, BIT—EMlERT I EPHLPI R o7, EROEE
Tit, ETBILREME COEEEREDORPIZOVWTIE, MBEHEL B L-#RE
W ENTWP, B_BbREMETIE, 8- 283 - Bbe, 2<{8% 53
MRIRESNTE L, SHOERE RS L, BIEALREZIE TOWMKIIHK N
DT, EBREHOBREICLD, - BT LI FERIPB T BEREH 5 .
Ltk ZHALRFEIC X A SR EAEFEOFEBEIIOVWTRFS L TWI(FET
B5,

Fig. 3. The relationship between the pCO2 and the CSF turnover rate. Individual values

obtained in the normoxia, hypocapnia and hypercapnia were plotted. The bold line was drawn
by inspection.
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Development of a Compact MRI for Diagnosis of Osteoporosis
Y. Yamazaki', T. Haishi?, Y. Matsuda', S. Hashimoto', S. Ustsuzawa?, K. Kose'
H. Yoshioka®, A. Nakanishi*, S. Okada*, M. Endou®, M. Aoki*, T. Tsuzaki*
1. Institute of Applied Physics, University of Tsukuba, 2. MR Technology Inc., 3. Institute of
Clinical Medicine, University of Tsukuba, 4. Sumitomo Special Metals Company Ltd.
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Compact MRI systems for diagnosis of osteoporosis, of which installation space was only
about 2m x 2m, were developed. The MRI systems were specially designed to measure
trabecular bone volume fraction at calcaneus using image intensity of spin-echo MR images.
A preliminary study with a'small number (n=26) of female volunteers demonstrated a positive
correlation between bone density and body mass index. The results have shown a promise of
the MRI system as a tool for bone research and/or osteoporosis screening and diagnosis.

1. oI

BRBRER, MRREL EDICERENEATHHEET, RVETIEL 1,000 5 ADEE
BB EHRINTND., Tz, ZOKEWE, ARENELEVERIFERO LMZE5D 5
KREFHBHORRTHY, CORRIIERENEETHS. Z0DITE, BHMICAIY
—Z T EfFoT, BEERDICHTAIME (RECHB/RE) 27O ENBEETHS.

BHEBEECOAI -7, “BEOPLIRINF—2FD X R OBINEGE R E
(DXA: Dual Energy X-ray Absorptiometry) ®, BERKHAEEERENESANSN TN
5. LALARNS, DXA ICRBEREEOMBES, BOEBMEELMRESBVENIRE
BHD, BEREBICE, SIS THECEERE LEFEORBRALTLHHSATIE
BNEWIREARDS. &> T, REBEEEZBVERERLLZRICHATE SN ZH 9% MRI
W, BHEREZHEEL L TRWICHIRaINS.

MRI I & 5 BHEREHMEL, 1980 FEREV2HKH MRI ZANTITONTERER, Z0F
RERE, BVEHESEETHERETOBEERHATSZLIckD, BEELTTEMETE
BWBOHNERHEEH ST ETH >/ 12 Fi, WBMENERAMED MR &
Bns, BEEZFMTIRADBESIN TS LMLy, 28 MRIIE, HENR
M, MEIZAL, BREORSIREORTHHREZHEEL L THEANTIERLS, A

PWEENEEND. AWETIE, LEOFEROTIC, EHE (calcaneus) ZRGMNKEL
ERHEREZHH MRIZHELZDOT, YATLEFOBELATHEREBRET 5.

F—TU—F:MRI, BRRE BEE BFLLIO) A
PEXEPNI, BULELYHE, FOLLLES, RLBERVLESS, 5D&DLA, JEMDS, &
LENVBL, BHICLAES, BOELIFET, RALEIEEEFS, bHEEIHE, DIFEDLL



2. DATFLDEME

FigliZY AT LADOEEBEE RF 70— T O 2 rRd. KIRT LD, KEHIZH —
IeEEEY (0.209T) 2RAETLHRKAREGDOF v v 7 (16cm) BIZ, EANSEEBATES
£oT, BEMFEONE (BEF 16 cm, E% 8 cm) 2ATAHRF /O—T742%ELE. F/-,
RF 7O—70%2iE, BEGEZT OO, HEEBICHBREKARERZLEZT 7> b
LEBEELE. ZLT, B/ A X2ETH2DI, BREERAGE D —IVEIL—4 (8
1m, BFE 15m, & 1.8m) KIALA. MRI 2>V —)Li, R—% 7)LB (I8 55em
BATE 60cm, B 77cm) DIATLE, KOXDIT—IV R)b—LNCHE L.

Fig.1 Overview of the compact MRI for diagnosis of osteoporosis (left). RF probe for heel
measurements (right).

3. BEEERILOHE
MRIKC X BRACVEEOERLET S OId, SEIERBEEZS )T LT
Bz, AWMFICBWTIE, a7 MaN—-FRuz 7 EHL, EREDIEERENKE L
BEHEREBE AR TARERRERUT 5720, INSITHITEEL.

T, ABY « TO—HT, “ROHEBRERET 225G (A1 ARG 1204 %
KE), £OWEHBEEI(x,y) i,

I(x,y) =K (x,9)p(x, ){L = p, y)exp(=T, * /T, (x, )} exp(=T, /T, (x, )
LRTZENTES (J Ay UL TOBEEFNCHERT D). k13, ZEROI 127D —
TDRF2—ZTOEBE, 2RICH-RERRELLERTE, f(xy)R BEEOA
Bz BA 51 ABOARY—, QREGOEREEICLLBERBEOAS M, &
BHBOFRE—HICEE 70 vy 7HOAE M E, ZNEFMOANZ A LI X SHHIRE
DFRE iz E, SEIERBERICL DM E2RTHEHETHS. pl,y)id, BHE
MI72 90 BE — 180 EERRICH L TR 1 LB ER TH 2, A T4 AEAND 7 U THD I,
ERABREBEOARE LIl L o TRESNBRETHL. T, ENIVA =T L AD#HD
BURBEICIFES L WEHE (Za-REcX5ESKRE), T, 3Ta—-kKH, T(xy) &
T,(x,y) 3T, & T, DEMDPMHTH S.

ko f(xy), plxy). T(xy)., T,06y)%E, BERONVAL =07 2 AZRNTT T



THIEITED, TORNIEEplr,y) ERODFEDEZ SN, BSNARETEED
ROWREBET O, UTOHEEHNE.
(D TCHET2EMERTEDLLIICTHED, T,OERW T > AN,
Dk, [fr,y) BEHHIT B0, BEKT 7> b AREEAVERERGEETS.
B TLIHT2HEOHEERSTTZRDI, YU/ NITI-T20EBHTS.
Ubohet el E A BANLREEEGLEOFIEL, UTOEOTHS.
(1) BEORDUIZ, BEKRT 7 > b L EFI CBREORBFKBEBERIZ LK Ty > ML EE
&, T,=1000ms, T,=12ms, 36ms D> —7 > ATHRGEL, K (x,y)%EHE5.
(2) BEZ2EORINWESRZ T,=1200ms, T,=16ms, 72ms D> — 4 > ATHRETSH I &Ik
D, T:OFMEZTY, BERIZELT, ()l ) ItHhd2&E2RD 5.
(B 7y hrBBOBE L, BOBRBOHEIE, RF JU—TJOFa—Z 2 FBERL,
REROTA POET D0, k OENELZDT, BHKT 7 > M LAOESTINEFHIE
THILIZED, (D, @75 plx,y) ERD 5.

4. EREDEOORGRREER

9, MEFHEEEERT 572912, 3D 04U/ T
a— 32— 2 A (TR=100ms, TE=10ms) =BT,
DN DB #1757, BEFTFIZ 12.8cm OIS, B
FENT 128X 128X 128 HFE, HHE YA L1d(1mm)3 TH
5. Fig2 WWRTEDIT, BE, 7F+L A E0HEg
ITBR I Nk,

RiZ, BEROEMREICLEENZEO YO EE S
ST 7010, £7, KV 7> hAEREEF UHEEGHE
BICHKEL, T,=1000ms, T,=16ms, 48ms D —77
SATHB LU, TORERE Fig 3Ry, A51 A
B3 15mm, BIFEIL 128X 128 E#E, FOV T 12.8cm
X12.8cm, EEMEBEKZI1IETHS. Zokdic,

Fig.2. One slice image from 3D data
set. 1mm cube voxel.

(a) (b) ()
Fig.3 2D images acquired spin-echo sequences ((a) TR/TE=1000/16, (b) TR/TE=1200/12,
TR/TE=1200/72). Slice thickness; 15 mm, FOV; 12.8cmx 12.8cm.



RF 21 NV ORBEFRROEICK D, FLHA &0 LA AP > THARRENHET 5. KiC,
HBEDOEERMAL, T,=1200ms, T,=16ms, 72ms D> — 7 > A THRE L /2. ZDOHRZ,
Fig.3(b), (MIRY. T,=16ms, 72ms THRELZDE, THERBIZ I hy U0
HEBENILTEHEDHTH 5.

FIRUERGIET, 21 F DS 58 FETOLMR S 574 7 &t 26 AOHRGZT Y, 3
HIORULIZAIET, KICEENZ 7O OEEEZ 1 ELEEED, BROBMLOTO N>
B p(x,y) DFHE (10X10=100 EH) 2HHLZ (0B). 1-p(x,y) id, BHEOKEE
[ (trabecular bone volume fraction) TH D, WhiL, BEEICHILTEZETHS. Ih
EHREER (FEEKg/ (EEMmM)?) L T7ay LT 5 7% Figd TRT. Z0LD
I, RREREEBEICREOHBERE SN S.

GEYKERBHOTOREBEIL, FhFh 0.110 mol/cm®, 0.108mol/cm® EIFEAERLTHS.

BMI vs TBVF (n=26, r’=0.19)
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Fig.4 Trabecular bone volume fraction in calcaneus plotted against body mass index.

5. LT

BREEZHEROI N M MRI 2HEL, BEEOBHO O NV EBEOERLLER
Hi-, FEIAOBEZMLEIEA22D12E, FERFIREZEEDSZL, FN5E2RELE
T, E5IHEMEEM LS EAEOREROBRBREOBRGEVETHS.
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Characterization of 1N chemical shift shielding tensor from molecular orientation
dependent chemical shift changes in dilute bicelle sclution

Shin-ichi Tate!, Jun-ichi Kurita, and Hideto Shimahara

Center for New Materials
Japan Advanced Institute of Science and Technology (JAIST)

Abstract

The change in chemical shift (Ad) observed for a given nucleus, when shifting from an isotropic
medium to an oriented condition, contains valuable information on the orientation of its chemical
shift anisotropy (CSA) tensor relative to the molecular alignment tensor. In this presentation, we
would show a novel NMR. technique to quantitatively evaluate CSA parameters of the amide °N
in a protein from the chemical shift changes induced by the molecular alignment in a dilute liquid
crystalline phase. To distinctively observe the chemical shift changes by the molecular alignment,
we applied the magic angle sample spinning (MAS) to eliminate the anisotropic spin interaction in
the presence of the bicelle. We applied the Saupe order matrix analysis with the singular value
decomposition to obtain the 5N CSA tensor values from the oritentation dependent °N chemical
shift changes. From the data on human ubiquitin collected from the sample dissolved in 7.5% (w/v)
DMPC/DHPC/CTAB ternary bicelle medium, we could determine the CSA principal values; 011 =
-223.2ppm, 022 = -72.2ppm, and ¢33 = -56.8ppm (Ac = -158.7ppm) with the angle (3) between
the principal coordinate axis ¢11 and NH bond 18.8°. These observed values were quite consisting
with those determined by the solid state NMR experiment (Lee et al., J.Am.Chem.Soc.(1998) 120,
8868-8874), 011 = -223ppm, ¢ = -79ppm and ¢33 = -55ppm (Ao = -156ppm) with 8 = 19.5°.

Introduction

Chemical shift shielding anisotropy (CSA) is a key parameter explored by solid-state NMR. CSA also
plays a key role in *®N spin relaxation studies, where accurate knowledge of the corresponding tensors is a
prerequisite for quantitative interpretation of relaxation rates in terms of backbone dynamics, especially
when considering anisotropic internal motion. Relaxation interference between CSA and dipolar terms
contains important angular information and also forms the basis of so-called TROSY experiments where
the effect is exploited to increase resolution in spectra of slowly tumbling biological macromolecules.
Especially, the CSA of the 5N is known to dependent on numerous parameters, including backbone

geometry and hydrogen bonding. Large variations in the CSA from one site to another were calculated
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from measurements of cross correlation between >N CSA and the 'H-'®N dipolar interaction and the
rate of the 1°N transverse relaxation. This fact may suggest the CSA possibly provides us much more
profound local structural information of protein.

Recently established experiments using weak molecular alignment using dilute liquid crystalline medium
has opened the new way to measure the >N CSA values in solution. A nuclei harboring anisotropic chem-
ical shielding shows significant chemical shift change when transferred from isotropic to anisotropic phase
depending on the alignment of the molecule. Boyd and Redfield analyzed the 1®N CSA tensor from
the N chemical shift differences apparent in the transition from the low-temperature isotropic to the
high-temperature anisotropic phase of the DMPC/DHPC bicelle containing sample solution [1]. In their
approach, they had to carefully calibrate the temperature dependent chemical shift changes to extract
the ”pure” orientation dependent '°N chemical shift changes. The dilute DMPC/DHPC bicelle solution
changes its state at approximately 30°C between isotropic and liquid crystalline phases. Thus, in their
approach, the protein is required to be in the same conformation and dynamics state to extract the
accurate CSA value. This might not be always held in all kinds of protein. In this work, we report
an alternative way to get the >N CSA much moré accurately. In our approach, we applied the magic
angle sample spinning (MAS) to eliminate the anisotropic spin interaction even in the liquid crystalline
condition of the bicelle solution, by controlling the bicelle normal orientation with the high-speed sample
spinning. This approach makes it possible to measure the "pure” orientation dependent 5N chemical
shift changes from the data measure under the MAS and without MAS conditions, because any other
experimental conditions are kept in exactly the same, including temperature, co-existing solutes in the
sample solution, and so on. From the collected !N chemical shift changes, we analyzed the CSA tensor
values based on the Saupe order matrix analysis using the singular value decomposition (SVD). In the
presentation, we will show you the details in the analysis and discuss the significance of this approach
and further application of the CSA analysis in solution.

Mesurement of orientation dependent >N chemical shift changes

It is well known that bicellar liquid-crystalline phases can be oriented with the director (the normal to
the bicellar plane) at an arbitrary angle to the applied magnetic field by sample rotaiotn around one axis.
When applying spinning frequencies p,. larger than a bicelle reorientation rate around an axis incluned
by an angle ©, the bicelle director & orients such that the magnetic energy per unit volume, averaged

over a roter cycle, Enq4(0,4d), is minimized [2]:

Ax 3cos?6~1Y) [3cos?@ —1
et (18 (e

where ¢ is the angle between [, and 7, and ug. Thus the phsopho-lipid bicelle with Ay <0, in the range 0

© < 8 <54.7° the energy is minimized for § = 90°, meaning the bicelle normal is pept perpendicular to the
rotation axis. Becuase of this cotrollable character of biclle normal under the high-speed sample spinning,
" we can completly eliminate the anisotropic spin interaction under the magic angle sample spining. In the
present work, we used 7.5% (w/v) DMPC/DHPC/CTAB (30:10:1) ternary phospho-lipid bicelle medium.
The residual dipolar couplings of °N labeled ubiquitin dissolved in this bicelle solution was completely
eliminated by applying the 2.6kHz magic angle sample spinning. And, 15N chemical shift changes were
clearly observed by switching the sample from the anisotropic state to under the MAS. Figure 1 shows
the comparison of the 'H-15N HSQC spectra measured with and without MAS.
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Figure 1: Orientation dependent 1®N chemical shift changes on

ubiquitin observed by the MAS application

15N CSA analysis from the observed Dnh and A§

To analyze 1N CSA, the knowlege of the molecular alignment tensor induced by bicelle is required. And
this obtained orientation has to be incorporated into the CSA analysis. The use of Saupe order matrix is
appropriate for this purpose. In general, two anisotropic spin interactions, residual dipolar coupling and
orientation dependent chemical shift changes (here we refer to it as residual CSA, for convenience), can
be expressed with Saupe order matrix elements in an arbitrary molecular frame:

Dy = D" Z 8;j cos ¢?h cos ¢?h (2)
ij=z,y,z
2
On = 3 Z Sij0i; 3
ij=,y,2

Here, ¢ is the angle of the internuclear vector (each N-H bond vector in the present case) relative
to the ith molecular axis and the delta;; are the eleinents of the chemical shift tensor expressed in an
arbitrary molecular frame of nucleus n. Thus, once we could know Saupe order matrix from the residual
dipolar couplings, those elements are directly transferred to the N CSA analysis. The Saupe order
elements can be obtained through the general relationship of the Saupe order matrix to observed residual

dipolar couplings described in an arbitrary molecular frame:

Syy D 71Lh
S.. D,
AlS, =] ¢ 4)
Sz
Sv: wh

Here D7, are the reduced residual dipolar couplings obtained after dividing each observed residual

dipolar couplings by D™ . And the matrix A is described as follow:



cos? ¢} —cos® ¢ cos® @} ~cos® ¢  2cos¢y cosdy  2cos ¢y cosd;  2cosy cos gl

cos? @2 —cos® ¢2  cos® ¢ —cos® g2 2cosglcosgl 2cos¢lcosd?  2cos @l cos ¢l

A= : : : : : : (5)
cos? g7 — cos® g7 cos® @7 — cos? @7 2cos ¢ cos @y 2cos ¢ cos @ 2cos ¢ cos PF

By solving the equation (4) with the use of A~! obtained

from the singular value decomposition of the matrix A, we Orientation dependent chemical shift change
human ublquilin 7.5% bicelle
02 T

can get all independent Saupe matrix elements of S;;, where
Sez + Syy + 5., = 0 and Si; = S

Based on 50 residual dipolar couplings measured from ot
the spectra collected with and without use of MAS on the
same N ubiquitin sample dissolved in the 7.5% bicelle so-
lution, we determined the all independent Saupe elements.

chemical shift change / ppm
-

After transforming each CSA elements in pricipal coordinate

0.t -
system to molecular frame system, we can calculate the ori-
entation dependent N chemical shift change, or residual
CSA effect, according to equation (3). By varying the four ™o n 2 % % % & @

residue number

CSA parameters including three principal shielding values,
oll, ¢22, and 33, and the angle between unique axis and
N-H bond vector (3), the equation (3) was fit to the experi-
mental 1®N chemical shift changes. The obtained parameters

Figure 2: Comparison of the N chemical
shift changes: closed cirles and solid lines are

experimental data and dotted lines indicate
through the fitting are listed in Table 1. And in Figure 2, calculated values

calculated orientation dependent 1°N chemical shift changes
with the optimzed CSA values are compared with experimental data residue by residue. All calculated
values are within the range of experimental error, 0.002ppm [3].

Table 1: Average backbone N CSA parameters in ubiquitin

method oll (ppm) 022 (ppm) 033 (ppm) Ao (ppm) S (deg.)
solution NMR! -223.2 -72.2 -56.8 -158.7 18.8
solid-state NMR? -223 -79 -55 -156 19.5
1 this work.

2 Lee et al. J.Am.Chem.Soc. (1998) 120, 8868-8874.
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Development of Microwave Temperature-jump

NMR Spectroscopy
Graduate School of Science and Technology, Kobe University

Masaru Kawakami and Kazuyuki Akasaka

Using dielectric resonator, a microwave temperature-jump NMR
system suitable for aqueous solutions has been developed. A
mechanical mixing instrument is also introduced, which significantly
reduces the temperature gradient of the sample solution well within
50 ms after the jump. Using these devices, temperature jump by 20°C
can be performed in less than 20 ms. Furthermore, various T-jump
NMR pulse programs are developed.
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Nature of the N-H-N hydrogen bonds in Watson-Crick-type A-T base pairs as seen by
the trans-hydrogen bond J-coupling constants, *"Jy, in duplex DNA

Chojiro Kojima,'” Rei Ishikawa,' Akira Ono,' and Masatsune Kainosho'

'CREST and Graduate School of Science, Tokyo Metropolitan University, and *Graduate School
of Biological Science, Nara Institute for Science and Technology

Abstract The effects of substitution on the hydrogen bonding interactions of the Watson-Crick
base pair were investigated by NMR spectroscopy for five DNA duplexes with a Dickerson
dodecamer-like sequence, d(CGCGA *ATX *CGCG),, where A * stands for [ul- "N]-adenosine
and X * for three [3-"N]-5-substituted-2'-deoxyuridine, including 5-bromo-, 5-fluoro-, 5-cyano-
2'-deoxyuridine, [3-"N]-thymidine, and [3-"N]-2'-deoxyuridine. We compared various NMR
parameters that were sensitive to the nature of the hydrogen bonds in the A *-X* base pairs in the
five duplexes, such as 'H-/"*N-chemical shifts, "N-'"H through-bond coupling constants (‘J,,) of

X *, through-hydrogen bond “"N-"N coupling constants (*J) between the N3 of X ¥ and the N1
of A *, and the pKa values of the imino groups of 5-substituted-2'-deoxyuridines. These NMR
parameters were observed to change in a highly correlated manner with the substituent at the C5
position of the uvracil ring.

KFEEEERALEI—HyTYUJE 1998 FE(T/ZY RNARWTDNA DT RV ~o Uy
SIBBEMDOKEHZELENLUESN-"NEIC J—Hhy TV 5 (2)) BREShE. TORELALR
CRBALTHEZEDEBEREKZEES -y FU L IhliEEIN, RETRIEARPERICEITSK
FRSOEENMRTEFEELTESABLLNTNS, LHLENS, kEHFSEZEBNTIMHTOE
VERBOFERLE L TREGHFIUFTESNTEALICHLEDLS T, BRHEKRODH S 2, DIEEKFE
BEOMREOTEBMMFRIIRALHATIIAN. FXE, RBIEEHICHITEKkEEEN-H---N&
ERLTHWAEREFOEMMBICL > T2 EIEHTIEEZ 5NN, BEANTILO0.TABED
EREREATTEAVADIC, ERUBRERROICKDZ - LERBTH S, Ko IHRILEN
BTRERNICAAINTELBRESACLIBEH—ERENE—FFBL T2 OEEkFERE
EOMELOBEEZBELMCLLS LB, JDEHIC. Watson—Crick B! DNA ZEH(CH T
[T A-TIEEHOF I AGED 5 LA FINEMN major groove [CREHLTWBZEZFIBLE, BB,

IUBES NICKRABRELEAL(T->X), AABEANDBEER/NIEEDHDD. A-XIBE
HMOBFRZMFRICEDZEEZS3TTFNROBEICEILE (BNS. KFHRES PI1) . ABETIE.
COEFNREBVTHRONEH2LERNS, RBOKFRESOMHECEL TERT 3,

KFEE., KRBEEN LI Ay TY L TEH. DNA, SN EIREERE. N B
ZLEBLILUB5. LWibbhi, B0HE5, HODL L IXEDR



7 DBEERP : T/dC D 361D N E#iT 5 N BIREMEL. 10-N NMR BERBAEZE
HAEbEE 1) EBBEICRETSATAEZBELE, FICRLZ DNAERFIICERL., #ei
BECBVWT MW ERELE. TORER. fERE (E2H HNN-COSY &) IC[E 10%BEDORHAR
ENH5E, BENIRTEIE NNGPNE<KEIZE, BIKEESSVWEZENASHICHES .
FR4HPRBELEFEI. NEBELRFR AEE. 413/ 70 b OBESENTRP DO BEIC
BRATETHD, TOER, 20mM 7V EZTICEBA S/ 70 M &k EDRERE LRAD 2,
(CEB% 5 X 2\EB, D,0 RTO D-decoupled SN &7 F)LiE HO RO T FINEUHEL . £
D,0 HTOD 2y 3 H,0 LU DT NITAESNEDSBES M7=, [Kojima et al., J. Biomol. NMR,

.18, 269-277 (2000)]

d(CGCG*A*ATT*C*GCG),

d(CGCA*AAAAGCG) - d(CGCTTTTT*GCG)

d(CGCAAA*AAGCG) - d(CGCTTT*TTGCG)

G*/A*{$ SN H—Z8. T*/C*(L "N BIRERL-REETRT.

A2)7AbDOBMEE D)y dUDSHICHENICERS MWL BDNIEEERZEALE
5D dU FiEB{A[5-cyano—dU (pKa, 6.47). 5—fluoro—-dU (7.66), 5-bromo-dU (8.42). duU (9.3).
T8GR LE. CNSDOBREIBFRSINSBLSALHIC. ALRLICHZI/ 70
(N3H) @ pKa ZHEMMICRU & S [Ch&E < B s, BIRMIC 3 (1% 15N B#L 5 BEOHEG
% DNA dodecamer duplex, d(CGCGA*ATX*CGCG),, (CHEAL. EhENICBAL TS (H). Uy
D ERE L. TITX*E N BRER L2 dU FBBE. A*[IH—IC N-IRBEL 7= dA BEZE TR
Fo 8 (H) Uy M ld pKa fEE ROBEABBERLE, 143/ BOBMEEICKEL TS (HE Uy
MEATIBEIFHEINALDS, 1 ROEBETHLIBIEFENTH 57/, DNA-Triplex DFETHS ('H),
Une MW TPHECEEEEBOBRICHIESHONTW DS, B24DREIMBAE, YIFESHITERA
DTV, EENESICKZERHEISBONIKBREEIRNF M. 8 (H). Uy P pKa
ERWHBZRLAEBD L. WM OKRESEELZRETESAEESE TS, (AL, XE
& (poster P91) . Ishikawa et al., Magn. Reson. Chem., in press. Kawahara et al., J. Phys.
Chem. A, 103, 8516-8523(1999)]

15, 1557 §
6 ﬁ 8
15 / 5 o o T T T T
Nogse/4 @ T J
2 3 L ' i
& gL 0 1
7.5
[u-"5N]-2'-deoxyadenosine - 5 E
7
T, R=Me, [3-"N}-thymidine s | i
U, R=H, [3-'5N}-2-deoxyuridine . 1 1 L 1
.brU, R=Br, [3-°N}-5-bromo-2'-deoxyuridine B 7 8 3 10
fU, R=F, [3-"5N]-6-fluoro-2'-deoxyuridine pKa

cnU, R = CN, [3-15N}-5-cyano-2-deoxyuridine
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NMR in Structural Genomics Project
Shigeyuki Yokoyama, Hiroshi Hirota, Takanori Kigawa, and Mikako Shirouzu
RIKEN Genomic Sciences Center, Yokohama, Japan.

Structural genomics is a new field focused on the large-scale analysis of protein structures
and functions based on genome sequences. International community of structural genomics
projects is now focusing on revealing the 'representative' structures of sequence families, the
total number of which is now estimated to be ~ 20,000. RIKEN Structural
Genomics/Proteomics Initiative (RSGI) is working on the structure determination of proteins
from mouse, human, Arabidopsis thaliana, and Thermus thermophilus HBS. Prioritization
of target proteins is based on potential biological/medical importance and/or expected
structural novelty. By high-throughput cell-free expression, selected targets will be further
screened with respect to productivity and solubility. In our project, NMR will play an

important role for both structure determination and functional analysis.
L #@Es/LA¥E7OY7 b

ERNF LD KRS T MEFISRESND Y, REEYOY ) LRI ORI
BIZEDIZONT, BETOEWTH ) EARERELIE) R TH L5 V7 EIZO
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FTRTCDEVELZ 96 72NV T L — M7 45—y NTBILEIIENTELRD,
DEILZTFEFABICERATLILWETHY, 2oL, Turt Aot - BBt
PESHTHAH., AE 6 HLVARRRIZHB L7z~ 7 X cDNA OFEHICEL TIL,
MBBROZOFEEEPTZEILLY, 9 APHOERKET, BX£8000 23X +7

BT ABITART LT3

BoERETIE, FREOBITOKR, BHE TEEOS,-720b D2 &%

T, VABEBREOODOHE % IV V5427 —VTHET S, NMR TENZ
HEOLHBHCE LTI, ARICFZBEOABERARTEZ L) BHMRRAOKRMY £
PLTISNEZZBI R, 77425714 —F 72X R ENFE O HSQC A
R7MVEHIEL, EBbAL LU AEEELZ Lo TWEREIPOHEETBI %Y.
ZDO LT, HMEREIIVLEZRERVAEEZEAR 2z KEEDOEMBEAR %Y Hv TR
T4, X BERBFCEDLBIIEL T, BRbEtomHA s ) —=v 7%
BIhw, #EFEOSNARBICE LTI, BICHEBLLHREEITIZEICLY
SNAAREEREICE L SRS, b AT OMBBEEORE L ZITIZL
WEWS B ROBES A AN LT, BL ATV BAY VN ERRRT 2.
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PRTL, FFHRESEES N8BT 5.

EEIFELE & > 237 & 258 (Tth258)13, WREREM S > /37 B & — RIS L oME1H
REL R OEREERM Y YN ETH A, Tth258 FEUSHPEEMEICLC R ER
fw%p&#%,_h%®7/n7 BAEYFNICEELZHEIZRIL WL EE
Zbihiz,

Tth258 % b TV Y CTHRENEL72L 25, N K 99 FrF(Tth258A) B 5E %2 1
EEERL TWALEI EFHSNII R o7z, 22T, VAAEEMBEITIE, Tth2s58A (20
LCEDD I EIZ Lz, EHEICKD Th258A OBFEBELREL/L 25, RNaseH
TA—NVRREBIEDPFHLN IR o7, 2HEORRERE Pf1 77—V&R, BX
¥ DODPC/DOHPC/CTAB &) Tilll%€ L 72 residual dipolar coupling fifi C ¥ 48?3 {k1%
EERBILLALDL, ZOVHEEEZMD RNaseH 74—V N2 L 55 VN7 H L
W L7z, Z0OkHE, Tth258A 1Z4%FIZ Holliday junction resolvase RuvC & OFAUMEAS
Eholz (A TERS D RMSD: 1.8 ) . LA b, RuvC ETHREFEN S OEREREN
Tth258A LU L 2 EBIZDHRFEIN TV, Thb &), Tth2s58 1, $5i2 RuvC
CHBL AR R OWEX LT ¥ Th L LEINT.

[X]. Ribbon representation of the solution suuciure of Tth258A (left) and the
crystal structure of corresponding region of RuvC(1-103) (right). Side chains

of highly conserved acidic residues are also represented.
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Advanced Solid-State NMR Techniques for Characterizing the
Structure of Complex Organic Materials

Klaus Schmidt-Rohr
Department of Chemistry, lowa State University, Ames, 1A 50011, USA

High-resolution '*C NMR spectroscopy of solid perfluorinated polymers, such as
poly(tetrafluoroethylene), PTFE (Teflon®), ot the ionomer Nafion®, is desirable for
investigations of the local structure of these important materials. However, their standard
3C MAS spectra, observed under continuous-wave °F-irradiation, are broadened by tens
of ppm. This is due to the off-resonance shifts of the "’F decoupling field that are
induced by the large '°F chemical-shift anisotropy. - We have achieved a 30- to 200-fold
narrowing of the "C lines by 28-kHz magic-angle spinning (MAS) combined with
rotation-synchronized '’F 180°-pulses. The fast magic-angle spinning averages out
homo- and heteronuclear dipolar couplings of '°F, and the 180°-pulses remove the
splittings resulting from "F-"*C J-couplings. The resulting >C line width obtained for
crystalline PTFE is 18 Hz (0.18 ppm). Signals from many sites in the sidegroups of
Nafion® can be resoived by this method, see Figure 1.

5-kHz MAS 13C NMR, AR Nafion
c.w. 19F decoupling
o .~ 1200 Hz
—{—32Hz

(-CF2-CF-(-CF2-CF2-)_¢)n

28-kHz MAS 13C NMR, )
-CF2-CF-O-CF,-CF,-S03

pulsed 19F decoupling  O-CE,

F3
CF3 O-CE-C
T T T I' T - ‘I
ppm 130 120 110 100 90 80

Figure 1. Line-narrowing of >C NMR spectrum of Nafion by fast MAS and pulsed °F
decoupling. Top: Standard CP/MAS, bottom 28-kHz CP/MAS with further decoupling of
°F by one 180° pulse per rotation period.

Further, the peaks in the '*C NMR spectra of Nafion® and of
poly(chlorotrifluoroethylene), PCTFE (Kel-F®), are assigned based on °F-">C J-coupling
modulation and F-"C HETCOR experiments. The mobility of different sites in Nafion
has been characterized by the motional narrowing of recoupled anisotropic interactions.



In the second part of the talk, we will demonstrate uses of the chemical-shift anisotropy
(CSA) for structural magic-angle-spinning NMR studies. A robust 2D CSA separation
technique, derived from the method of Tycko et al., will be presented. Using 360°
instead of 180° pulses, it is highly insensitive to pulse-length errors and requires only
moderate 'H decoupling fields. The technique, termed separation of undistorted powder-
patterns by effortless recoupling (SUPER), makes measurements of quasistatic chemical-
shift anisotropies under MAS routine. In addition to obvious applications such as site-
resolved orientation measurements. in drawn polymers, we will highlight the use of
SUPER for distinguishing functional groups with similar "*C isotropic shifts. For
instance, COO/COOH, CON, and COOC-ester groups can be identified in SUPER
spectra based on the sign or magnitude of their *COO CSAs (see Figure 2).

COOH COO0- cooc /

L L 1 L L I

3002001007 300 200

s

007" 300 200 100 300 200 Y60
ppm

Figure 2. Carboxylic-acid, carboxylate, amide/peptide, and ester *C CSA powder

patterns, obtained as cross-sections from SUPER spectra of several model compounds.

The COOC esters can be identified reliably by their characteristic lineshape with the 0,,-
peak on the right. CONH groups characteristically have 0;; < 100 ppm (see arrow).

Similarly, aromatic, olefinic, and anomeric (O-CRR’-O) carbons can be distinguished.
Sites with different magnitudes of the CSA, such as aromatic and anomeric groups,
which overlap in the 95 — 120 ppm range of isotropic chemical shifts, can also be
separated by a simple, tunable one-dimensional CSA filter. .

We will also present identification of NH and OH protons in CRAMPS and
HETCOR spectra based on dephasing by their large 'H CSAs. The 'H CSA (and the “N-
'H dipolar coupling) is recoupled using suitably phase-inverted multiple-pulse
homonuclear decoupling without 180° pulses. This filter is particularly valuable for
distinguishing signals of aromatic-proton from NH- and OH-proton bands.
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New twists for decoupling and recoupling combined with
fast MAS

B.H. Meier, M. Ernst, A. Detken, M. Tomaselli, P. Williamson, E. Hardy, G. Zandomeneghi,
R. Verel, A. Verhoeven, K. Gopalakrishnan
Physical Chemistry, ETH-Zurich, 8093 Ziirich, Switzerland:

e-mail: beme@nmr.phys.chem.ethz.ch

Recent methodological solid-state NMR developments in our lab are summarized. Particular
emphasis will be given to experiments with fast magic-angle spinning at frequencies between

25 and 50 kHz.

(i) High-resolution solid-state NMR is rapidly evolving into a tool for determining the structure
of biomolecules in solid phase, thereby opening up avenues for studying systemé which are dif-
ficult to access by other methods. In this part of the talk, we focus on assigning the resonances
of a uniformly isotope-enriched peptide or protein to its primary structure. This represents a first
step towards the goal of determining the complete three-dimensional structure of proteins by
solid-state NMR. The assignment strategy relies on polarization-transfer experiments involving
13C and 15N spins. The prospects for structural studies based on such assignments are dis-
cussed.

(i1) Adiabatic recoupling methods are described and their advantages and disadvaptages com-
pared to the respective sudden methods are discussed. An adiabatic version of the C7 experi-
ment is presented and described in detail. The principles illustrated for C7 can be applied to the
entire CX family of pulse sequences. The adiabatic version of C7, DREAM-C7, can be locked
at as an chemical-shift-offset compensated version of the DREAM experiment. In the DREAM
experiment, different spin pairs will pass through the HORROR recoupling condition at differ-
ent time points during the adiabatic sweep. In the DREAM-C7, in contrast, all spin pairs are re-
coupled simultaneous at a single time point during the sweep. This leads to a different spin
dynamic. Similar principles apply also to the R class of pulse sequences. Application to fast
MAS is described.

(i) Polarization transfer through the scalar J couplings will be discussed. Design principles for

pulse sequences that promote homonuclear polarization transfer mediated by the isotropic part



of the J coupling will be outlined. Theoretical, numerical and experimental results will be de-
scribed. ‘ V

(iii) We investigate the possibility of a low-power approach to heteronuclear spin decoupling in
solid-state NMR under high-frequency magic-angle sample spinning. Decouplihg is achieved
by applying an rf-field with an amplitude corresponding to a precession frequency much lower
than the spinning frequency. This leads to a reversal of the averaging processes compared to
normal high-power continuos-wave decoupling. Such an approach becomes increasingly inter-
esting with increasing MAS spinning frequency. Inrigid solids, low-power decoupling becomes
competitive above about 40 kHz MAS frequency.

(iv) The application of magic-angle spinning to bicellar systems (in solution) will be discussed.
Bicellar nematic liquid-crystalline phases can be oriented with the director (the normal to the
bilayer plane) at an arbitrary angle © to the applied magnetic field by sample rotation around
one axis (variable-angle spinning) or around two axes (switched-angle spinning). Bicelles sam-
ples (DMPC/DHPC), spun at angles 0°< ©<90°, were studied by 2H and 3'P NMR. It was found
that the stable orientation of the director is perpendicular to the rotation axis when © is smaller
than the magic angle (0°< ©<54.7°) and parallel for 54.7°< ©<90°.

3P NMR spectra can be simulated by assuming a Gaussian distribution of the director around
the stable orientation: the spread of the Gaussian distribution is a measure of the order of the
system (distribution of the director) and depends on © and on the spinning frequency.
Switched-angle spinning experiments are suggested in order to obtain a system oriented with

the director parallel to the magnetic field, as in lanthanide-doped samples.
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) Cross-correlated relaxation for the study
of biological macromolecules

Dominique Marion

Institut de Biologie Structurale Jean-Pierre Ebel — CNRS — CEA — UJF
41, Rue Jules Horowitz — 38027 Grenoble Cedex — France
e-mail: marion@ibs.fr

NMR is now a well established tool to determine the structure of biological
macromolecules in solution and thus offers an alternative to X-rays crystallography, at least
for molecules of intermediate size. In addition, its provides insight into the dynamics of
proteins and nucleic acids over a wide range of time-scales ranging from fast internal and
overall motion (typically ps to ns) up to slow unfolding processes (ms to s). This dual nature
of NMR spectroscopy originates from the fact that most NMR interactions are time-
modulated by the molecular motion and thus contain a geometrical term along with a
frequency dependence. This is best illustrated in the case of the 'H-'H nOe widely used by
distance determination, which is a function of r;° (i.e. the internuclear distance) and of the
tumbling rate of the associated vector in the magnetic field: depending on the frequency of
this motion, a nOe can be positive or negative.

Over the recent years, NMR relaxation has been widely used to investigate the
backbone dynamics of proteins in solution !, with a special focus on amide "N. A number of
reasons have supported this choice, ranging from the low cost of '*N labeling of proteins to
the simple two-spin approximation. As a matter of fact, a set of three NMR probes (°N T,
N T, and “N{'H} nOe) are usually measured and interpreted assuming a dominant 'H-""N
dipolar interaction and a minor contribution of the N chemical shift anisotropy. In a second
step, the relaxation data are converted into motional information, using the model-free
approach introduced by Lipari and Szabo, which aims at separating the global tumbling from
the faster internal motions.

The extension of this approach to other relaxation probes (such as side-chain *C in
proteins or sugar/base >C in nucleic acids) is made difficult by the numerous relaxation
mechanisms involved and by interference between them due to cross-correlation. Cross-
correlation 2 occurs when several spin interactions (as for instance dipole-dipole interaction or
chemical shift anisotropy) are modulated by the same molecular motion. Consequently, the
relaxation rate contains additional terms, which depend on the relative orientation of the two
interactions and on how they are time-modulated. A major consequence of cross-correlation
is that the various relaxation mechanisms no longer add up in a simple manner and that, in
some favorable instances; a decrease of the relaxation rate is even observed. This effect has
been recently exploited in the TROSY technique °, where the cross-correlation of DD and
CSA interaction leads to a narrowing of specific lines in a multiplet and thus an enhanced
sensitivity. Fortunately, the efficiency of this effect increases with slow molecular motion
and high-magnetic field and open thus a new avenue for the study of large biological
macromolecules.

Dominique Marion —~ 40" NMR meeting Kyoto — November 14-16, 2001



In this presentation, the application of cross-correlated relaxation will be discussed for
two types of biological macromolecules — short fragments of nucleic acids and proteins — and
for two different purposes — as structural information or as a dynamics probe —. While
TROSY has been initially proposed for protein backbone °N, any nucleus with a large CSA
contribution is a suitable candidate to exploit its benefits. The aromatic carbons in nucleic
acid bases fall into this category as a result of their aromatic nature. An increased sensitivity
is reported for TROSY only for the base carbons *, but not for the sugar ones which lack this
large CSA. Furthermore, TROSY makes possible to combine magnetization originating from
the slowly relaxing 'H with that of the less sensitive but faster relaxing '*C. Relaxation
measurements have shown that the DD-CSA cross-correlated relaxation varies for the various
C types in RNA bases, a result in agreement with published theoretical DFT computation.
Cross-correlation can also be used as a conformational probe for the sugar pucker in nucleic
acids °, as DD-CSA cross-correlated relaxation changes magnitude for the two frequently
encountered conformations: C, endo and C,. endo. '

In proteins, a number of CH, groups are located all over the molecule and exhibit
dipole-dipole cross-correlation between the two CH pairs. While this effect is inconvenient
for T, and T, relaxation measurements, it provides valuable information on the concerted
motion of the CH, group. Several studies ® have been reported in the past for CBH2 groups
present in proteins. When a protein is randomly deuterated, a fraction of the terminal CH,
groups found in most aliphatic side-chains (Ala, Val, Thr, Leu, Ile and Met) are replaced by
CH,D groups. It is thus possible to measure the DD-DD cross-correlated relaxation in the
transverse plane by observing the intensity variation in the 1:2:1 multiplet for the *C signal.
A major issue for the design of this experiment is the signal selection from the CH,D
moieties, without introducing any bias on the quantitative measurement. The methyl group
dynamics is clearly dominated by the 3-fold rotation around the symmetry axis which occurs
at a ps time-scale, but this relaxation probe provides also insight on the global motion of the
side-chain. Contributions from other DD-DD cross-correlated rates in a fully *C labeled
protein will also be discussed.

Acknowledgements: The contribution to this work by Jérome Boisbouvier, Jean-
Pierre Simorre, Bernhard Brutscher (IBS — Grenoble), Arthur Pardi (Univ. of Colorado),
Ranjith Muhandiram, Nikolai Skrynnikov, Oscar Millet and Lewis E. Kay (Univ. of Toronto)
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Understanding Intermolecular Multiple-Quantum Coherences
and Their Applications

Warren S. Warren, Princeton University
Web site(including links to recent papers): http://www.princeton.edu/~wwarren

Several years ago, we showed that dipolar couplings between distant spins produce
additional peaks in the indirectly detected dimension in solution two-dimensional NMR
experiments [1, 2, 3]. These peaks correspond to intermolecular multiple-quantum coherences
(iMQCs) between widely separated molecules (typical separations are 101im-10 mm). In the last
few years, these effects have evolved from a curiosity into a wide range of applications. For
example, iMQC imaging [4] gives demonstrated contrast enhancement in vivo; good brain
images can be obtained in a few minutes, at fields as low as 1.5 Tesla. We have recently
demonstrated that intermolecular zero-quantum coherences (iZQCs) in particular can be used to
remove >2KHz inhomogeneity and >1 kHz/s drift from the 25T Keck electromagnet at the
National High Magnetic Field Laboratory (NHMFL), giving the first high resolution, >1GHz
NMR spectra[5]. Finally, it has now become clear that the combination of dipolar field effects
and radiation damping can lead to chaotic dynamics, even if the solvent magnetization is initially
almost completely suppressed, to resurrection of the solvent magnetization[6], and to
amplification of signals from dilute spin species. I will discuss all of these applications, the
theoretical (mean-field or “classical” [1, 7, 8, 9] and coupled-spin or “quantum” [7,10])
frameworks, and the computational methods [11] that allows us to make sense of the results.

1. Q. He, W. Richter, S. Vathyam and W. S. Warren, J. Chem. Phys. 98, 6779 (1993).

2. W. S. Warren, W. Richter, A. H. Andreotti, and S. Farmer, Science 262, 2005 (1993).

3. S. Ahn, W. S. Warren, and S. Lee, J. Magn. Reson. 128, 114 (1997); S. Ahn, S. Lee, and W. S.
Warren, Mol. Phys. 95, 769 (1998)

4. W. S. Warren, S. Ahn, M. Mescher, M. Garwood, K. Ugurbil, W. Richter, R. Rizi, J. Hopkins,
and I. Leigh, Science 281, 247 (1998).

5.Y. Y. Lin, S. Ahn, N. Murali, W. Brey, C. R. Bowers and W. S. Warren, Phys. Rev. Lett. 85,
3732 (2000).

6.Y.Y. Lin, N. Lisitza, S. Ahn and W. S. Warren, Science 290, 118-121(2000)

7. S. Lee, W. Richter, S. Vathyam, and W.S. Warren, J. Chem. Phys. 105, 874(1996).

8. See, for example, P. Robyr and R. Bowtell, J. Chem. Phys. 106, 467(1997); P. C. M. van Zijl,
M. O. Johnson, S. Mori, and R. E. J. Hurd, J. Magn. Reson. A 113 265(1995); 1. Ardelian, R.
Kimmich, S. Stapf, and D. E. Demco, J. Magn. Reson. 127, 217(1997); G. J. Bowden, T.
Heseltine and M. J. Prandolini, Chem. Phys. Lett. 233, 639(1995); M. Augustine and K. Zilm, J.
Magn. Reson. A 123, 145(1996).

9. J. Jeener, A. Vlassenbroek, and P. Broekaert, J. Chem. Phys. 103, 1309(1995).

10. W. Richter, S. Lee, W. S. Warren, and Q. He, Science 267, 654(1995).

11. T. Enss, S. Ahn and W. S. Warren, Chem. Phys. Lett. 305, 101 (1999); S. R. Garrett-Roe and
W. S. Warren, J. Magn. Reson.146, 1(2000).
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NMR-based Screening Method for Transglutaminases; Rapid Analysis of their Substrate Specificities

and Reaction Rates.

Nobuhijsa Shimba, Kei-ichi Yokoyama, Ei-ichiro Suzuki
Central Research Laboratories, Ajinomoto Co., Inc., 1-1 Suzuki-cho, Kawasaki-ku, Kawasaki-shi 210-8681,

Japan.

Abstract: The incorporation of inter- or intramolecular covalent crosslinks into food proteins with
microbial transglutaminase (MTG) improves the physical and textural properties of many food proteins,
such as tofu, boiled fish paste, and sausage. Other transglutaminases (TGases) are expected to be used in
the same way, and to extend the scope of industrial applications to materials, drugs, and so on. The
TGases have great diversity, not only in their amino acid sequences and lengths, but also in their substrate
specificities and catalytic activities, and therefore it is quite difficult to estimate their reactivity. We now
demonstrate an NMR-based method using the enzymatic labeling technique (ELT) for the simultaneous
analysis of the substrate specificities and the reaction rates of TGases. 1t is quite useful for comparing the

existing TGases and for screening new TGases or TGases variants.

Introduction: Transglutaminases are a family of enzymes that catalyze the displacement of the amide
ammonia at the y-position in glutamine residues by replacing it with another amine, usually an e-amino
group from a suitable lysine residue. The formation of e-(y-glutamyl)lysine isopeptide bonds results in
both intra- and intermolecular cross-linking of proteins, leading to polymerization. Guinea pig liver TGase,
human epidermis keratinocyte TGase, and human blood coagulation factor XIII are calcium ion-dependent
enzymes. For instance, the enzymatic and structural properties of Factor XIII have been well
characterized for the cross-linking of fibrin, which stabilizes clots against redissolution by fibrinogen and
plasmin, and so on. On the other hand, Streptoverticillium sp. S-8112 TGase (MTG: microbial
transglutaminase) is a calcium ion-independent enzyme, and is the first TGase to be obtained from a source
other than a mammal. Incorporations of inter- or intramolecular covalent crosslinks into food proteins
with MTG, improve the physical and textural properties of many food products, such as tofu, boiled fish
paste, and sausage. In addition, TGases originating from marine organisms, including fish, crustaceans,
and echinoderms, for example, red sea bream liver, carp dorsal muscle, limulus hemocyte, lobster muscle,

sea urchin eggs, and Japanese oyster gills and mantles, have been reported. However, they are quite
Keywords: 27 )V —=17 BEFIE#HE., NF L RIVH I F—¥, iR NMR
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diverse, not only in their amino acid sequences and lengths, but also in their substrate specificities and
catalytic activities, although their enzymatic reactions generalize down to an acyl transfer.

The proposed TGase reaction mechanism is based on the crystal structure of factor XIII. At first, the y-
carboxyamide groups interact with TGases, and subsequently, the primary amino groups of a variety of
amines or the g-amino groups of lysine residues are involved in the formation of new covalent bonds. On
the basis of the proposed reaction mechanism, we have already developed an enzymatic labeling technique
(ELT), in which N nuclei are incorporated into the y-carboxyamide groups of the glutamine residues in
arbitrary proteins. In the present study, we will show a novel method using ELT and the techniques for
detection with NMR in order to analyze the substrate specificities for glutamine residues and the reaction
rates of TGases simultaneously. It is quite useful to compare the éxisting TGases and to screen for new
TGases or TGase variants. By using this method, we have characterized the enzymatic properties of
various TGases, and found a preferable TGase to improve the physical and textural properties of many food
products, such as tofu, boiled fish paste, and sausage. Moreover, it will extend the scope of TGase

applications, for example, in the fields of foods, materials, drugs, and so on.

Results and Discussion: Figure 1 depicts the reaction mechanism for ELT using TGases. The labeled
ammonium ion reacts with the y-carboxyamide groups of glutamine residues, and exchanges with their
amide groups. A large excess of °N labeled ammonium ion increases the incorporation of the "N nucleus.
The N labeled glutamine residues, corresponding to the TGase substrate, are easily and rapidly observed

in the *N edited spectra using NMR.

Rl Rl
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Figure 1. Schematic drawing of ELT by using TGases. The labeled ammonium ion reacts with the y-

carboxyamide groups of glutamine residues, and exchanges with their amide groups.

Ovalbumin (albumin from chicken egg), which is a glycoprotein (43 kDa) including 14 glutamine
residues, was used as the substrate protein. The 'H-""N HSQC spectrum of ovalbumin was recorded in the
presence of 200 mM "NH,Cl, SmM CaCl,, and 4uM MTG (Figure 2a). In the same way, we measured
. the 'H-""N HSQC spectra of ovalbumin in the presence of GTG and FTG, instead of MTG (Figure 2b,c).
Six pairs of cross-peaks were observed in the presence of MTG, showing that the corresponding y-
carboxyamide groups of the glutamine residues in ovalbumin were labeled with "'N.  On the other hand,
only four pairs of cross-peaks, in which the three pairs shown as 1, 3, and 4 correspond to the glutamine
residues labeled with MTG, were detected in the presence of GTG and FTG.  As a result, among the
glutamine residues 1 to 6 that were capable of being isotopically labeled using MTG, only glutamine

residues 1,3, and 4 were labeled. The glutamine residue 7 was newly labeled, in the presence of GTG and



FTG. It could easily and rapidly be proved that when using ovalbumin as a substrate protein, a plurality of
glutamine residues may serve as substrates for MTG, as compared with GTG and FTG. ' In other words,

MTG has a lower substrate specificity for ovalbumin, as compared with GTG and FTG.

ELT is useful not only for analyses of the substrate specificity, but also for the estimation of the reaction
rate, since the N labeling ratio is calculated from the signal intensity in the NMR spectrum. In this
example, the reaction rates were compared with MTG and its variant, Ser-MTG, which lacks the N-terminal
aspartic acid residue. The 'H-""’N HSQC spectra in the presence of MTG and Ser-MTG were measured,
continuously 20 times, for the estimation of the reaction rate. The sums of the intensities of the signals,
indicated by 6 in Figure 2a, are plotted in Figure 3. We found that the reaction rate for Ser-MTG is higher
than that observed for MTG, at least at the site corresponding to the glutamine residue representing the
signals indicated as 6 in Figure 2a. Thus, the method based on ELT permits the monitoring of the reaction

rate of any glutamine residue present in a substrate protein.
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Figure 2. 'H-N HSQC spectra of ovalbumin labeled with "N in the presence of (a) MTG, (b) GTG and (c) FTG
Observed cross-peaks labeled with MTG are shown with the serial numbers, 1-6. Cross-peaks observed in the presence of

GTG or FTG are marked with the corresponding serial numbers, and newly observed cross-peaks are shown as 7.
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Figure 3. The sums of the intensities for the pair of signals indicated by 6 in Figure 2a, and those for the corresponding
signals in ovalbumin reacted with Ser-MTG, were plotted against the reaction time. Signal intensities were fitted for the

estimation of the relative reaction rates, using a single exponential model function.

Conclusion: The TGases are a family of enzymes that catalyze an acyl transfer between a y-carboxyamide
group of a glutamine residue and an amine, usually an g-amino group of a lysine residue. The TGases are
quite diverse, not only in their amino acid sequences and lengths, but also in their substrate specificities and
reaction rates, although their enzymatic reactions generalize down to the acyl transfer. The kinds of
glutamine residues serving as substrates and the reaction rates vary depending -on the type of TGase, and
this results in the different abilities to crosslink substrate proteins. Given these circumstances, we have
developed a novel method using ELT for the analysis of the substrate specificities and the reaction rates of
TGases simultaneously. It is quite useful to compare existing TGases and to screen for new TGases or
TGase variants. ~ As a practical matter, we have characterized and classified the enzymatic properties of
various TGases, such as MTG, GTG, and FTG, and have identified a preferable TGase variant, Ser-MTG,
which is expected to improve the physical and textural properties of many food products, such as tofu,
 boiled fish paste, and sausage, as compared with the native TGase. Moreover, on the basis of ELT, it will
extend the scope of applications for TGases for industrial use, for example, in the fields of foods, materials,

drugs, and so on.
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Prion Dynamics Characterized by a High-Pressure NMR
School of Medicine Gifu University!, RIKEN2, University of California San Franciscos,

Kazuo Kuwatal, Li Hua?, Hiroaki Yamada2, Thomas James?, Kazuyuki Akasaka?

Slow conformational fluctuation of prion is considered to be a crucial step to its
conversion into PrP*. By utilizing a high pressure NMR, we detected the volume
fluctuations of the recombinant prion protein rPrP (90-231) in a residue-specific manner
We also found the major conformational intermediatePrP*, where helices B and C are
partially disordered while helix A remains intact. The disordering helix B, which has
high propensity for B-strand, is likely to contribute to an intra-molecular extension of
the B-strand, and eventually to the oligomerization of the protein. The structural
characteristics of the intermediate PrP* revealed here may give clues to an efficient

drug design to prevent the oligomeriation of PrPC into the pathogenic form.

FN)FER?

VA Vide NoBYIc RN, B, & L JRBRREoMREENEE (B, F
TRHEER, LM TRZO4Y T o)V - YT RESRITELET, #2500 HO
TIVBIPLRE, WEMEETETILY (PP, 2714 E—B) LHEEEDRWT
VY (PrPe, Mifa®) & ¢id, @& LWY, AHREBEXERDZ LEZLATY
2. MEEATIE, PrPCh S PrPse AOEWMAEREI N TS D, in vitro TD PrPCH 5
PrPse AOEHUE, REICBILTEST, TORBICIE, RAOKRTF (Protein X) H4
(T3, EEZLNTWS,

SRR, PrPCiXa~ v 2 AHEL, bTFHPOLY—1 LIS E RN, PrPse
FZBY— 1 2R A%SLI EPMEZINT VD, NLAXY—O PrPsc 2BEZNE T2 &,
N WEBR\W 7V 4 V&R, rPrPO0-23D0 RN, ChIRBREUEETIZLHASN
TWb, PrPC O iR EIIMIHE =D, PrPse O EBEIIVWEDL I A2 0> T
AV AW

7)) A, BHE NMR, HifEE, PrPC, PrPse, PrP*

bz »TH, b 5p, PEE VAHE, La—BT L—FT, HrEh »7T
W ’
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R, NLZE—, b PrPC OFMBRBEB N AEENRE I N TN DS, BEAMIZIE
3RDa~) v IR (A B C) EB8Y—k (S1,82) mohb, ZhdoDOEEIIARERL
PTNB, ¥ AN, NAZXZ—rPrP90-23D)DFREE T, DR Ly 113-128 BE
OGN 1 BR TR, EREETHIILPALNTWS, ZOLXSR, PrPCicBIT 5
BOBMEDPEBIZS ER2FARD I LIX, PrPCh S PrPe~DEHRA H = X LDOEREY
3230557, ZhafRitT2EMOBERICIBRIODEEILNS, :
PrPCO RIS F I RIZBITE 54 F I 2 XPE TR, 90-140 BE (43— b D—
2E50) BIERICERSN,L, AV w I XA (144-154) i, AU w27 X B (172-193), ~V)
w2 Z C (200-227) & DAEMEICRS P, £/, 81— MEE (128-133, 159-164) &
BOWEBERS EREET . NS OFAFGRIL, PrPc OBEHBE L 3 XL{FALTWS,
ZOLDRIEL EORHBRIT, KABERLORS ERKMLTIEWVWS D, PrPC 5 PrPse
ADEBA N ZZLNZBRDH LS DI, KEFPTORN, '
—75,PrPC OB GIE 2 RETH 0, BERO PR OEEIRR I N TR,
¥/z, ZHA (GdnHC) #ETPBERET TR, 7V 2 0EtRBEIRESh TN
2500, ZORENREIZOPOTHRN, :

BE NMR TIPS 507

FEHEIABRT CIERRIABEROEERBICH 2L EZI NI D, BRD KB
BRECHEEESHNE, MECEKDZNSLOMOFEE L TLT I EHHRD, FIZERR
RETCIRENOICEBONX N, FEEY2L—Ya OEN “FRESE” thoki L
b, BEFTCRAC 2L —2a HlNd 2570, ZOHEMPWEE L & %, KB, BE NMR
BHWSZLIZLD, 57 7Y R DHFRIZBIT S “FhEgE” PEAlah TS
h, ZNOHDPEABEMELREVWEBRIID L MNP oTEHK TS,

7) A 2 OEEEMPRI&K

INLREY—+ 7V F 2 rPrP(90-231) Tk, 1> 7 bOEAREMSD S, B-CV—7 (B
AYw I RE C-AYw I XBON—T) 12, BE () BOEBW (R VBRI SBD)
BEHDPERCHEET DI LN D ok, F, BEITAL NOELWREHOBVRS, D
R &b 2BEOBRERUARRIAOEEDHSPITR > TZA N v 7 RFRENTNDH,
B CAYwrapEhzsDL (PrP*), MIZB L CAY I AMBEERTNEN, A
ANV I ZADENEHDTH Do BIHEDHMPRET, TOPMKEIRARMHETY, 1~3%
BETHIEDRSPoF. B CAY Y7 AOBICIX SSHADHELETHH, TDSSH
BEYMTZILICED, PVFUEENTRELEN, 7I04 REERTEZ LB
5hTW3 (AL, PrPseCld, S-SHEARREINTVD). &> T, PrP*id, PrPch 5
PrPs: |C % 2 OMEE B OMWHERICE S LT\ 3 alRED S %,
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Solution Structure of the DNA-binding domain of MafG

Center for Tsukuba Advanced Research Alliance!l , Institute of Applied Biochemistry2, and
Institute of Basic Medical Science3, University of Tsukuba, Tsukuba, Ibaraki, Japan
(OHideki Kusunokil.3, Hozumi Motohashil.3, Fumiki Katsuoka3, Akio Morohashi2,

Masayuki Yamamoto!.3, and Toshiyuki Tanaka!.2

Maf family transcription factors are basic region-leucine zipper (bZIP) proteins,
characterized by the presence of a specific amino acid sequence, Maf extended homology region
(EHR), on the N-terminal side of the basic region. The EHR is considered to be essential for the
DNA binding specific to Mafs, together with the basic region. To understand the unique DNA-
binding mode of the Maf family, we have determined the solution structure of the DNA-binding
domain (residues 1-76) of MafG that contains the EHR and the basic region. This structure
consists of three a-helices and provides a possible mechanism by which Maf family proteins
bind to their consensus DNA sequences.

MafffEEE X, BEMEO 1S T yiN— (bZIP) BEEH OEERBAFTHY . &
EEMEIERN X1 2B DOAMaBEERE (c-Maf. MafB. NRL. L-Maf) &. Zh##HLtun
AMafBFEBE (MafG. MafK, MafF) D20l aE&h 3, MafBfEREIR. D773 Y
—TE{RFS h/=. Maf extended homology region (EHR) &WIEh37 I/ BREI%1E
HMBROFICH 5. MAREL L\ 5 DNABSI (TGCTGAC(G)TCAGCA) % #5RA91C535 L
THRET S, DO MARE EFHIIE. c-Fos. c-Jun. GCN4 &uv- /= AP-1 bZIP EREHER
HTB AP YA b (TR HRRIC. ZOEIMAIC Mat HERE O AP FHRT S 320
IBEES (flanking region) ##% 3, Zhil. MafBFEREIX. AP-1bZIP E0E & RME L
HETAP-1 H 4 M Z#ES L. EICEHRY flanking region IC#4& T 3 2 &2k ) . MARE &5l
EHEEBALTWBEEALNTVWS, 22T, EHRPPEDE D HIBEERL L TL1 3 H,
FAEDLIICMARER SN BT 2L 2B PICT 3-8, EHREEEMER»SKR D
MafGDDNAREE K X 1 > (5%E1-76) ONMREBEEZRE L /=0

(B RERHER L MalG(1-76) D SBEBH S KENMRZX A kL% . Varian
UNITY INOVA 500X i+ Bruker AVANCE DRX 8004935t # VW THRIE L. BiRICHE-> T

Maf. DNAFES KX 1 >, ZRTINMR. ZRcidE

CFDE VTE. BERL BDH POED ZHE, DHRL HESH.
PEHE FEIOF, LLH ELDEZE



BROMUBED L TN ERB L. 2L T, ZRTRTF=RTNOESYANRT bvH 518/-817
BOEBMIERE . ZRITHNHAZ R bv kB 260 —EAEHRE BT, X-PLOR
ver. 3.851 TSt H 17> 12, £ 7. 15NTIZER L /= MafG(1-76) 583 -, MARE B5l2 &
5 DNA (15bp) &% 013 SBTOFEML . SBELT 2D TH-15N HSQC IR kb
EAETZIEICELT, MafG(-76)D T X K 7O b2 &7 I FERDILED 7 bE{LEHR
7=

MERERUER]  MalG(1-76)ik. 32D aY v 7 X (H1,26-31; H2, 34-41; H3, 46-61)
PORBIBEER-> TS (TH) , ZOBEICHWT, MalffEEE/ HICHEET 3EHR
BAY Yy 7 XHI P SHIDE X ETE ., IBEMBEHIEAY v 7 AH3OHEEHBR L T3,
—7. NERIFE23FHE L EAMEHOCKBANREGIFTICEESMI S, RE- £HBE
EBoTVELY, £, BAEREICE. BT I/ BIOSRE/Ny FABEL TS,

MARE 25 %473 DNA £ B /424 ML — a3 FBTE. TICAY vy 7 XH2D 5
CRIBBEAITAELILEY 7 MEILY . BICEEMEBR TR I FLOBEbBNEh A, 2
DFER PS> . EHREBEMEHNOTMAHIMAREE DESICEELTVWAZ EPFREE N,
BIC, IERMNY FEAETIEAERAEETR L TWAT7I/BERET, A&niby o
(LD RONA, RNy FEBRTEI7I /BOBEAEF MaBIEGE TRES N
TWBZELPSH, ZOERME/NY FEECEARRA/DNAE EEEEERL TV3 &%
Abh B,

Maf BEBEIE. 32N a7 A S 548%E (EHR fold) & IBREMEIROFICED
ZEICEY ., D DZIPEBAE LY H AL LDNAE DHEEEREE BB L. &L EL MARE
BBl % SRR HR D EEA 5N B, \

A ribbon diagram of the energy-minimized
average structure of MafG(1-76)
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Solution structure of paralytic peptide of the silkworm, Bombyx mori

Kazunori Miura" %, Manabu Kamimura®, Tomoyasu Aizawa" 2, Makoto Kiuchi’, Youichi Hayakawa®, Mineyuki
Mizuguchi® and Keiichi Kawano®
(' Bio-oriented Technology Research Advancement Institution, *Faculty of Pharmaceutical Sciences, Toyama
Medical and Pharmaceutical University, *National Institute of Agrobiological Sciences, *Institute of Low
Temperature Science, Hokkaido University)

Paralytic peptide of silkworm, Bombyx mori, (BmPP, 23 residues) is a small cytokine peptide isolated from
silkworm. BmPP has 74% homology in the primary structure to Growth-blocking peptide (GBP, 25 residues)
which is one of the multi-functional insect cytokine ENF-family peptides. The growth-blocking activity, which
is one of the major activities of ENF-family, of BmPP is weaker than that of GBP although the primary
structural homology is high between BmPP and GBP. To analyze the structural properties of BmPP and GBP,
we determined the structures of BmPP and GBP using two-dimensional nuclear magnetic resonance
spectroscopy and CNS-ARIA structural calculation system. Although the overall structure of BmPP is similar
to that of GBP, several structural differences are found. We will discuss the detailed structural properties of

BmPP and GBP, which may be related to the difference of the activities between BmPP and GBP.

(FFaR) WA 2BRE~7"F K (Bomibyx mori paralytic peptide, BmPP) (X, B4 2V /305 HigEX
NTI /B2 3BEPLRDY A FIA L THDB, BmPP X, 77 2 kU D Growth-blocking peptide

(GBP. 2 5RK) & T4%DBEVHFMEA LT, e bIHFOR A7 F SRS T
D, TRLORTF FENKBORFEHOSNT 2 VBESI%Z L 5T [ENF) 773V —~_TFF L
I TWA, ENF 77 2 U —i3, 2 5EREAEOEVSTF FTH O e2in, MiaClACtd 3
Ba oBEEERRAL, TOMELHEL THD, ThODERDO I L, A a@EICHT R RAEE
£ T2, GBP & BmPP THREMEMMEICKEIRBEVERSH S Z EBHALNNIR > TV D, KB THEIE
PRBE— DR D BmPP & GBP O {Af#EE NMRIEIZEDREL . BEIZED L ) 2B EO
BB DO E MR LT, '

(£BF51E) BmPP @ NMR ¥ > 7/UE U F O 4 CHEL L7 - [BmPP=4 mM, pH 4.5, ¥5# 90% H,0
110% D0 (8RAKY 7)) & 50t 100% D0 (BEAY 7 /1), NMR FEBRIL Bruker DMX-500 43¢
A BV EIEERE 3 0°CKR U4 0°CT{T- 72 NMR EBZ, DQF-COSY. TOCSY (R A BT 70 msec)
NOESY (RAFFM 100 msec) . BAPBLUCEKRPTCENENITo, Fio. KD GBP %
BmPP L [RIBEDEM T NMR AR L, FHRO NMR EBR%1To72, NMR 57— % O
NMRPipe 38 X USPIPP 711 777 ABEA FIVT Linux UV —2 AF— 3 3 > ET{To 7z,

F¥—U—F: BREATF R, Paralytic Peptide, BmPP, Growth Blockmg Peptide, GBP

B LMTOYN, hRirb 3 s, ﬁ)‘/‘ébk L9, FObEC Zi bl o t>\ B
<y +E}’el@€< ity oY1 5 A AR



BmPP ® NMR £ 5 DREIL, EERBIEL AV TIT-72, GBR @ NMR E50RBIL. T TIZfT
bh TV ABERITORREBEILTol, KEREOHFEELFTT L F7u b ORESROMIT
T, HIEREICES (20°C, 25°C, 307C) DQF-COSY A2 FMDEEOEERNTIT- 1,

BmPP 33 X 0" GBP DILFHEFHIZ. NMR ERTH O 2 EEHER TH 5 NOE, £ ¢ AEHER
ThdIESTER. KEFBEESRTHATIFT o b OREREDT —& %AV, HEHE 0y
Z 5 CNS B L UERRBELXE S0 75 5 ARIA RV TITo72, ARIA ZAWBZEIZLY,
BEOELRVETHRNEETH > RREREMESRZ . MEHEOBR VIR L PICE b %Y R
HIRE LTEBMICHBET A &R TE, LOKBECERREEZRET S LN TE S, ABED
XBRIT2 SEREMBOTF FRODTIRBEOBRBVWEBR T, ZOBEHEFEERAVE,
SR O TB LURFEIZIE, MOLMOL 7'v 75 A% AV,

(&2 - Z2) BmPP ® NMR B 0REBIX. £2 3BEDEHESOI B, NKET I F7u b
YUNDTRTOEBZDRBEET Liz, AIHHOESL I 0%ULDRBERET L, HBEitEICH
WEERIZKRDO LB TH B : Bk B LUEKF NOESY (BAHE 100 msec) DI/ RE—oF
—ZEREN15 2. 169, KERFE 7THEF. +AK1 7H. BHEEELEETRAVWOREE
BEERIZ>ED LB Y THS : Unambiguous NOE 3 0 6 fl, Ambiguous NOE3 28, 1 0 OfEEEL
ZbOD ) LRT Y TR E—DEN 2 O FOIRE LIS S % B7- (Figure 1a), &5
BOWHOEA W ERT EHETF O RMSD fEid = 748 (Cys7-Thr22) 22\ T 0.3420.12ATh o
7o

GBP ® NMR E 5D BIE. 22 bREDEFESDO I B NEKRT I F7a b USA0§<ToH
EEORBERT Lz, MEDES LI 0%ULDBELET Lz, BESEICAWEHERIIKRD
BYThHD : BAPBLUEKP NOESY (BAHRH 100 msec) D/ RA—sF—2ZnFh1 3
58, 16 2. KERHE M. ¢ AKX 1 3E, EREELEE TRV ORI RMERITIED L
BY ThH D : Unambiguous NOE2 8 4 f8l, Ambiguous NOE7 218, 2 OO L= k&% B
(Figure 1b), WEHBEOIRDES W AT EHFF O RMSD Eid = 7 ik (Cys7-Thr22) 122w
T020+0.08ATh 7=, ,

BmPP 38 XL (RGBP O (F#i& & k4 5 & 5 FOFRIZ2DODR + T2 KFEEE S 11-13, 19-21)
DHERB B IBEAELTEY, AEOEFRESIHEFICIRHUEEThH T, ZOFY— D
FRICEET 5 4 — AR TNV DR ZBEERN RO - T D, RIEX LILEEEDR
BlbzED, 5-F0 L OEEATEMERSNE L BFEMT O R EITo T 5,

ARFIENE, RS ARTEEE TR L5 LOTHS,
a BwPP b GBP .

Figure 1. Best-fitted backbone representations of 20 of

100 CNS-ARIA structures of (a) BmPP and (b) GBP.
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Structural studies and analyses of the hydrolysis reaction of h(MTH1

OMasaki Mishima', Noriyuki Itoh®, Yasunari Sakai I Hiroyuki Kamiyaﬂ, Yusaku Nakabeppu I and
Masahiro Shirakawa' YGraduate School of Integrated Science of Yokohama City University, $
Graduate School of Biological Sciences, Nara Institute of Science and Technology, 'Department of
Biochemistry, Medical Institute of Bioregulation, Kyushu University ! Graduate School of

Pharmaceutical Sciences, Hokkaido University.

hMTH]1 is thought to hydrolyze both 8-0x0-dGTP and 2-OH-dATP, thus preventing these
oxidized forms of DNA precursors from incorporating into genome DNA through DNA synthesis. The
solution structure of the hMTHI1 has determined by multidimensional triple resonance NMR spectroscopy.
The structure calculations were carried out based on distance restraints derived from NOEs and dihedral
angle constraints. In addition, 46 hydrogen bond obtained from direct observation through e couplings.
hMTH] is composed of seven B-strands sandwiched by two o-helices. To identify the site of water attack,
*'P chemical shift was observed for the products of the hydrolysis of 8-oxo-dGTP under the presence of
0. enriched water. Because the attacking water is enriched with '*O, one of the two products after
hydrolysis is labeled with '80. The enrichment of '®0 and '°O can be monitored by 3P chemical shift

owing to their isotope effects.

[F&R]

BER L S o TELIERMFR V7TV EEICBIEL 52, GC-AT Bi%s|3RITE
B 8-0x0-dGTP FEHE NS, TMILBEBICL AL VBN AEREL LT, JEE 2-OH-dATP #¢
RESNTVA, &+ MTHI(MTHD)IZ 8-0x0-dGTP % 2-OH-dATP # B EBEIImASHRL, =9 >
BfEr O — ) YBREICTSZLICE D IALBILBEX 7 LA F FOIKE DNA F~DI Y AL %
B CEBEEE (156 73 /BE) Thbd, BEN—F UV UVRPHBE Vo ERELDMENEL LN, #
DOEBOBEERITRIEEN TS, KA RZOTTFEBLIASBIEEL & 0 EMICHNS720%%K
76 NMR % Fv"C hMTH ! O VA& RgE L, 2612 8O L % 3P ¥ 7 F L oRIfRT 7
FEFIH LT, MASRESH ISR RERET 2 ) VEBEEERE L7

BRRER. BULIRG. 0. MRD#., KEKESOERNE

ALITEE VEIDODIDE 2HhVRTRD HARVADE LEN-XK03 % Lbhb
FX05
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NOE %% 2043 HOHMEH. 3funua B LU Talos 5 99 HDeH L 78 Oy, 612
TROSY-HNCO %5 Shne |2 & % 46 HOKFHESTER L INE L. CNS(ver. LOZ AV THEFEL B
Chholle FORR, L MTHLIBZA~GDTERDP-RA NSV FEI~IIDIERKDa~NY v 7 Ad bk
AHRROBEHE T, ABEORETA SV THL MutT D CIIZELIZA TV FF, G &2MMLA ME
0y —%#oTwiz(Fig. 1. 2).

Fig. 1 Stereo view

Superpositons of the backbone of 30 NMR
derived structures of h(MTH1(4-153) with
lowest energy and no violations. They are
aligned well with backbone atoms and
nonhydrogen atoms 0.44 A and 0.99 A
respectively relative to averaged structure.

Fig. 2 Ribbon model of h(MTH 1
The core of the protein is consisted
of a mixed B-sheet, in which five
long strands (BA,D,C,F,G) are
sandwiched between two o-helices.

The other short anti-parallel -
sheet (8B and BE) is connected by
three long loops (L1, L3 and L4)
and turn. The conserved sequence,
Nudix motif (G37-L59), is located
on loopl and ol region.

6.3 g4 )

BT $ T2 MutT & AMPCPP & OBEHRBEIREIN TV 50D, AMPCPP #"@¥ D7 7
SUREFEOOBIEBOEBREHL Ik o Tnikd o7z, £ 2T hMTH1 L EELEEX 7 L
FF FOMEER %R 5720, 80x0-dGTP & 2-OH-dADP # ENFNMA /=L EDT I FAKY 7
FTUOLEY 7 ML LIRIRLE CAREEIC vy S LT V=T LI N v F AL AR T Y KA,
AFFYFD,ARSYRC, V=T L4, NI v 2 AN CHESNZESRELEMERL, EEE
BEL L B S NIz, T OEMIE AMPCPP %5 MutT IS8 & T 2800 & 1ZIZF L Th - 72, EOWMA
B EICHKE B T, MutT-AMPCPP T 7 7= V5 MEMERT 5 BAIC A Lo T 5
f$3#21213 Lys-23, Phe-27, Asn-33 Trp-117 Asp-119 ORI TH L Tz, HENEZALHR LD
Aspl19, Trpll7 HERILIEGRR ST sBRELELION, TIVBEROER,LOEMT SR
T3, F72 MutT-AMPCPP 45 & CHEIZAHE /R L Tv % Leud, Phe27,11e80 {2 3. 448 %E 3G
T 553X Arg5. Tyr7. Met81 T& - 7z(Fig. 3).



Fig. 3 Putative nucleotide binding site

Fig. 4 The hydrogen bond btween Q40
and E43

A conserved residue,Glu43, whose
carboxyl group make hydrogen bond
with amide group of GIn40. The
hydrogen bond is depicted as dotted red
line.

[Nudix € F— 7}

v+ MTHI ZIEWEERA L 23 5305 7% 2 RE S N7 EF) (GXEX:-REUXEEXGU : U (ZB7k5%
#) 8o, ZOEF)IE hMTH1, MutT, ADPRase. ApnA hydrolase % &I2R-07%- TH H Nudix
EF—7LIENTVE, BRESINS Glus2, Glubs6, Gluss E7 72T 7 AIEMNTAEEZ LN
TWVEH, BEINT Gludd DRENIS T THL LI >T0hd o, BAIBZACVES e &
FIAL, Glua3 OBV FX I NEL Gludo DEHT I FORDOKERE L E#ERZE L -Fig. 4.
Glud0-Glu43 TR E N5 4 HBEOHF T i2 FHORETH S Gly32 D_HAVEDEL LD, ¥
A7 NBY — V2R LTz, 2y ATRZVWLDD Gly32 bIBMI (BEESRTEY,
COBLRY AT IIRY — R Nudix EF— 74 AT ABETHBIEDLDILTVAEEZILND,
% 72 Nudix €5 — 713X Glud3-Glud0 DRER & L RE SN HABREL A L TEABP RIS ICEE
ENTWiz(Fig. 4),

k82 h =X u)

hMTH1 (2 & BEfL2 7 LA F FOMKGREBIIBWT, KSR EBA T VBREL L
Ta') VEES LB VEEDSE X 5 N5 (Fig. 5o £ 2T 180 TNV ENTIzK (He80) % & & IGH
T 8-0x0-dGTP DK HEFIE % 17V K D BCEERAL % [ 52 L 7-(Weber, 1.D. et al 1992), K4 5i#) @ 31
NMR 2flizE L7225 He80 2 & ¥ 2 VRIS Tid 8-ox0-dGMP & ¥ ) Y ERASHH S v, Hz180
% 8% EUCRICBROEY TIRED Y YD) Y0y 7+ VIZKEED 180 12X BFEMES 7 P LR
Hbh5# 0.012 ppm FHEHS 7 b L7y 7 VBEIS n(Fig. 6). & 512 Ha80 BHED 24% D



BB TRE#ESY 7 b LAy 7P VOEEBHEF ko2 ed b, TOBBBL 7ML I
WA BO L BEMAKRS 7 MDD EEZ LN, Lo TREROBENE D) VERHIIL
ZED S, MAKRGBEIGTIZBY YEED Y VKPR BIET 5 L L 72 (Fig. 6),

BY VBREDY LIE3 oD OB THL o L ABHIHBOMFEL 7 MERTI LN b b2,
o) YEEEIZIERT electron rich ZERETICH D, RKELBST DR IAFLETHL, D&
I R AR L RIS B A TAT ) BICEBR SR ot B, S

Fig.5 Two postulated watér attacking
mechanisms in 8-oxo-dGTP hydrolysis

(1) Attack at P, o o o o ¢ o by hMTH1
B—ox&dG-Oo;F,’[%-q-o'ﬁ 0 —» 800d6-0£¥3 + 0-p-0-p-0 Water attack position can be
01"5 ° © e determined by 180 labeling
H%0 o experiments. (1)The water attack at
Po. This reaction yield 180 labeled
@rackelPy o no o g ¢ ¢ 8-0x0-dGMP and non-labeled
8-0x0-d6-0p -0 S0-F 0 T B00dG-0=F-0 +%0-p-0-G-0 pyrophosphate. (2)The water attack
. 10 ° °° at PPB. This reaction yield non-
1m0 + 2 labeled 8-0x0-d GMP and 180 labeled
pyrophosphate.

i
.

Pa ) P'y' 1 PB i
J“w . Y {a) Nonreaction
¥ 5 e ~23 T
e
i % E] s e an ek ep e

(8-oxo-dGMP ] _ # [Pyrophosphate] {b) 100% H,0

pes H '5 e A ) .
[B'UKT'UGMP] { {Pyrophosphate] (¢) 52% H,0 /48% H,'¢0
il A
oo e o ) ¥~ Isotope shift ~0.012ppm
W . ; W""\""‘;
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Fig. 6 1D *'P spectra of products from enzymatic reaction under various conditions.

[£#3CHE] Weber, 1.D. et al J. Biol. Chem.(1992) 267 16939-16942
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NMR Studies of Membrane Permeation Mechanism of Sapecin

The University of Tokyo, “Mitubishi Kagaku Institute of Life Sciences, *The Institute of Physical and
Chemical Research (RIKEN), and 4Jalpan Biological Informatics Research Center (JBIRC), AIST

Koh Takeuchi', Hideo Takahashi', Mariko Sugaiz, Toshiyuki Kohno?, Kazuhisa Sekimizu', Shunji Natori’,
and Olchio Shimada"*

Sapecin is a member of insect defencin, which possesses specific binding to the membrane component of
Gram-positive bacteria, cardiolipin (CL). The binding results in changing the permeability of the
membrane and the death of the bacteria. In this paper, we study the membrane permeation mechanism of
sapecin by using NMR along with site-specific amino acid substitution.

The dependency of the membrane permeation on sapecin concentration suggests that the permeation
couples with multimerization of sapecin. Decreases of the H-D exchange rate for backbone amide protons
caused by liposome binding are mainly observed for residues on one surface of sapecin (surface A), but ¢
few for the opposite surface (surface B). Amino acid substitutions on surfaces A and B decrease the
membrane binding and membrane permeation activity, respectively. From these results, we propose the
membrane permeation mechanism of sapecin as follows. At the first step, sapecin binds on the membrane
using surface A.  And then sapecin multimerizes with each other using surface B, inducing the membrane

permeation.

G
Insect defencin (XM DL HENE 2B 2 BELME L HOLBEEHEMTF FETH 5.
sapecin |3 40 7 I / BEFRILA 5 7 B insect defencin T, 77 A FME SIS HFNLE
TR H  caldioripin (CL)% 4 L CHIBBUE EEM 2 8T 46 Z &ML Tw b, ARIFSETIL,
NMR #: % F]\ T sapecin— [EH .~ EIEH S M BIT 2 HAERN FUAEIL O R ¢ £ 4TV, sapecin &
CLIEREEME L 7 TR IO 2 Ic 5 2 2T E L,
[ i & dE )
1. sapecin DEEEEIFHEDIE
sapecin I{INIPED 73— AB AR = L0070 T - ARHEZIRE X L T sapecin

Insect defencin, MIRLRIRES EREHE . BL-ISARITRINI L EW

LIS, L2RLOTE, $48°vENI, 2HDELDE, wEARYRPTOE, BEHL
wAU, LEZ2WEB



BEEEFEELHEL 2. EEED sapecin BEKERTMRE LR, ZVva-2A0kHBER
sapecin JREEICHT L3 7 A4 FEEBMICEIL L. sapecin ZWE WA L THEBEEESE+RIET S Z
AR I NI,

2. FH7FX¥F> (SPR) %%ﬁb’f’sapecm ~CL BERJ DR EHBEHT

sapecin @ CL JEIZX§ A& % SPR EIZ & N BRI L 72 osapecin-CL R & DOE R
FEARAEE B MRS L2245 2. NaCL 2 EE % 100mM %5 300mM i LB &4 2 L& EEEHAT 20 15
BLRBDII L., BEEREERE 24 OB 22108 T o7, DLoERI sapecin-CL &8
B Dk Dsapecin DIEEMFRIL L CLO ) VEEEMOBEHERHICIIRESNRTWE I L,
—J5 kosr i sapecin OBKMEIRIE L CL OISIIESEICHAHEENOFEERFITVEIL
ERLTWA,
3. KF-FEAELR H-D KH) EBRCL B sapecin DEEIEITE )+ — A HEFEHBEDFE

NMR #E4 H\WT, CLEH &M, IEEAMICBITAEHT I M2 b o H-D ZCHEE & i
L. CL A I ) A ELERIC & ) B2 & R S N5 2 % [F58 L 720 H-D &M ERIL "N
~—1E#% L 7> sapecin % V>, DO HICBWT CL URY— L L EEERPIHR L BEEGREL
CL JVFRYV—A%MRBVIFEERETIT o720 CHMBFHORK, THEBIEEZBRICI W EIEL,
K L7z MeOH ICHEIFT A 2 & TRMEBEIE LARKETY Ry — ALHIEL 7, H-D 55l
X MeOH H12 B\ T sapecin F85 HN - "N Dby 7 MHE Y — 7 & B/ ICBNT 5 =
EIWZEDPEL, FOER, CLIBERARICBVTIEEAR L h XBEEF 10U ERT L
8 P13 97X T sapecin #:E EO—DDWERE A)D&EH L7z, Lo LZOHEFRE B b B
BIRBIIBWTARMEED 6 5L EIET L725RE 14 REDON, 3 RENSHFE Lz, Rl A 122
EMRIE4ZRED S B 35 (R26,K33, R39) T L. 40%LL EE IR U BORMERE (LS,
111,121,Y29) BFHET %, —F. FKE BITIZEEMRE D4 BHFET b, O SPREFICL DHEEE
BOMRYZEZAHLEL L, BENRENSVWERE A LABLICEAL CL EHFHERH T 5
EEZ T,

4. sapecin ZRMEEH 2 CL BFFA ﬁiﬁﬁ'@ﬁfﬁ

sapecin DV RV — AR EEEZEZ LN AHEE A 1O LEMFRNERER 2TV, BEAEE
DELE SPRIZIZE VBT LTze  ZDRR, Q%EA ~DZER (L5A, 111A, HI3A, L21A, R26A,
Y29W, V35A. R39A) iZ& CTHEMHATHEMOBRT 872, & 5ICEA B ORBEFRRIINT 255
FHOMICT A0, FH B EOWFERIE D4, R23 I3 LER A LEE&ERS L VEEE
T E I L7t 2O E DAL R23A 125\ TR SIEEO 2L b I B &M A T
T EBHSHIE Lo, '

(iam]
H-D SSHERS & O RIEREROMERE L, sapecin 13, FT A T CL BHEA L. M
PIZBWCIRKRE B TEEREE L TREEHELREL TWE EER T,
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Dynamics of Ribosome Recycling Factor

Takuya Yoshida, Shinichiro Oka, Susumu Uchiyama, Hiroaki Nakano,
Tadayasu Ohkubo and Yuji Kobayashi

Graduate School of Pharmaceutical Sciences, Osaka University

We have characterized the backbone dynamics of ribosome recycling factors (RRFs)
from Escherichia coli and Thermotoga maritima by NMR "N relaxation studies. Since

RREF is not a spherical molecule, we analyzed the observed”N T, T, and steady-state

NOE using an anisotropic extension of the Lipari-Szabo spectral density function. At
30 °C, the mean value of order parameter (S,%) for domain I of E. coli RRF was similar
to that of RRF from I. maritima, which is a hyperthermophilic bacterium. In contrast to
domain I, the mean S value for domain II of E. coli RRF was substantially lower than
that of T. maritima RRF. The difference in the §* values indicates that domain II of E.

coli RRF has higher mobility than that ofT. maritima.

DAY —LABEERFRRDIE. FEMC B THIREHEBRDO VR — L84
KBRS T2 DI RS> FE 22kDa D VISV BERFTH B, AL
AN EEERLUEZ) RV —AIZY RV —A - mRNA - tRNA O#ESKE
RoTHH., CTOHERERELUENHET2BREIE. FROL WS U7 BE
ERODIEETHHEEZLO5N5. RRF FZOEMRIAKC EF-G B
GTP #2XBL 332 L3O NTWED, MR MEREBII OV TII RS
D%\ HRIE RRF O )RV —AHARBIIOWTHIRE2155720, NMR %
HW @ 26l TH D EEDORFRE TIIBHFHEHK RRF OBHHATO
VAEEEERE L1, RRF A FIIFEMR L7EE2 LTHB . LogHRIcH
W BRAL LTI 3EDaNY w7 AP S RBMAFTAY) w7 A8 RIVEE
DPHR>TVWS, FRLOBRICHYE TS RAAL L LI 1 RKDaN) v 7 X

1% 0u NMR, fkfdE, gk, VRV - LBERF

KUERLR BRPLAVWEAS, 35078, RAPOVAHE,
BBAUTLERY, JEPLOS L



2N ZN2BLUTAR NSV RPERB2DOMETAY— M LoTHE
RINTNWB. FFEEKOF » KEXIF tRNA LIEBICEIIMTEL. 2hik
RRF » tRNA LRl bTU R — LA LB T 3HREM 2R L TN 3,
&iE. RRF OHEERBIC, 2DDRAAS UV EBERLVVHEBOZLFIE)F
4 —BEETHILIIEBRBEINTWE, BHFARTH D T maritima Bk
RRF X, KBBED VYRV —LALHERATEI AT, VYA 7 IEERZRIRN,
F/=. HEETH B T thermophilus H13€ RRF OB LRI KIGE A TiEME 2R
VD, EVUEAICEREEATEZILT, ARSI A LIRES
nNTn3, ZhS5DHRIE. RRF OV Y1 Z)ViEHIZ, B VB0 EER 7
LXFIENTF A —DPREBETHEILERBEL TS, 2 THEIFALIE. E. coli,
T maritima ROV FEN S OEEMEKICOWT. NMR EMEEEEICL > THaTFA
EERET 22 L 2R A,

USN 238 L 7= RRF 2 FIZ DWW T, 30°CITHBIT 5 PN BOMHEMIRER T,. #%
FEAIRERD T, XU'H £ D NOE ##|E L7z, RRF ST IXZ RS [k
BORFENPRKEL D TRARE R —-OMHBERBTRT I LN TERN, 22T,
BMlcitZZhTWwWaiREEz AW, ETRELRBRT > VILEXDZ, ZOB
RAA D ZEICEERIER T VY IVDEMZEREL, Thz—BI®HI2ICL
>T. BHEMNIZBIT S RRF 5F0D KA A VEEZ&~, RIZ. Model —Free /3
FA—FBRET B L>THFHEEE RS 2 a2l ARN. BE
@ Lipari-Szabo B¢ 2~ 7 MVEEREKTIE. BohEREZ X SHEATER
Dol Ty RAL VOMBEBORS X2ERTEED. 2F4HKOR
WEBEE B CRRATE) 2 W EENICIMA T, ZOHEEDOY A AR T =)V &k
THZAWTHEN Z2ITo2L A, BAEZLIDRIBHRTESZ I P
=, FETORAL VEBICHETEEEZIONDY A LART VDA —F —
NS A—%—% E coli & T maritima THELEZLZ A, FASL L ITTIZDWT,
E. coli DX 7! maritima OfE L DEBICNE S foT RAL L OMMNEE
DFE S FXIFAE B RRF TIXERE BN RRF L h/hanwz L BRgani,
ZoZ ¥id. RRF O ) ¥ A Z)iEHEIZ, e VBAO#EERIZLVFIEY 54
—DRBBETCHBEENVWINRGREIZIFTHHDTH D, BHAE RRF D) Y1 7)LiEMH
ERAAL ‘/‘fﬁﬁc‘:@iﬁ%&fiﬁ%bc:?%t&x Ey SO LEIE) T4
— 22 E VB XS RERKEIER L. NMR IZ & 3 RiF 2 ED T 5,

(1) Yoshida, T. et al. Biochemistry, 40, 2387-2396



% 40 @ NMR 53 im5 (%8, 2001)

3 L8

RABEEEBREICE T A4 F IV R LIETRDIEE
(EEXR - RIFER EOANFFE. BElEE., EEEE.
ETHEz. tBEM. LEE—. OFFEEA

Correlation between dynamics and affinity of RNA-binding proteins
(Grad. Sch. of Env. & Info. Sci., Yokohama Natl. Univ.) Youhei Miyanoiri, Michinao Watanabe,
Yoshiaki Enokizono, Hfroyuki Miyashita, Tetsuro Ikeda, Seiichi Uesugi & Masato Katahira
Changes in the backbone dynamics of the second RNA-binding domain (RBD2) of hnRNP D
(AUF1) upon complex formation with the target nucleic acid were examined by means of model free
analysis of relaxation data. In free RBD2, the 4" to 4 region exhibits slow conformational exchange
on the milli- to microsecond time scale. The exchange is quenched upon complex formation. The
flexibility of free RBD2 may be utilized in the recognition pfocess by allowing different
conformational states to be accessed and facilitating induced fit. The structure of DNA containing four
tandem repeats of a GGA triplet sequence has been determined. It folds into an intramolecular
quadruplex composed of a G:G:G:G tetrad and a G(:A):G(A):G(:A):G heptad. Two quadruplexes

form a dimer stabilized through a stacking interaction between the heptads of the two quadruplexes.

[#] hnRNP D (AUFD# v /<7 Eix, 1 A RNA K8 DNA [ZEFIEEMICRES L,
MBRNA DR F 54 L FRF I FF— 30 & 5IZIET 2 A 7 DNA O ~DBI 55,
EIED LUTRBEINTWD, —F Musashi 7 > 237 Eid. 16 mRNA @ 3IEENER4EE I
EAELT, _@ﬁ{a%w%fﬁ%#ﬂﬁ?‘é & T, ?W%fﬂm’a@ékxﬁ’r“’”%%ufﬁl LTW5,
&7 EiE, RRM BOEBEE FA/ % 2BFEL T2 (RBD1, RBD2), HXx i1
LRI EDEF 48O RBD B L T, SLIFEEORE, BB L OMEEER ODﬁvF’Fﬁ%ﬁb AN
BRI RBOMEES I8 » TE T2 (1-8), SEIFERT —F — 0T 7 U —fFric
ﬁé? URTEOBEBREEG RAA L DEFAFT I T AERLMNIL, FA4F I zﬁ‘it%é’aff%?za)
RBICBWTRETEBEZEBER L 2Q ROBRBEHET), £/~ GGA N 7Ly R E—Fh
DNA . BELRERBELHEHRTOIZEEZ R LN LD TU), T >V THHRET
5,

[EHR L EE]

@ hnRNP D hnRNPD @ RBD2IZBHL T, # U N/ GHEMOBE L | iEWEE L 8 Lk
WZDWT, FAF I A& LI, T TVT O LV . S FEE0EER L, axially
symmetric THHENR o, RIZET N7V —fF LY, RBD2IL. # L 30BHED
AT I7 A, (LFEARH, IEEE, RNARBESEDE., BB E0EHEESR

HRDNY) LI~ DERRAELREB, ADEEOLLHE, AROLEOADE, W
T2A9, IZTERVWE, WU 6FE&E



BRI, ik E OFMEERTNT B4 D HR4ABEIR) CBWWT, I VHMhL~eAS 700 s E%
BHLTWAD AEREE L EEEETRMTI L. 20w L EIIERT 2EX o7, ZHiT,
BEICRIT 305 X0, EOEBEDELROTHL, SOCHEESIC LV BREICES
THDIZ, BRI ENTHWDIEEZRLTWEEEZONS, AU RRM B UlA # 2 %
JEIZBWTYH, BEKERICEE S WL EDEEIHEINTHE A, hnRNP DO & if,
MBEMR->TWD, MEAICHEE L TV D0, BEEE OMEERBMETHL LEWVHIETH
%5, Bl RRM BlD 4 7 i L - 2f#E2 B LT 525, AR & OB EER
BROBVERMLC, EF VNV BIEROIAFT IV AEZETIEN DM,

723, hnRNP D OB S KOEMAREEEN I T THE TH - 7228, EHNERO 1 BE

EHAE 6 EIERL - FIAT2E L KERMAEER L ENEEEE BV 53¢, EERIC
B+ a5mREHBO>oH 5,
@ Musashi Musashi % > 37 O RBD 13728154 L TV 505 R RNA ~DFEA B
iX. RBD1 @52 RBD2 LV, EAMNIEV, RERERFIETHEH KA ODEAFI7 A
PHEEL-EZ A, RBDLIZRBD2 2R, S UM, 7 ufpOBVRLE, RUF )
Bnb a0 R NVEEOHEIIEATHWAIERS NPT, ZTOFXATFT I 7 ZADEVN, i
BREOEELT-L L TWAARESENRD B,

il RBD @R+ 2 L. BEilEE bicEm< 7225, RBD1 & RBD2 OEffkE RNA Lo

WMEEHEZ FIDNLT M= F =g 2 L0 LT-.%& RBD M TR 5H47- RNA
EOMEEMAFERIT, ERARICBOTLEXREEFESNTOIERS»- -, ZHCA, @
RBD OERFHICEBWNCHORBAEERADSR LN,
@ GEA YE—F 3EENORIBEOCEERIVDEEIGEVEL-ZLOE, NV Ly b
JE—rEWNH, WD) 7Ly P E— NI, FREOBESMLNA TS, Hx
1L GGA DIV IE L 5705 DNA 23, EBEMGEHT CHRELSRBESEZENR T 2F2H LM
L7 GCADAERVIE LSRR EDNAIL, 4 o077 =V EENRA—FEEEB LT 35
v REL A ODTT = BREE 3 OOT T2 VEROEH 7T oA —FEICEB L~
v RS A NFRNABHEHATER L, ELIZENAR2H0FEELEEER LD, 0B 2 BIK
OHEHBEICHT= 5T, DFNESTFEONE #EMFT 2012, S-PLOROSMA T > 3 v %
A, ZOREIEFICRET (BEHE 90°C) . MRSEEMATY 2 ESICIIBIT LA
WV, ZORBERLEBEDOEMFENLBELERT S,

(1) Nagata, T., Kurihara, Y., Matsuda, G., Saeki, J., Kohno, T., Yanagida, Y., Ishikawa, F., Uesugi, S.

and Katahira, M. (1999) J. Mol. Biol., 287, 221-237. ~
- (2) Nagata, T., Kanno, R., Kurihara, Y., Uesugi, S., Imai, T., Sakakibara, S., Okano, H. and Katahira

M. (1999) J. Mol. Biol., 287, 315-330.

(3) Katahira, M., Miyanoiri, Y., Enokizono, Y., Matsuda, G., Nagata, T., Ishikawa, F. and Uesugi, S.
(2001) J. Mol. Biol., 311, 973-988.

(4) Matsugami, A., Ouhashi, K., Kanagawa, M., Liu, H., Kanagawa, Uesugi, S. and Katahira, M.
(2001) J. Mol. Biol., in press
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Solution structure of a novel domain, PC metif-containing region (PCCR)
and structural basis for the interaction with the PB1 domain

( ! Graduate School of Pharmaceutical Sciences, Hokkaido University,
*Tokyo Metropolitan Institute of Medical Science,
?Medical Institute of Bioregulation, Kyushu University,
* Cancer Research Institute, Kanazawa University, *CREST/IST )

O Sosuke Yoshinaga', Hiroaki Terasawa’, Yukiko Noda®, Takashi Ito*, Masashi Yokochi’,
Kenji Ogura’, Hideki Sumimoto™, Fuyuhiko Inagakil’5

The PC (Phox and Cdc24p) motif consists of about 20 amino acid residues with highly
conserved acidic and hydrophobic residues. It is evolutionarily conserved together with the
PB1 (Phox and Bemlp) domain, which recognizes the PC motif. But a wider region (PCCR)
including 80-100 amino acid residues is required for the interaction with the PB1 domain. The
structural basis for the interaction between the PB1 domain and the PCCR is demanding,
because those are novel modules used for the intracellular signal transduction. Previously we
reported the solution structure of the PB1 domain of Bem1lp, and now report that of the PCCR
of Cdc24p (Bemlp and Cdc24p are required for the cell polarization in budding yeast). We
suggest the structural basis for the interaction by the chemical shift perturbations and
mutational effects upon PB1-PCCR complex formation.

[iZ o] . ‘

PC (Phox and Cdc24p) £F — 7 ik, BRMEBE L BUKMREPRRHIC L5420 REOT7 I VB
MRESI T, Th%zR#HT % PB1 (Phox and Bemlp) FXA AV L HIZEMNITHEEINRTHS
(Fig.1)o LD L. PCEF—TDHTIEPBL FAL VEHEATET, ZORROHEIREET 80-100
BEEEOHEIR (PCCR) PR ETHB I &hbbho> T, PB1 F AL & PCCR IHIRER > 7
WeEERSHFHROY N IVEED2—-NVTHE I edd. ZTOMHERBHEEHHT I LIZEE
THoo

Be2XTCIHFRBOMIBHEREIZEST 5 Bemlp @ PB1 FA A O EEERRE LES
WWTHELTWBH, SRZFOFKBAMF Cdc2dp ICFHFEN 5 PCCR O 3i{fiEiE%E NMR HEIZTHS
MLz, T5IC, WEERICLDMLES T MEMCBLUTERERRICLSFEREGDET, PBL FX
1 & PCCR DHERAEBET 3,

¥—7—F :PCEF—7. PBl F AL Cdc24p. MMM, phox

KA QL LADBZESITIF, (HIDVEHE, OEOEI, VeI, KIBFEEL.
BIBITAL, TABEVTE, WRPFELOVC
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Cdc24p @ PCCR BLU Bemlp ® PB1 FAA Vid, KBEORZAVWTHERIE R, "N kL
PO/ SN AZEAIZ. M9 B TEB Lz, EEO/ OV 57 4 —C L DR LRI DONT,
UNITY plus 600 BLU UNITY INOVA 500 2R WVWT EHL IR NMR ORIEEFT >, EBOF
Bicld. BREEOREBZIE Y 7 b Olivia ZHW =, 8517z NOE ICES HEBE®RIZ 1078 . —
EAERIE 44 B, 21 BOKEHEICE S EEEHRIE 42 BTH > 2. CNS & AT simulated
annealing HIC KL DBEHEZTVED S, ARIA ZHWVWT ambiguous NOE peak ZIRE L. LB
BEREU S, BEERTIE. "NE#RLE-FAOF VBN L TREROL > —HDF 8y
BEBEE L. 2D 'H {®N JHSQC AR MV TRAIL 2o

[(BReEER]

Cdc24p O PCCR G, anYw I X 2EL[Y— 1 MPeRZIEFFURDIEEEELRH,
PCEF—T7EMNEIB L aD &R L >TWi= (Fig.1)e BRESNE Tyr818 BZOHEEI T Lz
T Phe825 L BBy —PEAZEULSETWBZ LY, DEDGD OEFITH A4 71+ G1 BN
WIPHOBATEUERERLTVWEIEICL>TIEAHMTE, BICBERENLE U CBEMIZR
RENDBICHR>T Wz (Fig.2)e CHHDBERREIFHEERE JUCLRERICLIERILEA
KBETHBEI LA >TED, PBl FAL VOBRESN-EEMRECHBEMEEMTEI LY
FHIND, PCEF—T7OHEDOEEE. PCEF—T70L 74 A—2a BRI LTRELT
Bz, SISO NV BEEHEEHTAEOELETHHLEIOND,

F7z. Dali ZAVWERR, PCCR OIFRBEIHEEHTFTH S Bemlp @ PB1 FA A VIZHFENE
EETEI LS5, UL, Bemlp @ PBL KA A VIZBNWT PC EF— 7N T HEHI
SBFR R RE D H o flexible linker PHEA L. £/ PCCR EOMEFARORE &2 5 Z & 5.
PCCRIZPB1 PAA VLR AMEMFHERZROFMER A L THBLEILND SLEEEI
MEHEOD D FAA VELPHEERT 3R TREERZEN,

8 B8 a

Cde24p (813-840) ITKIKYQDEDGD FVVLGSDEDW NVAKEM
Consensus # Y DEDGD # ¥ SDED¥ #A
E M

# =hydrophobic residue

(Fig.1) Secondary structure of the PC motif of Cdc24p and consensus sequence

(Fig.2) Electrostatic surface potential and putative PB1 binding site of Cdc24p PCCR (GRASP)
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Structure analysis of hen lysozyme 2SS variant : 25S[6-127,30-115] by NMR
spectroscopy.
School of Science, Kwansei Gakuin University and Faculty of Science, Kobe
University?2.

(OYasuo Noda, Hiroyo Miyauchi, Kenichi Hirai, Keiko Sakamoto, Hideki
Tachibana2, Shin-ichi Segawa.

The 15N-labeled two-disulfide variant of hen lysozyme was prepared by the
amino acid substitution: 2SS[6-127, 30-115]. This variant contains two
disulfide bridges in the a-domain. Resonance assignments were performed
using 3D TOCSY-HSQC and NOESY-HSQC spectra. The 15N-1H-HSQC
spectrum of 2SS[6-127, 30-115] was similar to that of recombinant lysozyme
as a whole, although a number of cross peaks disappeared in comparison with
the latter. The structure of 28S[6-127, 30-115] was thoroughly examined
based on NOE contacts determined by NMR spectroscopy. The structure of
a-domain was almost identical with that of authentic lysozyme, while the
B-domain was largely unstructured.

(F#fi] SN VHEHOHOELIEEEE2 2B, T EEAPREOHEE
BEETHZ, LMLV EEABRBOTEAZEHEREEL THSZBZ &1
FEICHL W, RERS, FHOEEHERIEEICTENANSETHD., TITRA
WEATHOSSHEEERIBIVBIEILD . SSHEABHARGHBAEZIEDHL
. BARBIIKE., XRAWB YUY F—L OS5 FRITIE SS1(C6-C127) .
SS2(C30-C115). SS3(C64-C80). SS4(C76-CI9D)&END 4 AR D SS HANEET
5, REWESETIAD SS EENRBEINEUYF—LIEEMIELTE 2.
ZN5DO NMRBIEZITW, EEHE—2DO73IAN T T ME. NOEREE—7,
FEHT7IRSOROEKRERBUKEEENS SS BAXKEBROBEIZIDOWTE
KLz, T, 2K SSHEEEREBLEVVF-LERE, ThbDE. akRX
A NIZ2ERD SSHEEEET S 288[6-127,30-1151IC DWW THIZE & T o = £/
HBBEDZDBR AL CRIT 2R D SSHEEZEZH T 5 25S[64-80,76-94]1 b EBR &
FoTWh3,

VYV F—Ah, SSHEBEERETEE, Protein folding, /KT JGEE,
WEOYS E

DERTH, ARIBEVAK. DH6WVWTANE, IndbEiTn,
EHERROTE, ¥0bLAVS



Fig. 1: Ribbon diagram of 2SS-variant
of hen lysozyme: 28S[6-127, 30-115],
produced by Insight II based on the
X-ray crystallographic structure
(PDB  6LYZ). The portion of
polypeptide chain that is folded into
the native-like structure is depicted
by a ribbon. Balls on the ribbon
indicate the position of C,. Two
disulfide bridges, C6-C127 and
C30-C115 exist in the a-domain.
Four Trp residues lies in the center of
four o-helix in the o-domain (W28,
W108, W11l and W123). C-helix is
colored light gray. Bl- and
B2-starands. are colored gray.
Transparent sticks represent the
portion of unstructured polypeptide
chain ranging from 57 to 82. Short
sticks out of the backbone indicate
the positions of Cys64, Cys76, Cys80
and Cys94 replaced by Ala.
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ERBELTLEIEHTADIC, 28D SSEAERBIEZ 2BED 2SS £ 8
RO % NMR K EIC & - THMICEN T 5 2 & 2R aT,

[HiE]  1ZU DI, KA 4SS KD metlYZ (N KIS Met BENSF ML TH
%) & 2SS ERME (28S[6-127,30-115];C6-C127 & C30-C115 D 2 A D SS fEA
ZHRHET S DD, 255[64-80,76-94];C64-C80. C76-C94 {&FF) D BN BEHHE %
fEBI L 7=, metLYZ & 2SS[6-127,30-1151i3% 1.2mM BBEDBE = TIHEM L /=,
pH3.8. 25°C T NMR #lE 21T o 7. Bruker ft# Avance DRX600 NMR 7t
% B WT, 2D DQF-COSY. NOESY. HOHAHA. 15N-'H-HSQC 34U 3D
TOCSY-HSQC. NOESY-HSQC A7 MV EBE Lz, ELRKICE KA
NIC2ED SSHEEET S 25S[64:80,76-94lIC DV T HRAKOEBRET o .

(5 F] CD ARZ M IVOHENNS, LEOBBRSEHIZEL T
© 28S[6-127,30- 1151 i BABE An ST AR HEE MEFE L. —F 28S[64-80,76-94]1 Tid
FHEENREDNTWAZENRESINTEE, CD ARYZ RIS EEED
HEHICOVWTOERNESNAZ VDT, 28S[6-127,30-11510 NMR I & % &7
MER . ETREDICE—VORBZTHEER. V—THRIZEZTNBH
0FBREZRVWT. AE SO HEDEZHOTO N OXRBAEREZRD S Z
LM TE - (BMRB accession number 5069), 2SS[6-127,30-115]0 ¥ & HN,Ha
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Fig. 2 Differences in chemical shift
values (A8) between 25S[6-127,30-115]
and metlLYZ at 25° C for Ha and HN.
A3 = Omet - d2ss is plotted versus amino
acid residue number. Chemical shift
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0.2+ 1 - perturbation is very small in the
5""'"". region of residues 1-40 and 101-129.
| | Since resonance frequencies of HN and
Hoa could not be determined in the
- region of residues 59-81, long grayish
[ lines are drawn to imply considerable
perturbation in resonance frequencies.

0.0+

A8 / ppm

024

j
0.4

0.6 -

1T v T
0 20 40 60 80 100 120

Residue Number

TabrDTIANT T IERRASSED metLlYZ Db D L BT B E, o KX
AV EETHIERBECH L TR TIANS T MEDENEEI NS o, —F
B RAAIZBWTIIFEE 58—82 I T Short-range ® NOE HBIBRE T
LEMNLHL., ZROBREICH L TEFHTO N ORBNTE Moz (Fig.
2). —7H. 255[64-80,76-941® HSQC A7 MLiZ. HN DL 7 MMEM 8.2
EECERLET T LAIAINEREDART MVRBERIENE, ThbsDE—2
OEFIIELETRL Tz, ERIK 2SS[6-127,30-1151 DLk # & & 3/ 12 2
9 5728 IZ Longrange NOE 2% E£ZFEHIc LT 0y b U7z NOE #fit< v
7 (Fig. 3) &fi\n/z. Fig. 3 DR AR 5 T H T 4SS HE D metLYZ KX T 2
Long-range NOE X 7/ TH 5., ¥4 255[6-127,30-115]DHDTH 5. Y
VF—LDIUKEEEZ 3 DITHEIL., RE1-39% Niita RA >, 88129 % C
WaRALT, 4087 2B RAAS L EL£TIBE, Nia KA & Clia R A
A 2ADNOE ¥y TIIMAKRICH L TIEENHTH S, S5IC2SSERAKLTS
WTHENHa RAS 2 ECHia RASEO NOE#MbIEEICEISBREINT
W3 (KA Iss-A, Cdas, BD, ct310B EBHELEH D). TbbB
255[6-127,30-115]iCBNT,. D a RAA VKR ASS BOHD LIEEICEL
BN hEEEE> TVBIERGh ok, —H B RAAL 2 I1ZL%KD NOE il
MFEAERDNTNS, 2SSEREDB RAL U BENKRESINTVSEZ &
AN TH D, UM UEKKFEWEREITIB1H(41-46) & B2 $H(50-54)D NOE #
fik B XX tnb5-B EBEFRL 2805 D NOE WBHIRICHRINBD & TH D, Thb
Bk 41-54 OB MIRFEIT B — b 2HHEL. TOHWITH S 155 & L6 REZ
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Fig. 3: Long-range NOE contacts map. A map below the diagonal represents the
NOE contacts within metLYZ, a map above the diagonal within 25S[6-127, 30-115].
In each map, a square indicates a long-range NOE connectivity observed between
backbone and side-chain protons of the i-th residue and those of the j-th residue,
where {i-j] 2 5. The size and color of symbol varies according to the total number of
observed NOE connectivities. 1l:open square, 2-3:gray, 4-5:larger gray, over 6:larger
filled. Long-range NOE contacts are classified into some groups and labeled as
follows. A-B: between A-helix (4-15) and B-helix (24-36), Jap: the joint (16-23),
hingel: residues 38-40, p1-2: between p1(41-46) and p2(50-54), p2-3: between p2 and
B3(57-61), tn55-A (or tn55-B or tn55-C): between the turn 55-56 and A-helix (or B- or
C-helix), loop: residues 62-79, B310-f: between 310-helix in B-domain and B-sheet,
I88-A: between 188 and A-helix, C-Jas: between C-helix (89-99) and joint Jas, B-D:
between helix B and helix D (108-115), ct310-B: between C-terminal 310-helix
(120-124) and B-helix, Jcp: the joint (100-107), cleft: between 3 and Jcp.
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Human Lysozyme®## i & jEH) 125 2 2 IR EIR O WA

(i KPR EG R FR AR AR 2R R, FIIEMER RS,
TRETERBRSS, EEHHTHREGIIEA. /)T ¥ Y v /809
OAKRHEZL, ZFEMR2, MMENEUEL, B T53,
SR RS, FrompsAl, dm o ok

Low-temperature-induced effects in human lysozyme elucidated
by three-dimentional NMR spectroscopy.
Division of Biological sciences, Graduate School of Science, Hokkaido University, Faculty of
Pharmaceutical Science!, Toyama Medical and Pharmaceutical University2, Industrial

Research Institute of Chiba Prefecture3, Structural Biology Research Group, Research
Institute of Biological Resources, National Institute of Advanced Industrial Science and

Technology (AIST)?, Varian Technologies Japan LTD.5.

The 3D-structure and dynamics of human lysozyme at 35° and 4°C was determined, to
clarify the effect of the low-temperature-induced structural changes on enzymatic function.
Three-dimensional structures of human lysozyme at both temperatures had same secondary
motif each other and the X-ray structure. The surface area and volume was decreased with
temperature lowering. In detail, the D-helics region (110-115) was moved to molecular inside.
From 15N relaxation data, overall flexibility was decreased with chilling, but the mobility of
some residue was increased. In this presentation, we proposed discussion of relationships
these structural results and the effect on enzymatic function.

(] (RIS T CREET 2BER T U BHEOFH A Y 0101, BEEZAT
HER VAT I v 7 ADBERTILL o TEDL I IET I 2 WO 2 2
CIIERICEETH L, 5FTClo4id, IREOE M R CEEFVELT
mERETGROC—4C)IC &k 2E~DEE L e L, WFH IS (Hinge -resion) D&
ZALIZ X BIEME M E ORI R U, EE*’*’\?V\]@’“I’?(Cawty)@JE’} THERE L
720 T2, MMOEREIIBWT, BERTIZLY CavityhNBA$ 5 2 L A5 B #g
Rt HOLER»OHME IR TS, /-, HIREZ li?ﬁﬁ@iﬁmli KIRT &
BWREHEOEREMOLDOEEL RN L b, SHFKL4IE, U VF—
LEFIIGERL, SREEB L UEEMEEERGSC) EREBAC)ETED L H I
b DH %k L RICNMREZ O THEFL 72,

[EB] € M) VF—23 25/ — VEREHCEHRE RV 7:[Okaet al.,
1999], ISNT AWK EBC/INT 7L T ~LfkiE, 1NF ~V (NH3)2804, 13CF N
VCH3OH % iV T3 72, S HNMRIE L3306 2 mM, pH3.6, 35C % 72134C.

F—7—F I %RITNMR, BN-J 57 ¥—- 3, b hM)J/F—2L, KBHE

8% CHRLUVAERE, AISHTON, ZWELADILOA, BhblL, &9 5h, fad
YORSHE, ot hob L, DI, :
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DWW TSer82MDCRA F < 130
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Fig.1: Solution structure of humarn lysozyme at 358" and 4°C.
CB N HB A ')% r@; L7 o T% Jiu_ Tha backbone atoms of the famdly of 20 structures are super imposead.
RAEIZIE, 35T, 4T Z AL Table 1: Comparison of structures at 35" and 4°C
£, 1371, 16798 D 2
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R S A R O G R A Fig.2: Overvirw structure at 35° and 4°C
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NMR analyses of structure and interactions of protein disulfide isomerase

Takushi Haradal, Eiji Kurimoto?!, Osamu Asami2, Tsutomu Kajino2, Yoshiki Yamaguchi!, and
Koichi Kato!

IGraduate School of Pharmaceutical Sciences, Nagoya City University, Mizuho-ku, Nagoya
467-8603, and 2Toyota Central Research & Development Labs. Inc., Nagakute, Aichi
480-1192, Japan ’

Protein disulfide isomerase (PDI), which is a 53 kDa protein present in the endoplasmic
reticulum (ER) of eukaryotes, is involved in disulfide bond formation and rearrangement
during the folding of proteins. Here, we report stable-isotope-assisted NMR studies of
thermophilic fungal PDI to elucidate the structural basis of function and thermal stability of
this enzyme. Recombinat PDI and its truncated mutants were labeled with [1-13C]Cys and
subjected to NMR measurements under various reducing conditions. On the basis of the 13C
NMR data, conformational change of PDI induced upon cleavage of the disulfide bonds and
interaction of PDI with calreticulin, an ER chaperone, will be discussed.

[F&R)] 7uTFA v PANVT 4 FA VAT —EEPDDI/NaEH AL FET ABET, VALY
1 FRESTROMBERIGEZRB L TH U R BEORBREEVRICEERZEE R LTS, KT,
) el %D PDIidmEE, RMEEMORTTSh B R Ry, EXCAOBR»D
EBENTWS, FRAICHEOPDI I abba*ct\V) B DD RALUNLRESTFEER 53
kDa O % 37 E T, KBEFTRAETSA~—L LTHEET D LEL LN TWS, PDI 5FA
WHBHMDIVATFA v RTBEET D, 2036 2RIENTH aBL T a’F AL v OEMERAL
EERL. b5 1xfida FAA ‘/@V‘J%{S’C““/“Zﬂ/7 4 FREEEFR L T35, Fxit, 2585 PDI
BUTA—AT LT TBZLICEY, D a RAL VRO RILT 4 RFEESBERE O 25
@vxw74bFAlDB$$<WmL\_oﬁ%m%%%ﬁﬁﬁmﬁw L. 2 akRAL A
HOVANT ¢ FEAPEIINIZIREETIT 45 °C LB T ABEREMNEECET T2 L 25
BT LTz, KRR TIRGEN U RED PDI OREZEN & MEREROS FEEROESEZHL
952 #BELTNMRICK Zaﬁﬁﬁ%ﬁo T2 FETo/MREIZIBWT PDI S HEAEER LT
TEFFTeXay c AVVLT 4 F 2 Y DN TH NMR BT 217- 72,

TaATAVVANT 4 RA I AT—8, HFyul, VAVT 4 FiES. BRNZERM&K

BH7EIKL, VB EIVE, HERBEL, LD, RECHBELLE, 2EO250H
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ERL7Z) =22 b PDI 238 LT NMR 2~7 PRRIE L, £/, PDID ab FAA
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7o t ' M
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Bt CRLE FAALVAD
RS (Cys30, Cys33)IZ@k
BEELSF &R Z s h 5(Fig.
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(2) 2ODHE R AL T k' L
WCHBT DL, a’RAL D NwwwﬂMwJMmWW%M\wH,
FRaFAALLrE0b L viKR 365
B OETA TERBLO D R 30 59“
M7 4 FREVEIEShD Z 36833A l
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X, a’FAL Vv DFN a KAL
VB b RBETERE A B & U WMW vW l.
SEELIIET 5,
(3) INVvTF4%=2Y UiEs
FROEBENE L R — 180179178177176175174173172171170  ppm
ThY., BHEES R IBLD ;
- MEFABLE SHTVWDS P K Fig.1 13C NMR spectra of thermophilic fungal PDI labeled
A VEED TR VEREEH with [1-18Clcysteine .
LT3,

BEXH
Harada, T., Kurimoto, E., Tokuhiro, K., Asami, O., Sakai, T., Nohara, D., and Kato, K. (2001)
J. Bzosa Bioeng. 91, 596 598.
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An Attempt to Automate The Determination of Three-Dimensional Structures of
Proteins by NMR by A Genetic Algorithm

Isao ONO, Hiroshi FUJIKI and Norihiko ONO (The University of Tokushima),
Shin-ichi TATE (Japan Advanced Institute of Science and Technology)

Abstract : Attempts to automate the determination of three-dimensional structures of proteins by NMR have
failed so far because it is difficult to automate the assignment of complex NOE signals which must be done by
trial and error. In this paper, we propose a new method for automatically determining three-dimensional struc-
tures of proteins based on a genetic algorithm, which is known as a flexible and efficient optimization method.
In the proposed method, we regards the problem of assigning NOE signals and determining three-dimensional
structures as an optimization problem to find a three-dimensional structure which meets the observed NOE
signals. In order to examine the effectiveness of the proposed method, we apply it to the problem of determining
the structure of o-helix.
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Fig.3: Structures determined by the GA
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Eledoisin Related Peptide ME# 2 KFTENMRIEIZL 5
B & AR
(RAREERILE)
OKRIE &EARER, KB 8, THE BvE, FB RE

Assignment and structual characterization of Eledoisin related peptide
using 2D NMR in solids
(Department of Chemistry, Graduate School of Science, Kyoto University)
O R. Oha.sh1 ‘T. Mizuno, K. Takegoshl T. Terao

Several 2D experlments in sohd NMR were applied to elucidate structural
informations of Eledoisin, which is one of neuro transmission hormones. We
labeled 4 of 6 C-terminal residues of Eledoisin by 3C/!N: Lys-Phe*-Ile*-
Gly*-Leu*-Met-NHj,. The results of 13C-13C COSY, 13C-1>N HETCOR, and
a 13C-13C shift correlation experiment using recently proposed DARR were
described.

First, 13C-13C J-connectivity was determined the 1¥C-13C COSY exper-
iment (Fig. 1), and all *3C signals were assigned as collated in Table 1.
Second, the 3C-1°N HETCOR experiment (Fig. 2) was applied to assign
15N signals (Table 2). Strangely, the amide °N signal of Phe is missing. We

- attribute temporarily it to effects of molecular motion. Third, }¥C-13C dipo-

lar (distance) proximity was examined by the 3C-'3C 2D shift correlation
(exchange) NMR experiment (Fig. 3) using the recently proposed 13C-13C
recoupling method (DARR [1]). Currently, 2D *C-1H/*N-1H dipolar cor-
relation experiments are undertaken to determine the peptide dipolar angle

@.

0/(ppm) | assignment 4/(ppm) | assignment
11.9 Ile CHs-d 57.8 Ile CH-a
15.0 Te CHs-y 126.9 Phe CH-¢
25.5 Ile CH,-y and Leu CH;3-6,CH-v i 130.0: Phe CH-4,n
39.2 Ie CH,-8 and Phe CH»-3 137.1 - Phe C-y
42.6 Gly CHy-a 169.6 Gly C=0
44.9 Leu CH,-3 172.0 Phe C=0
52.7 Leu CH-a 172.5 Ile C=0
54.7 Phe CH-« : 174.8 Leu C=0

Table 1. 13C assignment of the residue-selectively labeled Eledoisin related
peptide(Lys-Phe*-Ile*-Gly*-Leu*-Met-NH,).

Key words: Signal assignment in solids, Multiple '3C/**N- labeled pep-
tide, Structual determination in solids

BRIIL YV d7bd HFD ehpl, HiFZIL EXDY, THE ZIFUZ



“§/{ppm) | assignment’|:
3.7 Gly NH
82.5.. .| ODeNH

84,3 Leu NH

. Table 2. 15N assignment (NH4Cl = Oppm)
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Figure 2. Expasion of the }3C-1°N 2D HETCOR spectrum.
Peak 1 is the cross peak between Gly NH and lle C=0.
Peak 2 is the cross peak between [le NH and Phe C=0.
Peak 3 is the cross peak between Leu NH and Gly C=0.
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Figure 1. The**C-'3C 2D COSY spectrum.
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Figure 3. The *C-13C 2D DARR spectrum
. with the mixing time (7,,) of 1s.

All NMR experiments were carried out using a Chemagnetics CMX-400
spectrometer operating at the resonance frequency of 100.3 MHz for 13C

- with a CP/MAS probe (Chemagnetics) for a 3.2 mm rotor. Both the MAS
frequency and the 'H rf intensity for DARR were 22 kHz. ' The TPPM
‘decoupling was used throughout with the nutation angle and the phase-
modulation angle being optimized for a rf intensity of 110 kHz to be 180°
and =+8°, respectively.

Reference: [1] K. Takegoshi, S. Nakamura, and T. Terao, Chem. Phys.

Lett., 344, 631

(2001).
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The Effect of rf Inhomogeneity on Heteronuclear Dipolar
Recoupling in Solid State NMR
; Practical Performance of SFAM and REDOR

(BIEESI K ', National High Magnetic Field Laboratory’, Dept. of Chemistry and
Institute of Molecular Biophysics, Florida State University’)
OFEFBZ %, Rigiang Fu’. Timothy A. Cross™

The Effect of rf Inhomogeneity on Heteronuclear Dipolar Recoupling in Solid State NMR;
, Practical Performance of SFAM and REDOR
(Yokohama National ‘Um'versityl . National High Magnetic Field Laboratory’, Dept. of
Chemistry and Institute of Molecular Biophysics, Florida State University®)
OKatsuyuki Nishimura?, Rigiang Fu’, Timothy A. Cross™’

Abstract

Practical heteronuclear dipolar recoupling performances under magic angle spinning for
SFAM and REDOR have been investigated under well-defined f inhomogeneity
environments with variation of resonance offsets for the irradiated nucleus. The
heteronuclear dipolar recoupling efficiencies were quantitatively determined based on the
experimentally obtained rf homogeneity. As a result, SFAM retains higher recoupling
efficiency (>95%) at an 85% effective nutation frequency, and its recoupling efficiency is
gradually reduced at lower effective nutation frequencies. On the other hand, though
REDOR retains higher recoupling (>95%) efficiency at high (>92%) effective nutation
frequency with an XY-8 compensation pulse sequence, the recoupling efficiency is
dramatically decreased when the effective nutation frequency is below 90%. Over all,
SFAM has significant advantages for insensitivity to carrier frequency offset and rf
inhomogeneity. :

Experimental

A 20% enriched [1-°C, "N]Glycine micro crystal was used for all dipolar
recoupling experiments. All NMR measurements were carried out at 25°C on a Bruker
DMX-300 NMR spectrometer equipped with a triple resonance probe with a 7.0 mm o.d.
spinner assembly. In the REDOR [1], the XY-8 and XY-16 [2] pulse sequences for
irradiation of N nuclei were employed experiments as illustrated in Fig. 1 to compensate
for the flip angle error, the off-resonance effect, and the fluctuation of the H, field. In
SFAM [3] experiments, a 40 kHz depth of rf modulation and a 40 kHz maximum offset
were used for irradiation on the '*N channel. Precise sample positioning was achieved via
specially designed Teflon spacers with = 0.2 mm precision along the axial direction of the
sample tube. The sample spinning was controlled to 4000 = 1.0. All simulation of REDOR
curves were carried out using a FORTRAN 77 program by taking finite & pulse lengths into
account and all numerical simulations for SEFAM were carried out with the GAMMA [4]
magnetic resonance simulation platform.

Key words: Solid State NMR - rf inhomogeneity, *+ Dipolar Recoupling * SFAM * REDOR

izLlirh HowpE, Rigiang Fu, Timothy A. Cross
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Result and discussion
rf inhomogeneity in MAS probe
In this study [5], quantitative estimates of spatially resolved f inhomogeneity effects
for distance measurements and a general strategy to characterize these effects are presented.
Here "rf inhomogeneity" refers to a distribution of effective nutation fields dependent on
sample position in a MAS spinner. Here, single pulse excitation with high power 'H
decoupling is used to observe the flip angle errors of observed and irradiated nuclei due to
the rf inhomogeneity. The normalized peak integral at each site, I, within the spinner may
be translated into a nutation frequency by using the following equation,
L=, /vs®)*sin[(2n* v;') * t,] Eq.1

Where v, and t, are the nutation frequency for each site and pulse duration, respectively,
and i indicates the sample position in the spinner. For the center of the spinner i equals 0.

We observed C methyl signals from a rubber disk with high power 'H decoupling
using a fixed pulse length and without magic angle spinning. A 1 mm thick rubber disk was
positioned in the sample chamber along the MAS axis from the top to the bottom as
illustrated in Figure 2(a). Figure 2 (b) shows the profile of normalized ’C methyl peak
integrals. By using a weighted Gaussian curve to fit the profile, the center of the rf
irradiation was determined to be 8.4 mm from the inner bottom of the sample tube. The
peak integrals were translated into average nutation frequencies based on Eq. 1, whose
profile is shown in Figure 2(c).

2
H TPPM (a)
. K
) [ (XY-N) [: (XY-N)n | ;
S “N)n |} “N)n
f"%’ ®) §15 :
(b) . 20.8 E
s | (SFAM)mT (SFAM)m | e P
o2
(C) xyxvxwxvx (D1max SFAM N 0 E 120
T ' 3
lili a0 @ia A Tl
XY-16Y — TN — 330 60 &
w : 40 §
i|||| liiiiili A“’“) N 5% : 2
zZ 0 s 0o 2
« T - 02 46 8 10121416

Position from Bottom (mm)

Figure 1. Pulse sequences for REDOR (a) and SFAM (b).
Proton decoupling was achieved by TPPM. (c) The cont-
inuous phase and amplitude modulated irradiation and

XY-8, -16 compensation phase cycles x pulse trains were
applied in REDOR and SFAM experiments, respectively.
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Figure 2. (a) Schematic representation of rubber
disk positioned within the Bruker 7 mm o.d. spin-
ner with a solenoid coil. (b) The normalized *C
methy! peak integrals at each position. (c) Positi-

on dependent effective 1f field variation profile.



Sample position and Irradiated nuclear carrier frequency offset dependences of dtpolar
recoupling efficiency

The sample positions for SFAM and REDOR experiments are redefined as 111ustrated
in the column of Figure 3 allowing us to use more sample in each position (2.4 mm
thickness) for dipolar recoupling experiments. The average rf nutation frequency for each
sample position 1, 2 and 3 were calculated as 97, 87, and 61 %, respectively, based on the
experimental rf nutation frequency profile shown in Fig. 2 (c).

In order to simulate the dephasing behavior at each position, only the dipolar couplmg
constant is changed to fit the experimental data without changing other parameters utilized
in the experiment. The recoupling efficiency can be calculated as (D> / D )*100, where
D,s>™ is the observed dipolar coupling constant through dipolar dephasing curve fitting and
Dy is the calculated dipolar coupling constant between the heteronuclear I and S spins.
Figure 3 shows the experimental dipolar dephasing data from the SFAM and REDOR
experiments superimposed by theoretical curves at different sample positions.

The carrier refrequency offset dependence of the recoupling efficiency at sample
position 3 (61% effective nutation frequency) were observed. As shown in Figure 4, it is
clearly seen that the recoupling efficiency for SFAM is almost independent of the

(@)1.2 (a)1.2
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) S —e— posttion 1 ~o- 2KHz
0.8 a —o~  position 2 0.8 5 KHz
QC> 06 s -a-  position 3 C\?} 0.6
7] 0.4 o 0.4
0.2 0.2
o 0
0.2 -0.2
(b)12 (b)12
1 o -a-. 1 -
5~ o W
0.8 N U-a_ @ 0.8 \.;;‘:\. .
=3 \ @ > g
Bost \ en B o6 PN
= ~~ = T le
Boat T1 Poa T w e
\ 02 o g\ ~ P::«;,
0.2 Q\\o S . ~e
0 8o ~ 57 0 4321 g
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Figure 3. Normalized dipolar dephased signal inten-
sities with best fit theoretical curves for sample pos-
itions 1 to 3 for SFAM (a), REDOR with XY-8 (b)
and with XY-16(c), respectively. Sample positions
were 1(@), 2 (O), and 3 ([0), respectively.

Figure 4. Normalized dipolar dephased signal with

best fit theoretical curves for variation of carrier
frequency offset for irradiated nuclei at position 3
for SFAM (a), REDOR with XY-8 (b) and with
XY-16(c), respectively. Carrier offset frequency
were on resonance (@), 2 kHz (O), 5 kHz (), and
10 kHz off resonance( ), respectively.
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irradiation carrier frequency offset even if the effective nutation frequency is very low. On
the other hand, the recoupling efficiency for REDOR with either the XY-8 or the XY-16
sequence strongly depends on the carrier offset under such a low effective nutation
frequency, although the XY-16 sequence improves the recoupling performance by about a
factor of 2 over the XY-8 sequence.

65
60

- 100 (a) (b) , (c)

7% ] o~
§ 90 ~ 95

S 80 ?ﬁs\/\/ﬁ ﬂ::/\//\/
- ; NN e
Z NS W 55—~
2 70 NN =
w W

VAR Y] PR

0 2 4 6 8 100 2 4 6 8 100 2 4 6 8 10
offset (kHz) offset (kHz) offset (kHz)

Figure 5. The contour map of heteronuclear dipolar recoupling efficiency for rf inhomogeneity and carrier
frequency offset of the irradiated nucleus for (a) SFAM, (b) REDOR with XY-8, and (¢) with XY-16
compensation. The Z axis is the dipolar recoupling efficiency (%). All experiments were performed with 3
different sample positions and 11 different carrier offset frequencies. Each contour map is drawn based on
experimentally obtained 33 pair of carrier offset and sample positions. Total 708 experiments for SFAM and
REDOR with XY-8, and 450 for REDOR with XY-16.

%

Overall dipolar recoupling efficiency
It is illustrated in Fig. 5 that the profile for the recoupling efficiency strongly
depends on the dipolar recoupling method employed. For SFAM, as shown in Fig. 5(a), the
recoupling efficiency gradually decreases as the effective rf nutation frequency decreases. A
high recoupling efficiency (>95%) can be achieved when the effective nutation frequency is
larger than 85%. Even when the effective nutation frequency is as low as 65%, over 70%
" recoupling efficiency can still be obtained. On the other hand, for REDOR, even with XY-8
and XY-16 phase cycling sequences, the recoupling efficiency is strongly dependent upon
the effective nutation frequency, as shown in Fig. 5 (b) and (c). Both the XY-8 and XY-16
sequences exhibit a high recoupling efficiency (> 95%) when the effective nutation
frequency is larger than 92%. However, their recoupling efficiency decreases dramatically
as the effective nutation frequency becomes less than 87%. With 65% effectlve nutation
frequency, only about 40% recoupling efficiency is obtained.
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SRTEFBOBENMREDREEL IR RIS U XADKH
Three-dimensional high resolution solid state NMR and application to
Mastparan X

EAEAR'. WEEX -T2 #BEX-IT° =HEPEHRHT|Y

OFMEA'. ¥ITx 2 BENES ARB#s . hREE'. MARSH'

We are developing solid-state NMR methods which provide more structural information
for isotope-labeled biomolecules. The low resolution and sensitivity are the obstacles
to the application of solid-state NMR to biomolecules. We have improved the resolution
and sensitivity by the combination of isotope-labeled samples and multidimensional NMR
under MAS. In this study, 3D pulse sequences were designed to obtain spectra for
SN-12G0-"3C, *N~"*G2-'3C0 and '*N-"*C*-'"*C# chemical shift correlation. Their extensions
to 3D correlation enhanced the spectral resolution. The signal assignment by these
pulse sequences enable us to analyze the secondary structure of Mastparan X-Gly,
amphiphilic 15-residue peptide.

(F] EENRICEVT.ZUNVEORBLEEOERBS FOME BT 5011,
FTORMELBRELNTTHPRIENAEELLS>TWD, FITRAIRERAMKIZEHEER
FTTNR 2HARHLELE T, HRBELBREFTALSEINETEIORBERAAT LS, A
RTCRERESFOREHERITR>TUTFLERET B1=6I12. "N-"200-"C* D48, N-'*C
@300 OWEPIEB/ D/ RRIB LY N-"Co-CCEDHBEB I/ ULARFIZRNTHREE
EFALIEAAEERHL, £, "N 'CTRSEEHLE-7I /B ISBENS L IMHRE
URTFETHEITRX MRS X-GlyWPX-G) IZCh 5D/ IV ARFIZIEAL . WPX-G D 15 7%
EN7 I/ BENBENICBEBTE. R3XTNMRASEONEEL T MBI 2R
BEOFMET o1,

[EE 5]
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H5BH. WPX-G (ZKEEHE BL21 (DE3) T Saccharomyces cerevisiae DLEXF L EDFLESR X
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Decoupling
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The advantage of MQ-MAS for high magnetic field inanalysis of Slag.
(JEOL Ltd. ™ Nippon Steel Corporation 2
Y.Shimoikeda*!, H.Sugisawam, K.Kanchashi?!, K. Saito"!

MQ-MAS method is very effective in the structural analysis of the half-integer quadrupolar nuclei, but could
be used only by the sample which is limited. In this paper, we have examined the influence of the magnetic field
strength to slag (by-product in the process of the iron-making process) spectra using MQ-MAS techniques. It is
clear that S/N and the resolution are improved greatly at 14.1T in comparison with 9.4T, and also new peaks
which aren’t seen at 9.4T because of low resolution are observed at 14.1T. Therefore, we believe that MQ-MAS
method under the high magnetic field (more than 14.1T) is very effective and helpful to analyze chemical
structure of slag materials involving quadrupolar nuclei.

(=]

MQ-MAS s5lE. HEBHZ L L BOBERSIREENMR 2 XY MNLEBZEHOFEE LT, EE. 8F
ITRB LU, BT, 2hET R OFITERER DD - R EEMBIOBIERBIT I E DR FE S BEF
INTWD, ZFERICLDIARPUIBEICEZ A REINTLBN, RMB~OHEAFIIERZR SN T
%o EMPITIE, BELEBEEFOLERDOBITEERINTND, COEFERBLZTAIZIE. B
ERUDEBEOELZEMENMRBLINTNS, RLFE— FTlE. EMBE LT, X5 EMEND
RBOBETHESNIEEDEAL., HIBREDONR AT MLIZRIFTHRERIE LS,

[5=8&]

SE., MO-MAS DEMBIOISAE LTRSS HH > T EFER LE. RS TOIPREGHS I THB
ZEDSXIREIRETORERITL TERhh o2, Z00. ERIFEROA TEBINATWEME
THhd, 2T, FIARBEHRASHIZTIERS N F-1 SENBZ ST TLERBLT A @
MQ-MAS JEIZTHBITE1T o7z, F-1 (XX SV OIBES > 7T, #E LT Ca(35.5%), Si(13.4%).
MQ.INAECESATVWSEMME TH S, £, BIHRE(E9.4T (VA1 : 104 MHz) , 14.1T (VAT
156 MHz) IZTZENZNBIE L. MAS IREZ MILBLUMI-MAS 2 XY ML DHEEETTS & & THIBODE
BIIOWTHEELE,

(#ER]

Fig. 1 12T F-1 D FAI-MAS X~ 4 ML (22T R) &RUEE, 14T DIARY MUK 9.4T 12
B8 U TREMERIIBGLLTLWRDHIN S,

Fig.2 [£ F-1 D 3Q-MAS A~ 2 ML TH 2, FHE (REM) FX7 -V > T0BETV, £FT
FNHOMESE 1 IZHELTH D, M-MAS (X EBREOBVAEETHZMN. 4 I1TOF~7(L9.4TD
OB LU TRENRBOICZRALL, 2AVBRERNRTE / 1 AOBEEIFLEAERITTLRL,
F 94T TIE—KIZRZEZE—V AN, EREOBALIZEDE-SCEE—S DIZDELTLED
REBlENZ LS CRh>TVWBONDH B,

F—0—F MEMAS, EBFARE(FA, &%, X574

LEWFE B30s, FF2h 0L, hRIEL 2350, aned 250
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AFETIEIASITRIZLEEENDTIL IO 2TAI-MEIMAS IR ML OBISHREREE R R,
AT OBBIBT TRE LEMIMAS RS MLIE, 9.4T THELLZEDITH A, BE. S HI8
BorRmLHARESN, 9.4T TlEDETEL>ZE—2 AN, U AT THBTETWB 2 eh 6, B
RLIZLZEREOEMEIEI>ENRT ZENTE 2, BRHL, EMLEEEF >V ERS ORER
EBRKaND, XA 7E. ZORFDO—D2TH 2. SEDOHEIZL b 600 MHz &§B 2 2 SHESE MI-MAS
CBlE. COLSBMBOBERITICH L TEOREEERE ZENRER,

ik
1. L. Frydman, J.S. Harwood, J. Am. Chem. Soc. 117(1995)5367.
2. BER=-. FHRAR. IRES, 539 @ NMR FREEEE.(2000)368.
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MAS £ FCRIEE _ET+NBFRE/ER %
YAy PP TTCEBRZT7EY FERD, RF VAN X B4
BRRIZAELBD O, HBEEGE. MARBE

Effective-Bandwidth of the Homonuclear DQ-Dipolar Recoupling
Controlied by RF-Pulse Sequénce under MAS Conditions.

Yoh Matsuki, Toshimichi Fujiwara, Hideo Akutsu
" Institute for Protein Research, Osaka University, Suita 565-0871, Japan

Pulse sequences that recouple the. homonuclear dipolar interaction under MAS condition are important for signal
assignments. For the recoupling, rotor-synchronized series of ‘cyclic’ element pulse is often used. We previously
reported that the effective range of the recoupling could be controlled by modifying element pulse so that z-component
of its residual rotation axis is suppressed under arbitrary mixing power. Here, we show that a derivative of our element
pulse, which is now made to comprise a finite z- rotation, gives magnetization fransfer between pairs of spin having
various isotropic chemical shift differences without changing MAS rate. This is experimentally demonstrated on
U"C, “N]Habeled 1-alanine where C*magnetization is selectively transferred to C=O or C® in the same molecule.
Either of the two transfer paths can be selected by simply changing irradiation frequency. The appropriate irradiation
frequency is theoretically predictable. The low mixing power requirement keeps good transfer efficiency, making the
method favorable even under fast MAS conditions.

BLHIZ MAS £ TIRBWIEA Y VBB W HIR TR B8 2 8L EE0RBET
5 ECHBERTARTHE, FOFH I NALEATAIN =T VDAL — ST A
&T, il MAS U T CESLE N RFNRAC AV HEBERE—EEE (YVhy
Ur7) 528 TESL, LITULITAVWLNDFEIZ, MEDCERET VALY MUV RERE
EORIRICFABLTRNTIHOTHS, FT VLAV MV AE—BHOBIZAE Y OREL T
KRTYA 27V v 7 REEOLORAVWOND, BEEN 2T 2HEIC3 6 0FED5%SHT
DT VABEMAREBMESED A% —b (C5, L RBEND) TTLAL bV AERNTEZ L
T, FrEFRERTP CSAEZSRMIZIEI L, ZETOVBTHREERETE I Ay Y o7
TEBRERHMONTWD, =LAy F2ULRE LUTIIHESE.

(%)) (274, %)y ¢ =k20/5 (k =0~2)-11]

REBAWLNATERE, LALARRL, ThEEVERESR C— B - RITBTHERR %
Uh T v TEHREBED MAS £ F TR, BRESNTIC—EFE S BCAH OB T4
BOFHICL > TEREBORENELT 5 ONMETH - 1,

Bxix, VATV v TORVHELHEFLEZIE, WAV AIIEHRE 2 ba— L TEBS
BEERLTEE, ThiCk>CEEROEMN S LICLERKIED Y &y ALVERERVS 2 &
WEEEL 2D, T 2iE, TI VMBI L OEERBICIZ. MO CPolb%y 7 MExmb 2 &
WEETHDNR, ZODITIIEMIRRRER LB T 5 B #IRZ T Y b v F AT 550
BRETHD, WOEIEO Y B v 7Y ¥ TIH45 72 BT R A /L ABREE T 18CTH W 748
BEEROT Ay TIVERSICL, EROBRERALETANETHD, RO b o—idkd
£57, TUABRBRECH LT ROEHERFOT LAY ML RAEAVEETELNE,

EiENR, FEE_ETIEBFHEEER, YAy T )7, =Vy s ARBEE, RERMFEH
EDOE LS, SLbbELAEL, HHVOTE
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‘ (a/2-90°),(a),,,(a/2+90°),--[2]
coca=BR g a— s o ERCET BHITH S, SR, Bl0zL AL b

VA DGR,

(al2-90°+6),(a),,, (@/2+90%¢),; (e IHHER)--[3]
PHBELNET LAY hAVR{a=280° ¢=30%%R\VENRBEBREYBRTNE. B2
DILFEV T PEEFOALY VDI b, BFEOHEOMICRRMICBL2BEITAZ N TESRZ
LETRT, BOACUVEETICHBEEZBET D0, BOLREREKITCRT L S IcHE
BWOrOLTFHILTHWBZ LN TE B,
B B ERONARF—ACS ITE - T, BA N AOWEREROEE TIRAE RO
INP=T R 2BETFIETFEE T2 EENICBEIENMLATWA L, 2 EB LT-Rks
BBRICEWT, BEHROA 7y MIERFE LB, EREETHZESRD LAY R
NADYATZ Y v 7 pEERA 7Y MTBWTKRELEBRTAIZENEBLTNEEEZ LN
%, EEZENYA INAEREZERETIE. BONINV =T R TROX D ICHETE S,

H 5 (57,) = Hiy +H . 4]

IITHBEAEY 1-2MORBFREEE. H 1347y FRETT LAY F/OVRRE| &

BT, BLOBRAEEECTHS, £ LAY MULVAOBEEERIIEEH RO o —igi
REHRIC 2 D BB 55, FRENOEITRR 5 5 B4 O T xy FERNTERLERTNEZ L%

EzhuE, H 2 L D EEROBEBRAIIE—VGEE CIIEBRTE AL EX 005, LEBN->TH

EONIN =T X
H_ (5t,)=<T, I8

DEDICET D, JIIEREED 2z Ry OREHEE T, TORKEEROKRE S 2HEHTIZL
TY BTV IV AFIOMERHIHTE 5, BLITUENC, Rl LAy bV R(e =0)%
AuohiE, EBBERREMETIKNEMAONIZLERAL, VATV TOFEHE
BENWAVWARELESEDEHERRBE, SE. e>0 ZAVEZ L TEPNIN F=T VPIER
EEEAZERMICEAL, YAy TPV 7OF 7y MTRHTBERY—Y 72 Ebs¥b 2 &
T AR T FEDRRDENVDNWARACARISERMICY v Y S CE B 5E2R%E L.
@1@Kﬁ:vxyhﬂwzw=2m%ezxﬂ%ﬁﬁbf\20®xﬁy%n%nuﬁﬁbt
LOEDRY ¢ = (Q) +6a(Qu) By TREROEY T FOBKE LTTR Y FLEDLO
ERLTHB, o, BPNIN =T U H o OFCO, RBEH T, BICBITS, AEV 1028
bRy 2D z b ~DOBEZIEE IXEERTOa b — L ABBOERIC LT, R4
Tty b Q OBIE LT "
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Figure 1 The z-rotation frequency summed for two spins, X ¢, and magnetization transfer
efficiency, Z (Q.1), are plotted as a function of isotropic chemical shift of each spin in () and
(i), respectively. The result is shown for the element pulse of [3] with {a =280° ¢=30%,
which uses mixing power of yB1/2r=48 kHz under MAS rate of vr=12.5 kHz. In (), regions of
-2 kHz<Z { <2 kHz are shaded.

2 -1 wDQ('Qoﬁ') .
ElGg) =sin [ta” (4 @)+ L, (Qod)ﬂ ol

LEREND % 0pg(Qg) YDy T YLV TE B RIFETEDRETH S, ©1GITIER

CxbL Ry bRV RRZDNWT EQoup)DEEEY 7 MEERERZRRIC ey L TH B, MHE DR
L& oT, BEBEIOA 7y METEMIZ, B—AE 0O 7Ey N COREREBCEICRES -
NdEbohd, FLOXHOWMEREE»LOA 7y RO £2kHz DAYV, @ —4 kHz
E+12 kHz DAY AHOFFICHLBEINRLEDH D Z L BRENTWS, T b OB {EFEY
7 FERERELOBOT (H #£BEKE 500 MHz) T, AW —E#7 5= Aoz
h2h, CYCPH. CYC=0 Bk 7 hEICHY T35,

® (i)

pam.

ppm
250.0 .°200.0 150.0 100.0 50.0 . 0.0 -50.0 250.0 200.0 150.0 100.0 50.0 0.0 -50.0

Figure 2 Spectra of powdered uniformly [3C, 15N]-labeled L-alanine obtained in the
magnetization transfer experiment. The element pulse used for mixing is @) {a =280°,
£ =309%, which is introduced in this work, and (i) {a=360° &=09%, which has been used
for broadband operation. In (), spectra were obtained with the carrier which are set at
positions corresponding to @ and @ of Fig. 1(G), and indicated by arrows.
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B B H2i77=rERVEB{tOBBERTELALY PLT, BE/ VADRERRE
REEITRENTNS, ZOERTIE CIOBREICRMLE BIE L%, BABICZL 22 fooL
2{a=280°, £=30%%AVTRA—DFADMORE, 2EY C*» C=0 LBHEES, M1+
KOO TRENZARICHRIGT HIRERRE L AV L &, BMLOBEHRTSE CP2 C=0 I8
22 he—ATEHILBR2OMTRENTVWS, K2 0WIIREORLBEIEERE (10
TVAY P VR ERAWTIToEBRTH 5, BEORREMENZ LTz, #iC CYCPRD
BENCE L CIXZ PR LD L E_THEERCENORSNS, OV Ay MULATHEER
FEEEBRICEBRGRAICY 7 FEE3 2 L THBORREAED DL LITTEDN, 5lEHhL
KBHOPRIIEHIEFLLLELT S, BEORRM X, BHUADORAE U ~OR(LORN %
COTHEDREDOEHH LEETH N, BHIFBRHIELERIEIMIIVBRITERICB
Tk, FTVELVESEMHEIT S ETHRHICEETH 5.
BE ASERENLE VAL R 2{a=280° £=30%L, {b¥EST FEREFNTIHM 4kHz
¥ 16kHz THBT F=>0 CHCPH, CYC=0 MITRIRMICRHULEBBI LIz, b1k, =
DTV AL MV AR, MAS DRBEE 2E25 272K, 25 kHz BE X TOEED{LFEL T k
ERFEORAVY ML BE R EHCEIATEERHH I LERLTWS, SR, BT VALK
RAVAFERNTE LN ORBIRWBENL. E6T7 VARBIC L REXRT v 7Y
HER2TR? I &> THARETH DM, Fox OFETIIBEOF BRI OB L LBME S KT
HILBTEBZTEESRDHY ., ERAJE~DIEALHF/TES, REDZ VAV MUV AKCE
RENDBEE N AOBERNOT VAL FARAVARZEREND O (MAS A, =125
kHz O FCyB, /2r =63 kHz) LH~_T/IEL (4B, /2r ~48 kHz), LLBEIBEED MAS &+ TC
LEWBEBYERLEETE D, &6, BEDAY VU RTIZEBRNE _EBFREFHREEALY
BTV ST B IOFER, EEOEN D OBRVCIUBETESOTEHERTH/NEBEERA O
HEFREICT 5,

~NFF RO BCEBORBIC—RBIICAV S5 D NCACB ERTIXERZO/ILEY 7 FCF
BLUI-RBMEBR—BEND CHlIBEINL®E., SLIZMEORBIIBINBHENS, Rz
N(CO)CACB EBRTIIEFERLIIBE TS 7 I/ BBRED C=0 KB Eh., MW TRISKRED{L
227 FCEBEIENh S, AEREINFNEREAN. REMOMEBERY MEBLIOILEETHD
D, BIFIRIESTRRER LD, BEITINARF IRE L ISIEKE O REERR B 2R
T3, BN ER, BERIRERAEFVT FEOAVY VHEBOBLBH L RO B2 L, Z2D
EBRTIXENICE LI DREG NV AAF—LERAWVAZ N, RERLEOENSEE Lot
SEBHALEF LT LAY MUV RIHEFOBRE, AV AOWERBREEZEET BT TF
BTBDT, MERICESEL FA—D/ NARF—LEHANEZENRTE D,
BHE
1. M. Carravetta et al., Chem. Phys. Lett., 321, 205-215, 2000.
2. L. Muller and R. R. Emst, Mol. Phys., 38(3), 963-992, 1979.
3. K. Takegoshi ef al., Chem. Phys. Lett., 232, 424, 1995.
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Uniform 'H—2H Cross Polarization (UNI-CP) in Solids

Takashi Mizuno, K.Takegoshi and Takehiko Terao
Department of Chemistry, Faculty of Science, Kyoto University,
Kyoto 606-8502, Japan

Abstract

To overcome the low sensitivity of 2H NMR in powdered solids, we developed a novel
UNIform 'H—2H Cross Polarization (UNI-CP) scheme which enhances a whole ?H powder
pattern uniformly. The sequence is based on Lee-Goldburg irradiation to 2H employed to
spin-lock the 2H magnetization without the effect of the quadrupolar interaction.

%H is a spin=1 nuclus and its powder spectrum is distributed by quadrupolar interaction of
the order of a few 100kHz. Further, the sensitivity of conventional direct 2H observation using
the solid-echo. sequence is relatively low, because of its low gyromagnetic ratio (15% of that
of 'H). To overcome the low sensitivity, we propose here to apply the cross-polarization signal
enhancement method from abundant 'H spins.

It should be noted that, however, with the convensional cross-polarization sequence em-
ploying on resonance spin-locking, only a part of the >H powder pattern is enhanced (Fig.1)
because the Hartmann-Hahn condition is modified to be 1% + vo(, 8,7) = 1,7, where Vg
denotes the quadrupole coupling for a micro crystallite at the orientation (o, 3,7) V.

To enhance the whole 2H powder pattern, one simple way is to remove the quadrupolar
interaction, which can be achieved by the Lee-Goldburg (LG) irradiation 2 to 2H, that is, the
direction of the effective field is along magic angle from the external field. Under LG irradiation,
the spin part of the zeroth-order quadrupolar interaction is averaged to be zero, hence the
Hartmann-Hahn condition is modified to be 1,7, = 1,7, where 17 .. = \/(1}7)2 + Av?
Av is the offset from the career frequency. Note that the new Hartmann-Hahn condition does
not involve the orientations of crystallites, the uniform enhancement is thus expected. Fig.3
shows two ?H spectra taken by (a) the solid echo sequence, and by (b) the UNI-CP sequence
shown in Fig.2. Significant enhancement is achieved.

references
1) Takegoshi,K et al., Chem. Phys. Lett.(1996) 260,159
2) Lee,M et al., Phys. Rev. A(1965) 140,1261

Keywords : Cross polalization, Quadrupolar interaction, Lee-Goldburg irradiation
BT f=inl, HHIL &EXoY), TR ZiF0Z
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Fig.2 :Pulse sequence for UNI-CP.
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Fig.1 :?H rf-field amplitude dependence of 2H spec-

tra observed for a-NH3CD»COOH using normal CP.
'H rf-field amplitude was 63kHz. This figure is repro-
duced from ref.2).

—

; I
' 200 100 O =100 =200
Offset/kHz

Fig.3 :2H powder pattern spectra observed for a-NH,CD,COOH using (a) the solid echo sequence and using (b) the UNI-CP
sequence. (a)The solid echo sequence was used with the pulse repetition time of 225s and 64 FIDs accumulated. (b) The UNI-CP
sequence was used with the contact time of 15msec, the pulse repetition time of 2.5s, and 5760FIDs were accumulated. Note thai
‘he total acquisition time (240min) was set to be equal for both spectra. The !H rf-field amplitude was 102kHz and that of 2H for
CP was 80kHz. NMR mesurements were carried out on CheMagnetics 300 spectrometers, at 2H NMR frequency of 46.122 MHz.
CheMagnetics 5¢ probe was used. All mesurements were taken at room temperature.
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13C-'H dipolar-assisted rotational resonance in magjc-angle spinning NMR
(Kyoto Univ.) OS. Nakamura, K. Takegoshi, T. Terao

A new “C-C polarization transfer mechanism (Dipolar-Assisted Rotational Resonance, DARR) under magic-angle
spinning (MAS) is presented. DARR have some desirable features: (1) no rf-irradiation to 3C, (2) less restriction for the
spinning speed, and (3) high neso’lqﬁon during observation. DARR shows band-selective recoupling because of
homogeneous broadening due to the 'H-'H dipolar interaction, which. can be used to recouple carboxyl/
carbonyl/aromatic carbons and aliphatic carbons. Further, for a longer polarization transfer period, second order
recoupling among *C spins with smaller chemical shift differences, such as aliphatic carbons, does occur. Hence,
DARR becomes broadband. These features would make DARR useful for the structural study of peptides.

RAEHERE T MAS) TO *C-C BHMBEERIT. D TOBEESE2ELTEL LTHVWASZ
ERTEBEDIT, WL OPDOTENERESNTE 2, FTH, MAS L ATUEFHEEIERD
AL EGT B & 51T BC %~0 RF BE%1T 5 RF BREIROFEL, &\ BYLBERIR LR
TZERMBNTWD, —FH T, RFEREREIZRITS C~DRF B XV b6 35 *C
RELOREY BEE (~ 3K ms) ISR BB OBIRIRF & HIFR T 27212, 2bond LA -HEN -4
OB ERD Z L ORERGIFITRD T ENELOND, £ THRLIL, "C KT
AR LT, b iz *CHAESERAFIA LT *C-°C Mo flip-—flop HAEEE S
BEZEDTEBFELERLTE R, “C ~D RF BINZIThRW T &3, 130 BbBEIE
BRAERCEFFE OB TITO 2N TEB L EEWRT D, Hilifi4 %, RIR # (Resonant
Interference Resonance) [1] & DARR % (Dipolar-Assisted Rotational Resonance) [2]
&) MAS TTD BC-UC BUBTHREAERDO Y B v 7Y v 7ERBR LT, RIR BT,
Frequency-switched Lee—Golgburg /S/VAIZES\ V= FSLG-m2mm % BBk 2% = L ¢ ¥C-1
BB TARENER 28A T 5, FSLG-m2mm D% & T, “C-H FUETFHHEVER D21
MAS BRSO L AEREZI, AV ENE FSLG— m2Zmm |2 X AEREZITH. —F, U
BC WABFFRENERITZERIETSS MAS B EIC LY. ALY 7 MEHEEIC X
DEREZI TS, CECHAERDY By 7Y L7, HRC & BN OB TAREAE
FOLEFEEED—BT 5 X 512 FSLe-m2mm DY A I V2 A KT+ 5 = L TR
b, —7F. DARR £ TiX, Rotary-Resonance SftF&E 729 'H ~D CW BT LY “C-'H W
BFEEMEREERSE T, AL L SCH BB/ F —2 &b 5 —FHD *C DMAS ¥1 K
/N F% Spectral overlap &®5Z & TIThid, RIR tEERB720 . DARR #TiX '"HHH @

key word : spin diffusion, rotary resonance

7hteh LAL, Il EXob, Thk oz
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flip-flop IR BAFLTUVRYY, SFE Y. 8C T4 24 5C-'H & 'H-H iz & v [Eig b h
T3, ‘ ‘
BORPWER ST oW THE 2 BlR L SERIZ L V1T O,

@ Fig. 1. C CP/MAS spectra of N-acetyl [1,2-°C}

DL-valine at a spinning frequency v, of 120
kHz; with 'H CW decoupling (a), without 'H
®) decoupling (b), with 'H imadiation for “C-H
recoupling by rotary resonance (v, =V =12 kHz)

_ A (c) and by the FSLG-242 sequence (d). The
(©) vertical line shows the position of a spinning
sideband of ®C=0. The main difference of two

— irradiation (c) and (d) is polarization transfer with

@ and without 'H-'H coupling, respectively.

15 10 5 [} -5 -t0 -15

time. Three different 'H irradiation conditions

during the mixing time were examined: (1) no

5 irradiation (tick line), (2) FSLG-242 (broken line),
£ o0 and (3) irradiation with rotary resonance condition
E 05 (solid line). The lines drawn for eye guidance. It is
2

shown that the polarization transfer under DARR

-1.0

with 'H-'H coupling is most efficient. This shows
t/ms the indispensable role of the H-'H coupling for
Fig. 2. Mixing-time dependence of the normalized efficient DARR. That is, the homogeneous

magnetization of *C=0 (X) and B®CH (QO) in N- broadening of *C resonances due to the non-zero
acetyl [1,2-%C] DL~valine at V =12 kHz. The ®CH  'H-'H coupling relaxes the DARR condition, thus
magnetization is selectively inverted before the mixing  increasing the number of carbons to be recoupled.

‘[1] K. Takegoshi, S. Nakamura, and T. Terao, Chem. Phys. Lett. 307 (1999) 295.
[2] K. Takegoshi, S. Nakamura, and T. Terao, Chem. Phys. Lett. 344 (2001) 631.
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Observation of photo- and microwave-induced nuclear polarization in high magnetic field
{(Department of Chemistry, Graduate School of Science, Kyoto University)
CR. Koumura, K. Takeda, T. Abe, K. Takegoshi, T. Terao

In order to realize a high-field observation of nuclear magnetization, enhanced in low field by dynamic
nuclear polarization (DNP) due to photo-excited triplet electron spins, a sample-shuttle system has been
developed, which consists of superconducting and non-core magnets, a loop-gap resonator for microwave
irradiation, a quadrupole coil for field sweep, and 200 MHz - 50 MHz double-tuned probe for 'H - *C
double resonance NMR. Using this system, 'H polarization can be built up by a repetition of the integrated
cross polarization (ICP) technique in low field (0.3 T), and the sample can be moved into high field (4.7 T),
where the 'H polarization is further transferred to >C by the conventional cross polarization (CP) technique.

The experiment is demonstrated in a single crystal of 0.018 mol% pentacene-doped naphthalene.

[F] BFAEVRBEZEAL L ~BES 28008 mE (Dynamic Nuclear Polarization:
DNP) IZEONMRIE B Z KIBIZHRALES T BI LN TES[1], DNPEITH20 i, AEHic7y
—IUANPHRHICE) ZHIEREA~E T35 FNEEN TOABLERHEN, BHITIZULT
DESRFRDH B, (R THRLNDIZEHREOPIITTI—FVHALNEIDENCKRERE
FRECAARBE R OL DM H D, (b)ERE ZEERBIIAROFEMGLHFLEERE~BRE T2
DNMRIE B ~DEELRITE/2V, TNFETIREBESN TOEELENZDNPO FiLIT, BlER
ROXBE=ZFBEEFAL VL ERERDOBAL DM ThDcross polarizationiZ Z-3<H DT
[2}, v FEEN =T LI 7 VB R E VT, 3 T, 100 KT32% D "HAL VRS
BB TYVVA[3], E-. Bl TR RRBHZ BV T LR = BB EES IV V-DNPA Bl 82 Th
HTEDNREN[A]. (LFHY AR EEO R CTONMRE B RO ERICAENT THIfR
B2 T, L LINDO KRR, FIA R~ A7alOM A OfFIOL L TEEROEF A
EUEEREZEROBAL L EOM CHartmann —Hahn$& 4 Z2¥7-9 72912, 0. 3 TEWHEWN
BEPTLMMTONTELT . BMRLIENMRIE 545 S RRERIE T2 LR AIREE o, 22T
1. 0. STTRBR =EERELAVZDNPEITo7- %, REE4. 7 TOEREE ~ ¥Rl
L TH-BCZHEABNMREZITIZEN TELV AT LR L,

Key words: YERhit = EIRIKEE, BIR0EERRR(DNP), B v, @REENMR

Tl VIOU, i pTE HY LBUZ, 7iFZL XDy, ok KTz
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EBLER] 4. TTREE7 RO T, BHRaALEZRBL, AT YV S E—F LIV
FORMEZNIN TREBPBEI TEAIIIZLE (fig. 1), R MIITBEREZT57-%(210mm
BORYYIARITON TS, £2, 0~55 ADBFKFIEIZLY. ZEHha/ L0 BhLEIZ0~0. 32
TOBBEEVHTZENTE, ZEXNU R/ BE O O —TF o T L R—5
BRI OS DOUEBAANPREL Thd, BB~/ Ry MIZIX200MHzE50MHzIZ 3t
WBOENF=H R L af LBy bENTEY, ' H-BCHILBNMRAITHIZEN TES, /2. i~
7Ry MIITE ZE — EFIC L > THMREBWICER SN TRy, SUEORE % 100K H300K D
P CHIETTEE TH D, fig. 20T/ LR —I TV RERT, VI — T AR CIHERSE P T
integrated cross polarization (ICP) Z#@0iRLATVY, 'THAEVRBEZE AR 7y 7L T3
[3,4,5], ZD% . REZEREBE P~ Y LBRFEOCPEAWAZLT, KR ZEEALVOR
a2 HR R TECIIBEX TS,

EBRIT B BN =T U F T IV R (U F 2B EEO. 018mol%) ZEREHIAWT
100K TYTo7=, fig. 31T, ICP%0. 2925TT50HzD#DIRL T5400HBIEEITo7-%4. TTT
BRILZBCORRIMNERT, ZOBCOFEBHREIL, 4. 7T 100KIZHIF 2BEMRFE LT
140fFiZ72 o THEY, [EBE T UN VAL AL VRS B RS CEBI3 22 LIk hL T
B,

[SHORES]  FEMICIE. I—BoESMEDR KL SHSTEE0T3, 5], 4 %ILERS

EREF OB LAY, EEBERERME~OISAZ BIRIC, N7 N7 ONRE =&
IEREE % BV - DNPEBRASEITH THD,
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fig. 1. Schematic view of a sample shuttle system.

laser

field sweep

i—_i

p-wave
K N 47T
By / 03T
z decouple
1H (200 MHz) 2| Cp P
Cp acq.
3¢ (50 MHz)

fig. 2. Pulse sequence for the high-field observations
of NMR signals enhanced by DNP due to photo-
excited triplet electron spins in low field. After the
buildup 'H polarization by the integrated cross
polarization (ICP) sequence in 0.3 T, the sample is
moved into 200 MHz-superconducting magnet, where
the spin polarization is further transferred to *C by
the conventional cross polarization (CP) technique.
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chemical shift / ppm
fig. 3. Enhanced **C spectrum in a single crystal of 0.018 mol%
pentacene-doped naphthalene at 100 K. Before the signal detection

in 4.7 T, the ICP sequence was repeated at a rate 50 Hz for 5400 s in .
0.2925T.
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The Determination of the Structure of (AlaGlyGly)o by Solid State NMR and
the Relationship with the Spider Dragline Silk Structure.

Jun Ashida? Kohei Komatsu', and Tetsuo Asakura'

'Department of Biotechnology, Tokyo University of Agriculture and Technology;
Varian Technologies Japan Ltd.

Spider dragline silk consists of the repetition of two unique motifs — poly-Ala, and Gly-rich
regions.  From the previous studies, the structure of poly-Ala region in dragline silk was
characterized as f3 -sheet, and contributed to the strength of the dragline silk. While, the
detailed structure of Gly-rich regions have not been determined yet, however, it was
suggested that (Gly-Gly-X) motif contributes to the elasticity of the dragline silk. In this
study, the local structure of the isotope-labeled (AlaGlyGly)io was determined as 3;-helix by
solid-state two-dimensional spin-diffusion NMR, and °C chemical shift contour maps. And
also the Gly-rich region motifs of natural dragline silk were analyzed by these solid state
NMR methods, and the structure of them was compared with (AlaGlyGly)io.

[#&5]

EBBT 47 0A 8RR VEOEMRTHDHERIT, 4~7 HD Ala B HEIK
L Gly Vo FHEEO 2FBEOBFRNZEF~ 7 OR IR LEETHRY T>TW5d, £
O Ala BEHEIL, 83— MEEZER L. BEIZROKRDOIRE 2> TWD Z 0
INFETOEL DFRDLPLNMIINTET, —FH Gly U v FEBOREN &S
AL TWRWA, Kummerlen[1] 512 15 A B B E A NMR OFFE) 5,
(GlyGly-X)D#E 0 iR ULIEEN 31-~U v 7 AR L, TOBEORERRIZFLE LTV
AIREMES/RIBE X TWV B,

FIT, AFETHE, EBEORERCEE L UC, PN TF UL L7-(AlaGlyGly) % A AL
LR LRWRICHEM TE 3 2 ot R E U EEER NMR ¥E[2, 317 £ 0 E{E NMR
DFEEZRAOCTHEEDREE T o7, —H., 7 ED Gly BEEZELRMMEEWIZ OV
THFERROMT 21T\, HEZ L - Bat L7, ‘

[FBHERK]
#BHX. Pioneer Peptide Synthesis System(PE Biosystems #1:%4)% fiv T, Fmoc E+H & X
HRIZE VAR LT, Bon M~ F K& OM LiBr BIRIZVEMS . R & %5 Ei#
(R VBREL 3 HEENR 21TV, NMR JIEIZf# 53 2508 2 57,

RIT 7=V VN Yy ZEFERB KR, 2RITA Y HEEEK NMR

HLE Lwh, ZTFES 2T~ HE<bH THE
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[NMR #I7E])
[E & NMR i, Varian UNITYINOVA400 3 X T Chemagnetics Infinity400 % 3V CTHIE
L7z, 2RIGAE PEHCNMR Tlid, ABHEIEREE L 6kHz, IF U7 A M. &
FHNTOAENEEABZ 280 FRTOAE U IEENE EA CEHE T 6%@1
BIELEITV, 2B ERE LT, £, RBRERAETIY v 7 ANG 5~10 ERE
THLTHELE, I 21— 3 AT FLjE, SGI @ OCTANE Workstation b
THEYED FORTRAN 711 7' 5 A2, 3] H L TR,

[RER L BE]

IZ(AlaGlyGly),o D 14 % B & 15%F B O Gly O B /LR = /L FE % BIRANT PC-enrich
L7=RB OB 2 IRTTA EUIEBNMR A7 MLvERLE, ZORBRARS pLd
VIial—ia VAR MADRREIT T, SHIZ, Ala @ C,OFEY T MENR
173ppm TH V. 31-~V v 7 AREEDHBF /(b5 7 ME 17.4ppm[4] & TV —F %
ATZEED15FB O Gly HEORNEEREAIL(-90° £10° ,150° £10° )& R®D
b, B2 ICREREGEA (¢, ¢)=(-90° ,150° YD I 2l — 3 A7 ML %
~ LT,

EEMBAL. EZEVOn+1 FBD Ala® 302 FAD Gly ONEREEAZROEERD

HOETHRET D, Iz, ZEDOESRFO, (Gly-Gly-X)EF—7 &G KK[LE

MOREEIZ OO T BT 21TV, (AlaGlyGly)yo &7/ _7F K& Ol - B %217 9,
"\, ‘

o
& ]
\\2 _:
‘1\ ]
L E
Fig. 1. Experimental 2D spin NMR spectrum Fig. 2 Calculated spectrum of carbonyl
of carbonyl carbons of 14-th and 15-th Gly carbons of Gly-Gly regions for tortion
enriched (AlaGlyGly)o. angles of (- 90° , 150° ).
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Structural Analysis of Polysiloxanes by Solid State NMR

Hideaki Kimura, Shigeki Kuroki, Isao Ando
(Department of Chemistry and Material Science, Tokyo Institute of Technology)

Structural analysis of some polysiloxanes (silicones, [RR’SiOl,) was carried out by
18C, 170, and 2°Si NMR.  We have prepared 17O-labeled polysiloxanes to obtain
170 NMR spectra. In 29Si NMR spectrum of polydimethylsiloxane
(-Si(CH3)2-O-)n, a very narrow singlet peak appears at —21.9 ppm. This result
shows that the main chain has high mobility and it is in cationic character.
On the other hand, the 170 NMR spectrum of the polymer exhibits an asymmetric
doublet pattern. The appearance of the doublet pattern was reasonably
explained by quadrupolar interaction.

e RV vuxdr (U a—y) IEELTEE E#o o BmEE. B
SHEMNOERZED TV L EEE ST TH D, KY v aXxd DEHE(SI-0) X
ARESTFORBEERICLST, HERNEL BEALKREVOTERTH S, *
D7, —MRICERB THRETH 55, REOHERIC L > T, BERLESREICLR2Y
2%, ERAMZRMEBILE LTESERLTWARY Y axt L THEN, £ OREMIT
FR EZ STV EREINTWARY, ZOEMBIZ, NMR UADOFETERELT
IDIIRETHDHZ L, HIINMR TRRILL S L35, FHEBIIBROONE
Fh, TARREREE (RREIEL 0.037%, ALV 5/2) THHI ERnHITH
nNo, MOEr A REEELFTHEIRY VTR0 Y HVRY T v OBIETN,
T CIZEE NMR 2 W TIThN DX, 2R b DR Y = —H3 18C, 298] L\ 5 HERH)
BERSRETEBEREINTW NS TH D,
AFRTIIBEEORY uxd o OfES 8C, 281 TBAIT Z Lidb L kY,
FHOBEZ 10 TNV LERY vaxd D 1710 NMR 227 ML28RIL., RY
Xt rOIFIERBERBEEIBEL WV OMEIOHER LIV,

FoU—F:Ryvaxdr Fr/4FRY<—, 70 NMR, 2Si NMR
ERLOTHE, <HELITE, HDAEIWVEB
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Rkt . AFETHNWZ 10 SV ENERY Y axd il YRETAR L, &
RiEE, (1) ¥7uanvJ U (SiCl) #MAkSMEASE., 20#%, £BHE L <X
THH L7, TOEEMICITRRA Y Iv—L @RI OmEREETATVD
DT, (2) ZOEBBICEARA@-E Fuxv 7 F/)T v AFAVYaddr (Rl
) 2HEEMEGET AR, Yaxdr#E#Rit 7 0 AUl BaesMiEL
T s, BRERMEET,

170 NMR #I% : 170 NMR #{7E ¥, Bruker AVANCE DSX-300 4y &5t IR JE i3
40.7 MHz TiTo7, (L7 M, K (8=0ppm) ZEHEL UL/, n/2 A REIT
S5us & L., #FHREMIX4s & LT,

HRLER

Figl ZRY PAFA Y uXxH L (FRTEEEOEE) @ 298 NMR A7 kL
ZRT, §=21.9ppm (TMS E#) |[ZHEOHD TV 7Ly MREEISNh S,
RY v —EOEHD 2L FA—T a VOSFHIZEDBEOILN ) BEB Xy
ZEMD, RYVRAFATTUOEHFENZ Y BEENELS, EEBERARWVI LD
N5, iz, KBHERBICC—I7BHBELTWAZ LiE, R TV AFAV XY
DEEDOTF A RETFOBA A HE2EMITEHREVZD, '
Fig.2 iz 170 RABFHEKLORY P AF AL axH D 170 NMR A7 hVERT,
BEES 12000 B (—Bk) TEZZZOVITFABENB LN, RYDAFAL VR
X0, HEBAY 170 NMR 227 M EBRLTWH UL THE LI THD, R
CAFNANTTDBS8 T FNE, T vy hThHoTDITH L, 170 A7 R L
THRAT Ly FRBBEN, ZORRBICOWVWTI, BE, B8P THS, 250
— 71, AHFELARLD BERBICHRLTEBY, R PXAFLrvaxdr OBER
FOBA A U HEEEMTTWD,

I 3 I: '
§ H
;Y §
' i ? ' '\'V“

AR o, .fiﬁﬂ."'
20 b I T 7 O T - LR b Lo u\IJE
Fig. 1 29Si NMR spectrum of Fig. 2 170 NMR spectrum of 170 natural
polydimethylsiloxane. abundant polydimethylsiloxane.
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Conformational Analyses of Poly(ethylene naphthalate) by

Two-Dimensional Double-Quantum Solid-State NMR Spectroscopy
Institute for Chemical Research, Kyoto University, Uji, Kyoto 611-0011
Department of Chemistry, Jowa State University, Ames, IA 50011, USA
Nobuhiko Inui,! Hironori Kaji,' Tatsuya Yano,! Fumitaka Horii,' and Klaus Schmidt-Rohr?

CH,-CH; conformations of poly(ethylene naphthalate) (PEN) in o, B crystal forms and in a glassy
state have been investigated by solid-state two-dimensional (2D) double-quantum (DQ) NMR spectroscopy.
In the glassy PEN, the experimental 2D DQ spectrum is dominated by the features of the gauche
conformation. Nevertheless, the straight ridges of slope-two characteristic of the trans conformation is
also observed, indicating that the existence of trans conformation in the glassy state. Quantitative analyses
the trans/gauche ratio and the torsion angles for respective conformations are now in progress.” The 2D
DQ spectrum of PEN in the « crystal form is dominated by narrow straight of slop-two. It is thus found that
CH,-CH; bond is in the trans state, which agrees with the results by wide-angle X-ray diffraction (WAXD).
A similar experiment on PEN in the S crystal form, whose crystal structure is not well defined by WAXD
experiments, is also in progress.

1. 8

RY=zFLrF7&%1L— MPENER., NEBESTHANKSE., HE< 0B HHE
PLOoESFHETHY, BEFTOHBEIBALLRYVSOHE, ZTOPENDOXL
REPUUBOLDICE, REABIOBMERBALEETHI L TFREND P, ¥
ERAHBZVIE, RRBOFENLBERTIBEECHY, CThETEOEERDN
REFRTbOATCI Ao AT, BABVRERELE, R -FEKE
b TELSFOEGREBIIBITIZa VA —a VEABEERRI T LM TX
3. _KRE_EBEFEBQCDDQ) BEENMREII XV . FHIKMBIZKIT S CH,-CH, =
VERA—TarEMNILE, £, PEN ORRFBICIRaBEBEIBZZ EBA
LBRTWVWDS, aBIZOoOWTIREARA X REHFE (WAXD) KLV T TRBHINT
WAENR, BRIZOWVWTHWEFHARBIZIINRTWARW, 22T, RO 2D DQ NMR
ETHAVWTBHEERDOa VR A—va il oV THLRALE,
2. E®

CH R¥E%* "CHTNFRALEPEN R RAFARBREICIVERLE, B
7= PEN #RE % 310CTC 20 pIAMLZ®, XKABRT 0C RAKBTIZ EIZ
I okB7 oA (¢-PEN) 2B 7, £/, aB#HEHS (a-PEN) X, q-PEN 2 =&
25 1C/min T240CETHB L. 240CTI0OMERBERELTE I EIZEIVET-,
BEIFE & (B-PEN) X, q-PEN % 310CCHEM L 2% . 250CHEDHR +x RIBE TS
BREBEEFT>ZLTEHELNRLE, PEN OAR. BIXUERFOERBRLCICHF &
fEEOREIX, B 'H BX W PCNMRBIE, DSCHE, 3L WAXD #IEIZ &
Dffo7, BIRB I CEE NMR BIEIX, 2 Fh JEOL AL-400 HEHB I T
Chemagnetics CMX-400 Z X FHIZ L ¥ 94T OBBE T TIFTo %=, DSC BIERB I T
WAXD EIZiX. FH £ TA Instruments DSC-2910 B X CHE FFE # Rint 2000 %
B,

Keyword; ¥ xFL v+ 7#L—h avhkr—ar ZKRTEEK NMR, Z&F NMR

WRAWDEDPI, PLOBEDY, ROEDIR, BYWSEZLELN, B3 FLwhostbs—
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Fig.1 I ¢-PEN, a-PEN, ¥ X ('B-PEN ® WAXD BIE#H R %2R+, Zh b BEFA
F— PO PENBEhEAESR, o BEL. PUBERERBIZHZZ LSS, %
EHABERBIIEIE—DOERRBLLTHELA TR RSN S,

Fig.2(a), (b) 2. ""CH, REXF T AT A L7 PEN REZAVCHERLE
a-PEN 5 & U8 q-PEN ® £l 2D DQ NMR X Z7 b A %7, % 7. Fig.2(c), ()i
JX. CH;-CH, OoR U Ayly=180° (trans)FB & By = 70° (gauche) DFAH D & 3
alb—a A7 bAEFRT, Fig2(c) 5, E 2 OMARSFAICHBORK
S5 trans RBICHIE LTI Z ERbnD,—F, gauche IKF L Tix., Z & i

(o) 81)) OFBEEBEMN, T2bbM
DELCBEEZRERZV, 20Ok
¥, trans, gauche % HA#E I X 3l
TEHRZERTEDZERNDMS,
Fig2liZB W T, HE 200 H
FHMIZOWRBL I FAI2E0, a
RIFE B Tl CH,-CH, & & 2% trans
RBZHAZ BB, ZOK
BERIhETTH WAXD 2k D%

- (242)
(110)(020)

(c) B-PEN

010)  (100) _

(110

mEEMATOREERELE—ELTY b PEIsOOI)

B[], & BICHEMITIT, 22 b ‘”}

AR REIZY 2 I L —Y a3 () e , .
10 20 30

IR bW 7T ABER
ENBd, 20O F A Ba-PENR
BE&ILE 0.38)DIERBRYICH

20 / degree

Fig.1.WAXD patterns of g-, a— and 8-PEN samples.

T BT FATHBZ EN
T]pH-fi]ter RV @U Tk »T
BREIZAR 72, —K, Fig2(b) IZRL
7= q-PEN DRARZ bsb, JELIRE
BT, gaucherich THHZ &, £
7=, minor FX431%d B M, trans BEFEFEL
TWAZEBHALNER T,

BRI KL IX q-PEN % 310°C THE®M
L7-BBREZ TTCHERBRERALS
T 2 tTcHELNEN, REBOS
FROEVEDEDIZ, SRER
fbicE L-BRERIRABICIDER
B ENbhol,

3% % H L, trans/gauche b & |
FRZFhohRLhf yOEEW B
REWHEE., BL U, B-PEN IZH 3

/",/M pF/ oA b‘“‘ ..','
& / A \ A
FTEARBIZOVWTHLHETSIFE L
1200 Re 4 0120 R0 30 ()
[OX prm from Measy

ThHD.

Fig.2. 2D ®C DQ spectra of PCH,-labeled PEN (1pq = 280
us). Experimental spectra for a-PEN and q-PEN samples are
shown in (a) and (b), respectiverly. Simulated spectra for (c)
trans and (d) gauche states are also shown.

120 ppm

[1] C.JM. van den Heuvel, E.A. Klop
Polymer 2000, 41, 4249
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The Analysis of Dynamics in Polymers by a Two-Dimensional Solid-State 3C MAT technique

Kazunori Fuke, Hironori Kaji, Takenori Isomura, Toshihiro Tai, Fumitaka Horii
Institute for Chemical Research, Kyoto University, Uji, Kyoto 611-0011

The dynamics of an amorphous polymer, phenoxy resin (PHR), has been investigated by using a
two-dimensional solid-state *C magic angle turning (2D MAT) technique. The C chemical shift
anisotropy (CSA) spectra for respective C species are successfully separated for a wide temperature
range (-140 — 90°C) by this technique, and therefore, the dynamics of respective *C sites can be analyied
from the temperature dependence of >C CSA line shapes. From the temperature dependence'of CSA
line shapes of phenylene ring axis carbons, the motion of phenylene ring axis is found to be mostly frozen
below 90 (T, + 10)°C. Only a small fluctuation and the angle distribution of phenylene ring n-flip
motion shown below are suggested. In contrast, with increasing temperature, the averaging of oy; and
Oy, is observed for phenylene ring C-H carbons, indicating that phenylene rings undergo a flip motion.
At 150°C, an isotropic chain motion is found to occur with the frequency above 10° Hz, since CSA for all
Bc species are averaged out. The quantitative details will be discussed based on the results of

simulation analyses.

s

EX 7z /=-A-RUA—RZ—K~PC). FAUT YU L—MNPANEDH F ARES T3t
M EONFRHECENTBD. 2BEMEBHIRDE LT Y LTI 2AF 9 7 ELTELH
WENTND, COENLEYMERSFESCHEICERL TND EZX 5N, ZFOEMEHES M
KB LK, S5RDEEMEMEIOMSA  RADPHETES, RLAWINET PC. PAr
SFRRICEAT = /=)L A BEERFDHIARESFTH D 7 =/ F I RI5(PHR) D/ FES)
ZHENITT B2, CPMAS °C A7 NJb. 2D CP/MAS PC exchange A % kL O %17
785 TE[1]o ABFFE T KIT magic angle turning(2D MAT)E[2]% BT, -140CH 5 150C
KRBT BERFED PCILFE L7 MEFHECSAARY MVERIEL, KOBRMET1FIVAD
fRIE R ATz,

e :

AP E UTHWE PHR(L A > —/81 R PKHI)IE 160°C. 100ket/em® TRy R 7L AL,
AokTRE L2, EET 3 AMREZEET-77~, BE Bc NMR BIED. Chemagnetics
CMX-400 I HRHT L DT 0720 MAT RICB 3B OEEHEL, -140C T 128(+2)Hz. 27C
T128(£1)Hz » 90CT 125(+1)Hz TH 5,

FoU— K EHT. FAFIVR, LIVST UL T TIAF v Y. —KITEK NMR.
MAT

ST DFTOO. AL VDADD, WEDS ZIFDD, 2 ELOB, EDWN SHEH

— 126 —



HERRER I cau s

Fig.11Z 90°CIZB1F % 2D BC MAT AT ML & o
% O sky projection & & HITRT, w, #ITIX CP/MAS { @— _@_O o CH CH%
ARG BV EZIERFOSMEREEFED projection 73 CH’
BONTHY, w, WTIRERDE>TNAEKRE
DCSAMDEL DBETETWB Z ENbM 5,

Fig2 I71d C4 BB LU C6 (KFED BCCSA AN
7 MVOREEERT, 7L BESO BC
B 7 b T 2O X &5 FEEDBR
VW Fig3 IR L 72, C6 (KFED CSA 1E-140CTH 5 90TC
TRRELBEENRE SN, UL, BEELRE

HITHRENDTMIES 2o THBD, £ho, it g
BB 7 L TWB I EDbh 5, ZOMRE
W TB0C)+10CLATF TR 7 = =L VRO FE DE
BIZEHRBINTWDN, DITNCEEES 2T
BoTWB I & Eegiorn-7 )y SEEHCT Y { I
v TROBHNS B T ERFRLTND, —H. C4 &zs‘o”iéa'ﬁa RN

w2

ppm

50

150
al

wy

KFETIE-140CH 5 OCIBEN LR TSICDN ,
TOu &0, DFHENR S50, PCITHT B CSA Fig.1 2D ®C MAT spectrum of phenoxy resin at 90C.
CIRDEBEZE[3,4]EDHEMN S, 7oL 28RO The sky projections are also shown for both dimensions.
n-7Yy TEHNRBR SN, C3 BIN 5 kFE

D CSA ARY MUZDNTHREDREREIME 5N
7z

Fig2 @ 150CIZHBT DAY VL magic angle
spinning Z 772 o TWARWIREBIZHB T S CP/dipolar
decoupling A XY MV TH B, §RXTOERBIIHLT
CSA ML LTHED, ZDIENS 10°Hz BLLD
isotropic 7ZLBEN AT/ TNWAH I &Etbhin b,

REYUAE, YIal—Ya MRIRRICEIVR
ERLERETRDTFETH S,

On
Fig.3 Relation between molecular structure and chemical shift 300 200 100 OPPm 300 200 100 Oppm

tensor directions. Fig.2 C CSA spectra of C4 and C6 carbons for
phenoxy resin. Spectra from -140C to 90°C are
obtained by 2D MAT experiments. Spectra at 150C

2] Gan, Z.J. Am. Chem. Soc. 1992, 114, 8307. . are obtained by a CP/dipolar decoupling experiment
3] Horii, . F.; Beppu, T.; Takaesu, N.; Ishida, M. Magn. Reson. Chem. 1994,  without MAS.
32, S30.

‘1] Kaji, H.; Tai, T.; Horii, F. Macromolecules 1997, 30, 5791.

4] O’Gara, I. F; Jones, A. A.; Hung, C.-C. Macromolecules 1985, 18,
1117; Roy, A. K.; Jones, A. A. Macromolecules 1984, 19, 1356.
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The analysis of O’°H - t interaction in phenoxy resins by an MAS NMR method without
irradiating “H nuclei
Hironori Kajil, Fumitaka Horii', and Klaus Schmidt-Rohr?
nstitute for Chemical Research, Kyoto University, Uji, Kyoto 611-0011
2Dept. of Chemistry, Iowa State University, Ames, 1A 50011

The OH'**m interaction in an amorphous polymer, phenoxy resins (PHR), has been investigated by a
newly-developed magic angle spinning NMR method for distance determination between unlike spins.
This experiment, termed relaxation-induced dipolar exchange with recoupling (RIDER), can be performed
without irradiating one of the two spins in question, and therefore conventional double-resonance probes
can be utilized for the experiment. Longitudinal relaxation of the passive spin during the mixing time,
which is sandwiched by two recoupling periods, results in a dephasing of the heteronuclear coherence and
consequently a decay of the magnetization. As a result of BCH RIDER experiments on an
OH-deuterated PHR (O’H-PHR) sample, signal decays are observed not only for CH, and CH resonance
lines but also those for phenylene carbons. This indicates that OH'*x interaction exists in PHR. We
have also investigated the origin of the resonance line splitting at low temperatures observed for phenylene
ring C-H carbons, and the interaction between OH group in PHR and the co-existing solvent.
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Fig. 1. Pulse sequence for the RIDER experiments.
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Fig. 3. (a) RIDER buildup curves of phenoxy resins as a function of the recoupling time with t;, = 0.1
sat 25 °C. (b) RIDER relaxation curves of phenoxy resins as a function of the mixing time with T =
2x61t=2ms at 25 °C. Symbols of [, M, A, and @ represent the experimental results for C3,
C4, C7/8, and C1 resonances, respectively, as shown in Fig. 2.
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CP/MAS C NMR Analysis of the Structure and Dynamics

for Inorganic-Organic Molecular Composite Materials.

Yasunari Kusaka, Kenji Masuda, and Fumitaka Horii,
Institute for Chemical Research, Kyoto University

TBA4[Sb3012(OH)20] reacts with (t-C4H9)(CH3)zsIOH to yleld TBAz[Sb406(OH)4{OSI(CH3)2(t-C4H9)}6] This
inorganic-organic molecular composite material has 6 bulky silyl groups and these silyl groups make shallow
pockets on each side of the anion that can contain a CH,Cl, molecule in the crystalline state. In this paper, we
characterize the structure and dynamics of this anion, especially of substituted silyl groups, by CP/MAS *C
NMR and solution-state NMR spectroscopy. T;c measurements of the crystals indicate that the molecular motlon
of the CH; groups directly bonded to the Si atoms is much hindered compared to that of the ferz-butyl groups. H
NMR and 'H NOESY spectra in CD;CN also reveal that the rotation of some silyl groups is greatly inhibited by

neighboring silyl groups.
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Figure 1. The structure of [Sbg0;2(OH)z0]"
anion. Ellipsoids are drawn to encompass
50 % of the electron density. As indicated
in the formula, all 20 terminal oxygen
atoms are protonated.

Figure 2. The structure of
[SbyO6(OH),{OSi(CHs)s(t-CHo) }s]
Ellipsoids are drawn to encompass 50 % of
electron density.
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CP/MAS C NMR spectroscopy/
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] " Figure 5. "H NMR spectrum of
Figure 4. CP/MAS "C NMR spectrum of TBA,[Sb,06(OH){ OSi(CH;)(t-CsHs) }6]
TBAz[Sb406(OH)4{OSI(CH3)2(I-C4H9)}6]. in CD3CN
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'H and "°C Spin Diffusion NMR Analyses of the Microfibril Structure for Bacterial Cellulose

Kenji Masuda, Masayuki Adachi, Asako Hirai, Hiroyuki Yamamotot, and Fumitaka Horii
Institute for Chemical Research, Kyoto University, Uji, Kyoto 611-0011, Japan
"Fukui National College of Technology, Sabae, Fukui 916, Japan

It is well known that the C, resonance line of native cellulose splits into two lines in CP/MAS °C NMR
spectra. The downfield line (C4D) is assigned to the crystalline component, but the assignment of the upfield
line (C4U) has not been established as yet. 'H spin diffusion from measurements have been conducted for
water swollen poly(vinyl alcohol) (PVA) films in which the ribbon assemblies are dispersed in order to make an
assignment of the C4U line. Asa result, it is found that the 'H spins really diffuse from the swollen PVA phase
to dispersed ribbon assemblies and the diffusion rate is almost the same for the C4D and C4U carbons. This
suggests that the C4U carbons are distributed in the whole area in the microfibril. Furthermore, the effect of
water on the 'H spin diffusion rate is also examined by comparison the diffusion process for PVA films
containing 20 wt% glycerin. —— o
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Figure 3. 'H spin diffusion process
for the A-PVA films which contain the
20 wt % of glycerin, measured at 50
°C at different diffusion times (1) by
the pulse sequence shown in Figure 1.
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A study of diffusional behavior of metal ions and H,0O
in a PMAA gel by 'H NMR diffusion Imaging method
Department of Chemistry and Materials Science , Tokyo Institute of Technology ,
International Research Center of Macromolecular Science ,
2-12-1 Ookayama , Meguro-ku , Tokyo 152-8552 , Japan
OAkitsugu Sasaki , Yoshio Hotta , Shigeki Kuroki , and Isao Ando

The 'H diffusion NMR imaging patterns of a poly(methacrylic acid) gel with paramagnetic
ions , Cu®, were measured , in order to clarify the diffusion process of Cu?" ions in the gel.
From these experimental results the diffusion process of Cu®* ions in the gel was successfully
elucidated. It has been demonstrated that NMR imaging is a powerful means for obtaining

three-dimensional information about the diffusion process of polymer gels.
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Table 1 diffusion coefficients of H,O in PMAA gels as a function of the swelling degree

PMAA-Gel MBAA (mol/1)  immersed time of PMAA gel . swelling degree Diffusion
No. into Cu® aqueous solution q coefficient
(min) D (em?/s)
1 0.01 0 21.32 1.97x10°®
2 0.01 >>1 9.729 2.20x107°®
3 0.01 1 - -
4 0. 10 1 - -

IRV U AEROTCIUVAINVERSYE, BREEORLD CEROINVESK L, @A
v(Cu?) i, AL AE 0.005mell C u SO RKICRIEF S, 1 OMETAAR 2
FEOSNREB U, £, FAVOREROEEM, . &ERFOEEM,, 2T, BEE
a%
q :Mswollon/Mdry (1)

EEFR LT,

2EEBMLTOWARVPMAAYVEOC U 28 ML PMAAY VICOWTPFGS
E‘HNMR%K&U\K%¥®ﬁﬁ%ﬁD(mW@%ﬁﬁﬂjﬂ@ﬂ&ﬂH\ﬁ%Eﬁﬁjwm‘
4 K UBSIE @ 5000ms, FAELEMC1 ~ 5., I 206°C), £/, 'HNMRA A—T L FHEIC L
BRBA TV ERGFOPLEGBIRARIE U (BEE - ' H, BIAENE  300MHz, & YR Lﬁﬁ
1000~20000ms, FEEEZ 1 . IR 296°C),

3. HRLEE

Table 1 IZPMA AGel-1~4 {22\ T, FOERBORBHIOBE, CuOREMIFE, BHE
E., PFGSE'HNMREIZ L AIBBAEMEOFKEREEZ KT, Gel-2 (XC u 2" OFMEFRH+

SEWI EERT, £/, Gel-1~3 ITH, Gel-4 1T 10 FORBEEZFED, Gel-1 & Gel-2
BT H2ZL1ICLY, Cur%FINT2 281289, PMAATAVOBBEREK 20, Ky
T OPBITEL 25 2 &V HH 5,

Gel-1 & Gel=2 2 DWW T T HNMRA A=Y 7 (SEWE) XD, 'HAYVEES TR
20000ms & 1000ms THRIE L7m, FOMEE Fig. 1ITRT, BOF 7 VIEE OB TF— HETH
BERIZE Y "HNMR A A=V ZHEOEBIZIIENZOOT, ZZTHRHE LI HOES
WETKDEFNLTHD, TORREFRDIE Ty FEEOKV IR L) 75 20000ms O & 13,

Fig. 1 'H spin density images of PMAA gel. A small circle is water in a capillary, and a big circle is water in a PMAA

gels. (a) (¢) gel-1 () (d) gel-2  (a) (b) TR=20000 (ms) (¢} (d) TR=1000 (ms)
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Gel-1 &V Gel-2 HEAAHS<RY, Cu ZRMTDILICLY, KRG TOBEEDHLIBRD
néﬁ\Tmﬁwmmwkéﬁﬁuﬁﬁﬁ%Mwaéoit‘wﬁwtbn—%KMEbt%’
KEHARB L, KGFOFBEDKNI, T g2 20000ms D & XX, Gel-2<Gel-1<HiAK7Z > 7258,
T 73 1000ms O & &% Gel-1<Hlik<Gel-2 & 720z, Z I C, Tablel DIFEEDHIERER &t
DL BEEIL Gel-1 XV b Gel-2 DFRR Y /HE N, 5T Gel-1 & Gel-2 DT, #li
KEB LN DAY - FERERT 2 ' HNMRA A=V ZHRIZE VAR LI 25,
Gel-1 PNDAKSY T H3HliZk 2799, 96ms 1Z5) L 1258. 55ms & 72 0| Gel-2 PN Fidflizk 2803. 66ms
IxtL 316ms L KEBIZTFMN ok, Zhid, T, 2REELTEHERMEA AL THHC U DR
BTHY, Gel-1 FTOASFR, MAD ' HEOBMEE—A L M, T,2 1000ms 72 &, &y
DRNCS EEDOWKRD 90° NSV RAOBRHPEY BRI, BRITIESREN/NEL A2, Fig 1
DEDRFERITR T,

Gel-3 [ZOWT, FIHRIC ' HAY VEEEKRE AT, TOC u > OIEHOKF% " HNMR A
AP 7% (SEW) L0, BEMNICHE L, TOEREY Fig 21077, EOEREL
FEMT S50, TRE 1000ms & U CHIERM £ L, Z0bic, Cu SEELE
HooEFRENKELBRAENTVS, RIEEBMNMR A A— V2 ZRIZ L 0 KRS T OIEHR
BOSFERET DR, ZORBRICLY., MRIOEBREZRE L., ZOESREDBEN LN
TEHHBNMRA A—L 2 7k, Tr=1000ms T% 10 SFHEERY | BELLOMND
DHFOBETIE, BIEFORUNKEL, +ORBREETIEDNELWEEZOND, BN
MRA A=V U T LDHERE Fig 31077, ZOBRIIFOEBNMRA A -V 7 HE
WBWT, LB OB VERSY (Table1 LY, Cu2*BRFE LY MEBHENKR 2D, %
DIEBREDROERSH, BRI DI 2 TOMUD S NENZ AT TR BT 2B T AR IS
EFRULAEN, TRIEERERESREDE VBRI SNLT, £/, BROSLLRLNEN -
Teo TRV, BRFELICBRAINBO DT VRN BB LZ RS, £Z T, Cu?" OREDOE
WEBEEORE L Gel-4 FHWTHEBMNMR A A — 22 R X BILERE O o ORRREAL

Fig. 2 Time-resolved images for diffusion process of Cu® ions into a PMAA gel (gel-3) .
The images were taken at elapsed times of 2min (a) , 4min (b) , 6min (¢) , 8min (d) , 10min () , 12min

(f), 14min (g) and,16min ¢h).
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Flg. 3 Time-resolved diffusion images of diffusion process Cu® ions into a PMAA gel (gel-3) .The images
-were taken 4min (a) and 16min (b) after . »
FRIELLD L Ll oA, WHENNSTETSEETEREBS - LATET (EEMREN
ST EREBDLRD,), GEEBLI- T HAY VEEOREBELERZICL EEo7, 0
FER%E Fig. 41077, UL, ZOREND, CuORBED DB 25TV Z L3455 h
27D T, BERBEEDSHESOVOESTINVEERTDIZLICLY, HEENMRA A—Y
v B IR O N ORBELDOEREIT> TV 5, SRR TRRS,

4. TR
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KER cpect
2R Jul 2001

511.801.0 mm
FOV 12em

F2 300 dag £
T2 1:4 NEX 10 T

0.0 dsg Fa 200 dag
A 14 NEX 10 A 14 NEX 10

® ® )

Fig. 4 Time-resolved images for diffusion process of Cu®" ions into a PMAA gel (gel-4) .

FA: 30.0 dey
TA 14 HEX 10

The images were taken at elapsed times of 2min (a) , 3min (b) , 5min (¢) , 7min (d), 10min (e) , 13min

@, 15min (g) and,20min (h) after.
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[ {75 50 FRRENMREE IZ LD UVER AN DNA DS EIZ BE 4 5 AT 8

(BFRRAE 1y ALRBEHERE S 2)
OmBFgE", IWMEE, WAIRE, BEs=

~ Structural Study of UV-irradiated DNA by Solid-State NMR
A. Asano,' M. Yamada,” N. Nishi,> T. Kurotsu'

1: Department of Applied Chemistry, National Defense Academy, Japan
2: Division of Bioscience, Graduate Schoo! of Environmental Earth Science,
Hokkaido University, Japan

It has been shown' that the circular dichroism spectrum of a UV-irradiated DNA
(water-insoluble, film) is same as that of a native DNA (water-soluble, fiber), indicating the
standard B-form structure, and the infrared spectrum of the UV-irradiated DNA shows a small
difference in that of the native DNA. To discuss the structural change of DNA after UV-
irradiation in more detail, we observed the solid-state NMR spectra of the native and the UV-
irradiated DNA. The C NMR spectrum of the UV-irradiated DNA shows a decrease of the
peak intensity at the OCH; carbon in the phosphate chain linked with Thymine or Cytosine
bases, and a increase of 2'-CH; carbon peak of ribose comparing to the native one. Furthermore,
the *C-relaxation time of Thymine (6-CH) and Cytosine (5-CH) only changes significantly by
UV-irradiation. The >N NMR peak intensities of Thymine (3-NH) and Cytosine (1-N) for the
UV-irradiated DNA decreases after UV-irradiation. These observations indicate that the
Thymine and/or Cytosine, that is, pyrimidine bases are strongly affected by UV-irradiation.

<ZFL®IK> DNA GFAFIURER) 34EYOBETTHD . EPOLEREEOFRH
EisoTnABZ L. EIETHEWN, ZODNAZXRAESTFELTELRREEE, TN
FEEMRICHEARARICETEL., BMNLEE2 b OESTYHEIMICE R Rz, JOMIRIC
FETDRABEDT. DNAZRMEUTEX, BREEMBIANSERLL X5 LB 2P,
Ril. BAMITbh T3,

DNAW, FTIZHISNTWALDIC, —ESHAEENSRD. KB®ETHS, L
MLUVIBHZTR-oZDNAWR., KRB ERS, RBE{ELZDNAWR. CDAXRY ML
RIRART MLVEDOHEICED, BEODNAOHE (BRERE) 2IFFFE->TnsI L
DHMo> TS, UVIBH LT 4 IV ARKICEERZDOT, BEEHMBIE L THERATS &
MTE, ZTORANHFEENTYS, ‘

ARELUEZDNAOFEM ST ELELE<Ebho Ty, FITRLAIE. 512
FHEHESLOMAZEB LI, ZORCEEANMREZERLE. 2REETIE. Pc
BN, IPONMRANRY MIVOB bR ENSiEIm U IRRIZDOWTHRET 3.
<EBR> DNAY>7IE, HrEFhoHELEZbO2FALEZ, UVEBKEDNA
YT, DNAKBEMSF+ A MLET 2 IV, 254 nm O T5600 pW/em? D

F—U—F: DNA/UVESH/"C, "N, 7P EANMR

HEOHDOL, RELEIOD, KLODB, <ADELIED
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EDJ %R U TIER L 72,
B NMR ORIEIZ 1 dBruker DMX 500 Y6 ERH EDOTYAHE DS AMA S FoO—

TEBWE, PCEPNORIBICIEIRESW (CP) &Py rEE (MAS) 2L, 3p

BOREIZIZ0E IV AEE R W, UNARY MVOEFES T MEZ, PN S0UET ) &

HIRESER 2 RERE (11.59ppm) & T5 T & T, M1 SNHNOJKIBKRERE L L3, pD

£ 7 MBI, (NH)HPO, KD *'PE—27 %#1.33ppmDIER 2 KEHE L U T, 85%-H;PO,

KBREELE L U724, MA SI37kHz®H 5 WIESkHZ TIT /25 2. BCD T VA IRk EE 1148 .6kHz.

PNO T VA B EET41.7kHz. HD T DA BEEIL55.6kHz £ 721346, 7kHz TH D, YPOF Y

AIKBREIT43.1kHzTH B,

<R EEEK> -
112, UVEEH] (native) &BEE (film) : oo

DODDNA®DBC CPMAS NMR A7 b EE—I7 D

REE & DHICRFITRLZSS, HEFOREDES

% () WITRLTH 3. native&film DPCARY b HEER 0 000 B0

VREWIZESBPTRE I EMDOND, ZOI &R, wemeo

CD® I ROBENSRENZ. DNANUVEHE

CBNTH, FEAEEEEEL TWA I L 2igx

LTWws, SSICHNRS AR MIVERS &, film®D oo,
62.6ppm®D E— 2 £39.6ppm®D E— 7 1L, nativelZ fL~

TEL TS ZERbN 5, 62.6ppmD E— 71T s o

filmiZ 2% & E— 7 WEEAWA L. 39.6ppmD E—2 T-cn,
LB ICERIEDER LT 5, 62.6ppmidDNAHIQF  mative

I2(T) ¥ by (C) BEITHELTRBY > A R
METN—THOOCH,ERBEEIND®, i, BSOS S A
39.6ppmD E— 7 i F U R—AHALDOCH, TH B, £D Chemical Shift/ppm

HOE— 27 ICIBEELREBPBP S NN, 51T,

KREIELDOONARYT MIVEBELZEZA, FI ™1 ®C CPMAS NMR spectra of a native

S eV RN IEERED E—Z M, filmic b LD DNA and the UV-irradiated (film) one. The
P It HARTET B2 ENEHENE. ChED symbol of * represents the spinning side band.
ZEMm5, UVEBHIZEYD, DNABEPFOFI EV N2, DEDEYI DU EENEE
MICHEZZTTNWAE I EAVREBEND, 2, 13C®%§*ﬂﬁfﬁ%§ﬂ?ﬂﬂbtc‘: 7)\ (preliminary
TRFER TS DY) 111ppmDF 2 HEHFK D ¥ — 7 OFFIREN, filmic/zs &<,
96ppm® > b 3 SR D U — 7 ORI IAE < 72572, f0E— 27 OEREMOE(L
BINS 2DDOE =7 DEITHND E/hEh o,

1: M. Yamada, K. Kato, M. Nomizu, N. Sakairi, K. Ohkawa, H. Yamamoto, N.Nishi, Nucleic Acids

Symposium Series 44, 255-256 (2000)
2. TEHUEE. BOEERG. FECR, EKRREL 18, 146-151 (2000) ,

3:  A. Shoji, T. Ozaki, T. Fyjito, K. Deguchi, S. Ando, I. Ando, J. Am. Chem. Soc. 112, 4693-4697
(1990)

4: MEE. FHER. "Fr— FTRA2MBOEAENMR", #HHETA T T4 7,
1993 '

5: T. Fujiwara, K. Sugase, M. Kainosho, A. Ono, A M. Ono, H. Akutsu, J. Am. Chem. Soc., 117,
11351-11352 (1995).

6: Aldrich Library of °C and 'H FT-NMR spectra, Aldrich Co., 1993
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BC B LUV H-NMR 12 L 3 HEHBREF OGS FHRMEFICBIT 2 E#HB &
UMEISH D E B DT
(ES &) OBMBIL. FMEsER, IMESH _

Mobility of Backbone and Side Chains of Polymer Excipients in Lyophilized Protein
Formulations as Measured by 'H and 13C Solid-State NMR
(National Institute of Health Sciences) S. Yoshioka, Y. Aso, S. Kojima

The T1 and Ty, of d protons and carbons in lyophilized bovine serum y-globulin
formulations containing polymer excipient (dextran and methylcellulose) were determined
by solid-state pulsed 1H-NMR and high resolution 13C-NMR. At temperatures below the
critical temperature of appearance of Lorentzian relaxation (Tmc), localized motions of
polymer was observed by Ti. When the temperature increased past Tmc, a larger scale of
motion was reflected by Ti,, When the temperature climbed above glass transition
temperature, a still larger scale motion probably involving multiple repeating units was
observed by Ti,.

[BH]) & oD EHRETRMURORENRICKEREEL S5 X 2RasFHME O +EEN
WoOWT, EBOZRT— )V HIBEICL > TEDLS AT I EHLATIILEHN
L. BAFHEMABLUS R VED PC BRI HORAEY - BB T, LT,
OBEREEEZBNM U TF RNV BEUAF NNV O -2 EFINVHEME & UTH,
EHB L CABEOEICRIITEEORELER L=,

[ZR] TF¥ZA NI L@RH B NEAF)VeVO—2e4MmEy /a7 L ERES0: 1
TEKCEME L -BREFBLRLTY U N EREGEEMZ2HE L, 8t 7o b
YOT, BLUT, &2V Z NMR (MU-25. BERET) ZHWTHEEL7=(5~85C) T, DHIE
i& Inversionrecovery ¥ CAT 272 Tl 10 AV ZAD A 0w ¥V VRS EBH L THE L.
Eha TEFRAPSIVBLTAFNENOD—RDAF VRED T, B LU T, % BRESREE
BC-NMR (Varian) ZHWTHIZE L= (5~65C). FRRIZY VSV EDOAIVEZIVRED T,
BRELTze SHIT. AFIVEZ PCTERUEZAF NNV D - %AW THE LA
DV, A FIVRRO T, BL U T, BHE L= T, OHEIZIX Torchia D))V X R4 %
IO T,OREIIE 54 AV ZOR L0y 2 TRGE RN,

[(BR] FXR LS FWOESM FIZ LS ERMAEE Uggmasicsn
. FFRARIUAEBLIUOTFIZ NS VAFUVREOVWTRD., BEFRLLHICT,IX

FUNDE, GHRSEERAL orEEiE. EMRRE. BEAREY
LUBHPTHR. HZWEB., ZULELITSB
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KT L. BIEREEBIS slow notional regime TH 2T L WRENze —FH. T ldKE
HOBEWRH T MEPBREI N, T, BLU T, OBEHED 5518 U /= HBIR T iX. 1]
EAHDAE Y -ZEVEMICBWTOL Y YEENIMARNED 28E (T,.) 281528
BEAITHES BARPRE R D & 5I10H S REBEE (T, (HE THCEEKREE SR

Urze

T, b & R 7= HEBAR fic, (X. T,. & T,OROBEBERICBNT, FEBNTHEINEL
BHRRISGIWVEZTR L, EEZOEHE ANV T3 CHEERNRR L FIFERETH > =,
CHFEFEMI. TFRA L7000 FOF U EOEHICESS yBHIIH LT, 2L EDKRE
BT =NV (B v—BRT—)V) OBEERTLEZIOSNDD T lEEICZ O LEMIC
HYT R —VOBEERBT 2 L ARBS Wiz, BENT UL ERT 2L, T, 05
R =B v ik, o B EARMIGRE & RO R EWVEHE T XNV F— B R L. T8
HOE ) v —BAIHEES T 5 o BEBAICHY T 2 27 — )V OEE % LICRT 5 & 5 1cn
2EZLBND. —H. T AT ClEaBZBEMEEE L ABICRECX2EEIFLTE T
EhS. AFEBMICHY T AR T —VOBEZE T, U TOREHEBIIBNTCHRAE VKT
BANCEAS L TWBEEZSNS,

T, 7 5RO AR M. ¥y FEENEDNSVWEELZ RNV T —E2RLEI LS,
FXRAPIUKEDDVERERORFIRNSBRAT VO EERMT S LHTRRI N
7o

AF)NEN O — X FFEE K OEEEDFE B ®

AF)NEN O —RZHEMB & U 7z RIS R EHA T
i, FglIiZMT LS, AFNENVD—ADAF
RED T IXRE LR & &S ICEBIICET § 2 5,
T, ZBT 2 WMEREEOENITHES TP > =, 07
BHIhDH > NP BEOAINVRZ)VERD FRORE 05 0= poee
EMEROT, 2R Lz, £z AF)VEIVD—2 8.0 85
DRAFVBRD T LBEC £ BB ERI T, X5 10007T ()
VeV —2DEHOEEBEIX. FFX NI L OBRE
CEARD T CRBIN W b ol —A.
AFVREZ. BEICE>TELLRNT, LIBE L
RBLrdibTPITHAT S T, 2R, EHEOAF
VIRBRIDE UL EVWEFHEROZ LRI N, 12T‘A

1.3

11 p

log Ty (s}

0.9 A.

®

W
~
o

log Ty, (ms)

1.0 " PR,

[£ & 0] WESRATHO &S FRMANE T, L F 30 35
T T, KRB W3 B8 S A LR TH 5 1 1000/T (K')
T, M EICH % & T IO RBE NG E ) v —BE Ry
—VoBEHBEN, IS TUECRZ LEROE
) —BfIHES T 2R ERBEHET B T LR
BEhiz.

Fig.1. T, (A) and T}, (B) of dextran
methin carbon(A), methylcellose methin
carbon (@), methylceltulose methyl
carbon (@).
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BC NMR BRBEIEIZ & B KEER Y RPF FoLyFiES
XL ONE ¥—. & Bk

Molecular Motion of Polypeptides in Aqueous Solution by >C NMR Relaxation Technique
S. Uchino and A. Tsutsumi
Department of Applied Physics, Graduate School of Engineering, Hokkaido University,
Sapporo 060-8628

In order to clarify the relation of structure and function for biopolymers, we investigated molecular
motion of aqueous polypeptide by Bc NMR relaxation technique. To estimate for molecular motion,
we adopted three models, i.e. Dejean-Laupretre-Monnerie (DLM) model, multiple internal rotation
model and model free approach. Since these models have well consistent with experimental data, we

have discussed among these approaches.

a—~U ol AFEE L AR T I BT, MEELTOREERASDHEICRE 2REY
HZ25LE2 N5, HFESICET A ITMSEERNICE S LY TRREs %<
RENTWD, ZDH b, poly(Ne-hydroxyethyl L-glutamine)(PHEG), Poly(Ne-hydropropyt
L-glutamine)(PHPG), poly(L-histidine)(PLH)iZ, 1RE. pH. BWHEMREFEOEMIC LY, KE
BPTa—~Y o7 ABENL T Fhaf MBEE~MEENELT I EBMONRTNDS,
DX, KBEP T ONOEEZ L VELIRI T I VBOS TEBEZHASLZ L
iE, 7 BRERS & BB E ORIREE L OBRY. AW ERA OBELXHERT S ETo
EWN R 7 7a—Fo0EoiiRbEZ bR,

—5 ., pTEHEFHATIETAL LT, BREETIHE DETTAPREINTET
BY, Cho0ETFTAHBEILAEEERT ¥ %27 10T 4 7 THZLICE-T, ¥
WHTEDL S REBPRBI - TWEINEHEETHILNTED, £ 2 TARFRIZBWNT
iX. ko> PHEG, PHPG, PLH % fiV T PC NMR #ERIDEIEL RV, ABETICRIT 55
VE LA VIREETORAY VSRR (T) MEETR >, 28 THEIEE. 10C~
90°CC Inversion Recovery &z, 7 /VEIEIZE L TiX, Dejean-Laupretre-Monnerie
(DLM)YEF /v, ZENEEEET LV, EFAT7 ) —T7Fu—F28H L. EREL DT 1+ v
T AT EBITo0,

F—U—F:@SF. RITF K NMREF. DLM £75 v

SHDOLAWVD, DDBRBHEUAS
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RMTHRER OB L LT PHEG EHHD N BEBIZ L 2 EREL DIMEF A LB I 2 L—
Va YOWREE Figl IR T, KEETIE., ERICISFAIEREGHSIROATLES 2
. PC Larmor B3 % % 2 TRIZ 21TV, AREKREREE Y2 AV CREWGHEE 1 /3—
LTW3, ZORHML, DIM EFAVOIEYSHEZRE L =EE. PHEG X80t/ A v
N EBOAHBIREEIX 1 ns A — & —T3H Y | librations FBRAEERIZ 10 ps F— & — D3\ iESY %
LTW5 EHETE B, |

Normalized Relaxation Rate for PHEG

-8.2

O 15M

A 25M

O 67M

< 100M

® 125M

A 150M

— Simulation

log(T v )

9.6 ! —

log(w.r1)
Fig.1 Normalized spin-lattice relaxation rate” of >C NMR for PHEG. Observed frequencies are
15MHz(O),25 MHz(A), 67 MHz([1), 100 MHz(<), 125 MHz(@®) and 150MHz(A). The
continuous curve represents the simulation data making use of DLM model. 7}, o, T, represents
spin-lattice relaxation time, Larmor frequency of *C, correlation time for correlated pair transitions,

respectively.

Reference
1) A Guillermo, R. Dupeyre, and J. P. Cohen-Addad, Macromolecules 1990, 23,
1291-1297, “Homogeneity Properties of NMR Rates Measured in Molten Polybutadiene.

| Temperature Dependence of Segmental Chain Motions™
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BE 2Xe NMR I X 5& 2 TH OB BEED
Fy ooy Y- 3 & Xe DEEREE
GEANL BKBRHE 2 HAEEL ) ,
OQkBxcm . BEEH L JLOKER2 HRES?? FBERES

Characterization of Free Volume and Critical Phenomenon of Xe in Polymers as studied
by High-Pressure ’Xe NMR
OBunsow Nagasaka', Hironori Omi’, Taro Eguchi?, Nobuo Nakamura®, and Yasuo Ito’
"Material Analysis Research Laboratories, Teijin Ltd., Hino, Tokyo 191-8512
*Department of Chemistry, Graduate School of Science, Osaka University, Toyonaka, Osaka 560-0043
3Research Center for Nuclear Science and Technology, The University of Tokyo, Tokai, Ibaraki 319-
1106
Free volume and critical phenomenon of Xe in polymers have been investigated by high-pressure
12%e NMR. It was found that the '*Xe chemical shift of the confined xenon in highly permeable
PTMSP shows Strong pressure dependence in the low-pressure region due probably to the strong
adsorption affinity of xenon gas into large pores; this behavior of xenon is well interpreted by the
Langmuir adsorption isotherm. It is noted that a new resonance peak appeared at a lower field than
that for the free Xe peak just below the critical point of bulk xenon and disappeared above the critical

point, suggesting the formation of Xe-clusters in the critical region.

SHEBBEOLNEY FUAFIL D 250 e

U)o (PTMSP) ICDWTHH et ot
200 1
150ﬁ o ©°° 4

%%¢(Eﬁmﬁ7)tmoﬁimt
Xe & free Xe DEIRICHBIT S 2Xe NMR

b#2 7 NOETREREFARZEZ g €

A, Fig. LITART L DIT Free Xe D #Xe < o g ]
NMR {b2 7 M. BRS (P, =5.84 sol & ]
MPa) B TEEORB/ERITE-S o 0 0o mexirmuse
TREERB ST M B, 20 o ™™
RTHOD Xe Tid. KVEEDP = 0-3 L

MPa O#E B TENER EEBHIZH P/MPa

50ppm. {KEZBANCS 7 L 7=, N Fig. 1. Pressure dependence of the '*Xe

%W D Langmuir model THEHF L 72 4E

R, PTMSP F D3 7 R Y MNHERE R
WkEHES DI ENbMo7z (Fig. 1

NMR chemical shift of Xe / PTMSP at 298 K.
A solid line is" calculated by the Langmuir

adsorption isotherm.

Key words: **Xe NMR. 7T, BHBERE. &E NMR. @BERRE, &E

RBINENEATD. BHOBDD, ABZAD, BAVLORB, WEILTH
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EH) . BETFHEERICE > TPIMSP IZIZE > Y1 X (0.74,1.48 nm) Z2HD
2 BEDOI 7 ORTY OEENREINZH, 10 MPa ETHOENT T confined Xe P
ZXe NMR 5L 1 AETEHAUE Nz, BEFHFHARY MVOBREEL 0 MPa I8
7% Xe NMR (L2 7 MEN S, KRELRRT OBNERBNCEL L, £HELRSER
T ORZENHENEHERTES, ZORBHAKER 7L T, #B%E D mean free
path model i #Xe ¥ 7 DR T B IREFEEDBHTITEATE /RN, ‘

£7 Fig. 2ICRT LS 10, BASET (5.78 MPa) T. free Xe (81 ppm) DOF
— 7 X0V UBBESMICH 2 E—2 (120 ppm) WHEL. DIhEEHERIC
o THUEAEATD, P=5.87 MPa T free Xe DIFH LEHIZDBUORGULT B 5
NERE NIz, S <EFRIEBETERT 2 Xe 7 7 A5 —I1Cx LT PTMSP QOB
MAkERIY Djﬁ? (1.48 nm) NBE &I EX VYA X2 d DD, VT AF—Xe
FEENEMENEZBOEHEL TS, ZNEESTHIOREICLD I SRS —
B ORRITIFTE—HT 2. ENLERCBITZEBLEBREIENEZZ DL, 7
5 A% —Xe & free Xe DI TZDREDH L INRI 270TH 5 EMRTE 5,

I MPa

M 1015
7.91
6.64
6.07
5.96
5.87
5.85
5.81
5.78
573
5.56
5.35
3.08
1.01
0.42
0.03

Fig. 2. Pressure dependence of '*Xe NMR spectrum of Xe / PTMSP at 298K.
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Pulsed NMR Studies of Bulk Polymerization of Acrylic Acid and its esters IIl.
Hiroki KIMOTO, Atsuko FUKUDA, Atsushi ASANO, and Takuzo KUROTSU
Department of Applied Chemistry, National Defense Academy

The spin-spin relaxation times (7) of acrylic acid (AA) and methyl acrylate were (MA) measured as a
function of the polymerization time. The bulk polymerization was carried out in a sealed glass tube with
benzoyl peroxide as an initiator at various temperatures. Three kinds of the relaxation times, T (long),
T, (intermediate), and T, (short) were observed. T, was made of two components, T»,; and T3, on the
polymerization of AA. As the polymerization proceeded, the fraction of the T, component decreased
while that of the T,, component increased. Furthermore, the sum of T, and T, fractions was in
agreement with the polymer yields. We concluded that the decrease of T component reflects the
decrease in monomer concentration, and the increase of T, component is consistent with the amount of
polymer chains forming network structure.  Then, we can trace the polymerization process

non-destructively and continuously by the pulsed NMR technique.

[F] SOVANMREW, 512, EBENI DEENIC, REAOBENICETIIHERNES
N30, BRESFOSTES, ZORANBHCHBEOMRICHBENTWS, —#, B
TORREGERRISIVHEEESEMAPSEHAO—BOMENEEZLSNSEN, ZOERE
DT EBBNCRHALZARIZEAERN, FIT, REETI7UNEBERY, TOTATFINOH
KREAIDWT, /UVANMREZHAWL, SFOMMNESICETZETHEIAE -AEE
BT %, 70N HEBEREES (FI1D) AEMS5RD, ZoBHEASLLD, EARE
ENFEBBOSAN SMFAL TS, SEIT, #iE ICHERE, 7 ULE (AA) , 7
TJUNBAFIV (MA) EDWTOMEEEAMFRENMRUEOHER LT THRET S,

(28] FIDIZHAETFINM-MU2 52/, JOo—-JHhTEAIEANSAELE, B
B, MEHELZ10mm gNMRENTHEE(ER VIV EBRBHIE L, 40, 45, 50, 55, 60T
ORETENETNTo . BSMENMRAEICIEIBruker DMX-500%MHWE,
(RREER] FUCHBERIZAA, MAKICARIKETH D, LIZE—-OBERERL 2,
RIEDERF L, RIEHBEERLETDOIHED, TRFNOTIERESELL, HEOEIERM

NIVANMR, T2UNER, 77 UNVBIATIVEFEEK, HES, BREH

A EHEVBE, KAEHDI, HEDHDL, <ADEIED
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AR SND X DI/ (Figs. 1,2)e MARBLTIE, BWEBMKEE(Ty), BOWEHEEE(T,,)
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Fig. 1. Ty}, Top,, and T vs. Reaction time at 40 °C Fig. 2. T}, Top,, Tog7 and Togp vs. Reaction time at
forMA: @, Top [, T, A, To. 50 C for AA: @,To; O, Top; A, Togr; A, Tpgo.

RO, FEOES OBHEM(T,)0 3 DM5RD, REFHMNSZO/EIIZE—EEA->k, A
AICBWTS, BHEERRET,, Ton, To,? 3 DK ETNAY, BOEMEERRS A2 DORS
(Tos1, To)DBHRENTHED, 2EELTLDOBRFRRAN SR ZENbhoz, i
AAEIMAERRY, Th&T, DEPFKICREERE THAD LG =, LEOZ &, foE:
XD, RISHOSTOEBIEICEND S 2 EEREL TN, SR, T, T4 R(P, Py, P)
DESBEEICHT 258, RUOZOMFigs. 3, W05, Ty LWEEREE/v—, KU —-0F

1 [
Tre [ TN X ]
08
08 |
3 . N
o “ ala 2 ~ st LAY YU
Q" 06 | - By . !
ot A Q"‘S Py
N i, | .
: @ Ao b = 02 éadltmum oo
2t .
" R s Meve
S, . Ly A A ]
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Fig. 3. P}, Py, and P (fractions of T2, T2y, and T2, Fig. 4. Py, Py, P and Py (fractions of T2y, Ty,
respectively) vs. Reaction time at 40 C for MA: Ty and Tg2, tespectively) vs. Reaction time
®,p; 0,Py; AP at50 C for AA: @,P; O, P,; A Pgp; APy,

MEFMICHYT20TIIRWNEEZSNS, £, RUT—ENEREP, +P,OEEEHERL-
S ETA, ROEBEBERSBED SN, TOZ &R, LOELNAA, MAOESKIGETEZ K
LTWwaZ&EZRLTNS,
B, BOMENMREZHWERHAZMATEY, TORMELHELRRBETOTETHS,
(BER) 1. A&, BF, EH EE H5ESFMEERRS ORI T L - 200 LS
R mASHEESSE p. 184 (2001)
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Structural Design of Model Compounds of Silk Fibroin and NMR Structural Analysis
1. Tokyo University of Agriculture and Technology
2. Bio-oriented Technology Research Advancement Institution
oChenhua Zhao!?, Kohei Komatsu!, Kazuto Yabuki! and Tetsuo Asakura!

The primary structure of B. mori silk fibroin consists of twelve repetitive domains
and eleven amorphous domains, IV, alternatively. We divide such repetitive region into
three parts, I, the alternative copolymer (Ala-Gly)s containing Ser residues, 1I, (Ala-Gly)n
containing Val and/or Tyr residues, III, (Ala-Gly)x containing Ala-Ala sequences. In order
to study the partial structures and function of each domain, we synthesized a series of
model peptides, and analyzed their structures by using solid-state NMR and
conformational energy calculations. From the results, it is shown that the presence of
Ser residues are stabilized the silk I or silk II structures of (Ala-Gly)n sequences. The
presence of Ala-Ala regions play strong driving force for forming B-sheet structure. The
role of Tyr residues and amorphous domains will be the origin of the solubility of silk
fibroin in water.

Sl RXEM71 704 0 - REEPIEERE SN I2BOBOEL %ﬁa11@®7
ENLNT 7 AEES T HICHB T ABIECTH L I EDPHL I - 72 (Fig. Do #:05& LAEEIL
YIS, Ala-Gly DX FEHESEEALTIENTELY, SFMICEL L. —HD Ala 7%
H% Ser R Tyr TEBML-BLOEF - T7OMAEDENL L, LT I~IV OIS
T b, 1. Ser % &T5888, 1L Tyr X° Val
FE UM, L BRO% AlaAla G0 | e Sk toke  tske
MOV, TENT 7 A : s

KT RKEM 74 704 2 HED
FRERMNAET AN &KL DREHZEF—
T DRTF FOLESH T IT . FR NMR
FHWT, ZNOOEHEE ST 8L : Repetitive structure region
FLOEEYWE L ER T A7- D04 %15
AT ERHME LT,

: (AGSGAG)

F(AGYGAG) or (AGYVGYGAG)H,

[EB] #HIOBBEOLS I (AG s E ¢ AGSGAASGAG
BEEORTF FEBOFE N T 0 : TGSSGEGPYVANGGYS

BAE Cp fraction . II o782 Fie 1 The brimare structure of Bmord silk fibroi
[13CGJTYI‘ silk fibroin. [13Cg}Tyr-sﬂk fibroin (Hgéham) primary structure of B.mori silk fibroin
% 5 UZIBN] Tyr-silk fibroin, & 512 Tyr
’Eﬁ\U(AG) sYGAG) sYG(AG) sYGAG):, (AGYGAG) IO R TF N & Fmoc B
Lo THEELZ, 2512, T OBHD - 12{(a) AGYGAGR)sYGAG)SGAASG(AG),,

F——F RKEH7 701, FEENMR. silk I, silk 1T #&
Lrd LA, 2FD I, REE TR HEH TOB
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(b)(AG)o[3-BCIA[I-BCIAAG)s Z B L HEH ONRTF F i IV O 72T,
TGSSGFGPYV[3-8CJANGGYSGYEY{3-3CIAWSSESDFGT #* #hFh&m L7z, FEik
NMR #llzE X, CMX400 NMR AX> k)b X — % —(Chemagnetic Co)% fiv:7z, T 7-#ED
HEBETRET LD, a7+ A= a3 VTR MF—DEE %47 - 72 (Molecular
Simulation Inc. 2 ® Insight II(ver.4.0.0P+)DE ¥ 2. — )V C& % Discoverd % M),

ERLEE] 1ICELT, AlaGly DEVELDLS R BEEFAVRTF M, RBEFEDEN
I2&oT, silk IR LI silk ITRIEELZ L 5, F7-, Ser BENFTAla2 BICH LT 1ED
HETEASINTY, bLOBEIEGHZ52 T, ©LAKAHY OH 0lS5 L9 F A,
STEAEREZHELT, SBELTLELSEL I LB bio7,

IICB LT M silk IRIBEZ L A58, Tyr RERZ T VY oaf VilEd & p 2 L,
EFILEH ORI S, Tyr 2 ETHEBEETE. KISHT 2BOBEREDHLIZEST 5
ZEeWbhol, il AN sk HEMHEES & 25612, Tyr B FRICHARAENS,
(Fig. 2)

I I LT, Ala-Gly O# )R LAF® Gly 253 Ala @R S, Ala-Ala LB A7
& ERORE L silk HABELER LT 25 b ho2(Figd). Thbb, B-¥

Tyr Co.
Y AlaCa  GlyCa

© Ala CB
{1*Car] Tyr-silk film (silk I) Ty C ng e
v Ser Ca E: i: @2
»ox
T secp G A P =~
Silk 11 : .
k|l 1
[MCor] Tyr-silk fiber (sitk 1Ty w\} ) i\ Sample IIl @)
i P
SN '
!
1
[*CBI Tyr-silk film (silk T)

[**CPB] Tyr-silk fiber (silk IT)

—————— 4

Silk fibroin in aqueous solution H
(random coil) K T T ; - P{\/"\' -
T L] T L) Ll
70 60 50 40 30 70 50 30
ppm from TMS ppm from TMS

Figure 2 The difference 13C NMR spectra
between [13Cy)Tyr-silk fibroin and non-labeled
silk fibroin. The Tyr C, peak was emphasized.
Similarly, the difference spectra were obtained

Figure 3 13C CP/MAS NMR spectra of the
model peptides (II1(a) and (), (AG)1s). All
samples were dissolved in 9MliBr and then
dialyzed against water.

for Tyr Cg peak, too.

— MEEREOKIZLEY D B,

IVICELT, 7EL7 7 AL, KB LT WI V¥ Al t L 52 L 95
Pl ol DED X ST, REITHARERICHRERC silk [T RIOBHEL R L LT T 5720
IZAA L) AG DD R L BT AR % —ERECE T2 L BRI, Tyr 28 0FF— 707
ENT 7 AEBREA RIS ARBLERTL-DICEBELTWD, Bitonkylz, 73
JBFRFEETIAICEE L. RN TOBRBEOMER L BEFIEVERE2ELIZ 22 b —
NLTWwWaBEEZOLND,

M. ABFGEIE &0, AR O BRI HEEFEEIC L ViTh T/,

1. C. Zhou et.al. Nucleic Acids Res. 28, 2413-2419 (2000)
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Solid-State NMR for guest molecules absorbed in porous copper coordination polymers
Satoshi HORIKE, Ryo KITAURA, and Susumu KITAGAWA
Graduate School of Engineering, Kyoto University, Kyoto 606-8501

[Abstract]

High resolution solid-state NMR spectra were measured for methanol molecuies absorbed in porous
coordination polymers, whose pillared layer frameworks are rationally modified by changing the
piliar ligand. The '3C chemical shifts and spin-lattice relaxation times well correlate to the channel
size and/or the functionality of pillar ligands.

(2]

SEHAIL. RUFOBOBOREHEL B A 4 > OE OSBRI AESEE A DE SR I &L Y B
BYAXDF v »xIVEFTHEIMRMS D FEBET D EMFHETH D, TNETICH~ (3. Figurel
ERT &I, 2R — MPES—RMAF BEREMT) TEESNASIMER () s#kiaml.
EDBEROBORERBLUT A MEERERELTER V. SE. ES—0ORR23MEEEA. Th
SOF v RIICRUIAENTOSS R MOBBERITL =,

[=E&] ‘
ILMEEERS L O TIVOEHR W (Y
ESHAEDERIL. Na,pzdc (20mM, L Channel L 4 . 7
50mL) & & ES—BAF (10mM,5 | ==EQ @ Z
OML)DIK/TH / — 11 BEBRI . S ) €
Piliar N N

. Cu(Cl0,), B LTX CuBF,(20mM,5
OmL)Dk/T 8 /=11 BKED > el
<emTavscscsusmy UL fRwenst oi
2EEEGESBLTESNE, ¥ P

EEYCTNG. BENLSLMR . o .

: igurel. Schematic representation of the pillared-layer
EHEZRETIARMEZG B U~ structures  of  [{[Cu,(pzdc),(L)xH,0},].pzdc=pyrazine-2,3-
%, BEMMASET TSRS dicarboxylate; 1:L=pyz; 2;L=bpy; 3:dpe; 4:dpyrg.
DRBBEHFI GBI &E(TLY,

{[{{Cuz(pzdc),(L)] - xH,0},](solvent),} & LTHE Lz, Zh 5 DORRIEEER S L OMRXIGHEER
. ELTRESHRICL > THTo 7=

B NMR B BZEEBAREFHE INM-LA300 FT-NMR('3C E:RERE 75.4626MHz., ERE
30030Hz. /XJLRHE 5.2usec)ERAWVTITo e, Y2 FidH 0.25g £ a-78 7mm SRS E
FRLTRELE. 2TO C NMR BRI VANV RE+H Fhy 7Y L rERNTITo =, -2
B> — & FEMESE( T, )BE I3 REEEE (inversion recovery)iiz i,

pyz bpy  dpe dpyrg

F—U—F BEENMR, SHMHHE. SR N OKEES. EHESE

BUirELL, #3505, EdbTIE
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ES—5 pyz(1). bpy(2). dpe(3). B dpyrg(4) CRIEENTND SIIRMEEIC. ¥R PELT

A&/ —VEREEHE, TNETN PCNMR ORIEZITo /2. TNENDARS LT complext,

2. 8

KU 3 DB NIVIBRDAY /=L UK 1.4ppm SBUEL T FMIE(48.6ppm)FHEIC 1 ARD A S

J =D E—-o B8N,

—7 complex4 Tld 49.2ppm & 44.4ppm [CTENEFNE—2
PERENE. Sn52BHEDAS / —LOBEKEEERA
B7=% 296K m5 353K £TREZ HFTw &, Figure2 [
RLELESIC 44.4ppm OE—H NBEE T3 ICDONTIERE
7 bhLE, &Y complexd FTIEAY S —IWDFERE
TEBRTF v RV 21BHEFEL. BETHENSORTRE
S|PEZ > TE— o DERD EEZZI 5N,
RICMYBRENTNDIT R COEBOF v - RIVFERE R(A)IC
39 BIRTFIEERETT B7/201C. complex1~4 ([CBWTERET
TAY /=)D P°C T, BEEHM=. & complex [Z¥T3F+v
YRIWERER, BLUBSNET, & Table1 (2, £-1/RE1/T,
DEBRE%E Figure3 [TRY. & T, FEFSA bdD H-ZSM-5 &

[CYIBREZNTNWEAY /=)D T, EEENRT 10 ELUEXE
WA, EeFv oI BAXE T, BHFILTNBZEDSD B,

N FEBENEANTEMHN ECRBTHEERICLSZ DD
EEXDE, HEEE . (2 10" sec DF—F—&75B, DEY
DFBEHEF v o RIVATHRERNS, Fr oYM XICLY

bT=313K

49.2

a)T=296K

—

OT=333K

T Biervcin O W P

60 50 40

Figure2. “C solid-state NMR
spectra of methanol absorbed on
complex4 at temperature of
T=296K(a),T=313K(b),T=333K(c),
andT=353K(d).

KFEEEEORBNIEDLIVBRFRETHDS L89S, complexd @ T, (& 49.2ppm DE—25
» 0.233sec. 44.0ppm DE—~HH 0.179sec THo7=. INLYUTBEBRBDAY /—ILIFDOES—
BRUOFETZ7LFEVT A BLUOKRERTF v 2N YA XLV 4 DDO$EPESERICESH L TH

B EMBELEMERLST .
Table 1. Channel size and '*C T, of 7 e
methanol sorbed in complex1~4. =
complex R(A) 13C T, (sec) % ® B

1 4 0.14 ES .

2 8 0.19 T .

3 10 0.21 \ |

4 14 0.23/0.18 0 0.1 0.2 0.3

1/R(1/A)
. ] . . .

SOE3( MURKNESR METL—ANBEIED ot ko e o o

NS EYERENTOBHEERNMR I2k>TE
ETE. TNENTF v o3I A XTEKFLEFZR
LTWBIEMAShERE I, SREDBEPASY /) —IVDHOTR SOFEE, FRIISARKRT S,

radius(1/R) for methanol.

[BE30w]
1) S.Kitagawa et al., Angew.Chem.Int.Ed.Engl. 1999,38,140-143.
2) C.Dybowski et al., JAm.Chem.Soc. 1990,712,7140-7144.
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The effects on the ion diffusion by the degree of cross-linking for the polyethyleneoxide-
based solid electrolytes i
(National Institute of Advanced Industrial Science and Technology) K. Hayamizu, E. Akiba
{(Yuasa Cooperation) Y. Aihara, T. Bando

The cross-linked polyethyleneoxide-based solid electrolytes are important candidates to use
lithium batteries. We have been studied the ionic conductivity and the anion and the lithium
diffusion by pulsed field-gradient spin-echo (PGSE) NMR for the cross-linked poly(ethylene-
propylene) copolymers. To obtain the faster ion diffusion, the degrees of cross-linking are
controlled by introducing the methyl group instead of the acrylate. The self-diffusion
coefficient measurements indicate the meaning the cross-linking.

1. BUoiz

FYIFVARY (PEO) &R—ZA & LTREHINAEMERI— KU FILAEE R—TLTHE
ATEMEELTYFULSREMEFET RSN EMAEOHF TIIERICITDNTEO A
TREOEBIIDONWTHHRINTNS, Bab14 ¥, BAE. NMR I04£% T1 BLN
HOLBRROBIEN S, RUT—DET AL FER, UFTLDFRy BV FEH, 72420
BB LB EN S, BREBRS THE. TOEE. 3 EEIIOWTHERE %
FoTnws, ;

FHETIE. 1A EEROMLEEZBHEL TR T—#iE0OREEE LT 57010, JUEEE
ZHETS LS. BEEEDNSWRTOMF AERICDWTIHIEL =D THET 5.

2. YUTINMER . EERMEEOT Y OT ) v — OB ERT. HTEL 8,000 ORTE KK
THREMIZ A FIOVEEA 0% (JE4E 100%. $RETH1-2). 20%GHE 80%). 50% (UG 50%)
mvﬁu%/v—tU%vAﬁtbfLM@Oﬁmhqﬂ?&)&ﬁUv—bﬁitLiwﬂé
%z 20:1 (P20TF1) & 10:1(PIOTF1)&E L 2 EEOBE CER L, Fvy A7 1 VI BREFH
AL ORBLE, O NVEEKRTH S, 27 DV ERE TR A IM 2 BEICY
7N EE smm THA L=,

HOBEGER, (4 EEE. RO FERE. RULF L AFYA R RIERE

BRATECT, HFEADB, HLEsYWINE, FAESELDD
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BEZTECT O RESTERE TR FULM L O T2 W02 s TIERZH R
FEOREIETERP > TPEBOEEIWNELAEZE T2 B—ROCR BB EL B -7=0
T, REKGEE. EBREERFEEIEL T Fig.l TRLUZ, 724 > 0B O BRI LTI 8
HULB D ICREEELH 24, A=T0ms ICEE L THCHEREDOBEKEEZ Fig2 1T
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ERECTDHEANFT UEILELRD, BBREOHREEHBRTE. SUNZ 5 LEIREZE
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" Fig.1 The temperature-dependent lithium

coefficients for different cross-linking
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Fig. 2 The anion self-diffusion self-diffusion

coefficient for the various cross-linking

X#A 1. K Hayamizu, Y. Aihara, and W. S. Price, J. Chem. Phys. 113, 4785-4793 (2000).
2. K. Hayamizu, Y. Aihara, and W. S. Price, Spectrochimica Acta, 46, 1475-1485 (2001).
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1H-18C NMR Cross Relaxation and P(VDF13/TrFEz7)/at-PMMA Blends
OKenji Tsumura!, Fumiaki Ishiil, Akihiro Tsutsumi!, and Hiroji Ohigashi?

i Division of Applied Physics, Graduate of School of Engineering, Hokkaido University Sapporo
060 Japan, and 2Department of Material Science and Engineering, Yamagata
University, Yonezawa 992-8510, Japan

Miscibility in the binary blends of Poly(vinylidene fluoride/trifruoro ethylene) (P(VDF/TYFE))
and Poly(methyl metacrylate) (PMMA) were investigated by DSC and cross polarization / magic
angle spinning NMR methods. The blends containing ®+=0.2-0.4 weight fraction of the copolymer
were found to be separated into the copolymer-rich and PMMA-rich phases by annealing near
melting point. The ®« dependences of glass transition T, and proton spin-lattice relaxation in the
rotating flame Ti ¥ were analyzed, based on free volume theory and Flory-Huggins theory.
Interaction parameters of x a and x B for the respective phases were negatwe values ,and when
$=0.2, both polymers were most miscible each other in each phase.

. HRLED .
LCSTHE L b B EAREL T CTHI3 =Y TFr7uaFSf R b vanaF L OXEARE,
P(VDF7/TYFEz7) & at-PMMA 7 L 2 Rid T>Ta(@ 2005 T TEOESBEMRTRMET S L HE
HEEOEED 7FE O D 50wt% Ll ETIIBEXKHEAEASAER L, 50wmt%EL T iR U v —»2 L <M
LEEER T LU RERDEREINTVS, D Ha X IEHEH CORBRARBEEH LT
TA7®, DSC & &5 'H-3C CP/MAS NMR % Ay, Bl DB 44 CELIRRERTIZ 3G LIF
Fellz, FRUCTLD L Ow>50wt% TIZBVLEEREE O & ki, RO XY ) —F AR, &
BRI S MR REHAORSE. F#HE0RARENSRE %, YFHOEIC X IERLEER
ERTEDLZLEHLRIILE, OwB0wt% Tit, SHBLBELAEEHOXESE richi &
at-PMMA-rich fRICHISBE L . SOV 7 AEBIRE To CEEER R B8 TR T , © ¢y IRFH

FRENOHBEEEIC L > T3 L 2HLMZ LE,

ABFFED BIEE KBRS AR BEELGEHEEL TV S LB e
Do WEMMOMBREEZAC NI B0, 50wt%UAFDO & | 5
P(VDF7/TrFEz)/at- PMMA 7L > RO Ty 2 Ty, D O ik FHE L 5 | B
HREIRE L OBIRE Y 7 AEB O H B & Flory-Huggins % oL o E

MTEBERETDHILTHD, o
2. F% 076 2073040 go

REHIY A1 50 TERKESH & SRS P L TN TR 6 (%)

#ft - P(VDFw/TrFEe) & at-PMMA T4 5, DSC & 1H-13C )
"CPMAS NMR BIEICHAVWERBIZ. ©.=50wt% L, Foo Fig.2. The 1, ¥vs. ¢+ plot for
P(VDF/IFEx)/at- PMMA 71> KO% ¥ A b7 4 A g%z PVDFo/TrFEy)/at-PMMA

BETHERL, ZRKERT. 150CTHEAESET 135CIKa% L. 100 T T T T

12 BERIBVATE L7285, IRERIC AR SE LD THS, sof Byt © ]

3. MRLB%E 5 e © o ]
Fig.1.& Fig.2.i3, 2038 L 7= P(VDF7s/TrFEz27)/at-PMMA 7' L :::o W o o ® e ]

FD A, BHD Tg kiﬁk:ﬁﬁ-é Tlp@q)wﬂkﬁﬁbﬁﬁ)éo %’ 20 A phase -

*E@ Tg X %6C¢w=20wt%‘f°$§/b&fxo'ﬂ\5o “‘ﬂ&%:\ Tg & 0 L 1 L !

H T RGBT ) BDEAL ACy 137 5 REBERD B 0 1020 30 4 3

ACp=TeVe Aa (3 P13 Ty @ ¢ o (W1%)

'C‘i%‘éhéo D IIT VRN RERICBITAEBARE. Jda Fig.1. The Ty vs. 6w plot for
A7 ARBLEEREOABEREEOETH B, Aa s  and B phases of P(VDEs/TrFE27)
(3P0 TWITR Y =2 BHR R < 1BIE—E DG, at-PMMA blend.

F—U—F o AW 4T REB. NRASEE. B BARER, Flory-HugginsHih

E =23 DDBLITAL, WLnWSHHE, D0LBEDS, BBUMALOALE
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DEEIFEETN TN O, Ol L, AL BHICB 2XELSAROERESEELEZIN TN D1, OB
ETBE, EBEEEROEESED T,

Q=012 P+ P 1301 @
TEEIND, FHOEROAC LT R UD L@ 5, 014507, ©13=04L485, ZTAHEMSLE
Aif-rich# T, BHiZat- PMMA-rich# &k L T3, (7. 7L FOTHEEMTRERY v—2 &
<HEBELTWBDT,

Te=Tg, 1+(Tg2_Tg DOk D2(1— Do)/ ®
TRIND, TITRiIRBHT L FEEERTH S,

Fig 3.l EBR 7 2 b AV B FHEMEEE T "L RED
BiRTHs, 1/T=2.8~3.2 & 2.8~2.5 OIREEIC 2 >OEME
aABRRL o BBRAEE TS, FiglDA L BHEOEK T, & H
BT D&. aad apBRTHSBEL - 2HON T REBIZHED
FEOI T T EBIERL TV EWVWR B, —RRICEES
ZlzokB W T Hartmann-Ham £ 4 T T
TH-15C 5865 T T, Hid,

1T H=MePHT /(144 012 ¢ ) @ | |
TEREND, TITT, MeiXFfEE NMR2 KEER, o1ix Ti, 0 Y
BRBREE., (JXRBRERETHE, 0irsl208E T ]0.3]
L 72D . BRI TS, Gk 7 A L b B ik vt

N
BOELER, Fig.3. T: B vs. UT plot for

T o= T coexp(1/f) ® - el kg
LEEND, (T1,min i, (VDFr3/TxFEzn)/at PMMA

T, BDnin=1/2 Mz © coexp(1/6) ®
LB, T, (TUT>TYDEEERTENEL T, & T OBBRRE S 0.7
28 iAW 08
f (D=t o (T-TY (a., f5—7F) @ e
TEIND, 09 O
@LOEMVE &, fig2.m Ti, vs. Ow OEGELIB S Ty & gl leee gy
FHEICk ZFMMTE S, 7L FORA BB 2 AF - A,
T * T I T i T & H
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LAd 4t

Tip (secxl
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X Flory-Huggins B L v -3
A6, /RT =V/V (@10 @ /o + P Ind p/mt x . @, D) ©) =.52
EFRDEND, 22T, VILEEGROBHE. V. ITEI7 AL FOE 54
NARFE, @ I Y v —OEBSHE, n L V.M E LTHE ’ ,
R w—OEEH, RBKER, THERE, » aen  selul .l
R A= —ThBD, —F. RIZH 7 A% Ehrenfast D 2 Ik
RS & L, Flory-Huggins B W5 & ¢ (Wi%)
T=0 T FO T R(TyT,0) M ACk) @, 9, .
v 7‘;50 ZIT 2 LT P DA TR LY 7 g oy fand
~ Xz
x ,q—kMZACP/R (TT,0) @
LB, ®%)ﬁb\¥?ﬁﬂ{ﬁ7)>%;}wﬁ_ AL B ﬁ@z'zh%zh@xr Lo, DBFES FigdloRLTW5S,
Tan=135°C T 12 BFRZMLIE L7- 7 L > FiZ P(VDF13/TeFEzs)-rich ffﬁ & at-PMMA-rich 10 x, & x5
DEFETAELRY, FREHER T ~—BLX<BBELTEY, %;mem%h%%mﬁﬁﬁﬁiw
Z R,
x1z & k iZx9 % Ehrenfast @ 2 RKIBEB OB 0w>50wt% Ll L TOMBE LA EER AL B
EOBRIZOWTHRERH L T 5,
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Structure and Molecular Mobility of Poly(butylene-2, 6-naphthalate)
Suguru TANABE, Hiroki UEHARA, Takeshi YAMANOBE, Tadashi KOMOTO
Department of Chemistry, Gumna University, 1-5-1, Tenjin-cho, Kiryu, Gunma
376-8515, Tel0277-30~1331, Fax0277-30~1333, e-mail yamanohe@cc. gunma-u. ac. jp

Solid state NMR measurements were carried out for poly(butylene-2, 6-naphthalate) in
order to investigate the transitionmechanismbetween A and B forms. The amount of produced
B form increased with drawing temperature. From 'H pulse NMR, second(soft) component of
T, appeared above T,. Further, above 100°C where transition to B form increases, the amount
of soft component increases drastically. The {ransition mechanism and molecular mobility
were discussed.

1. #5

R TFL2-2,6-F 7% L— b PBN)IZid A BIR OB Bk B ENEET 5. PEBNIZEEL
ETHDABBEEEEDN, KHEMZAD I L TBREBENEMREIND, ZNET, PBN DI
HIZEBBETIC DN TIIEMEROBEINCHENBRANE AL T B I &b h>Tn5,
EREMEEICOWTIX IS0CEMTRES BN < ERL. Nl THRUTFTEBEOD
ERBBLTEIENDR > TS, ZOZERBBETOS TEHHERLLICEERD S
ZEERBKRLTNS,

AHFETIE. 74V ABBHCR T B, EMBEREHERTEAL v RREICBITBEN
HWEHIZDWT "CNMR, 'H/UVANMR Z B B BIED AR &4 T8 & OBIE 2 it
L7

2. ER

AEHI A & LT PBN 0. 5mm BEELR 7 4 )V AZ AL, TD T 4 )V AKX DD ML =
BARK ZFTE DRE TEMZITNEMAB ZIER L/, FEMEEIE L THEE L 6mn, B
3.5mn DFFERMAL y hEAW, FIEDIRE, ENTEMT S EITEDERLE. ERLE
AEE 2 ZE FRRARHT B U T JEOL #L % EX270W 43 JEat. E#EEEHT 33V Tid BRUKER #184 DSX300
DNEHERWT PCNMRBEZITo . Fiz. BMSHRE & U TEREM 7 2 )V A ER &
L. JEOL #h34 INM-MU25 53063t 2 Ay, solid-echo {EICTIREAZE '"H/ UV ANMRBIE %217

ST,
Poly(butylene-2, 6-naphthalate). Crystal Stiructure. Molecular Mobility.

ZRNT<SH, SARLVBE, RPEONZFL, TIBEREL
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3. BRLER

B 1. AR RED B EMRETO
HEAREEID P"CNMRANRY ML TH B, T
RIS ERT 10 LInss THEESES 7 kL
TWA I ENbhnhb, 165 5ppm fHiEDE— 2 .
7% A RIS, 164ppn {43 O E— 2 41 B AL
DU—2ICHIEL TS, ERIRE ERICHE
B EHENE < R END Z EADH B,
55 AEBREL FOEMTIX A BRLISC
5 3 AT 167ppm RHER B — 5 AR E AL | o]
EMREHERBRE BLTREERTOES o m = m e e
 CHEBAEBEAES Fy 2 SRENHR m@ﬂg::zﬁtmm%m“'
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P < PR A AR E B EAHRS N, @

CHEDERERTIBRAEI AR Y L |
NEBAE O L. BREMTEEASM 50 | ..ﬂgﬂF”"“F-
ABNIEHATERT 5 EFX5N5, TR
LRI > THFENBE DT < oo’ S 20 |
EEALND, M2 (i, WERL H/VVAN 20 f W
MR#EELDBSNE T, OREREEERLE, O f »

S ZEBIRE USC) AT TIE T, A% 25 usec D 0

Boss | B Thok, HOREBRENET 0 et
FZNITMA TEBEDE D T, 2 55 L sec DAX )
52 DHRE N, H2 0. B4 | EB 20

40 f

T,/ i sec

100 |
HEETOY NLELDTES. MELREHL
AL EIEEMLTWAZELD, BEOLE 5§
RIC 0 EREBOBBIEIEESTHEI LA E 60

Dipoiz. THITI0CHENSELSREST LD a0 [
HENEML TS, DFED, BRASEOEM 20
BN TFEBIERIC 2D I EEEELTNB I ol

Mo b, BAEMICILEROFMIC OV TERT 0 0 100 150 200
Temperture/°C
PTETH. Fig2. (a)Temperature dependence of 'HT:

(b)Temperature dependence of
composition for '"H T; components
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Solid-State NMR Characterization for the Aliphatic Polyester Type Materials
Containing Methylene Chains

(‘Polymer Chemistry Laboratory, RIKEN Institute, Characterization Center, RIKEN Institute,
*Interdisciplinary Graduate School of Science and Engineering, Tokyo Institute of Technology)
Kazuhiro Kuwabara', Takashi Nakakura®, Hideki Abe',-and Yoshiharu Doi'?

Solid-state NMR analyses have been performed for poly(butylene succinate) and poly[(butylene
adipate)-co-(butylene terephthalate)] random copolymer samples. °C spin-lattice relaxation times
(Tcs), Be spin-spin relaxation behavior, 'H spin-lattice relaxation times in the rotating frame (7),us),
C chemical shifts, and *C NMR line width have been measured. For the poly(butylene succinate)
sample, compared to the case of polyethylene, molecular mobility along the chain axis in the
crystalline region was remarkably restricted and the molecular arrangement in the solid noncrystalline
region was conformationally more random. As for the poly[(butylene adipate)-co-(butylene
terephthaiate)] random copolymer sample, molecular mobility of each CH, carbon has been evaluated
for the purpose of clarifying the mechanical property.

1. K ' :
MEDHIKREME~OELOE T Y OF T, ESHBURIHEER) =X 7 LV OBIEH
T 2R EANER 1T TS, RY G-k FaF I 7FL— ) BLUHR) FLEESIC
MLTH20HEE TOEMEEIBHED L ZAHBLNTVEH, 150 L L OIEMIEE % B
HEABLIZLICEIL T 2BESTER) I F LV L RBT 5 & $HBOBBEOLRMAS
HDo MBEHLTOI) LT, BRBIUESTHERD L) RTVWHFLRLTOEEL,
BEAMIIEI TV ASFEEFHTHLIIIL, RUZFLOBELERHETLIEIIEET
Hb, BIHHBER) ZAFVOGFHEETHS TS ET NMR 0B ICHMLNRT
B SBILIZ ) AFVIVBEsESTLIILICLDR)IF LY EOLBHPEST.2) B
FMHLEMTHOETRIZF LV EEEOMELXER—L, REHCERTA I LIZL Y E
RIEVEIRAEOND Z EHHIF SN D, ABFFETIE, LEOES X h EER PCNMR 312X
LEEN % 4T o 12,

2. ¥R ‘
RYTFLYHrvr—1F (1) OFRIIBITAETIZIE, BRURAEEDTE, 90 °CTHIR
HRILL727 4 VAZB 2 EBRICHW 2, KRB O T 7 A8 BiREIE-30 °C, B 113°C |
a3 4 nm, B EEE B OBRE ., BERILEITHN0%TH S,
RY) (TFLYTIR=P-TFLIyFLT7IL—}F) Fy¥LEESEK (K1) LT,
BASFEL{DEcoflex®D XL v P ZHW /o X#B L UFAFME BV k0 ¥ — o3BT
EITHTH D,

F—T7—F! BANMR, RY (7FL I T7IR=-bTFLITL 75— ) HEEK,
Wik, FTEE), avkA-ar '

{DIES »TFOA, Z2dd f2hL, X UTE, &w LLEA
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B K PC NMR #ll £ & . o o
Chemagnetics Infinity-40043- )5t -E(CH2)4—O—C—(CH2)2 —C—O:|
WX Vo4 TOERY T TiTo72c  poly(butylene succinate)

3. &R ? ? Q=%
SR BT AR TFL v ECHIa-0-C~(CHs ~C-0]—(CHps-0-C{O)-¢-0]
7 A — bOFESEHRTIIHLT poly[(butylene adipate)-co-(butylene terephthalate)]

13 o~ e -
CA Yy —HBFHBANEE (Tie) . . .
DEE T, FOSTESM Fig. 1. Chemical structures of poly(butylene succinate) and

1. 80~100 °Clz B} 2K Y T poly[(butylene adipate)-co-(butylene terephthalate)].

FLYOGTFERRICERTAIEFHLPII L, —H, FYVIZFLZBWTASNT
VALY R, EETPOSTHSSTFEAMICEE T AL, B2 DiZ{nwZedghs
7o

RYTFLUH 77— ML TRCAY Y — AV VIRHIERE (Toe) DRI 4T - 72452
FiRIIBTAIEGZEHDOKETE, eI VHOF — 5 - DG TEHEOE KT DOAD S
GBI EEBHOSDPII L, BRIZBTARYZFL O EHKIIBEC T, BT FE8MHE
DENDDH T A 708 OF =5 —D, FEREBEELOBIZH A REARTOHFLET 5, K
Y7FL sy a— FOEREHOLET. BREEEREOBOREERO S TESME
TLIREEER S L RIETHHEER D,

BYTFLUH s R— M LT, BRI OAEMREBIZELEESSHE"C NMRAR
T INNVORKB L UTOBIT 2T 072, FDMER, BGRIREBLEKRIZBITLERREL DS
FEHEIIEEICRZLL0D, 2 kA= a YIZELTIERKELREVEED LN -
A

KYATFLIT IR -TF
YFLT7EL—h) TUTVLEES
KIZH LT, TieB L CHERDHA
Yo — TR (Tiw) 12D
AT RESEOFMEIT 272 £O
R, JLROAFL U=y b -
ERIBELRZ~NYE Ry P o
BEnb—o8 b B,
HlzhbEEGHEE TLREEHEIS
EREsnsEY)FL e, UK
BETEHLTWAI LG o7,

conformationally almost melt-like
amorphous phase

remarkable existence of
- / interfacial region

the chain axis
molecular motion not along the

I | |- enhanced molecular mobility along
A4 chain axis

polyethylene

4. EFE
RYTFLIH T A— AL
TERONERE, e 558 ,
IFLYOBEE LSRR i oL remankable existence of
Wiz, WEEERoSTESEEEY T R T

L IFLYEDKRENVDOD, T
HENOBEIIE > TIREI D IZL
Vo BHREOEZIIBIAIEERERTHD
vRA—Ta ik, RILFL AT
SBRRELHLPICRR LD
Ll FVTFV %7 v A= PTH Fig. 2. Molecular-level structures and molecular motions
BRUREEIZ X v, in the crystalline and noncrystalline phases.

S conformatiohally melt-like
amorphous phase

restricted molecular mobility
along the chain axis

molecular motion not along
the chain axis

poly(butylene succinate)
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The effect of the charge of Schiff base on conformation and dynamics of
[1-'*C]Val and Pro-labeled bacteriorhodopsin as studied by '*C NMR
Department of Life Science, Himeji Institute of Technology
OAtsushi Kira, Michikazu Tanio, Satoru Tuzi and Hazime Saito

We have examined the effect of the charge of the Schiff base(SB) on conformation and
dynamics of bacteriorhodopsin (bR).Replacement of Asp 85 by Asn in bR decreases pKa of SB
from 12 of wild type to 8.5. Conformational changes of [1-'*C]Val or Pro labeled D85N were
followed by recording *C NMR spectra. It turned out that *C signal of Val 49 in helix-B is
suppressed when Schiff base is deprotonated due to acquisition of the motional freedom with
the correlation time in the order of 10" s. In contrast, *C NMR signal of Pro 50, insensitive to
pH variation, indicates that conformation of Pro 50 is not affected by the deprotonation of SB.
These results suggest that deprotonation of SB makes eytoplasmic region above Vai 49 in
helix-B flexible. The replacement of Asp 85 by Asn is found to induce conformational change of
Val 179 or 187 in helix-F. This suggests that the charge of Asp 85 contribute to the
conformation of helix-F.

=
NI T VFa P ORIIEEFEEOEBICTFET AES VT, XE®H 7o h oK
CIEMEE TS, bR IZEAMATHD retinal 73 Lys 216 &y 7HEGBESEHR LT
v, 7o b UBERIGE, SB 25 Asp 85 I FUBEIT S L LBKT S, ZOREM
PRIANZEBOTiL SB, Asp 85 DHENXHELTEY ., ZhETOPREND Fhelix DX/ %
WL LI REDEEECPFRENIERMSN TS, Asp 85 % Asn KERXE AL SB
DpKaB#185 ETIERTTHZLhd FHMETSBO 7 b fbikiEr 2L b —ATE 3,
ZDEMIZEVT D8N (28515 5 SB 7' b UALIRERICIRGET Do E L%, [1-3C]Val ¥
7 i Pro 1538 bR DR % 53 #REE °C NMRVIZ & - TH7~-,
(=B
[1-C]Val £72i% Pro 2 B A ERSRIEH CHAKRWT), SERKZIEEL, P EHT
5 & THEF bR #1572, NMR BlEaEH. pH MEMKIZIXERES buffer(5 mM MES/HEPES

F—U—F:@ENMR, BEA7HE, X7 T VAR R vy TR

O&H oL, kil H#b5T, DL &b, Ve )H 1Ly
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/CHES/TAPS/CAPS, pH 6-11, 10 mM NaCl, 0.025 %(w/v) NaN)Z, PO ERFT 5 mM
HEPES(pH 7.0) 10 mM NaCl. 0.025 %(w/v) NaN; OEERKIZRE LRV,

Chemagnetics #£8 CMX400 NMR 73 ¥:35(BC DHLmBEEE - 100.6 MHz) T NMR SIE %17
272, B 20 CENREE TR L JE 7 ik CP-MASR £y~ Y v 7 AR & TOSS
BEHHLE,

(RER L EBE)
[1-13C]Val-V179M I L TF V187L & NMR HiE L

5 88 5 B
5., Fhelix N Z D 2 BEIE WT T 174.62 ppm ~ < g 2
~ ~ o~ ~®
T T T

KEBELEADZZLBbholk, ZOE—ZIL, oS
D85N(fig. 1) D34 174.98 ppm =27 F L. Asp 85 5 i
DIFEDHKD F-helix DEEE(LEFHFLT 2ER
o, ,
[1-BC]Val-WT®? pH # & #8 TiZ 174.62 ppm
fHEOE SN pH LFHIZHE - TR LTH 3L
TBR N7, [1-8C]Val-D85N(Fig. 1)
TiE pH ICH L THELSESKEREER L
—%. [1-3C]Val-D85N/V49A @ ¥C NMR R~%Z
M CHE 172.04 ppm DIEE 3 HEB L, D85N @ pH
8 LLETH LM 2EBIHMOIES(171.88 ppm)id
Val 49 IZIXHE LRV Z Edsbinote, DI Ehn
5. D85N Ti pH L& & & bic Val 49 121X 10*Hz
DELEVPAEL, BEBRHERTDIZ EBbhoT,
%2 T, Bhelix B89 5 L VEMREREED
HIZ[1-3C]Pro-D85N o pH # & kB %17 - 7=, Val
49 BT 5 Pro 50 O{L¥ L7 ME®X, WT 2
5 D85N ~DERIZ L o CTHEL L=, pH ioxt
LTHRY7 FBLUREE{LERERhoT, L
BoT, Val491i SB & ORIICHEER%2F L, SB
DIFEOWERIZ Pro 50 124 % a-helix DF 78 —35 e o
PrEEL LTHIREMOESMED FREFIERZT Fig.1
ZERbol, TOZEEERED bR KYA I 13C CP-MAS spectra of
KHEWTH SB B2 hqkic & % helix-B O#la [1-3C]Val-D85N at pH 6 to 11.
BRIOEBMEN EH L, #7005 E L VHEK
MARREICELS Y, 7a PV BRICB O TRERFSER O L ETRL TN,
Reference
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[2] Y.Kawase, et al (2000) Biochemistry, 39, 14472-14480
[3] 5, % 40 H NMR #HHS#FHESEALY
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Conformational fluctuation in “C labeled bacteriorhodopsin induced by
charged groups around the Schiff base
Department of Life Science, Himeji Institute of Technology
(OMiichikazu Tanio, Kazuhiko Miyata, Satoru Tuzi and Hazime Sait6

The electric charges in protein play crucial roles for the activity. We have recorded
3C NMR spectra of [3-°C]Ala, [1-’C]Ala- and [1-°C]Val-labeled bacteriorhodopsin
and its mutants by solid-state NMR methods, to investigate charge-induced
fluctuational changes in bacteriorhodopsin (bR). We found that the charge at Asp85,
but not Asp212, affects conformational fluctuation of bR, because changes of NMR
signal intensities in D85SN, but not in D212N, were observed. From these findings, it was
suggested that modification of electric interaction between Asp85 and the Schiff base
induces conformational fluctuation, which may induce effective proton transfer.

[ SEFEEH. salinarum@BBICHEETAIN7FUFORT > bR . %
BE 7o bR TELUTHBSEEAE TH S, bRIZ. 248BEDT I/ EHSBRIN
THY, NV EPLBICABT ALys2161CRABATH B LFF I v THEEES
LTWw3, bROT DO b 2#ikicid. BHEROPICAE T S REEFRIL. Asp85.

Asp212, Arg82B XUV v 7HE (SB) PEEARHZZL TS, INETOEREED
[3-BClAlafE# B L ON1-BCIVallE#bROIFFEIC & > T, SB. Asp85B X UArgl20# &
REBOZLLIT. bDROBEAEESESZICEETAZ ENHSMIAR-> TER[1-3]. 4HI,
SBHEEOBRD OMEBERBETH V. Asp8O&ESBI L TIFIENHAEICH DAsp2120
bREKME L3185 EAOFEZEAE DREPC NMRZAWTEIT Lz, £/, SBAM®
HEEBEACIABAEVAEE LR EE OB OVWTHERLE.

(&=B)

- [3-ClAla. [1-*ClAlap L N1-BCIValiE#bRIT, ﬁﬁ?&? JBESUEREH TS
EEEeEE UL~ EEHEHT., 5 mM MES, 10 mM NaCl, 0.025% (w/v)
NaN, (pH 7) OBERICRE L. NMREERSR & LUz, 100.6 MHz BE{AE 0 REESC
NMR#EIZIX, REHT Yy 7 ARERE (CP-MAS) EREBT-Thy TRy s A
\ERE (DD-MAS) Z2HWw/=., HAESRME. MASEEER ; 2600 Hz ([3-3ClAlatZa#itElh
H 51134000 Hz ((1-ClAlad B WidValkEziatel) | i ; 1 ms. ROABRER ;
50 ms, ¥ODRURE ; 4s ((1-13ClAlad 5 WidVallEEii B ODD-MASHIE T, 6
s) . HBXUBCO/2/N0VA ;5 s, HEREEK ; 10000-300001E, HEREIZ20 TT
EIREETIT o 7=, '

BEHRESMEEISC NMR. N7 FUF0RTI >, BEAE, £5F, 2271 A—3a &k

iZB AEMT, APk STV, DU xLB, InES RBUY
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Fig. 1iz[1-®*CAlafZ5#DS5N (A) B
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WT) . DS8SNTIFWTIZHA, 176.5
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FHBOBC NMREEE DL 7 Mo Fig. 1 13C CP-MAS NMR spectra of [1-13C]Ala-
BEH 5. Asp85EAsp21 2D BRHIIbR E)fiﬁe(‘yvii‘j“ggjﬁ%? g dotted spectra are
DERBEIDENEEZD NS
Mote, Er-PHETASDSSAISSE% 70 FAEL TWA Z &M 5N TN BRI2QERKT
B, FO[1-PCIAIERR B DOPC CP-MASARY MUIZBNWT, BEEAY v 7 AERD
NMRIZEHE FRAEREINAE. 2N5 OFRIE. SBEBREET AMERBREDS B,
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Asp85EASP2120D Z D L S RDRAF DR S EADEEOENIT., EBERDSBEAsD2121,

176.53
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13CP-MAS NMR Spectra

------ Wild Type

D8SN

AN ~ MUGANY I X EICHFET HDIIHL. Asp85
C-helix G-helix ESBOMEMA DL, AspSSOEET HCA
E\ L w5 R ESBOGET 5 GA) v & AOMEM

. & B ROBLEBET 50 THDEELLND
= B (Fig.2) . ZOX>72E5Z0L/LIL. bROZ

RIn7ObU@EICES L TWaAMhd LR N,

& D85 paiz |
“ References
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: ’ [1] Tanio et al., Biophys. J. 77 (1999) 431-442.
i . [2] Tanio et al., Biophys. J. 77 (1999) 1577-1584.

Fig. 2 Locations of Asp85, Asp212, . .
3] Ka t al., Biochemistry 39, (2000) 14472-
and SB in bR (Luecke et al., (1999) Bl , wase et al., Biochemistry 39, (2000)
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Eifk13C NMRIC& Y —E FOEy J¥EHESF PSHQn ©
RS .

(&K ', The University of Akron®) O/KETHE | Bz ' BARER
PR —Y2 !, Han Chang Dae *

Structural Analysis of Thermotropic Liquid-Crystalline Polymers PSHQn by using Solid-State '>C

NMR
1Department of Chemistry, Faculty of Science, Kanazawa University, Kanazawa

*Department of Polymer Engineering, The University of Akron, Akron, Ohio 44325-0301
Motohiro Mizuno', Masaharu Shinokubo', Kazunaka Endo’, and Chang Dae Han®

The effect of flexible spacers on molecular structure of poly[(phenylsulfonyl)- p-phenylenealkylenebis
p-phenylenealkylenebis(4-oxybenzoate)ls (PSHQn) having varying lengths (1) of methylene groups of
flexible spacers and bulky pendent side groups was investigated using high-resolution solid-state *C
nuclear magnetic resonance spectroscopy. The separation of “C MAS spinning-sideband patterns was
performed using TOSS-t; -deTOSS-t - pulse sequence. The principal values of “C chemical shift tensor in
each carbon site were estimated by the analysis of the site-selected MAS spinning-sideband patterns. We
discuss the local structure of PSHQ# using these values.

[F] —E OV VS EST poly[ (phenylsulfonyl)-p-phenylencalkylenebis (4~
oxybenzoate)Js (PSHQN : n=4-12 iFAR—H—DREF) IZBENEND & H T A& L.,
RRIT 4 VHERTERWHRRICE S, 9 TFHEEZ Fig. 1 CC%TO PSHOn DA o Z4sfEE R (T,)
EXRRT Ay I -EAREEBRE T n BIKELABITONTTIARSEEHIT, 1 BMEED
PSHQn 127745 @ PSHAN & DERRBIRENE < 72D E WS BIFE R R T, LM X ARET & 847 (DSC)
DR SHEEICEI LU TUUT D 2 DOBMAIRINTE /2, (1) n W& D PSHAn 134 5 At D %
T4 v VHERTOICRL. B0 PSHOn 3R HORY T4 v IHEZRT, (Dn MEED
PSHON 1 n AT B IS DN TERMNIET . ABE TR ZOE D AR —DEES PEAD
ENTE D TRE L WEINE LS PSHQn O 11— )LE 2 BEIRE 5762 °C MR 2 LT g
B EERAT, '

36 5 5 . 6 3 -
B 4] 8 ) O—ﬁ 4 ] CH'Z)%
(o] O X

Fig.1 Molecular stiructure of PSHQn
(EER] C NMR OBITEIS CMX-300 % FHVFRIRR I 75. 04 Mz TiF o /. —RKICARYT RIVORE
I CP/TOSS % AV MAS 33 4 kHz TiTo72. ' OMAS A= FHA RN RXF—20
SBEIZIE TOSS-t | —deT0SS-t ,— 7OV ARFZRHNWTARY ML2E 2 KSCICERT3 2 &12L- T
Folz. TDEE, MASEEREVL 1.8 kiz & LJ=, ‘

F—U— R H—FE Oy VREESTF. XXF4 v 7. BC NMR. TOSS-t;-deTOSS /%
WAL —H 2 A o

HTO HEVAH, Wihb UAPE, LOLKIE £3E5. ZAED MO, HénChangDae
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Fig.213C 2D site-separated spinning sideband

spectrum in PSHQ12 at room temperature.

— AN FVERT, v BN
ANRT BEH A BN RREEREINEES

fREE 15C MR AR MIVERT, E—2ITft
TeNEBEREIAXRT FPLOREERL.

Fig. ! DBOFBBIIHIET S, AT ML
DIFBITNTT— I R— ARG FHEFEN
WS, Fig. 312 C(D & C@ Iz DWW TH
EENEACZ ST RN RIS —2 &
FDIIal—ra R HRE—2 ("
oo ED OBEDSMIER AR ML &LL<
IG5 ENTERTablel Ty Ialb—
Ta THLNAES T N FOVIIVOEE
ROHEZRY . BT PSHIN 12
DT HREBROHEIE Z1TV, BE5hz “C b
¥ T hF 2V NDEMEN S PSHIn ORGSR
n L TEDKIITEILT HhEBRLT7,

300 200 100

v (ppm)

sim.

300 200 y 100 200

(ppm)
C(7) in PSHQ12

v {ppm)
Fig.3 Site-selected

C(#) in PSHQI2 spinning-sideband

pattern
Table 1 Principal values of 13C :
. . Site 4 7
chemical shift tensor.
principal values of 022=196.6 022.=256.8
chemical shift tensor ~ Oyy=139.6 Oyy=1238
/ppm Oxx=226 0xx=113.8
isotropic chemical 119.6 164.8
shift value / ppm
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Deuterium NMR Studies on Gel of Rigid-Rod Polymer
Department of Applied Physics, Hokkaido University, Sapporo 060-8628
Kanji Takeda, Toshifumi Hiraoki, and Akihiro Tsutsumi

Poly( v -benzyl L-glutamate)(PBLG) in benzene forms a thermoreversible gel. Deuterium T2 of
the solvent was measured to investigate the sol-gel transition and the dynamics of benzene. T2
of benzene decreases with the PBLG concentration in the gel state, showing the presence of the
slow motional states of benzene. As increasing the temperature, T2 increases, rises steeply from
20 to 27°C due to the gel-to-sol transition, and approaches the solvent value. Decreasing the
temperature, T: decreases very sharply below 8C, showing the sol-to-gel tramsition.  The
rotational correlation time and the activation energy of benzene in the gel show much less mobile
than those of the free benzene, which indicates the hindered mbtions of PBLG. T2 decreases in

two stages with time at lower temperatures, showing the two-step gelation.

[ H&S] poly(y -benzyl L-glutamate) PBLO)IZR B o Ta —~Y v 7 AREER L AR ok

WEDFTHD, ZOERITKIR T PBLG OB REBIC L0 FV BB L., IREE AT
N=TNEB R T, ZOBEBICITRENKEBEE LTS ZERRBIN TSN, BE
T AR O M TRV, AT, PBLG— V¥ L BIRD R Y - ORE R
® PBLG B - REKREHEZAE L, WEOBIFEL YV~ S VGRS L OBREHR~T,

[ - BiE] 3BH PBLG 2 10%EAEL~_ oz, B4 7 EE 1.0, 3.3, 40. 5.3,
7.2wt% Db O EMERK LT, A NMR BIE T, H0E 3% 41.36MHz, B0 54k 2000Hz
TIT o, AV — A U FETIRER Te & CPMG HETRIE L. 180° ~L A DY IR UFEREIX 10ns
L, WTROBRBCTHLEKR Y 7T —ARORBE S, BEESIE—-ofBKBERT
fitting T2 Z & T& =, APFETHEAE MR ZHVE=0E, EhkSEKIII=1THY. NiETF
BIOAEZEBRBIZANRNTLIVOT, BIIBERICBIRZHTDTH D,

poly(y -benzyl L-glutamatePBLG) . ~<» ¥, EHAKEZENMR ., YA —FLEE | T

T EBAL, ObBEE LD, DOHBHEVAH
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[#55R - E2] 5.3wt%aAB O Te DIRFEK G
% Fig. 1 IORT, FiREE, 20CLATF DL RE ST T T T T
TO Tl IO B O Te L 0L, BUOEENR
BON B LT REIET D = L 2R LTS, T l
21~27°CC Te SR L5 L. Mk C ,,/””jffigg
BEROAZD T2 5<, T DELIIDSC
HIETH SN2 5 THBH)— Y IVEER D
BEGMIC - LTHWADT, BED T
VNN E R TS Z LR
bhiote, BRM, Teid SCULTF TAKIC B o e
L, 1CHBETCHNVIREED T & —B Uiz, FkE 2p @ " — sl

1 L LALll

T,/s

ORRMLOBECHBRI S,
FAREE T, R U4 FizonT free @

0.1 =1 L | w1 L -
iKi& & PBLG I~ bound LTV 5IKEED 2 48 0 20 40 60
BT NEE L EEAHBERER] &SP b R temp. / C
F—% XKD, 10CIZEB VT, bound L7 Fig.1 Temperature dependent T,
5y FOFABIRE R IZ 80ps, TEPELT R F—id of benzene-d;.

41kJ/mol & 72 >7=, free IRHED 2ps.

Tkd/mol & H~2 & | bound L7-FE FOBEB LR VFERENTHE Z L83,
SRR OBER L TWE  VLIREU T CIRE4FEE L C. T ORFFEEL 2R/, 5.3wt%

RELD T OFFHEUEFEE Fig.2 157 T, 6CHh 6 3.6°CTIIFFEIZ O T Te i 2 BECld

L. Z/VRED T lZiE-3<, Z0ORRE27 77 IORXNTHET L, METRE BEE Rk (Fig2

FED . FERIIRFYH, OB CORBIRTEME S BITH R L b THET 5,

I L4 L llllll' 1) L] |||l||| L] L |l||||| L] T lllll'l ) rrrel
e O OO0 Omo po O :13%C B
£ e O 6.0C ]
g- & :4.5C .
o V 3.6C
S :calc.
3} 4
F1% J
0-1 + L Jlllllll L 1 llllLll L L LJIIIII L L Illllll L L Illll‘+
10° 10' 10° 10° 10* 10°

time / min

Fig.2 Time dependent T, of gelation.
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BEREEENRICLSF MU —ESTEEKROEBERNT
(K - ) OHTEEAS, MAFZ, il—ik, WTFH—E,
KEER, BRHRE
High-Resolution Solid-State NMR Study on Chitosan/Polymer Complex
Shiro Maeda, Takayuki lida, Kazuhiro Nakae, Shin-ichiro Yamashita,
Takatomo Ohshima, Kensuke Sakurai
Faculty of Engineering, Fukui University, Fukui, 910-8507, Japan

The inter-polymer . interactions of chitosan/(carboxymethyl cellulose) (CS/CMC) and
chitosan/poly(acrylic acid) (CS/PAA) complex were investigated by using *C and "N
high-resolution solid-state (CP/MAS) NMR. >N NMR spectra of both CS/CMC and CS/PAA
showed a little signal at about 120ppm due to amide group and main signals were observed at
about 34ppm, where the chemical shift range of NH>*. From these results we concluded that
the intermolecular polymer-polymer ion complex was formed.

[IZL®IZ] M ACSHITEBMBRIRICERT 5 LRI A FALITRY, €B, b
LBRIT=Fd v e EEEREERTAIZENILMbNTWA, £, BEFIL~
CS#EdhiE, B CSHBRM O EINA Z DL TND.

DO TIE, BCIREESMEE NMR & BC 8 L0 PN BRSSO #2EE NMR % Hu
T CS/PAAGF b /R Y 727 U VERDE CSICMC( MU /AN REF L AF LD
—R), 2ODEGFEEEOHEREREORER AR,

[3B] CS(HEF vV, DAC=97%, DPn=5500)i% 5%i@& 7B b U w7 bk
BRCABMBETAZ LICLVMBEA LK, BB, e, 2L C1 ARERKLE
L7z, fEEAE L7 CSITHERIEMNS, DPn=367 T 5. PAA(Aldrich, Mw=2,000)&
CMC-Na (Fot#liZE, DS=0.8, H5EETFH4rFE:1.06X10%) IR/ L.

CS & PAA 1T 2% FBEKIBIRQWYNZ TN ENEMET D &, T <ICIEPRIS. 1
AfEL, £EOLBRYEZEREFLLZODL, 1 BEEEEE L.

CS/CMC 1% 2.0W%/20%E XFBENKER T, {LFEERPIC 11 1225 X HFARL,
60~70°C T 8 BFFEIRLER L 7=,

[3@] [Ef& NMR EIEIZ1E Chemagnetics CMX Infinity 300 % BV, BCid~F ¥ 2
FNRUBATBIT DB AFVERSZ L TMS 55 17.35ppm, PN IZZ VD7 Fu
ZURIE NH; 725 32.5ppm & L, ENENSNMEREL L7z, BIK NMR BIEIZ X JEOL
LA-500 A L7z,

BEEE S AREENMR, CPMAS, B TFEEE, *

£X72 LA, WWE = E, iz hTOA, RFELE LAVWLAS,
BRLE néb, S<bHW FATH
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[FER L EE]
CS B L UVCS/PAA @ 3C CP/MAS D A2 ML %,

1 D@ EVOITRT. EAEHRICEITFS CS D
C1 ¥ 7 FMSERERRANC 8ppm &7 R L, C3 2 A e e /\
MiE3ppm 7 FFBDT, Cs & COERH>THE o’ i

VI FNDSBEL T2 RIZ CS/PAA O PN CPIMAS 2 R

R MVER 27T, CS DN BED Y 7K /\ , \
RESRICS 7 R L, #33ppm BN, 33ppm fHE (6 b &

ENH O by 7 MEBTHEDOT, D LT Fig é’sfpgihggg%:;egsﬁ?b‘;fgggﬁn
VEZY LA A OEERZTRRT S, Lo TH

A1k, CS-NH;"...O0C-PAA D LI RA AL EZ A4 TORY = —RHHEERIZE - T
EmEhdLEZOND.

CS, CMC, CS/CMC @ C CP/MAS A2 MV %K 3 12773, CMC 2% 180ppm
IZ COOH [RFED Y 7 FNAHRHENTWAS. —F, CS/CMC Tl 170ppm & 180ppm (T 2
EOL T FARENT. CS/FEEF v A MEIZBWTIE, C=0 ® L7 F X 170ppm
WWENDD, T CS D NH ERFBIZ LV RV INMEP2ENTT I RED C=0 D
YITFNET 4V AFIZETFET D HCOO A A D C=0 O 7} /L3 170ppm (ZE 7R
STHENEZEDTHB. —F, "N ZARY MUIIET I RO 7 F /&<, 34ppm
WKRERYTFNABEND. LId o> T, CSICMCIZHEWTSH CMC D C=0 D7)
B3 180ppm (ZFAL, BN INLEINT I FE L HCOOA D C=0 RED
T 170ppm ICE R > THRZEEZONRD.

LAEDRERD D, CS/PAA, CS/ICMC ¥H HDHA S CS-NH; ... O0C-polymer M X
IRV v —fA T EEERERIND LEXLND.

/\ ’
€O e ——

(b}
(b) -
180 186" bpm 60 &

Fig.2 *C CPMAS NMR spectra Fig.3 "N CPMAS NMR spectra of chitosans and chitosan/poly(acrylic acid)
(a)chitosan (b)CMC (c)CS/CMC complex: (a)CS/PAA; (b)chitosan cast film from 2% formic acid; (c)chitosan

0 ppm

[ZE 3R]

1) S. Maeda, T. Ohshima, and K. Sakurai, Proc. XVIIIth Int. Conference on Magnetzc
Resonance in Biological Systems, 166(1998); K. Sakurai, T. Ohshima, and S. Maeda Adv.
Chitin Sci., 135-140(1998).

2) %é#ui%é, BTHESER, EFEFHE, *Fv X MFUBE, 203), 197-204(1996).
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Bl NMR I & % Isotactic-Poly(1-Butene) D B8 E fEYT
R OZ6F—, HWEBE. B, ARRE 450Uk

Chain Dynamics and Conformation of Isotactic-Poly(1-Butene)
Investigated by Solid-State NMR
'National Institute Advanced Industrial Science and Technology

Department of Chemistry, Graduate School of Science, Kyoto University

Toshikazu Miyoshi,' Shigencbu Hayashi, ! Akira Kaito,' Fumio Imashiro?
High-resolution solid-state BC NMR spectroscopy and MM3 molecular mechanics
calculations have been applied to investigate side-chain conformations, side- and
main-chain dynamics of the form III polymorph of isotactic-poly(1-butene) (i-PB). The
13C two-dimensional exchange NMR reveals that the 74 % polymer chains execute 90°

helical jump motion with an activation energy of 79.3+5.6 kJ /mol, while the residual

chains are immobile. The 90° helical jump motion is found to be still active below 7.
With increasing temperature, motional mode changes from 90° helical jump motion to a
more or less continuous rotation. It is suggested that the main-chain dynamics is affected

by the dynamic disorder of the side chain.

<HEF> IFE. HRTEE NMR BOBERIZLY . &0 T ok, ERBOES THO
AT I ABHLNNIRD o005, EEBT i,ﬁe& % BLEE R D B BERIL BN T T
AGBEEU ECREXDZEDFLNIRY ZOF AT I 7 AIH T RAGERIBEERECT
X, WLF o kvskansg, RY=FLro ' RUTF I AF L2 POk TR
DIFENRT Y v TEBECANY v 7 REEEITV, EEIOMEERERMIT Arrhenius BIIZ L Y
TRINTWD, TGO FEEOBRMBERE L. JEREO N T AEBIERE & FREOR
HOMTHD, ZNHOEELY | FELHEOS FEE ) BRI K SFE O FES I B2
75:)3’1 ILTWVDEHRIENTWD, 2O Eid, #EENBOS FHEESN Y T A% LY
BEONCEWVIRE THRAET D5 FOESEN T T AGBEEITE CAKICETT5 2 8
EARET S, LU, T AGRBIRE IS COMSEO S FH#5EE & i L= FlI3 S ET
Hb, Elo, EROBEETES THRHBLEE T EEST— FE2E X2V Ehbha T3,
AVETF o IRY (1-TF ) (TR DEH T CTERESC Ny X VHEEODRRD 4
FEEOESEREL T, 1 BRER DS 781X orthothombic i+ DT 4, ~U v 7 2
EETRT 5, 33 &2 1ZEE NMR B4 AWV T I BERNEOE S FHEOS FESH 2

<keywords> isotactic-poly(1-butene), 7 [-#@h, =22 74 A—3 a1 HiEEH, il

HELELMT, FERLLITDS, DESHEL, WELASAE
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~EEETSE
D DERRELT,

<HER, BESN 1 1 RO BEKSSARE
BCNMR A7 hvERT, KIRICT 5 & &EFH
DT F IR 2 RIIBRERTDHOBRLNE, ZONE
SFRNOFESEM 2 A MIEET S, 2FY,
ERTEE LS 70k 2 A FOHiE T,
I DOAZHEENL 000~V v 7 AT ¥ UTEBICL D
bOTHD[H2IETTIRFTLZENMR A7 FATH
o HIE & ZOFITIC X 0| 272K TiX, N AURESER
=/\%fﬁi255z’\75 572V, 75%D5FEE 935
@/ﬂv/miﬁ?f 90°~U w7 RV ¥ T EEH AT
. DO 25%EEh DT L SE B
éagww7z%%ﬁwf9mmjyﬁxy¥yf§
BOXA ) I 7 AR LIz, TOKR, ¥7 AR
BEEUTTL, ~V v ATy TEEINEEL,
y?//@fi?V*ﬁA%&
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Chemical Shift / ppm
Figure 1. C CPMAS NMR spectra of form 1Hl

polymorph of i-PB.
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Figure 2 Beap exchange NMR spectrum of form 111 polymorph of

i-PB at 272 K. The mixing time is 300 ms.
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[1-"°CIval B/ AOTUABRTIUIZEITS
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Modulation of Cytoplasmic Surface Structure of Bacteriorhodopsin by Electric Charge
as Studied by High-resolution Solid—state NMR
Department of Life Science, Faculty of Science, Himeji Institute of Technology

Tadashi Arakawa , Michikazu Tanio , Satoru Tuzi , Hazime Saito

We compared '*C NMR Spectra of [1-'*C]Val-labeled wild-type bacteriorhodopsin (bR) and mutant bRs
containing replacements of Asp®, Asp®, Asp'® Asp'® Giu'®, by means of Cross Polarization-Magic
Angle Spinning (CP-MAS) and Dipolar Decoupled-Magic Angle Spinning (DD-MAS) techniques, in order
to clarify the effect by electric charges on cytoplasmic surface dynamics. The absence of a negative
charge at surface modified local conformation as well as backbone dynamics, as manifested from
displacements or intensity change of peaks. These spectral variations are diminished by addition of 40
1M Mn¥, proving that conformational changes are from the surface domain. We discussed a relationship

between this dynamic structure and proton transfer.

[1IZLHIZ]

BENIRE Halobacterium salinarum DEBPICHEE T BZHEBE IO R TCH S\ 27)40rS
LUORIE. EORENCBRIDREERIVIAVEDEFINELTERDIENTED, CRETIC,
pH-RE-IBEEM - EB A VBRELGERLGBBEAFICRYEBEND  C RIFEAS loop #88
R EEREOENEE R EEA R —DFELRLUTE R, £/-. bBRO NMREHR
DR, Ala D C, %> C=0 RFLEFHLIIBE . MAS BIRBO0HIED FHITELST loop HEDESH
SHBT BDIZHL . Pro % Val O C=0 IRFEH OB E . LBHSLOESEHHBERTESZ LM
2 TCTEf=, [1-3ClVal o DESIE 171.1ppm (V199), 172.0ppm(V49), 172.9ppm(V69). 174.6ppm
(V179,v187) OBBHB/LNTOE"?, AR CH. MIEARE EAETI8ERBHRALTER
L#=bR [Z[1-°Clval BEZTL EEESROERERCLOBEE[RFIHLLLIT. AVNTED
BFICBITAEEE S HEENMR OFUMREE8AILEHHELT:,

(FHTR]

BEIFEHEOFEN (WT;S-9)EF R (DI6N, D3N, DIO2N, D104N, DI02N/D104N, E166G) %
[1-°C]Val £ 8T & RIS CHEEL CRMKERL ., UL 7=, BT 5mM HEPES(pH 7.0), 10mM
NaCl, 0.025% NaN, B BLRICIRAL . T, FRERET 10.dIZBEBLI-bRIZHLTOUM MnZFENZ
fEELARLE, FRBILRDILBE. RUYMEEOFEENMR EICBALL, BIEPOKL, ORI
ERACT-OIT NMR EX vy FIX BRI THU . #AGRELL . BFIRSREIZLI,

B&NMR, RHFUFORT Y, MBEEAREES

Hodh =20, IIE AbHT. DU &b, SES (LS
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FUSE 1L Chemagnetics CMX—infinity 400 NMR Spectrometer ('H:400MHz)% RIL\TEIT CP-MAS % &
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Fig.2

CP-MAS NMR spectra of [1-1*C]Val labeled bR with
Mn2- of wild type(A). D102N/DI04N®B). E166G(C).

[B8&XR]
(1) H.Saito et al., (2000) BBA 1460, 39-48
(2) AKira et al., (2001) NMR Eti&< 40
(3) Checover et al., (2001) Biochemistry 40, 42814292
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CP-MAS NMR spectra of [1-12C]Val labeled bR of

wild type(A). D102N/D104N(B). E166G(C).

Mr*ZRMLE-RB(E2)TIX.B1TR
b=k IGESEIIBRAUCELRET,
£ T, TOEEH M CIEEN T LU -
I MnZ DR BONLBKESHITEL
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DR EL TIE V34(A-B loop), V101(C-D
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An Investigation on Free Volume of Rubbery Polymers
using 129Xe NMR Spectroscopy
Department of Materials Science and Engineering, Nagoya Institute of Tecnology
Maki Ohno, Tomoyuki Suzuki, Hiroaki Yoshimizu, Yoshiharu Tsujita

In this study, to clarify the relation between 29Xe NMR chemical shift and free
volume of rubbery polymers, 129Xe NMR spectra and Xe sorption isotherms were
measured using acrylonitrile-butadiene copolymer rubbers(NBR) with various
acrylonitrile(AN) content. The result of Xe sorption measurement revealed that the
sorption isotherms of all samples obeyed Henry’s law and as well as many other
rubbery polymers. The sorption amount of Xe increased with decreasing AN content.
It was suggested that 129Xe NMR chemical shift of the 129Xe in NBRs reflected the free
volume of each sample, because a good correlation between 129Xe NMR chemical shift
and density was obtained. These results can be said that the estimation of free
volume of rubbery polymers is possible by using 129Xe NMR spectroscopy.

(BEDY Xe IZMOMBEEMEEHLIZL LK, EFLAERIEEREZETL-H, AL
DOREEZRKBLUTURLEW NMREES 7 bERT, LED>T129Xe 270—7& L
TEAFICNEZETNMREIEZT. FONMR VTV FIVEBIFT A LIZLD
BATORLRIBEREB/DIZENTED, AHETIE., TLREHFPICEET S
129%e $%D 129Xe NMR b3 >7bﬁt:bﬁmﬁ¥@ﬁiéam¢ﬁtwﬁﬁﬁé
129Xe NMR HI5E K U Xe INFBIED S 5@ L =0

(CEBYEICZELZ2O7ZZ7) O M) VANESEXEZF>7 7))o= M) )L —T7%
VI HEERKRTLNNBR E AW = Xe INEHIE X CAHN (HEEEEF REZ AL,
EERICL D ESHEFE 0~760cmHg, BIERE 25°CTITo /. 129Xe NMR #HIEI
FTETANLTLTNEF 7OV T DD = NMR &(Wilmad fHE)IZ# 1g
FHELUEZER, +OEEGRE LTI OFMEENICHYET 2 Xe 2EA L TH2INE Tl
WZELU =%, BEICHWE, 129Xe NMR X ~<7”7 b Lid, HAZEFR) D
GX400NMR 4368t & F ., 25°CIC BV CBEIREIEE 110.56MHz i T > 7 VISV R
ETHIE LTz, 129Xe NMR b% S 7 MEIXFERICEHBAIZ W 254 129Xe DE— 2 219

129Xe NMR {t¥> 7 ME, TLRESF. BEERE, BE. 72700y v—7
yoT HESGEKIL

BBEOIE, §IELHOE, LLATVOAHE, DULLLIES
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HELHEY UTHIEL =,

(HRLER) Xe WEMERIToEHER. WIThoU L 7V JLRESFITRH
#72 Henry MOWEEFRBHRE R Lz HY 7NV Xe INERIZ. AN SERORM
IHENWED Uz Xe ZRESH A AR LT boME L HEEA LIS WD T,
ZDXe RERDEVWZY > 7NVHOBRFEOREZICER TS LEZ 5N 5, 129%e
NMR I Z{To =R, WIhOY Y 7V EHOEIIZEVD T HhRH & KRS
Y7 bUL. COEMEY 7 VORRE LT, B2 7NHhD Xe BEDOMMDEIT S
hzd, —iic. 129Xe NMR {t%> 7 ME(S)IZS=0 S+ EH+SXe) I N B,

Z 2T, 09 Xe RFLZTERAEE L DERIC
LBETHDH., TEREMBNIWVIFERELI DB,
SEIEHICLD5BH 2V Xe JFPLHD
BRBEICX>CEISHISNBIETH 3 H.
BEOERESFCRIOEBIERLTLWE
EZo6Nb. £ 6 Xe)ld Xe BEFRETD#E2E
IZLBETH D, Xe BE L & &I IEM
T2, JLREBHFIZBNT 129Xe NMR L2
7 MEIZEAE & DHICHIEMICERBES 7 b T
B, Chit Xe BE L ESDBIEERICH 5 7=
DTH D, 129Xe NMRILZEY 7 MME#% Xe INE
EClzuLT7ow b L(Figure 1), C=0 {24}
Bllze COEZSOELMT, Zhid Xe IR
F e FHEBME OERICERT 2, Y7
VDS (SEIZ AN EFROEMIZENKRE L&
S AN EERL L HIZEY L INVOBE T
mi s, BEIZEBOEEZR L TNWBEELS
N, BEMVNIWFIEZERIIZ b, F/=.
TLARBSFICBIT 2 ERITEBEBICRE L
TWb, BoNE=&T L 7IVDS(OMEEBEIZ
MLTC7Ow bLEEZIARVWHEDRE S
(Figure 2)o 2D &5, 129Xe NMR iEIE T
LREATOEHEEZFHET 2 7=D0EN -
FHEO—DTH B LB TRBIN=,
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Figure 1 The plots of 2% e NMR chemical shift
vs. sorption amount of Xe for NBR
at various temperature.
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Ring Dynamics of Amino Acids by solid-state 2H-NMR
1Department of Applied Physics, Hokkaide University, Sapporo
2Graduate School of Pharmaceutical Sciences, Hokkaido University, Sapporo.

K Kubo!, T. Hiraoki! , T. Hamada?®, and A. Tsutsumi! '

Dynamics of the aromatic rings of L-phe, L-tyr, and L-his selectively deuterated in solid state
were characterized by 2H-NMR. The spectra of L-{3,5-2Hs}phe show the superposition of
two components from phenyl rings performing fast and slow = flip motions about the C4-C,
axis, and corresponding T: values are 10ms and 4s at 22°C respectively. The spectrum of
L-{3,5-2Ha}tyr at 22°C shows a rigid lineshape with remarkably long T:.  The spectrum of
L-{2-2H}his shows a nearly rigid lineshape at 22°C, and a nearly rigid lineshape superposed on
the inner singularities with the quadrupole splitting of 42kHz in the center of spectrum is
observed at 60°C, suggesting the reorientation of the imidazole ring.

(IFL o)

BEEET I BOT == LT T . .

(L-phe), Fui (tyr), EAFY  yN—C—COOH  HN—C—COOH mmﬁ—mw
v (Uhis) OEFROYAFI 7 A3 6 ' ' '

= CH, CH, CH,
HBIR, b BROEW., KEES., ERK
BICE->TRRY, ZOFMIALHT N\\
P72 u, KB it 1phe | L-tyr. L-his
e D D D D D) A
OH

DHFEROT AT I 7 AOE N R

BEtL, A4 FI 7R LS DB

FHRBDIL, FNFROERRARR L-{8,5-2Hatphe  L-{3,5-2Hqjtyr  L-{2-2H}his
BHCEARF L, BHREAENMRIZE

Y HlE LT,

(%)

HEROBKRRMIBERICNE S TIT o7z 12, BEARRLENET I VEBEERSLCRABL LT
Ao, (3 - 1-{3,5-2Haiphe, L-{3,5-2Haltyr, L-{2-2H}his) ML 2ZH-NMR. 3C-NMR iz
BRUKER DSX300 2/ U7z, (o584 : 46.07TMHz, 75.48MHz)

WRLER
1-{3,5-2Hzjphe DA FLOBREKREE %7 T(Fig.1), quadrupole echo iZ k%2~ kfa)
VEFRIZHEV, AMBD R OIREEAED L, WO Ry OMEEAEM LT, £, 22CTH 5 71C
{1 E Trd+120kHz 11 rigid pattern IZFH 2 B BE Sz, it phenyl BB

B 2H-NMR, 78, HFEFR. 7o —7u7

SEFARE, O6BEE LSRR, BERLEOB, 20AHEVA
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Cs-C,HH Y D = flip EEHNTH VRS LBV EBHEFELTOBEELRL TS, BT E
9 % 72 ®IT saturation quadrupole echo = & ¥ BIE L7=(b), FRICHEV, Z OMEMMML
2o 22DARNXY MAOEEENS, BV phenyl BOE| S 2 RO RN Fig.2 Thb, 22CH
2205 T11X 10ms & 4s T, = flip EBI? jump rate IZFHh-Fh 3X10'Hz . 8X104Hz T
»5B, , .
L-{8,5-2Hzttyr ® 22°CH A7 blidrigid RBEERL, ELL TiBREWIZ LB oMoz,
Z OFED C13CPMAS NMR A7 FARISHWE /L. HEENE L, L b S FRIARRE
BIZEY, BREBLEWLEX NS,

L-{2-2H}his ® 22°CHARZ MU rigid 2B E T, 60°CTIHART M D HFRIEIIC
42kHz OHRBEFORSPHBE LTz, ZORMIEA I 5 —VBRBERZ L TWA I LR
LTWB2, Cp-C, 88D D nflip BETIEARV T EMFHE R P EDHEM LSS T,
L-{2-2H}his DA 2 &Y — VBRIt 6 BRIZESTHBENEL | SFRIARBAIC X EEOHIR
EZFCWBOTaflip EBILISOESZ LTV EEZLND,

EROEMIIRERICRET S,

BER
(1) D.S. Wishart, B.D. Sykes, and F.M. Richards, Biochim. Biophys. Acta, 1164 (1993) 36-46.
(2) H.R. Matthews, K.S. Matthews, and S.J. Opella, Biochim. Biophys. Acta, 497 (1977) 1-13.
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Fig.1. Temperature dependence of i quadrupole ezcho @ )
and saturate quadrupole echo (b) spectra of L-{3,5-"H,}phe. Fig.2. Temperature dependence of
the fast component fraction.
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Structural Phase Transition in Regio-regulated n-conjugated Polymers
Naoki Asakawa,! Myagmarsuren Bomboo,! Minoru Sakurai,! Yoshio Inoue,! and Takakazu
* Yamamoto?
tGraduate School of Bioscience and Biotechnology and 3 Chemical Resources Laboratory, Tokyo
Institute of Technology
4259 Nagatsuta-cho, Midori-ku, Yokohama, Kanagawa 226-8501, JAPAN
Tel:045-924-5796 FAX:045-924-5827 e-mail: nasakawa@bio.titech.ac.jp

Solid-state structure of some five-membered ring m-electron conjugated polymers with high
regio- regularity was investigated by differential scanning calorimetry(DSC) and 'H, 2H, and
13C solid-state nuclear magnetic resonance (NMR) spectroscopy. ?H quadrupolar echo spec-
tra of a head-to-head (HH) type of perdeutelated poly(4-methylthiazole-2-diyl)[d3-HH-P4MeTz]
shows asymmety character above ca. 290K, which could be due to wagging motion of the methyl
groups and /or discommensuration of HH-P4MeTz. 'H transverse relaxation timne measurements
of the methyl protons in HH-P4MeTz with two pulse Hahn echo (TPHE) and Carr Purcell Mei-
boom Gill{CPMG) methods shows that there exists diffusion-like motion in the system, which is
probably due to the modulation waves. The dynamics of the modulation was investigated by 2H
two dimensional exchange NMR spectroscopy and the exchange rate was as slow as an order of 1
kHz at room temperature. The structural phase transition was also infered by two dimensional
spin-echo '*C CPMAS experiments of HH- P4MeTz and ab initio chemical shielding calculation
of the model compounds. From quantum chemical calculation of *C chemical shielding tensor,
it appeared that melting of the face-to-face m-stacking is strongly correlated with the methyl
rotation in- HH-P4MeTz.

NETEHRLIT. FIKEENMR 2HWTr
HEBRET O FRERRNTETH
3, SHEBA L. HH-PAMeTz ORELER
BIBERT (DSC) HE & XA FIVEE 9% E
KB L =3B & VW E 2H s a—
NMREEICE Y, A FILVEDEHEGER L
T AR Y X T DREREE R TN,

1. ¥E

—RBEHHEORY 4 AFIVF
7 = -2,5-¥ £ JU)[Head-to-head (HH)-
P4MeTz] I3HERFLERM face-to-face BID
TARYFYTTEZLICE Y URICHE
THZWOAFVESNREICHEEICH
FIL 2= — 7 RS R T 5. 2

Lr SRS - RIS - CPMG - Hahn T —

2. £

(TR

HShbrBE AHSELZTHA=TUR, <
LVWHDE, WDIALLB, RELHLEMNT

—RBEFEEDORY 4-AFIVF7
V' —)V)[PaMeTz] [NO S ALEREEEE
ICEUER L. DSCHIE (Seiko,DSC5200)
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B LU NMR B (JEOL GSX270,Varian
Unity400) 247572, 2H NMR O#EICI
PR F-T I -k % VY. 118~393K DEE
WHETEREIT-E.

3. R -ZE

DSCHIRIC & Y. PAMeTz TlIH 200K
IR EREOBL R - EREE — 7 )
BHISh. P3MeTh TiIH 363K ICH#od
LR D RWIREE — 7 B2 h =,
PAMeTz IZHEHB R BB face-to-face BID
T ARYFVTTBEZLICEYHSICEE
FTEZHDAFINENEEICEHHBEICH
FIUEREEERT 5. fI#EHORXFIVK
Ex WOREBEAKES RN UE PIMeTz 24
U, BfEZH ST a— AN MLk
118~393K DIREMEATHE L =& Z 5,
EBOEEHM TR, AFIVEKEOH
RANT MUICTERNFHED BN = (Fig.1).
FEMHEDREE L LT, BROFELE - *H-
H I H Y TV T edot Cs, SIRMED
B - Wagging 28 - discommensuration
MNEALNS., IENHHENERMETO
BREND DT, BROELE 2H-2H W&

FhY TV TR O, WFMEDTBENIC &

BB, BD Wagging EHj &
discommensuration {33 U BN Tl
L. FEREBHTORFEMDOETEIIE
BLTWBHEICIE Wagging B2 UT
BHHchaZLPEYES. HH-P4MeTz
ICBWTHERBLIEET LD Mt
EHLMTE WA, 2HAXYZ VD
DO|ERORERFEOENL Y, HH-
P4Me Tz IIIRT- OB DIEFEM U =E
FIENEEL TWT, 203K DEBITES
REBEEBTHLIABELND S, SBICH
ZIRTTRHER NMR e 24T ok Z
A, BREBOIEIIEEIEL, BkH
ETHhHaLRELONE,
ZHhHLEROERN, BC KT
NMRAE Y ZI—HERIC K UTERELEA
FVIRFBOBESERT >V IIVEEICEEHN

2o ZHUE. ab initio D FELEIEIC & B8
SERETEI D BRBEINE,

PEEY, BEMAETDSCHREICLY
BRI N EREY — 7 132 OEEBICE
3 face-to-face D FR 7 AXYF U TD
BCRBEINBLEI DN, ZORBRIC
&Y 1 HAERDIENY B2 R7T (FF N+
BFE) DS 1R (DFR) IEBTLE
ZeBNHBOBRILORE T R2WheE
Abhd, BEDOZ L eBE2 5L, HH-
P4aMeTz CTliX. AFINVDEEHEB L » A
RwF T ORMBEL HNEHELTWT,
RER L HRTIBEEDDRWEBR D
NAEEFRCBWT B L TEERLD
HEERIBEWZ 2D,

Frequency /Hz

Figure 1. HH-P4MeTz D 41MHz *H DU
FTa—-aANRY MV
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N,N-Dimethyl-p-nitroaniline in the micropore of Na-type ZSM-5 (National Institute of
Advanced Industrial Science and Technology) Yoshihiko KOMORI and Shigenobu
HAYASHI

Interaction between N, N-dimethyl-p-nitroaniline (DMpNA) molecules and Na ions in the
micropore of ZSM-5 was investigated by using solid-state ’Na NMR spectroscopy. DMpNA
molecules were introduced into the micropore of Na-type ZSM-5 at 443 K. It was found that
the color of the sample depended on the amount of adsorbed water. When the sample
adsorbed water molecules, a broad **Na signal at -6.2 ppm due to hydrated Na ions was
observed. On the other hand, when the sample was dried at 423 K, the “Na signal shifted to
-17 ppm. Furthermore, the signal was detected by cross polarization method, suggesting that
DMpNA molecules located near the Na ions. It is concluded that adsorbed water molecules
play an important role for controlling the distance between DMpNA molecules and Na ions.

1. #=5

EREHT ) EEHRITER - AR ORI EERRFELZH LM E LTEREZED T
W5, LU b (X ) ok 2BEHS T (KA N 0¥ A7 2%
ZOWTRET SR P 22 < R T 7 MEBORIR OIS X My TFOEBRLEK
A b—=FAMRBEERAZELMCL, FNCESWIMEIBRFOEHORINEE TH S
EEZOND, BRI N —T T2 2 EBEBERA MBS p= a7 =Y VEDES
OWTRIE{ToTE TS, 3

AR THENaBRZ SM-5EF T4 MALNIZN, NV A FA-p-=trua7=l v (DM
pNA) ZMESEEREHNIEZR L, ZSM-51ERN 0.54 n mOEHAKROMILEZ A+
ZEFZA T, AlBETE2BRICBASEARI L TCNaAF U 2#AICEBATS Z LA
BThD, ZOBE. KoFbRIRELLT L, EF74 MIFLN T Na 4>, D
Mp NA, WEKDIELGBEGLTWAIRELERD, ZORIZBWTHREKOFEIZLY
RBEOARAHHICELT A L2 REL, TOERICOWVWTRE L,

2. EBRHIE ,

N a B Z SM-5 (IS0 Shdfh SN TV DB BAME (JRC-Z5-70Na ; Si0,/A1,0,=70)
ZHWE, ZSM-5%4 73K T3 hEFEHRLZE, ERFEKXT CHAKFYZV 04
S FODMp NAXEAL, BEVOA-TRARBELEETFTCEHUZ, TNEDMpNA®D
R (436K) ¥EEL., 443K T3 BMMANET S Z L TRERISEET S,

E{&2*Na NMR4SHTiE Bruker MSL400 B TN ASX400 Vv viz, 72 o AR—F YV E— 3

BENMR, €474 b, =btur7=Yr ;) EH. 5758
ZHBELOZ, FReLLIFoR
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Y. (CP) BIEIFRT v 7 RZBT%-2 p p mD Y 7 F/VHRE & H&KIZT % Hartmann-Hahn
ZUFCHE LI, 1To7z. (¥ 7 MIIM NaClaq. 25EiEE L,

3. MR- EBR
BONERE 2 ZERRICHE L TR < LK 8 %RERE Lz, ZOROREOEIEE
ThHY, UV—v is A MTIERERBEERSAHA400nmERLE, ZOREE1
50CTHER - BATRERBOBAIIBAIZRD, UV—visAN7 FATEHEHN500n
miZRINERHR Lz, ZOEEIBREBEKROFEIL Y AHTH- =,
RAKEIEOE %22 Na NMRZHAWTHEE
L7, DMp NAKIGRIONa®BZ SM-5 (X1
a) vy —7%27.2ppm (A) 7 u—FK7A
-6.2ppm®dOTIFN (B) Erd, Epse
BEUTFNADLES T MERELLEBEVDIZ @
LT, T FNBIE-25p pmfirETY7 b
L2 &b, AT EHBICEM L7zN a £ 3>,

W
%%mmﬁ%ﬁm&LtNa4ﬁV&%i6hto(WMMMWJ e
DMp NARUGH, R THE L728ED 2~

7RV (E1b) CiEY 7 FABIZ-6.5ppm
BRI, ZORBEZERIED L (R ).
Y7 FNBIE-1 7 p pm~ & EEBEE A~ T
FL, BIBHIEL o7, CPRIEZIT-oEZ
A, BlgE#%DZ SM-5,/DMp NADOREHZBW
TORY 7T NBRBESN (M1d), DMp N
AT O HEEDP B 23N a i~ & RESBRHIHE =
STV EEX LN, L EDFRERMLEMBIZE Chemical shift / ppm

INaAFDORGFHMAMT S ZLT DM pioye | N2 MAS NMR spectra of (a) ZSM-5,

PNAGFHRNaAA A CIHETES L5127 (b) ZSM-5/DMpNA in an ambient atmosphere
and (c), (d) dried ZSM-5/DMpNA. Spectra of

()

)

50 0 =50 -160

BEEZBNT, (a), (b) and (c) are measured by the single pulse
method with high power decoupling and those
of (d) by the CP technique.

4. E&®

EIRATIT L AREOEROEE. Na {4 &DMp NAST & OHEERAOEI &
AZL0EEZLN, BEKDZOHEERIIBONTEERBEZR LTWAZ EXB 60
kot

5. BEXR

(1) S. Hayashi and Y. Komori, Proceedings of the 13th Inter. Zeolite Conf., Montpellier, 13-P-06 (2001).
Q) IBEE - MEE. BREZE 7 OFBES EETHEL., pl78 & p259 (2001).

3) MREE - HEE, £ 3 9RINMREHS, HEREFE, p372 (2000).
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0-MQMAS. *'P—"0 CP/MAS & U* "O—"'P CP/MAS
WCEXBTEAT 7 2 VEET VI = U AOEERHT
(37 A &8565% ), Pacific Northwest National Laboratory™)
O 40 mEARY, Sarah D. Burton®™, Paul D. Ellis™

Structural Analysis of Amorphous Aluminum Phosphate using
""0-MQMAS. *'P—'"0 CP/MAS and '"'0—"'P CP/MAS
Nippon Steel Corporation, Advanced Technology Research Laboratories'' . Pacific Northwest National
Laboratory®™  OKuoji Kanehashi"), Koji Saito!"’, Sarah D. Burton'”’. Paul D. Ellis™!

O-MQMAS (Multiple-Quantum Magic-Angle-Spinning) NMR being capable of averaging the second-order
quadrupolar interaction was applied to the investigation of the chemical structure of '"O-enriched amorphous
aluminum phosphate (a-AlIPO,). 2D cross peak consisting of two oxygen components was observed. Moreover.
these peaks was distributed along chemical shift direction, which caused by its amorphous structure. In order to
investigate the connection between O and P in a-AlPQ,. both *'P—!’0 CP/MAS and ''O—*'P CP/MAS
experiments were carried out. In *'P—'"0 CP/MAS spectrum of a-AlPO,. the resonance corresponding to
shoulder peak on the higher field side in MAS spectrum. which indicate that this oxygen site is close to
phosphorus atom. On the other hand. Three peak tops were observed in "O—*'P CP/MAS spectrum. Thus,
application of both *'P—'"0 CP/MAS and '"O—*'P CP/MAS were found to give useful structural information
in a-AlPO, as well as '"O-MQMAS for the direct information in oxygen atom.

[#E]

BRIRKY. SR ERLT, B e LT ZPETICEEL TBY, Bk OREERILT
BELHOLINIT LD, BROTHEFRERETHILBHFICEETH S, NMR BIES
ZHTHD "0 1L =52 THH 0, BEREHITERICBV T, MAS & T 2 RO FHEA1ER
R TEFTICHRIBOERIRL, > 7 hoTRMBE L, FRLFEERTLREE /A>T LE 5
BAEVD, MQMAS 115 BT 2 RO AR A EA A2 FIT 5 Z L T& . SofEiER
N7 MLEBLIENTEDZLOLHBINS, L LAnE, EBRIT 70 ORBKEMLLBIERICD
R<{RRETH Y, 72 VB2]. "Na. TAI S LB L OB R EERSIERICHE VD, K AL
LNTWDHIT 7 5 ADREEE T CORERILEEEMT LR I HBETHLORBRTH S,

ZITHE, VO A RMERE LT ENT 7 AHY LTV I =0 4 (a-AIPO,) ZAMRL, 117T
DREZIEE T2\ T "O-3QMAS JAIZ & 5 a-AIPO, ORISR 2 i L /=, & HiC, BRE 7FRAL
LOBERHRABL0IZ, PO R0 OMAEDORESE FEH CPMAS) £RvT, B
ﬁltﬁuﬁ]/ LORSHEBIZOWVTHRA L ERRIZOVWTHET S,

5

~J# O NMR A7 F VBRI (L, Chemagnetics CMX Infinity-500 (Smmg¢ Chemagnetics 3 HX 7'r2
—7, FEHEEREE ; 12.5kHz) K C¥ VARIAN UNITY-500 (SmmgDOTY B HXY 7'u—7, REHTER
WA 14kHz) ZERA L7, VO EBEMER OP £ EREITENF N 67.8 MHz, 202.5MHz TH
%, "O-enriched a-AIPO, i1 AI(NO,);*9H-0 & ""O-enriched HsPO, (1'0: 20 atom %) & 75, NH; 7Kk % Fi
WO pH=8 THRE L, 120°C 20 h, 500°C 6.5h DIETEEE, LT 5 2 LIz X > THEL, MQMAS
INVAL = AR, z-Filter B 3 NA RS =4 o 2 & V3] YP-"0, YO—'P »% CPMAS i
T, R, QOEBEBIEZT I HIICENTA—F & RKE LML, "ORVP NMR 27 ki
DALY 7 R E N EH H0: 0 ppm, (NH,).HPO,: 1.33 ppm & L 7=,

Spin locking efficiency: o = vis 7/ o1 o<<l1 (D

CP matching condition: (I+1/2)v; = (S+1/2)vs £ ny, 2)

I': spin number of / nucleus. .S : spin number of S nucleus. v; : strengths of rf-ficlds applied to / spin. vs : strengths
oii ri;:-ﬁelds gppl}ied to S spin. v; : sample spinning frequency. g : quadrupole frequency. » : integer

;F’fm" . §§

a-AIPQ, ) "O-MAS A7 A% Fig. @ISR T. 427 ppm il — 2 h v 7 5RT A~NT RS
L, BEESRAICEBRRLNZ, L LR D MAS A7 MLt 2 OB FEEEREZITT
O, ALFL T MELEMTIL 2o, HEMAEEYERT I LHRETHS, ¢, VO-
3QMAS 227 M EMEL-E 25, Fig 2 FORMTRT LR ELC 2RO NERS 70—
BEHEIEhTT, BRLBVBELZRS/ n A — 7 OB T Y 7 MR UG FH &€ Cy it
FNFI60.7ppm, 6.7TMHz T -7, F/-, TOE— 7L CS (Chemical Shift) HEIZ4HHF L TV,
I Co DML A EEDLLTIZ, AcHERIICELT 5 L 5 REBEEENEREEL LD 2%
Bkl T3, Z0OL 7% CS AHHECT QIS (Quadrupolar Induced Shift) HF~D 7 0 A —2 D4y
gciﬁfﬁf?tﬁ%ﬁ&ﬁo{té BT LI LIEBRA I NS5, SEISH L a-AIPO, LIFIETH S &

Z‘- oy ,5. :

"O-MQMAS. *P—""0 CP/MAS. "0—P CP/MAS. 7 E L7 7 R AIPO,
PRTLIIL, EnEI3T5L, EbiE—LA IF—540T
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WICEEEL Y > OFEAREZHL TS0z, 3P
-0 CPMAS BT V0-"P CPIMAS 27 M FRIEL
7=, 'P—""0 CPMAS A~ FL T, Fig. 1 ® "O-MAS
AT M A DOEBEBRICHIET 5 E— 7 DB BRAI
BRESN-ZEDD (Fig 10) . TS PIciE, Y
CEEEREALTWS, BVIDEEBICHEE L TV AEE
F (PO, MHEET OBEFR) &, % 5 THRVEEFE (K AIPO,
FOEEE, A—0—Al DEBEFREOFRENE) BHEEL TV
B EnHERE T,

IPMAS A7 MVTIE, TEAT 7 AREEICHERT
BEZEZLNBE—I ML, Tu—Fi 1l AD
TFk S %0 (Fig 3@a) . "O—-¥P CP/MAS 2<%
FAAZE VT, Fig 30T T & 5 ICHRER 3 2D E—
Ty T ERTUIFARBRENZ, TOZERDL,
a-AlPO4 123D 72 < & L 3EEDOPLEBENRFEEL TV
HIENH LMLy, BHENEIADOE—S X, PO,
OFEEE 0" DBEWIEER L TWAEEERS S, T,
a-AlPO, X EAHIZ AlO, NE & PO, M kD EEE
BLoTWAENR, TENLT 7 AEEDT-H O—P R FHEE
BEICIE D o& b LB X, Fig. 30) TBAISNZ Y &
DAL FRIT, LB O—P MEMEAS VW REICFEETD L
DThHBEEZLND,

UEDLSIZ, MQMAS IEIZE DGO N EBEB SO
EEALBRESEERIC, AEELORERESZRDS
LDTED CPIMAS EEHBAEDES Z LT, a-AlIPO,
DILFEEEFEMICEBRTHA I ENAREL 2o T, BT,
CP/MAS 1BV T, 2 M CHEZER (FAE CP/MAS)
THEICED, BEFERENSHENT I Z ENbrotz,

23, ABFFEIT Pacific Northwest National Laboratory PY
@ Environmental Molecular Sciences Laboratory {Z T{T4oi
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Fig. 2 '0-3QMAS spectrum of *"O-enriched amorphous AIPO,
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Fig. 1 '"O-NMR spectra of
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"0O-enriched amorphous AIPO,
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Fig.3 *'P-NMR spectra of
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"O-enriched amorphous AlPO,

(a) *'P-MAS, (b) 'O—*'P CP/MAS

[1] L. Frydman and J. S. Harwood, J. Am. Chem. Soc., 117 (1995) 5367.
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[3]J. P. Amoureux, C. Fernandez and S. Steuernagel, J. Afagn. Reson., A123 (1996) 116.

[4] C. Fernandez, L. Delevoye J. P. Amoureux, D. P. Lang and M. Pruski, J. Am. Chem. Soc., 119 (1997) 6858.
[5]1 %1 %X S. -J. Hwang. C. Fernandez, J. P. Amoureux, J. Cho, S. W. Martin and M. Pruski, Solid State NMR,
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Bk 2 %kt NMR &% vz
TNAY V=TT ADKFIERDOHE
(BRI S &3 THI%E 2 11, ERTTAETERER 2)
OHRTL B FFL FRHIEF 12, REHKR?

Hydration process of alkali-silicate glasses as studied
by solid-state two-dimensional NMR spectroscopy
(Conversion and Control by Advanced Chemistry, PRESTO, JST!,
‘ Special Division of Green Life Technology,
National Institute of Advanced Industrial Science and Technology?)
Hirotsugu Masui!l, Danping Chen!, Tomoko Akail2, and Tetsuo Yazawa?

The hydration process in Na20-3SiO2 glass was studied by 'H CRAMPS,
23Na MAS and 2D MQMAS NMR, and 22Si{tH} 2D WISE NMR. - It is found that
2Na MAS and 2D MQMAS NMR of the hydrated glasses with more than 8.4wt%
water consist of two signals. The 2D MQMAS spectra could provide values of the
isotropic chemical shift (&s) and the quadrupole coupling frequency (1) for each
site. From these results, the mechanism of the hydration process in the glasses
is discussed.

Il #5 2OAFIRIEIE. HT 2D AMED L
oY, v/vOEFBRRBERNT ALV HE
FHREBNLLEETHY ., HL»hHEL OWF
FHBITONTHD, LHrLaib, bEME
ROV —F Y r— R HZRZONTE L, KE
BHT 2BBICBT 2MER R A = X Ao
TERELICHL TRV, AFFFETIE, VTR
B Nat, HFBAEDO L D RIRETHEEL, 2%
NHEREDIIIZT I IRy bU—7 OFEBICE
FELTWVSH, LW ERE/D DI, kel
BOKEEAME ) —FZ ) r— b H T 2220,
IH CRAMPS, 2Na 2D MQMAS [1] 26 Wiz
29Gi{tH} 2D WISE NMR [2] x~<27 FrzBIE L.,
H5ADKIA B = X BIZDWNTHRE L7,

L 1 " 1 ]
40 30 20 100 -10 20

o /ppm
[E=8] REHI. Na0-35i0: H 5 X &L,
80CofaAfMARIER TAMEELZ LIL-T
Bz, BEHOEKEE LT, KfEIZL » T
A UEREOEEREMEZ vz, NMR JIEX,
4C Chemagnetics CMX-200 &33¢# % AV CfT
o 7, BB A ¥ %X, 200.257MHz(H),
52.97MHz(®Na) % L 0t 39.78MHz(Si) T & -

Fig.1 1H CRAMPS spectra of
hydrated glasses with different water
content; 8.4wt%, 10wt%, 21wt%,
2Twt%, 29wt%, 31wt%, 39wt% (from
the bottom to the top).
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Fig. 2 23Na MAS spectra of hydrated Fig.3 28Na 2D MQMAS spectrum of
glasses with different water content; hydrated glass (39wt% H30). The closed
anhydrous, 2.4wt%, 8.4wt%, 10wt%, circles show the center of two Na signals.
21wt%, 27wt%, 31wt%, 39wt% (from the

bottom to the top).

7z. 'H CRAMPS DO HIEIX, BR-24 VR —F RERW, ) ardad2f0nTxs—
V7 E{To7, 28Na NMR O3 7 Miix NaCl(IM aq) &4 EpEH & U THV =, 2Na 2D
MQMAS %, Z 7 4 V¥ —3 »ULR{EE AV, hypercomplex IECTF —# 2BV iAH, ZD%
shearing # &7 —# WB A 1T -7, 2Si NMR TiL, 3-(h U A F v V)7 a 4 v iE-d,
F U U A(TSPA-d) & Ab¥ET 7 FOREHEL L THWE,

EREER] GKEORZLHHAE 'H CRAMPS 22 Fv# Fig. 1IZ7Rd, 21-29%0D
BT on— RiZR->TW5, £72. #Na MAS (Fig.2) B3 XU 2D MQMAS 22 L
(Fig.3) M5 EKED 84Awt%LA EOREHI BT 2EDO YA FBFEHET D Z L by,
EFNENDOYA FOREBRAEER RS A—ZR0ZEL 7 MEOEFEEZRBELEZENT
X7, YHZ., =Si{H} 2D WISE 222 M-OFER S HbE T, KFERIZBITAN S 2B
BOEELRLC HY, NatOGEERBIZOW TR LA RE2FE L <HBET S,

& MQMAS HIEIZ W THiA 2RI TIREL W& Lk, AABFEROLREER
IR Bgho = LET, ‘

[5z#kl 1) L. Frydman and J. S. Harwood, J. Am. Chem. Soc., 117, 5367 (1995).
2) K. Schmidt-Rohr, J. Clauss, and H. W. Spiess, Macromolecules, 25, 3273 (1992).

F—T—F (520 : ¥Z X, Ko, 2%k, WISE, MQMAS
EHSOPR EFTVOADL, BATLARN, b RShbTok
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(EERB) H =%iE

Dynamics of hydrogen isotopes in TiisVesHD, (x+y ~ 0.9)
(National Institute of Advanced Industrial Science and Technology)
Shigenobu Hayashi

Dynamics in Tio.33Vos7H.Dy (x+y = 0.9) has been studied by means of 1H and 2H
NMR. H and D atoms are considered to occupy tetrahedral (7 ) sites. The
temperature and frequency dependence of spin-lattice relaxation times 71 of 1H and 2H
has been analyzed by Bloembergen-Purcell-Pound equations with a distribution of
correlation times, and the activation energy of hydrogen diffusion is determined. The
mean activation energy for D diffusion ‘(ED) is higher than that for H diffusion (En).
By is constant while Eb increases slightly with the [DJ/[H] ratio. The distribution

increases as the [DI/[H] ratio decreases.

1. iILwic

&RKFIDITKRFEORE - BRI B L THEAMEITH B, Ti'V &&xlkRl&
Bl 2 FCAERRELRBTEDIMBTHS, Brx itk bkBVE&RBIL 1 DKkE
EBCBITHKRZOY A PBLXUCHEBEEHLTEFNMRICE > THRITE L, SHIZ
Tio.33Vo.e7 2 B Y LiJ 72, TiossVoer D—KFIAITEAKFS b HKELD b FE U0
FHEEE LTS, AR TIE, BKE (H) BLUEKE (D) AERCEEILEZE
BERENDEREHNRLOLICEDY, HEDRBAEWIED L > R EEXEZ 50
BT,

2. EBR

TiossVos1 A& EBEKBRN AT TAFIL L%, BAFILLTEFKEREREL—
KEMYER, 20X XL THLAEERKF DB LUOEKRILYEFTERRE L.
FABEZRANTNRL TH—OREZERLE, HBEIUODOEFRIZ, REE /EEY
MESEBICE > TRELE.

BANMREEE, FERBHZOWTANY L2 AT —BFREMER (1) 281E
L7z, H 37 A —CXP90 (32 ¥ £ 1 60 MHz). ASX400 (400 MHz), 2H iz 7 V7 —
ASX200 (31 MHz), MSL400 (61 MHz) T#I&E L 7=,

ERAKRFD., KF. A —RFEMEER, KELB. RAEDR

FReLLiFos
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Fig. 1. 'H 71 in TiossVoerHo.4sDo.us Fig. 2. 2H 71 in Tio.ssVoerHo4sDo4s at
at 31.6 (@), 60.0 (O) and 400.13 30.7 (®) and 61.4 MHz (O) for the
MHz (A), and their simulated —4-kHz component and at 30.7 (A)
results. and 61.4 kHz (A) for the -9-kHz

component, and their simulated

results.

3. BERUEBZR

Fig. 1 & Fig. 2 (2. Tios3Vo.s7Ho.49Do.43 ® 1H 3 & O 2H OFE ke IR E - BREESF
PrRLE, KEERICEIBMEEEETLOMEERICK 28EM (RboR#) BF
BELTW5, ?H OB 180 K AT TAEFFICEL L TS DIZIRELTWVD 2K
EikpoEELEZ NS, MTRENLEE - AEHEFMEIT Bloembergen—Purcell
—Pound BPP)RX. 2D % O T T 2V, B KRB CREM L= IV F— oM %
B3 HFERLCBVLREN, EHILRAAXT -0 HET CEROERLEHR TZX
oD THERFIC LML LT TR 2Tok. RFOBRIIFHEETH Y IZIEE
REFBBRTEE,

EHAL T R A XF—DEHEIT, WThORBIZOWTHEKREL DV EKBEOHFHRKE 5
ey BAZEOEMz XA XF—BDIHILEBREMLTHIEEAE—ETHIDOITHL,
BAROEMAL T F ¥ — X DIHI ORI SNE TN Lz, —7F5, HEREOSH
X IDI/HID A C > THEM Lz, A—REHCRW T, HERMOS/AITEAR LY BX
FOFBRKRENEmMETR LT,

DEORRIT, BAEBLVCEAENEED LTHMENCEEVWOIREZDICEE Y
EBiELHoTWBEZEEZRLTWNS,
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Study of Deuterium Conduction Mechanism in Solid Electrolytes of Fuel Cell by means of ZH-NMR
OT. Takayama!, Y. Komori? and S. Hayashi2 ({Department of Chemistry, Kanagawa University,
2National Institute of Advanced Industrial Science and Technology)

Fuel cells convert chemical energy directly to electrical energy cleanly and efficiently.
Cs2(HS04)(HPOs) was known to be good deuterium (proton) conductors. In order to check
deuterium dynamics and disorder in O—D---O on a microscopic level, we performed 'H and 2H
NMR measurements of the solid acid. In the 1H NMR spectra at 294K two peaks were observed at
6 =11.8 and 13.5. The two peaks disappeared dramatically at 350K and a new peak appeared at
6 = 13.0. This meant that protons on each oxyanion became equivalent. The 2H NMR spectra
indicated coexistence of two Pake doublets with QCC = 130 and 160 kHz at 313K. At 350K the two
Pake doublets disappeared drastically, and the center peak remained. This implied that the'weak
and strong O—D---O bonds coexisted at 294K and that deuterium ions underwent an isotropic
motion at 350K.

1. LI

PREVERII KBS R BN L TBB L RISEES 2 LI » TEEZ AL F— 2 BER TR FX—
KHRLILKEBRTEVRATLTHD, REBHIZE>TT o2 RETHIERENTEEL RS, &
< DEFEE SOs PO4HEIFS0~150CTHEWu b mEAEITENMbLRATWS, 7 b
NREOEMITA AL BEEDRHBER LI L > TITbRUTETVAEN, FOBEMAL I 7 a2l
ﬁ?ﬁotﬁﬂi&hfﬁ%tB&wn%:Fﬁﬁm\fﬂbykﬁtiﬁﬂﬁéﬁiimifiy
WWEBL,ZH NMREIEERITI Z LIk » TEHEEBROD A 4 OEE#HEN S 71 b AREEIERT
%17 o7,

2. FER

BT b oBe LT Cs(HHSODILPOJICHEER L7z, 70 b U EEHES 70 0@l e UTHE
BB HEDIRB L LRLEWEER L, DRE L EREEHDOLRMTIEE% D
Cs2(HSOD(HsPO) MR EFEFET 5 (rare proton 2D T'H NMRBIEIZIZFHE),

NMR #2iZ1E Bruker MSL400 % A 72, 2H NMR %, BHE K% 61.42 MHz, WEF = 2—k&,
90°/ %V ANE Bus, #SVARIRG 15 ps, #ORIER 5s. 7 FE#EDLO, BE 313~355K TIT- 7=, H
MAS NMR B it, BRIREE 400.13 MHz, B3 8 kHz, #iRFEH 5s, 7 MEWE TMS TfT
o, o, HIZOWUIREGEEE TR EY B ERER () OELITo-,

3. EREUOESR

7u b AREERBBICKEL RDPEREZSF LA TRBZDIZ CsxDS0)D2PO)DIE
1H MAS NMR. 2H NMR BIE%{T-> 7=
%—U— K : 2H NMR ¥, BEEH, DA T/fﬁ%’f%% CsHSO4+CsHsPO4 3, Pake doublet

TeRELLB, IHD L0, BRLLTOS
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i Fig. 11T Cs2(DSOJDPO)FITHEE TV 5 Cs2(HSONHPOIDIRETTZE tH
MAS NMR 222 MU ER LT, 204K T2 o0 —27 (§=11.8 GRELK 1), 6§ =135 (92))
BRBHI, Zhix7a hrB (HSOs, HePO)D HA ALY MTh D, Zolly RT3 DRk
O HSO4, HePO4RRITIZ L > TR ENT O—D- -0 DKEHEOHREZEICL S, 350K TiZ § =13.0
DN — 7 DB Loz, TRRHIBENES RV 7o h o Bo HoEBEWEREARL, tTHNMR @
A DAT— VRN TORE—7 OFHPLES 7 FERTWEZ L2585, 24K 2R3 THiE, §
=118, 13.5DE—Z XX LENENDBEs, 565 Thote, ZFRLETH-DIX 7 FrBoR
EUEBOEDIE RS b0 L Bbhb, 320K TO 25D —2 0 THEix 24s, 340K Tit
20s Thot, 350K TD120OE—7 D THEIX 1s LT EBIBIC/IEL oz, Zhix7u g
OHPEUSEEIL TR LERFLTWA,

. TFig 2ICHETZE 2H NMR 222 L& RT, RiEHS 313 K T 2R DA—
7 ET Ly NThol, BIEMITORR. BIUERSEHK QCC = 130 kHz (39%). 160 kHz (61%)T
HXAFRERn =0 Tho7e, b, BT Z L, 30K TEVF—E—7HMFHBAL, 350 K TiE
WD E—7 BB NE L 2D B ¥ —E— 7 BIEFICKRE L RoT, £LT, 360 K THEHO L —
ZIIRERHA L, £ TOEARNEGHNEEE27 Lz, 360K 225 294K £ ¢Fif ¢ 10 B R E
LTHEELZ2HNMR A7 Mg Ey ZF—E—7 L 2HBHDR—2F T Ly N Thotz, BMEH
LIRS, A7 FBBEIL, B ¥ —bE—27 38 3%, —D2DO_—27F7 Ly MQCC = 125 kHz, 7
=078 45%, & 9 —2(QCC = 160 kHz, 7=0)1352%Th -7, 10 AHKEL T F—L—r M
SERIIEE R Ledso 7o Z L IEIALEMIZEBNE AT U S ABHB I EERLTWS (Z0Z Lits
FUBEERENPS B RINTVS),

¥

200 100 0 -100 -200
ppm kHz |
Fig. 1. 'H MAS NMR spectra of Fig. 2. 2H NMR spectra of Cs2(DSO4)(D:PQ4)
Cs2(HSOD{H,POY) at 294K (a) and 350K (b). at 313K (a), 340K (b), 350K (c) and after
10 days at 294K (d).
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Development of a high-speed MAS probe
for high magnetic field in a narrow bore SCM(I)

OKatsuya Hioka, Ken-ichi Hasegawa, Sarara Kannari, Takefumi Eguchi, Hisashi Sugisawa, Noriaki Kurihara
JEOL Litd.

We report improvement of the air bearing for dispensable high-speed spinning to a high
performance MAS probe. We carried out fine improvement to the design of air bearing; the form
of a turbine was designed so that a gas jet flows smoothly; the material of sample tube is silicon
nitride, the outer diameter is 4mm. We attained the rotation speed of 20kHz using the sample
tube that packed KBr with comparatively high density. The gas of drive and bearing is air.

[Iztwic]

NMR7r— 7 BERENDHRELMEREIT. RIERMEORIEFIEIC L > TR, BN AEELED, ~
RRITERIE T a1 — 7 TR L S ARAEDS, BERAIMAS 70— CrisbHEmR A L 905 YL MBS R
EZHND, ok b, BHENMREEMREMAS 7 0— 7 OBISIZ 470, 0 HEEZMQ—MASIEDE
BUITBREL, T2, AL —290u—ZIdmmEL . BRI CEBINB (Fr—R7) &L,

EHANMR AEMREMAS 7 — 711, WB(UARRT) BEFR TdD, NBTIIRROI A~ —R I EHHE
. =7 ORE . BEREREHSIIEESNBT2HIZ., 90, UL RIG O EREE A2 OMRE MBI 22 >TL
FHDTHD, LLRnh, Fx iXEREE B I8+ 72bIENBOASAREE 2 . MAST 0—7 DERSHENIC
F R INA . WBRIMAS Y a7 (Ll AHEREDMAS Y a— 7 R AR U=, SRk, BG. IRET
B, FL UM MO ST oL VT, [EHREE L VL AL 72 W CE S T,

AHETIL, EERREO R LA ER T AT DO LTI OB RIZ OV TR S,

(Rl A Ze iz D ]

EREFIT, n—F LR OO BRI, AR DR RAEIAL L, o —FE R DN RET BT
LEFIFAL TS, B, ZO NIRRT SR TR RN A LI TRET D, FERITKS
HRE T AR DEREA NNt | m— 5% 32 B A3/ NSV, B TR ElRg B RS 3 B I05E
LT\, ZEXENZE R VomBERRORE T —E5REHT 21003, BITO 3 IEEDEERTRRTHD,

B—FAERT 0T BONDOREET, BEESHED2FRITIFIL . m—FOBEAHAIT 2, 55128
D= DFMOIBEEBROEMIRAL TLIH DT, ERE) - DHEED/ N2 EM RIS 2 L E R 55,

EREGTNAERT 277 - n— 2 OEEEH R T 2013, #— L AT 6h a7 ey NI E B hk,
W Lo — S ORI RO LR D20 ThH 2, BiRElEE B0, Mt 58/
ST BLE, =T V=g BANTTHIL, S ORERE BT DL EE ThHD,

RIEY (Whi) - — D33 CIEEEL TV VB LR ZE RO E SIS MDIERIFRI 20 | — S ELAS
LHLTRT, o—F PSR TLED LN DD, BEICRERRE T 520101t ZORE RN
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Fig.2 79Br MAS NMR spectrum of KBr
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1) L. Frydman, J.S. Harwood, J. Am. Chem. Soc. 117(1995)5367.
2} WAL, SEIBEINMREFAREEHE, p298(1999)
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Development of high-speed MAS probe for high magnetic field in a narrow bore superconducting magnet (II)
(JEOL Ltd.) K.Hasegawa,K.Hioka,S.Kannari, T.Eguchi,H.Sugisawa,N.Kurihara

A MAS probe was developed for high RF power. The target specifications of this probe are as follows.
1.Single tuning circuit for MQ-MAS B,=600MHz(for 'H )

2. Sample tube size  4mm in diameter

3. ®Br(150.3MHz) pulse width 1.2usec ( 1kW )

A balanced circuit and a cylindrical frame were adopted to prevent arcing. This method satisfied those
specifications completely.

[z o]
MQ—MASHEIFEICIE, FB/NNILIEEEZ D1 kKWIREDENWDPLETH B,
k. NB (F7O0-K7) J7A—TTIE3 0 0WRERELIPRALZVWOT. WB (74
KER7) T7O—-T&@EIDEFH -7, LA L. LVERBICHET 3213 WB (7
1 KE7) &WUH. NB (FO—K7) OES>»EFTHZEE. E5FTHHL,
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ERARAREFEHRKRE L. ESICHABG 7L -L#RBL . WEERLE ¥,
1) BRER FEEE .
REFROBERTO—-THEER. FEEREH» SV, 20O, BEICILVOREAIN T
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WTEDIDOETHD, £/ T RHEEICHERTEZ2DT,. EXEHMED LVERR
ERETE D,
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Fig. 1 The pulse nutation measurement "°Br (150. 3MHz)

2.4
1

16
i

Ml asy

T T T T T T T T Y T T T T T T T
FOA  FISOD I vdne 23200 ITINN VDAY UGS INERG 2700 A66RLH SESIEA TG SHION S220.9 6GIBN TIRBR

= X unnovecoudy

,ll |

S OG- 1D M Sued g
L TR TN RN T AT

ik
[. L. Frydman, }.S. Harwood. J. Am. Chem. Soc. 117(1995)5367.
2. F.David Doty, Ruth R. Inners. and Paul D. Ellis.J.Mag.Reson.43.339-416(1981)

—195 —



£ 40BNMRET RS (R0, 2001)

P45

NA Z)V—7v + NMR @iz zHRE U
BEREEHERY L 7V O I EEBEOBRR
( BAETOO'. R RE () L 2BHRA)
ORBFAFE'. BB EHEM . WRMH, DriE— 2 MEEX?

Multiple Automatic Deuterated Solvent Exchanger for NMR Measurements
Hisayuki Tsuno', Naoyuki Fujiil, Toshikazu Takase’, Shinya Fu_jiwaraz, Ken-ichire Kotake?,
Hirofumi Kodama®

LC-NMR and tubeless NMR samples often have larg,e solvent peaks that overlap and obscure
important sample peaks. We have developed the Automated Sample Preparation Instrument that
removes or reduces these solvent peaks by exchanging the original solvents for deuterated solvents
while maintaining high sample throughput. The turntable automatically performs simultaneous
operations such as sample aspiration and transfer, sample dispensing into mini-tube, evaporation
with heated nitrogen gas, dispensing and mixing of deuterated solvents, aspiration and injection into
an NMR flow probe, and sample recovery and unloading into a mini-tube rack. This instrument
enables us to perform high throughput NMR measurements of pharmaceutical samples.
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An NMR Quantum Computer on a Compound Semiconductor
T. Shimizu, K. Hashi and A. Goto (National Institute for Materials Science, Tsukuba)
S. Ohki (JST-CREST)
R. Miyabe (Tokyo Science University)

Since a specific algorithm for a quantum computation was proposed, extensive efforts have
been made to achieve the realization of a quantum computer by many experimental methods
including quantum optics. SQUID devices, ion trap, laser cooling, nano-structured devices,
spintronics, electron array on liquid-He and NMR. The best realization achieved so far is the
5-qubits solution NMR. It is expected that solid-states would be better than solutions for
NMR to improve beyond 10-qubits. Our study is focused on the basic research of material
design and developing a new NMR technique needed for a solid state NMR computer, especially
from the view point of what kind of nuclear interaction is available in what kind of material is
used. We present a proposal of an NMR quantum computer on the isotope superlattice of
compound semiconductors InP and CdTe. The dynamic nuclear polarization by optical
pumping method is a key technique to prepare a quasi-pure quantum state and improve
sensitivity high enough to make the NMR/MRFM detection from a microscopic device possible.
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TELDN? ] EVOER»OYWERE L NMR HEMBR OB LR LT TV 5,

AEETIHEMEFEE LT, LEDLEEEZ AV T NMR BT EREEET B0 —20K
FEEZOWTRERTY,

ETEEM, CREE, R S RAfEEE T, MRFM
LAFEL, BLTALSI, TLIHOL, BBELOE, A0 1)

— 198 —






F 400 NMR T imS (RHR,2001)

P47 | |
MEENMROEHFER
e - MErzeEE O @R, EK . BB O
HRHEA R 2 =
~ JST-CREST KA A

Development of high field NMR technique
National Institute for Materials Science (OK .Hashi, T.Shimizu, A.Goto

Sci.Univ.Tokyo R.Miyabe
JST-CREST S.Ohki
Abstract:

We have performed high field proton FT-NMR measurements using the
superconducting magnet operating at 21.6 T (920 MHz for proton) in persistent
mode. Utilizing the superconducting and room temperature shim coils for solid,
the resolution of 4 Hz for FT spectrum of H,O is achieved.
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Figl. '"H-FT-NMR spectrum of H,0 measured at 920 MHz
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Figl. 'H-FT-NMR spectrum of ethylbenzene measured at 920 MHz
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Development of the Optically Pumped NMR
(Science Univ. of Tokyo, NIMS) OR.Miyabe
(NIMS) K.Hashi, T.Shimizu, A.Goto, G.Kido
(JST) S.Ohki, S.Machida

We have developed an optically pumped NMR (OPNMR) technique for InP in
high magnetic fields at low temperatures. This technique makes use of the
spin-selective inter-band excitations of the electrons in semiconductors by
polarized laser lights. The polarizations of the conduction electron spins
pumped by the circularly polarized laser lights are transferred to the nuclear
spins via hyperfine couplings. This process enables us to obtain significantly
enhanced NMR signals in a semiconducting wafer. We have set up the several
optical systems for the OPNMR, and succeeded in observing the enhanced
NMR signal and the shortening of 7} for *'P under the laser irradiation.
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Hyperpolarization Apparatus for Xe gases operating under Higher Temperature
Photonic Device Application Group, Photonics Research Institute,
National Institute of Advanced Industrial Science and Technology

AIST Tsukuba Central 2, 1-1-1 Umezono, Tsukuba, Ibaraki 305-8568 Japan.

Mineyuki Hattori and Takashi Hiraga

A specialized flow-through type apparatus for Xe polarization which is installed just before the nuclear
magnetic resonance detector, and is free from He buffer gas and cold-trap storage is proposed. The efficiency
of hyperpolarization increased by increasing the partial pressure of rubidium vapor that absorbs the light in the
flow apparatus. A linear diode laser arrays (794.7nm, 20W) was used as light sources and the arrays are
arranged so that all the gas flowing through the cell passes through the region where the pumping light is
sufficiently intense for. This design enables the device to continuously generate hyperpolarized Xe gas. The
prototype of this apparatus was constructed and the performance for the polarization of natural abundant Xe gas
was evaluated. In order to optimize the pumping condition, flow rate and temperature of the cell was varied.
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Fig. 2 Transmittance of 795nm light  Fig. 3 Hyperpolarization Apparatus for Xe gases operating under Higher Temperature
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Development of Super-Parallel MR Microscope
1. Institute of Applied Physics, University of Tsukuba, 2. MR Technoiogy Inc.,
3. Institute of Clinical Medicine, University of Tsukuba
QY. Matsuda', T. Haishi?, S. Utsuzawa? Y. Yamazaki', K. Kose', H. Anno®

A novel parallel MR microscope, which consists of an array of coils and individually shielded
RF coils, and muitiple transmitter and receiver system, was proposed. The gradient coil array
was made of unshielded gradient coil systems, which generate magnetic fields at both sides
of the coils. The system concept was experimentally verified using an eight-channel probe
array and two compact MRI consoles. An eight-channel fully parallel MR! transmitter-receiver
system is now in progress and the final system will be presented in the poster.
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Fig.1 Current directions for Gz (left) and Gx or Gy (right) gradient coils.

Fig.2: 8-channel Probe head for the super-parallel MR microscope.
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Fig.3 Phantom images separately acquired  Taple.1 Experimentally measured efficiency
at eight sample zones of magnetic field gradient. (G/cm/A) -
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Fig.4 2D cross-sectional images selected from 3D data sets of two newborn mice

simultaneously acquired at two sample positions.
voxel size = ( 200um * TR/TE = 100 ms / 8 ms NEX = 1 Time aca = 28 min
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AT S, ZEZTE, 8E® RF a4 TEREFRNEN, 8O 7 T TENE
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NHEE SN NMR 55 %, 848N EBREBE2HVWT, ThTh QPD REKL, &F
16 F¥ >3 N07FalEEe2E5. ZEREL TR PRARKIZYY a2 N—-MLT,
PHARERO ABORRETY 7 2795, b5 4 DFIIVREARBRE L5,
ADaAN—FDaX b, PCOMHERENZEDORMNS, THFOTRIEARERAL .

GATE CH2 - signal
CH2 signal

] CHA1
— | Reshape 3] 4phasemon | a3 [T ref nal
3 CH2 g
__’ _
RF MOD —> CcH1 ref
CONTROL .  CH2 QpPD4 signal

:: g:; signal
s G "< <ignai
aha ref signal
oo ref signal
Fig.5 Block diagram of RF modulation system (left) and receiver system (right).
4. 2. R{5H#

RF EfEHE LTI, 10W O &R D 8 EDATEH (10~200MHz) NMR A/NXT—7
CTENNRBZETER LU (1 X i@ 45cm, & 15em, BITZ 55cm). &F v > * )b
BN — AN TH D720, 0EFEORELEF v ORIV BICHRETHS.

4. 3. T—HIREIRT AL ‘

14 ¥ MFIK 8CH U > 7 > 73w HE/R AD £#iR— K (ADM-688PCD) % 2 ¥R
AL, 16 KO7FOJEEORKEY T 27 %FT>TW5S. THOTREARDED
R OAM IR, BOERUFFM 100ms T, 8 KOBEHHEO KoL 7IVE 1 LB
HHEREB RN THD L 2R L.

1 to 8 divider

5. {H¥
8 1 ®ﬁ>7°)b7)§ﬁﬂ#tc?%fﬁﬂﬁ‘é7‘;, HAFIE MR ¥ 70X -7 OHRIC, Hilt
RELZE S, COVATALAERWEEBEIEITVWDD, 512100 Fv o RIVEEE

D RAT I %*%%?éfc@@%iﬁﬁ%%%’é‘%%i“@%é.

&
o
&

K. Kose, T. Haishi, Y. Matsuda, |. Anno, 9™ ISMRM, 609.

Y. Matsuda, T. Haishi, S. Utsuzawa, Y. Yamazaki, K. Kose, |. Anno, 9"ISMRM, 1142

K. Kose, Y. Matsuda, T. Haishi, S. Utsuzawa, Y. Yamazaki, |. Anno, 6"ICMRM, C-25

Y. Matsuda, T. Haishi, S. Utsuzawa, Y. Yamazaki, K. Kose, |. Anno, 6"ICMRM, P-52

i, By, MESE. BN MR 70X 3— 7Ol -V AT L7 M &&et) &=

+/\E NMR S EEE 214

6. MMEEFBIE. BT, BEEBE TBEFIEMR YA 70XI—-7ORRE-QEIMINZATLAOMRE) £=
+/\El NMR #ffxEEE P70

7. INMRYAZDAI—THE]. R 2000-266247.
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FaFTTa— Ry K XHY PRG 7 u—7 0%
(RAETF (&) OMBEES, mEE, BHEE. KRB A, EFREGH

Dbevelopment of a dual broadband XHY PFG probe
(JEOL Ltd.) OTerumasa Okada, Hiroshi Ikeda, Satoshi Sakurai, Hiroto

Suematsu, Noriaki Kurihara

A dual broadband probe was developed, which is a 5 mm XHY type probe for liquid
sample with PFG capability. This probe can be used for triple resonance experiments,
for example X observation with {H,Y} decoupling and H observation with {X)Y}
decoupling. H channel can be tuned for *H or 1°F, and low frequency channels X and Y
are possible to tune 15N to 31P and 29Si to 31P. Also this probe has a performance .of
variable temperature from —100°C to +150°C. This dual broadband PFG probe that

is called XHY type probe can be useful for various kinds of measurements.

FaFATu— Ry K XHY PRFG 7u—713, X 80— HY)RNBER N H 88—
XYIBREREZITO FOOREAE 3 BB u—7Thb, E5IZ PFG 24 bW T
WBDT, PRGHRIBLARETH 5,

To7u—71, H, X, Y, Lock D4 20F ¥ IR iEL, 20088/ Bz
THEREINLTHWD, RO A VT HEE XBOF TAFa—r eRoTRY, HEDOH
B/ RERC X ZOBE/ BiFizEbn s, MUIOZA VT Y EE GHBEOY T VF 20—
EROTREY., YRORFKUCNMR vy 7 IfEbh5,

BF % o RNVOPIEZIILLTOBERY TH B,
HF v R HEE7I12 9F &

X F ¥ R BN E~3IP %

Y F xR B8 B3P B

Lock F% >RV : 2H X

¥—U—F BEIEHB ST

BPETBHEE, WITEDABL, S<bWNEEL, TXESVAE, K VZbDVHE
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T RF 4=, BRBEBRD NS T R L — BB REA LR, 2. XE.
YR, Fa—=rvd v o F U IHBRAOT VR NT AL YRV TWABOT, BEME
DRVEBERTREL 2> TV 5,

HAMEREIY b mm. REFEHRBEIZ-100C~+150CTH D,

BEDE DI, AT R—T 1 2 DOMELET = AV KF ¥ VX ERoTOBE
. 1 AT REBEOWEETS & ¥ KTE 5,

BAF — T 400MHz THIE LT — 2 & 28BN 5,

Fig.1. 5 mm dual broadband XHY gradient NMR probe (400MHz)
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B & Ge NMR A~ N VORI & R
(FBEJIIRE) Of)IIEHR, HPHED. MTHREA

Solid State ?Ge NMR Spectrum and Its Relaxation
; Miki NISHIKAWA, Katsumi TANAKA , Yoshito TAKEUCH],

Department of Chemistry, Faculty of Science, Kanagawa University

It has generally been accepted that observation of “Ge resonances in the solid-state
would be extremely difficult, because of the low value of gyromagnetic ratio along with
its nuclear spin of -9/2 and large quadrupolar moment, which tend to cause excessive
broadening of signals. We have previously reported the observation of the “Ge NMR signals
of some organogermanes in the solid-state. Here we report the ?Ge NMR resonance of metal
germanium and its relaxation mechanism. The half width of the isotopically enriched metallic
germanium was significantly broader than that of the natural abundance sample. The spin-

lattice relaxation of the latter seems most likely to proceed via quadrupolar passway.

PGe IIREMBEAY Y (92) 2FHT5 & &b, MEEERLI/ NS WZD,
NMR OIS EEE 2 O—2E LTa LI, EAREBIZE 2 EBROBEIIA
BETHIHLEIZEDLNTE, BRI INE T, Frv=0MEBEYOBERR
DFEEE LT, BEESHEEE "Ge NMR IEOBIRIZER D A, #10H TIHBBR OB
BT AL L bic, EBBORIEL X L= LEFORE Y ORI L ORICHEE
BELNDBZEEREL (X, SEIL, EELTEBEI L= LEAWT, &
TSI T DR L T o T D THRET D,

INETILERA N2 LMIBITAAY B TREMEREHEE L, &5
12, PGe RN HREBHESNT-EBR /N~ =0 LB AW TRELXIT>7-, B1IZ, FfiL

(F—7—FK] "Ge NMR, ERTHER

(RRESONR] KLD HE, Ll DB kIS5 kL&
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REERE L . RATFELORBOE
&k Ge NMR AXZ7 hL&ERLTZ, [
AR RMERRCIL. RIEEET A
ERICESSHEOLEBILBBE Eh
7=, —75 Vrekhovskii 513, PGe DRL sttt Sogwdoinidasnioisywcnt,
k%01 ETHRLU-BEZEES L
v =T RZONT, ZORIBIZTRAR i\
[EBELORE L ERBRERND e e
LERELTND, ZOFEET, XA

lﬁl{ﬁ.ﬁiﬁﬁttb(ﬁ)ﬁ’fﬂzv: YN 1 ®BYIVY = AOEE "Ge NMR A
EREETEIBRETHLI LEmg RAONL

T 5

Flm, BRI N T ALIONT, WS ONERDHEEICKITA T, 2HEL
oo BIBTI0sEETH--T, 13, KERICIZIBLZ 3FETHATS 2 &2 EHE
anl= (K2),

BE 1> 12 OIX, FEF RO BV R FREFIESEIC L > TEMT 5728,
INGOEOWIRIZEBIT S T3V BO4r—F—Ths, LirL, BEREHZBN
Tk, BB X3 T, 304 —F—Tholz, EBI N~ L EIX A YTV R
RO T, PGe OBV XNEAXMHTH L=, FEFEH L L CElUBFHEE
ER 720, BFRENC LV BREIIZDEIRELZ L, ZUBERIICESTHZ
ENREZOEND, ERINT=U LT, TOBENLEZICTFEIND LS,
BHEVAF T, BRICEET2EY RS FESN V2D, BEICE T 58
BHIIESICRS D EFERTE D,

* * 8.V.Verkhovskii, B.Z.Malkin, A.Trokiner, A.Yakobovskii, E.Haller, A.Ananyev, A.Gerashenko, Yu.Piskunov,
S.Saikin, A.Tikhomirov, V.Ozhogin, Naturforsh A. phys. Sci. 55, 105 (2000).
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'HNMR O EC ST
ELT FHARETREM
OFm%l. K TFTXESE. BEE. HRBXR, KEE—

Accuracy and Precision of Quantitation in '"H NMR measurements
National Metrology Institute of Japan, National Institute of Advanced Industrial Science '
and Technoldgy ‘

Takeshi Saito, Miyuki Kinoshita, Runping Zhang, Hidetoshi lhara, Shinichi Kinugasa

NMR can be used for determination of chemical purity without relying on reference
materials. For this reason, NMR is expected to satisfy requirements for a primary method
of measurement, which is defined by The Comité Consultatif pour la Quantité del Matiere
{CCQM) under Comité International des Poids et Mesures (CIPM). The primary method is
a method having the highest metrological qualities, whose operation can be completely
described and understood, for which a complete uncertainty statement can be written
down in terms of S| unit. In this study, we report identification and evaluation of sources of
uncertainties related to measurements of 'H NMR by using experimental design method.

XC&HIZ

NMR (Xt 2B EGEFEREARICEZS. RVEEGUSTRB CTHAILE > TRETHIT
055, LEEE, EFMLL BT IMEIEREITHOA TS —BFT. NMR OEEHED
FENSEFFHLUAHARITELSFEZALLRE NMR (X EREEHES L (CIPM)D
MEFEBES R (CCQM) TERIN -, —RIBERERICHRYBIIENHFIA TSR
BETHD, —RBEATERLI. REOHERMLEEELTNEIHETHY. TOHX
DERELNELIZERINBILOTHY . FOHXRICHLTOFHENSE S| BiIZk>T5E
ZIZEETEDIDOTHY. LD T ZOFHEOHEERNBRBLESEL TS (FEED)ED
EEFBRTILELLTRIANLNZLD 1THS, LEA>THES KURIFTICERT S
TENIEAFEREL. TORFHRERICEZDIRESEMBLICEHMT S LM, —RIZER|
EEELTOEE NMR £REL T 5 HICIIRIEEH LD, AMT TIE, REBHEEIZED
%2 .¥9 'H NMR TEREDEEEREFTIMICELIRBEREDAENSORELEFE
FEL. FHii - i %171,

Ak
EARERRENALL-ERHEIIT. BRICKELZELEEASRAFERTEI A-HICEHER
BHELGO T, COHEEFMABLTHERICHBAIEER/ AFA—2—D55 . NMR O EE1EIC

F—J—F: B8 NVR, RRASIHE. — JIEER5 %, CCQM, REREH Eix

SNESITL, ZOLI=ARE, 5o ABATA, WMILELV T, EHAELANLSE
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REGREBEEAIAFERETHLER A= TTRREEICERTARFO55 . 7
HEEBLLEDDORBELT NMR HIE CHBEI AR/ S5 A—2—CTHIRBOH—1E. kS
VAZYE—=FTEIMDEE . ARTM VB, T0IL2—I8, BYRLUBIERERE. T—2IYAH
B MERE. REEB. LY—NR—5A2 NN RBENRNZAELZRY LI, BY L
FEFOREERBLT. K1 ITRLIZESRBERE L [SEYA T -EREHEIL . Lis D
EXRIE. BitLo2xk#E

DEFALIKEDEEB, Table 1  Lis orthogonal array. A through H represent
C.D.E.F, G, HDE8D eight factors, numbers under each factor are levels for each
OEFI=OVNTOERHE factor. Bolded numbers represent experiment numbers.

T.18 @MOEKT 8 ENA

FOEEEFMT5H%T Lus (21x37)

HD, KEREVHEERED No A/ B|C|D|E|F |G |H
BAFOEYRHLATLS 111117t ]1]1
HOBRIX. F5THENHD 2 | 1] 1}2]2 ]2 ]2]|2]2
PRICHEARTHMMIZKE 3| 1] 1138|3133 |3]3
BBDT. AZITKEVE 4 |12 |1 |1]2|2]|3]|3
FOERHEH EATREICE 5 1] 2|2 (2]|3]3]1]1
Y, REEHEESETEY 6 1121313111122
ROHEWE®ETHSB, RY E R Y
(- 1 BFRHHET. & PN R e R R R B R
REF.EEEF. BER

FIzpELE. HIBERTT S| t]3]3j1 ]38 )2]1)2
EENRAEDEEZONDE 012 1)1 133 12]2 1
FHoIEIZ, BEALSHLS niez| 1|21 |1]3]3]z2
IRSA—B—ELZDEHEID 12l 21113121211 11| 3
Shi-fHOKEEREL B3l 221112313l z
L1s Ef&ﬁtzﬁqumféﬁo T s s T2 s 151 s
1=. ESATF. RERFHE

[f. ROSMBIY =, = bl 2]z 8;112,38/2]1
BETSMEIZIE. BV 6)2 ]38 1|38 ]2 ]3]1)2
EAFLUNNSEIHENR 17| 23|21 ]3]1]2]3
INBIZRE A &SI, RA—iflE 18| 2|3 (3|2 ]|1]2]3]|1

- HEE . A-ORAEHET
BRIz SBRICOVTIRE
BRERITHFETHD.

' AGHAERRMARENE — S - HAOERERERDHIZ- LE TR B (1998).
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TCI/5C| PR ERIAT 2ERIEA S EVHONMRIBE

(>—I——X BWESHEYS—) OWREESE

¥C1/#Cl Isotope Effect as a Key for Full 'H and *C NMR Assignments of Chlorinated Benzenes .
Yokohama Laboratory, Center for Analytical Chemistry and Science, Inc.
Koshi Matsubara

One-bond ¥CI/**Cl isotope effects on '*C NMR chemical shifts were effectively used to assign the 'H
and "*C NMR spectra of three poly-substituted chlorobenzenes. In the *C NMR spectra measured with
a digital resolution of 0.02 Hz per point, the chlorine-bonded carbons showed characteristic peak
separation by about 4 ppb with a 3:1 area ratio, which corresponds to the natural abundance of **CI and
%1Cl isotopes. The chlorine-bonded carbon signal was used as a key in the interpretation of the 'H and
3C NMR spectra when several 2D NMR techniques and the empirical additivity rules of the chemical
shifts were insufficient for a definitive full assignment.

ZRICNMREDHRIC L D AL EY OREMITITHERIFRIZE L <Efidh/z. H-2C
HSQC BXUV HMBC AXRY Mo B BEE R RES L T THBEEEBET 2 HERED T
FHTHD. < ONTHECETAMENZOSETHRIETESN, YV FILOERDIEL
BANKDRBEMIEARY MV TEARRBCRBRETERWREENHS. 2&AE, ZRITNMR
ARY NIVEGT H7=DIIIBDIBE LD TINPBETHEN, FORNIWEESTH
%, 'H, BCNMR & D ICHEEDRBREENTWRWI T FLAWERS T COfEIcENT 25
B IDREITED S 5.

Fig.1 I 2,2°-thiobis(4,6-dichlorophenol) (1) 'H HBLTN BCNMR A X7 MV ERT. ZDOHE
BKRDEFEST T ME 711 BETN7.28ppm TH D, 0.17ppm DEIT H3 & H5 2BHEICRET 51
W5 TR W, Fig2 IKRT BC-'H > 7 M NMR A7 MVERHTT S &, REBOBERZL
TO2REICRDZENTES. Thbb H, °C EHIZERKEMMNS (1) H5-H3, C1-C3-
C5-C4-C2-C6, HDWiL (2) H3-HS, C1-C5-C3-C4-C6-C2 THS. N¥DbFT 7 Mowd
LBEBMENRICIIDIEEONMEEZ B TEDN, BHREOENS <23 IFEMRANC LS5
BEEEABEOTNIIRERDEMMNHSD. C3-C5 XT D7 MEF 14ppm, C2-C6 XT D
7 hZEZ 08ppm TH Y, LREBEEHOES SMREL VNN ZRIRD B DIIER TIERW. Fig3 IORT
2D INADEQUATE A7 MLV Z#EHT L THRIITED Sz, 57t 7 M5 151.0ppm

CDVTINEBROBELECLICREL, TIMDARY MV ETKE, EBEAEICIERS 7T
NEDRSZERTERD, ThRR BT S> THAEODZONKESEHLDZONT
HFTE AR,

Figd IZ27 5 )L #EHE 0.02Hz/point THIE L 7= BCNMR A7 MILEFRT. 1222 BL WK
124.4ppm D> T FIVZZNEIRELL 311 Tappb BTENE 2 KD E—-7IZHBLTWS. 20D
DRITRBICEHBEE G LZERO O45C FMEICERTS V. LER->T, ZO5HDRN
123.0ppm O > FIVIEFREDOHE G L2 C2 £720, L& (1) ORESED TR ZHINS.

B A % — Tl bis(4-chlorophenyl)sulfone. & 4,5-dichlorophthalic acid DF HFEAT 5.

TCL/5C1 AMCEZIR, BHEENE
FDE5I5L

—216 —



OH OH

al s 1 ct
2 6
INT S
a ] )
i
PPM
T T T T T T l T T T T ‘ T T 1 T ] 1
150 100 50 0
b
1
PPM
l T T T T z T T T T ‘ Kl
10 5 0

Figure 1. (a) °C and (b) '"H NMR spectra of
2,2’—thiobis(4,6—dichlorophenol) (1) measured in
CDCl,-DMSO-d; (5:1, v/v) at 297K. Chemical
structure and numbering is shown in (a).

o

Sy
I
T

Figure 3. 2D INADEQUATE spectrum of 1 with
1D '*C NMR spectrum at the top.

3R

l I
£ )
w J
= I NN
= . A B
[ T |_r| T 177 Tl T 17T
150 140 130

Figure 2. (a) Direct and (b) long-range *C-'H
HETCOR spectra of 1 with 1D spectra at the top
and on the right.

124.4 ppm

C-4
ldC 27C1\J\\_\ ‘_J\/\_\

123.0 ppm 122.2 ppm

Jac_3501

T , TT 1T [ TT 7T , L3 ‘I_I'I TTTT I TT I‘l’—| T
1 0 -1 1 1 0 -1
C-3 / C-5
PEM
l T T T I T T T ] T T T | T T T T T T LI |
132 130 128 126 124 122

Figure 4. °C NMR spectrum of 1 with the
expanded spectra for C-2, C-4, and C-6. Digital
resolution was 0.02 Hz/point and no window
function was used before Fourier transformation.

1) W. Buchner and D. Scheutzow, Org. Magn. Reson. 1975, 7, 6135.
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HMBCIEDH LV AEIE----HR-HMBCIEIZ DU T,
KRB - ISE(L, *REX - &k
OBE—k, *WFIES
High Resolution HMBC(HR-HMBC), a New Method for Measuring Heteronuclear Long
Range Coupling Constants
K. Furihata and H. Seto
Division of Agriculture and Agricultural Life Sciences, University of Tokyo
* Faculty of Applied Bio-Science, Tokyo University of Agriculture

Structural analysis of natural products usually exploits HMBC that enables to detect
carbon-proton long range correlations. It is, however, difficult to measure long range C-H
coupling constants by analysis of cross peak multiplets due to poor resolution in the F, or F,
dimension. Although several techniques to overcome this problem have been proposed for
measuring long-range C-H couplings, they suffer from several practical problems associated
with setting of suitable experimental conditions, limited observation field width, data processing,
etc.

Although J-split multiplets due to J,,, and I, are observed in the F,-dimension of HMBC
spectra, observation of spin coupling constants directly from J-splitting cross peaks in the
F,-dimension is practically impossible. As an alternative to solve this problem, we have
developed a new technique named High Resolution HMBC (HR-HMBC) by incorporation of
J-scaling pulse sequence into the HMBC method. This method has turned out to be a useful
method for measuring C-H long range coupling constants.

2 LI

KIREBA LA DOREERATIZIBV T, longrange J o, ZAMIZ L TRIRBAET
LB EERPEO—DOTH D, HMBCIEIL, longrange) o, ZFIA L7-HHEBE—2
ERET A0, RHEICPHHAINTWHREETH LN, TDI R A= b
B long-range J oy, AL DT LITEETH S, ZORMBEEZMRIRT 2729, HMBC
EEIGH Uizlongrange J , PRIEESSZHERESHTVWE R, FHREVLEE, 8
RISERBHRIND, HOEIWVIIMITPEETHLEOXREH LTV D, HMBCHE
T, BEHIIC] Rl DAY VAL DI-SRPBE S hD, £z, FiiFR
W7 e br—78 AT K DI HEPBRHIS DA EEORIETIE, FEl. F#
HEONWTHRIZBWT S, JORANZ M P LEBEAC U BEEEREZRETS Z
LIZE#ETH 5,

Fxix, BEIZ. longrange ] ZRIET 2 —2>DKHEE LT, Jrezolved-HMBC-1,-2
EHRELTERY, T DJrezolved-HMBC-11&, FJ7IA Tlong range] ZBEIT 25 &\

SHIETHHH, F B F#EiGFMIZlong-range J o, DWEEIEND2DHIT, /Fm Xt —
I BB HR L, DBERRTOREBE. DERACUKEOBRASEEL 2D
BANRDoT, SEE, BRI R AE—2 BEMEL, 1, OXEEEZEDS L
% HB9IZHigh-Resolution-HMBC(HR-HMBO)EZ AT L. BAREREHBH I LN T
X2 OTHRET 5,

XV ARF)

X112 7%V & %51 High-Resolution-HMBC-1, -2,-3% 7R,
HMBCH:OR{LIZ, REDFE 7 ML, Tubr—7u O UHETRHA
LT3, L., AtIELSRESND D, NERAECVEEPRHTEDIZL

High Resolution-HMBC. J-rezolved HMBC, long range J.,
S0 TR BE 13258
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IZidtmaxZ BB L TW2vw, #i
ZiXF=30000HzTS512RBIE LT
b tmaxi 17mseciCBE 22V, £
D®IT, FAAIE, AE—R
vy 7Y 7 EREHT DI
EbLRV, AV UHKEEREZRHE
T 57 O, tmax?3300msH 5
500msfiiE TERET OLENDHD,
HMBCIEIZ 3V Clong- range J o, %
BT H10IIIX. J,0BLE
t,max=300ms?> H 500msfiL £ TR
L2 TRL RN, D7D
HMBCO A ¥V EBREAO&EIZ]-
scaling”$/V & (--nt/2-180(H,C)-nt /
2-)EBEAT HO00 (K1) , £
OfER. HMBCRALIZLF Y7 b
xtL Cikt,, 7u br—7nm b
VORAEUFEETIEO+DL. £ L
T, RELORAE UFERICH LT
idnt, CEBET 5, A7 bADOY
v 7Y T EBIZUEAE. 2D-J-
SFREDOLOR BIZBW T, t;max
IR B X U A N DA —
F—%lx b X5 IREL TN
e bavy,
23500msecth EIZ72 5 X 512§

Ai{=3.5msec LH,=60msec G1:G2=2:1 n=20-40

Gy Gy

HR-HMBC-2
X 180x 180%
N it
ot e 15 Ter 2 T2
90 920 90 180%

Gy Gy G,

Ny=3.5msec Npy=60msec G1:G2=2:1 n=20-40

R-HMB
X 180x 180 180
; i) 4o o ny
-l 2 n 2 P 2 ﬂ 2

iR i

C Ay=3.5msec Npy=60msec G1:G2=2:1 n=20-40
[X1. High Resolution HMBC® /v A %%

Bz, 1= 2HZ’§_’EE{E'JTZ> 7o ®ITid. digital resolution?32HzEL T ¢ max
RET D, HR-HMBCIEIZBWTH, J-HRA Y b

DR RR/RT A —F — L REIZnt max B A B UEE ER/IDOA—F —(300msH> H

500ms) & 2 % & 9 IZscaling  factor (n) % 3%

BOMELIY bofs, &
BVE, n+l fEOME
Y LTRRISh S,
High-Resolution-
HMBC A7 bV
2 i Z=F A
BrDAFNAVET o

BT D, TOFRR, ACVHEEERIIE

@*CHZ—CH3
\/

_,ﬁw%CfmT:NNWL_ _JWNkM

FUhb A F LR
5 & Dlong range Iy,
IZ X 2HR-HMBC®D

1.25 1.21 ppm 1.29 1.25

1.21 "ppm 1.25 1.21 ppm

ruaAe— 2 &2RT,
BE ODHMBCR 7
KV 2> 5 long range
JCH%?EIJ ET B Fa(*H) Eo('H) Fao('H)
. F,#h, FE#iz® HR-HMBC-1 HR-HMBC-2 HR-HMBC-3
SFEFETCHRIEEZ LR 2. Ethylbenzene?®HR-HMBCR 22 kL
THiEe B2V, F,/n resolution = 1.1(Hz), F, resolution = 2.2 (Hz)

ERBIZIX., AER

scaling factor (n) = 25,
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e Y v 7 2D KX XOHIRH
BEDL S RREIEMTHE, € .. JeH
D7=®, long-range) &I T BE _Lf—’
LBEIET 5 Z & idHskRny, .,

HR-HMBC-10 X227 FLiE, F, (2n+1)JCH-- O——L
WIEIZBWT, JHH7§§scaling HIz X F (130) nJCH
. nrMEIIER SR TS ESE, ¥ F
BEHOHMBCD AT kL ERI T _.' mJCH L
Z— &R (E2a), TOAXRT b
MIZRT K D1IT, FIRTLO SRR @
EHBHZLICLY, BRECKNT m = n/(n+1)+1
a\%t%ﬁﬁﬁb\:@x&& ”
kv blong range § o PIEZ FEAH & Fo("H)

BT ENAELRB, 3. HR-HMBC-3 A~ MO

HR-HMBC-2IZB VW TIX, long-
rangeloy & Ny O3 A LR ARICEF L TRAIS WD, ZORDIZ, 7u b D), O
WS TERWIBEIL, long-rangel,, &1, 2 XA LBAIT 5 Z & iXHEEIZ 2 5 (K2b),
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27A1 NMR Study on the Multidentate Complexation Behavior of Cyclo-p-
triimidotriphosphate Anions

@Tatsuo Yokota, @Hiroyuki Nariai, and #Tohru Miyajima, and CHideshi Maki

ADepartment of Molecular Science, Graduate School of Science and Technology, Kobe
University, 1-1 Rokkodai-cho, Nada-ku, Kobe, Japan

bDepartment of Chemistry, Faculty of Science and Engineering, Saga University, 1-Honjo,
Saga, Japan

CDepartment of Chemical Science and Engineering, Faculty of Engineering, Kobe University,
1-1 Rokkodai-cho, Nada-ku, Kobe, Japan

As shown in Figure 1, cP3(NH)3 ligand molecule consists of P-NH-P linkages. Non-
bridging oxygen atoms as well as bridging nitrogen atoms of the molecules are able to
coordinate to metal ions in aqueous solution. Even though extensive studies have been carried
out on the coordination structures of metal complexes of cP3(NH)3 ligands, the details of the
complexation mechanisms still remain unclear. 27Al NMR studies on Al3+ ion complexation
with cP3(NH);3 ligand indicates direct coordination of nitrogen atoms of imino groups to Al3+
ions. It has also been revealed that nitrogen—coordination is much more favored than oxygen-
coordination, and that various complexes with mono-, bi-, and tridentate coordination are
formed. In the present work, 27Al NMR spectra of the mixture solutions of Al3+ cations and
cP3(NH)33-anions of various compositions have been obtained and the complexation equilibria
are analyzed by a peak deconvolution method in order to get the information on the microscopic

complexation.

(#85] AMRETHWEZRRMNY A I F=D U8 o
A, cP3(NH)33- (Fig. 1) 1Z3HD Y BRI A 2 %
JREIC K > THRES NI BRAEY ) VB AT M N
BV, B FRCBEORIIE T+ b b I G O=p__ /pfo
KIRT LRI T R ol skt 907 N 0P
HHIRF S D, BRIRETIZZNETPINHEFD g 1 Suructure of cPs(NH)s anion.
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ZFONMREDOFRAKM STV D,

AHFZETIZABH-cP3(NH)33-88 L p R D % BERL & AE i 228 %, 27A1 NMROE —72
SRR AT D TSI K > TR EE LTz, AB+A F > LBe2+ A AV IZRIBRE D
BRI A2 BRI E SO DL AIELE R R 2 Lo bh T a DR, Ak
O RRIEBWTIEREREA A BN O ARE SRR B KE PR R
BT EEZOND, ZOTDAF 2 HENBe2 A F 2 DRLSERZVAB+A F 2 &
DOFEAE BRI INIZ B O TIX, Be2+-cP3(NH)33- 3R TIdA L2k o Te i TINEE RO L B
BEAIEE R E DL RRBER DO E RSN D,

WD X 52— RSN TFE TR, BSR4 %, —HolLsE
DOHIED S FEROEHGEEET D LITRD, FUTx LT/ UV ANMREE TR
EN T AL PR N 2R O D ERNPOFRHCE < OIL PO EET 5 2
EMRRETH D,

Tridentate complex
[58k] 27A1l NMRAX% hLid, JEOL Bidentate complex \

Monodentate complex
GX-400 NMRHIEZEE (Ref. 0.1 moldm3 X 10% el
AINO3)3) ZRWTHIERTT o7z, kA cfl: 2.55% 10" moldm™
JiZ., Ca© = 0.01, 0.05, 0.10 moldm3D#%
AL(NOz)3 /KT NE R cP3(NH)3 37K I8 % 7R
MEDZ LI EVRE L, kABA T
> DMK S RE 1k D T2 HHNO3 F 7213 NaOH
ZHWBZ LI L VpHASICHE Lz, Z O
pHAEIEIZ BV TIZcP3(NH)33IZ 03 5 71
R —3 a3 v OFBITEETE D,

Ca = 4.07X 102 moldm™
Cp = 1.44X 107" moldm™

Cpp = 449X 1072 moldm
Cp = 9.43X 102 moldm™

(471 Fig.2iZ AB+-cP3(NH)3 38R D [AIH,0) P —
REMZR 27A1 NMRAXZ MR, b
27 N E RO I IBN S LT 5 T T e e
D, WEEDAB+A F 2 Z0ppmE L. B o, / ppm
NEBIRIC RS S BEERSNT. T RRRD Fig. 2 Representative 2’Al NMR spectra of AI**- \

. . o2 ey g cP3(NH)33' mixture solutions (Ref. 0.1 moldm™
e, ZrsEehrdk ks U ERE L, AINOS),, 298.15K, pH 4.5).
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1) A. Cotton and G: Wilkinson, "Advanced Inorganic Chemistry" fifth edition, pp. 144, John
Wiley & Sons Inc., New York (1988)
2) T.Miyajima and R. Kakehashi, Phosphorus Res. Bull., 1, 101 (1991)
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9Be NMR Study on the Microscopic Complexation Behavior of cyclo- u-
Imidotriphosphate Anions

aHideshi Maki, bHirf)humi Tabata, and PHiroyuki Nariai

aDepartment of Chemical Science and Engineering, Faculty of Engineering, Kobe University,
1-1 Rokkodai-cho, Nada-ku, Kobe, Japan
bDepartment of Molecular Science, Graduate School of Science and Technology, Kobe
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Despite a large number of thermodynamic studies on inorganic polyphos.phate
complexation equilibria, quite a limited number of studies has been employed on the
microscopic coordination behavior of the complexation equilibria in aqueous solution. This is
due to the difficulty in the determination of microscopic complex stability constants by the use
of convensional thermodynamic methods on these multidentate ligand molecules. A metal
NMR technique is expected to give direct and quantitative information on the microscopic
complexation equilibria. Due to the slow chemical exchange in aqueous solution, Be2+ ion
complexation system is one of the most suitable systems for the microscopic ‘complexation
equilibrium analyses, i.e., separate signals for respective microscopic coordination structures of
the complexes are expected to be observed in the 9Be NMR spectra. This technique has been
applied to the Be2+ complexation studies on the series of ligands, cP3(NH),(n=1-3). In our
previous study, it has been clarified that cP3(NH),(n=1-3) ligand forms monodentate
complexes with oxygen-coordination and nitrogen-coordination, as well as bidentate complexes
coordinated with two oxygen atoms. In this study, the variations of the entropy and the
enthalpy of the complexation reaction for the series of ligand molecules, cP3(NH),(n=1-3) have
been elucidated from the quantitative treatment of 9Be NMR spectra of Be2+-ligand mixture

solutions.

(#8] A TRHWIZERA I R2U VERA 4. cP3y(NH),3- (n=1~3, Fig. 1) 1I3
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FIELARVWEERRBRLTNS EEX b5,
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Temperature and Pressure Effects on the Rotational Motion of D,0
Molecule in Alkali Earth Chloride Aqueous Solutions
Koichi, FUMINO; Yoshihiro, TANIGUCHI
Faculty of Science and Engineering, Ritsumeikan University, Kusatsu, Shiga,
525-8577

The spin-lattice relaxation rates (R,) of D nucleus of heavy water (D,0)
molecule in alkali earth chloride (MgCl,, CaCl,, SrCl, and BaCl,) aqueous
solutions were measured in the range of 0.1-300 MPa and 0-1. 0 molkg™ at 10,
25 and 50 °C. R, increases with concentration quadratically in 0.1-200 MPa
and linearly at 250 and 300 MPa at 10 and 25 °C and linearly at 0.1-300 MPa
at 50 °C. With increasing pressure, the rotational correlation times ()
coordinated to Mg?*, Ca?*, Sr?* and Ba?* which is estimated by R,, increases
at 10 and 25 C and decreases at 50 C.

LIIL®IC

PR Y Bk~ 7 X UV ABIUCEIEIN Y Y AKBERFOKSFODES
TRVOBDOAY vy — B FBFEE (R, % 10, 25°C. 0—1.0molkg™, 0.1—300
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MPa TiX 2 KR OBMRIT, 250, 300 MPa TIXEMRBBRITH /=, £72. Mg?*t, Ca
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BT Mg?t >Ca’" >pure D,0 DJEIC/R Y, EAOHEME L HIZEMLE, 2
THEATEBIT2AFFORGEERCHTIAREILIE/ILD . TADY
T —AZ 14 F(MgCl,, CaCl,, SrCl, ¥ X BaCl,) KIEEFIZI T 5K F
DDEDOR, % 10, 25, 50°C, 0—1.0molkg™, 0.1—300MPa iz W THIFEL /=,

2. EBF ik

R; DB EIX Inversion-recovery 52 W TIT -7, WIEEAIT 0.1, 50+1,
100£1, 15041, 200+1, 250+1, 300+2 MPa, #ll IR B % 10£0. 1, 25+0. 1, 5040. 1°C,
BHREL 0.25, 0.5, 0.75, 1.0molkg™? & L7z, R, DHIFER=EIT 3%LUNT
Hot,

I FERBIOESE )

SrCL, KBBEFPIZBITAIR, L HBFKRBEEm L OBK % Fig. 1 I1I57 T, #fikick
FTH5REEOR, ZR,°ET 5L 10 BIT25CIZHBVTIL 0. 1-200 MPa Iz B W
TR A, 250-300 MPa KBWT(R)RBKELTH b0 EEbh, 50CIZEBWNT
X 0.1-300 MPa IZBWTR)RXBHRIALTH LD LB s, (ZOBEMIT MgCl,,
CaCl, B X V' BaCl, KBKIZOWTHLRETH - 72.)

TABYT—RA7aF4F, KF, AU -KFENEE, BE,. EH

SHD ZH50VH, kiE<h XLVA
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R,/R,°=1+Bm+ Am? (0
R,/R,°=1+Bm (2)

TZT.AFRAMAF Yy —AFEAREERBICET ARG A—F— B4 4 -8
EMEEERICETAIRNGA—F—ThHb, (DRXBIVCQXDBIEAAvH
BRIV FrHE2ZBETAZLICLED, QRABHEIT B,

B=B*+B +B,, (3)

Yo, ZREBEFA 2 2H., BF K =B C)EEETHZ LI @R
BELNS,
B*={(R,"/R,®»—1}(n*/50.0) (4)

SIT. RARBAIFAVICEMTEADTFOR,. ntRAF L ORKETH S,
EHICHERBILEETFTCRG)RNRLT S Y,

111==(3/40){(214-3)/12(2I——1)}(equ/h)Z{l +(n?/3)}« (5)

T IRAEYETFH, /I HUEBFREEER. n IFEMHEST A —4
= tHAEEORGHEBRMTHL, WX, GIRLY Mg, Ca?', srPti
LV BT ICEMT HAGFOc BELNR. IXEHOHEME L HIT 10 BIT
25 CTIREMLTVDIOIZHL, 50 CTRBALLTVEHDEEDRD,

45 28

10°Cc 25°C : 50°C
L] 14
4
s . hd .
L4 . [ =
.
. . o : ¢
7 L - -
T 35 - PO o2 ° = ¢ ® e« L, 4
& : § & L] : A & e T a 2
.
* A i [ ] . A a] 1.3 = : A f
: 8 « 4 8 e , B
3 o ¢ A A 9
a L [ 8 A
g &}
25 L + i8 . * 1.2
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m/molkg™! m/molkg™! m/molkg™

Fig. 1 Concentration dependences of R, values of D nucleus in SrCl, aqueous
solutions.
@ :0. 1MPa, M :50MPa, @ :100MPa, A :150MPa, A :200MPa, < :250MPa, [J:300MPa

4. BE TR

DXEE— - - A0F3, FI9ENMIMKEESE, p.210 (2000).
2)H. G. Hertz, “Water, A Comprehensive Treatise” Plenum Press, vol. 3,

Chap. 7, p.301 (1973).
3)A. Abraham, “The Principles of Nuclear Magnetism,” Oxford University
Press, p.313 (1961).
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LC-NMR D& &N ~DIE ARET
EVvIH—Ftr&—) OO #H AF—H#

Investigations of LC-NMR application for structural analysis
Toray Research Center, Inc., Ken Kawaguchi and Kazuo Kimura »
An LC-NMR is the useful tool for structural analysis of metabolites or impurities from
drug substances. In the structural determination, we need the data of homonuclear
spin-couplings or NOEs. But in many cases, the amounts of the minor ingredients are very
small, so we often face the low sensitivity problems when we apply 2D NMR techniques on
LC-NMR. To overcome these difficulties, we have tried various 1D-NMR techniques on
LC-NMR, i.e., ID-NOESY, COSY and TOCSY. The advantage of the 1D-NMR techniques
over 2D-NMR techniques is that we do not need long time for experiments of many scans.
Using 1D NMR techniques, we can take the information around the targét spin. Most of the
structures of minor ingredients in the drug substances have similar structures of th(; original
drugs, so it is often sufficient to get the only information around the signals that are derived
from the original drug spectrum. In this poster, we will show the example of the application
of the structure determination of the minor ingredient with 1D NMR techniques on
LC-NMR.

Ui

LC-MMR iE, £ D4 D@ Y HPLC & MR 2 ERS L2 E T REHO MR ST 2 RET 5,
EEHOSHTIX, o (il SABRHOBERECSHMIFIR TS, Linl, B
RENBHPEY (RFY) PREVOSERIL 0. 1% LV EEL, BRERBROD 2 KT MR
BIEPTRARERIBEN B, T2 THERT OFERITOBIE: U<, L KT ARECER L,
LC-MR 123313 3 1 D-NOESY %> 1D-COSY. 1D-TOCSY 72 ¥ ORI %ATo7r. LRD L 5 reflrEmy
TIRERS RELE) OBENEMTHOBHRDIIREMEO—HBIBEEL T EHEE
BTz, B UBEBMIZRE LT 1 RS AREEZAVvIIE, 2 Rt MR BIES R AR
RMBERSIZOVWTHOEERIT AR THI LEX N TH D,

EBR

S8 3 LC-NMR 4% T, Varian UNITY INOVAG0O % iV 7z, REHIEHEES S = (HRAK)
FRWL, ZOREHIE RREBREORMYNRE £, LC-NMR (Stop-Flow #) THIZE L 7= 'H NMR
AT MR EILC/MS 25, REMIL Fig LITRTETETH DI LB/ hot, ZORMH
ZOWT, Y 7 F A EERAAIRAATS ID-NOESY ORIEEZ RS, Fig 2 ITRIERERETT. |
HHEEBYONEPBHENTEY, BFSHL 10ug AT TH NOE BRIETRE L Bbh 5,

LC-NMR, B 7 VHE, | RTBBEIE, MERS OEEENT
Po<hH FA, 06 TR
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R0
1D-NOESY &A%, 2 R7t MR O S TE LR TR By OB EMRITICRII D Z L 2/
BT B ENTER. 5% EX5HIT ID-TOCSY, COSY ZDREELRARLATETHS.

)\/»@«Jk B
/K/\/KAO/E\ .A

Fig.1 LC-NMR spectra of Granyl acetate (A) and the impurity (B) using stop-flow method.
Mobile phase: D20/CH3CN (35/65).

m A 1 kaw,\_,[_
-/

0|

~—5 45 b 3.5 3.8 23 3.0 15 1.0

! Fig. 2 1D-NOESY spectra (LC-NMR) of the impurity (B) in Fig. 1. The bottom spectrum
shows that of a normal LC-NMR.
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13C-NMRIZ X 5 Gellan Gum & HE#ESB A3 D
MEEMCET 3HE
GekBeT) ORUIGE, S, RIKH. T, Bk

13C-NMR Study on Interaction between Gellan Gum and Paramagnetic Metal Ions
A. Yokogawa , A. Suzuki, T. Izumikawa , T. Hiraoki and A. Tsutsumi
Department of Applied Physics, Graduate School of Engineering,
Hokkaido University, Sapporo

Gellan gum aqueous solution forms stable gel at room temperatue. Especially under the
existence of divalent cations gelation is drastically promoted. To clarify this phenomenon we
investigated the interactions between gellan gum and paramagnetic metal ions such as Mn?*, Cu?*,
Ni2*and Co?* in the sol state. 13C-NMR spectrum measurements showed that resonance lines of
the carboxyl carbon and the nearby ring carbon are selectively broadened or shifted. These results
suggest that paramagnetic metal ions strongly interact with the carboxyl group in the
D-glucuronate. T:1 and T: relaxation measurements of the carboxyl carbon and the nearby ring
carbon were made to determine the distance from the metal ions and the coupling constants.

(HELEM)

Gellan Gum(CL T GO)IiX. #44Y Pseudomonas elodea 1> 5B N D BMREEH FEHETHY |
ZFOFEEL Figl IR THEY Thb, Gellan Gum KiFHKIL, CaZEd 2 il F A L HMC
LV OFNERDORE. @FAREN, PRI D, Bl OBEELH LMICT 37D EREME
EBAF L ThHD Mn2ta AV, ESR BIEIC L 5 Mnz* O Ei#)28), NMR HIEIC L 288D
BESICHATIMEEZIT-oTEE,

AEFFE Tl B M2 DA O ERBIEESB A 4 Cut, Co2+, NiztZ ., #EE& L% 13C-NMR
TERT 5, FEEESB 1 AU BBEY A MOERT S L EBESIRIC X > TERASNMIC. NMR
VIFADY T MR u— K= 7 Rk o oo oo "
MOZARE B, ZHERNT, RFHE 10 . @D \w WO_
BED GG LR A A OREEAZH~ ‘M H 0 H
BT EEMET S, SEIL, Y AREBICO “A"“ "B"" ”c"" °"D°”
WTHRLI R ERET S,

Fig.1 Chemical Structure of Gellan Gum
(BUkH & EBREEE)

BN, BV 72T - FAao GG ERWEL, EELE GG &k%E 90°CT 1 BEEER
L. REZREL RO TBWERE A A4 L kEER(Mn2t, Cuzt, Nizt, Co2)&Mx, X HiZ90°C
T30 4~1 FFfEHE#HE L. NMR, DSC %A FIZEED -, 13C-NMR #E i BRUKER DSX
300(LEE %k 75.48MH2) M L7z, DSC BIEIZITEA a2 —A XY A b DSC 6100 %
R L,

Gellan Gum, 18C-NMR., #BESRE 1 A4, Ti. T2

LIBDHEDOD, TTEHHOL, WTFLIrDENWTIT, O0bBE L LER, 2DHHEVA
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Fig2 it GG ICARBA T A TML. BB Moo SO
BT DSC MEET R THS, BRMEGE | e
AZUNfBE&B/A A & LT Cazt L RIEDOR
ReEbHOT EEHRLE, . ’H—/L\* Co™ 1mM,£=0.0258

Fig.3 iX. GG2.5wt/v%KiFiE, GG2.5wtiv%
+CuClz 0.1mM A&, 333K @ 13C-NMR &2
7 FAVTHD, BBA A VERMOBE. ©—2
By —7ThHoH, Cu*ifFiicky 7e—Fk=
YIBELD, BICHNARIINEEEZOMITE

—— Cu**1mM,£-0.0258
,/,-—/L/-—% Ca™1.2mM,£=0.031

+
e\ Gellan 2.5% only

290

B6, B)DE—r7 D7 ua—R= IR ELWN, o

FAN

D Z L3 Y VRIE T Cu2t 3 B6 (LICBIRMICHES

GG 2.5%+Cu0.1mM,£=0.00258

M

500 310 a0 TempK
Fig.2 DSC diagram Gellan Gum
+ salts on cooling process
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Fig.5 Temperature d%Qendence
of T, about GG2.5%+C10.056mM
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Fig.3 13 0-NMR spectrum at 333K c tration/mM
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AR Y B-JURTE SR O RS E
(FEfuR !, |BK? BAEFT—FLAKRET, EBK)
OMiEhT, KBRS, FEER | BRET, BHEe! EREF, RELE

Determination of Solution Conformation of Allergenically Active Pentasaccharitol by
. 2D-NMR and DADAS Calculation
"Department of Bioengineering Tohwa University, Fukuoka, 815-8510, ?Department of
Biotechnology, Fukuyama University, Fukuyama, 729-0292, 3JEOL Datum Ltd.,
Akishima-shi, Tokyo, 196-0022, * JEOL Litd., Akishima-shi, Tokyo, 196-8558, *Department
of Fermentation Technology, Hiroshima University, Higashi-Hiroshima, 739-8527, Japan
Yuko Kato!, Masako Fujiwara? Tatsuo Munakata', Masaya Ohta®
Naoyuki Fujii 4, Seiko Shigeta °, and Fumito Matsuura *
Pentasaccharitol, GalNAc 8 1-4(GalNAc o 1-2Fuc a 1-3)GleNAc 8 1-3Ga1NAc-oll? is an
allergenically active O-linked oligosaccharitol derived from a sea squirt H-antigen. Concerning
the interaction between the allergen and specific IgE, an analysis of the solution structure of the
saccharitol was carried out?. 'H- and *C-NMR assignments for the pentasaccharitol were
obtained using 1D-HOHAHA, TOCSY, DEPT135, HSQC and HMBC techniques. The solution
structure was determined using a combination of 2D-NMR ROESY data and distance geometry
(DG) calculations in dihedral angle space with DADAS 90 program®. Two conformers, family A
and family B that satisfied almost all the NOE constraints were obtained, and supplemental MD
calculations revealed that family A was in conformational equilibrium whereas family B was

rather flexible. The molecule of HPG- 8 2-N5a had a layered conformation not a linear one.

RYERFICH DT VAT o FEES T HPG- B 2-NbaP OB E X, ik & 055738
g A D EICEETH B, 2D-NMR & Distance Geometry(DG)EEIZ X - T3z
EHE&E DB 21T > 7 ?, 1D-HOHAHA,TOCSY,HMQC, & 5iZ ROESY %5 NOE
ERAHET-RER. b EOBMERIC Figl.® X © 72885 % NOE #HEN R bz, NOE
constraints Z iV TD DADASI0YIZ X % DGEEDFHER 2 2D a7 4 ~—A, B
/o, HF2xDERHOLIHEOITTT, a7+~ —DREMEEFTAD-DIC
MD #HEZ{T-o72L ZA, AITTRAF—HIZEE., BIIXLXCREERREBICH D Z
EBboT, WEIE GalNAc2 & Fucd3 OEID Y a2 FiEAD ZEAIZE VR H
D, WINLIEEEITRERELZ LY. HiEL DRETNLTH D 2 20 GalNAc
@ OH FEEEEIZ 10-11ATH B Z L ¥bhroiz,
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GalNAe*nl — e el —

GalNAe 41—~

nNA;‘Bim m;m;..z

f-D-CluNae?

Fig.1 Key ROESY (*H- 'H) carreletiont fo estalking the 3D structuce for HPG-R2-Néa

(®) Solution Structures

GalNAe?

For FamA and B of HPG-B2-NSa, superpositions of {0 converged stractures best-fit for backbone atoms excluding
GalNAc-ol int all heavy alom representation.

GaiNAc-ot

FamA

GalNAc-ol

FamB

"The glycosidic dihedral angles ¢ (degrees) and y (degrees) of FamA and FamB of HPG-B2-N3a based on DADAS.

Dihedral & ¥ 12 Y2 L Y3
angles HI-CI-01-C4 | C1-01-C4-H4 | HI-CI-01-C3 | C1-01-C3-H3 | HI-CI-01-C2 | C1-01-C2-H2
FamA 58.6+83 18303 43541 26.1 £0.3 -62.5£00 -21.6%00
FamB 733229 21926 -5.0+40 -383x64 -60.2£32% | -15.615.5%

* different results obtained by MD

BEE Yo MY —EMAEBLEFRRTOS TEELII NMR FIEB L CEER

TEREVWRETEEELE,

Key words: ROESY-TOCSY (ROTO); Allergenic-Pentasaccharitol; DADAS 90 calculation; MD calculation
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SR—% L Y U IRIERE B E Parkin @ ubiquitin-like domain @ NMR (2 & 5 #3iE 4747
CRRERK « 8" RWEERK - Ef 2L FRIIK - 8 Y KARERS . BREETF
wEAHL OB #*° BEEEES OMETIHR'

Structural Studies of Ubiquitin-Like Domain in Parkin: Gene Product of Familial Parkinson
Disease ;

'School of Pharmacy, Tokyo University of Pharmacy & Life Science, 23chool of Life Science, Tokyo
University of Pharmacy & Life Science, *Faculty of Science, Tokyo Metropolitan University

Seiji Okubo', Sakurako Tashiro', Hideyo Yasuda?, OMitsuru Tashiro®, Masatsune Kainosho®,
OHeisaburo Shindo'

Protein Parkin is the gene product of PARK2 responsible for Autosomal Recessive Juvenile
Parkinsonism (AR-JP), one of the most common familial forms of Parkinson disease (PD). It
consists of three domains, one of which is a ubiquitin like domain (Uld) at the N-terminus with 32% of
identity to human ubiquitin. The function of Parkin has been identified as a ubiquitin-protein Iigase,
and the mutant Parkins from AR-JP patients show loss of the ubiquitin-protein ligase activity. In
order to clarify the specific role of the Uld in Parkin, we have constructed the deletion mutant of
Parkin which contains Uld alone. The structural characterization of Uld has been carried out using

the heteronuciear multidimensional NMR spectroscopy.

Protein Parkin is the gene product of PARK2 responsible for Autosomal Recessive Juvenile
Parkinsonism (AR-JP), one of the most common familial forms of Parkinson disease (PD). AR-JP is
characterized by selective dopaminergic neural cell death and the absence of the Lewy body, a
cytoplasmic inclusion body consisting of abnormally accumulated protein aggregates usually
associated with other forms of PD. The function of Parkin has been identified as a ubiquitin-protein
ligase, and the mutant Parkins from AR-JP patients show loss of the ubiquitin-protein ligase activity.

Parkin consists of three domains, one of which is a ubiquitin-like domain (Uld) at the
N-terminus with 32% identity to human ubiquitin. The others include two RING-finger motifs at the
C-terminus and a linker region which connects two other domains. It has been proposed that the Uld
is involved in recognition of the target protein whereas the RING-finger motifs recruit ubiquitin
conjugating enzyme E2. Recently, independent studies have revealed two different target proteins
for Parkin. One of them is a 22kD glycoprotein named o-synuclein (aSp22), a main component of
the Lewy body, while the other is a G protein-coupled transmembrane protein called Pael receptor.

In order to clarify the specific role of the Uld in Parkin, we have constructed the deletion

Keywords: Parkin, Parkinson disease, solution structure, NMR, ubiquitin

BECE #LC. L3 (BT, BFE UVTE LD #2553, MDLES ok,
LAES ALERBS
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mutant of Parkin which contains Uld alone. The structural characterization of Uid has been carried out
using the muitidimensional NMR spectroscopy. The preliminary results along with the comparison of

Uld with ubiquitins and their biological implications will be discussed.

Methods and Experiments

The recombinant Uld was expressed using a pET28 vector in E. coli strain BL21(DE3).
The protein was purified from the soluble fraction on a SP-Sepharose cation exchange column.
Other impurities were removed by gel filtration chromatography. All NMR spectra were acquired at
25 °C on a Bruker DMX-500 or DRX-600 spectrometer. The standard triple-resonance methodology
wa's employed to obtain sequential backbohe and side-chain assignments for 1.0 mM samples of
BC™N- or 15N-uniforrmy labeled Uld protein in 25 mM C?*H;COONa and 10% 2H,0 at pH 5.0. The
sequential connectivities were made using a CBCA(CO)NH and CBCANH pair of experiments, and

verified using a HNCA experiment.

Results and Discussion ‘

Nearly complete backbone and side-chain sequential resonance assignments were obtained
except the N-terminal region. The secondary structure of Uld in Parkin, as determined by the
consensus of the chemical shift index, comprises four p-strands and two o-helices, and the overall
positioning of the secondary structural elements in Uld is similar to that of human ubiquitin as shown
in Figure 1. The comparison of hydrophobicity between Uld and human ubiquitin shows a small
difference. This implies that the difference in the stability between two proteins is not simply due to
the differences in amino acid sequences. Unlike human ubiquitin, Uld is unstable under the current
NMR condition which made the task of assignment difficult. As the possibility of degradation has
been eliminated by SDS-PAGE analysis, the aggregation from unfolding of Uld under this condition
might be the major cause of the deterioration of NMR spectra. It is possible that the interaction with
other domains is necessary for the stabilization of Uld. Once the assignment of all side chain
protons is completed, three dimensional structure of Uld will be elucidated in order to investigate the
recognition mechanism of the target protein by Parkin.

’ 1 10 20 30 40 50 60 70
Human ubg MOIFVKTLTGKTITLEVEPSDTIENVKAKIQDKEGIPPDOQRLIFAGKQLEDGRTLSDYNIQKESTLHLVLRLRGG

40 50 60 70
© © o® & (<] ®

Parkin uld| MGMIVFVRFNSSYGFPVEVDSDTSILQLKEVVAKRQGVPADQLRVIFAGKELPNHLTVQNCDLEQQSIVHIVQRPRRR

Figure 1. Comparison of the amino acid sequence and the secondary structural elements between uld

and human ubiquitin.
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Effect of hyaluronan pore structure and size of solutes
on diffusion in aqueous hyaluronan solution.

(RIKEN)Akiko Masuda, Kiminori Ushida, Hiroyuki Koshino, Koichi Yamashita

The self-diffusion coefficients of water, tris(bipyridine) ruthenium (II) complex (Rubpy),
methy! viologen (MV) and cytochrome ¢ (Cytc) were measured in the aqueous hyaluronan
(HA) solutions by a pulsed field gradient NMR (PFG-NMR) method. The observed diffusion
constants of MV, Rubpy, and Cytc depended on the concentration of HA, and the results
showed a sharp contrast to those estimated from photochemical experiments, where only slight
effect of HA was observed. The difference in the diffusions observed by these two methods
was ascribed to “distance dependent diffusion” reflecting the characteristic pore structures of
HA aqueous solution.

(F] e7 )o@ (HA) 3EERRICEL EETHHEEOEE T, KEKRT TH
AEWV, BEBEZERL. KEREITIHEZED, 20D, bTh 1wt %2
EOKBRIZBNTSH, HADHFELPRBEEZEZ S Z LICE> T, MERIIE T
~BHCPEBIIZE{LL. ZOPHICIIEEOHBFNSHEANEE >TSS, &
L Tid. HAKBBEBTD, K9F (BR0.3nm) . FUAEEU DIV FZD
ALADEEAE (Rubpy. BEL1.0nm) . AFILEAT—F> MV, EX1.lnm) . >
croAhc (Cyte, BEEFE3.4nm) OIEEERZE. /L ARBEAENMR
(PFG-NMRWETHEHBHIEL., B FORZEILHADBE - HFENMLEER
WKEHZ5RBEHOMCTHIELEZANET S, /2. ZOXIBAE—BERPT
DILHBHAE TIZ, BHEN I ERIIEEEEICL > T, BAKKT b b8
FEEEICRET B EE 2 5N 5, PEG-NMROEIEN 5485 N AIEBEIL. HEs
FOREIRECE > TRERDM, ELHEHI-4A3 . mDFEEHEERTH B, —F
REFINET, HAKBKRTOBEERERIT 572912, Rubpysitkz Bz
KBRS TRETBHRSEWMEL TELN, ZORKBICIE. 15-43nmOiLBFERE
WCRE T AIHERNEESE L TW5, 2BEOEBIRE LBER Ro=i#
EFITHTOIHAORESEESE., BEOYREZERMIRL., L TERT S,
(E8] NMREIE : JEOL-A400B X URBAR L=y b2 AW, BRSO R
ERK0.OTm ™ 'THRIEZET> /. NIVA S —F T2 Aldstimulated—-echol 2 DD

7O B, NNIVARBAENMR S, #EEEE. H TR

TTE HEZ, SLE EHOD. ILD VOBPE, PELE 505
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BRARNSNVAEMATZbDOEERLE, Y27 HARESRICXDBESTED
Bip% 3EEDY TN EEYHTFRA3G. 1285, 2655) ZRHWE, £/-HA
AREKIT. HAOH TR - BEIC K > TR S 128 REH L, HA?%E
0.18-2wWtX DIERZ AL 7=,

(R EER] Ttﬁi}%’jﬁﬂl\}lx}(B@Q‘fﬁt#liﬂﬁé\]‘ﬂ#@l:l—-ﬁﬁ)#@tt (R) &, %5
A—F—, BBHAERE (G) - BBAE/NIVADIE (6) - ILEERE (A) &
Rocexp[-G?62% (A-6/3) D] (D :##8EH R (1) EWSBERICH S,
KEGFOBEE, EONRFTA—F—2FRELTHR (1) 2wzl HLHEERI
HAZMATHEL LMo, 2L, 2l EvbE~E+umA—F -0
BEEORITIE. KO FIZEHICHAKBREPZHERTES ZEERT, —HMV.
Rubpy., CytcEHENTORZIINKELLARDZ E, HABICTHINT, KAEKS
I VIEEENELBD I ERHELNMNI -, (Figurel) #IZCytcTIZHAE
EED30.5Wt% LA T DO IEF I WA THBARBIGES BB Z EMHS MR- T2,
ZOMBEROEDIE, HAODTRIZIIMEEL Lo Tz,

Rubpy-Cytcd & URubpy-MV O X o F M K 6 % ZE 9 5 B +Hnm O SR g
EHTIE,. HAOHMRIZEFEALENT, HAZSELRWEBEBKRD LR UEEHE
KLU, ZHUIHASIZ K BporeDBFEEERB L. ZTONMATOMBEAIERSIIEE
BRICERITEVWbDEEZ NS, —HPFG-NMROBIE TEHEIS 1 /= F~&K 1+
umF—F—OERBEHOEEIIHADBEIKEL., poreZ2B A TOIMTH S Z
EERLTVWS, S TOREINHIBERELIARDZ E, HAKBEH TOH
BUEED,. HABSBEZ KU T, HRBEBICKET S ZEMNHSMNI -7,
(BEE] AWIFRICTEBEIWEEEE L, BRIAETE R BEAMER =HFHR
ZR, PARERESET SHEREXRICEHNEZLET.

1.4
m  water
- v MV
& A Ru(bpy).”*
° Cytcp : Flg. 1 The ratio of
1.0 —i the diffusion constants
T ' in the presence and

D/D,

absence of HA
0.8 - plotted against
the HA concentration.

0.6 -

0.4 T I I 1
0.0051.0152025

Cpa / W%
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CAST/CNMRZ A 7L DBAFE EXLBEFREANDISH

(EERf', ESIE®EN, BRI ENF2 1°
OBMBAE', kHET°, fE & '

Development of CAST/CNMR System
and Its Application to Stereochemical Determination

(RIKEN!, NII%, JST PRESTO?
H. Koshino!, H. Satoh** ,T. Nakata'

We have developed a new computer system CAST/CNMR for “C-NMR chemical shift
prediction using a database considering stereochemistry, efficiently. Stereochemistry is an
essential attribute for accurate "C-NMR chemical shift prediction. A new canonical coding
method for representation of 3D structures, CAST has been developed for this purpose. The
database has been constructed, including structures with stereochemical information
described by CAST with “C-NMR chemical shifts of terpenoids, polyketides, and polyethers.
CAST/CNMR system is successfully applied to some natural products and related synthetic
compounds. Most of “C-NMR shift values are predicted with high accuracy by considering
configurational information and solvent effects. Applications of CAST/CNMR to
determination of stereochemistry are also presented.

KRG EY ORBERIT, H5WTEN 5 DOEHRTRIEOEE R EICNMRIZHE
BIZADTHAINTHS., SEKTINMRBESICHIEREETH D, FEEED
WREIZIN—F >MIITZ BN, MERLFOREIIEL OREEZEZBEL THFERE
UNTFODAE C#EEGEEERD, NOEOBEIERKREB L VBB HITHRESI N
TV, BHALEYTEAMRRISPBEEOMBE T > THMICRITZT 558
HEEICENDOMBRT, ZHREBEE2ETOIRRAEHEEDOBERITONE T
EH LWL FOREHEOHRBIIEERT - THBE. BLld, 7—FR—A
EOVWTPC-NMRILZES 7 h2EBRBETCTFRITH I Ea—F > AT LADOMHEET
V), CAST/CNMRI AT LEBFELZOT, SEZTOBE, /256 NIEREAR
DFBINAIRE/LIEE T C-NMRILZ®S 7 b OFHEIT ORI AT LOHRILEYD
VAREFRENDIAITDNWTHRET 3.

CAST/CNMRZ A7 LDRBD—DIZ, T OIELEE®RER 2 DRFEZE DL
ETHEEIBECFR D I ETHRENDBEREEDLEETREE T 5CASTa
—RMEEZFAT B ETHS. CAST(CAnonical representation of
STereochemistry)#EVIZMBEICHRE L -2 FO ZHARBRICE D WA I— Rk
BT, FHEBSEORLETH BCANOSTI— R EWFIRILTE, SHEIERRE
£¥ T BConformational CASTa— RYBIXRIHKREBEREZEXEHT S
Configurational CAST 3—R*2%%. —RICIECAST/CNMR Y AF A

CAST/CNMR, Y {bZ, (k%7 bT#l, T—IRX—Z, G

ILOVAYE, SESVDAT, hkkZL
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Tid Configurational CAST ZXIHAT 22, IHRELERTILEDS D5
F, REAITERBE T2 BORENEREICHEEINETH D, HECRADLE
V7 bR EZB{bEWMLETIX, Conformational CASTZMATS I &T, LVIE
72 7 N FRINAIEEICAR S, : )
CAST/CNMRY AT L DERRIZBEEEIC DWW THBICHET 5. CAST/CNMR
TUC-NMRDILET 7 2 FHTB-DICHEBER AN T 71 IUIE, THEXRRSFD
3RTTHEE T 7 1)L (MDL-molfile TBR) & 2HABRI 7 ANV ThHS. 3XTH
&7 71, MREEEED TERRBR L =ChemDraw 7 7 1 V&% & 12Chem3D T
IRTEBEITLE BT 2%, MM2HERCIDBERBILET>ZHDZHNTW
%. CAST/CNMRTI, ANDTFRHMLUTFHLEVERENSEBOEESEET
DHEHDOEABEN R T HILEYMOER T —F 2T —IR—ANSKREL, ZD
FEEWHEZTT—YOXEEEZ T NTFRIEETSE. REZBEELT, FEEES
KON AEBFER, TAHREEBEROLBNTRETHZ. —BRNICIISHEAXETOFE
HAEEBL N HEBEZEK T EE2REEALELTNS, IBIT4#E8%, S#HA
HEET TS ZEICKDTFHREEZ EIT5ZENEETHS. £, &EHFOE
BENEENIROVA X2EEBTZILHURET, THEEOMLEICENTSH
5. BEDREEZERTHIEHEET, AETHNEIRACBETAEL-T—5D
AEFATHIENEELN. HU, FEZHELLTREIEZNTEIT Ik
<BdlED, T—IR—RAIELUBENEENTHEINESINNEE B LS.
BEETIZT—IXR—RIIBRELEZDTFIEIHT508T, FIRIAR, RUury
AR, RUIZ—FNRORBREWEEYBLUEET 2ERENSERIN T
5, MEAKRBLAEGEREDOT—F TIIBAERBINZVERPREEOMEEL DL
BBRWBLTT—IR—ZARANTND., BE, T—IR—ARKRINTNEE
HbRERBRYAXDOHTFIT, RTFROEPEERSKAERILEMELTRRD
maitotoxin (RFEK1648) TH3. £/, HAKoH 2z RU—THHI+U I
R—ELTANTRETHS. BEDEI S, KEFBENKRL, THEEE2EZERT S
ZEMPBAETH BZRTF RERIEA AT LAORBITIEL TWHARWL., BERIZECOM,
PN, ¥Si, " PR E B RIBICIRA DA, 'H-NMRICBEL Tid, ERMLOEENKEZND
TEHED VAT LT +ARBBENFETERNEEZEZTNS. :
CAST/CNMRZ AWM B(LZEOREDE Z HIIT > TIVT, MR bEEREL
D FOFRNEE, BLUAEEOHBIERERICIOWTTFRINEZ C-
NMR> 7 MEEEREZ KL, BOL—BRRSNAEZBEIT, AN UL ABEERN
BHIUREEOEVWVEETHLERETES. FAHANKETIHAP—FHFEML
THET3HS T BH T AREEROL 7 b ERKREL, SIERLEE2RER R
CBBEMNEN. SBRT—IR—ADKREBII > THERTEERDEMHETE S,
R E TILCAST/CNMROEONDICHAFA S SO THETHFETH 5.

B HE
) BEILE, EEET, BEAA, FH £, BE #H EIENMRIHSHBIEEB5%p400(2000)
2) H. Abe, Y. Kudo, T. Yamasaki, K. Tanaka, M. Sasaki, S. Sasaki J. Chem. Inf. Comput. Sci., 24, 212 (1984).

3) H. Satoh, H. Koshino, K. Funatsu, T. Nakata, J. Chem. Inf. Comput. Sci., 40, 622 (2000).
4) H. Satoh, H. Koshino, K. Funatsu, T. Nakata, J. Chem. Inf. Comput. Sci., in press.
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ELIFUBHEUHFLR, SFUIMILIIX OFRSBREOMN
BeEE
(BH GSC!, MEMARLSE? BERXES BERNALESY—9
OBMEZ "2, EH -2 MUSZ' KIS FEBES kY% B3 KRBT, ®
ZoAkRYR ¢ :

NMR analysis of novel ganglioside Lewis X and GM4 analogues containing de-N-
acetyl and lactamized sialic acid: probes for searching new ligand structures for
human L-selectin

(GSC, RIKEN'; Integrated Science, Yokohama City Univ.%; Applied Bioorganic Chemistry, Gifu Univ.’;
Molecular Pathology, Aichi Cancer Center?)
(OToshiyuki Hamada"?, Hiroshi Hirota"?, Shigeyuki Yokoyama', Nobumasa Otsubo®, Hideharu Ishida®, Makoto
Kiso®, Akiko Kanamori®, and Reiji Kannagi*

On the basis of NMR analysis of two model gangliosides, de-N-acetyl sialyl GM4 (4) and cyclic sialyl
GM4 (5), structure determination of novel selectin ligand, cyclic-6-sulfo sialyl Lewis X (3), which contains
lactamized sialic acid instead of usual N-acetylneuraminic acid, was carried out. The combination of NMR data,
such as chemical shifts, coupling pattern, intraresidual NOEs, and the appearance of NH proton signal provided
the B** conformation for 3. Moreover, conformations of a glycosidic bond connecting the Neu and Gal residues
of 3, 4, and 5 were determined by some interresidual NOEs,

LU F 2 (selectin) 13, MBNZME, HMmER, /MRS EICRBTIMERESPFOTI I —
THO, AMROLENFLL, U /EROF—3 Y, BEREEAROBECERBICES TS EaN
T3, ZORVIF 77 3 —OHIBEES FITIE. E-, P-, BXLU L-selectin @ 3 BEIENH 248,
EXHERZNETNEML TBY., BIOTO N RFCBEWICHREEDE W C B (Ca® &EMH) L
DFMERRALEED, DED. ZOVIFUBRACCRNY N RTHLEHESFEHEERL.
MR LS ERIY., B, 8K 5, L-selectin DI U H > KA 6-sulfo sialyl Lewis X (1; 6-sulfo
SLeX)TH DI EEHSNMI L. EFiZ, T 6-sulfo SLeX DFEBRDOFEMEMIT, > 7 VRS OBIR
EER LA — U aRE TETT A2 END o=, DED. Figure 1 IZRLEX 312, 6-sulfo SLeX

(1), deNAc- 6-sulfo SLeX 2; ¥\ L7 F UEEENEEE T 2 0AREE). cyclic-6-sulfo SLeX (3; &
HEREEMD 3 DOEEHNBEWICHEELELL., FOEELEEZSZLT. BLIFY t@ﬁ%{%
VRN 5,

ZNSEHE) 2 ROP T, cyclic 6-sulfo SLeX (3) DILEMEICDWTIE, FAB YA ARY MR
i, BEUZOTIVAHVBENS, RICRLES 7Y A ABEROBELHEINTIEIVNELOD, B
ERREFEREOEHIIITbh Thiaho 7z,

HO OH Gal (D, Gal (B, Glc (A
N “w‘g;() s
&t 2 ﬁ/ Q48 HO. P
AcHN () \g’l\ :
HO oﬁor?\ o NHAc Hwoms ou‘ NP
Neuac (E) | 'Me7=07 . GIcNAC (C) R o@ff*o .
oM Fuc (F) oH OH ~OH CraHize
= c
1, 6-eulfo slalyl LewisX  Cor=% Y 7 Ol 4, deNAc slalyl GM4
-A¢ +Ac HN_ _.Cq7H3s
N
o
HO OH . HO € >e c
COONaa SIg;l:Acid oH n o] \/!\_ %7\ /\r 14H29
”& T g 0/ ............. HO\/S_ o /,” CiaHoo
? He HO 5, cyclic sialyl GM4
2, 6-sulfo de-N-acetyl-slalyl LewisX 3, 6-sulfo cyclic sialyl LewisX

Figure 2: Chemical structures of de-N-acetyl and cyclic sialyl GM:
Figure 1: Hypothetical metabolic pathway of 6-sulfo sialyl Lewis X by cyclization
of sialic acid; the cyclic sialic acid pathway

L OF BHEIITE, STUNIIA AKX NMR, D274 A—a>

BREZ &LWE 03k DAL, LIPE LITOE, BBDIF OREE, WLE T3, 2% o
&, MRRbD HEI, hARBLE hni
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FIT BRABESENMR BEHNWT, ZobZEEEEREL. B, toREWEIHEZRT
A o e ‘

Cyclic 6-sulfo SLeX IX, AFNIZEBHUEBLNEERT. L b 6 BOBEEHESDIELSARY ML
DWHEMIT/IR D75, NMR SBIFEIr R0 EBTH D eNTFREN-, 22T £, EFILEYE
B e &7 o 2. LSRR TE 5 1 /z de-N-acetyl sialyl GM4 (4)% &8 T T WSC (water-soluble
carbodiimide) THIZKMIET B Z & T, RIARY MIVT 1690 em™ IR Z S DOLAMRE SN, D
R NN 5, BMDO S5 LABEERL 7= cyclic sialyl GM4 G ES5 722 S 2R L=,

FIT. 4 51200 T, FNFH. gs-COSY, HOHAHA, NOESY, HMQC, KX HMBC A% M)l
ZRIE L. 'H KU °C NMR chemical shift DIREETR-o7=. 51 S5 LBEFRL. B &1
T D boat HDEEER Lo TNEM, FHUTK D TRICFRT W DM ORKEANZ NMR B8 252 7.

1. k&4 &512BNT, 7IVEEEES D chemical shift EAKES BT B,

2. (L&YW S D7 IVEED H-30E HABAH boat BIOBBINZ  » TV T NRY— 2 2RT, {(FNE

N8 1.84 (dd, 4.4, 13 H) & §2.26 (dd, 13, 14 Hz)}

3. {bE¥SITHBNT, H-5 & H3ah5 C-112 HMBC 7OA - ERIEN 3,

. BEAH (95% DMSO-ds/ 5% H,0) T, 513, 8890, 5.7 H)ic 7 2 R7 O b UAEAIE N5,

5. ZFOfth, boat BEHDO WA 70O L Ihy TR NMR BRBH 0.

INSDERES EIZL T, KIT, cyclic 6-sulfo SleX (3) @ NMR 217125 /. FDREE,
1. Neu— Gal @ 'H-NMR @ chemical shift {25, cyclic sialyl GM4 S)DfE & k< —% ¥ 3,
2. BRI D 'H-NMR, gs-COSY 227 MLOBIE T, §893(d, 50Hz) I, 7I RFO R0
ENFERTE,
3. FOfittd) NMR F# S 5 DENERL —HT 3,
Pz &EXD, L&Y 313, PREINTWERD S TINVEBROIN S 7Y ABLLEBETHL T &
MPRETEE.

H 1 HA) 3 B
SR R wa R
j J ] : 1 ] 18
T ] gag ------- &-o-{"
b Lo CAREU A o
| ! | ; | \ 20
{ 1 : 1 : | 21
i i I 1 -l I
JL : A, P11
H'S‘D T 5?_¢q VVVVV 9___?‘“23
é : p . L |
5 0 T | a3
Zla e % as
:‘H‘s"@,‘; """""" ; "Qi """" [y £Y
=2 & L L i _las Fi  Qohamat . ible conformati
22 a1 40 33 sa8 a7 Ppem igure 4: eties fi (;:Nd;am.n % (l,f(:;M 4 l“;.t';'"' d eveli o.:ltyv;o
) ‘ el . sugar moieties for ¢ sialy] ; left) and cyclic si
Figure 3: A part of NOESY spectrum of cyclic sialyl GM4 GM4 (5; right). Some critical NOEs for 5 are described. The

(5) with 300-ms mixing time. NOE peaks are assigned to
(@) Neu H-3a - Gal H-4; (b) Neu H-3p - Gal H-4; (c) Neu
H-3a - Neu H-4; (d) Neu H-3f - Neu H~4; (¢) Neu H-3c. -
Gal H-3; (f) Neu H-38 - Gal H-3; (g) Neu H-3a. - Neu H-7;
(h) Neu H-5 - Neu H-6;. (h) Neu H-5 - Neu H-4.

following values were obtained for the dihedral angles at the
glycosidic bond: deNAc sialyl GM4 ¢ (C1-C2-0-C3')= -160°,
P (C2-O-C3'-H3'y= -219; cyclic sialyl GM4 ¢ (C1-C2-0-C3")=
909, ¢ (C2-0-C3"-H3")= 00,

RIZT, L&Y 4,5 D NOESY AR N (Figure 3) OFHFMN S, FNTND Neu-Gal D127
FA—T a3 VICDWTERHN L, TOER, deNAc K@), NeuH-3c,B& Gal H-3’ & DREIIZIE#IC
FJWNOE Z/RL., CNETICHEEIN TS X SIZ, conformer I ¥ major TIEHZHDD
conformation [ZBEEINT, WS DOOEEE LS TWBZ ENRBENE, —H., L&YW 51,
Neu H-3a,p — Gal H-3 iZ3 V> NOEs & Neu H-3a,B — Gal H-4 Iz fEEE®D NOEs R L7, 2k 0.
SIFIEE— DS, conformer Il % &> TW3 EEBbHNS, (Figure 4)

L&MW 2 £31ICDWTH, [FHkD 