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1L1 TROSYZ AR kLD Artifact & Z Dl
(CREST', #iIAT?) ORMFREE' . PURLFIE'

Artifacts in TROSY Spectrum and its Elimination
Chojiro Kojima' and Masatsune Kainosho'?
'CREST, JST and 2Department of Chemistry, Faculty of Science, Tokyo Metropolitan University

Abstruct In 'H-"*N TROSY experiments of proteins and nucleic acids, positive
and negative multiplet components have been observed as artifacts in 'H and '*N
dimension, respectively. Simple product operator calculation indicated the
shortening of second coherence transfer delay time (t2 in Figure 1) which is next to
t1 period was useful to suppress this artifact. In fact the artifacts in TROSY spectra
were suppressed by shortening the delay time in three systems, one DNA (8kDa)
and two proteins (11kDa and 17kDa) (Figure 2). Though the shortening of the delay
time attenuated both target and artifact signals, this technique will help the
quantitative analysis of the TROSY spectrum.

TROSYZRAEARMICETHy TN EFTHOEVHSQCETHY . 4DICHBLE—
TORTCROLBMMES 1 2L T E2BRT S, CORRIESOELY 28V EED

EHICDATHZN, BRWNICRELETTLTHY . BHE — 7 Ot #E e Al
REE—IPBRIh 3, ZOAffactOBEEICIICSAIEE 7O k> —70O > OTUEF
RAEZ 5035, $E6E00MHz£800MhzD =D NORBE AV HET, icrO b
>=7OMCABFECERTIEIRBINL, EREFICLIHA»SCD

ArtifactDHEHDTROSY /NI XD 2 BB ORALEEIER (Figurel, 12) 28 < T3

BETCRARETHIEICRTE. PFRSTODNALATFRI A1 FHLTI1IF7FD

ZONTRISER U Y TURREREDRNN & > T2 2R T 5UE

BHoIN, BELLETORTIOFEVBUNTHY . EERICArtifact® & LW TROSY
AN FLDEBShAEFRBANL (Figure 2) o

BRERENMR. TROSY. 'H-"N HSQC. ArtifactDilixk. % > /37 KiZM

ZLEBLOULAS, LV DLELSIFEDR
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Figure 1. Pulse sequence of sensitivity- and gradient-enhanced TROSY. Thin and thick pulses are 90°
and 180° pulses, respectively. Pulse phases are x unless indicated otherwise. P- and N-type signals
are selected with sign inversion of PFGs g5/g6 and phases y1/Ay2. For States-TPP! mode detection
sign inversion of the following is required: pulse phase ¢2, receiver phase, and PFGs g5/g6. Phase
cycle: 41 = 8(x), 8(-x); 2 = 4(x), 4(-x); 93 = 2(x), 2(-x); $4 = X, -x; W1 = y; Y2 = X; receiver = 4(x), 8(-x),
4(x). Delay: T = 1/(4'Jy); 12 < 1/(4'Jyy,). 72 is the delay time to be optimized for the artifacts elimination.
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Figure 2. (left) 1D slices of thymine imino "N from TROSY spectrum of 8kDa **N labeled DNA.
Conventional (bottom) and artifact eliminated (top) TROSY, 12 = T and 12 = 1.15 ms, respectively.
Negative peak is the artifact and small splitting ~ 7Hz is due to "*N-'*N J-coupling through H-bond.
(right) a part of TROSY spectrum of 11kDa **N labeled protein. Conventional (bottomn) and artifact
eliminated (top) TROSY, 12 = T and 12 = 1.65 ms, respectively.


takai
鉛筆


1L2 ZRFEEENMRIC & 5 % F R O EH LA MO MiE
(FKRBT - BRPEEL, #ok - B2, LYY XTI K3,
R TR TS5 VHEMA. A0 ) T ARERKRS)
O#LEFIL. LK Fi1. LHMEE2. Kik—21.
Peter Wright5. Christian Herrmann4,
Werner Kremer3. Till Maurer3. Hans Robert Kalbitzer3

Intermediate structure of pressure induced unfolding in protein
by two dimensional NMR spectroscopy
(1The Graduate School of Science and Technology and 2Faculty of Science, Kobe
University; 3Institute for Biophysics and Physical Biochemistry, University of
Regensburg; 4Max-Planck-Institute for Molecular Physiology;
5Scripps Research Institute)
OKyoko Inouel, Ryo Kitaharal, Hiroaki Yamada2, Kazuyuki Akasakal,

Peter Wright5, Christian Herrmann4,

Werner Kremer3. Till Maurer3. Hans Robert Kalbitzer3

Abstruct:
The study of the Ras-binding domain of the Ral guanine-nucleotide exchange
factor(RalGEF-RBD) in 95%'H7O solution using the high resolution and high

pressure NMR method showed the presence of a unique equilibrium unfolding
intermediate. At around 1000bar, the peak volume intensities of some amino acid
residues in the 1H/1SN HSQC spectrum were decreased and new peak is appeared in
the "random-coil” region. This was idedtified with a locally denatured intermediate
folding species of the protein, due to selective hydration of the protein in regions
rich with hydrophobic "cavities". It is likely that the selective hydration is a

general first step for pressure denaturation in proteins, as similar phenomenon

has been found in apomyoglobin and other proeins.

i

HEHEIIBEEP TRABE S EHBEOM TEHENR VI > TWEN, EHRZOFHEXRKT IR
HZERFO—DOTHd. FRHATHWSNEEIEERENMREL. BEPOEABNOEANR)
REBRTFHA FLNVVTRHTEBH—DHETHS, UPHRBTHRINEAL 51 UEEL
VY EEREEBNMR (Bmker759MHz) OMAEHRIIVEZRDOEANT (1-3500bar) THEED/S
WA — AL BRENRREER- T2, ZTHET. BEIIZOFHEEAW., EAKCLSEHEYT
FREECOFMEHR. RELTERE>Y, 4E, 15NEZ#% L ~Ras binding domain of Ral
guanine—-nucleotide exchange factor (RalGEF-RBD, 878&)° T 2EHNPREWEL-ET
A, BETTHESOBEZCEFOEETIHEENS Z MR- 2. AROBEKKX 7RI Ao
THRERINZ, ZOLILBEFNREABEOEENERESFEOBEL ORETREBEIND
BYLTTHS. TOEMHBEONMRESZMRITL. BRINZEMNLREEBECIDOVWTER
T5,

E-d
15N SV E 7B D 15N/1H HSQC XX RV %30bar /% 2000bar  TERRERICINEL . 3
E L7, 2000bar COREHEES %230bar &L, BRIEEZTD ZETROTEEZEBL =,

F—T—R:®BENMR. FONTE, EHEME. BHEMBE. RalGEF

WDSAELD I, ERZSD LD, RPEEVARHE. hELnTOE, E—F— STk JY
AF¥ 2 N2, UzlhF— ZLI— T4 ®UI— NZX-ON—k AIVEvH-—



BREUSER
RalGEF-RBD Ti&. 1000bar Z# X7z & ZA NS RAMBHERDO T 2 /BREDEESREIMNBIRG
D L. FRFCERBEZRTERBECHFLVE—20RN:Z, BicEETHE HzsLne
— 2 OESMEITHEML. KBWEHROESIT—WNELLE. /. 2000bar Tit&EMIc KA
BEBROESRERMALE,  UHL. (%27 MARUERIRS LD, ZoRMIIHEsIcHE
TFLTwBZ Mok, PTRIAZ UL THRBRICIE LTI 7T NREORDNRD S
. FiZ, 2000bar TIIEMREAEBL Tz, ULhl, 7RIAV0E 2 Cldisiizg<.
2000bar CIIAR AR R TH -7z, BLOEBHRICBUIZ2EH5RERLORESVEREZ. Bk,
—KUETHED S NEZRTEE LTIy B T35 &, RAGEF-RBD TR ER=EFROIN—T L
I, 7RIAYV OV TEB-Helix %M 5CD-loop, G, H-Helix MfrkcEHh LT, 2hso
HinzFheh, Bk (To) OKCEVWREEALART Y NEADSBMTICREW—FKZ2RETHY
%,
ZOEIBEACLZEARDHANZRBEEENEDOL I BB TEL TVWIONEERLT-,
Boff. BET TIOK2 T, ERRBUKNBICEAT S HNT RN F—RICRELT D &0 S §HER
RigEahi”, Bl. ZOLSCKFFUEARABOREEBAICEAT 5725 EIRAGEF-
RBDOHSQCARY FIVP TEHIOMIIZES T FOBERKEVWI L2FHATE I "B LAY,
BEAROHKMED T CBEOKD TREBALLBRBROREENRID, SSEEAZNEITY
RLBORLHEOTHNED EEZSNS, RalGEF-RBDTRELOREVNBEDAEL ICF v
FANEEL. EETFROBFNGESHOBVWEY E—BRTEZEMLS, KPFOFYEF oA
OBAVTRIREBIOSNS, THRIFVOEDTRIMEE DIV FINOHELZBIOZL 1T
HKEBETH D, BARRNTRENEOOHBRMRIBUKEBITEL S LMoz, PRI A
7O OALRTy MIROBREICLS2BEMMNEE SN, RNy F o 7EBNEUKS FO2
AZTBEICTAOTIREWMEEX SIS,
RalGEF-RBDOHSQCARY MV ETRSNEXKRREHEDET &€ 5 TR H DIINMROERH
REE Tslowexchange THh5. DFD. 1000bar TiIDR EbRABMEEED LD & LY
Uizt ENEEIRBICH B, F/z. 2000barTREREOWD> (M25%) NERAMEHRDES
2EIZHBHONDZENS 2 LT, BEEE2ENEHLIEBEDELCTVWS EEX NS, B
T MEKESRZN, XRBE - HREEEE —26NEE L EBENEEBTS EEXI NS,
ZOBRBEIAIMTH B D, S ZHENMRER LD, BERBEEMERRERO X DI
BRrENTIEEIC 2B L Ebh s,
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SRHES' OHERE. AAH. mERAL, RUBE. BEAHR . PRIREE
L OBNMBRE (RRESK - N1 4, PAK - £EBF. #4%5H - CREST)
NMR studies of proteins that recognize modified bases in DNA
Masaki MlSHIMA|, Noriyuki ITOI, Izuru OHKll, Takahisa IKBGAMIl, Masahiro AKIYAMAl, Hisaji MAKI', Yusaku
NAKABEPPUZ, OMasahiro SH]RAKAWA| ("School of Biological Sciences, Nara Institute of Science and Technology,
and * Med. Inst. of Bioreg., Kyushu Univ. & CREST)

DNA in living cells contains many base modifications. Some of them are functional and regulatory, e.g. those
caused by site specific DNA methylation. On the other hand, ultraviolet irradiation, reacitve oxygen and other
chemical agents produce a broad spectrum of structurally unrelated base modifications, i.e. base damages. These
damages are potentially mutagenic or lethal to cells, and thus usually eliminated through DNA repair processes.
We have studied two enzymes that are responsible for repair of oxidative base damages, human MTH1 (hMutT)
and Bacillus subtilis MutM by multi-dimensional, heteronuclear NMR spectroscopy. Interestingly, the secondary
structure topology of hMTHI is similar to that of E. coli MutT, despite their low sequence similarity.
Advantages of NMR techniques that were recently introduced and were employed in the present study, such as
protein deuteration, TROSY, detection of hydrogen bonds using coupling constants ( *Juc- ) and structure

refinements using residual diplor couplings, will also be discussed.

@ DNAKHED{LEEM

HAEPODNADERIT X I EALREMEZT TS, FN5 O{LHEMIIMED EMS 2D
IWKHTES : MIRRNOKEZBROBE T 5MEND 2 IIFBNRLEESRE. BIED
BRAIEEMEICE > THAS INZEERETH 5.

WRERCHER EMORB L L THEOAFI L E2HTE 2L NTES, FEEYMTIIERITR 4
BAFIWEEBBRIZE O AFUCEZT, 77— VFNLOBRNMRBOMSE. I ATy FEMMHE
BT HEMBBOBEFZHES. —F, BEHBEMTIICOGEMIBITS L b HES LD A
FINCAME—DEEEMHTH S, ZOCPGAFIVEIIEETNH. 7o F U EE k<ol
ROHEREEERHES,

—%, L LTOREBHIIBARICLIEEORR,. EEREOK ERLEBBTLENS.
TIFIALRIRIERRES O ZPVEIC L ZEEDAF IV, BILREDRFNRLEELRELE
BRI HOEEFY. T3V DNADLE#EOEIILIELITERN R CO@REETERLLTE
EL, MRECREZE 251FRIT. @E. £EWIXI 5 Wo/2DNA LDOEHE % DNABE LT
NAWWBIC L - THDRL. '

key words: DNA repair, 8-0x0-dGTP, CpG Methylation, TROSY, Hydrogen Bond

ALE EIE, WWED OVYE, BBE LWTD WINSHE EMDE. HEDPE X
VB, EKE DEL. BhNo& B3EL, Lohb 205
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@ HEORR(LIEG

e RERIEBOS S, BHEBEICKADNAOSFRBE VNS BENS, B4 VRFICHAKRERF -
=D, BRLMMTBETHOMILTH S, EHEOBILIIIT AT B-LIRIHRIFNT & o TG 2
ENORELEBRSVAINVIEEZRBT S I LITE->TRI S, BILEE. I baRY 7
DNAIZBII 26 DI, ML EBICERLEBLLHERO-HER>TVB EEILNTWVS, B{LEE
DIERICEBEERORBTAF T = O8I & iz 8-0oxodG ( 8-oxo0-7,8-dihydro-2'-
deoxyguanine ) THB. IR h I T TRLTFoV EBEEMEZRKT 525, DNAR S
WKRDZENB EGCOTARI VANV g D RBEBREREZRIL. MORERE LIRS,

MutT. MutMEBBII8-oxodGHE{LIBHIC L A BETOLERENFTIHETH S, MutTE
AERX 7 LAF BTNz gk L7-8-oxodGTP 28R ICIIAKS L. 8-oxodGMPET 3 =
L&D, 8-oxodG ODNAMHPAOWM VAL EZRWH L TS, —HFMutMEBEIZ. DNAEPIZHR
DAENT b ERBEMERRL 728-0x0dGC 2 HRMIZIBEL. N-FU 3> RESES. 54D
RARPIAFINESEZNH TS E1I2E0, 8-oxodGZ DNARTH S BRET S, RAISEIEE
DREEE, EEEBZHSMNITEIEEZEMELT. MutTOE MREOS THShMTHL (156
BE) & MEHMutM (276 BE) ONMRIZK 3872175 7=,
@ hMTH1

hMTHLic DWW Tix. NSk, PN/BC SR E, N/PC/AH S RV k2R B L & 3D
CBCA(CO)NH, CBCANH. HN(CA)CO. HNCO. 3D HCCH-TOCSY. C(CO)NH, H(CCO)NH,
®N-TOCSY HSQC. RUMD HC(COINHARY bV ERIELE. ZhSOMIRICK o BEETIcE
FHECUEOBBZIZIET Lz, REZREIEES T - 1 oF U AHEICED 2 REBEHERT -
oo FORE, hIMTHLIZ2 DD anNU VIR ETERARNT Y ENSRZ B —bEFHEDIZ ENH -
2. INRFEKOEEZHOXBEMUt T N7 HO 2 88 b RO - ZERCTHS. wiH
OF 2 /BERFIOMAENLITR BN EE2EZ D & ZOMNEREOERM ITRRIEN. IS
2 &> ThMTHLITIZBZE DBV VEIMERENM25%DE M TR DM TWSA, HERIT O
R, VBIIZX RS U RRNICHEBL THD, BEREENOTFEN R IO, BELLIOERED
Val-Meti@#ic k> T, B — FROREMHNERDONZDTHA S,
@® MutM

MutMiZNMRI#BE TIIA S ICBEE 2B L . NMRAIEICHEL - RETII+OHEREEZ RS
R0, I TAPsite® ST 17merODNAL B A E R X ¢ 5 2 & CNMRAE ARG
(pH 6.8 50 mM K-phosphate, 1.4 mM MutM-DNA, 303 K) #®E$ 5 & TEZ, MuM-
DNA# & 132 T B40kDaT. “NEICBT % TR 2B EEBH S HEE L 7= [ElEz SR R4 20
nsTH-otz. BARELEBEHEZANT, EHOHMBBEOLD OEE=RlEEiT>/~. 3D
HNCA. 3D HN(CO)CA., 3D HN(CA)CB, 3D HNCO . 3D HN(CA)CO. 3D N NOESY-HSQC .
4D HN(CAINHERM S HMICHEERE 2T 2 2 LN TE . RO INEPTY 1 7D HN(CACO
ERTIZ. +HLEENESHTT. EEERBICIIHER TN 24, TROSY-HN(CA)COTIIEH#E
RBEOLRXEBON. BEAEDETOANRINEOL TN E2EATE N TEE.

EHBETIE. ThS 2ODODNABEBRICMA T, COGAFILITHEESL TEHEEHEZITO A F
JAEDNAKE S R X1 OISR OEREBETHIFETH 5. BIBIFOBRICHWEFE-BHE
DEAFE TN ETROSYHE, KERAZMLE T BAETBRIZC L2 KEHSORE. BRANIE T

-RETHEEAOMERE - Z2H0ITERL 2N
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Structural analysis of two RNA-binding domains of hU2AF65
(Department of Biophysics and Biochemistry, Graduate School of Science,
The University of Tokyol, University of Massachusetts Medical Center2)
Takuhiro Ito!, Yutaka Mutol, Michael R. GreenZ2, and Shigeyuki Yokoyamal

The large subunit of the human U2 snRNP auxiliary factor (hU2AF%5) is an
essential splicing factor required for binding to the polypyrimidine tract immediately
upstream of the 3’ splice site. We determined the solution structures of the first and
second RNA-binding domains (RBD1 and RBD2, respectively), by NMR. The tertiary
structure of the RBD2 is similar to those of typical RBDs. In contrast, the RBD1
structure has unique features: the loop between al and B2 (the al/2 loop) is much
longer and has a defined conformation. Chemical shift perturbation experiments
showed that the U2AF-binding RNA fragments interact with the four p—strands of
RBD2, whereas, they interact with p1, B3, and 4, but not with B2 or the a1/p2 loop,
of RBD1. The characteristic a1-p2 structure of the hU2AF65 RBD1 may interact with
other proteins, such as UAP56.
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RBD2DW F x4 >~ & b2, BHARNAICKRREICESG LA, LarL%2%S, RBD2A420
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RBD2

Figure. The solution strutures of the hU2AF5 RBD1 and RBD2. The 20 backbone structures are shown
in stereoviews.
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Structural analysis of ASABF, antimicrobial peptide from a nematode, Ascaris summ

Tomoyasu Aizawa', Masato Tayauchi', Masahito Suzuki', Hirokazu Hoshino!, Naoki Fujitani’,
Nozomi Koganesawa', Atsushi Matsuura', Mituhiro Miyazawa?®, Yuusuke Kato?,

Yasuhiro Kumaki', Makoto Demura!, Keiichi Kawano®, Kunio Hikichi!, and Katsutoshi Nitta'
'Division of Biological Sciences, Graduate School of Science, Hokkaido University, 2National
Institute of Sericultural and Entomological Science, *Faculty of Pharmaceutical Sciences, Toyama
Medical and Pharmaceutical University '

Structural studies of ASABF, antimicrobial peptide consisting of 71 residues and containing
4 intramolecular disulfide bridges derived from the body fluid of the nematode Ascaris suum have
been performed using two-dimensional proton nuclear magnetic resonance. By use of the
combination of two dimensional NMR techniques, the proton resonances of 65 residues except for
the C-terminal region (66-71) were assigned. The elements of the secondary structure of ASABF,
one o-helix and two B-strands with an antiparallel B-sheet, were deduced from the pattern of NOE
connectivities, the H-D exchange study and the values of J coupling constants. Based on this
solution structure, ASABF is likely to be categorized into insect defensin family with Cysteine-
Stabilized of(CSaf}) motif.
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Fig. Alignment of ASABF amino acid sequence with insect defencin super family. ASA, ASABF from the
nematode Ascaris suum;, TEN, Tenecinl, which is the insect defencin most similar to ASABF, from the larvae
of the coleopteran 7énebrio molitor, MGD, MGD-1 from the mussel Mytilus gallopovincialis.
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G. Wider, K. Pervushin, M. Salzmann, R. Riek and K. Wiithrich
Institute of Molecular Biology and Biophysics, ETH Hionggerberg,
CH-8093 Zurich, Switzerland

NMR is a very powerful method for detailed studies of biological macromolecules in
solution. However, the sensitivity of the method decreases with increasing molecular
size due to fast transverse relaxation by dipole-dipole coupling and chemical shift
anisotropy. Interference between these relaxation mechanisms can be used to reduce
signal losses (1,2), a technique which is realized in TROSY (Transverse Relaxation-
Optimized SpectroscopY). At high polarizing magnetic fields the TROSY principle
benefits divers multidimensional NMR experiments which include the '’N-'H fragment
of a peptide bond (3) or the >C-"H moiety in aromatic rings (4).

TROSY was implemented into a variety of through-bond correlation NMR experiments.
In such experiments up to a 30-fold sensitivity increase could be achieved for a 110 kDa
H/C/™N labeled protein utilizing TROSY. TROSY can also be combined with the
NOESY experiment which is of utmost importance for detailed structural studies of a
protein. The combination of NOESY and TROSY offers reduced relaxation in all
spectral dimensions and suppression of diagonal peaks (5).

The application of the TROSY principle opens an avenue for solution NMR studies e.g.
of large oligomeric proteins, or of isotope-labeled proteins contained in unlabeled large
particles, such as nucleic acid complexes, detergent micelles or lipid vesicles.
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Towards Understanding of Calmodulin Target Recognition Mechanisms

Mitsuhiko Ikura
Division of Molecular and Structural Biology, Ontario Cancer Institute and Department of

Medical Biophysics, University of Toronto, 610 University Avenue, Toronto, Ontario,
Canada M5G 2M9

Calmodulin (CaM) acts as an intracellular calcium sensor that translates the CaZ* si gnal
into a variety of cellular processes. Ca®*-CaM recognition of a short polypeptide segment
(typically 20-30 residues) in target proteins induces conformational changes in both CaM
and the target, enabling the target protein to become functionally active. To date a total of
about 150 CaM-binding proteins have been identified, and three-dimensional structures
of Ca?*-CaM in three different forms of target-peptide complex has been determined
previously (i.e., skeletal and smooth muscle myosin light chain kinases or MLCKs, and
CaM kinase II). These structural studies have shown that there are two different classes
of CaM target recognition: the 1-14 class, first discovered in MLCKs, uses key
interactions involving two bulky hydrophobic residues spaced by 12 amino acid residues
in the middle; the 1-10 class, found in CaM kinase 1I, features the spacing of only 8
residues between two bulky hydrophobic residues. Current questions include: (i) do
these structures represent all possible modes of CaM target recognition? (ii) can one
predict, from the amino acid sequence of target, how CaM would bind the target?

We have recently determined the structure of Ca®*-CaM in complex with a CaM kinase
kinase (CaMKK) peptide using both NMR spectroscopy and X-ray crystallography. The
structure revealed a reversed orientation of the CaMKK peptide with two globular
domains of CaM, as compared to that of CaM-MLCK or CaM-CaM Kkinase 1l complex.
More recently we have been studying the structure of Ca**-CaM in complex with a
peptide derived from petunia glutamate decarboxylase, which appeared to form a 1:2
CaM-peptide complex.

From these and previous studies, it is clear that CaM employs a number of different
mechanisms for target recognition, by virtue of (i) a flexible domain linker connecting
two globular domains and (ii) a methionine-rich hydrophobic patch on each domain. The
diversity of CaM-target interactions is remarkable in view of protein-protein recognition
processes essential for cellular signaling, and further studies will reveal a more complete
picture of CaM's versatility. In order to assist structural and functional analyses on CaM-
dependent activation of target proteins, we have developed a web-based database for
calmodulin binding peptides (http://calcium.oci.utoronto.ca). This database contains 176
entries of distinct calmodulin binding sequences with a total of 1670 homologous
sequences, that are harvested from gene and protein databases. Based on structural
information described-above, four distinct classes have been defined. The database
offers tools for browse, search and analysis on CaM binding sequences found in
numerous proteins.
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Three-dimensional solution structure of YhhP,
a novel Esherichia coli protein implicated in the cell division
Etsuko Katoh', Tomohisa Hatta', Heisaburou Shindo?, Takeshi Mixuno®, Yuko Ishii’,
Hisami Yamada® and Toshimasa Yamazaki'
'National institute of agrobiological resources,
*Tokyo university of pharmacy and life science, *Nagoya university

The 3D structure of YhhP protein has been determined by heteronuclear multidimensional
NMR in combination with simulated annealing and restrained molecular dynamic
calculation. YhhP holds into a compact two-layered o/f-sandwich structure: one layer
consists of a mixed four-stranded B-sheet and the other compriSes two o-helices. The CPxP
motif, commonly observed for the putative YhhP homologs, is found at the N-terminus of
helix a1, and plays a significant structural role in stabilizing this helix. Structural homology
searches using SCOP structural classification of protein database revealed that the two-
layered o/f-sandwich fold similar to that of YhhP is found in a number of functionally
diverse RNA-binding, DNA-binding and catalytic proteins. Among them, the C-terminal
ribosome-binding domain of translation initiation factor IF3 displays the greatest similarity.
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ML NMRBITE X imM 0 YhhP 2 > /¥ & NaCl (0.1 M). NaN, 2mM). DTT (2
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EEHE I X-PLOR3.I FHWTIT- =,
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NMR BITFEIC LN ES h/z 1,655 DERBEFICETE Yhhe 2 /N EDOERIEESE
ERELE, NEODEBWNESLU CHEERVTA-79). RMSD IEEF#HEFIC DOV
TO013A. 2BEFIIDVWT 0.62ATH o7, YhhP ¥ 2 /INTVEEB—o-B-o—p-Bh
SEBDAVINT bEoBY LRI v FEETHD I EHHERL =, 4K — k
EZHRDaNY P ZAOEICRESEEICE > TEAKEITHPER I TWS, 8t
WESED YhhP L2 X008 (WTh HBEEPERIBEICOVWTIEFREE) (L0
TRBEINTWVWATI/EBOZE. COBFEKRKMEITRICEBL TV, 2O E
F. 25O Yo U2 X TEBEBROuBT > KT v FIBEZ - TWWB L
ERTRELTWVA, 510, YhhP ML /7 EITEBNE CPxP TF — 7 idal
DNIBIBLTSY) ., 2BERD Leu BEAEDH /- LxCPxP PEHLLEAT TD
N-capping box & LT, ZDan) v P ADEEMEREZE TSI LN REE L
Foo /o, LxCPxP EF — T DIBE EDIF#E LT, Cys-ProBONRTF MIEE D cis
BETHDIZEHFZEITF N3,

SCOP ICLB3EXIBEDHREOY —BBET - /-FER. W{(D2»D DNA &
VISUE . RNARE RN UEBELE S Yhhp 2NV EOIEIBEHELL T3
ZENELSrEE o, ZORT, BERBETFO C BV RY - LESEETH
% IF3C 77, ME— Yhh? EBE—DB-oP-o-B-prFROT—FHF LT D, E5IC.
W& N BEIFRULARAEERERT, cDIEMS, IF3C & YhhP 2 2 INTE
DEBEORREMIC DWW TEERY B3, BE. ChoOERIBELSDEHRED
SN YhhP B N EDREEEIZ DWW THEBEE B VWT UL 3,

Figure 1. Superposition of the backbone Figure 2. A ribbon diagram of the energy-
atoms of the final 20 calculated structures. minimized average structure of YhhP.
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Internal Motions of the TATA-box Binding Protein that Originates in a Hyper-thermophilic
Archaebacterium Upon Binding the Target DNA ‘

Kazuhiko Yamasaki', Masaru Tateno', and Masashi Suzuki'” -

'AIST-NIBHT CREST Centre of Structural Biology, *Graduate School of Human and
Environmental Sciences, University of Tokyo 4

The TATA-box binding protein (TBP) is one of the essential transcription factors. It is
composed of approximately 200 amino acid residues. This protein binds the TATA-box DNA
and thereby bends the DNA to a large degree. NMR spectra of TBP that originates in the
hyper-thermophilic archaebacterium upon binding the target DNA were measured at S0°C, by
taking advantage of the high thermal stability of the protein. The backbone amide signals of
TBP were assigned by a semi-automated procedure. Internal motions of the TBP were
analyzed by '°N relaxation measurements and the results were discussed.
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Structure of the novel domain PB1 and identification of its ligand binding surface
(Department of Molecular Physiology, Tokyo Metropolitan Institute of Medical Sciencel, Faculty of Science,
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)

Human Genome Center, Institute of Medical Science, The University of TokyoS , Department of Molecular and
Structural Biology, Kyushu University, Graduate School of Medical Scienceﬁ, Department of Structural Biology,

Hokkaido University, Graduate School of Pharmaceutical Scienoes7)

Hiroaki Terasawal, Kenji Ogural, Etsuko Ebisuil, Saori Ichikawaz, Masataka Horiuchil’3, Satoru Yuzawal’4

>

Masashi Yokochi!+3, Hideki Hatanaka!, Takashi Ito>, Hideki Sumimoto® and Fuyuhiko Inagakil+3+7

The PC motif is an evolutionarily conserved sequence found in various signaling proteins, including
Cdc24p, indispensable for cell polarization of the budding yeast, and p40phox, present in the signaling complex
of the microbicidal phagocyte NADPH oxidase. Sumimoto and Ito have identified a novel domain, designated
PBI1, in Bemip (a protein for cell polarization) and p67phox (an activator of the oxidase), recognizing the PC
motif to directly interact with Cdc24p and p4Ophox, respectively. The three-dimensional structure of the PB1
domain of Bem1p has been determined in solution by NMR spectroscopy. The surface of the PB1 démain that

interacts with the PC motif has been identified by monitoring perturbation of chemical shifts of 13 15N 1abeled
PB1 domain resonances upon titration with the unlabeled PC motif containing peptide.

[RUdiz]

PC EF—7 Phox and Cdc24) 3B DV T FMGEY VNI BHET S, BEREICEAL T I
JEBEFT., #EMICRESNL TV S, HFRFOMEEY M5 Cdc24 %, AMl NADPH %+
%3 ¥~ (Phox) DM EARET TH 5 paOphox i PC EF— 72 L5, PC EF -7 DOHERIIS
EITAHATH o7, X - FHESIZ, Cdc24 DEEEY Y/ HTH% Bemlp &, pdOphox DI EHE
FT&H % p67phox iI2DVT, PC EF— 7 L ORHFILERFEREBEL 22, R L L TEFOHEBRIC
FHELT 3 BAREN % KHE L, PBl @hox andBem) FA AL Y & &% L7, PBl KX 4 Vit
BECBAZPTI/BENZLL, BESW) P UVBECERYEATLEVWTRORIZBVTY
PBl FAA Y& PCEF— 7D/ EEDNL, Y/ T MEERHEIFLWVWIERASL VT35 PBl &
PC BF — 7 DO THBBHMEHL 2T 5720, BemlpPBl FA A VOV BiEEE NMR EICL D
HEL, LY 7 FOEICENTPC EF— 7OKEGHM 2 FIE L2, & 512, Chemical Shift
Index (CSI) i2 X Y, PC BF— 728175 PBl L OMGICEELHBRO 2 kEEE2HEL -,

F¥—17—F:PBl FAA{ ¥, PCEF—7, Bemlp. Cdc24. NMR
K& OTH&DbULHE, BHITAL, RATTVADI, whhbEBY, 1) bF &,
WEDLEED, LIHITEL, BLPVTE, WEILPL, TABLVTE, WERNELPUS



{Fir]

BemlpPBl FAA ¥ (BemlpPBl) %5 UFIC Cde24 @ PC £F — 7 & F Ll (Cdc24 PC) 13K
BrBAWTREELZ, PN g3 BN 5 ~0v ki Mo 84 THE L7z,

BMEO7OT 574128 DR L3I D VT UNITY plus 600 B X UF UNITY INOVA 500
THOWTEMELRT NMR ORI B 7% 072, BemlpPBl KDOWTIRIFEBERT L7z, Bonhi
NOEICETCHEHEHIZ 1 26 0@, 2HANEHRIL6 5@, 2 1 EOKRESESIHET CHEBEERI
4 2MTH o 72y X-PLOR % Fi\VC simulated anealing BEIZ L D BEHE X B Z 2w, UAEELRE
L7 Cde24PC IOV TR EHMOBRE R ED TV EEBRTH 5, HEEEMOFEEITIE Bemlp PBL 12
LT Cde24 PC DEEE B2V, 1D A~z MLk b U2 2D IH N HSQC 2=y b v cisL
TEEMIZL D 1 0EEETHE L,

EReEE]

BemlpPRBlLIZ A KEPO DL B — b E2EKD o ~NY v 7 AP HE > T b (Figure 1)o
BYy— P EIERBD e~y v 7 ALFEREEL, 1RKED o~ v 7 ALETTAHNEICSHS 2AE
DYy 7 AFEO—HESLECLI BRI o TS, FORIMIZEMERE LD 2 72
ENTWD, HEF7LVF DT EEDLNLEEL B W2 FEHO root-mean-square deviation $ 0.31 A,
BT EDL L 0TIATH 572,

T3 DREFIFERESRD TERW PBL FAS VIZBWT, M—RFINT 5 Lysd82 i N X
WHO IAREDBA T Y FEILSH T, BEIZET CERD S Lysd82 7% Cdc24 PC DERMEFEIE L 4H

FEVEFT 5 &R & 7ze Bemlp PBL ICH LT Cde24 PC DiiE % B2 %2\, 2D 'HPN HSQC A~
ZANVERBILIEZA, ALZEY T OO KRE VI Lys482 284, I XBL2XHD R R
FSYRE IREDaAY v P ALIEEBDBA LT Y FEDR V=T R, 2EED Y v 7
ALAFEORAIT Y FEDLRCN— T LICAE LT, Figure | OFRIOSFEHEICY Y T E3NT,
Cde24PC L DOWTRFEHDREELEDTBY ., BESINLT I VEBREFIC O W TIEEHORED
FT LT, CSLILETWT 2 kBB, T L7 (Figure 2)o Cdc24 PC BL{A L BemlipPB1 & DHE
#3200 1HIPNBSQC ARZ P VAR KB LZE A, IRV ATHS DEDGD 2 &L BAD N —
TERANT Y FIIKEREL T FPOEAFRONI, DT EDPEH, Cde24PC DIV — T LD
DEDGD BCFl & BemlpPB1 @ Lysd82 & & CIBEMREOHEME/EACTFEI LS,
p67phox-pdOphox DFEE & Bemlp-Cde24 DHEEEEVICHENTH ), BN ED LI LT LD
BUOANZZL%HALPICTELEELI, FHHROPBL FAAVBEEDH LYD& LIz,

PC motif

consensus DEDGDH% % SDED¥ #¥

Cdc24  ODEDGDFVVLGSDEDWNVAKEM
pdQ PHOX  RDAEGDLVRLLSDEDVALWVRQ

#=hydrophobic residue

Figure 1: Ribbon diagram of the three-dimensional Figure 2: Prediction of the secondary structure of the
structure of the PB1 domain of Bemlp (Molscript). PC motif of Cdc24 based on the Chemical Shift Index.
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Pressure-Induced Chemical shifts of Individual *C Nuclei in BPTI
(*Graduate School of Science and Technology and *Faculty of Science, Kobe University; *Center for
Advanced Biotechnology and Medicine, Rutgers University)

(OHua Lit, Hiroaki Yamada®, Rong Xiao®. Gaetano Montelione® and Kazuyuki Akasaka'?

The use of the pressure-coupled NMR experiments to probe the native ensemble of proteinsis now a
field of burgeoning interest. Following the studies of pressure-induced chemical shifts of main
chain(1) and side chain protons (2) and amide nitrogens (3), we have extended our research to those
of ®C nulei. By performing HNCA (2D version), HNCO (2D version), '"H-*N HSQC and 'H-B®C
HSQC measurements on °C, ®N-labeled bovine parcreatic trypsin inhibitor (BPTI) in aqueous
solution at various pressures between 1 and 2000 bar, we detected for the first time the chemical
shifts of *C nuclei induced by pressure. As the chemical shifts of °C nuclei, especially *Co.and *CO,
isa precise reflectionof a protein structure, the newly determined pressure-induced chemical shifts
of ®Ca and ®CO, together with some side chain carbon shifts, are expected to characterize the
pressure response of the structure of BPTI in greater details.

BB F > I1 BERIVG AT LA EEHRENMR 2#lA58bREHLOE
JENMR ¥ TR, S0 NMR AR 2 20X EERTEIED, Tobihbs
BETERBAEDN, FELALBVIBETH D IENTES, ITNETIOXE
ZRAVWT, 7O RUEN TESLUZEBHE BPTI 234R1Z, 1D, 2D ® 'H-NMR
B 'H-SNHSQC HE % 1~2000 REDEE TTF-> /=, FOKR. MEICED. XK
RS OERQD). ZREBERLQ). HER flip-flop EEIOMH(2) . EHEEELQ)
IREM, ALFES Tk, BB, NOERZE®D NMR NXT5 A —F—DEHEKEENSHS
he&lrolz, ZH, FIHTIOEEEZPC NMRICEAL, EhICX3 P*COLE
7 N L DORIE ATz,

EBR) HE NMR #BZ2H W T, 366C. 1~2000 [EQHH T, EAr
(90%'H,0/10%*H,0) T, °C & "N TiE#& L 7=ZE B H BPTI ® HNCA (2D version),
HNCO (2D version), 'H-*N HSQC & 'H-®C HSQC JIE 21T 7/z. HEAKII.
BC & °N THE# L 7= BPTI Z 20 mM EFIE @ (pH 4.6)I2. 1 mM OWEEIZTEMN
LEBDTH S,

Keywords: High pressure, °C chemical shift, structural change, hydrogen bond, BPTI

QU h, ®XE VAHE. Ya— Or ATS) EIFUFY, BhEL HTYE



%R L £%) HNCA (2D version), HNCO (2D version) (Fig. 1), 'H-*N HSQC
& TH-BC HSQC AT bvivs, @470 b, RERVEEERETOEHIZELS
b7 bELEEBH LU, TORE, TTTOMEERFETFOEAT T NI,
NETOH, "N2S5OHKEREZE<ERLE., RiZ, EF#HOD ¥Ca, “CO b, fED
BC ¥, EHITH L TERNT, EDOWHEKIIELL., TOEOKXKE SIIERMEIC
B3I ENbho Tk,

(1) 2000 &JETEEH Ca(58 A D 49 ). *CO(58 BN ®D 50 ). FISHAF )V
O CQROEND 19B)DEAICL ST h OFHEITENEN-0.089 (+£0.151)ppm.
0.068 (£0.146) ppm. 0.320(+0.173) ppm TH 3, HEAFNE *COEHT T b F
BEDESHD PCa, PCO DERNICHART > EREVILMFEHEINS. #-T. @
BOFNIDKREVNESEERF>TVWEEEAI LGNS,

(2) 2000 RETDOANY 9T R, NW—TERUEI— MNMEEOD *Co EHT 7 MDY
fHI3E - -0.188(+£0.200) ppm, -0.053(£0.113) ppm, -0.044(+0.099) ppm TH 3.
BCabEI T M Ty 7 ARERROZRIBEE KR T 2EHEETHD. N\
w7 AEBOD PCa b T M TV I ARREHER, 1KETH 2000 RETH.
ANy 7 ZABBRRENEETETHEE8bho k. TR, BHEhEZADE
517 bid, BPTI O 73— )V RUIRREBAOE L DAY v 7 X EM T, —EDH
FANERE 2L —a BB IS I EITHET 5. '

(3) METEY PCORMERB 7 FOEMERT ., EHICK S CO DERER
7 MERIIR, 7O EBROBRSES T PERLL, KEKSOEHBEEKRT S L
Bbhd, KEHEAOT v Iy 75— LTHTFROKERIICERTS DD, B
BRLAVWHOD ®CO EHT 7 bOFHMEIX, 2000 KETIRENEN 0.017(+
0.143)ppm & 0.102(+0.139) ppm TH 5. $£>T. “BE” RBICH 5 °CO LB H
KEKFHELTHD., TOKRRRIRIEARCL> TLDERINE, DEDKINE
NEVERINZ LMEEEINS,

F&) BEHEOVCAAREL T MREAZEETH D, FORTIINETOEAE
DEHRFKOUHOBEE MRV Y 1 FI v I AIZDNWT, FRZBHRIEE 25 2 &M
BohEhrol,

2B 3CHR) 1.Li, H, Yamada, H., and Akasaka, K. (1998) Biochemistry 37,1167-1173.

2.Li, H, Yamada, H., and Akasaka, K. (1999) Biophys. ]., in press.

3. Akasaka, K., Li, H., Yamada, H., Li, R, Thoresen, T., and Woodward, K. (1999)
Protein Science, in press.
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Fig. 1 HNCO (2D version) spectra at 30 bar (filled circles, @) and 2000 bar (open circles, O}).
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NMR analysis on the distrbuition of membrane-targeting
substances between inner and outer leaflets of lipid bilayer.
(School of Science, The University of Tokyo)

(OKobayashi, Yoshimasa; Murata, Michio; Tachibana, Kazuo.
It has been revealed recently that the inside/outside topology of lipid bilayer plays an important
role when membrane-targeting substances elevate permeability of cell membrane. We planned to
estimate the distribution of CH; labeled substances between the two leaflets of the bilayer,
particularly for small molecules fluorescence-labeling to which may alter their molecular
behaviors. First, we succeeded in introducing an lipid asymmetry to artificial vesicles which
enough are small to show satisfying conventional "C NMR spectra. Next, by means of solid state
NMR techniques, better resoluted spectra were obtained.

;D)

MR SRR T A E —ER IRz, —EEOR
ELAETIHEEMARSRRZRS-TRY ., ZOEEEEN
FrorAe MRV AR BRTE M E OERB IR L CE
BB 2RieTARESE <AL TNS, XFSFKR .
EURIHEEMBRCBELTIRINET. ATKE=
HE/ME (YRY —4A) B3 FOBREEI L
ERTAFERE LTHESESBREBHIZANW BN TE
e, BTNV HBRERSFL2EOBRIZ RITTER
REGR CERNWDFREEUATOES FIZTOWVWTIRZ
OHEOHEBRERTH D, RAIZ. ZOX SRR
BNTH, EEMEIZCI N 2HTZ & TNMRIZ &
SRRSO AEMEATRE LEX. BEREBENGES
HFEHETEHEYBY —ABTR3ERR OMES
RAHRTETR, '

YR —ARBT 3R ONMRIFZRIZ. BBENMR

L4

th

3h

5h

7h

10h

el
I =

Table 1. Introduction of lipid asymmetry to unilamellar vesicles :
- . Size Temp Time PA out inn ‘ig}ﬁ{e, inne

Entry Composition of Lipids @m) (°C). (min) transported Iea?{et Pea?[et ot

DOPC/DOPA=10:1 100 45 30 ~100%
DOPC/DOPA = 10:1 50 45 60 0%
EggPC/EggPA = 10:1 100 45 40 0%

EggPC/EggPA =101 100 70 90  ~100%

Figure 1. Time change of '*C NMR spectra of
EggPC/EggPA =10:1 50 70 60 ~100% the '*CH, labeled Chlorpromazine in

EggPC/DOPA =10:1 100 70 80 0% EggPC/EggPA (10:1) LUVs (size:50 nm), only
DO: dioleoyl; PC: phosphatidylcholine; PA: phosphatidic acid. ~ ©outside of which Pr* was added. (a) Control.
(b) EggPA was rich in inner leaflet.

F—-U—F: EH®CNMR. RE_EB. BEMESTF. o7 MRE IREIENHS

p
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TISUV (ChifE20 nmBEONX 22V RY —4) | BHENMRTGIIMLY (58 OBWE KRR
IBEZEE) »ELNRL L THEDONTE . FHETHRL LicDid. BERBIENE
WA 2 RRICH T DREH350-1000 nm?D (FFRED] HEO—-HKY KY —LATHB. =

TTCRAIZ. ETZORTENIZNMRAR Y M EBB IOV AT R UNMRH)
EHEOBRMETRTEDT, FORBRERET S,

[+2720RE2s X 3R ERRIENKEIHY RY— AORN]

(REIEIENBRILEER]

BIEEEE2aT Y RY — A (50-200 nm) O izpHAE (SL#kpH = 2, S\ lipH =9) %5
ZATCTREL. BEARICXZ2H®WEHEE LRV 5 HBEREOALBIRNIC _EBRAE Y
Yo 7FERDBZ L CIENHEOMAIZREIILic (Table 1) . BEREORBEERIZ. VR
V—ALREMBMERE /O —TEHNTERT S L THRE L. Enty SOZHTHIIEN
Y RY —LABBBIX. "C NMR (125 MHz) ZBW T, ANEDOPCHFD2Y VBREDAF
N TFNADBERIEY 7 R (Pr*, Dy”, Fe(CN),") OB X - THRAIFRETH - 2.

FRVEB) P A B R I E ~ DI ]

HEEMRFTHH7unrrueyy (Cp) k. RERBIERESREL THWSRIREE
TEEDZBWTEHBHEERICIVENECE VESBERITIZLBRREINTNS DO
D, 5 HFIIZBA I TWRY, £ ZT4ME, Table 1, entry 5 D&RE THRE L fcIEntfi
VRY —LARBBBIZ. "CHALC)EMRBR L UL 7 MNREPH 2R IML. CpBEMEORES
ORHZEALZ "CNMRTEBF L. £OBR. UV RY —ARE~OBRKIEEIES B HITK
B LTIeAs+DANENP SNE~DOBEEE O L REBRER S i (Figure 1).

[DD-MASDF| A}

"CNMRZAWTIRE B O £BEN: 5 FOR KRB LT 2dicix, Ha L
TREBEEDFOV S FIABBES FV T IALLTRRZIBELTHILERD S, £Z
T, BENMRTIRIKE Y 7 2o TLESIRE A FL U808 (2040 ppm) T D4R
e LA BRI E LT, DD-MASORI A2 L.

Vo3P 33|

HUE#13 EIZ Chemagneticstt CMX-infinity. BZ&
BHERSR-MAS 7 u — 7 % AV, B££50-1000 nm
DY RBY — AL%"C DD-MAS NMRISE izft Lz, &
DR R, 12 A F VU SHEEO REN 258 jEm) 1
BB EN T, T OSRER LI OWTIREHAT
v hyFhy L) v TOHENRETHo T, (b)

AR BRPN F7Hai% FBFR I & 5 BB BT EE R 2R
TX2VSUBARMBRZY RS FIRAFAD
"CH,E® K EZ. HEBE_EBEE/MRZEML

DD-MAS (1 kHz) &# T T CNMRHIE L. £D
MR, BENMRTIIAFLUVEOY N LOER N ‘ ‘ J

(a)

Y DT HBFIRATEER - 7 "CH,Y 7L (35.5 ppm)
ZBICBE TX & (xin Figure 2).

& T " b ek

(€59 . Figure 2. 1C NMR spectra of EggPC LUVs
NMRIIE 21772 > TP & o BB BB FORFA (7.5 mg, size: 50 nm) containing '*CH, labeled

31 NN e~ > lipogrammistin-A (0.6 mg) in their membrane.
f_ﬂ'z  BSYT Y TR A ORBERE RICRE L E (a) Liquid NMR (125 MHz, 9175 scans).

(b) DD-MAS NMR (75 MHz, 1124 scans).
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1L11 MAS-Multiconformational #& NMR iz & 3 HIV 7o 77—+
BHEH D EMET
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Muliticonformational Liquid-Crystal NMR Study on Conformation Diversity of a
Potent Inhibitor of HIV-1 Protease, KNI-272

The conformation diversity of a potent inhibitor of HIV-1 protease, KNI-272, has
been investigated in a liquid-crystal medium by the multiconformational NMR spectroscopy.
The NMR structural data were acquired in the anisotropid environment basing upon the
vicinal coupling constant of the 'H-'H ROE factors. As a result of the energy calculation, we
found 5 seed conformers for KNI-272 which are considered to present in the anisotropic
environment. These conformers were submitted to the multiconformational analysis of
NMR structural data. From the analysis, it is revealed that the conformation of KNI-272 is
preorganized into the rigid state which is slightly different from the conformation complexed
with HIV-1 protease. The conformation around the Apns residue, however, shows the
intrinsic preference for the conformation complexed with HIV-1 protease. The result

suggests that the interaction between the bulky side chains and the environments is of
particular importance.

(Bm]

HIV 707 7—EHEXTH 5 b YRT7F FFBE KNI-272(iQoa-Mta-Apns-Thz-tBu,
iQoa=5-isoquinolyl-oxyacetyl, = Mta=methyithioalanine, = Apns=allophenylnorstatine,
Thz=thioproline, tBu= tert-butylamine)ix. HIV-1 OIEMIZ U THRARIRV ANV RERA %
mU, BHEERE. MEEE0STHENTVSE1). 0BG, ~7F FLERKIC7
VESTINRBERLYBZICHLEDLLT, BRLOFEARICB 2BELBBTHEC L
BEREINTBHQ).ZOZ &h5 KNI-272 (XBR L OFADOHIBRIC B\ TE L {Hififk
INBEDCRVBREEZRTLEISNTNS@). LEN>T. ZOBESERIELZMIT L.
BEEEEBEr 2T C Lid. EARFCET ALV EREVAIRZE5Z25DEBbN
%, %I C. A TiX Multiconformation ST &L b, KNI-272 DEEBEFNVHTOHE
EERERRT L. KNI-272 OBRESEL OBBIZEARDI L & L,

(€9
BEZVA MOy VR TH B CsPFO(cesium perfluorooctanoate) ¥ 5 % AV T
KNI-272 % 0.1wt. %A X ¥ /= NMRBMEX Varian INOVA 400WB 2 W CTERIZ T

57 Multiconformation BATIXEEDO 7O 7S A2 AWT. XiICEBOFRICHE->TIT-
7=(4)o

MAS #& NMR #%. multiconformation ##4F. HIV 705 7 —HEA. KNI-272

EoHOBA. FELBII. ALDLLUVTHE



[&R]

CsPFO HBHICAM L /= KNI-272 @ ROESY 27 MV E D RD=ENSA—F, B
KU RFHIBEFHEDP 587 KNI-272 D 5 HD seed #i& % & & I Multiconformation f&#7 %
fIolERE2R1IIFRT, Bho WR, RTEW™, Wik, £h2hB/. BX. £89%
ERFEEZRBLT 2. £ 125 KNI-272 i Thzy A1, BE T Mta x 2RV T, BhE&EE
BICBBOWEERZ L >TNWBI DD 3, T Thzp A, BEUMaxACROhZER
& BUKBELBELOREARICL>TH I DEEISND, /=, ERMEICEE
LT, iQoa BEIIERICEHELRVY. LOBE. RICHREOEAREICKEZBEEL
T3 LEZX SNBEAL rigid TH oo TS DBRIX. BUKEDORISEH IR L OMEE
BIZEhZ20OBEEELXE 3 H DD, pharmacophore ZF T2 REICEI L Tk, RAEBHE
BRI OBEEOBEICRELIN2EREHEI L ERRT S,

PEoER%ED LiC. KNI-272 OB RESEEICEIT 2 = oiEs BT 217 - &
Z A, iQoa BEDELZBAKBEFEEL. hVAXVNVELTEICHEER TSI LYok
27 LENF>T. COMUIOMEHBHERRFE LD, KRRZBELEETIEREERMS
THILT, KVERLEBVENEEZETAXRFOREDARTHELELS5N 5,

Table 1: Results of Multiconformational Analysis*

conformer
1 2 3 4 5 CX
iQoay 46.2 43.2 61.4 63.0 105.4 36.0
iQoa X , -145.5 171.3 -152.2 -154.6 34.0 ~169
Mta ¢ -82.1 -59.0 -82.4 -77.9 -79.1 -119
Mtay 71.6 123.7 73.3 73.2 80.5 74.0
Mta x —-49.8 179.9 -55.7 52.2 -60.2 ~166
Apns @ -79.8 -97.3 -82.0 -84.1 -85.6 -107.1
Apns ¥ 176.7 179.8 175.2 174.8 176.5 164.4
ApnsY, -87.9 -88.2 -86.8 -96.4 -86.8 -90.6
Apns X ; -58.1 -49.0 -60.5 -62.0 -58.5 -56.4
Thpy -40.8 -4171 156.1 -34.9 116.3 146.8
W 0.00 0.00 0.00 0.00 0.00
wre 0.91 0.58 0.43 0.82 0.48
w 0.24 0.18 0.15 0.28 0.15
Energy
(kcal/mol) 0.8 1.1 34 5.7 6.9

* CX: complexed with HIV-1 protease

<% 0>

1) Kiso,Y. Biopolymers 1996, 40,235.

2) Ohno, Y. et. al. Bioorg. Med, Chem. 1996, 4, 1565.

3) David, L. et. al. J. Phys. Chem. 1999, 103 1031.

4) Kimura, A., Takamoto, K., Fujiwara, H. J. Am. Chem. Soc. 1998, 120, 9656.
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211 The Solution Structure of Ecteinascidin 729-DNA Adduct
using NOE-Restrained Refinement Procedures

(School of Cell and Structural Biology, University of Illinois at Urbana-Champaign)

(OToshiyuki Hamada, Xiang-lei Yang, Kenneth L. Rinehart, Andrew H.-J. Wang

Abstract: The marine alkaloid ecteinascidin 729 (Et 729) has shown potent in vivo antitumor
activities. The solution structure of Et729 bound to [d(TAAGCTTA)], is determined by the
NOE-restrained SPEDREF refinement procedure. The simulated 2D NOE spectrum of the
refined structure is well agree with the observed spectrum (R-factor 29.4 %), and the structure
retained reasonable chemistry in the molecule. The refined structure suggests that the A unit of
Et729 is located on the minor groove perpendicularly, while the B unit is closely associated
with the unalkylated strand, and the C unit is lie on the alkylated strand.

Introduction: The ecteinascidins'+? (Ets) are marine alkaloids isolated from extracts of the
Caribbean tunicate Ecteinascidia turbinata and some of them possess potent antitumor activity.’
Ecteinascidin 743 (Et743) is currently undergoing phase II clinical trials as a result of its
promising efficacy in preclinical antitumor tests. ~ Although the detailed molecular mechanism
of action still remains unclear, Et 743 has been reported to yield DNA sequence-selective
alkylation of guanine N2 in the minor groove of duplex DNA.* Additionally, bioassays for
antimetabolic activities and enzyme inhibitions revealed Et 743 showed potent inhibition of
DNA and RNA synthesis and of RNA polymerase activity but much less inhibition of DNA
polymerase activity.’

. .. . 42
Ecteinascidin 729 (Et729) has been isolated “locHs

from the same tunicate recently and it has 38(;“3 H‘oo ‘éns

significantly stronger antitumor activities ag )Q

than Et743. This suggests that the lack a5

of methyl group at the N12 position of B8

Et743 is important for drug’s activity.
Here we present the solution

structure of Et729 bound to

[d(TAAGCTTA)], determined by the

NOE-restrained refinement procedure. 51

Et743 R=Me
Et729 R=H

HO" 2
50

26 25

Ecteinascidin729, DNA octamer, NOE-restrained refinement, 2D-NMR, X-PLOR

WdF7Z L LwWwE, Xiang-lei Yang, Kenneth L. Rinehart, Andrew H.-J. Wang



Results and Discussion: Reaction of Et729 with the octamer duplex [d(TAAGCTTA)],
containing an AGC alkylation site yielded a stable 1:1 drug-DNA adduct. Nonexchangeable
proton to proton connectivities in the adduct were determined using two-dimensional (2D)
nuclear Overhauser effect spectroscopy (NOESY) and total correlation spectroscopy (TOCSY)
experiments. Exchangeable protons were studied in an H,0-D,0 (9:1) mixture via 2D
NOESY and TOCSY experiments. The resulting spectra exhibited well-resolved cross-peaks
for both Et729 and the oligomer.  All resonances of 2D NOESY spectra in D,O have been
assigned stereospecifically using a standard sequential assignment. Interproton connectivities
were then determined; many NOE cross peaks were identified as Et729 to DNA intermolecular
contacts. Fig 1A shows NOE cross peaks of the aromatic to H1'/HS fingerprint region of the
Et729-DNA complex molecules. '

Analysis of Et729 to DNA NOEs via two-dimensional NMR spectroscopy were
utilized to position Et729 in the minor groove, with the A unit to the 5’ side of the alkylated 4G
and the B unit to the 3’ side. Interactions of Et729 with the alkylated oligonucleotide strand
are evidenced by strong NOEs between DNA and H13 and H21. . The unit B is closely
associated with the DNA strand opposite the alkylation site, showing NOE connectivities
between All, G12, C13 protons and H33a,b. Only one NOE between the A unit and DNA,
suggesting that the A unit is located on the minor groove perpendicularly. Some NOE
connectivities between the alkylated strand and protons of the C unit indicate that the C unit was
lie on that strand.
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Structural refinement of this molecule was carried out by the procedure SPEDREF".
The experimental 2D NOESY data set was analyzed using MYLOR to define the line shapes and
chemical shifts for each spin in each frequency domain. These line shapes were then used to
determine the volumes of the NOESY cross peaks. The inversion-recovery experiment
determined the T, relaxation time for every spin.  The correction time T, was determined using
the SPEDREF procedure and found to be 5.5 ns for Et729-DNA adduct. The starting model
of complex built in QUANTA97, was initially relaxed without NOE restraints using the
program X-PLOR. After 20 cycles of NOE-restrained simulated annealing minimization,
molecular symmetry was slowly imposed while running an additional 40 cycles of NOE-
restrained conjugate gradient minimization. The NMR R-factor (Z|N -N |/ Z N_, where N_ and
N are the experimental and calculated NOE integrals, respectively) for the refined Et729-DNA
model is 29.4 %. The agreement between the experiniental and calculated NOE data can partly
be seen in Figure 1. The refined structure can satisfactorily explain all experimental cross
peaks in both the nonexchangeable and exchangeable 2D NOESY spectra.

Figure 2:  Stereodrawing of Et729-[d(TAAGCTT. A)], adduct.

The refined model of Et729 - DNA adduct are shown in Figure 2. The essential
structural feature of the adduct appears to be similar to that of Et743 - DNA adduct®’-® and of
the earlier model obtained by computer modeling®®.  On the basis of our model of Et729, we
can propose the antitumor activity is partially dependent upon the number and spatial orientation
of the hydrogen bond donor/acceptor sites. The detailed biological implication of this structure
will be addressed.  Studies of structures of additional Et analogues will enhance our
understanding on the biolbgical activities of many DNA-binding antitumor drugs.
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Structure determination of basic protein folds using the NMR
spectroscopy and the cell-fee protein synthesis

Takanori Kigawal,2, Takashi Yabukil, Emi Yamaguchil, Eiko Sekil, Takayoshi Matsudal,
Yoko Motodal, Natsuko Matsudal, and Shigeyuki Yokoyamal,2,3

1Genomic Sciences Center (GSC) and 2Cellular Signaling Laboratory, RIKEN, Saitama, and
3Graduate School of Science, University of Tokyo, Tokyo, Japan

Infinite number of protein structures can actually be constructed from a finite number
of basic protein folds (approximately 1000). To identify all protein folds and then compile an
encyclopedia of folds, numbers of protein samples suitable for the structure determination
should be prepared efficiently and rapidly. For this purpose, the cell-free protein synthesis
system would be suitable. We have improved the cell-free system to produce milligram
quantities of proteins by optimization and adopting the new "dialysis method". Recently, we
developed [13C, 15N]—Trp, and then, preparation of the uniformly [13C, 15N]—labeled protein
by the cell-free system became possible. In this presentation, the application of cell-free
system to NMR analysis of protein folds will be discussed.
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Temperature and Pressure Effects on the Spin-lattice Relaxation Rates of D and
"0 Nuclei in D,0 Molecule in Alkali Bromide Aqueous Solutions by NMR Spectroscopy
Koichi, FUMINO'; Akio, SHIMIZU?; Yoshihiro, TANIGUCHI?

Faculty of Science and Engineering, Ritsumeikan University, Kusatsu, Shiga,

525-8577
*Faculty of Engineering, Soka University, Hachioji, Tokyo, 192-0003

The spin-lattice relaxation rates (R,) of D and "0 nuclei of heavy water (D,0)
molecule in alkali bromide (LiBr, NaBr, KBr, CsBr) aqueous solutions were measured
in the range of 0.1-300 MPa, 0-1.0 molkg™ and 10-50°C by NMR. The R, value
decreases with increasing temperature and pressure. The rotational correlation
times (t ) obtained by the R, value decreases with increasing temperature and
pressure and t is in this order: Li*>Na*>D,0>K*>Cs*. This implies that
the interaction between D,0 molecules becomes weaker with increasing temperature
and pressure and that the D,0 molecules rotate more remarkably.

LLIIU®HIE BEIE ., 7Arh Y 7Fae<A K (LiBr, NaBr, KBr, CsBr) KEHEPICH
FTAKGFODEBIWY® "OMOAE - BFRAOEE (R, % 30°C, 1.0 molkg™,
0.1-300 MPa IZBWTHIE L%, R, DEIEHOEME L bTEBI L. TLHVER
AF VBN TA A FREBIIDERLC VOO EEGHEBER () OEIBEZEN
KRBWT,Lit>Na*>D,0> K " >Cs*D 2y, EHhoEmME L bt LE, 2
T, BEATERBIAKSFORIGEBRICET 2R ELICBI D, LRKER
FIeBITAKDFODERBILIVGYYOKDR, & 10-50°C., 0-1.0molkg™, 0.1-300MPa T
BWTHEL =,

2.EBFE R,OBEIXRER VL FEHIT Inversion-recovery IEX AW TIT ok, #l
FESX 0.1, 5041, 100+, 150+1, 200+1, 25041, 30012 MPa. B EEEIX 10+0.1,
2040. 1, 3040.1, 4010.1, 50+0.1°C, BB E X 0.25, 0.5, 0.75, 1.0molkg™ & L7,
R,DAIEBREBILIBUNTH -z,

SHREBLIUBELE 50C. 300MPa KRBT HT7A I Y TrwA FAKBRPIZOWVWT, X
BFODHEOAEL - HBFEMERENL (R,/R,?) LBERBREmMEOBEE%E Fig. 1ITF
T, R/R,°HmERBRICHY. DRICEVEZLABD, (ZOERMIE ORI
DWTHLREETH - ,)

R,/R,°=1+B-m (1)

ZIIZT. R,HMAKBITIAMEKOR,. BRIA4 L —BEMAEIAERCET 55
A—F—Thd, (DRAOBREAALHEICLED. QXBRIT S,

NMR, 7/rhl)7u~vag FAKBH, kKF. AV -BRFBERMEE. EH
SHDO ZH50H, LAT HEEB, HIZh XLV A



B=B*+B~ (2)

R, DX, —REEFTNVY ZRETBI LR
v @)RLLTRINS,

R,= (1-x*-x) R+ x"R,*+ x R~ (3)
T, RTBILEUR, BENREFRIF A B

U7 =4 BT 5ASFOR,, x*=n*

m/50.0, n* XA L OEBRMNETHD, B)XRB
JUBE)=BCEZERELTARARXIBOLN
D

B'= {(R,"/R,") -1} - (n*/50. 0) (4)
ELIBERBERGETTCRE)XBRILTS

4)
°

R,= (3/40) {(2I+3) /12(21-1)} (e*qQ/m)?
X{1+(n?%/3)} < (5)

TZTIERAECETFER. /I EBEFRE
E., niEHFEEATA—F—, t THEL
OEEHMBEEMTHS, LV TAHVER
AF L IEBMTEIKRKGFORMEBED « BEDL
NIOCB LIV SOCIZBITA3DEBED iz T
Fig. 2 BX U Fig. 3 IZF¥, t OHEIZ. BE
ATEBNATEHEBEIZDWT LIt >Nat >D,0>
K¥>Cs*oMicy BREOCHEME & b
TAHRZERBDLAE, (ZOfmIT "OBIC
DVWTHLREKETH-R,) Zhiz. ®REATK
BWTOHLEBEOCHMME L bIEALFHMOAE
HEANBFI 2, Kk FR—MEL AET S Z
EREBd3bnBbhs, &b, tXBLIF
THREKTFERICEAEESEIT, —RC LIt
>Nat>DO0>K¥Y>CstDIEIZ 232 L BRD
bhi,

4. BE W

DXEE— - HAKBER-B0E5L, F 37 E NMR
NBmomEEHE, 611 (1998).

2)A. Shimizu and Y. Taniguchi,
Soc. Jpn., 63, 1572 (1990).

3)4. G. Hertz, “Water,” Plenum Press,
York (1973).

4)A. Abraham,
Magnetism, ’
(1967).

Bull. Chem.
New

“The Principles of Nuclear
Oxford University, Oxford

1

08

0 05 1
m/molkg™"

Fig.1 Concentration dependences of R,/R,® values of D nucleus

z(D)/ps

in atkehi and pure D,0 st 50°C
and 300 MPa.

O: LiBr. O : NaBr, O : KBr, A : CsBr

12
o]
OO
10 e}
o]
o]
8
DD
et O o o
m}
4.
.....
7 8 8 8 8 & &
0

o 100 200 300
P/MPa

Fig. 2 Pressure dependences of T values of D nucleus for the

Fig. 3

coordinated D,0 molecule and pure D,0 molecule at 10°C.
O:Li*, O:Ns*, O:K, A:Cs*, @ :pure D,0

0

[ 100 200 300
P/MPa
Pressure dependences of T vslues of D nucleus for the

coordinated D,0 molecule and pure D,0 molecule st 50°C.
Q: L', O:Na*, O:K', A:Cs', @ :pure D,0



214

Artifactual Attenuation Associated with Large Gradient Pulses in
PGSE NMR Diffusion Measurements

(OB, HEE/KBFEERT)
BKEAT. William S. Price. H 82, AR

Kikuko Hayamizu®, William S. Price?, Hiroyuki Ide? and Yoiji Arata’

! National Institute of Materials and Chemical Research
Higashi 1-1, Tsukuba, Ibaraki 305-8565, Japan

*Water Research Institute, Sengen 2-1-6
Tsukuba, Ibaraki 305-0047, Japan

The pulse-gradient spin-echo (PGSE) NMR experiment requires the sequential
generation of two identical gradient pulses. When attempting to measure the translational
diffusion of an extremely slowly diffusing and/or quickly relaxing molecule or to trying to
probe the structure of restricted geometries, very high amplitude gradient pulses are required.
As is well known the imposition of such large gradient pulses with short rise and fall times
can generate eddy currents which can greatly degrade the spectra. However, equally serious is
the generation of phase-based artifacts resulting from mismatch in the effective area (i.c., the
time integral of the gradient pulse) between the sequential gradient pulses. These appear as
artifactual attenuation and distortion in the spectra which, in the first instance, is similar to
(and commonly mistaken for) the effects of eddy currents (see Figure 1).

Fig. 1 'H PGSE NMR spectra of an
extremely slowly diffusing Mw 20 000 000
polystyrene sample using rectangular
gradient pulses. The experimental parameters
were A = 20 ms, 8 = 2 ms and g ranging in
equal increments from O to 10.4 T m™. The
spectra are plotted on the same scale and are
presented in phase-sensitive mode. Within
experimental error, the signal shows little
attenuation or phase distortionup tog =4 T
m’. Above g = 5 T m’ there was severe
phase-shifts/distortion and it is not possible
to phase the spectra into purely absorption
lineshapes. Above 7 T m™ severe artifactual
attenuation (i.e., not diffusion related) of the
signal is observed.

Key words: Pulse-Gradient Spin-Echo, Diffusion, Artifactual attenuation, Mismatch
AT ELZ, MITAYN Z- T A, WTOARWE, H57-E50



Small degrees of mismatch cause 'unphysical' concave downward curvature in PGSE
attenuation plots. It is interesting to theoretically consider the effects of the gradient pulse
mismatch and vibration/sample movement. We define

q= %;gyé (m™) o [1]

and starting from the average propagator representation of the short gradient pulse
approximation, but including the effects of a phase-shift, ¢, due to the effects of a gradient
mismatch, Aq, and sample movement, Ar, between the first and second gradient pulses in the
PGSE sequence (NB in Aq and Ar ‘A’ denotes differential and is not to be confused with the
interval ‘A’ between the gradient pulses). Thus we have

E(q,A) = [ p(r,)] P(R, A)e ™™™ **\aRa, 2]

where p(r,) is the spin density, R is the dynamic displacement defined by ry-ro (the starting

and finishing positions of a spin with respect to the first and second gradient pulses), P(R,A)
is the average propagator (i.e., the probability that a spin will move by a displacement R
during the time interval A) and the phase term can be expressed as

2nq-R+¢=2ﬂ[(q+Aq)-(r0+R+Ar)—q-r(,]. (3]
For simplicity the gradient (and therefore q) is taken to be oriented along the z-direction and it
is assumed that Aq is parallel to q (i.c., a magnitude mismatch). Thus we are only concerned
with the z-components of re, R and Ar (i.e., 2o, Z and Az, respectively) and so Eq. [3] becomes
27q-R+¢ = 27[qZ +(g + Aq)Az + Aqz,| (4]

and thus, Eq. [2] can be re-written as

E(g,A) = [ P(Z,A)edz{e™ " | p(z e dz,. [5]

Ediﬂ‘('q'A) ¢(XZ) Ephu‘(iq)

The first term (i.¢., Eqis(g,A)) is the attenuation due to diffusion and it is what is really sought
in a PGSE measurement. E4s(g,A) is a real valued function. The second term (i.e., ¢(Az)) is
the residual phase-shift due to vibration/sample movement (or flow). This term is a complex
valued function and produces net-phase-shifts and is likely to produce complicated phase
behaviour through the series of spectra in a PGSE measurement since Az is likely to be a
function of g. Note this term depends on Az and not on z (i.e., it is position independent). The
effects of ¢(Az) can be removed by individually phase correcting each spectrum or by
computing the absolute value (or magnitude) spectrum (recall, |exp(i2n(q+Aq)Az)| =1),
although this entails a loss of signal resolution and makes all of the noise in the spectrum
positive. If the degree of sample movement is not constant for a given g and if a number of
scans are averaged, this term has the potential to produce some signal attenuation.
Nevertheless, this problem can still be removed by individual phasing or computing the
absolute value spectrum and then adding the spectra.



The third term (i.e., Epnase(Aq)) is the residual phase-twist resulting from the gradient

~ pulse mismatch. It is the integral of the position (i.e., z)-dependent phase-shifts (this has clear

similarity to k-space encoding in imaging) and is independent of D and the interval A. This
term can result in severe artifactual signal attenuation. Eppase(Ag) contributes a sample shape
(relative to the gradient orientation) dependent signature to E(g,A) and thus Eppas(Aq) is
different for different sample/gradient geometries. For a cylindrical sample of length / centred
in the gradient we obtain

i
l e'Z”A‘IZ() dZ
phnsc ( Aq) l [6]

= sinc(wAql).

Ephase(Aq) term cannot be removed by phase correction or by computing absolute value spectra.
However, computing absolute value spectra will make negative attenuations positive. From
the form of Eq. [6] it can be seen that gradient mismatch can result in artifactual diffraction
peaks. Thus, the only real means of avoiding this problem is to have perfectly matched
gradient pulses. Although ‘rectangular’ gradient pulses are preferable from a theoretical
viewpoint, we found that shaped gradient (e.g., half-sine) pulses with rise and fall times more
tractable for the current amplifier and thus are more sequentially reproducible (see Fig. 2). As
well as generating fewer phase-based artifacts such shaped pulses also decrease the likelihood
of vibration problems.

Fig. 2 A 'H PGSE NMR diffusion

measurement similar to that shown

in Fig. 1 except that now sine-

shaped gradient pulses are used.

g(Tm’) The sine-shaped gradient pulses

ikdi 9210.4 were approximated by changing
W 81 the gradient amplitude through 64
1 6.9 increments. The spectra are plotted
! a6 on the same scale and are
23 33 presented in phase-sensitive mode.

- o 2 There is much less artifactual

attenuation than observed for the

rectangular gradient pulse,
nevertheless even using the sine-
shaped gradient pulses there is
evidence of slight phase distortion at higher g values. Note for the same duration and gradient
amplitude a sine gradient pulses has an integral of only ~ 0.64 of its rectangular counterpart.
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UNUSUAL PROTEINS AND UNCOMMON NMR NUCLEI

Hans J. Vogel
Department of Biological Sciences, University of Calgary, Calgary, Canada

Modern molecular biology methods are instrumental in producing the isotope-labeled
proteins that are required for solution structure determination by NMR. The same
methodology can also be used to introduce a variety of unnatural amino acids into
proteins at high yield. While the use of fluorinated aromatic amino acids has been well
established, our recent work has shown that fluorinated aliphatic amino acids, various
methionine analogs, and proline analogs can be incorporated as well into calcium-binding
proteins expressed in E. coli. Of particular interest is the use of dehydroproline, which
provides unique insight into cis-trans isomerism of the X-Pro peptide bond in proteins,
which can be studied readily by proton NMR. Seleno- and fluoro-methionine are useful
derivates for multinuclear NMR studies; they provide insight into the role of the sulfur
atom of Met sidechains in proteins.

NMR studies of metal ions bound to proteins have usually relied on the use of spin 1/2
substitute nuclei, such as cadmium-113 NMR. We have recently demonstrated that
quadrupolar NMR nuclei, such as Al or Ga have advantageous relaxation properties that
facilitates their study. In particular the central quadrupolar transition can be observed
when such metal ions are bound to relatively large proteins, such as the iron-binding
transferrins. The NMR resonances have field-dependent shifts and linewidth, and
sharpen with decreased temperature and increased viscosity. Unique information about
metal ion liganding and metal motions can be obtained from the peculiar properties of
protein-bound quadrupolar nuclei.



2SL2 NMR Imaging of Soft Matter

Bernhard Bltimich
Magnetic Resonance Center MARC, RWTH, D-52056 Aachen

Nuclear magnetic resonance imaging is best known in medicine, where it competes with
x-ray tomography. This is so because of its unique contrast features which allow
discrimination of different types of soft matter. Basically the same contrast features
identify NMR imaging as a powerful method for characterization of soft synthetic
matter in industrial and technological applications [1]. For the purpose of NMR,
materials rich in protons are most suitable. Such materials are polymers, elastomers,
food stuffs, and various pastes and fluids.

Following a brief introduction to NMR imaging and image contrast, different
applications [2] of the method will be discussed. For example, in elastomers an interface
can be detected by NMR when two rubber sheets with different formulations of
additives are covulcanized. Depending on the contrast method, the lateral extension of
the interface is found to be narrower than 0.1 mm or larger than 0.2 mm. The narrow
interface is detected with chemical shift contrast and defines the chemical interface. The
wide interface is detected by differences in transverse relaxation and defines the
physical interface which is related to the change in modulus of the sample (Fig. 1).
Further applications of NMR imaging of elastomers concern curing, cross-link density,

swelling, and static as well as dynamic mechanical mechanical load [31.

a
1mm I Fig. 1. Images from the interface between unfilled,
covulcanized sheets of SBR and NR. a) Photo
showing the interface (arrow). b) 1D profiles
acquired by single-point imaging with the acquisition
delayed by #. The interface between both materials
b 100 assumes a different width for a chemical-shift
T 75 'S weighted profile (rugged curve, right scale) and a
= f—_‘f relaxation parameter weighted profile (smooth curve,
’g g 50- 2 left scale). The corresponding #, delays are indicated
~ 12 Erd in the figure.
Tie 2 o
IS SBR NR b3
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Fig. 2: Stress images of rubber bands with a cut after correction for spin density and relaxation effects.
a) 'H double-quantum filtered image of poly(isoprene). b) *H double-quantum image 'at A = 1.3 of
deuterated butadiene oligomers incorporated into a rubber band by swelling. ¢) FEM calculation of stress
in a sample similar to 5.

Contrast in clastomers derives from the of residual dipolar interactions among
protons on inter cross-link chains which are only partially averaged because of
anisotropic rotational motion. These couplings can be probed by relaxation methods as
well as by multi-quantum NMR from dipolar encoded longitudinal magnetization,
double-quantum coherences, and triple-quantum coherences. As an example, Fig. 2
shows double-quantum filtered NMR images of strained rubber bands with a cut. The
basic features of the proton image (a) are comparable to those of the deuteron image (b)
from deuterated spy molecules incorporated into the rubber network by swelling. The
observed NMR contrast reproduces the simulated strain distribution (c).

The potential of NMR imaging in chemical engineering is addressed by flow
analysis of matter transport in an extruder and by cross-filtration in a hollow-fiber
dialysis module. In such experiments the interesting parameters of translational motion
are position, velocity, and acceleration. All of them are accessible by different kinds of
pulsed field gradient (PFG) NMR, the most representative of which is NMR imaging.
Velocity imaging can be understood in terms of a position exchange experiment which
correlates the velocity distribution with the position distribution (image). In a similar
fashion a velocity exchange experiment [4] can be shown to correlate the acceleration
distribution with the velocity distribution [1].

For analysis of large objects the NMR-MOUSE, a mobile universal surface
explorer has been developed. Its use for quality control and potential applications in

process control are illustrated with diverse examples from studies of steel-belted car
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Fig. 3: 1D imaging with the NMR-MOUSE. a) Schematic drawing of the sonde. Coils for pulse field
gradients are accommodated within the gap between the two permanent magnets which provide the
inhomogeneous field. b) Imaging sequence. Space information is acquired by spin-echo phase encoding.
In the echo maximum the inhomogeneity B, — B, of the magnetic field of the NMR-MOUSE is
ineffective. ¢) Drawing of the phantom consisting of a rubber band wound around a holder from PTFE.
The signal from the rubber band and the signal-free gaps are reproduced within the sensitive volume by
the 1D image.

tires, conveyor belts, the Achilles tendon in vivo, coatings on sheet iron [5], and cross-
link density of latices. The NMR-MOUSE has been extended to incorporate pulsed field
gradients to obtain 1D spatial resolution. First applications concern phantoms (Fig. 3)

and rubber sheets with textiles.
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Development of an MR Microscope Using a Portable MRI Unit and a Clinical Whole-Body Magnet
T. Haishi, T. Uematsu, Y. Matsuda, K. Kose, H. Yoshioka*, and 1. Anno*
Institute of Applied Physics and Institute of Clinical Medicine®, Untversity of Tsukuba, Japan

An approach to the low field (1-2 T) MR microscope is proposed for use of MR microscopes in clinical
sites. The proposed system uses a magnetic field of a clinical whoile body magnet and a portable MRI
unit, which works independently of the clinical MRI. Experiments using a 1.5 T clinical whole body
magnet presented clear 2D images at (50 mm)? pixel size and 3D images from (150 mm)? to (200 mm)?
voxel size. It is thus concluded that the proposed system can be a useful add-on MRI system to existing
or future clinical MRI scanners, because neither electrical connection to the scanners nor cost for the
magnet is required.
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Fig.1. A portable MRI unit (weight 80 kg), Fig.2: 3-axis surface gradient coil. Size:
gradient prove, and 1.5 T whole body magnet. 20 cm (W) x 10 cm (H).

Fig.3: (a) Projection image of a water phantom
acquired with 2D-SE (TR/TE = 100/15). FOV:
(25.6 mm)?, Matrix size: 1287 pixel size: (200
pm)?, NEX: 1, Taq ~ 13 sec. (b) Volume
| rendered surface image of a water phantom
acquired with 3D-GE (TR/TE/FA = 200/5/60).
FOV. (258 mm)3, Matrix size: (64)3, pixel size:
(200 pm)®, NEX: 1, Tacq: ~ 14 min.
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High Sensitive In Vivo 1°C Metabolite Imaging Using Multislice HSQC
H. Watanabe ', M. Umeda ', Y. Ishihara ', K. Okamoto ',
M. Oda %, T. Kanamatsu %, Y. Tsukada *
! Toshiba Medical Systems Research & Development Center,
? Institute of Life Science, Soka University

A multislice HSQC sequence is a "H[°C] magnetic resonance spectroscopic imaging
(MRSI) method with good metabolite resolution via the *C chemical shifts, which enables us to
follow the *C enrichment of metabolites in multi-volumes in a human brain even on a whole-
body scanner. To shorten the preparation period for higher sensitivity, a strong gradient system
(maximum amplitude = 30 mT/m and ramp time = 200 us) was developed. To maximize the
sensitivity, a new rf coil system (a QD Bird-Cage coil doubly tuned both to 'H and "*C for
transmission and a 'H surface coil for detection) was developed. Using a 2T whole-body
scanner with these systems, the 2D "H-"*C HSQC magnitude-mode spectra could be obtained
from the brains of volunteers after the oral administration of glucose C1 (0.5 g per 1 kg body
weight). From these spectra, the time-course of glutamate C4 could be followed with 20-
minute temporal resolution and with 8-ml spatial resolution.

(2L HIZ] °C MM b3~ £ /= °C Magnetic Resonance Spectroscopic Imaging (MRSI) T,
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Fig. 1. Multislice HSQC sequence.  Fig. 2. Time resolved HSQC spectrum of the human brain.
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Functional Magnetic Resonance Imaging in Animal Brain Based on T, shortening by
Manganese Ion
F. Mitsumori', M. Kumagai'?, H. Toyooka®
(*National Institute for Environmental Studies, *Tsukuba Univ. )

A functional magnetic resonance imaging method for experimental animals was
exploited based on the shortening of the T, in the activated neurons in which
manganese ion intrudes. We modified the method proposed by Lin and Koretsky to
reduce the required amount of manganese ion up to approximately one tenth of the
original method by introducing manganese chloride directly to the rat brain from the
external blood circuit placed at the right carotid artery. Some examples of functional
images obtained with activation by neurotransmitter chemicals and by sensory
stimulation are demonstrated.
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Figd T, weighted image
(TR/TE =306/13ms) of a rat
brain whose right
hemisphere was activated
by 13 . mole of glutamate.
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Chemical Shifts and Structural Analysis of Peptides and Polypeptides
Using High Field High Resolution Solid State 'H NMR
Kazuo Yamauchi', Shigeki Kuroki?, Kazuma Fujii?, Isao Ando?
Bruker Japan’,
Department of Chemistry and Materials Sciences, Tokyo Institute of Technology?

High resolution 'H NMR spectra of glycine (Gly)-containing peptides and polypeptides in the
solid state were measured to elucidate the relationship between the hydrogen bond length and 'H NMR
chemical shift. In this study, single pulse experiment was performed with the high speed magic—angle—
spinning (MAS) at 30KHz and high resonance frequency (800MHz for proton) for high resolution proton
spectra. From these high resolution spectra, it is found that the Gly amide proton chemical shift move
downfield with a decrease in the hydrogen bond length between nitrogen and oxygen atoms (R, o).
Further, theoretical calculations explain well these experimental results.
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Figure1 'H MAS NMR spectra of Gly-
containing peptides and polyglycines by single
puise method at a MAS rate of 30 kHz at
800MHz. (a) polyglycine (form If), (b) Tyr-
Gly-Gly, (c) Pro-Gly-Gly, (d) Gly-Gly, (e) Val-
Gly-Gly, (f) Sar-Gly-Gly, (g) polygiycine (form
1), (h) Ala-Gly-Gly, and (i) Gly-Gly * HNO,.

Figure2  Plots of the determined 'H chemical shift values (5)
of hydrogen-bonded Gly amide protons of Gly-containing
peptides and polyglycines in the solid state against their
hydrogen-bond fengths between amide: nitrogen and oxygen
atoms(Ry_o) as determined from X-ray diffraction.  The bars
indicate the experimental errors in the spectra. The doted line is
the resutt of the theoretical caiculation.
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Composite Radio-Frequency Driven Recoupling Pulse Sequence for Efficient
Magnetization Transfer by Homonuclear. Dipolar Interaction under Magic-
Angle Spinning Conditions

Toshimichi Fujiwara, Purnima Khandelwal, and Hideo Akutsu
Faculty of Engineering, Yokohama National University, Yokohama 240-8501, Japan

Magnetization transfer in rotating powdered solids under the radio-frequency driven
recoupling (RFDR) pulse sequence is enhanced by reducing the orientation dependence of
the homonuclear dipolar interaction recoupled. Compositt RFDR (CRFDR) pulse
sequence for the enhancement consist of RFDR units (7, - T — 7y — n~ T,) with different z,
where i is the sample rotation period, 7; and T; (= Tr—7) are delays. The delay 7; modifies

the zero-quantum spin operators and the sample rotation-angle dependence of the effective
dipolar Hamiltonian. Numerical simulation for a two-spin system with a dipolar interaction
and isotropic chemical shifts indicates the maximum transferred magnetization by CRFDR
is larger than that by the RFDR pulse by about 30% over a broadband. Experimental
results for *C-labeled amino acid also confirmed the improvement.
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Figi. (a) Pulse sequence CRFDRn. (b) MERELOXROCORFEEFOMEEE
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BFRESOA/EEEEENELLTI LN TR
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Fig.3 (a) The z Magnetization Transferred with CRFDR4

(solid), CRFDR2(dotted) and RFDR (dashed). (b)

Transferred magnetization depending on resonance

frequency difference.

Fig.2 (a) Recoupled dipolar coupling strength C, under RFDR unitat = =0.5 v, depending on 8 and
v. B shown in Figure and y are Euler angles for the coordinate transformation from PAS
to Spinner frame. (b) C,at 7=0.77, (c) Recoupled dipolar coupling strength C, under CRFDR2
with 7,=057, and 7,=0.7 7.
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Application of SR-MAS NMR on the solid phase synthesis of the vitanin D, system
Graduate School of Science and Engineering, Tokyo Institute of Technology 1, JEOL Ltd. 2
Takashi Takahashi 1, Ichiro Hijikuro 1, Takayuki Ddi 1, Hisayuki Tsuno 2
Abstracts: Recently, solid phase synthesis has become a powerful tool for the preparation of
not only oligopeptides and oligonucleotides but also small molecule libraries. In the
development of a solid phase synthesis, the characterization of resin bound compounds in each
reaction is important, especially in that of small molecules. = We describe the application of
SR-MAS (Swollen-Resin Magic Angle Spinning) NMR for monitoring reactions and structural
determinations on solid phase. For the solid phase synthesis of the vitamin D, system, the
sequential coupling of three components, the polymer-supported 8-keto CD-ring at the 11-
" hydroxy position, A-ring moieties, and the Grignard reagents was performed on a polystyrene
resin. The correspondence of the '*C NMR spectra of products on a solid support with that on a
solution phase synthesis ascertained the utility of SR-MAS NMR for a solid phase synthesis.

VHE, I EEREOBS TEILEWEERTATELLT, 2T Y TN
FIAM)—FEALAEHAREVEE2EDO TS V', HELEWOFTEEERK
KEBEL, 2EEAEL -SEBRER A GO TILAMEEL BT 5 HiER» 2 ~
EFrITAFIAMNY—THY), BHAKELER TSI L2 ) KICOBNE A
BEL A0, IVEFMITAEROBHLETELT S, LRALEYFSIDE
BREMEREITHI ICH0, Bl LICHERE L oBERE 2 1, SR
BSRICBVTHELABBICFHBESNANMRIEBFOITERT HIENTEL Y, £
Dz, BEAMICERZOFELPEBATELVIRICIVEMLEDLEY 2R T
27, BATHEPLYYHLAKRICHBERET S LS. BHEHEV-FDOH
RISGKLEFHEEHEMEEL 2.

FIT,RAGEAMRLIEEYEEF LA TEEOBEHEER L ARICKEDE=
¥ —BLUERWOHBERELFTI 72HIZ, SR—MAS (Swollen-Resin Magic Angle
Spinning) NMR#& ¥ #HwasZ k& L7z, SR-MAS NMR#E, {t&WiiE
BLAV—X23BRCRESY, BB LTI vy 7Ty I VATRESE!3C
DEFMRENMREIER2TI) FETHS, COFEFERTLIILICEY, £EED

¥—-7—F:SR-MAS#llE, ¥¥3ID,. EHEK

EELVNR D LDELAERL, DLKANES S VR E, DOUEWE
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U LTV, €Y I VD, FEEXEBIILEZ L, FOEREENOE— X3¢
TAHSR-MASHIEICLNBAZICNMRFr— b & BHTRAREZITVWERL
721 1MKBEDTE S ER#EAED P CNMRF ¥ — b L OLBET BHREO
BV —%fTol, TOHKER, FROLRFEFICI—FHERE, BHICEEREDE
= %4722 ki2kD, SR—MAS NMREODHFRB®EEL 72,
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l 2 0
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(scheme 1)
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Design of in-situ High-pressure NMR Probe for Supercritical Fluids
Bunsow Nagasaka'?, Taro Eguchi', Hirokazu Nakayama®, Nobuo Nakamura'
(‘Grad. Sch. of Science, Osaka University, *Teijin Ltd., *K obe Pharmaceutical University)

A convenient high-pressure NMR probe has been designed. It consists of a high-
pressure zirconia cell attached to a Be-Cu flange and a solenoid coil, and is connected to a gas
handling system by means of Swagelok connectors. This probe can be applied to various
types of heterogeneous systems at 0 - 20 MPa, and is easily installed into a wide bore
superconducting magnet (e.g., for Bruker MSL-200). High-pressure '®Xe NMR spectra were
measured under the supercritical condition in order to study the structure and dynamics of
xenon adsorbed in mesoporous FSM-16. ”Xe NMR spectrum (v, = 55.6 MHz) consists of
two lines. One peak at a high field is due to the free Xe gas and another at a low field to the
adsorbed Xe into FSM-16. According to an empirical relation for '”Xe chemical shift in the
micropore system, the observed chemical shift (62 ppm) for adsorbed Xe at the low pressure
limit leads to the mesopore diameter of 1.0 nm, which is much smaller than that determined
by XRD (2.7 nm). With increase in the pressure the linewidth of the adsorbed Xe becomes
very broad and cannot be described by a single Lorentzian lineshape.

MAZEE NMR 70—

HBENMR 7O0—-73ZhETIIBNBNB RIS TOHONBMEXNTBI(I),
ARHRFCBVTHBRICVLKOARREINTVS. WFho/Oo—T7b—K—EH
BB, KIEKESUORE—-RBOMEIELCRETHS.

FIT, bhbhid, D¥OLSRMHAKENMR 70— T 2RI .
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p. =047 g/m)) THETES(2).
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Fig. 1 IZ7/O0—7Ay ROWHEKEZRT. £EOAFIL, Bruker DER LIV
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2O-UFENLT CuBe BOTS L DRBDMITTWS., 7503E2N 027
OENVRERIITO—-TEENPSROALTELZOT, HBE2EECIRTET S
DREDLDTERETHS.

T3P FOMEAT VIV AEEBEL, T EBCERTOAED
EHREEEL . BEHEAD Swagelok B2 20 TEHRITEBED AT >V AKT,
A 14, U8 A 2 FOREBEAF I LVAZBRW:E. EARPSEERINOE®
Fw RRY 2—Ld%H 8 ml THB. £, METAEZ2—REFDTBIOHOEEH
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TWaBE, FHH7B0T, A5
ABOERY 2 T— R DT
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Fig. 1. Schematic diagram of
in-situ high-pressure NMR probe
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Fig. 1 TO0 MPa ic#5} U 7= f#(62+2 ppm)D 5, H(2)%{E > T cylindrical pore DE
BERMBDEM 1.0 nm &72D, XRD OERE 2.7 nm DEHPLTICRS. AV
AOBAREMBEBTERETINTRHRATERVI ENADNS. LML, EofE
$2T7 MEZENTFA S OMROKIA (£ 0.67X0.70 nm) NIZHHK L 7= Xe DE 105
ppm & BT B &[6], FSM-16 D AVKIALBENENLT A FOMALD To & k&<
BoTWBRZELIBASMTHS. 36, BRIBEBOEHKEHICELTHELL
T2 EDHTNS.
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CONTINUOUS-FLOW APPARATUS FOR HYPERPOLARIZATION OF 129XE:
OPTIMIZED STRUCTURE OF CELL FOR EFFICIENT SPIN EXCHANGE AT A HIGH CONCENTRATION
OF OPTICALLY PUMPED RUBIDIUM.

Mineyuki Hattori', Takashi Hiraga® and Tetsuo Moriya'
"Electrotechnical Laboratory, Tsukuba 305-8568; 2Osaka National Research Institute, Tkeda 563-8577.

We propose a specialized apparatus for hyperpolarization of Xe. The flow-through type apparatus for the
polarization of noble gas nuclear spins using high-power diode laser arrays (794.7nm, 12W) was constructed.
The performance for the polarization of natural abundant Xe gas was evaluated. In order to optimize the
pumping condition, the shape of pumping cell, flow rate and temperature of the cell was varied.

[HE] Xe HROAEVYREIZ. 8EALyTRERCLYFTDLISSE, BXOBEEECSWTIL
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Sites and Dynamics of Hydrogen and Deuterium in Ti,,V,,H,D, (x+y = 0.7) (National Institute
of Materials and Chemical Research) Shigenobu Hayashi and Bilwadal Bandyopadhyay

Titanium-vanadium-hydrogen-deuterium (Ti-V-H-D) alloys with ([H]+[D])/([Ti]+[V])~0.7 have been
studied by means of 'H and ’H NMR. In the hydride, H atoms occupy the O sites, and H diffusion takes place
between the ordered O sites. In the H-rich samples, H and D atoms occupy both the O and T sites, and the H
and D atoms in the T sites diffuses faster than those in the O sites. The diffusion between the ordered O sites
is confirmed by the H quadrupolar line shape. In the D-rich samples, H and D atoms occupy the T sites. In
the 3, phase H and D atoms diffuse among the ordered T sites, the 2H quadrupolar line shape is preserved,
and the °H relaxation is dominated by the dipolar interaction. In the o, phase the diffusion takes place
between the disordered T sites, and another motional mode takes place simultaneously. The temperature and
frequency dependence of T; of 'H and ?H can be described by modified Bloembergen-Purcell-Pound

equations. Activation energies and mean residence times of H and D atoms have been estimated for each site.

Introduction Titanium (Ti) and vanadium (V) metals form a solid solution with a body-centered-cubic
(bcc) structure over wide ranges of composition and temperature. The Ti-V alloys form stable hydrides as
well as Ti and V metals do. The Ti-V-H system is expected to be synthesized at any [V]/[Ti] ratio, having
continuously varing properties. The crystal structure of monohydride Ti, ,V,H, (x=1) is bcc in the range
0.2s2<0.8, while it is body-centered-tetragonal (bet) for 0.9s2<1.0. The crystal structure changes from bee
to bet within the range 0.8<z<0.9.  On the other hand, the monodeuteride Ti, ,V,D, (x=1) has always the bcc
structure. In the extreme case of pure vanadium, the isotope effect is expected to be the maximum. It is
known that hydrogen and deuterium atoms occupy the O and T sites, respectively, in the monohydride (or
monodeuteride) phase of vanadium, leading to the bet and bee structures, respectively. If H and D atoms
are contained simultaneously, the crystal structure is expected to depend on the {H)/[D] ratio. Furthermore,
there may be interaction between diffusing atoms at high concentration of diffusing atoms.

In the present work, we have studied Ti,;V,,-H-D systems. We report the results of 'H and 2H NMR on
Tip, Vo oH,D, (x+y= 0.7) as well as Tiy;VooHgss and Tig;VoeDoqy.  Tig; VosHg s and Tip,VogDgq, have
different crystal structures, as expected. The dependences of the site occupancies and the diffusions of
hydrogen and deuterium atoms on the [H]/[D] ratio were studied by means of NMR.

Experimental ~ We prepared the samples Tig;VosHos3Doizs TiosVosHosoDozor TiosVosHossDoss and

EREAKHRCY. KR AU -RBFEMERE. KRER. RAGHR

L LIToR-ENVOF N SY R A



Tip1VooHo2:Dos;- The H and D contents in the samples are within +0.02 of the quoted figures.

The 'H NMR measurements have been performed by a Bruker CXP90 spectrometer equipped with a
Tecmag Real-time NMR Station MiniMacSpect operated by MacNMRS5.4 software. Larmor frequencies
were set at 30.3x0.2 and 59.840.4 MHz. The ’H NMR measurements have been performed by Bruker
ASX200, MSLA00 and ASX400 spectrometers. Larmor frequencies were 30.7 MHz for ASX400 and 61.4
MHz for MSLA00 and ASX400.

Results and Discussion 'H NMR spectra have been measured for Tiy,; VosH,D, and Tig,VoeHo s at 30.3
MHz and 59.8 MHz in the temperature range between 77 and 420 K. At 77 K, all the samples show a
Gaussian line shape with the full width at half maximum (FWHM) of 7010 kHz. Motional narrowing
takes place around 120 K, and a considerably narrow line is observed above 140 K. During the narrowing
process the line shape consists of two components with different line widths, suggesting the presence of at
least two types of hydrogen atoms with different motional properties.

The temperature and frequency dependence of T, of 'H can be described by modified Bloembergen-
Purcell-Pound equations, and the following results are obtained as for hydrogen sites and diffusion. For
Tip;VooHoss, the activation energy (Ey) is
0.28 eV/atom. Hydrogen atoms occupy the
O sites, and they jump between the O sites.
There are two types of the O sites, which
might be assigned to the O,; and O, sites.
There may be other kinds of motions at low
temperatures. The similar results are
obtained in  Tip;VooHoesDo.2- In
Tig; VosHosoDozee the O sites show an
activation energy of 0.245 eV/atom. The
increase in the D fraction results in the Calc

> |
o
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decrease in the activation emergy. For the
shorter T; component ascribed to the T sites,
the Ey value is 0.23 eV/atom, which is Comp. 1
smaller than that of the O sites.

TioaVosHessDoas and  Tig; VosHo2Doss
show a strange temperature dependence of T;,
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3
°
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caused by the phase transition. Below the 50000 0 50000
transition temperature, the Ey; value is about (Hz)

0.23 eV/atom. H atoms diffuse among the T

sites.  Around 240 K, the H motion FIG. 1. Simulation of H NMR spectra of

undergoes a drastic change following the Tig;1VooHossDo12 measured at 614 MHz and
order-disorder transition of the D sublattice. 140 K.



The H motion above the phase transition temperature is simulated by assuming that immediately following
the transition, Ey is reduced and that at higher temperatures a new motion is superimposed on the existing
motion. The new motion at the high temperatures might involve the contribution of the O sites as the
diffusion pathway.

In case of Tiy; Vo gHj 63D0.12, 2H spectra confirm the existence of D atoms in two kinds of sites, the O and T
sites, as shown in Fig. 1. With increase in temperature, first the inner doublet (component 1) corresponding
to the T sites disappears at about 200 K, and then the narrow central component grows up. The outer
doublet (component 2) corresponding to the O sites remains up to about 240 K.  Above 240K, the doublet
peak disappears, though the asymmetric line shape is observed up to about 380 K. These results
demonstrate that the D atoms in the T site have higher mobility than D in the O sites. The diffusion of D
atoms in the O sites becomes isotropic above 380 K, much higher than that in the T sites (about 200 K). In
the bet structure, the D atoms occupy the O, sites. Hopping among the O, sites preserves the quadrupole
line shape. The collapse of the quadrupole pattern suggests that sites other than the O, sites, i.e., O,, O,
and/or T sites are also used for the D diffusion. The temperature and frequency dependence of T, of *H can
be described also by modified Bloembergen-Purcell-Pound equations, as shown in Fig. 2. Due to the
scattering of the observed T; data

and complexity of the relaxation

mechanisms, parameters of the D
diffusion could not be estimated
for the T sites. 10

In the D-rich samples, D atoms
occupy the ordered T sites at low
temperatures, and the ordering
remains up to about 200 K. The
ordered D sublattice collapses by

Tl (d+q) (S)

the phase transition from the 6[,‘
phase to the «qp phase,
accompanied by the growth of the
narrow central line in the 2H I

spectra. After the phase -

transition, the doublet disappears, 0.1 2

and only the narrow central line is 1000/T (K-1)
observed reflecting the isotropic
diffusion of D atoms. Fig. 3
shows 2H T; results of Tiy; VooDyes-

FIG. 2. 2H spin-lattice relaxation times caused by dipole-
dipole and/or quadrupole interaction in Ti,; Vo gHy 63D012
(the O site) at 30.7 (M) and 61.4 MHz ([J), and their

simulated results indicated by chain and solid lines.

D atoms jump among the ordered T
sites in the &, phase. Hopping

among the ordered T sites does



neither average out the

structured quadrupolar line 10

shape, nor does it produce
effective quadrupolar spin-
lattice relaxation.  Above
240 K in the ay, phase, where
the deuterium sublattice
becomes disordered, there
might be  considerable
quadrupolar relaxation of °H,

LN

since the quadrupolar line

shape  collapses. The
deuterium diffusion changes

0-1 -y i " 1 2 1 N 1 - 1
around the phase transition 2 3 4 5 6 7

temperature, and, moreover, 1000/T (K‘1)
it seems that there exist
simultaneously more than FIG. 3. °H spin-lattice relaxation times caused by dipole-
one type of motions at high dipole and/or quadrupole interaction in Tip; Vi 9Dg 60 at 30.7
temperatures. (M) and 61.4 MHz (), and their simulated results
indicated by solid lines. The chain and dotted lines
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The Study of Softening Process of Coals using High Temperature In-situ NMR Microimaging Method
(a ; Nippon Steel Corporation, Advanced Technology Research Laboratories, b; JEOL.Ltd.)
O Koji Saito *, Ikuo Komaki * and Ken-ichi Hasegawa ®

Thermally induced changes in coals are interest from the standpoints of both fundamental and applied
research for iron-making process.Furthermore for very inhomogeneous coals, there is a fascination in
the study about the influence of thermal dynamical changes.To monitor the dynamical changes in
coals with temperature,an in-situ method must be used,because it is well-known that the properties of
coals change dramatically in high temperature range (from 350 to 550 °C).Therefore,in this paper,we
at first are demonstrating 3D-Single-Point-Imaging which has shown to be successful for studying
short relaxation time systems and which is free from distortions due to susceptibility variations for
coals.And we have carried out the first systematic in-situ high-temperature NMR microimaging study
of coals between 25 and 550 °C with our newly developed high temperature microimaging probe with
systems to clarify the behavior of mobile component at high temperature in coal specimens.
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Figure 1  The pulse sequence of in-situ Single -Point-Imaging and Sample Scheme
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Fig.2 NMR microimages of Goonyella coal  (a) non-saturated coal using spin echo method
(b) saturated. coal by pyridine-ds using spin echo method
(c) non-saturated coal using Single-point Imaging method
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Conformation and Dynamics of Extensively Labeled Solid Proteins:
Multidimensional Methods and Applications

Mei Hong
Department of Chemistry, lowa State University, Ames, 1A 50011, USA

We describe our recent advances in the development of techniques for structure
determination of proteins in the solid state in an efficient manner and applications of
these techniques to three proteins. The efficient structure determination of disordered
proteins by solid-state NMR requires the ability to measure multiple structural
constraints in each experiment on each sample. To achieve this end, we have developed
an approach that combines 2D and 3D magic-angle-spinning NMR with selective and
extensive 13C isotopic labeling. The selective and extensive 13C labeling approach,
intermediate between uniform labeling and site-specific labeling, facilitates structure
determination by simplifying the NMR spectra and reducing line broadening. We
demonstrate this robust biosynthetic labeling approach on a small model protein (Mr
8.5 kDa) and a large membrane protein (Mr 22 kDa). Various resonance assignment
techniques involving homonuclear and heteronuclear coherence transfer have been
developed and tested. They together yield sequential assignment of 25% of the residues
and type assignment of 50% of the residues in the model protein. Simultaneous
extraction of multiple torsion angles are also demonstrated, not only through
quantitative measurement of the torsion angles but also through qualitative estimates of
the conformation-dependent Cqy chemical shift anisotropies in proteins. The Co CSA
measurement promises to be a quick diagnostic tool for secondary structure
identification.

Molecular dynamics constitutes an integral part of the structure and function of
proteins. Although fast motions can be investigated with existing 2H NMR relaxation
and lineshape experiments, methods for efficient examination of slow motions in
proteins have been lacking due to the demanding sensitivity and limited site resolution
of traditional exchange spectroscopy. We have designed a high-resolution 1D exchange
technique for characterizing slow motions in proteins. The technique utilizes !N
chemical shift interaction and is suitable under fast MAS. We show its application to a
22-kDa protein hydrogel with coiled coil domains. The correlation time and
reorientation angle of the motion have been measured, and their implications on the
dissociation and association dynamics of the coiled coils will be discussed. These NMR
results provide a molecular basis for the viscoelastic behavior of the hydrogel. The
combination of extensive isotopic labeling and fast-MAS exchange opens the possibility
for studying slow dynamics in proteins both with feasible sensitivity and with high site
resolution.
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The NMR Angle on Troponin-C: Everything moves, and every
movement is relevant to calcium regulation

S. M. GagnE, L. Spyracopoulos, R. T. McKay, M. T. Sykes, S. Tsuda, L. E. Kay and
B. D. Sykes

Department of Biochemistry and MRC Group in Protein Structure and Function,
University of Alberta, Edmonion, Alberta T6G 2H7, Canada

Troponin-C is the calcium regulatory protein in skeletal and cardiac striated muscle.
This protein is flexible in many ways and this governs in part the thermodynamics,
kinetics and energetics of the interaction of the protein with calcium and target proteins.
Specifically, the calcium binding loops are mobile, calcium binding induces a transition
from a 'closed' to an 'open’ state, and the relative orientation of the two domains is
random. We have studied these motions using 15N NMR relaxation studies for the
backbone motions, 2ZH NMR relaxation for sidechain motions, lineshape analysis for
interaction with target peptides, and temperature dependent studies of the
opening/closing equilibrium. We have attempted to derive the entropic contributions
to the equilibria involved from the NMR derived order parameters. We think this
dynamic behaviour is important to the function of these proteins.
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A Study of Structure and Electronic State of Three-Dimensional Polymer Crystals
by Combined Solid State NMR/ab initio Tight-binding MO Method

(Tokyo Institute of Technology) Isao Ando, Kazuma Fujii, Shigeki Kuroki, (Nara
Women’s University) Hiromichi Kurosu, (Toso Co.) Masato Uchida

Formulae for calculating the NMR chemical shift of a three-dimensional(3D)
polymer crystal were derived by a combination of 3D ab initio tight-binding MO
theory and the NMR chemical shift theory. This formalism was applied to 3D
polymer crystals with different crystallographic forms within the STO-3G minimal
basis set and other basis sets. The effects of inter- and intra-chain interactions
on the experimental solid state °C NMR chemical shift and the electronic state,
that is band structure, of polyethylene with the orthorhombic and monoclinic
crystallographic forms were elucidated.
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Analysis of the Reaction Field of Heteropolyacid H,PW ,0,, by
Multi-Nuclear Solid State NMR
(Department of Applied Chemistry, Graduate School of Engineering, The University of Tokyo'; Department of
Applied Chemistry, Faculty of Engineering, Hiroshima University’; Department of Environmental Chemical
Engineering, Kogakuin University’) Sayaka Uchida’, Kei Inuman, and Makoto Misono®

The states and dynamic behaviors of acidic protons and water molecules in a hydrated
“pseudoliquid phase” of H,PW ,,0,,* 1H,0 were studied by *'P, 'H, and 'O MAS NMR. At
173 K, several peaks appeared in the ¥P NMR spectra which were assingned to
polyanions (PW,,0,,>) having different numbers of acidic proton(s) interacting with them.
The relative intensity of the peaks obeyed binominal distribution, which reveals that the
acidic protons and water molecules (H;O* and H;0,") are distributed randomly
(uniformly) in the pseudoliquid phase. At 298 K, the 3'P NMR peaks coalesced, showing

that the acidic protons are migrating among the polyanions above this temperature.

(#Z2) ~FoRVEHPW,O, (Fig. DiX. Bk T@EkKE, » L TELORE%
RET 3, BEATOR)BAEE2 BV EBRRIGCIE. 3hF3 0 oBECRB2F
OMEOREXICL D, KD (1) EERRETETT 284G, (2) RIS TFEE
BT DR FRICED CAFEZRTKISB TETT 2158 (BBHEEE) L2XH5
o BB TIEEVVEM L L ICERKREPWMEYI —REERRLBREVERT 5,
F-BRERICIREAFHIHEP ORBEICEET DOT, SHXBICLDIFFL I
DORFEDPBEBRTHH. BE NMR BEHRFERER D, ZAATRE,. ~F0OR) B
WP OBM H', K2F0E#H% B NMR THETF L. RIBBOBEEZIFL I
THLMZITHIEEZHWME L,

[(EZBA®K] HRHE. ~Foi)BKNY H,PW,0,°6H,0 ZFERE. EZM
e TVREDSKEMH,PW,,0, nH,0;0<n<6)E L, ARICEISTIERLAH
SAHEBICHLTH LY >/, NMR #I5EiX. Chemagnetics-CMX300 &% H\ >,
'H(300 MHz), *'P(121 MHz), "O(41 MHz) %# MAS =3 -5kHz CHIE Lo /$V R
B, LRI, 'H:45us, 20-200s;%P:4us, 2000s (O Thya/2 7V R)& L
=0 VO IE. 7SIV ABE =2.0 us (/6 73V R), HHRE =1s & L7,

Keywords : Z#[E{& NMR, ~FoOhYBEHHE. 70 ¥4 F3I9 02
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(1) HPW,,0,,° nH,0 (n= 6, 0) OB H', K3 FOIRE

H,PW,0,,°6H,0LL T n=6 LBEJ)Tix. R 7= L PW,,0,HIFILH RICHE
FIL, SRAKIIEMEHE 221 THESLEHO, 2 LT, @20 ) 7% » & EMiC
KEFBALTWS 2, 2D L &3P NMR(Fig. 2a)iX—ADH Y v — FIZ B =, —A.
'"H NMR(Fig. 2b)idJEHEIC 70— RiICHN. Zhid. 'H-"HIERFHEEERADI®RV -
. ik, H;O,'H» MAS #HELRBETRBLTVWS Y *LEZI6N3, "0
NMR(Fig. 20)TiZR ) 7 =& > OKREERW = 0, 707 ppm). “FEEDOREHR
(W-O-W ; 438, 428 ppm and 397, 378 ppm) DS LLEHIE U S/N TEHRIZ -,

n=00® %P NMR(Fig. 2d)ix n=6 & LB L TERIBICR N, BKiZE bRy 7
ZAVEBORENEALEI L ERT, 2D &, '"HNMR(Fig. 2e)ix SSB %45
—ARDOE—U RN, ThERIYT7ALDHEEESLE “MEE H” LIEE
Lize COEE, RV T4V 1EH=0 3O “MulstE H” HESL TV D,
F7/-. "0 NMR(Fig. 2)id 7o — ki b, W=0 E— 2V iZRPIF LB L=, Th
. BAKICE2ERMMERUCERBEONIMEDET *Ick b, R 7= EABEOE
BABRPRELRD, RV 724 OBHIMUNICH 2 W=0 L b KELREELZIT
Tl EHEL TS,

(2) H;PW,0,,° nH,0 (0 < n<6) OBt H'. K3 FORKRE 'PNMR L D)

BIED n=6,0 DIRBESEIZL T, 0<n<6 DREEEIF L. ZDEBTIT.
Fig. 3 D(a), (b), QX RT =20 70 b HEBEET I LEZI LN DD, CENLRE
MISETIZFEALEINTVRN,

0<n<6® 173K @ *PNMR TiZE— 7 BHAR L (Fig. 4a). Th S 2 7M
H'2%0,1,2 3R) 7oA ICHEELEREBIZRBELEZ, ChoDE—20MER
o, RVTF72FoHE0OMAEYE HOB(m,, LBIDDPEHBETE S, IHIT, B
— 7 OBERSHABIIKS DT, MM H'HBR) P45 0 LIZAE
IhTNnBZLilizd’ £, KaFLEAGLEBMH G- m,) L K FWDH &
DR 7oA H=bD HO, HO, BNFFHEI h.nizt LT 7w b L7 (Fig. 5)o
MBI n=6DPoKIFMHIUF LML= LRELREZE ED H0', HO0, OEE
ETHHH., 7oy beEABEIL—BILE. £5T. 0< n< 6 TlIKIFTFHEE
PHUTIZIEEIZAHA L. £hick b H,0', HO, DB L I8 H' O FmBREZ
3EZHNh%,

i, BIERES 298K &3 % & (Fig. 4b), *PNMR O — 7 B@AE L. Lo
T. ZEBUTCIIAZENE HERY P4 B2BEL TR LiZk3, 173 K
WZBIFBE—7DES 7 bDEL Y RO - EEM H OB E)EE II# 5 ms/site T,
CHIZBBHERIGD 10° SULOEXITH S . B4 51 b Eiho EEERMME T,
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RU7 =4V EAA L) EBBILTEY, POZOBBBRIEOY A LRAT—)V &
DE N COZLDEBHEF TORIBATOTO b U EEBRIILTWELEZ SN
%o
(8% i)
(1) For example, Okuhara T.; Mizuno N.; and Misono M., Advances in Catalysis, 1996, 41, 113.
(2) Brown G. M. et al, Acta. Cryst., 1977, B33, 1038. (3)Fenzke D. et al, J. Magn. Reson., 1992, 98,
469. (4) Fournier M. et al, J. Mater. Chem., 1992, 9, 971. (5)Uchida S. et al, Chem. Lett., 1998,
643. (6) For example, Farneth W. E. et al, Chem. Rev. 1995, 95, 615.

Figure 1. Structure of PW,,0,,* Figure 3. Schematic Illustration of the protonic
species in H,PW,0, * n H,O (0 < n < 6). (a)
isolated acidic proton ; (b) H;0" ; (¢) H;O,"

31P NMR TH NMR 170 NMR
. W-O-W
a -15.6 b
n=6
ol L 11 T.lol T l_;ol ¥ l_lo r !IO T T T T g T T 1 ’.JooAl T T L ’lo T T T T
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d -11.0 e 9.0 £
n= Q . * 3
%k %
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Figure 2. *'P, 'H, and "0 MAS NMR of H,PW,0,, - nH,0 (n =0, 6) at 298 K. MAS rate :
'H,%P;3kHz YO ;5kHz. (@¥P, n=6;b)'H, n=6;()0;n=6;(d)>P, n=0;(e)
H, n=0; () 0, n=0. Asterisks denote spinning side bands.
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Figure 4. Variable temperature *P MAS NMR of H,PW,,0,, * 2.1H,0.
(a) 173 K ; (b) 298 K. m,, stands for the amount of isolated acidic
proton per polyanion.
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Figure 5. The amount of H;O" and H,O," per polyanion plotted as a
function of the water content n. Symbols represent values
calculated from the relative intensity of the P NMR peaks at 173
K. @: H;O',l: H,O,". Broken lines are theoretical values assuming
random desorption of H,O molecules from H;PW,,0,, * 6 H,0.
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Richard Needleman® Janos K. Lanyi®

Dynamic Structure of Membrane Proteins as Revealed by High-resolution Solld state NMR (Hlmejl
Institute of Technology', Wayne State University?, University of Cahfomla, Irvine®) Hazime Saito', Satoru
Tuzi', Satoru Yamaguchll Michikazu Tanio’, Yasuharu Kawase Koka Yonebayashi’, Runko
Kawammaml Jun Hazegawa', Akira Naito', Richard Needleman’, and Janos K. Lanyi®

We illustrated here how conformation and dynamics of '’C-labeled bacteriorhodopsin as a typical
membrane protein can be revealed by high- resolutlon solid-state *C NMR spectroscopy. Site-specific
assignment of peaks has been made by comparing ®C NMR peaks of site-directed mutant with that of
wild-type protein. Nevertheless, it turned out that the presence of induced fast isotropic or Ia:ge-
amplitude motion with correlation times shorter than 10*s or slow motion with correlation time of 10” s
result in suppression of peaks either from CP-MAS NMR alone or both CP-MAS and DD-MAS NMR
experiments. It proves that this sort of information is very valuable to analyze protein dynamics, in
particular.

N2FUFAaRT 2 (bR) BREEFEEOEBIZHD ., 2 FE260002HDHOND3 A
BELTHEEL TWAORENZEEAR TH S, XWER > 7 & L TOREDRKRADOMIZ, KBF
BHELCEAARZRBZEDI TOBEDRBEETHIETINELTOBRAZ LD, ZL OB
REOELEED TS, TDIRTHMEOHEIR, ERIEOEBM S, SEREFEMSEICESH
RICES X228 aho M KREOEHIZED 1. 5 5ADHMBEDXREIFIZEZH5HL D,
BOFOMAZENSEEINTNS., ZhE50BRIE. BEREIOBEICEL TRWIThHER
LTWnaH0D, N, CERREPIN—TICH2BEOEEIZEL T, &b IXEREHERS M
DBNERBL, BEVRRFEFLZVLEZEATHTHHT L BRABOERNB S TWRWN,

ZHhizH LT, b bNIBEGHESRENMRICE SBEARBEORITOEEEZRN L T
=710 EREEICE U TTHENZBIRICH SNMROBENL. - tiZoMBREIZH DR
HOBEM, dsorder ICEBDON, Y1 FI v/ RESEF L300 EHSNCL, BEDESKT
BEOMBREZHONMITEI LB DEMEERNG SN TS ERICH L THISHMO
HEEROFRICEITI AR . ZEREREOFAEZECTHLOMITE I LIEHD EEX SIS,
IS ETIC. bhbhOMABTHAOShEREE. LTOEEHICLDEBKLNMRICXST
O—FOERZHSMIT S,

1 SHTOESXEEINMREFOR%E

BEAROLS ITTOMAMES LU S EORENTY—R R T, BHREIRENMR ORF
HNFETHIRENBT O v 7 f4Ek (CP-MAS) BEOA TR, BROLEBEMSDES 2
BHIZEBRBTHD. MHAT hy TV U< Ty ARk (DD-MAS) IKX3ESORE
BREFIZITY, EOBRBIESORENSIN 2D EBBETHS. £ H1ITRTEIK
BTBROAEROEE NS 2 RITHBN TR, ZATRYARKESICESH RSN, ThickoT
NMREENREL. TORKRESHOBL TH S MMM (FRKOVK) ITHTARNF/SH
5, EBE 10 BLobELEHERRS L. BIRHIZCP-MASNMRIZESOXREN

BHEEmIHENMR., BEAYT. BHRIME

ENESRLWH, DULEI LD, RESHE LD, EXBAHENT, pDEDTES, Thifvl
3, NOAREBZDI, BERDULWA. HMNEDIHES, DEL—EII—E3FA. ©—0DL
w5z
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FIENIZE B T2 < TH Large-amplitude DFE 5
ETH->ThEW, —H., TabrFhy 7Y
CURERETHTE1I0 "HEEOBTNE
i, &5, EFEEEDLT. bRASLFF
—VERELENIFUL—FT > (bO) |
DESTY | HEEAY v 7 AT b RIBRE DD-MAS I
BORFENBI B, v 7HREEOMEER ] |
DHEEIZI->TbROIDEBEDEELNESE

2ETHIE, LF - IBRECLDZFORM RAAReRUELAR

REMEBHLEIIWR, BBREBENTLF TN 102105 104 105 10° 107 108 10° (
DI EREDBOERREDES E0% T e |
B EEEREN, ZTOoLD5BESE. pH Ml -BEHOBENMRICLAEBDRE L

1 0 THU % D8N EEBKEOMERPRMAE, FOELEORE

ABOG R EDEORBRERDEAIZBVWITDHE
511, 3DHEEORENIOBEEIIBWIHLDHEEEIZEETH S,

2 HMBERBCILIBREOBEE Y1 I v IR

HRAEMSEHLTWA CERRMTBIZIBV TR, BHRERBLWTRBHTERwWaNY v o
AMEFELBDI L%, PCNMRASERLES Y, BESEE TR, Sy 77U > ERE
SOFHTTOESHRETSY 28, FIHTOERICEEST I, BE. pHIEEZO%E
EHOERICEITIHMEBBAIENTERE, 2B, ZONY v 7 AEBOEFEEX. 2EHF4 >
FRUTCHBEEETON T EOHMEERT. SDEEOEEHTEE L THEbDEEI SN,

3 FIJEBEEoroA LT BT

VFF ORI Lo TREIZEREMM S BN~ T O F o OBENL. TOM
OO BBHCEETAREOERALOAEOKEESZBL TOHEERICEDL &
ZZ5N5, bbb INo0RETET 2B DERBBONMRARY MVE—FZOE
Lk > T, HERECERBEIBLWITHBINOOBEROI/OA 7B HNESND Z
EERLES D
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Structural Study of Polymers by Solid-state Spin-echo NMR
Naoki Asakawa, Minoru Sakurai, Yoshio Inoue
Graduate School of Bioscience and Biotechnology, Tokyo Institute of Technology, Yokohama, Kanagawa 226-8501,
Japan
Phone:045-924-5796 FAX:045-924-5827 e-mail: nasakawa@bio.titech.ac.jp !

Solid state structure and molecular motion of some five-membered ring w-electron conjugated polymers with high regio-regularity, 100%
head-to-head poly(4-methyl-thiazole-2,5-diyl) (HH-P4MeTz) and 100% head-to-head poly(3-methyl-thiophene-2,5-diyl) (HT-P3MeTh).
were investigated by the !3C and ! H solid-state nuclear magnetic resonance (NMR) spectroscopy. We performed 13C CPMAS measurements
of HH-P4MeTz and HT-P3MeTh. Although the previous x-ray crystallography of HH-P3MeTz shows that the backbone of the polymer
takes the s-trans conformation, it appeared from the isotropic chemical shielding for the methyl-carbon signal at room temperature
that there exist another distinctive structure which would probably be attributed to twist of the backbone torsion angle. In addition.
an analysis of principal components of chemical shielding tensor for the methyl carbon determined by the two-dimenstional spin-echo
(2DSE) measurements and ab initioc MP2 chemical shielding calculation show that the backbone twist is highly correlated with the
intramolecular methyl rotation. The !H spin-spin relaxation time measurements by two pulse Hahn echo( TPHE) and Carr-Purcell Meiboom
Gill(CPMG) sequences indicate that with the assumption of diffusion coefficient of 10~!! =10~ '3 cm?2-s~! for restricted translational motion
of modulation wave of microscopic mangetic field gradient(MFG) round the methyl-group in HH-P4MeTz is loughly estimated as the order
of 107-10% Oe-cm~!. The large value of MFG might be relevant to electron-nucleus hyperfine coupling.

FUHIC

WHOBERLYELET S LCHOBRERZEELZYE AT A—50—2Th ), SHEBORRORENZTEL
BRI TENEERSRABBEINTE TV S, I, BOBRERLT ZKOT vV IVEE L THRENICRL LS
ETARAIR. BFRERLEFN LS TERLZ Y, WHICHT 2 =ATEHMNLERT S5 L8250 TRERKEY, B
HIKEED 2 VI EIREE IS A B S FOMBEERT v YLV EEOEHRLEIZHT -DIIIRBOBIEARY P VAR
BYae EEYI v 7T VIR (MAS) 21T ) OPEEFR TH 5, LrL. EFHREORLZIHBOBEARY
FAVEOEL D DKEVEEH S VIIRBEEIC L B AE =Y 7Y RN K (SSB) MOE L ) 58T b viE R,
L2 7 P RIUIPNSLBEOBEITIE, ThoDHER2ZD0F T HVTRRERT vV VEECEHRE B 200HE
THHBHENE

FIT, BIEARY b VORI REE MAS TIHREEE S T3 L) ZHOBEERT vV VEEZRETADD
BELZFEE LTRARBRZATAE Y LI -FE2 VS0 DOB I FILEWOBERT 2T TETW5,2 KED
HEeE, —REESHEME BTFRRRBTFOBEIIOVWTOAMNLA, ZhIT, Y (L-7F=V) DaB LUBR
FOMFEL TV F VI NVEEORERRIRTFF/EEBEI T L v 7 2B B3IPILES TV F VU NOEERD
FROREIZHAWTET S,

THERETTIBESER S TR E LT, ARk TEBLR) OHEYEEOTHFIBVWIEHEATETEY,
EBRH T I ERIMENBAIITONTE TS, X512, nRREFFIRLE v 7 AXFHPUEBHOAL LT, 7+
PV IRV A(PL) RZRERBEOERELRZE () 2 LORE» S BRBEVEZHBE L O LWNEEDY 5
TETBY, A7 PV Oy AMB L LTHR IR TWE, EE, ABESEHEAET / v — 2BV B oy VL&
MEAIEICL D | regioregularity ¥ H#Hl L7 K O Da kR R ) v —DERLSTRELE 2o TE TV D, BENE I A,
UV-vis- PLXO D o 3 F M a-nHE AR EZNYUEREL TV R EELERTH L Z EERTV L ODPOEREESN
BonTwa, LEL, ThHOERBROAPSEBHSFOFAL T FHRESLEFRECHT 2 HEIB AT,
W, B ASANEMRENLETH L, ARIFETIE, B NMRPCILES 7 F 7 2 VL2 NMR SHRMOWE L
BLT—REEYBECHELZE) BGTAELFFT22-25-F 4 V)P3RTh) £ K 4-TLEVFT /- V25T
A W) (P4RTz) DFFiHE- BETERELRAD L ABHL LTHELIT> T3,

BREEE

Head-to-Head(HH)-P4MeTz. Head-to-Tail(HT)-P3MeTh. Random(rand)-P3MeTh ®'3C CPMAS fEIC L b, #
FAMREOEFFHES 7 b HEREFNR, 20.1ppm(B ¥ — 2 17ppm), 15.0ppm,15.0ppm TdH 5 Z &b o723 X
MEHF DR L ) . HH-PdAMeTz O REFOBMBICIIE - OBEFZ L OFE /v -2y FOADRFELTWAZ L
FRBENTVEH, BENMRMEICLVETREOR L2 _EBHOAF VEEFFEELTWLILERMLY,

HEREF*ECHEELRREZETLIRY B-TVFL-FF47 22257 1V)(P3RTh) L HKE BEFEF2EUHRER
BBREATLEY (4 TAFN-F T/ =257 4 V) (P4RTz) (IR RIREIZ BV T, F§HId s-trans METHERL .

!'r-electron conjugated polymers, chemical shielding tensor. spin-spin relaxation time, diffusion coefficient, magnetic field
gradient
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T NFVEDFFH T end-to-end X F 5 THZ L
12 ), EERREL O face-to-face TR ¥ v ¥ T IR S
NTVBZEEXHEFE»HHONTVS, LA L., BIsH
DT NMEFNESAFAVEDRE, T4bH P3MeTh O
2%, BT 12 face centered lattice L 2D, 1R ¥ v
¥ 714 staggered MrEA LD T EMPRENTETV S,
Z O staggered #%E it HT-P3MeTh-rand-P3MeTh 32
BENTWBEEZLGNTWS, AFNVEED 5ppm D ¥
7 FEOERS L U HH-P4MeTz (2 B1F 2 KB HEHO
B3 2 F VREOFEEOHKERET L7201 L%E Y
T FrINEEOREVLETHL EEL, ZRTLRY
VEII—FERICEALFEV T TF U UAFEEOREE T
7z (Fig.1)o MP2-GIAO 12 X A HESER T ¥ VY VOFHE
6, HH-PAMeTz DRISED X F L EOOERIIEPHEOR L
NEBCAHBLTWT, ZHBO AFLVREVEFIIEHD
RUAICEBEALTWA Z LRI NIz, 20 2F Ve
it AEESROBEIRIBILES T VT Y VOFHL
ZE BEHBIEBEASNE Do 2DT, THFRDAFILE
DEEIZIH APy vy 7DE IRy EV T EBTH
BrEZLND, EHICAFLERY OGFEEBPEFH
EEF<S 212, Two Pulse Hahn-echo(TPHE) #: 8 X
UF Carr-Purcell- Meiboom-Gill(CPMG) &% AV CTIH A
Y- RAY VM (T,) IE % 1T 72, Fig.2a IZ CPMG
Fizrkhra—BH 2oy 2RIRELR LD Oy b
%57, Fig.2a I/RT & )12, TPHE OEFMRIZ 85
PHBRINTND, G o —BEORR (27 <150us)
T, "HEBOHIRIIH 20kHz(TSPHE = 42 4s) TH D,
II—ORFEIZ NMR EEFR$FLT 21281035 TE
BESBRVES A CEIIIREShTwAS, LA LT
I—-DORFEIR, rigid lattice KR SN2 H Y ABMB 0K
FHIIBE ST, exp(—7) KAERE TR L7z, T —KH
21 >150pus DR TIL, BFIRBILE N, # 5kHz DR
98 (TJPHE = 180us) Lt o720 TOBG B b exp(—7) K
EHTRLZ, 4EfT -7z CPMG #IE T, = — B/
PEWw/®, TPHE DEBEOEVERST B OEFIIHT S
L %%, TPHE & CPMG OREMBE LB TS &,
TPHE 12 L 2 MEREENHH KX . D TPHE D3
HifA exp(—7) MR O LA S, SET o7 NMR
WEOBFM R 7 — Vi, HIBRM LS THED 2\ I3BAT
WA HBBHR (MFG) EOE (213 A ¥V i#) o2
ETwBIEPHEERNENS, CPMG ETHOLI—RRH (1)
DFFIH LT (TFPMGY- 1% 7y b Lzb D% Fig2b
IZRT, TPHE &I & 2 ERIIr—1 -0 © CPMG ER L
ABTERTE, Fig2b K70y b #INZ 720 HIRRILE
224F % Robertson D & Doussal-Sen DR, (a: il FF FE 3
[em),G:EBHAE [Oe-cm™!] DALBARE [cm?s71] v:RER
El#H [rad- ms~! - G~1])

1 a4’)’2G2
TIPRE = 120D @)
1 _ 17 a%y2G? + 1 @)
TCPMG(ry — 13440 D2?r ' TPHE

(Fig.2b FDER)

& ) EBREREBEITL . aG=3.4 Oe. a?/D=0.08 ms %
B, AFNEONREETIE TPHE & CPMG 02
YHRHUTEY, Mo roEERHNIRETLEELLN
%, HH-PAMeTz (3B REIC BV THFErRA Y v F -
TNy F Lo LTWA D, B TFHOEE
HEBHLTWE LIZEZIC{\V, Lo T, AOEiH
EN-MBUTEFT R MFG BEOESICER L T2 & E
bk, RBFTH MFG BRORBEN X FVKFEHA &~
HETCH) D102 e2s BEERET A E, a~l A
. G108 Oecm™ e 2B GORESEFHEICKE2{E

Ehy, O ViIZEoToLK YIHEh D BFRELIR &
LTiRKETER LS I0BbN S, EHNLEESHEIZ
SWFETHo THRBEMICIRELBBENEEZ O L
MR THDHZ PR ENT VLD, 7 RIEZEFTT
i3, BFAE L LOBMMMESIESEbo TV DT
TWHhEEZONBNPSBOBELIRITEXET S,

! Asakawa, N. et al., Magn. Reson. Chem., 37, 303(1999).
2 Asakawa, N. et al., to be accepted.
&I, % 37 NMR RS ESH, P.404(1998).
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The Characterization of Size of the Microvoid in Glassy Polymers
by '”Xe NMR Chemical Shifts
(Nagoya Institute of Technology) Hiroaki YOSHIMIZU, Minoru MIYAUCH],
Tomoyuki SUZUKI, Yoshiharu TSUNTA, Takatoshi KINOSHITA

In this study, to characterize the size of the microvoids in glassy polymers by the '*Xe NMR chemical shifts, the '*Xe
NMR spectra of the '*’Xe in glassy plymers were measured at various pressures. The Xe sorption isotherms of the
polymers were measured by the quartz crystal microbalance at 25 °C. Since the isotherm of Xe showed the dual-mode
sorption type, we could calculate the dual-mode sorption parameters. The '®Xe NMR chemical shifts of Xe in the glassy
polymers shifted to low field with increasing the sorption amount of Xe. The good linear relationship between the '?Xe
NMR chemical shift and the amount of the Xe sorption into Langmuir site calculated using the dual-mode sorption
parameters was obtained. From the results obtained here, it can be said that the size of the microvoid in glassy polymer
was determined by the 'Xe NMR chemical shifts.

1. '”Xe NMR 65> 7 M 6=0(S)+ S (E)+ S (Xe)bL AT B LB TE D, TITO(S)E Xe H
FLEAFHEOHERICLIBETH hAMBNETVWIEIEREL RS, SE)IEBILZHEBHDI N
X Xe HRFDPSOBRBEICL>TSISRIINIETH 5D, BEOEHRES F TR IOEREE
LTINEEZSND. 0(Xe)ld Xe RFELOHRICKDIHAT, Xe BEL & &ICEHBRNITIMMNT 2,
BL2EINETIEAZ AREAFAD Xe HROWEFEL 'Xe NMR {L¥> 7 MEORICIZHRER
HE»XH D, HS ZARBAFORBHNEBEE ZEI 7 0F A4 K@M 2@ T 2 LT Xe NMR
EDENRFETCHEILERLTERE Vo CICRSETCEBTELZERE2LVFAICERT L
EHiZ, Xe NMRILEY 7 MEDPSEBICI VORS ROV A X2FHELBZZ L 21T,

2.E5HMREEM»> <HRE L. T B/ TO 0 NMR B(Wilmad #8)ICH 2g FIRL =&,
THEBRUTHOSFIEREAICHY TS Xe 2BALTRHEICH L, Xe NMR X7 MLk, HE
ETHER)ND GX400NMR FKEHE AW, BRBEHEBE 110.5MHz ST Y IV AETHEL R
(BRI 10 #), 'Xe NMR {LEY 7 MERBH S LD Xe HRIZDWTEE Y 7 OEHKRE
HERARTBE ARICHEHANZ N 254 'PXe DY — D ZRBREEL UTRHIEL =(EH0 OB % 0ppm
&3 5)o Xe WEFRMBIZL Quartz Crystal Microbalance (QCM)EIZ L h 57z,

3. MBS HIZAREBL FAORBNEREEIIRICTRT BTSN CHBEE NS,
C=Cp+Cy [Cp=kpp, Cu=Cy bp/ (1+bp)] 1)

CIT C IRINERCEmSTP/ cm?,,,, ). Cp iX Henry IWE L7=5EOR. Cy id Langmuir RELER
OB kp & Henry BHIHE D BREEB(cm STP/ cm’®,yn cmHg). Cy” & Langmuir REDRME
¥ (cm>STP/ cm? ) b & Langmuir ILEDOH

MEB(mHE ) TH . Table 1 K ZFHEKD Table 1

25°CEBH D Xe WHFRMBME kg L= Duskmode sorption parametors and glass
TRE NS A -V -2 ZhThOH> AGEBER sample c, bx10°  kx10? T,
B T(C)reditmlEi, ¢ B&EHAHD T, “PPO 19.1 75 15 219
LRAIEREEDOE. LHELEMHORE LR :lch :z: :-g :; ::
FEL. 370484 ko (F14 XxXH) 2R - .

B LT = & Abi B, PS 49 8.6 11 100

PPO: polyph | xide.
EHHO Xe WEBMIXZOSEMED 5=  TIPC, tonametnyipomycarbonate.

FTRBEBETFTNVICHKD OIZB S DT, Langmuir  PC: polycarbonate.
IEY A MR Henry BIICHES MY 4 k7 PS:polystyrene.

F—TJ—F:'Xe NMR. L2 7 M. HSXEKBSF. T/0KS K, ZTEEF)L
LLAT VAHE, 4055 A0D5, T9& L&, DU LLIEF3E, E0LE &L
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MLEBRALEE A ORI L THREEHRBALTTCHMEORWE~E—V 2R L1,
PEoT. WY 4 FED Xe DXRBTHFEVEBDh B,

—h. fAhOEHRICBVWTHIRE. TROLNEBRPMMT ZL LI Xe NMR {LFET 7 b
EIZERB 7 b Lz COBEES 7 FOREE LTHABBEDO Xe EEOMMAE TSNS, Xe
H2AD, EBPROENELS A FRILED
EUITLAREDFIZENZHARE - BREL-
BETIE. D 'Xe NMR {b#> 7 MEDE
HeLHIBEICEBEEL 7T 5, s
Ik Xe HRE(RITRE - BAEE) L T DRI
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BATFTREAHELHICHEICIERSY 7
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RERFFICBIFZEREDDRDHET N,
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The size of microvoid in glassy polymers

X#R:1) A, K5, 8 37 B NMR R EE T "
. p342, 1998 EHkK. itH. HAFML. Mg Somple FXeNMR  positron annihilation
th . PPO 6.3 -
. 2) J.Demarquay, J.Fraissard, Chem. Phys. TMPC 6.1 6.40
Lett., 136, 314(1987). . A.Ripmeester C.LRatcliffe, pe 5.2 5:“
J. Phys. Chem., 94, 7652(1990). G.Fetter, et. al., pg 50 576
Appl. Catalys., 65, L1(1990).  3) J.Bartos, et. al., *ref. 3.
Polymer, 37, 3397(1996).
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Analyses of Local Structure of Disordered Polymers by Multidimensional
Double-Quantum NMR Method

Hironori Kaji'? and Klaus Schmidt-Rohr?
'Institute for Chemical Research, Kyoto University, Uji, Kyoto 611-0011, JAPAN and
2Department of Polymer Science & Engineering, University of Massachusetts, Amherst, MA 01003, USA

We present static two- and three-dimensional (2D, 3D) double-quantum (DQ) NMR investigations of the
conformation in a disordered crystalline polymer, atactic poly(acrylonitrile) (a-PAN) and the local packing
in glassy bisphenol-A-polycarbonate (PC). High-quality DQ spectra even for large chemical-shift
anisotropies are obtained with radio-frequency jumps, enabling off-resonance evolution with all the pulses
on-resonance. The backbone conformation in a-PAN, investigated in a 15% "CH,-labeled PAN sample,
is predominantly in a state close to trans. The deviation from exact trans torsion angles is quantified by
measurements on a 100% “CN-labeled and on a ?H/“CN-labeled a-PAN sample. For orientation and
distance measurements of the local packing in PC, 3D DQ technique is applied to 100% " CO-labeled PC
by adding g *C-!*C dipole coupling dimension to the 2D DQ experiment. The ability to detect the trans
state or parallel segments is a crucial advantage of the DQ approach over 2D exchange NMR.

1. R

H5 ARG FORFHEDE IXWEFHARIZIEZR-o T, 172, BRI FOFTYH,
RAEEVRA LTS T RVLONH D, B4 IR, BRE-ESKELRDTAEMEDORH
BRI 2 ERMICAD Z N TE S R ZERFEBERK 2D DQ/CSA) NMR X HRE LT,
ZOFERX, PC R UHEBERA L ZRIEZHRER NMR £ & 2, trans RIBH 5 W TEATICERS
LEREZBAITE A - LICMA, FREFRDa VR A=Y a l(HB3VWIRMOEFEER L ERACRE
WTEBRL0WHIRERNNEND D, FHRTIE, BIFETHEALMTR > THRVWIELWEEHMESE
bOTEIFvIRYT IV b Y L@EPANYD IV EA—Tay, BIRHTFARERA 72/ —
ARY I —BR— MPODORFT RNy ¥ 7%, 2DDQCSANMREIZE D, £ Iz PCBC R
WBroEEML-=%k5T 3D DQCC/CSA)NMR IEIZL VRN LT,

2. K&

a-PAN RE L LT, "CH REEZT_ALET 7V =k UIANYIS%) E T L TR
AN(85%)H> 5 B L 7= ¥H(CH,-aPAN), “C=N IRFE% 100%T7 <NV L72REHPCN-aPAN), BL T a
it 'H 2 EARIL L7 AN(75%) & C=N B FEE 5~ L7z ANQR5%)H 6 B L7 BECH/CN-aPAN)
AV, PC#BHIIL, Max-Planck-Institut ¢ Prof. Spiess IZ##f L TIH\ /= C=0 [R¥ % 100% T~/
L7z 3EH(°CO-PC) & AV 7=, B & NMR RIE L. Bruker DSX-300 4y ¥3Hiz & W BB TCiTF -7,

¥—U—F : ZEFBBNMR, RYF727YVa=rYi, RYH—HKx—k,
IR A—av, Noxs

ML OAD Y | Klaus Schmidt-Rohr



3. EREER
3.1 a-PAN 1(@)iZ PCH,-aPAN D ZEH 2D
DQ/CSA NMR A7 MLVERT, ¥ Ialb—ig
VORER  a-PAN DR A—albd, trans
gauche = 90 : 10 THEZEDBHALMELR ST, L
L, T &I F v I @mnFDEE. meso dyad
b racemo dyad @ torsion angle i3, %7 LH—E
LigW s D, PCN-aPAN (2 2D DQ/CSA
NMR & % . *H/PCN-aPAN 2 2D *H/"C
correlation NMR i EZ W20z dy, Thbo
torsion angle /|4 BT 22E05CT&D, &
1O (NI FDFERERT, v Iab—avDfE
£ meso dyad BLU racemo dyad 1ZXL T,
trans @ torsion angle 23F 31 180°:20°F &
N 180°£10° Th DB EM LN 2T,

b, BRI, KREREFEVT FRFEO
DQ BIEH LT, of B v 72RO ST
EIZED, T ATD VR % on-resonance [k o
7=E¥ 1, OEOI offresonance 1752 &
MEEE L 72 V) | artifact D2V ATMLERS
EMRTER,
3.2. PC 212 BCO-PC @R 2D DQ/CSA
NMR AT MRTRT, T AR PCICH L,
Schaefer b I RIFTHIZ 43 FFITIZESI L
72”bundle” £ 7 /L & RAE LTV 5 25, “bundle”
EFALRRELEBEOU Iz —ial AL
TRV EGHRBICE T, F, BRI
FGUE LIRS FEONR X T EER TS
EDIal—alr A bk, EHJ
AT M IVTCH oy, )8 LU0y, o3) B
DRREPNEhoTc, BRI b— =
VORER, -0-C(=0)-0-Htk, F& LT face-
to-face([@ MW EATIZA X ¥ 7Y BV T face-to-
edge TRy X7 LTWBZEBHLNE
ot

& 51z, 3D DQ/CC/CSA NMR EBIC LY |
e pERBEET OOEROEREENE
NHBELTRIE Lic, 22T, ZEFHES
DEHEFROZBRT LN TEDLD,
BCBC TBF AR RO LE A O
Bia R A2 EDBAETHD, BONHE
6, face-to-face I LU edge-to-edge T/
vE VT LEREO PCPC MOBREET, £
NEFN42BLIW48A LREBEONT,
WEE: PC O#FFEIC A LT <72 ) Rupp, K.
Saalwichter 3 L URBZ8BE L THW
Prof. H. W. Spiess {2 < BRH L ET,
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Fig. 1. Experimental 2D DQ/CSA NMR spectra of (a) “CH,-
aPAN, and (b) PCN-aPAN. (c) Experimental 2D *H/®C
correlation NMR spectrum of “H/CN-aPAN.
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Fig. 2. 2D DQ/CSA NMR spectrum of glassy PCO-PC.
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Determination of coupling constants 3J(CBN) by DQ/ZQ method
Yasuhiro Kumaki, Kunio Hikichi, and Katsutoshi Nitta
(Faculty of Science, Hokkaido University)

DQ/ZQ method based on HN(CO)CA for determination of *J(CPN) coupling constants, which are
supposed to be related with dihedral angle 'V, is presented. In the present method the magnitudes and
absolute signs of 3IJ(CPN) coupling constants can be estimated from the f, spllitings of cross—peaks. We
applied this method to human ubiguitin, and investigated the relation between *J(C®N) coupling

constants and its crystal structure—derived ¥ angles.

EOETHOEERA ¢ ICERET AL RBFIND PC-NEMAE S EHIC NIZREISE
/Y J HEXICEAREFSBRESATNED?, ThoOBE TIE UCPND#R A BEHIERIZ/NE
NIEMNRRSATNDLOD, ZEHA ¢ EOBRIZ OV TIHXBALMIESA TLEL,

HA21LZQ/DQEVERN/ LR =SV REERLIE N CICPNERBESHTRETHILT,
CheEZEEAYEOBREBAOMNCTILEFRA -, COFETIER/OND CO-NH+DDO_RTF
(DA RUBEFZOBEDNXELE—IZEFREL f, WARIZELTIICCHHICI N R U
PUCCH-UCENID S BETRL, ChB2 DDHEOENSICPNO#HBRUFENROON D,
ZFO40 J IZEBHRIENNRZEH>THZSA TILNSD D, DQ, ZQ IZEWTRIFOFEE TR T 512
LoTHY. BELONS VCNISHLTEEBE S ALV EEZ LMD,

CORMEFREC, AEFFUISHL. 85h11-DQ/ZQ ARIML(E 2) hd SHCENER DTz, Hu
SOMEVTIEIROHONT=2TO *UC N)DIRREIX 0.3Hz LT EL->TWS—F T, SEKDNT=
SUCPN)IZB L E-1~+3Hz OREEIZHI=>TLBIEMN b=, F-SERHONT UCPNEER
WEYCH IS EEA v ITHLTTOVMNERRE 3). I ND y KEELRESK -, SERSD
BT UCPNDRE, RU Hu SORREDEROREIZ OV TRREERHDTH D,

% 30K
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(2) R. Konrat, D. R. Muhandiram, N. A. Farrow, and L. E. Kay, J. Biomol. NMR, 9, 409 (1997).

(3) A. Rexroth, P. Schmidt, S. Szalma, T. Geppert, H. Schwalbe, and C. Griesinger, J. Am. Chem. Soc.,
117, 10389 (1995).
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Determination of Heteronuclear long-range scalar coupling constants by selective J-HMBC 2D
T. Tokunaga, H. Seki, H. Utsumi*; M. Nakakoshi** and K. Yamaguchi

Chemical Analysis Center, Chiba University , *NMR Application Lab., JEOL Ltd.,
**Research Institute of Life Science, Snow Brand Milk Products Co. Litd.

We present a modified J-HMBC 2D method using selective excitation pulse. Selective
excitation pulse is effective for the removal of 'H—'H J-modulation due to 'H—'H coupling. This
method is useful and practicable for the determination of heteronuclear long-range coupling constants
for strong-coupled proton of multiple spin system. An accurate coupling constants are obtained in

comparison with the ordinary J-HMBC 2D method.

Ui

J-HMBC 2D &1, ERFFE A 288 2RI T -2 0 LT R &+ HMBE SOMmAE
RO, FOMEBAD sinmIANIKFETHFEELHA L CR/DIZRETLUCE Y Vv 7Y
TEBERDDFETHD, D Lnl, by 7)o rpdEgERESCEWTIE, 'H-"HI 2#
DB L VG SMELE(LA sin BB DA, ERLESELARVES b ST, P 22
T, A2 i3 'H—"H) EROEBE PR35 BT T o b ISRIRGENE < 2 2RI L
TemNA = AR L, FOEPEICHOWTRET L, ZO/RE, BIREEIE
WATHEFE RN THLZEBHBA L, 7o b Iy 7 MEBRERL, J £
Tal—varORBENEERT LD, BIRVIENE VA% AV 2V J-HMBC 2D BT
ERREAEB OIS oS BAL VRO 70 AL TYH, FRESREBM o 7Ly
ChHo TV TEENRFLAAERNRAEERE L TERATE 3 E4#EE L0 THET 5,

EHER LUREK

NMR #E134£ T, HAET (JEOL) D Lambda 600 ('H-NMR 600 MHz) #%i&, 7 a—7i3+
7 7 v 7 {BNHXSFG 7 u—7 % flvie, BIERENL DMSO-dg(99.9ATOM%D, ISOTEC %)
ERW, MEY TIN5 A7 A7 #H8 Harman, free base 20mg % 0.55ml @ DMSO-d,
AR S TRV,

*—U—F JHMBC2D ZRIRMEIR VR REEMo. 7L Uhy TS

ELBPRIZDVAH, HEVAT, HI2HVDLHHE, NI LEEHRL, RECHITALSD



RN
MEREIZICEL, I RZ b H AL (T) % 300 msec [CaR7E L. BEIHEE AL 10~290
msec F T 20 msec HRET IS SOMEL LT,

RREER

J-HMBC 2D #: [Figure 2 ()] {2 & ¥ Harman (1) ® '"H-SCCHlor Lo Uh 7Y v 7V EK%
ROILLZH TEDOT B R DIH, 6,7, 8071 b llbonr v Phy ) s
EBE DWW TIHHBIREMEOBERWERBE L o7, ZORKE LTI, 6, 7, 841
DT R NLSMDTE R b EDHEA4RAE RO TR R ThHY, Bor I L7 Mi
NEFLTHY 'H-H) EHOEBLBENCHELRELLIBBIIHL LMD
(Figure 1) ,

4'H 7-H 6_H

8.0 7.5

Figure 1  Aromatic region of 'H NMR spectrum of Harman (1)

ZZC'H-'H) ERORBEPRT AN T, 7a F o 180 E LR ICH 7 RSV R EH
WTT e b ORIRIEIEE %17 selective JJHMBC 2D i [Figure 2 (b)] 28R L. TOHMME
WIZOWTRE LT, ZORFR. 7 I 427 MEXBENTZ 64T (§7.22) iTEBEE DM L3E
L, BIREBHEASAVADSRENEO L, L, BBLEFr Iy T MEZFD, 7
ff (87.53) & 847 (87.59) Tid, BRMBIE SV ZADHRBBED Loz, ZOFKEE
LTid, 700 (87.53) & 84L (8759) iX. AN Do TV ZE2LTHABIIHLbLT T
BT MEDPEWZSD, HT AV RA TR — DT b2 2 BRI ¢ &9, 'H—
'HI TREOELBEYRTERD SR EEZ NS, 22T, BIIMERRMELEHH D,
Za b AID 90 VAT e-burp2 2SR 180 /UL AIC Lburpl /S 2 E VD double
selective J-HMBC 2D i [Figure 2 (c)] BB L. 7, 8 fLic DWW THIEZ RS-, TORKE, T
FBMRE B LOREom EAB O, BIRGIFIE UL A DEPHRB I, ZUENORE
ETHBLNIS~8M 7o b TEa L L Phy 7Y S ERE Table 1 127,

FL0
J-HMBC 2D 2BV T, 'H—"H ] £FOEBEYRT 5 ks LT, BIRBEIE S 2D
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B L Tre b oBREEA D oD ENDT—F A RENITEDHAY
v bb®H D,

90 180 ACQ

I1/2J P T - I

1 - »

H 90 180 90 90
A /2 /2 t1
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Figure 2 Pulse sequences for J-HMBC 2D (a), selective J-HMBC 2D (b) and doubie selective
J-HMBC 2D (c)



Table 1*° The 'H—"'*C long-range coupling constants (Hz) for 5H, 6H, 7H and 8H of Harman (1)
obtained by J-HMBC 2D, selective J-HMBC 2D and double selective J-HMBC 2D

position C-4b C-5 C-6 c-7 C-8 C-8a
5c=121.1  8c=121.7 8c=M9.1 5c=127.7 =119 5c=140.4
5H  J-HMBC 1.3 (0.988) 1.7(0.928) 7.2 (0.939) 7.6 (0.989)
34=8.19 proton-coupled "*C 1.5 7.8
6H  J-HMBC 8.5 (0.858) 2.3(0.910) 8.1(0.778)
34=7.22 J-HMBC-sel 8.5 (0.960) 2.3(0.994) 7.9 (0.989)
proton-coupled °C 8.1 22 7.8
7H  J-HMBC 8.3(0.431) 0.6 (0.974) 9.8 (0.978)
84=7.53 J-HMBC-sel 5.8 (0.591) 1.5(0.561) 9.7 (0.993)
J-HMBC-d-sel 8.2(0.978) 0.2 (0.976) 9.7 (0.964)
proton-coupled ">C 82
8H  J-HMBC 5.4 (0.956) 6.8 (0.884)
54=7.59 J-HMBC-sel 5.7 (0.829) 7.6 (0.829)
J-HMBC-d-sel 1.2 (0.992) 7.3(0.994)
proton-coupled °C 7.3

a) Coupling constants are absolute value

b) The value in parenthesis is correlation coefficient

BE T

1) W. Willker and D. Leibfritz, Magn. Reson. Chem., 33, 632 (1995).
2) ERERS-. FEKER, BIEF. NIEHREET. ElEE. 5537 M NMR HERSES. pl86(1998).
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A Method for the NMR Measurement of Micro-Volume without Dedicated Probe

Dept. Chemistry & Biological Sciences, Japan Women's University
S. Takahashi

A novel NMR micro-tube was designed to increase the effective sensitivity, based on a given
amount of sample. The sample was pushed concentric to a Smm outer tube inserting a glass
rod at the bottom. The required minimum volume was ca. 20uL and its sensitivity was 25%
increased from the micro-tube with symmetric geometry, i.e. the so-called Shigemi tube
(BMS-005). The reduced spectral resolution of its micro-cell was attributed to the
microscopic inhomogeniety of the magnetic susceptibility in the glass material used.

NMR BEICBITEREDOR LIIARORETH S, GFALNEBTENRESE
EWFBICIENMR S 7 O0RKEE2ES L, ERESIE, Z2TREBROERE
SERBBICABEDO—ERHEVOBREEZERT S, I70RBEOMAIL, BEL
WHILIZ, BEEZES LBEZ LT3 I TREORENEZI NS ZETH S,
T ORBEBEITIZINA NS HDIN, BRAZLUE], MHBEIVORBEZEBLTE
MRERTHELZY, ZIUIRAKO LTI, BB EBEBOEWYE & XMFRIIC
EETAHHRT. TOMHEICHIAMEZS L SICRDERLLE. BEHSAD
BENREL TEZDOTRERD I 7 ORBENORD AL 88I2 25 72,

BE., EREEZ LT3 70—TFA—h—2h.012, REBEOEEZ/NX
STHBAMTHEFAL TS, LMALBERIEICEHEATO-T2HEBTAZ LI3RE
THO., AEEIM< 722 EHABORELERAZEDRDFNNE# L < 725 @M
H5, BT, BED Smm FTO—-T7T, FHTIBHOBZISITHEMLL, W
FETULOBER ENATEENE SN EHS 7=,

[ER] FALZEBERE YT 0/MRELIREREME -2, EEIL Bruker
AMX-400WB IZ Smm fl ® HX-probe 2% L7z, B3IV KL 10mm TH 5,

(BR] 1. TROMHE I 7 OEEEIC 0.1M Glucose EREAN. YV EE
lmm $OEATRHELZEZS, E—VO&EIIH T TIVES 15mm £T, KEIX
RIFRIICHHILE, O TNEREVIESFEMET T 2EMRALONE, L
T TREIOREZ BT, REIAMNVOEILTORRICUTHARY MUVE

Key Words: NMR, X 7 OEHE, BE

EMEL BnES



WREAERDZERBWI ENDY . 2L, T I TREIEZ &IC Matching %
BODEL 90 E/NVV A EBE{L LA, Receiver gain IX—FIZR -7z, L7zdt- TE
TR D & 5 72 Receiver Gain I EBEMNH D, HBOERE /1 AW SN LICEET S
BeE, RBEZDLBILEBEZ LT ANREXENS,

2. ZEEDY A ZOBL THERBRER ENRADZNOT, XY HAMIZDWTH
MLz, RERIVORBEELEZATERZ NS L TRBOEHEZ D LN,
HMHEEI 7 ORBEIRAOFRMZRELZEZAICEEND - 7=, RBEEONE
EEPLTHBZREIANIVICGEDTBZHEIDVWTIE. BFREBORBET. LE
ETHRBULODBRELANS DI L ERILEBATHS, LENSTIZDOTATT
ZESENII 7 OREEICHIOR TEHL 2.

FTRICHMEOI 7 ORBECEHED Smm OHDE 2.5mm DHDDREELL
gL HEIRCHBEZFECERY FTR—EED., —HIEEKT 200uL F7/21E
250ul IZFR U CHIE L 7=, Tune-Match OEIERMEIIN S THRE L=, #ERITH
FED 2.5mm ORBEDHBH SBIET Lz, ZHUIREIN DR ko izdhh
HoT 90 ENXNAN2BEL RS ETHEBEINS DT, BEARE a1 )V
5ELRD, TO0—TD Q BWMETLERDTHAD., LEiBELELDIZ. REE
EHLTHH S AOREEN L DEBUICHNTL 5D T, ARY MIVSRRERIC
B3 L AN,

RIZERNY 1 TOHBROXMHEE 2 7 oI, BENAK 30uL 2 AN, RNEZIE
ETHLAAT., REBRKRZFRLOHRICHELS- 2, BlEERIIHFICRK L THE
BEENEZFCE T LE—VBEMNEMNTETLE. TZTHEDOH S AHS % 30mm
WLELOEFVWRRRICEIELZEZAY—VEEIL 80%XTHEEL -, ZHUIX
X7 MV RRENRARLEL -0 TEHEBERZEDLS RN, TLTIDEEDTY R
AU 22— L0 10ul BE SFHE I Nz, WEN DRI BNER21F3ETy RRY 2
— AOTFEERRL BB, Ty RRU a—A%2D07< 35 Tk%E2L TRE 20uL
THELZERETIE, BHEBETY 2520BRELANR SN, SEEOKTITE
HTERVMN2 KT NMR 2HETE2HICENVEOERETHMER S LML /-,

[(Z8] MHEIJuBE LT, BRBEMNSOY O —Fiok > TEHBRE
ERELBSIEBKRD2EOTRAENAID, TO—TA—H—1NRETS, M
WHBIEZ S HERBERMRERTRENMELZEEZSNS, IS O—T
EESPE. ABEORBRTHRENENSZELTD, HEELX 25-30%BETHA S,
LML, MEZABREOLRENRDODITNTH> THERBEE T HICHLTIE, 2
DEIRIVOBRBETHMERT 2MEND S D, AERHEZE 0% LERTES
WS THD,

DREDETFTIZNEICES HSAOMEBOBETH D, I ANREEAELT
DEBITIEIMBNERACRBO S/ OBEEICKWICEET S, TS5 AOERNRK
EREBRE S —HTETH, WEORBEETEIEN AR —HIcOVLWTIRaY b
O—)VTERWV, HIADRE—HOKBIGTEROBETDH 5.

(1) BBE=, KILEME : % 26 [@ NMR itiws (KBR) (1987)
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Membrane-bound conformation of magainin2
A. Takeda, K. Wakamatsu, T. Tachi*, K. Matsuzaki*
Gunma University, *Kyoto University

Magainin2 is a basic peptide and kills bacterial cells by forming pores in cell membranes
containing anionic phospholipids. We analyzed the structure of magainin2 in phospholipid
bilayers to understand the mechanism whereby the peptide molecules form pores in the bilayers.
Upon the addition DLPC-d64 vesicles, the proton resonances of the peptide broadened without any
detectable changes in their chemical shifts, and a number of strong negative inter-residue NOE peaks
were observed for all residues except for the N-terminal glycine residue. Though many of the
NOEs suggest an a-helical conformation of the peptide, long-range (li - jl > 4) NOEs observed are
not compatible with a monomeric structure of the peptide. Molecular dynamics-simulated
annealing calculations where two peptide molecules are included gave an antiparallel o-helical dimer

structure.

Magainin 2 {3 Xenopus laevis & V) BRE S M- HEEOHERRTF RTHB. ZORTFR
BHERICEEICEET 2EBEEEEHEHEERTHEL, MBEENY Y I XA ZRRKRT
% & & BHIZRIZ/RZ BT 5 . Magainin 2 1 micelle T monomer ® o-helix & &5 EAVRE
NTNEY, BE-EBE LS L EEZITIE dimer FO oligomer DR ERE T 257 —F 48
H5. FE_ERE micelle TR TF ROBEHPREREBVIRESEDLLAREND L DT,
FEE_EE LGS LERTF ROME#EER 0 b2 2 KT TRNOE THEITL/=. FHRXT
Id Magainin 2 & F C{EE%2 D7 705 [F16W],[F5Y,F16W] Z MW /=, TRNOE#IEIL. X
TFREBEEOEESVEEICTHENVLEND S, Magainin 2 LBEIEEEOBEAITHTE
50T, RA A HIEE TH S dilauroylphosphatidylcholine DEKFE{LY) (DLPC-d64) %A
Wiz, 728, Magainin 2 13R1 F > HEELEBHEERT S I EAM5N TS, DLPC-d64
DOZEBEMA 2 & Magainin 2D 7 FNRTO—RIZRD, ZEELES L FEHNE
B2/ EERBRL TERESONOE BRI TEL. TN5DNOENSRTF RYT24k
Mo-helix &2 Z EMFND, £72 monomer THET D EKET D EHHEATERVEHE
hiz7 Ok 2O NOE BEESBRAIENE, CNS2RBELEBEHEZTO RETAS,
Magainin 2 |3 DLPC O ZERIZ#S L 72 BFIC o-helix DT dimer 2R L TWD Z &0
noi,

F—7— R . TRNOE. B{EBEHERTFR

EELXONZ  EFEDITH, DOEDABD., EEBR, XOIENDAH
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Analysis of chiral part of cyclosporin A decomposition compounds using the distance
geometry method

(Pharmaceutical Research Ccenter, Shiseido Co.) O H. Shimada, T. Kawanishi, A.
Motoyama, K. Yoshioka, M. Hachinoe, R. Namba

The primary structures of CSAPER1 and CSAPER2, the decomposition products of
cyclosporin A (CsA) were analyzed by MS and NMR, whereby the stereo-structures
including chirality were determined by means of the distance geometry method using
DADAS90. These compounds were found to be the peroxides of CsA generated due to a
newly formed asymmetric carbon within the amino acid residue MeBMT. However, it
was difficult to distinguish between the R and S forms, since no significant difference
between the environment surrounding the chiral centers of the two forms, appeared to
exist. To overcome this, we developed a calculation process that would differentiate the

two forms even under such circumstances. This enabled the unambiguous assignment of
CSAPER1 and CSAPER2 as the R form and Sform respectively.

€ 1))]

CSAPER1. CSAPER2 3> 7 xR A (CsA) e L CamREhz 11 BREOR
RKRT b, FCHB. INSHDEAMO—TBEEFHRS/2H MS BLU NMR ic X h g
WET->RELIA ABHELLIZOREDV L DTH S MeBMT((4R)-4[(E)-2-butenyl]-4,N-
dimethyl-L-threonine) ¥: @8t T h. FHi=IHEFBEMBELECILEMTH I LD
Pofe IHSREWCHERMADRRTHIH. B/SEXANTEZILIZRETH -
. BINETSCHED. ARPBETCH > -DEBBECER IR TE Z2REEHIE
¥hi-. %I T DADASY0 (distance analysis in dihedral angle space) IZ X % NMR Br#
ik "EBRALE. COREEZAVWTRAMR O EFEEIM O EBELZREL /-
BIH%EOhH BN, UTOBBIZL DIRLEREIBSARVGEEYEH B,

1. FTERBCESLETOM  LZOFEOT7O M L OEMED R/S TIIILENHR
WA, LY TREBEZERLTLUEN. EB5BELNPHIN LN,

2. AFREOZEMZIT>OTLES LEBIMEATOBYRERZERTCRIR>TULEN,
R/ SOHMHTHEREICIR D,

ChSORERICH LT, HRICEIBEZAVW B E, AREHSBLOARERERV
TAHBEUERBEL LB T S2HT R/ SREICEHU TRIFREREE-OBET S,

F—U—F YOORARY L 2FEY). EEENEE. SERRYEMA. DADASI

O LEEEEB, POICLLEEE, yLREHES, ILBIPITNWT, BHbDAEEDH
& RAEDWBSLSS
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NMR BIEIX HABTE EX-400 2EH U, SrECIIHASFE EZMOL 2#H L=,

CSAPER1 # 15 mg B LU CSAPER2 # 50 mg 2ZhZ2hE/ 7 ood)VA 06 mL
WD LRGBS Lz, ZhboikiconT. FG-DQF-COSY. HC-COSY. TOCSY.
FG-HMBC QRIZZITW—EE 0N '"H-NMR DRE 21T -/, £7/=. TSD-NOE,
ROESY iIC L D FEEEHRATB U, J 9fF-2D-NMR $H=i2 & 5 Wy OPIERRD S 2 mEE
WOBBET = IhODEHREE LIC DADASH 0L AEF YL I 2F27=. TF
U2 T OREEEMTIIRT, :

BEFREN L T 380 MeBMT) O—0kE (BBo4#E) i
CSAPER1 @ MeBmt ZiD EH ROBEL SOBED 28D O—IEE®MERk
CSAPERZ O MeBmt i &M R @bf;iéa SOBED 2E D O—REERVER

B2 DEEIZ NOE IT & »’éﬁé‘;}%ﬁﬂ‘ééﬁ BAS UEEEE

FTEORRZS LI 2 EEERE AL, BELEHE
e PiE et ce- & Fﬁ@i@@(xs) DIERD HFRA]

AETHEL Z?’L?‘“:ﬁii%i%q:"é@ x°EEE
Karplus DifgIZ “\{D w b Ut T

R/ S ORE

(R EE]

x° BRI SR H S AIRE T H B B
NOE iZ X 2 2 A DBHTHER» 5. OOH HED A1
IZEINAATHZEDSDI D, COEaLHEESN
TWBERDP o7z, DADASIO oL BEFY VY
DEEHR, CSAPERI Tl x® X RIkDEH& 38 L 8
KOBE94° TH oo IThDHOHEERESTEIL.
Fh#h 5Hz, OHz THH, ERED 45 Hz T
Hollehro, REBEEBRELRE. F/=.
CSAPER2 TiZ x°id B (ADFH 106° . SHEDIF
4 166° THol=. hLOWEHESERIE. Zh
ZMh 05 Hz, 85 Hz THH., EREH 9 Hz T
Horl kb, SHELBE LR, NMR EEEERFT .
ETRFEIILOMT £17 5 Wa, HFROMA  VeBl tesiues of CSAFERT (B
- T R/S OHWHTBAREIC 2 5708, $oE
BEIBICAVWAETHBRERE2BAENTE -, Tk, BEHEOER CHEFERM
OAEBRERVTEIE L, BRBUERBEL BT 2B CHELREREE I BN TE,

B3 Xk
1) BHE BHE—, BEIEEY {4, 33, 319 (1995)
2) Sl BE—k EERHM SNE— EWEERE . Bibik 67, 467 (1993)
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PACAP27 in the dodecylphosphocholine (DPC) micelles
Hiroshi Inooka'”, Tetsuya Ohtaki’, Osamu Kitahara?, Takahisa Ikegami', Satoshi Endo’,
Chieko Kitada’, Kazuhiro Ogi’, Haruo Onda’, Masahiko Fujino™, Masahiro Shirakawa'
Graduate School of Biological Sciences, Nara Institute of Science and Technology'
Discovery Research Laboratories I?, Discovery Research Division and

Medicinal Chemistry Laboratories®, Pharmaceutical Research Division, Takeda Chemical Industries Ltd.

Pituitary adenylate cyclase-activating polypeptide (PACAP), a peptide ligand that belongs to glucagon
/ secretine family, induces secretion of pituitary hormones and mediates a wide variety of physiological function,
such as inductions of catecholamine in adrenal grand and insulin in pancreas. We describe here the
conformation of PACAP27 in DPC micelles determined by NMR spectroscopy. In addition, We observed
transferred nuclear Overhauser effect (TRNOE) signals of a PACAP analogue bound to the PACAP receptor.
Several TRNOE peaks were observed in the spectra, which are not expected for the conformation of the micelle-
bound PACAP27, indicating that the conformation of the receptor-bound PACAP analogue is different from that
of the micelle-bound form. We also analyzed.off-rates between the peptide and the receptor using 'H T, values

of the peptide to judge whether quantitative evaluations of the inter-proton distances are possible or not.

PACAP i, R T NV EVDFUEFETLITEREILVELTHY ., BIBICBTE N7~
N7 IVRWRERIZBITAA Y v a) Y RIBOBEEITI)RLVEBREEAL TV L. TOEFRILG
BHERBHSEERDOVDEDT, FAH Ty - 2L F o773 —1tBT 5,

AL, TENREERED PACAP OFEMEEZ ML = L 2 HMIZHFE L #D TV 5, £DH—3k
ELT, I VEAED PACAP2T DUKBEERET 5, 2010, FHEMBHFIRBIZI L TH TRNOE
DRI L72s 20 TRNOE ¥— 7 iZ I VAR ERBLIBREMCIBE SN, ILLVES
MOBEE IR, SEELOBROLMHEERICL IV BRENI IHRBEEZRBLL TWb L#2
HNb, 85I2TRNOE 2o BT HIEHORED VAR THLZ0HL72HIZ, B K
LERIZZEA A0 T,2HN, MERAEOREL I L, TORELETRCREEESBON, &
BERLBIFELTEEZ Z B L, SHICHBNAELRTF FOlw, EEGIREET S NOE 8
BENDL, ThixEEBIIANLBNTHZBHVZIRVFISBLTOEHER LV,

Key words PACAP, DPC micelles, off rate
VOBPOAL, BBLETOR, 3EL6BEL, WIFALHIDE, ZAEISEL, BLEDL

RI, BBEMTUA, BAKLIERSB, SL0FI3VI, LohbIIVA
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Segmental Isotope Labeling of Protein
Institute for Protein Research, Osaka University
(OTakanori Otomo, Yoshimasa Kyogoku and Toshio Yamazaki

Peptide segments in a protein, which can include an active site of
interest or be a series of parts constituting the entire structure, are
now selectively observed by NMR spectroscopy using samples prepared
by the intein-mediated ligation method. Two separate inteins were
used to ligate NMR-transparent segments to both the ends of an
NMR-visible segment, producing a partly visible intact protein
molecule. The '"N-'H correlation spectrum of a 370-residue maltose
binding protein labeled with 'SN at a continuous segment comprising
residues Gly'®' to Ser’*® showed the essential elimination of signal
overlapping, the signals being at the same positions as for the uniformly
labeled sample.

2 3M T4 ERENIBCYIMEREZET2EARE BB VDL
IC&Y. ERROBINICE> TERDAHERERMGERIET 2HE2MRL.
(Ref.l, 2) SEIICNEZRREIE, RARZ I DORFICHITFAI&ICLY.
EBARDOHIXSEFEMTEIAEEMRTICLICHINLE. STHICIITFRE
HED 20 54> (Pl-pful, Pl-pfull) 2R\, Figure1 D& > (2
ENTNDAL T A & 28PATHIT. 3DONBGHEEXKBEICHESE S,
RIMEBDEIFEAEDNHABRBELRZDOTINIIEBI 7 TERL., 3D
DK ERES, CNEBRATY 74T o 2 0EEBEICEY. 120T74
VISBEE LU BAENERTAIENTES, RIGE7T0ETEILD,

COFEIESFROBZEROBHFICEVTHHERBT I BB T
&%, CODHFH~(IMaltose Binding Protein (MBP, 370BE)E VTR
BR%Z1{To7. MBP® Gly'®! 5 Ser’*® £ TZ#'SNTHEML /~DMFigure2 TH
U, ENWOCZOBMUDOAHBRERAMUGEEEIN TS,

Reference: 1. Yamazaki, T., Otomo, T., Oda, N., Kyogoku, Y., Uegaki, K.,
Ito, N., Ishino, Y. & Nakamura, H. (1998) J. Am. Chem. Soc. 120, 5591-5592.
2. Otomo, T., Teruya, K., Uegaki, K., Yamazaki, T. & Kyogoku, Y. (1999) J.
Biomol. NMR 14, 105-114.

F=—U—F: EORERMUGEE. 171, BOFR
BBLY MDY, 2£5T< KLEE PEXE LUSB



Genes on Plasmids
Target-1 Pl-pfdl  Target-2 Pl-pfut Target-3

i Plasmid | ) ( Plasmid it ) ‘ Plasmid i ’

% Expression & Refolding

Protein Precursor
Formation of Active Splicing Conformation.

plicing
Reaction
70°C)
. B ]

Target Protein 2 -
{Maitose Binding Protein) e

Intein fragments

Figure 1.
A schematic representation of the segmental isotope labeling in the case of
MBP. The precursor peptide fragments were expressed in E. coli BL21(ADE3)
transformed with the plasmids. Refolding was performed for formation of the
splicing active conformations of inteins as described in the text. For the
splicing reaction, heating of the solution to 70°C was required. For central-
segment labeling (Target-2, black box), the central fragment was produced in

stable isotope-labeled M9 medium and the other fragments in the unlabeled
medium.
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Figure 2.

2D “N-"H HSQC spectra of (A) the uniformly "N-labeled wild type MBP/maltose
complex, and those of MBP segmentally labeled with “N, (B) for the N-terminal
segment, Lys1-Tyr99, (C) for the central segment, Gly101-Ser238, and (D) for the
C-terminal segment, Lys239-Lys370.
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Structual Analysis of the Transactivation Domain of ATF-2

O Aritaka Nagadoi, Singo Hanaoka, Tiaki Sakou, Yukiko Nagai, Toshio Maekawa,
Shunsuke Ishii and Yoshifumi Nishimura

1. Graduate School of Integrated Science, Yokohama City University

2. Laboratory of Molecular Genetics, Tsukuba Life Science Center, RIKEN

Activating transcription factor-2 (ATF-2) is a transcription factor that binds to cAMP
response element (CRE). ATF-2 contains two functional domains, an N-terminal
transactivation domain and a C-terminal DNA-binding domain. Here, the three-
dimensional structure of the transactivation domain of ATF-2 has been determined by
NMR. The transactivation domain consists of two subdomains: the structure of an N-
terminal half (N-subdomain) is well determined, while a C-terminal half (C-subdomain)
takes a highly flexible and disordered structure. The architecture of the N-subdomain is
very similar to that of the well-knownn zinc finger motif found in DNA-binding domains,

consisting of an antiparallel B-sheet and a-helix.

ATF-2 (Activating Transcription Factor-2 : 3i#i. CRE-BPLIiZ#I2A D cAMP O#hIIC
BETAHRIEFHEBICE>T VWS CRE (cAMP response element: 5'-TGACGTCA-3') &
FlickEE L. BEEZAMTI2EARL LTREE Az, ATF-2 ZHIlEOMEICES L. Z£0
FREBBAIE VIV, v POBERFSPE FOHUBEBTH S5, X, ATF-2 RIZTERE
LESYRERAWERRTIE. ATF-2 ZERERCHPREERORZCTARTHD I N
BEIN TS, ATF-213 505 7 I VBEEDP SR, 2D0OMBER A1 > 2FKD, 20K
BER AL VIFEEEMIL R A S 2 (19~106 &) L DNA A KA1 (350~415 i)
THb,

Keywords: ATF-2, three-dimensional structure, NMR, transactivation domain,

zinc finger

BBV Hbizh BB LAZ. TS5 LHE RPN BEZ,
EAbb LB WLy LowATH, IKLEES KLEA
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DNA BE&FAA V7 IV BEFIPSBEEMOA S OO vN—BER2E > TWB I LHsH
FINDB, ATF-2 &, APV NR—2NAUTHEVA—2EHR L. H2WIIHAED
ARIGCFEYTH S c-dJun BHAELAT OV I v—2ERT 5. 512, BEEMIL R A A
PE2DOBTRALVICRITBIEHTE D, N KiHED (N RKY 7 KA AL :19~56
BE) 373 BO—KREFDPS Cys2-His2 8D Zn-7 4 L H—EF— 7 DEENTHRIN
T&Eo X, CEKIBH (CRY T KAA L:57~106 BE) IZENEBHSD X b L X CEM
{63 5 ¥ F—+ IJNK (c-Jun N-terminal kinase) Zic L b VU L BN 58 (69 & 71
BHOALVA =V BKE) 2EATWS,

ATF2 DEEFHRFEEOTT N L LT, BEETILUTOLICELITWS,

INK ZiEME T2 LS RMIER b L ARG Eid, ATF-2 ZEEREMR L LTHEEL.
EEEM{E R XS DNA BEFAA D EOGFHHEEERICL D BEOORBEENY XY
ENTVWB. BEEE LR AL OB INKD#EG L EHIZY VBB h2 & A FRMEEER
DRI h, 7U—Lixo/: DNA #& K A4 id CRE BAICHEET 5. ZDOHE. CRE
By 2SR TFOEEMEHILIh 5,

B2 IEATF-2 DEREFAMBEBOFMEZR 272012, £ 9" ATF-2 DEEEML K X 1 > (19
~106 BE) DO AEEEESRT NMR HBICK DE L=, ATF-2 DESEFEHA K A1 Vi
2DODYT K AL U TCEN TR RBEEZER LTz, ED5H. N KYTRA LY
DI FEEITEERIC DNABEEF—7D 1 2L LTHREINTE - Cys2-His2 B D Zn-7
4 U H—FF—T7 LEEHEUL T, X, VBB ZEL CRKY T FAS L O#E
BoHgE (aN v I 208 —MEE) OERIEDLIRT, BEMLE7LVLF S TV
BELR>TW=.DNAKBREDRWN XY T RKAL LD In-7 1 L H—LBEICEREXHh
- DNASSEAED In-7 « > H—2BEHLB U= &R, DNA CHEMERT27 I/ BR
BIINEXKYTRAAL U HFTRMOT7 I BEE (BUKMES) CERIhTWE, 5610 N
KYTRASL VDZIn-7 4 VAR BHEICBE LU0 L O OBUKERE (Leu26, Leud2,
Ala43, Val44, Met51) DXy FRELEL T Wz, DI DS, NEY T K AL 2D Zn-
T4 H—OMEZENE-EEHEERICEADS In-7 4 VH—TCHBI LHBTBREIH
2o CNIZH LT CERYTRAL VIIBEDRBERF RV -OMEERELICTIE
£ (BUKMAHEER. BEHEEA. KFREE) BV 2FKIIESVWTHWAH I L Ha
Mol CRYTEAL D7 I BEFIOKRE DS, Leudd 5 Ser90 D THOEE
HFEHEEAUTRERBAHRENA) v 7 ZOEBEPTREN:Z. COLIICNETTRAA
VICHEETBEKME Sy FE CRKY TR AL VICTFREINZHEEMEA) v 7 XOEED,
INK & DA FEEEEAHZ2 VNI DNABEE F A L O FREBEERICEDSEERE
WThdrEZION:,
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Structure determination of the E.coli Dinl protein
OHideki Aihara'?, Yutaka Ito', Shigeyuki Yokoyama®*, Takehiko Shibata’
'Laboratory of Cellular and Molecular Biology, RIKEN (The Institute of Physical and
Chemical Research), “Department of Biophysics and Biotechnology, Graduate School of
Science, The University of Tokyo, *Cellular Signaling Laboratory, RIKEN

Abstract

The Dinl protein (81a.a.) from Escherichia coli is one of the SOS induced proteins,
which however negatively regulates the SOS response by inhibiting the activity of RecA.
We are studying the solution structure of Dinl and its interaction with RecA, to understand the
mechanism of action of Dinl in atomic detail. Preliminary NMR measurements and
biochemical analyses during sample preparation suggested that Dinl is a symmetric
homodimer. So far, we completed the resonance assignment using C,"*N-labeled protein,

and found that Dinl monomer consists of three B-strands and two o-helices. Calculation of
the three dimensional structure is on going.

KIBHE Dinl # /37 E(8la.a)id, SOS WEICL > THHEINDEZFZ L RNIEDODE
DT, RecA DI EFEETHZLIZL > TSOS BREFAICHBE L TWS. bh
LI Dinl DI HFHREEI U RecA L OMHEERAOET 2B 2725 Z &2k Y, Dinl
DERBEZHOHIILIEVWEELTWS., U TAREBORRET, YLVA8, X
BEL, BREEBMEOKERNS, Dinl IHREL A v —THBZ thbhotz. ZhE
TIZ&EL &K NMR BlEZ AW T, EHRTRBED 'H, °C, "N EDILFET 7 b
REEZ%T L. {LELT7 b T v 7 X, NOE O/3F—2 D35, Dinl iX 3 ADB-
strand & 2 ADo-helix 1 bR BHEESR &> TWVD T EBRE ST, BE, Skt
ERRAT 2D TV B,

Dinl % > 7327 &, DNA ##i %, ¥k NMR, LA ST

HOELOTE, Ve 5 dkm, Lo Lifx, LiEkiidor
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Solution structure of the colicin inhibitor protein

and analysis of molecular interaction.
OTakehito Itakura’, Yutaka Ito?, Mitsuhiro Ohno', Takanori Kigawa®, Yutaka Muto?,
Takehike Shibata?, Shigeyuki Yokoyama® 4, Haruhiko Masaki’
'Department of Biotechnology, The University of Tokyo, ?Laboratory of Cellular and Molecular Biology,
RIKEN (The Institute of Physical and Chemical Research), *Cellular Signaling Laboratory, RIKEN (The
Institute of Physical and Chemical Research), “Department of Biophysics and Biotechnology, Graduate
School of Science, The University of Tokyo

ABSTRACT

Colicin E3/E6 RNases hydrolyze 16S-rRNA of colicin-sensitive E. coli and inactivate ribosomes,
resulting in cell death. Specific inhibitor proteins (ImmE3 and ImmE6) bind colicin E3 and E6,
respectively, in the colicin producing cells, thus preventing the cells from suicide. Whilst the sequences of
colicin E3 and E6 are very similar, the interactions of colicin E3/ImmE3 and colicin E6/ImmES$ are highly
specific (no “cross talk”). We had reported that a mutant (W47C) of ImmE6 showed altered specificity
and exhibited inhibition for both colicin E3 and E6. In order to clarify the role of this residue in the
ImmE6/colicin E6 interaction, we determined the high-resolution solution structures of InmE6 and ImmE6
(W47C). Since these two structures were almost identical, the direct interaction of W47 side chain with
colicin E6 must be important. The structure determination of the colicin E6/ImmE6 complex will reveal
the detailed mechanism of the specificity determination in this system.

RNase, f b EF— FU7KEREER., VRV —&, T8k

WS BT DE, WESWeh, BBOZOVA, EHbihrDY, e 3k, Lidkhk
FOZ, LR LiITWwE, £EXITH02
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Uiz

—REIR2Y U RBEERT S U ENBRTH D, T OBRIIBAMEBREKD Col
FAI FEFOLEEEHN MMC LB FIZES SOS B k> TAETS, ZDH5ba vy
E3. E4, E6iX 70S VR Y —AH D 16SrRNA HRANZYINTT 5 RNase FEtEE2 H2, Col 7
FAI KRR U REFOTHICAEA e E¥— (Imm) 23— FLTRY, 2 ray
NIROEELFERIC Imm ¥ 7 B RE L, BERBEOBREH TS,

bhbhiz, 2V E6 & E3 ORRT7 I /BT THETTS C K RNase FA A

(CRD) & Imm OEBRFREMWE L, E3 & E6 iIREIEESY > 32 (CRD), EHERES /<
7 (Imm) & bIRIFFITHOHREEEZRFOIC L2025 F, CRD-Imm MO ERREIIERIC
BE T, & xid ImmE3 i3 E6 OFFHEEF LRV, TOZ LT E3 L E6 THRED, 50
{OPDT I J)BBEELRRMEZEA TSI L2EKRTS, FLTAFEYEYN. £(LEH
EBH)O, TCRInm # o 32KD 47T 8B, 5FBOT7 I ) BBIKSRMREICEETHL L
BbhoThWe, ZOFFENCEERRFEZREL LTV IBRELHREREE EHT 5, EB.
ImmE6 @ 47 ZEE D7 I /8 Trp »* ImmE3 D Cys CERL=ERENR LN TED

(ImmEV5), Zhiz=y > E6 =Y v E3 OFFICH LTHEREK 2O, 40, B
#ED ImmE6 & ImmEVS OBEBETOIHFRELREL, ZhbOHRUEREREN, UFEEE
BIZZDESICHE L TEORERRELEX TV AN ERM LT,

Hik

ImmE6, ImmEV5 & b 7 FAoRBRICiE, BC-UN-ZEFE L IR
7= HNCACB, CBCA(CO)NNH iZ & »T{io 7z, D7 v FORBRIT, BC-ON-_EHA#®L
e % Buvic HCCCO)NNH &, ®N-#E# L 7= ¥ 7% A= 3D TOCSY-HSQC iz &
1727, RFORFEORBIL BC-N-“EEE L=V 7= CC(CONNH 2 &b 17
o7, UN-EE LY i A= 3D ®N-NOESY-HSQC &. BC-UN-—HE#RLE=V 7
NE RV 3D 1BC-NOESY-HSQC (- & 5 FElEf## % b L 12 X-PLOR CilE#HBE1T o7z,

w5

ImmE6 & ImmEVS i3& HhicaXxDFEF— e, ENETR2EDa~Y v 7 A% LT
BY, 2<FAUBEEF—7%2 LT, BEERERIATEELSEABLLIZB-v—FE
BAMERES W SEICIHE LTV, ZOZELEESRRMEIX Imm OFERORE TOEED
RELBHELTWAZ LICERTHDOTIIENLBbILd, a) ¥ E6 & ImmE6 ORMER
EEFRLIX, ETOIMFOXFERDITTOB LN LD LEESEEHR Licdh & ORERE
LT > TWBDTIEIRWNRLELTVS, BIE. E6-CRD L ImmE6 DHEAEDIkHEEL
RETRLHELIToTEY, ZHhick Y, Imm OBEA P oOME LR ORBOME S LK
THZLILL-T, FURI R FRIORBEBMECETIHFLVARSBLADESS,
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P11 The three-dimensional energy landscape of Staphylococcal Nuclease

OMichael W. Lassalle’, Hiroaki Yamada®, Kazuyuki Akasaka'?
'The Graduate School of Science and Technology and *Faculty of Science, Kobe University

To provide a novel insight into the mechanistic and structural details of the unfolding and
refolding transitions the multidimensional energy landscape of the protein must be explored to
obtain thermodynamic quantities, such as AG’, AH’ and AS’ Thermodynamic
measurements for Staphylococcal Nuclease using high sensitivity differential calorimetry
allow to determine the bell shaped two-dimensional AG; (T) curve (Carra et al., 1994, Carra
& Privalov, 1996). Pressure is
another important variable for
protein stability. Nevertheless

AG [kJ/mol] T ;
15 ’

compared to temperature and
chemical perturbations, only

few studies about protein and
pressure effects are available
in the literature. Three-

3000 =" A . .
1o . dimensional energy landscapes

are described for proteins such

as chymotrypsinogen and
metmyoglobin (Hawley, 1971,
Zipp & Kauzmann, 1973). In our present research we introduce the on-line high-pressure
glass tube method originally reported by Yamada (Yamada et al., 1994) to determine a three-
dimensional energy-landscape by NMR. Utilizing the Histidine Peaks at different pressures

and temperatures, enable us not only to achieve the thermodynamic quantities mentioned
above but also to determine values for thermal expansion factor, Aa, and isothermal
compressibilty, AB. Our measurements reveals that Staphylococcal Nuclease exhibit

significant deviations from the two state behavior.

Carra, J.H., Anderson, E.A., & Privalov, P.L.. (1994) Protein Science 3, 944-951.

Carra, J.H., & Privalov, P.L. (1996) FASEB J. 10, 67-74.

Hawley, S.A. (1971) Biochemistry 10, 2436-2442.

Yamada, H., Kubo, K., Kakihara, I, & Sera, A. (1994). High-pressure high-resolution NMR measurements on
liquid solutions. In High Pressure Liquids and Solutions (Tamguchi, Y., Senoo, M. & Hara, K., eds), pp. 49-66,
Elsevier, Amsterdam.

Zipp, A., Kauzmann, W. (1973) Biochemistry 12, 4217-4228.
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P12 Highly Ordered Molten Globule ® NMR f#&#ft
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T, BRA EE, RRA BE L 51 BB, WE B RE i, HrE MR

NMR study of highly ordered molten globule

'Division of Biological sciences, Graduate School of Science, Hokkaido University, Division of
medicine, Graduate School of Medicine, Toyama pharmacy and medicine University, 3Division of Phsics,
Graduate School of Science, Tokyo University. O Yoshihiro Kobashigawa’, Takumi Koshiba', Makoto
Demura’, Naoki Hujitani’, Yasuhiro Kumaki', Kunio Hikichi', Kunihiro Kuwajima®, Keiichi Kawano®
and Katsutoshi Nitta®

Elucidating protein folding, molten globule state (MG) has been studied as a model of folding
intermediate. Lysozyme and a-lactalbumin is homologous each other. However their equilibrium
unfolding mechanisms differ each other. Generally, folding mechanism of lysozyme obeys a two-state
manner, on the other hand a-lactalbumin (LA) indicates three-state. Exceptionally, equine milk
lysozyme (EML) and canine milk lysozyme (CML) exhibit partiary unfolded state during the equilibrium
unfolding, which resemble to MG of LA except extreme stability. Study of MG of LA showed that
interaction in -domain is not clusial for stability of MG. On the other hand, our hydrogen exchange
study of CML showed that protection of f-domain increased compared to LA or EML. We show here

that B-domain also be a stability determinant of MG in lysozyme.

) U/ F—LLZ)a-57 bTINT I VLAR—/3—T 7 I ) —OFE I — i
LZ T2 RBETFNTEMUI N, LA TIXRBEM L. HHEHETH 5 Molten Globule IKRE(MG)
PEHBBRICEVTERT I 2 ENMSNTING, 41X )/ F—ALCMLETIVF— LA
(EML)IZE FRU=7 FY) LZ ER7ED LA ERBEOBEIBMAIN S, CML D MG iE£D
PTHHBHNRETHIDHBELL TVDE I EXRBMUEP CD MEL EMSTFRIATHS
REDEHBBEOFHMIZHESHTIEIL L. KRR TREAEOHERRICHT I2HRE1E 5
ZEEEMEL. CML DO MG KT Native R (NEFKERZBIZELDT I/ BLNILT
Dynamics ¥ & US4 £ B~Tc,

molten globule. Ca®-binding lysozyme. folding

SHLMDLLOA, JUEEL S, TUSEIE, JLhichb s, (EEPTVA. U
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[ER] ML SKBEENICAEEER S UTRI XY, disulfide isomerase D 1 FiTH 5
thioredoxin % Fi T refolding 21T » 720, BB pH 4.5, 30°C, 10%E/KHIZH T *N TV
L7 v 7% RO THIRE U7z HSQC, 3D TOCSY-HSQC KUF 3D NOESY-HSQC D—#®D X
R7 PNVBZRNTIT» 720 MG 25513 5 EARZ I pH 2.0, 25°b¢:$su\’c~iﬁraﬁ§&é
BRBICKEERTHE I TS I EICLD#E UL DO FIZH T HSQC 2HIE L7z, NMR
AR MVOBIFEIL JEOL 0-400, 500 &TF 600 Z MU 2, NMR 7— ¥ DALEIZ I3 NMRpipe
PRV, BB ITCE-7RBOEIICIE XEASY 2,

(465 & 25 CML O Native RIBICHEEHRARIC LD 0 ppm & D RRBEIZS 7 b LI
ObYOYTFDREEL. FEREIUHKEITHELEL TS, 5ELICMG TH 5 pH
20iICBVWTHEBRBL 7 P LAY 7F T o—- FEIhTRWS boo@lildhiz, Zh
BMGIZBWWTH. BRERMBRZRIITIEILOHKEITHELER-TWBEIEERLTE
D, MG DREHIZID DD > TS EEZ LIS, TNHD YT FI% Native lBEIZEIT 5
RBEERLETCREDOHAREEZIT -0 EI A, VB RUMI05 IIET 5 2 &b h »72 LA
B LZ O Native IRREOHEIZ A, B,C,DD4EXDa N\NY vy 7 ALY Ba-Fr L& 1
KD OANY y I ARFIEKDB-V—bEDLBEBRAL NCEDBREINTSH, vos
RO M105 Wb a-FAL VAD CAY v 7 2 Ed LT DORTBEEITHRL TH
B0 VYRUENEY b LAD MG IZBEWT, a-N\Y w7 ADOEKFELZHRNSD Protection
Factor(PF)ix B> A>C>D OREIZ/E - T3, Fio. LA KD bRENL MG 2T 5 Z &4l
SR T 3 EML B0 T B> A>D>C DREIZ/E > TOT DAY v 7 AORBA LA KD b
DEDBN ERRSNTIVS, —4 CMLIZ EML O MG £ D bRETH D T, 01 20CL
EBNZEFASATOERO, a Y v o XORFBOBHIE EML ERBETH -7, L
L7E5 PRIREERINIZEC M > TO TS EFAVNS 0 I &40 - 7o, SRS & chemical
shift PRI D 7 S5 L total® % ANT vo8 BIIZFEL. LFEV 7 Mt RE(EEBEEX 2 L
Bbh A3 FBROFMEEIT -1 &I A W108 R W6d DEE I 72, W108 (XD Tid M109
ERBIZa-FAALVAD CNY v 7 ZEHIZHEELTHT MG IZBEWTHITEERLT
VWBH. WA I LTI B-FAA VD a-FA L EOREFEBIZH D C-NY v 7 R
WKHEEL TS, LAD MG ODMEICEVWTI 8- FAAM VIIREHRICHFE LIEWI &35
HTWzASCML D MG T B-FA A VHREALILHFE LTS Entbh - 729,

(1) Koshiba et al., 1999. Protein Engn. 12:429-435,
(2) Koshiba et al., 1999. to be published.

(3) Williamson et al., 1995. J. Mol. Biol. 247:541-546.
(4) Kobashiagwa et al., 1999. preparing.
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NMR study of Akazara scallop troponin C
'Departments of Applied Biological Chemistry and Biotechnology, Graduate School of Agricultural and
Life Sciences, The University of Tokyo, Tokyo, *Biotechnology Research Center, The University of Tokyo,
Tokyo, *Department of Marine Bioresources Chemistry, Faculty of Fisheries, Hokkaido University,
Hakodate, Hokkaido, *Marine Biotechnology Institute, Shimizu, Shizuoka, °Research Center for the
Industrial Utilization of Marine Organisms, Shimizu, Shizuoka, *Varian Japan Technologies Ltd., Tokyo

Fumiaki Yumoto, Koji Nagataz, Wakana Iwasaki!, Takao Ojima3, Kiyoyoshi Nishita®, Kyoko Adachi®,
Aya Konno%, Nobuaki Nemoto8, Masaru Tanokura!

Troponin C (TnC) is the calcium binding component of the troponin complex. It is responsible for
triggering the contraction of striated muscle. Vertebrate fast skeletal muscle troponin C bind four Ca™ ions,
while Akazara scallop TnC (152 amino acids) binds only one Ca** ion at the site IV. In order to reveal the
conformation of Akazara scallop TnC, particularly, the unfunctional EF-hand motifs (I to III), we are doing
solution NMR studies of the TnC.

Firstly, we examined the solution conditions for NMR measurements of Akazara scallop TnC using
dynamic light scattering. Secondly, we prepared the N/PC-labeled protein, and measured the
triple-resonance NMR spectra. These data, however, did not have sufficient signal intensities for the
backbone assignments. Thirdly, we prepared >N/®C/H (40%)-labeled and "*N/**C/H (90%)-labeled TnCs,
and measured the triple-resonance NMR spectra. Using the data, we are now assigning the backbone atoms.

(31

TP HADERG CRHEWAMHE= C (TnOiX Ca™*#% 1 DL LRV CEHEBID B
FFEG R, FLLBICHRT S TaC 13, Ca¥* % 4 OHBVIL 3 DA THICLILDLT,
INED A F ELTDHREIZ I RILTNS, e, 2D Ca A TBALIL. N Kidd 4 BAD
EF NCREF—7ThD, FHEW TnC TiE N RKREID 2 2H50X 1 20 EF NFEF—T~
D Ca* A I LVBRERIENITOA TOBM, THFTHA TnC DB A, CREEMD EF N REF—
7 CHREHBARTOh TWAILIZRD, LItoT, THYFIFHA TnC iI3FHESY TnC LiZRies=
VT F A= arko THEEL TOSTTIEMERDY, ZOBVR Ca* 2 S LRV EF NV REF—TD
BEIZFALHNCT D NMR IC LB EORGTZ D TS,

Ca" B H /K, baR=r C, HER A, £HE KT NMR, EAFE(L

WhEbRbhE, BREISL, VWhEXbIR, BUEELB. ICLEELEL, HELEEST,
OB BLEDEHE OBHEXS
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(K]

KBEZBV-REARIZIVHTERR CRERNEERT VT 7H 4 TnC #RBRIE, HERER:
%, TCA B, (F @I T F7 41—, FNABIO2 T TT7 4= XDEMEITV, ERAR
BB, NMR A7 A ORI X Varian Unity INOVA 500 B R INOVA 750 o X3HCEDTv @
BYXZ AR ML ORERX JASCO T 700 3 Y3 EiT o7,

ERLER)

B, KIBEZAV-RBRRICLY TnC ZWBL. AEX_AHERE. EXKkB) (native PAGE)
BITolelZA, TnC B a ~JyZ AT BH, Ca* ALY 2 KIBEELLVb LA 3 WilEE(LE
BIER I LR ENT,

e, INETCRFHBDE RGO LHICAR TS TnC i, CAERETHILTRAREILY
FTRERABZERBEENTWDR, THFIHA TnC IZBWV T, Ca RS REBIZBWVWTHEDR LSS
FRILLTWHE THBHIER, 'H NMR BIEORK RO RBESh ., BIROEBELREIC LR Sh
oo £ZC. B BEN T I Lo THEERFOR FORMTH FREZMEL, Ca2*H AR ToC @
NMR B E BT DB RO E#H(LEIToT.

&Iz, PN EERLU- TnC 2FML. PN-"H HSQC Z_Z ML E AV Ca* M EEREAT oL 5,
[Ca®*)/[TnCHED KIZELRV, — O LT F (LS 7 MVELR BB SN, TRk 7
HMEOBDBBONT, ZDOZLh b, THFIHA TnC 13 CaEAiIcibleoT, RETMICHEEL
ZIERIL. ALICHOSAFRILLI RIS b o, FHEEME N ToC RERIC, THYS
HA TaC IZHBVTh, Ca* B LVBAMEREDO D FRE~OBHARIY, TORKRLLT, TnC
DHBLBFELRZNY TV P TR, BKHEERICLVACSEaBRELEIDNS,

FIREHEZEBLL Ca” R AT TnC OFRHEMITEITI70IC PN/PCE#LI TnC %W
L. 3 8% 3 )T NMR 2 (HN(CO)CA, HNCA, CBCA(CO)NH, HNCACB, HNCO)#4T o725,
ST FARBEITIDIA 272 SN b ORI RBONIeh o, Eir, Ca* FEREST TnC 1L,
BPNDBIw b FT 4B DE— 7 OYAHEHR, Ca #EAR TnC ICHBL T 50%k&<2o
TWBZEDPD, RO T A—al B EBFRRERTRIN TS, LEROREIZEORXEEH
AT BBER BBV TT ol T, 7 T NVBREDESIL. Ca A ROTHFIHA TnC 2
Bealparrzx A—arkl), ENOOMTRERL TWAILIZBETRLEEXLND, £ZT,
BN/BCLHA0%) B T SN/PCPH(90%)YEEEE L 7= ToC ML, 3 £ 3 It NMR BIZHN(CO)CA,
HNCA, HNCACB, HN(CA)CB, (HCAYCO(CA)NH, HNCO)21T\, #V OB EHDOL T VBB %E
H#HTWB,
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P14 Lysozyme Aggregation and Solution Properties Studied
Using PGSE NMR Diffusion Measurements

( (k) HRE/KEFZERT)
William S. Price, O L2 3(Z., WH ¥iG

Water Research Institute, Sengen 2-1-6 Tsukuba, Ibaraki 305-0047 Japan
William S. Price, Fumihiko Tsuchiya and Yoji Arata

The solution behavior of lysozyme was studied as a function of protein concentration, NaCl
concentration, pH and temperature using pulsed-gradient spin-echo NMR diffusion measurements. The lysozyme
solutions clearly exhibited non-ideal behavior which was sensitive to both the salt concentration and pH.
Lysozyme has an isoelectric point of pH 11 and it is often overlooked that at normal pH it has a net positive
charge. Since lysozyme is a charged species, the changes in the diffusion coefficients were interpreted considering
the competing effects of salt-mediated changes in protein interactions (e.g., electrostatic repulsion) and
aggregation. The behaviour is in agreement with Derjaguin-Landau-Verwey-Overbeek (DLVO)-type modelling
accounting for the attractive and repulsive forces present. The diffusion data was compared with various self-
association models. The diffusion coefficients of the higher oligomers were calculated assuming that the
monomers aggregated as hard spheres. Using an isodesmic association model, the equilibrium constant for the
self-association of lysozyme at pH 4.6 and 298 K in the presence of 0.5 M NaCl was estimated to be 118 + 12 M™".

Pulsed-gradient spin-echo (PGSE) NMR provides a powerful means for investigating
the solution behaviour and aggregation of proteins (Price, 1997;Price, 1998;Price et al.,
1999a;Price et al., 1999b). However, careful analysis of the experimental data is needed if
correct interpretations are to be made (see Fig. 1).

Theoretical
Calculation of
Protein Diffusion

Monomer
Hydrodynamics \

J1

Oligomer
Hydrodynamics

Aggregate
Distribution
Crowding _/
PGSE Measurement Effects
of Protein Diffusi ]

Ensemble Ensemble
Averaging Averaging

Experimental Apparent
Diffusion Diffusion
Coefficient Coefficient |

Fig. 1. A schematic diagram of how protein aggregation is studied using PGSE NMR diffusion measurements.

gl

Keywords: Pulse-Gradient Spin-Echo, Diffusion, Lysozyme, Aggregation.

ELZSONRR: T LU T AV RE—FTA R, OBREBOI, b LT

—111—



Since aggregating protein systems are crowded the protein oligomers undergo numerous
collisions on the timescale of the PGSE measurement (i.e., the mean-free space is much less
than the distance diffused in the course of the PGSE measurement). These collisions result in a
narrower distribution of diffusion coefficients than would be expected for an isolated ensemble
of molecules of the same mass distribution. In fact only a single apparent diffusion coefficient
is observed experimentally in protein diffusion measurements. If the different oligomeric
species do not provide separate resonances (as in the case of lysozyme) then the PGSE

measurements yield the weight-average diffusion coefficient of all of the different oligomeric
species present,

ZMw,. n D,
S T R

where Mw;, is the molar mass, D, is the diffusion coefficient and »; is the number of the i-th
oligomeric species. As a first approximation, the monomer-monomer contact in producing
oligomers can be regarded as hard-sphere contact. Whilst there is only one possible geometry
for dimer formation, many possibilities exist for higher oligomers. Consequently, we have
simplistically taken all oligomers to be hydrodynamically spherical, thus the diffusion
coefficient, relative to that of the monomer at infinite dilution, D', is proportional to the cube
root of the molecular weight. Thus, we have

D, =D{i. [2]

Crowding also results in a protein-concentration dependent decrease of the measured diffusion
coefficient. This is a very complex effect and only simplistic models are available., We
consider two models, the first a simple model based on scaled particle theory derived by Han
and Herzfeld (Han and Herzfeld, 1993),

_D__ L Af,v, 9 v, 9 v
fC(Vp)_Do_exp RL:&l*"p+2(1—Vp)2+4(1—vp)3} : (3]

In Eq. [3] v, is the volume fraction (ml/g) of the protein and Ar is the step size and R is the

radius of the diffusing particle. From the Smoluchowski equation Ar/R = 2/3 (Han and Herzfeld,
1993). The second model is that of Tokuyama and Oppenheim (Tokuyama and Oppenheim,
1994),

-
fC(Vp)=1+H(yp)+izV-”ﬂ”_‘l_ "

(1 - V::/Vpo)2
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where H(V 2 Vp)z - C(V”) — b(V")c (2+c )

V) T2 ) el o)
b(v,)=\9v,/8,c(v,)=11v,/16,and vp0=(%]3/(71n3—81n2+2),

In calculating v, we have taken the partial specific volume of lysozyme as 0.75 ml/g. As

neither of these models account for the presence of an aggregation process, both models
progressively overestimate the reduction in diffusion as the concentration (and degree of
aggregation) increases.

Thus, the PGSE experiment yields an estimate of the weight average diffusion
coefficient that has been decreased by the effects of crowding,

1

Zc:Do 3

(D), =(D), £e(C)=——1c(C)= Za D 3 5.(0) [5]

where C is the total protein concentration and c; and «; are the concentration and mole fraction
of the i-th molecular species, respectively. The measured (D)i at a given protein concentration

is analyzed using Eq. [5] and a model for the self-association process that provides estimates
for the values of ¢, (and «).

In the present study the solution behavior of lysozyme was studied as a function of
protein concentration, NaCl concentration, pH and temperature using PGSE NMR diffusion
measurements. The lysozyme solutions clearly exhibited non-ideal behavior which was
sensitive to both the salt concentration and pH. Since lysozyme is a charged species (isoelectric
point = pH 11), the changes in the diffusion coefficients were interpreted considering the
competing effects of salt-mediated changes in protein interactions (e.g., electrostatic repulsion)
and aggregation. At low protein and salt concentrations the measured diffusion coefficient first
increases with pH. Upon addition of 0.15 M salt the lysozyme diffusion coefficient increases at
low pH relative to that of the salt free sample due to the charge shielding effects of the salt and
then decreases at higher pH as the conditions become more favourable for self-association. The
behaviour is in agreement with Derjaguin-Landau-Verwey-Overbeek (DLVO)-type modelling
accounting for the attractive and repulsive forces present. The diffusion data was compared
with various self-association models. Using the isodesmic association model, the equilibrium
constant for the self association of lysozyme at pH 4.6 and 298 K in the presence of 0.5 M
NaCl was estimated to be 118 + 12 M (see Fig. 2).
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Fig. 2. Change in lysozyme diffusion coefficients at 298 K and pH 4.6 in the presence of 0.5 M NaCl. The dotted
and dashed lines represent the monomer diffusion coefficient at infinite dilution corrected using the Han and
Herzfeld and Tokuyama and Oppenheim corrections, respectively. The lysozyme must undergo a self association
process as the experimental diffusion coefficient is considerably smaller than the crowding effect corrected (with
either model) monomer diffusion coefficient. The best fit to the data was obtained using the isodesmic model in
conjunction with the Tokuyama and Oppenheim correction (solid line). Also shown are simulations based on the
association constants reported by Li et al.(Li et al., 1995;Nadarajah et al., 1997) (--) with Han and Herzfeld
correction (-~-) and Tokuyama and Oppenheim correction (---).
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Structual Transition of Purine Repressor DNA Binding Domain

!Graduate School of Integrated Science, Yokohama City University

Department of Applied Physics & Chemistry, The University of Electro-
Communications

OSakura Suzuki', Naoyuki Kenmochi!, Aritaka Nagadoi', Gen-ichi Sanpei®, Kiyoshi
Mizobuchi?

and Yoshifumi Nishimura'

The purine repressor (PurR) regulates expression of genes that are concerned with
purine biosynthesis. PurR consists of 341 amino acids and has two domains both
DNA-binding domain (DBD) at the N-terminus and corepressor-binding domain (CBD)
at the C-terminus. PurRbinds to the DNA specifically from structural transition with
existence of a corepressor. To understand the DNA-binding ability of PurR, we
purified the mutant protein (V50C) of the DNA-binding domain (56a.a.). The
formation of dimerization by disulfide bond of mutant results in binding to the specific
DNA with formation of new fourth «-helix. The three-dimensional structure of DNA
complex of PurR-V50C has been analyzed in progress by multidimensional NMR
spectroscopy.

TY YT wd— (PurR) BRXBE Y S ESRICEES T8 TFREZ2HEHTZEQE
TH>D, PurRid 341 73 JBEBREN S 20, NERAIDOK 60 BEL DNA S B A1 > (DBD
Y FLUTHES CRADKH 280 AN L v P —E/ =B R A (CBD) TH52
DORAAEHELTVWS, PurR 4R DNA #&88E1E. PurRoay L yy—&L
THONBAERFHF U HBINET 72D CBDADIES BRI DNA DFEFTLER
35, DNABESKRFTO PurR DBEIR, 4FDa-~\U v 7 AN 57225 DBD O N KM[E 1
VE2ANU Y D ATHEREINBANY YT ZA-I—2-AN) I ARF—TTHD., F4~\Uw
DAMDNA DAy = )—T &4 F—IN—T2FNFEEEL T FRICHL T
DBD OADEETIIE 4N v 7 AEENTRI T LRBEDEET. RN DNA
DEETIIBVTHAY v I AERIIBD S sho 7z,
FZI PurR-DBD I TDNA &4 2FREE3~-9HI12, DBD (56a.a.) DHEEREREK
(V50C : 50 BHD ValZ Cys ICBEB L /=) ZERL . ZREPUrR-v50Cid, PRIV 7
4 REGICL 2 _BHkE., DNAGFEEFTEANI v I ANFERLEINDIETDNA £O
BEkERR L. BIE. DNA# & D PurR-V50C ORERIT 2 £ XTTNMRIETH -
TWw3,

F—-U—RK: FY2UTLv¥— DNAKE RAASL S, £KRIENMRE, 17—

TFE ILH, TAdE BBYE, ABNEN HDEh, TARN FALE, ER
B &XL., KLYS KLsAH
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NMR study of HoxD9 homeodomain-HMG1boxA complex
S.Ohki', M.Maeda', M. Beltrame®, M.E. Bianchi®, and M.Kainosho'*
(CREST', Tokyo Metroporitan Univ. >, Univ. of Milano *)

NMR study on a complex between HoxDO9HD and HMGlboxA is in progress. We
optimized the NMR sample condition by monitoring a series of '"H-""N HSQC spectra at
different pH, temperature, sample and salt concentration, and/or addition of some
detergents. A set of 3D-NMR experiments enabled us to assign signals of HoxD9HD
in the absence and presence of HMGIboxA. Estimated secondary structure of
HoxD9HD is composed of three helicies and this is not affected by binding of
HMGI1boxA. Analysis of chemicalshift perturbation suggests that the first helix of
HoxD?9 is a binding site to HMG1boxA.

(FF) Hox EMENS—BD DNAESEARIE. GERBICBS T340
R<HSNTWS, ChoDBARIIEVCHEERTSZLICKY., FnF
NOBEEZIDHH 2 OIIEIRT 5. /2. Hox ERREMOBZEARLEDESE
NLUTHZOHWELHEBL TS, HIA(E. HoxD9 M DNA & HEIL HoxD8
DESICL VIETT 35, HMG1(HMG; high mobility group protein) D52 (2
DNA ZEABEA MBS B S, CZTC. HMG1 22O F U ARICTHFET S DNA K
BEARTHS. Z0D HoxDI & HMG1 DEAEKICD\TIE. FhFEND DNA
BEEF—TTHAIRAARAL L EHMG Ry I ADBESICE > TERKREQ
BIENBESMICHEL>TNEDN, BHIITFBATHS. EARAOBEIE. NMR

RAFRAL . HMG Ky o R, #EH. DNAKS

BbBELAY®. £X27E#& %, Beltrame Monica . Bianchi E. Marco.
POOLLOEZDNR
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(32E8) HoxD9 Mk AA R AL > (HoxD9HD) & HMG1 @ N ki#E{D DNA
EAIAITH S boxA(HMG1boxA)DRIFZ ENTNIMEL /=, FEFRHE. N
£#. °C BLU N EHEXN7/= HoxDIHD & HMG1boxA £ FhFh ARZH
L. Bkt O IS 74 —EBAA o0/ ST+ —EROTHEES
BIL 7. HoxD9HD, HMG1boxA, ELUTNSDEEKICDNT. RIFZ NMR
ARG MR ONIREEZRF L, THOBEBODO/HIC. HoxDIHD &
HMG1boxA OESEKICDNWT—EDRERGEFIASRITT NMR AXY ML E
WELE, CORDFLREBLERELSESERERKT S5 DNARIEZRFET S
=B, W< DOHDERIIDR/IZ DNAKKAERVWTEERRER A=,

(BBEREER) HEHRE, 1ERE. pH, BE. 79— M EDRBEE
AT'H-"NHSQC ZHE L. TOHER. RIFZ'H-"N HSQC AR bV %E
BAFRHEERWNBLE, $¥IC. HoxDIHD-HMG1boxA #&&(Z. /Y tO—
IOFMICEVRERSEBRLE,

—EDORTERMEFBERT NMR ARS MILERIFLAER. HoxDIHD
Bk EEEDPD HoxDIHD O NMR > FIDORE%E(ZIZTT L7=. NOE D
BITER LY. HoxDIHD (3 DAY v I AMEKS 2 RiBiEEIFDI LD
oz, TNEMBMOBERARICAVEINTOSIRAFREASDENLEELL
—H LT, E5IC. 202 KRikiEIT HMGiboxA ENEABPTHLR
BENTWBIEMBOMITRo .

T, BEAERICHESIES 7 b EETOY M LR, HoxDIHD D
FEIAY YL RAD NC BRFRBSCHROMKLY bRELSELSRD SN,
DT EMS., EEKDRRIZ(E HoxDIHD DE1AY v AMEAELTIVS
ZEMTIMEN,

EA-EQHESH L DNAOHEFRAORRIREETPTH S,
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Interactions of the Sodium Channel Inactivation Gate Peptides with Peptide Mimetics of the
Isoleucine, Phenylalanine, and Methionine (IFM) Motif from the Inactivation Gate
Graduate School of Pharmaceutical Sciences, Kyoto University

Yoshihiro Kuroda, QOYoshitaka Maeda, Kazuhide Miyamoto, and Terumichi Nakagawa

The pentapeptide KIFMK, which contains three clustered hydrophobic amino acid residues of
isoleucine, phenylalanine, and methionine (IFM) in the sodium channel inactivation gate on the
cytoplasmic linker between domains I and IV (II-IVlinker), is known to restore fast inactivation
to the mutant sodium channels having a defective inactivation gate or to accelerate the inactivation
of the wild—-type sodium channels. Previously, we have investigated the interactions between the
pentapeptide KIFMK and the fragment peptide which includes the IFM motif (MP-1A, 1484-1495,
Ac-GGQDIFMTEEQK-NH,) by 'H-NMR and CD spectroscopies. It has been found that the
synthetic pentapeptide KIFMK stabilizes an a-helical conformation around the IFM motif of the I
—IVlinker. Presently, in order to ascertain whether the effect of KIFMK on the secondary structure
of MP-1A is their sequence—specific interaction, we further studied the interaction of MP-1A and
F1489Q substituted MP-2A with KIQMK, KAFAK, KIFMTK, and RIFMR. It was found that the relative
orientation and the side-chain structures of the two positively charged amino acids and the
phenylalanine residue in the inactivation gate peptide are important in order that the KIFMK

stabilizes the helical structure of the inactivation gate peptide.

(#E&]

FITENMREREICENT. BLIE, TRV LF YU RILDRFE LS —FRTFEMP-1A (rat
brainll A, G1484-K1495, Ac-GGQDIFMTEEQK-NH)ERUARTFE KIFMK EDEEERIZOL
TRELEN], TOHR. KIFMK 5 MP-1A OB 50w I REEREILTHIEATHEE
TEL[2], ZFFR TIZ. MP-1A & KIFMK EDEEHANE L OFS/BEFIZBLTHRMTH
BEHEIHERFTIHIC, FFEHAEST—FRTFE MP-1A LU MP-2A(F1489Q)& IFM E£F
—IBFUETNERMLLET7I/BEIIESTCEEDNA)TXTFFKIQMK, KAFAK, KIFMTK,
RIFMR)EDIEERZ 'H-NMR £ & U CD ARIVMLERWTHELY -,

FRID LF R FEEES—R, IFM ®F—7, KIFMK, NMR
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1A BHPOETarolE KIFMK OFE&YIZNEWNARECLHFRAOL IRELRERLE-, —A.
RIFMR DFEMTlE, KIFMK DB LIEFE DS IR ELERLUT =, KIFMTK Tl&. MP-1A O{E%¥L 7
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P'| 8  Structures and activities of the peptides mimic the active site loop of
Streptomyces Metalloproteinase Inhibitor (SMPI)

(Faculty of Science, Tokyo Metropolitan University!, CREST?, Protein Research
Institute, Osaka University®, Faculty of Textile Science, Kyoto Institute of Technology*)
Feliciano, M.!, Ohki, S.%, Gonzalez, N.!, Tate, S.!, Tamura, K.?, Aimoto, S.3,
Hiraga, K.*, Oda, K., Kainosho, M.}*

Peptides containing the active site loop of Streptomyces Metalloproteinase Inhibitor (SMPI) have
been synthesized. Solution structure of these peptides were determined by two-dimensional proton
nuclear magnetic resonance ('"H-NMR) experiments namely double-quantum coherence correlated
spectroscopy (DQF-COSY), total correlation spectroscopy (TOCSY) and nuclear Overhauser effect
spectroscopy (NOESY). Structural calculations were performed using XPLOR 3.8 program.
Structures generated were compared with that of the corresponding part in the intact protein.
Experiments are currently being performed to determine the inhibitory activities of these peptides
against the target metalloproteinases in the gluzincins family.

I. Introduction:

Streptomyces metalloproteinase inhibitor (SMPI) is a proteinaceous metalloproteinase inhibitor
isolated from Streptomyces nigrescens TK-23 (Odaet al., 1979). The solution structure of SMPI
was found to have two P-sheets consisting of four anti-parallel B-strands which could be
considered as two Greek key motifs (Ohno et al., 1998). The scissile bond, C64 and V65, is in the
middle of an extended loop found between the first and second B-strands of the second Greek key
motif. Since this loop contains the scissile bond, it is considered as the active site of SMPIL.
Peptides containing this active site loop have been synthesized (Fig.1). It is expected that these
peptides will maintain a specific conformation in aqueous solution as stabilized by the disulfide
bridge between C64 and C69, which is similar to the one observed in the intact protein.

. Experimental Methods:
A. NMR Spectroscopy and Structure Calculation

AcKAI and AcKAI2 were either dissolved in 250u1 90% H,0/10% *H,0 or 100% “H,0 at pH
3.5 to reach a final concentration of 5.9 mM and 4.1 mM respectively, and then transferred into
Shigemi microcells. All homonuclear two-dimensional 'H-NMR experiments were recorded at
10°C on a Bruker DMX800 spectrometer equipped with a triple resonance probe head and a pulse
field gradient coil.

Two dimensional 'H NMR spectra for H,O sample, NOESY (200 ms and 300 ms mixing
time) and TOCSY (45 ms mixing time) were recorded with the use of excitation sculpting method.
For DQF-COSY, gradient pulses to select double-quantum coherence was applied for the efficient
suppression of the water resonance. In all the experiments done on the D,0 sample, presaturation
was used for the suppression of the residual water resonance.

metalloproteinase. active loop peptides. inhibitory activity. structure

Feliciano, M., BB E L AP, Gonzalez, N., = TLAWD, =8 5F I,
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All NMR spectra were processed with the NMRPipe package and peak intensities were
measured using the PIPP program. The structures were calculated using simulated annealing
protocol with the XPLOR 3.8 program.

SMPI No. 59 63 68 72

Peptide No. 1 5 10 14

AcKAI A RKYTCVIRFUPCYA QY
l |

Peptide No. 1 5 8

AcKAI2 TC|VRFPCIY

Fig. 1. Primary structure of synthesized peptides

II. Experimental Methods:
A. NMR Spectroscopy and Structure Calculation

AcKAI and AcKAI2 were either dissolved in 250u1 90% H,0/10% *H,0 or 100% *H,0 at pH
3.5 to reach a final concentration of 5.9 mM and 4.1 mM respectively, and then transferred into
Shigemi microcells. All homonuclear two-dimensional '"H-NMR experiments were recorded at
10°C on a Bruker DMX800 spectrometer equipped with a triple resonance probe head and a pulse
field gradient coil.

Two dimensional 'H NMR spectra for H,O sample, NOESY (200 ms and 300 ms mixing
time) and TOCSY (45 ms mixing time) were recorded with the use of excitation sculpting method.
For DQF-COSY, gradient pulses to select double-quantum coherence was applied for the efficient
suppression of the water resonance. In all the experiments done on the D,O sample, presaturation
was used for the suppression of the residual water resonance.

All NMR spectra were processed with the NMRPipe package and peak intensities were
measured using the PIPP program. - The structures were calculated using simulated annealing
protocol with the XPLOR 3.8 program.

B. Inhibitory Activity Assay of the Peptides:

Thermolysin, SGMP II, Pseudomonas elastase or vimelysin were incubated at 25°C in 50mM
PIPES (pH 7.0), 10 mM CaCl,, 0.005% Triton X-100. A flourescent peptide, MOCAc-Pro-Leu-
Gly-Leu-A,pr(Dnp)-Ala-Arg-NH, (8 uM) was added for monitoring the remained enzyme activity.
Al/min was observed for 1 minute and initial velocities were calculated. From the initial velocities,
free enzyme concentrations were calculated. Non-linear least square analysis of the data was done
using a computer program. The association constants (Ka) were determined by plotting free
enzyme concentration against inhibitor concentration and Ki was calculated as Ki = 1/Ka.
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III. Results and Discussion:

For the structure determination of AcKAI, calculation of 50 random structures was based on
235 distance and 15 dihedral angle restraints. Thirty-two (32) refined structures gave a backbone
rm.s.d of 0.48 A. As for AcKAI2, a backbone r.m.s.d of 0.31 A was obtained for 27 final
structures out of 50 randomly generated structures using 113 distance and 9 dihedral angle
restraints. For both peptides, none of the structures gave distance and angle violations greater than
0.5 A and 5.0 degrees respectively. One striking feature found between the structures of ACKAI
and AcKAI? is that the Phe-Pro peptide bond is in cis-conformation. It was clearly shown by the
presence of strong NOE peak between Phe Ha and Pro Hol found in the NOE spectrum of each
peptide. This is contrast with the corresponding part in SMPI. Based on the structure of SMPI
(PDB accession code: 1bhu), Phe67-Pro68 is in the frans-conformation.

The conformation along Cys-Val in the structures obtained for both AcKAI and AcKAI2 is
similar to that of the conformation along the scissile bond in the intact protein. Superposition of
residues Cys-Val-Arg of AcKAI and AcKAI2 with that of corresponding three residues in SMPI
gave ar.m.s. difference for backbone atoms of 0.73 A and 0.57 A respectively. This means that
these parts show significant similarity between SMPI and the two peptides. Because of this
finding, it is expected that these peptides will also show comparable inhibitory activities against
metalloproteinases which SMPI specifically inhibits. Inhibitory assay experiments are now being
undertaken on these peptides. Other similarities or differences between the two peptides and of
each peptide with SMPI are still being investigated.
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Conformation change of G protein o subunit upon activation by receptor stimulation
K. Nakajima, A. Ohtsuka, M. Chida, K. Wakamatsu, T. Tanaka*, M. Sugai*, T. Kohno*

Gunma University, *Mitsubishikasei Institute of Life Sciences

G protein plays important roles in signal transduction in cell membranes. Upon ligand binding, G
protein-coupled receptors promote release of GDP from G protein o subunits, but the associated
conformation change in the o subunits has not been elucidated. Although' the receptor is known to
interact with the C-terminal region of the o subunit, the conformation change in that region alone
cannot acount for the enhanced GDP release because GDP binding sites are not close to the C-
terminal region. We postulate that conformation change in the C-terminal region is transmitted to the
GDP binding sites viathe ion pair between the C-terminal oS helix and the $2/83 loop (GDP binding
site is located to the N-terminus of the f2-strand) based on the poor receptor-coupling ability of the
mutants lacking the ion pair. Analysis using o subunits amino acid-selectively double-labeled with
13C and 15N confirmed the conformation change near the ion pair.

GEBRHEIIMEEEREZECBW LYY —2 72 75— 2% L. Mian
T FNLVOMNADGE - Hig2 RS T2 FERKERZESTVWS, U RO
Gl /Y -3 GEAE e Ty NEMHEERL T GDP OREEZRET 2
EEZSNTNBEMN, a7y hOEDEDT EDRITEBAEZTLIEE TRET
EOMIFRATHD. LSy —EHETHat Ty FOBMIZ C RFRBEED o
S5AUYZRAEEZSNTVEN, a5 ANUv 7 RIZGDP tO#FHSICHEEREEL T
WRWDTEFOBELEIIMTSHDHET GDP HEEBAEDBIITTHD, BL
FaB 7=y O C KD a 5§ ANY w7 AN Ty —HIBIZ X > THEEILE
BZIL, a5 ANUYIREB 2B IN—TEDRIDAF 2 R7 N LT GDP #E&HE
BICRASNBENDIRAEILTTWS, ERIZ, TOAFRTZHEBLIZI 2 —
R TRVETY—flick->ThEoER LIz, £, T/ BE
ROICRERMNAE_EEZZ L /-GEAG e Va2 F2HAWTHIELZEZ A, L
Y75 — LRKIZGDP OB ERET S L /Y —BEHTFETINT, ERIZa 52
V2 ADAF I R7BEDS T FIVNERNIIELTDEZEEZRWE L,

F—TU—R: GEHAHA. Lt7¥—, 73 BERNS NV, IEBERL

EEZSONR : BHALENDR, BEOHHDL. BEFDI, bAXONED,
FRRMEF L, $MNEDT. I50EL0E
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Structure determination of HMG2 box B and its binding studies with DNA
Buichiro Ena', Shin-ichi Tate !, Ken-ichi Yoshioka?®, Michiteru Yoshida?, Masatsune Kainosho
Department of Chemistry, Tokyo Metropolitan University !

Department of Biological Science and Technology, Science University of Tokyo®

High mobility group (HMG) 2 is a nonspecific DNA binding protein and is considered to play
various important biological functions. As some of the HMG proteins, such as SRY or LEF-1 bind to
specific sequences, there have been considerable interests to search for the origin of the specificity or
nonspecificity of the DNA binding property in terms of three-dimensional structures of the HMG
proteins. As there has so far been no structural studies for HMG2, we solved the solution structure of
the box B of HMG2 by NMR, and compared it with the structures of the other HMG proteins. The
chemical shift perturbation experiments with three different DNA oligomers were carried out, leading
us to confirm its sequence nonspecificity in the DNA recognition.

HMG ZHE!X DNA 8l 05 RTDE< DEERKEICEH D, HMG-box &
I 53EE D DNA #HEEMEH D, HMG-box IZI38ED DNA HEEF%3BET S
AL, DNA OHFNERDOEIRNERBELORBEREIT D TAVNEET %,
HMG-box #5, ED&ESIZLTRRE S 29 TRBMEEE R LB DI U TIIA X7 Hlnk
WEENTERBOD, RECELWREAZ SN TORN, AHEIRMESRNZRE
%% % HMG2 box B(78 BE)DI kit 2 L. DNA AU v — L OHEEARTS %
&% T HMG-box @ DNA RBEMICET2HEEBLS L LEZHOTH S,

HMG2 box B DILk#EIRERMAKFIAL AT NMR #ick 5 1,840 [EOHEEE
BEHE 64 AO_HABHRED LI X-PLOR 2k 2 EHEZTY., FHOEREGDLED
RM.S.D.%% 0.35ADMETHREL, D HMG-box EREEIZ3ED a-AU v A%
OMEDEHRBICOT A TEHINENBSN TS, DNA 4 Iv—EOHEERIC
KB EEELTLERFET D12, PN H—#E# L 7= HMG2 boxB % f\y, 'H-"N HSQC
ARY MV RETAY I —OFEMBR LR L. HMG2 boxB T4 RE7Z DNA #
BERFINH SN TVWANEDIZERFE TRBMO HMG-box &EEEFE8EICL. WikH
BEORBENRIDEMHEEINSIFEED DNA ) I —2BAKE, ZThoDoAYIT—
OFEMED boxB @ HSQC ARY ML ETE&RIESS 7 FEENED SNEZHOD,
EESKBMIIERENAY 7 FERICASZEVIZE S NT, HMG2 MEE ORBES %
Bl-lanwZ ENEREN.

HMG2 box B, vifk#§i&. DNA AU I<—@meh k. 'H-"N HSQC

Az ZnbE 35, 2T LAWLw,, XLBM FTAWLSE, KLE H#5T5, hhdlsd *
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Protein Folding Studied by Microwave Temperature—-jump NMR
Graduate School of Science and Technology, Kobe University
Masaru Kawakami and Kazuyuki Akasaka

An efficient microwave Temperature-jump NMR technique utilizing a dielectric
resonator was developed and applied to the unfolding study of bovine alpha-lactalbumin
(BLA). One-Dimensional temperature-jump NMR spectra indicated that tertiary structure of
BLA was largely destroyed within the temperature-jump event. However, some peaks
showed gradual high—field shift with time after the jump, indicating an existence of further
conformational changes. From assignments of these peaks made by SC-2D NMR spectroscopy,
it was found that these signals come from amino acids which form the non-native
hydrophobic cluster in the unfolded state. These results indicate a formation of non-native
structure in the unfolding process of BLA.

REAVEEHRKIELE2EA LTV OBEEBE Yy INMREBOMBE 2T -
TW3, ZNETIZ, FERXBVTEHENRBORRSE, FKBICXKB3Y O NIE
ORLEEBBANDOBHFIZHRE L TEZ (NMRERAEE 3 4~ 3 7TRIEFGESR),
SE, ISIEBOHEZNLEIE, BHTIUBEVIBROLRIEEBIT S Z &4
WREIC o m. ZHUZEKD., I NTNTIOT7 > T74—NVT4 2 ITEALT
AR EELOTINERET S,

REHERADOA VY 2o —#AoZ2HR LA EIRED, RED Yy 7R, BREOR
B—REI NS ETTORMIENETOS0~1003IUBNS, 10IUBIT
ETEMEN. 4B, pH7, REAMELETF. TV 7NV TI> (BLA) D,
40EMNS6 OENDHRED Y T (15msec) KK>THIERISINBZT T+
WG4 o 7BBZAELE. TOKR, Py 7EE. £FONMRIAXY MIVRE
EREHERBEOETNLELYULTED, TTIKBLA OBRBERIZIIMELTVS
ZEMRBEN. LAL Dy O T7RORMERIZEL., Wo< D& (7=330ms)
DA — IV TEEBICS T M ERENFED Z 500 o7z, REBMHEEE 2 KT
NMRIZKD., ThsDERER, BHERETHERROBKY SA5—2BET HR%
HIREINZ., > T, P¥ T7HROW-><DELAETT M, ERREROMIE
ZHBRTIEETHL LEADNS.

F—U—R: 31708 BRESY>NMR., YONRVE, T+—NVT4 2T

Dbhd £IB, BNIH HhTOE

—125—



P22 SARAT AW RAA 2 EB—V R MOAY YN > EDMEE
FAfRMT
(BB ', EREWEEY . B i EmE&EaEm ) Om
AN KAEK. FH=E' BOES SHEHE S DR
ZERS HZzE &'

In vitro analysis of the interaction between the dystrophin WW domain and
p-dystroglycan PY motif.

OYusuke Kato!, Koji Nagata?, Mie Ito!, Satoru Noguchi®, Mikiharu Yoshida?®, Ei-jiro
Ozawa3, Masaru Tanokura®

!Dept. Appl. Bio. Chem. Biotechnol., 2Biotechnol. Res. Ctr., Univ. Tokyo,  Dept. Cell
Biol., Natl. Inst. Neurosci., NCNP

We have studied the intermolecular interaction /n vitro by surface plasmon resonance (SPR) and
NMR to investigate the structural basis of Duchenne and Becker Muscular Dystrophy. The specific
interaction between the dystrophin WW domain and g-dystroglycan PY motif (RSPPPYVP-NH2)
was observed in the SPR measurements. In the 1H-19N HSQC spectra, serial addition of the
unlabeled p-dystroglycan PY motif to the 15N-labeled dystrophin WW domain caused the
chemical shift perturbations of a part of signals. The assignments of the NMR signals were
obtained from the triple-resonance NMR data of the 13C/15N-labeled dystrophin WW domain,
and thus we identified the amino-acid residues involved in the intermolecular interaction.
Structure calculation of the dystrophin WW domain and detailed analysis of the intermolecular
interaction are now in progress.

[(B#Y] .

CAhOT 4 VIEHBEOETEY DN VBETBLICHABRICEEL. O
ZR -RERCIDEELH A O 74— ERIIND, PAOT 4 >
Be—vAbuaZuhs (B—D6) EHMEERTHIEICLDETOMEEERE
LTW3, ZOHEERICEZAMO T4 OW RASCORENRFEINT
WAMNEKEEREIN TRV, BPFETIIW RA1S 2 & 8—D6 EDOMTHHEE
YERBRHT - SIABERITZITOZET. W RAACOTA IO T 4 R TOH
BEZHONCTHIEZENELTVS,

MR, A bhO742, UZFx=)T1 25

MmES WIT, bz T5C, WEd HZX. <t &5,
LLZE HZFID, BTb AWLAI, =<5 25
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MAREEENT QD ICIIRBORBBILETH S0, 17T TOE—FEHNE
W RAAS VKIGEREREZBEL-, NEKEIT 6xHis-tag ZEHEDOREW RAA
R FRIEFFFE F T Ni-NTA agarose (QIAGEN) IC L DERIL., I A BN S LIZE
TIETUITA—NT 4 TSI/ BRENTOT7—EE2RANT 6xllis-tag 2k
EL7z., ZTH5LTESNAE W RAAL 2 ol ¥ TIREBHRENMEN - 208, ol
35 ETTFTAZETHR M ETHEBENH EL WRICE 2BERETNAIEES
7577, F T pHEEMEREIIC BT D W R A > OISR 024 2 8EE
L7z, £7. pH3.5 5 pH7.5 OEFE T D A7 ML (190-240 nm) ICHHERE
B 7=OT, COEBTRBO T kEEEE O ENrINE, S5ICE
HTS5XE B GRS, pH3. 5 BRI PHT. 0 IZBWNTWH KA > & B —D6
H3ED RSPPPYVP XV F R THEERNER I N, £, "N I UMEEZHN
T H-UN HSQC WX BWMEEREToEZ A, RTFREMCL DEERED
TFNOALEL T RN RIE N ENS D EERPRER I N RE.
BC, SNF TINS5 IVEZRAEL T WRICEDIERBEFRT2ED TN S,

Figure
Assignment of Dystrophin WW domain(*H->N HSQC)
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Structural Analysis of Vesl-1S

Takeshi Tanaka', Mariko Sugai’, Yutaka Ito?, Kaoru Inokuchi', Toshiyuki Kohno'
'Mitsubishi Kasei Institute of Life Sciences, *Laboratory of Cellular and Molecular
Biology, The Institute of Physical and Chemical Research (RIKEN)

Vesl-18S (186 amino acids) is one of the post synaptic density proteins, whose expression is
regulated during long term potentiation (LTP) in the hippocampus. Vesl-1S may contribute to
formation of synaptic plasticity by regulating the clustering or assembling of group I metabot-
oropic glutamate receptors or inositol triphosphate receptors. Vesl-1S contains EVH1 domain
(30% conservation) at N-terminal 113 residues which binds to proline rich motif, PPXXFr,
found in receptors above.

In the present study, we determined backbone assignment and predicted the secondary stru-
cture of Vesl-1S using triple resonance 3D NMR spectroscopy on uniformly "N / °C labeled
Vesl-1S. We also investigated chemical shift perturbation of uniformly “N labeled Vesl-1S
upon binding peptides derived from receptors above.

Vesl-1S (73 /B1865H) I ELTPICEVWS F S ARBETRAZE I N, B
REUIINIIVBLETY—RA ) h—N3Y BLETY—DISAYY) 5
7T EHETAEIETISF I AABEHICEEL TS EEZSNTWVS,
Vesl-1SONKHM113FREIIEVHL R X1 > &H30%D 7 X /BRSNS D, Z
DFERTL ¥ 7% —OPPXXFrEts & BIRMICHE ST 2N OMBII Nk THS »
Lo TWRW, FIZTHLZIINMRERWWWesl-1SO iR B L UGRIRM Y 4 >
REBEEEEZMBAT A EEMEL,

<EB>

PNAZ T4 =L TN BIUN/P°CaAm T — LTV L Vesl-1S%E KIBE &
AWERRAICEDIEBL -, BIEIF90% H20 - 10% D20 100 mMY BNy 7
7— (PH6.5) ZHW3CTITo=, /-, PPXXFrfgs 2oL 75 —0is

RTF REFEERICKDF/Z (nGluR: ALTPPSPFRD, IP3R: LNNPPKKFRD,
RyR: SLRPPHHFSP) .

FH T FNORBODIIN/PCIZT +— L TRV L =Vesl-1SEHW, 'H-
N HSQC. HNCA. HN(CO)CA. HNCACB. CBCA(CO)NNH, HNCOD #HigE %
fTolme . "NAZ T3 — AL IRV L =Vesl-1SZ2 A WNWH-"N HSQCZ#IEL .
LTI —DEARTF RIiZL 37 I R+ )L DChemical Shift Perturbation#
. I

F—17— R : Vesl-1S, ZKRITTNMR., SLHAEEERHT

7l L. T8N FDZ, WES BER W<t hBB,
ZH0 ELWwE
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<HEWRPLUER>
INFETIZIEADPoREZR175BED S 5 158% K (90%) @ E#'HN,
BCo, "NEORBET DI ENTERE, "CpRIISEDOGIVERE S 11EOProBE %

BR<167RED S B1505E (90%) MNIRETEZ,
IRB X N="Co. CpiEDChemical Shift Index?® 5 Vesl-1SDONK A AI11 37513

Mena EVH1 B X > & FIZHER 2 kEEZ2 /. CRRERAI7TIRREICIZITI S AL
ANBENT ERHRIZN, 2D EN S Vesl-1SONEKRESIZEVHL fold %
BRLTWSZ EQURM E N,

7 2 R34 F )b dChemical Shift Perturbation» % 3% 1ZPhel4 - lle16. Thr20
-Trp24,. Tyr68M Lt 7Y —HARTF REDHEEITEHEL TSI EMWRBEN
2o TS OFEIRIILREEE EMena EVHL RAA > ORTF REESFERICHYS L T
WBENRY I ) BOMEREIMEN. ZOZEnEVesl-1SEMena® Biz 2R TF K%
FREIEZ7I VBOHEIZERL TWB Z EWNRBINTS,
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Comparison of structures of the wild type and the analog of
w-conotoxin MVIIC

Mitsubishi Kasei Institute of Life Sciences
Kuniko Kobayashi, Toru Sasaki, Kazuki Sato, and Toshiyuki Kohno

We have compared the structures of the wild type and the analog of w-conotoxin MVIIC (w-
CTX MVIIC) by 'H-NMR. The peptide @-CTX MVIIC derived from a venom of the fish-
hunting sea snail Conus magus has 26 amino acids residues including six cysteine residues
which form three disulfide bonds. This peptide blocks P- and Q-type Ca™ currents by binding
with high affinity to voltage-sensitive Ca™ channels. It also blocks N-type Ca™ current but its
affinity is low. We have made the analog of ®-CTX MVIIC which maintains high affinity to
P/Q-type channels but loses affinity to N-type channel. According to the 1D spectra of the
amide proton region of the wild type and the analog, chemical shifts did not change in five
residues. All these residues are located in the B-strands which form a triple-stranded B-sheet
in the wild type. Thus, the analog maintains the core structure of the wild type. ‘

(5]

w-conotoxin MVIIC (@-CTX MVIIC) i34 € H 4 OFBRBRDORTF FT, 267 3
JEBBREIPOLERD., FFATIKOTANVT 4 FESETELTWS, ZOXRTF
Fid, AV AF ¥ A NVOPIQBUIKEA L TA L VORATHET 545, NEIx
LTHEWIERZ RO, L, o-CTXMVIIC % b L IZL T, EREDOIEFIZEH
WEEROVERICRII L7z 7 3V BFRE %L SBMANE R/ (S17K, SI9R, K25R) =
OUEHIE, FEROPQEESEMIIZO T FEELTVE, NEH LI YL
Fx AT BERIIRIBICET U7z, FFAER & YUERDEMEDEVAHEEOE

F—T—=FNIAINITLF X RINVEE, RTFF, WEK, G, LEEE
Oz L iz, 83&3LBE, 8EIMTE, THDLLWYE

—130—



TEI L >TVBEDDP, ZOHEDPSL, MBOWEEZ B L,

[EEx]

BHAEMB X UOUERORTF FEIEAHRL, 9mM, pH4.0 TH X 7VREL
720 NMR#§ll%E |2 i3Bruker 3 DRX-500 % fff L7z, 288 K {ZBWTEAKFD 1 XL
'H-NMRJE % T\, BHER L UEEDARY PVERE LT E5I12. BKPTO
2 kIt 'H-NMR#I5E ( DQF-COSY. TOCSY., NOESY ) * 3 M D{RE (288 K. 298
K, 310K) TiTo 72, B, LHEEEZHITL TV 5,

[ERB L UEE]

FFAER L YUEERD 1 RTEARZ MVORBR LU TOMAIB LN, WEEKD
TIFTO b IANY 7 MEPBHEREERTELBEH L2225 D25
BEdH o7, TRO* TRLAFKRE, C8. C20. G21, R22, G24Th 5, HIZC20&
G413, BEBBBREZERLZICHOEDLSTEEL TR, RIPLHL2Z L H I,
INHD5FREIVTNRD, BARICBWTRMEIIHFET 2, BERMTII3IAD
VANT 4 FEACLoTRTF PR MWV ETH, g — PEHLIC
ATPEEINT VS, L7z o T, WERTH RV — FOFHERSIITFAR L IZ
BR—DOBEEZR->TVEEEIOLND, AR LYEKDFERDEVIZ, T F
FEREDO BRI S { BRI H 5,

f l
1 5 10 15‘ 20 25
wildtype CKGKGAPCRKTMYDCCSGSCGRRGKC-NH,
BT BB
analog ~ CKGKGAPCRKTMYDCCKGRCGRRGRC-NH,

* *kk Kk

Figure 1. Primary structure of the wild type and the analog of o-CTX MVIIC. Six Cys
residues are shown in bold letters, which form three disulfide bonds. It is known that the wild
type has three B-strands. Underlined residues indicate the substituted residues in analog.
Asterisks indicate the residues whose the chemical shifts of amide protons are same between
the wild type and the analog.
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A Study of Molecular Motions in Coacervation of Elastin Protein

(Nagoya Institute of Technology) Hiroaki YOSHIMIZU, Masanori SUGIURA,
Miho FUJIWARA, Yoshiharu TSUJITA, Takatoshi KINOSHITA

We discussed the molecular mobility and the self-diffusion of elastin protein in aqueous solution in order to
clarify the coacervation phenomenon which is due to the formation of the dense and dilute phase of elastin in
aqueous solution and one of the important role on the formation of elastin fiber in native systems.  The spin-
lattice relaxation time (T,) for the methyl protons of the Ala in elastin (SOmg/ml) increased with the temperature,
and the increase became especially remarkable above 45 °C the coacervation comes about.  On the other hand,
T, for the concentrated elastin aqueous solution (587mg/ml) was short and unchanged at about 45 °C, because
this concentration is equal to the coacervate drops, i.e., the dense phase.  From the measurements of the self-
diffusion coefficients (D) for the two elastin aqueous solutions, the same results were obtained as well as the
case of T,.

1. T35 AF VI KEIIREE., R EFRMICHVWNZ2ZIT 2B CHEN. Bk
ERTHEEABETH 5. COTTAF L OKBRIIBE LR L & HITEBRMAET
B—Blb 5T Y—BRICEDD, Wbhwda7ewrR—rareBiIhsRigs
T, AFETIE. COATENR—2a L EiRICBITE, T RF L OHFEE)
HOEICDOWT. NMR BIZX WSt L 1=,

2.ERICHWEZS X F VRIGFOBEBMEEAS 2 vBRLBIC L OB LEZS D
BISRAFL 7O IHEIDEBAL, FOFFEHAWENMR HIE I HIERE#H
25~60°CT. 50 RV 587mg/ ml DTS R F »IKBMHAR : D,0)2ANWTIT> /.
EIZIX varian % UNITY 400 plus NMR Y&t 2 AW, AR TIIE—IH
B TREIESRAla D CPAF VIO HXOY—2ICEB L.

359, a7 MR—2a VEIRICBITS T OREBKRESEZRET Lz T," XBE
DN KRE L, 587mg/ m] OADPEWMETH /2, A7 MR- a L 2RI
BROEBEG8Tmg/ m)TIKBEICL I REREMIIRSBRVDIZAN L. 50mg/ ml T
BBELLHICELRoT. I 45°CHEED SHEMOEAENRRELRD, BERME
237NV R~ MEROEREE & —B U= 45°CHhSORBREIX. THD
FEBICRWVEEEHRE, I7NVX—MEHE. A5 T OBWSEREMHEOBTO
ITZRAFURFORNEREEZ DL THIATE S,

WIZ PFG 'H NMR Bl 21T\, T RAF U A FLEOLBEHE LML=, B
BRFEARY MNVF—F LD, TY—-RTHZA7 LNV R—3a L RBIIBVWTHT
SRAF R FOUBBEINE—BATHII Do, Thid, T BlEERLE
B, SEEHCEEEROBOZ I ZF VA FORBBEEICBRVW LICERET
tEZOND, FEIhE. KERTHE-EOHBREEAEREFL UTHWE
HREE PSS 2 F L OEHBTEREHEE RBO -2 2 A, ZHRIIBRIEE
LERRETHREINTVBI7ENR—MERORENFEELDIREN LD
SEFITSh B,

F—D—FK :ISZRF> AT7ELIR—3>, §FEBE. PFGNMR
LAY U3HE, TE55 FXDH, HLbb &F. DUk LLIESE, E0LE &L
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Hydrolase (YUH1) by NMR Chemical Shift Perturbation
(BFHREELS ERERERAE?, ZRPEGH°, LEXREY)
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Ubiquitin Binding Interface Mapping on Yeast Ubiquitin Hydrolase
(YUH1) by NMR Chemical Shift Perturbation
Osundaresan Rajesh,'? Yutaka Ito," Taiichi Sakamoto,* Mariko lwamoto,> Yoshio Kodera,**
Nobuo Tsuchida,” Takehiko Shibata,’ and Toshiyuki Kohno?
"Laboratory of Cell. & Mol. Biology, The Institute of Physical and Chemical Research (RIKEN)
2| aboratory of Mol. & Cellular Oncology, Faculty of Dentistry, Tokyo Medical and Dental University
SMitsubishi Kasei Institute of Life Sciences, *Department of Physics, Kitasato University

ABSTRACT

Yeast Ubiquitin Hydrolase (YUH1, 26kDa) is involved in the processing of Ubiquitin (Ub)
precursors and Ub-protein fusions. Complete backbone and side chain assignments of YUH1 was
obtained. The global fold of free YUH1 has been determined. The refined solution structure will be
presented. Backbone assignments were also obtained for the YUH1-Ub mixture and the YUH1-Ub
covalent complex. The Ub binding interface was mapped onto the secondary structure of free
YUH1 and extrapolated onto the crystal structure of UCHL3 (human homologue of YUH1). A model
for Ub binding to YUH1 (UCHL3) was envisaged. A structural explanation is provided to explain the
high specificity of Ubiquitin C-terminal hydrolases in recognizing Ub-linked substrates for cleavage.

INTRODUCTION

Yeast Ubiquitin Hydrolase (YUH1, 236 residues), is a member of the Ubiquitin C-terminal
Hydrolase family of deubiquitinating enzymes. It functions to maintain the free Ub pool in cells,
through hydrolysis of Ub C-terminal extensions. YUH1 shares 30% sequence identity with its
human homologue UCHL3. The reaction mechanism is conserved and involves the formation of a
thio-ester intermediate with the C-terminal —-COOH of Ub. We have undertaken heteronuclear 3D

NMR studies to delineate the structural basis for such a high specificity towards Ub and to identify
the Ub binding interface on YUH1.

BonNOBE N ORIEEER, BK¥KAL, triple-resonance NMR

Rajesh S., L\&S3W T, Evbef-lwvh, LhdEFYD, TTHELE, DBEOLRE,
LIEf=1-170C, S50 &LpE
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EXPERIMENTAL METHODS

The backbone 'H,, ‘Ha, *Ca, C’ and "N resonance assignments of YUH1 were
achieved by analysing the 3D HNCA, HN(CO)CA, HNCO, HCA(CO)NNH, CBCANNH and
CBCA(CO)NNH spectra with deuterium decoupling. The side chain 'H and '®*C resonance
assignments were achieved using HBHA(CBCACO)NNH, H(CCCO)NNH and CBCA(CO)NNH,
CC(CO)NNH spectra respectively. Backbone sequential, intermediate and long range NOEs were
obtained using the 3D 'SN-separated NOESY-HSQC spectra. 50%-?H/u-"3C/'"*N YUH1 was used
for the above experiments. Amino acid selectively labelled YUH1 samples eg., ILV-'H/'*C/'SN,
FY-H/*N-(bg-2H/'*N)-YUH1 and ILVFY-'H/"*N, u-2H/**N-YUH1 were used to record CC(CO)NNH,
H(CCCO)NNH, '*N-separated NOESY-HSQC and '*C-separated NOESY-HSQC spectra.

For YUH1-Ub interaction analysis, multipoint titrations were performed using u-'*N-
labelled YUH1 and unlabelied Ub in molar ratios of 1:0, 1:0.5, 1:1, 1:1.5 and 1:2. A series of 'H-"*N
HSQC spectra of YUH1 were obtained for each of the steps mentioned above. 3D HNCA,
HN(CO)CA, HN(COCA)CB spectra were recorded to assign the backbone resonances of YUH1 in
a 1:3 YUH1-Ub mixture and in the 35kDa YUH1-Ub covalent complex.

RESULTS AND DISCUSSION

The secondary structure of YUH1, predicted on the basis of sequential, intermediate and
long-range NOEs and CSl av of 'Hy, '*N, "*C, and *C, shifts revealed a six strand beta sheet core
surrounded by six helices and various long and short loop regions. The global fold representation of
YUH1 is shown in figure 1. The secondary structure was identical to that of UCH-L3 (human
homologue of YUH1), figure 1. Refinement of YUH1 solution structure using full distance
information from 50%-°H/"*C/"®*N or 50%-2H/'">N-YUH1 is in progress. '

Intermediate exchange behaviour for Ub bound YUH1 was construed from the titration
experiments, evidenced by line broadening and missing crosspeaks. Chemical shift perturbation of
backbone resonances of YUH1 in a 1:3 YUH1-Ub, mixture delineated the Ub binding interface of
YUH1. However the large number of exchange broadened residues hampered a clear picture of the
Ub binding interface. ,

A similar set of experiments as explained above was performed on a chemically
synthesised YUH1-Ub covalent complex. Aimost 92% of backbone *H, ®N resonances couid be
assigned for this 35kDa complex. Backbone 'H, **N, '3C, correlations could not be assigned for 20
residues due to lack of connectivities in the C dimension. A slight conformational flexibility around
the active site regions may be responsible for the above phenomenon. Consistent with our earlier
observation, chemical shift perturbation of YUH1 residues in YUH1-Ub complex clearly identified
the Ub binding surface. Mapping these results onto the X-ray structure of UCHL3 revealed an
extensive Ub binding surface on UCH family enzymes, stabilised by both electrostatic and

hydrophobic forces. A hypothetical model for UCHL3 (YUH1)- Ub binding could be envisaged on
the basis of the above results.
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Structural studies of human MTHI1, a nucleoside triphosphate pyrophosphohydrolase

'Noriyuki ITO, O'Masaki MISHIMA, 'Takahisa IKEGAMI, *Yuriko YAMAGATA, °*Mutsuo SEKIGUCHI, *Yusaku
Nakabeppu and 'Masahiro SHIRAKAWA ('School of Biological Sciences, Nara Institute of Science and Technology,
*Dept. of Pharm. Osaka University, *Dept. of Biology, Fukuoka Dental College, *Med. Inst. of Bioreg., Kyushu Univ.
& CREST)

Reactive oxygen is generated during aerobic cellular metabolism. Oxidized form of purine dNTP, 8-
0x0-dGTP and 2-OH-dATP are produced by the reactive oxygen and misincorpration of the dNTPs into genomic
DNA is known to be mutagenic. The hMTHI1 protein is a nucleoside triphosphate pyrophosphohydrolase which
hydrolyse 8-0x0-dGTP and 2-OH-dATP to nucleoside mono phosphate, thereby preventing misincorporation to
genomic DNA.We aimed to reveal the recognition mechanizm of hMTH 1 based on tertialy strucuture using solution
NMR in this study. The subsutitution of valine for methionine at the residue 83 of hMTH1 by genetic
polymorphism have been known, and the thermostability of M83-hMTH1 has shown to be decreased. We also focus
on this descripancy in terms of tertialy strucuture.

[F] RNTRET HIERBRRIZ. 5/ LADNADB TR X7 LAF RS —)IhiHEET 5 DNA BHICHE
BB E 52 5, BILBIEZ 217 DNA £8 13 DNA SRUICENS ) ADNADICRDIAEN, BREBEFH
%45, £ b MTHL ZEHE (BLF. hMTHD) BX 7 LA F R7—)bpicER L 72 DNA £ETHS 8-
oxo-dGTP. 2-OH-dATP, R EZBHELMAMRT I LICL > TERRERENHTEEMRTH 5. &I
2 TILIEHK NMR % 5l C hMTH1 OB TOMFEEERE L. HTFRBMEOMIAE BT, £/, hMTHL
ISR ENLRZRNH D ENERENBD, KELOHBICRES N TS, 83&FD Val At Met ICERL
- E BB Met83-hMTH1 RAREHNET T2 EMREINTHEY, Z0200W T ¥ 1 TITHEENRER
EMADZEHEMEOANTH S,

[l “N, ®N/PC 5 X)Lk0 hMTH1 (156 7 3/ BER) 13, KBEOXERBERERAWTHERL . 80%
D,0 ® MO t&#1 2 AW T "N, *C. *H M) TN S RVEBERL 72, NMRJIEIZ hMTH] #E 1-2mM. 50 mM
) >Ny 77—(pH 7.4 ). 40 mM KCl, 10 mMDTT, 303K Tfr-7-. EOREIZIZ 3D CBCACCONH,
CBCANH, HN(CA)CO, HNCO A% L& AWz, fifE0REiL 3D HCCH-TOCSY, C(CO)NH. H(CCO)NH.
"N TOCSY-HSQC, RUf4D HCCONH A7 ML ERWTIT> 2. ERHFROINEIL 4D PC/PN edited
NOESY iz & 17572,

(2] BEETEEMBUMBEORBEZFIFRT Lz, CSIHIZL S 2 K& TR & RIERD NOE % & ifih
5 hMTH1 i 2DD aN) w7 A ETDDRI—MNEied I EMNH - . ZRIXFEROEE 2 DO KBE MutT
FONRIVED2REENROC-EEERUTHS. MEOT I/ BEFNOHFEEN 17X LBV LEERD L,
ZOMNFEEORLMERRKEN, I-BETEHCERERT S B EHOREEIL AT 2 FEZHFET 5.
ZOBREN Val-Met BRICK > T, B — MESOREEMNEbND LHESNSD, hMTHL I EBRAY B > —
FEROZEVWERETHEDT, BA MY REOKFERBEOHRIIBEREIZE>THEARERTH D EEX
5h5, FZTKFERZREZHETIANT. Y ORMIZE2 HNCOERERA TS, REREHOEVWAIET
HHDTEAENLL - hMTHI BT TROSY I L BREEIT > 7. EHICHD TRERE UL KRS
FHBRABOLWTRETHFETH S,

Key words: DNA repair, 8-0xo0-dGTP, Nucleoside triphosphate pyrophosphohydrolase, TROSY,
Hydrogen bond

WeEd obwE, HLE FIE, LIFHNB EHDE. REALE NI, #ESE DB &
MRoL5 WIEL, Lohbh EF3DA
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P28 &RERET &L &7y MM EAL > BRUEDEREOE TG
(BAK& - EWBF . BA - %2 RK - BEHD)
ONBAA P, NEETF . MERT | SHEFE . MRS WEBHEIE '

Solution structures of the extracellular domain of BMP type-I réceptor and its mutants
(National Institute of Agrobiological Resources', Faculty of Pharmaceutical Science, Osaka
University?, and Institute for Protein Research, Osaka University®)

OTomohisa Hatta', Hiroko Konishi?, Etsuko Katoh', Yoshimasa Kyogoku®, Yuji Kobayashi?,
and Toshimasa Yamazaki'

The 3D structure of the extracellular domain of BMP type-IA receptor (sBMPrlA) has been
determined by NMR spectroscopy. Based on this structure, we designed and synthesized three
mutant proteins with different binding affinity. One is a chimeric protein in which the nine
amino acids (M68-Q76) of sBMPrl1A was substituted by the corresponding sequence of the
TGE-$ type-I receptor, and the other two are site-directed mutant proteins, Y70A and F75A.
Comparison of 3D structures of these mutants led to the conclusion that F75 in the long,
flexible loop is critical for the ligand binding of the BMP type-IA receptor.

GE) ‘

BRREFBMPHE TGF-BAX—-/NX—T7 7 I U—IC@T5HA v THD., &
ERLMBOMBREBLIV T R - 2R ECEELTWA I EMRFLEN TN S,
BMP [JMREEEICHFE TS | MBIV IBL Ty —E#ETH I LK DN
N T I NERETS, hs B, [BLESY—Lbic 1ERERRML T4
—THhbO. Cys ITEAM 100-150 BEOMAN U H > REEEG R AL, BEERA
12, BRUHEA Ser/Thr FF—ERASM N SEBREINTN S, FFETIE.
[BLE7y—DUH Y FRBRBERAT L7012, BMP-IA HL -t 75 —0#
Fas B A 2 (sBMPriA, 119 BRE) DO kHEZ NMR 2 HWTHREL 2, T 51T,
BONBEZDEXREOERI NI BEZERL YD FERBERMZREL 2.

(]

SBMPrlA BXUOEDERY NIV BEFIF ALV RF L VBB O NRIVBEELTKE
BNTREIEZE, 22703 —ETEBRHELL Takliz. 505 )
28D BMP-4 I3 5 H > FEEGERIEERE Y 5 XE 2 #K+ >3 —(BlAcore)
ERWTHIE L. REFRMEEZL = sBMPr1A IZDWTE#EZ KT NMR JiE %
fTvr, NOE, KFHEBRBLVEEAR®REZ D £I12 X-PLOR3.1 ZHWT Lk
WERE LU, BRY NV BEIZDWTHRAKRICEERMAER#ZTVNMRIZED
SEEGE e LT,

BWRRTF. L7y BEE. ERE
Bok EBVE, L VAT, hEDH ZDI, #xDILK &KUFE,
ZIERL WHLU, EFE Ll
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[RBLUEE]

SBMPrlA I DWTIE SN/ NMR M7 — ¥ (NOE, T ) BT 5 2 212k D,
sBMPriA 13 S-S B DOEFET S Phe25-Leul02 OEBICOALREL I AEEZE L.
N KEBIO C RMESILESNEOE NS Y AT IVIREEIZH 5 Z EMNEH SN
755 7. sSBMPriA(Phe25-Leul02 OEFHEFHENIL., 3 A DBH THKR I N 2 V17
B3I — 1 (P4:Glub0-Met68/B3:Hisd8-Asp56/85: Arg87-Argd3) & . 2 ADBHTHR I N2
WOEFTRY— M (B1:Phe25-Ser31/B2:Thr42-Thrd5) B L TN v 77 A (Leu96-Tyr100) T
SNAYmED _ERETAL, MBRYWEHLDEEEZE-Tnd, 58O 8-S #E
ORIRFING 2DDBOMICEHEN. ZEBEBEORTNRIIFHL TS, £
w. sBMPriA ICHE 2 DOFRBMIV—TWEET 5, 1 DL &p2 D7 < Loopt
T, 1 X0 SSHEEBEHEGHLZZO, D 1D 54 EB5 #732< Loop2 TH
D —THRRICAE T B Cys77 1 2B5 8 D Cys9l & S-SHES AR L Thd,Loopl
& Loop2 I3 TR — b &2t /AU TRV ENC & LT MZ)Q

HFald. DsBMPriA ORI T2 REBEICES L ThinI &, @TGFRIH
LTI =Ty 2 D KIS Loop2 ICBWTTY I /VEHREL—7 AR
HERMELZRT L. OBMP BRUEEY DPP O I B L 74 —12B W T, Loop2

HiD Cys-Lys WRIBLAZERL 75 —BEZHEEAT LI EEZEL T, BMP ]
AL 74— Loop2 2L TUH > ’t\éafu&@’ HEHEL, TNEHHET SR
@12, sBMPriA @ Loop2 110 QRE %, WHY T GFPpLBL Ty -7
S ATERLEFATY 4\7%@51\4% A/TBR-DZE T A > LARLL
7o NMR & CD Z H W nAWEE OB LU BlAcore 1L 2 U H 2 RESERED
BlIEN S, A OFHEED, sBMPriA/TER-1 1L sBMPriA ROV EEEZE TS
73%\ BMP-4 | ;H"“ @%fﬁab a:&aei"“”\ WHELTWA I EMREHEI I, S Nsed

WEMS, BMP LBl L7y —D J 2 REERICIE L00y2 dva) QEEH. O — 4 2
(6“ 76 R \/EK‘T iz%UPQ#’\¥@<&£‘%Z;@¥ ELTNnA I EMB SN o T,

OIS U NS ERTE T A9, Loop2 D'P DBRIERIE Ala 12
B L7 YI0A BEAA S v75A BREZER U, MERKEICDWNWT. NMR & CD
iz B féf{ﬂ%zg@fa@fm PBEIX BlAacore K2 U REGERORITEZT o728
7. YT0A BRI WT SREIBRONAEEEFEEOY N REGEEREL TNE
SEEHSMI U, . FISAZRES WT ERBOVAEEEZREL T 50N
BMP-4 1285 21 F > REESREIIFERICHEEL Cnto Pz &ins, BMP T A
L7y —@ Loop2, $HIZ Phe7s 7% BMP-4 S OESICHEHBICESE L TN LfEH S
Ns,

SBMPrla; FLKCYCAGHCPDDAINNTC ITNGHCFA LI EEDDOGETTLTSGCMEVEGSDFQ CKDSPKAQLRRTIECCRTNLCNQYLQPTL
7hR1: LG CFCHI T CUTDELCFVSVIETTDKVIHNSM CIARIDLIPRORPFVCAFSSKTGSVTTTYCCNODHCNKIELPTT
eBMPY1A/TPRY : FLKCYCSGHO PDUATNNTC ITNGHCFAT I EEDDQGETTLTSGCLARI DLYPRDRPFVOKDEPKAQLRR TIECCR TNLCNO Y LQPTL
,,.w,,,.%w, isop 1 ,, W% «.M..W,g:g@ Ioop
81 -37 84

Fig. 1. Amino acid sequences of sSBMPr1 A, TBR-I and their chimeric protein sSBMPriA/TBR-L.
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P29 HIV2 X7 LA ¥ % 7Y REZ U7 E OHEEREHEBONRE
FrEAH], LBXREREE? =F(LBAEMH
O/hag5B 13, XHEHK], FLUFEF), /MAER2, AtmEDEH],
Pefb—#23, B |

Study of the structure—function relationships of the Human Immunodeficiency Virus Type-2
Nucleocapsid protein ‘

1School of Science, Kitasato University, 2School of Allied Health Sciences, Kitasato
University, 3Mitsubishi Kasei Institute of Life Sciences

Yoshio Kodera!3, Misa Nagai !, Kouji Hirayama !, Hiroyoshi Komatsu?2, Tadakazu Maeda 1,
Kazuki Sato3, Toshiyuki Kohno3

The retroviral nucleocapsid (NC) protein is a multifunctional protein essential for
RNA genome packaging and viral infectivity. The NC protein, NCp8, of the human
immunodeficiency virus type-11 (HIV-2) is a 49 amino acid peptide containing two zinc
fingers (C-X2-C-X4-H-X4-C) connected by seven amino acid residues, called the “basic
amino acid cluster”. It has been shown that the basic amino acid cluster is important for the
specific binding to viral RNA and other functions. In this study, the three-dimensional
structure of the N-terminal zinc finger flanked by the basic amino acid cluster, NCp8-f1, and
that of the C-terminal zinc finger flanked by the basic amino acid cluster, NCp8-f2, have been
determined. The structure—function relationships will be discussed on the basis of
comparison of the structures of NCp8-f1 and NCp8-f2 with those of HIV-1 NC protein and
other NC proteins.

ﬁrstzincﬁnger
NCp8 AQQRKVI R-WN-GKEG-SARQ-
) ' “NCp8-f1
NCp7 MQRGNFRNQRK! K.FN[E]GKEG[E&AKN[G}

second zinc finger

NCp8 RA'P‘RRQG ﬁwxﬁe KT GHVMA KGPERQAG

' NCpoz s
[CIwKICIG KE G[HIQMKDI[CIT E RQAN

NCp7
HIV-2, X7 VAx xS NZ 3V 8, zinc finger motif, M {AIEE

TTHLELE, RPVARE, DBREZISL, ZEOVALL, ALK
T, SEIMTE, TH50LLWYE
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HIV DX 7 LAXx2 7T KT E (NCZ U237 B) iXT A VA RNA O &k
EREZRL, TOZBRERNAZFLWIAARKTFREIRNySA V0 I7T5. U4
WAL BEARRRRE VRV BTHD.

Kz HIV-2 D NC # 7327 B (NCp8) & HIV-1 D NC # 37 B (NCp7) DT X/
BMEFIZRT. —KIBE LOMREMIEING6S % ThD. £, MHLd WEREND
725 zinc finger motif (ZFM) % 2 Db, N HRAID ZFM & C D ZFM i3EEME 7
I/BRICBL TREDT I /B (linker FHIK) TORBNTWAS. ZO linker FHIRIE
NC Z U7 BOBRERBIZL > TEETH D Z L3R4 RAEENRHRIZL ST
ROEMZERTVB([1]. NCp7 BLUBEDEH T F FOIMEMEEIZBEIZ NMR 2
Lo TREEINT, 5FE TN 10 0GR THREREMEBIZ D WTERIWLTWS
23], Kb T, NCHURNIERTANVA RNA ZRELTHETIA =
AL LEMZEIN TV ARV, YHETIRIORREITHET 572HIZ, HIV-2 DX
IVFAXXx TV RE N0 (NCp8 ) IZHERA LTHIREZED TV S,

NCp8, NCp7 D—ki#1E, —RiEE LOMEMEIZE. b2 b o THERICEK
WCTEWRHB[4). Haid, TOBVEIEBEOBALLHEATEIZ LN NCp?,
NCp8 M5 DU A /v X RNA BHBMABMAZ OB D LEBZLTVD.

FESE, NCp8 @ N %affll ZFM & linker I Z &¢2 29 7 X ) BEBRE DRI X7 F N
(NCp8-fl1: VA /L X RNA %38 T 2 R/ NOBERAL) O LSS L #EOBRIZON
THRICCRERK L7z [5]. BUER, linker KL CHAl ZFM 280 27 7 XV BRERED
oy _TF K (NCp8-12) OFMAR IS L EEDCBRIZOVWTEEL TS,
NCp8-f2 i NCp7 DI YR & MRERICB W TEWVWR H D[4] 72, FEEITHEIRE
Ha<hs.

AR TIL, NCp8-f2 & NCp8-fl DM FHEESL NCp7 B VMoV b v A L XD
NC # X7 BONEEE & LB LT, NC # v 37 BOBEHEMRBEIC OV CER
T5.

[1] J. L. Darlix, M. Lapadat-Tapolsky, H. De Rocquigny and B. P. Roques (1995) J. Mol.
Biol. 254, 523-537.

[2] M. F. Summers, T. L. South, B. Kim and D. R. Hare (1990) Biochemistry 29, 329-340.

[3] R. N. De Guzman, Z. R. Wu, C. C. Stalling, L. Pappalardo, P. N. Borer, and M. F.
Summers (1998) Science 279, 384-388.

[4] H. Komatsu, T. Tsukahara and H. Tozawa (1996) Biochem. Mol. Biol. Int. 38, 1143-54.

[5] Y. Kodera, K. Sato, T. Tsukahara, H. Komatsu, T. Maeda and T. Kohno (1998)
Biochemistry 37, 17704-17713.
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P30 EFNANRTF R2AWETY 3 EAYE (PrP)
B FAY - OB

(de K Be - B ' AL - fRORE K )
HHELY L OROKHR ORISR . FIMIBE . PEAR

Structural study of tandem repeat sequences within prion protein (PrP)
-NR analysis of the model peptides

OH. Yoshida!, Y. Kumaki', N. Matsushima®, K. Hikichi', M. Nakata'

Division of Biological Sciences Graduate School of Science, Hokkaido University' and School of

Health Sciences, Sapporo Medical University’

T EAEPPISEICH - WS TERT L4 200 BEI L LEHEHTH S
COBRAEOHEERICE VA LA ERRAEHED, 704y 7oV - YATHR, A7 L
A=, AR VHRBIELR EOBOEMEORIEE G ZR I T LW HSREI N, L%
FARSGN TV %, PrP BHEDEKRNTOARKOBEEIZ DOV THOFRRIT BN TV 2245, 1997
FICTEH % PrP 138 4 4 V24 S LBAINTOM 1 F iIREFREIZES LTy 5 TREMEATE W
T EHIRIEE NS, PrP @ N RKugflizid 8 583k PHOGGWGQ A5 MW R L7729 74 ¥
FTEET S, SOBFIDETNVRTF FIZHA 4 U A%ET 5 Ll s, ZOHEH
HSPrP DML RETAI LN REEIN TS, 72, Z0F¥ 74 ¥— MNEE
&t PrP 2B O AREAS, 1997 12 K. Wuthrich Sid~ ™ A PrP. P. E. Wright &3/
LAY —PrP #RVWTMREICL VBTSN TS, LML, Fr 74 E— MEEIIZE -
yOELDIZL ) EEFERSAEFERSICE RO TV R,

yr7FA)E— MEBOMEY L DFEHIICHO I T2 8, FM L v LoEGoHE
EAHMTL L CTEETHL, AMEOHMWIE., Ty 7o) ¥— MEBOEEZHS »
FBIETHDL, E~VDERDIZLDE-IDRBOH T SEBHTLOIZ, K4
121 ERO 2 BIBEAEFIZEDBELEEFURTF FEER LS, 512, VAEBEOAH
ERRLSEDZ LR HFL CRIKMERTF FOER L7, $0IRB L UBRIKORTF FEIK
BFCHETAIEICEVLKELEEDREREL /2,

MR g, JEOL « 500 B L U a 600 % HV>THT- 72, DQF-COSY. TOCSY. NOESY % 278K
THIE L7 WEIZAWAEXTF FIZBE\WT, PHOGGRGQ HALELFIHIR D ¥ — 7 DR
Bz L7z 278 %06 313K 12243 T TOCSY #MIEL, 73I FEDOF I AN 7 FORE
FEEGR,

SIANLT PDOBRERE. NOE R EDOHEENTA—5—D25, GWGQ Ty — %KL T
WHIENRBEEINT, EFVRTF FrLELNBEFRF LISV EBAED Y
YTFAVE—- POBEERIAPTH D,

F—J—~F: FYF, tandem repeat, 7 fkHEsE
L EL, KFT& RT0A, V&L (IZB, Lhl: #2B
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P31 INERIFL U F > LB & OHEVER OB
(IEBEMH' - N7 T a0—-XT v/ 3
O£EBRE'. AyETF'. HEHH B4EH ' dREEx'

Interactions between wheat germ lectin and sugar chains

(National Institute of Bioscinece and Human-Technology' and Varian Technologies Japan
Ltd.?) Kenji Kanazawa, Yasuko Ishizuka, Nobuaki Nemoto, Tadashi Nemoto, and Hiroshi
Nakanishi

In order to clarify the interactions between wheat germ lectin (WGA) and N,N’-
diacethylchitobiose (GlcNAc:)l2 in an aqueous solution we measured T, filtered transferred-
NOE (TRNOE) spectra of solution containing both WGA and (GlcNAc),. We observed some
TRNOE crosspeaks among proton pairs of (GlcNACc),. These crosspeaks are too weak to
observe without WGA, whereas we observed such stronger crosspeaks in the presence of
WGA. These results indicate that (GlcNAc), interacts with WGA somehow and is in
chemical exchange between the states free from WGA and bound to WGA.

KBBPTONEEZEL U F 2 (WGA) LHEHE OHBEERZHERT 2790, WGA-N,
NZ7EFINF MEF-RBEERD 2 KT T, filtered transferred-NOE (TRNOE) A
R BMIVERELE P TOKR, KOED NN-OT7EFIF M EF—IAHTF
H® TRNOE E— 2Bl ENn/z ; (1) M—READT L7 I FEDOXAF VT
FoEES ) —RB2MOAFyTUr DA -2 R (2) EBTTEKR
DT T IFEDAFLTO I EEBILKRE 6 LOXAFL TR b EDIOR
=2, ThHD 7O AE—213 NN-PT7EFILF bES—ZABMOEEIZIE,
BEABRIRICTEC . BEALRD OV, fEo T, WGA & NN-O7EFI)IV+
FEF—R L DREMIZBNTETG® TRNOE 7O X ¥~ Bl shb 2 Lhb,
BEZASHPOMEERZ L TWA I LHbL b, WGAN, N7 EFIIF RS
—23AL TV APOBEHEOMEBEIC OV TR, BE. IS5ITRMNEfT>TW
%,

1) T. Scherf and J. Anglister, Biophys. J., 64, 754-761(1993).

F—U—RK: LIUF, BEH. HEMEM. TRNOE

HREDL FAL, WLTh 72, hdbe 0&8bE hbe =ZEL. &h
L 05l
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P32 Musashil 2 /X8O 2 DO RNA S KX 1 > OWE - EEE - HE
TER%E S RNA BRBECORSE (MIREX-IT'. BRX-E?)
Oviresn ' EBEE', THRA ', KBR', EEH—'. EERE
2. SHRE? MRM—2 BFRZ LEB—'. FEEA’

Structure, dynamics and binding activity of neural RNA-binding protein, Musashi1

Hisanori Kobayashi', Michinao Watanabe’, Reisuke Kanno', Takashi Nagata', Jun-ichi Saeki’,
Yasuyuki Kurihara', Takao Imai?, Shinichi Sakakibara?, Hideyuki Okano?, Seiichi Uesugi’ and
Masato Katahira' ('Department of Chemistry and Biotechnology, Yokohama National
University, 2Osaka University Medical School)

Musashil is abundantly expressed in the developing mouse central nervous system and its
involvement in asymmetric cell division is suggested. Musashil has two RNP-type RNA-
binding domains (RBD1 and RBD2) and specifically binds to rG/AUU(U)AGU sequence.
RBD1 binds to the target RNA much more strongly than RBD2. We have determined the
structure of both RBDs. Interactions of both RBDs with the target RNA have been examined
by chemical shift perturbation method. Dynamics of both RBDs has also been analyzed. On
the basis of these results, the origin of the difference in affinity to the target RNA is
discussed in terms of both structural and dynamical aspects.

(FF) Musashil RH#ERICHREIL RNA &2 /R T. MEOFEHHSBICEASL. &
BRHEBROSEEFBLTVWIEEALSNT VWS, Musashil 2 FAICHEE 5220 Kk
EAK(RNP)EL(D RNA #54 K 4 1 > (RBD1 RU'RBD2) %% L T\ 5 ,Selex %I & v \Musashil
DIEHI RNA BSIFEBSh T3, #ILL 7 hOERICEZ &, RBD1 24289 RNA EHICH< &
&35, RBD2 RIEALEWV, £/, 2 DORAA L& 8KET 3 &, #£AHEIX RBD1 B
&) 100 f6LRT 3, H~ 122 hE TIZ RBD2 OILHAHER UHERY RNA L OHEEEAERICD
WTHBELTE: Y SEI: RBD1 DOIHERUVIEMN RNA & OHEERBRICOVWTHRET
%, %7 RBD1 RU RBD2 MEEMEOBITICS>VT HWET S, % LT RBD1 & RBD2 NS
BEDE% . IHEE. HEEARKARCEBROE, >ERT 3,

(753) 'SN #E#% L 7~ RBD1 KU RBD2 . REMEMMI LI AHICEZ I RUESEBEM
ATERERAVTRBEY, SEAHTLI/OTMTI S 70 —ICLUBHLTHEA, NMR ZANY
kLI Bruker # DRX600 # AW THRITE L 7=,

(KSR EEH) RBD2 ICHAB & RBD1 BHBRY TO— KT, RA—1N—Fy THHL VAR
BIYRETH /-0 BLLBECAEETORTINAERMRL /-, MR UCRBEES (4.

¥—TJ7—FK:RNAEESZNNUH, W&, E&ht. BEEMH. Musashil
CERLVEDY) ., blERABESE, PAODKWT I, G HL. TZAZELwAVD,

{HREXTWE, WEWEDLE, ELPEESLAVWE, EHPOVTWE, SATEEVLE,
PiOSESLE
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x1) BEICESE. X-PLOR #BWT RBD1 MIBE 2T L7, REBDT i RBD2 L EHE
2. 4 ZOWEPLBIRTFFTAY— L E20Man vy 7TANFEITE L /-, RNP B RNA & F
AACEENE LD TH -5, HL RBD2 IZEVWTHE, Y~ bOR LAY RS, ¥~ b0FE
FB9TH -7 (Fig. 1). RBD1, RBD2 #£IZ8¥— b EIZIZ3 DO Phe B, S L DEK/Sy F
M.OBEANCREESILSICHAI N TEY ., RNA D24y % JHEGERPOUELRE %
& o TWT,

AT R A1 2 &Y RNA(r(GUUAGUUAGUUAGUUN) & DIBEER %, I HIL YD piX—
AN g AL VAN (Fig. 2), HO NMR ORIERET (EBEDS /3 ERURNA,
B mmE., REEERZERTE) Tld. RBDT O& %A 5% RBDZ (CBL T H1Z80 RNA & D48
EEBIBRETEL, JOBIC NMR ZEBVHBEEHEOX v/ 2 UE—-2a IlbBHTH
BEELOND, IN—aN—-D 3 3T~ MIOE(AY— b, W—TRU C RIUZESH
2. ANUy TRD—BIZER SN, BAK/Ny FEBRTS 320 Phe BEDQ/N—-4N—
ark, BMRACMCETHRLAEZEZA, EFRONAE (H2), COFERE A DOESEE
DEHFFBLTWT, RBDZ 2BV TE., Y~ FORUADTEVE., Bk/Cy FRO Phe BE
ERNABREOR 4y F o JHEERICEBL & LTV SHEENI &5,

FRAA DN Ty, T, BU TH-T"N NOE OB &Y, RBDT ICBLTIHETED 2 EFH T
MENTWVBZEFREENT, SEAVEN RNA 2, B RICEESmPE 24500 3@F
LTwd, 2817 RBD1 (£ RNA &2 »FRTHEMRBELES Y., BB LTLIERELE
WRBDZ 131 #FRCUPHBEMRBETELZ WV, COELHAEDELR LA LTV BHENI  $ 3,

1) Nagata, 7., Kanno, R., Saeki, J., Kurihara, Y., Uesugi, S., Imai, T., Sakakibara, S., Okano, H.,
and Katahira, M. J. Mol, Biol., 287, 315-330 ( 1999 )

Fig. 2 Chemical shift perturbations on
binding to r(GUUAGUUAGUUAGUU)

RBD1 hydrophobic patch

Fig. 1 Structure of RBD2
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P33 wBEEYHRY H- PURTETESEHEO BB
CRfik=21. ®SILKk%*¥2, B&xETFF—¥L3, HEETF4, LEBKES)
Ofmesh+', KHEMN 2 REEXR', BFHETS BHEZY
HHETF S, WEER?
Study of 3D-structure of the H-antigen Pentasaccharide of the Sea-Squart
Tohwa University ', Fukuyama University 2, JEOL Datum itd 3, JEOL itd *., Hiroshima University 3
Yuko Kato ', Masaya Ohta %, Tastuo Munakata ', Masako Fujiwara *, Naoyuki Fujii *,
Seiko Shigeta °, Fumito Matsuur
Repeated inhalation of the sprayed particles from the sea-squart, which adheres to oyster

shells has been shown to trigger bronchial asthma. It has also been demonstrated both
clinically and immunologically to be a typical allergen for allergosis.

In the present study, we attempted to determine the 3D-structure of the antigen
pentasaccharide, using HOHAHA, TOCSY, HMQC, NOESY-HOHAHA and ROESY . After
accurately determining the conformation of the free antigen pentasaccharide, the binding
structure of the antigen to monoclonal antibody could be elucidated by methods such as 2D-
NMR Transferred-NOE, in order to clarify the process of molecular recognition between the
antigen and antibody.

AFBRIEETIHHEYFVIL, TOBEREEBRDVELRATSHIET. AEXMEE2ERY
ZHBNRET LVIF—EDT LIS 2 ThHD I ENREREN, REENITHOMISINTNS, kH
SEHTVYHREDCHEREENSAFETHIMI NIV BAOHBREICHD I L. Fich 1R EOMBHE
MIBR-—TEUTHELTVWARLEX, ARVYOARBOHEOFD 1 DTHS H-FiELS, 7L
WV ERERFD TEEOA ) IHEEZRE LERef. 1),

SEBLE, EEESENHK RS L TTOREEZRBT 2110, SO ABENHE L induced
fit ¥500. ERIEL-7TH54U TH#EDN. HBE2EOBRIIFITFRRALTTIVLAF > ELT
FOWELREAT 2O EMATB0I2, ZOFY HHARREFOEFNREE R,

HPG-B2-N5a: GalNAc? al-2Fuc® a 1-3 (GalNAc* B1-4) GlcNAc® B 1-3GalNAc-ol

Z @ Pentasaccharide O #F#EEHASMNIT 5/9HIZ. 1D-HOHAHA, TOCSY, HMQC %#. ¥
25 FRAS 1000 iE< 20T ROESY #5 NOE #H#2HB/-&E . SEOMKOSFHIC Fig.l ©
Iz ®OH S NOE HENA LN, 2B 3.9 ~ 4.0 ppm 7O b 6 BOBLZONHZOT, &
IZ NOESY-HOHAHA M5 assighnment OMFEZTo T35 Ref. 2). £, WS FROKELR
BEWPRD, ZOBHADOUAMREIR Flg.l IRTHRIC. O-glycosidic linkage % 2 Do #&E 2
BB KEEAENSKS U > r—IThHY, EiZ, O-glycosidic linkage D dihedral angle, ¢, w H% -180

TOCSY, ROESY, TR-NOE, Allergenic Pentasaccharide, DADAS90 calculation

NESWS T, BBEEID, UhkZeDB, SLHSEI . SLVRBOE,
¥D355H8E, LTk

—144—



alNAcZol — 2Fuccal — 3

G
GluNAc3p1— 3GalNAc-ol
4 N\ CH,OH ,
oS ppawne
4 0 H,OH

o)
HO 4
CH,OH NHAC 5 S OH
1 3 CH,OH
HO—> NHAC 3 NHN/ NHAC

o-D-GalNAc2 \go7g} ‘ s\, CHs GalNAc-ol

Y 1 o} a-L-Fucose 3

Fig.1 Key ROESY (\H-—2H) correleations for establishing the 3D structure for HPG-B2-N5a
~ 180° [EEGAIEETHDRef, 3)TLEEXDL, IO 5 BRHOUAEEIREREEZE>TWY
BT ENFHENSE. £ T NOE OEMEHRZD &2 DADASI0 program(EGMol) T NOE @
constrain & van der Waals repultion » 53 BEE2B T2 &I A, Fig.2 O, Fucose &
GalNAC* @ 2 BPHB#E® & 0. GalNAC® & Fuc® X dihedral angle 73 90° ®72% 2 &%
OEENHB SN, ZhIIDWTIR, BHELOHBE2ED TRERHPTH 2.

OB AEBEIRESTE (22T gE) KRBLTHETIEBRIIBWT, filkoRT v
FERBLPTWEERBEZLDLOEER, HFE-—HRAROLE F—T02FRRREERNAT
ZEHENS., EMPOE/ Oo—FilhitkeE HPG-B2-Nba R & DO# S IR#E%E Transferred-NOE T
WZEL TW< (Ref. 4),

Fig.2 Superposed 10 structures calculated from DADAS 90
for HPG-B2-N5a

(8] Y2 MU —EYERBEFEROE TEELIZIE NMR BIEBLUVEELZEREWLEEE
Lzl &%, BHEBELEXT, '

1.0hta, M., Shigeta, S., Ono, K., Takao, T., Shimonishi, Y., and Oka, S.,
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2.Uhrfn, D., Brisson, J. R., et al. J. Magn. Reson. 1994, 104, 289-293

3. Milton, M. J., and Bundle, D. R., J. Am. Chem. Soc. , 1998, 120, 10547-10548
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Solution structure and function of a cystatinA variant, G4V

Department of Chemistry,Faculty of Science
Tokyo Metropolitan Universityl
Aoyama Gakuin University2

Enri Kariyal, Shinsuke Sudal, Shin-ichi Tatel, Hiroyuki Kajil,
Tatsuya Samejima?2, and Masatsune Kainosho!

CystatinA has been known for years to inhibit cysteine proteinases, such as papain, by forming
tight but reversible complexes. Although there have been many structural works on cystatinA
and related inhibitors, both free and complexed states, by X-ray and NMR, the molecular details
of the inhibitory activities, however, are still very controversial. It is especially true for the role
of the N-terminal segments of these inhibitors. We found a single amino acid variant, G4V,
completely lost its inhibitory activity, but there has been no clear explanations for the result.
Here, we have determined the solution structure of G4V cystatinA by NMR and compared it with
the wild type cystatinA. Overall structures are similar to each other, yet some notable
differences have been observed for the first binding loop of cystatinA. Discussion will be made
for the possible consequences of the structural change on the inhibitory activity.

CystatinA 137 3I /B I SBRENSRDZ I AFTA 7057 —YHEEHAT
% 3., cystatin superfamily EIEENZ 1 DI X517 > /oFr7—-YHEHEEAHR
O familyl IKELTBD NIRA 2 REDIATA 077 —EEAFENITEE
BEERTZZECLIDZOERZAETEZZENHSNT NS, LALRNRSE
DHFLVWHEERBIIVEZESN - TE5T ., BRIThNkL REERRER
F—I NS —RHRANTERVWRRICH 5,

G4V CystatinA, A5 > 7077 —E1 > ES—., NMR, Mik#iE

Mmoo 20, I LAT. 2T LALws, L VDADE,
IBHBLE DR 2Dl xd £ITDR
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ERFFE TIE. cystatinA OHIT cystatin superfamily ICBIT2REF I /B Ez-
TW5 Glyd 2 Val L7 I /BERTHZEICLDEREEZEDERE G4V BRE
CystatinA @ NMR T & 2@ EBIT 21T o /2. ZNEBF4ER cystatinA DILE
BEELEBTEIEICLD, cystatinA OFEFEHEOHBICETSIDELVLWAR
NEShIbOEMEEINS,

G4V ERIK cystatinA ONEHRERE I —FMNERBEZEZBETIEEDOE
Kt NMR EZ2AWTIT o7z, B&EKNIC 1803 BOERFER S 93 B0 2 AAEHR
DB oniuk#Es, FROBIMCEDBFELLZFAMNOBE S FICTTIC
Y, INKDEEDOET2ENIBEE IS SN -T2 7 BER%E
WAL N KGOS, R OMOREFEFFLICOMMRBVAR SN, &
DEIRNEREEOEVEERBCEDLICEDLO T 50N, #EREHEDT
WS FETH S,

left; the 22 converged backbone structure of cystatinA wild type. right; the 30 converged
backbone structure of cystatinA variant, G4V.
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Three dimensional structure of cystatin A variant, P25S. - a role for the Pro residue in the middle of an o helix -

Nobuhisa Shimba, Shin-ichi Tate, Eri Kariya, Shinsuke Suda, Hiroyuki Kaji,
Tatsuya Samejima and Masatsune Kainosho

Department of Chemistry, Faculty of Science
Tokyo Metropolitan University
Aoyama Gakuin University

Abstract : The solution structure of a human cystatin A mutant P25S was determined by 2D/3D heteronuclear
double- and triple-resonance NMR spectroscopy. The structure is based on a total of 1961 experimental
restraints, comprising 1813 distance, 90 ¢ and %1 tosion angle restraints, and 58 distance constraints for 29
backbone hydrogen bonds. A total of 42 structures was calculated with X-PLOR, and the atomic rmsd
distribution about the mean coordinate positions for residues 10-90 was 0.36 + 0.08 A for the backbone atoms and
0.79 £ 0.08 A for all heavy atoms. The overall structure of cystatin A variant, P25S is compared with the wild-
type cystatin A and reveals that the continuous single o helix with a slight kink is retained in spite of the exclusion
of the Pro residue known as a helix breaker.

cystatinA (17 3 /B 98 BEMNSRD VAT A T uT 7T —PHBEELOE ThHD, FAER cystatinA
OIEEET T TICRESNTEY ., a~l v 7 AOEBAETS Pro BEAEEZa~Y v 7 2D
BN LTV D Z EBBALNTIR > TN D, Pro BEDHEE LT~Y v I AT LA —¢& L
THIK 2 EBMLNTVADA, M9 LE Pro BEDTFENAY v 7 ADOPHBhN 0 ISR O, #
DEENAONTH— SN REHIELN TV, 2T, AT a~Y v 7 RIZAELTH
% Pro FRE# Ser ~& B LB REOEERNTEITD Z 2128V cystatinA D e~V v 7 RITIHHE
% Pro BEDREIZHALMNTTHZ L HENE LT,

ZERIACEER L7 P25S ZERMAD SIS 2 1871 BOEEHER & 90 E0 2 WAKHRE L L2k
EL, BARLABILE:, TO/RR. a~) v 2 AOBERIIFFET S Pro JBE% Ser ~CBHBLTYH
AR T E AN T LM L, cyatatinA T, SR HT AHEEERICE > Te~Y v 2
DOEHPHESNTNB I EARENT,

F—TU— R ZIRFTENMR, BAE. IifEE

LAEDEDE, 72 TLAWLE, 22002, $TELAT, HLUAYE, IHLELDRP M DLrdEsoh
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NMR study of structural analysis of catalytic antibodies 6D9 and 9C10
(OM. Sakakura”, N. Shimba”, H. Takahashi”, L. Fujii®, and I Shimada”
Graduate School of Pharmaceutical Sciences, The University of Tokyo”, BERF

Antibodies 6D9 and 9C10 are catalytic antibodies that activate a prodrug of antibiotic (chloramphenicol
monoester) to generate the active drug (chloramphenicol) by catalyzing the hydrolysis of the ester bond.
From the results of enzymatic and biological studies for 6D9 and 9C10, it has been indicated that 1) the
difference between the affinity for the transition state analogue (chloramphenicol phosphonate) and that of
the substrate can explain the catalytic activities for both antibodies, 2) the catalytic activity of 6D9 is 16
times higher than that of 9C10 in spite of the fact that both antibodies exhibit a high sequence homology.
In the present paper, we report a NMR study of the ligand binding sites of 6D9 and 9C10.  On the basis of
the NMR data obtained, we discuss the differences in their structures and catalytic activities.

(el i ifkoD0 38 & UF9C10 i, BRIRAE 7 11 &7 (TSA) Td» 4 Chloramphenicol Phosphonate
PR E LTHONAHATH Y, Chloramphenicol Monoester (LUFHH LIES) 205
Chloramphenicol ~“DHVKIHEENEE b2 THFETOMZIZL Y, LTOZ EABELNIZE
NTW5%, (1) TR & 2 BUchngid, TSA (s 2 800 L BE 3 2B 0%
IZXVELTWS, (2) THEDT I /8 1 KEGIOMHEEAR IS b b 57, 609 Offil
HEEMEZ 9C10 DRMRETENME L 1) 16 RV, Q) SRAATRARIERCL D, 6D9, 9C10 DMHAIZ
BOTRFIN TS His27d(L) 13, 6D9 DREHEHORBUCEE TH B, (4)6D9-TA A
DFESHEEI BT, 609 D His27d(L) A5 TA DY VBT AF VIR L TW5b, Db
RESLHT T, ABETIE, & )EVIERE LR ZRlibEr & o R THHNRIRT 5 2
EzHIEL, 609, 9C10 D, TSA LEEDOEOLHEENS L UNVAEEHERI S 5 323%
L NR 12 & Wi L7

(&% - %]

[1] 6D9 & 9C10 D) F > Fi&ERE MM
609, 9C10 DEHT I FERITKEFRNAMERZITV, UV F (T FE) HETHE) MR
ST FNOBACERNT LTz ZOFER, 9C10 D) F Y FEEEAIZ 609 LRI LR THH Z &
LML ol 72, 609, 10 ITKES LAZIREED TSA, BE ) NOE 153 % T L 7%,
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6D9 £5&IRAED TSA TEHA X5 4-((trifluoroacetyl)amino) phenyl BR& nitrophenyl B
1 NOE %% 6D9-2%, 9C10-TSA, ICI10-ZEESHRICBWTHBE NIz, THHEDRERDPS,
6D9, 9C10 DAY MIEERENIZ, ERHEEICL VLD o7 6D9-TA DR L 121Z
—FtrLER]S '

[I] His27d(L) DiEtERIRIC BT B8]

REEAEEB L UARNREER [1] R0 5, o010 DHis27d(L) b, TERBEAIAEL T
WBIENEZOND, £ T, His2ld(L) &V %~ FOMEMRAEBEL T 572010, T
BLUREHAETICBITS 609, 9C10 D His ABEN > 7 F VOB ERATZ, 609 ([oWTid
TA BAEKIZBWTHDA His27dL) O M o 7 F A28l S h, TA HETFIZBNWT
His27d(L) DS N & TSA ) VgL DRI CATREEITRE NS Z AL E o Ts,
—#, L0 BV T, TAFFEFICBWTSH, SN ¥ 7 FHUB S e His27d(L) 12
L AKERESIIEL SN D07,

(] TSA & IEEDAMBEDZ NS 5 2 DT
) VBRI AT VED) VIEFL I AT VEOHI VR VRFEHIBTFIEN R B, HEo T,
TA EFHERPESIRBICB W CFEROMIRENR L S Z L0FREENE, ZDEH %
TSA L BEDVAHEEDZETTT S 609, 9C10 OZFESBEZ ST B30, PrilksaiRae
D TSA OFFRETT P IEH LT NR BT -7 9C10 &R BWT, TA O 4-
((trifluoroacetyl)amino) phenyl BREIED I 7 )V DILHALASER & 17-%%, nitrophenyl
RHABRD Y 7 HVTREBRI S W o7z, —F, 609 FEEREBIZBVTIZTSA O 2 HOFER
RO Y 7 F VOB S Tz FFHRIRERO Y 7 F IV OILRLIE, FEBROREES)
AFREORE L OMBELHEERIC X > TR SN2 L ERT, TOBE,S. K10 &
nitrophenyl ZH3 2ZAGE< . TA EEEOVHFEOELBITE LWEEZLLNS,
ZHUSFLTED9 i3 H o FEEEGENAHAET A EEET I /BREC L o TTA D 2 BDF
FRYBEICERTAZ LICLY, TA LEEDOVMMEEDEZFIT 5 EEZLON5,

(3 L] 609 13 His27d(L) & TSA DY) > BEEHEIDKFERE S & o T, BESRETOR. B,
{CHABEDHNNI R 5 TA L EEZHINT 5, 9C10 IZBWTIZ D &) HElastid s
nhhot, Tz, 609 XV H Y FO2EOFERE ELAHEIEHLIRT A2 828D,
TSA & B HEEDEL BT 5o 10 Tid. nitrophenyl i3t BAHE/EHASE /2
®, TA L BB HHEEDELTEECE L E R,

iR, PUBREEEERAT. chloramphenicol, flip-flop

ENKH FEXL, LAT ORVE, 72230 OTB, &ALWw wWiB, LI wbi
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O/MEIRAE"™. RBRR'. BHIER". RIHF. KE B
2P FEH. mERE
N-terminal SH3 domain of Vav binds its own proline-rich region
Kenji Ogura'*, Koji Nagata', Masataka Horiuchi'?, Etsuko Ebisui', Satoru Yuzawa'?,
Hideki Hatanaka', and Fuyuhiko Inagaki'?*
Tokyo Metropoltan Institute of Medical Science’,
CREST/JST?,

Faculty of Science, Gakushuin University®,
and Graduate School of Pharmaceutical Sciences, Hokkaido University*

An 845 amino acids polypeptide Vav, a product of vav oncogene is
restrictively expressed in hematopoietic system. Vav comprises a number of domains
which are characteristically observed in signal transducing proteins. The N-terminal
SH3 domain of Vav (Vav/nSH3) has a proline-rich region (PRR), which may be a
ligand to the C-terminal SH3 domain of Grb2.

Uniformly isotope-enriched Vav/nSH3 (78 residues) samples were prepared
using E.coli. We found a cis-trans isomeric equilibrium at Pro33 residue. A [Pro33 ->
Gly] mutant protein (Vav/nSH3/P33G)was also prepared.

The solution structure of Vav/nSH3/P33G was determined using a series of
triple resonance NMR experiments and simulated annealing calculation. An overall
folding of Vav/nSH3/P33G was similar to other SH3 domains. We found that the PRR
of Vav/nSH3/P33G located in the RT-loop was bound to its own PRR-binding sites.
This result suggests that Vav/nSH3 acts as an switch for intra- or inter-molecular
recognition.

Vavid iR F MR I TRIRT 58457 X VBN SR2EHETHD . Miam s+
WEEREFICRER R AL CELEEATNS, TDRMNIZIESrc homology-
SSH3) RAA VIN2W@FEL. FDI3BEONKIHBSHI R A1 > (Vav/nSH3) i
RO 2 ROBHMERT 2. (DMOSHIR A > L TY 2/ BHAREMEN
@BasaaEcyo) VICEDER (proline-rich region: PRR) %##5. ZOPRR
FIRAGID2E BB DCKRMASHI R AT > B TED LD TVR S, $EDQ
HNIVav/nSHIONMRIZ K BN BBEREEZB /B> 1O THRET 5,

FALfE S X)VVav/nSH3 (78%%) I KBEOKBRRHRICKDEELE. B5
N-EOEZBEIMMICTHERZ L. NMREIERE & L7z, Varian UNITY INOVA

500F 7= IZUNITYplus 6003 Y5t Z2ERH L. EEDZRKITENMRARY MV ZBIFEL
Vav. SH3., siikHE ’

BSOWTAL, A0, BDI3BXELN AVTWADI, WEOLELZ, BREAMVTE,
WIRIRESPD T
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7z NMR7—# {L¥121d. NMRPipe, Felix95.0. BLUPHFHUE—V/E vV - #
B T O U T AR Uiz, ARG RICIIXPLOR3 I EZHH Lz,
Vav/nSH3ONMRANRY MLEBIELZEZA, 27 I JBEEDO D BHL/31IC
DNWTESNIEICHUE Nz, J0Z&E. ZOEHENBRRT TEEIEEE
CTWA I EEEWKRT S, 4D NOESY AR MIVENTICE D, Pro33Eic s X —
N BB H ENDN o Tm, Ko T, Pro33%&GlylcEf L /=2 BA
HEHHE (Vav/nSH3/P33G) Z{FELL. LIEONMREIERE & U,

Vav/nSH3/P33GOYVIF#EEAREL (K1) &2, ZOEAHIIMOSHS
EFRED T =T 4 2T ERRL TWAS Z ENbio /-, £7/-, Vav/nSH3IZ4
A PRRIGRT-I00pDETHEEICHAIN TN S Z ENDbM 57z, 512, £D
PRRIZVav/nSH3O 7 FRE SHHEEH L TWwz, TOMEEREAIE, oSHS
RAA BN TIHENEODEOPRREZHE AT LY T FODE, 1 h2BLUY
A FSICHETAMNETH>/- (K2) . DFEDVav/nSH3IZHZDPRR%E, PRR
MEHALICTEAEL., el Tnwal &ilhkhd, ZOBLWEIEIL, Vav/nSH3M
LEIECTHCOPRREZMFIZRTET Z LK VPV ERIET 2 A1 v T
DHRENEH S TWAHHREMRZRBE L, Vavad T2EOBEEEE 2 5 5 2 THKRE
b,

n-Src loop

Fig.2 The PRR binding sites of
Vav/nSH3/P33G.

Fig.1 Solution structure of
Vav/nSH3/P33G.

The PRR is shown by ball-and-stick
model.
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Refolding and structural analysis of the cytokine LECT2

©Mie ITO, Koji NAGATA!, Yusuke KATO, Satoshi YAMAGOE?, Kazuo SUZUKF,
Masaru TANOKURA (Dept. of Appl. Biol. Chem. and Biotechnol., 'Biotechnol. Res. Ctr.,
Univ. of Tokyo, 2Dept. of Bioactive Molecules, NIH)

LECT2, leukocyte cell-derived chemotaxin 2 (133 amino acids), is a chemotactic factor to
neutrophils. In order to investigate the structural basis of the chemotactic activity of LECT?2,
we have prepared recombinant LECT2 and analyzed its structure by CD and NMR.
Recombinant (His)6-LECT2 was produced in E. coli as insoluble aggregates. It was refolded
on Ni-NTA agarose and purified by column chromatographies. Then we overproduced N-
and *C/"®N-labeled (His)6-LECT2, measured its double- and triple-resonance NMR spectra
and analyzed the NMR data. The backbone assignment is in progress. We will present the

refolding method, CD and NMR spectral analysis, backbone assignment and secondary
structure analysis.

[B&Y]

LECT2 ($8FPEREREERFTHY. £ MFPEROMWIEEZHBT I/ 0BEL
TENBREFEREISOBEERMEN, REFHI/O—ZV I, LECT2 (&
7TI/8 133 RE. 9FEYN 16K DIEEM I NI RT. FRICEENICRRLT
W3, ZHEE. LECT2 DU GHESEICETNT, FOABBIRERITTA24%8
BELTIVD, §E. (His)s-LECT2 D, KIBEEBEXLTIARRRROME. %
ERUEDMEI. CD BLUNMR ARY MILORBHE8ET 5.

[ER)
(His)s-LECT2 DARRERARDME

LECT2 ® N R¥%IC (His)s-tag ZHMUL. Th%E T7 7OE—4F — %D pET-21(a)
ROG—ICHBALTRBTISRI FEFER L, £ES N/ (His)s-LECT2 X1 2
W=2ar RF—&ERL. XKBADBTRBRELZ 7, AIBKS U ORELT
EEIHIHIC. B2 BEBRZFGFOBRBEITV. ESICFF L FF2 2% GroES/L
EDHRRR, FAVFFVBES U NRIDRAROBAMEERFLL,
(His)s-LECT2 DB 2R LikDMN ‘

FBEMS NI BEICS MREEFMUTAIBEL., ERE. &% S HidBA
S AiE. Ni-NTA-agarose h T LAKICL D EERULERFLE, BERUEZOMRIL,
¥ HPLC, F)NVidBo/ NI IS5 74 —=THo /1=,

B4 (His)e-LECT2 D

B4 (His)s-LECT2 DA =% (CD) ANRY MILRUZETHIR (NMR) ARZ b
V%, CHO#iRN SRR - ME L/ LECT2 Db D LB L /=, CD DBIEIL JASCO
1-700. B%ZRIT NMR OBIE (L. UNITY INOVA 500 93 %E (VARIAN) THEL

NMR, YA bhA 2, U r—=IVFa s

WeES A Bl T50. eSS BITIF ®ETX &L
TEFE HTEL. DS FEB
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7= (*H-"N HSQC, HN(CO)CA, HNCA, CBCA(CO)NH, HNCACB, HNCO %) . NMR
T — % DML NMRPipe / NMRDraw S LU P-ROI Z B WV TITo 7=,
[BREEE]

(His)6-LECT?2 DAREBRIVABADBEFBIEL. ABESI U ROELTRIRZES-
DICHE2 ITIBEFGOBFCRR TS A FORRERB 0. TAMES ~ORBE
DOEWER oG,/ EIT, FEEES P OOREL. BERUEHEH L, &
FOHR. Ni-NTA agarose NS LETHRDNBEORVNEEZRELUICHTILE, BEDS
EFRLUE (BINE. &RiE) TlHMHs)6-LECT? 2UERBEREE LM, L
U. Ni-NTA agarose FICBEIE TS ET. BE2RUGROS VO ERMEBEERPE
U, IBORVWEERUICEI U, S/MEHT Uy PABEVE 1 mg BIEERY
ELTEDENTEL, ABRODBFETELBE His)-LECT2 DH_&% (CD) X
RO MIVBRUOEBEEEE (NMR) ANSD MLVE. CHO HIlah o 5HHR - BEL A
LECT2 DHDEHE L=, CD ARS MV 230 nm ICBBEETETHHEOLE
R ET—HLE (FigD).

E5IT. NMR ARZ ML (H-'H NOESHICBWTHREE - DOHHH—EL
ElEMS. KIBEBEDMHIs)-LECT2 (& CHO #ilamsko LECT2 LELa> T 4
A= avEHDIESRENE (Fig2). SO L THRILARERVT. INBLU
BC/PN TEHLUB4E (His)e-LECT2 ZHB L. 3 4% 3 /RIT NMR DEE @& 1T
2TW3, FEEDRVARS PIPELSNTEY., BE. THORBEEEDHTLS,

[
LECT?2 purified
from CHO cell
40 utly . - 7
2 [
L@
27"CD spectra of LECT2s b
0 ", A SRSy
= e
g = R
L= & E
(‘E -4 T (i ¥ T ¥ e &
& i (His)s-LECT2 purified ) g
— (His)lLECT2 ; s
§: 5 . CHOLECTS from E.colf ve0, @o L
- ‘ ©
:®: -8 - 1—:
-10 "
-12x1d’ & o
T T T T T Y ] " od
200 210 220 230 240 250 260
wavelength ( nm ) .
Fig. 1. Circular dichroism spectra of
the LECT2 from CHO cells and the )
(His)s-LECT2 from E. coli. @

Fig. 2. NOESY spectra of the LECT2 R A A I o

from CHO cells and the (His)6-LECT2 3.0 2.0 1.0
from E. coli. F2 {ppm)
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Effects of heme-protein interaction on the folding of myoglobin
Kenji Takemoto and Yasuhiko Yamamoto

Department of Chemistry, University of Tsukuba

The folding of myoglobin can be studied on the basis of NMR spectral parameters for the
signals arising from His imidazole NH protons located at the interfaces between B helix and GH
corner and between EF cormner and H helix. The studies on reconstituted myoglobins with a
series of modified hemins have revealed that structure of EF-H interfaces is influenced by the
modifications of the heme side-chains at 2 and 4 positions, whereas that of B-GH interface is
essentially unaltered among the reconstituted proteins. The present study suggested the presence
of a pathway which transmits structural alteration of the heme active site, induced upon the
incorporation of modified hemins, to EF-H interface, that is at least 1.5nm away from the heme.

[FR)] WHOMARETER. SHA7aEY(MB)DBAY v HREGHA—F—, EFI—F—
EHAY W R EDEMBBS ICHELL TWSHisB5 NgH. HisGH1 NHBRUKHiSEFS NgH
OFVICHET B IFNETO-TELT. MbOBRFNZEXBAOHAEEZTo>TNE"Y,
ZhSONHT7OM VR, TENFNROA 9Tz —XAOBEBZEAELTOEINFAKER
aNn70bYRF—EE> TWB(Fig1)DT, FFAKRESEZEL TZXAEBEICD
WTOMHREBIZENTES, EARETIE. WSDODPOALLEDBEREMDICD VT HME
2OV, BONARREEMOTORNSTIRRBERLEBRMHI B LICLY,. #2010 R
EHTBAADBRANINSDA VI —T L AOMBICERASERERSHICLA,

A EEMEER C D
MW Wﬂg

WY

(AspB1-HisBS-HisGH1 r
Hydrogen Bond)

A E

“]?"
wwW L’]-H VWY G RF

(HISEFS-AspH18 Hydrogen Bond) NN

Fig. 1. Schematic representation of the AspB1-HisB5-HisGH1 and HisEF5-AspH18 hydrogen
bonds in Mb. The A-H helices are represented by thick lines and the corers, non-helical
regions, are indicated by zigzag lines. Internal hydrogen bonds are indicated by broken lines.

[RR] Ty 5 5MblE, TROBDETOELERMLE, A MbEMbBREZ KIC
BMTHLEICEYBLE, TRMDIZ., ERM—2-T95/ VEICLVBRBRLA, BABARICE
U NRORBEZHT OmMMICRARR. BRZ210%D,0& LT, NMREHE & L=, NMRM
ElIBrukerH BAC-400PICL VT o ARSY ML, Jump & Return/SWV A EF AL
TRML A, :

SHAIAEY. SVNRORDTA—NT 4. BFAKKRER. EXF 0. KRZTRED
EIFBEITAL. PEHLEPTOC
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(B2 - #8) A FMbRU 7 AMbD'H-NMRZX X%
FAOERIBSEEICE, LEZRETOL RO
JFNERMENSD(Fig.2), NOEHBOBAMN 5.
S50 YFNIEB-GH, EF-HA 9% —7x~R
ORFAKRESICHET HHisMBANHT O bW
Bah#., 7RMbOHISEF5 N.HD & F )L OB K
BFAMMbODHDLVELSHMALTIND, COHKR
2. N\AORBKICLYVEF-HA ¥ —T7x—ZXADkK
BHEANB<B>TVBEERLTVS, 7HRMLT
BFAY Y OZIBERENTOARNS EBRENATN
3 &S, Fig2ORBBRRANLADERNFAY Y
DADEREBLUTEF-HA ¥ —T7 1 — XD WIS
EEERIELTVWHCLEERLTWS,

Bk (Reconstituted)MbD AR~ kM JL(Fig.3) T
2. oROIRICHTBALD2D DR RA(Fig.4)IC
METBIFNMGIUC3 NHETHISEFS NeHIC 8
MENE, ChHDOEDLD. CAUYIRARY
EF-HA Y% — 22 A ADBBERANLDRRICES>T
B EBBOMER>. CAUY L ADMRIE
TFiit. GluC3DEMEHemeD4-E N BOM &
NEBEERICLVELCRLEADBND, —F. &t
BUDMBEELLMEF-HA ¥ —Tx A AOMEICE
WERIFTENDZ &IE, HISEFS EAAKNT.5nm
LESMNhTWRLEERTDHE. MBICBWWTH
AEOQEVD7ARTY Y OURICRONDI LD,
SRV ROFEUBALEFTDOHBDOEIBSTE DR ICBEE
LEALEAMBGEERSEETHLERBLTH
5, ¥Efc. AZVOD2,A-Eo VB EIFIIRICERKR
ENEAVYAZ LV EBBRLUAMDD ARD VT
ALAD2DDER ICHE T BHISEF5DL VD
¥ bDOENH0.04ppmE Tz Y. BREMD
TOEL 7 FE(B0.10ppm)E VB NE L TTo 1,
E5IC. TP ¥R, 2,4-611C
AP EGLBDOTa—TFAANIVEBREK
LEMbDRARY P TRBRUES NI o
e —H.B-GHA V¥ —J x4 R ICHEHE
TBHsOFINDOBBIE. WTFhoR
MEMbICBLWTHRME NSO, &
T. MbDFEHBROMEELICHL T,
EF-HA 9 —7 x4 ADMEIXB-GHA
V=T AREY BKRERERERITD
CEHEEhERO,

[$E 3]
. Yamamoto, Y. J. Biochem (Tokyo). 120, 126-132 (1996).
. Yamamoto, Y. Eur. J. Biochem. 243, 292-298 (1997).

1
2
3. Yamamoto, Y. Biochim. Biophys. Acta1343, 59-66 (1997).
4

Trp
HisEFS Al2 Trp
HisGH1 N;H HisB5 N.H AS

T T T T - 1
14.0 12.0 l(l).o 8.0
Chemical shift (ppm)
Fig. 2. The downfield portion of 1H NMR
spectra of (A) metMb, pH 9.76 and (B) apo-
Mb, pH 9.56 in 90% H,0 /10% D,0at 5C.

metMb

Reconstituted Mb

mitSEFS GluC3

HisGH1
holo / Maer

minor

T g T T T
14.0 12.0 10.0
Chemical shift (ppm)

Fig. 3. The downfield portion of 'H NMR spectra
of metMb, pH 9.50 (upper) and Reconstituted Mb,
pH 9.50 (lower) in 90% H,O/10% D,O at 5.

Fig. 4. Two different orientations
of heme with respect to HisF8.

. Hughson, F. M., Wright, P.E. & Baldwin,R.L. Science 249, 1544-1548 (1990).
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“F NMR Study of Myoglobin Reconstituted with Ring-Fluorinated Hemins
Y. Hirai' , Y. Yamamoto' , and A. Suzuki’

'Dept. of Chem., Univ. of Tsukuba

*Dept. of Materials Eng., Nagaoka Coll. of Tech.

"F NMR spectra of sperm whale myoglobin reconstituted with 2,3-difluoroheme in a variety of
iron oxidation, spin, and ligation states have been observed. The C, symmetric nature of the
electronic structure of the heme is largely distorted in the active site of myoglobin and hence two
non-degenerated signals with the average shifts of -69.70, -31.79, 1.21, and 164.11 ppm are
observed in the spectra of CO, CN-, N;-, and deoxy forms of myoglobin, respectively. Thus,
electronic nature of heme iron of myoglobin is sharply reflected in the shifts of the ‘°F signals.

[FER) ABC 7Y REDDODALEGRLUTTFRIONVELBEEBRTA I ECED, S DEY
(Mb). NEFOEUHD)RED ALY I EOTEN BAOEBECET #IEE FNMRIC LD
AT B Z EMNAIREE /2B, TOF IR ¥ NI RICBITS®F NMRO—RIF] LS, £
BOBEOANLRTYAL D UTI N TBICHAAD I ENTES, BRI THEANLREOLE
MEEZ°F NMRTEENICHBIITEZ S, BEOREE2HD, FICBFITHL T, \A/SBELTE
AL vRITHETZS IO T 7 MEN, "\LGOBIHIHBIKEFL TELVWEEEZITS
8. PF T FIVEAL Y 27 BOERA OMEL EWRR BN THRER T O—TEiRk5, &
BT, HhicBir a9 71y NEOHEEAOPFNMRICE BT 2 2THICE X, 7y REBERAL
(ROELEBRITEHMRBRLIE YOI SMbONMRANRY ML EALBORL ZELRE. XY
IR, ROMCADIREB TERAIL 2,

[E 8] apoMbiZtHE-2-butanonefBIC KV v AU PSMbEVARML =, 7 v REHBALIZ
0.IN NaOHIZEBM X8/, F£/. NI apoMbDMBIRUV-VISHEIC L hREL, Bk
RISIEKB T TAI U BERZapoMbICH T2 2 &I & DTo7, Noff. CNHIE. Bo5h-met®
MbIZB B TFEINABDZ LIk DKL /=, deoxyik, COEKIZ. TN EhmetBIMD IZHEE RR TN
CODNTY T DUBET 2D B, NaSOW L DAL BKEZRTTHZ &L > THBLE. &
MbiZFRA MR IC X > THLSmMICE L. BBOy 7 A0DOEMATHERRE L L, PFO{
237 MI29SKIZBT S M TN A UKD N EREEELTRLUTH S,

(#R &ER] apoMbiz2,3-difluoroheminZ X TH S M- BHEBMbICDOW T, & £ Xzl
REBTHMZNLZFNMRARY MV EEFVEEDZARY ML EEBIRRR—JITRT,
E TV : Bis CNHEDARY MO TR, 4 FHil OMFRIER 5201 & 3ALD T v RITHRT S
SHFIVIEERR S T-18.06ppmicBfliEh D, DI T FNVD T MEEMMHRE(T) DFHicHL

PFNMR., 3F70E>, ¥R T b 7y RERAL. A EH

DEVYSE, REHERTVI, TTEHEVS
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T70v MCurie7/y M) U. 1/T=0IAET S T &K OyEIA(-122.33ppm) 3G s/, — 8
1, BHIS T MOy =R T MOy )+ F IR T RO+ F T LT M) EEREN B,
TT T 888,138kl /T0TOIRARB EBZ SNTWBZ &M G, 8,,—122.33ppmE iz %, Xz,
EFNEAOTHNETICL ZPBTRBEBR L TERLE NTB3,(=1.04X107 (3cos8-1/r%)
126=90°,r=5.64X 10 (M) #RA T35 Z £iTL D6,~-5.8ppmATKRE S, HE> T NAZKORNET
DIERBENLITE 55.43110.07ppmERD EN B, 2B, (C) T4.49pm®D 24 FIVIZBI LRIz B3R
THHOEEDNS,

T D) EBMDb : CNEDZARY MIVD)ENARD ZIRY MVB)I T, FREN2 DD FILHER
Ihiz, (OTERSTWEMEIMDT v RICHRT 527V MNRZ B340 BEKICER T2
DiE, FONRIVEEOHEEERCEIONADE FREOCHMFENETT 2-0THSB, D)DTY
FIREBIZ. BHEBMEBCHEETA7I/EBETOR SV EBHLTEREHS
SEHINOE%: & &1, (D) DERBRD S I HND2E DTy R, BBESHRO ST FHINMO Ty
RICHETZZERbMhoE, £ 22037 FNVOS T FEIZ30.63ppmTH D . "LADEFHEE
DOMFENKESET LTS Z &8s, 2HEMMDT v RO DEIZ. HisF8D1 I 5YV/—)L
BOEMH»S FRINIAMNBFEEOHHE—HL TS, O)OFENFRO Y F)ILOCurie 70w
MOBERETROETCRT, BERBALARETHSCNEOT Ty MIER S R OCuriedlizft>
et Ny RO 7 DOy blanti-CurleDEE B R LU=, ZOHRIE. AT ORM FHRENTE
ETHH720. NyENS1/2ES5/20 R EEDREL UTHEETAZEE2RBLTWS,

7 x O RIMD : deoxyfED X RZ MV(A) TIE160ppmfHEIC S T M EH200pmT 2 DD 5 FILht
Bl iz, COEDARY MUE)D-70ppmfiE CBRIZX N22D0 27 F)Lik. CN D% &
EERBRUDOS TFINIMBMDT v R, BRBEOTTFIVI2MDT v RICEBEI N,

M‘A’ Deoxy

173.78ppm 154.47ppm
(892Hz) (658H2)

®N; J\__J\

7.86ppm  -5.45ppm
(615Hz) (630H2)

(C) BisCN-
(model heme)

\sz2,3-difluoroheminr
A

4.40ppm
(103H42)

-18.08ppm
(145Hz)

d(ppm)
at298K

Siope
(10°K -ppm)

Intercept
(ppm)

—»(D) CN" }\

-16.47

23.61

-95.72

-47.10

2.01

~53.37

-16.47ppm
(245H2)

—

=

L] L L]
150 10 0 -10
Chemical shift (ppm from TFA)
YF NMR spectra of Mb reconstituted with 2,3-difleorohemin. All FID were recorded at 298K.
Valnes in (the parentheses) indicate linewidth,

180 170 160 20

(8% )
1) H. Toi, M. Homma, A. Suzuki, and H. Ogoshi, J. Chem. Soc., Chem. Comm. 1791-1792 (1985).
2) A. Suzuki, T. Tomizawa, T. Hayashi, T. Mizutani, and H. Ogoshi,Bull. Chem. Soc. Jpn., 69, 2923-2933 (1996).
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(IRREWMAK - A A4 20 AR, 20K - BERREBEERE)
OXA& WL, T E&l. BH EZ2, %R k&2, gl B

Solution structure of the methyl-CpG-Binding domain of the methylation-dependent transcriptional repressor
PCM1

(1Grad. Sch. of Bio. Sci., Nara Inst. of Sci. and Tech., 2Sch. of Med., Kumamoto-Univ.) Olzuru OHKI!,
Nobuya SHIMOTAKE!, Naoyuki FUJITA2, Mitsuyoshi NAKAO2, Masahiro SHIRAKAWA!

Mammalian DNA methylation at CpG sites correlates with gene silencing and alterations in chromatin
structure. Both effects are the relsut of an interaction between the methlation sites and protein factors that contain
shared methyl-CpG binding domains. We have studies solution structure of the MBD of MBD1, a component of
the methylation-dependent transcriptional repressor MeCP1 by means of mutli-dimensional heteronuclear NMR
spectroscopy. Interaction between the MBD and a methylated DNA was analysed by chemical shift perturbation

experiments and site-directed mutagenesis.

t FPCMI/MBDLZ Y — v H 4 L ¥ v 7ICBib B A F V{LDNAKRM ZEEHH 7 V37 B TH
D, AF VLS NI:DNA%RFFAD A F VLDNAKE F A A >~ (MBD) IZX > T&#7T %5, MBDIZ
s X F AL RIEENH] 5 /37 K TdH HMeCP2. B A FILILBEFEMBD2, I A<y FHHEICH
54 2MEDIMBD4% EIZA Do THEY ., ODNAES F A A4 L RFIER%ERF 2. 40,
# 4 iZIPCM1 MBDO M % £ RTINMREIC L Y RE L 72D THRET %,

PCM1DOMBD®ONMRA R bV idFfE B & TRE%ES K TENMRE % BV CTorukerft DRX500,
DRXSOOEB THIEL7ze TNOEDANRY FLOBN L WV ES N IHEBOERERE £ FHEFR
b LICXPLOR3BIZX 2GR ER2 B I 2V BEELRE L, BN hlEL, £
FVALDNADKBIZ L 2LFEY 7 MERILOGH & b & CRERBEAERL, VYT Ty %
BT AFIVIEDNAL D& AR,

AEIZEHESNAPCMIMBDIR 4 PHPITR Y~ b L a~N) v 2 AP 6D o/ sandwich HiE
PO, BRI TEBRLTWABREIESTOMBD 7 7 3 ) —lTRESh T, /2. MBD
MTREFSNIBEROREDE(R I VNV EO—KEHICEET > TBY, AFVILDNAOKEAIC X
BT 7 MEBILAKRE D o EREB L o Tz, HEREDOERD 5 IZMBDD A F L{ELDNAD
HEHEHELSBREEZRETAI LN TEL, BRTHE, ThOoDHEHE S LICHAT TAMBDE A
FVLDNADHEERAEFMIZOVTHRRTEITETH b,

¥—7—F ! £KJTTNMR, DNAD X F)L{t, X FVILDNAKE N2 4~ BEK-HBHAELER.
EEHHIE T

BBEWTS, LALTDER, SULBWE, ZbhBAaDEL, LodbIsts
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WK B BA - AAGE LIRS NUT P R N T Y~

BFFERT. BUKALS T 36K Bl se i

OFRMARS . AFRZAR ML 3. RcByp, l* FEAGA S, RATAR T Ul
EN Mzl #

Solution structure of FKBP from a thermophilic archaeum

'Graduate School of Agricultural and Life Sciences, University of Tokyo, *Biotechnology Research Center,
University of Tokyo, *Varian Technologies Japan LTD., *Marine Biotechnology Institute Co. Ltd., *Sekisui
Chemical Co. Ltd., Minase Research Institute

R. Suzuki', K. Nagata’, M. Kawakami', N. Nemoto®, M. Furutani*®, K. Adachi’, T. Maruyama*, M. Tanokura'

FK506 binding protein (FKBP), a member of the peptidyl prolyl cis-trans isomerase family of proteins,
catalyzes the isomerization of the Xaa-Pro peptide bonds. A number of crystal and solution structures of FKBPs
have been solved, but their sources have been restricted to mammals. FKBPs from the thermophilic archaea have
characteristic insertions in amino acid sequences and the functions of these insertions have been unknown. We
are investigating the solution structure of FKBP from a thermophilic archacum, Methanococcus
thermolithotrophicus(MTFK). Multinuclear, multidimensional NMR techniques were applied to ascertain the
solution structure of MTFK and the effects of temperature on the structure.

FK506 binding protein (FKBP)IERTF N TOUN T AR T 2 A1) AT —Y (PPlase)i&EM &2 L TH
0. Xaa-ProXR7F EHERDI AN T ARMAURICEMBETEZETY O NIHADO T+ =T 4 >
JERHET D, FKBPOV ARG IZE M EMABB RO ONMANTNZ A, BEME. SHED
FKBPOREEIZHT SN TR, FFE NI OFKBPIZ IR M 72 fi ABCH AT O . it A0 & DB R A
FUREFHEN TV S, RL B NHIBEM. thermolithotrophicus DFKBP(MTFK) % fiity, 25°C&50CT
NMRIZ X B HEHN B X UM O 217> T b, MTFKIZ1547 3/ BN 57254916 kDadD ¥
SRV HATHD. KIBE T N-MTFKZ KREFEBL, HEL. 25CTH L TS0CT TOBN-HSQCARY ML
% Varian INOVA SO THRIEL /=& 25, MEBICXBEITIZEAERLS, EBES5BEHHLTS
D, SEEEBETHEIZRZERTAMEZE TRV EMNRBI NS, DWTRC, N-MTFK % 4 %
L. 25CTESH. MEHORBDEDD AT L% Varian INOVA 750% W TlE L7z, 77 0L
{ZIENMRPipe/NMRDraw %, EHIDOWIBIZIZP-ROIZ MWz, EHIDILFES 7 MK D IKIEED T
(CSIB LU TALOS)B LU, NOE/SF —>h 5, b FOFKBP12 & MDD & 5 #5312 D W TIZMTFK
HIERROMIEER DI EMNHEREIN, £, 25 FROBARINI DN TS AKEN TN, 5
0OCTORMEDBIT -7 ET A, BEMBD S 1LANEIZIZHSQCA R Y l\MJ\%f;'fﬁ{mifwm‘:o

BALBDANRY MVTNBENES, MTFKIZERBIO@ERICE > TR ESTHMBENL LT b0 &
Eiohs,

ZHALENMR. ¥ /N KEGERT. BRY 1 F3I0 A

TTEDARLSD, BBEID0. 2B EITD. RHBLOIHE, 55T VA, HES
EFxDHTZ, FBRFELLEL, O<5FEED
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Automatic analysis of the NMR spectra of molecules dissolved in

liquid crystals

Division of Chemistry, Graduate School of Science, Hokkaido University
Hiroshi Takeuchi and Shigehiro Konaka

A new method was proposed for the analysis of NMR spectra of molecules dissolved in
liquid crystals. The use of integrated curves of NMR spectra reduced the number of local
minima found in the analysis. Real-coded genetic algorithm was used to optimize spectral
parameters. This method was successfully applied to the analysis of the spectra of benzene
and biphenyl.

[FF)] A2 s +5 NMR (&% NMR) Tk, RINBROBBEZITRV. FhoBEKICH

THRMNBREICLVCFEY Y N LEHEESEREZREST S, LML, AV VERHER 5 LRI
BROENEZ., BRRVFEBITEEC2S, ZTORZRBTIM\rike LT, RINEOBEEIZM
ZBELRAVWDZLIZEY, RIVERZRE LW (AN BEBESh T3, oMK
WHETHFEY T N EEHERSERERETIHBE. —BIEEL ORFENEET I ORBEE
ROZ0VEETHD, KFRATIE, ZORZRMBTIHSRITELZH-CRAR L. TOFED
ERAMERF LA,

(#8475 1E] 2227 FAOWRINRE 2 BT, 14 :
BEBROILEL T PERDIFEEEXS, :(2) . L

1z, MESAEEES5 Ha L LT, ERLEH
BARY MADILES 7 bDOEA S #ELEHE
T RMS. =5 —-3#HELEKEREERTRT,
RUGREZ A VS L, RMS. =5 —Zik 52
OR/NRFEET B, TOED, LFEVT O
MERBREEOEFE VW E, BEEr 52 -20-15-10-5 0 5 10 15 20
W, LML, BEO»DLYZEFhOBSHhEEE A& /Hz
B zit2o L (M1 o) . FIHE . . )
MEGEE S K& MR TVThH, BBICEE I’l‘;gsl._ I;lot offst.M.S. error against A §:
EERDOND, BITUE L 2HIC, RHR T 0 obe D cale
g 1V RO =] ) R R X s o F T 3
ZOBYME KT S AT EIToTH, ®Hl E 3

-
- -
~

RMS. error/arbitray
unit

ON &
T

-

—_—
YUuN| i

%000

FRAETZ 2= D EIITART PADORIBRIE L
B RAFRICIET 5, ToAEERL. REE | 3
PROB-DIC, BEMTALITY XAL(GANZLD - :
PAZE L 7c. E LL Jl

(2] -5000 0 o
AEBEIAL, A7 ME2HE L@ 2), 2hux%E Fig2. Synthetic 'H-NMR
Ry PV E BT L BB B B/ RIETARAT % Spectrum of benzene.

RIKE, ARY MADRT A —F—DOHMPEIZ LY,

NI A—F—OREERFE LA L A BT E %

Ry¥y ok [1]1 205 ZLI 1132 R CoE Frequency Hz

filgole, MITOB 1 BT, 2 THEZEEL. BN/ FA—F— 8, (zHiZ~E
ERNMR, HEFAER. BOMN. REATALTY XA

2iFo5b AL, T LITOs
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BMICRE) {7 b6 RMBRIEICE VRDIE, RIT. Su & FHENDIHE L EE
BAEED; L 6 2/XFA—F— L LTHTZHEDE, ZOKRE, BEHAXRY MVEEBR LA,
Fr7z=A (B3) : Ry Priigc, s (2]

DILEY 7 b L EEEAEE (B1) »b, ZRRA T

7 b AERDE (B4) AT MVERRNTT DB, 7 y 4

{LZEy7 bogiE s LT, SHBEKPOEEH W h;i::ﬁ;_%izzéyﬂ__,z
(861=00Hz 62=-88Hz 63=-134 Hz) , ¥/, 2

RV ROMOTEA ¢ IXRMTOE4 4° %24
WU LT, R/ ST A5 Sa Sy OUSHE Fig. 3. Molecular model of biphenyl.
. ThFEh0.320.2¢ L7k, 1D, ZThbo - . -

NG RA—F — 2R BECHTIR/PEARECLY
BELE (R1OMIF1) , S5, BoN/3F A
— ¥ DOEEPFLICLT, ZEBIKOVWTE5° L%
U7 MZOWTE 500 Hz, BRANT A—F—|ZD
WTx0.10ORFERBET,. GALLYREEREL
Thhot- (B 2) . GAL LTI, E8HGA%RE
RLE (3], BXmEE, ZRERERE20.8L0,
3ICH/EL, 1HAROBEEEIT10, HAREKIX100

FOHBET o, BRI F—F AL FER (P o prequeneystiz
i 2) ZAWVWE, 5, 2 cBoh Dy & Fig.4. Synthetic tH-NMR

Si DHEEREFHEODPLIZLT, GAIZE Y/t A —F — spectrum of biphenyl.

DB EITo72, TDOH, B/BRETD; & 6:FREL

72 (FEHT3) . R1ITRALNAELIIC, XMEZ 4Hz UNTEERT S L8 T&E,

[#8] RLEVDEICRET B85 2 —F —DEBLROFFITOVTIHE. BBEZHV
7HYRTREDICE 2 dbhok, —FH, BL DG A—F—FRETHHERICHE. WY
MEZHAVCEBFTICMZE, GAREARTA—F—DBELRULETH S, U7 2= VDEARI
RONBEIC. BN 1L 2 ~DILES 7 FOELIZGADEDHER LTS, —RIC
L7 FOEIRBRIZE VBTS20, GAZLBL¥EL 7 FORBILREBETCHE LEX
b3,

#£1 EI7x=AON#ER

SCHR[2) AEAT 1 MRHT 2 MEAT S XHR[2) MEHT1 REAT 2 MEAT S
81 00 -1414 -174 -02 D17 .270.0 -273.8 -279.8 -270.5
52 13.0 -117.4 416 143 Dis -188.4 -188.3 -191.5 -187.8
63 230.8 -41.9 2232 2326 Dga7 -101.5 -100.2 -101.8 -101.8
D12 -3174.0 -3152.5 -3169.0 -3174.1 Des -16.7 -7163 -71.1  -747
D13 -404.9 -400.4 -4139 -406.3 Dss -60.5 -60.5 -60.8 -59.0
Dis 9.9 79 -142 -10.2 ¢ 34.0 33.5
Dis 178.1 2184 1740 180.7 Sz 0.397 0.399
D23 869 629 -1140 -845 Sxx—Syy 0.134 0.205
D24 177.1 2184 1740 180.7 R.M.S. 60.2 6.9 1.0

Dis -1013.7 -999.2 -999.1 -1011.8

€ 2343

1) R. Wasser et al.,, Magn. Reson. Chem., 27, 335(1989).

2) G. Celebre et al., J. Chem. Soc. Faraday Trans., 87, 2623(1991).

3) R. Wright, Foundations of genetic algorithms, J.E. Rawlins (ed.), p. 205 - 218, Morgan
Kaufmann, 1991.
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Structural elucidation using LC-NMR and another analytical instrument
(JEOL LTD.) OTakako Fujimoto, Hiroaki Utsumi

The recent development of practical, direct coupling of HPLC with NMR has enabled the rapid
analysis of complex mixtures. Further, LC-MS / NMR will give the scope for the more
comprehensive structural information and fully automated analysis. We combined a LC-MS
spectrometer to our LC-NMR system. We are now developing a commercial LC-MS / NMR system

and investigating related issues such as optimization of measurement conditions.

1. ez

LC-NMR X XKRY. Ry, 6Pk CH#ERESYOIRBERITEUtEL ¢ 2 MTREL L
THERINTWS, £LT. ¥5IC MS 24 L7 LC-MS/NMR i3 & b #EE TRl i T
L UTEALNDHFIEE > T3, LB LEOHEGZEELRN, £2C. 51 LC-MS & LC-
NMR 2 HW\WT LC-MS / NMR Z# L. AGICAT -#ME (Y275 LORE, F—FWEIC
B 2HEE) o LICHFAREERE UEERET o/,

2. %8

BRI RUHBALISERIZ. HAEF JMS-LCmate X JNM-ECP500 ( Nalorac LC 7n
— 7B 7R 2 —4 60ul) BRWE, WA OT NS 7 EE 10ADvp 2 L. BAERE
UV BHSHOTH 116 [CHBX¥T HPLC & MS,NMR %2## Lo #15 212iE Shim-pack
CLC-NH: (4.6mmID X 150mm) % U/=. BBBIZIZT A VY 77 1 v I &MHT D0/MeCN %
FV. #iEiE 0.5ml/ min & U, LCmate 4 A > it ESI 2=,

3. EREMR

A TR RFE E— KiZ ON-FLOW §TH 2 H. NMR ORER A LI €25 2 L PmARER
BT 2 /1013 STOP & FLOW (52BN 3 2 080 H 5. MAIE UV YA L2 Mt Pid LC-NMR
T STOP & FLOW JiE %175 Z 2 BEH TR L L. LC-MS/NMR Tix MS @ TIC Z&H!
BEELLTHWAILNTES, —HlL LTHO LC-MS/NMR F—4 % Fig.1iZR$. o7V e
LTIV —2R, 9=, TNV M)F—-ROBREWEAV. BEIZE 10mg/ ml TH 5.
Fig. 1@t MS D TIC 2R ¥ o IO TA A ULEPRLRZ =D IORBETETOEMITONVT
R TIC2Eohih o =08 PC LOoa Y ba—Y 7 ML > TRES D TIC ZKH LT STOP
& FLOW HIE 2175 &M T &R,

Fig. 1@)®D 2 BHICRHE I N TV BAD MS 2<% F)V (Fig.1(e)) & m/z 382[M+5+Cl] I2#824 3
B42 2. NMR 27 FVFig 1@)id 7/ AV w70 b o PREBRAXRD Y 7 Vg h
TWdo MS ZRT MUICOWTIREOKBEDSBEMICHER LEEKE X > TRBRENTBHHEM
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Fig.1 (a) TIC chromatogram of sugar mixture, (b-d)!H-NMR spectrum of component1-3 ,(e) ESI(-)

spectrum of component 2
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NMR Studies of Palladium Pyridinylazole Complexes
'RIKEN (The Institute of Physical and Chemical Research),
’Nara Institute of Science andTéchnology.
Hiroyuki Koshino',Akiharu Satake’, Tadashi Nakata', and Jun Uzawa'

Several novel n-allylpalladium pyridinylazole, such as pyridinylpyrazole, pyridinylimidazole,
and pyridinylpyrrole, complexes were synthesized and characterized by 'H, *°C, and N
NMR. N NMR data were obtained by 'H-'°N PFG-HMBC method at natural abundance.
These n-allylpalladium pyridinylazole complexes with bidendate nitrogen ligand are convertible
from the cationic form into the neutral form under basic conditions. The neutral complexes
have high catalytic activity for cyclopropanation of ketene silyl acetals with allylic acetates. '*N
NMR chemical shifts of the ligand moiety and '*C NMR chemical shifts of the allyl moiety are
a good indication to distinguish the difference between the cationic and the neutral complexes.
Relaﬁonship of NMR data in a solution and selected bond distances in the solid state structure
determined by X-ray together with catalytic activity will be discussed.

FRELEEGEERAV IMERES T REBECTOEFHEEE CBFEIRICHEEX
ELEATR, MABL2RAFA B a7 VNS TILE Y S ZAEST—-LE
R IFT-NLEEMREEFEETICPHEICERE N, ChHPEBET7TILETT
SYYLNTERE-ADIIOTONMALRG EME TS 2 EERVELE, Y20 2
OMERISEHFA LRIEY SUEGFEED HFF L BEGTIETE T, P
MRS TH 3D, ThETHF AR EhMRIEAOEEDENICDONT
FHLC RSP TWED ok, ST T LSEBEIMEET 3 RISORISHER RIRY £
BRTIAZDICHAOBEEFMIIBITIILRIBEETHINOT, s@>707
ONALRISEMETAEY ST I Y-85 T Lk 2OBBET 3LEY
IZDUWT'H-"N PFG-HMBCF — 2 # & G M AENMRIBAT 1T > =D THET 3,

EVSZATIINBLOT I - LOEED:RY, $HB3VEHFF R E PR
DBNMIEWIST T LICBRELTWVWB YA FOBEDOUN-NMRIEES 7 MCH
BLENHSN, 7Y LD CNMRT — 426 b T 2 AN BEDN-NMRT —
RERGENEBH SNz, T UNLEBHD A FL 27O FIZR S h Bsyn-H<->syn-H,

F—7— K ! ®N-NMR, PFG-HMBC, /N5 ULk, YIS LFTI=)

ZLOVEBE, 21tHEWRD, hhlkEL, 3EDUBA
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anti-H<->anti-HOEREZRBE E NS TSI LICERML TWBBHLDIEES 7 b DR
(CHkH ZBENBH 5Nz, 'HNMRE S UPC-NMRTERRIE W 3a-7 1) LD{EZ
R Esyn-antiXBHIEShBE WS &S, o-T UL ERREETIOTRELSUSH
CEOBEENS TV ILDOEOEEIGINTY A2 FRIPEIETIRIBETHEIZ &
PREE N, BHEa-TULBLIOZODOAFL OBBRIEIERS D VIEERTD
NOEZEZINRYT PMILICEK > TREL 7=,

RRETHWE/NT I TLEEDOA, dEBR-TUINFTITLE) I ZLES
VoI BRI HSFE TEHEEEERTEY, S FROBEEREMCADICEY Y
CEBAICAFIEEBALAZTRDIEEM, n-TUNINSTTLEY S ZIVA3IHA
V-NWEEIEBICEET, B—EBEEXNBICL>THEICERAETHY, XIER
MHAITEN T, BREBTTEShA-KSAE, & SIEl &8RP TONMR
OIEE> 7 bEEBL, RIGHE, ZEMEOBEICOVWTHERET /2,

* M 2509

—N
216.8 \Pd/ 183.8

Cationic Neutral

Figure. Structures of cationic and neutral pyridinylimidazole
n-allylpalladium complexes, and '>N-NMR chemical shifts.
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1) A. Satake and T. Nakata, J. Am. Chem. Soc., 120 (1998) 10391-10396.
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Although the cross peaks in conventional HMQC spectra contain information
on the H-H J splittings, measurement of H-H J couplings directly from the cross
peaks is practically difficult due to the poor resolution in the F, or F dimension.
In order to solve this problem, we have prepared anew technique, J-resolved-HMQC,
by incorporating the J- resolved method into HMQC. This modified technique
enables to analyze H-H J couplings of complicated molecules and is effective for
analysis of strongly coupled proton spin systems. Its advantages are simple
operation, high sensitivity and general applicability.

Heteronuclear 2D-J-BEIXAEUHEE LILFEC 7 P2 aBBANRTE 55k
LT, ZRENMREADOHE OBRELOBA S TER, LirL, XAREFELED
OREBFTOB AL I1X, BEFRI PR2VEDIZ, DEVABHTIERASLTY
RV, BT, 7o bl REO-IABBEIXARS MO BRERMEL . f@OT—F
BEEL LD T EMRMELY, Z0ED, fEBFRAI»LOH/LNIFERIE, T, 0oH
BRICBRON, HERBL LTEERRRVI/FAOLOTr by —7a b Dfine
structure D JEE2HEA LD ELRFAETHIHEENE,

Heteronuclear 2D-J-RED Z OB REMR T D5 —oDHELE LT, Jresolved
HMQCH EZRHM Lz, ¥72, TO—2o0FHRBEL LT, Yo br—abro
high order spinROMT 2 RS, BB REZXADZILBTELLOTHRET 5.
2V A ZRF

K11z 2V 2 ¥ J-resolved-HMQCH 7R T,

J-resolved-HMQCIEIZHMQC#: & 7' u bV 2D-INfRIER A EDRTELETH 5, JIMRIE
(-nt,/2-180(H)-nt /2--)E HMQCIE & S ¥ 3P E&, Yuabr—7 v b OIGHK A S
A—F—ZBEETDHILHHER, o, HMCOtL (BFEP T b)) TINMERE Y
A L) ZARCEBETISHEIR. RKELRT—FRELELTS, ZOMEORR
DI=®HIZ, scaling NI A—F—m)ZEAL, IPEHREZERAZnt, TERT S,
HMQCRE LI Y 7 Mzt L Tidt,. 71 brr—7a DR EVRERIE(+ ), THHE
BHRT3, BAISHA AR PUiE, HMQCZ 0 A E—7 EIZBWT, IBART bl
FRICBER LI e R —2 2bTcx b, £z, fHAD JHARLEAY UEESERIX. X
BROMEL Db +DfEDEE LTRAIEN S, ZOHEOKREIL, EHOHMQCRIE~ b
Yy w7 ADKREEST, {HAIICBNT, MERXBRI TS ZLRFELRDILTHS,
ZDJ-HREEANVA L — T T A THMQCBERER DR O EH HITEA LTH RV, HSQCIZ
AT BB ITRRREO®KIZT S, decoupled modedSLHERBEIX. acquisitionDELRE
Tdecoupling®fT9H, 72 h I 7 FADERYBELL ., ACUVEENBRITERVWES

IZixHE e AL 5, ¥ 180% 180}

high order spinRIZT DWW T jml sz_l I |—| 2 2
7ua b H,, HiRZEh Eh A 90% X

AL, TOMLFEV T FERRAEUFES ﬁ)

EBZELVW2RHDI WD ESVWESE G Gy

(AR
F—D—F J-resolved HMQC

G1:G2=2:1 A(=35msec, n=20-40

SV TR, & 1B E1. J-resolved HMQC /UL R %51
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H,. HyOB DAY A IThigh order- 10z
DEBIZH Y, H,, HOAL VA E Ha He H’A/’—\*HB
Brmorsd  LIdEEE S, Zh H ] |
ERtL T, PCitiEA Lz H, &, Hy & : -”?_~”?~
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P47 Self-Diffusion of Supercooled Water to 238 K Using PGSE NMR
Diffusion Measurements
( (BR) REKBIZERT)
( William S. Price, OFHiZ., FRHEER)

Water Research Institute
Sengen 2-1-6 Tsukuba, Ibaraki 305-0047 Japan
William S. Price, Hiroyuki Ide, and Yoji Arata

The translational self-diffusion coefficients of supercooled water at atmospheric pressure were
examined using pulsed-gradient spin-echo NMR diffusion measurements down to 238 K. As the temperature
decreased, the diffusion behaviour became distinctly non-Arrhenius. It was found that the diffusion behaviour
when plotted in an Arrhenius form was well-described by a Vogel-Tamman-Fulcher-type relationship in the
temperature range of 298 to about 242 K. However, a fractional power law type equation was found to provide a
better fit that extended over all of the measured temperature range. Below this temperature range the diffusion
coefficient decreased rather steeply and at 238 K the diffusion coefficient was 1.58 x 10"° m’s”, the lowest
value of the water diffusion coefficient so far determined. At this temperature the activation energy for the
diffusion was found to be of the order of 44.4 kJ mol". The data presented here should allow theoretical models
of water to be more stringently tested.

The anomalous behaviour of supercooled water remains poorly understood. Despite
its fundamental importance, experimental measurements of the diffusion coefficient of
supercooled water have attracted surprisingly little attention (Weingirtner, 1982) given the
number of theoretical studies in the field. In the present study the translational self-diffusion
coefficients of supercooled water at atmospheric pressure were examined using pulsed-
gradient spin-echo (PGSE) NMR diffusion measurements down to 238 K (Price et al., 1999).
Thus, we have extended the lower limit of the measurement of the diffusion coefficient of
water much closer to the apparent limit (i.e., homogeneous nucleation temperature, T};) of
around 231 K for supercooled water (Angell, 1983). As the temperature decreased, the
diffusion behaviour became distinctly non-Arrhenius (see Fig. 1).

Figure 1 An Arrhenius plot of the
diffusion coefficient of H,0 versus
temperature. The values obtained in the
current work are marked by squares
and those from Gillen et al (Gillen et
al., 1972) are denoted by crosses.
Although the two data sets have
different offsets (i.c., at 298.15 K we
have D = 2.3 x 10° m’s" and Gillen et
al. obtain D = 2.23 x 10°m’"), the
overall trend is similar but diverges
more at low temperatures. The dashed
\ vertical line denotes 273 K. The results
L L N ) of regressing the VTF equation onto

Supercooled

InD) (m's™

)
N
T

I N

34 36 38 40 . 42 44 the data is shown by the solid line and
1000/T (K™") similarly the results of regressing the
FPL equation onto the data are denoted

by the dashed line.

Keywords: Pulse-Gradient Spin-Echo, Diffusion, Supercooled water
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We found that above 242 K, our data was well described by an empirical Vogel-
Tamman-Fulcher (VTF)-type relationship,

D =D, exp{-BAT~T,)} [1]

where T is temperature, 7} is often related to the glass transition temperature and D, and B are
fitting constants. By regressing Eq. [1] onto the data, the following values were obtained, D,
=4.00 +0.87 x 10* m’s”", B=371 + 45 K and T, = 169.7 + 6.1 K. The result is plotted in
Figure 1. A dynamic scaling behaviour (i.e., fractional power law; FPL) of the form

v
D=D0T”2(;]:——1) (2]

s

where yis a fitting parameter and T represents a low temperature limit where D extrapolates
to zero was also regressed onto the data (see Figure 1) and was found to provide a better fit to
the data at lower temperatures than the VTF equation. This power law behaviour constitutes
the grounds for the stability limit conjecture, which assuming a true singularity at T, predicts
that there is no continuity of states between the liquid and solid states (Speedy, 1982a;Speedy,
1982b). The parameters of best fit are given by D, = 7.66 + 0.24x 10% m’s", Ty =219.2 + 2.6
Kandy=1.74 £ 0.10.

By taking the derivative of Eqgs. [1] and [2] we are able to obtain the apparent
activation energy for the diffusive process with temperature; see Figure 2.

70 | Figure 2 A plot of the E, for diffusion

\ according to the differential of the VTF
equation (solid line) and the FPL
equation (dashed line). The curve
derived from the VTF equation
underestimates E, for temperatures
below 240 K, however the curve
derived from the FPL equation rapidly
increases below about 250 K.
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The activation energy increases with decreasing temperature and exceeds 36 kJ mol™’ (8.6
kcal mol") if E, is determined from the VTF equation or 41 kJ mol” (9.8 kcal mol’) if
determined from the FPL equation for temperatures below 240 K. In fact, by using the lowest
two temperatures we can calculate that at around 238 K, E, is of the order of 44.4 kJ mol’
(10.6 kcal mol™). At lower temperatures the values extrapolated for £, from the two different
equations diverge dramatically since at Tg (i.e., 219.2 K) the FPL equation implies a
singularity.

Our results show that the diffusion of supercooled water follows a smooth trend
down to at least 238 K with the data, particularly at the lowest temperatures, being better
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described by a fractional power law than the VTF equation. This further supports the view
that water is not approaching a glass transition (Prielmeier et al., 1987) and thus that there is
no continuity of states between the supercooled liquid and solid phases.
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Fluorine two dimensional NMR methods using pulse field gradient
(OHideshi Sasakura, Morizawa Yositomi
Research Center, Asahi Glass Co., Ltd.

We present new methods which are fluorine 2D-NMRs using pulse field gradient(PFG);
PFG-HC{F}-HMQC, PFG-FC{H}-HMQC, PFG-FC{H}-HSQC and PFG-F{H}-COSY. It is
possible to reduce the time needed for 2D measurement by adopting PFG to fluorine 2D-NMR
methods, and perform high sensitivity by detecting the high gyromagnetic ratio nucleus, such
as fluorine, or proton. We show 2D spectra of 1,1,2,2,3-pentafluoropropane(PFP) and 2,2,3,3-
tetrafluoro-1-propanol(TFP) for model compounds.

1. BU®IC

BR&3, TEMBCERERE - PRMETERRZE 7 v REMLSY OMEfRTZ2. i icHh
DORBIZITR D =9I, CFH)-J R, CH{F}-J 4, CFH}-COSY #, CH{F}-COSY #
BLUFH-COSY D CFH MY 7 F LA 2Rk &, TS 2 ASHE SR
BERELTEE.

UL LERS, Jxz—XBA ) DT RTFRINNA—I L AD-DREREAREL, F
72 CF-COSY D & S ICEAREME TH 2 C HELZBAKET 5 2 KTEIIBRENEN, 35
IZ BC & D HBEREBRBAVA W ¥F 2 F1 8250 T, 2REE LIT5EDIZIE F1 @
RORA 2 FEEPI R TIRASLT, ISIKAERBRES R EVIBEbLH -/,

INSOREZMRT B0, HERIE—L CAEREZEBRNICRDADDZ T4 —ILRY
ST hEE YR BCEAL. REZREICE UF B0 H BEBRISEETH 1 ON—Z 2K
JLEEREH L.

4@, PFG #AWE C/FH )7LV F 2R HMQC B LU HSQC %, PFG AW
7z F{H}- COSY HiIZDWTHET 3,

2. hE

ETF LAY EL T, Lancaster 8 1,1,2,2,3-RX># 70070/ (PFP, ¥EE:98%)3 &
U Lancaster 8 2,2,3,3-7 b 5 7 00-1-70/% ) —JU(TFP, $iE:97%) % . BIE I 30%
B/oOoRNLABRELTHEALE, 2B BFEFHUERSHABERE ECP-400, YO—
T smm &8 > TIVEMR PFG-CFH N 7V L/ ATa—TE2Rwk., Fhy U 7%
VA ELT, THEIZIE WALTZ, BC #& “F %i2id MPF 2 W=,

3. BEBIUEE
3.1 PFG ZAW/= HC{F}-HMQC AX%7 kb

7 vBRFEFUIEHD PFG AWz HC-HMQC A7 MLZE, Fig.l(a)D/VIVA TR L
Fig.2@)DARY N Efk,. KBRRFETvERTOEEBEE L TWIRBRFOHMY —
71, F2 B Je THHEL. F1 BH8IC I THRT 3. I T Fig 1b)IZRTRICKY )L
BT OF FERETHY T TTBE, 2 DOH Yy FY ML LEARY MLBBShT-
(Fig.2(b)). FEATITH Y 7V 2 7 HERMBLERFE. FID ZRDADKOS ¥F 2T Hy S
Y Fig 1) T3 &, BC BMOBRBRMIZAELE CF hy U 7OEBERLIEZEARY ML
ME SN (Fig.2(0)-

F—U—R:MUINVSF IR, RIVATL—=IVRISPI UM, TuRILEY. 7vFE
O35V TL. BBEh&LESL
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3.2 PFG £z FC{H}-HMQC AR MVBLUFCH}-HSQC ARY kb
F #8580 288 2 X5 NMR 28a L7z, Fig.d BXTU4 I TFP © FCH}-HMQC A7
NV, FCH}-HSQC AT PIVERT, MARIZ PV EbHERK : 2 @, F2 #floR1 >+

B o128, BRVRLAFLRME : 1.5 BT, AlEk
B8 Tho/,

PFP @ FC{H}-HSQC A7 k. FCH}-
HMQC ANRZ R (Fig.5) &8 L THhizb SN
DEVWRERER-SZ., ZORERIK. HSQC M
HMQC #&®B L T EM R/ - T
PRAERWSEDICHEHEIARLS, ¥F BEO#
BItEAS 55kHz A WESHORIE TIX. SN A8
BRI ENEBZL SN,

3.3 PFG #MWW/= F{H}-COSY A7 k)l

BEEH 1B TAET 3 &, PFG ZHW0iN
COSY DiEE., M4Dak—L A0 —
ZIRBENZA,. PFG 2T B L ik B
BHE—2 OBRBRENB AR MIVRE s,
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Fig.1 Pulse sequence of PFG-HMQC
(a)"°F non-decoupled
(b) **F complete decoupled
(¢) °F decoupled during acquisition time
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Fig.2 HC{F}-HMQC spectra of PFP
(a) **F non-decoupled, (b)'°F complete decoupled, (c)'°F decoupled during acquisition time
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Studies on the Ionic Conductivity and the Self Diffusion Coefficients at Infinite Dilution for
Organic Electrolytes Including Lithium Salts
Kikuko Hayamizu, Kyoko Sugimoto, Yuichi Aihara, and William S. Price
(National Institute of Materials and Chemical Research, Yuasa Corporation)

The self diffusion coefficients (Z) of the lithium, anion, and solvent in four organic
electrolyte solutions, which are important in lithium batteries, were measured by the pulsed-
gradient spin-echo (PGSE) NMR method in the dilute region. The salt concentration
dependence of the D values of all the species, the ion transport numbers, and the solvation
numbers around the ions are discussed. The equivalent conductivities were calculated from
the ion diffusion coefficients using the Nernst-Einstein equation. The infinite dilution values
extrapolated from the experimental measurements are in very good agreement with the
equivalent conductivities measured using the AC impedance method. To our knowledge, this is
the first experimental verification of the validity of the Nernst-Einstein equation at infinite
dilution.

RUDIZ : UFULBBICAVSNDEBRERRORMEIIARAREY FU LEOAABRDEIC
KEKET DM, 14 REEREFIIRECHEHINTH N, EANRBEBAROELN RS
i3, FHBROBESCEREFNSHONDIBRTNEER (A,) CBRROA > 2EGEHK
Ky OFREVWTREDEDNZAS. FE. ERFRIEVBEGET 4 EEOARERB PO
YFOLA, 724>, BROBCHEEEE Li, °F, '"H-NMR T PGSE ( Pulsed-Gradient
Spin-Echo ) IEIC K DHIEL . HBRREVRIFEIT- 2.

EB HEEE 00001 5 05 M ORFBEMRW LiNESO,CF,), / v -butyrolactone (GBL),
LiN(SO,CF,),/ propylene carbonate (PC), LiBF,/ GBL, LiBF,/PC % 5 mm ¢ ¥ > 7V EICH
E5mm ANTRELZ. HEREIZINCTHS.,

BREER . UF UL, T4, BROHCERGREZREBEOTSRICHLTTOy bLT
1R LEz. BRBRAVREL TWAHLDIC! 2, BEBBARRKIS4BOBEBRR THEENRD
B, RR7=F >, FLT, 77 TFINT= NV ZEROBRHNIRUFULBROENS /.

PGSE-NMR, B ERE. AHRERK. VF UL

BeaTECT, §EHEELDT. HLRSYINE, I1UTL TIA1A
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BRERMCONTETOERGRRIZHLS 250, FORERBF, ThotbRkEMhok. UF
TLhETZFALODEBRBRODICHLTTOY bR E FNFNRRVHABERTIELD,
AF CBIIBRIEKEL TWA I ENHETH 5,

H2icRT LI, UFULET A OECHEFRKZ2IC Nernst-Einstein (N-E)xX & DR
DEUYBCEREEREOEARIIHLTT Oy T2 EERBEGENG N, THEERFR
EANEL T, RRERT S E—F O RETHE L EEREN CEREZEFE--BRLE, Zh
I N-EHHmREEIRL ZBRDPBZVWHDO—-DTH 5.

HREEKEFZ R BCEBERE DB, BEMCDOVWTHRKEVERE®Z. £, HKHdk
BOBELRLIZDWTHRITEITo /2.

= solvent ( BF,)
904 o solvent { TFS!) 90
0 : $:§| -oj.e”’ ° B
« Li(BF.) L Ce Fig.1 Plots of the diffusion
b B
04 & Li(TFSI) 704 . .
L coefficients versus the square
0 o 80 - o - " .
= lsng i~ . . ° root of the salt concentrations
;E 50+ !Buﬂ! :E s0 °°°o° .
B Te. v, 2 .t for PC (left) and GBL systems
a®l o . s . o 0 . R .
ST . s oy, (right) at 30C.
304 30 a
° e . 2 .
Gaa, °
2 t .., 2
0.0 01 0.2 0.3 04 X LX) 0.7 oe 0.0 ot 0.2 LX) 0.4 0s 0.8 0.7 os
o e TFSI/GBL
36 — o ® TFSI/PC

Fig. 2 Plots of the equivalent

:: :\ conductivities of the GBL and PC

w0 electrolytes including TFSI versus

(o]
25 AC rom NMR the square root of the salt

concentrations at 30 C . The
concductivities calculated from the
diffusion coefficients using the
Nernst-Einstein equation are
denoted by solid symbols, and

conductivities measured directly by

Equivalent ionic conductivity (10™*Sm’mol™)

the AC impedance method are
denoted by open symbols.

00 01 02 03 04 05 06 07 08
172
o]

1. K. Hayamizu, Y. Aihara, S. Arai, and W. S. Price, Solid State Ionics, 107,1 (1998)
2. K. Hayamizu, Y. Aihara, 8. Arai, and C. G. Martinez, J. Phys. Chem. 103, 519 (1999)
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P50 73/® (L-Leu)-T7xF > bOY  -RARMFALMGKO
MiE&AYTDNA LDBEHRR
PRX-BT 1, XEKX2, Ok B, MBE=H2. EXMTHF2,
FTEARN

NMR Study On Interaction Between Pt Complex [Pt(Phen)(Leu)]
And Oligomeric DNA

Interaction between oligomeric DNA(DO1) and Pt complex containing amino acid (Leucine) and
phenanthroline [Pt(phen)(Leu)] was investigated by CD and NMR methods. DO1 (ca. 2mM) was titrated by
stock solution of the complex. CD intensity at 250 nm siowly saturated around DO1:Pt=1:4 (in
mol).Comparison with typical CD spectra of canonical B-form and A-form DNA suggested that the
complex induced to the DO1 a partial transition from B~ to A-form. The titration changed proton
NMR signals in both chemical shift and line width. All but C, H2',H2" sugar protons,C, H6 base proton have
unanimously shifted to higher field. High field shift of C, H1',H2’,H2",H3’ sugar protons,C, H5 base proton,
G, H8 base proton G, H8 base proton were relatively big. As all these protons are in major groove at C;/G,
and G,,/C, step, it suggest that complex binds in between third and fourth base pair and then caused
the conformational change there.

BELKIES A OPIIMYRENTHRE LT bOEKBY, EWMOBRL CEECRHEE> TS, &
EHNIMEDIIRN 5 S /30D DNABEEF —7RDT X/ BMNY DNA LOHSBFERROICRMT S
AHZXLICKEZRLOBBESNS—K, [DESF] CX>oTRAKBUBRETED LT IHLGMITS
NTWS. SMBEOPTO7 3OV RE, KEBNKEREROEUFZAL LGOI 9—hL—

FEVORBNLEEAT DNA ERATIBTRUEROE<ORRFZEINTEL. YHRETIDBEME
FLCHOWL ZREARNFERMBEICOVNTHRELE<OMAEBTELY, HLDT7 I/ MEQL_ADOR
4% Cu(il)(Phen)(amino acid)& DNA 77 £ /3—® ESR ETIL, Ch 5D DNA S5HAMITHL TH
WRRANEL>THAT D, 19—~ N ERATHIMSRI IRENL.

SEZOLD272F AV EQUEMBEKICDNT DNA LORRMBORME, BECL-oTIER
Z&ND DNA DRBDES, MRBAD/IY DY VOB ELRLSERTIHANT, EICNMROULLKD
POFRERVTHAEITo>/L. ESR 5 NMR LFEERLDICH>TPLERIZEOPANSAL < Z@D
AR ICEELTHRHLE. FEARMO—ROALBE TN A DLMRBE L THREBEIATSF KBS, ©R
ISF/REDORNFEAMED—FT, S<OMEME G5 UBMEICKETTREMATNDS. PRTS5F>
REOESLCIVMBETDLSNL DNA F L, ENEBRLT, $3HDY RO FERTIETTONR
ERMTSS5 LVESREREEN, HMEOKAICL>T DNA [CHERZEhSMEOELOREBHF—7
THD.

NOE, x#ft7uo b, DNA, He#E, 7xFr>boyur

FOELD, LAEIAWERSS, a<EBHI, BESEZLE
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U IDNADRENICEBSG RS ¥ — FRENT, LML Y R<HAREN TS HCGCGAATTCGCG), (DO1)
ERNE. ASBKICIRTZ Y b OYCOBICEART I/ RO—DOTHBIOA L ERIRU. SHEKIZEIMIC
Wk SNEFRITH> TARRL, U T DNA I Sawady technology Co., Ltd.& VIBA L 7=.

[co oME]

DO1 % 20mM U > ##&#& (pH=7.0, 30mM NaCl) THRL, AUREATERL L#EBEE DO1.P=15
fHEETHMRATL, CD ARSI MAERALL. 46D CD BD/EL 250nm (HED CD AEDOREREIC LD
EMETOy FLANMR, DOIPt=1:4~5 (HETHOHICHRIICAL IMmERE L, —H. CD BO24KDH
#(L DNA 28 B-form 205 A-form ICHBL TOKRICRESRTICL G KB EREL.

INMR ONXE]

NMR HE(3 JEOL A-400 TiTbhh, TMMETO FHSOMROMKT S, SEIRT X TRKPITHE
Ehie. DOV BRISBREEIZH 2mM DBEICL . (90% 20mM phosphate buffer pH=7.0 , 10% DO , 30mM
NaCl) SRR DOVPt=51 05 111 ETSERMICDIITRELL. #RF v S &I NOESY & TOCSY IC
Lo THRULTLYFNOMBETL, HBD HS,HE,HEH2 , MDD HI'H2H2HI HE IZDWTREL 7 +
DEBDHEMBLLE. ZARZ FIIREERRT v 7 Z &I1C NOESY(100ms-mix,250ms-mix), TOCS Y{(120ms—mix).
27T 1024 RA X256 Hh5 4, 30CTHREN, T—IRHORBETIS o7 —-bLEDS, o7 MED
REBICE KXAKRA b, E-2KU2—LHRBICE 2KX22K RS MSEOAT 4N LE. 2T MEDR
A (C(31T NMR(free-ware; http://bake.kuchem.kyoto-u.acjp/bun/pgm/index.html) , €—2 KU 2~ LAHN
ICiE nmr2(New Methods ResearchIinc, NY) , SwaN-~MR(free-ware; ftp://qobrue.usc.es/nmr/) &R L /.
(&R, =%)

DNA B0 Pt SHEBBEDORTICLY, DNADTA b AL¥S 7 bMEES VFILOBRITFICKE<SE{EL
7. MMITRRICE > TIZIZMBOICEMD, CD AR P SH-aR il S &KL M N R
Lit#DEBONIDOT, AL BMIICHEENRS LAREOEYERMOZTRICLSGOLBDONS, RFAL
EORBHWMMD HI'HX2UMICKE ST MSERT Y, FTHRAOBOMRBEB/AES 7 ML,
HED H6,H8 HRILAIMERES. Chid DNA FFORBIMEEDN, ARO_FNBEL,S>DORRVNE
EBbNS, £, MENERCEBNTIAZI/ ALY G,/C, RT7TRLELMBEINITNDOT, KENE
RIIKRETRIDOA TS, FOMOTO F THRNEZL T FERELDR C, RO H2'H2 HA IEXD HE
T, EDLTFAOERIRL T FEHHT C, ICHREYSINSOTA M RNORZESN, —HLTER
7 bERAEE. BICC, MO H2'H3 , G, EEDHS , G, HEDHE &, DO ICHKLTKER
ERR T FERYE, ShE 80070 M RHKIC C\G, &, TNS LIEBMER L ABEND G,.C, DRS
[CP LTS, COWPSEHEIE DO1 DML S 3 BB &4 REDEEHMICHSTSEMAET, ENCL
UFHEDORFRAC_EMOMBEET(LZ D LRBA N,

(1)R.Mital and T.S.Srivastva,.J.Inorg.Biochem..40,111,1990.
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P52 BB 707X R MY Y OEKENMREE I & 2 RS @

(T, BrmaAgs T2, RENLTFAES)
Osgie! 2, wmz!, ARET, wweEl2 ARRE

Structure analysis of saccharide substituted cyclodextrins by higher
field NMR spectroscopic method

(National Institute of Bioscience and Human-Technologyl , Science University of Tokyoz,
Mukogawa Women's University3) Yu Tsutsumi1 ’2, Tohru Yamagakil, Yasuko Ishizukal,
Hiroshi Nakanisi! "2, Kyoko Koizumi’

Recently, saccharide substituted cyclodextrins are increasingly interested in medical drug and
food industry. 1y NMR spectral analyses of saccharide substituted cyclodextrins were
performed by using a 800 MHz NMR spectrometer. The 1y NMR spectra of three positional

isomers of diglucosyl ;3 -CD were measured and compared with each other. 61,62-diglucosyl-
5 -CD shows relatively well resolved signals and considerably different signal patterns from

those of 61,63— and 61,64-dig1ucosyl- B -CDs. The results suggest different structures of CD
rings among those three positional isomers.

Yr7aFFRA MY (CD)R. BAGBEEEETER TSI B LN T WSS,
B, B4 OBEHBRCDVRA»LSBEINZY, FEINTDLTBY, EE -

HESMESBETER SR TS, Zh S OEHEBERCDTEA D FE CHEBITIIE
REHTH o7 S0, TAIZTINVT—2AA2E L -CORICER L 7-3f@E0ERE
Btk (61,627 a2 n-p-cDO). 61,63-T 7 a3y -g-coan. &U6l,64T
Z1) 3 )-B-CDAD) 22V TEDFEE., HERIT % 800MHz NMRG 854 AW
ITol:OTEFOHERIIODVWTHET S, TNOLDOTRTINVI—AETHEEINT

V5 CDFEAEDS00MHz 'HNMRA X2 P iz s 7 F W OBEHEHRL < . BATH5HE

$THot2o SOMHzOBERSHE % AV CIHNMRARY FVERIET D E, V7
F N DO—EIFPNTL B OBATHCRLEHI% D, IDIHNMRA XY P VIZH

WTHBOMED TNV —AREDY T Vid, CDROINVIa—AREDT TF

ERELRLRBI DY oTz, T2 OV I—-RAIZL > TEBHBREINTNVS

COBHDOBRITO2UED 7 V2 — ABREOMET 2 IH V71V L L 6f) Atk
SRR ENRBENS, NMROFHLETPL TIN5 OCDFEROEEIZD
WTHEREZITIo

800MHZNMR. ¥ 707X A M) | BEHEBER Y 7u7rx A MY v, BRMVERMEMG

DDH WA, REMNE EBAH, wWLITHh RTI. AL VAL,
WA FxrHZ
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P53 /UVANMR ZH Wz HT: BIFE T & 5 ZHEKEHE DO KBRS AHEORIE
KK ORINEE - EHET

Hydrogen Bonding Structure of Polysacchride Solution Observed by 'HT, NMR Measurement

Shingo Matsukawa and Tokuko Watanabe

Dept. of Food Sdence and Technology, Tokyo University of Fisheries,
Konan, Mmatoku, Tokyol08-8477

'H T, for water in gellan solutions have been measured in order to elucidate the
hydrogen bonding structure and structural change of gellan molecule. From the results of the
temperature dependence, it was found that 'H T, for water significantly changes with the
conformational change of gellan, such as random coil-double helix transition or the formation
of aggregates of gellan molecules, which alters the proton exchange rate between water
molecule and hydroxyl groups of gellan. For the solution with K*, it was suggested that the
hydrogen bonding between gellan molecules is accelerated by the shielding effect of K* ions
and reinforces the double-helix structure and the aggregates of double-helices. For the
solution with Ca®, it was suggested that ionic bonds are formed between carboxylic acids of
gellan and Ca*, and reinforce the aggregates of double-helices.

(=)

HHEOEENRTELRBERRIIBN T, BT BOTRIBXNE L) TR
K) MOKFEHENBEERRBEZEH> TS, ZOLIBAKEHAEEOSILITK
DT EREEKBERE L OB TOLERBEEEZRESEZASDT, KHOTO HT ITHUX
ICRMmEND, APFFETIE, D-ZI)VaA—X, D-ZINr7a g, D-2Z)a—X, L-5 A4
J—AEROBRLBMNETEEETHE I DT FLALIN—NY w7 X
BRI I NEBERD LTS, P25 203, AFEHEAEICKS 20 FHOHE
ERIC K> T2EBIEZRL. 512, KR CahEDIADEETTIE. 20
2HBERTOMEERICE > T IVBIEEZERT 2. ZORKOT x5 > O&EREE
DZAZE CDRIEIZLDEZY —LANS, KOFO HT: DELL D, KEEEHE

BORLEFMICHET 5.,

(EB)
Na®lDor5>2 (KERAF>. =ZFE) 13 1wwBIZ2B LD, REKIZREL .
40°C T 20 K], 70C T 2 BFR. 90°C T 30 I L /-1, &1 4> 2&HmL,
E5IZ90CT 30 MNEAL . FEDIRE, REITRERICAW:. B3> 05
N8 E T Na, K; 0~100mM. Ca, Mg; 0~8mM & L 7=. NMR KM K CD

#=9-F 3 /YA NMR. HT., 7O M CRBEE,. Px T2, A1)I-ANY v o7 A
FOMbLAZ blhkNELZ

—179—



THE AL TIC~15C O T O05C/min THIRL., 512, BRI Eaas
?1 27z, 'HT: NMR O3 bruker #1:4® minispec PC-120 %1\ T. 1“'%’?]())4

¥13 20MHz, 2 t=1ms Tfio7z. CD lzid, AANNHO J-720 2TV TIkE
240-195nm OMIH%Z 20nm/min TM5E L 7=,

(FEREHEL)
T A BPERGEE LIMORIE A 4> Na, K)Z MU 7= 858 T, 1SRNz,
#H. BRERAZIERCTHEH, HHMWEDE A TABIIEIL L%, E-—
SENTTR B IR R S N, ZORMABEALIL, B T OS> TRFIRS
PRIEENZ DO EITL D EZEZS5ND, 20K F > (CaMg) ZiRML
PO, RO LG TH D . KRR A RS OZ AL AR R 2T
5I&EERLTWVWS,
EERTELE Fig 1 I K Z2IRMU 7238 D 2020m 2BV B £ IVHTR[0],0, & 'HT, ®
RIERFEIEZR LU, K" ]7‘7‘15‘5?{_5 P SRR A i)l(‘f[ﬂ]mz ReNAT T8

DGR SU(Tep) BT AN E 2L L TW B, [K']=40mM LI T QKRN TIZ Z i 'HT,

DRI (M) E—BLTBY . AEBHESWEOBILEZE->TWA T EFRL

TWw3, [K']=80mM DFAEHI DWW TIL, Tep LD BEEMIZ T A5, x5
CHIOHGZALONNIKEH M ETMIREL T 2R LTVS, B HRBRT
2. [K']=40mM 2B W T HT, D200 DZALIHIS L BN EZRETH D,
ANY v D ZAMEOWIH &I HT, AL T BRI AKBEABEIELTWE &
HZZAHNDB, [K']=80mMIZBWTIE, 65CEA LT[0 DL LD T 28T S
SHELAMIMRETHZ EEZSNDD, HT, IINIREOEETH S, ﬁf')'c\
IR TR E NTKFRE GHED TR > T B EEZ 55, Ca¥ R FEML 3R
W%, Ynnf": /R{Ll'hf.i‘ ST T = /iﬁo)ﬁg J:jRﬂJ &/j(f‘fu rlﬁ"}E fjﬁﬂ_A df J}J\ L/fL

- e T

v i . v
g | <5 cdaaaf ? }300000"%“ o o o ©-0.0.4]
;;c ] I ; A‘“A l A
e ﬁ' P ] B
= i H] 1 A
e ;! ioa T
ke, / : o
g i i q o
. o 1 i 4 o,
£ A {la <N
o i \ £ ]
~ ;{ | # : !A
= ! 4
] N Teo Teo OA Teo
s 51 ) OA 1 | ]
= »0O '/ [K+]=20mK g A :/ [Ko]_aomu L @ Q A 1/ [K+]=80mM
. 0 1 It e 1 S T |
< s + ; = P ; =5
‘1 b 1r Ti“ 00 Q T v3) ]
2 OO Tour o
3 T..!. . OA@ 4 o LA A t o Q
n AO o
: ¢ AA Ao (e}
= 2 A OO
o0 4 °
)QDDDQ
1 Q 1 Il eas . 4
r ‘ﬁcbo‘ O aDaaaansas
[1] 1. I 1, —_— PO P 1

L L s " " . " . L .
10 20 3o 40 50 60 7010 20 30 10 50 60 7010 20 30 40 50 60 70
Temperature /°C ) Temperature /°C Temperature /°C

Fig 1 Temperaturc dependence of [8],, (al - a3) and 'HT, (b1 - b3) for 1% gellan solution
with K* of 20 (al, b1), 40 (a2, b2) and 80 mM (a2, b3) on cooling (O) and heating (A.).
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P54 ANMRIAICE5(F BMAS/NMAS C-13 XR% MLOFIA.
2—EZNAFEVSUICDNT
(RRX - &) O B, XKH HE.
(BRX - %) A.V.Vashchenko

MAS/NMAS C-13 Spectra in Liquid Crystal NMR. Observation and
Analysis of the Spectra in 2-Vinyloxypyridine

OHideaki Fujiwara,1 Atsuomi Kimura,1 and A. V. Vashchenko?

School of Allied Health Sciences, Faculty of Medicine, Osaka University 1
Graduate School of Pharmaceutical Sciences, Osaka UniversityZ

A version of the ligid crystal NMR spectroscopy, MAS/NMAS LC-NMR, has been
applied to 1 3C spectroscopy to extend the applicability of the MAS/NMAS method.
The sample used in this study is 2-vinyloxypyridine and the 1 3C NMR data analysis
supported rigid framework for the pyridine and vinyloxyl group.

(] EER&ESEH (Dj) ONMROXZXICHITAERAME. BEDERRSEESREL
TTF4 RIEYABRREWBRTSH Sbicelle DBPJICL Y. ES<EKERNBLDIC
Bofe, BARBLANS, BEEROBVEREREHICDINT, Magic Angle Spinning(
MAS) & & U Magic Angle 35 < TR %% X 7=Near Magic Angle Spinning(NMAS) OFA
&Y, BAMEZDITENES UTARS MR EBRHETHEEMBLAJ. Am.
Chem. Soc., 120,9656-61(1998) ). ZOAEIZX. ChETHICERLTHWAEN, &
MATIE 1 3SCADIADENEZRT. FEOEXKHRETIE. 2-vinyloxypyridine d 1HD
FRNMRBIFZTTo 78, SEIIZDEEMDSRADICER LD 3CARI pMLER
Y k¥, MAS/NMAS B@NMRRAR S MILORHEITo 7, TORR. C—HEEESEH
MRETE, TNLUFTFRUDORR/NAS A—F—bRETH EMERKE.

[RER) AUW/ERIMerck®ZLIN167THS. Zhi2-vinyloxypyridine Z 3 %8 L
FEREEREE LA, NMROAIEILVarian UNITY-400WB [C & U FTL\, MASRERIC(IZE &
CP/MASTN—7%FIBLE, MTREIZ2 6 CTHS,

[BREER] 1 3CMAS/NMAS 2R S PAVORIEMEE 1 IZ5RY. Magic Angle 15
DOFNBNENEEIE, THRARS MU 1 ROSBNRS—ERL. ZOBER. 13COE
E—2% 1 ROFBOER TR, ZMMIHES ICHD ' HEDHEBEMICEY, Jj+D;D
BT2XRCOADPNDIBMENRI - ERLE., REEICARS PADLSHSINHDIZI+D
DA THSOT, JHSERM (FABROMELT, ERBHL. ARTHHRMNETH
BAME) LLTHAEEOSDII—MBMCIIRESZNL, UL, BELBERNT, &
FLUDOBRRNSA—-S— BV ZRT OS5 ASHAPE TRET HMIC, DOFRHEY)
THRWERERENNDELZSENI LS, BREBDDOMMBRETEL (1) .,

EVSVROBBEAUMOE-NBOBRS— 4 ER>TOEWNEEER, BV ROB

AENMR, EIEESEE. Magic Angle Spinning, 2-Vinyloxypyridine, ER/$SA—%—
AlbLS VTHE. 205 HDOEH. A V. Vashchenko
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DRFEDDDPSBOLNDIEANTA—F—IF, EZNBHIOHLELTOREDDNSRDH
RRANSGA—F—-LRIEDITTHDIN, SEAORFABRNSIHEICKELBMILEL.,
BFLGELTENLEALTVWSRERABZNEENS M= EVS U BROBDIBE
(3. Sx=-0.00492, S=0.01040, Sy =0.00934(6 @D Dc & HEM. rms=4.0Hz) .
ChiCHL T, 2TD1 3@DDcw2ERLABEIL. Swx=-0.00448, S,= 0.01046,
Sxy=0.00957 (rms=7.7 Hz) . ChiCI3, EFEOFHRATHRE (BBP51) LAELS
. X7A P EEY S U REROBMOS FRKERESICELDAVRA-2 3 Y ORELL
DRBKESBTEELTNSEEEZI SN S,

13C MAS/NMAS AR S MIVORITSEBIE ICiThhi-C &3, LTARSNARR/INS A—
H—EBNTIHARI MLOHREZT, RURARS PEHBETELICLVENDS
h3d (B2) , B2TE, 13COHSDTFUARS MVRRMERLS BT I EMNGMB,

Table1 _Observed D . 4Values(Hz, Magic Angle +2.7° )

CeHé_C6H45 CsHs_ C4Hs C4H4 C4H3 C3H4 C3H3 CaHx CaHA ChHB CbHA CpH
-71.4 44.9 310.3 13.7 105.9 23.0 47.8 -48.9 -66.5 22.7 50.3 -78.0 135.2

O — U\/\thwﬂm o

T 1 T T ]' R T | LR | T T 17 ’ T T f [ T 1T 7—1
170 160 150 140 130 120 110 100 90 ppm
Fig. 1 NMAS 1 3C spectrum measured at an angle of Magic Angle +2.7° .

—0 qb llmm »U“! Py U[I,l\ il i‘/ )U{»“lu w ”“"wwuvw "l\’ TQ

|

O B

I T T T I
3787.551 . 1908.037 28.522 -1850.991 —3730.505 -

Fig. 2 1H spectra predicted from the 1 3C spectra (lower) and observed(upper).

—182—



P55 AP BT IZHEABBED 2 H-NMRARY bV
CERFLl. HALZFA2) OfE M. Empel, mEnTl

2H-NMR Spectra of some solvents in Wood
Jun UZAWA', Toshiyuki SHIBATA' and Akiko MINAMISAWA’
RIKEN' and Factulty of Science, Japan Woomen's University’

The main molecule which constitutes wood is cellulose and what is abounding next is lignin. Though cellulose has
many hydrophilic groups, lignin is hydrophobic. We considered that much information on wood might be obtained by
using not only water but hydrophobic solvents and alcohols. A clear inflection point similar to the fiber saturation point
in wood(Chamaecyparis obtusa Endlicher) /water was observed in a plot of the deuterium quadrupole splitting A v o

of oriented CD;OH in wood vs. the methanol concentration. The inflection point was somewhat different between a wet
and a dried sample. In addition, A v, of CD,OH in the wood was definitely dependent on the alignment angle between
the Longtiudinal direction of the wood and the static magnetic field. From the anisotropy of A v o the rotation axis of
the CD; group in methanol, that is the vector along the C-O bond, was found to be aligned parallel to the Longtiudinal
direction of the wood. The order parameter was very smali(S_=0.005).

1. F&#

VEEEDOERFTHIT. KMOYEZRARBZICIE—DDOFBEL ULTNMRYH D, EEN
MR. *H-NMRBLUCP/MASICE hELDIERBBOLNZZ L EHRLE. AMIX
RET2HAAICE VO —-IBEL, MOKLRIEEMERIDE-2 TS, ZOHIZX
BUkEZZLLEODGF H D, KiEDP b T, BAMEOBECHEEM AR OMEE
ARZhSoEHHELD D, AEFL/ FLPLI-NMBITEI70FH L LOHE
ERIZODWT’H-NMRIZEDIIE L= ZDHEERE. AMBZhZNOBEREZRINGT 3
HEDEV., BITEWEBZ L AMITENBFOEHIREDEB., BERLEZASY ) —LD5
R AMOERMEDBIT DS F —F —INZ A5 BohEDOTCIhsz2RET 3,
2. EBR

HBE LTAEEDL ) ¥ EHAWE, AMIZEES A (Longitudinal direction) | 8%
il (Tangential direction) . ¥f£/ [l (Radial direction) & > TW3, ThERIEED
KERRICIE. ABESmmOBICAZ LS CHIbEZIHN3Smm (BKEAME) & Lz, ARKE
HOERTIE. AMEIOmmDBIZAD, FRAPEZSGNZ LD IIAAEKRCLUTHAWE,
EBIFAEKEMOREIZERGOFX100%%EE (PHitBIX15.24MHz) 280, 20
ik a400%! (61.37MHz) ZA\W =,

3. b/ ¥HREAEERINT 3 HE

XHEEDBCENZhOBEEZ ANT, AR BRI EMUE L ED50EBREICX
BANRY MIVELBRANRT. RO EDH T, BIRORNEE (6 2EB8EDZEhEN
Dt/ XDBRRUAEETHAIBRELMICEIDEHLE) XEK AF /-, ¥roaFx
YroficEzb, BLbABEL. BBIVELZOABPNThOEP> L,

FKLEBEAY ) —IVIEEE LE 2 HOEE S K20 88ICI3ALNEH, B 2D
AFY Y CREAREBROBEITALNARN, BKLEAY /) — L TREKIGEVEBER

¥—1— K: 2ZH-NMR. A¥M. PIa—), BAM, A—F—15A—%

ZHELDDIR 5T UwA. Lidk LLOE, dkAZD HECZ
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REDEAA(A) BRI UEBEMNC). BEL TEWRWHELICHBTHRVIREK RS,
RICEB T3P B)D. REL AT TCEZEEOREIER I N3, RIGERTEBHR
REDOEAADPSEML., RISB)L(CO)DIENT 5. ZHEE TIEXRICA)DHD L.
RIZBDBED L. BERICODPERTIZLhbhok,
4. A8 ) —)DKRM~DER

AREICANZE ) FICCDOHEMA RN S, AT MIVELEH . HIUEMRSH
DEEME =AY /—VOBDOBEREHLZLEBTTOY M35 &, KICBITZHHATM
REBEROEHMENRSNE, B, A /= )VOEFEEIIBITFE IR MLEREOD
BT O TS LEEST, BARD L ZOMOS%2SH L. FEEICNT 2 &S
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Fig.1 Angular dependent ’H NMR spectra of Fig.2 Variation of the Av, with angle 7.
CD,OH in wood(Longitudinal to Tangential). Calculated line and observed value @

RICKIBEBREAREDOAEICI LAY PVEEFig1IImRT, 2T, HEIES
MEBEBEAAORTAZY L. ThE—-BLEELEZ0° L LA, IS, STFHIEH
BoOAE —BIEELE, THAXRZ MVIZF Ty bickrd, RlEby=0° Dk
E MITLYNSA 2R TNWBED, BIHTHREALELSICEHAHRDS 1 LIBIDE
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BLL, CD FEomlE# (C—OKEHM) PAMDERRAME —BLTNWDL L&,
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Direct determination of 3C chemical shift anisotropies of liquid crystals
by combining OMAS NMR and rotor-synchronous pulses
Yusuke Nishiyama, Atsushi Kubo, and Takehiko Terao
Department of Chemistry, Graduate School of Science, Kyoto University, Kyoto 606-8502, Japan

Abstract: The chemical shift anisotropies of liquid crystals are directly determined by a rotor-synchronous n
pulse train under off-magic-angle spinning (OMAS). When a liquid crystal with positive (negative) magnetic
susceptibility anisotropy is spun around the axis inclined from the static magnetic filed by the angle €
inclined larger (smaller) than the magic angle, the directors are randomly distributed in a plane
perpendicular to the spinning axis. The orientation dependence of NMR resonance frequency is averaged by
the spinning over a half-rotor cycle. A rotor-synchronous & pulse per a quarter-rotor-cycle re-introduce the
orientation dependence, and the resulting FID is expressed by the Oth Bessel function of the first kind
Jo(2C,t/ ), where C, is a coefficient related to the chemical shift anisotropy. The value of C, can be
determined from the spectrum obtained by the Hankel transformation of the FID.

IRC®HIC

BC NMR b2 7 P RIS T ORI L @8 KB L, & 512 OMAS PEIERBIZ BV THC
NMR ¥ 7 Vb S LTI S 15 72O S HORIT I BRI CH 5, OMAS RERBIZBITS E—2
& MAS REHFHICBITAE— 0L 7 bENOILEY 7 FMRIED D L 5700, ¥— 2 ONIEBRREES
ENEETHL, LrL, EHEOHLEY ZOY -7 OISR E R 2 BNFRIIFLEET, AHCBHROIE
BEELAETH o7 2T OMAS DAY ALY 7 M REMLHET HFHRELMRET 5,
6% 7 MK/ Y8 — 2 0OR

RALROR A Ay 75IE (B)DHBE L BEH L REEERO L TR BT v s T IV, LHREW
CPIWVYHETHEROET 2L, 74 L7 ¥ — 0o L CEEIISAT 5 2L FHbN T 5, 20
& & NMR HBERBFB RO 7, / 2 TREES 5 &9 12% %, NMR URERBOT L2 5
— DR ¢ (R DVEFFEIIFBEERC X LS, NMR ¥ 7 F VRS L-E—2 L LTBhG, &
T, T, /4 Lz VAR B LRI & A LT S Bk 7, /2 BEIAT) 2RItk
) NMR {BERED @ MAEARD & 5 1 ARIET 5o

@(p)=2C, cos(29) )
ZITCIRRDEIIMEY 7 MERIEEHLDT,

C,= '2L7Bo(0'zz - o'm)sin2 € 2}
Fo— K LY T MR, - 5—/37 21— 5 —. OMAS

FELDD R ICLRE wHTH, 12 HDOL, THB LU
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D& L3RR L X, FID 12 0 K% —1 Bessel B/ (x) ZHVTRDL ) 1252 b,
F(t)="o(%c2t) i3
Zh% Fourier BT 5L +2C, / &t TRET DWLEOBHETdo 874 v MBI LICEEES 7+
BEEND L 55 B EIERETH S,
TR
BIR& D, FID id Bessel MDA L &L, £2C, 0<t <1, OXMT FID F(t) % Bessel B3 TR
Y 50 CORBIUIMFMICIE Hankel ZHL XIZN T ) MR RECI3,

ZI ATA [—t] [4]
m=1 max
Lk 2T, i 0 ROE—HE Bessel MBOYUATH 0EMC e, = (m~1/4)r LINTERIMICK
%o BEWREUL

I(e,)=

m ‘[:"“‘ tdtF (t)J o(ta:"t] 5]
TEXbND, Bl ARS M@, )132C, | 7 OREOMY — 2 2507 E2HES NS,
£

EBRI3 7556 MHz 0 B CIHUBBEE. €=7/2. 83 kHz D 'H 7H v 77— %fw, B LT
Ay >0 DA77 1 v 7 i p-methoxybenzylidene-p-n-butylaniline (MBBA)% V> T47 o7z, /SVAL—2
LY A%M 2 \TRL7z, FREEREE 3 IRT, BRERO FID 3K 3@ T Y. Fourier L7z ARY b
LA 3B THB, TN I IMFELDANRY PVAYEIEL TWAEZ bbb, X 32K 3(a)x Hankel 258t
L72ARY PVETRTALREY 7 FRIFEDKEEDE ZHIZESUL LA E—2 L LTEATWA Z Edhh 5,

CP
13C
7,/ 44> VA

direc
=TT S
X 1. A L Sk, 711 o 8 B2 FBIAVIIWAY =7 VR, 1 RTLTHE
— DR BR NG — 2 RRESE 2 RIURR LTI 72,

B3 B2D/ VA —4 v AR
TEHIL 72 MBBA ® 3C NMR A%
@ © 2 } 303 K)o (a)126.0 ppm D E—

®) 2\Y B 1, BERIERA T £ R0 ()
W (@) Fourier £, (0) @DBEHHY
010 20 30 40 Hankel 254,
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ppm

! Tranter, C. J., Integral Transforms in Mathematical Physics. 2nd Ed. London: Methuen, New York: Wiley
(1951).
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Conformational Analyses of Puromycin in a Solution and a Lyotropic Liquid Crystal
Makiko Sugiura', Atsuomi Kimura?, and Hideaki Fujiwara?,
'Kobe pharmaceutical University,
School of Allied Health Science, Faculty of Medicine, Osaka University

Conformation of puromycin, a broad-spectrum antibiotic, has been investigated in a CD,OD
solution and a lyotropic liquid crystal. The selective relaxation method in which the selective non-
inversion relaxation time (T,%"") and non-selective relaxation times (T;™) are measured has been
applied to the conformation in a solution. On this method, inter-proton distances have been estimated
for several pairs of protons. For a lyotropic liquid crystal, the magic angle spinning and ROESY
experiment (ROESY/MAS) has been used and the information of inter-proton distances has been
extracted from ROE peak strength. These informations of inter-proton distances in the different media
have been analyzed according to the distance geometry algorithm. The resulting conformations in the
different media are compared to each other.

[iZLwic) Exa—a<43 v (D) &, P2 EAEEHET A LTHOLNTWVWS X
LAY FRPEWETHD, Thbb, FOWENFT I/ TNV RNA O 3 Kig &L
LTWwBIERL, VEY—LAHNTTZI/ 7YV t-RNA LBEBRDLAZLIZEYRYRT
FFHOMEEZHETLIEINTVWS, L LEFOERILEWTIX, 2OEHICESHLT
Lo, ERBHNTCOIY R A—2 a Vv HPERTERTAIX o THH I EWERSH
B0 TTIRZDDDIZ, BMEKTO X-BREKMTRTEIC HALEY 7 - BEERTAV
TKBEPTOIAVAA—T a VRO TWEY, ERARMTOI Y ARX - avE
MBENPY 2BZ2HNT, KBERL VEBHEOENVEXSY /- (CD,OD) RV A b1
vy Z7BBHTOavir—2 a VBIFEEMRZ, BEXAY /- VH o TGERKENE
XD AKREBEEE, WETIIOWTIE ROESYMAS #iic & » TAZMEEEREREET,

FRoOHEMBEREAVTTL AY

AYA XN —EE T, R#EI Y NI
T A—arvrelAN Tz,

[£8] HHOE 2 —u<wfT V- 2
YEMEE (1 - 2HCD %Av, CDOD # o l \‘

BIC2OVTI 13 mM BREICHBL, ’/rz
B A - H# LT NMR BIsgRY 7

NELL, UF by Z2isix, /¥
—T7NNFutr sy Yy LM
(CsPFO) *»EARICHE» LTHBL
(40:60 by wt%) , ¥ 1 * ¥ (0.8
wt%) LTHIERY Y I VvE L, #

o O
Ya—u<wq oy, #REOBME, ROESYMAS, UF POy 78R, avkxt—- a3

TEIL 32, EUH HoBA, HLbL UTHE
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SOMEZIEDNMR IZX o TiFo 7z,
NMR O#lisgid, Varian VXR-500 ('"H:500 MHz, '*C:125.7 MHz, 2D:76.7 MHz) % JH\®, Non-
selective T, (™) RO °CT, OflEidEED IR #T, Selective non-inversion 7, (T,™) @
BERH S5 U Gavssian-shaped SV ATERB I TOET LY RES S 180° - 1 -
90° LRBNRNVAY—F v A%HVTIT o772, ROESYMAS DHIEIZF / 7u—7%Hw
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H FEMEE7:, — 7/, 1 ® CsPFO H& ISR L7 HSEHIE, DNMR & Y, RT~32°C
TRAEUOWGEREL, 33°C LETEFIHOILVIREL LA L2 HAL, HARE
(26°C) , I+ IVIREE (35°C) #FREFNITOWVT MAS & T T ROESY AR2% F %
L7, WEKET 11 @
Table The inter-proton distances estimated by selective 1;0: )Eij_(jg;g ;,8 @:}L
relaxation method and ROE peak strength on ROESY/MAS T -0 -

measurements. 5 (Table) DHEMEHEHR %
CD,OD Solution | Liq.cryst. | Micellar Fw, WEHKBEHESE
Hi Hj r(A) ROE ROE KL EE k- X —
8 ’ 2.63~2.70 s s vavERLEHELT -
8 7 2.56~2.63 " 7zo CD,OD #HHIZDOWT
8 ¥ ~3.28 m W i, Bon /- EEEERC
2 = - +0.1A % LB, FREL,
3 3 - ROESY/MAS #ll & 2 & @
8 P - 7";7 X, Str(l)ng 131).‘;7
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= N - - WOy ) TN
T 5 " - Tit, S $77E N b:[ﬁii:_'
5 = T E;&%ﬂy%ﬂ%’ﬁbc L T&E
Lo 2 AP
| 5 2.46 BHNET Yk 2
¥ _| M w —vavi, YUasn
> * ~—2.83 RAORMZVTILOD
¥ | M w w &b syn £, T
4 o 2.94 TF FBFIZOVTIE,
4 3 3.80~4.14 w m EAY ) —VERTO D
Sa NH DITEBHETLEY:,
NH o w m BRETRIFREI S 7
o p 2.42 w AVERA—Ya v CHEE
o p 2.60 THIENRBRINT,
a 5 2.43~256 m m FHMIcOoOVWTIRBERS
B g’ s B Thb,
B 8 2.68 w
p o 3.10 m
5 € 2.37~2.54 s s
€ OMe s s
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Analysys of high resolution solid state NMR spectra
obtained from melittin bound to magnetically
oriented DMPG acidic lipid bilayer
Department of Life Science, Himeji Institute of Technology
OKazushi Norisada, Akira Naito, Takashi Nagao,
Satoru Tuzi, and Hazime Saito

Melittin is a major component of bee venom, and consists of 26 amino acid
residues. We found that DMPC acidic biomembrane interacts with melittin
under the acidic condition to show lytic and fusion action by solid state
“P NMR. At the temeprature higher than 30° C, DMPG-melittin bilayers exibit
magnetic ordering with the bilayer surface parare!l to the magnetic field.
The structure of melittin bound to membrane, and the effect of negative
charges were investigated by means of solid state "“C NMR spectroscopy. The
results indicate that melittin is located at the membrane surface, and the
center part is inserted into the bilayers. We also found that negative
charges at bilayer surface substantially restrict the motion of melittin

<E> AVFUIBEDEIRSTHY. 2673/ BEREHSEMESHATIND, A
DFUDBESMBERET S EFBRMFHORGEMB A4 F v oRILDM
MERATILTERTHD, B2(TAF-DIWPCREARAM%EABLVTOD (dipotar
decoup!ing) iEslow MASiE, MASEX AT H_ & Thit!) IERONPCRT A YF
D2ED a-~N) v I ABPro ' ClBEN-MEE L >TWNWAZ L ERLMIZLT,
FRETIICASDAEEEHMEY) IEBHOMPG(dimyristoy! phosphatidyl glecerol)
IZEALT, AUFUEERMREICEET 2RICART EOEEERANMES M
BIZEXAPDREFELN T HIEERAT-,

<HEB> REO7I/EBREOHALB=LEZCEEMLI*YFoENPc_EIN
[ZHAAF. 20mMEEESE. 100mM NaClZ &L pHS. OBREARCAKAML-EEEZHWML T
"C-NMRRIEZ 1T o1z DLRZNREORBERDREOLEEL T MES ZTEBF
THyFT)J%OD) T, L7 rOKHMS iso 2B FTHy T F-=
Ty T T INABEERE DD-MAS) T, FERBRBOMBKME £slonNASETEN
FhBEL. WIhHMEIXIOCTITo=. (Fig. 1)

<HREBR> AVUFUEHEARAALEY) VERZEBO'P-NMRARY FLEME
Liz&lh, PP TIEs  OERICESHRAN-C EMCIER-EMREL AR
HTHBIZETFICEMLTWSZEAHBALT, EHICHLEMABROLER, £
DFIEEREERICE >TEXG~ELSZLL, BWEM) Ry —LABRENDC
Ebghotf-, Li=h>TikilihbT) VIER_EMIEXLZEMAKD ) Ry —
LEERL., TOEMEZHBOFRICATTEALTVNDLDEEZ NS,

EFY. NEECHD a-~) v I ANEFRFIAAY v 2BDEDLY ICEHABKEL T
WBRETFTLTLEMEERDT (Fig2), COBa-~Yy I XAMEDLEZ LB

B 5 ARRENNR, BEBERCE., A ) F 2, RITERN. ZEMERTE
DYSEMT L, BLeESHEL, BRBEML, DLEES. SNESELH
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FEDC=0M (5622LF1T) BETTHHAEVWSHEEZAL:, COERN-HDOANY »
VAGER-_ERMBEICFTICEALTEY. C-HOAY Y/ REMEICERICER
LTWBZ ENghotz, RIZ, AUy RAKMEY DRFVT BB EZERT 518
two site jump model[CKBDARY MDY AZI L~ 3% ToF-. CcOFER. 90
* BEOEEOENIZLY BEREEDRE LA CEEICHRENERICLEDIZ &My
Motz, EH(Zslow MAS NNRRARY MLOKBEMARY FLBHBE LS L— Y
BIEDTUETH T, COBRINIYIRABELY DRIV ENOEEE T
BMLTWLWS, LHL., slow MASD A S L—2a AR FILDOBIEZtwo site
jump wobbling model TR LT-& CARBMEY LIELRB D, AVFUIIA
Uy ZAMEHLYDERICMA T, MEICKELEREZESZ 00O BZMREIHEE
THEETRLTLD, TLNEDAY v IR ECIHDAY v XA TILERDEE
HKREODTWNBRIERARY FABRFEN LGS oz, CORICHBARA_-EN%EA
WTHARZIBERDIEEL T b F UYL ERFT A LICKYMBEA ) F oD
BAMEIZ OWZTORBLGRITHATREICE > TE-,

(a) 167.7
/\ \ﬁ ‘» !\‘
J \x\quﬁr ‘laiiiiiigl".‘ﬂkl’
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Fig.1: "C NMR spectra of Fig.2: Schematic represention of
melittin, DMPC bilayers at 40°C melittin bound to DMPG bi layer
(a) oriented (b) siow MAS
(c) MAS (2000H2)
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The diffusion phenomena of ions and matrix polymers studied by multi-nuclei

PGSE NMR method.

K. Hayamizu, Y. Aihara, K. Sugimoto, and W. S. Price
National Institute of Materials and Chemical Research, Yuasa Corporation, and Water Research Institute

The diffusion coefficients in the lithium polymer electrolytes are measured for the
lithium, anion, and matrix polymer. The polymer is the cross-linked block polymer of PEO
and PPO and the salt is LIN(SO,CF3) ;. The anions in the electrolytes clearly shows so-
called “anomalous” diffusion where the apparent diffusion coefficients vary systematically
depending on the interval of the pulsed gradients. Also the diffusion curves of the matrix
polymers are not straight lines and can be analyzed by two components. The diffusion
mechanisms of the anion and the lithium are precisely discussed.

DFILEE R—T LB TEREIRHROLEF)FILZRBIADEADZDIC
EREMERBNTOLN TSN, B2 FHRTOMF o EEEBIEFHSHICINTHAEN,
—RHNIIRERAM A CEEEZ LD OB TEREEEET S LICERTEM»M N, U
FOLAF L ET AL OEESHBEBIZFS L TRINBASM TR, TITIRESBL
FRUIFLAFYL R (PEO) ERUTOEL > FFH1 R (PPO) 070y 7 RYT—IZ
LIN(SO,CF3) ; % R—7 UL EBEH FERED Y Fr7 5 ET =4 > OB OHBEREE /UL ABS
HENMRIET3 0C~8 0 CORMBATRHEL 7=,

NIV ABHERENMR TR 2 DORBAROBOBEAZZA THHBALERTH» 525K
EHAROMEBEIZE LA, INRBBRPTSNVOZRTEDAUD I LEZRAEHEL TN,
UL LIRS BERRTAREIRNS 7 ZF OB ERET 2 &AM T OHBAEIEN R
HIZEETAZENDMho. ZOERBRIZ. B—F% D ordinary’ diffusion iz L T7 3
DEINEF Y NI EEBEO/NS 2 TAIEET S Canonalous’ diffusion &IEIEH
LHFITEL. RMTOHCHBBEREATT Oy bLEHRE <r’(f)>=6DAx* &L
TYI2al—2arTEDN, BEB/CEDk<1BLTUOBRIBTTRENE I BIEc 1
FE< LB, BBMETRYA F RIS, CHIIBHEDDI T ORBTHHI L. B2
ETRFENREN TS 2EETNE. BHHERNTEORWVWIEFURTHA I, BBFEEN
NEVHE (AMWAE N EIHE) CRIBEFERIRELS, NERERTRELIMBEE
ATWBM, AMAEL A EEHMITO-< D EMBEBHLTVDENAD, MENES
THAT7 A PHE, VFOLARPRY IO EEET T THRTS.

PGSE NMR. HTILBERE. 14> OH#. REESH FOIH

BRPATEL, HLIESWI 0B, TEFHEL XL 52, Price W.S.
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Structural and Dynamic Behavior of Alkali Metal Ions in Dextran Sols and Gels by 3K-NMR,
solid state ' *C- and **Na-MAS/NMR Spectroscopy.
Tokuko Watanabe
Biomaterial Chemistry, Department of Food Science and Technology, Tokyo University of
Fisheries, 4-5-7, Konan, Minato-ku, Tokyo 108-8477, Japan

Formation of three dimensional network structure of polysaccharide chains in dextran
solution is enhanced only in the presence of K ions. The author reported that K* ions are
captured by ionophore-like cages introduced by three dextran chains via potassium ion bonding
which is a type of the ion-dipole interaction. In this paper chemical shift and linewidth of **K-
NMR resonance is analyzed by a fast exchange model between three species, i.e., K*aq (free
ion in the solution), K*glu (nonspecifically bound to OH group of glucose) and K*cage
(specifically trapped in the cage) to obtain fraction of each species i the systems with varying
K" ion concentration in dextran T70(30w/w%) aqueous solution or with varying T70 dextran
concentration in 1.5 M KCl aqueous solution. The result by solid state '*C- and **Na-
MAS/NMR showed the polysaccharide chain in dextran/K* gel have an extreme uniform
conformation and motional freedom of molecule as like as a plastic polymer in cubic phase.

F] EESWEBTFANT VREAAMEETHIIZHNNDST K14 %%
RICHIRL, KZ2RBULEEIHOD 2 3R THEBE 2R TAHZEERLE
DK AF P UANDOT A RETIVAY LEESBA A 1T LTI Z ok aiae
IZRBDH 5NN, KD NMR HRE2ICBNT3IEDEHICE > THERINS 6 HOE
REFNRDOKB 75T —FIVEDORT v M K" 1A UMW DAENS &L
DTN BRAL D DEERPRT A XEHELBRE L. ZBEICBNTIE. 5F
A NS /K/KCH andfor NaCl H{ERICBIT 2 3SRTRWBBEERBEOSY 15
w7 AENa 1 DORERIZCONTHRT S,

(8] TF AT TI0 (Pharmasia. 73 FEK 70000) OKBHE (BHTRE 1~
35wiw%) 12 80CTHIEA Y T LZ 0.1~25 MOBERKETMA, K<HERTS,
BETHHATHEETHEBEN A I N, BETH2FICLDRLITEEIREC
BET S5, NaCliL 0.5 025 2.5 ME TOHBH T KClHRMBFICERIZMZ 5Nz,

NMR DOFIEVL MSLA00 (Bruker) 12X D 23 CTfFo 7. ¥K-, PNa-BX R VC-ED
HBREKREITFNEN 18.7, 105.8, BX100.58 MHz TH 5., PNa-BLUNC-ED
NMR iZid @ MAS % (BI85 B 5000rpm) %z,

R EEE] Fig.l IZ LSM KCl KIBRICTFA RS D 2RLITMATZEED YK-
NMR Oft% 7 b & T, BEE R VEET 2 EMOMRERT ., (LEEOMRIT
KRN KAA2 (Krag, O) VI —RBEP D OH BEEFE/FRHICTHESLTNS
K F>2 K'gly, O), BEORT v MZHIEEIN/Z K1 4> (K'cage, B) D 3FD

FEZRMF 2, K. PK-NMR, ®Na-NMR, 54
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Fig. 2 '’C-NMR spectra measured
at 23°C at 5 kHs of MAS.

(A) 'H decoupling at 3 dB, NS=1024,
(B) 'H decoupling at 6 dB, NS=16384.

Fig. 1 Influence of the T70 dextran concentration
on the chemical shift (A) and the linewidth (B) of
typical *’K-NMR spectra (23C) and on the calcu-
lated fraction of the coexisting K* species (C).

[#EE) APIFTRSOR B RS RERPIRC B X Fraunhofer IBMT & 0)#]’—5]5}?%@ b EifThhie,

[SZHR] (1) T. Watanabe, A. Ohtsuka, N. Murase, P. Barthand K. Gersonde, Magn. Reson. Med., 35, 697 (1996).
(2) T. Watanabe, J. Leisen and K. Gersonde, (to be submitted)
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Structure determination of biologically active peptide bound to magnetically
oriented lipid bilayers
Department of Life Science, Himeji Institute of Technology
Akira. Naito, Takashi. Nagao, Maki. Obata, Satoru. Tuzi, and Hazime. Saitd
Structure and dynamics of dynorphin bound to dimyristoylphosphatidylcholine (DMPC) bilayers
and the property of the magnetic ordering in the lipid bilayers were investigated by means of solid
state P and “C NMR spectroscopy. It is found that dynorphin-DMPC lipid bilayer systems form
magnetically oriented bilayer phase with the bilayer surface parallel to the magnetic field. Structure
and dynamics of membrane bound dynorphin were further determined using this magnetically

oriented lipid bilayer systems. The >C chemical shift values of dynorphin bound to membrane were
measured in the fast MAS, slow MAS and static conditions and the results indicate that the N-terminus

region forms ¢-helix with the axis direction perpendicular to the bilayer surface and the center and
C-terminus regions are located in the bilayer surface.

(FF] BBEMEE-EECEEL TV £ FICBOTIIRKE AWM EER O 3
MARE LR Y, BESEAD TORAEICE T 28 0BEERES LD ENHFTES. RY
BESEEEEEERTF RS /N T W) VEEZERICKEET 22T, BENIC
BBEMT2H U WRBERRZRARVWELE, IS5 IOBBEMIEE —HEEITH <
HET IR EEED TOREECHEREMREORECHNEINVEROILES T T >
VIVOBRFENERTH DI E2HSMI L., TOERWRBEMKZBWTHES £4&5H
TOBERABEERESIODOERESAICDVWTRET 3,

(8] 4ABEHEXRTFRTH251 /074 BRURMEERSY 1 /I NVT 4 @RS
FREKEIC L VBEHETER L. BV DY 1 /)T 4 EDMPC 2 A5 J—)liT
BAhL., AREKZEZE2SCBRELTMS., pHTS5 D 20mM Tris iREE TKUL T, BE=E
B/ 2 ERR L 72, NMR Bl Chemagnetics #E 8B4 5 A CMX-400 NMR £ X8 %
WT, BEATHY TV NV ARH T, #ikidk, EEMAS, &% MAS ORGTHE
o1

[(#R)] 1)V 742 /DMPC_EERIZBIT381E3P NMR X X7 MVOBREELZE
BRLEEZB, 40 TTIE-12 ppm OMEIZESHZEESNBN. 20 T TREN D REE
%ZmU, 0 CTTIX0 ppm ONUBICEHCAESBZESNENZ. BEZHET40 ClcRT3
ko T, KDEBRESH-12 ppm IZHN=. TOBRIT 40 CizBWTIEE - EEA
KRB/ NEE A UER Z2EBICHITICATTRRILTHE I EE2RLTWS, 35—
BREZTTTHE, ERESEEHECIVHVBBEMREBORENEI SN,

RBEFIER _ER. #HMRM. BEEIHENMR, BREERTF R, 2T T2V
BNED HES, BB ML, Bl kE DU LB, 2nES BUY
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RBEM_—ER IS L YT/ VT4 2 OREEB X ERRORELZFETTS -
. BREA[1-13CIGly3- 51 /7 4 D 1BC NMRBIEZ{T> 7.
X 11Z[1-2C]Gly3-¥ 1 / )V 7 4+ > [DMPC &5 E
F—EEED 3C NMR A7 MV &RT, &

MAS TR SNz 13C FHLFES T MED S Gly?
EHET Ny JABBEZR>TWHIENS  Static

Oops(167.5 ppm)

holz, BIBEFERED 13C (L% T MEIRS S L
L% 7 MMEMNS 5.3 ppm A ICESNRN-,

/. KF MAS DERTES N-E8 R KB *
FBOKIEA 159 ppm & RESBPLTHBZE  Slow MAS 8,(167.5)

M, F1 /N T4 VIBEERIBEL TN D 3,(183.4) t

DD, NY 7 AEEDL D TES SAERFED {
EEIEROIEERELTND,

(%] [1-3CIGly DI NRIVRFEDILES
ThTFOINOEERZ NI T AEERT

00(172.8)
*

S5 (811=243 ppm, 5:2=178 ppm, 8:=98 ppm) Fast MAS
THEIENALENTEYD, &L C=0 K&K

FIC—8T 3, I5I2 C=0 BEFHRINY v &

AEHRTZDBENY v 7 AWITEEEITTH ppm

TV T -

T LI

3. MAT Ay ZAMBAOTES REOK 190 185 180 175 170 165 160

EREGNFEELTVWBIHRE. Ny 7 A&/
BORTA O &L¥S T MEEORIT Fig. 1 '>C NMR spectra of

dynorphin-DMPC bilayer system.

130
Sobs = 8iso + (1/3)(3cos?0 - 1)(5,- 8) (1) *: PC=0 of DMPC.

DEFARILT B, & 2T e EFRIED AL @ @ ©
¥ 7 Ml 8o EMEMAS KL THSNDE @ kP
FEEL T M. §,- 8, I3EH MAS i k> TER H, & @
TNBRAMIFES 7 METH S, [1-15C]Glys -
DERRULFE S 7 MED S (HREANTE=90°4t S vl
BEN. 1 NT 4 DGy BN v 7 X @-UN
WEE X LT BB BASNT WS T S @
EDHBRLTE, 1 VT 4 > O RERICIIEA S TS
Y 2 BBENEHFETE L E2BDET i
ERTHE, R2KFTHRITY A /T4 VRN S Tk

REBACHEAL. RO S CHITNT TR

=R ThEE EREZ S Fig. 2 Schematic representation
BHUERETRIIKEEL THWIRENER S of the structure of dynorphin bound

ha, to lipid bilayers.
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Substituent Effects of the NMR Chemical Shifts on Aromatic Amides
Department of Applied Chemistry’ ; Instrumental Analysis Center’
Yokohama National University
79-5 Tokiwadai, Hodogaya-ku, Yokohama 240-8501
OTomoaki Yuzuri!, Seiko Kondo', Hiroko Suezawa?, Kazuhisa Sakakibara®,
Minoru Hirota®

We have been investigated the substituent effects of the NMR chemical shifts on the
various series of the aromatic amides (benzanilides, acetanilides, etc.). Especially, amide’s
I5N.NMR chemical shifts are very sensitive for substituents on the aromatic rings. The
Hammett plots of chemical shifts are separate into two regression lines with meta and para
derivatives in amide’s 1NH and 3C=0. The slope of Hammett plot usually shows positive
value, but we found the negative slope in some case. Also, we dealed with Taft's DSP
equation and Yukawa-Tsuno’s equation. Amides '®N chemical shifts are influenced by
resonance effect, so that resonance demand is very large. These substituent effects are
caused by the inductive and resonance effect from the ring substituents and the = -
polarization from the dipole of the substituent.

§=:0) |

BT NETEHL RRPOEEFET I FEONMREEY 7 MEIZH T D EHR
EHBICOWTHFELTE S, #4527 I FEND BNEOBAIZIIRBRESDRIZHS L
FETHY ., DFRIZ ORI FRER LKL 5 RAFToiEilEE & 5
NMeEXoTHBALTEE, NMRO{EFT 7 F Hammett 72 v MIBEEOEE
EFRTH, ZOLEMRFITIIRAOBEE 2 RITEFRH Y, T, AFELFHEHT
BhotcTuy b eE5E2DZ¢Rbhol, ZOBRFHRBEDRIL, BRENLD
BUAHE, WTRL L HIZ, BREOITEBFIZID o HBOKERE LTELLIHSR
LBBETX 3, ¥/0{b% 7 Mz Hammett v T 541, Zx@B/ 5 A —¥
A HITV, BFRBREDRICHTIMRLZB/BIZ L2 ELE,

(%]

APk, 2TRAT =) V2@ULREHIC  x ~ Ho =y
M, MET BHMBROMEIY (Hime ®_C_N_®
L F A=V S EMNT3) 2T =/ U \ 7/
B LItk ARLE, .

NMRBIEL. JEOL FX-90Q. JEOL EX-270% XorY : m-p- 15 substituents
By, S8, MEE0. 2M(*N), 0. 05M (°C, 'H) . XorY Bezanilide
FIZIAFAANEFRY P-4 TiToT,

7=U F, NMR{tE>7 b, BREHE, Hammett 7w > b, BFSE

Owdy Lbb&, ZALI BVWI, Tx&b VB, &HhEEL »TOE,
VA H#DB
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(1) Hammett” 1 v M X 28845
8§ kFEZ7HME) = o 0 + &,
¢ : Hommett®¥K. o : BAE=BREDROKEIDORE
(2) TaftdD S PR (ZBBMRT A—FR) ITL 55
Hammett7 12 v MIBITEAZ, RSETOHEL W BROLBREDR 2 X
LRI ZBEMNT, (LFEST MIXHTIBADR (1 5HR) LEBBE (RBHB)
OHEZEEHICAME B0, TaftODS PREZANWT, FDFEE 0 ;. 020D
ERENRNMREIZRITT IR LERBROFEOHSEZEENICI %), R® &L
TR®T, '
DSPX ) ("ﬁ%f/7}‘fﬁ)=py'01+pn'0'n+ d,
(3) BII-WEFRIZ L S840
DSPRITOBRELZESE X, AZKIZH L TARATER N TROGELEZZITEVOD
M, (LFEYT MR L TBN -8B o v b 21TV, EMERE r & L TERMOIC
FMHLT (AFEEARTHEOTRERTNIEr=1)

BN-BMBEX 6p= pm(op® + rdoyg) + 6, m
[ERBIUGEE] XBMAZP=1) RI2E5H3
LAMEFICL D BB, o [P =Bl 2R
HX BB XT =Y FIZOWTO (1) 1°NH pp= 371, pm= 1.35
F—2ERLE, N'H pp= 0.42, pom= 0.39
F#i#E (1) X YHammett” o > b ‘3co_pp=-239, pm=-3.32
DOIREITED ppl omd D, *NHEK (2) "SNH 1 ®%=320, R(%=68.0
TRKEL . MDILEHRTHLRZRTH N'H 1®=343 R®=657
ote, i (2) CHEBEBICLE '°co 1M=71.2 RM=228 |
DRBDBIN, AZERTIIBROTE (3) "5 NH r = 1.31
BREWV, FIZYROBBEESELS :43‘“ r= 1.4
2B NRIETIIRRE N2 Y CO r =-1.49

REL . ERRFEOMLETHAER

BRELFERVBLTEBEMRTELDLEEX L, Hik (3) NHIRERE r»°

I NEOBE. '°C,

TH, BB TKEL, RTETCRPRBHIEREICKE
ey (2) ORERE—BELTW3S,

FEXBERARXT =Y FRTIE, *COTHammett 7’ 0 » FOEEXBACR-T
WA, AR XS IC, XPBFRSIEICRDLE
XBBRELXESLFERIZO —, 0 TDOX 5 ITKIE
FRTE, ZhPBET 7 I FEEOE R

FRIZHLT, X=HOHBEZEREL LI & 27 n )
§8—. 88 +L VI MEORFTNWEEL B, G455~ /s, s
Lok, BIRFIELRBIEECCOLET 7 C—N¥
SRS T T B L BB SIS, ORPIT S _

b OBREBBMENSRTFBH BB, ALFEL T Pssr - Y
b o> R B2 B ILE F IR RO F R ~— N\ /
CREWH, BEFSEBORITFEAICNEL, n-polarization

Hammett” 2 v FOBEXIZETH S,
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Calculation of nuclear spin-spin coupllng constants
O T. Baba and H. Fukui

Kitami Institute of Technology

Ab initio SCF and Mgller-Plesset perturbation calculations have been carried out for the
dihedral angle dependence of the vicinal proton-proton coupling constants, 3Jyy, in ethane,
methylamine, and methanol molecules. The four contributions to 3 Juu have been computed
with the four different basis sets. The Fermi contact (FC) contribution was largest and the
spin-dipole (SD) contribution was smallest. The orbital paramagnetic (OP) and diamagnetic
{(OD) contributions provided comparable magnitudes of opposite sings. Only the FC contribu-
tion showed basis set dependence and large second-order correlation effect. The second-order
correlation in the FC term amounted to a half of its SCF value in magnitude with opposite sign.
However, the third- and fourth-order correlations in the FC contribution were negligible. The
calculated SCF values of 3Jyy were higher than the experimental couplings, but the correlated
3 Jun values were small compared to the experimental ones.

TABLE I. Calculated and experimental Fourier coefficients(Hz) for the individual contribution
to 3Juy in ethane.®

Basis set [5s3pld/4sip) [7s4p2d/11s2p)

Fourier coefficients Co Cy Cs Cs Co [ Cs Cs
SCF values

FC 9.79 -1.04 7.50 -0.07 10.26 -0.95 792 -0.05
SD 0.08 0.13 0.09 0.00 0.09 0.14 0.09 0.00
OP 1.18 -1.26 -0.05 -0.01 1.41 -1.50 -0.05 0.00
0D -1.55 1.62 0.09 0.01 -1.56 1.63 0.09 0.01
total 9.51 -0.54 7.64 —0.07 10.19 -0.68 8.06 —-0.04

Second-order correlation
in FC —4.14 055 -1.37 -0.11 -430 0.58 -1.36 -0.11

Third-order correlation
in FC -0.13 -0.12 -0.14 0.00

Fourth-order correlation
in FC 0.30 -—0.04 0.02 0.01

Total correlated valueP 5.54 -0.15 6.16 -0.18 6.06 —0.26 6.59 -0.14
Expritamental value® 8.02 -1.20 7.00

@ Used geometry is Ree = 0.1534 nm, Ren = 0.1093 mm, and ZHCH = 109°45'.

b The third- and fourth-order correlations of [5s3pld/4slp] are used for [7s4p2d/11s2p].

¢ Taken from J. San-Fabian, J. Guilleme, E. Diez, P. Lazzeretti, M. Malagoli, and R. Zanasi,
Chem. Phys. Lett. 206, 253 (1993).
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Development of a compact MR Microscope using a 1.0 T Permanent Magnet
Tomoyuki Haishi, Yoshimasa Matsuda, Takaaki Uematsu, Katsumi Kose
Institute of Applied Physics, University of Tsukuba, Tsukuba 305-8573, JAPAN

The limit of spatial resolution in NMR microscopy is believed to be ~ (10 micron)® under a best
condition: large amount of NMR sensitive nuclei (protons), narrow line width, and use of a high
magnetic field (~10 T). However, there are a lot of useful MR microscope applications in which
spatial resolution around a hundred micron cube is sufficient. In such cases, permanent magnets
have several advantages over superconducting magnets in cost, maintenance, sample access,
space, and portability. However, because high field (~1.0 T) permanent magnets using high
performance magnetic material (e.g. NdFeB magnets) have a large temperature coefficient ( -
0.1 %/degree ), long term drift of the resonance frequency should be overcome if several hours’
measuring time is required. In the present study, we have developed a compact MR microscope
with a 1.0 T permanent magnet by achieving a stable field-frequency relation and acquired MR
microscopic images at 50 microns in-plane pixel size and 200 microns voxel volume less than a
hour.

IFLHBID

MR <A 7 v 2 a—7MRM)DZERSREDORRIZ, LROKKFRFHE, HVHRIE ZL
THREEE 2 AWEERE(~10 DEZAWEEBROEHETT, ~10 yum)*BRETHA .
WolE5 T, MR=<AZ1BRa—7Fi3~(100 pm)3REDZEMSRETLRAICAERZIGH
BDEELFEL, BREBRECKABEZAVNE, BAaX N, AT U2BA, A6
~DT7ER, FLTAMER ORI TRGERE LB L TERITHS. L 25,
BB K AKA(1.0~1.5 T)% MRM THWABEOREERBREEORE FY 7 hE, KA
REA & BV - BB MRI (0.2~0.3 T) L LB L7284, M—BEERbic L THMBbRE 2D
DEiD. LoT, FRRTIE, $REBEESL RF 2=y FOPLEKEK L 0RERBREY
FESIT B - b DENAREEZITYV, KABEEZRA V237 2 MRM VA7 LR EE L.
<EE>

Fig.1iZ, AFE THFELTT >/ MRM O2&#&%R3. Fig.1(GR)iX, £ 27 LD MRI
2=y FRERW 80 kg, FTRE)THY, 1.5 T KA MRI OB+ FIfH L7~ MRM
AT A DEDICHEBENREZLOEFRAW:, £2=2y MR 19 A4V FF v 7 IR LNTE
D, EBE»®S, (1) 7VARFEB X CESREH#R L HEHT 5 PC (Windows95), (2) BAKE
Bk = v FEREEE 35~65 MHz), (3) 3 BiNERBBIR(E15V, £5A), £LT@)
RF RU—7 o 7(BOW)THS. Fig 1(ER)IZ, BEBXABEAEA.0Tat22°C, FR&ERSE
BEHYTHY, ¥4 X121 62wemXT5aecm X 75pcm, ¥ % v 71X 61 mm, ¥—HFEi%iX 12 ppm
(20 mm dsv), RERIIN 1,400 kg THD. T, &- XAV U LR R(Vd-Fe-B)DRK
PERDERE IV TV B 720, REB OB BERENTHT-0.1 %/°C &\ 5 IR X VMEL 25TV 3.
Zhit, ZOBE TORESERRRES, 1'COREL{LTH 0kHz bEBTHZ LERL
TW3. ¥, SWAEKE o—7L LT, (@M 10 mm 35 X CObFHE 20 mm OH >
IVRBBREOLOZEHE LK. 2B, TALORE A VOBHERE, ThEh, (@) G 2.9
G/em/A, Gy: 2.8 G/lem/A, Gz: 2.6 G/em/A, (b) Gx: 1.2 G/lem/A, Gy: 1.1 G/em/A, Gz 1.7 G/em/A
ThHoi-.

IA4Ho0RA—7, KABA, navigator echo
FLLetE £OLELLEE SAF2>E0HE, UM OH
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KABREDOBERFY 7 MK TEB T 2HMEREGEEHARE L, MRI 2= b
FLEBREOBRE —BILRET 2201, (DEEz fo—la=y FE(2)NMR 2 v 27
ERALL. WREo ba—azmy NI, R 2F L UREO mm B L AMESED
Wrgh L, F8— . b —F (20X 20 cm?), PrEFAEE L —100Q), L THEEa L
oS EBRCHER IS, £z, NMR & v 73, (fREEBE SH /- Ay = a—({EE(TE
=6me)lil Lo T, RMEEBF LKL MRI ==y FOPLEEEE OREES 7 - f,, ot
AL, BEEBREBESWOL DST RYDORIER KL fL2EH T2 “Fry—F2— ma—”
Wz,

BRBEBRLER

B Z{To7c MRM v A7 LADOFHE DD, BBEREITo72. #HEEIZNE 9.0 mm OR
BEICHBALEEaY THAE, NARY—7 2 XL TR/TE =500/ 15 ms @ 2D-SE {ET1T - 72,
FOV }3(12.8 mm)?, EFE YA X1L(B0 um)?, R T4 AEX 2mm, BELT 2562, ELEEEK
M4 E, BGRERFIINS S ThoT. £, EEN 195 mm OV 7 7 U RUE)OBRE b,
3D-GE tr&x VTR Z 25 7. TR/TE = 100/ 5 ms, FOV 14(25.6 mm)3, B3 ¥+ X13(200 um)?,
BiRSE 1288, EEEEERILIE, BEHEIEERIIN2T 2 Thol. 2B, REFRRNTER
MEN ST, TS —F— - zo—EEHEaroTz.

Fig.2it, RV AT LATREB LIt OWEGL=T. 20X, 8 H5BETCENTS0
um OEMOREECEBR T IRET 2 ENHFE-. Fiz, Figd i, ZRaEEL LTERESHL
OV 7 FUoROBBGR LEERT. JOBLESRLAEFICEETAENTE .
<EEH

AT T ARRETCREEREO/NDNE R NMR v 1 7 0 Aa—7%2EBT 57000, &S
(LODYDXKABERZHW - MBM 25 AEBE L. AKABEOBRERY 7 F2ERTS
I, BAOWE, BE=xbe—b, TLTHEY—F— moa—E52#HA LEEER,
RF o=y NBIESOHXBEEE A~ v 7 ORFEE~20 Hz T &2 olo. BEREOKX
XK AR ERAVTYS, SDE/BRO LD REHBOBENFETHD EfEm LT,

Fig.1: MR Microscope using a  ©19-2: Cross sectional image of fig 3- Cross sectional image of
1.0 T Permanent Magnet a celery stem acquired With g cherry fruit acquired with 3D-
2D-SE (TR/TE = 500/15). FOV: g (TR/TE = 100/5). FOV: (25.6
(128 mm)’, Image matriX’ mm? Image matrix 128°

2 . [ 2
2567, matrix size: (50 um)". matrix size: (200 um)®, NEX: 1,
Stlice thickness: 2 mm, NEX: 4.

<BEE> "

1) K. Kose, et al, 6 ISMRM abstract book, pp.1924, 1998.

2) EHBE - BIENMRYA IO A—~S L URREBREER, pp40-43, 1998,
3) K. Kose, et al, 7" ISMRM abstract book, pp.2036, 1999,
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'H nuclear spin-lattice relaxation of Autographa gamma and A.nigrisigna pupae:
effects of chilling conditions and temperatures.
Hokkaido National Agricultural Experimental Station, Jun'ichi Kaneko
Technoscience Lab., Shigezo Shimokawa
Autographa gamma responds to a short chilling(hardening) during the pupal
stage with raised cold-hardiness while the closely related species of A.nigrisigna has
no such ability (Kaneko, 1996). Nuclear spin-lattice relaxation time (77) of water
and saturated alkyl group in the pupae of these two species was measured to detect
any change in these substances occur by hardening. 77 values of saturated alkyl
group in 4.gamma has not of water became significantly to decrease with chilling,
indicating possibly an increase in unsaturated bonds in fatty substances.
In A.nigrisigna no change due to chilling was detected both in 7, values of
water and saturated alkyl group.

HoexrpON (Howe) L Xorooun (F<F) BISMAEBRER XU
HERHIZBL, Xy, = UrRl ZEEOHEOFRL LTHLRTWS, o H
CeREREBEMNERL L CI—r y STRAELTH D, FFTRERCEEL TV
DIFL, Hor=iXl 96 OFERICKEILBE L CEXLEELOND, BEN <3l
B THA L THWDR, T8 EHRT. EFRMNILMELTETNDHLLY,
Hor=BNEHBOTH (A—F=r7, ZOHEF10C1H+5CTS5AITEY YDORT
—VTHMENE (OCIKBWELEOAFR) BRELRZORAL, F<FTRENIZ
EREL 2GR, AEZZORMBEDMEMRDBEVOTIZR> TSy FAHEFMA I =
ALEALMCT B0, MEOWHOHA Y —BFEMEM (T.) 2HELE
20C. 15L9DTHELEMBEEL, AEMILLTOIRY DEREICLEL. =R,
5C., OCOZFBETHE L, BLTFHEEX20CEZHBELT, D10C1AH+
5C5H@QO0C5H@10C1H+5C5H0+0C5H, ¥R, Vr<idEiRnE
IZX v, L% 7 b 13ppm HEICHAMTAFAED TAET. REREIZELLTH
BEZTLE, ZhiCH LY v T TREOEIBE S N2h o7, 13ppm HEDE S
FLLTUBEREHOHRMTAXINVE(TGA I TIAT I Ea—W)ERTEELZLNDD
T, A= TRAEHHOTFHETIC TGA OFREFMEREE T AIEMEATHR EN D,

HoIFUDINR, 4XFFIYTIN, N—FZ2¥, "HAE— BT BTN
Mz LhAlrb, Lt LIFES.
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The Inhibitory Effect of CP-060.5 on Sodium Overload during Myocardial Ischemia
Hiroyuki Fukuda', Yoshiyuki Suzuki®, Masanori Fukazawa®, Osamu Kuromasu?,
Shigezo Shimokawa?, Ichiro Sakuma’, Akira Kitabatake!

Dept. of Cardiovascular Medicine, School of Medicine, Hokkaido University’,
Chugai Pharmaceutical?, Technoscience Lab®

We examined the effects of CP-060S, a newly developed Ca?* channel blocker, which also
inhibits non-inactivating Na® current, on intracellular Na* and high energy phosphates
during ischemia using 2*Na and *'P NMR spectroscopy. Isolated rat hearts subjected to 48 min
of zero-flow ischemia were infused with 3 1 M CP-060. prior to ischemia. We also used CP-
060R (3 » M), an optic isomer of CP-060.5 having much less Ca?* channel blocking activity. The
intracellular Na* accumulation at end-ischemia was significantly inhibited in CP-060S (208
*+9 %) and CP-060R (221+ 22 %) compared with vehicle(266 = 16 %)(p<0.01). The depletion of
ATP during ischemia was significantly inhibited in CP-060S. In conclusion, CP-0608
improved sodium homeostasis and energy metabolism during ischemia by inhibiting non-
inactivating Na* current rather than Ca®* channels.

[FUi] OHELFERROLHETC—REL LT, BOLFOMENT Y v A0S
Na*/Ca?* exchange % EMAL LR AE U S Ca overload BHiF T3, #MIRNT MU DA
HWMORREE UTHRERE b TEER2BF L LT, DAAFFERAN ATP ozt Na/K*
ATPase |2 X 2MIIAAT + U 7 LAOHRA~OHHBAEENDE, DMIRANT ¥ F— V2D
FTIZFEV Na*/H* exchange BSEMALEh, MERAPL DT MY U ARABENT FE, 135
bNTWB, —F. Na channel OBEIZOWTiE, iz & v SISO BRI IZHEST L
Na channel 23 REHL S5 7 Naoverload DRE L 132520 E S TE 7, LA LiEE,
E MR, EEEREFIC Z OREHLIRRSHEE S, #F0T b Y U AR A(non-inactivating Na*
curren) BB E - &5 L #BE &, Na channel DBES 3B IMEF Na overload DRED—>
L LTCHRBIhTWS, 2 ¢4 bbbl non-inactivating Na* current 3l ER 2o
LWH AL AEHE, CP-060S 23 UFE MEFIZHAEN T MY U ARH, XA F—RE%K

Keywords: CP-060S, non-inactivating Na* current. »*Na-NMR., ¥P-NMR., 7 > M0
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# L OHRESERAZRRTINIC O VTR L.

[##:] #t Wister-Kyoto rat (350-450 g)?>.0 % Langendorff #5iZ TR L7z, MEFH#KIZ non-
phosphate Krebs-Henseleit buffer (in mM) (NaCl 114, KC1 4.7, MgSO, - 7TH,0 1.2, NaHCO, 24,
EDTA-2Na 0.5, CaCl, 1.5, pH 7.9 % B\ /=, E4Z=EIZ latex balloon Z#EA LIMEREZ RIE L

7o ALE|IZIX pacing lead Z4BA L 4
Hz 2T pacing 21T 7=,

2Na-NMR SIEFFIZIL 2Na-NMR 0
7 FETHD 4 mM Thulium(Il)-
1,4,7,10-tetraazacyclododecane-
1,4,7,10-tetrakis-(methylene
phosphate) (TmDOTP%) % fv iz,

NMR #&Ei% Bruker ## MSL-200
¥ fAv. NMR 7 u—7X Morris #3
multinuclear probe ZEM L7, 2*Na-
NMR THIZEEB$K 52.9 MHz, 90°
pulse, FEEEIEL 548 |, &Y iR UEFR
200usec T 2 HHEOREE L, ¥P-
NMR iHIEE#E 80.01 MHz, 60°
pulse., FEE[EI% 120 B, v LK
1.9%. 4 DM THIE LT

CP-060S 3uM # & 16 FRTL V&
5 L7-(CP-060S ., n=7), EMmEMHI
48 ML L. BERIIIT DRI,
x4 & LT, vehicle(vehicle #. n=8)
B £ O non-inactivating Na* current
mEIER O A% FH 3 %5 CP-060R
3uM(CP-060R #. n=5)% AV iz,

[E8] Fig.l X ®Na-NMR X% b
LG L RN Nat#fi oot kK T
5. Tm(@DOTP)> i X ¥ MIIEAMA D Na
peak BBRHFIZHBMEN TS, Fig2
BE 7N —70/MEN NatoZE{kE T
3, vehicle BT, BMmBLEE & HIZ
MR NatiZA&sgizigim Ui 48 4 C
it 266216 %z L8 L7=DicH L, CP-
060S #£(208=8 %), CP-060R B (221+

Na*

o

(ppm)

Fig.1 2Na-NMR spectrum of rat heart
perfused with Tm(DOTP)>

Na*i (% of control)

Drug Ischemia

300

250

—e— Vehicle
200 {|—o— CP-060s
—v— CP-060R

150
100

.......

50
-20 0 20 40
Time (min)

Fig.2 Mean Na* data for vehicle, CP-
0605 3uM and CP-060R 3uM
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22 N TIXHFRIC T OHMMBIME X Tz, CP-060S &L CP-060R BIZIIFELRERB DL
ol

Fig.3 i2#8am ATP O&E{L%E 7T, vehicle B CilE M pAiAHE 30 4T, T2 ATP 238lE X
2 25TV %3 CP-060S # CilsEfn 48 9% CH ATP 11 5.5+ 2.7 pmole/gdw L HEIZED
BA BBl E R T,

Ischemic contracture i vehicle B TEMBEIAE 19.1+24 5 X VR E o703, CP-060S BT
X 37.5+2.3 4. CP-060R 8 TiX 37.5+1.2
G EABICE DOHBIGEIE LTV,

umole/gdw ATP

[#££] CP-060S ¥ L 1% CP-060R t e T —
DMKIA Na*OHINE B LI Eh 5 %
g L iZ non-inactivating Na* current 7% Na 0
overload ®—@F & L THFE LTV 5 FREMDS 30
#HSND, E CP-060S X Ca HHAfEA |

& non-inactivating Na* current FRE{ER% 101 | —o— cpr-o60s o
P& -003, pon-inactivating Na* current O o 30 10 o 10 20 a0

PR DA% A3 5 CP-060R & #ifEP Na* Time (min)
HMMmEER S ZEFRBETHIFELYD,
CP-060S D& NatlZx 3 5 ERIEZFEI
non-inactivating Na* current FAEFEAIZX
5bDEEXLND, £/ CP-060S iXE i
POMBAT R X—REE2 LS, ZHITMERA Nato#ima3ms S hizizHic Na/K*
ATPase {2 & 5 ATP OW#HRBBD LoD Tiian i L R S iz,

Fig.3 Mean ATP data for vehicle
and CP-060S 3pM

[#¥3%] CP-060S 1X.L:5E Mk D non-inactivating Na* current fFREIZ X » #iRP Na* 0%
L. DEABERERETILO LRI,
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Hyperpolarized Xe gas MRI experiments

Minevuki Hatiori', Takashi Hiraga', Tetsuo Moriya', Yoshimasa Kinoshita®, Hidehiro lida®, Atsuomi Kimura® and Hideaki Fujiwara’.
'Electrotechnical Laboratory, Tsukuba, 305-8568; “University of Occupational and Environmental Health, Kitakyushu, 807-
8555; *Research Institute for Brain and Blood Vessels, Akita, 010-0874; *Osaka University, Suita, 565-0871.

An apparatus for hyperpolarization of noble gas nuclear spins using high-power diode laser arrays was constructed.
The stray field of the horizontal superconducting magnet was used for the optical pumping processes.  The high-power diode
laser arrays (795nm, 20W) was applied for effective excitation of Rb vapor. We achieved ~1% polarization of ®Xe for
sealed Rb and Xe and N, gas mixture and performed magnetic resonance imaging experiments.

[BRR1  °He, ZXe AL 1/2 OEHRICOWTIL, Happer SHTo =R B0 LTI AU
EBEEFEOAEVERICESEEET->T. NMR EB2RENICEETE A1), MRI ADEEBELT. B
HEDENDERDEENBELNTHBR], ZoTE, HSABIZHASNHAE Xe HARICDODWTRE V%L
7Ly, 2Xe DUV MR BRI T 5 7=,

{381 Rb £BI. HSAT U TNTHAZNERESR (TN F$0090%) &, AF VAL TAIC
ANFERETABEZERICLTRERNDEZES LR, ABOSRTFUILVANSALTOLIL T TN EDA
L. BECR DT 10%Tor [COBENS, FEICERBELFREBHSAE GME S0mm, BEH 200 ml) ~FRE
Uiz Xe, Np HA(EABESE 00 S0S% BRI A) %, T A7 O~ bO—5—(MKS:M-310-01C, M-100-11C)
T, TBMe~1scom, Ny~0.1scem)EEHBL T 800Tor EA LR, BEREASAELREBRTHHALT.
Xe PEMEEIURBEOREILA> TS ETAT. Xe, N, HAZEUAAL, FR B 78812, MR FH
CHIB U8B n (BRE/ R 7E47T/400mm BT, E9MREE NMR ORIEIBEG(.4T/83mm)®D
BREIE( 120D REHEM =, 54 RS —BEBROEICFBEBEMI LTIV ERANTENEEEY
FERAEILEHEBL. ~100TCICE /2, BRI, GaAlAs 44 F— | b— —(OptopowerOPC-AQ20~
795-CSPS;795. 11+ 1nm20W) £ EAE L. E—A(XZZ v &Y 4 X 200umx<ium)ZA/4 FERCVIQWPO-
795-10-4-R15) & L TEBRRAICLER. Uy RUAIML A T—8AEpmZEF ok DA L, MRI
R, BEOFEIAN, VRSN EERLE, REIMNVTESBEOEEEL-EZSE T &L
T, ¥ 40 9EEBL, YR
4 JUEIHNEOmm TH B,
B 1z MRl BifgEFRT, 8
& —4 A FLASH %
B,

(&) HUARZDN
R BrFEBEICBNT.
FAF— Bl —F—=TF oA
(795nm, 1TW)YE i IC
BT Ro ¥R EY
TN PXe BRAE L EER
BEEEEIA, 10 BEE
TEHREORBEE1 %%
B, COHSAFa—-7
[TDAWVTMRISEBRIC K Y Xe
HRACHET 2EGEEE
THIENTES,

[

{1} Walker T. G. et. al. (1997) Spin-exchange optical pumping of noble-gas nuclei, Rev. Mod. Phys. 69 : 629-642
[2] Albert M. S. et. al. (1998) Development of hyperpolarized noble gas MRI, Nucl. Instr. and Meth. A402 : 441-53
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Rapid MRI measurements by phase-encoded rotating-frame imaging method with phase sweep detection
Mineyuki Hattori, Hideaki Shimizu, and Tetsuo Moriya
Electrotechnical Laboratory, Tsukuba, Ibaraki 305-8568, JAPAN

Phase-encoded rotating-frame imaging method with incrementing a phase of the reference signal during the detection
period is applied to the measurements of the spatial distribution of NMR active nucleus. A new faster two-dimensional
rotating frame imaging method is proposed. The spectrometer systemn including the probe with a saddle coil and a surface
coil and the additional synthesizer were constructed. Demonstration experiments using a phantom sample of water were
performed.

(] BREBERAS A~ FRBICBIVTE. BEICNDSOEROA, ITEELE, SU4 RS
EOOREOEEROI 21— FICHET S, Hout ICEBEEBERX—I2? M S5T70[1113. x BEED
S UA BN & 2 AFOSHRIBAREBNVETRTA A= S THEBN. S5O HBIERER/ IVAD
ESFERENCEZ-. 2HEORESEVEL TS, JOREBERNEEARS LE SEUOEEEERA
A=, BURUBSEEE & SHRNWTHENCS DA REERE/ IVAEHNL. nutaton (E8%
B FD &LTEBAERLLT, BES
nTWa2l, MEZTHEBEEERAM A
—~ D HETE. —-BARICAEES
7= A E/SIVAICEY vz EicT
Uy TESEELTERLER. v8
90 ° /UVARIZEY x-vE EICE UTHE
T, EEBBNICEZ —ED DL
I REFT, —RFEDEES T -
SHEEETNBEL Beid, B1UIORE ~
T SEBEBONMEEERBICES] ; = s
s, =BT e s e BT, SBOEEES T A ERREERA AUk
ESF+—EORCCEEICRU BT AESIEEL. BRiMEEsTE S5 GTeaEL /4L

[3838] 55 DA REURESH - BUACEE IV E, EXRBICEONRE I LI HRR25]T
. HEEEEL TREBEEET->THS, Ll BYRASHET O LUICHET $/-008BESGER
DT, BELBOEILYBEL, JITR ZRREOEAIMNEREL. CNSICEHNT SR FOBEEE
ZEEET, BHROMEEEENIIRSI LA ST I—- FEhE8 Y BT AR4EEIEL. B
REEREETV. HHOBEZH0LWT—BORMEETIRTA A~ DU RBERTD. 07 - 53¥E
13, —EROLOMICETT SRE DA NDFDHD RF Fv 3V E-RRENL T, x y DI L,
SE—BO DA NANREDTD BRSO A N EFRIRBIAROTTF A v TU L SBEITIES,

(E&0] TREOERE D IILOF R LRESOMEEERNICRS LSS MET Y O~ FEN/ESEMm
YT HEICEY, EHORROLREDIE, BR(OTIRELREEERA A —2 L UEET O, VAR
BESAEL. BISARICHAS S, B ESY, B THYICETSREMSRICEO VO OIS S,
RBEHRT O FOFEOREIEED. COMBEEPLIL Bl A - JRERETE,

(22500
[1]  D.1 HoulJ. Magn. Reson. 33, 183 (1979).
(2] R Raulet, D. Grandclaude, F. Humbert, and D. Canet, J. Magn. Reson. 127,259 (1997).
[3] M. 7. Blackledge, B. Rajagopalan, R..D. Oberhaensh, N. M. Bolas, P. Styles, and G. K. Radda, Proc. Natl. Acad. Sci.
USA 84,4283 (1987).

[4] M. Hattori, H. Shimizu, and T. Moriya, Proc. 20 AMPERE & 13 ISMAR, 563 (1998).
[8] F DeLuca, B. C. De Simone, N. Lugeri, and B. Maraviglia, ], Magn. Reson. A102, 287 (1993).
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Development of a Compact and Portable MRI Unit
K. Kose and T. Haishi, Institute of Applied Physics, University of Tsukuba

A compact and portable MRI unit is developed to extend the possibility of MRI. A note PC
was used for the system controller and console: ISA board units (pulse programmer and
synthesizer) were connected via a PC card - ISA bus bridge unit and a PC card AD
converter was inserted in the PC card slot. Because the size of the MRI unit except the PC
was 45 cm (W) x 30 cm (H) x 40 em (D) (about 30 kg in weight), a very compact and
portable MRI system can be built using a compact magnet.

1. FEHIZ

MRI 27 b% /N - BEBILL, SHIER—FTNETHIEICED, SEEERHEFIC
BiT 5 MRI O REARGABBEIND. bihvbilll, Zoaur 7 MIESE, ThET,
WNER— 2T MRIL 2= MEBRRE L, TBEA MRI OBEIE 2R A L7 MR Microscope

(MBMICS) | %0, TXRARERE Bz zo %7 b MR Microscope) 72 ExHE L2 (BTE
BLOSEOREKREZSR). AFETIE, MRI 2=y M S BI/NEHET 5 2 E2RE L,
FORER, HEEBHEROK U © MRI == v hOBERITRI L.
2. VAT LEBEORH

MRI ==v b&IE, MBI O= b2 b= RE5TH
b, iz, JBIZEDEECR, Ao L, RF =4
NERREED Z LI, BAIZR U MRI 25 A
EPRBICEBETED. Figl ZhbvbnEB%E L, /g
DOFATOR—FZT MRl ==y b (BEER 80k, L
Btrv PC, RF §F==v b, AEaA/VER, XEH)
Zd. MRI ==y ME, &56IZ, RF oA i =1
NMZBNEWET DU —a=y b (FERLAE= AL
BR) &, TALEFEL, EEBREEITIMER =y
F(PCERFz2=y M) IR b, BFETHE, Z0
MRI == FOZEARBMEREZ MR L oo/ RS |k
T, B PC ONEKICE AR B,

PC 2/ LT H5EIC, WhbYd [/ —FPCl E X
FeRT =2 ZADETREDOBERTH S & BbiLs 7,
MRI v 27 LBV, UTOIO0V AT LEEE Fig.1 Portable MRI1 Unit
HREZ LMD, B—L, SR TE ST eoT developed in the previous study

*—17— F: MRI, NMR A+ A— 7, MR microscopy, Portable MRI
ZHE ok, FHL b
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SNEREHETLIFHD (VTAZA 5 08 2EET D) avrta—Fa=y bERL,
FnEA—9% %y b, USB, SCSIREDL I RPADA v E—T = A R % LT/~ PC
LEFETAFEETHD. TOFER, VAT AOBERSEEND ZEICLY, &viEiER
EHTE, ERBELTETH DD, VAT LABCREHIZRY, ML L EER LV D
BENPLEFAFTHS., B2, /—F PC OME—DIENRATHE PCHI—FAz v b %
FIALCEH - 21T 5 FETHD. ZOFEIL, EETELI V- FBHIRINE 0D
TR REH DD, VAT AOBEMS, MEUE - EREEBELE W OIBEPSEERTHY, F
7o, PCAREOXRy MU —7#BEFATNE, EREBELFRETHD.
3 BB~ TILMRIAZ Y b

Fig.2 12, AR TCHEE L/ MRl ==y F2FRT. K
VAT AT, /— FPCHLPCH— FafEHE L TISA
R— FleREINF AT e b o 4R
— RFZE#E L, ADE#SE L LTIE, PCH— NITHEES
nizb® (AD12-8(PM), =T v ) #EALE. ISA
A— RiE, PCH— F—ISANZXTY v 2 (UPC-1471Wc
AV ET=—A) ERBLUTCHEHB L., £/, MegH=
= b (ERLER) & T—2=y b (BRTH, RF:50W
G:%& 50W) iZehEh—{L L, kDR —% 7 /v MRI
2=y MIEN, V3 OFE (F930ke) #ER L.

Fig 3, R AT ADPCH—FAD 2 _—4%H
WTHREB LT 7 FAOEIREZRT. PC A—FHEOD Fig.2 Portable MRI! Unit
AD o _—Fa=y FT, 2F ¥Rl EOERY developed in this study
YTY T EERLTVSHDITA
FTERDTER, BIRT IO,
P TV o TREROTI (8.5 us)
id, —ROAMAMY 7 b TERICHE
T& B, AT LT Y TR T
WA AD 2 —FTh MRI
DEBFPEITIFRTH o7, 2B,
AAD 28— &L, 16k U—FD
FIFO Ny 7 7 23 LTV 570 o,
EE o FLASH ¥ — 4 o = Fig.3 Del'ay time (8.5 ps in 20 .ps sampling)

) corrected image (left), uncorrected (right).

(TR=10ms BE) Tb, Windows98
ECUTAE A LCEGREER - RORPARETH 7.
4. LTU

BEOIRAT LAWY, FIEWICEELEFTIR MEZBLD, MRI2=y NOAHE
B2 BEO/NEE, MBI DREDIEAZEZX D ETOX—F 7 /0 d—ThHY, Znll L
0, MRI DICHAOFREESRESBEIT A LHFEND. B
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The time-dependent change in 'H-NMR of sea urchin eggs after fertilization

Dept. Chem. & Biol. Sci., Japan Women's University', Nat. Inst. Neuro-
science, NCNP?, Nat. Inst. Physiol. Sci.?
S. Takahashi', M. Yokota', H. Sakai', T. Ogino’ & M. Murakami’

'H-NMR of sea urchin eggs were measured and chased their time-dependent changes after
fertilization. It was found that glycine was substantially decreased in its intensity with time,
while broad methyl and methylene resonance from membrane lipids were increased. The
latter result indicates that the mobility of lipid molecules increases after fertilization. The
present result also suggests that the pool of metabolites vary their amount during the course to
cell division. However, *’P-NMR did not show a symptom of increase in pH, which is
consistent to the previous results of NMR but contradict to other biochemical results.

MAEYT. Mg, IV E284 05ERBOMEN—RERAICITDIREN,
ZDELIL Y'P-NMR 12> Tz, *P-NMR TI3HIRA pH LIS E(LEM L
BEIZADERERDIZENEL N, f5. 'H-NMR Z{i> TREHOE % EH
LEIIDz 0, AETIE 'H-NMR [ZE 5K O TJREMZEL -0, ¥
ZHDZRBOLLEBHLE, VoML BICERNAE T TR SBRIZBIS
MRS HOFRENE F NPT,

DZEIIDONTIE, SREOMIEAN pH NZEDLSBNETIRELETTBEND
WEND B, RFEIDODVTVARN, OELEHFENSITE. DLAERTSEE
INTND, 'H-NMR IZDWTiE, H,0 OEMEEMNIEREBTETHIENIH
ENH DN, MEARKRD OELIZ DN TOREFITIZ,

(5281 Smm DIEHE NMR REEIC Imm ® PEF 21— 72BALEBRRZEE
LUY—N—COBEBRLE. ROTREF vy RN TECHBEMATES
ISMATEC D 4 F¥ > FRIVRY ZAF R TEFi->7-, BEORTIIVF—N—n5X
RZ7 MIVOPFEREICHHE TR AR L Olympus ZEFEEMET 100 Stk L
THRE L /=, 'H-NMR T Bruker AMX-400 %\ 20C T 7.5 9 T & ICBIE L 7=,

Key Words: 7, §F, %¥5, '"H-NMR, #8Z1{t

ehidl Bnwed, &Ik FEZ, Ihhy DZWvs, BED =hL,
O5MhAH FXleh
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(#R] 1. ZHTEBEBA DA N ANEEL, ZHLUTH 40 HEOINEIIEE
REETIT 80%LL LOMER (ZHR) ENAIEREHETTIE 60 - 710%TH o7, BEKIB
ERREEENNEZERICHE L, £-T2ICEKLZRETHINOBEIZEN
ZEZBRIILER LU, pHELCERYOERNER TRWI R TEZD T,
SIREDEHE LT EMMAZ ML ZIZ2S5 5 L, NMR BIEIZIX 100 - 150 mg/mL
BETEKEBE 25%DWBKREF ST,

BREELZHERIIEEL:. BRIZE—HBOWOZRBENHET DT,
BAZA NV ADEETH S UL 2.5mL/m OFBRZHFA L. NMR ZEHERNICT
AN —EFALTIZE NSy L, BKEFTEBRTSDATLIE. SINYD-<
DERVAIRTEFBBTHAEOBARLANKEN END o7
2. NMR EBEENOBRELTLCEREEN D LICEELDT, BEEREZADH
EZHIEUBRENEELIENWI AT LZEZRL 2. ZRINIAERE TIE 3 - 5 mmHg
DEZEEZHEEBTIN., ZROEKBEEITFD 10 BEULEZEBELE, E-SHEMIIES
BORCHARTEBEBRIEALE,

3. B5/z 'TH-NMR A X% k)L Alanine D A F)LED doublet HIBARRIZEE /-,
ZFLTEARY PNV EIZRRENZDVEEBL =N, LTO#GRERE. Tbb
(1) Glycine D FRG&BE AR & -

EBITHRLIZED L. Lh oy

LB A o R e ORIz,

EIKEREANBIBH

i3/, o 7=, Alanine IZDW

T RBOEEDH S M, |

RO -2 LERBDT,

SEIZEREZERLE. Zh . ‘ ‘ —

i$2KTNMR Bl ~ 0 7 ¢ "
Ramrg5xstiians, B =8B 'H-AXJ B

() MIRREOIEEICHRXT % methyl BX U methylene B— 7 BRI & & DI vy —7
127257z, LOBIB/AW methyl (§H5OP THEBRUORELI NS E{LNBED, &
EWIZIED o 2o ZHUSKEFRIE EHICEOREIEIHAL. U bATIISHEE A%
WENEHBD D I EERBT 5,

(3) '"H-NMR & *P-NMR D [FERFEIE Z A58 MW pH A LA TIHEH@IIR S
BRholz. pH CHET 2HBIIERESRL-DICE, ERREXELT, N
ZABARLAEDELL, SHREEHITEILRNMBETHSD,

[(Z] SFICIIBESENEZ SR IFL O EBERMNEVW=DM, PE Fa—T%

BALERRBASAEEZHBALEBELI D ODEDMBETARY MLEEE. TOK

F, PICHIEAKST % 'H-NMR THBRIETER, WEETHRSHED & ZITIX

HENRKERDZCEEOR LR RBRNEEISNTE R, RRORBCEBRIZES

HOHDTHD., 'H-NMR IZ L HMBENRS ORIEN., RRDEENFHELHT

THERABERESZADDIEERLE. ZRICELIBEEHBEOHEKIT. =X)L

F—RHEROBKERKRL., 5%, RNBHERTHAL TITERN,
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Multidimensional high-resolution solid-state NMR for isotropic chemical shift correlation
of ®*C/*®N-labeled molecules
Faculty of Engineering, Yokohama National University
QY. Todokoro, K. Sasa, T. Fujiwara, H. Akutsu

We are developing solid-state NMR methods which provide more structural information for
isotope-labeled biomolecules. However the low resolution and sensitivity are obstacle to the
application of solid-state NMR experiments. By the combination of isotope-labeled samples
and multidimensional NMR under MAS, we have improved the resolution and sensitivity. In
this study 3D pulse sequences were designed to obtain spectra for 1*C-3C-3C chemical shift
correlation and ®N-3C*-13CO chemical shift correlation. The RFDR *C-13C mixing sequence
was used in the former correlation experiment, the APHHCP ®N-3C and RFDR 3C-13C
mixing sequence were used in the later correlation experiment. Their extensions to 3D
correlation enhanced the spectral resolution.

[FF] Bf#ENMRICBWT, & 37B0B8e LOEKRR FOMEERITT 5 7-012it.
FOSRELBENBEN LBEELR-TRI . AETHVOLRTEL LD TRFR+2TH B,
FZTRAIIZERMEER L 2%kt NMR 2#A8b8 5L T, SRELBRELHESED
HEBEOMB LRS-, AFETRERBLFOREREEIHB T HALERIET 01T,
<y 7 AREET ZRBHI OV T BC-13C-13C DERE & BN-1BC2.13CO DA %218 5V 2 %F (3
W e BC-13C-13C BB FFEEENE & 3 kit BN-13C-BCO MU FHREE) ORR 1T,

(%] AEBRTIX Chemagnetics CMX400 Infinity BRGILBERB LV V-, RIEDOH
A v MU 16%16%512 & L=,

[3 &t BC-BC-1°C i FHRME]  Fig.l
1 3 kT BC-BC-BC JUBFMB@ED/ UL R
RITH B, TTTESE (CP) THMNS

: BCIIRALE B8 X, t,I2BWVWT BC ik
'y [cp| TP Decoupling %27 N CRBS¥5, KIZ RFDR B>
TRENEEEEE IR L7 180 B LR %

% - 123_ % % @0RUBH L, °CAEEIETRHA LT
i T TN ¢, BCRRRMEBBISE, t,ICBT °C Ok

Bo el [l (el [l = : o
C I et hp  %¥v7 N CRME¥5, B RFDR T %C
(TRiTrly, (wiT) VT MERMLBEISE, T LT, I8 T BC
28T, 'HF v 7V 73 TPPM
T g : sample rotation period (Two Pulse Phase Modulation)5 % » 7

‘ VT ERWE,

Fig.1 Pulse Sequence for 3D *C-13C-13C 3 &It 1°C-1°C-°C R+ (Fig.1)

chemical shift correlation BINTSNANY AZHERA L, RBREMT

SUSHEMEE OkHz, RFDR 00182 Bl i 44
%—D— I : Bk NMR. MAS. £%3%. RFDR. &ER AR
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Fig.2 3D !3C-13C-13C chemical shift
correlation Spectrum of Valine
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Fig.3 Pulse Sequence for 3D *N-*Ce.
3CO chemical shift correlation
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Fig.4 3D ®N-B3C=.13CO chemical shift
correlation Spectrum of Alanine
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» (CO—C*) # 1.76ms, % (C*—C?H)
A% 2.20ms & L7z, BERRNIA 24 BT
Hol,

Fig2iZ 3R uEE@Ez R L, ZORD
F3 #iz#h € CO, C*, C#, C!, C»?
DOEWEFFE TR T4 AL BC.BC (F1-

F2) ¥FmER5 &, BA M 16%16 &

HRVO T, ARERITIIRD o 1208,

CO— C*—CO, C*— C,C"— C, CA,C
*—C*— CY, CO— CE—-CER¥DI B R
-7 BBRATE R,

[3 &It BN-BC=-1CO P& T+HE]

Fig.3 ix 3 IkR5t N-C*-CO JiBT-f8iED
RNVAZRFITCHD, £7 CPTH »d 8C
WCREHE 2 BE) S8, £, 128V T BN Dby
ZFNCRERMBAIED, kI APHHCP

( Adiabatic-Passage Hartmann-Hahn
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B ERRIH 24 B CH o 72,
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A new solid—state NMR experiment for determination of all ¥ angles
in a fully *C-labeled peptide by a single 2D-correlation spectrum.
Department of Chemistry, Graduate School of Science, Kyoto University
O Jun Mizokami, K. Takegoshi, and Takehiko Terao

We propose a new 2D-correlation experiment in solids enabling us to determine all
angles in a fully 13C-labeled peptide. The proposed experiment employs *C-*3C J couplings to
create zero-quantum coherence (ZQC). The uses of the J counpling is desirable for high
selectivity of a residue. The ZQC is evolved under several anisotropic interactions to
determine the ¥ angle.The method was successfully applied to fully '*C-labeled L-alanine
to obtain its ¢ angle within 1 degree to a neutron data. '

RIFROZHEOEEIL. 6 v wDZ SO ZHEA (K1) TRBRTES, ARE T, THH%
BC CINGARNLIEANTFRICEBNT, 2 TO Y A —ED2KRITE NMR ERTRETIHELHRE
URELT2, ZLDRFEET ILLIZEREIT, 4 D C=0 ZDr"— 7% XAIL T S/N BLBH$3-0
12, 2RIEDHHDO1IRTTIE MAS FC H Fhov V7BV EoREREE2TOLERDD,
P-T, y ARECHLER C-H FBFHEER, BLV, C=0-C, 0RFLFE 7 MEEER (K
2) IIEVO IR TN O THLUAD DL ENHD,

oz i3, OIHIBLE LTI BEEB VT BC=0-BC , nEug&FabL—L A (ZQC) #{ER LI,
T FREER TR, JREERAVWEILILY, BEEESL TV BC-13C D ZQC D HM
BIRAICRRESNS, ZhiCkY, RUERE—IBANBUAZLL B BHIZAIMC OB T
x5, ERRLT- ZQC i1 t, BRI DR, C-H BB FHEIEM L 3C OfbHE 7R IO T CREMHEES
¥, vADERETa—FLE, TOBC, H-H JEFHEAEERAE#HEEL > C-H B THEER
FET7-0, H A FSLG2[1) AR ERHE LUz, ZNOOHEEROKRESLAxELMEIL, ZQC @
El#Es AR/ K (SSB) OB KX,

Fig.1. Dihedral angle ¢,%,and w Fig.2. Spin system and interactions
in peptide. to be considered.
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EBRICIIRFEELTIC CEMLE L-alanine # i\, ChemMagn #£:¢ CMX-300 iZ Doty #-%
5 ¢ MAS Yu—7 %AV THRIEL, TPPM OB X 82kHz, FSLG2 OIMEET 54kHz, MAS &
13 3.5kHz TEREITo7z, t, LU T, 152 8 B AT 180 ABEL 72, B3IZ, C=0 DALBD ZQC DA
NIMETFT, BICBLN TWBILEY TRy MERIR. R FHEERBIZAWV T, v AEEXRMN
LeNF AT FEILLD T Iab—2a 2TV, R4DL57% RMSD 24E7-, Bohiz ¢y AlxFi+
B THON-AE+] ETHY O THE Ry AVBBLNI LRI IENH K.,

ZOFEETIL., 2KRFTANEE OB BEEEARIMWLBHANLNL TS, HFFRO C=0 %
C. DD~ —IR M TER W, ZQC @ SSB OLBERIE., +72bh, ¢ AOWREMN
FREIZ/2D, 72, ZQCE A TWBRDIT, 1KT ETER> THBE— 2% ZQC X7 MLV T4y B
THIEBHIRFEND, o T, ZOFHRIZIY . BETNLERERRXTFROETOYAXIEIDE
BRCRETELLEZ TS,

AFEDARIMOBITIZIE C=0 DLELTNT I NADORABLETHSD, C=0 DL 7h
FUINDLFORFAEEIC N TARRIX RS IN TS, LELERES, —fRIZIE, XISFR
D C=0 DALZEL 7 bTF U I MO F IR IEREIZ 003> TODDITCidden, £ZT, C=0 D{bF 7k
DRPYIZ, C-NOFBFHREERZBVIZLLRFL TND, ZOLIREETARAEEAVV- o,
YADBREL, 3T EDEKD NMR =2 HWAZ ek, JYBENREBR TRIAEIZ/2S
LEZLNAN, SN CEE NMR O T, 28 %EET5L, 3T EOFEBRIIERM TIIle, &4F
BDL52EBFEBE IRTIEAVEZKRITESE D TIIROMEZ LTS,

0.3

0163

02+ E
64202 46 |

P S G T P N N ad 2 L s ) h
W m om om ¢ EUTE. B R} -180-150-120 -9|0 -60 -3|0 6 3l0 610 90 150 1‘30 1&0
Chemical SNibpym % (deg)
Fig.3. ZQC spinning side band Fig.4. RMSD between the experimental
pattern of C=0. and simulated spectra.
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Deuterium NMR Study of Disordered Structure in the Glassy Crystal Pentachlorotoluene
Department of Chemistry, Graduate School of Science, Kyoto University,
Kyoto 606-8502, Japan
OShinji Ichikawa, Atushi Kubo, Fumio Imashiro, and Terao Takehiko

Abstract:

We have been studying the orientational correlation between neighboring molecules in a glassy crystal
pentachlorotoluene by using deuterium magic-angle hopping quadrupole-order spin diffusion NMR
experiments. In the course of the study, we found it necessary to evaluate the dipolar and quadrupolar line-
widths of the single-crystal deuterium NMR spectra when we determine the orientational correlation from the
cross-peak intensities. The dipolar line-width was calculated from the crystal structure data. We assumed that
the molecule possesses a small-angle static orientational disorder and calculated its contribution to the
quadrupolar line-width. The angular dependence of the experimental line-width at 135 K was well fitted by
this model. We determined the root mean square rotational displacements to be around 1 °. These results will
be employed to analyze the spin diffusion experiments.

(F&#&]

Hald, VIARBRR 2700V B80T, BESFEIZBTAENOEEL AL
B, BFERERENMRIZBWTERNA E VRO ERTT-> TE 7L, B4 MONMRHZEST
i, EBIBSK CAEVHBIZE A2 7 0AC— 28BN TE -2 L 285 L7,
COMREBINT AN, AV VERO VI AL —Ya v BUETHLIN., AV VIEEIIRILoR
BETOHEOAY D ORBEEROF 7Ly POKE SIZEETH 5, 23 HBEIZKET 5,
—H T, BEROEKENMRARY bLDOE—2713 135K (BWT, ABAY OB FHEER
RIDHEPORBLOND L) LELEV, 2T, AESTFROREOHBEZBIFT 5121k, 2
DRELGEEOBEKNZHET LI EFLETH 72, A IZIOERN, FFIHEED CEEVE
POENRENTRAEMEBEICH ) 200 NBEFHEERHORESIIFHBELTLILILHE L
i, DTIGBR2 X RBIREIT, KEGBEFHBETLZ LMk, $7-, REBBORBIEIC
M LABRERED L, PFERBELEER L EODFOREENNOKESERKEb 7 DX
L THELIBTFICL 2BER VB FIC L 28EB 2BV TRAYE Y EHOBR 21T 272,

(3256 . 2 FOM/NABEERIC L 2#R1E]

DFPEEPTCFHEMNEI» S FhFNM/IARG L KB THEEL TV L ERET S, IDEEX,
BLAOGTFEEENIEXREVOLBEBBICAGESEL, 2OLDEKFEEDO AR ML OKIR
WL b, REFTFOBOBEIZL 2 EHUEB» SOThEREEEMEFLEE &, REEMICHE
IEKRFEHOBIIBOMAE, MEEMNOFEENTWIEEDME L, BBOLTABRIKEL T
TALT A&l b, ZOBRRBUTOIIIZRIZRT LN TE S,
DFHEEL TV D L &, FO/HEINTISITIE, AEE L OR
A s Z00E ® i, Fig. . O x#y#z8T by o

0, O 0 OERAELETREL,
0=0it+oj+ok

i

BUEERORA S FY 20 T T REGE A, BERE L
FYUN LERDE D \EET B, * A
L=®- o o
- . B c o
BEAENMR, 77 AMHER, A . I8, disorder Fig. 1. Rotational displacement.
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TRELI LT D, ZOREAVAYIalb—Ta VORERZUTIORT,

(BRERUEZE]

HE0O b BEBRBEOFEI LYy 2ATETEy L, #RET b BEA Y ICERS Y/ FN
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Fig. 2. The rotational angle dependences of line width.
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BC-BC polarization transfer by resonant interference recoupling under magic-angle spinning in solid-state NMR
(Kyoto-u) K. Takegoshi, S. Nakamura, and Takehiko Terao

A new mechanism (Resonance Interference Recoupling, RIR) for ®C-®C polarization transfer under magijc-angle
spinning (MAS) is proposed and studied both theoretically and experimentally. By applying a pulse technique called
FSLG-m2mm to 'H, which is based on frequency-switched Lee-Goldbulg sequence, the spin part of the *C-'H
dipolar interaction is modulated with a particular frequency to interfere with the ®C-"C dipolar interaction.

%

IRFE 13 DL 5 RAERAC U CORYUBBII Y FOREEREBL HEL LTRAVWD ZERTE S
OIZ, T ETEROICLFEBRICLIESNTETWA. MAS T CREROR\ B LS 2 4 LA 7-0ic
E. MAS HRIZ X 0 RO B - B TAREARR S ¥ B 2 &, RO, ERREE: °C RDRKLEE =
INF—REFREFELENDD. Bald, ()RECT SARBRETOT, QWS BEXOHIR
R LT, Q) EMREEL RS- T EBRRITO 2 L DT BH LWFERRRT 5. AHETH H-5RS)
e Ry | ASKIC H-H DB AREIERZ Y KR 7200 FSLe-m2mm W5 7SR RS,
FSLG— m2mm B TFCIL. C-H FUBTHEE/ERITZRER0 MAS BB X 55005, A L8
FSLG—m2mm \Z & 5ERE ST 5. —F, -9 B THEMFIIZR2 WS BB kv, RY
VERAIBMEAES T MEFEZEC I AEREZITTWAS, O W & BC-C OFETFEEVEROEFRR
BA—B U & 21T OC-5C TUBFAREMERAEIE T2 2 L #ERAOICR LT, FRIC K O Behdr 2.

i

"H-H WHEFARE AR FSLG-m2mm (X O B BT B OTER LT, $fsokbiciiyy
7 NEFERRNED L LT, ZODRERES, & S &E—oDKFE (D oA REEX . "C—C X
BFAEENER HS (¢) I MAS BB, b7 MEFEEA L AERERITITERY, AL VRETL
FERBAR DRy 6 DL,

HE(6)=8,,S,_exp{27it(A + nvy)}+S,_S,, exp{-2mit(A —nvy)} (n=11%2) o))
ERTILNTED. —F. HC WUBRTHELER HP (0) 13 FSL6-m2mm = X 2 EHAR Ko, , & MAS
B0, (o L BERE DT, ‘

HE(£)=1,S, exp{27it(V,, + ML)} + 1S, exp{-27it(v,, ~mvy)} (m=2%1,12) @

F—U— R AEHEL MAS, FSLG. A NMR
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L&A (1=1,2). Secular average Hemiltonian HEAZEMAT 2 L, —ROBEIEHAIA =T 3L
LVEBSERS HS () & HE (6 OFTHeE L LTEA IS, R, WETHEIERORER
(RIR 4P) 13

{Oyop +nUg [l A+mug | (n,m=11,32) : (3)
ERDLND.

=Y
ERITH, [1,3- -7 T =0 . BALSBIERIL t, KT CORTATHIERAL< S,, - S,, >
ORTRSER VBRI 5 = Ltk 0Tk

NRLER

(1,3 - "CIL-7 5 =28\, 'HEERE, RIRIE, R2IRIZK 5 3 DORMEBEIERA1TV, RIR &
BOTRHEBENMBEEND Z L ETRUTTR L. MAS BRESIY, H-BiiRk & RIR #Eiido, =10.85 kifz,
R2 it =11.79KHz ZENETHAE (9. TT OBEBHIINT, (K37 MESEZEA =11.79 kilz
THBD). H BEEIEMEL RoTS. —F, RIR ETiIo, — Uy =A—mu, =094 Kiz ©
RIR etk 29723 & 912 FSLG-242 /LR % H BRI 2 2 Lok 0, 1H-SREEc T 2.5 {50
RSB SN T, BN BBORIMBEI N TN D 2 EEMIDDZ LN TE R2 T
to, =A=11.79 Wz (CRRET DI LD, BLBRRBBENTON TS, LALREDS,
Z DHETF T BC DRI R IUE T/ 35— &R T - DB RREE L\ S RIS b TV 5.

ZZTHWEL 3-CIL-T 7 =43, REREFES 7 MEHEZE L/ SR BC-1H BHRFHEERD:E

DI, R2 HEITIBELTRIR & H BRBRETIREELVRBICH S L E25. WL O RIR HEIZBWT
RAUBBZhRAMERE L= Z LIXRIR EORMER R L TWB EEX N5, R IEOBEANEEL Ly 7
FEMRPSWVIFSIZRVTS RIR EOBERREETHD T &, T2, R2EMTIIEAMREOR AL AH
W72 A, RIR $CH BSLG-m2mm 7VR % H T v 7 ) L ATV R B = &0k D BREE CREL
BEZERITE S Z LRV ODDRIERHD. BRY—IXI DL ) RAITHDNTOEREILFHRT 5.

- wfe ; ) Fig. Mixing time dependence of the difference of magnetization between the C=0
E“"‘ "% % x| edCH, cabons in [13-°C] Lalanine for three different polarization transfer
£ ® o . approaches: "H-driven( X ), R2(A\), and RIR(O). v;=10.85 kHz for 'H-driven and
271 .« .| RR ad1179KHz for R2. For RIR, the condition of ug-uyey= Avg= 0.94 kHz s
. R S S fulfilled.

t/ms
BE

1. K. Takegoshi and T. Terao, Solid State N. M. R. 13(1999) 203-212
2. A preliminary report of this work is found in
K. Takegoshi, S. Nakamura, T. Terao, Chem. Phys. Lett. 307(1999) 295-302,
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Determination of the paramagnetic shift tensor
by “C-*H 2D MAS NMR
(Kyoto Univ.) T. Itoh, A. Kubo, T. Terao

Abstract:

A new solid-state MAS NMR method to determine paramagnetic shift tensors is proposed. This pulse
sequence consists from a normal anti-echo sequence and a t,-time reversed echo sequence, and a TEDOR
(Transferred-Echo DOuble Resonance) sequence is used in the mixing time. By this method, the sidebands
of '*C and ?H are correlated on the plane of the 2D MAS NMR spectrum and these sidebands should be
purely absorptive. When the projection is taken on the diagonal line, the zero-quantum coherence transition
between '*C and ?H can be observed and then the broadening of the spectrum caused by the BMS (bulk
magnetic susceptibility) effect can be removed. Even if several peaks are overlapping with each other by
the BMS effect in a normal 1D MAS spectrum, this method enables the separate detection of peaks. From
the sideband patterns of the zero-quantum transition, we can obtain the information on paramagnetic shift
tensors. The method will be tested on *C-?H fully labeled Pr('*C*H,'*CO0),-*H,0.

(]

FHRERAOBARENL, HERORTATARERICENAT 2BALED-DIZ, REY—FHH
ELHBMSHR). D725, MAS NMRICBWTHIL¥ES 7 FREHRMES 7 S HEICHH
BEL, SHESEV, LPL, AYE—BBICLs¥— s 0mEibid,. EEZBT2 RTHE
MAS NMRARZ PV EBRI L7 L 212, b2 7 M E2BICE > 2R FEETHE 1 OE
MICFTICE LD, o Ty 2RILARY MR ZOBEKIIH L TEELERICEETE, L
MEfbAs v EN SNAHHFLLAART PADPEONE, BED 1RILARY PV TREHRD
A PDE—IHPELNDFoTVBRETL, ZOFKICINE, 91 MRIIFEES - ¥o
BETEBBOFAFNY RS-V HBAITAIENTE, (EFL 7 FREREL 7 FoRFHIC
B+ 235 BREBVIICEL I EXNTREE % 5,

EES512, "CRUHTRESES L MR 5 4 U7 4 1 KHYP(*CH,*C00), - *H,0 % H B
LLTHY, RE-BAREBO2ATHEARZ L EMEL. BEONMREHRSICTHRE L
[1lc 2RTHEBANRZ ML TIE, ERFEMCFESEML 3 OOEEE I CHLYT 2ES T 7. B
L. ZRZFROE—2 DT 7 M EHEXRETHIENTEL, 5RIZ. RE. EXEoELF
NOH AL FNNYFE2ZRTARZ PUVOFEEICTHBIT., RE-BEXEHOYLETEED
YA FRy Fp— /%3o®x%w§ﬂ YIS L ERAB T, FDLDONSNVART )
izl EE L,

[73v X %F]
2RTEANRY PMICBWT, Bl (SBOERTIZINCLH) OFRFRDY AL FN2 FD
HBEY & 572010, SEE ISV ARTIEER L A2(FIG.1)o Z D79V XRFE,

- REBB B D/ A RF|E L TTEDOR (Transferred-Echo DOuble Resonance) &%5[2]1% V>,
BCHEORBETFHEER 2 EESE, "CRLHEEOMEBT Lo Twna,

Keywords: HHtEEA, B#ES 7 b, REKH 2 KTHEMAS NMR, YOET &%

weky ELE, HOL iz, THEB L0 Z
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2REARY PVEDETDAEZ Y ¥ 4 FNY FiMRERIRFETEL-OICLE
%y tRITEREBINEAT. £ RITBEMINAT 2 D SV ARFI D6 % B[3]e 1 RICHBMEAT O/ R
FRYTE, BEPEPUAE O LREETRSLYEB L,  RITBHMETO L ZR5]T
BRFRREEFRS BT A L0, (HE LICTRIRT 2, BRAREAES, NETRF T H
EEMTYOEHE, SARITREEE-L 2589, « %AH U, 2510, BEKEP
DEZNIN T OB, FREN Hyft)). Huf-t) %559 n/7NVAOMNEBEFE L
Tzo tRITCEEENAIT CHONAFID% g, 1, RKICHEEIT CHEONFIDRg L T 5 &, (g+g™2
F2RTLODEHT—¥., g BEF— L LT2RE 7V IERTZI&IZXY, 2
RIEARY V%8S, :

e mixing time —

I/ ’ /2 b1 T » 3

i i

! : N i
=H) i | i
1 -

STWa+T : T @L}_Dmmﬂ' /2 T i

I

! Tw2 ! !

S [ ! E ﬁ 1
( —C ) X e m ;_____: | t: acq.

- —t" T )

N mTx ' Il Tx ) T 7,

T ! T

= [ Ir : the normal anti-echo sequence
nTx - 1 : the ti-time reversed echo sequence

("n" is chosen appropriately to restrict Ttobe 0< T< Tx.)

_ (T : the normal anti-echo sequence
7-Tw/2 : the t-time reversed echo sequence

I+ (the time reversed sequence)

A ittt ittty e it

FIG.1 Pulsesequence and coherence pathways \

A TEDOR sequence is used in mixing time to recouple Lommm-- EEE—

the diolar coupling between I and S spin. S- (obsd.)
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Two-dimensional correlation NMR in solids for determining peptide ¢ angles

under fast magic-angle spinning

(Dep. of Chem., Kyoto Univ.) OTakayuki Imaizumi, K. Takegoshi, and T. Terao

The FSLG-242 pulse sequence was used to recouple heteronuclear dipolar interactions under
fast MAS in a peptide H-N-C-H spin system to determine its dihedral angle ¢ . The N-'H
dipolar interaction is correlated to the 3C-'H dipolar interaction in a two-dimensional
spectrum. Simulation of the two-dimensional spectra for given ¢ values was done by using
the zeroth-order average Hamiltonian, and it is shown that the pattern is sensitive to the ¢
angle. RMSD between the simulated and the experimented spectra was calculated, and the
best ¢ angle is in good agreement with that
obtained by the X-ray study.

(R ~T7F FOTHEOWEREICESZ HN- 0 _
C-H Ok ¢ Fig. DEREBICHRETHFHikE L ¢
TINETIZER (1) MAS TTN-C DZEF NMR 0,

% N-H, C-H RETFREERCLES 7 MAEER

O T CRE#EE X, Bl A RV FRF— . ‘ o
RBs#zE1) L (2) CH & NH OEFHE oy il o Wl wpmenion wit
YER 2 BRI HIE L TRTHRE A7 LR BIET

BFERIBREEN TS, (1) OFETHE, KTARKOEEY A KAV FEEU DI
MAS oEEGZEL FhiER s 2w (~

90° N N
- - 2.5kHz), £7- Ishii ®FE2]THEE:
FSLG242 FSLG242
'H r cp MAS E#%475 = & xR ho e,
N CP CP X|X|X|x|Xx|x|x]|X
t=ntg Avi-Av|Av |[-Av|Av |-Av|{ Av|-Aw
13C CP .
:mtR ty > tr

Fig.3. The FSLG-242 pulse for recoupling heteronuclear dipolar
Fig.2. Pulse sequence for 2D experiment using the FSLG-242 pulse i i Xand v’ a phase and an offset frequency,

respectively. T ;describes one rotor period.
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MAS EiEASB & SRORULEER LT 2R CRAEENETREERLEE L ST
BRERRY MAEBDZ L NRECRS, £2T, BaIDEERRLE C-H 2 N-H WiET
MEERZBHE MAS TOHEET S L OHES FSLG-242 /UL RE[BE (2) OFRIIAVS
LT, @ MAS TC BN-TH/BCH SUEFHREERAOHBR 2 FASREL ¢ AERDE,

(EBR)  REHIIX N-7 £ F/1-[100%-N,1,2-BC]DL-/S U v & v =, 2L 2 KF% Fig2 iz,
% /- FSLG-242 /$/V A % Fig.3 |{Z7R 3, EB it Chemagnetics -8 CMX-300 4y ¥3212 B {ED BN
A NMR %Z{E# 285525, Doty Sci.ft#d CP-MAS ZEH#M(5mm)7 u—7 #BT{i-
7. OB R e I3 18C 23 75.553MHz T 5N 4% 30.448MHz T 5, MAS Bli=ERE ¥ 14.188kHz
T+20Hz LRI IR 7=, 7 'H © FSLG BH#KEIL 105kHz Tho 72,

ERLER] WAARGAIZHLT 0 ROTRL—ININ =T o2 BOTIRITY —
CEHELE, AKEO,. 0, RUBHERM C-H. N-H I3 X REWFRM4]EZH V. Figd o
R 4 SOAEIZOVTOHBERRY ML EERANRY MRFRY, ZRTHEBARY — %
FLF2=0 DAG A ARARY bAREBAIBBTHAZ LB, ERORRZ bit X
BTRESNFEM4] ¢ ~154° EETLILSBFRIA TV,

i

¢ Fig.4. Experimental and simulated 2D spectra
with its 1D spectra at OkHz for both F1 and F2

dimensions are shown.
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P78 FNET NV — 7 RETFIVALEWD 2 RIUBEKINY — AT
GRERIAL) ORESHT, ##HA, AH &, S, KB, PaE0N
Two Dimensional Powder Pattern Analyses of Isotope Labeled Silk Model Peptides

The backbone torsion angles (¢ and ¢) of alanine residue in sequencial model peptides for

Bombyx mori silk fibroins with Silk I form ( before spinning) were determined with 2D spin-
diffusion solid state *C NMR. Especially, 2D spin-diffusion solid state >C NMR coupled
with stable isotope labeling of the samples is very useful in determination of ¢ and @ values of

non-oreiented peptide samples.
#E

REHOMMELRTIOREE . Silkk 1 1220V T, EEMRTHEFEEL NV OBERNT
YU REZEA NMR OMEFELZHNT, BT £ 57012, T2 TiX. 2RkTH
K8y — ~ E4E NMR T2 6, Silk 1 O 217 72,
ERLIR, REB 714704 0%) IRTF FEFI, (Ala-Gly),, »%, Silk 1 B
LB EERELTWS D, 22T, F41L, Sikk I BD(AlaGly), 8L, 12
BREHOD Gly AVKRZNEE 13 FHD Ala WVEZVEY PCRMEI AV ENT:
(Ala-Gly),, &, 13 BREH®D Ala W VE=VEE 14 FHO Gly I VE=NVEDI BCH
RS~V E N7 (Ala-Gly), 15, &4, 13 BREEH D Ala BREONKOEMA & 14 RE
HO Gly REORREEATRET 5 Z L ¥R AT,
x£8

BHRICHAVARERMIAET ~NVT I ) BD Fmoc EDHA T Fmoc-OSu * fiV T
BEGATTRIEESE, 0BDPETH LN, /¥ T NIVAG), BT, [1-*C-Gly,,, 1-
BC-Ala,;] (AG),, iZ Pioneer Peptide Synthesis System (PE Biosystems 18I & - T Fmoc
BHEREICEDERLE, §FA7—Vid 02mmol, BKE— Fi3FrvEV 7%
Awiz, 8Bk, 7V N—V% 3 BEfTY, VI FVI-FVERAVTXRTF Fe
W&, BONIMHARTF FE OMLIBr (CIERE. AEDEZHR5 B L DEBREL,
5718 1000 OEFE % V- CENT % 3 BREIAT - 720 BT 3 BEfIL 3M LiBr W,
BEARE»TTVD, ERNENICERL-BHOYIIRS I WEICIIRIE L, BE
B L7, Sikk I BIOREZIZ IR A2 PV % KBr SRB:C L o THIE L, £TORIX
A Sk RIOEINE —FHT LI LZHAL. T2, BX X BAEZITV., 20OK2
bSik I BOBIHRE K LTI I LEREREL TV,

660000000000 0P0000000000000000000000000000000000 L Y Y Y Y T R Y T ) soccece soceveoccvsrrovee

W —r v 227 VLEel, MORERNES XY V7, 2RTTBRINY — Vv ARY bV, Y IVv7 1k

EREDLRLTLE, BhVELUE, HLELWA. WDETHEDB, BBTIZIHITIH, H3(6LT2B
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BC ZXRILA ¥ 8 NMR #I%€ 13 Varian Unity INOVA 400 2 X - T Off MAS(68 ° )&
HCiTo 7, BERBIT 1188 B, IFT V7% 1 413 25, RBMOEREIX 6KHz, E
BCHEL YIalb— 3 id 2-spin RTDARY PVOBEFZE S EIERLE
Fortran 70277 A% SGI ##® OCTANE %\, “Hf% 20Tt L7, 1 ¥
YINVIZET HEHERMIIH 05 TH o
HRLER

2L 7 bPRIBORKEVI VR NEZ T T VT )V L12[1-BC-Gly,,, 1-°C-Ala,s]
(AG),, (Sikk I Bl) @ BC ZRIEAY VHH# NMR A2 by —id, 13 HFED
77 = v REONBEEAG, )ELIEKFTLOT, SikIBBEFOT 7=
EONREEATRETE S, HIEKET Figure 1 IR L7, WAKSEIC, BK
B2 ARSI S, NENEATY 20°0MBCELEE Ty Ialb -
aryEEIRBEIEL T . 3FEBOT 7 = VBRE, =40"~-80°, y=110"~150°
LB ENbRB (Figure 2) o S OERIE, DAL EZEIZBNT, 40 DY ¥
7 RIZDOWT, PDB BEL BC bZY 7 bOF— S R— 2% BITER L7ALEY 7 b
DERB< Yy 7EHCTEHELL SIKIBOLZEY 7 PO#EEHED I—BT B L
Fbholz 2, BIE. [1-°C-Ala,, 1-°C-Gly,] (AG),, (Sikk I B) D& EITV, 14
EHOZ) VU REOWBAIEAICOVWTH AL VHE NMR 2 HVW TR 21T T
W3,

30m _ 130
o 140w
150+ 150=
160-1% 16(h
17040 170=
o 180=
- 190=
ol \ 200
o 210~
i 220l
Tk o b ol ki h 220210200150 180170 160 150140 130

Figure 1 °C 2D spin-diffusion NMR spectrra ~ Fi8ure 2 "C 2D spin-diffusion pattern
s s simulation for [1-3C-Ala,;,, 1-°C-Gly,,]
Of[I- C-Ala,,, 1- C-Gly,J (AG)IZ (AG)” (¢’ V/)—‘-(-60,I30)

B, BRI, ETREEREREEFRICL ViTbh,
=

D 48 M T FHRITRE 48 % 45 p785(1999)
2)Tetsuo Asakura , Mitsuo Iwadate , Makoto Demura and Michael P. Williamson; Int. J. Biolog.
Macromol. 24 167-171(1999)
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P79 1N Overtone Recoupling under MAS
(HKBE®E) ORE K. REMT. HEFHE, FRREZ

(Kyoto Univ.) T. Yano, K. Takeda, K. Takegoshi, T. Terao

A new solid-state NMR technique is proposed to recouple 1“N-13C heteronuclear dipolar in-
teractions under magic angle spinning (MAS). Cw rf irradiation is applied at the "overtone”
frequency between the [—1) and the |1) states of a 1N (I = 1) spin. Under MAS, the transition
moment is modulated with a frequency equal to the MAS frequency, because the moment de-
pends on the relative orientation of the principal-axis system of the 14N quadrupolar interaction
with respect to the irradiation field[1]. Hence, the modulatory resonance (MORE) recoupling
condition is satisfied, and the 14N-13C dipolar interaction is recovered due to interference of the
dipolar interaction and the moment-modulated rf irradiation|[2].

N 12 Larmor BB D 2 D 5 ¥V ik % BT 5 LIREE |1) & |-1)DHV72D overtone B
PHEL % [1]o Overtone DBBE— X ¥ FDOKRE SREMHT 2 7 VA RICHT 2 N ONEREH
BEEROEMROMIH 20 3 \EFET 5720, MASTIZBVTHEE—E D overtone F D
TUVFWHERSE Lo L&, BBE— AL MIMASOEERERCEARMICELLT 288 2 H2,
Z N5 DS L Tid modulatory resonance (MORE) recoupling D &4 2] 25/ S h T %
ez, UN-BCRRTHEERMEET L LEX O,

FB#1212 L-alanine & N-acetyl-D,L-valine % Fi\», 'H >3t e BBk 213 199.80485MHz, 13C i3
50.24533MHz., MAS [B$5:8 8 X 5.0kHz ¢, 13C O &4 ek NMR I % 14N @ overtone Bt F
T o7 BI1IZY 32—+ L72MAST®D 14N overtone NMR A% ML 3] /R L7z, E
BITERESESEF 1.148MHz, FEXRFHRNIST A -7 %0276 L LT, BBINERESERE
3.21MHz, I/ ST A -5 %2041 & LTEHEL7. ThHIZK 4, Lalanine 35 & UFN-acetyl-
D,L-valine DUNDETH %, A7 b OB EIE Larmor B KD 2 & (28.856MHz) 25 D
offset TR L T 5, K 2iZ 14N overtone (MBEJEIH Lk 28.876MHz. F 7-i3 28.980MHz) % 85t
Lz EBIURBE LTV ZWE XD L-alanine® BCHARY b b, [ 312 14N overtone (B4
% 28.876MHz, F7-1328.980MHz) %#BH L7 L EB I THE L Tk & & D N-acetyl-
D,Lvaline D13CH AR + V%RT, L-alanine B & UF N-acetyl-D, [-valine ® Co-N B T+ H
ERIZE N FN 28.876MHz B X UF28.980MHz D5 U ik # BE L2 L 2 IZHIELTEY, B1
DY Ialb—YarpoFRINALFERELIZIZBLTVDEIEPFRINT,

BE 45 FEBTEZ THEEZITV, BT 5 overtone D BB L HWIET 2 B FHEER
DRKES, 722 BCOBIEL OBBREHRA DL Z L2 L b MM IC N overtone NMR & X
TMVEBLZZIENTELEEZLND, Overtone BRDILBE R MIINERBHEEIEHO XD
T NOREEZTY, ROV T FOEBERITE, Lo CTHEBHEERICL L~ D#
F— 17— F: N overtone. UN-BCHBFHAEEMR. MAS, R7FF

ORD LbAh, 2 FQE, 230 EXoh, T6B 2IF0T
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THOLNIARS ML) UNONEBHEERICET 218H. 2% ) o FOBECHT 2mA

RPRAZLEBERFE LTV S,

M
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™
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Offset/kHz
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Figure 1. The simulated “N overtone
NMR spectra of L-alanine (sollid) and N-
acetyl-D, L-valine (broken) under MAS in
a 4.7T static field.

M T T M T T

T 1
60 50 40 30 20 10
Chemical Shift/ppa

Figure 2. The 3C NMR spectra of L-
alanine under the *N overtone irradia-
tion at 28.876MHz(a), 28.980MHz(b) and
without irradiation(c).

References

(a)
NMQA—-%VV_‘&-J LMM
(b)
wﬂﬂu‘}&wmﬂmnv~nwj g )
(c)

T T T‘I4‘ lA' T T v T T
70 60 50 40 30 20 10 0

Chemical Shift/ppm

Figure 3. The 13C NMR spectra
of N-acetyl-D,L-valine under the 4N
overtone irradiation at 28.876MHz(a),
28.980MHz(b) and without irradiation(c).

{1] R. Tycko and S. J. Opella, J. Chem. Phys. 86, 1761 (1987).
[2] K. Takegoski, K. Takeda, and T. Terao, Chem. Phys. Lett. 260, 331 (1996).
[3] K. Takegoshi, and K. Hikichi, Chem. Phys. Lett. 194, 359 (1992)
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P80

Study of dynamic nuclear polarization due to photoexcited triplet states
(RKRBe#E) ORMBMIT. MERENE. FERE

Department of Chemistry, Graduate School of Science, Kyoto University
O Kazuyuki Takeda, K. Takegoshi, and Takehiko Terao

In order to achieve drastic enhancement in NMR signals, dynamic nuclear polarization
(DNP) due to photoexcited triplet states has been carried out in 0.3T at room temperature
in p-terphenyl which is doped with pentacene. In the experiment, huge electron spin
polarization of the photoexcited triplet state of pentacene is transferred to proton spins by
the integrated solid effect (ISE) . In a p-terphenyl crystal with the pentacene concentration
of 0.1mol%, the proton NMR signal amplitude has been enhanced ~700 times as compared
to that of the same amount of protons in thermal equilibrium. On the other hand,
analyzing the buildup curve of the proton magnetization, the enhancement factor has been
obtained as ~70000. This inconsistency may be attributed to that only a small part of the
sample experiences the polarization enhancement; the laser for the pentacene excitation
cannot penetrate whole the sample and the photoexcited molecules exist only near at
the surface of the sample. To confirm it, 1-D imaging of the nuclear spin polarizaiton
is carried out by applying field gradient along the laser direction. A home-made probe
is also described for our experiment, which consists of an X-band loop-gap resonator for
microwave irradiation, a 'H-13C doubly-tuned circuit, and a magnetic field modulation coil
both for the field sweep in the ISE and for the field gradient in the polarization-imaging

experiments.

Y Key words: photoexéited triplet state, dynamic nuclear polarization (DNP), signal
enhancement
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P81 Investigating the local structure of [1->C]Ala labeled silk
fibroins of S.c.ricini using solid state NMR

(ETH'. JLABZE2, HERET AT JD. vanBeek'. L. Beaulieu',
Ow#Ta% 2. SAEER >, B. H. Meier’

Investigating the local structure of [1-*C]Ala labeled silk fibroins of S.c.ricini
using solid state NMR
1.D. van Beek', L. Beaulieu', °Makoto Demura?, Tetsuo Asakura’, B. H. Meler
! Laboratory for Physical Chemistry, ETH Zurich, CH-8092 Zirich, Switzerland, ? Division
of Biological Sciences, Graduate Schoo of Science, Hokkaido University, Sapporo, 060-0810
Japan, * Department of Biotechnology, Tokyo University of Agriculture and Technology,
Koganei, Tokyo 184-8588, Japan

Abstract: Torsion angle distribution in a fibrous protein, Samia cynthia ricini silk fibroin, was
investigated using solid state NMR. *C uniform labelling at alanine carbonyl carbon of S.c.
ricini silk fibroin was performed by feeding of [1-*C]Alain order to analy ze repeating poly-
alanine domains of (Ala)n, with n=10-14. Two-dimensional (2D) double guantum/singe
quantum correlation experiment (DOQSY) was used for the evaluation of the relative tensor
orientations of two neighbouring amino acids in the same chain. By calculating basis spectra
across a grid of (¢, ¢) angles from -180° to +180° and fitting these to the experimental
spectrum, the distribution of torsion angles is obtained.

The elucidation of the secondary structure in solid fibrous proteins is still a
challenging task. Here we will concentrate on silk proteins which form natures high
performance fibers. These materials are usually semicrystalline and some structural
information on the microcrystalline domains can be obtained by X-ray diffraction. For the
non-cry stalline domains, only limited information from sp ectroscopic studies is available. Due
to the large molecular weight, the highly repetitive primary structure of the protein, and the
structural heterogeneity of the solid protein (in our case the silk thread), the signals form the
individual amino acids an not be resolved in a solid-state NMR spectrum and the classical
approach to NMR structure determination can not be taken. Here we present an alternative
NMR-spectroscopic approach that does not require spectral resolution and that is able to
directly map the probability density function (PDF) of the dihedral angles (¢, ) for each
amino-acid separately. No long-range order is requested and both crystalline and non-
cry stalline domains are sampled. The method will be demonstrated on two samples of silk
from the wild silkworm Samia cynthia ricini but it should be generally applicable to solid
samples of fibrous proteins. We find that in native fibers, the alanine residues prefer a $-sheet
structure, in films, the a-helical conformation is favored.

BT 4704 2, RERNMES )V, B 2D DOQDY NMR, —H#A

van Beek ] D., Beaulieul., TS FI &, HEI < HTDOB, Meier B H.
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Silks are interesting sy stems to study the structure-function relationships of as they
are all composed of a limited number of amino acids. The primary and secondary structure as
well as a different packing in the solid phase are responsible for the functional differences in
the materials. For the discussion of the structure-function relationship, it is a prerequisite to
know the distribution of secondary structure elements, e.g it is widely assumed that the high
mechanical performance of spider dragline silk is connected to the B-sheet conformation of the
poly-alanine domains which are embedded as small crystallites in the fiber matrix.

Although coming from a silkworm, the primary structure of the silk from the wild
silkworm Samia cynthia ricin resembles that of spider silks as it has repeating poly -alanine
domains of (Ala)n, with n=10-14, interleaved with glycine-rich domains. It is a particularly
interesting material for the study of function-structure relationship as the silk has the same
function as in the Bombyx mori silkworm but the structural characteristics of the dragline silk.
In the present context, the material has been selected because it is has been suggested that it
exists (for a fixed primary structure) in two different secondary structures. Previous solid
state NMR studies have shown clear differences between cast films of the liquid silk from the
gland and native fibers. Based on isotropic-chemical-shift analy ses a-helical and $-sheet type
conformation have been predicted respectively for the two states. Furthermore «-helical
structures have been seen when the liquid silk from the gland was dissolved in water.

Here we evaluate the distribution of secondary structure elements for the alanine
residues using solid-state NMR techniques. The experiments presented are based on the
anisotropy of the chemical-shielding interaction in solid-state NMR which is described by a
second rank tensor. By feeding the silkworms alanine labelled with C at the carbonyl
position, only these nuclei are observed. The principal axis of the chemical shielding tensor
(CSA) are known to be oriented, with respect to a molecular-fixed coordinate system, as
follows: the - principal axis associated with the most shielded CSA principal value is
perpendicular to the peptide plane (spanned by the O=C-N fragment) and the principal axis
associated with the intermediate component of the CSA tensor is, within 0° to 12°, colinear
with the C=0 vector. Therefore, the measurement of the relative orientation of the CSA
allows one to determine the molecular geometry, in the case of the protein backbone most
conveniently expressed by the three angles (¢, v, ), where w can usually be assumed to equal
180°. We report, in this contribution, how a related experiment can be used to evaluate the
distribution of (¢, ¢) angles in silk. As first proposed by Schmidt-Rohr, we will use a two-
dimensional (2D) double quantumy/single quantum correlation experiment (DOQSY) for the
evaluation of the relative tensor orientations. Using short double-quantum preparation times
allows, in approximation, to selectively extract the correlation signals of two neighbouring
amino acids in the same chain (havinga distance, depending on (¢, ) between 2.7 A and 3.7
A) therefore revealing the distribution of (¢, ) angles. The double-quantum excitation and
reconversion both scale with the internuclear distance as, yielding a signal intensity
dependence of in the limit of short excitation/reconversion times. This strong dependence
allows one to suppress contributions from more remote *C=0 in the same chain and in other
chains. By calculating basis spectra across a grid of (¢, ¢) angles from -180° to +180° and
fitting these to the experimental spectrum, the distribution of torsion angles is obtained.
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Phase Structure and Cross Polarization Dynamics in Fluoropolymer

as Studied by Solid State “F{'H} CP/MAS NMR.

Shinji Ando’, Robin K. Harris®, and Stefan A. Reinsberg!
*Dept.Org.Polym.Mat., Tokyo Institute of Technology, Ookayama Meguro-ku, Tokyo, 152-5882 Japan
Dept.Chemistry, University of Durham, South Road, Durham, DH1 3LE, United Kingdom
Tel : +81-3-5734-2137, Fax : +81-3-5734-2889, e-mail : sando@polymer.titech.ac.jp
“F NMR / 'H NMR / CP-MAS / poly(vinylfluoride) / Relaxation parameter / Phase structure /

The relaxation parameters and cross polarization (CP) dynamics between 'H and '°F in a semicrystalline
fluoropolymer, poly(vinylfluoride) (PVF), have been investigated using *F MAS, 'H—"F CP/MAS, and “F—'H
CP/MAS NMR. PVF shows more complicated '*F MAS and 'H—>""F CP/MAS spectra than poly(vinylidenefluoride),
which is due to the variations in regioregularity and the conformational effects in the crystalline phase. From the
variable spin-lock time and contact time experiments, the '°F signals assigned to the crystalline phase show signifi-
cantly shorter 7., and longer T, Fand T, pH compared with those assigned to the amorphous phase. These arise
from the strong dipolar interactions between H and F and the restricted molecular motion in the crystalline phase.
In a "F—'H CP/MAS spectrum, two components are observed in the main signal, and the effective CP parameters

T T, p') indicate that the component at the lower frequency principally originates from the crystalline phase.

1.R13UBIC: 7y REEZNRY - ®Y 7 vy FU(-(CF,-CH) - :PVDE®RY
D INABIF L AACF,~CFH) - PTIFE)D L S ICERAMWEA T 2RRBHEZHFOOONHH T &
MNE. ARYT—bEADTNETAERINAZNHEN 2T TEL, BENMRICEZMHTD.
£E 9F- B MAS < 9F{'H}-CP/MAS XX 7 MV A5 . £ ORI (T, T,) ®CP Y13y
o A DRI S AR R0 TEBH ICHET 5 EBHREShODOH 5 17, BE. RLIIKREFELNE
HIZHWH & FRIOREMBEICDOWTEBREEROTEEN SMREED THB YT, FRE TR
YEEMEDFTH DR 7 v {LEZJW(CFH-CH,), - :PVRIZ DWW THE S kR ERT.,

2.3 % :Goodfellow ENSBMALRZPVE 7 4V L% 120C CDMF (IR L. MeOH izt
T HTHEMRERERS E L TAWE, NMR 4% X Chemagnetics #:8 CMX-200 (APEX 'H/
SF Dual-tune 70 —77), RFESLAL. BRABEF : 188.3MHz, 'H : 200.1MHz. =x/2/)3)VZ : 3
pus. AP Oy /R :83kHz., BVELIM :3.5s5. MASEERK : 13.5 kHz Th 5. BHES
OBH—MEZEDED. Amm ¢ DN A= TYHO—F —FIZAR—H Z 2@HEML. E¥EZ3mm
CBRELE, £k HEEelksmRtrok. , Y

3.BRLER:

3-1. PVF O'HF N1 v 7V *F-MAS NMR.

PVF DHFH v TV F-MAS AR MVEK 1 ICR
3, PVF iX—kE#HE4% T dH 0 (Head-to-head, Tail-
to-tall #E& DEE). BRO#EKS £ED=Y. PVDF
CHREMZART MV ERS, -, RPIZEDH
BAERET S0, HEBOBRAICIETSRBRENCHT
AT TR ETHD. ARY MNTIE. #RBITH

&7 vEEST, BACF-NMR, CP/MAS, i858 , X258
. . - e . Fig.1 'H-decoupled F MAS spectrum of PVF
BLESLAL. RKNVA S A S ZIAN=Y and its deconvolution by Lorenzian functions.
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KTHIDORNMNO, A, ®LFEEBICHEKTH4D0
B0, A, 0, ONBRRIEhs, ERABOESITEEK
AR MVERIFRICMABIZENS, &#EBIX F AP
Oy VEBRMSHLSNDEERROE VB TERRHE
T FICK DRFIENUR 2), #4EEB(22 ~ 33ms) 133k
FE(14 ~ 15mSIIC R THSEMTEW T F 2R L TY
Bh, WEDZIPVDFICHNRTHE W, /=, XV
>y R : tg 5% 20ms BUF T3S RS I EERIC
HERAC HBMOPRITIES NV, —H. HEX
Enoy s LiEDEERM0.2ms)D CP T F A\#1t.%
BT &L DERDD Tu,H ZYF OORETROSH
EWTED, #RIBA4Ams) XL IBT ~ ImMITHRT
18D T HERLTHED. T, FOMREFET S,
3-2. PVF 0 'H—"*F CP/MAS NMR.

PVF @ 'H —»9F CP/MAS 2<% bl K1 LR
THO. EBREOI YT MM (L KEENSE
S5h5CPHBRE D 2ERICLZ 74 v T 0 70
MORER T, BEORER T, 005, #EH (T,"
=0.04ms, T, *=8.9 ~ 10.1ms) i3 & (T,,"=0.07 ~
0.08ms, T, *=11.1 ~ 13.5mNTLARTEL T, ERW
T, 7T, HBHMOEV T, . #RBICHTH-
F B OXEFHEAERNE <. 'H—F OB{LBEH K
WIEBRLTWS, £/, ab—L 2 bR
EHT2ESRECERBMHEHOEECDOVWTOARS
N, FOFBEENS HO FRIERE=2.0A ~ftE XN,
DI -CHF-#&8KBUs HoFHERE—3T 5,
3-3. PVF O '*F —'H CP/MAS NMR.

PVFHOYFIXHD 1/38&THBH, WF-HD CPH
AJRETH B, CPRIETII'HF v > R)IVDBGEENHE
Ihai), HOBPMEIARY MILNESHB(R 1),
MARBNTHRE—Z T2 BINEELQO, A). F
NENRIBD T, & T, 2R, BRDOKRIE. F5H
EL T, OEMSEEBOESIAOERICLVIELF
FhTwsEEXI NS,

BED) AWK B AEWHIRB2 O/ ERREWFTEFE OB
2SI T2 H0TY.

1) R K Harris, S. A. Carss, R. D. Chambers, P. Holstein, A.
P. Minoja, and U. Scheler, Bull. Magn. Reson., 17,37-45
(1995). 2) S.A. Carss, U. Scheler, R. K. Harris, P. holstein,
and R. A. Fletton, Mag. Res. Chem., 34, 63-70 (1996). 3) P.
Holstein, U. Scheler, and R. K. Harris, Mag.Res.Chem., 35,
647-649 (1997). 4) P. Holstein, U. Scheler, and R. K. Harris,
Polymer., 39,4937-4141 (1998). 5) G. Monti and R K.
Harris, Magn. Reson. Chem., 36, 892-900 (1998) . 6) S. Ando,
R. K. Harris, P. Holstein, and S. A. Reinsberg, J. Magn. Reson.
(in press). T) S. Ando, R. K. Harris, P. Holstein, and S. A.
Reinsberg, Magn. Reson. Chem. (in press).
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Structure and Molecular Motion of PEO chains tethered on a silica surface

Nagoya Institute of Technology, Atusi Maruta,Katsuhiro Yamamoto,Shigetaka Shimada,
Structure and Molecular Motion of PEQ chains tethered on a silica surface are
studied by solid '°C CP/MAS/DD NMR and spin labeling methods. Chemical shift of
'3C NMR Iline corresponding to PEO chains tethered on the silica surface

increases with an increase of grafting ratio(GR). Molecular mobility of the chai
ns is also found to be an increasing function of GR from temperature

dependencies of line width of the spectra. These results suggest that the
tethered PEQ chains are adsorbed as ’'train segments’ at low GRs, whereas the
chains protrude from the surface as ’tail’ segments at high GRs. The ' train’
and ' tail’ structures are confirmed by spin labeling of the chain ends. The low
molecular density of the ° tail’ segments gives an extemely high mobility.

) RBRATFOVUYHIERBIBIIIRE. REBSHE. REHOMSIIHITIMRIREE.
FHEMARY P ESRARYZ MR EEZFRAOTEHELIHREINTE L, FAFEK
ESREZAVTEBAE YA, BEAE VY ARELAG S FHOMEL > FEHE AN
oo XVUAEBICKELILERFI 57 MO LAV T HE LT EGHORE
2BRUI, 4@, YVYUAEHRIZKELAARIZFLUAFH AN (PEO) /57 M
OXRMIZAESRWUESRERZIhXGRIVHLOHELFA /I, X BHENMRE
WEDPEO/Z 7 ME2BOMELPTEHEFM|L I, #FEBHOHES T F FHANRE
fElH (2 FEHSOEHME) SO THMBEARO ZPORFIIL>TRES., T I TEHESH
CLUTWHPEOHMOMEARRUPEORLE VY ASFLOMEMEARDIF NS, 7
STIFR(ZSTMENV I ARHEZAOIEE) KLV Zh o DR FOMPITEALTEIE
NEZONPEOHOHMEEL S FERNICEZ 2L BIIEFICHKED,

ER) WMAHE Y A (10~230nesh | HEm . 376.5n°'g. Nacalai Tesque, Inc.) %@
EOHEICEDAENERE LB, PEOE L TIEEIZPEO2000 (MFEHDFE. My
=2000, Mw/ " Mx<1.2) 2R, HSRATyTNIZy YA, PEOZANEZHAL
100~200CC I~ BB L, MAKRIEICEDPEO#EAE S 57 Mea iz, YYADER
T35 7 MELEPEODEXILHOWA Y57 bRIBAICLORDI. 757
bR iZ3carboxy PROXYLTRE VY SXNAL LE SRICE O Ko lE. 2 7E8H%
FM L7, X, CP/MAS/DD '"*CNMREIR LD /57 rfi2hOHEE HFEBEFML <,

VYAEE. F5T7 M. BEMRE. T EE., EBEANMR,

FA HoOL. PEHE HHOUVAL LERE LiFfedr
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’H NMR Studies on Paramagnetic Crystals of [Fe(H,0)s][SiFs]
Takahiro lijima, Motohiro Mizuno, and Masahiko Suhara
Department of Chemistry, Faculty of Science, Kanazawa University, Kanazawa, 920-1192

The temperature dependence of ’H NMR spectrum and the spin-lattice relaxation time T
were measured for [Fe(H20)s][SiFs]. The temperature variation of the *H NMR spectrum
could be explained by the 3 site jump of [Fe(H,0)s]** around C; axis. The quadrupole
interaction parameters (e’Qg/h, 1), the paramagnetic shift parameters (Vv p I>VYp.) and the
rate of the reorientation of [Fe(H20)s]** (k) were estimated by the spectral simulation. From
the temperature dependence of &, the rate at infinite temperature and the activation energy for
the reorientation of [Fe(HzO)(,]2+ were obtained as ko = 6X 10" s and E, = 89 kJ mol’},
respectively. The shallow minimum of T caused by the 180° flip of water molecule was
observed at ca. 290 K. ko = 2X 10" s and E, = 33 kJ mol”’ were obtained for the 180° flip of
water molecule.

CFEY B [Fe(H,0)6][SiFs) #E&IL [Fe(H,0))* 14 % [SiF)*” 14> D
order-disorder I X SRBEHREBEZE T,  OMHEBIL[Fe(H,0)6** 1 A > % H,0 77
TOEHEBRL TS ETFHING, FHELEMIIBITIED T4 OEEHD
T3 2H NMR AT MIVOBISEDRFER LS. AWK TIIMKRFAL T H
NMR DAY bIVRT, ZBUTE L [Fe(H,0)6)* 1 F > H,0 73 F D B i it 0 E 8.
RUOFH AN AL DBFAC DY AT Iy I AEFAN,

(SZK) °H NMR I3 Chemagnetics £ 8 CMX-300 53 Y625 % V1., 3£08 A £ 45.825 MHz
THIE L. H NMR AXY MVOREITIE 90,° — /2 — 180,° — ©/2 — 90,° —
T/2 — 180,° — 1/2 —acq /VVARFIERAWE,

(RER EEL) Fig. 1(a) 12 363-433 KIZBIT 5 2HNMR ERI AR bV DR EKEFEN
ERT. AR MVIHBEAEKREDOREAENKTH O, MUBAEEERICIMA
WS 7 FRART MVOBEBIIHFEGEL TS EEZX SN, 363K DAY ML
KD FOIEN 180° 7Y w THRI->TNBRIEERL TS, BEFREEDIC
ARYT MIVOBRBIEA L TND I ENSEIZ[Fe(H,0))" 1 4 > DEFHNE > T
WBZENIMND. T I T[Fe(H0))* 14> D CEIEDL D OBEEMESHEFILTA
RIRNVDIIalb—2akfTokET A, Fig 1(b) IZRTEDITEMARY ML

4 NMR. UBHEER. 7 17&8)
WWUFEENDA, ATOHEVA, TREFIVDD

—234—



EOFEHBRTEE, YTalb—¥3
CORREGESNT-HNEBHEEER/NNS
A—%— (?Qq/h,n). HWHHES T BX
FA—=H— (Vpy,Vpy) [Fe(H:0))*
1A OBEMEHOES (k) £KH
IZRY . Fig. 21T k OREKGFEER
o T A VT4 TINS5 [Fe(H0)6]* 1
F > OBEMESHOHEERTF. Hit
IRNF—IZFNT ko = 6X10"° s,
E,=89 kI mol’ & BH&H 5N /=, Fig. 3
IZ 103-433 K iZ81F% H NMR T, Dig
EEREEERT. 290 K fFHEDEN
B/AMIAKSFD 180° 7 Uy TITHES
BRUIEDOEEICEZEMN (Tina) T
HMATES, £230 K LA TOEKIRFEE
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Fig. 2. Temperature dependence of the
jumping rate (zk ) for the reorientation
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Fig. 1. Temperature dependence of °H NMR
spectrum in [Fe(H,0)¢][SiFs].
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Fig. 3. Temperature dependence of 2H NMR T
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line shows the theoretical curve of 5‘1.
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Structural Analysis of Polymers Using 2H MAS NMR Methods
S.Kuroki!, S.0no?, I.Ando!, H.Kimura?, and K.Yamauchi?®
"Department of Chemistry and Materials Science, Tokyo Institute of Technology,
2Advanced Materials Laboratory, Japan Chemical Inﬁovation Institute,
3Bruker Japan Co.,Ltd.

High resolution 2H MAS NMR spectra of C,,%H 4 were observed at various temperatures in
order to discuss the structural change over a wide range of temperatures. Although a broad
signal was observed at the crystalline phase, two sharp signals which come from the CH, groups
and the CH, groups at chain-end parts appeared with increasing temperature.

The spectra of the rotator phase is very similar with that of the noncrystalline phase, but the
chemical shifts of internal CH, were different.  This result comes from that internal CH,
groups take all trans conformation at the rotator phase and there is a fast transition between

trans and gauche isomers of internal CH, group at the noncrystalline phase.

e

’H g OBEE NMR (ZBEBRRAXT MVORENS 5 FOESMEEENT T2 FHEE LT
FIA&ENTE =, —F., '"HCRAMPS EHiZEEIRET 'H OFmSREER T FANELND
ERRFETHIN., REFORBORE M ELEL T DR F—V 7k, &%
HREREEOMNRLEY 7 NOEOBRIIERESH S, *H %D MAS NMR % 10kHz .
BEOCEEICLVEOBEARY M EBLIENTE, EHFEHEST FERDD D
EWTED, 2. UBHRBEICHEEHNL L BIRMIC TNV TELDOT, BRFREDRE
P EEIC T AR BAIZLNTRETHILEELLND, £2C, AR TIHRE
EFETFRCLER-T, BRE-EEE-S5HELHEBT 5 C'H o AV ZDOHEER
IZ4£5 H MAS NMR 227 ML OELEBRIL =,
£

HE X CPIMAS 7 7 &% U —%{t& L7- Bruker #%! DSX300NMR % 8% A\  T,*H
DD/MAS NMR A7 kv (46.07MHz) ¥ & Tt *C DD/MAS NMR 227 b /1(75.48MHz)
2AE L7, 3EHIMH 12kHz CHERSE7-, 2H 90° /LA 2.85us. °C90° /ULR(T
4.0ps T, {E¥ 7 M ®H ,0 2/ EPEREL LT 4.8ppm & L7,

’H MAS NMR A7 hb, Cy’Hee THEEES, BIRRHH, 2 A —T a3

KAHRELITE, BOLADTIH, HAEIWEB, ELLUTHE, REILNMNTE
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FHTIE 1.27ppm (KBRS TS, EEHETHFHII R A aVRA—va vy &FKo
TWADIZH L., EFHATEINS LV A—d—L20FNEHEL TS EELZLN, T0O
L2227 VOB FINOELEEEZEXZLND, ZTOL D RRMNMEFEL T ORI
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5,
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H
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Fig.12H and‘ 3C DD/MAS NMR spectra of C,,2Hgs at various temperatures.
ik

1)S.Ishikawa, H.Kurosu, and I.Ando, J.of Molecular.Struct. 248(1991)361-372.
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Structure Analysis of Bacteriorhodopsin using *’F Solid-State NMR (2)

(OTakashi Iwashita, Noriko Sekiya, Jong Moon Kim, Kazuo Yoshihara, Masaji Ishiguro
Suntory Institute for Bioorganic Research

The structural information is very important for understanding the function of the protein,
and a comparatively new study field of structural biology is being formed. The membrane
protein has affected with an important vital functions. For instance, many of various
receptors which play an important role in the biological activity are the type of protein in
which a-helix penetrates many times through the membrane. The bacteriorhodopsin is a
photoreceptor in which seven o-helices exist in the membrane, and has the function of the
proton pump. The fluorinated bacteriorhodopsin with synthetic chromophore containing CF,

group is measured by '’F solid-state NMR to estimate the distance between fluorine atoms of
chromophore and protein.

[®E]

5N OB BT S LTEORERBRIIFFFICEETH ). BEAEYF
VKRBT LW E R Lo d b, BETRERLITRE s Vs
BiZow TIIXBERBIIC Lo TEHERL2BENEIrE 2D, VT Y FEOEEK
DEIBBERELRIIDOVTHIBTINIFMPYEZOOH L, 72, KBEHEDS V8
2B OWTIFFEINRI TNV VBEDDDOTHRERART OV Hidh & A
AbEERXTTNMROFEZ S > THEVHEINLZ LI TR - TETE, By ¥
NI HAERTRIOPEIMNELTBY, L2OEELEMGHER LE(ED
DHoTwhb, FlZE, EPEHICBVTCEELRZELH TV AL LIEHRD
£1E, N v 2 AHEERAELE@EL LROKE Y Y2 ThHb, N7 T)F
OR7Y Ve v 7 AERF > TVARSREKTHY, 7O bR 7o
BerHoTwd, S0 FTI VR EDGTPRG Y Y3V EDHEE T 5 %EKG
Protein Coupled Receptor; GPCR) b JEE@#HIBIE a-~V v 7 AN TRIREZHW /N7
FUAA R LI e S PBEEZFE->T WS, Bib, NXZ2FUFa F 7Y 3E
BIRETIR 2L 7O b VRV TEBLE V) ABEBEY B L) v 7 AN THES
BEBL-EELYH->TWVWAS GPCREBEP DT VB THhbE, DY 37 FiIN

F—17— F:YFE{NMR, By o828, NrFyAua Ry r, RERMVAER

whilr 7oL, &% 0hZ, &4 LrAtA, LEL 298, wiL
CHEEL
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ITVTOEENBESTHY, REBORKEFRUSE RS Z L LHEEOEDE»L.

GPCREEEMZEEDEF N E B, T, N2 TV AU RS Y REDOGTFHRIZI v T
HEANMLTHEELTWAZUOET 4T (LFF—N) 2F-TBH, <Dy~
NRTEXR) Y FEOMEERHEDETFVE bR A, TOZ7UET + T 2{LEN
L TN F ) AT L, EHIARZOET AT EHBREELZ LI
IDEENITFIVFORT YV OEENTETH S, BEEICTIERE, NI/ TVF
AT EFE7OE T A TOMEIERET (F) 2EALTEOBOEREY R
BbLBHI L EHBIZEREIT- 12,

[5£8%]

ERIEHIZSE- YT 77 Y EMATNZ T TREEL, BES LY a L
BELEFHACTERL TSI NN F)Fa R 7Y %1572,
FSRMENZFYF R R TI L iIRe FOF STV ETLAHET. BREHICE-T
N7 FVFF T vk Lizo Fig-1IZ7R$2-CFyall trans retinal ¥ {LE S L, /X7 T
VFAF T EBEBRELTEENZ 7 )40 ¥ 7Y %2187, "FEMENMRIZ
CMX-300 Infinity % V>, 7 v FO LB E M E282MHz, 7100 b > D 3LIEE K E300
MHz THIzE L 72,

Fa

\\\\o

Fig.-1  2-CF;-all trans retinal

(%5 & o)

N2 F)Fa R T ZE8BON) T 7 7 yBFEETNRTB Y FEIANMRT
-125ppmfFEICE L > TR A%, 720 ALZTET7 4 T7OXRYEYRECF, 7V —
T3 #-60ppmiCEB SN B, ALZOET A TIEWI) TR 77 DA 35—
VR EFE OB ORLEE) % 2 X TCTMELODRAMATCEIBI L7z, -

] cro.ss peakdy [% "
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Fig.-2 2D MELODRAMA spectra of 5-F-tryptophane bacteriorhodopsin containing 2-
CF;-all trans retinal.
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Study on Miscibility of P(VDF/TrFE)/at-PMMA Blend. [
Yoshitsugu Kaneta, Fumiaki Ishii and Akihiro Tsutsumi
Department of Applied Physics, Faculty of Engineering, Hokkaido University, Sapporo 060-8628.

The miscibility and the molecular motions of P(VDF73/TrFE27)/at-PMMA with copolymer weight
percents (¢,) of 40,30,20 and 10wt% at 135°C were investigated from 'H->C cross relaxation and DSC
methods. Two kinds of the glass transition for each blend were observed around 50 and 90°C, which were
attributed to the spinodal phase separation. Each glass transition temperature against ¢,, was minimal at
20wt%. In the other hand, the '"H NMR spin-lattice relaxation time T,, in the rotating frame for each
group of both polymers was maximal from ¢,=20 to 30wt%. These findings mean that the molecular
motion of each polymer took place more largely since the free volume of the segments is the largest at
$—=20wt%

1) BFEBERHFTHHIL=YTFT 7074 F (VDF) L MY 7poxFLy (TYFE) 0E
&{& (PC(VDFMYFE)) IRV 2AFAAFZ 7Y L —k (at-PMMA) ¢ D7V FTHFY X7 4
N % Ty itfFD 130~140C THRAET 25 & | HESEOER% A 50wt% Ll L TIIE REAER M
ERET 50, 50wt% AT TR Y = —BK<HBLEEBER LY FERB LT3,
DL, 2hb 0B ERBOMBREBICET 23 LSy, RBEO BRYiT, H-19C
CP/MAS NMR & DSC % AV, StEESEE R 5 50wt%LL T D P(VDF,/TrFE;,)/at-PMMA
TV FDAY ) —FNFGEEHSECE ORBRBIZ O TERT 32 L ThHh D,

2) #EHI P(VDF/TYFE)YD EHES TN 40, 30, 20, 10DT LY FDF ¥ X h 7 4 W AEERL.
KHL2DT7 4%k 135CTHILE (0~12hr) L, BEFEELELDOTH S, NMR JEIL, Bruker
8 MSL200 % AV, 'H-®C CP/MAS NMR # '
TiTo7l., H & BC BOLBEAREITE~
200MH z & 50.288MH z . MAS i 3.5kHz, #i
ERE 303K ChHot, DSC X, A =2—FF
KBRS TREEEREHODSC2200 %2 AV, —
20C~132Cof 2 £E#HE R,=5. 10. 20C =
/min CTHIB L BREITo7=, temp./C
3) Fig 1. 10°C/min B R B o ggnhmgggm%fml;ggnﬁgﬁmwm
P(VDF/TrFE)at-PMMA 7 L > FE &4 R

40/60 © DSC #iIRTH D, ¥ 7 AEBHEHR _>OREGE CRAIS .

endotherm

100

P(VDF/Tr FE), at-PMMA, 7'V FOREHE., ¥ 7 AEHIEE,. EiERR & TERER

PR ELOC, WL SBbE, 9ok HEDS
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LEBHLTWS, P ¥k, T, 8T, &0 iERT 2% . |
HH LT, Ty ORTFHEES AL FOEBGEH E O @ J .
BTeDHbDEDKRENWZ LIZL>TVS, 22[ L ]
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Fig 2. The ¢ «dependence of glass transition
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N . N - " Fig 3. The inverse temperature 1/T dependence
11@%(‘1 19.5kcal, « 21@$§—Cti 19kecal T, 2 of InT,, forOCH 3 group lllP(VDF 73/TIFE17)

REEE M, 1. o (BT 1.2X10°HZ, o,i@8 /at-PMMA 40/60 blend
T82X10°HZ2 ThoH, ZDa, & o BERDT,

O/NEEE 32°C & 87CIE. Fig2.0 2 o4y O T T
AEBIEE Ty & Ty & E<—HLTWE,
PMMA % P(VDF/TYFE)DMDEIZHWV T h . R
UIRERTR/MEBR LN, Zh b0z ki, ©

a & o NRENR T, & Ty 7L FOBHRE 00 10 20 30 4|0 50

]
g

~ 10} (o] -
= o Q

IR LI, MERMDOI 7 07 5 0 E@mic ow/w%
- 22 Fig4. ¢ wdependence of Ti, for
E2TNHILEFEHRLTVNS, P(VDF 7/ TtFE17)/at-PMMA 40/60 blend (CH 2)

Fig 4.1% at-PMMA (235475 CH, 0 T, ,(H)
Do MEEETHD, T\, DIEIZ ¢, =20wt%h TRAE 2> T D, ZHIXFig2.0% T, OB/h & —
BLTW3, L2L, BIEBRETHAERD o, BERTHHL LD, ZO T, D¢, KT
T MEFARDO b DITHIE L. D ABERBBEKRL 25 ¢ ,=20wthHE T, Y ~— O TES)
BEOLBMLL 22 THBIEE2ERLTVS,
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Solid-State NMR Analyses of the Structure and Dynamics for
the Monoclinic and Hexagonal Crystals of a,-alkanediol

(Institute for Chemical Research, Kyoto University, Faculty of Science, Kumamoto University?)

Kazuhiro Kuwabara', Fumitaka Horii', and Yoshihiro Ogawa>

The structure and dynamics for the monoclinic and hexagonal crystals of 1,20-eicosanediol (HO-
(CH,)-OH) have been investigated by solid-state NMR spectroscopy. The calculation of the *C
chemical shift in the CP/MAS C NMR spectra has revealed that 3 % gauche conformations are
included in the hexagonal phase of inner CH, sequences for 1,20-eicosanediol. T;c measurements
show that every CH, carbon has the same mobility in the monoclinic phase. In contrast, more
external CH, carbons are much more mobile in the hexagonal phase. However, no remarkable
change in chemical shift is observed for the hydroxyl groups in the 'H CRAMPS spectra between the
monoclinic and hexagonal phases. These results reveal that the two-site exchange proton jump
motion for the hydroxyl groups, as a result of molecular rotation around the C-O bond, occurs in the
hexagonal phase together with the overall and partial random rotation of each chain around the
molecular axis.

1. &

1,20-eicosanediol (HO-(CH,)x-OH) 13, B FOERMAVKEHE S THIENEAFL #EM SRR
5, BRIZBWLWTI, BRIEFHICXD, BREHIVWEIHFROKEREBIEEZ LS., WTh
H 95 CHEBFETABRNEEBT M, FARBZEREBEHERT -7 NA 2 DBXURY
IFL 2 EHBRTEI LR, KREEVEREBICRIFTHELE X5 L THKEN, F
B2 T, 1,20-eicosanediol D EEEEMBICBITIHEER L UY 1 F 3 7 XIZB L T, BEE NMR
BICXDBZITo 7.

2. ER

1,20-eicosanediol (BLfE 998 %) % 1% ML EBEMNSHRE L THERIL LB ORE %
7=, B C NMR JIE L. JEOL INM-GSX 200 YA X D 47T OB T Tfr-/=. £

F—7U— R : Bk NMR. #RHEE. RGBS, 27EE). KELES

<HEB HTVA, BV SAED, B kLOVA
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7=. 'H CRAMPS BIFE L. Chemagnetics CMX-400 T T : '

PHEITLD 94T OBBIB T TITF- /= 1000l 38 °C (monoclinic)
. 20 C (m:moclinic) ‘
3 KREEBR ‘

CP/MAS PC NMR A~ MLicBiFa{bes 100¢ ;

7 MEL D AARICBIFANEAFL O8Ik, 2
#13 %D gauche A>T A—a >NEFENTH 10¢ 98 °C (hexagonal) 3
ZIEMHASMIEo . K112, SRETHE
SNEBEAFL VIRED Tic DEERT, B
KBVTREAFL VRED T VEIIRALTH
BN, AHRITBWTILOHEIZIEWAFL VB F.ig. 1. }’lot of the Tjc values for 1,20-
RITE T DEANE < ST EBEN A Z Iz & Ccosnediol chains.

NRM5, TNSOERBRLD, HERICHL
TIHOHBEDKARESRILSRENTNBDA, A
HRIZBWTIIERSG OH & 53 FEEHFHE

inner CH, silicone rubber

\/ 98 C

INTNBELERTESD, 97 %C
K 2423, 1,20-eicosanediol {Zx LT, FiRE

THE SN/ 'H CRAMPS AXRY MMV %R, OH /J ] 92°C

1 1 L A 1
! a-CH, B-CH, y-CHp; &-CH, inner
CH,

hexagonal

BEOKERFOLES T MIEET S &, Bi&
MEATBRNDEBICBNWTERED SN
v, Thabb, AHRIZBVLTKERESRI NS
SFEREMFEINTHTS, OH EDOKERTF
DEFEEIEFREEDSRNI EHRHN D, )
T\ BT & 'H CRAMPS B DRERIZ. AHGD 6
OHEIZBWTH3CRT LI C-OKAEDD
BERIZ LD 281 FRIBOD v > S EBNE D

90 °C

70

i

40

L1cS

0 K
ppm from Me,Si

Fig. 2. '"H CRAMPS NMR spectra of 1,20-

4L

N

eicosanediol.
STVWB T EEFRT. ,
1,20-eicosanediol DAHEIZBWTIX.OH ED
291 Ry U EENSE IS T EITKD, i %
n-7WVh > VRO FHEED T > ¥ LzElx

H H H H M
EEMNAREIC R D EE X 5NS, LML, KRR /
Bl BHERIBRHBESIX. RUTFLORE

b D& [FlAk gauche RMEINBAZINZ Z EickD.,
BRI BY7 3 FSEE O DEEEB AR BEIC/2 D
LEZIENS,

monoclinic hexagonal

Fig. 3. Schematic representation of hydroxyl
groups in the monoclinic and hexagonal phases.

1) Kitamaru, R.; Horii, F; Nakagawa, M.; Takamizawa, k.; Urabe, Y.; Ogawa, Y. J. Mol. Struc. 1995,
355,95. 2)Kuwabara, K.; Horii, F. Macromolecules, in press (see ASAP).
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Solid-state C NMR studies of
the extracellular proton channel in bacteriorhodopsin
!Department of Life Science, Himeji Institute of Technology
2Department of Biochemistry, Wayne State University
*Department of Physiology and Biophysics, University of California, Irvine
OMichikazu Tanio', Satoru Tuzi', Satoru Yamaguchi', Ruriko Kawaminami',
Akira Naito', Richard Needleman’, Janos K. Lanyf and Hazime Saito'

We have recorded?C NMR spectra of [3-"°C]Ala-labeled wild-type bacteriorhodopsin(bR)

and mutants at residues in the extracellular proton channel. D8SN, E194Q and E204Q
exhibited the conformational changes of the extracellular surface at bR as seen from the
displacements of Alal26 and Alal96 peaks. Y83F, which lacks the van der Waals contact
between the side-chains of Tyr83 and Alal26, resulted in the conformational change at
Ala126 but not at Ala196. Unexpectedly, no conformational change at Ala126 was observed
in R82Q and R82Q/D85N. These results indicate that the conformational change at
Ala126 was induced by neutralization of electric charge at Asp8S as a result of reorientation
of the side-chain of Arg82 toward that of Tyr83, where Alal126 is located.

[FRl N7V AORTT > (bR) 12248BEOT7 I /EMSHERENS SO R
TEEAETHD. REBHAOL FF—ILHLys216ics v 7HEREEL TS, bRIZHZR
HTRELFF—INOREENEZD, TOb ALy THHEMNSASPESAD T O kR E)
KHEEZ—EHOXRTA 7NV EFD. bDROTO MR THREBICOWTIE. BEKENER
A AEMAEBEURER TOZKTMEBERTNSE < OAANELNTVSA,
FORFEBOFMIIRTEFRATH D, BRI INEFT. BAEIRIESC NMRZAWT
bROBKMEE Y1 FTI VI AR DWTRIFET > TRz, HiITOM RO TICEET
HI2BEOTREADROBRFTHN D, Glu204-Asp85-Vald9-Thr46-Asp96fii T. AKEKES
BIUBHKGOHEEANEEL TWS ZEE2RLEL]. AHETIRIORTEESIC
EDBD. FICHRARTO R F¥ o XNVERICESRZEDE. TO0M RHICEDS
Asp85. Arg82, Glu2043 X UGlul94DbREKEIEADFEICOWTHETELZ[2].

(8] [3-ClAlERFF Ak (WD) BLIUZREKDRIZ. [3-PClAlaz SO A RE#T
BEREFHEAERT I L TA. BEL-ESRDRESOEEIX. 5 mM HEPES, 10
mM NaCl. 0.025 %(w/v)NaN, (pH 6% 72137) OREKIZME L NMRAIESBI & L,
100.6 MHz B @2 MREESC NMRBEIRIX. ZESEY Yy V7 &HEEE (CP-MAS) Z2H0
7o. BIESHIL. MASHERK ; 2600 Hz, fEMFFRE ; 1 ms. BOAHEEY ; 50 ms, #0
EUMRE ;4 s, 'THBXUBCO R /2 /0V A ; 5us. BRI ; 10000-12000E, Hisgid

B MREEISCNMR, N7 FUAT RS, FOobofRr T, HaGEE BEAR

FicBARENT., DLE LB, RESHI LD, hDABRABDI, BVRESIHES,
Needleman Richard. LanyiJanos K., W& SECH
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HE320 CTENRETITH 7=,

(KR EER]  Fig. 112[3-°ClAlaEz&DS85N
(pH 7) ®BC CP-MAS NMRAXRY MLV &ERT
(E®;WT. pH?) . Th&OEEEBRLERIC
AT DASDSSDASNNDERIZ. bREKEEIC
EZLVEERZITIEN NS, DESNEWTD
NMRANRY MU, BpH (1~2) ZBWTED
BEMZERCICRDZZENS, FiElIcBW TR
SN EEELIIEITASPES D BHDMLICL B
T ENDMoTe, BKENT LI, DS8SNTITAMIN
SR R T SRR AT T D Alal1263 L TUAla196 D
EEHN. WTichkR., FREFNERE B L UERE
ITRLTHBYD, BEZMANEZ TR &N
D, BROBEIITO R HHICEEST 28

HOZEK. E194QBLUE204QTHBAII N,

IS ORRBIEOE P CHOEL AR/ i3
FZEEBE TEDOTWAZEERLTED, [1-
BCIValiESbROB R E b —FT 3(1].
ZDEAEMBEANMTF v > XN TOERIREIC
. ERESLEH MR HEETEROTEIZ

loop q-helix aj-helix

19 18 17 16 15 14
ppm

Fig. 1 '3C CP-MAS NMR spectra of
[3-13C)Ala labeled D85N(—) and WT(--)

atpH 7.

frEL. Asp85DDK, BLUT O b HHBHEICED > T HArg820B 5 FEE NS,
Fig. 2i2[3-°C]Alaf%#R82Q (A ; pH 6) BLURS82Q/D85N (B ; pH 7) DC CP-
MASNMRA XY bIVERT (F# ; WI. pH7) . R82QMDAsp85id. pH 6 TiXiFIE7 O

loop qp-helix aj-helix
~-——— ——p

FAEL TS/ (Asp85SDpK,=7.8) . 85%&#E
IZBE U TIID85N &iZER U &#Ficiz 5. Fig. 2
5 BEERKDONMRANRY hLid. DSSNDENEE
BILTWBZ N MD. LAHALDESNERARD,
ML R TIZAIR126ONMRIEBIZIFE A EE(LL
TWE, R82QITHITHAla126D{EFdpH 6-8D
HWHEHTEEAEELLIZNWI LMD, Fig. 1D
D85NTHE & NzAla126 DBEELITIZArg824)
ENMEDS TR I ENDDo e, TNETHES

NTWBDRO=XITTHEE T I TidArg82 L Alal 26
DORNCTYISINEEL TH D, [3-3CIAIaERYS3F
DBC NMRARY MIHZBWT HALI26DEELE(L

16
pPpm
Fig. 2 13C CP-MAS NMR spectra of
[3-13C]Ala labeled R82Q(A) at pH 6

and R82Q/D85N(B) at pH 7, compared
with that of WT at pH 7(--).

T

19 18 17

15 14

NEREINETENS. Alal26DHEE(LIZTYIS3
PSHDOENBETH D I LAFRBINE. Ihb
DFSRIZ. DSSNIZHIT 2Ala126DHEZELIT
Arg82fSHATTYI83MBN LMK Z L THEETSH T
LERBTD, ZOXIRELR. AFAINITB
35Asp85D 7O b Lz bFERIND LEX SN
5.
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Structure-Function Relationship in the Transmembrane Region of Bacteriorhodopsin; A Solid-State
*C NMR Study (Himeji Institute of Technology', Wayne State University’, University of California,
Irvine®) Satoru Tuzi', Ruriko Kawaminami’, Jun Hasegawa', Akira Naito', Richard Needleman®, Janos
K. Lanyi’, and Hazime Saito’

C NMR signals for the each alanine residues in bacteriorhodopsin (bR), a membrane protein of
Halobacterium salinarium which has a function of photo-induced proton pump, have been recorded
and assigned to individual residues by observing [3-"C]Ala-labeled wild type and mutant bR in
membrane suspension with solid-state °C NMR. In this study, we focused the structure of the
transmembrane hydrophobic region of bR containing the active site of photo-reaction. To separate
the signals from transmembrane region, the signals from hydrophilic moiety of bR were suppressed
by 30-40 uM of Mn*, NMR relaxation reagent. The signals of Ala215 next to the retinal binding
residue Lys216, and Ala81 close to the proton channel were assigned. Changes of electric charge of
the sidechain of Asp85 caused by point mutations were found to induce large conformational
changes of the transmembrane o-helices.

FHRBTIE, BEBIRE C NMREOBEARE AME & MEORIT~OIEHEEH
ELUT, BEMFEEOXTD N>R TMER2HOREAR, NVFUFORTS > (bR)
ORI ZEDTVS, CNETIAARBREFORBEIIDOWT, 75V REMB AT
VIRBANDERHRN CEBET V., BEDT S UREBROET 2R, BREL > 30K
BEDARY bNVEBBLHIZENTESZEERLTER, NIZLD, £BNEREIGIVEER.
PHEKFEZEUEL OBEREFICBWTHREARORINI > KA -2 a > EEBHREO 1§
#2288, LERPICBTIREOROBE S BECHBELZERT S LNTESL S, 22T
3. bR OEEBMBAIMBE T 5REOTBER MR EBME L T NMR BRIEEZFIAL
ZEBBOBMEETSI LB, BONEEEMSRAEAKPLHICINBT Z2HRIEE T
O b 2 KREOTEEPLOMEEICBE L -G ORIT 2T o /2.

EAEBEPO LR BERBRETICBWTEREBMIC M FF > (Ca*. Mg™) 2&ESLTW
%', ZflihFAELT. NMREBREETHS M Z2FEMNL. Ca* MBI B &1
&0, BEHHAHOBEOAOXEER/NRICNA DD, BHHOBRKEE (BAERD) 12
BRI HESELEL,. HEL. BRANERERMIOEE 2 BRNICRRT S ENTE S
EWIRFENS, Mo ABIZ LD BRI AR MVOBE L DT 5= BREAOBRITH
RN ERRARCLIIREORRICIDIT =,

B4R ME “CNMR, BEAKR. X7FUFoR7T 2, Job R, s

DLEES, hbHRAZID I, BENOU WA, 721 & > HE S, Needleman Richard, Lanyi
Janos K.. INESIRUH
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BEEBBINIFUFOR T RB-
"Clala 280 RIEM THEFES Cmirus
Halobacterium salinarium 215 %357 L2k
DRGEERERL . AR GBR) o EHA,
R E L THIEL 7=, Bz 0 Amies 1817
B3, PRy, SREMREH (S mM Hepes pH 7.0,
10 mM NaCl, 0.025 % NaN,) IZ#¥EE 30~40
uM &2 5 XKD MnCLZFIML Tiro 7=,
K1 IRTEDIZ, M*lBizkD, BE

&l bR @ CPMAS AR MVin s C-RKIREBAL

(15.89 ppm) . Alal96 (17.75 ppm) Z2&
RSB & U AR PRI R E B R D (3
EAHERL . FH21217.26,16.90 $L1L16.48
ppm(shouldeniZEEMEMEI N TS, Fi&.
16.39 ppm D{FHAWH A, 16.15 ppm DFE N
WMICBRATES, LFF— &AM

(Lys216) ICREREL ., HBEERALOBEZ
RErd 3 ETFTHIND Ala215S DERI. £R
BARKZEAHETORESERILDOEDIZ, D85N+Mn2+
KRMBDARY MV TIIRE TERWA,
M REICL D REHAOEFZR LT,

A215G+Mn2*

AB1G+Mn2*

162 ppm iIZB T B Z &N T &, Ala2l5 Fig. 1 CPMAS spectra of intact wild type bR (top) , and
REHFEICE D bR OMEET T TIEAY v  wild type and mutant bR’s treated with 3040 uM Mn™.

DADFIWAIZHBT 5, BERBTIIEED a —N\V) v 7 AMEIHIET 3E¥
T hERTIENOMNS, iz, MEANOTO N BEEBRICARL . EERXCEST
3 Arg82 IZBHET 5 Ala8l IZ Mn* BRI L D 16.53 ppm KM DEBEL L TRETE 3, 7
O b S BEDTEESALICAI R T S Asp85 % Asn ICRIR L . QI{OHBEHL S B-HBE . Mn”
WEBDARY FMVIZBWTEERFBBTH 5162 ppm HEDOEEREHNMET L., 15.8 ppm IZ
H}BEOHDE/EITHB-TNS, RO 7 FEPHIZBWT Asp85s O—8R o b AEL T
WHIa—4% bk, Arg82->Gln THEHIN., 70 b REF ¥ RIVAROBREOHRREH
BEBEAN) 7 AO_HAZELIBTNDE I LD S, £/, Asp85->Asn TIIMn*#é&
RIBOEAEME R, KRIER, Asp8S ORBRBEMICIDERBENY v 7 AMEDOE
. BREGERMOBEOEICKZ N FA U KEMULOEIREENS,
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Determination of conformation and dynamics of peptide inhibitor
bound to papain as studied by solid state ’C NMR
Department of Life Science, Himeji Institute of Technology
M. Kamihira, A. Naito, S. Tuzi, and H. Saitb

We determined the conformation and dynamics of inhibitor peptide (Gly-Gly-Tyr-Arg)
bound to papain in the crystalline state by °C high resolution solid state NMR. The secondary
structure of the peptide bound to papain showed distinct structure from that of unbound state
as manifested from the chemical shifts observed in the *C CP-MAS spectra, and assigned to
o-helix like structure around Gly®. Spinning side band patterns and T, values showed that
the peptide backbone is quite rigid in the binding state as same as the papain backbone.
However, weak spin diffusion was observed between papain and the inhibitor peptide as
revealed from the T, * values.

<F>

TN BEBEEHEBRL=RTF ROBEERSBRENMRICK 28HIT, BRESCKRE
LOFIRICED. BEFhZELZIRINTVARN, —45 T, BANMRAE TR, #B0
REDHDFRICHBABWIENS, ¥V BECRORIERTH S, EHETIE. ¥
AFA > T7AFT—ETHEINNA L EEEEREBR L2473 JBBRENSRS I EE
¥ — (Gly-Gly-Tyr-Arg) OBREEBLIUVT 1T IV A2FTANRDZEEZHNE L,
FOXA AI212BEN SR, BHSAICCys®-SHER B D, BHBALEED 1 K#EE
PO AFA 75T —VERGEENTVWA I MG, 2EATEHL HEBEROETI
ELTHESHWSNTVS, /ST 2. BIUNNSAS L EREEDOT D EEY—DHEEHE
BiEiR, XBERCLDEEH/EINTLEN, ZRETHVWSNERTF REDESE
BEREFREINTVARL, TORTF RIJMEDHT/INT > & Lh R TREET
5ZEMS, FHENNRAIBYUOT T4 =T —UHRELTRHWERTWVS,

<EB>

£ e EY—RTF R ([1-BCIGly-[®NIGly-Tyr-Arg. IL:Gly-[1-*CIGly-Tyr-
Arg. III:Gly-Gly-Tyr-Arg) 3. ABM43IAXRTF RERMICE Y FmocEMETERL 2.

RS BHROERENS, FI4ZF4—rOR M5 T7 4 —IZK0EER (Cys™nt
SHE) OHICHEEL =, BRI 1T, 0.1 M KiEe-FrBENakR &k, 2 mM EDTA, 5
mM Cys PH4.NZHEMN L. BIUBRSKRICEMN L SEBEILUBOXRTF R2FMNE, 37
CT15AMRIEEEE, EAFOKRIT. RAIELTI% v/v Ty J—)l. 0.4M
NaCl. e LTy /—)V:H0=2 : 1 2\, EJHBETHE (40) .

NMR#IEIE, Chemagnetics#BICMX400 NMRS 281 & DI3CO LB Rk 2
100.6MHz& L THIE L 2. BIEBEIZ4CTIT o7, EIZCP-MASHEETOSSY2BFH L.
B, Torchiad FEPic X BiFo 7=,

BEESMENMR, BREEESHK, Y1 FI/ X,
MNAHEDE AR, BWES HES, DU I&D, ZnEd B@ZLY
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<HER - BR>

LIRS —A D EEY—RTF R (I~ #HEESHKDEC CP-MASARY b b
E2RYT. PCEBARTF REAKEEERRTF REAKDEARST ML (K 1D,E) H5,
Gly!, GIVOANEZNAEERENEFNLT4.6. 172.7ppmTH S 2 EMbhoT, £/-5
BREN A EEY—BNRNAL 2 EIEFE]L I THEALTWAZ EMDbh ST, RTFR
DBFEEIRM KD 1’C CP-MASA R Y bV TEB S ML 7 MEM, TRENI67.7,
170.9ppmTH B T ENDS, BRIKET O LIV EEARBEIRBIREORESE
EDTWBIENDNMD, L% 7 MEE 2 XEEOHBBEFEYX VGV I DWW TR a—A
Uo7 AERD 2THEAZ DI ENEZISNDA, Gly' C=0D174.6 ppmiZ DWW T
|MEINTWVS 2 REBICHIET2HEICHRTREEHRBIZO7NLTED, BREOH
HERICK DR 2 KigEEBRL
TWATAREMN D B, (A)

PN o~ P EEY— (DEEHK JW
FERIZTOWVTEEDMAS(1500H2) iz & .
UYL BN RN — 28T E.
Gly* C=09120 ppmiZ B SR ICiRIE

(B)
WEES T hRAIESEIE N, B )&MWWMMmMWVW%wWKw
RO LBEHBIE T DL THEKD

REBERFENBH SN, £,

Gly! C=OD A ¥ > 44 FABRIRS R (C)
(T,°) id86secEIHITHL . BRE JW

ST “fE (90 sec; 172.6 ppm) &iF

ERICTH-oz. INSOHRRENS. { 174.6 ppm
BEKIDOSL D EEY—RTF RIZ, (D) .
EEBOFIRINEBONRBTHEZ & b4+

175 170 165

Dns. L T T WWWT»MMMW

ERTOAL HTRIEEME (T, 1 172.7 ppm
2. Gly* C=OTOEH (174.5 ppm) (E) '
134.6 msTHBDICHL, /X1 E

$8 (172.8 ppm) H53.8msEFEHITK 180 175 170 (p?rgfi
EizRLAE SN, Gly' C=OTEH AAMWMWVWM
TNAER. 73 EOEBIUENE , : —(ppm)
BirgErs51TWAEEL har 200 150 100 50 0

- 1S H 0 »1y Fig.1: °C CP-MAS spectra of papain- (A)I, (B) ILand
(:7 77 ) Q/ODTIP, i L:C B (C)llIcomplex in the crystalline state and the difference

» BRERTF ROBMDAE LD oot (D): (A) - (C), and (B) : (B) - (C)). The insets of
BRI NTHDS ZEMbM 7. (D) and (E) show expansion of the respective peaks.
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Folding of Bacteriorhodopsin: studied by C Solid state NMR
Himeji Institute of Technology', Wayne State Uniyersity’, University of California Irvine,?

We compared C NMR spectra of [3-°C]Ala- and [1-°C]Val-labeled bacterio-opsin (bO), produced either by
(a) bleaching bR or (b) from a retinal-deficient strain, with those of bacteriorhodopsin (bR), in order to gain
insight into the conformational changes of the backbone that to lead to correct folding after retinal is added to bO
in vitro. The observed spectra of bO turned out to be different between the two types of preparations: the
secondary structure of the former (a) is not strongly deviated from that of bR except for the presence of
suppressed peak-intensities, whereas the backbone of the latter (b) consists of mainly a-helical form but very
broad °C NMR signals indicate that its tertiary structure is different from bR. Nevertheless, this structure is
changed to the form identical to that of bleached bO from native bR, after it was regenerated irn vitro followed by
bleaching with hydroxylamine. This means that insertion of retinal is indispensable for the correct folding of bR
as a template in vitro. According to careful evaluation of intensity changes between CP-MAS and DD-MAS
spectra, the F-G loop and some transmembrane helices of bleached bO acquired motional freedom.
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Chemagnetics CMX-400 NMR spectrometerZFBL YT, Cross Polarization Magic Angle
Spinning (CP-MAS)i# & Single Pulse Excitation with Dipolar Decoupled Magic Angle Spinning
(DD-MASYETRIEEIT 012, 'HEPCD/2 plus lengthld EN2N5us, DB LB,
Contacttime. RE_VTBBRMIZZN2NA4s, 1ms, 2.6kHzEUTE, - 10°C ~ 40°COHHIER
TREZILESL., HESSTERGIRETITONE,

16.88

(BREER)

NHLOHICK > TT) —FF5E16.19ppm.
16.41ppmDa,-helixDIBS & 16.88ppmD S
VF AT ILOESHKENDD-MASA). CP-
MASB)FICED L TR T EDERENIE,
(Figurel) CORBIBEBROBSED LRL.
'HOD decoupling B EIRE (10°~10°"H2) D&
DD ERBLECEICKDEEZSND,
LD, ESBEBDORSHCP-MAS AN
DRILBDESHRENCEDLS, BE
P ERU. Cross PolarizationOBISEIL g
EREOMEDER>TNDTELSDDSZ. CP-MAS
COBRBIS1CHZZZ DB DR D ERD.
RARDESHREDORDO17.13ppmdDIL—TF
BRIICDOVWTHBRAUENE, CORBRELF

F—UBREE U\ o 12 EORALEC ZHE DR 18 16 = 14  ppm
W—FICETEREREUTNIBED
5HLTUD, Figure1 13C NMR spectra of [3- 13C]Ala-

—P. LFF—ILERBUBLIEI001# labeled bO (black traces) and bR (gray
D BMBLILORFioUre1BEBR R MaCle ey DD-MAS(A) and GP-
D, o, helixBIKICTO— RZBBSERL
2. (Figure2) COLOICUFF—ILEHRE
TEIEWTERLUARD IV ETRT, &5
(LT —F &7 EFigure1BERILZANRD |+
IWERT. CNBDOTEDSFigure2bOld
FMg—BREEL > TNBCTEN'BRICER
HE, WoEALFF—IDRETIEIC
Ko TH-BREZELDICEDDD SR,

ESICNOEAVFFT—ILDRETD
& COMER>ILFF—IVERELTS 18 16 14 ppm
BRBEIN3ATLEDDOD D,

Figure2 '3%C NMR spectrum of [3-13 C]Ala-
labeled bO from retinal-deficient E1001
mutant.
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in situ High-Pressure '’Xe NMR Study of Free Volume in Polymers
Bunsow Nagasaka'?, Taro Eguchi', Hirokazu Nakayama’, Nobuo Nakamura', and
Yasuo Ito*
'Department of Chemistry, Graduate School of Science, Osaka University
*Material Analysis Research Laboratories, Teijin Ltd.
*Kobe Pharmaceutical University
*Research Center for Nuclear Science and Technology, The University of Tokyo

Abstract

Pressure dependence of the '*Xe NMR chemical shifts for xenon adsorbed in polymers
has been investigated using a newly designed in situ high-pressure probe. The experiment
found that the supercritical fluid state is never realized for the xenon trapped in the free
volume of polymers even beyond the critical condition of bulk xenon (P.=5.8 MPa,
T.=289.8 K). The average pore size of free volume in each of polymers, PC, LDPE, PPO,
and PTFE, was studied by '*Xe chemical shift and positron annihilation measurements.
A unique correlation that 6 o7 is first established between the '*Xe NMR chemical

shift (5) and the pore size () which is deduced from the positronium annihilation lifetime
(PAL).

579y (PTFE) 4D 8D HKIIR IR INT: Xe (12T, FiRiTBv 5
PXe RFL T DEHRARYHRAAE U FENMR 7o -7 VTR
Ak 3K 55.6 MHz T#~<7:. Fig. 1 1IFT £ 5 (I Free Xe gas D &' — 7 (19 &

(P.=5.8 MPa, T=289.8 K) it#§4 6 FA D &MY LA ikwtshs 7+ 1 5
DI L., AR HEWD Xe TH P T ABRMHEAKRBRY T L. 497 MPa T
BE—-75LETE, LEv -1, BIREID Xe 93X LT b free
Xe(@ia i)t o Lt + 5 CH L Qms PRLE) | sk 245 2K
REHE00beb, FLELREAFRHOMREY» G L, —AR)2E NI Xe T
EHiiad vl e odiR Tk,

¥—-97—-F : $EZNMR. '%Xe NMR. $7F. aduk#k, ¥V ey

Co¥nliti. AL REF, ¥PinseF Yol 6olE, I PTE
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ATACEEN DBt WHDFHHAHTHEI v hh ok,

160 T T T T T
P
8 ; o ]
120 G .
o oOocb L ]
e 0 © ° )
& st -
w 3
[
40 °®
® o
e ©® ® free
or O adsorbed 7
0 2 4 6 8 10
P /MPa

Fig. 1 Pressure dependence of chemical
shift in the *Xe NMR spectra of xenon
adsorbed in PTFE (Teflon) at 298 K and
resonance frequency of 55.6 MHz.
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Fig. 2 Pore size dependence of the Xe NMR
chemical shift of xenon adsorbed in polymers.
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Selective Spin Diffusion NMR Analyses of the Local Structure of Polymers

Institute for Chemical Research, Kyoto University
Kenji Mausda and Fumitaka Horii

We have tried to characterize the local structure of solid polymers by selective 'H spin diffusion NMR
spectroscopy. To detect the spin diffusion from protons bonded specific carbons to other protons, a new
spin diffusion NMR experiment is proposed. By employing the DANTE pulse sequence after the
convenﬁona] cross polarization (CP), a specific 'C magnetization is spin-locked along a certain axis in
the rotation frame and the 'H magnetization closely associated with this '*C magnetization is generated by
the selective inverse CP method. After the 'H spin diffusion is allowed to proceed in the laboratory frame
for a giving time, effects of the spin diffusion are recorded as changes in *C magnetizations produced by

the selective 'H-C CP process.

1. #8

FHAEICBNTERH PC BELUH A Y HEH NMR I & D4 OFE S T ORFTEIG 20
ENRTBHOT7TO—F&fTo/k. TIT. BEOBMICHEITS 'H AY VB EZRT 5
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%, ¥ CPIZk DBRNIC 'HEMLZRE, ZOBMNSD 'H A K#EREE2. BUCPIZLD
BCHYLE L THRAT B /OVARFIZERL, BEZIToR. COREICLD, HED HEDOA
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oz PCRMLICBL Figure 1 Pulse sequence for 'H spinQ diffusion measurements,
T BC—'H ¥ CP #1T combined with the DANTE pulse sequence and the cross polarization.
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BC-NMR Study on Sol-Gel Transition of Gellan Gum Aqueous Solution
OT. Izumikawa, T. Hiraoki, and A. Tsutsumi
Department of Applied Physics, Graduate School of Engineering Hokkaido University, Sapporo 060-8628

3C-NMR measurements were made on the aqueous solution of gellan gum in the temperature
range of the sol-gel transition. It was found that the remarkable decrease of spectral intensity
occurs by the sol-gel transition. Chemical shift showed various changes at each carbon. A large
down field shift for the carbonyl carbon of p-glucuronic acid and a very small down field shift
for C, carbons of p-glucose of L-rhamnose were observed with decreasing temperature. On the
other hand, other signals shifted toward high field side with various quantities. All these
changes were continuous with variations of temperature, no discontinuity being observed by the
sol-gel transition. Spin-lattice relaxation time (T,) showed that all ring carbons have a
correlation time less than 2 x 10°s where T, shows the minimum.

Gellan gum ZAEHOERIZL V BELNIBREEI TEHTH Y | ZOLEEE
Fig 1IZRT L0 ThHD, TOKERKIZ, WRBOELEL LRI NV - FLEBERT,
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AT MV (LFET M, RE -
BIEHEET, S0REXT- T,

BIEIZHV V= 3.0wt% gellan gum AL, gellan gum EKEFEAKZ 1 0 %STEY
AKECHEMLTO 0C, 1RHEREL TER LA, C-NMR OREILEDOWERE S5 ¢ &
WA LDH, Bruker DSX-300 (&0 /8 ¥ %k 75.48MHz) ZAWTiT>7=, A7 b
X complete 'H decoupling C, T, X inversion recovery i TRIE % L7z,

Fig2iz2 7 8K (¥#/VRIB), 36 3K (Y VIRHR) 12831) 5 gellan gum K¥EHRD

Fig.1 Chemical structure of gellan gum
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Fig.2 '*C-NMR spectral of gellan gum solution (3.0wt/v%). (a) 278K, (b) 363K.
¥—U— F : ®C-NMR, gellan gum., Y1V 1ViEsH

WL bbEWTiF, ObRE L LEHR, DOHHEVS
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b rcEBBaizy 7 v T8, Y7 b
i3/ &\, Figd iz A4, A5 fk¥#y 7
NOBEEILERT, WTFHLOBE BILE
7 MRRELL & HIEERIZEE L T
V3,

Riz, D FEBHOEREZEI-HIZAYE
V- BTERERT, OBMEEITo T2,
Fig.5 2 D6(CH,), A3 (=% 5 T, DiREZE
b5+, #oo—27 it A3
CHUDBREELE Rot-M, SNV
BETCOBMKARE/IIROR Y, BH
2B FORIEZ2EED O 4y T EE A8
WIZ L AEIE A B RS RS HAIBIRE
1T 283K T 2.0 X 10%sec, 363K T 24X
10%ec & 72V VY, —F, D6 1T Dfh
DRFEL Y XHIZRWT fiL72o7-, HE
FFEIE 10 sec BREE & 72 v | EHEN T C, #la]
BIZ XV ERISRN S LR ENRD,

PlEDZ L EBELIERIZSOWTREE
THFETH D,

Intensity

L

T SR RO B
280 300 320 340
TK

360

Fig.3 Temperature dependence of spectral
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Comparsion of the crystal structure of the compounds showing Preferential

Enrichment by solid state NMR method.
RIKEN, Division of Molecular Characterization; Graduate School of Human and

Environmental Studies, Kyoto University

O Hiroki Takahashil, Takashi Nakamural, Rui TamuraZ and Jun Uzawal

Comparison of the crystal structure of the compounds of (+)-trimethyl and dimethyl
ammonium p-benzenesuifonate derivatives, NNMeo, NBMe3, NTMep and NOMMe3 is
described. The first two racemates showed the phenomenon of the Preferential Enrichment,
but the last two failed to do. Crystal structure of three racemates (NNMep, NBMe3 and
NTMe)) were determined by X-ray crystallographic analysis. Crystal system of NBMe3 and
NNMej are triclinic, while that of NTMe? is monoclinic. We have investigated whether

these crystal systems are distinguishable or not by means of solid staie NMR.

1. RUBHIC

R4, AELBRKBEZFDT U LRI)VE > EE(NBMe3,NNMe))
A, BMIBEERICKOFLWHESEBR(EAEIL (Preferential Enrichment) ]%
REZEEBRBLTVS, £, ROV ANKIBONIMICEFHSEDBER
EERFDOILAY (NOMMe3, NTMep) TIIEBEEMLBSRIRI SN ENDH >
T3, INS5DLEND D B(x)- _ . 9 :
NBMe3, (£)NNMep, (£)NTMepiz M-S0 RVSK -0~y 0™
X5 RIBERITICE D, TOR RS NBMe; R'=NMes R2=Br  NNMe, R'= NMe, R%=NO,
BB S Mo TWS. EiE(y NOMMes R'=NMe; R°=OMe NTMe, R'= NMe, R*=Me
BIRERLICEY DR RIIEE & Fig. 1
bIZIEFACREMSETH > [=/ER (P 1

F-U—FR . BEEL. HREE AERMEE BHNMR
OiMiILVAE, hUSknL. 28550, STblwhA
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13C CP/MAS NMRA X Z ML &ERT(Fig.2), TRTOLEBHTARY MVZR
o TWi, B TH, NOMMe3id DLW & BN TERBMTRERBVNRS
h3d. NUAFIVEOMegNEIRIZDI Y F)L (53.1ppm). THBDIKL, ¥
AFNVAETIIMeNEM2ED S FF N ESEAZDDAF IVENFESMHETH > 72
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RIEENE U TH > THEENMRARY MVZRRD ZENDMofz, TDOITEM
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WP OEHEDISC NMRO(LES 7 Mg, ROE S ANGCBOBREDRNIC
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Fig. 2 13¢c-cpMAS spectrum of (a) (£)-NTMe», (b) (x)-NNMep,
(¢) (x)-NOMMe3 and (d) (+)-NBMe3.
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Imaging of the 1H NMR Second Moment
with 13C Chemical Shift Resolution

M. Nonaka, S. Matsui, and T. Inouye
Institute of Applied Physics, University of Tsukuba,
Tsukuba,Ibaraki 305-8573, Japan

We propose a method of IH-NMR second moment imaging combined with the
heteronuclear correlation experiment using 'H-13C cross polarization. It is well known that
many of the multi-component polymer materials possess the so-called nano-heterogeneity in
their molecular mobility, which can not be resolved in conventional imaging experiments.
The combination of the 13C chemical shift resolution with the 1H second moment molecular
mobility imaging of these materials gives rise to the microscopic resolution (~100 nm) in
addition to the macroscopic resolution (~100 pum) usaually obtained by using the field

gradients. The method is demonstrated by preliminary experiments on model samples
comprising mixed adamantane and hexamethylbenzene powders.

Bxix., BEMBHIRT 2 FESEOERMAFERET S5 EE LT, 7a b NMR
D2WE—AL F2EBR2V FTRAPNETEAS AT U THEEFRABLCER (1), Z0FE
X, BBESOA Ly = a— {555 curve fitting IZL VEE2RE—A L b ERD L0,
—RICRRKRAEFEZLELTI3ERTERICBWTY, HBHERBATRENRET TS
LVWOIRBRERKR-TWVS, LiL, BEDA A=V U LTI, ZMSMREN 100um BE
ThHHED, TODBEUTOI 7 a2 b _AVIZEWTHSFEBMEICOMAEFEETIES
i3, ZThEZRPICHRT ADOIEITRAETH D, EBE, Z< 0B FHEHIE, b5
nano-heterogeneity 23777E L 100nm L~V TCHFEEBERZH LTS (2), ZOX IR
EATHEHIR LTOEIZEDR2KRE—A Y M A=V 7 21T9121E, B 3HTOZEHIS
REEDH ENRNEL 2D, BMBAROBILIZLY., ThE2ERTIDIREICRETH S,
Z ZTHL T, B (H-13C) HE%2AvhiX, BC %Y 7 MI LY nano-heterogeneity
DO TEDLZL (2) WHEBL, 2IRE—RAV MM A=V 7T BC {bEYV 7 N ofFE
AT IR EIToT,

X1z BCILZEY 7 bR IH2KE—A Y MM A=V TEOIAVRRFNERT, £TO
BEIX, 2RE—A Y PBEL LWV E D R HEBIEE/RMAS O T TITH, 90° /A RICTE
Y 1H OREREL % #4E L7~ 1.1z, 872 refocusing »/V A H B WAV ZARFNC L Y 2
Ta—EREIEDE, RIZTa—bE—JAOEYRBER, BrIfLV A rayx 7o
72H® RF AV REFHTATS, ZhickY), =a—0FOFREROCPIERIC= a—F
L. CP TE&ELND BC OEEHMEICRBMEED, 2KRE—A L MITa—DFE»ND curve
fitting ik W Rk®HB (1), BCOBFBBIZHTF Vv TV ITTFTH TV 7L BC (LFEY
7 MEBEBE, EEOY LTI TITESDL, ANV ZARFITIR, A= 2— FRHOB
BAEA MAS Bi5FEICHIFI SR TEY, 1RO A=Y U 7 R#NEGOND, ZRTA
A=V 7 E2THII. MAS 2B L CTEROMBAELHIVTHLERHD (3),

Keywords : BfsA A=Y 7, 2kRET—AV b, HFiEEME, BCL¥EL 7 b, REZMAHE
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— AV FOEIEEL, B 1G2, 2G2 THDH, R1DAY yza—¢ LTE, v¥Vysxza—

(1) TR Y Yy Fma—-2H0nE, vV y 7z a—i3 MAS i+ 5BZHREL .
EBER2KRE—AV FEEXRVWBERD DD TH S, MAS BEikit. # 800Hz & L1z,
RUEVR BC D OLDOERIE, AN M ETHEBE THEOTER L, o 18C il by
7 P ERFERErHINEREFIT/NEIDOT AEIRWEY 7 A T TOSS DS ER A,
£ T DERIT CMX 300 Infinity ZH W TiTo7-,
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Refocusing
90° pulse
1H 7 CpP DD
180°
13C /(}P/
- ] v/\ —
E Phase Encode
G L
-~ : e
Nt Sampling

Fig.1 Pulse sequence for 'H NMR second moment imaging with 13C chemical shift
resolution. Spatially 1D version is shown. The sample undergoes relatively slow MAS.

A spin echo is produced by the refocusing pulses. The echo shape, which is used to extract the
second moment, is encoded into the CP process and correlated with the 13C chemical shifts.
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P98 [H-*C]2RFTENMRICL BN o7 4704
EFIRTF K [Ala-Gly],, D B & & #g 47

(BMEAI', OFRBF) OM BE' K+ XR'. B BB,
£R &%2. O @=2, 25 &'

Conformational Analysis of Silk Fibroin Model Peptides [Ala-Gly],,
In the Solid-State by ['H-'3C] 2D NMR

Satoshi Kishi”, Hideaki Kimura", Takuo Ozaki", Hisashi Sugisawa®, Kenzo Deguchi?
and Akira Shoji" (" Dept. Biological Sciences, Gunma Univ., Kiryu, Gunma 376-8515;
2 JEOL Ltd., Musashino, Akishima-shi, Tokyo 196-0021)

Bombix mori silk fibroin has a characteristic -Gly-Ala- repeating sequence as primary structure.
The crystalline domains of B. mori can exist in two different secondary structures (silk | and silk i
forms). We have obtained in the past the conformation-dependent chemical shifts of the two forms
of silk fibroin by the 'H CRAMPS and *C and "°N CP-MAS NMR measurements.  Especially, although 'H
CRAMPS NMR method is very useful for conformational analysis, it is sometimes difficult to obtain its
exact 'H chemical shifts, because of its poor resolution. In this study, we have succeeded in
separating the H, chemical shifts of Ala and Gly residues of sitk fibroin model peptides [Ala-Gly],, by
two-dimentional heteronuclear-correlation (HeteCo) NMR method in solids.

[EE]

BaEAROUGMBEZRATIARTFEL. BCRHREAROME - #IEHEMEHAN
3LTRERETHD.COLORUBMSH2 (X TOETNRTF ROBEEE S BEEE NMR
CEDUBBMEBEDOARET>TELE, TELTINETICEBRELBERARURTFRO=
XIEEE Ho C. PN NMR £ 7 MEEDBEBIZASMHICLTEL ™, ZOHRT, 'H
CRAMPS (combined rotation and multiple putse spectroscopy) ikIZLIFIL U HSBEEN R <
Tofe&izi, BC ¥ "N ERBEARS MVBERLELTEY., E—0D0ERUDESHE
W% 7 MEOREPE—OMRNERTH D EHB O, TCTERRTER. =
DRAEBOVLYVIERGTIEES T MEEBSLH[H )1 XTRREEMILE 7 FER
NMRY DRI ZTH AR, BETIBRIBONL. FALZOFEIZTAROIEEED
RBICAVDLBFERICADIZLIIBSETHAL.

Keywords : {t%:> 7 b, 'H CRAMPS NMR, ['H-PC]ZRFTNMR, “ o 74704 >

ELELL., EUSVUTHE, BIELE. THEIDVEL, TCBIFAED. L& BES
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[RE&]

[Ala-Glyl,, DELEHZ PerSeptive Biosystems #13 9050 plus e AMERRTF REKER
ERAVTERLE. ARULTHRERH CAs I ) 2REVFILKBETREBTSZL
L&YY | ERHE®RKE, BERSRIE “C RU "N CP-MAS NMR AR Z MLIE JEOL
EX-270WB 43 ¥H. "H CRAMPS NMR, ['H-C] HeteCo —& 7t NMR A X% kJLIZ Bruker DSX 300
SRAHERVWTRHELA,

[ER- 28]

[Ala-Gly),, DRALY) F U LKBBEICK D IID DS VD I ReADILGEEZLL °C.
BN NMR DML 7 MEDSHEE L. ['H-°C] HeteCo ZXFE NMR A% ML (Fig. 1) %
MELAER E7I/BBREOac/ObY, B7OMZFMULTRERT S EMNARES
Eofc. COBRNMOBMINS I I ETIE Ala Da7O b DR 7 MEDHBEAL
THREEBZAONTWAN Gy Da7AFUHEARLTNDZEMPSMEED . L X
RORBEINY 7 4704 2ICDNTH['H-PC] HeteCo ZRTENMR AR P ERE L 7=,
RIR VDI Ser REMSLHED a /AP E—ODBBRUTE. COLEL T MMESD
N 0 I ETHBICRERROVELRERLE, 52, TOIEICMAT. CholdIRE
ARICB<®END Gly BE(CEEXBL, [Gly], RKERYRTF RD['H-*C] HeteCo ZiRF
NMR ARD MILVEREL, TOREICDOWTHRIRN L,

asC, Gy C, AwC,

WW\N

Gy H, AlmH,
T
10

T
15

............. T T =T T T 1

# 00 85 80 75 70 65 60 S5 50 45 40 38 30 25 20 15 10 ppm

Fig. 1 ['H-"C] 2D heteronuclear-correlation NMR spectrum of [Ala-Gly],, (sitk | form).

K-2-3°4. 3|

Y H. Saito, et al. Macromolecules 1984, 17, 1405.  ? A. Shoiji, et al. Macromolecules 1984, 17, 1472.
» A. Shoji, et al. Journal of Molecular Structure 1998, 441, 251. ¥ A. Shoji, e al. J. Am. Chem. Soc.,
1996, 118, 7604. 5 H. Kfmura, et al. Macromolecules 1998, 31, 7398. ¢ D. P. Burum and A.
Bilecki, Journal of Magnetic Resonance 1991, 94, 645.
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P99 BEHEARNMRICLDRY RTF REHDFAFI7 X
EKRBEL OF@EZ. EHEM, FHECC, £ #BE

Dynamics of Polypeptide Main Chain Studied by Solid State ‘H-NMR
Department of Applied Physics , Graduate School of Engineering , Hokkaido University
Sapporo 060-8628, Japan
ONobuyuki Morikoshi, Shunsuke Kubota, Toshifumi Hiraoki and Akihiro Tsutsumi

Effects of copolymer compositions on the motion of peptide group in the « -helical
polypeptides were investigated with the solid state H-NMR using copolymers of
methyl glutamate (MG) and stearyl glutamate (STG) that are deuterated at main chain
amide protons. The temperature dependence of the quadrupolar splitting and T, showed
that the peptide plane oscillates around C* ;-C* ;,, bond. The oscillation is most rapid
for ST compositions 20~40 [mol%]. Such a tendency corresponds well to the
composition dependence of side chain movement, indicating that the main chain
movement is strongly affected by the side chain movement.

[BRY] BEFTa~Y v AEER L DR Y RXTF FUIGIZ SV T O FED)
OMRIZZNETEL REINTE N, ESUCBETIHEAIID 2V, BriT
B, XFFRFH 2EKEBRLERI(y =D L-—FTAFA—})
PBLG)® *H-NMR BEIZL D, _X7F FERBHB/MEEIL TWB Z L 2B 5
MMZ LT, 2T, AENZ, HEBEVVIBZRFOAFAINLE A—FMG) &,
BRVIHEZFORAT T INAITNEZ A= ST 6RBaRY <w—%HV, aR
Y =—MERDONTF FRUMREI~DEB LR+ 57-, "H-NMR X~ L
L. AR FEBERBT)DRELZIT-T-.

[ER] =RV ~<—iZix, MG 12332 STG DRk 0,25,38,62,90[mol%]
DbOEAB L, X7F KN-HOEKFKIL. aRYv—%ronkiLhl
=7 vAvEtEE-d1l OFIEN 7.3 DREGEHRPICER L%, =¥ /) —izL it
B, R TITo7, *H-NMR A7 hAdX, Bruker DSX-300 2k v, &
FERGBH-50~140['C] C. WEET a—EEAWVWRIE L 72, T, BIEZ-20~110[C]
¢ Inversion Recovery £ CfTo 7z,

¥F—U—F: EHF AT I R BEEKENMR, RY L& A— b, WEEED,
RTF FRUNRE)

ObhzZlL OE¥wE iEk LeAT. Obk& & LsH, 20H HEVAH
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FER] A7 MiZid, N HANOERART Y VOERRIZHEE T30
DSHEA v, Avy, Awv, BBi, PMGAOOSMG)IZXT % 53 ZHBEORE
KEMEIX, Fig-l DX 512, A v IZ—ETHBDOIZR L, MORSITBEL &
HIZBPLTWB, ZDZ EnbRTF FEHE X X #l(C-C*y, FRAE Y 124

IMEREN L TWD Z &0 nnd, ZOFEmMIL, toHd il >N THRERTH
%, SEHEN S RAEL - - FHREA L. MEREGE TR LZ 9~14[deg] T
HY, aRY v—DOHERIZL > TELBRONBFig-2), £/, T, DAIERHER
16, R TOM/MES RATE i1, 1.0~3.2 X 105[Hz](Fig-3). iHEtE{b— kL
F¥F—(AE)iZ, 10.7~12.0[KJ/mol] (Fig-4)& R -7, MG #5 20~30[mol%]
OFBT, RATE 238ML, AE BB LTWBZ b, ZORBTRIF
RFEEOB/NMEEIR —BH LW RS ot, ZORKBRIZ, ESR X7
—THEIZL D, MSHEBOMBRIKTFEHEORBRE K LTWSE, Z0ELL, E
S$HOEE X, RIHOES) L ARSI RS0 T,

T T T T T T T T T
I 14 -

300 *r—n 00— g _ Z
hA Yu
) T -
g
~ 200 |- -
< —'—‘—-Ho-k:f.:: .
NN S
100 ) I ) 1 8 1 1 1 ]
200 300 400 0 20 40 60 30 100
T/K STG /mol%

Fig-1 Temperature dependence of Fig-2 Composition dependence of

quadrupolar splitting for PMG. root mean square vibration angle

at 295K.

4 T T T T BT
&
D3 -
o IR -
= N
S 2| . % !
E ) ] - -
St .

0 PR BT IO T ) 10 o s 1 5 &t 1 4

0 20 40 60 8 100 0 20 40 60 8 100

STG /mol% STG /mol%

Fig-3 Composition dependence of
the jump rate at 295K.

Fig-4 Composition dependence of

the activation energy.
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P100 P(VDF/TrFE)/at-PMMA 7 L > K05 & 'H-1°C 23548, I
HKBET O A%, FHXH, 8 WL

Phase separation in P(VDF/TrFE)/at-PMMA blends, studied by
'H.13C cross relaxation method. I

D.Koshi, F.Ishii and A.Tsutsumi
Department of Applied Physics, Hokkaido University; Sapporo 060-8628.

The spinodal phase separation and the crystallization process of P(VDF/TrFE)/at-PMMA
blends with copolymer weight percent (¢y) of 60 wt.% at 135°C>T .1( lower critical
solution temperature) were studied from 'H-'*C CP/MAS NMR and DSC methods.
Comparing theory with experiment for the annealing time (tann) dependence of the
inverse 'H spin-lattice relaxation time (1/T,,y) ,the grass transition temperature (T),the
Curie temperature (T,) for each group of both polymers, it was found that the blend
initially underwent spinodal decomposition between tyn=0 and 2min, crystallized
between t,n=2 and 20min and that both the crystal and amorphous phases were more
stable by the interfacial growth.

1) ELHIZ
MBEMSE D F poly(vinylidene fluoride/trifluoroethylene), P(VDF/TYFE) &

#E £ & o ¥ atactic poly(methylmetacrylate), at-PMMA & &7 L > Fik,
P(VDF/TYFE)O@ A L Y SR THIEE T 503, BUSLUT TR TRERLER
BELCSTAE T, LCST NoMRDOMTAY ) —F A%z L, LCST LLTFTit
HMET3, KELY 13220 P(VDF/TYFE)EBEHE 50wt% L7 vy Fox %
2 BMT7 4 Vb %E 135CTRAETEE, Ly FHRICEXKEBENERTE LR
Aoz, HFELY X 135CICB VT 2 HfSAERBEEZH LM T B0 B HE
BRRETRV, bEOXFFY A M7 AV ARREELALESEES & EEHEICH
SEELTW =z ehh, BABEONP TR EEEHEE bRAERENSEE, P
HTRERDOAREL., BHTIRRD FEITRORLENDL, XV RE/FKRHIZRD
ZEeEHEOLMI L, BFRIE. H-*C CP/MAS NMR £ & DSC i EZHWT, %
R N7 4 VL ERBERED 150CHh 5 135CIIEHR L. A /) —F LV HEEUEE
R REHMEAL NI TE L2 AN LTS,
2) E8&

F¥EHX VDF 73mol%® P(VDF.,/TrFE,;) & at-PMMA & @ wt%kk 60/40 D7 L
rFThsd, BEREHT, KV ~—% DMF(dimethylformamide)#FEiIZE N LT
LYy RX ¥ RN 4 VLEERL, F0O7 44 5% 150°CTHE SE, 135CIZa24
L ton[min}fjF L7z%, Tg LTO 0CIIARBTR I D THD, REFFFRIIT
tan= 0, 30s, 1, 2, 5, 10, 20, 40, 60, 80, 100, 120, 180min TH D, &R
£ BC NMR 2~<7 MLCEEERIZET 2 H R UL -4 TR T, 1% 'H-5C
CP/MAS NMR #:C. SFEVREBIEE T.. Vo XEBiRE T, & tb?&ACp X DSC
ETCHIE Iz,

Keyword : P(VDF,/TrFE,))/at-PMMA 7L > K, RY" /) —F V55, #Esit. Ei
F0H AL B FEFEFR

OzZL EwiiF., WLW S&ZHdbE, D2k HEVAH
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3) MRLER

Fig.1 i¥ t,yw=30s & 5min OFBED
DSC #i# TH 5, 30 s IZBWVTiZ 48°CizH tann = Smin
 AEBIRE T, BMEERI E v, 100°CHHL T’
B REBIEE TV, 5min Ti, T, X 30s
DHLDLFREED LRV, BIRIRICHREE
FIREmBOREA L — 7 BB Eh TV 3,
Fig.2 13, taw ICxT 2 T, 8 LT, OBHE
Th D, T, DML tyy=0~2min ¥ TIIFARE
—ETH BN, tyn=>min ZBE & T, 1% e 300
tanny & & BITENTEMTDOIZHL, T,
i tyn=20min SIESHIZED LTS, =
T, tyn=0~2min % A, t,w=2~20min L L
% B, tyw=20min LUE% C @R L T2, A 0 50 100
BETIX T, X 1 2T, 2O PMMA 0 , Temperature [C]
T,=105°C & P(VDF/TYFE)® T,= 0°C > i o e o)
iz b, 2L L FREEHTL Stnin at 10°C/min on heating.
BLTWBZLEERLTWS, BBRRETIRT, 150
OHBIZ L Y EEFAANT P(VDF/TYFE)D
SFEBIERLE LD, CBERTIE T.BL
O T, oE{LiTEREER L CEERAERIT-
TN LHDBEL. TREhEENLEZ L
BrkLTwn3,

BRIEN7- BC NMR A7 kAT,
PMMA ® CH,, >C<, OCH,, CH, C=0
Epr—r28 16, 44, 51, 54 & 177ppm .
P(VDF/TYFE)?®> CH,, CHF, CF, ¥{o»t— L " ]
7 3 37, 86 & 119ppm IZFNFNIFEL T s T T TS e e 0o
VW, Fig.3 iX. PMMA @ C=0 £0 UT,, 4 ' tawn [min] o
L tann LOBRTH S, L. TlpH i, Fig.2 %‘:?nd.Tc;as')rf:'furx:tlon of annealing time
SEOEY—J7MEOERBE2RTEZMOBM
B TEELLTRDE, C=0 Eizxtd 3 3
UT, 1%ty =2min £ THEML, FO%H
%, MASIOMOEIZR LTHRETH -1,
I HOEIRITN S AGEBIBEED A, B,
cCagtzrhEFh—HLTWB, ZO—Ei,
RRBRIZT VY FORYE ) —F A5 R
BEELTWAZ LEFEKRL TV, 3EMIX

Endothermic

8
>
>
>

Temperature [C]

11 1 1 141 1 I 1

h

(=]
LALLM B B S B B

®

( J

®

®

©
I
]

log(1/Ti,w)[1/5]

FRIHET B, A
1 2 3 4
ik . log tann [s]
1) YWen and H.Ohigasi, Polymer Preprints, Fig.3 The annealing time dependence of 1/T,n
for C=0O group in P(VDF 73/ TrFEz7)/at-PMMA
Japan, 45, No.11, 3109 (1996) (60/40) blends.

2) FlIshii, S.Nii and A.Tsutsumi, Polymer
Preprints, Japan, 47, No.5, 863 (1998)
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P101 Eu- K—7—Y,0,S T BREEYICE udi@Rahi
80y 2 IV DIRIR
CBIHRRGR - (LA h =2 X2 - FoUKEK®)
OFEELA! - gk —2 - BEET

Assignment of ®Y signals substututed by Eu at the next nearest
neighboring Y sites in Y,0.8
(Mitsubishi Chemical Co.!, Kasei Optonix’, Tokyo University of Fisheries’)
OToshie Harazono!, Ryuji Adachi’, Tokuko Watanabe®

®Y MAS (Magjc angle spinning) NMR has been investigated to study the local environment

of Y sites in a red phosphor, Eu doped-Y,0,S (Eu-Y,0,S). Assignment of the resonances to .
different Y local environments was made on the basis of signal intensities, chemical shifts, and
spin-lattice relaxation times in conjugation with the crystal structural data which was obtained by
aRietveld method. Besides the main peak in pure Y,0,S, four peaks caused by Y'-Eu species
and ten peaks caused by Eu-Y'-Eu species, where one and two of fifieen next neighboring Y

atoms are substituted by Eu, respectively, were distinguished in Eu-Y,0,S. Y atoms (Y' (n 2

2)) which are farther from second and more nearest neighboring from Eu were observed at the
same resonance position for all samples investigated with that of pure Y,0,S.

EESIITLVEDT S VERAREINEE L THNWSNTWAEU K-7-Y,0,S
(Y,0,S:Euw) 0OYiEE5°Y-MAS NMRZRWTHERTNS, 3 6 AINMRMNGZS
T. EuZzR-TFUERRNA5-24F02 /U, BaEYERETE 1 fBORREFT
Bl 7=, Bu(-0-, -09Y, Eu(-S- -S$IY, Eu(-0-, -S9)Y, Eu-S-ViIR@ahaZ &%k
L7e." 4, EuDBEORNY > IVTERNS 1 0FDI 7V BEYRFZ 2
ORFETFCRASN-YIORBIN-OT, HE575, S YIIRREFEEHL100%. BRE
1= 172, THAHIZHDST, FRFEEAU. 9 Mz (H:100Mz) . W3 2480
BREENSL. 18 x 107 EBEDERVERPERTH D, T, BRRFRENEN G .

B CUTE AT . AL CRVWEIRBHIOERO L TR L 72 2 FHRERIISe ik
0-SPS-1200A ICP &Rigaku 3370 HDEXMTERLZ. FHHNE. T Tlopnll FOMET

8%y MAS NMR. Eu. Y,0,S. EuR=7-Y,0,S.
ORSZED ELA-BFL De>5U - bl &<
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Holr. Y,0,S OBFERIT. ChETIHESNTORND, REFHEEIZRIGAKU RINT-150
0 XEEHREEEALEY — MUV MNETRELE ¥ EHANMR OREI3BrukertBMSL-
300RHANMRERICEMBEEHCP —~MA S a0 - 7288 TiT/ao /=, IERHILLT
DBV THB. LR : 14. T06Miz, 90" /7)VA : 11 s, [EWEL : 5000 rps. 0 ppm: 1.5
M YONO), /KR, 5™ bHA L0150 us, < DIRUIER : 1000 - 150000 s.

R, kU, E%E.

Y ,0, SI3E 1 ITRURRIZA AR ORERMEEZ L T3, ZOHRTYIIC ; DXFMEE
5, 3EDS E4EDOLBEALTNS, U— ML MECEDRDEZY — Y ORERE. @
B RN BARERERLICRL Y 22T YHRIYUCHLTE1 0 aEEY, Yi:
B2IEEYIWRT 5. Y% E u TR L 7=ROBERZR 2 1ITRLE, RIOPRITRENT
WAKEFIIFR 1 OY % E u THRERX O YITHEL TW5, B3I3E uilEnt1 Omol%
DY INDY MAS NMRANRY MVTHZ, E—2D. Q. @. GiIAE—#
TARARSR, YO Y°—-YOuE#LD. #heh Y\(:0,-0)Es Y'(SS)Eu Y'(O,
SI)Eu. KU Y- SEuli@EEh, Qi B s RTE2EEUEOYICRES O 1 9
—4. EuENENY VT R3ITRLE (a) 5 (j) O10FDE—-7h8
h3, IS0 TFINL. ERAES 7 ROMBE (AZATE-IMhS5D T MEET
3E. ABW(-0--0)Y(-0--0)Fu) = AY(-O0--0)Eu) + AY'(-0--0)Eu ) LAY —&F
SEFEEONMRE 1/Ti(Bu(-0--0)Y'(-0--0)Eu) = Ty (Y'(-0--0)Eu) + VTy(Y(-O--O)Eu)
) IS, FEEEHEIE D Bu(-0--0)Y (-:0--0)Eu. Eu(-0--0)Y(-S-~S)Fu. Eu(-S--S)Y'(S-,
S)Eu. Bu(-0--0-)Y(-O--S)Eu. Fu(-0--S)Y'(-S--S)Eu. Fu-S-Y'(-O--0)Bu. Eu-S-Y!(-S-,S)
Eu. Bu(-0--S)Y(-0--S)Eu. Eu(-0-S)Y-SEu. K EuSY-SEuEREINE. 8.
Euht 3fEREHR L - YR R s o 7z,

References
1) RE, &% E 83 6 EINMRIRIESER. p. 67, BELIS—X, 1997.
2) AN RT D, pl7l. BOUBEESR. F— Ltk 1987.
3) T. Harazono, R. Adachi, N. Kijima, T. Watanabe, Bull. Chem. Soc. Jpn., in press.
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Table 1. The type of the bridge between Y°
and Y, the interatomic distance of 0. Y,

and the number of Y.

No. Y°- Y bond @ | @)
of ¥
1 |Y-0--0-)Y! 3.61) 3
2 |Y-S--8x! 431| 3
4 |Y(-0--8)Y* 3.78| 6
5 y%s-y?! 573 3
6 [Y'(-0--S)Y(-0--0-)Y* |5.23]| 3
Y'(-0-,-0-)Y'(-0-,-S-)Y*
7 [Y’(-0-,-8)Y'(-0-,-0-)Y* |6.46] 6
Y(-0-,-0-)Y!(-0-,-8-)Y>
8 |Y%-8-Y'(-S--8-)Y° 6.55| 6
YO-S-,-8-)Y'-8-Y? . .
¥ (-0--0)Y(-0-,- O—)_Yf Fig. 1. Schematic crnystal structure
¥° (-0-- S-)Yl - O—,—S-)X_z_ of Y-0,S unit cell.
9 |Y%(-S-,-S-)Y'(-0-,-0-)¥% |6.59] 1
10 [Y°(-0-,-0-)Y'(-S-,-S-)Y* |6.59] 1
11 [Y%-0-,-S-)Y!(-S--8-)Y* |6.87| 6 Table 2. The bond style, the
Y(-5-,-8-) Y (-O-,-S)Y? chemical shift, and Ty of Y;.
Y%-S-Y}(-0-,-5-)Y? Peak| Bondstyleof Y | (1) |Ti/s
12 [Y%-s-yl-s-y? 7.57) 6 No.
Y°(-0-,-8-)Y'(-0-,-5-)Y? @ Eu(0,0)Y! 367 | 18.2
13 [Y%-0-,-0-)Y'(-S-,-8-)Y% |7.60| 6 @ Eu(S,S)Y! 330 | 38.2
Y(-0-,-0-)Y'-8-Y? Eu(0,9)Y! 231 | 34.4
14 [Y(-S-,-S)Y'(-0-,-0-)¥2 |7.60| 6 ® Eu-S-Y! 142 [148.4
Y-$-Y!(-0-,-0)Y2 a |Eu(0,0)YYO,0)Eu]| 454 | /
15 |Y°(-0-,-8-)Y'(-0-,-0-)Y* 18.39] 6 b | Eu(0,0)YX(S,S)Eu | 406 | 11
(-0-,-8-)Y° c | Eu(S,S)Y!(S,S)Eu | 368 | /
Y%-$-Y!-$-Y*(-0-,-0-)Y> d |Euw(0,00Y(0,S)Eu| 306 | /
16 |Y°-S-Y'(-0-,-8-)Y? 871 6 e | Eu(0,8)Y(S,S)Eu | 267 | 16
Y%(-0-,-8-)Y'-8-Y? f | Eu(0,0)Y’-S-Eu |216| /
(1) Distance of Y°-Y /A g | Eu(S,S)Y'-S-Eu |176| 43
(2) Numberof Y h | Eu(O,S)YY(O,S)Eu| 168 | /
i | Bu(OS)Y'-S-Eu | 75 | 27
j Eu-S-Y'-$-Eu | -11 | /

(1) Chemical shift / ppm
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a

Fig. 2. Eudoped Y20,S. The labeled symbolically 1, 2, 4, 5,°--, 16 are
corresponding to the spicies with same No. indicated in Table 1.

A

\Jooxos) ' J1N XS g (©)

Y ooxss! o555 OO @O t
(0,0%0,0) (8.5)5.9) (5,5)(S) (&6
! ] " i " i A i 2 i i
400 300 200 100 0
Chemical shift / ppm

Fig. 3. The ¥Y MAS spectrum of Eu-Y,0,S with 10 mol% content of Eu.
recycle time: (A); 249 s, (B}); 50s, (C); Zs.
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P102 AV R—5 2% 5 Y 7))l FSM-16 ORIFUEE DT
(P8 #F) Xiulan Xie - Ok %42

Pore Structure Analysis of Mesoporous Material (National Institute of Materials and Chemical
Research) Xiulan Xie and Shigenobu Hayashi

Surface structure and pore size distribution of a mesoporous material FSM-16 have been studied.
Concentration of surface hydroxyl groups for FSM-16 is egtimted from #Si and 'H MAS NMR, which is
about 3.2 nm2. O, molecules contribute to *Si spin-lattice relaxation of Q* and Q° as well as Q°
suggesting thin wall thickness. 'H MAS NMR spectra indicate the presence of isolated and hydrogen-
bonded hydroxyl groups, both of which are silylated. A rather homogeneous spatial distribution of surface
hydroxyl groups is demonstrated by the analysis of the line width in 'H static spectra. Pore size and pore
wall thickness are determined by 'H NMR measurements on water saturated FSM-16 samples, which are in
good agreement with literature values obtained by N, adsorption isotherms and TEM on a similar sample.
In benzene saturated samples, a non-freezing surface layer of benzene is much thicker than that of water,

which indicates a stronger interaction between benzene and the FSM-16 surface.

Introduction Mesoporous materials such as FSM-16 and MCM-41 have highly-ordered cylindrical
channels, the diameter of which is of the order of nanometer. Since no materials had the ordered mesopores
of the above size before the discovery of FSM-16 and MCM-41, those mesoporous materials have attracted
much attention. Detailed structural knowledge of these materials is limited, because they are non-
crystalline in an atomic scale, although they have a long-range order.

In the present work, we have studied surface structures and pore size distributions in FSM-16 by means of
NMR. *Si and '"H MAS NMR and surface silylation are applied to the surface studies, while pore size
distributions are determined from the freezing/melting behavior of confined H,0 and C,H;.

Experimental A FSM-16 sample was supplied by Toyota Central R&D Labs. with a code LS10-550
(calcined at 823 K, and named FSM-16(T)). Trimethylsilylation of FSM-16(T) was carried out using
chlorotrimethylsilane and hexamethyldisiloxane at room temperature for 18 h with stirring under N,. The
sample afier silylation was named silyl-FSM-16.

NMR measurements were carried out by Bruker ASX400, MSL400 and ASX200 spectrometers with
static magnetic field strengths of 9.4, 9.4 and 4.7 T, respectively. ASX400 was used for the measurements
of ®Si MAS spectra (with Larmor frequency of 79.50 MHz), MSLA00 for "H MAS spectra (400.14 MHz),
and ASX200 for 'H static spectra (200.13 MHz).

'H NMR. Mesoporous Material, FSM-16, Confined molecule, Pore size distribution
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Results and Discussion
1. Solid state NMR

Concentration of surface hydroxyl groups for FSM-16 is estimated from quantitative analyses of Si and
!H MAS NMR spectra, which is about 3.2 nm2. The concentration of surface hydroxyl groups obtained
through Si NMR is not affected by surface adsorbed H,0, and then more reliabie than those extracted from
the weight loss in the TG analyses and from 'H MAS NMR. In silyl-FSM-16 the silylated fraction of the
hydroxyl groups is 47%, and the concentration of the trimethylsilyl (TRMS) group is 1.5 nny2.

0, molecules play an important role in *Si relaxation, similarly to the relaxation in zeolites. Mobile
surface protons such as H,0 and methyl groups also contribute to the relaxation as well as paramagpetic
impurities such as Fe** do. The fact that T, of Q* becomes shorter with O, introduction indicates that the
wall is not very thick, since most of the Q* sites locate inside the pore wall.

'H MAS NMR spectra indicate the presence of isolated and hydrogen-bonded hydroxyl groups. The
surface silylation reduces the signal intensity in both the isolated and hydrogen-bonded hydroxyl groups.

The analysis of the line width in 'H

static spectra demonstrates that

surface  hydroxyl groups are
homogeneously distributed in FSM- 100 Ba
16(T). ] - odi s
80 & MAM

2. 'H liquid-state NMR o ] RN g'.oao'
2.1. H,0 adsorption S 60 A o

Adsorption was carried out by o ] A Qe
sealing the samples with a ratio of g 40 a oog.
0.08 g of H,0 to 0.05 g of the original ] & o°'
sample. 'H NMR spectra were 90- a 09
recorded before and after freezing the A .°
outside-pore solvent to estimate the 1 AAA °
amount of the inside-pore species. 0 A:éo C '260' T '2é0 ”
H,O  adsorption  capacity is T (K)
approximately 0.9 g/g for FSM-16(T)
and and 0.3 g/g for silyl-FSM-16.
The relatively low H,O adsorption Fig. 1. 'H liquid-state NMR signal intensity of pore H,O
capacity for silyl-FSM-16 means its - (O, @) and benzepe (A, A) as a function of
hydrophobic surface. temperature in FSM-16(T) saturated with H,O and

Fig. 1 shows 'H liquid-state NMR benzene, respectively, measured at v,=200.13 MHz.
signal intensity of the H,O saturated Open marks (O, A) and solid marks (@, A)
FSM-16(T) sample as a function of correspond to cooling and re-warming of the sample,
temperature for one cooling (open respectively.
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circles)-warming (solid circles) cycle.
The curves show characteristic behavior
of confined water, having two
distinguished regions. In the region I,
the curve shows hysteresis upon cooling
and re-warming. This hysteresis effect

is typical for a freezing phenomenon in

-]

which a part of water becomes ice. In

d//dR (arb.unit)

the region II, the magnetization
decreases smoothly with decreasing

temperature without hysteresis effects,

and this region corresponds to the
temperature response of non-freezing

] 1 T T
The dI/dR, curves for 05 10 15

Rp (nm)

surface layer.
pore size distributions are depicted in

Fig. 2. Filled marks correspond to the

Open
marks correspond to the free pore

non-freezing  surface layer. Fig. 2. Pore size distributions in FSM-16(T) (O, @) and

silyl-FSM-16 (A, A), determined from 'H liquid-state

water, and they are used for analysis. NMR of the H,O saturated samples.

Corresponding

The pore radii R, are 1.47 nm for
FSM-16(T), while the pore wall
thickness are 1.34 nm. FWHMs of
the pore size distribution are about
0.31 nm for FSM-16(T).

The pore size distribution in silyl-
FSM-16 is rather broad and might

results determined from 'H liquid-state NMR of the
C¢H; saturated samples are also plotted as a function of
the effective pore radius for FSM-16(T) (<) and silyl-
FSM-16 (V).
indicated by open marks, while the data points with solid

Lines are fittings to the data points

marks correspond to signals of the non-freezing surface

laver.

contain two peaks at 1.3 and 1.5 nm.

The width of the distribution is about 0.5 nm. The pore wall thickness is in the range 1.7 ~ 1.3 nm. The
silylated fraction is 47%. The pore size and the pore wall thickness remains almost unchanged at the place
where no silylation takes place, whereas the pore radius is reduced to 1.3 nm and the pore wall thickness is
increased to 1.7 nm for the silylated portion. Surface silylation causes a reduction in the pore radius of

approximately 0.2 nm.

2.2. C4H, adsorption
CsH, adsorption capacities are about 1.0 and 0.8 g/g for FSM-16(T) and silyl-FSM-16, respectively.
The 'H liquid-state NMR signal intensity is plotted in Fig. 1 for the C;H, saturated FSM-16(T) sample also.

The curves show behavior similar to that of confined water, i.e., two distinguished regions are observed,
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where the region I has hysteresis effect involving a phase transition at 183 K and the region II represents a
non-freezing surface layer of C;Hs.  The effective pore size distribution is plotted in Fig. 2.

A non-freezing surface layer of C;Hg has a thickness of 0.91 nm in FSM-16(T), which is much thicker
than that of H,O. This fact indicates a stronger interaction between benzene molecules and the FSM-16
surface. We have observed similar phenomenon when cyclohexane is used.

In the case of silyl-FSM-16, the effective pore radius observed in the freezing/melting phenomenon of
confined CsH; is 0.59 nm, which agrees well with the value for FSM-16(T) (0.56 nm).  Silyl-FSM-16 has a
distribution in its pore size, as described above. The portion without surfacé TRMS groups has a non-
freezing surface layer with a thickness of 0.9 nm, similarly to that of FSM-16(T). On the other hand, at the
portion with TRMS groups, the non-freezing surface layer has a thickness of 0.7 nm, or the confined CH;

does not freeze because of the small effective pore size.
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Dynamic property of phenyl groups and hydrogen-bond network of
diphenylhydantoin in the crystalline phase as studied by solid-state *H- and
N-NMR

Takashi Yokoyama, Sadamu Takeda, Goro Maruta

Department of Chemistry, Faculty of Engineering, Gunma University, Kiryu, Gunma

376 8515, Japan

Dynamic property of phenyl groups and NHO hydrogen bond structure of diphenylhydantoin
were investigated by solid-state *H NMR and '*N CP/MAS NMR in the high and low
temperature crystalline phases. Simulation of *H NMR spectrum indicated a quenching of 180°
flip motion of the phenyl groups by increasing temperature at phase transition point. The
activation energy of the motion is three times larger in the high temperature phase than in the
low temperature phase. Change of hydrogen-bond network between the two crystalline phases
was detected by "N CP/MAS NMR spectrum.

DI F UMY (Fig. 1) RPFESEEE L TAESLBAVWSRTWSR, haid-7
T NVEOBRERPESN EKRBREENIORLE L TOHHEBERTIEDLEDNTNS,
MR TIIERMBICBIT 2 7 IV EOBMEE & NHO KEEESHELOBR2EKERE
& NMR & *N-CP/MAS NMR iz & D s~/

T )V EEEKRBELEZHBEKFEESR2ELIERE N T 9% VU v F Lk,
FNENEKRBIERCZTNTE RSN REZREE U TERLE. NMRBEX 122~375
K DORIT Bruker DSX300 # W TITo 72, BEAFEENMR AT MUWIEETF LI
EOREL, BEBHEOLIal—a itk DESE— REFOFEI 2RELE,

CORGIZISTKT I ROBEAEB 2B 2T, BEESMATHEELRL BT
SIVEOESN—BEL TS, COEBIT o VEOKSEHTED VD 180ETY v I TIE
FHHATE, ZOBMIEI RN F—E74K)/mol LR oz, &2 AV EZRZ 3
L, COEBEENI2HIEE B ARDS, SHIRERZLEAEIER L. COEBHITBUOEL LT
W ENSRKREEBZTEZ LB, COEBRMT
DOEMAT RN F—1325.8kI/mol &7z 0, EEMEOEFN
IHARB & 3 EREL B TINS, "N-CP/MAS &S>
NMR ARZ BVicid, BBHE TR FRORRZIERER
FITHE L T-235 &£-275 ppm  (CH;NO, H#) TE51T 2 gi)
SOESNENSD. BRATIIENENORESI 4 ppm
BEASBL, SELUE—FNHLMIEWRIEZRT, &

BHTORRRES: Y T —2 OHBEM TR EES H
THHUW TOARRE Ry b T— I EEORLE Tz dy_ﬁfo

WEOEHEDOHFRIZECEERH L TS,
: Fig. 1 Molecular structure of
STV IR, T Z)VEOES), EKFEH  diphenylhydantoin
NMR. NHO Kk %#&. “N-CP/MAS NMR

EZRE =L, FIE IED £33 55
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13C-NMR of a water-soluble titanium oxo-carboxylic acid complex
and its application towards the synthesis of functional
multi-component titanium oxides

(Materials and Structures Laboratory, Tokyo Institute of Technology)
(OMasaru TADA and Masato KAKIHANA
(Research Laboratory of Resources Utilization, Tokyo Institute of Technology)
Yoshiyuki NAKAMURA
The water-soluble Ti oxy-carboxylic acid (lactic acid (LA) malic acid(MA) citric acid(CA))
complexes were successfully prepared. They were found to be highly resistant to hydrolysis. The
3o NMR spectra of solids with various ratio of Ti/(LA,MA,CA) indicate formation of Ti-LA, Ti-MA
and Ti-CA complexes. The®C-NMR spectra of those compounds also let us suggest that those
complexes form with a  stoichiometry close to Ti:LA=1:2, Ti:MA=1:1 and Ti:CA=1:1 where aicohol
group OH- in those acids was fully deprotonated to yield an alkoxide oxygen atom with a strong
nucleophilic nature. Both Ti-CA and Ti-MA complexes were utilized for the synthesis of S1TiO; as an

example.

BaTiO; ® PbTiO; ICRREZ I NS FF > 2SUHEARAYII. ABEEREFIHERICBNT
HLOREE2L DEERTEMBIELTASHhS. BENAEINEIEZB52DITIT. #igS
HRZDFLARANTHELZTNERSERO T, BFENDYA VIV ERRZEINSL
#0770 AZBERUZBEREORENEELL. LML, ThEF¥ 2EUOHARLEHO
BROBCHREREELTRAWSNAFF 7 NIaAFT RIZ. (1) RECFRRETHD. EX
POKEESICREL TIAIRT B, 51 Q) HEERISERICENEZE., ZRANICESLDH
D ITEEANOBBMEHTTWS, iBE. BLIIKIIHLU TEWEREEZRS. DOMKSRIC
HLTEETHAFLVWFY L/ L UBEEOBMRBICRLE]). E5ICBE. F¥Y T
MR UTF ¥ S AMEEOARIC DRI L7, '

KLU TRERFI FFRANE B
SEEERZET 572, 7 TUM(CA). B LA).
U IBMA)TENEFNRELSEEFS
A E Y IR B S Y OB PC-NMR B
EEITORMREE. figla)c) IKFRT, TRT
DIEEMITHBNT 85ppm fFRICE— I AR5

TTIT T T TITTT T

F—7— R @ BPC-NMR. #F AR MG 200 150 100 o oPm
fig.1 a) BC.NMR spectrum of Titanium-citrate complex

TREEED, NERRFETE, BMUSILYE
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ﬁg 1b) BC-NMR spectrum of Titanium-malate complex

h3. Fig2 DEDIRZDOE—r13EK 75ppm
FHECRNZKBEEHEE L TR RRITH
BENBHDIEN, KERED SKEIREET

BrEREDZIDESIBRVIINRED LR

HINTWBR] LROBHED, TXTD
FEHFFANRIBERYDOKBREN S
KENEREL TR EMHHALE. 51T
ik PC.NMR BIE 217 o kR, KBRED 5
KEVNBELEZIEIKERTS E—S

(85ppm f1fE) &3 TlrWwE—2 (75ppm
fHE) DXEEMS, HI¥EDOFF -FF
YANVEK VB R (TiLA=12 TiMA=L1
Ti:CA=1:1) TRRLUEY > INVIZBL T
—HOSENFESNTVER ETFHEINE, £
RARRTIR, 30T 9— KM E LT
HAVNSNTVS SITIo; DERE NS DK
BHEFI EEERNTHS R,

BEIR

pmerl|T||Tllr|li|ﬁ||rﬁ1“rppm

150 100 50

200
fig.1 ¢) ®C-NMR spectrum of Titanium-lactate complex

Citric Acid(CA)
COOH
CH:
COOH
75ppm

COOH

85ppm

fig.2 relation between deprotonation and chemical shift

ex, citric acid

[1] £2EX, HEERA, PHEZ, 537 E NMR HRSBIRESR pp.3s2
[2] Masato Kakihana, Tadashi Naguro, Makoto Okamoto, and Hidetake Kakihana, Journal of Physical

Chemistry, [91] 6128 (1987)

Masato Kakihana, Momoko Arima, and Yoshiyuki Nakamura, Chemistry of Materials, vol. 11, 2

pp.438-450
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Structural Analysis of Silk Fibroin Model Peptides Using REDOR Technique
T. Kameda, T. Nakai, J. Kazuhara, K. Komatsu, Y. Nakazawa,
and T. Asakura :
Department of Biotechnology, Tokyo University of Agriculture and Technology, Koganei,
Tokyo 184-8588, Japan,

The REDOR technique was applied to determination of Silk I structure of "“C and
"N double labeled silk model peptides, (Gly-Ala),,, and to determination of the
intermolecular arrangement of the silk model peptides.

KEROBMELRTOMEEIZ, Sik I LAMITFOLRTVED, BEgEREdL X
D, BEEEEZLdTELVD, BEBTITSICEATHRY, ¥ L
DL, Sik I HEDHHIZ, BEBBORBLBELT, BOT, E
BEThb, EHIT. BOBEN/-HHURBIIT. B FHORFIGIHEEEL TS
D, BAFHOFTFHARBE*RETLILD, TR Dkey L D, WTh
b, BIZESH - LBECRIRD - ODEBE 25, #2C, BEMRTHHE
FEELVARVOBERITHITREMAEFELHCT, BT EDLLENH S,
ZZ T, Sik I B “CUN RIET NNVEA % 5 272 2 4 B (Ala-Gly),,
48, A (FROFEMIZ, UBFREDORHREKESE) L. REDORIZX 5 BC
EONEFRIESORELZEL T Ala BE U Gly BEOARREA *RET S
b, B TFHERBOEREE A2, GlyAlaGlyAlaGly ® C ¥~
TWGRVWRTFREBN Y YT NGTRVRTF FOREWIZDOWT, REDOR
EBEITo 120

B, AEFRIZ . SR ERERHEEREE. BLUHEANEMAER
HWBIEIC X o TiFbh 7,

&

1) T. Asakura, M. Iwadate, M. Demura, M. P. Williamson, Int. J. Biol. Macro., 24, 167
(1999).

2) SA. Fossey, G. Nemethy, KD. Gibson, HA. Scheraga, Biopolymers, 31, 1529 (1991).

RTFF, Y= Y AEFNVLEY. REDOR. 5T M E#
DB ool Lhv LLUE TS LwAZ ZEF2 IH)~Nw
BEDb ¥dbE HELH T2B
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Chemical Shift Tensor for Crystalling State of Valinomycin
Tsunenori Kameda®, G. McGeorget, A. M. Orendt¥, and D. M. Grant ¥,

TDepartment of Biotechnology, Tokyo University of Agriculture and Technology, Koganei,
Tokyo 184-8588, Japan,

iDepartment of Chemistry, University of Utah, Salt Lake City, Utah, USA

Two different crystalline system, namely, triclinic and monoclinic, of
valinomycin have been studied by 13C CP-MAS NMR spectroscopy. Although
the two modifications of the crystal are so remarkably similar, there are distinct
differences in the isotropic chemical shift, 8iso, between the two spectra. The
chemical shift tensor components; 811, 822, and 833 for the triclinic crystal were
examined by the FIREMAT experiment. From the observed spectra, it was
found that the behavior of 3iso for L- and D-valine (Val) carbonyl carbons are
predominately governed by the intermediate component, 322, independent of the
Dand L enantiomers. Moreover, it was found that the smallest shift component,
833, for L-lactic acid (Lac) and D-o-hydroxyisovaleric acid (Hyi)

C«-O carbon was significantly displaced depending upon the nature of
individual amino acid residues, and the behavior of diso for both L-Lac and D-
Hyi C « -O carbons was predominately governed by the 333 component.

#E
INEFTOMENS, RTFFBIURIXRTF FBDT7 I FEIVFZIVR

EZHRTAEY 7V F VY NOEER, KEESEEBIUT7 I /VBBEOES I
Bbh L, on (RTFFEEISETT, »oC=0¥4FmE BIZRERF N2
WTW3) ko33 (RT7F FFRICEEFEZHMOTWS) OHMAMIIIZ—E(0 1+
§33=3375ppm)E BB T L b o TV B[} TR, EHEHLET 7 b

(Siso) DEALIZ 622 (C=OBAFHMEIZIZEST) Ik o THRRENL I LAREX
N7z(diso=(1B)X 822+ 112.5ppm )o FREDME X, K1) RTFF FDT7 I FINIZ
bRELN, 11+ 633DH I3Poly( B -benzyl L-asparatate) DI > K X —3 3 Y IiZH S
FIRIZ—ETHLIEPREENRTVER), DL LR MR TS -
Eix, BAENMRILEY 7 MC X 2BEBIEICRL ST TR, FFOEF
WELAS ETHORKRNSNE, 2 TERETIE. T TIEXBEEICL - T
KREEDBEAN TS 5 Valinomycin (Fig. 1) #3R{8 & LTHW, TAF VA VK=
RE, BIUCREDES TP F VI NDEBEEREL., 8isoDEH) & D RIE
%W ~7z, Valinomycin i3 Val, Hyi$ & ULaciRZEDSH2ELSBIRICES L2LEeY
Thbo TN/, BONMRANRY MVRFEIEROV — 7 5B LERIC L 2
729, BEDILRTTNMRANRYZ PV TREINBEI XVRRAE =Y 794 BV FiE
THVWTHFEZERICRET S L IXRBL %5, #2T, . Aldermanb |2
Lo THRESN/-FIREMATHERBIZ A LTES 7 b F v UV FEERZRE LT,

L% 7 b7 ¥ V)V, FIREMAT, 7% F. Valinomycin
PO DD G.McGeorge A.M.Orendt D.M. Grant

...........................
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Valinomycin (Sigma Chemical Co.) T i Ve Vo Vi Y
y /) KRB, B Uy 8 S T8 e, T
YEBPLORERBETAIEICL o TH b o 2 e Sw ool
HE. BIUHEBRBOKEREHB . & | ux 2w o o wx 2w
NSO REMERE % CMX-400NMR  §heo—g i fromg-§ru g fromir b
(Chemagnetics) Z W THIE L7z, 13C% ° o °opt o ° % o1,
FEHET 7 i, TOSSBI U
TPPM 7’ 77 e ,7° V7% fﬁﬁ';f/f'\*?'& 7z Fig.1 Spectra obtained by Fourier trans-
CP_MAS&L $2 TAL ;-:'_'/ ?ﬁiﬁ“ forming a 13C 2D FIREMAT spectrum of
lfglz ?3ﬁcﬁfgk*¢07i}f:'$iﬁja)§j)*§é\:5: Valinomycin forming triclinic. (a)

~ - a
FIREMATEZ V5 2 LiZ &k o THRE

Lf:o or
BREER

Fig.212i3. # 5 &E 2% ¥ 5 Valino- '
mycin D& H FMbFE L 7 b ARY bV 8

B X UFIREMATETHIZE L7244 FN
VEARY PWVERLIZ, A4 NV F
ARZ VI, VaBREO I VA= ViR
#. BXUHyi. LacdRENCxEICD
WTOARRLTZe TNHEDH AL KNV F
ART MNP BALEY 7 VT VUNMNDE .
EEx#E L7, L-BLUd-ValiRE SV /
RNV RED 622 (C=OKA HaIZEWV

Wdd
00t

0St

TWw3h) % disoll2WnT 7y bLAL i - 3
CHAEMBEESRON, Fouk o3 mm%t‘
DL, TRTOVaBREIZ DWW TR sl N

—EThHolze TOTEDD SisoDEE) S C J )
BECS2AKELTWEENZ B, & N

512, HyiB & ULac&ENDCa RFEIZD

WTIE, 833& Sisok D BICEMBFRAT
Ao, suk snnfRENEEL

ﬂﬂ%% s Gibf—mf‘ﬁ)? 7o U\_[:Z)ﬁ Replicated projection of the 2D spectrum
%75 b \’Valzig‘@ LAT W AR = {L’ onto the evolution axis (guide spectrum).
Rii‘ B4 UHbe: ‘{U Lac %f)c @M (b)  Acquisition dimension  slice
f‘; ? b]\:égi’;‘ % ;;% %%1‘% g'ﬁi corresponding to the eleven peaks.

8 isoDEBII3IDODEMED 1 DA FHI KR L, ThUSND20 DEEORHIZIZIZ
—EERY SisoDEFRCIIHBES A RV bR o,

Fig.2 Spectra obtained by Fourier trans-

forming a 13C 2D FIREMAT spectrum of
Valinomycin forming triclinic. (a)

SEVR

1)T. Kameda et al., J. Mol.Stract. 384, 17 (1996).

2)M. Ashikawa, et al., Macromolecules 32 , 2288(1999).
3)D.W.Alderman et al., Mol. Phys.,95,113(1998).

—281—



P107 1B—MQMAS—NMR iZ & % =7 RILEYI DREERT
(FEANEY, BAMTE) OSHEM—n. WHARL, LREE

Structural Analysis of Boron Compounds using !'B—~MQMAS—NMR
Nippon Steel Corporation(ll, JEOL Ltd.l2l OZKoji Kanehashilll, Koji Saitoll],
Hisashi Sugisawal2!

The 11B-MQMASMultiple Quantum Magic Angle Spinning)-NMR method was applied to
the structural analysis of BsC and BN. Chemical structural information about BsC and BN,
that eliminated the second-order quadrupolar interaction completely, was obtained. The
chemical shift was calculated by means of the isotropic shift and the center of balance on the
MAS shift. The quadrupolar coupling constant was evaluated using the chemical shift and
the isotropic shift. As a result, the 1B dipole-dipole interaction was concluded to be more
dominant than the quadrupolar interaction for B4C.

Three peaks were observed in BN when 11B-MAS.NMR was used. As a result of
measurement with MQMAS-NMR in BN, only one peak existed. So it has been found that BN
is strongly affected by the quadrupolar interaction.

(#E)

BALH Y RGBOITHEE. BEHMEREOBRMEET I L6, MEFRICRFFOHIEM
LLTHAWSLhTED, UB—NMR BXLTF 18C—NMR IC L 3BERIFB I hETCBAICTDO
T&= 00, FIZUB—-NMR IZBL T, UB BOZIUEFEEER(2q@DHBSNTHE D, &
BOED D RIUETFHREERL D & 1B ARIBFHEERIPXERNTH D LOERPRIN
TWw3 9 LL, TZhHOKBRIE 2ROEUBFHEMEAEZEATW /280, EENRIENT
Ehhof. COMERFEMT B 5L LT, DOR. DAS Ofttic MQMAS —NMR 7% Frydman
HOlCLhRBINTVS, SERLZIEBCBLIUBNIZHLT, B¥EDMAS 70—7Todl
EDARER MQMAS—NMR %@ LJz. MQMAS BIEERH 2Bl L. 2 OIS FHEEE
AZRAKEHETEILICL ST W 2PORKEVERMEBONEOTHET 3,

(€=1°) ,
—#&D UB—-NMR X7 bNVRIEICIX. Chemagnetic CMX-300(7.0 T, 1B #HHEIE &K 96.4
MH2)2 & ZER L. B«C. BNXZhZhBILZITE (BR) . BIEE (&) »5BAL
o BED MAS—NMR Tik, >INV REEZRWE, MQMAS—NMR 2B\ T,
Hypercomplex > —47 > 2 Z2#MA L 7, SRR ~RY bV 2. BIC BLUBND/2/5))
AlFEhZh 11ps, 1.5usTHH, MQMAS ICBWTIX 3 RFHIE/INVZ, | REFHR/IINLZ
HirdhdWE 2/ VR EAWE, £/, B/CIZBIL Tk, H 100kHz icBEY A K)X2 kD
HReEET -0, QEERLY Y 7))V VHEORE L o=, $7-, UB—NMR Ot
7 FERIE, (C:He)20-BFs % Oppm & Uiz, FIZEHD 2D-FID idf\ TV 3728, Shearing
ERETV. (HBELEET 5%, BiC O MQMAS BIEREIZIUTDOED TH 3.

- D& ; 17kHz cF—FRL LD ;32X64(AX )—>64X128 I ¥ T T7 4 )V
NNV EURM ; 15 (71=0.45) - EEE ; 60 [

uUB—MQMAS—NMR, #EFHEEER. B«C. BN

PRIALI3L, FnE3Z30, §&IDLVEL
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Fig.1 11B—MAS spectrum in BsC Fig.2 1B—MQMAS spectrum in B4C
(spinning at 17 kHz) (spinning at 17 kHz)
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Relationship between the Crystallization Rate of Amorphous Drugs and
Molecular Mobility Measured by the 1H-NMR Relaxation Time
(National Institute of Health Sciences)
Yukio Aso, Sumie Yoshioka and Shigeo Kojima
The molecular mobility of amorphous nifedipine, phencbarbital and flopropione was

assessed by !H nuclear magnetic relaxation measurement. As temperature increased, the
marked decrease in the spin-lattice relaxation time in rotating frame (T1,) of the amorphous
drugs was observed. The Ty, of nifedipine markedly started to decrease at a temperature
about 10 °C below the Tg, whereas the T1, of phenobarbital started to decrease at a
temperature 10 °C above the Tg, suggesting that the molecular mobility of nifedipine is higer
than that of phenobarbital. This speculation was supported by the finding that solid echo
decay signal of nifedipine was described by a sum of Gaussian decay process and Lorentzian
decay process even at temperatures below Tg, supproting the speculation. The higher
molecular mobility of nifedipine indicated by NMR relaxation measurement was consistent
with the higher crystallization rate of nifedipine below the Tg.

iz
KICEBBHEOERMTERELT 2 21X Y ZOBEMEECEDENFARIEET 2RA
BIELITORATWD, ZOX ) RERLTIHLFRLRREEL & biZ, #ibD X5 RhBEH2
EEHICOWVTHERLR2T IR LR, EFEOEESHPRNA L EF T ERHOLEN,
HEOAREERRRBICE~FELAEBRESB VS TERMLFE T LD LBELONTEY . HF
HEEMEIET 2 2 LSRR EOERSEORENR L TR 2 LTHECEELEI LIS,
TITIR, RRE=T VY, T2 AALEF =L, 7uFabrrO3ETFLERRED
THNMR B OREKFEOBVICE SN T, 7 RAGEBRELUTOREIZE W TRD 2 2
DERS L VECHIRRETI=27 2 VU R LY B ESEEZESZ L 2B LML, NMR
BAafic o THESN I D FESBMSAEESORERTRICERTHEZ L 2HALNT L,
xR

IHNMR i & 28R OBE
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Thermosetting Mechanism Study of Organosilicon Polymer Containing
Carborane by 'H, "'B, C, ¥Si NMR Spectroscopy
Hideaki Kimura', Kouichi Okita', Motokuni Ichitani’,
Kazuhiro Okada’ and Toshiya Sugimato’
(Advanced Materials Lab., Japan Chemical Innovation Institute’, and Sekisui Chemical Co., Ltd.)

Abstract:  The thermosetting mechanism of an organosilicon polymer containing carborane
has been studied utilizing the solid-state and high-resolution 'H, "B, *C, and ¥Si NMR method.

The polymer having C=C bonds in the main chain and CH=CH,, Si-H bonds, and carborane in
the bulky side chain, shows a very highly thermal stability in air by curing. = From 'H, '>C, and
°Si NMR spectra of the polymer, it was found that the intermolecular cross-linking reactions of the
polymer was due to (1) the diene reaction between Ph-CaC and C=C and (2) the addition reaction
between side chain terminal and Ph-C<C and between CH=CH, and Si~H, and a very highly
thermal stable structure is formed.

V1T EEBETFTHEMBEZRITIENA SR TS, HIT. MSP
[-C=C-C=C-Si(Ph)H-], BEAMSCAMNRBEN, ToRTELEH T
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Reld, T50MBABCENEHNHEZLD DA VA EESTHEHOBR 2
HEL., LER(HRFRT I3y —2aRLEY.
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Figure 1. 75.6 MHz °C CP/MAS spectra of DEEMVMERNINE. ZOKEHDL
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(b) 250°C; (c) 300°C; (d) 350°C; (€)450°C RaEahimEtHEINS,
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1) S. Kuroki, K. Okita, T. Kakigano, J. Ishikawa, and M. Itoh, Macromolecules 31, 2804, (1998).
2) BAES, iy B, GIINE—, FRIERE, MEHR—, B2 FRXE, 54, 229 (1997)
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High Temperature Imaging Probe
CYoshiaki Yamakoshi!,Ken-ichi Hasegawa®,Koji Saito?
JEOL Ltd. AKISHIMA-CITY, TOKYO,JAPAN

’NIPPON STEEL CORPORATION ADVANCED TECHNOLOGY RESERCH LABORATORIES,
FUTTSU-CITY, CHIBA, JAPAN

A high temperature micro-imaging probe was developed for material science, in particular
for polymer. It is very interesting subject to observe the morphology of polymer materials
around the glass transition temperature, TG.

We have designed a special high temperature micro-image probe for 400 WB Super
conducting magnet-NMR system to observe the polymer like coal which has TG, more than
400 C.

Its specifications are as follows.

1. Sample tube size is 5mm O.D.

2. Maximum sample temperature is more than 500 C.

3. Maximum field gradient strength is 240 G/cm.

This imaging probe is composed of High Temperature probe and Field Gradient Coil

1.High Temperature Micro-imaging Probe

Blankz 1H A1, 400WB JTT EBHER ¢ Smm il 7 o — 7 Th D, FRISGRIELE o £ 128 808 By
2, BB BIEREIL. 500CTH S, Fig.lic7u—T 08B %2 rT,

fig.l DT k<, KFo—TEFGaf o=y PNIZIWAHA L -KE LT SCMIZ I, JlE%1r5.

BEGEHE -3y —Xe—F 520 T3, VTHIENZZK, HETRE2MEH LTV, Fig.2
DEDITEFT I Vv I7HBZEBR O — 28 2EEAX LAAVIE— %27 RAME2ERL VRS
VT BB ICH DAL, SRR ELZH TV S,

B VT B OMFE R E LTIE, B — 2713 — 2 0 0OHEEE (56 T BERNIZRS
DT, VITRBOMUB TN ITZHAAE LTI v I 77 A "—DLRBEERRY | RS ETVH 3,
EHIZFFMB I LT, NEET 4 G L83 7k st a8, g 2me L
T35,

B, VT RERICHEBAAREBESICI Y Y ROREL2T=F— LT, WEAETsar bo—
FIZT PID HIEHNWRETH S, BEBGET X bR % fig.3 1277,

2.Field Gradient Coil
BillA A=V 7 7a—TOFGaf o=y MNETHS,
TRt Fidomy,

a4 bk AR 7imm . MR 40mm

a A LEE DEPTE VAR (GRS, S E M)
B KBS ARG - 240 gauss/cm

<10% ¥ : ¢ 20mm

WH X B 355

ax il Tik : Fourier-Bessel it [1],[2],[3]

g, A A=Y Smm, 4k, 400WB

REIL ILHE FHMBDb FAWEG, &0vks 250
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Development of NMR Sample Tube for Supercritical Fluid
(JEOL Ltd.) OTakefumi Eguchi, Hisashi Sugisawa, Satoshi Sakurai

The research on chemical reaction in supercritical fluid, 'has promised future to discover new molecular
catalytic reactions, to develop the chemical recycle technology in environment science, and etc. In the filed, the
NMR spectroscopy is expected to be the most powerful tool to analyze basic molecular reaction processes like =
as in the liquid phase synthesis. But, an ordinary NMR sample tube can not allow the supercritical condition
which requires high pressure and high temperature. In order to overcome the difficulty, we are developing new

commercial type NMR sample tube for such purpose. Our final target is water in supercritical fluid.
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Application of Low Noise Preamplifiers using GaAs HEMT technology
for High Field NMR v
(JEOL LTD.)OHiroto Suematsu, Akira Kohda, Noriaki Kurihara

Ultra-low noise preamplifiers using GaAs HEMT teéhnology have been developed to observe
NMR signals for spectrometers from 300MHz to 800MHz(1)(2). -

This technology has been applied for the detection of 1H and 13C signals under 800MHz field.
We obtained preamplifiers with noise figures of 0.2dB~0.4dB at those frequencies.

The sensitivity of 1H and 13C at 800MHz are shown in [Fig.1] and [Fig.2], respectively.

We also improved on the probe-head at 600MHz.

This improvement of preamplifier and probe-head resulted in the sensitivity improvement shown
in [Fig.3].

B 413 300MHz 5>5 800MHz ¥ T NMR &BiZC NMR FE2RERBRT 5720, {Laht
Mik(GaAs High Flectron Mobility Transistor)% 48 U c SR EAEIRAER L MR L T V2,

SEIXF DE# %2 800MHz NMR 123813 HH B L Ur5C {EEBRIICER L,
BIEEEER B R DOMFIREIIKIRIZ T 0.2dB-0.4dB TH B,
800MHz M35t} 5 'H MEE(0.1%EB), 3C ME(ASTM) % #h Eh[Fig. 11(Fig.2lisR ¥,

¥-RiC sfBEROKBRIINL, Sue—TREOHRRIZL Y, 600MHz LBz 5 'H BE
(0.1%EB)b K & B R ¥, RERE[Fig3NzRT,

RREZ—TREHLVWEERRT—F L NMR 57— 2 27T,

BRIC, 75 ORMERBOELE E L TRENAEMTETRENED PEESEAR
RIBBNELET,

E 2 P

()R, IR, % 36 B MR MRSE S (1997)
(2) A2, JRIK, 38 37 [B IR MR 'E (1998)
MR, BEE, LEHENE, MERER
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[Fig.2]13C sensitivity at 800MHz with inverse FG probe
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RF router for 2H FG-shimming
(JEOL.Ltd) OYoshiki Kida, Naoyuki Fu]n

A RF router for 2H gradient shimming is developed. This hardware device routes RF
between the observe channel(transmitter, receiver) and the lock channel of a probe. As a
result, operators can get excellent magnetic field homogeneity very quickly and fully
automatically without any cable re-connection.

1. BB
KFEET FG-shimming 21725 51X, AREED B BREHIELL THEHTHDH, /(X
VARE—DOKBEE ENBLNIRE CRITRITER CE TR FEEL 0B, —
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BEAEICED THYRFERLRD, 205 NMR RO EBAIR Y. EARZER
DUy RICHETEMTIENTESD RF L—F—2HBLT, EXAREESTD FG-
shimming ZFEML7~DTHRE T3,
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>*¥>/CDCI3 T, JNM-ECP400
FT NMR 3% Fv -, {

X-obs.
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The Low Temperature Solid State NMR Experiments with the Dry
Air
(Varian Technologies Japan) OdJun Ashida, Katsuhiko Kushida

Generally, we use liquid Nitrogen, and Nitrogen gas to perform low

temperature NMR experiments. However it is very difficult to run a low
temperature MAS NMR experiment for a long time if there is no Nitrogen gas
supplies in your lab., especially at the industries’ site.
We will report a new technique for the low temperature solid state MAS NMR
using compressed dry air. = We could run a 7mm MAS rotor at 5kHz, and at low
temperature (~—40°C) over continuous 5 days without any damages to the
system. The advantages of this technique are; (1)Easy. No need to prepare a
lot of nitrogen gas cylinders, no need to refill liquid nitrogen during the
experiment. (2)Safety. No worry about suffocation.

[F])
—MRIZNMROERBME T, BEZRBLIVEEHNZAZHDL T EnE0, ULn
UEBREIZER I ZABMIE SN TORWIE I, BRI 217 0 7202,
BRERVREMALHBELRTERS 2V, SLICHEAEMAS NMR TRy X
ITATIERS SV ILnbERNnd, Ro_EHALFOFEERLETHLY | Hic
BEIZBWTHEEEOMBE LR L H Y 3 — —F 1 N2 Ko R o M8 A i
Thd, GFRIETZTT v 7 () OWHAIT, KKREOHN A% —100°CH I £ THR
TEDTELHABERVT, MEZBRRLERZI A2 HVICMERE O MAS
TOARIR & ke E el E 2 R AT,

[#&E]) .

NMR Zatis "N INOVA400, 72— 7% Jakobsen 7Tmm HX MAS % Hjv /-,
S H1231T Polycold Systems Inc.®® PGS-150 Z AV -, = OB HES B (L2 G 7
OB TRITILESAVLRTEY, £72FK NMR THEIHVWLRL LD
RS TETWND, KRX=VIZar 7 yt—nhb7a—7 £ TOBBEIOKI
v B

BEENMR, KIBBE

ObLKE Lwha, KL% »O0Z



[7 2 MEER] Oilfree Scroll Compressor
Tmm ¢ D2 — % —% BT, [BlEmE Hitachi Co.Ltd. : POD-3.7EA
BE 5kHz, 3% 7ERE —40°C TEfi 120
FrEEE 2 @D N TERE, £

7z, bmm ¢ v — % — TCEEEEE 10kHz ' Air Tank
Tk, BREREE —65CIZTIF5Z & | Meiji Compressor MFG Co. Ltd. : STA-95C

NTET-,

(Rl - "R Dryer
BAEE - MABORL v FEAND CKD : SD4050-C07
7E 0T, REEER - EREVAR
PR p EORBOFREMBV S22,
et ERVTAEBHERA LRV T, Pneumatic Tachmeter

BIROHEY LK RVRIEETHE :

BB 7200, Drive, Body, Bearing
BIERE  MARBZHEAICHEVIR

SIFDBZ ENRTERWEZY, transfer

tubeB T o T LEWGAIZROH Dryer
HTIX—90CREE TTMR>TNT CKD : SD3050-C05
H 7 =7 N TIETmm @72 & —50C, :4001-2C

5mm® 77 & —65ChIi%ICETER L
TLEI,

BIERR  RPCHREERLR OB
HREEA 72 < 22 B DB 72 28
ZHVE UL RO BRI A AT A &
Bbhd, 7272 LIBHZN TOEE
WITEESLE,

Chiller
Polycold Systems Inc. : PGS-150

Jakobsen Probe

Fig. The Flowchart of Dry Air
Z OEMIE. SIN OBEVREIOKIR TOCPHMAS BliE=. T,, T,, &, 2Kkl
ER FORFRBIRIEIIZERICEDITHY . FiZalk<7= k5 2 WBBE OB & 0
bhde, SBRINLORMENESIITONL LRI bOEMMEHEEND.

BZIZ, SEIOEREITOIZHT-> T, mHESE - ZRB—L2BE LW (BR)
TT T v 7 DRREKIZEF - L ET,
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Improvement of air bearing for magic angle spinning
Katsuya Hioka, JEOL Ltd.

We discuss air bearing for the magic angle spinning. Air bearing for the higher speed spinning
required following three conditions; 1)the rotor with low density and the tough material, 2)the air bearing
system with low viscous resistance, 3)the air bearing system preventing the whirl phenomenon. We
improved the rotor and the stator. We achieved the higher speed spinning with the same air consumption of
the conventional air bearing.

AL T, MA S AIZSEISIZ OV TERT 5. BERIMENMRIZIIMA S RYHD
FETHIN, WERELCRSBFOIERR JUERBHIZ L >~ TMA SORERLIZEETH
%, RO LI L DBEREBORE ER2<, 0L REmEEERERH 5 O,
FERITHE R RME LB L SnD, 2 THEROZETIETICEB LML, WEEOMEIT
OhDHBERAT, FiRiZ, ER6mmOBEZ A FDA L H—EFERLE,

ZeS e CERERE L AT 5 e DITE R R, Ou—F OMEIBEN NS 0"/
BETHAHT L, QREOETMMEHEFAIVMS N L, OESRRIVE Y B RELIT W
BETHDHI L, DIRTHB, ZhbDdHLTROLEORUEN, BRZORRESEE L RE
13, ’

EROFHZWRIF DT, B—F L RATF—FITRRRH LT, TORE, BB LR

FOZETIHREBEMEELI2N S, MASHED X Y Btk 28R+ 5 = L RS oote, %
RO L TRT—F TR A Z— RN 5,

F—U—F:MAS, &g

WEBH H»oRe
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Construction of pulsed-field gradient NMR apparatus and its
application to a measurement of the diffusion coefficients in solid
materials

(ONRI, AIST) O Tomoko Akai

An apparatus for the pulsed field gradient NMR has been constructed for the purpose of a
measurement of diffusional coefficients in solid. A pulse current generator for the gradient field
generation was designed to produce any intensity of pulsed current up to 50A. It was possible to
control the intensity of field gradient up to 7[T/m].

[HE] "NV AMBAENMRIBEFOEBREERETH2HEL LTEHI HOHD
nTNDY Y, AL, MBOBVEEMEHIB W TRV S AR 2 B4E S ¥ THI
EETIVERDILOFTOERBELL, T —HOMEEHICL>TITbh T
WZBE R o, L TAN, Bif., TEMEPOEBAENER LEE WM & BE
LTWBZ R, 7/ L LoRBERA A—V Vv I ~NSRTE SRR #E X
Nz TV BMVBBARERETEIEBOBESER SN >2OH D, WEDON
MRERBICIX, RE - KBEOCBERDP LY —HOBRVWEBENRB LN BRiM-~<v /X
v FARECAWVWSENTNS, LEPLBWHEBARLZRETIZLOTEIWEaA L
BAeZFxy bARTHROZEBMOZREBRBNSHVAZ LB TERNEVIREND BT
B, BEMEROREOR WV 'H'LI ZEOREICHIERALBVEEEDIZY BNEHR
ThdEERD, ARRIZBWTIL, TROBRA /L ANMRERBICHEICHEA
LI EDTEEZ VN AMBARAER 2=y M ERL, BEOIEBAKOREITT
R/ UV AP ARENMREBEENT L2 L 2RAT-OTHRET 3,

[EBRURR]

Fig.] IZ{ERIL 72~V RBEBABRRIE > 2 T LA OB % R T, Bk 0 B #HE%E
DEERITOWEEZEXHE, BBAROBISGAERBICRETEIZI VAR E
E2oNB0T, 46, BEARRERAO NNV AERBEEBIEEOERESRAE
TEHEBHRAMLRE L (OP 77 LF356 ZEICHEM). 1A 25 50A £ THEEIC
RYavy 7 b ECRETES LR L, ZOERRAEREIT/ L XNMRE

7OV A AR NMR IEEBRE, o b ) F U A

HonE bz
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& (BAEFE INM-EM) 60 TILSV L_ADEE TR Y H—&h, BRESHEFR
EOBFRMEO NN ABREBRESN-FEHES s. BRA s TRAETHZENTED,
BEORANEROTa—7~y FRTTRREINTWVWABTFALA L ObDOEBEIZL
THERILT ©, BBEAEBERAD A NIEES 12om, PR 12mm OB X 10 RV 16
OB A LERAWE, RF BREBAD A VIZT 7o o HENREY AW, RFHKH
Aoz 7o —7AcER Sy Fr /Ry 7 2% AT 20MHz IZFFE L7z,
EHRERIER O a2 — X8 H7L Stejeskal-Tanner DO HLO X FWVWT-, MBRABRD
BERIAD HOEELRWTIT 7%, Fig 2 CREERME L& SN -RBARNES
R, BRESN-EBEREICESAEIIE L TEY ., BIBAEROMEAH L& THME X
TR ENDND, BIE, thoRBEHRE COLBREUNEEZIT-o-TVE LA
THYYUHBETHTFETH S,

- 0 g
Receiving 4
system g O16 turn |

NMR control | — ®10 turn
system RF-transmitter & 6 © _
+Am plifier ] ]
(o}
Matching © 4 7
Trigger in box i T
. 2 ~
Personal Pulse Current in |
computer Current 0 Y R IO BRI S
generator | probehead
Control P 0 10 20 30 40 50
pulse in IIA
Fig.1 Block diagram of the constructed pulsed Fig. 2 Generated intensity of pulsed

field gradient NMR system. magnetic field gradient vs. current

input.

[#52] N ARBAENMREBOBRHICOWVWTIHRE W LESTFH2H
KK AERL - EBE L GREREH) KRB -LET, £/, NV REBH
BAEEBALHH - WEL W EEEF LA BEFIEAFREEERIZRH V- LEST

& =543
1DE. O. Stejeskal et al., J. Chem. Phys., 42, 288 (1965)
2)J. Karger et al., Adv. Magn. Reson., 12,1 (1988)
3)R. T. Callaghan et al., Nature, 351, 467 (1991)
4)R. M. Cotts, Nature, 351, 443 (1991)
5)G.Odberg et al., J. Magn. Reson., 10,111 (1974)
6) 0. Oishi and S. Miyajima, J. Magn. Reson., J. Magn. Reson., A123,64 (1996)

—300—



P117 3> EF MU TNARICET 5 BsREE NAS il 7 O — 7 O
FELUS—FE>y—) OO Bk AN —f. SEELE. FULEE

Application of High-Resolution Liquid MAS Probe to Combinatorial Synthesis
Toray Research Center, Inc., K. Kawaguchi, K. Kimura, S. Miehori, T. Maruyama
A high-Resolution Liquid MAS Probe, which is called a Nanoprobe, is used for small amount
compounds in liquid state normally, but we have used the probe for evaluation of solid-
phase-synthesis because the probe has magic angle spinning ability. We tried to measure 'H
NMR spectra of samples covalently bound to polystyrene-based solid-phase-synthesis resins.

We found the inversion recovery method is very useful for the analysis of the spectra.

FOREE MAS BIE 70— (F/ 7ua—7) id&k, HBARAHACERI NS O—-TT
BBEN, UV I AEEBERNTNSRED, BRAROL I AR —RTH LN, H5AREER
R BWBBETES, TOZEZFIALT, FURAFL UHMEHEHEIIESL TWSLEME.
BELOYVET I EAR<ERIC MR BT EERD.

FTRERLEREOF /) 7a—7TRELE MR 2R7 ML TH 5. REHZESZ 0OT+VAK
BEL. WELAREIIE> TS, BEEY 15000 TEHEL TWS, REREBICHSICDL
MH5T NR 7 FIRHENEBETRATZ 2, TREIL. EROKEDHDZ Inversion
Recovery ETHIEL b D TH 5. SRBHICHEKTIAMPNEHMTE, iz, #igdkD
SHFILBMEZS5NS, Inversion Recovery ki, BIRICHERALEHDOT T FIV DR
WICHEATHY., HEERBICATE S,

H

'H NMR spectrum using nano-probe. Inversion Recovery spectrum using nano-probe.
arEF Y TASE., BOMEMAS mEu—7, BHEARK. MERER

Ph<H A, Eod MR, AAIEY LiIFE, £530F LLUAS
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Bx DB THIEFa L Ca—FWEE (OR—LIb~_— http://datakeeper.
cc.u-tokyo.ac.jp:81/) DF 8 EWIREKICEBWT, BRIXZ5U 74+ —77—
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FRuBEEEIEL. BRBBET-TEERIA M)A Xfgrt *2@ALE
LWL, EDOEBRNTzER, FEMIINMRORELZMN1 0 MEEES

TENTEETHHILERBL, HAOHMEL T LI, EROSFEEB-
DTHRET 5,
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NMRIIFP—=r LRV DOZF A X —ERIMT XX —CHRT/HhINTEDH
BB L FATRACV ERHTRAC Y O SMBOLERMK L 0~ &/hEL, &
PN TSI EBEZXDBIENERAL D1 0" BETHS DIy iE
WWHARTELIRBENSEY, TNE TSN 2 ETF37-0ICHE#BIC LT
VTFNVERETDIHENE LITEREZN SIN HITEERROFESFBRIZ AT
BEORERVTINERDI-DICIIEREZETILVWOIRARH =, &
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LWERBE DR LR B &V ) AN A X T2,
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A AIAS L i
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B(@t) = ’E%tz_

CERTE, TOHBBEX

< B(t,)B(t,) >= min(t,,1,)
EvExonsd, EXTEFROFOLGEBBERO—FTHIOIZK LT,
DFVHEBEO R THZ LIZEELTER LY,
RUA M)A XET 50 BEHORERKRS & LTERIIEILTO LS i E
Zbhd,

dB(t) _ .

— - BO= v

FNEEBOELFRICZ2DZDIILCER LTS U EBEEBOHEIL L > TW3,
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4. NMRIZBIIB75 90 74—T77—#H
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ERZREEDIWZ, RUA b A XETIZ L D EBRFERRITICESWVWTNMRD
BEEXH10°MEIEBILEIMEBMELRLE, 20z &id, HIZNMR
TRESHZTERETIEHELT, MRIDEEL BB CHRBMIZR ELE
BRI EEHLRD, DEVEBRBMTIMRIZIBDZ L2 A[RBIZT 2 DERIK
TeoisA, BIZIXf MR I 2ERBITRENLFHREZITH. NBOBHE X
REITRS, MEEFBTRS . SBRREFECBWOTEFNSH BT 2 <
RETOBEIE VIRV, BERNRDS, S0 A, 77UV EBORE
BLLTOARE Y ZRTA b/ A ZATHATHBEREROFHIIRBRTH S,
L Laedsb, LEDX )i, NMROBELY KBIZRALEES 5 L) [
HERLIZDOT, IVELDOALBREE LT WD R LITRMGHIKEL L
TOBBRENMRONHOERIBYPFTED LB X5,

SCHik
1) T.Fukumi, Phys. Rev. A, 40, 530 (1989).
2)T Fukumi, J. Math. Phys., 33, 3822 (1992).
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L EBRF KIFKFEAERBZAAMCFE UG ENBICPHARE 06-6850-5779 06-6850-5785
75600043 KRFAFTRPHIEMLUET1—16 ueda@ch.wani.osaka-u.ac.jp
e TR MIBIPR 0298-53-5214 0298-53-5214
73058573 ZHMOSEIBREST-1-1 uematsu@mrlab.bk.tsukuba.ac.jp
wE 8 B{CPHARET DFHSERITE 048-467-9361 048-462-4627
73510198 IHEWMIONHTRR2—1 uzawa@rikennmr.riken.go.jp
JIORISE BER/FHEIRY B-RIRHEBE-IINL—-T 042-542-2239 042-546-8760
T196-8558 WRHEBBHEEFI—1—2 t-eguchi@jeol.co.jp
T OARS KIRRFXRERIZFRHARN 06-6850-5778 06-6850-5785
75600043 WPHISWUET-16 eguchi@ch.wani.osaka-u.ac.jp
IHEH—AR RERVURPAFREBFARBUCRER 0426-77-1111
T 1410022 WFREWHHIXEEREH3-18-9-202 ena@nmr.chem.metro-u.ac.jp
BERIE KOR (%) PREARPTOHARE 044-244-7249 044-210-5872
T210-8681 1BF) YR I G EERET 1 — 1 clm_ebisawa@te 10.ajinomoto.co.jp
EERAOH CEERP T FARH 011-706-6568 011-706-6566
T060-8628 FLRTBILZIL13%TBs TH erata@dove-mc.eng.hokudai.ac.jp
AR B LBRFRFRIEPHAN 0824-24-7419
T7308526 M¥LEWMHML1TB3-1 hohki@sci.hiroshima-u.ac.jp
AREH ERBURPBEDICENERBIHARE 0426-77-1111 0426-77-4873
T1820307 NEFHHRRIO ohki@nmyr.chem.metro-u.ac.jp
I RRBUXPAPRIBPARBUCIEIN (B 1) 0426-77-1111
T102:0307 NELFHBKR1—1 oog@nmr.chem.metro-u.ac.jp
XE HRAFIEBEMILR2TER 0277-30-1439 0277-30-1439
T3768515 RMMBEDXBE 1 —5—1 m8b321@edu.cc.gunma-u.ac.jp
KREF BRDF (k) DPRIATFADHEATRES 044-244-7249 044-210-5872
F210-8681 i) B HKRET 1 -1 clm_ootu@te10.ajinomoto.co.jp
KB F|iC KIRKEESEARR 06-6879-8508 06-6879-8600
75650871 @BULEBLS-2 otomo@protein.osaka-u.ac.jp
RE & BFREETER (&) EXLSHRM 0726-81-9700 0726-81-9725
T560-1126 KRRAFRURTESE]1-1 yasushi.ono@ims.jti.co.jp
ol R TBIERIRKRRBUL S IRT NERIHRA 0558-76-7085 0558-76-2047
T4102321 BRAKBHBACH=E632-1 a9086781@ut.asahi-kasei.co.jp
MEFFL B - RS9~ 9EHR 042-341-2711 042-42-7521
T187-8502 EZEPNEHIVHRE 4-1-1 ogino@ncnp.go.jp
VRS IEBERRREREFPHARNEESENE LS 011-706-3750 011-706-4979
T0600812 FURMILRIL1 2%FBe TH ogura@pharm.hokudai.ac.jp
nrPYF () BPREHTRRAT SHR 03-3474-6662 03-3474-6650
T140001 HRBPFIIXILKN3ITE10—2 hiraoki@eng.hokudai.ac.jp
PYHIEE RREBUARFAFREPARMEEEIN 0426-77-2544 0426-77-2525
T 1920307  WREBN\EFHRBR-1 kainosho@nmr.chem.metro-u.ac.jp
HHES BHRE ERARH

¥194-8533 HJEHNEH] 3-6-6

—317—

042-725-2555
skakita@kyowa.co.jp

042-726-8330



K8 TS TEL FAX
PR E-mail

R AR mALE 0774-38-3152 0774-38-3148
T606-0011 FBEHTE NWRPILRARMA kaji@mail.pse.umass.edu

HERF BREWMEEFART SEEBFARS ' 0208387072 0298-38-8309
73058602 D<IHBES2-1-2 ekatoh@abr affrc.go.jp

nEeT FHARREFARA 0970-84-5005 0979-84-5004
T828-0082 7EMMMIITEATR3 1281 yukato@bronze.ocn.ne.jp

EFE— b E MR IR R W R 011-857-9280 011-859-2178
T062-8555 FLMTEMEXEsF1EH ikpure47@cryo.affrc.go.jp

SHERXR BB RFERFERIFARNBTINEIFTN 011-706-6642
T060-8628 AMAEILEIL1 3RFBSTE kaneta@eng.hokudai.ac.jp

WM FOXNY (K) RBMBARKISTIR AR BIPRAED 0439-80-2264 0439-80-2746
72038511 FRAERDLHE20—1 kanehasi@re.nsc.co.jp

LFEER 1B T MAFIBAEEGREH 0791-58-0182 0791-58-0182
T678-1207 SMVRIRFEE0L BRETYLER3-2-1 kamihira@sci.himeji-tech.ac.jp

ROER PRI AP TFHED LTFRPBARE 042-383-7733 042-383-7733
71848588 NMRENEHHEDEH]2-24-16 tkameda@cc.tuat.ac.jp

EE=¥- 3 EREUKRE X BPHRRN (EFBW 0426-77-1111
T2060803 EREBEHIME 42 HISULDE D-107 kariya@nmr.chem.metro-u.ac.jp

no HEHRUVY—FRVI—, BERFTRE 0467-32-9976 0467-32-0414
T248-8555 MBHEFL1111Bit Ken_Kawaguchi@trc.toray.co.jp

JIBBA ILEEAPAEREFARNEEEME DT 011-706-3750 011-706-4979
T060-0812 FLRMBILXIL12%TB6T B kawasaki@pharm.hokudai.ac.jp

ngsz RERBEMNUSHRRIRILF—RIRSD 0298-58-8413 0298-58-8408
T3058560 DLHIHNEII16—3 hk@nire.go.jp

NS IEBEXREARERBZHARB MBS TN 011-706-3809 10
F060-0810 FLRAILEIL1 oRBsTE tamon@gogh.sci.hokudai.ac.jp

AIIERY BESHARER ~/ ANPUSHAR VS~ 048-467-9798 048-467-0785
$3510108 WRRFONBER2-1 kigawa@jota.riken.go.jp

o =% BIEPHARRR &/ ANRESHREYSY— 048-467-9798 048-467-9795
T3510108 EERFIHELIR2-1 kikuchi@jota.riken.go.jp

B 8% BRAFISHEMERTIER LI 0277-30-1443 0277-30-1443
T376-8515 EEMWMIBLEDGX9MH]1-5-1 m8b310@edu.cc.gunma-u.ac.jp

ROER BERTF (B) DIfMEERkih4as 042-542-2236 042-546-8068
T196-8558 MREFIBMHIREF3-1-2 vkida@jeol.co.jp

pnt i ERICSTH () EMRBREHARR 06-6466-5171 06-6466-5450
75548558 ARRHULTER BEOHP3-1-08 kimuram@sumitomo-chem.co.jp

ARHE RIEXFEFIIRBINEAMESLNE 06-879-2577 06-879-2577
75650871 RERFREBHWEBE1—7 kimura@sahs.med.osaka-u.ac.jp

A —H (BELUVY—FUI9—. BERTHARE 0467-32-0976 0467-32-0414
T248-8555 MMBMHEFEL111181M Kazuo_Kimura@trc.toray.co.jp

AHBEF BERAREESBOMCYY— 047-465-7362 047-485-7362

T274-8555 FTHREMHETHET-7-1
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kimura@pha.nihon-u.ac.jp



K2 IS . TEL FAX
R E-mail

PEHRE NROPYFD 09—/t 03-5232-1238 03-5232-1284
71080023 MFERBR ZM4-16-36 XA/ katsuhiko.kushida@varianinc.com

AR ILBERPEXRPIRBPARHE D RERUARREBHARE 011-706-3572 011-706-4992
70600810 FLMATILXIL10RFAST B kumaki@gogh.sci.hokudai.ac.jp

KAEW ERIRAFAFIRMRBFEBIL 03 3726 1111 03 5734 2889
T152 8552 RHMEMRKML2- 12- 1 skuroki@polymer titech.ac.jp

REARW3A RUKRFEFPHATH 075-753-4530 075-753-4578
76068501 REFBARKE BT MIEH yokuroda@pharm.kyoto-u.ac.jp

REFIEN 8% 042-725-4693 042-725-4603
71940043 WHRHBHOHAME1-17-9 hiraoki@eng.hokudai.ac.jp

BRF03A RERPERARFT YD BT BIPIN 0774-38-3152 0774-38-3148
T611-0011 MEAFE/ERTE kuwabara@molmat.kuicr.kyoto-u.ac.ip

HHAH EMDFILRHRA  ECRITTAFSEIPI 06-6872-8218 06-6872-8219
75650874 AERMWREBHSGIS6TE2—3 kohda@beri.co.jp

AHRe =B CREDRPHARFABERIAARE 042-724-6285 042-724-6206
T104-8511 BRBABEB/RE11S tkohno@libra.ls.m-kagaku.co.ijp

B KR ILEEREXERTFHRVNBFNEIZTR 011-706-6642
T060-8628 FLRHILEIL1 3RF/8TH koshi@eng.hokudai.ac.jp

BEnE BRI D SRS 048-462-1111 048-462-4627
73510198 I@EWMIOFEHLR2-1 koshino@postman.riken.go.jp

\RIR R RER RRETAFEZCER 0426-77-1111 0426-77-4873
T192-0307 N\EFHEMARI-1 kojima@nmr.chem.metro-u.ac.jp

=K 1 ES FURARMBT 2R 0298-53-5335 0298-53-5205
73058573 DO<KIEIBREBS1—1—1 kose@bk.tsukuba.ac.jp

NSRS ILERFIREE 042-778-9540 042-778-9953
T220-8555 #BIRRMPILE-151 kodera@kitasato-u.ac.jp

INB)ISH IS ILEEARARREFHARNENREZIY 011-706-2985 :011-706-4002
T060-0810 FLMRHILEIL 10828 T B kob@sci.hokudai.ac.jp

INGRER R %) =BLPEDNPHARDT WERIFHARE 042-724-6285 042-724-6206
T194-8511 MER¥EHBHWKRS 1 18 kuniko@libra.ls.m-kagaku.co.jp

IR RRAFXRFREFRARBCEEY 03-5841-4646 03-5841-8059
T113-0033 FHRIBXREE#B7-3-1 sohta@chem.s.u-tokyo.ac.jp

INMRB MEBURFIFBMBISBLE - FIHRR 045-339-4264 045-339-4264
T2408501 MHARDRL 7 BXBRE79-5 hisanori@mac.bio.bsk.ynu.ac.jp

I —5 %) RESWR BEBAREYY— 045-542-5206 045-545-2811
72238553 HERMEIRHPEI1050 komatsu_kazuo@po.shiseido.co.jp

=738 IEIE T RAFIREAERDHER 0791-58-0181 0791-58-0182
T678-1297 AMRLIHHB3ITE2 -1 saito@sci.himeji-tech.ac.jp

REBAR FIEER (%K) SRR 0439-80-2270 0439-80-2746
72038511 WRTHHE20—1 saito@re.nsc.co.jp

RSER RRAEAPREZRARB 03-5841-4814 03-3815-6540

T1130033 NRXAEH7-3-1

—319—

sakakura@mol.f.u-tokyo.ac.jp



Kg IR TEL FAX
&PR E-mail

B ZHILEHRIASH HWRHARPF MEINHARE 0208-87-0046 0298-87-3257
73000332 RFWEMBHRAIRE —3—1 38064 79@cc.m-kagaku.co.jp

EAMTRF ERENAKBDRBFtEYI— 0426-76-4041 0426-76-4041
T1920302 NRENEFBIEZ2MA1432-1 sakumac@ps.toyaku.ac.jp

pRERL NEESF(¥) PREAFER 045-374-8816 045-374-8872
T2218755 WERTHAH) X IRET1150 sasakura@agc.co.jp

{ri%anes HREKIRGENSHBBEHARE 06-6300-1326 06-6304-1192
5328514 ARBRIENB2TE186S akihiro_sato@po.fujisawa.co.jp

g — BRI NNH—#%REH 0208-52-1234 0208-58-0322
T3050051 RO IIHZN=3-21-5 one@bruker.co.jp

ROKF BRIEP/KERPE 03-3260-4272 03-3268-3045
T1620828 HBXH 7 SEIREI128 M bunkouns@ps.kagu.sut.ac.jp

E15:]:od BIEtPARAESRIFNERARE 048-467-0388 048-462-4647
T3510198 IHEMIMHLR 241 toshiba@postman.riken.go.jp

RO %eE EEEBIRAF (FHRIZH) 052-735-5263 052-735-5204
T4668555 S5RMHIEIX HLSHAE shimada@mse.nitech.ac.jp

BHa8 REREESARFSRHARIZ- v + 045-788-7278 045-788-7280
T236-8643 MURTHERX B#2-12-1 shimada_haruo@po.shiseido.co.jp

THI%R= FOI/YA4IVR SR 011-386-4855 011-386-4855
T060-0854 IRIBAMPE22-18 sigebo@mad.seikyou.ne.jp

#9 BB BEXEISBEMCPIEN 0277-30-1443 0277-30-1443
F376-8515 HMRIGEDXHE]1-5-1 shoji@bce.gunma-u.ac.jp

BpI8% FREBBNZERMXERARNS AV TV IHRH 0743-72-5571 0743-72-5579
76300101 ZASTHMLEI8916-5 shira@bs.aist-nara.ac.jp

BRER EDRK) PRIFBPADITAFRE 044-244-7249 044-210-5872
F2108681 JINGHIIGREAARE 1-1 clm_sinba@te 10.ajinomoto.co.jp

RKUEA BERF(B) DieEskili&a 042-542-2236 042-546-8068
T198-8558 MHHEZMHHRLEI3-1-2 suematsu@jeol.co.jp

=% F o (&) YV +U—ENENRNFARER 075-062-3742 075-962-2115
76188503 XRRFI=BEBEMELE1-1-1 sugase@sunbor.or.jp

YANEF HPRPRPPRIRE 078-441-7501 078-441-7502
76588558 MEHEMEERWILE 4-19-1 makiko-s@kobepharma-u.ac.jp

SARR—a8 KOR(K) PRAKFADFRE 044-244-5832 044-210-5872
F2108681 G WX EARET 1 -1 clm_suzuki@te 10.ajinomoto.co.jp

SAREE TERFBTHHARN 0208-53-5214
F270-0101  FRRWFLHRRIH4409-10-205 suzuki@mrlab.bk.tsukuba.ac.jp

FTZN YN ] BERAFMELDHBFNGEERTHREIX 03-5841-5448 03-5841-8023
T113-86857 EHREIMEIFE-1-1 aa77113@mail.ecc.u-tokyo.ac.jp

B RBRF FRRE Iitevs— 043-200-3810 043-200-3813
F263852 TFTRHBEXFEM1-33 seki@cac.chiba-u.ac.jp

M3 BRESTIRENSH IFRARPT Sa% 0298-47-8611 0208-47-8313

73002608 DO<LIIHEMHEB5—2—3
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shigehiro_takase@po.fujisawa.co.jp



kS IBs TEL FAX
e E-mail

BREX IEBEARFEFBEMBEREERD FRTZ B — R 011-706-3809
70600810 JLEBEFLMEMBIX FEIR 14T B5-12 takahasi@gogh.sci.hokuai.ac.jp

BRE= BERULFRFBFEBMREDREN 03-3043-3131 03-3042-6116
T112:8687 ¥RMYRXEB&2-8—1 t_seizo@jwu.ac.jp

=ik B{CFARPT DFHSRIFE 048-467-9306 048-462-4627
73510108 (HRWMIDHABLR21 tah@postman.riken.go.jp

‘LgE BT I RP TR BIEER 045-481-5661 045-413-9770
72218686 HURTHIPHR) I BIR3-27-1 takayama@cc.kanagawa-u.ac.jp

®ULRF EERNERISTNEHARPTRICREPY 06-6458-5861 06-6458-0887
T553-0002 KERHSEMXMiMS-12-4 yohko.takayama@shionogi.co.jp

A s IBEAEAFZRIEFARB ORISR HARE 011-706-3506 011-706-4924
70600810 #LMILXIL10%RFBSTH a1088 1@hop.hucc.hokudai.ac.jp

TEEEIH R FEPRPEAFREBFHARBCE 075-753-4015 075-753-4000
76068502 RMHEZRIILB)ILEDH takeyan@kuchem.kyoto-u.ac.jp

HEBAE PRAPT EMILRIEN 0277-30-1439 0277-30-1439
73768515 BFBRBEDRWE 1 —5—1 m8b321@edu.cc.gunma-u.ac.jp

@B = BRAFIEE 0277-30-1382 0277-30-1380
T376-8515 B¥MRIBEHXSE1-5-1 stakeda@chem.gunma-u.ac.jp

BB REREXFRIEAHARE 075-753-4015 075-753-4000
T606-8502 WEBHBERXILBIHNBDE takeda@kuchem.kyoto-u.ac.jp

(i Pan V] TIRAREXRERICZARD 0208-53-7369 0208-53-7369
73058571 RR O IIHXEE-1-1 takemoto@first.tsukuba.ac.jp

2H XK ERIKKE WARALSIVOIARARF 18766 045-924-5310 045-924-5309
F226 WATRX RiREE4259 robert1@rlem.titech.ac.jp

B RIse EREFEBRFRRABERIFARE 042-724-6285 042-724-6206
T194-8511 WRBDBHW/AS1S takeshi@libra.ls.m-kagaku.co.jp

B NMKEXREREZHARR 092-642-6551 092-642-6551
T812-8582 1EMEREXEL3-1-1 hiraoki@eng.hokudai.ac.jp

a4iE— RBRIIEET ¥XPEFBEHRER 0791-58-0182 0791-58-0182
T678-1207 SMERRE L MEYEE 3 TE2-1 tanio@sci.himeji-tech.ac.jp

Bz #® _ﬁﬁﬁ#ﬁ?ﬁ&?iﬁﬁ NFEMRABGAREDLFER 03-5841-5165 03-5841-8023
T113-8657 WRREXMEME-1-1 amtanok@mail.ecc.u-tokyo.ac.jp

BREE BRI NH—4 AL 06-6339-7008 06-6339-7010
¥ 5640051 XERFIUREBHMR17-5 tot@bruker.co.jp

TEXE HEBEIKERSRER TR ED 0298-58-6186 0298-58-6144
F3050047 DLKEBTH21-6 DKIIHARZIB LY S ~KD-5 tsuchiya@wri.co.jp

FIRFH NPT /09-XIv Iy 03-5232-1238 03-5232-1264
T1080023 WRIEBXZW4-16-36 IRZACIL akinori.tezuka@varianinc.com

st ] LBEARFERFR BRHRBEMBSEIN 011-708-2771 011-706-2771
T060-0810 FURMILRIL10RFBT S demura@sci.hokudai.ac.jp

FERE RBAPAFREFPARBEENE 075-753-4011 075-753-4000

T606-8502 WEBHEERRILE)LEDE
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terao@kuchem.kyoto-u.ac.jp



kg P T TEL FAX
PR E-mail

st R EORKDFRBHARSA 06-6300-6068 06-6300-6086
F532-8686 KEEHIRIIXR+=FKE12-17-85 Terakita_Akira@takeda.co.jp

FRE BEEEA ERVEKEFUSHRR SRIHEDR 03-3823-2101 03-3823-1247
71138613 MR RXERHA3-18-22 terasawa@rinshoken.or.jp

SETH BEIIH—K IS 0208-52-1234 0298-58-0322
73050051 RIFMOLIIB_DZ3-21-5 td@bruker.co.jp

Tiam= KEEHIUXEBFHARR 06-6605-2507 06-6605-2522
T657-0031 BFTHHEX XI0E3-2-12-105 (B) matsumi@sci.osaka-cu.ac.jp

BXxES W2 AR HARH IR RNARADHHRARRE 0298-54-1624 0208-52-9585
T305-8585 DL IIHEHELST21EN tokunaga@yamanouchi.co.jp

PEREA EABUXZTSENRTERAR - BRARE 045-336-4224 045-339-4251
52418501 HERTGRL 7 8XBBE79-5 m99dbo8s@ynu.ac.jp

RiE 8 BB TR BFA SHRSEN 0791-58-0180 0791-58-0182
T678-1207 SIMERIRIEED L BBE]Y(EB3-2-1 naito@sci.himeji-tech.ac.jp

XHHF B{CRART DFRERINE 048-462-1111 048-462-4627
F351-0198 IGERIOMBNRIR2-1 anagai@postman.riken.go.jp

hHFC TR KPP T BT ME 088-656-9224 088-656-7752
F770-8506 EMHRHM=MET 2 —1 nakai@pm.tokushima-u.ac.jp

XHEK ILBRFEES 042-778-9541 042-778-9553
T208-8555 1EMIRAHILR1-15-1 mnagai@walrus.sci.kitasato-u.ac.jp

X ® BA (B WEBTAR 042-586-8121 042-586-8123
F191-8512 EFBOHTHEY £4-3-2 bunsow@kk.hino.teijin.co.jp

RiET EFEMITKEISBES TERPIARE 042-383-7733 042-383-7733
T184-8588 MERSNEHHDE]2-24-16 yasumoto@cc.tuat.ac.jp

PBR— MBAZIFZRFFHRBNAIEH 018-889-2437 018-880-2437
F010-8502 ﬂ&iﬁi#ﬁ?#ﬂﬂm S snakata@ipc.akita-u.ac.jp

hFEFE T REMRAS TS T RIFMAFRITE S RED 0208-54-8136 0298-54-6135
T3058566 HIRMOLIIHEREL-1 nakanisi@nibh.go.jp

DR BRIAXE WREFHAREA 045-924-5110 045-824-5300
F26 MR THERE SR 4259 ynakamur@res titech.ac.jp

D Fs RPARFAFRIEPHCREHNED FHSHAR 075-753-4015 075-753-4000
T 606-01 RBABERXILBN B nakashin@kuchem kyoto-u.ac.jp

PHES KRAFXFRIELHAN 06-6850-5791 06-6850-5785
75600043 WPHEHFMUEI1E 168 RHFME(LEER nobuo@ch.wani.osaka-u.ac.jp

flllks BHANN (%) ERUSTHRAMBIKHARAEMIRIG 045-545-3125 045-545-3199
F222-8567 ERTAILXEDHEI760 norie_nishikawa@meiji.co.jp

BEAF ZHHEAIH 03-3402-3131 03-5436-8567
51408710 MRER/IXLE1-2-58 tomonz@shina.sankyo.co.jp

BLBNT RBARPRFREFTARMCERBO TS LR ME 075-753-4014 075-753-4000
Fe06-8502 WMEBBAEREILO)ILBDH nishi@kuchem.kyoto-u.ac.jp

BOEX BA () BSRIAARAR 042-586-8121 042-586-8123

F191-8512 BMREOF D7 £4-3-2
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y.numata@teijin.co.jp



TEL FAX
K3 !JJE%’E E-mail
R4 & TREMREDS TR T RZMHAFRERE A AL 0298-54-6126 0298-54-6135
73058566 MR DLIIHENI-1 nemoto@nibh.go.jp
RAERLH ISP UTDICI—-XIv I 03-5232-1238 03-5232-1264
71080023 WS #4-16-36 (=ML nobuaki.nemoto@varianinc.com
80 ¥ W (BR) WBEIRIGEASER 03-3680-0151 03-5696-8339
71348630 IF)IRILWFE1-16-13 noguczow@daiichipharm.co.jp
BPIEE WEAPMBIFRA ERATARE 0298-53-5048 0298-53-5048
73058573 RHADOSIBFERES 1—1—1 nonaka@ctlab.bk.tsukuba.ac.jp
RENS AERITBE T RAFBRFHLHHNERN 0791-58-0182 0791-58-0182
T678-1207 SAMEURTREEE0 - BEIYCE83T B2-1 norisada@sci.himeiji-tech.ac.jp
HWHE2 FHEREMBTEZXEBHRE 0208-53-521 0298-53-5205
73058573 DOKEIHERES1—1-—1 haishi@mrlab.bk.tsukuba.ac.jp
EBss— BER/THIST BEREARY 042-542-2244 042-548-8068
T106-8558 WEREIEMHEMEFI3 —1—2 hasegawa@jeol.co.jp
Bal = BN R ENTARER 03-3680-0151 03-5606-8336
T134-8630 MHFEIS)IHRALEHE1-16-13 haseg7li@daiichipharm.co.jp
NEBRX R EMEENRRARFEN T L BROEIBRIFTRE 0298-38-7072 0298-38-8300
T305-8602 RIFROLIHIREES2-1-2 ha@protein.osaka-u.ac.jp
ARBEEZ BEE IRENR [SFRMESTRE BIFRH 0298-54-5537 0298-54-3364
73058568 WERO[IHHEM1—1—4 mhattori@etl.go.jp
BIBHR IRIRKE 0157-26-0862 0157-26-0862
T000-8507 ILEEILRHAME] 165 take@gaea.chem.kitami-it.ac.jp
x8 = =FUCERRRBIRHARR 0504-72-6221 0504-82-0072
T511-0408 =EHRAHFMILBEIEE3 6 3By hamajima@mba4.skk-net.com
HOEZ BIEHARA, 7/ ARNRESTHREZYI—, BOMEMSE - BEEHTG  048467-0708 048-467-9785
F3510198 1B EWMFOHHLEIR2-1 thamada@jota.riken.go.ip
o %= BT P T RIZMGHAFTABREEENMR I —T 0298-54-4515 0298-54-4524
7305-8565 IR DOLIIEHE-1 hayashi@nimc.go.jp
BXKRELRF D 9A T 2P T IR EASRER 0298-54-4525 0208-54-4525
T3058505 oo rmmy —1 hayamizu@nimc.go.jp
R B PHIEE (B  RERTARER 03-3987-1103 03-3987-5160
T171-8545 BREBBMR WH3-41-8 harayui@chugai-pharm.co.jp
REELR =R{CPRRR SRR 045-063-3166 045-063-4261
T2278502 MARTHREEX®EBMH 1000 harazono@rc.m-kagaku.co.jp
BmisE RERXFAERIEZARM ST TREN 075-753-5037 075-751-7611
76068501 HMEPERRESAFMREAPTXARND ZILEN haruyuki@mds.moleng.kyoto-u.ac.jp
e =8/ NABAT « DIVERERR 03(3492)3131 03(5436)8567
T140-8710 BINIXLE1—2—58 haru@shina.sankyo.co.jp
. [T =N BE8/FT (%) DS Ess 042-542-2236 042-546-8068
T196-8558 WREBB/HHEMTFI~1—2 hioka@jeol.co.jp
TR—-68 RRIERFREZRE T FHRAGRICEIRERT 03-5734-2111 03-5734-2884

T152-8558 WRWLESBRRKBUI2-12-1
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ihijikur@o.cc. titech.ac.jp
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THiER RRRPCERUEHARE (0208)53-7369 (0208)53-7360
T305-8571 TRMOIIBRES-1-1 hexagram@first.tsukuba.ac.jp

PR IBEARFTEARHBFNEIFIER 011-706-6640 011-716-6175
J060-8628 AL L1378 hiraoki@eng.hokudai.ac.jp

RUiED IR XRFERSE 042-778-9541 042-778-9553
F228-8555 HEMRTEILER1-15-1 hirayama@walrus. sci.kitasato-u.ac.jp

B/HE2 tR I A 0157-26-9402 0157-24-7719
F090-8507 U@L RBAMEET 165 fukui@gaea.chem.kitami-it.ac.jp

soEz JEREPEEIREE AR 011-716-1161 011-706-7874
T060-8638 ALMHILEIL15RBB7TE hirofuku@med.hokudai.ac.jp

BERExX AT RERGAR SEARE 0727-51-9670 0797-51-9633
T563— AEMLBOHRE1—8—31 fuku@onri.go.jp

BHEaz BEBF (%) oMM EsSotity9— 042-542-2241 042-546-8068
T196-8558 MR EEBMTEHEIFI-1-2 nfujii@jeol.co.ip

BB—-% NRUPYFO/O0I~-ZIv IV 03-5232-1238 03-5232-1264
F1080023 ERIBBRZMW4-16-36 RSBV kazushige.fujikura@varianinc.com

BEXEFET BEEF () DMBREHEBGAHAREZYI-NMGRARTIL—T o042-542-2241 042-542-8068
71968558 MR EBEBMHEHRIF3-1-2 tfujimot@jeol.co.jp

[ {5t AIEXPEFBEA TR NE 06-6879-2573 06-6879-2573
75650871 WEBHWBT1—7 fujiwara@sahs.med.osaka-u.ac.jp

BREE HREIIAZ T FEE TSN 045-339-4224 045-339-4251
T240-8501 RHIRLT 7 SR ERET9-5 tiiwr@ynu.ac.jp

ERiS3A REFRREREEREENE 075-505-4637 075-595-4766
F607-8414 FETURZHHBPRA S fujiwara@mb kyoto-phu.ac.jp

NEHiS— USEAFEIFHEEN (DFME{CRHRE) 077-566-1111 077-561-2659
Fe640881 SMMFATHEM7—70 k-fumi@mail.se.ritsumei.ac.jp

B —x ERAXFAERNFPLEDRFAANDAED PO 03-5841-5480 03-5841-8485
T113-8657 MRBIXMRIFE1-1-1, furihata@mcb1.iam.u-tokyo.ac.jp

=132} e EMNFE () PRARE BRAR—3 0280-56-2201 0208-57-1293
73200114 WMARRT BB R T AFEHF3E2390-1 fvbb0881@mb.infoweb.or.jp

EFss BI{ERIREDNSHESHRR 0208-64-4000 0298-84-4008
F300-4247 BIFRMOLIIHNES 4 8 HCNO00727@nifty.ne.jp

YEF STE RXICER 0774-38-3150 0774-38-3148
T611-0011 FEERVE horii@molmat.kuicr.kyou-u.ac.jp

B SLER BHAPIFEEMGHACES 0776-27-8835 0776-27-8747
F910-8507 BHEIH3-9-1 maeda@acbio.acbio.fukui-u.ac.jp

BiEDsE M RABRE 0757534531
F60068501 HEHERZ S BT 6YEH46-20 f30w0 164@ip.media.kyoto-u.ac.jp

wE I NUPIFDI0I-XIv IV 03-5232-1236 03-5232-1264
T108-0023 MREBBX ZM4-16-36 mamoru.makizaki@varianinc.com

OB ZB{EF (%) EXIRANFMMEDIRA 0479-46-4621 0479-46-6113

T3140255 WIRMERIREETHW 1 4
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2505186@cc.m-kagaku.co.jp
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=R E-mail

mEE= REARP{CRT R RN 0774-38-3149 0774-38-3152
76110011 FBBAVE masuda@molmat.kuicr.kyoto-u.ac.jp

WMESIE FEASB=PEBRITFANBTIFEN 0208-53-5214 0208-53-5214
53050005 BWRMOIIBERAK2-1-11WP8-118 matsuda@mrlab.bk.tsukuba.ac.jp

=BIER RESGMBPRHAERREN IV TV ARAD 0743-72-5573 0743725579
T6300101 FRALHMILEI16-S m-misima@bs.aist-nara.ac.jp

KE RBREAEREFARMCPEEN 075-753-4015 075-753-4000
76068502 WM¥BHERRILS)IESE mizuno@kuchem.kyoto-u.ac.jp

R R RIAFREREBEFARMCEER D TFESILEHARS 075-753-4015 #®
T606-8502 REBHLRIILS)BDH mizokami@kuchem.kyoto-u.ac.jp

=Z/NT BURBHART REEESE 0208-50-2352 0298-50-2574
73050053 DL EmNEII6-2 mitumori@nies.go.ip

SR “nISM BROWERR 06-6300-6540 06-6300-6047
T 5;2-8686 RERD R X +=%KHE]2-17-85 Murabayashi_Hideki@takeda.co.jp

T B ZB{LP R RS TR OIS THRRPR 045-063-3168 045-063-4261
T2278502 1BF)IRERTHENXSEBE 1000F 1 3707337@cc.m-kagaku.co.jp

HRiEz BB RPERERIEARNBFNRIFZEN 011-706-6642
T060-8628 FLMRDILRXIL1 3BT H morikosi@eng.hokudai.ac.jp

b i) s BENE (B) DLIIHARFAEEEINMR 0208-77-2000 0208-77-2020
T300-2611 IIFR DO IEIHRARIS morhsiak@banyu.co.jp

NE&ELC BEILAH-—HIad 0208-52-1234 0208-58-0322
F3050051 WIFROLIIHE=DNE3-21-5 yas@bruker.co.jp

EHEE RVBRFAZREZTRMMEFOLD FRSCFHARRE 075-753-4014 075-753-4000
7606-8502 JEHERIXILD)ILBDE yano@kuchem.kyoto-u.ac.jp

WAR—x BETIVH—H%RDEH 0298-52-1234 0298-58-0322
T3050051 WWRDOLEIH-NDE3-21-5 yam@bruker.co.jp

wo 3 BRI RAFEZHEBNPBEENREER 0791-58-0182 0791-58-0182
T678-1207 AMRMENLBENBITE satoru@sci.himeji-tech.ac.jp

WD #® EHRRNENDIHARRA 06-6458-5861 06-6458-0887
75530002 KRG ERZMMSs-12-4 tohru.yamaguchi@shionogi.co.jp

wor _(H:) UIJ—-PRARFABBERGHAR 25— 045-500-1651 045-593-1896
F224 R BXHANRE 1 6 — 1 toya@rdc.ricoh.co.jp

WIERR BEZFHRIEN F1RHRERE2IL—T 042-542-2239 042-546-8760
T196-8558 HREBB/HEREF3-1-2 yamakosi@jeol.co.jp

LWisFEZ ITRERMRES IPIRREARADFLENES 0298-54-6536 0208-54-6534
73058566 DLIIHBEE-1 kyamasak@nibh.go.jp

WsHex fﬁﬁk?%&ﬁﬁﬁ%‘i?ﬁ 06-6370-8598 06-6879-8600
75650871 (REHLEE3-2 yamazaki@protein.osaka-u.ac.jp

weE= ILEERPETIFENMRARE 011-706-6795 011-757-1681
T060-8628 FLRBILXL13TEs eiya@eng.hokudai.ac.jp

WAREBE BRI WLH—¥% DS 0208-52-1236 0208-58-0322

T3050051 WWR DL IIHZNDE3-21-5
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FpR E-mail

WERE RHAPIEPR 0298-53-7369 0208-53-7369
T 3058571 RBMOIBXESI1TE1HE1S yamamoto@staff.chem.tsukuba.ac.jp

i 088 FEREIIRE T58 METEN 045-330-3064 045-339-3964
T2408501 WRERL7SRBEE79-5 T-YUZURI@synchem.bsk.ynu.ac.jp

sB 1B IESERPAFRESARANEMREGNLEA T I T ERITEEE 011-706-3800
T 0600810 FLMRBILEIL10RBESTE yoshida@gogh.sci.hokudai.ac.jp

TEmMBE BIREIR () BERUARR 042-725-2555 042-726-8330
T 104-8533 WURIBAIBHNEHE3-6-6 myoshida@kyowa.co.jp

SEHNL SEHBIRARPTHHALEN 052-735-5241 052-735-5247
T466-8555 S5RHERIOX HEEATE yoshino@ach.nitech.ac.jp

SKAL6E EEERIEXFUPISNEHMRNI -2 052-735-5272 052-735-5272
T 4668555 S5BTHISIOX #28ARE] yosimizu@mse.nitech.ac.jp

=z 8 WERFXZRERBFHARN 078-803-5687 078-803-5688
T 6578501 MEHMRNPSH1-1 li@kobe-u.ac.jp

8 B BRARIZNEMERTEH 0277-30-1439 0277-30-1439
T3768515 HERBETXPE 1 —5—1 m8b321@edu.cc.gunma-u.ac.jp

| =® B8FIILH—kANEw 0298-52-1234 0298-58-0322
T3050051 RIBMOLIH_DE3-21-5 wad@bruker.co.jp

XBXE U BKFREECFRMUARE 03-3985-2368 03-5002-3434
T171-8501 MBRFEMLI—3 4—1 eiji-jun@umin.ac.jp

BEODTdDH =REISU D CMARR 03-3492-3131 03-5436-8567
T1408710 EREBNREELE1—2—-58 terumi@shina.sankyo.co.jp

HEBTF PRKEXFESQEESH 03-5463-0843 ' 03-5463-0643
T108-8477 WRIBXEmE45-7 tokuko@tokyo-u-fish.ac.jp

B "L IEBERPAFZRIFAANBFNEIFEN 011-706-6639 011-716-6175

T060-8628 FLMMBILX L1378
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atsutsu@eng.hokudai.ac.jp
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