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Interactions between Local Anesthetics (Dibucaine, Tetracaine) and Phospholipid Vesicles as Studied by
NOESY and ROESY Methods in 'H-Nuclear Magnetic Resonance Spectroscopy

Yoshihiro Kuroda, Misako Wakita, Yasuhiro Fujiwara®, and Terumichi Nakagawa
Faculty of Pharmaceutical Sciences, Kyoto University, and ‘Kyoto Pharmageutical University

Interactions between local anesthetics (dibucaine, tetracaine) and phospholipid vesiAcles have been
studied by two-dimensional NOESY and ROESY methods in 'H-NMR spectroscopy. In the NOESY spectra, NOEs
between protons within the drug were overwhelmed by spin diffusion even at a short mixing time. - This.
observation reduced the usefulness of the NOESY method, on the one hand; however, remarkably facili-
tated to reveal signals due to the drug hidden in broad resonances of the lipids, on the other. In
the ROESY spectra, the spin diffusion phenomena were less effective as expected; accordingly the
ROESY spectra could give the information on the proximity between protons more directly than do NOESY
spectra. Moreover, the ROESY spectra were found to be able to clearly dlstmgmsh the drugs having
protons which differ in the magunitude of Tlp. . o
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BBAVIT2—d (GGGGGTTTTT) BRI LINESLEAH
L2 EONMRB IV ALY —stB X 2 M5
(BREEHK Za-—3F— 2 M Kkx)

OWANF. M.H. Sarma,* J. Luo,* R.H. Sarmax
Observation and Structural Analysis of Four-Stranded Helix Formed by d4{G:T.).

Guanine-rich oligo- and polynucleotides are known to aggregate easily in
solutions. It has also been observed that poly(G), when <crystalized, forms a
four»rstranded parallel helix, and dGMP in solution assbciates in the form of a
tetramer. G-rich sequences frequently occur in telomeric region, the ends of
chromosomes and considered to play an important role in the replication process.
On the bases of 1D/2D NMR and AMBER energy minimization 'st‘udies, we demonstrate
that inagueous solution d(GGGGGTTTTT) forms an exceptionally stable complex,
d(GgTs)+, in which imino protons are inaccesible to the solvenlt and the glycosi-

dic torsionis in high-anti conformation.
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Formation of mutarotational isomers and conversion of keto-diol in Trospectomycin.

Yukio Hiyama (*) and Russel H. Robins, Control Research and Development, Upjohn
Pharmaceuticdls LTD (*), Tsukuba 300-42 and The Upjohn Company, Kalamazoo, Michigan

Multinuclear magnetic resonance, LC-MS and UV studies have been carried out. to
investigate mutarotational isomers and keto-diol conversion of trospectomycin. In
aqueous environment at_20-C, populations of four mutarotational isomers are 90 %,
6%, 1%, and 1% by C-13 NMR. ime constants (70% formation) of the mutarotational
isomers' formation are 5 to 10 hours. The two most abundant isomers' three
dimensional structures are determined by scalar connectivities, nuclear Overhauser
effect and proton spin-lattice relaxation time measurements. The major isomer's
configuration is the same as in spectinomycin. The last 2% is in keto form of the
natural configuration of the drug molecule. Since the diol-keto conversion takes
lace in one second, that time scale of the conversion process is too short for any
PLC separation. Solid state C-13 NMR spectrum showed that the configuration in the
solid phase is the same as the major configuration in solutions and that the two
amine groups. are both protonated.

Assay development for trospectomycin has been a difficult problem because it
has weak UV chromophore and because it appeared to be instable in solution. The
assay uses UV detection at 214 nm because trospectomycin has keto character at least
partially. However bulk drug with more than 3% water content shows no C=0
stretching band in IR and solution C-13 NMR shows essentially diol form. Formation
of mutarotational isomers and keto-dial conversion may affect analytical methods.
Therefore intensive study of molecular behavior of trospectomycin has been carried
out by various spectroscopic methods, multinuclear NMR, LC-MS and UV spectroscopy.

Three dimensional structure of trospectomycin and NMR assignments

A single crystal X-ray diffractional study of spectinomycin dihydrobromide
pentahydrate (1) has shown that the spectinomycin moiety takes R-cis configuration
and the diol form rather than the keto at the 3' position (Figure 1). C-13 NMR
spectrum of an equilibrated aqueous solution of trospectomycin shows five different
isomers including the mother configuration, R-cis (Figure 2a). C-13 NMR peaks of
the mother isomer in spectinomycin occur essentially at the same positions of
trospectomycin except for the side chains. The similarity can also be recognized
in carbon-proton shift correlation spectra. Therefore we can conclude that the

. QH H ?H
B H R A0 0
cH,~N AN PLNLNTS N :I{\ng‘\/\,
3 , .
! v heS 3 H,S0,
HO o o;j *H,S0, Ho RS " owin oyH;0
P’H o -xH,0 (': OHOH
CH, H

Figure 1. Molecular structure of Trospectomycin.



major configuration of trospectomycin is R-cis as in spectinomycin. Also the mother
isomers in aqueous environment are diols because there are no corresponding carbonyl
resonances in C-13 NMR for the mother isomers of trospectomycin and spectinomycin.

For proton signal assignments, connectivities from N-methyl proton and the
deuterium isotope effect on C6 have been utilized. Assignments of the two quaternal
carbons, €2' and C3' were also based upon a deuterium isotope effect. C4' H2 sites
are found to be exchangeable since the molecule undergoes keto-diol conversion at
C3' position. By proton inversion recovery spectra(Table 1) one can note that the
singlet proton 1' has the longest T, 1.45s, and that the buthyl side chain is
flexible since 7'and 8' methylene protons have longer T; than that of 6' or 4'
methylene protons which are included in the spectinomycin skeleton. Also T, of
position 1, 3,5 are shorter than those of the positions 2, 4 indicating spatial spin
connectivity within the actinamine ring. These T; data not only support the natural
R-cis configuration but excludes S-trans and R-trans configuration since the T1
value at position 1' is 1.45s and that 20% steady state NOE was observed at the
position 1' by saturating the 5' proton.

Table 1, 400 MHz H-1 NMR szpectrum of trospectomycin assignment and spin-lattice
relaxation time in D,0 at 22 C

proton site chemical shift (ppm) T,
9' CH3 . 1. 00 1.2
8' CH2 1. 45 0.6
7' CH2 1. 45 0.6
6' CH2 1. 70 0.2
4' CH2 1. 96 0.2
N g CH3 2. 95 0. 65
N CH3 2.97 - 0. 65
1 CH 3. 37 0. 58 (0. 65
3 CH -3.61 0. 58(0. 65
5' CH 3. 97 0. 58 (0. 65
6 CH 4. 08 1.1
5 CH 4. 14 0.9
4 CH 4. 45 1.0(l. 1)
2 CH 4. 90 * (0. 58)
H20 4. 93 lon
1' singlet 4. 97 1. 4g (1. 74)

* not determined becéuse of signal overlap

Identity of Isomers-in aqueous solution

C-13 NMR spectra with S/N > 1000 of trospectomycin can be obtained by extensive
signal accumulation. There are essentially five isomers in aqueous environment in
C-13 NMR. Populations of those isomers are 6%, 2%, 1% and 1% at 20-C which are
named i, j, k and 1, respectively. There is a carbonyl resonance at 206 ppm at 1%
level in the C-13 NMR. spectrum. A C-13 NMR spectrum at 60+C showed a larger
population of 6% for the j isomer and the carbonyl resonadnce also grew accordingly.
On the other hand the rest of the isomers (other than j) did not increase their
population much at 60-C suggesting that the apparent energy surface for . the
mutarotational isomers is invariant over the temperature range. The set of the j
resonances lacks 3' resonance in the diol carbon region (90 -110 ppm). Therefore
it is concluded that the j isomer is the kéto form of the natural configuration.
In freshly made aqueous solution, the isomers, i, k, 1 were not detected by the C-13
NMR while the keto form is seen at full population for the first data (less than 90
min.). Timescale of formation for i, k, 1 is 10 hrs, 5hrs and 10 hrs, respectively.
The rate of formation of the i isomer was also monitored by proton NMR.

Table 3. 1 H sp1n—latt1ce relaxatlon times (s) of trospectomy01n which are affected
by the configurational changes in D20

isomer 20 C 60 - C
1 5 1 5
m (natural-diol 1. 45 0.9 2.7 1.6
i (S-trans-diol 0. 66 0.7 1.2 1.2
j {(natural-keto * * 2.0 *&

Difficult to measure because of the low populatlon(*) and because of signal
overlap (**)

Structure of Mutarotatiomal Isomers

Thermospray LC-MS showed that the isomers i, k, 1 gave Mass spectrum with-
parent ion at 374. Intensity of fragmentation that corresponds actinamine is less
than 10% of the parent ion, which suggests that the dioxane ring (the' two C-0-C



bonds) is intact for the isomers.
In order to determine three dimensional structure of the i isomer out of the
possible four configurations, proton-proton shift correlation (COSY) -of

abundant mutarotational

Figure 2. Three dimensional structures of the two most €
y i the 6% isomer.

isomers of Trospectomycin, (a) m:R-cis, natural (b) i:S-trans,

trospectomycin in aqueous environment was recorded. The solvent system gives rather
high population of the i isomer at 6% level. Since minor cross peaks corresponding
to the i isomer in the downfield region provides a six spin circle, the actinamine
ring is intact. Spin-lattice relaxation time of 1' proton, the singlet, of the i
isomer is 0.6 s.which is shorter by two than that of the mother configuration. So
this strongly suggests that the i isomer is S-trans configuration (Figure 2b) where
the 1' proton has another relaxing partner, 5 in addition to the 5' proton.

Molecular Mechanics Calculation for Mutarotational Isomers

Relative energetic calculation for the mutarotaional isomers in diol forms of
trospectomycin have been carried out in "vacuum" with "Mosaic, MM2 mode". The
natural configuration (R-cis) is most stable at -31. 7 kcal/mol followed by the 6%
isomer (S-trans) at -29.7 kcal/mol. The third one is S-cis having -28.1 kcal/mol and
the least stable isomer is R-trans at -26.4 kcal/mol. This calculation predicts
population of ca.” 3% for the 6% isomer. Less than 1 kcal/mol shift can make this
kind of population change (remember that RT is only 0.6 kcal/mol at T=300K). In fact
S-trans's population varies from 6% in aqueous environment to 2.5 % in the potency
assay mobile phase (28% pH=2.2 phosphate buffer + 72% acetonitrile).

During the course of the calculation, steep activation of more than 10 kcal/mol
for the rotation defined by a dihedral angle of C-C-N-methylcarbon was recognized.
And there are two minima for each methyl carbon. This may correspond to slow (a
day), irreversible conformational changes near the methyl carbons. These
observations were made in freshly dissolved samples observed by C-13 and proton NMR.
Since the last step of synthesis includes knock off large functional groups from the
amine groups at low temperature, we suspect that the methyl carbons may remain at
the metastable position in bulk drug.

Table 3. Calculated Relative Energy (kcal/mol) of Mutarotational Isomers by Molecular
Mechanics Mosaic.

configuration diol keto
R~cis -31.7 -40.5
1gnatural) g
—-trans -26.7 ~31.3
S-trans -30.0 -35.5
S-cis -28.5 -37.1



Solid State C-13 NMR Spectrum )

The chemical shifts of the solid spectrum are essentially the same as in
solution, which indicated the major configuration with the diol is also dominant in
the solid phase.

In the cross polarization experiment carbon magnetization comes from the proton
spin system, proton relaxation times T; and T,f were measured through C-13 NMR
signal. Proton T, was 0.6 s at 25 C. Tl of the proton is estimated to be 200 micro
s, which indicated slow -molecular motion on the time scale of 10-6 s. The proton
spins are coupled with their homo nuclear dipolar interaction resulting in
homogeneous relaxation behavior, so that local motion such as side chain fluctuation
affects relaxation behavior of the entireé molecule. C-13, on the other hand, is not
coupled because natural abundance of the spin is 1% and its magnetic moment is
small. Therefore 13C spin can have distinct relaxation time than other carbon
sites. C-13 NMR spectrum with delayed spin-locking for C-13 shows that T'f of
sites 6,7,8 is about 200 micro s. This indicates that the slow molecular motion
responsible for the short proton and C-13 T1 is the side chain fluctuation (sites
6,7, 8). Although the sidechain is flexible,” the spectinomycin part reveals rigid
showing no drastic conversion demonstrated in solution.

In summary liquid chromatography can have adequate resolution in most cases,
however it has long time scale (. 1 minute). On the other hand, NMR probably has
the highest resolution among the molecular spectroscopic methods and yet has time
resolving capability, up to . 10 ms for solution techniques. ~We have employed the
technique to study dynamics of Trospectomycin and were able to improve its
analytical methods. :
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On the structure of a prosthetic group in a protein relating to luciferase of luminous
bacteria

Shigeru FUJII, Subu KASAI* and Retsu MIURA

{Laboratory of Chemistry, Kansai Medical University, and *Faculty of Engineering, Osaka
City University)

A protein (FP390) in which a flavin derivative is bound was found to be induced
under  the conditions where luciferase was inductively produced. A flavin derivative
was isolated from FP390, and it was confirmed to consist of FMN and myristic acid by
elemental anlysis and mass spectroscopy. NMR épectroscopy revealed that the flavin
derivative was a mixture of two molecules: one in which the p—carbon of myristic acid
is directly bound to the 6-carbon of FMN, and the other in  which the ¥-carbon of
myristic acid is bound to the same position of FMN. The ratio of these flavin

derivatives was determined to be 7:3 by NMR spectroscopy.
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High Resolution NMR Spectra of Antiferromagnetically coupled Vanadium Complexes.
Susumu KITAGAWA, Megumu MUNAKATA and Hidenori KISO (Kinki University)

"H NMR spectra of divanadyi complexes, [(V0)2Cla(biL),(0C.Hs)2](biL=1,8-
naphthyridine and 1,10-phenanthroline), ;have been measured,and the signals are
"spread out over the 40 ppm range,characteristic of antiferromagnetically coupled
systems.The chemical shifts are discussed in relation to the superexchange

coupling comstant, J (¥f=-2J8$,S2), compared with those of dicopper(H ) complexes.
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PHLBEWOENY T F NV EE XK (Fig. 1),
NFTIh (N) hrdBETRESL BB,

B@EEERITCLDEAFVILERF LD
EFACVCOBMBHENBCEDEONM
RYZFIWHREBMAMLTESHB XA 2. Fig. 3. [(VO)(phen)C1(0Et)]. 0 E M/ &
UL ULV-VERS3.101(1) & o [(V0)(napy)
CIOE) I K> P MMETFEET DHEBK S & C . 2A90)1\’-}-'~‘/"?A (V) HEkn
WEBRBEABEERELTVLSIBARBMEHDE. coBdot27 bR
g8 A
AS§ o= ——————— X [(exp(-2J/kT))+31""
(v /2% )kT
Ay SFIRBoBoBBMESER
Yy o mAE®R
Kkt ®HAverER
LRERH B, _
EHOC U (I)RB (AWM TRI THENRS=1/2TVOLARORTFTEHEIOBA L
RBROIOY7 L ARBEAATED, COHA. HBMEL [(exp(-2J/kD))+3] 'O HTRE R B
REBEEHRZ I DM ELA RB3CLPBHERAT VS, AR TH. ARZIHEABR X DN
WY 7 MBIV BE TR TR LEDOLBRERSZ.COAXARI P VDORBEICu(phen



Ya(0H)I®*,[Cuz(phen), (In)]2"

(Table 2), 3 F2x oM DCu (L)
6 5§ , T RABEESE "oRBEESZ L TH
' FToXdkfi#ok. -2.1 ppr (A »
1,2= 32 H2)D Y X F ik b F V&
De-HDo¥ ¥ F v, 4.2 peu( 225 Hz)
Bz b EDB-HOYTF VT H B
LBELU . %%, 7.5 ppa( 250 Hz),

13.5 ppr( 210 Hz),17.1 ppun{ 600Hz)

DY ¥V, Cu(l)RKBREHYE

l phen@ o RBE XY £ h Th,

5,6-H, 3,8-H. 4,7-R@d ¥ ¥ > W TH

40 0 " 20 10 0 0 5 BB L. &5, 37.8ppm
(1600 Hz)D ¥ ¥ F W Cu(D)EH

BB TR I LS B L

Rig. 4. [(VO)(phen)Cl(OEt)],.® 'H NMRAA"ZFH THHMXhdbPokBEIOY I N
50 wH NeO-d*7 % (B40 scans,BF 1.0 Hz) O R MME<THT b H S & 5 k.

' 7 [cuelphen)  (0H) I,
[Cus(phen)s(In)I1° " X UVO-phenhOH K. LHEXNESHMMERT VS, ZhED
VOKTR2-HOSY VY F A KBBETCEL LD LB X 5h5.0(V0) (phen)Cl(0EL)].0 & >
RBEBAF IO L (V) BBEOARF YDA~ AFUYvaMicik'H NMRBHTHESRKE
BERMEARE S BB Bbhok, LELEES. COBBMAF YDA (N) 60
57V NMRARY PV 2BRELEBS 73 L 2 BB LRTERPOE. THED

V- VHMHEE#KBR®'V NMRASBHTHEEERO 2E O X BV,
Table. 2. 'H NAR{EZES 7 bl

& ppm (Aw,, . Hz)
Complex

B -H a-H 5,6-H 3,8-H 4,7-H 2,9-1

£(V0) (phen) C1 (0Et) 1 -2.1( 325) 4.2( 225) 7.5( 250) 13.5( 210) 17.1( 600) 37.8(1600)
[Cuz{phen),(OH)I** = 18.4( 1269  29.8( 500) ~52°°
[Cuz(phen)s(Im)]°* ¥ 18.8( 633) 30.5(1225)

a),b) Acetone-dB was used as a solvent ¢) Very broad

1) M.Maekawa,S.Kitagawa,H.Munakata,H.Masuda,Inorg.Chen.,28,1904(1989).

2) S.Kitagavwa,M.Munakata,M.lUeda,T.Yonezavwa,Inorg.Chim.Acta,175,3L(1990).

3) K.Uieghardt,U.Bossek,K.Volckmar,ﬂ.Swirdoff'and J.¥Weiss,Inorg.Chen.,23(1984)
1387.
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Dissociation Kinetics and Morphorogy of the Complex of Metal-Ion Guest with Molecular
Host
Kazuhiko Ichikawa, Takashi Jin* (Faculty of Science, Hokkaido Univ., and Inst. Applied

Electricity, Hokkaido Univ.”™)

In hosf—guest chemistry the complexes of metal ions with molecular hosts were
visualized as having three types of common shapes: 1) perching complexes, 2) nesting
complexes and 3) capsular complexes. Since the complexing act must be accompanied by
the fluctuation 'in the structure and conformation of molecular host, the dissociation
kinetics of the complexes depends on the shapes of molecular hosts in their
uncomplexed and complexed states. The present work reports the studies on the

. dissociation kinetics. of calixarene ester-Na* complexe (as an example of the capsular
complex) from 23Na longitudinal magnetizafion recovery curves and Ty nmr spectra, and
shows the comparison between the above complex and ATPfMgz+ (as perching complex) or

18C6-Nat complex (as nesting complex). . ‘
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5. BK3) LLINYy 7R L4 T LY - ZXFL(BCAD; B1)-rky¥a
AT v (B CAD-ND) EBY B T, BRNR 57 24508 AL 0 9177 F47isB e R
Z & FRAFEZIER, ST L ST, BARBE o csns
T3, $K 1) LLTTF/) Y720 YB-XTEy 744 F v
BCATP MR eER2) L LT 799 YT —Fib-F Ry va
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New Developments in NMR Spectroscopic Methods - Temperature-Jump NMR
and State-Correlated NMR Spectroscopy
Kazuyuki Akasaka

Department of Chemistry, Faculty of Science, Kyoto University

Two new techniques were recently introduced to the NMR spectroscopy by
the authour’'s group. .One is the tenperature-jump NMR and the other is
the state-correlated two-dimensional NMR spectroscopy. This paper
describes the prihciples, constructions, performances, and application$g
of these new methodologies of NMR spectroscopy. Applications were

largely chosen from those on a protein, ribonuclease A.

NMRAMRERC WET, E& L EFHEEIREC S 50T O, BEE ok
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1oﬁzmmﬁxw/7NMR Sl DFHFE
hmﬁ¥0)§§tii5bﬂrdi75lbm HCHOB LA CNMRBHBICEAT A &Ik, F v
t7U*¢®mﬂwﬁ®mﬁ%/r/7éﬁ%ﬁ&1\ﬁ%wwfW/v/fNMR ETEo
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mwﬁﬁbtnwxmv47nﬁﬁi SEEFVSHC Lk, Vv vy SHEES D O—H
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AT BT S B, L L. HAWCBZEIH 2 7 2EHR el . =47 ®
BWREEREIC TR VE— 252 50T, Yy v SEESENC 2P, (1) BE
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on - . — ]// . i
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/
Fig. 1. The basic pulse sequence for a temperature-jump NMR experiment using gas flov.



S, IBEY v v 2FH U IREEHER TN MR LR OB
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3o ZWIENMR., B RITHSENMR TR, FEDM &R & oRMT, Mok
OFERE STy REUNI L =T VR AE VBRI T2 234058 E3T1IA
WELSE BBEB BB, ThETELOHEE, TR SVAPENINVIAR LS TITOIT
X Jzo Told Bl TREE OKE S LRBHENEAE 251+ 1 )V B ORRIAN TEIL s E,
B2 EWREBHLUOVIITNMR & Pines, Maciel, Terao Sizk VEFShiz. L ED
HRTHE, Wb A YV &R OREAR CEEBE DT 5. bhbhob {551,
ST T{EREEL HR2E0) 2SIV LT ERELTRAE YN I VE
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CR” WHBRALRAE BV D . _ ‘
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v VI Ay iR HOCHEBE L (AR s e Ltk B REEHBINMR @S v
2 %% (Fig. 2) 122 DexchangeNMR #7723 2DNOED#F R EBLEILTH B, THE
SR it » T MNEBWRHD BEbhTn3, Zhit, 2DexchangeNMRO X S &
BALDBE WY 50T L @AE—HRADHBE) (EH) 3750 5TH 5,

PREPARATION | EVOLUTION | TRANSITION | DETECTION

PERIOD PERIOD PERIOD PERIOD
et ——fe— T —f— 2 —
90° 0° 90°. FiD

[

STATE 2

STATE 1 //

Fig. 2. The basic pulse sequence for State-Correlated 2D NMR Spectroscopy
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4, BEY v v 7 NMR oG A

(1) RIGHIEOBE (Fig. 3)

TR OISR TS RO NETNMR TR b o 120 BlalE, -~
FFE T w b OB L OSHAF IS h ¥ THERE OIS T O RS HHITE ORRE <
Hotelss BEYy Y INMREHAONE, BHBEATHECE 2 (Fig.3) .

(2) AEIHEEER OFsE (Fig. 4>

77N7E®mmmymmﬂmM®ﬁﬁLL\iU@#6ﬁ+@®ﬁEkbk%C&ﬁﬂg
hTWwb, Fig, ¢ QPN & w7 B OBENIEEE B NMR Tl s hiz d o & %}E

Before jump Before jump
M"’M ] ¥ My

. . : . Aﬁerijp
After jump Peﬁﬂde s o |
SNV TR

Os Pt i . syt \/ -
/\/\/\\/L i s A\ v
M B o

208 MW’MWM " . \M

1
305 e 2 el

. ppm
[rrTTTTeTT TrT Ty [T [T T 1

10 -9 8 7 6 \/
Fig. 3. Hydrogen-deuterium exchange o _ "
reaction of peptide NH protons in ,
Ribonuclease A, studied hy the 5s »MwuwﬂmwmmWWW
temperature-jump NMR method.

: H i
The gas-flow T-jump apparatus was used. ' F Y

o

SN : . ppm.
/ 4 3 2 a

Fig. 4.4Température—jump'NMR spectra for Ribonuclease A (10% in D20). The
temperature was jumped from 30°C to about 45°Cvin 150 ms after which the spectra

vere recorded at every one second. The microwave T-jump NMR apparatus was used.

10 - RR——

E

W
Ao

oAt

-

-,



WHICHBH, TOEBEDOT TR RNase A @ unfolding AIEEY v 7 (160 ms) @
1iU@&*M?TKNWWmm¢EK<KOtm%:&%%bfn%o%tl@u%@\
BUEP AT L BEAS I RERDBOIDLIE STV, UirLy 1398
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k0. R TOR ?@%ﬂ@ﬂﬁ%“éwwummioiﬁﬁﬁ&b%ﬁbtoun
OWTEL —2 2 oEEE RSB I v, N
(2) # %7 E® Native-Denatured Conformer fHD#HB] (Fig.5)

D-form &2

HZ

T T m
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e T =

i . M2
i i T
4] -100 =200 -300 -400 -500 -600

Fig. 5. Native state-denatured state correlatedVZD NMR spectra of Ribonuclease A

in the aromatic proton region.
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MR B BE NS HHEO—> & 15 BHREME & 5TV B,

Bo HBEY v v 7B X OREHMNMR 05% ,
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B AD—BICBE RV, SHEOSABRATNBHEE LT, AT (BREIT ¥
B IEE s &) ORFEIHEEERS. Hi0 T OGRS, )Y ¥ ¥ OREIRIR
BB 0. & BIiEK. B - AR OMBENMR 32 0% L1555, $ibb, HE
Ve VTR L - TCRIEHE ENDBH D0 L EHIEEERBY 5, $2F 4 v 7 A&
5 OB, Sk FRCRIFTE 5. & bic, RASEEINMR o2 3ITHK, BELA O
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2. M. Adler and H. A. Scheraga, Biochemistry 27, 2471 (1988).
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Numerical Design of Composite Broadband Pulses for Quadrupole Echo in I=1" Systems.

Toshimichi Fujiwara and Kunjaki Nagayama

Biometrology Lab, JEOL Ltd. 3-1-2 Musashino, Akishima, Tokyo 196, Japan
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New broadband composite pulses for quadrupole echo in I=1 systems were designed systematically. First we

generated 10° composiie excitation pulses each of which was a combination of 45° pulses along the x, y, —x and <y axes.

We selected broadband pulses for the echo from among the pulses generated, and further optimized the pulses numerically.

Distortionless effective bandwidths of the pulses range from +1 to' +4 yB, where B, is RF amplitude, and the largest

bandwidth exceeds effective bandwidths of the pulses proposed so far. We also found pulses useful only for the first pulse

of the echo sequence and pulses not phase-alternating which can not be derived by analogy with pulses for I=1/2 systems.
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Quantitative analysis of 31P NMR spectra estimated by linear prediction z-transform

Takanori Uchiyama, Haruyuki Minamitani

(Inst. of Biomedical Engineering, Fac. of Science and Technology, Keio University)

Linear prediction z—transform (LPZAR) method was applied to quantitative analysis
of 31P NMR spectra. Low prediction order (twice higher than that given by Akaike's
final prediction error criterion) estimation gives broad peak spectra. High prediction
order (three‘ times higher than that by Akaike's FPE) estimation gives narrow peak
spectra which have correct peak splitting. However both low and high order estimation
spectra have almost same peak area. In conclusion, LPZAR is not sensitive to
estimation order and it is useful for quantitative analysis of 3lp NMR spectra.
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Development of a Versatile Spin Simulation Program

Shin Fujita, Eisaku Terashita and Jun-ichi Masuaa
SHIMADZU CORPORATION

A versatile spin simulation program was deVeoloped. This
window based program can keep track of the change in density
matrix elements at each step of pulse sequences, making it
possible to analyze mechanisms of complex multiple pulse
sequences. In principle, it can also be used for 2D NMR
experiments. The program can take into account the strong spin
coupling effects and can treat up to two kinds of nuclei.

The authors are using it for pedagogical purpose as well as
for reseaxch.
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A Novel Design Method of NMR Shimcoils

Shin Fujita and Jun-ichi Koide, SHIMADZU CORPORATION

A novel design method of NMR magnet shimcoil is devéloped.
This method makes it possible to design shimcoil patterns which
produce satisfactory shim field.strength distribution over a

. large volume of space. This shimcoil is expected to be useful in
combination w1th newly developed special type probes which have
unigque sample container shapes and locations and might not be
shimmed well by conventional shimcoils.

Computational theory as well as some experimental results

will be presented.
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( 1 )S.Fujita et al., SMRM Book of Abstracts vol.1, p27, 1988
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(BR) RSBUERT RRBIZEET. *HmIEAY GERTEWRERE
Parameter Estimation for Magnetic Resonance Spectroscopy.
Method When Exact Number of Components is Unknown.
Kensuke Sekihara, and Nagaaki Ohyama*

Central Research Laboratory, Hitachi, Ltd.
*Imaging Science and Engineering Lab., Tokyo Institute of Technology

A Method has been proposed to estimate spectral parameters when the exact number of
spectral components is unknown. This method incorporates a priori information regarding the
maximum number of components that can be contained in a spectram. With this method, the
number of spectral components is, first, set larger than the above maximum number. Then,

the optimum estimates are calculated by minimizing the sum of the amplitude estimates as
well as minimizing the degree of mismatching between an estimated FID and a'measured one.
Computer simulation clearly demonstrates the effectiveness of the proposed method.

4 bi; F i B L B\ simulated annealing & FHE R 2 FE(D)Z H, AT M VIST R
— ROV TORRBEREAIN AL, SNIEOEWFIDRA LTI AT A~ 5 DERE
EEHETI2FELZARBL Q) TOFETH, ARY M NVES OEM R HEISBEMTE T

WIEh Lt ofods. 4H. TOFELSLIIRBEER®, A7 PRGSO IEREZBEEFRA
DBETHZOBERMD LN TENTARS PIVYNRFIA—FDIEHRELHEETE ST
BEHRELZG)OTHET 2,

K
AR MV ETNERTOBEKE T B LFIDE
K
F(t)=), Axebrtexpli(oxt+ox)] 5y
k=1

&%T»mfgaoL;TA7X—&mem,WMkﬁﬁﬂzmybwmﬁ@ﬁ%\ﬁﬁ
EH HBEWER. MREERT, Kﬁ&kbwfuif\K%?ﬁéhéﬁibék%<&
AN ﬂTTﬁénéaxb@ﬁ

E= z IF(ts) - (tn>|2+wk§:1 A ‘ : 2]
%%¢L;%Lﬁxﬂ7FWNﬁx—ymﬁ%*b%oCC? Fity BT B 5 X =% D
HeEEE AV CEHEL 2K t, 1B AFIDTH D, Fu(tn) BFID® EE O HIEM. w RER.
3 A NE 2HOo O<a<l BAERTH 5, GnIREL B b0 ERIRELE 2HOELE
Thb, COBERBRETHEOBMICHERLAEETD Y, K&%%@El@%ﬁ%<&m?%
_au;nibaﬁﬁaamﬁémx5@§%¢ao'

CTRIR DB E LoV TIRERD LI CHHATE S, if\XAybwwm@Eﬁﬁu
%L&wﬁhéﬁO&ﬁ#ﬁELtk?é BRI BVTR, ARS PVICERCEIND &
D%§<®&ﬁ%ﬁmiétb\mwmﬁﬁuﬁuzmutwmﬁ#ﬁménfbioLa



BN I B, GREIHERDCT A LI IhEARY MVESORIBHEEMEOMIZ
AT LD, SHIT, 0<a<lEBRBELTVENDT, HB2HERDMIT A LITL Dol
BESNDERDOERIED )b, 1 DOBES OWIEASIELWEA KEL %Y, Bo®s
WIRIEIZIZ YO LT 5T LHTE D,

_ av¥a—4y3ialb—vayv

REEOHMUERT 0, Iv¥a—yvIalb—varEfiok, 7. R1LIWRET R
RZPWNRF A= RFEELCT - RBERTV, RETERDOARY MVEDRIRE LEEE S
oo WEICE L CEESMECHBO LR, COWMA TREREMEE RO 2, o, &
BiCik 2AD 2Ry PVESLPEEL B WEEKEE6 00—7 6 0HziC 5 KD 2 )
VESERELTHEET o2 WERKEER2BIUERILRT,
F2RRIFXE2HEAEY (w=0 2 L72) HEOHERRETHH, E3RRINEHAV,
w=l, 0=1/2 & LEBEOREHRTH S, K2 OMBTR, LRBEMIBMICHKE S LK
B0 LEIRTERE TN THE S AHEHEELTVIORH L, KIOBRTRIEIEL
WIEEEICELZ 2 00 RA R R EBIBMEST NCHER NS ko TB ), REEOHIM
FRERTWD,
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(1) S.Kirkpatrick et al., Science 13, 671 (1983).

(2) K.Sekihara et al., Magn.Reson.Med.13,332 (1990).
(3) K.Sekihara et al., J.Magn.Reson. in press.

F1 FIRETREERLRARS bV RT A~

component 1 2 3 4

wy/2n (Hz) -100 200 670 700

Ak 0.5 1.0 0.5 2.0
bi (sect) 10.0 16.7 43.4 50.0
Ok (rad) -0.63 -0.04 0.88 0.94

2 (A 2 A 2 A 0 s

. assumed in 600-760Hz
component 1 2 3 4 5 6 7

®w/2m (Hz)  -99.8 200 671 702 693 695 694
Ax 054 097 051 094 091 1.39 0.66

Bk (sec1) 13.3 16.7 33.3 33.4 52.5 43.8 44.6

R3 ARFLIZHEEER
assumed in 600-760Hz

component 1 2 3 4 5 6 7
Bk/2m (Hz)  -99.8 200 700 672 706 670 701
A 0.54 0.96 2x104 5x105 8x10° 0.49 1.93

Di(sec?) . 13.3 16.4 50.6 445 405 340 - 47.0
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A New Improved HMBC Technique with tl Noise Suppression.

Kazuo Furihata and Haruo Seto”

Department of Agricultural Chemistry, Faculty of Agriculture, The University of Tokyo
*Institute of Appiied Microbiology, The University of Tokyo

Heteronuclear Multiple Bonds Correlation (HMBC) is one of the most useful NMR techniques for
structural determination of complicated organic molecules. One problem with HMBC, however, is how to
suppress proton main signals. If failed to do this, strong t; noise will appear in the NMR spectra
making it very difficult to detect weak but important cross peaks.

We present here a new improved HMBC technique which has incorporated two high power long pulses to
conventional HMBC in order to suppress proton main éigna]s and to do spin locking for refocusing proton
satellite signals to be observed. This improved HMBC technique gives NMR spectra with greatly decreased
Ty noise in shorter machine time and, therefore, its application is highly promising for structural

“analysis of complicated natural products.

RAREBILEYORMENRILBVW T R T NMRRIEFCEELFREL>-TWVW B, Bic
7o bk vEal C-H MBI (EMQC). long range C-H FIPBIZ (HMBO) W H AN HETEH 5 .
I SHinversefll EETR T o b DAL VY T F N A2WMACHEESTZNEVWSZ EHE
BERHMEBTHD, TOEBLF -V OBERKESSEESTZ, BEHFLTFHBBEE. t,-
JAZDHCBBMEN, ¥F5 4 V7 F LI B 7028 - 0hBrERELEE, 7
BRYOAL Y FADMERREBELIEL > THES b, RETRFHBY ¥ 7
NERD > THELODBEEREMRE L Lic, COMBERRTI—DD0FHEELT. &
WAhHDlongt N R KBV 7 FVHEFIENBRFT XN, HSQCE!ZEL‘?)’IH%*L’CL\Z?O KA EZ
DY T FNVEMEECIMBCERBAL, ti-/ A X0BECEYRHE T ETH 5Spin Locked
BMBC (SL-HMBO)ZZE R Lo 328 LUOMER TS 2 HSHBCE 12> W T b IS £ B3 L %,

[HMBCEE D 2 L X %5 ]

1ICHMBCE D /X L 2 RFN % 7R § ., HMBCiE Tix. H& CDlong range couplingic & 3 J-
ZRAAEXZBFEBICEALTRECOHMBMAER S, I-EFHOARZX TR AV VEMBEARIEK
FL. BEO-10nsEEBRESRET S, CORAVY Y EHRHEBEMNAEL B hEIR2EZES
BhYAAL YT FIVOBEIREL TS, RROUMBCE (DIB W T, Y#HE B &
nleitI 2 vEMEHAOMc, DRBEERCB I3RS, YROOWMEE2 BT 3 ¥
THFNEERT B COZDDY T FNVBBEEANR PVEREDVBET B LDICIR.
ZLORBAERBEVLE LT S,

— A SL-EMBCE ()T, A EMBHMAOMITHECIKHF LIS LZEMA . X E
VIO AAREE D, COMBEOBO—EHY FF A RIHMBAMCEEET 5, % Kb
BoHCR K 2RAE Y HAZEETE Y 77 At I-ZBHEZ OB F BRI T 5. HECO
SETFTEREZRR T AMNABI-ERTEZT I LY VI ILOBTE L, 22T, S FEH» S
long/ XL 2 &M, XMAMIcYy 7P VAR a0y 7 Lo YMARO Y 7 FL0H %
S B, COlngSARDHBRED . TO v DALY+ L RMASA. ¥ 70
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(a) conventional HMBC
(b) new HMBC. (c) new HSMBC

2. long/SLA(LP)IC & BHEFDICdd 3 AL
BEIFERI (A DR (LP=2.5ms) (P L)
(a) 907 x-A-LPx-ACQ.
(b) 90" x-A/2-180" x-A\/2-LPx-ACQ

b)
IR

c)

a) HES i
A_‘LJ,J’,J“JFJF_; J Jrl b)wwmmmm%mm%

30 160 ms

1

3. long/ XL ADESITLE VI AREOEL (TTF)
90" x-A\/2-180" x~A\/2-LPx~ACQ. A\=60ms

(rrrrrrrr

o 1o Us 20 25 30 ;. ° 250 500 750

1000 mg

4. long/LXEDEEFID (A=500msec) (5)
(a) 90" x-A-LPx-ACQ. LP;=2 5ms
(b) 90" x-A-1000" 15000 v-ACQ.
(6) 90" x~AA-LPx30" x-AQC. LPx=2_5ms
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1) G. Otting and K. Wuthrich: .

Mag. Reson., 76, 569 (1988)
2) B8 B 89 ANFMBEI-F-—X3I—F 42 rEH (1989)
M. Tkura, R. Tschudin and A. Bax: J. Mag. Reson., 85, 393 (1989)

3) D. Marion,
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183w NMR of Tungsten Carbyne Complexes with 1,1’-Bis(diphenylphosphino)ferrocene
Magsato SEKING,*> Masaru SATO,?> Akira NAGASAWA®’
Chemical Analysis Center, Saitama University,® and Department of Chemistry, Faculty

of Science, Saitama University®’

The first IE‘?W NMR spectra were observed for the new Fischer-type tungsten
carbyne complexes, [W( = CR)CI(CO)=(dppf)] (R = Me, Ph, thienyl, and furyl; dppf =
1,1’-bis(diphenylphosphino)ferrocene). Of all the '8¢, ®'P, and '®*W signals, only the
183YW and carbyne '2C chemical shifts depends on the carbyne substituent. The
carbyne '=C is deshielded, and '®3W shielded as the m -donating ability of the
substituent on cérbyne increases. The extent of the n —-back bonding from the

tungsten to the carbyne may be responsible for this relationship.

(#E] HBSEBEO> 5T SERTLEMTLOMCRBAELE O DON,
EHBERLEZELBVTELORTEHIA TS, EB-KEZEHAM=C0%bON
WV gEK (carbene complexes) F X <HFE I, '*SCNMRIZDH & LD, "CrR ¥ &
ZEBHUNMROBELHME SN TNEY —f, @B LRELOMICZERAM=C)NE 2
5NB NNV (carbyne complexes) i, LAMEEKDBREERLONF VI L5,
ZOZEFEAOMEDBTFREBIIOWTHH o T WL EBE N

XX, bhbh> i, MPEBSEAROSRKBERCBV T SREFHMOBEEES
BRICE BRWEDOEEHNMRILEY 7 M PAECEDSZ 8, L%V 7 M DEEE TR
BORIVEBETOBERCHBLCWS S b aHE LE SB-RESERKG 2L
EME B OFEEEAL, Ic—BlLLEWEE XA

B, bhbhEIRERINEVHEBL LT LI-EA(D T2k RAT74 )7 20
Y (dppf b W) ZEMTF L LTELY Y /AT v am (Fig. 1) 2ERLES 22T,

F" - > —pph,

CP/’\'II\II/CO 1:R=Me 2: R=Ph 3: R=Th P—P = Fe

W 4:R=Fu 5: R=Fc

I"cq & PP
Fig. 1. [W( = CR)CHCO)=(dppt)]



COERICDNTISCHP L HICISFW NMR bl U, L%y 7 MIEZ OB VY
RELOBREDREH DL, SEESETDOOBTRERZESMILES L L E.

[RE] BHOAGR KEMLI-0E2RMOAED CR->TEHEELE WTFhd—BRIE
[W( = CR)CI(CO)=(dpp)] ¢, WRKENXWIZW+2{H, 2507 R =)y Hidcisfi, Creamw
EYiktrans f IZBA LT W3, Fk, depfdFe28HMUEF L LTHBERDT, Z0ORM
ZHPICT 5 EHNT, [W(CO)a(dpp)) (#H4B) ZHMLE. Th 5 DME LK OME &
HEIME ' HNMROWEIC K> THRU =, :

NMR#%E Bruker AM-400 FT-NMR¥EE Z AWk, MEXEELT Lt;‘r:@“.

Table 1. Conditions of NMR Measurements

130 s1p 183y
Frequency (MHz) 100.62 161.97 16.67

Solvent CDCls CDCls CD=Clz/CHzCl=(20%)
Pulse width (us) 3.0 3.0 50.0

Repetition time (s) 0.655 - 3.49 0.855

Chem.Shift Reference  TMS HaP04(85%) Na=W0./D=0(1M)

[#8] '°C NMR ANVRZVER BLCdeptOREO'SCY 7 FViE, Zhzh
210.5- 212.2 ppm |2 1%, 72.1-76.2 ppm (5 AT, K%L 7 NOEAERE IV EY L0
BRER EBLTHELALELLRL. ZRENLTANEYREDOLEY 7 MDA
DAECELLE BNVEY LOERE R A, Me (275 ppm) > Fe (269) > Ph (267) > Th
(251) > Fu(248) O IE I W# M A U 2.

S'pP NMR Table2ic#§#2% k. (L¥Y 7 Mk 16.27-16.52 ppm C, EHE O MEH
KEBEREELAYRL. COYTF VIR TWEOny T YT BB ENEN, BE
EIew | ;tm}’neb 238-240 Hz ¢, = D1HL ;tf@o)cmtx(fz74 Y TAT Y
?ﬁ@%@&iﬁﬂb?&%

Table 2. 2'P NMR of Tungsten-Carbyne and the Related Complexes

Compds. & /pem Jew/Hz Compds. S /ppm Jew/Hz
[W( = CR)CI(CO)=(dppf)] cig -[W(CO).(dppf)] (6) 18.00 242

R=Me (1) 16.27 = 240 [W( = CMe)CI(CO)=(dppe)] ®  39.45 230

R=Ph (2) - 16.28 240 mer-[W(=C=CHPh)(CO)a(dppe)] ®

R=Th (3) 16.27 241 trans to C=W : 45.4 . 242

R=Fu (4) 1652 238 cisto C=W ‘ 35.6 - 155

a) dPPE:thP CH2CH2PPh2



(B8] WWVEVEOBBEOHRE, BVEVYREBL 'TWOLEY 7 M CEREN,
ZORDANVEYDcisfEHBBWAFICERATVWEVWI LD NB. 5l Ay
DPCL'TWOREY T hOHBEEARSZ L, R=Me OB A 2RI FFEKEHKIC TS
D, LZEY7 VOBEARIEEE MY TH .

5phd* MEBEFEMEZ L OW' LA NVEYREHMICE oA L2ODTHENHD, ofd
EFRUTREPSOBTHRY, nHATRWIGOBEEENEETWEILEZRIEMNTE
5. R=Me DX BFZRERVEBRETE, ZOBFHEENEATIE, sy
ﬁ%i@%%%ﬁﬁ%bf,O%Q%EDTWL®%¥%§%EﬁLTn%é%%(@5(
Fig.3a) . UM UL, R=Ph, Th, Fu ¥ n BT 2 >EREZ VWD &, BEREREL AN
EYREMOTHEEHOEDI, WHLOHMSHREIZ L ZD, W-COBERHED
THHLHBND (Fig.3b) . nBTEHSEHOAEZXE, Ph<Fec<Th<Fu ¢HnH, '3C
OFEY 7 MEZ OB ICEERTHICHN TV 3. '

Fig. 3a . Fig.3b
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ZeERULTWS. B2Bdppflk 7 onby#edbon, BEAFLLUIWERRETHEZD
B0, BHOKBEHEF MOV KA1 VEATFEMTWE LD, ' WoiftFY 7

NROREEERD DR TE 3.

Fig. 2 '®3W NMR spectra of
: [W( = CPh)CI(CO)=(dppf)]
in C‘chlz_CHzclg(zo%).
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- Table 3 '22W NMR Data of Tungsten-Carbyne Complexes and the Related Compounds

Compound 188y Solvent Refs.

6/ppm 1JPW/HZ

W' complexes:
[W( = CR)CL(CO)=(dppf)]

R'=Me (1) -1583 244 CD=Cl=(20%)  This work
R =Ph (2) -1443 240 CD2Cl=(20%)  This work
R=Th (8) -1373 243 CD=Cl2(20%)  This work
R =Fu (4) -1365 243 CD=Cl=(20%)  This work

W® complexes:

[W(CO)s] -3486 CH=Cl= 6

cis -[W(CO).(dppf)] (8) - -3023 - CD=Cl=(20%) This work

¢is -[W(CO)4(dppm)] -2957 CHzClz/CeDe 17,8

cis ~[W(CO)s(dppe)] -3291 CH=Clz/CeDs 17,8

cis ~[W(CO).(dppp)] -3158 CHzClz/CeDs 7,8

cis -[W(CO)4{dppb)] -3117 CHzClz/CeDe 17,8

Abbreviations

dppm:Ph2PCH=PPhz; dppe:Ph=PCH-CH-PPhz; dppp:Ph=P(CHz)sPPhy;
dppb:Ph=P(CHz)+PPh
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Nitrogen-15 NMR Study of Pyridylmethyllithium derivatives

Akihiro Yoshino and Kensuke Takahashi

(Department of Applied Chemistry, Nagoya Institute of Technology)

The 15N—NMR spectra have been observed for Pyridylmethyllithium derivatives in

15

tetrahydorofuran{THF). The N resonances of these anions are found upfield about 100 .

15

- 130 ppm from those of precursors. Further, the N shift of 4-Pyridylmethyllithium

" is upfield 12.02 and 7.88 ppm from those of 2-Pyridylmethyllithium for 2,4~ and

2,4,6-substituted ones, respectively. The charge density of nitrogen atoms also

calculated using a MNDO MO method. In the anions, a good correlation has been obtained

between the 15N chemical shifts and nitrogen charge densities,

correlation has not been obtained.
1 @#tar

a - ¥ vEBEBRKED Co-Bulix RIE T ¥3E2 -y v
EEET 5. (1) 2 REEL T3V 59 sBRE WA &L
BHRBOH A Y Lo MEEHRZ LD T W~ AR
D7 E2AvEBBHE LTV IEREAFrHbOMML L TISN -

bh . Lo LaRb, 729 vy»rbhaEFTI3VF Ll &

e
I

DBRAFTYRD2VTORFER IR, BHELAVOE > HER
SV ToBREHEL RV,

AMECR. VSchemel 4
DAFNM, CAFALB LY
?‘69&0)21)11/.\‘:_71-‘/;:

AR b EBARFERLC

XBi, RBHRISNEE

1: H t: 2-CHj ‘
2:_3-CH3 K2 FRhEEo;ER
3: lf—EH3 7 3—CH3 TERET 3.
5: 5-CHy
6: 6-CHy

Scheme 1

L Hxruh - - Er3Lvdidd

but -in the precursors,

W AFY Fuon (1)
T.FREOKBEH D
teh 3. TR (1)
NMRBRERHHcH L&
>Sep@BErovitHE R
KAaIhsdX>ungke
1), 2>

RENB3THOL Y VY >~
PUAFVESE LY E
SWTEMNISN - NMR
B L o ET .
7‘|~‘:ov\-cMNDo&

Reohghidriix-



2 . ER

MWEDERI IR CHBSEBEL2TeRASIVERILELELDERA VL. IV A=F v
O HRIBETHF A B THF-dsk Wit & L To-Buli2 BMEET BV THEBIE T &>,
RPBERT AT 1.0 ol do-3 2 L &, ISN - NMREBZR Y 7 ~XL-2008 K&t &
20.28 HHz CcHfF L . WHE wik, INEPT FDEPTO SV 2 %A ABEALE. HBfE
Z#ErhBh,. AT=3.2 sec. SW=5000Hz , PW=20us , D1=5 sec> L. WERHORKK
B L c3000~8000mM o BEETE - L. 15N'ﬂ:*$\>7Ht:l»uxﬂv'iﬁ%‘:ﬂaiﬁtb

THWw. Th A380.23ppn > LCEAKBGT vESTOMRKBEL L., O

3 . EREER

1) I5N-NMRZRX7 b+

HELhd LAtz stro-B2R1eRT., HE9BbrRE>K. 7

3LABBRAOBMAZELILE V0

[t
<

S/N B &> T3, chboy st 2

B, ISNRx v Y »FERhAL8EIDT - F I

B LTHESIAEY 7 P2 EC-KL T L
TwB. ) HKIKMEIALaBmo! SN 3 ‘

Yoo bofETEHTRL, FHE. B A WWWWWWWWwWAWWM.
cxvomMREBAOLOBERD L K. . o

0
-4

Table 1 15N nmr chemical shifts for carbanions.a)
5
compound anion(ppm) precursor{ppm)
1 2-Pyridylni 205.01 316.88(314.92)P) At in Rt T
2 3-Me-2-PyLi 204.66 315.54(308.80) “ree ot -an
3 4-Me-2-PyLi 200,32 309.11(308.63})
4 2-Me-4-PyLi 188.30 309.11(308.63) ' 6
5 5-Me-2-PyLi 201.79 315.87(309.32)
6 6-Me-2-PyLi 213.50 316.23(315.09)
1 i T T T T T T T T 1
7 3-Me-4-PyLi 178,04 311.42(310.34) -158 -ibY -110
8 4,6—Me2~2-PyLi 202.41 308.29(306.98}
9 2,6-Me2—4-PyLi 194.53 308.29(306.98) 7
a)-The 15y éhemical shifts are referred to ’\J“WA““»ﬂV’“VV\W\’””M’JVA“NW”“ﬁNWV
an external nitromethane (taking 380.23 ppm). ﬂ;s ' ' j ' ﬂbﬂ ' ' o -%5
The sample concentrations are 1.0 mol dm'3 ' ’
and solvents are THF-dg or THF.
b) The values in parenthses are chemical shifts Fig. 1 15N nmr spectra for title anioms,

for neat liquids.
The numeric under spectrum are chemical

shifts referred to an nitromethane
and take it 0.00 ppm.

—B{Q—
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Structure Analysis of Coloring and Decoloring Unsymmetrical
Pg Fluoran Dyes in CDCl3 Solution by 13C NMR Method

Kazunaka Endo, Ikuo Fujita and Naoya Kobayashi .
Tsukuba Research Laboratory, Mitsubishi Paper Mills LTD.

The purpose of this study is to elucidate the structure of coloring and decoloring
unsymmetrical fluoran dyes which are being used in heat-gensitive recording systems.
We think it is well-known that coloring-to-decoloring reversible reaction of the
fluoran dyes depends upon acidity. The reversible reaction corresponds to open-to-
closed forms of the lactone ring. We observed some remarkable chemical ‘shift
differences between 23 species of 13
ring of 3—diethylamino—6—methyl-7-chlorofluoran(DEAMCF) in CDC13.

mized molecular structure of DEAMCF by semi-empirical MO AM 1 method, in colorless

C signals in open-and closed-forms of 1lactone
According to opti-

neutral CDCl3 solution, the Xanthene moiety was found to be folded as 166 around
C(spiro)-O(xanthene) axis and the benzolactone moiety is almost perpendicular to the
4 ratio of 1/2.2, the

xathene moiety becomes almost planar and has canonical structures, while the lactone

V xanthene moiety. In colored solution for.the molal DEAMCF/HZSO
ring opens.

DEAMCF is one of simple model of unsymmetrical fluoran dyes which are wused 1in
heat-sensitive recording systems1; in facsimile, word-processors, POS systems and
automatic ticket examination. We selected DEAMCF as a typical compound to clarify the
structure of the coloring of lactone dye-precursors experimentally. Despite the great
‘deal of the use in heat-sensitive reéording materials, we think there has been no
paper which stated structure dépendency of coloring and decoloring unsymmetrical
fluoran dyes. It may be too difficult to identify the coloring species directly from
the raw materials. By FTIR method, one can obtain vibrational spectra of the CO group
in closed- or open-forms of the lactone ring. However, we think this ig too difficult
to discuss the change of the dye molecular structure from the spectra. On the other
hand, by visible spectral method, we can observe the absorption spectra at the
coloring state. This spectra is too simple to elucidate the coloring mechanism of the
fluoran dye from the electronic spectra. We, here, demonstrate fhat the coloring
" mechanism can be clarified from 13C NMR spectra of DEAMCF in closed- and open-form of

the lactone ring.

Experimental
Materials

DEAMCF was recrystalized from CHC1 The DEAMCF was commercially available. We

3-

observed a visible absorption spectrum of DEAMCF dye in coloring CDCl. solution and a

reflection spectrum of coloring sample which consists of disperseg . particles of
"DEAMCF and BPA in PVA layer on Al plate by Shimazu UV-3100 spectrohphotometer at a
room temperature (25°C). '
"NMR Measurements

. The 13C

Between 100 and 1000 transients were accumulated using a 2AP5(400 )} pulse; 32K data

spectra were measured at 62.896MHz with Bruker AC 250 spectrometer.

points were collected over a bandwidth of 4 KHz. These measurements were made at
temperature of 30»C. One dimensional carbon and two dimensional COSY and HETCOR{C-H
correlation) spectra were obtained using pulse sequences available in the Bruker
library.



Results and Discussion
3¢ Signél analyéis of DEAMCF in CDCl,
23 species of 13C signals which correspond to the number of the structﬁrai
formula of DEAMCF dye in CDCL
of 130 INKA Data Bank,3 1

remarkable chemical shifts for some signals  of xanthene-ring carbons(the numbers

3 in Fig. 1 and in Table 1 were assigned by the result
H COSY and C-H Correlation 2D pulse techniques. We found

denote 2, 4, 9 and 11) in Table 1, in comparison with the observed values in the
chemical shift ranges of about 110-150 ppm of normal benzene-ring carbons relative‘to
TMS carbons. The result may indicate that the chemical shift in high field relative
to the benzene—fing carbons'depends upon molegular structure of DEAMCF.

By considering the molecular model of DEAMCF and according to ‘X-ray diffraction
analysis4 of the fluoran dye such as DEAMCF, the xanthene moiety is found to be
folded as about 160 around C(spiro)-O(xanthene) axis and the benzolactone moiety is

almost perpendicular to the xanthene ring. We observed 13C CPMAS NMR spectra - in

DEAMCF crystal in comparison with the 13C spectra of DEAMCF in CDCl3 solution in the
chemical shift range of 80 to 175 ppm. The good accoordance of the spectra in solid
with ones in CDCl3 solution implies that the structure of DEAMCF in CDCl3 solution
corregponds considerably well to that in DEAMCF solid in closed-form of the lactone
ring. Thus, we can consider that the coloring mechanism of DEAMCF is elucidated from

13

analysis of the C NMR spectra in CDCl, solution.

3
Coloring-to-Decoloring Reversible Reaction of DEAMCF in CDCl3 Solution
In order to compare the coloring statg of DEAMCF dye in CDCl3 with the state - of
DEAMCF with BPA in heat-sensitive recording system, we used visble absorption spec-
tral method. We odserved absorption spectra in the two species of colored states for
the DEAMCF dye. The double peaks (around 500 and 530 nm) in CDCl3
the reflection spectrum of coloring heat-sensitive sample which consists of dispersed
particles of DEAMCF and BPA in PVA layer on the Al plate. Then, we confirmed that the
coloring state in CDCl3 is siﬁ%éar to one in PVA layer.
C NMR spectra of DEAMCF in CDCl

correspond well to

Let us examine how the change as a small

3
amount of concentrated HZSO4 is added; as the reddish orange color was deepened. In
(a) -(c) in Fig. 2, we showed the '3
DEAMCF/H2504

(¢} in the figure indicates that some signals of xanthene ring shift considerably

C spectra in the range of 80 to 175 ppm for molal
ratios of 1/0.26, 1/0.54 and 1/2.2, respectively. Inspection of (a) to

largely as the sto4 was added: the assigned signals of numbers 2, 4, 9 and 11 move
to lower-field, while the signals of 12 and 15 shift to higher-field. The results

were tabulated in Table 1. In the deepened reddish orange CDCl
13
C

3 solution, most of the
signals of the xanthene ring exist in the shift range of normal benzene-ring

carbons of about 110-150 ppm. This may mean that the xanthene ring becomes almost

planar and has canonical structures in Fig. 3. On the other hand, after the amount of

4,5 molal NaOH versus 1 molal DEAMCF was added in the sample for molal DEAMCF/H2804

ratio of 1/2.2, the coloring sample decolored graduately. The decoloring sample

showed the same spectra as the closed-form in Table 1. We have confirmed the reversi-

ble coloring-to-decoloring reaction three times. This indicates that the reversible

reaction of DEAMCF depends on acidity and corresponds to open-to-closed form of
lactone ring.

It is very interesting to discuss the correlation between the remarkable
chemical shifts for some signals and canonical and steric structures in coloring
form. In Table 1, large shift differences between open- and closed- form of lactone
ring appear to exist in diethylaniline-ring of the xanthene moiety. The large shift
differences in diethylaniline ring correspond well to a canonical structure in Fig.

3. We compared the 13C shifts of the ring in DEAMCF with ones of diethylaniline(DEA)



and diethylaniline-ring in Rhodamine B.

moiety of
since the shifts of diethylaniline-ring in
agreement with ones of DEA and the ring in

In 4,
closed and open forms by semi-empirical MO

the

(a) and (b) in Fig. We showed

in colorless neutral CDCl3 solution,

166

moiety is almost perpendicular to the xanthene.

0(8) of the lactone ring in Fig.

DEAMCF in coloring form is almost planar and has

around C(spiro)-0O(xanthene)(C(9}-0(10)in Fig.

1 was calculated as. 1.48 A which is

that xanthene

structures,

These comparisons gives us
canonical
the coloring form gre in considerably gobd
Rhodamine B.

the optimized molecular structures in both
AM 1 method. For the closed form
xanthene moiety was found to be folded as
and the
Especially the bond length of

benzolactone
Cc(9)-
than

1) axis

lénger

normal C(sp3)-0 bond-length 1.43 A. This means that opening of the lactone ring occur

here. In the

planar and has a canonical structure in Fig.3.

mations from the NMR.,
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Fig. 1. The structural formula of DEAMCF

: dYe Ain closed form.

Fig. 3. The: structural formula of DEAMCF

dye in open form.




Table 1. .13C Chemical Shifts of DEAMCF Dye

in CDC1, Solution. ‘a) 18] ﬁ 5| ;2 ,},
b H
closed-form open-form difference ?' . } |
shift(ppm) shift{ppm) (ppm) BT : si |
2 [ﬂ l] 3 } n 9
Xanthene-ring . . l - [
1 128.8 130.5 -1.7 JR— . - Frrrrrey
170 160 150 10 130 120 ) 00 %0 80
2 108.5 116.8 -8.3
3 152.7 153.0 -0.3
4 97.5 108.2 -10.7
5 119.0 119.4 -0.4 ) 9 BgTly S
6 138.7 140,8 -2.1 b . } o .
7 ) 128.5 126.5 2.0 s ‘ .
8 127.8 130.1 -2.3 3 6!
9(spiro) 83.5 94.0 -10.5 %5 i' e
11 104.6 118.0 -13.4 u [ | | #
12 152.8 149.0 3.8 } \ | | J | i
13 149.7 149.7 0.0 ”
14 118.5 118.3 0.2 o 60 B0 10 130 720 110 00 90 80
15 150.2 144.0 6.2
16 127.0 124.8 2.2 (c) -
17 125.0 127.5 -1.5
18 129.7 130.5 -0.8
19 135.0 135.3 -0.3 | 2 1%
20 124.0 126.6 -2.6 5
21(=C0) 169.4 168,5 0.9 2
~N=(CH,-), 44.5 51.8 -7.3
~CH,,-CH 12.5 1.1 .
-ch, 20.2 20.2 0.0 0
Lo |
*The chemical shifts were refered from TMS carbon. s i
"0 160 B %0 130 720 110 00 % 80
Fig. -2, 13C spectra of DEAMCF  in the range of 80 to 175 ppm

for three molal DEAMCF/HZSO4 ratios( (a), (b) and (c)
correspond to the ratios of 1/0.26, 1/0.54 and 1/2.2,
respectively).

(b) open form

(a) closed form

Fig. 4. The optimized molecular structure of DEAMCF dye
by a semi-empirical MO method(AM 1). (a) closed form
(b) open form
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NMR Approch to Complexation between Saccharides and Ammonium Salts

Yoshio Takai, Motohiro Shizuma, Li Ouyang, Masami Sawada,Terukiyo Hanafusa
Material Analysis Center, The Insitute of Scientific and Industrial Research,
0Osaka University, 8-1, Mihogabka. Iﬁaraki, Osaka 567

fe have recently studied’complexation between modified mono-saccharides (M) and
alkylammonium salts(A)* in gas-phase by using FAB-mass spectrometry. Here, ¥e
report the complexation behavior in liquid phase by using H-NMR spectrometry
Stability constant(Ks) is determined as 9M~' for the association between penta-
methylated B —D—taloée and PhCHaCHzNHa* .in CDaCN. D}amagnetic induced shifts and
competitive paramagnetic shifts are measured for various pairs of M and (A)*.
<E> RKe@F. B FABMSEZA VWL, BEEMHBEERLET7TV»F LT Y E =29 &4 F ¥
LORMERP—F AP YT VI -V v RETIHAEIFT-T &, AMT. T

A yT L ) AOEREERBOLKMB L O MER BN FOMMAR VHE & 0T,

ROH,C ROHC ROH,C non,c ROH,C noH,c

g: o
>§-_2< > nobg-_z-n' > RO~ > RO- “R nopg-_)q )il_)'-ﬂ‘ > Ro-{_}-n‘ z._)l
{
“oR RO’ OR

B-Tal - «-Tal B ~Man o-Man * .ot~ Gal a-Gk B-Gic
1;A=H, R'=OCH, 11 ;R=CHg, R'=OCH3

SH. B2, BETOoa vy vIse—vas voOFELPHER EEME 2B, TH-NMRE
%R B U fo NMR% 4 b v — v .z ¥, HHRE > 7 P RBREB Y7 PR EDS, a2 v T
Vy 2 AOEFEAER. BEEOI YISV L~y Y HEOIBBENE S R, HEMRE X
IRMEY 7 POBE B, 3V IV 7 Z20EBHONBT R DLDEBESHE S h 3,
<ER> EHBRBEHIFTELILCOFRERIDVEAERL L. HBT Y€ =9 .4IE K
La*** H B ERTHRIOBRE T LR 724YyRTBEFV. BH UL BHBE>YY
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L{-NMR Conformational Analysis of Box B -Casein Phosphopepiide (1-25).
"Sakae Tsuda, Tamotsu Kuwata%, Ryoya Niki, and Kunib Hikichi

(Hokkaido University and #¥Meiji Milk Products Co.,Ltd.)

On the basis of several empirical "H-NMR rutles, we examined the conformation
of Box B -casein phosphopeptide (CPP). Two-dimensional NMR spectroscopy made us
t6 assign proton resonances of 20 residues out of 25 of CPP molecule. The chemi-
cal shift values of the most of the side-chain protons were within 0.08ppm of
those reported for random-coil conformation. By using interresidue NOE data, we
identified the formation of the type Il B -turn conformation of a segment VaiB-
Pro9-Giyl0-Giglil. A few interresfdue NOE’s were observed between +two residues,
which are distant on the CPP seguence, suggesting that some of the parts . are
proximal to each other. Ca2*- -and pH-titration experiments showed that the # -
turn segement undergoes conformatjonal change when side-chains of -the acidic
residues are charged.

[F Rl AVIRNTFFOTHUBEELPRDZLETCNMRBE L ZERLUTWBENHN
OE. JHAEYE RUKFZEHEP IS KFHAOERECHEIASNMREBRBUIXRO &
RHBDTH B, (1) 28BE (aNY v I ADBHEE) CEISLKRELEABVERET L

i

Y. TO7IFAFORBBUBERBNAKREY TP T 5. (2) By—CHEE

n

CKFEHEARZERUTVE7IF 70 VOBERK (468 /4T X103(ppmeKk 1))
STRVDORKNTNHANIV(<L.0[1], EBAUCHhS>ONMROBERZ2MA U T

¥ & U o

CTAJEVIBEHED, NARAUDP»PS2FHETCOFTYINTFFIFHATCHIZ T EA

YRARNTFF (CPP) OHBELE AN R

CPPOY7

b2

JBEME R 1 - 5 10
WFET. ZORTFFEINY HR—E-L—-E—-E—-L—N-V-P-G-
S AEREAT S ETHSNT :
1 : 15 20
BY. T O3 RBERBLNE E_I_V_E_S_L_S_S_S_E_
o A A 4o a

hTWw3, CPPUEBHEBIE

21 25
VY BmE (Ser(P)) B4R E_s___I_T_R "‘"SGF(P)
TEREBEBET S TONRTF
Fws U T Chou-Fasman® 2 K 1. CPPO7 X)) BE7H



BEFHN IO LEDPTBE —BEROVIBa -NY Y 7P REEBEH S

[ZB] CPPRHNippD HFHEERBLVTREB-IEALA YR MYV T YV IYHBUTHERNY 2 B
HURK ¥~ NV-Ca R BHELIOEFERLVEZ NMRUELEIHFAETFHEG-5002
N7 POd =Y~k RECHOHUERHOKXH UL KROBEY TH3; [CPPI=10mN,
[KC13=0.2M, pH=6.34, 25°C., ERKFHEHRUVEBEXBERPFCOHERTL. BFLWL2000
gy JHEXRRBANDR Ca? WHERBRE pHEBEEREAREAOBAL DL TIT - ke
Ch@dpieAEBLULO0.5MDCaCl B ABBEVCHVE NOESYODORBEEUENLR
RUMOBRBERSR-1331IN/NAMABRES & CIFoRrI2 ?ﬁé‘ﬁ%”f!’aﬁmNOESleﬁ
UTW100ms? & 800mss HOHAHARMU TW30msH» & 150ns% B A o 2T AN
})LOJYNKYfr-tz“v—“Ja‘JC;tN_MRz (NMRIHH) F—- 9 RHEY XAF L LTIT >k

kY T P EIHBHEETSPDHLSDppnTRU R

[#R] @2LCCP?®¥AE1Q*EH-OHAHA2N7 Lo ABERY (BEkdF). RBE
DERERTHW. BAOIOAE—-J 2 YT B 7I BRELEZOBEES TN

VT Hh B, BEEUUEBR LB i Zu

—_ - |_6(3;%;{Q’ ‘;“2\”3
VTV 3T206IuEE R8T BS . L
PROWBEE A OT ) B g 4
EOACYRBEPEh 3.2 & ‘ 6‘05/7?5"‘ .
BADE BAUBRLZZHABO %%%6// gma R(@;RZS
AEYFREBKBHOCOS YR 8 mﬁ\ng,: 25p§9
NP PAMETCTIFT O YD @ AN
HRBEBU., ¥B3RNOES 1 . ,“
YANZPAVETZEN > OMO g ::8“7 48

0¢
1
-

daxs dBus dnvn @ N OE .
connectivity2B RV E U k. & . * °R1 I
DANT FLVETODEHKED
EHRUVURBEUNERZCPPOY

IJBBANEES LADYE 32 &1 ¢‘R1
ETHROKBHORBERET ors

Uks CPPO2SHHFEODS> BN p

KM»>6FHE £ T (R'-E-L- % 370
E-E°-L) o EHRWBERLONO g' 7 T I
Econnectivitybfﬁ.b\fé%si}f\ >0 FZL'gPM 30 )
BEZESITORBUIULTLR B2, CPPOHMMMHOHAHARNY } A
Vo NEXBOZ7LE=YHEOD (REBMEGE 5ms)



FI/)EBEOHBHBUKEORBUIIVBEARTORLI EBL D o ke

(187901

BXhkthooR2ERTBZEHEAR0.08ppn0 EHEMNT BT 32 EBLHD o kIS

By IFRKFEOAAEY IIRELVTE. #HR

LU REOLBONMBE LN TIERS MR
d . |
HhBaCceBADok ZHhEeHTIBRY anN _
d - ]
LHOBET B 3 NN an
[ | ]
FISUNOEDERDPOBINEREMN dBN
12 17
CEZEEDRDOTH B —KHELmn ONOS — 5
i
PREOTBKEOMUENOE 8532 &b A 2
1 13<—->1415
5% CPPOR2BABBUMUZI>RdDOTUH ¢ >
RO EBPHEINI, —FHAMRERE 3. CPPOR &M NOEconnectivity
NOENBEHETARD > ke 7
Urry& Long(197T6) D M & & & 3 & Val- ' ! ' ' ' '
Pro-Gly-Gly @7 L JBRERNWLB ¥y — > #
_ L 9.0 -
EEWHT 304, CORMECPPOME 0
Sl BT B Ed b, ValB-Prog-Ciylo- . S8 568
GIUIIR B Y ~ Y HEOHBE B FHE L 5. .
B?-‘Jﬁiﬁl:li%<®ijvl-ya) N S 6.3
BHY., SHOLABSHRBERHENT = : gg ;'12;
W%, CPPOBEADY I/ BBLETH 9;8,6_ « )
-
B ERBE A ERVAISEProdd B W E =
: o & El 818
ORTFFBRES—frbsyamncs Y - _
o = GI0 659
BERETBE. 4TI DI4THOE O B4 S ) .
£ o
5D DY—YREXLAUE &V, Vagnerd _8 : Vi3 9.09
(1986), Dysond (1988)D W& & & % & L36) 7.73
' 8.2¢ T2% 909
EB DY LT OY—2RUTD dianNO
v v ENl 6.82
E NGlyl0& Glul 1N o N
» yi10& Glulio ifﬁs.lndan Ve  9.09
OE BPro9& Glullo Ml X h %[5 8.0k R5S 7'73_
SHORBTUMEOABBEU S h k., 3
i 1 1 i
Be ¥ 47 17 5duwN OE B Prodk Glylo 778 %6 298
) (K)
OB, ¥4 7 ORbdasNOEBZHS
CRMeMEEhE SHOEBRTRAEY R4, ZIFKZEORRZEY I+ vs. BE K

(B3,
EPSZ04HBEOLRITXYIEIATI

gl hr ZhS>DONOE O

OB I~ YRERY S &HWEh k

Bundi & Withrich

AV HBEh eI Yy LA ER2REREVRECEOMNBEAROLFEY I POEESHR

x

1 10 2
RELEELNVPGEIVESL_SSSEESITR

FRHOBFTREERE 2R T,

CZTGCIullD 7 X FEEVAISON LRV EOR



ORFZERAUBY—VEBRLZHATERVIEEZ2FEL TH L

M4 CPPO7IVFRROILEZEY I IPREBELLHLTITOY P URDBDT S %,

=i -3

DHEXDPS>EHIAhRBERB(-46 /4T X103(ppn-K 1D))B & W hd2REE

WEISSKT7IFPEOKRRBACHUH T 2B ARET XS EFX35[1L

CPPRHT 320 TOCa> WEXER (RROBPWERAOoHET. 28 7.4)F I

CIVIOE BB €Y Y. F LI IVBEBELRRVEARATORBRY LEY 7 ZElRRE

FUBERMAUR B KE (4C) OWMAORRCZOMARAU TH > ke

Zh

POHRUCPPORBBEOMBAL o HHEAL. ChHGYOEHOMEREL S ¢

32 ERFT. GlylOORABEREFEY IIELRLEITA I VP IBRE~Op HELERR

BoTHHEHUETh ke ZOHRUKFALYBHBRIELY V. T2 ¥

in

CBRREEAT L

Ca2* R D 2t ARBROBEBEILB b DREETh 32 EERUL TV S, BHES M (ph=5.8)T

DG ERERERTEURETOBER L
THFEVYIIOEL BEOHAKEDD
CHBER R Do ke ZOHMRER LE
OEBMEBRERARELALTYEEALTL
3k, Cat*ChREXE DL TCHSE
FEZEBCERVI & BRI,
B5E6lylog @8y AT IR Y —
VEBOBRBEEF LR RS, KO
WEMEThRNOERXY. 1T& 19%
HOBBIAEY YHRED llel2k &
Us. 22Z2HORY YHBENProdd ;B #
VCWBZERBABE TDH =Y
BAUCPPOCRKBUBKEEONRT F

FETLCohB SR BERELTYL

3 EWFHEE NS CES5. AT IS -VEBOREEFL

23 XK

1. Dyson, H. J., Rance, M., Houghton, R. A., Lerner, R. A., & Wright, P.

(1988) J. Moi. Biol. 201, 181.

2. Takegoshi, K., Tsuda, S., & Hikichi, K. (1990) J. Magn. Reson. 89, 399.

3. Bundi, A. § Withrich, K. (1979) Biopolymers 18, 299.
4. Urry, D. ¥. & Long. M. M. (1976) in CRC Critical Reviews
in Biochemistry 1-45.
5. Wagner, G., Neuhaus, D., Worgétter, E., Vasik, M., Kigi, J. H. R.,

& Withrich, K. (1988) J. Mol. Biol. 187, 131.




NMREZUEBBEEIZILISZI L/ K VEY -L/ KRDODIBREROAE
(BRXx-E¥) O0OHF ﬁ<‘£ HFRBEE BEXH ,
Measurement of Partition Coefficients in Micelle/Water and Liposome/Water
1
Systems by Paramagnetic H NMR Relaxation Method
Yong-Zhong Da, Katsuhiko Ito and Hideaki Fujiwara.

(Faculty of Pharmaceutical Sciences, Osaka University)

Partition coefficients were measured for_ Barbiturates in liéelle/water systea bﬁ
paramagnetic relaxation method. The data ocbtained are sc;lewhat larger than th(;sé
reported in l1-octanol/water system. Also,they give better linear relationships

againt the reported biologocal activities.

The similar method is also applied ‘to t'he liposome/water system with successful

results
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Table 1: It T1 of Barbiturates in the Presence and Absence of Paramagnetic Ions and the Degree of Solubilizations in SDS

i1 P P
solubilizate T e T(aq) 71, obsd T3, obsd £
phenobarbital(Z.ZnH) 4.4310.06 3.74%0.09 1.6410.02 1.56£8.02 0.21
(CHgClgCyfly 03N, (Coll) '
_barbital(2.95uM) 1.12+0.01 0.81£0.01 0.77+0.01 1,0540.01 0.11
(oo YCH, 048, CH 0l ), , :
aprobarbital(0. 73mM) 2.2540.09 1.87%0.07 1.6910.09 2.03+6.09 0.34
(SH2=CHCl12)C3}X2'03NZ(CHCZHG)
secobarbital(0. 20mM) 0.24%0:01 6.19+0.01 8.16£0.01 0.1810.01 0.45
(C112=CHCHZ)C311203NZ(CH(CH3)C—H_2_CHZCH3)
butalbital(0.97a¥) 1.49%0.01 1.02%0.01 0.89+0.01 1.41%0.01 0.40

(Ctl,=CHCH, YT H, 0, N, (Clt, CHC, )
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Table 2: Particial Coefficiant of Barbiturate in SDS/Aqueous

) ) solubilizale p Ke logke logP  log(1/cC)
WY1 -2 (Ref.3)  (Ref.4)
by, BHY
» ‘ Phenobarbital 0.21°  31.1  1.48 .42 3.32
23 HSERBRE Barbilal 0.11 4.9 1.17 0.70 2.91
LB B B . Aprobarbital’ 0.31  54.5 1.4 .22 3.60
‘ Secobarbital  0.45 974 1.89 1.97  3.45
1 -4 %7 -0/ Butalbital 0.40  81.0  1.81 .65  3.83
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Table 3: lH ‘1‘1 of Benzylalchol in the Presence and Absence of

Paramagnetic Ions and Drgree of Solubilizations in Liposome

T

P p
Y1) Tiaq) Ti,obsa Ti,obsd 2

C6H50H20H 11.28  8.38 5.53 4.94 0.30
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structural Determination of Cycloaliphatic Epoxide Using 'SC-NMR spectroscopy
and M0 Calculations
Atsushi Udagawa, Yasuhiko Yamamoto, Yoshio Inoue, and Riichiro Chujo

(Department of Biomolecular Engineering, Tokyo Institute of Technology)

The stereochemical structure of the cycloaliphatic epoxy monomer,
4-vinyleyclohexene oxide (VCO0), was determined using lsQ—NMR spectroscopy and
quantum chemical calculations. The '3C 2D INADEQUATE NMR spectrum of VCO
clarified that this material is a mixture of 4 stereochemical isomers.
Although NMR spectroscopy is unavailable to identify the structure of the
isomers, the isomeric energy calculations using the MNDO method lead to the
complete structural determination of them. Among 8 possible isomers in terms
of the bond connécting cyclohexene oxide ring and ethylene oxide ring, the
equatorial forms were more stable than the axial forms. Thus thgyf&rmers are

isomers found in the !3C-NMR spectrum of VCO.
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1) B.Ottar, Acta Chem. Scand., 1, 288 (1847). 2) M.J.S.Dewar and ¥.Thiel,
J. Am. Chem. Soc., 99, 4899 (1977). 3) R.E.Parker and N.S.Isaacs,

Chem. Rev., 59, 737 (1959). 4) A.Udagawa, et al, Polymer, in press.

Table 1. 13C NMR chemical shift assignments and isomeric

composition of 4-vinylcyclohexene oJxide.

13¢c NMR chemical shift /ppm
Isomeric

Isomer 1 2 3 4 5 8 7 8 composition

35.3 26.5 50.4 51.8 24.1 21.0 55.3 45.5 0.178
34.7 25.5 50.2 51.8 23.8 19.9 54.9 44.9 0.212
32.2 27.1 51.9 51.0 22.6 23.1 55.1 45.4  0.293
31.6 26.8 51.6 51.0 22.3 22.8 55.0 44.8 0.317

o Qo w o>

Table 2. Isomeric energy of 4-vinyl-=
cyclohexene oxide.

Model Tsomeric energy /kJ-mol'l
1R 4.81
1S 4.13
2R 0
25 0.30
3R 0.88
38 1.46
Figure 2. Molecular model of 4-vinyl- 4R 5.35
cyclohexene. oxide. Model 1, R1=EO, 45 5.64
R2=R3=R4=H; Model 2, R2=EO, R1=R3=R4=H;
Model 3, R3=EO, R1=R2=R4=H; Model 4,
R4=EO, R1=R2=R3=H, whgre;EO is the

ethylene oxide moiety.
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Structural investigations on the stereochemistry of glutaraldehyde oligomers and on the reaction

products between the oligomer a.nd an amino gro@p containing compound by NMR spectroscopy

Yoshihiro Kuroda, Toshio Tashima®, Masahiro Imai**, Shigemasa Yagi, and Terumichi Nakagawa
(Faculty of Pharmaceutical Sciences, Kyoto University, °Merrell Dow Pharmaceuticals K.K., **Central

Research of Maruishi Pharmacutical Co., Ltd.)

Structures of the stereoisomers (substances Pl and P2).of glutaraldehyde oligomers which are useful
as a cross-linking agent of enzymes have been determined by 'H-NMR spectroscopy. As a medel for the
cross-linking reaction, structures of the products obtained from the reaction between substance P2
and 0-(2,3,4,5, 6-pentaf luorobenzyl)hydroxylanine (0-PFBHA) have also been investigated. The O-PFBHA
was found to yield two Schiff’s base linkages by reacting with the «, B-unsaturated formyl group and
the hemiacetal in substance P2. The reaction product due to Michael addition was not déteqted.
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13C-NMR Study of Microstructure of Polynorbornadiene

(Mitsui Petr‘ochemical Industries Ltd.) Mitsuhiko Onda, Akira Mizuno, and
Toshihiro Sagane ‘

Polynorbornadieng obtained with AIEtClz2/t-BuCl catalyst system at -50C was
successively fractionated by boiling toluene and o-dichlorobenzene. The micro-
structures of both toluene soluble and o-dichlorobenzene insoluble fractions
were characterized by '°C NMR in solution and/or in solid state and DSC. Both
the polymer fractions were shown to contain repeating 3,5-disubstituted nortri-
cyclene unit with exo/exo and exo/endo placements present in a 55:45 ratio. The
polymerization mechanism concerning the stereoregular addition of a norborna-
diene monomer to the carbonium ion at the growing polymer chain-end was also
proposed.
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Dynamics of Water Absorbed to Polyacrylamide gel
Naofumi Hanafusa Inst. of Low Temp. Seci.,Hokkaido Univ., Sapporo, Japan

Polymers of acrylamide Na-salt are widely used for gel-electrophoresis,
biogel and e.t.c. It was considered that the characteristic of water molecule
trapped in - narrow and .small spsce was interested. Using 'HNMR, the
characteristics, the amount and the dynamics of unfrozen water in acrylamide
gel, were estimated. As expected, the amount of unfrozen water was very large
comparing with agarose or proteins. At room temperature and -35°C, about
several times of water were contained in the network of polyacrylamide. Mono
acrylamide salt it'sself had not so mucch hydration watexr. The extents of the
intexaction,the values of 7.-and D, were rather smsll than proteins.

It might be thought that the water molecule contained polyacrylamide were
separated and trapped mechnically only in the space of the network of polymer
and not so restricted by the monomer molecule its'self. The characteristeric
nature of the water in the gel were very simillar with that of ordinary water.
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NMR Spectroscopic Measurement of Silicon Antifoams

Upjohn Pharmaceuticals Limited

Y. Aoki, T.Nishimura, Y.Hiyama
Petection of small amount of silicone antifoam used in food and phgrmaceutical
products requires a methodology with high sensitivity and wide dynamic range
We could detect signals of fatty acid esters in antifoam emulsions as well as
methyl groups from a methylpolysiloxane. Furthermore, thermospray mass
spectrometric measurements showed that éyclic silicones were included in linear
ones in antifoam emulsions. Proton NMR spectroscopy incorporated with TSP mass
spectrometry is thus able to determine silicone antifoams of different types by
10-ppm order.
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Complex formations between borate and diols in aqueous medium as studied

by ''B NMR

Takuya Takeda, Takao Oi and Hidetake Kakihana

(Dep. Chemistry, Sophia Univi)

Borate is known to fTorm complexes with polyols in aquous medium. in this study,

we examine by '!'B and '3C NMR spectroscopy complex formations between borate and

three diols;, 1,2-propanediol(l), 3-amino-1,2-propanediol(2) and 3-dimethylamino-

‘t,2-propanediol(3).

At most three signals are observed in ''B NMR spectra for each borate-diol solu-

tion. One of these signals is a peak corresponding to the exchange between

boric acid and borate and the other two signals are assigned to 1:1 and 1:2

borate/diol complexes.

Stability constants between borate and the diols are culculated f}om the peak

areas obtained. The decreasing order of the complex stability is, borate— (2) >

borate— (3) > borate— (1).

[# T ] KRBEBERTCARIBAA DERIVFA DL EORMTUTRRIBERRERZT 3 2
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Table 1 Observed ''B NMR chemical shifts and culculated stability constants
between borate and the diols

) chemical shifts (ppm) stability constants (mol-'dm3)
diols 1: 18% 1: 284 K K.’ K, K.’
1,2-propanediol 5.5 9.2 4.4 0.57
3-amino- 5.7-6.0 9.6—10.1 ° 8.6 22 1.2 1.9
1,2-propanediol ’
3-dimethylamino- 5.5— 6.1 9.5—-10.0 7.5 18 1.0 1.9
1,2-propanediol
o ) 0
[ BCOH) 2™ [ \B(Oﬂ)z'
/
0 0
Q 0
[ \B_/O] BCON) 5 +B(0N)" [ N/ ] 1
0/\0 D/\D BCON) 5 #BCON) A"

pH 11.93 kﬁ WA
W. ! S pll 3. 10

EIGIDPERICE D

o mitee 10 .49

nnw’“”"“’“‘ pm— ¥ |
Mw/ﬂ/ \ ‘w:w/\""w Wi 50
Tl Mwnwm- 5. OG
20

'

ppw
po
LB BF,0(CHCHa)e ;;_ti\z‘mﬁ BF;0(CHCH3),
Fig. 1 "'B NMR spectra of boric acid Fig. 2 ''B NMR spectra of boric acid

~1,2-propanediol solutions — 3-amino-1,2-propanediol solutions
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Abstract

The Fermi-contact contributions to the nuclear spin-spin coupling
constants are computed for four first-row hydrides, i.e., HF, Hy0, NHa} and
CH4 using the finite perturbation many-body perturbation +theory (FP-MBPT)
through -~ the second order in electron correlation correction. The
.calculated values of the Ixy (X=0,N,C) yield the reasonable resuits, but the
calculation - for Jpy and the geminal THE (in Ho0, NHg, and CH4) presents too

large values.

1. Method of Calculation
If the Fermi-contact interaction between two particular nuclei A apd B is

investigated, the form of the total Hamiltonian H becomes
- 0
o= 80w, avy (1)
where V,, and Vg, can be written as
>
Vng = (8hupry/3)(#y/47)28(ry;)s, (i) = Svy, (i) , N = A,B . (2)
i ’ i

The phenomenclogical isotropic coupling constant Jap is defined from the second order

perturbation energy EAB by
Eyp = hisp - (3}

We consider - a molecular system containing even number of electrons interacting
through the instantaneous mutual Coulomb potential Vij and any number of nuclei.
Within the fixed nucleus approximation, the unperturbed Hamiltonian Hy for the system,

excluding the inter-nuclear repulsions, is

core
Hy = gh(i) +.2.Vij s (4)
1 i<j
core
where h(i) is the sum of the kinetic energy and the nucleus-electron attractive
potential of the ith electron. In order to solve the Schrodinger equation, we first

introduce the one-body potential v giving an appropriate independent-particle model of
the system. In this paper we shall choose v to be the Hartree-Fock (HF) potential
VHF . V V . .
Generally, in the calculation of correlation contributions to electromagnetic
propefties of atoms and molecules, the expansion in terms of one-electron states
determined in the presence of the perturbaﬁion field is expected to be more rapidly
convergent.. Accordihgly, if we obtain a set of one-electron states by solving the
Hartree-Fock equation in the presence of the perturbation Vag? the one-electron

equation to be solved is



[hcore+vHF+lvAz]¢k,= 8k¢k ) . . (5)

where {¢k) is a set of unrestricted one-electron spin-orbital wave functions, and A is

the perturbation parameter. In_this case the total Hamiltonian H is partitioned as
H o= Hp+Voorp*tVay » ) (6)
where
‘core
Hy = E[h(l) +vHF(i)+lvAz(i)] ) - _ (7)
\ = 2 v -Zvygp(i) . " (8)
corr i< i3y HF - . o

We expand here the second order perturbation energy Exp in terms of the -electron

correlation potential V. If we denote the energy of the jth order with respect

corr’
to V,o,pp and the first order to both V,, and Vi,  as egg), we have
© .
;= (J)
Exp = 2 &pp’- (9)
j=0 :
e;g) is obtained from céj), which is defined as the energy jth order in'vcorr and first
order in'VBz, by using the equation
(J) _ ;8_,03) - L3} -
tab’ = Iggep” Ia=o = &3 /2 : (10)
for the small finite perturbation of LVAZ. If the jth correlation contribution. to
JIaB is defined by
igd) = e m, ' : _ (11)
we get
- N
- 5 54d) : Lo
Jap = 2 JARy - (12)
j=0

We note that the zeroth order correlation contribution Jgg) is equal .to the finite
perturbation SCF coupling constant JAB {FP). Furthermore, it is shown that the first
order contribution Jgé) vanishes due to the Brillouin theorem as follows. If we
denote the ground and excited eigen kets of H, by {0> and |n>, respectively, with the
eigen energies ESO) and Eéo), we have

Sél) = i’(ESO)_E£O))~1[<O|VBZIn><n|vcorr|0>+<0|Vcorr‘n><n'VBz'0>]

ocC unocc
s 4

"

-1 1 ' N o E
(£q=p) TN ICOIVE, WIS CEL |V L | OD4<01V, o [ ¥EO<EL [V, 16 ]

a r .
=0, , (13)

where W; is the singly excited triplet wave function made of the excitation from  the
occupied spin-orbital a to the unoccupied one r. The above result due to using HF
orbitale demands teo exclude the diagrams including (::} - - - and ‘/:*:\> in the MBPT
approach. ’ ’

The lowest c¢orrelation contribution to Japg is therefore Jég). The second order
correlation energy eéz) is the sum of the contributions of the - 12  Feynman diagrams
shown’ in Fig. 1. Thé algebraic representation for eéa) is easily obtained from the

well known rule of the Feynman diagrams.



1.

Fermi-contact diagrams second order in correlation and first

Fig.

- means Vg, interaction.

II. Results
Table 1. Fermi-contact nuclear spin-spin coupling constants for the
(in Hz).
. . * % k%
Basis set 6-31G 6-31G" 6-31¢G 6-311G [7s4p2d/5s2p] Exptl.
(0)
JEH 259 211 274 341 453
(0), .(2)
Jen YRR 248 198 253 307 391 343
Table II. Fermi-contact nuclear spin-spin coupling constants for the
(in Hz). -

N

Basis set 6-31¢  6-316*  6-316"*  6-3116™* Exptl.
3§ -74.2 -67.0 -66.2 -72.8

3804582 -69.8 -61.1 -59.4 -64.6 -62.2
) -24.0 -22.7 -22.8 -23.9

FICANAEY -20.5 -18.9 -18.7 “19.7 -8.9

order in VBZ'

H19F molecule

17
Hy ' 'O

molecule



Table III. Fermi-contact nuclear spin-spin coupling constants for the 14NH3 molecule

(in Hz).

Basis set 6-31¢ 6-316%  6-316**  6-3116*% Exptl.
(Jég)( ) 51.5 44.0 422 45.1
0 2
RAREES AL 48.4 40,7 38.6 41.0 . 41.7
iy -29.0 -25.8 -25.3 -23.9
(0),.(2) ; A
TaR a0 -25.8 -22.1 -21.1 -20.0 -15.9
Table IV. Fermi-contact nuclear spin-spin coupling constants for the 13CH4 molecule
(in Hz).
Basis set 6-31G 6-31G6* 6-316"*  6-3116** Exptl.
(0)
(J():H . 167 147 143 141
0 2 .
Jon HIk 156 136 131 129 123.5
(0)
IR -34.8 -29.2 -28.6 -24.1
(0),.(2) . ‘
Jan +I8A -31.4 -25.5 -24.3 -20.5 -12.1
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3Lp_NMR study on the energy metabolism in skeletal muscle of human arm.

Kazuo Yoshizaki, Kazufumi Hirakawa®, Yoshinobu 0da, Taketoshi Morimoto, and

Hiroshi Watari®® (Dept. Physiol., Kyoto Pref. Univ. Med., ‘Dept. Phys. Edu.,
Coll. G.A., Kobe Univ., and **Dept. Mol. Physiol., Natl. Inst. -Physiol. :Sci.)
31pP-NMR was shown to be useful for the analysis of energy metabolism in
skeletal muscle of human arm. The surface coil tuned double to phosphorus and
proton was useful to determine the location of sensitive volume using the NMR
imaging of human arm. In the resting muscle the concentrations of
phosphocreatine and inorganic phos'phate ‘were 34 and 5 mM, respectively,
calculated with the .assumption of 8.2 mM ATP. Intracellular pH was 7.1,
calculated from the chemical shift (4.8 ppm) of the inorganic phosphate.
(kL o)
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DEVELOPMENT AND APPLICATION OF HETERONUCLEAR NOE CORRELATED NMR SPECTROSCOPY

Jun Uzawa, Toshiyuki Shibata, Tomoya Ogawa, and Masakazu Uramoto (RIKEN, the Inst. Phys. and Chem. Res.)
Masaharu Yoshimura (MECT Corporation) and Koji Tsubono (JEOL Datum Ltd.) )

A new method for measuring heteronuclear NOE correlated NMR spectrum and its application.are
presented in this report. The structure analysis of 13¢_enriched sialic acid which composes gangliosides,
the important components of membrane, was carried out by 2D Tu-13¢ NOE method. The results mostly
supported the conformation proposed by S. Sabesan et al. For the improvement of 2D 1H—T3C NOE spectrum,
the TANGO pulse sequence and the CYCLING method were proved to be useful. The results measured by the
TANGO pulse sequence showed good disappearance of the meaningless cross—peaks between direct bonded
protons and carbons. It is noted that S/N ratio was remarkably increased by the use of the CYCLING method.
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Investigation of Heteronuclear Three-dimensional NM¥R Spectroscopy by Double
Quantum Filter. *®C Chemical Shift Editing of DQF-COSY at Natural Abundance.

(JEOL) MUNEKI OHUCHI SIZUE KOHNO MAMORU IMANARI

Three-dimensional NMR spectroscopy has been shown to be an effective method
for resolving spectral overla§ encountered in two-dimensional NMR experiments.

Heteronuclear three-dimensional experiment is combination of a heteronuclear
‘shift correlation experiment with homonuclear two-dimensional NMR experiments.
Homonuclear two-dimensional spectra can be simplified with this technique by
editing with respect to the heteronuclear chemical shift in a third-dimension.
One of heteronuclear three-dimensional techniques, HMQC-COSY has the dispersion
profile of the diagonal peak. To eliminate dispersion components from the
diagonal pearks, we developed new heteronuclear three-dimensional HMQC-DQF(COSY)

tecnique.. ‘Therefore, we obtained high resolution spectra.
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1lg detected 13¢ localized NMR spectroscopy by rotating frame imaging method
Fumiyuki MITSUMORI (National Institute for Environmental Stlfdies)

A new 13¢ localization method 1s proposed based on 1y rotating frame imaging
technique. C localization was realized by editting 1y localized spectra using C-"H
J modulation with 3 coils and 3 pulses system. Spatial. resolution of 1.5 mm was
attained with a phantom sample. : '
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Fig 2.

Fig 1. A 3 coils probe for 13¢ localization. : A/A\

inner: double concentric ~H surface coils

outer: 13¢ Helmholtz coil )
Fig 2. A 38 rf pulses sequence. 1: increment pulse,

2: phase encode pulse, 3: 180 degree pulse

Fig 3. 1H spin echo spectra of 13CH COOH.
upper: without J modulatlon,
middle: with J modulation (tau=3.858ms) ,
lower: difference spectrum

Fig 4. 1y rotating frame spectra of 13cH 3600H
with (right), and without J modulatlon
(left). - T
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Selective Detection of Slowly Tumbling Methyl Protons
by Relaxation Allowed Multiple Quantum Coherence
Seizo Takahashi and Kuninaki Nagayama (Japan Women's Univ. & JEOL Ltd.)

Coherence-transfer pathways involving multiple-quantum coherences are
accessible through multi-exponential relaxation in systems of
degeneraté 3/2 spins. This behavior was utilized to monitor the
methyl protons of lysozyme.' Three-quantum-filtered T, pulse sequence
was able to emerge. several methyl protons, free from J coupled
" multiple guantum transitions, from the overlapped methyl resonances.
This method may become a valuable probe for the selective detection of

the interior methyl residues of macromolecules.
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S(tt) = & {exp(-ROy7) - exp(-RO,7))exp{-Ra /) (exp{-RL,t) - exp{-R1,t}) (1)

RO, = 2J(w'),- RO, = 2] (2w), RY, = J{@) + J(2@), R1, = J(0) + J(w)

@) =20 {1+ (@vg))-% & = const % (y*h2r,,~5)

DI B 17, T 2T S IHIESE, MEHEEM R & R T hFR 0K E 1K

E— L YA DWTo Redfield $ERMITHIOEAHEZEWT 5.
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1)X&LYF 1D , ‘
S(t) o« (exp{-RI;t} - exp{-R1,t}) (2)
ThHd, Thi 77— =T+
1 1 R1,—R1,

S = R, T TedR,  TedRi (1 oRL) (%)
<hHb, R(3)» b, BINART FVIIEBOE ORI LI B~ + — 7&%&%%
5TV, &fFE LTORSMEI Y eicd 2 & 23T, 46> TR AT I T
BOESHEE, TOREAEKITLHLAbERS EELLRE. DL VELEN LS
KELNGSORETHHIEE, bbby —FRIESET 2RI S AR
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S/NH2UNE W E ZIXHE bEFIERICEE L <, RN ZESMENGHl T
HbH, TITHRT—« ART PAERETBEI LW LE, £DEE AT FLOMIBIR
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A (RE—R3) ACHBIL, BURIE 2 0787 |
——'7\&% F v

S (@) [2=

20l

1
w 2+ (RY,) 2 ; @ 2+ (R1,) 2
DD, (E>T1EBF 7 40T =D

0.0 1.0 2.0 30
T AT PVED v =T EIE A : : 0T,
B, B4 (a); [J(2w)-j(0)])/7 c&

3 3BT 74 MY —EFHEMT (b) s U2w)-jl0)]/ v e v JKTFHE:

(17)3% Taylor BPHT 2 &
FO(r)/0 roc RO,—RO, o J(2w)—Jd (&) 0T
OF{t)/0 toc RL,—RY, o< J(w)—J (2 w) :
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DA OESE iR 5 S e T & 2, BIRBIIL 2 & 51T 180 ASNLT 2750 A5
mkxgyNkmﬁfxﬂﬁﬁ,Jﬁékié%ﬂ?%%%%&t&(fiuauﬁﬂﬁ

—103—



BH5,

 SA RO R LRI A T
- VEOIEFEE O 2, BEIC
Ty bLEN, +DF-28E

ELNRTAFAEEFD AT | |-

FAMCHEOEIIRD LR : MMJ
o2, RBLEEITdecouple U , MW
<E Z..

SEREIL &

B ILEHND AR prE T N JW
22200 mso & EN3IBEF7 40 MMMMM‘M

F—%BBL 2T — « AR T

PR, BB A 0 | @5 U/% A@@mzwﬁk»t% MH#2Mm
STHD, "WroWornkS ] DEDZFFT 4 ALY =T =27 |}
WKAFN T atvobolls
R b OB ERICERE AT B 5, 2 AF ARG e F v T3 RT7 4 AS
—RBET b DONH B, FOMPIE L A oTU TN,

0 ppm FHED A FARBEDE — 7 13Het-1065 L e-08 L RRE LT VT, K SlE
B2 KT B LS THBICHFET 5. 20— THTHENCAIET 2% DAFA - 7
v by SEHIE Rk, SR ORI REHI A% OTETH 5,

SEF7A4NI—DART FARELLHEZ R TS &iﬁmmH ZEXCL 29pm
gyhta-110, AMa-1222 X ICRBEN D L Ebh B — 7% 7'u v 5 2 & CTHEZL
2 (B6) . ToEMih T hid A5
Aoy PIERIEIZRE RIS % 3TAIC & 5,

DHTRECAREL, »ORMEELST |
WHEAFARIIEBEEE s RFE L T L
Wk WHETE LRSS 20T, SR
BLTLER,
<BEU>
(1) G. Juccard et. al. (1986)

J. Chem. Phys. 85 6282;

U MM\M

............................ [T TR T T T [ OT AT R T [T :v:

12 7 6 5 4 3 2 1

¥ — 7 HE

{2) N Mulfler et. al. (1987) % ' 0.5 17
J. Mag. Res. 75, 297 i 6 12”m}¢»gm3ﬁ¥ﬁ%m

(3) W. D. Roomey et. al. {1988) ' FEIRIFBIC X 5 ¥ — 7t
J. Am. Chem. Soc. 110, 674 i
(4) Y. Seno et. al..(1990) Biochem 29, 599; H528[HNMRIGAKIE (1989) 298

—104—



% 2 H
11 B 20 B (X)





takai
鉛筆








DNA E#H B % T4 Endonuclease V ® NMR Y27 %) WE & DNA Lt O
L11 ek WR
O%F £H, KT BHBEFE KAR HH i# My (EBIW)
HE ORE KB RF (4 x %)

NMR peak assignment of DNA repair enzyme, T4 endonuclease V and study of DNA-
protein complex.
Lee Bong Jin, H.Sakashita, T.Oﬁkubo, T.Doi ( Protein Engineering Reseach Insti-

tute ), S.Iwai, E.Ohtsuka ( Hokkaido University )

In order.to elucidate the structure-function relationship of the T4 endo-
nuclease V, we have taken NMR study of this protein and its complex with oligo-
nucleotides. We succeeded in assigning of nearly all of the resonances in DNA
and some resonances in protein. To assign the resonances of protein, we used
stable isotopic labelling. On the basis of,tﬂe assigned resonances, we could
detect the evidence that T4 endonuclease V exﬁibited conformational change on

complex formation with DNA

LHRBEDECDH D INA BB BAE LEHESE R4 2EEFRCIB>EATS
D, ZhBikLo THULZ DIMBEOEIREUNNLEETIEBERIC &> TEE X DA
WERECHEENS, 2072 MMAOEBERBREAORY BORFREERHUZ2HZL
Tw3., T4 IV R7b7-t"V & HABIC LD DNAL R Yy v 4y-BAE L R, Zhis R E
Eﬁb:@]lﬁf&fﬁ”ﬁ’éﬁ%?&'@a‘éé. AFRE 16,000 T FIJER 138f BB o TWB., hEh
BMRETHH BB B LOVIVYI4Y- DRA ZVIYI-€T L FEOYIV 9y DNA IVECRIVT-S k E S
2o BEFMEEZELTCBEY, ZTOoOREBEREHABCRAEREE LT B, (K1)

COEHEOATFERTHE BHO 'H-2%XANMRZYTHE, VW IIOoREBMIEETH
30T RERBME 50 2 H w ik, — ) T4 IVFIIVP-¥'V @ DNAB A lomer % & K
L, &7°0btvy7in2 B LE. CholEEBE»S BEHE-NBHAERA2EBEO0EMARAUCE®R
fhreo@WAE Fh M2BHO VIMIFY EO2VWITHBDERBEEREDT MTRERT

5.

ARM e B
B — PN G B ATV -R R TS ABE K E (""NH.)2804 2 & T MIR /D H T HE
FE®THF > k= DNAE {2 AWMU DNA 10mer, poly(dA)so, TT 2 AW k. NMRME

W EIHE X DQF-COSY, noesy, tocsy, 1-1 Echo pulse, S$GC &£ % H W . W & i Bruker
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BREZE

DNA ® D20 W o NOESY spectra T 3 # proton ( pyrimidine H6, purine H8 ) ¥ f
H1' proton [l ® NOE % B U T 'H resonance D #H W /B %24 - %. right handed DNAT
#H B proton ( pyriﬁlidine H6, purine H8 ) ¥ B — residee ® H1' proton # L T &'
end fl® 2 OoFHE® HI' proton MO WA E NOE BIATHERCEET 2. K20k
Sk TmBEN U TCHEEME R T > 2. DIF-COSY, TOCSY, FH WE LT BELEIHHE
proton %2 B L . & X #MHE proton & Ad.Bax o &k - T H & & Hh /=~ 1-1 echo NOESY
*HERLTCRBEBZ2To” X3 H0 tho DNA @ NOESY s‘pectrum R LA ODNA @
imino proton peak, amino proton peak HF %2 WJE L 2. DRA @ imino proton B DNA O
helix WH W HE T 5 © T DNA helix BB & =2 Z oD prove ¥ L T imino proton
resonance MM H T & 5. HHH peak L E R 6% WO T peak Z{ ZBEH LD T v

DNA 2 T4 endonucleaseV % AN 2K, 2&B % peak ® broadening N E X =0 & H
B 7 &F imino proton MK M H shift L 7. (X 4) Z®T7% imino proton i
TT ® & & D DFEHE O imino proton TH 3. Mo T EHHODEAIWKL L-T INA O2HKK
EHEER I DREAWBEEL N B o b DL BEDN S BEHEE INA EWEL TE
HEMOBEELDB BB L2 (K5 W cHER peak B rEHWBIK -0.9 ppn,
- 1.3 ppmn B H H LW peak WH AL HBHHETD 10 pen = T veak B HE
Elor KB 9.6 pon H kD EH LW peak WBE N . ULz Mo T T4 endonucleaseV
B ODNA L AW BEHBECHEEARLPEZBZ LB bh b veak BEAPLEHBEL DA B
NMR time scale Xk D slow exchange 2# L T W3 DN bMh o fz. TT diner F W R, EHE
CHEALRBWZ B DbDMMo . £ LT poly(dd)eo 2HE L 2K ICE peak B MNP LR
ol REREMNMTHRZ N> k. TT dimer & poly(dAdeo 2 A KKHEL B pol
y(dh)20 R AW E LA BERLCEOENOEENE N . o T T4‘endonuc1eas'e
Ve A NEATEN EXSEHBOMBELE NA O EL wAMBENLE TS Y
TT dimer Z W T #HAELZWZ 225 T4 endoﬁucleasev WODNAT R AL THEELN
BMETHM»H TT dimer L A TEBZ LIS TBEND B HE ZOoOTHMEZHFARNS
DD oligonucleotide AR LT ER M T H 5.

% /= arginine ¥ lysine ¥ EB#H % B o> amino acid T, T h 5 OWE & DNA D
ﬁébzﬁﬁﬁ?é:é?ﬂbr‘onrmé. B OHMQC, SQC & WS FHEEB LT N 20 TWw
% proton % BE ISBHHHW T B HENHEREIALE Zho0oFHE2MAWT arginine
lysine @ NH proton MB M T & % k5 it o =2 lysine o i # ® NH: peak W i N
LL<BMCEY pH 4 2SR e T 50T indicator X LT A EH T H 3. Ld L.
argini‘ne O W o e NH peak W B W sharp TH Y '5N chemical shift » 80 ppnm
HrbhiHEHNMNBDTMO backbone @ HNH peak E B 62 < k< HBEZXhTWBDT
2N 50O peak i DNA X O M A& HEBERO indicator X LT H B TE 3. 3 —ic 58 547

X M J T4 endonucleaseV @ SQC spectrum % 6 WAL =. 80 ppm ('SN)B 2=z b k&
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arginine ® & NH peak M B 6 b N 2. < N 5 arginine OMPFE & DNA & D FE & O W ERH
% SC KB AHEEBR»PLOBRFPTH B,
ONA-NOEST-100KS T
12345670910
dGCGG TTGGCG
L 6.0 g g CGCCAACCGCd
3
g; Ea; 874
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0 c .
° .
o L 3.2 O~o
]
o=
-]
L 3.3
L o:.0 112
. [ 91]
Lotz 1.76
4 ydf AR
P4 Hd L .0 24
PPM
T —
- e 14.0 135 130 125
. 1422 ll'.u l3x.3 lSI.SS:leX--' !3‘.2 ‘.3‘.[1 12.8 12.8
3. Ho0 ' DNA 10 mer ® NOESY spectrum 4, DNA 10 mer i T4 endonuclease V % ¥ &
Free Endonuclease *
++ DNA T0mer 5 s -
N "
+ TT Dimer
_,_/\JL_JML 5 ° a P 1o
e o
+ Poly (dA )m - -agt
’ 3 N R
e A -
o M YT
N s, w“."’":‘?"o: aln
+ 17T Dimer, Poly (dA o - IS A4
v PPM PPM o
s 105 85 00 -i0 ' b
5. T4 endonuclease V (& DNA 10 mer %23 E 6. T4 endonuclease V ® $QC spectrunm
R
NMRUELBWIHEL2 FXokr B & HLicBEHvELEX . E kO 7T -7 B
BLEERBE LB R EE ok RN KA KERZES BEHOoOEERLEY.

108—



RERMBEBVWEDNAZSOEHE o R
(RRXZEAEB) "BNEE. MEEB. FINEWB, ®HBFE
(EE LI %) B, RAFEEHR

Stable isotope aided NMR studies of DNA binding proteins

M. Shirakawa, H. Matsuo, K. Serikawa, Y. Kyogoku (Institute for Protein Research,

Osaka University) ¥. Yoshikawa, T. Ohkubo(Protein Engineering Research Institute)
Cro protein from bacteriophage A , the DNA binding domain of yeast GAL4 and

tﬁe DNA binding domain of veast Saccharoayses pombe PAP1 and their interactions

with DNA fragments have been studied by stable isotope aided NMR spectroscopy.

1. Strategy for assignments of the 15N and ! H resonances due to the main chain
of the proteins were obtained by conventional 2-dimensional 'H-NMR spectra

15§ and !'3C aided NMR spectroscopy

and various

2. Interactions of the proteins with DNAs were monitored by adding DNA fragments
to series of '5N-labeled proteins. About the interactions of fhe cro protein
with DNAs, the result indicates that in the specific interaction, compared to
the non-specific interaction, a much wider region of Cro makes a tight con- -
tact with DNA, allowing conformational changes on both Cro and the operator
DNA as we shovwed proviously.

3. 13C-double filtered 'H-NOESY experiment was performed on the mixture of 13C-
labeled Cro protein and 2C Cro protein, which enabled to selectively detect
inter-subunit NOE cross peaks. »

-

5N, ROWRBRPICAHRLCoZERNK CEAEER2 S ~ v T2 HF L., EHE HBRHES

FoMBER 2~ b2 b, BEOEMERERN N Y BITEBTRE O - Lo §H. &

DFHEEETAZPRAELIEEBETF -7 2H>LEDLDh33HEODNAKAZEHE., L7 7

— Y ecro protein. yeast GAL4 protein Kk U yeast Saccharomyses cerevisiae PAP

1 proteinic & A L %o

REHELTR, BF o 2D H-¥MRIE M X C. 2 D % 3 D ® HMQC-NOESY, HMQC-COSYH.
nutant® W3 FE W ERMA T, carbonyl-13C., amide— *5Nd double labelingik id &

ﬁﬁ‘@brﬁoto PNXB'*CTINNVULAEHABEBEAODNALOEEGHE > W

bR AV, HMEGHE->WTOECOME b BT 5

-~ BRCHERBENCDNACKAT A EERR 2 RAEENR T 5, SHKD LY«

s bABI TR 2 BHERTH B0 PCXIBINN Tuniform BRI NAVLAEHBEL 73~

LTWRWEHH%E ¥isotropic R~ v R 2 BE2E®REEE., wi,/ 0 2-double-12¢
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S 13¢C -filter A A L2 BAMONOE ¥ 7+ 1o s 2RO 2KTTHWMY 5245

EFHRBRETH B, ThiL & DIicT

i

<V L fero protein K 2 W Tinter-molscular @

NOEZuwaxav—s tBbhdvrsrrrithtBli, COF 7=y 7RBEHAHE-DNAMH

< b BB T & Bo

(RB®] )

(1) BB oBE : L 7y — Yero protein B, cro HEF % tac .7 » T - 5 —. ﬁuwi

‘recA7°ni=—y—%f€=o§’é3ﬁ'\*"ﬁ9—.lcan~z>7‘?5$z:¢b?ﬂ}%§?*§!:§éﬁt

Fb®AEM Wwhko Ly s 32 %G1 nic#Anutant(Cro KQ32)X U6 5 B H OV a 1 %
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Stuctural analysis of Interleukin-1f with stable isotope-aided 2D and 3D NMR

Shinichi Tate, Daisuke Kohda, Saori Ichikawa, Midori Kaneko, Yoshihiro Masui*,
Yoshikazu Kikumoto™ and Fuyuhiko Inagaki

Tokyo Metropolitan Institute of Medical Science, Honkomagome 3-chome, Bunkyo-ku, Tokyo 113,
Japan
* Otsuka Pharmaceutical Co. Ltd., Kawautimachi, Tokushima 771-01, Japan

ABSTRACT : Almost complete assignment of backbone signals of Interleukin-1B (IL-1B) was.
made. Because of the large molecular weight of this protein (17.4kDa, 153residues), we used
isotope-aided NMR techniques such as 15 N-SQC hetero correlation spectroscopy applied to 15y
selective or 1-13C/15N—double labeled samples and 3D-NMR. On the basis of our assignments, we
analyzed the 15 N-SQC spectra of three types mutant IL-1Bs whose biological activities are
dramatically reduced. As a result, we observed distinctive spectral changes in the region consisting of

amino acid 90 through 95, suggesting that this region is important to the biological activity of IL-1p.

A7 -0 2y —1BAL-1P)E, 7IVEIREIS 3L BBFA VA
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SRS 205, Tl it REMMAEC N EFIFLE 2 KT, 3 KTNMR %
Bwbl &T, ZOEHFEDY 7 FIVORBERA S EXFTE . 40, 4 HIL-1B
DARY PVEGIT B IH 2o THWTE 2FEB L UBIMEOFEMIC OV TRR %,
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FRBER28C, v I VOpHIFT2 TR oz ~NFUMBEANRS PV B L3 DANR
7 FVORIER, HABEFGX-4000 K8 TIT% o 720
IL-1BDHTEE174DaTH 505, SDLEI BETED S v
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SHEENMRR EB A VAR IEBEOEEMH RNase H (BE.coli)
L14 Owmfxr? FHABR?, WEE'. &HHEMS, FRHERS, s W E g
LEFEBF (B). £46HUEWES, 2.HMEBITE (K. ERER,
. BT e
Structure determination of a protein, RNase H (E. coli), by 3D NMR experiments
Toshio - Yamazaki', Mayumi Yoshida®, Shigeru Endo', Shigenori Kanaya®, Haruki Nakamura®, Kuniaki
Nagayama'

1. Biometrology Lab, JEOL, 2. Tokyo Research Laboratories, Kyowa Hakko Kogyo, 3. Protein Engineering
Research Institute

The global fold of a protein, RNase H (E. coli), was determined by the combination of 3D NMR
experiments and distance geometry calculation. To overcome the problem of overlapping of 'H resonances
in larger proteins, several kinds of heteronuclear 3D NMR experiments were applied to the protein.
Subsequent to the assignment of backbone atoms, we assigned aromatic protons and methyl carbons and
protons. These atoms were important to understand the inner structure because they form hydrophobic cores.
From the spectrum of 3D HMQC-NOESY for the sample of which aromatic residues were labeled with “C
and others were labeled with ®C, 32 NOE cross peaks between the secondary structures were picked up
(those within the B-sheet were not counted). Through the calculation by DADAS90, the global fold was
determined.

" RERANFESRANMROFLVEREC LY, #FE 1 FAHULE SFHUTO
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DA—-R—F 97 OEDIOHLEORACHBE R 3, B (0SY 2 AVAE7Y I  BOME
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RV ERBFEAVLRS, ZO0HFRIVRECHLIRYIFELIFTEBLB3H Y 8%
BOWmHP MBS 5, L L. NOE ® cross peak O RBOMBERHECHERL R v, WH
MOBBERBMETCOREY 7 b EF RN —F y 7HAROHOIRETE, ThiBEoR
FHOBBERBC ORI ZERNTES, HTERH 2DV, NOE cross peak O % ik 3
250, BEARLZDIOBBIL TV, 2Co0RBTEAOBRHEILEY 7 b ot —A
— v 7THD, ROFRHRIEEMOoOMARCHES, 'H MOXI S#EEHED cross peak
DHETH D, ZOHMERFHCHBpORBLIB AN T D 3,

HLOVKRT A —AN=F v 7Lk HoOoXBEHNORTTEHRYT 3, B&AH TR,
ZO 'HBRREFHEALTCOWIRTY (REN, X)) ot2v 7 v CHEESHT 3, H
Ly BB EEERME (015N TORATELERB D, H HEED 0T 0 BT
EDABTHEHES (MDD BT REL, BLE2BIBOBLEEINE L, ZhbokEs o)
TRHET DR, HMQC,HSQC R &2 MAT 3, EEOH-'H © 2%k T D NMR % 8 ik it & 3K
EBI DR & dh, digital resolution R EH MWD T peak DM in-phase Wik
2b088F L, RLOEHRTR NOESY, TOCSY 2 SRTCHB L ke AL AV —F ¥
ARBEBLIRBCBE2RAALAV—r v A2 ER3ES T L0, AL Ot
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NOESY-HMQC (CaH-N-NH) R EFT R EhIRERBRTH D, BABTCHUETIHDEND Y,
BMEHBAPSEVWAZY 7 b2/ 7IVNEPEWTIBI>NEMNTH D, NOESY-HMQC o JF
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HEHB T L —78¥d 3,

Zhie E->T CRBH OtV Y v 2REBTHZ EMNTE D,

CDHBERLUDPLEHROBOAF VY RRBO L VI A BTk, S FLLESEKL

ERA2VARIBR B TERY,

£ AT O,

B,

@ NOE 2 RVT, BEBL k&,
oY —7
(Cal-CR-CBH) BRBL &,

W 2D relayed COSY % & ¢° 3D TOCSY-HMQC % A« %,

NOESY-HMQC % A v 7%=,

FERO
EHRBBEOINAT YR TVEIELEZATH B,
gD 2D TOCSY C Trp OFBFBAERKE 2 &k,

M EeExAFArED

I[le © (*3Cy 2,C 7y 2'H) Val

[le

120 &

'HoRE%

Bk o 2D NOESY & & %

D2 OO0

(13¢6 ,C6 *H) Wxw

Let W2V TRWAWAB% 3D NOESY » & —HBE U %,

EHREZRZHhOEHOAER LM
Ala @ A F LW 3D HMQC-TOCSY (Ca ®HdH) ARZ + A
(Call-Ca-CHH) & 3D TOCSY-HMQC (R F A B Fh &) ARI bAHOY — 2
(*3Cr ,Cr ')

3D

Z oM

%EbiﬂLTﬁ?ﬁ?#ﬁfﬁﬁ@ﬁ%ﬁ%%ﬁaigﬁﬁ%ﬁﬁéh“cu\“c\ FEBRRBBECRD LT

w56,

SHBEBO NE: FBEBOKBEAFVNEORBLAZOBREBEY» LTI 220
e ThH507 3 ) BEXEOMBEER hydrophobic core 2 HHE L TV THEEFL KR
BL., ThoOMO NOE B bTb 2R MBEMOBE. %Y global fold Mkt & T

EBRBIEHEL LD TS S, 120 O vk KEKO G I H 13¢ DffVERRBEOR S
'3C~1H-"H HMQC-NOESY methyl-aromatic region

M sharp T& % Z & &, aliphatic
aromatic carbon % B ¥ %
vIRTEHIEBRBEGTHRVWDOT FER
7IJOEE 20 BDE
BB E Buv, 3D HMQC-NOESY %2 WE L %=,
CoBAE BREBUENET2 RBER@M O 5
BEBAERBACHERE{BLTE 207,
HEBARFOLEC 7 rORBERBEE
S TEhk, BOANEARI LD —H %

carbon &

B kL &

lemd, AULIEEBEYI PE2EDAF LK
HHAZRZNORRBOLEY 7 L Th
fRE¥ N, cross peak DR B HLETH S
CERHP B, BE. 2502 KMEN
® NOE (B-strand MO bD RS H W)
BB ERTER, AFAEMBO NOE
LbE L ARSI b BB EDEE,
3S2@0 NOE % @k,
Aoy THRNBED BB kb,
DHEFE LD Y Dixwn,

W OB B : DADASSO % I w %,

% 0B
¥R k-
ZOBRHUY

hEY.

IO RS AR2HEHAOREEBERR
PTOMBEEED, BrohEEREONWN
% & van der Waals BHMEPBREF <,
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2 — ¥ 0% Lk conmand list WA W, FE R #® 3, command list WK RO M
4, van der Waals MO E A L @B, nmnininizer OBEBE R YN ET& 2, EHoD
#HBWEBELLT NE 25088, ABOHRBNEFELT, 2REBEOHB L EHOEER
BursBELREETORE, COHETE, HEEYSORBOLLHEMRED TS kb,
x%;b%t;&“%’l?@ﬁ%ttf?&ﬁ united atom model Bk, 200@BD I v & A
CEARDHEME DM, LEEACH > CHEBEBOXAEYBEALL, BRT2b0%
WSOBEY, b2 TofH2WMET L0 htli, REBLLTVIE L%
BriksBELTR2CRT,

‘Forget enlightenment. I want you to concentrate
on the structure of the protein molecule.”

. B E R
1) K. Wiithrich, "NMR of Proteins and Nucleic Acids", John Wiley & Sons, New York
2) K. Nagayama, T. Yamazaki, M. Yoshida, S. Kanaya, & H. Nakamura (1990) J. Biochem. 108, 149-152
3) D. Marion, M. Ikura, R. Tschudin, & A. Bax (1989) J. Magn. Reson. 85, 393-399
4) B. A. Messerle, G. Wider, G. Otting, C. Weber, & K. Wiithrich (1989) J. Magn. Reson 85, 608-613
5y M. Ikura, L. E. Kay, & A. Bax (1990) Biochemistry 29, 4659-4667
6) G. M. Clore, A. Bax, P. C. Driscoll, P. T. Wingfield, & A. M. Gronenborn (1990) B1ochemlstty 29, 8172-8114
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NS RBEIRE B be-Ha-rasy Y XNV BOHEBEIR
L15 OB, FEE", WHmE', WEMF, BHE®, TaWLX°,
EEEH®, N.¥aelchli*, MLIEZY (CHX - #- £, *HIFA
B £, CEEEX I, CBXT NI =)
15N-Labeling NMR Study on the Structure of Human c-Ha-Ras Protein

Yutaka Mutol, Yutaka Itol, Kazuhiko Ya.masakil, Junko Fujital s Susumu Nishimuraz, Gota
Kawai3, Tatsuo Miyazs;wa3, Markus Waelchli4 , and Shigeyuki Yokoyamal, 1Faculty of Sci-

ence, University of Tokyo, 2Biology Division, National Cancer Center Research Insti-
tute, 3Facu1ty of Engiheering, Yokohama National University, and 4 pruker Japan

By uniform and leucine-specific 15N—labeling and HMQC measurements, conformation of
human c-Ha-ras protein was analyzed and compared between GDP-bound form and GTP-bound
form. There is a three-stranded antiparallel/parallel £ -sheet structure in the amino-
terminal domain. One end of this sheet is regularly ordered in the GDP-bound form and
largely distorted in the GTP-bound form, while the other part is regularly ordered in
both forms. Such a conformational difference between the two forms is probably impor-
tant for the regulation of biological function of the ras protein.

b he-Ha-ras @B FOEWTH 2 rasy YN 7 EIE, HEOHEELHLIZHEL TS
rtEzH R, ELOVAHMBP S ZOEGFOREREEFRVWEEATWS . ras¥ »
NIBIE, 1897 VBBEHID RIS FERNINNOOY O NIBETH D, rasy YNNI R
%, GDPH 2 WIEGETPE 1 S FEALTWEY, ChickD, HREAKBF2FEENMB I h
Twa, Thbb, GCIPEEAL Arasy YN I7EPEREETEL (¥ Ty b2 20F
LAHEMEETS) ORHEL, CIPREALArasy YN IBRABEHRETHESL (F—-F v b
SAFeREEEATERZYL) (H ‘

1) .ras¥ Yy N7 B, ¥h A EXCHANGE
B TGTPaseiEHZ2 H>THBD, ¥ (D%:p FACTOR w
BLTWAGETPEMKOBET B2 GTP' O GDP

Pie kD, EHEILAEEE
G BT ENTESD. BLDORN
AtEHEARERE T, GTPaseid
HAEFLTED, EHEEOGTP
BEafrasy YR I7HEPHEBAI
ERT2CLicko TNALT B
eEzHNTWAS.,. ras¥ vy N7 .
BOESMEIZE 5 EAEEDN S
Pz, FrrasBEFOERE
BrisRlABMEEMT S~
Wiz, rasy v N7 BOEEHEE
DEWIE, BEZRETH . M1. rasy v N7 BEOEEMTE TN
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L HEZRE, MMORBOFEERY, CIPESE B L UCIPEGE Qras# YN 7HIZDWT
EREEOLKEToTEA., Bz, ras¥ UNIJBREALAI 720X 72V FFRD
Ty T — AV a VAR L, BALRGIPLEPE TR I Y T+ A=Y a v nBRD,
CIPOBALRBRRI R A—YaryFEHicb b2 E2R0LAE (BLENREHESR) . &
Blz, Ca7ubry2EARELA7I VBEAWT, CIPEGE Orasy Y X7 HIZK,
Asp38-Valtd® A k5 > F & CysSl—AspSTDR RS Y KL DR ZAFTAY — FHENE
EL, COBENCPLLEIPADKTRICLDELTE2ZILERWALTWS (XB1) .

ras¥ YNV EDOIPESHLTPEAHE O OVWTH, XBEERERKRILZIATNVD
W, BEIAEBER, RV THBAHBELR-BLA2VWERSP»HD. LED
2T, RKEBIZBIF 3rasy YN 7 EOBEEIZODWT, MR LI 2B ZIREDILE
KH5., FREOEEFTLY - rHEOHEHBICIE, 3EOLeuEE (Leus2, Leusd, Leus6)
HEEFATWS., 22°C, SER, ras¥ YNRI7EZ L2732~ 2RPNTIRNVL, &
B, LeuBEEDOAEERMI SNTIRNL LT, GIPRAEBS L UCTPREAN OB RMES
B LAERIOWTEHET S, :

c-Ha-ras® v N7 BOCKHKISHELEZBRWAEHrasy YNNI E (1T1EE) OAKRER
FEBALEABEEROEBTHEL, VNI EOKRBARERZ oA, 127 % —
LAUBNSIRY 7 OBEE, B—OEREL LT NMLIEHENWAE, BERPLZPNOIA
Yy VOB, RVEREAY, 7I/EE2NTIRMLAEQSAY Y EIRNERT
WEWEZOMDOIIBOT I /VBEMAE. B2, *NOFERENCAED, XKBEE LTI
P2 A7 F—ERBHERW -,

ABEEGPOEYU IR EHrasy YN B, TRTDPEEALTWS., 2hEH
EREEE (2008 Y B, 10mM MgClz, 150mM NaCl, pH5.4, 10% D=0) B L, GDPE
GH#rasy Y N7 HONMRBEIHWE., £, COPHGHrasy YNNI HE, DTARETT
GTEQFE KM 7 F U2 (GHEPNP) & & iZ3TCTA ¥ % 2R— FTHZLEHDEL, GIP
HaAlrasy UNJBREBRLEADOS, BIEHAEERICERL -,

I T7 3 —LRSPNIRY YT L ArasZ UNIEBOCIPEAR B L UGIPEAHE Iz W
T, HMQC , HMQC-NOESY# & & FHMQC-HOHAHAME I L D ARZ ML 2 AEL . GDPEAR
LRIPEEAH Drasy v N 7 EOMMACA <7 b (H2-4,8) % 8T 5 L, GDPEEA Hras
Y YNIPETTO M LEY 7 M0 bppufdiilc 55 27 TR E— 22, CIPESE TIRA &
CYZFRL, COHBIHANIABWREODERNS S, 26 NIc, CIPESE T, GIP
ﬁé@umNT,9?%»ﬁi?m%y7$®§ﬁmé<,7DZE—7@§&D%@§
ThHB. SHEBHEEDIRD, BROZPONI XYY T ET8 %,

LeuZZEZBRWICNTIRN UL Erasy > N7 EEER L TEPEAE LOTPHEEHO
HEZHEL, HHICARZ ML OB 2T 222 (H2-C,D) v cOEHrasy v NI &
SFIE, BEOLBENFET S, TOTRTROWIZUAE—~228HAT 22
LWTER, BWINE 7270 —-2D5B, 7ok bFEY T F8,0-6.0ppulcH B 7
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ODAE—21%, CIPEAHLEPEABOBEERBVWIRE2IZ—RLTW3DkkdL, 70
P UiLBEY 7 P8 0pen i D BRBICBHAZ70AL - TR, BERLTWIDHONH 3.

x5l LeuBREOY S FNERBET HAED, we-filtered NOESYZHEL A (H3) .
8.0-6.0pPnD 7T R7TBFYY T FAREODVWTR, FIR7ubYyALOMWNEZ BN
ANE (ras¥ YN I7BOAAEFY LERFEICH dleulTlicliRkT A2 LB LR B Y I+
EBC) . LENoT, chody FFhmany 7Rk sleBicMRT 5T &
BREIISE, ChbD7IRTR by Y7+ Aoy by ~ONEZH B L, GDP
EAEMECIPHEAR TR ~RLTED, ChALHDOLaBEERFELTWS I aNY v 72
iz lk, GDP/GIPEMIZ L D X ERBEEEMEC T RZWZ b, 5. GIPE Dras
FYN2BROWTI, BARBBONESYRRZ bL, HOHAHAX R 7 kL % w2-filtered
NOESY X =2 b, HMQC-HOHAHAZR RZ A XA OB TEW THILIC& > T, FETLY
~PEBEHESOEBEEETLA (H4) . CORBRLEESTVWIHETLY - PHBEICRE
¥ 5LeuEEDOHNLI oA —~2 2R B L, GDPREATE HGTPES A OM T, Leus?, Leuss
CEEF B S FNCRIEEY T P ESEDTAE WA, Leusbl MR T BY 7 FLTR
KEBEFEY T FENB D, CAK, CPEAETHATAAY — FHBEO—HANRAL
Twace (X@1) e/IBLTED, Edlc, COBBLOZEMWBY—FEEORH.
OBIELATWAHIEERLTWNS,

A B 15N‘
! ., -80
.°'. 4
e'a&- 28
° B fo'gzw%ﬁ "~
o 1:? -
P e e R L4100
' 9=Z¥§ﬁf?%?3 °
? e *
s B [] i
.
ppm ] i
H I I ppm T ppm M2, 2=274—4IC
10 10 15 P NTIXNU Kras
€ D N AV A - BN D
—80 B Leuss & & E R
Iz SNTIRML R
. i ras¥ ¥ N7 H (C,D)
'oL;Z' ® cel ol Liog  PHMACZ~NZ b (#
L3 ¢ ° ° ’ .9 e S
677 eise v . KEE)
I AC:GDPIESH
1, I T . ppm B,D : GHPPNP#S & B
H 1o 8 PPM. o 8 ppm i
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Leus2—LeuS6D R b I Y Fik, X6 RBIDX SV K (veonlenBRE &) &
PIABY—MEBEEERLTWARZEWRENAE, COBE3DRAMI YR, XBELEHE
WOER (H5) #8B LT, HNetl -Vald#E3IhA, X5z, BEMNIEIC & Dleus
PHRSTEY IV REI N, CIPEAE LOIPEAH L TAREL Y ZPLTWAZ N
bHok (M2-C,0) . $2bbH, CIPEMNLEIPEHADERICELD, rasy YN I7EON
FERALAVOBE (LY —FHEEERRET ) ORFOHBICBWT, #EFLY—~ |
BEHLTICMAT, FAAY - MERIRETELPELTWIILFbRoE. 2
L, ras¥y N VB a~NY vy 7 ZAOKER, BEELEEZLTCWRWY (L) .

W&, Leull# iz, Phe, Tyr, Ile, Val, Arg, Ser, GlyZ ElcoWnwTH, ERMWIN 3
RYYTEFTR2W, YTV FVREZEDOOH B, 5%, rasy U NI7BE2HFRO>VT
EORHELVWEBEBWNZTRDTWSFETH S, '

A B
: . . . L0
T | R
:lp ',a:' ' ; :‘ °
l? " ) : ‘ ! -2
PR g 4]
o S IEE S
"m i E ppm
: , . —6 9 ppm 8
) e M4. ras¥ > A28 (BKE®E) O
/%ﬁ Col ,y” 1lg HOHAHAZR X 7 b b (—88) L EEBE .
. ' i i
.’ N
(,o"" ' . R o ,
; ' . o . t . . - N
0 l _ | . ppm [l ]
8 GPPM 4 g PPM

B3, lenEEZERHRPNTIRN
LEras? YN8 (BREHE) Owa-
filtered NOESY X7 b2,

A GDPEAH

B : GMPPNP#S &

B5. ras N 7BO2REED
X BERXE. Ol LeuBEONE.

1. K. Yamasaki, G. Kawai, Y. Ito, Y. Muto, J. Fujita, T. Miyazawa, S. Nishimura and S.
Yokoyama, Biochem. Biophys. Res. Commun. 162, 1054-1062 (1989)
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REBMEKHNBANMREHRICLI2Y v NI TR S 7 -EA4 Y EEY
L16 - SS I oHWENN
OHEFIEHE. =¥ F. EREE. REAR. AFEN (WILK)
INBE—. BER. ZHE—M (RXI) « BHXE (XY 7T V)
Structural studies on a protein proteinase inhibitor SSI by means of stable
isotope assisted NMR spectroscopy
M. Kainosho, Y. Miyake, T. Nirasawa,rM. Abe, M. Ishihara (Tokyo Metro. Univ.)
S. Kojima, I. Kumagai, K. Miura (Tokyo Univ.), K. Kushida (Vafian Instrument)
A protein proteinase inhibitor SSI, whose molecular weight is 23,000, has been
extensively used as a modelbprotein system in order to develop stable isotope
assisted NMR techniques?which are useful for larger proteins, The site-directed
mutagenesis of SSI and '“N-reverse double labeling were found to be useful to
assign the backbone carbonyl resonances in the degenerated dipeptide units,where
normal double labeling could not give unique assignments., Uniform, selective,and
"block” '*C-labeled amino acids have been used in various new NWR methods.
BHEOEEST S vy ANIESS TR RBRESAT-HBL LI LY y7Tu77 ~
FWHTBBEVHEAR VI OBHR I ONG., BHRECESFE 23,000 ©
FAZT—SLTHEETEN. 7ur7—€f (HAXYT7FY V) &2 208ak%
BT 2L0FE 18,000 O/AFI VY NIEEEGKERL, RABNMRARS P vz
k2SS IOMBEIREOMMIEEEEN S, GBHTFRS VNI REOKOMBELED
BrRET L2 FEEHARLCEL, SSIOEREZRHIERBEHESBHNE Y077 -F 0O
EEY VEMEEHT S Met-T3 OANVKVRETHS, o TH2OBRPOBEKK
WHSLCEARERIFC BT, Net-73 OA LK VRFERWMZLTHE - BEL
IEMEVIMBI D oK. TN, CoFTAGNVETBRIDEIBRERDOHERE
SR, DIl T RAOMRBES O CRENRL 2 REREGEAANNMREFO S
BEONELYDW . AWK WREV I IV ELBZEBFBEIEOOTHMNT 5.
(1) EHANK=WRFC - Y7 FVOMBMBBERE : 5705 N vEEMEES Y
SGANVKNWRBRZEET SC -REWEENE -TH55E6. RUBEYT 5 C - Xml
BREO« -EHROBRE NS AVRTCERVWHEC—HHLRELBHE LKL, S0k
SBy - AEHTRARMT 5L bW HERCAL S, 20LI 5. PFENAE (X
BRI NVRANVRFEORBEAIES R T EBUT 2 EHBREHREO'SN I N L
NBREB S, LEhRoTH 7V SWVERFRIEED - BE. RALRE (R0
WHT2) FHOMEAEEL Y, RO 2OOFEBHEHTH 5.
(a) WEREW Y I/ BERKOFE : SSTIOBEFRH /v -V EINBRRARD
BIILTHY, WHARIZBUTHREHICE? I BER - WK -FAXTETHL. B
o7 s/ BENEDODIYNTF PR (BEET) OFARIY —HWBEBERISEE KI5
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WTaso & Tcas, EFEODRETOAN
JPLORBE LV RBERET 2wy U

YRIBEOLERBEMNELLBED LI R A A : i

Ry AEREFSEE L, HL. 7T/

MUE@2E®%&T%oTB#K@k%[U“

OB E S RBETE ) BELE G & !
ST ERBY OB, BI- 1SS T (L 79
W4 rHiE&ENS Leu-ThrBiFI iz & % Leu ° \
(14,33,63,80) O W LR WREFY 7 Fu 6 80

DRBHERT. TOBE 4L rHidlen &
BHEASS I RREAELEWIle KERL
RABOERKEZZNLEN (1-'°C ) Leu 17 s o opm
TIRNUAbD TR OLey <K B-1. NERENT (/  BMERC L 5L THE
SO REEY S FNERB UL s lle R a5y a e
BREDEAS. BFHEHORA RS P Bk EST L »HO Leu-ThrBR O D BTHAD Y S
FUUNERETHEL TN TS S, LK L] SSIOBEG W Leuw-T9 OV T
FUNRKECERB Y7 P LTS (BBRBILS TV SIVICLIORE) . ThARE
ELTHEo 7T E NEORBILEY Y FELKERT 5,
ANE=NVREBORBIEAE VEAOHFEMN (7IFEEM) ZERT2DHHIRE
EHNDE, TI)BEBBELLOFEHT U NOERBWEERE S SUVAEBLy — 2K
bEIZ D, Cys BEWMCys-Ala 2 » Fr(35,50) , Cys-Glu 1 ¥ AF(10L) HHyv ¥y 7ns
Nw%&%%ﬁﬁﬁ$@%f%é#[0,G]J“G%I@X&ﬂbw(H—ZC)\&
CRHEO'“NERY TS Vo HCIYV BRI ALOAE -85 - =%) .
(b)) “N-BRYITIVS~ik: AHEOFE
CHAELFBU.BETI/ BOILFEVRR
FIICSRNLL. EHW5C 5 <A
TORBEEDUAELTH SN SR IWT 5HE
Thar, ""N7I/JBIHEIET I LR VR
Ruvrrnrideryy - Efllahs, A
EVRBRLBELE Y -OHMEEER VSR
FIrO—FH. ESRLEORSBBECERT
. om0z, ERECNS SAVEEA GBS ITN
B~ 2. Cys W wWB=2LORBE. b "*N-Ala . ‘
WY T <~ (50,350MBEkE); ¢ 7 Y/ BMEAGWEHILKF O NERITCS L

TI/BERKDS U5 <n (6,6 ) A6, 4. - 3 . - w -
Smgwwu(wﬂw80tﬂd40tofbk7\/mx%$0%§E%Lﬁé?%@%
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DTN TPIBENAREETY YRIBEEETSAHETCTLEMNERTE S,
COBAN-F I/ BMEAYEEETNLIBRNTHHBHAEAED " N7 I BE
MABZ LWL, COT7IVBBEDTIVFERPSAEEERWE NI "ER " T
L, DI EMNL"Y N-HRS TS RvEk” (1*N-Reverse Double Labeling) & & %
Ui RN - 28 » MWK~k Cys-Ala (35,50) &Cys-Glu (101) WE - 2 &R
Ltk dW vy —E—27 OBENELWV 2 » (35,500 & LDV »HRAID AE
BrHmMSNs, Ma & 6lu WHEEVWET I/ BERRT 270125 <00 R EIE
(. BEOF TINS5 XTI Cys-50 &Cys-101 ORBWAREETH 5. Cys-Pro BF
O T WMhoFETHRBTCE S,

(L) E@H K= wﬁﬁ/afw%ﬁﬁafé%EV%i& FrFAFBEICBNT
Bz, AVEVRBREAE VEARALTCEETY 2 5%kc. F8 - BIEEFHONM
RYZFIPVORBEBETCR LI LEBRYVEBELRLTE L, 2 C0RER. COBORE
PR O W OV T BUE R MR EBR L k.

(a) BH—13C -5 _ANWT7I)BOFA: B ktANEAREOE - Co V7 I/ B
HENEFNEBEENILLHEPS S, T2 X156, 36, 98% L 3BHFP I/ BEs vy
HNMRABAL TS, 15% EBAETHBEBETIRBENSERE I NLINSHERMFEL
. BFREFEOPCYIFINEIRENMRELOVEBEHENTA2HECEERATH
2, 36% T HBERENTEBRWE S NV EN2BEHNE . 2D-INADEQUATE 12 & 5 B %
BoRBEHHATH L, 98 RTWARENFAR'SCINLEINTNS DT COSY, HO
A LR L CRBEARE B RETE 5, 20

(b) HEBRM2BMICI LTI )BORNE: BEORENIERBBE L °C
FGRWVLETI)BIRFEHOBHNORELED CH L. BwHx i (1,2-'%C2) 7 3
BB AN EKVRBERBOBEFEREFREFABZILEREL TS, *2 Ak =
VRFHEBBCBATCEEST DRI, CORPORBABEOREEMI TS & 0F
HRASV, PTENASCEI 2R s
BRI COLS 5. RESEEN ’:F@ o) on
BT S FEANEALES ERbARL T ICHT .E

DWRFEEITTVA

° P
(¢c) Ty 2’ SRVPI)BMOE
BH: 73/ 80 BEMREBEE S L -
AW OPOHRBEE " T ay s j

DTHMEINKLBET I/ BERYAENS,
MEzE, vu4 v VRIK-30BERCE
SNTWVBELEIHIW3I T o 2hoBRE :

. . Bl — 3. 36%" 7my2"'3C- 5 < Leud '3C-
NTBY. BTy JWHBER ST VI MR 2 =2 b, 987 '3C,- 2 —R: 742

. s AR MABMAM S RBEC L D AR, F
CABTFUAKT A, o T 981 KB L emaksamg A, K

Bo 1do 180 80 20PPM
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LB C SR IV AR L2BROI VI -ALEALEDOEEBEL TS, VY
ZPEMTHE. Ty JHEEOHEER (855 Ty JREMEVEER (305 ) T~
Nb. COXIBEARBBEERMULALAARY -K'3CHHERE>T7TIVBME" Ty 27
SRVTI/BEMGRBLALCHEE -R) . Y02 95 _XNVOoBELAAKkE LTI
S5 WRAFN (Val, Led) DUKBFEMBESDFONSE. HI-3OAZ PIURRT
LS. pro-R REWBEREZOIEH - T JBLTWSEI &EHhb doublet. pro-S B
%ﬁsmﬂﬂ&Eéouﬂb@7U777NWLM@Vﬂﬁﬁ/ﬂﬂﬁkm@ EhTH
%3541 20-INADEQUATE W k¥ pro-RAFNREOANBMTIZ I Lh o UKER
BRBARET 5.
MEDRBTRETRLE7 I/ BE20TC” 7uy 2 " SXUVEORERMBARTD 2
CEMNEHIN, VHEe LG ENeri o WV - AERFEE LTSS VY
E@%%ﬁa&é@%%ﬁm”caawukﬁw:-x%ﬁﬁé%éc&u&@\%ﬁ—
BRI AT ol COFBERLD Y7 FLOLBEIBEHEELTCVE A FLEOIK
BREBENERS N, LALBNS. BEOFETRETCOT I ) BBESEKFL S
NNVENTLEI DWW xO73I /) B0o7 0y 73 _vEERHa3R 07 70—~
ML EDE \?‘Eﬁ YNITEANDOIBH LN HTHE ﬁ\ch{ﬁnflﬂ%o

(8
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M. A, Cusanovich (BMEBKXKI. 79 Y+K)

Intermolecular electron transfer and Intermolecular interctions in Cytochrome ¢
Hideo Akutsu, Hiroshi Furuichi, Koiechi Hirayama, Katsuhiro Kano, Jang Su Park
and Katsumi Niki (Yokohama National University), and Michael A. Cusanovich
(The University of Arizona)

The electron self exchange rate of cytochrome cs from D. vulgaris MF was
determined from the line b}oadening of 'H NMR signals. The second order rate
constant was found to be concentration dependent at a highef concentration.

The rate constant was about 2x10° M~ 's”™ ', which was much faster than that of

cytochrome c. The electron transfer from small reductants were also

investigated by the use of laser flash photolysis. The mechanism of the
electron transfer will be discussed on the basis of their structures and
intermolecular interactions.
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An Integrated '3C-!HNMR Spectral Database Systen
Osamu YAMAMOTO, Kikuko HAYAMIZU and Masaru YANAGISAWA (Kanda University of

International Studies and National Chemical Laboratory for Industry)

Nowadays we can easily obtain 'H and '®*C NMR spectra for the same sample, and
1H-*3¢ shift-correlated two-dimensional spectroscopy can be routinely used in
many laboratories. To meet the new phase of the situation, we have constructed
an integrated '3C-'H NMR spectral database system, -in which (a) given a '3C
shift, the corresponding 'H shifts are obtained, and vice versa; (b) given 'H
and '3C shifts, the substructure satisfying both of the shift values are
obtained; and (c¢) given a substructure, 'H and '®C shifts are estimated for the

substructure at the same time.
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PERDPROVBBELSERDBILEHIDT. COHBREEEKT 3.

b, B BHEELH UL THciskE CFtrans2 B MWL fze CORJESPER_EHSGRBOH S
("HoWMBEORBULEALEI O MY THE38E) RUSPHAERHARKBREH L el i
BEFGEDODHEAR>VTHFDLR B,

c. BETH 2VY, BERXCBEBEM U Tiarxial X Fequatorial o X J. B # L T
e R BORMEIT D I

COEIhBEEBOTATR ML, Fo3R—2phs5PYod LY 7 PV EOTEHHE
., BHEEEZIPHEIRZ > THEHERTVS CoRBBER  VANVEHENCERT S C
EREY, "HRC'COMARH LYY VEAUCEIBROBEDNBRALITDL h 5.

W. 77X FH

2-F - WETHE7 7AWV TIECAT S TCTCRIOREFHBER IV ARY b %
BB LB TEB AT IMVOBHBRARRTCBARRREIR S BHMEEWY 2T h
WEETa 2 Y FEZ2RBVWTR AR PV 2 E R T &3, ARZ MPIVEH->RG £ rHiEE
INPUT2a T Y REHOTRNE - 2y F Uy P HFRORBEREET I LB TE 5. AHI
CoSYa ey FEHMWI Y7 M, BB BOoRTEELRMOOSYFRL—-varydiFd
LPTEB oA ETEHRERTT.

BEERY v 4 n HET AN ARY N
‘Eﬁﬁﬁiﬁ&kvi& cosy K1oHHEHR £ 3 INPUT NE—rizkd
7 PO HEE AR PNV ODOBE Gl
COSY SEARCH, AND, OR, NOT
AL —¥g v DawyEFik3
GET

BARY b7 740

RARYZ Mo KRR

1) 0. Yamamoto, K. Hayamizu, M. Yanagisawa, Anal. Sci., 5,141(1988) RO % @ it {2
AL, h xRS H.
2) WA Rk W B BI2EHHALEARLTHEE p88(1989):

3) W. Bremser et al, M. Klier, E. Meyer, Org. Magn. Resn.,7,97(1875).
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Parallerlv and Distributed Network Computing: New
Tools for Multi-dimensional NMR Data Analysis and
NMR Molecular Modeling L20

George C. Levy, Pankaj Kumar and Sophia Wang, NMR and Data
Processing Laboratory, Syracuse University, Syracuse, New York 13422-4100
and Alexander Macur, New Methods Research, Inc., 6035 Corporate Drive,
E. Syracuse, New York 13057

An important area of investigation at Syracuse University involves
utilization of parallel and distributed computing methods for NMR and related
data processing. These are initially being applied to two applications: 1) 2D
and 3D NMR data reduction, including optimization methods and 2) using a
genetic algorithm for NMR molecular modeling.

The basic idea is to optimally utilize, in- parallel, workstations and other
computers coexistent on [ocal and wide-area computer networks. In cases
where specialized parallel computing hardware such as MIMD (examples:
Alliant, Stardent, Hypercubes, etc.) or SIMD architectures (example: the
Connection Machine) are available, an additional opportunity is present to
dissect computational applications. and allocate appropriate portions to the
specialized hardware. This type of distribution of processing tasks is
included in the work underway in our laboratory. Thus, on a computational
network -such as the one existing at Syracuse University (which incorporates
a large number of Sun workstations, IBM RISC. System 6000's, and a large
configuration Connection Machine 2, as well as an Alliant FX/80), 1 to 3
orders of magnitude speed-up may be realized in compute and 1I/O intensive
applications, such as 3D NMR data processing and the matrix manipulation
found in aspects of NMR molecular modeling.

Two-dimensional Maximum Likelihood Method (MLM) spectral optimization is
one example of computation and I/O intensive NMR data reduction. However,
for NMR spectra of 3- or higher dimensions, even standard Fast Fourier
transform (FFT) data reduction can tax computational resources, and
certainly limit the amount of interaction between the scientist and the data.
Tomorrow's 3-dimensional NMR spectra will consist of 108 to 10° data
elements (or more), and computation of 3-dimensional FFT's for such large
arrays requires a balance of cpu-intensive and disk l/O-intensive operations
for sustained calculation efficiency. A maximum likelihood calculation on-a
data array of this size would be impractical on today's machines.

This situation will undoubtedly change over the next few years. Computing
technology is advancing at such a rapid and accelerating rate, that it is
anticipated that by 1992-93 a high-end desktop workstation (cost ca.
$30,000) will have compute power for these types of applications equivalent
to a Cray XMP; by 1996-98, a single user workstation may approach true
gigaflop speeds. Those machines will undoubtedly be parallel architectures.
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An exciting aspect of that fact, is that those parallel architectures will
probably be fully scalable. That is, a desktop workstation in the year 2000
might contain approximately 1% of the computational elements present in a
year-2000 Teraflop supercomputer, and thereby offer 10 gigaflops of
compute power, in a compact, low cost package.

All of this science fiction is a few years away. Nevertheless,
utilization of massive parallelism and distributed network computing will
not be easily achieved, and it is for this reason that our laboratory is
spending considerable effort today to develop new computing paradigms to
take advantage of the expected computing environments.

We are currently developing computing methods to exploit use of distributed
and cooperative network computing, with additional fine-grain parallel
optimization for problems requiring and supporting those capabilities
(including large array Fourier transform and MLM processing, as well as
aspects of NMR molecular modeling). Much of the success of using
distributed computing depends on" the existence of efficient distributed
parallel algorithms. These algorithms must be scalable, i.e., with -an
increase in the size of the problem they must be able to use more machines
to keep the overall processing time low. This means that they must exhibit
linear or near-linear speed-ups.

The above NMR related applications -offer a high degree of parallelism,
ranging from coarse-grained to fine-grained. The Syracuse University
distributed system comprises several kinds of architectures including SIMD
(Connection Machine) and MIMD parallel machines (8 processor Alliant FX/80;
4 "pipeline" Stardent), and a network of high performance Sun, DEC and IBM
workstations. Qur goal is to develop the applications in a manner so that
parallelism is exploited at all levels. This approach would allow the
different sections of the applications to be mapped onto the most suitable
architecture.

Developing distributed programs with linear speedups has until now been
considered a difficult task. This is because it requires a proper task
decomposition strategy and elimination of as much synchronization and
communication overhead as possible. To reduce the effect of
synchronization, the computation must be restricted to only a small number
processors. However, to reduce the execution time, more processors must be
used: To achieve both of these conflicting goals, we use a hierarchical
scheme, where initially the problem is divided into very coarse-grained
subproblems. - Thus synchronization is limited only to a small number of
processors. However, each of the subproblems is then recursively subdivided
into finer-grained subproblems to utilize any remaining idle processors. The
-size and the number of these finer-grained subproblems is decided
dynamically at run time and is a function of the size of the problem, number
of processors available, and communication latency. We use a dynamic load
balancing scheme to achieve the optimal decomposition strategy and size.
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Initial Performance Results

As shown in the table below, near linear speed-ups have already been
obtained for implementation of 3D FFT. Much of this success can be
attributed to a simple but effective load balancing scheme. Due to load
balancing, communication was done only when a request was made, which
was initiated before the requesting processor became . idle. Thus,’
communication was able to keep up with the data requirements of the cpus
acting as workers. Also, since each packet of work contained the sender's
address, each worker was able to anticipate the needs of other workers; thus
communication was initiated even before the other worker made a request
for data. We were thus able to avoid sending data to machines where the
data was never going to be used. As a result of this load balancing and the
paradigm used for the algorithm, most communication took place in parallel
to the computation, without affecting overall processing time.

Preliminary Results for Distributed 3D FFT

Data Configuration Time2, secs Speedup

128x128x128 SPARC 1+ ’ 2400 1

128x128x128 12 SPARCstations 236 10.16
(heterogeneous)

256x256x256 SPARC 1+ - 18816 1

256x256x256 12 SPARCstations 1873 10.04
(heterogeneous)

a3D FFT algorithm uses small RAM configuration and is not yet optimized.

Multi-dimensional Fourier transform processing is certainly not the only
application for distributed network processing, or for fine-grained parallel
processing. This paper will also describe initial work utilizing a genetic
algorithm approach for parallel implementation of NMR molecular modeling.
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A New Project: Parallel Molecular Modeling Using a Genetic
Algorithm

Genetic algorithms simulate natural evolution, with each species evolving
according to its "fitness" to an environment. As in natural evolution, each
species searches for beneficial adaptation during its evolution. The genetic
algorithm is a "weak" method that makes no assumptions about the system at
hand. It is a search method based on the localization of solutions in
hyperplanes within the search space. Genetic algorithms can exploit- the
inherent advantage of parallel evolution. The Syracuse laboratory is using
the genetic algorithmic approach in an attempt to develop a robust NMR
molecular modeling system which will be able to generate and evaluate
complex molecular structures. It is hoped that this approach may also
produce an adaptive modeling scheme which extends itself, providing
confidence in later studies.
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P20 DNABBYYNIRI{THOMELDNALOHERH
: —HU THF D& -
HE¥EA  WIHELCK O WETEIS. EAMTET. B4 #
The Structure of DNA binding Proteins Type |l and Their Interaction with
DNA. Paraliel NMR Study of |HF and HU.
H, Kurumizaka, H. Shinde, A. Chiseko Sakuma, U. Matsumoto (Tokyo College
of Pharmacy)

HU and INF proteins have high sequence homology but their biological
functions are quite distinctive. It is therefore interesting to inve-
sitigate the structural features of +the proteins and their interacfion
with DNA. 'H NMR study of HU and IHF proteins and their complexes with
oligonucleiotide will be presented. There were several lines of evi-
dence that HU protein has high order structure in solution and that
the flexible arm region is indeed binding site to DNA. As for HU-DNA
complex, histidine residue was involved in HU binding and HU protein
was highly stabilized. These results were compared with the case of IHF.

BVWREDRY -RHEISZ-PBODNABEY YN IJHANEEMERPEEET 5.
ChoWDNABAYYNIBEY A THERBEAP Y RBYIONIBEELTHS
hTBY, ThELZBHELRMELB- TV 3. HUY N BUKBE OB
RreRHEERHFEL. DNAOEERINZNU TCERRNEESET 5. — A,
IHF Wlanda7 7 -V OBUBRHREABMIACLAOETFTH Y., DNALKR
MIEHAET 3. AEUZTO7I BEINCBLVIRENY ~BEHELRLIDP DS
¥. DNANOWANBIVZIORMBNERI AU SO TRUS ZMETH 3.
MEOHBELBLTHEESWU'H NMRELA>THUaOMEBLUDNAL
OEAGRLEDLVTHEUR., SEUHUOHRODEZOKROEREHIW, THFR
SDVWTHRFLEOTHET 3.

[EEEAHE] HUBMEME:rAHERULTHE THFOKBEELEK K
—5746 (H. A. Nash OF B & 3) D oNashd D HED W I VEHIHF Y UN
DHEER®RE. COYIYNITHUBAEABERCLIVENHR2ECTOT. RABBIKK
ko> TH:O#@R D20 (0.1M NaCl, 10mM phosphate pH=7.0) 7 i 25 U
NMRO@EZH UL, 'H NMROBPEWRW Bruker?t & AM-500 B & U As-
pect-3000 A Y ¥ a2 - REALR. L

[(WRESR] HUQUWOEOD Y I /BBRENOR->THY. ¥EKY 3/
BEUTIHONIsE 3DPhe k&R EL. B —sheet WiBWBHME T 5 His54,
Phe50, Phe?9, Ser8IB X UThrd9D C a7} Y E -V BRETE L. ZThdD
BRUHUCAEOY -0OFVWHBsRODVWTHBIW R XBHERIFOBRLEP
BUkd->k., THFOEXBMR I HFa HFBDOATOY A I—TH3
B, BROLAKREVTHET B ERRUVE, THFY A X -3 FEET7 X/
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BMEUTAEOHIs, SBOPhe BAUABOTYyr2 &8, BI1WRIHFO'H N
MRANZ PALRRUER. ERESHEBRAUFERTOL Y eREEh. BERUE
B —sheet MBEHEBHDCa T Y. $RhE—-ICBLUDWELEL Arg
CEBEULysCeRBRBETh 3. EHBREUAREBY I UREAFATOL VIR
BEh3s BE1hoW<ObhDANEREN S, a) AROPTRELERIEY
JPrURE—Y (6.0-6.5 ppm) WRB3N 3B, b)) BELARBY I URX
FATAPMY (-0.4-0.4 ppm) BEHIH B, ¢c) W<o2PDCaT b rBIE
BBEHALTVS, a) &b) ORRUBHUDOEE LAKIK Phe RTryBE I &
ZRBRVBCLOBYATES. c) OMRBUL —sheetMBEOBERTHRUTL
5. BItE. THFOANZ P L O LV EEABRBHRERATV S,
HUOBEEHRZ DV THRAXREORBE T3 7°'CTH 32t UMBBRR
HWELE THFEOLTH, ABICHEE Y I P URE Phe BT b > (5.98
ppm) REBERXUTETOEBELAE LR, COE - WEW. BEOLREH#HE
AG—-GOETRAREYL. AIRKKRBOEMBRE . T LZORHBRIIET
BHTHo>k., Thi., THFOBAUREEBLES> IV ULEHTHS EHx
2h3. ChoMPREBHU2O0I YN IBRTEULIRR->TV S, BB,
IHFODNAANOHAHR OV THERR DTS 3. HUL ITHF rOh®»
K1WLFRU R, s

Table 1. HUS IHFOX AWM REO L&

Subunit State in solution Solubitlity Ta{ €) Ring current

, at 200ug/mi effect
Hu HU o 4-wmer >20 mg/ml 37 strong

IHF HIF% 6-mer : c.a., 10 mg/m\ 50 strong
=

IHF®!H NMRAXZY b

8 7 6 5 4 3 2

Y 1) WETSMM. B28ENMRHKS ®H. 1989
2) H. A. Nash et al.: ). Bacterio. 169, 4124(1987)
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T BHAFOLKACBERBLIEREET oM AV
P21 —HHHIVE 2 L A ¥ KALTO DHSO-deth T @
QY7 RXR—¥ar—

(L EKX) O HH%. PHAET =EH®
APPLICATION OF RELAXATION TIMES T, TO STEREOCHEMISTRY IN SOLUTION VI
-CONFORMATION OF ANTI HIV NUCLEOSIDE AZT IN DMSO-ds-
T.Sai, M.Sugiura, N.Takao
(Kobe Women’'s College of Pharmacy)
The relaxation method using selective(T,%) and bi-selective relaxation times
(T.Bs) have beenr applied to anti HIV nucleoside AZT. Its conformation have been
discussed based on r.; derived from cross-relaxation o6 ,; and 7 ¢ which are
.obtained from T,% and T,®°® and the frequency dependence of T %, In the DMSO-ds
solution, AZT has an anti glycosyl angte x similar to AZT A in the solid state,
a sugar pucker with equilibrium between C2 ' ~endo and C3’-endo geometries.
[l

AZT(3'-azido-3 deoxythymidine) d , D L IR 7 ¥ KX %

BoR X7 LAYKTHS N, 19854 (213 HHIV (hunan Me 0
imnunodeficiency virus)EH 2 Ko L FH L 23 . /
RETHRRANL I A XABRELE LIEBLSATNE, . HO 6 NH
TOXKUE. BECHEONYy A VI RETZY A VEE 5o = 0 :/QO
FHLDDAY T 4 A= arRO2VWTBELORRSD D, 3'2
TORBEFELLLEKBHELALT VWS, XBEHBE N3 2"
BEOREPS. ZORBRBELERLERT LI % AZT

AB2ODA 72—~ —DFEIAMLNT W S,

%1 T T - — BH x (04°-Cl'-N1-C2) #oNv AUy
A anti -127.1° €2’ -endo/C3  -exo
B anti -176.5" C3'-exo/C4’-endo

—F Iy n B U I n-c-n2 HVWARDISO-de T DAY 7 v X~ g VENELZSRTEY 2
ZORRE. 7V A EARELCEanti, x=-165" TBOHEIcHEL., Hico>wnwT iz
€2'-endok C3 -endo?® FH 2 0. CZ'—eVndo#iﬁjéﬂ%ﬂ)ﬁ‘lﬁ"’C’#tﬁTéZﬁiﬁbfb\éo
SEEHELE. XCRAOHEBLLT S, W52 HWEFHEII X > TINS0-deth T 0 ALTO
AV IR a VBN ERA HEPLBLATWVWIRRLIOAREFL » %,
l/T‘5=R'(i)=JZN;p;J-+,O' 1)

1/T¢®83(j) = Ri(ij) = Ny o i;+ Ri(i) = N.¢6 i;+ ?N;p iy vt op (2)
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1/T*s = Ri(all) = % R (ij) = ? Nio i;+ Ri(i) = ? Nio iy+ ? Nio iy + p (3)
T

¢ ;= 1/10 7 *t2r,; "¢[ 67 . /(ltdw 27T (2) - 7, ] (4)

e = 1/10 7 *h2%ri ;%[ 7ot 37 /{ltw?27% %) + 67, /(l+dw 27 ,2)] (5)
WwE oK (o v piy ) ET B L

T (w ) / T " (we) = (5 + 8w227 2) (1 + 5w 127 .2 + 4o "7 %)

/(5 + 8w 127 ,2)(1 + 5w 22T o2 + 4w ot %) (6)

g2/ (. (2) R&kH RE(iJ) - BRI (i) = Nio i (7

IaoF . TS T;BSJ:V)’E%iﬁﬁﬂaw%’:(?)iﬁt‘kO'cSﬁ&); END o ETIVO B ER
WAaEE ((6) X)) LVBLSNS e ol-HRAE®RBr ;2HEEBEL. 2y 72X -y ary@H
BT E2LDTH 5.

[®R®]

"H ¥MR o B E X Varian XL-200 ( 200.06 MHz) R ¥ VXR-500 ( 499.84 MHz) % .,
Ti¥%i3 200 MHz, 500 MHzTHEE O IRE £, T,°5, T,®Six500MHzT. Bl e @& L 2 -
VoAV E—HEURLTHEER Lo, ALTIEBE 0. 060l dn" 3T DMSO-delc B L.
BAR. mHELTCHEYY AL ELRE,

[HRLEH]

#2142 200 MHz & 500 MHz R B 23 T "*n@B@E2zRLAL, )RR ->THLA S
TyNs(500) /T "5(200) L v . LB LID., ChsnKWHAZAVWT s 2RO M (F1),

£3 LB, TRTD "HEZD2WTS0MEzTHELAT,SBLU T,°*OBBHELZRLTH
53, ChHENDEEHAHWT (HDRAEIHV B ., 0EZRARTEL, S5 0@EE. 2
LA TWwWSE . 2HWTC, (W) A»PSHEBINSLE ri; DER2 ri;°**r LTES EZF
L, osshpbEbohiboto b8 bohhboicdzbEz2Dhrdbbbdbod,. BH
RTHOAYI7 14X —2aryOoBLELREEERATHRYE. ChoDERRBHEkR2EHL B

bh b,

* 2 200MHz R UF 500MHz (2B i+ 5 T, L@ sho.

position T "%(5060)/sec Ti¥%(200) /sec T ./sec
Me 1.021 0.695 1.41x10-1¢
H-6 1.333 0.838 1.62x10-¢@
-1’ 1.857 1.233 1.47x10-19
H-2" 0.491 0.339 1.38x10-19
H-2" 0.556 0.4900 1.27x10-19@
H-3" 1.369 0.928 1.42x10-19°
H-4" 1.570 1.012 1.55x10- ¢
H-5°'5" 0.463 0.330 1.29x10-192
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#3 S00MHziC BT 2 EL'HOT SRUT,®°

position T,%/sec T,8%/sec
H-6 H-1"  H-2' H-2" H-3' H-4' H-5'5"

H-6 1.579 1.622 1.454 1.600 1.487 1.570 1.542
g-1 2.169 2. 146 2.103 1.979 2.170 2.147 2.189
H-2 0.658 0.617  0.633 — 0.623 0.694 ~ —
H-2 0.742 0.743  0.697 — 0.725 0.764 —
g-3’ 1.642 1.541 1.638 1.508 1.595 1.560 1.579
H-4 1.799 1,784 1.807 1.828 1.787 1.760 1. 666

£4 T 5T BB EINHOSNSE . (sec™!) £5 ok &N/ olr o0

g1 H-j G G i i rigo0e

g6 H-1 — 0. 49x16-2 g-6 H-1' ~ 4.00
B-2" 5. 44x10-2 10.10x10-2 B-6  H-2’ 2.40 ~ 2.63
g-2" — — H-6  H-2" ' o
-3’ 3.92x10-2 3.99x10-2 H-6  H-3’ 2.78 ~ 2.79
H-4" 0.36x10-2 0. 47x10-2 H-6  H-4’ ~ 4.00
B-5'5"  1.52x10-2 H-6 H-5’5" 3.25

H-1" H-2° 1.45%x10-2 6. 00x10-2 H-1' -2’ 2.61 ~ 3.30
B-2" 4. 43x10-2 8.70x10-2 B-1' #-2" 2.46 ~ 2.74
-3 — 0. 15x10~2 H-1' 8-3° oo
B-4’ 0. 47x10-2 - H-1" H-4’ ~ 4.00
H-5'5" - H-1' H-5°5" o

H-2' #-3° 8.54x10-2 5. 41x10-2 B-2’ H-3’ 2.46 ~ 2.65
-4’ — — H-2’ H-4’ )

g-2" B-3’ 3. 16x10-2 1. 79x10-2 B=2" H-3° 2.91 ~ 3.19
i-4' — 0.37x10-2 g-2" H-4’ ~ 4.00

B-3' H-4’ 3. 20x10-2 1. 23x10-2 B-3' -4 2.90 ~ 3.38
H-5'5"  2.43x10-2 H-3" H-5'5" 3.03

H-4" B-5'5"  4.44x10-2 H-4' H-5°5" 2.73
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B1 AT FHEINB 7YV ar ¥4

FhHhoarrzxr A~y ayv

CNDEITRLTBL-ALLTRTOr  FHERBRTHELDOH., ZOEHDINS0-deh T #
L3y 7 2R~ aryrThdad. #FHREZ2RBLLHEATRET I LTI 2éad
#Bohs, gFZ7Var A EEETDLYDAY T+ A - aYERET B, H-6& H-2". H-6
CH-3OoBERBPLEBHAE W L santiBlmEFR S A, 2 ~-120° z‘ﬁ'f%-éhéq Zhix
1o A :1‘/7»—.?—0:5&»\@?&6&6 —F. FAFR YU R—208y Yy rZizon
T, BEH o, 0P o, REMNLTHEREBLIIEPAHERLZVWHY, rimoR S0
22k b, AV T7 A —arOWLEDH B L, Rll?éﬂzﬁﬂz%yécl:fﬁﬁrﬁti‘h
3, RELE-2EH- A OBEEBILHEBRNAEIEWZ ERLS, bFPRC2 -endofl i FH VP HE
2 TW3 I rbLbTHREINRS,

(g o]

DMSO-de I T HAZTD TS, 115, T,"S2 WE L. H-NEERr ,2EHL. 23> 71X —v 3
YRDOWTRHEET L - L. %@E;'Fc0)7")aylvﬁéibbﬂ)ﬁﬂmrﬁant’i?x2120"
(27 =2 —A), BHEHECL -crdoICHF>LFHELHEILEE-»R, Th#J
ErHAVWITRHSMh LR LUEBTEZ L, BONXw 2V Y7 20wTi33E~RTB3H. 7
Va2 a2 bDVOBBMROWTITERFET I LDTH 3,

[ x @1
1.A.Camerman, D.Mastropaolo, and N.Camerman, Proc‘Natl.Acad.S(;i. U.5.A.84,8239-

8242(1987). '
2.G.V.T.Swapna; B.Jagannadh, M.K.Gurjar and A.C.Kunwar, Biochem.Biophys.Res.Com-

mun,, 164,1086-1092(1989), fh.
3.a)B@W. BE. BH. KA. FE mE. EEH. BA. % 28 H VMR A LHEEEFH

P235 (1989).

b)M.Sugivra, N.Takao, and H.Fujiwara, Magn.Resorn.Chem. 26, 1051 (1988).
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RNaseMs ODEHEHRBEBEIEHET > 2 6 1fpcCcoEami

P22 (HEEH - BRAE - BERKA®) OMEAEZ . LiB#@-—s
: ATE#*

Two-dimensional NMR investigation of BRNaseMs and its novel substrate analog

2'-deoxy-2"~fluoroguanyl-(3° -5 )cytosine(GfpC) complex

Fuyuhiko Inagaki?', Seiichi Uesugi?®, Masachika Irie?

(Tokyo Metropolitan Institute of Medical Science, 2Faculty of Pharmaceutical
Sciences, Osaka University, ®Department of Microbiology, Hoshi College of

Pharmacy)

Two-dimensional 'H-NMR studies have been performed on a guanine and adenine
specific ribonuclease Ms, RNaseMs, and its GfpC complex. The sequence specific
resonance assignments of free RNaseMs were obtained for the back-bone protons of
81 amino acid residues and most of its side-chain protons. RNaseMs contains an
a ~helix and two anti-parallel B -sheet as secondary structure elements, which
was similar to that of a homologeous protein RNaseT,. On the basis of the
present assignments, the binding modes of the substrate analog, GfpC., were

discussed.

gy AR LIS TARB. TR HLDEEEFEROREABEETRE ST 2 2 & &, 5 v
s HEITX0EAMNBEBEBOOCL > TH b, COMBEIRL LD BIEBEHER Y v c 7HRC
gy B - BEEROTNFEEETRHS PR TBILEBBEETHS 3. RAeRIoMBEOR
HEHELT, VHFRI VT —FMs (RNaseMs) EH W TNMRE & 3 HERI 2T - ko

RNaseMsik Aspergillus saitoi M E A ¥ 5, £ F® 12,0007 ¥ / REB LK 1064 b % 5 @
FTHV, -BERY VBIBMEEBHLTCY XX 2 v F FEMKIBY 50 T O EY XK
?7VﬁfF%@Tﬂéﬁ§tbfﬁ7:y‘T?SVKﬂLT%EE%%?CtﬁﬂB
hTwvwd, KFETHR, ZWENMRZ A WCTHEBERNaseNsD 70 b ¥ ¥ 7 > VO RE*
Fo, GRBRLoB"EW LI LTS EEbE, BET 5927 Td 52 -deoxy-2" fluor
oguanyl-(8"-5")eytosine ( GfpC) & RNaseMsO A& K > WwWTd T o b v v+ v RBRE
RV, WEEEKT B L THEA T rn rOBAMREBAB L EEHME L Re
®_B ;

RNaseMs5aMiE /R (E Kk ; 100%D20. # 7K ; 90%H20-10%D20) 2 NMREHR & L T H W o
RNaseMs-GfpCH & A . & o » U ®» RNaseMsSnM/A ¥ 2 GfpCA B T B F L. His91¢2f =N N
BEXFI1e898 A F NV Fa b vy ZF oy Ihnvy 7 PELASBUMNYET S &EEHAL TN
MR & Lz, BEMIBZRNaseMs. GfpCH ik 1:1.98& L Ao HIFE B E 3 37°C. plid 5. 75
AELRE, HEREBIEOLGX-500%HWwWik,s DQF - COS Y. HOHAHA
(B &EM4isns. 85ns) BLUNOES Y (RAMMIsins) O FELHBEMNE — F T -

oo 7K @ suppressionnii B 7 V¥ F a b — v s ¥ E BV R,

BEEBBHEICH W, RlaseMs®P T 0 + ¥ ¥ 7 F VO BBAIF » ko E FEARB 0D
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QF —COSY =2 b, BKBITUEADTOHOHAHAZRRYZ FAB2HEET L&
TRAEVYSZRORAEET»heo KRESIATRKBEBENLT ¥ VB ENELDE >N 3 HEER
W (dal, dBN, dNN) KR » THEHELL. OB —-KBEBE2BBLBEHFT $ 7B 47
ODHBEIT o MIEIOBWKEID A FEFTCRIIBEORBEL2E T LR, M1 KEHRE

TR LALNOE connectivity® ¥ & & TR ¥,

HERERBRIVEEFELARBEESVINOESYXEVY -2 2RBL. Z®
B OB EEIT > %o RiaseMs® Z R BERI ~AXDODEWae —~Y 7 v 2 (Serld-Serdd) &
ZHoB - v —F (B2) DE5BE->TW3, hidEBMEYEHRNaseT b % RiaseT,y

(R EOoMBMHIIY O REZELL2AHBMEIBELEMLE DT H %,

RNaseMs-GIpCH Atk & # B & RiaseMsic 5 W T D QF
- COS8SY, NOESYZX~®7 b NVOWhEEIT->»7, DQF-CO0SYX~=JFrDiEi
B T R Tyr3T. Hissg. Glur40\ Tyr4i. Glu57. Arg76. Ile78, Gly8l. Iled9. His81% o
v — s RPEERY YAy 7 P ELABEAD BN fo it%§7‘f§@.ﬂ£§(:o}:\fh&\ Phe?9. T

yrl2. Tyr25, Tyr28. Tyr37, Tyr56% D v 7+ Vv B F & A EEAL LB D » oM, hlUsA

a0

@ Tyr5,87,41,44,55,58,64,67. Phed7, 49,100, Trpllod ¥ 7 F+ N i ¥ By 7 FEA S

“

ZWVWRHRBEBENED Nk, G(fploE AR LY 7V EIEEL LT  BEELEIGHE
EHRIHTEHE O L RVaseT1 D HE L THRT 2 &, R3S ERT XIS FHRE O MM

) vV BEEABUBICEEABRIULALIRCEE - TV I EBHLPEUE- 2, HFHK

SWTHEAEBFE Z T3+ T %,
0 = »
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XPLORKE & 27 4 A ¥ Y AV 4 A ) —&HE O M
P23 ,
O#MME K. MELE :
R IR B BETIgeT A FIE Y L WF 5036 1

How to Calculate Protein Tertiary Structures using XPLOR

Daisuke Kohda, Fuyuhiko Inagaki The Tokyo Metropolitan Institute of Medical Science,
Department of Molecular Physiology

One of the purposes.of NMR analyses of proteins is to determine three-dimensional
structures. This process consists of sequential assignment and distance geometry calculation.
Sequential assignment has become routine work in regard to .proteins with the molecular
weight up to 10 kDa, while distance geometry calculation still remains to be laborious work. -

Here we present details of our calculation procedure using XPLOR.

1) gtwvic ¥ HEONMRBHTOBHO -2 €D LEHEDRETH 5, 2R
NMRAWRZ b VEFIH L 72 E$R B (sequential resonance assignment) Z#H$T5 Z
ticky, SFEN—FUTOI NI BEOART FVORBIE, BEAEV—-F Y —
T oTWh, LI AHH, NOESYARY + V&M L CHEEREBLIAT Yy 7L £
DPEMEREEZCTEBEZHETLIAT y 20Tk, REEBELZEXE W, BB
DWW, 4E OFE TIIXPLORK & 5 VB HEEE 0% BAMICBR %,

2) AH7—% OFesk NOESY# b NOE{HOD 7 —% ®7 7 4 . B & 'DQE-COSY.
P.E.COSYDMHT A b, ZHifig &y BT 2EWEZ LD LT 7ANED( D, TR
bEBULETOTIATT74 -3y VERTLLEMEFITH %, BEXPCIS L TBASICE:
HAWTEBRZITRoTwh, CORPRTRNOEMBE LS Yy 7YV /7 — 3 DHlB LU
WAGHRER~NOBBER, Ya—-VFETFoMHE ) BEOWME, xF Vi
NOESMIERIE. S-SKHALARKEEGHRONME EFfThbhs,

3) XPLORE & XPLOR i X#R B L U'NMR O VAR ERI B D 720 ORI % N —D a >
OCHARMmMT &%, HIENMXPLOR 4 DY BRIT bR EF ¥y VBE(Y
+¢vb%&)@%ﬁ%ﬁ%tnmmammmmaﬁtu&afwf\%ﬁ@ﬁ¢ﬁ%ﬁ
S BN 2~} VEBABERERCHOAIRSE 2 TV b, XPLORDK X %I,
XPLORS—HiN 7075 ABHETH N 7077 22 MU RECHEOHE N LHBICH S
BRLBIEDNTELEWCHD, 77 HHMELZIES DT, Clore & -Gronenborn b5
DISGEO%Z B WT \w b A5, A4 i#d b I Variable Target -Function (VTF) i3k ¢
XPLOR 71 % 9 A% T\ 5"}, DADASTH VIFZ#RM L Tw %45 2, DADAST it
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—REEICH o TR A LS ¢ 2D L, XPLORTIZZEHMIcEIL S &2 SR %
2T, B, violation 2*—FME (B XIE1 0A) L /NS LZNOED A& KT ¥
Vv VBB ARL . SOVTFEEL, NOER 7 Vo v WlHE LCRPTRZ L 2%l
MICALy F+258%RAAL T, BHEOMHNICB v Tviolation?® K & ZNOEXH H IcE
BRES X% VE) LTV D, %% OSimulaed Anncaling (SA) T H, RFRLoK
BERTRB (ko) ENOEDRE (kyop)k D W oK DIMPT T L, KT
DT DR e LU EORELETE o Tw 5, ,

(4) BHEOREEEDHHE 49 Y F N 0JETIRXPLOREHE & #2155 4 —

ik, 75 AEEICHDAATHE ), CRTRIFTEOEICI O/ I A2 HEER %
TRELEVOTRECH b, 22T, NTA—FETHEBLT—207 7 f MicE &
WD, EHLWRUNIXY 2 V7S ATCRITLIEIRLEZ, 2H)THE, #1000
DEEEMHEG 2L LT OEX THIINIITR ) MBI TE 5,

(5) BHERREORT HEORRBONTEEOMITY —VEEMLTBLILIEE
THhbo UNXY 2 VT BT T ADPLBITADXPLORT BT ARIIT A &Ik,
BAE. RMSD (BB OBEERORMSDEFEL . FHREHEMEL L 5) . AVERAGE
(EH OB DB T4 £3) . REFINE (PHEE&BELT 5). FIT EEEER:
74y bT5) . ANALYSIS (U@ 0BERED LA )V F —fiRviolated NOE%Z L DY A
FEED) BEOTOTITAEHo TS,

(6) % HAITRUTOIVAS2EE W THE ST o720 IR RBEK TS
%, 1)% % AEGF(53) 2)t FEGE(53) 3)k FTGF- « (50) 4)Erabutoxinb (62) 5)3
VA HO5A A FEmelittin(26)  6) I IV IZH B A A ZFLHRH(10) 7)Sapecin(40)
mnmwmmuw)9xbmmmncum>am'bm%%v%‘xv%ﬂﬁ%%n%wu@ﬂ
BO5~10%ThHotzo BHEMMIEINs4D/70GZ AV T—2DEEES-) 304 (10
RIE) 25 3EEM (5 05RE) BETCH o/, T/, HDEEIH T 2 NOED i LA &K
FRILORBORERRFAVREGTRES ) —FHBPIVE—-RICBFEZLRDITAE S,
EBIZIZEALDHA T, NOE2ASLAT L WHHERFRFRLORKEO DS 2o 7z, BEN
551 0EREOEIELED THET L. 1.5 A (FHIETF) BEDO NHIES
7z, Tachyplesin & Conotoxin KDWT LMK ROLMEL ¢ BELU 5 1 0GB
#AND L 1AREORMSDAE bR, k) L VIKTH o 720

1) Nilges; M., Gronenborn, A.M., Brunger, A.T., & Clore, G.M. (1988) Protein
Engineering. 2.,27-38.

2) Braun, W., & Go, N. (1985) J. Mol. Biol. 186, 611-626.

3) Nilges, M., Clore, G. M., & Gronenborn, A. M. (1988) FEBS Lett. 229, 317-324.
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Structure Comparision between Ribonuclease T1 and Its Glu-58 Carboxymethylated Derivative
~ By Proton Nuclear Magnetic Resonance .

Hiroshi Miyano, Ei-ichiro Suzuki, Masaru Tanokura* and Kenji Takahashi*
Central Reseach Laboratories, Ajinomoto Co. *Faculty of Science, University of Tokyo

600 MHz 1H-NMR spectra of ribonuclease T1 and its Glu-58 carboxymethylated derivative
(inactivated) were measured. Resonance assignments of both proteins were obtained for the backbone
protons of almost all amine acid residues using sequence-specific assignment procedures. For
topological secondary structure, no difference was observed between ribonuclease T and
carboxymethylated one. Chemical shifts of backbone protons were also compared. Large chemical

 shift variation (more than 0.1 ppm) was observed on the around twenty residues near the active site
which suggests that carboxymethylation of Glu-58 induced the comformational distorsion on the active
site. , :

[#T]

Ribonuciease Ty (RNase T1) lf. 22U Aspergillus oryzae WELET B3I DI 7 X
F—EBLUREXNhE RNA DBEEBERT. RN FOT 7/ 03 -1) VBBHORARY
AFIEERTRD CERBICYIW T 5, RNase Ty OBEEEHFC VT MR 2L 98
RBRADBBRENTV S, BERES . His BREOBAHREERELH S MU B
ERHEFTTOANY PILELRBEITU. EERMICET 2R WRLITR-2-TV S
(1,2) SEBECEUTHE. RNase Ty SFLEH (27-GMP, 37-GMP) & BEEE U 2 KEED
X MEGEEERITO/ED SV (3,40, k. T4 Ruterjans L. GIn25 W Lys WiEH
Xnk¥ 47D RNase Ti @ 'H-NMR DIRIE & ZRIEEMITE T2 > TV 5 (5

KAWL RNase Ty OE. BIEMPUOFAREEL MR ICLX VBT S &
PEBEEIXUC. FOBERRICEFUR, £, GIn25 ¥ 47D RNase T+ U &
MERHCEERLDH R MR TREDV ED Glus8 BAILKFY XFIL (M) kU
RNase T1 (CM-RNase Ti) D IXFE NMR BZUSEU. RELTOREOEROT LY VT
FNDRBERITIRo . B, BMHEOLEY T M ERERU. EHRCRKEREERS X3
CM LD HERERYIC RNase Ty D E DA REILI TV EIPRHEPIT B3 E2RA R,
[$&ER]

RNase Ti, CM-RNase T DA M. IFBISCERICHE - 22(6),

RNase T:i, CM-RNase Ti BEENH 2 oM &35 LD FhEFh 90% H0/10% D20 I
B U ph 4.4 WU B, WEWR. 9T Bruker AMX600 NMR ANT X —4 — %
Fok. ThEhORBIZDOV T, DOF-COSY, HOHAHA, NOESY % ZiR7E NMR AN b
BHIELU R, HOHAHA @ mixing time W 40 ms. NOESY @ mixing time X 150 ms ¥ U
Bo MIEBEW 32 CTITR- s
(R EEE)

(1) RNase T; @ 'H-NMR JZIE & —RikvE ,

WKW > Ty RNase Ty OEFFERITAV. €2, N4, P55, V57, D66, GTO~P73 %
BLIRTOEHO T VE2BBEU . Rutérjans » D Lys25 ¥ £ 7 RNase Ty D '#
“NMR CWRIBBTH o RBEDS B, Pirle S35, N36, N8 OV T FLEBRBRBTE B,
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iﬁimbvmmmméRmle@:m%ﬁmmﬁﬁﬂ%@\%w%%\m%mmbf
aNUy T ABERUCVBTE, 720X FFB Y — b (3~4, 11~13, 39~40, 56~
59, 76~81, 86~92, 100~103) MEELU TV B2 EBEME R > k. Zhid Ruterjans
SOWEE L —HUTWE,

(2) RNase Ti & CM-RNase Ti DS

(M-RNase T: W2V THAEFEBBR2ITL. EHMO NOE VT T ILERITU R, ZOH
B, (M-RNase T1 1200 a Y YT AETO2OMFITBY—FRBHLUTEY. Thak
R B RNase Ti &R —HUTVER, BB, (M ALKk >TH RNase Tv D
THREEZ ROV A RBETRERINL I ZEDHEDP ER o T,

RNase T1 & CM-RNase Ty OFEHO7IF 7MY, a7 b DiLEY T POLER
Tof (B). 7IF7}OEILOAEPRKEP>RB. FOHT. 0.1 ppn 2L EAL
FY TP WNRRBFEEN. T5, S12, S13, N36, Y38, H40, V42, N43, E46, V57, E58,
W59, V79, F80, E82, V83 TH oo aF I 2T 0.1 ppm BLEY T b U REEW L.
G23, D49, E58, V79, S96 W& >l {EFIFREDIE D STHEL W T <. RNase T1 5
FLEOBEOLFEY T I 2LTILIVTVE I &I, M B —REE Lih kBT S
37 I /BHRBEOFEEBBEREEREITCVEZERRUTV S, FOBT. E58 & @£k
EMRECEERBETH S HA0, HI2, RTT Oy 7 ML, DR EDEHCHT
EWMXY, BLAX WML, —FH. G23~V24, N36~D46, DT6~E82, GI4~S96 TZALD
HNEVEETH o7 ThBFLThD, TNFTD NMR. X MESEERITE 0. i
WAL BEBRECRAHUBUTVWECEBEAPER STV IBETSH 5,

PrEDR R, Giu58 @ M Lz &k % RNase Ty DEMDWEN. FOZREERVLU
WP ROV DA REEOEIC &L ZO TR <. EERMTEOSBINRAY T 5 A —
Hv/ﬂjt( BRIRCHEHBEUTVLAIERRTDHDTD 3,

®. WL EHE NOE F - ﬁ&Wﬁb\RM%TIRU(MRM%T:@E&%%%ﬁ
muw&%%brmgkm&%xfm%o '

ppm . ppm
08 r 08 ¢
o7t A 7t b
06 ' 06
05} 05 +
04 | ) 04 }
0.3 ’ 03}
02} 02}
o1 , 01} o
0 | Flnr 0 po Al E; AR
01 F 0.1
02 L 02t
, RNase Tt & CM-RNase T1 LY T FIE a;7IFTbY, bjadb Y
(ZE )

1. Inagaki, F., Shimada, I., and Miyazawa, T., Biochemistry 24 1013 (1985)
2. Shimada, I, and Inagak1 F., Biochemistry 29 757 (1990) :
3. Amni, R., Heinemann, U., Maslowska M., Tokuoka, R., and Saenger, W.;J. Biol. Chem. 263 15358 (1988)
4, Sugio, S Amisaki, T., Ohlshl H., and Tomita, K., J. Biochem. 103 354 (1988)
5. Hoffmann, E, and Ruterjans, H., Eur. J. Biochem. 177 539 (1988)
6.Takahashi, K., Stein W., and Moore, S., J. Biol. Chem. 242 4682 (1967)
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NMR DETERMINATION OF THE MAGNETIC SUSCEPTIBILITY TENSOR.ORIENTATION IN FERRIC LOW-SPIN
FORM OF HEMOPROTEIN

Yasuhiko YAMAMOTO, Norishige NANAI, and Riichiro CHOJO

(Department of Biomolecular Engineering, Tokyo Institute of Technology)

A novei approach called MATDUHM (Magnetic Anisotropy Tensor Determination Utilizing
Heme Methyls) for determining the orientation of the principal magnetic axes in ferric
low-spin form of hemoprotein has been established. This method is based on the hyperfine
shifts of the heme methyl carbon and attached proton resonances and requires neither the
mégnetic property nor the crystal structure of the protein. Therefore this method can be
applicable to any hemoproteins to locate experimentally the orientation of the principal
magnetic axes at a given temperature, while the applicability of the conventional least-
square search method is limited to the proteins of which X-ray crystal coordinates are
known. The paramagnetic metal-~centered dipolar field in met-cyano sperm whale myoglobin
was gquantitatively mapped using the results obtained from MATDUHM. The observed shifts
for some non-coordinated amino acid proton resonances were reasonably predicted by the

present method.

FLwdic>

NLERRATLETHEHE (NEVVL Y SF7uaty . Fhra-LHE) i3
AMBBREAALCHRORVI AL E —R3C L D AERED 2 BT 320 DRLE
HEH-TWVE, INSDANLAFEHEDEFERIOIIFN L ANLETH D | 2D%H
T BEE BRI AL LT S VBRI OMEERIC L > CRIT 2 £ 2 50T
WB, 22T, NAKORISHEDSAL EHOT S BEE L OMEERIZ YD L > 128
HELTVWBPERIT 2000, NABHEOERFEESMOS FHEEREL. Boh
T E TN EROBEEOBRICEL THERH T4 2 L 3HATHS . FBEALE
HEONMRTBEESNE 7S /BREOTO N Vel 2L 7 FLoEaY 2 7 by
7 MEk. 7O RE Y ERHET A Y L OEMMAEREIC S bO TR THZ O
T. NMRICE BALEHEDEESNOEKEEREICEETHS, LIAHT, #Hav
G787 PEALKOATFETOBLRNRGFHICIDEL Barv 27 b7 ME
BALEDT ¥ Y L OFMIC L > TEBEONFEE L EUHIT SR TWA D, BEIERS
U7 MEER TR Y EALERE OHNSTERIHICE L TEIS 5720103, BitEanx:
BONLH T BREADPSESFARKTH S . Fxld. BAEOEEE NMR P 5 HET
AheE (MATDUHM Magnetlc Anlsotropy Tensor Determination Utlllzmg Heme
Methyls ) %‘:%ﬁtfzo
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<FFHE> |
R FEOBER M 1 IRLE ., RREFETAANLAEHEDALIAE L LTH>D
AFNEEFFELTNE, TROEDAFNEDT O L — K BICEKT 527 TN D
BMEMIT 7RI, () a2y 227, (2) BUTFHOOEIY S 2RI, (3) &

BHLOWIAL I 7+ 7 FDREL»>T W5,

(N & (NFFlz . XFAEHEEHRE

BE&Tseu—h—KCOBEEICH S PRNETFHREITHAGT S (H M HcConnell, J.
Chem. Soc., 24, 764 (1956)) &T. McConnell DRIk DA—AARFLENT TR
AR OBMMY 7 FRRABICMET 22 L2k oT TR brE ARy oL
ZNEND(3) FRET LI ENTES, MATD UHMTRBALED EMo B, 3

NLDAFNFEOTO R |
Eh =R BIchR T 5
7N OBMB LURE

|

ST A A

HeConnell B

RXFNEPEREES
FEEO - NRED
PHED A ETH

RO PR TR (8)

5D, (Sms:ao-l 7\ +D1 coszorsamzﬂ

LB 1
PRSI

BREVGE

EEERD = RTT
ZERIZBI 3 [EEg

|

lNAtﬂTé&m$®i%®mi|

B1:MATDUHM

RALED R HE

O

&
—hs

(Calcyppm.,

2
&

X ¥
Ny 34° N
i
s
40 0 10
S (Obs)pom
B2 : Sl & SHEEo g

BOBCEDOERFHEDOKRE I 12X - TEHEERIL
B2 ANLXFNEDTOR K (Z208
DELEDEL) & — R BDBRART 2L
PREETHLWHEMOEREERICEL T
BL, Thehe7Fhod) 2HETERA

OEERPRETDEI L EEETHL, HETD

75 L% FORTRAN THEE | FHEIISIN 4 THr» 7,

<HER L FE>

RyAVIZIIDIFXTOCSDA LT
e LCMATDUHM* ML TE LA RIL
BF Y IVDOEBMOANLZTEEmE . 73/
BREOVO N 7PNV OBAY S R TR

- OB (S. D. Emerson & G6.N. La Mar, Bio-

chemistry 29,1545(1990)) ¥ 38 = D *
2UTR LT, BLET Y Y L OEMO ZEE . A
LBEEBEDANLATFENERICHLTL T
LR E ot B ZEHOANLFEHANOHRE
LN F - N#:ORIAIE34° Lhore, 3
BAEIZC O X#E BT D& (J. C. Hanson
& B.P.Schoenborn, J. Mol. Biol., 153, 117

- (1981)) 2L elcLTimon/zboTh s, Fil

& FHEME L OB EBRWI Lps . 2o

FEmROFZELENDP S, MATDUHMIIZ, &

EMHER E AREDD 58 5 N LEEEOBLE
F VY NDEMOBADREICHEET 5 = L KT
530T. ZhERDBHETORHEFICL S
ERUERETRSOTRM. £ L CEESEOS
FREERI VA S L P CE B LB Sh D,
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(REB RS - T2, KERAKE - BEEY, KRAZ - @ T )

~ NMR Study of Recombinant Human Hemoglobin Mutants

Koichiro Ishimori®*:®, Isao Morishima®, Kiyohiro Imai® and Gentaro Miyazaki°

(*Graduate School of Engineering, Kyoto University, P*Medical School, Osaka University,

°Faculty of Engineering'Science, Osaka University)

Using site-directed mutagenesis, we have generated some mutant proteins of human
_hemoglobin (Hb) with altered inter- and intrasubunit hydrogen bonds, in order to examine
the .influene of these hydregen bonds on the structure and function, The mutants
examined here were o 42Tyr—Phe, His, B37Trp—Phe, B 145Tyr—Phe. Their NMR spectra
clearly showed that the intersubunit hydrogen bond between o 42Tyr and- 8 99Asp plays
an importent role in the stabilization of the low oxygen affinity form of Hb. However,
the cleavages of the hydrogen bonds between «94Asp and B 37Trp (intersubunit) or B 98Val

and B145Tyr (intrasubunit) induce a little structural and functional changes in Hb.

(FFiR] AEV/oEy () oMBHEARELZERT S LT, BRABRRROFTFLALTOARZ
ZLEMET S LEBOARNABMECH S, XRIBERFTOKRED S, DOMRKAICHELDHE
KHEEA L HRNMRE S £ ORRSBR SN, KRR OER, Bl 77 Y T Tl 2EM
OE(LR L OBRBEENRRE AT E L, BIOKFRSRIDOBIBEDBRERST S Ok ELR
HERELTWAZLAMBATE Y, MESTORAIC L VDS OAREANEE, £RL
HOBEL TR LICIYBRRSMBEIPEL R, BRAHESRAT I 0L ELD NS,
LAL, BXOKREEF DI I RBERZLTWADMCOVWTOERE, EENREHREECH
Y, BEFTHIRFEATELLEVWAR Y, FCCAMRTRECHRANEREO LCEELRR
CHERELUTWBREEADATVWAVL DAY Tazy Ml nWRY T2z y FHOARRBEIKC
EBHL, BEREIZ0BHMZICALTREO7I VBEERLEIDEABRL., T0OBEREELZ NMR
WEEZHLCRNT B L ICE> THRMRRBRIAO AN XL BT B ARBEORE SOV THRE
BfThotk,

(ZRECHE] 73 ) BRERDORBENagai' 50 FERAVE, 73 ) BERIOERRL O
BRI /UL YEAE2EESML, TAART MVERWTHRRLE, RETHEH, NMRUES
BRI 2" .

(RReER] 1. o2TyrB#E° o2Tyridalf2¥Jazy PRECKEL, RRDTRF A
FURM, o0 Ty KRBT YTz boAspE KEREEHBRLTWEZ LGB hTWS,
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ARBEALEADITEE, T CTyr2 WBIMTEEED & < flPheicB#RT 2 (HbY ad2F)Z ki
&Y. BO9ASPL DARRAETERVEIRCLTHE. N1 CFOMERKEEONMRIANRY L%
mUE, BEBHICEY Ty FREOKEREES., BREYMICEANV IS4 VORBRICE - TH
BMES I FLEALESBEOY FFUNBENEI S, Yo 2FDARY MR — Y i3SP I3 RE
2EARBHZ2L0O0, al f2RBEICHEET S a4Aspl B98AsnE OMOARREEY al B LRAEHKCE
ETD2EOKRRBECHERTES IV, R, ab2Val, B6TVal® > ¥V FILIEKARIHbL IEIEH
CiBEcHlEh, BERARCBVTRAELBMERCIRBE A LD ok, UHL, BEIEE
UETFAFPRBTRAERARY PVELARMEE, EMHIsONHOHBENMR Y 7 F )0
ay B¥Tasy bEBRAIICHA, SYRERERBE T FERL. £k, ALAFIVESEN
ENBEHRTHARY PR~ VICEENBDNDZ LD D, ALEFRUALOBR TR A%
REASBREEINAEZLAEDALRoE (M2) . COEIRARYT MVELRTFTTFIRBTY
BOBESHAMEL2RTRARARTEDP L E2BHIbO/B L —~BLTBY, RRDHTETAFOREB
TEBILENIBEVBRSENEOBENZ DY e 42FTREZICLABRVWI L ERLTNS, EE,
BELHHBOKR (F1) »5, ZoRBVWEBRRSANELBRAMNRORVWEBEEARE2TRT L
& U TIZHDY ¢ L2HD B A o 42HisD=NH*E &

« Gl Asp
N\j‘ :
B99AspD COO- DM D KEEAICHKTH L

DEB Mok, » , ~ BsB4 Asn
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WBEEALAZN, ZOTrPRECNEICIEEOMEKRENKE SRR oESerPArgic BHR U XK
REHBUABEIA TR, FZ T Oinvariant2 KRREEOREERFTIED, CoBRER L
BESTARED & S Ll2PheBECEBR L ThE. TONMRARY MV (AFLERIS LTI *
CEN4) T FVREB T 4ppndD S YV FIHAREICHEL THBHEEL WELIE R <, 9. 4ppm
OV TFILERPBEFNBFEoTH 00BN h, BRES JHVoBRAUNBICKEREMLIZR

Mok, LAL, BESRASBERCEL LY (FL) . BRALABEKELENE AR o=, ©

OEIRBREELBHROFIER., FCPI/RERCL I _BEK-HEATYHOBRICE D LEL

Bhd, DY, TrpkPhelcB#TZZLICLVIAZREKICHELPT<A2Y, NMRUERE

(R3mll) THEEREKTHZPMBELHEBRIER (6021 CRZREKICREL HRRFEMERE
ChoTndbokEADAS, EBZ OV BITTERREMEOREREEIKEL ., 26 RBo

TARTRREATNS, BLZODHOBREENNMRAARY MVTRBEhiE & D CRAIE L <L

LEBETHEEDIE., ZOAREED B145Tyrk f98Val L DK EE A ABERRAAERBESR
EHICiE ad2Tyrk B99Asp M D KEREFIZEARERZHEFH > TR LAHEEZLD, FiC,
FAEIYRBONMRARY MVT, 6.4ppnd ¥ FFIVEFTHRBIRMICHEELEZERDS, 2. TH
hEZOSTFIOBRBIZDVWTZ O aqGlAspl B37Trpk D ARHEN FOBFO—D LR YES

ZEERLTWND,

#1 RRRCATLREHDOBEZAEOH (PX50/ P%o) LIBAMEESR (Nmax)

Hemoglobin PX50/ P*so Nmax
Hb A ) - 3.1
Hb Y 42F (@42(C7)Tyr — Phe) 7.5 L2
Hb Y @ 42H (& 42(CT)Tyr — His) 3.1 2.0
Hb ¥ B 145F (8 145(HC2)Tyr — Phe) 3.1 2.2
Hb Nancy (B 145(HC2)Tyr — Asp) , 14 1.1
Hb Bethesda (B 145(HC2)Tyr — His) 30 1.2
"Hb Rainier (8 145(HC2)Tyr — Cys) 26 1.0
Hb W B 37F (B37(C3)Trp — Phe) . 8.8 1.2
Hb Hirose (B 37(C3)Trp — Ser) 3.4 1.9
Hb Rothschild (B 37(C3)Trp — Arg) 0.57 1.8

(2% 3x@k] 1. Nagai, K., Luisi, B.,, Shih, D., Miyazaki, G., Imai, K., Poyart, C., De You
ng, A., Kwiatkowsky, L., Noble, R. W., Lin, S.-H., & Yu, N.-T. (1988) Nature 329, 858-860.
2. Imai, K., Morimoto, H,, Kotani, M., Watari, H., Hirata, W., & Kuroda, M. (1970) Bioch
em, Biophys. Acta. 200, 189-196. 3. Imai, K.  (1973) Biochemistry 12, 128-134, 4.Ishimori,
K., & Morishima, I. (1988) Biochemistry 27, 4060-4066, 5. Nagai, K., & Kitagawa, T. (198
0) Proc, Natl. Sci, U.S.A. 77, 2083-2037. - 6. Ishimori, K., Morishima, I., Imai, K., Fushi
tani, K., Miyazaki, G., Shih, D., Tame, J., Pegnier, J., & Nagai, K. (1989) J. Biol. Chem,
14624-14626
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Solution Structure of Bioactive Peptides by
Two-Dimensional NMR and Distance Geometry Calculations

Jean-Marc Lancelin, Daisuke Kodha, Shinichi Tate, Yoshikazu
Tamarura*, Rie Ikoma*, Susumu Funakoshi*, Nobutaka Fujii*,Sadaaki
Iwanagat, Yuchio Yanagawa®, Teruo Abe”, Mei Satake#
: and Fuyuhiko Inagaki.

The Tokyo Metropolitan Institute for Medical Science, 3-18-22
Honkomagome, Bunkyo-ku, Tokyo 113, *Faculty of Pharmaceutical
Sciences, Kyoto University, Sakyo-ku, Kyoto 606,T£aculty of
Science, Kyushu University, Hakozaki, Fukuoka and #School of
Medecine, Niigata University,; Asahimachi, Niigita 951, Japan.

NMR derived distance constraints and distance geometry
calculations are now of routine use for stereostructure studies
of medium sized peptides and small proteins with defined
structure in water solution [1]. We recently applied these
methods to solve two highly biologically active peptides from
marine invertebrates., The first is coming from the Japanese
horse-shoe crab Tachyplesus tridentatus from which was isolated
tachyplesin I,a 17-residue peptide,by acidic extracts of
hemocytes debris after lysis . [2]. This peptide was shown to have
a high affinity to bacterial endotoxins of the lipopolysaccharide
(LPS) series and consequently is most probably involved in prime
antibacterial self defense mechanisms of this arthropod. The
second example was taken from the wide family of conotoxins [3].
Conotoxin GIIIA (geographutoxin)with 22 amino-acids residues, was
isolated from the venom of Conus geographus (hunting cone snail)
and was demonstrated to be a selective tetrodotoxin competitor
for the skeletal muscle- Na' chanel. The location of the three
disulfide bridges was very recently demonstrated using chemical
labelling and mass-spectrometry [4].

Basically we used four types of NMR experiments,double-
quantum filtered COSY, HOHAHA (MLEV-17),NOESY and P.E.COSY in the
phase sensitive mode (States method) to achieve first sequence
specific assignment .of resonance lines [1} and then
stereospecific assignments of resolved diastereotopic methylene
protons. Two sets of experiments at 28°C and 10°C were used. A°
250 Tixing time was selected for NOESY experiments at 400 or 500
MHz 'H frequency. Slow exchangeable amide protons were obsverved
in D,0 at 10° C. Fig. 1 illustrates the quality of spectrum
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Fig 1. AGL-HO. NOESY regions of A- tackyplesin I in H20-D20 90:10 at 500 Mhz, 28 °Cand pH 2.9 and B- conotoxin GIIIA at
400 MHz, 10°C and pH 2.5. Inboxed cross-peaks indicates corvespondinig COSY connectivities. A DANTE and spin lock_type

wa:;r suppression was used during relaxation period with wypical DANTE pulse of3-4.5 *with intervals of 0.250-0.500 ms until c.a.
15 duration.

35 NH,o coupling contants were deduced from. 1D-spectrum and
occasionally from a 4Kx512W data points DQF-COSY in H,0.

From preliminary analysis (fig.2) it was possible to assign
a secondary structure for tachyplesin I as an anti-parallel B-
sheet from residue 3 to 15 with a B-~turn formed by residues of
Tyr 8, Arg 9, Gly 10 and Ile 11. Variation of NOESY cross-peaks
intensity associated with terminal residues 1-3 and 16-17 with
the temperature indicated some flexibility for these parts of the
molecule. For conotoxin GIIIA , no _secondary structural element
was recognized but significative “J NH,a indicated a defined
structure in solution. ’

A total of 142 and 194 NMR constraints were finally derived
for tachyplesin I and conotoxin GIIIA respectively. NOE cross-
peak intensities were classified to three categories (weak-
medium-strong). Stereospecific assignments were explicitly
introduced in distance geometry calculation when possible. 505
tachyplesin I each of the four cystein side chains take a t“g
conformation. Two other stereospecific assignments were
determined for Arg 9 and Tyr 13 but were not introduced in these
calculations.
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Fig.2. Main experimental data used for stereostructure caleulations for A- tackplesin I and B- conotoxin GIIIA. For Conotoxjn
GIIIA only sequential nOes are shown. A shaded bar indicates that a nOe is observed. The thickness is related to the relative

intensity of the cross-peak, A filled square indicates a slow exchangeable NI at 10°C. J couplings are indicated in Hz. 4oL, are
compiled over the two temperature used 10 and 28°C.

For conotoxin GIIIA all cysteins wers §ssigned in t2g3
conformers excepted for Cys 20 found in a g“g” disposition. For
Cys 15 , the stereospecific assignments a% not possible du3 go
the chemical shift degeneracy. Lys 8 (t“g”) and Gln 18 (t“g”)
were also used. Slow exhangeable amido. proton information ‘was
not included as distance constraint but  was used as an a
posteriori checking. Fig.3 displays RMS superposition of the best
structures obtained from 150 runs of XPLOR.

Carefull examination -of one of these structures with side
chains on display reveals the remarkable location of guanidinium
and ammonium groups around each molecules. For- tachyplesin I two
pairs formed by the couples of Arg 5-Arg 14 and Arg 15-Arg 17 are
in opposite directions almost perpendicular from_the B-sheet
plane. If we consider that tachyplesin I interacts with a
Glc1P6Glc-1,4" diphosphate glycolipid which is shown to be the
major active part of LPS [5],. the distance betweéen guanidinium
groups within each pair seems suitable to fit with phosphates.
Additional interactions could also be provided by the pair Tyr 8-
Arg 9 and the two first amino-acids Lys 1 and His 2. We think
that this feature is at the origin of the precipitation of LPS by
tachyplesin I this latter acting,as a cross linking agent. For
conotoxin GIITIA the particular folding with the three disulfide
bridges concentrated at the center of the structure forms a real
crown of basic residues almost regulary spaced (Arg 13-Lys 16-Arg
19 and Lys 8- Lys 9-Lys 11) which could interact strongly with an
anionic "mouth" of the receptor.
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Fig.3. RMS (N,C0.,C) superposition of A- the 10 best XPLOR solutions d tachyplesin I and B- the 7 best solutions of conotoxjn
GIIIA. The respective combinated RMSD are 1.03+/—0.33 A (66 3:16) and 0.80+/-0.26 & (65 2:21).

High level of molecular organization in the structure of
tachyplesin I and conotoxin GIIIA allowed the 3D-structures
determination in water solution using NMR data and distance
geometry calculations. From this study it is highlighted that
disulfide bridges when properly located can -constrain a medium
sized peptide, otherwise subjected to conformational avéraging
over several conformers. The relationship possible between
biological activities and observed structures is then deduced.

References

[1] K.Withrich,NMR of Proteins and Nucleic Acids,J.Wiley and
Sons,N.-Y.,1986.

[2] T.Nakamura, H.Furunaka, T.Miyata, F.Tokunaga, T.Muta,

S.Iwanaga , M.Niwa, T.Takao, and Y.Shimonishi, J.Biol.Chem.,
263(1988)16709-16713.

[3] B.M.Olivera, J.Rivier, C.Clark, C.A.Ramillo, G.P.Corpuz,
F.C.Abogadie, E.E.Meha, S.R.Woodward, D.R.Hillyard, and
L.J.Cruz, Sciences,249(1990)257-263.

[4) Y.Hidaka, K.Kato, H.Nakamura, J.Kobayashi, Y.Ohizumi,and
Y.Shimanishi,FEBS Lett.,264(1990)29-32,

[5] C.Galanos, O.Luderitz, E.T.Rietshel, O.Westphal, H.Brade,

L.Brade, M.Freudenberg, U.Schade, M.Imoto, H.Yoshimura,
S.Kusumoto, and T.Shiba, Eur.J.Bioch.,148(1985)1-5.

—164—



S NRWAFRS AP HFEREE L OMEIEH
P28 —'H NMR¥ERMEEMS L O FRHINO Eic & 28175~
Ot Fi—. & E=", K B, g H—H
(TEKX-FE, "HARLFKR- KB, ""IARIK- B

Interaction of Aromatic Donor Molecules with Lactoperoxidase
Probed by 'H NMR Relaxation and Intermolecﬁlar NOE
Koichi Sato, Seizo Takahashi®, Shingo Nakamura®* and Toichiro Hosoya
(Fac. Pharmaceutical Sciences, Chiba Univ.; *Dept. Chemistry, Japan Woman's
Univ. ; **Fac. Agriculture, Hirosaki Univ.)

'H NMR was used for investigating the interaction of aromatic donor
molecules with lactoperoxidase (LPQ). Aromatic donor molecules displayed rapid-
and slow-exchange interaction with LPO. = Relaxation data of LPO-CN™ suggested
the presence of multiple binding sités in LP0.  The caluculated distance as a
binding site of aromatic molecules was 6.5 -~ 7.5 A from ferric iron, which was
substantially closer to the heme plane than that of horseradish peroxidase (HRP)

(8.4 - 11.0 A). Intermolecular NOE suggested that the binding site was in the
distal side close to dis His and Arg.  Thus the present results suggest that an
analogy in terms of structure does not hold between HRP and LPO.

G :

S5 MRV A X H—E([LPO) I, 2 FEY TIH00DOANLEHAETEL UTHIPICHE
TS, MRDFHEE, G- AFNENAFL Y FA—IehozTa ALK THE, +
N7 HREHEFOO AT A VEE L, Y274 REELTWREEADATNS, R
AR H—Pd—fc, H0.28 1HHE U, B2RE Mx0HH - ey o

- BMLRIS R 5, COMRE S 2 LH L OMEIEREWS M 5 2 L. RS

OFHMEMD LTEDLHTHEHETH D, BAGLBITEET Y )V F 2 H—+F (HRP) I
BOT, FEREEADVALGED S OFRE 8.4-11.0A T, ANLOD & AFIVHEHIC, AL
HICIFIFBREICEASLTWAZ %, "I MRICE2PR»HHE LEL], LPOOBEH
NMRETESE S 7 M broad TEAR VA > THY . ANLOBHS & CHHEEH KRR = & 5
5, YT FLVORBREEATHARY, UL N ORGLZELPO (LPO-CN") Tt sharp
THBELEEY - AEND Z EARD N, Tk € OB AEE 2 hiE=[2], £2T HRPO
B L FRRICEER-FLE S THINE B LB FE2 0T, LPOLSBHREE
OHEVER TN, HRPL 0 HBskid 2170 7=,

€L g

B )VRE LPOEIREE A LI VBRI, RAB(AL 1 2/Assobb) BN, DHT. 0T
0.0 LoD AL, LPOOWE, VBRI e 112= 112 X 10° ICL YFHE
UZ. LPO-CNUEZEJVLLT 1000F5E o> pHi% KONSH % LPOICINA CEHBIL =, B
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LE, SoDbdkE QANFBHEIN, T.WBET KAHETES, 2 THINE (&, B
on-resonance! off-resonanceZ F#hFh 0. 1IN L. B FIDOEZBEL THE,

(Too - Iz) / (2 Tco) = p exp( ~T/ Tiows) (1)
1 1 1 1 1 1 '

Eo - —)71 = Kd — - —! olmm — — -1 2

: (Tlobs Tlf) (le lf) ' S ( 1b Tl[) ( )

ERIEREAONS SHORTOKAL Y OEME, BEFAL Y LoMEEHICE 250
WEER LR D, FORE5E Solomon-Bloembergen® X OB FH TR LA, Tk
W 8=5/2FF 120 B MHEERT A LE, r 2 EHEEEL 7 b U HOEHEE
T BRI FOHEBRR L UT, BRERMICEATNROBICEL Z LA TES,
rem) = (2.8 X 1073« Typ - f(T ) )VE (3a)
riem) = (2,47 X 10732 - Ty~ f(T o) Y/° (3b)
T DEADLINE, TinERDDZLICE Y G)RDLEHE T 0 b -NLH N
BHTED, EROEIICUT Tiow. ADEWE Tiwbk, HRMIET W B & O R
(TL)ABEDED, —BICHEBOFES NS B T = T EHRED,

(W5 R] ‘

Fig. 1Al LPO/L VIV ) —I)LDFRTEE ST b @ inversion-recoveryflIiE kEEH 5
Tions Z3KD7= LB, Fig. IBE—EOMERRE T, LEHBEBICLD Ti..0WE/ED Q).
RICEDIL Ty N CH B, COERMSFTEIOME Tk KDfi% Table TISRY,

LPO-CN"FETICBWTHHBROEBRAVTERTH Y . ZORR%Fig. 28 L UTable IiC
AU, LPO-CNREET OEE OFERIE So/EobicikFE L ST IPOEETOZEh & B
2TWD, ZOENKE VR LPOFETLEREC 1HTH2MN(Fig.24), /hakspL
BOMENAHBIL, R E2 T E 2 e o= Fig 2B),

W DOPDFEREE2RAUEHRT, p-rua 7z J—ILICBVTH L VILY ) —ILk
FEDHEREIBN, T, & KBS (Table 1), £ 2AD 2= ARFI-4-AF )Tz
D —=IUR - UV — Uk IR, Tiew i ZEEBE O L CABICEET Fig. 3),
BLNEBREQORICE HTRESBI o, 2 CEBAE Ti.,. O, BEEE
FETO T LERRY, SHEREE IBRBREICH LU TRIFERMICEMLL = (Fig 3
inset), THDZ &, ZOBEOBEE CRBEERESD L VIS OXEM ORI E M,
NRD A A LA —IVICBNTHFENZEEZRT, LENSTID TiovsiCid, BEEEH
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FIG. 1. (A) Semilogarithmic plots (éq 1) for 22.3 mM resorcinol relaxation
in the presence of 30 #M LPO. (B) Plots (eq 2) for resorcinol/LP0 system.
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FIG. 2. Semilogarithmic plots (eq 1) for 7.6 mM resorcinol relaxation in

the presence of 20uM LPO-CN- (So/E¢ = 380) (A) and those for 6.0 mM
resorcinol in the presence of 90 #M LPO-CN~ (So/Eo = 67) (B).
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TABLE I. Binding of aromatic substrates to LPO and LPO-CN™

(A)
substrate resorcinol ~chlorophenol ~ QM oc —CHy
bH 4/6H 2H 3/50 2/6H @ @ OCHa 3~
LPO (8=5/2) T~
Tt (71 1401 1588 2375 3018 3410 ¢, distal —108
Ka (md) 18.3 7.8 6.5 13.3 6.8 Arg(?)
r (A) 7.5 7.4 6.9 6.6 6.5
LPO- CN (8= 1/2) distal
Tyt (s71) 212 462 963 696 996 I~ Arg(’D)
Ko (n) 49 2.5 18 6.4 2.2 o
15— '
distal M ‘
e . ° é E His CgH
o 5 f ' 1 3-CHj 259
g 3 30l | o
T§ W/\“WB—CH W/} MS'Z:S
051 .
w proximal'w,___,(j |
0 50 100 150 His 8-CH(?) b6
Eo (M) JWV“JAJJW .
050 15 20 25 30 8-cH ot 103

) So (mM)
FIG. 3 (left). Longitudinal relaxation rates of 2-methoxy-4-methylphenol in the

presence of 40 uM LPO versus So. (inset) Linear relatiomship for Eo.

FIG. 4 (right). Difference intermolecular NOE spectra of 29.6 mM p-chlorophenol plus

270 uM LPO-CN~ (A) and 14.8 mM 2-methoxy-4-methylphencl plus 100 M LPO-CN~ (B).
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H NMREBEE M2 RIS HERLEE L PO oEEa2#FNEL A, LPO-HEMAIEH
IC rapid-exchange& slow-exchange 2 fid 5 Z L AR ==, LY ILY ) —JbE p-
2707z ) —IVERTE., 2-ARFI-A-AF NV T ) =)vk p- I LY —IVFBEICREL
o BEVBERLBALTOWERY, HEWEHE L OKEE LTS RTHEMEE, NOBR
Bic & U mEE iz, rapid-exchangeDFE 1k, BRI WIS & W ALE-ERE T
N HOBEMNFTETE S, ZOfH 6.5-7.5ATH Y, HRPICHITS1E 8.4-11.0AICH
RCPEE/NEM o1, slow-exchangeDIEE OREFATEE L, FERBICHKAT 9 BRI
BICOMEFELE, ZhEBERBBONNIV O%HBRE RZLEEZD NS, LPO-CNABH
FRCUL T r OFFENTRRTHIN, ZYL tOENSOL ZARL, SEEEFRELT
WhY, 2720 HRP-CN- A RE ORI KRR OF 5 LR S 0 o =0 L IERBAYIC
LPO-CN ™I 5 X DA B HRIE OF S % 52 2 LG HICET 5. &I LPO-CNHETF
HEOBANL, RFICIYHLHLEHEZEL, EROBERMOBENRRE NE, o
FHINOE OB & 13, LPOICH 2 HE DRI L B FAD Y BRI LHTEAD N
o HHE X HRPD & DA LD peripheralf Tk < distalfllo7 I ) MERESHTIC
FELTWSZ L AHEES hE,

[Hcgﬁll(urada, J., Takahashi, S. & Hosoya, T. (1986) J. Biol. Chem. 261, 9957-9662
[2] Thanabal, V. & La Mar, G. N. (1989) Biochemistry 28, 7038-7044
3] Shiro, Y. & Morishima, I. (1986) Biochemistry 25, 5844-5849
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WHMBENEREIREL DL be-Ha-ras N HEOHBERN
P29 OQWiMME, SR &, KB B, OKkEEF, HixEth, BEHT,

mAOET, WHRAT, ERRET, #LKZ

(BX-# %4, "BIAPALYY -8 - &%, “HEEBX - 1)

An NMR and Site-Directed Mutagenesis Study of Human c-Ha-Ras Protein Structure

Kazuhiko Yamasaki, Yutaka Ito, Yutaka Muto, Mikako Shirouzu, Tatsuya Niimi, Junko Fuji-

* k% Xk

ta, Susumu Nishimura®™, Gota Kawai™, Tatsuo Miyazawa™ , and Shigeyuki Yokoyama, Faculty

of Science, University of Tokyo, *Bjology Division, National Cancer Center Research In-
stitute, and **Fbculty of Engineering, Yokohama National University

By site-directed mufagenesis, a tryptophan residue was introduced in place of Tyr-32
or Tyr-40 of human c-Ha-ras protein which originally has no tryptophan residue. By
selective deuteration of phenylalanine and tyrosine residues, NOESY and HOHAHA cross
peaks due to the single tryptophan residue were clearly observed. It was found that
the aromatic ring of Trp-32 is buried in the GDP-bound étate and exposed in the GTP-
bound state while that of Trp-40 is buried both in the GDP-bound ahd GTP-bound states.

EhorasBEFid, BEQOARRER L > THABREBFLEARD, BAONA%E &
g, E%ﬂ@k&hf%%ﬁ%%&Lﬁbé/ﬁfwﬁ RBWCEEZBWE R
EUTWD. rasy YN 2B (HTEN2HLIF) 1, COPAEA L ARB TR T RiEfH

VHEA—YavELAH, COPRMELTCRDLDICCTPHEATHE TEMHE Yy VR 2
aveBD, YIYFAGREMETAEERSATWS, EXOrasy v N 7Bk,
LAGIPEE 6 MASBEL T REHRPEAE Iz b ¥ 505, GTPIIAK I BENET L
VAZERERrasy UNVHEHE, BHEHEECECLYE50T, BALESEEZ T,

ras ¥ Y NIEOMT, VY FAEEOY Sy b EOMERBICEECHE T 3 HE8
m,r17l79—ﬁﬁjt@ﬁn,%&ék@#&uxn,wwmwmnwivaén
TWwa. CIPEAHOANY —Fy FE2RBET 201, COTT7 275 —HBDPI YR A
—Y AV NGTPE A LGP A E L TR R B ADTH AL EA BN, Kald, Bz, ©
T72785 —BBICE&ENDIBA~UMNOT 2 /E‘Mﬁ%%i}i GIPEAHETIEBSY — PHEIR
HMARERTWEY, CIPEAETRNVN—THEZLAZLERWELTWAW)., AHWRE
Tk, rasy YNV ENTPAEESER VW EREEL, T2 8 —HBRFEL THE
Bl BERTYES2E EUTyr40% , TAENTrp BRT 5221040, NIRIZE 53 ¥k A
—Y R VEROTO—TABAT I LEHELE.

b he-Hamras® ¥ S 7 Bi2oW T, Tyrd2—Trp, Tyrd0—>Tre O % REEGET 2 FH R
FREEDHERL, ABRTRAZCHI L&D, CALORREY Y N/ HEWY
L, SEMREBWIHARELZS, WFhOEREED, Y/ FVEEERERRBLTC
WE. LENST, 20550 EI0MIEEASAEToRER, FROTVIBELAL LS
REMELT W2 L BBRENE. 22T, cNb0EREBAL RERABrasy YRV H
(CHRBIBHRBEBRWAIIBELN L), BREFROARNES) 2WEL . CDPH
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HE B L UGHPPR? (GIPOIEKRBR7 Iy ) BEAEICDOWT, Bruker AMAOODHEEZE A W
31°CTD400MHz7" 3 b YNMRARZ A ZBEL 720 2D-HOHAHAD B A M50 Y ¥,
NOESYM B A BRI, EAHRTIZIONS VB, BRKATHISISYBTSS.
2D-HOHAHAR R Z P IzBWT, FIAREAL ATrpHEEQCY Y770 b yicEHEXT S 2
DAE—7ik, Phe BEBARD JOUAL -2 LERZ-> TWE., 22T, PheBEEB LU Iyr
HEEZEROICEKZMLUEZRPNZEMRL, 2D-HOHAHAR R Z P AZBELELZ S,
EODIrpBEBERHRT B IUAL -V O0AZHAMIT LT EE (H1) . GIPEAH
LOHPPNPRE B M ORI CIrpRED Y Y 7 7O R Y Y ¥ F A DIL%EY 7 A2 KRBT 52, Trp
NOBARKEAERZDIEH LT, TrrdlOBAREZEE LT L THoE (H1) . &
Bz, BARBEBONESYZARZ MV EZHET L LIZED, TrpEREOHLB L TH20Y 7+
VWEBEL, U~HTOY 7 F AV ERBRELE (Tre32Z K DOCHPPNPE S 2K <) . TroH
Eo7o by ONESYZ R R — 27, Trpd2Z B0 icid, OPEAETIRZVWOIZ
HUT, GHPNPRE A TRE LS SR, fh, rpd0EBHOBA IR, CIPEAN
T%GMPPNP%%@?%,&UZl:‘——ﬁii%(-, ERRELAE RIS A, ‘
ThoDHRIZLD, 01T, CPIEARLETPREAEOEMAT, FERMEN Y N
JEEHICRBEHLTWRWDIZHL, 324ITH, DPEAEDP SCIPEAEADERIZ &
T, BERMEN S NI ERBCE SR AREP b XTI BY L A RBIBET 5
Zzbhd. chiz, TIPBEOHRRORFIC LI > THHBIRAE., LANL T, RigH
EroEEANOERICE BB TEBHIREHLU TS 2Tyr2OFBERAUEN, y—F v
PeEBIHEFRT A LNREIRE, BE, L7228 —HE5 & OO RS
COWTBAOFEGR2EEL, YV ERER S REEORBEEZRF LTV S,

7.0

1.

- 7.5 [2,3,4,5,6-2H]Phe,
[3,5-2H]TyrTHH#HL ~
EHkrasy v H

L 7.0 (BEKE®) OHOHAHA
A7 MV OTred#E L 3
Trp32Z £ (a,b),

-7.5
Trpd0 & B (c,d);
GDP#E & ® (a,c),
ppm GMPPNP#E & B (b,d) .

75 70 PPM 75 7.0

1. K. Yamasaki, G. Kawai; Y. Ito, Y. Muto, J. Fujita, T. Miyazawa, S.-Nishimura and S.
Yokoyama, Biochem. Biophys. Res. Commun. 162 1054 (1989) .
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-P-NMR K X 2B EORKARHT IR v ¥~ ) VEBRH A~
P30 DY
' (ERK-E-F-£8) OTE &, RO, EHEDL,
WHRE., BRXET

Anesthetics effects on high energy metabolism in the loach studied with 31P-NMR
Atsushi CHIBA, Masamitsu HAMAGUCHI, -Tatsuya TOKUNO, Toshiharu ASAI and Shiko CHICHIBU

(Dept. Physiol., Kinki Univ. Sch. Med.)

We evaluated changes in high energy phosphate metabolism on muscles of the loach
induced by 8 aneéthetics with 31P-NMR. The phosphate metabolism in the loach muscle
during anesthesia could be classified into three types, aerobic (Pentobarbital,
Quinaldine, 2-Phenoxyethanol), anaerobic (MS 222, Diethylether, Chloral hydrate) and
unchanged (Ethyl-p-aminobenzoate) types. Combination of 31P-NMR with characteristic
properties is useful for estimating phosphate metabolism in the muscle during

anesthesia.

HYMERPFHFRLCKBEILILLSES, 2O0KBRECELELSFHOBRL
HULEREBREEBEEZ S, HBEv VOB, BREOMKA. BARH. RRE X
DfFTsbhah, EROZ AV F-REOZFNMKC LB IKIBEYEREFENLTD - 12,
HEE, REAYFHEB CERENKEROE =X ¥ — ) vBARBDEWNECTE S TP~
NMRBHLAHEINTED, EROZ 32 VW F-RBEAZOBREEL L » K, ## 5-20mm
ONMREBETHET 2 b0 A HMMEH o WM, Mk, HHBBL LT, KEQH
WEBEPe POKERRELH>VTRAEF A bexavrv—BHvohsd, LhLEMNS,
NMRo Jl i B O BRI THB 5 0T, MENEE %2 MAL WY A KICECTERT
L5NEDND B,

EHXEOLR,. KBPoA KR A v F-—REE2ARZ LD FY a v £ F &L TY"P-NMR
FAOCCEERBEORELA S 2 v F— ) VvEBRIFoFRLOBH L, SREHICI v
T FYavERANL, COBHR, Y~ FYavoRhERAEL, IBONEELZS DD
NMREHBFIXIEL 7409 L, VVYBEEWOY VARl BohsdroThs,
¥, FPavid, RPDOFREBVAUCHEALS I -DMEVNMR REEFICANTD
PR b LR D I NI AL,

H ik .

thE 45mm @ ¥ ~ F ¥ 3 ¥ (Cobitis biwae JORDAN et SNYDER (Cobitidae)) % fl 7z, K
VavENAR IOmmONMRAME CHBETRAT TR, FE XD 50mm OB I ILIE S
XS Su/r. KB 20COBWKZER Ui, BRKIZ. 95%0:&5%CO0 T 7T L
RIFS&NEBETORKER O, NMRU B, B4 MEKB QLB ER JEOL-GX 400
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(AABF) MV, "P% 161, TOMHzTHE LUico 70 v 7. 45°T, A X @KL
BEE2H 60 DORBEFL o7, RIKNMREMEARANLFY 2905 F%K
2L3 B hlky 7/ FarpRrli, BHEMEOMY & (SP) . By > 8 (Pi). 7
v F vy B (PCr), ATP(r, a, BB O, kFEY 7 POREBBE., 2 v T F )
¥ (PCr) % Oppm & L TR, HMMEA D pHiz, PiEPCre oty 7 & hRbd,
Boh B Y 7 FVOEHBEVE Y 7 FvOBER2EE UL, Lo EBRERIOEF T,
ZOBELHEBE Lo BFHEIEIRFELLE, FPa v 2 NMRRBE AL, REY 7
FAERTOLOERBTIC20~45 0B HBBREITARLEBREEBREIS L, BIEKEI., K
BB ESEBROEKER Z, NMRREHERNOFYa v o MBRBIZ VT OHKIR. &
5P UD NMROBEN TR v 27 4ic &k b NMREBEN T F Y a v OB B
THERELOKRBRBEHI Ui, £/, FYav0HHsxR, BHROTHHIODZ s 14
YT EMNBEDPLSAL LA Y- (Str)&kDEZ2 - L, ZOKRL SERBRY
(HKER) B OKEBRER) . f UCHEBEEY (HgkER) 22X Le, @
it KB 20°C TH S - 7,

* R

in vivo “P-NMR CH 4~ DMBBOFY 3 VOB T AV F— ) VERBOENESL B &
Wiy ohl, MEBEFKPCrOBE LR LPIPSPOKRTHBEREINE FYyavol
ARNOBT Vv ¥—) vBRBBFARBCBITTZ24 7, Pi O LR & PCroK T
BINIHARBICBITIE24 7. T UTHBERTER LS 2DboTRE IV —
 vEBREHLADBEE AL EOR VI 4 P RSHETEL, ER, BlLIRAR UKk, IF
KRBEBITLEHELTCHF Y72 VOB ETFLEOBR2THES, 7T £ 1T
BHRTBEPCIO Y7 F LD LR EPIPSPOVY I+ VDETHLLA BB ENAD OM L,
BEEDLOBARKBIKYBRZZ ELHEBHREBEORBELE -, 2 v 72— VERLCBEAED
S H DI, A Y, 72l %V )= AThot, BRARBRCBITTEZ24 70D
MELTMS 222 27 L0 RITHS, HBEELERLEBDL» B LPCroET LRI
SPOV/FArOLRBBER SN, BRKCHBRABZ L., PCro LA LPIOBETHRRD 5
BSPHUEBLALEEORBETH o MS 222 L UBRHBESNADR = — 74 0H
m?ﬂﬁ—wf%éoﬁ%KPVa?@%@pHﬁ@ﬁK@Dk@ﬁ\7V9V®MS%2
TH- B OBBETRIZIVIENRRB Ao, T, vvarvid, PIBETLEOK
Db STPCrRRBELALHELEBIRP > MBPILAS B2 V¥ — ) VBRAH
KEBESZUDP DR p-TI/ REBFEBRF L)Y LATH - T,

% =

BE, ACHT2RBERIWHEHRELA TS, ZolELALER, EREBIKLBED
DT, KBETOAIMEMBERIN 1A CRD T3, MAKEOTE., KBRERZ., =4
NVNE—HEBLPEL ., 20z 3 v F-KEBERIFCAELPRERE0BE. MK PoRHE
MOEMLIDHBINE, FHESE. in vivo RBUAMEBToS 3 r¥—) vBR#O
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SP-NMRIMEAF B o7 FYa v EAVBHER. REER FvahbbbiRinT L
L. HRBROKRBSELED., HOFAAF—REBEGFOSI P r -2 —LLTEET
&5t%itmévaéoéﬁﬁmtﬁ@£@‘me3?4MRT%@%@P957@
Brrr¥—) "BABOECEASTEHBZ LI/ CHT oML, —~BiL. KBEIKI
BORBRICHTI2LIIVRFEARBCRETAALSD., ToFABMBECI b3 v F
Y7 TH B, T, KBRKAKNOBENESET IR, ChEIBREBEOBTICL
BRFBOBAY T, 33 v FITORBEHTIEEHRCIIDBHEMAATET L, L
kﬁcr‘ﬁ@%ﬁﬁ%mﬁwﬁ%m@ﬁiawm‘&5mumﬁm@ﬁbk%%m¢a
MEBEFRATHSRACHETIDPAEBRTILENH S, BRI IHRBEAR, TOMK
M%@ﬁ&ﬂ&ﬁ:i@é@wén‘%@%%@ﬁ%ﬂf@ﬁﬁ@fﬁ%ﬁ%ﬁb\%w
KON D OB RIS EA OGN D, v 7 4 — A B, ERAE B % B
SECTLbDOPDLT, BRAOMBCH UTHSEFAB L, & LA ATP BEEEOD
EHAZ23EBCT LD ERDNE, RORBKEMA IR TH S MS 222 b E{FED
Fo2 k0K UTRBEEMEMANSD, "P-NMROKRL 56 ZREFRRLT 2,
—H,.p-TI/REBBR=F LI, HRBRROACH L THKBNRELBERBFRCIEI LA
CEBEBZLD > ko

HEBBEOERz 2 AL ~HEORZ )~ Vv S OHBEPELTEELRFY g v 2 &
Ao BBBBK DU TRECHBL AV S 3V BRBBEOBEHE L VTR SN TS
J2o in vivo CH P B "P-NMRAIFH E FYavoBtsEb LIKBROBRKL2KD =
AAE-RAlR LA CERIDBBEOENBEBRECKI-PLEDN S,

%1

Medium
st
Anesthetic Concentration Induction Time  SP Pi  PCr pH
Str. ¥S 222, 25-100 mg 1-3 min + 1t o+ ¢
Diethyl ether 10-50 ml 2-3 1 + + -
Chleral hydrate 0.8-0.9 ¢ 8-10 t T+ 3 -
Pentobarbital Na 50 mg 5-10 - 4 T+ -
QT Quinaldine 0.01-0.03 ml 1-3 1 3 + -
2~Phenoxyethanol 0.1-0.5 ml 5-10 4 4 1t o
" Urethan. 5-40 ng T2-3 — I e 3
Ethyl-p- -~ 0.2-0.3 ¢ 3-10 - - - -
Aminobenzoate
NMR tube
* Expressed in milligram, gram or milliliter per 1 liter water.

1

&
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Quantitative Analysis of Proton Longitudinal Relaxation
of Proteins in Solution

Rieko Ishima, Susumu Shibata* and Kazuyuki Akasakat

( Faculty of Science, Kyoto University and *Kumano Technical
College )

Time courses of the recovery upon non-selective inversion
of all individual proton magnetizations in several globular
proteins in agqueous ( Hy0) solution were calculated for varying
degrees of rotational correlation time of the molecule ( 10" 9sec
»3o00) and compared with the experimental data of various proteins
at 400 MHz. In the calculation, the spin relaxation mechanism was
assumed to be solely the dipolar interaction between protons, and
the three-site random jumps of the methyl groups, besides the,
rotation of the whole molecule, were taken into account. The
following conclusions were drawn. (1) For proteins whose
molecular weights are below ~ 10, 000, the whole molecular
rotation is a dominant source of relaxation, and the longitudinal
relaxation times(Tl’s) may vary considerably from protons to
protons. (2) For proteins whose molecular weights are above ~~
20, 000, the methyl group rotations assisted by spin diffusion are
common and major sources of relaxation, rendering T, values
close to 1 sec. In the intermidiate region (molecular weight;
10000 ~- 20000), both the whole molecular rotation and the methyl
group rotations contribute significantly to the relaxation. (3) In
some proteins, segmental motions are equally important as the
methyl group rotations in determining relaxation rate.
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X 2 3 AR D Bt B 4B S v 7 %5 SSI(M=23000), 1vsozyme (MW=14300),
RNase S(MW=13680), BPTI(MW=85000{z-D0WTHEIT L 2= CHh 5. [ | TR 2
Ty (RHEGREDFHONENL) R B TFREDOIIRDAEBF LI L) b T, |
E22 iz etk pRiEntiic 2 F N EOMIEES ZH U Hm L VKo7 Ty ThHb, »
nd Ty i lsec BBEETH o8, BPTIREED & v o7 BT - FREDEHRD A, —F SSIE:
BDY v 2 BT AF NVEDOWIRTEDFHEIZT, 205 EETH 7. F 7. Fizlysozy
me& SSITIE. X FNEDWEREIRELANDNELIIOGFS2IHTH D¢, 2D &b SSI
oW TRBEFRHBIC oW T oIERR L - L Ttws, ° : ‘

1 A.Kalk and H.J.C.Berendersen, J.Magn.Reson., 24, 343(1976)

2 E.T.Clejniczak and M.A.Weiss, J.Magn.Reson., 86, 148(1990)

3 R.Ishima, S.Shibata and K.Akasaka, J.Magn.Reson., in press(1991)

4 S.Shibata and K.Akasaka, Mag.Res. in Chemistry, 28, 129(1990)

5 K.Akasaka, K.Takegoshi, T.Terao and S.Ganapathy, Can.J.Chem., 66,2014(1988)
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1H-NMR AND IN VIVd MRI ANALYSIS OF THE RAT SUGAR CATARACT

Kazuhiko MORI*®, Hiroyasu NISHIKAWA*2, Yoshio AKAGI*! and Hirofumi TERUBAYASHI*!®

Department of Ophthalmology, Kyoto Prefectural University of Medicine*!

bept. of Physiology, Meiii College of Oriental Medicine*?

1H—NMR relaxation times and in vivo MRI studies were performed, as a non-

invasive eva]uatién method of rat sugar cataracts. We used the cataracts, in-
cluding rat galactosemic cataract and streptozotocin-induced diabetic cataract.

From in vitro 'H-NMR studies, T, and T. were prolonged before the histological
changes appeared. The high 1nteﬁsity area of the MRI showed the elongation of
the relaxation times and the histological liquefaction of the Tlens cortex.
These results showed that MRI would be useful in the early detection of human
diabetic cataract and the evaluation of the effectiveness of anti-cataract

agents in near future.

[EUL®» ]

W& # I8 @ & (Magnetic Resonance .Imaging MRV £ B A K ORBEPSHEREO KSR

NIEREBEMECES SN, BEEEHTS MICLIZELAOMA "B Th TN X B A

£ o m

5
O MRIOBARCE L TEHBEERE coREEH BH> ", in situ T&H & 1 .%?‘(‘@#ﬁ‘é?
AW, —FH, Sy IrRBRAABEEEIERFAREBAEBEOET L TH D, T’F)I/F—Zi%ﬁﬁ
FARMZ2EEBREL, B7 LI -NEBEBLIIAREBRHEOELR - AP ZOFETH
Z(Polyol B BEH ). FTEARBERMRINABEF LI -LoOoEE2THL. COBRE
EFH - AR EEZ. FAMECRANBKIARNOKBEEE(E, KO 'H-NMREMBRH &

in vivo MRIZ & » T##H L, #HBELLeOoMBHEERE L .

THRHEHEHE]

4l & L T Sprague-Dawleyskh Rat (3B & , (A F 509,4 ) D Streptozotocin(STI)F RERH
8 MR (DM) & Galactosed P.BE (Gal)Zx Ml W 7z, DOMBE L STZ(100mg/kg)BEFRERR [T
TER, Gallf & 15,25,50%6alactosea B RE T SEMBMELE. 2N 55y kX LER
MECERMBEMNE MRINE AHBRRESF- £
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Change in water relaxation time in flower buds of peach at breaking of dormancy
M. Yoshida, T. Sugiura*, J. Magoshi** and S. Ono*
National Institute of Agro-Environmental Sciences, *Fruit Tree Research Station,

**National Institute of Agrobiological Resources

Ty of water protons in flower buds of peach was measured from December to
March. Two water components with different Ty were detected in the buds. When
the rest of the buds was broken in early February, the T; of the major water
component increased a little. At breaking of the imposed dormancy in late
February, the T, increased markedly as well as water content of the buds. This
T1 ehange is considered to become an indicator for the breaking of impesed
dormancy. Moreover, physiolegical change of the buds for flowering can be moni-

tored by the T, change.
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Chemical Shift Standards in High-Resolution Selid-State NMR
{1y '*C, 2°Si, and 'H Nuclei
(National Chemical Laboratory for Industry)

The '3C, 2%8i, and 'H NMR spectra of the first shift-standard material,
pure tetramethylsilane, have been measured with very high resolution by spinning
the liquid sample at the magic angle. The effect of the bulk magnetic
susceptibility on the chemical shift in the magic-angle-spinning {NAS)
experiment has been checked for pure benzene by use of various types. of sample
containers, and no effect is observed when the liquid sample is span at the
magic angle. The chemical shifts of several second shift-standard materials in

t3¢, 2°Si, and 'H NMR have ‘been determined precisely.
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Table 1. Chemical shifts of pure benzene of various shapes?®)

Nucleus  Shape Mode 8b) " FWHNC)
/ppm /ppm

3¢ Cylinder MAS 128.475 (0.005) 0.006
Sphere Static  128.45 (0.05) 0.19

Cylinder Static 128.51 (0.05) 0.22

1y Cylinder MAS 6.771 (0.005) 0.011
Sphere Static 6.76 (0.02) 0.050

Cylinder Static 6.78 (0.03) 0.22

a) Chemical shifts are expressed with respect to TMS

spinning at the magic angle.

b) Numbers in the parentheses are experimental errors.

¢) Full width at half maximum.

1.5 1.0 S 8.0 -.5 -1.8 -1.5
PPH
Fig. 1. 13C MAS NMR spectra of pure tetramethylsilane (A)
with !H decoupling and (B) without decoupling. The
resonance frequency is 100.614 MHz.
L L I i L . L 1
§ 4 .2 8.8 -.2 -.1 -.§
PPK
Fig. 2. 293i MAS NMR spectra of pure tetramethylsilane (A)

with 1H decoupling and (B) without decoupling. The

resonance frequency is 79.496 MHz.

Table 2. 13C chemical shifts 3)

Compounds 5 0) FWHNC!
/ ppm / ppm
{Liquid, pure ]
Tetramethylsilane [ 0.008
Benzene 128475 (0.005) 0.006
Chloroform 77.966 (0.005) 0.%20
{Solid]
Adamantane 38.520 (0.005) 0.050
. 29.472 (0.004) 0.048
Glycine 176.46 (0.02) 0.40
43.67 (0.01) 0.80
Hexamethylbenzene 132.07 (0.04) 0.83
17.17 (0.02) 0.80
Tetrakis{trimethylsilyl)silane 3.517 (0.005) 0.077
Silicone rubber d) 1.422 (0.004)  0.030
e) 1.412 (0.004)  0.030

a) Samples are spinning at the magic angle.

b) Numbers in the parentheses are experimental errors.
¢) Full width at half maximum.

d) vp = 1.0 kHz. e) vy = 2.5 kHz.

Table 3. 29Si chemical shifts @)

Compounds 5 b) FWHMC)
/ ppm / ppm
[Liquid, pure]
Tetramethylsilane 0 . 0.008
Hexamethyldisiloxane 6.879 (0.004) 0.011
[Solid]
TSPA-dg ) 1.669 (0.022) 0.17
1.445 (0.012) 0.16
av. 1.50 (0.03)
TSPA ) 1.882 (0.022) 0.24
1.489 (0.012) 0.17
1.158 (0.022) 0.28
av. 1.50 (0.03)
pss ) 1.834 (0.012) 0.22
av. 1.46 (0.03)
Hexamethylcyclotrisiloxane -9.66 (0.05) 1.0
Tetrakis(trimethylsilyl)silane -9.843 (0.006) 0.040
—-135.402 (0.007) 0.059
Silicone rubber e) 22.319 (0.005) G.030
f) —22.333 (0.008; 0.031

a) Samples are spinning at the magic angle.
b) Numbers in the parentheses are experimental errors.
c) Full width.at half maximum.

d) Shift values of main peaks are listed. Average values
indicated by av. are determined by artificial broadening.

e) ¥ s 1.0 kHz. f) vp =z 2.0 kHz
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[x#) 1) 5. Hayashi and X. Hayamizu, Bull. Chem. Soc. Jpn., 62, 2429 (1889)

Table 4. !H chemical shifts &)

Compounds 5 b) FWHMS)
/ ppm / ppn

(Liquid, purel

A Tetramethylsilane [o] 0.012
Benzene 8.77t (0.005) 0.0tt

Chloroform 7.392 (0.005) 0.006

Cyclohexane 1.482 (0.005) 0.014

Yater 4.877 (0.008) 0.024

[Solid}

Adamantane 1.85 (0.18) 2.5d)

B d-Caniphor 1.1 (0.1) 2.7d)
Tetrakis(trimethylsilyl)silane 0.249 (0.010) ¢.80d)

Silicone rubber e) 0.123 (0.003) 0.048

£) 0.119 (0.003) 0.047

a) Samples are spinning at the magic angle.

b) Numbers in the parentheses are experiméntal errors.

c¢) Full width at half maximum.

d) The linewidth depends on the spinaning rate. The listed
values were obtained at vp= 4.04, 3.59, and 4.01 kHz

for adamantane. d-camphor, and tefrakis(timethylsilyl)-
silane, respectively.

Fig. 3. 298i CP/MAS NMR spectra of (A) TSPA-dgq, (B) TSPA. e) vr = 1.0 kHz. ) vp = 2.5 kHz.

and (C) DSS, measured at vg= 79.496 MHz,
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P35 EHhEHABENMREBAWARA Y TR F RREKRY RT $ K
DAKBRERAOIOHE (1) ~7 Y v rRERE~
(T KTI) OEAE#H  RINERL RBEE® - - BETiwE-
EE R
(HATL) TH B -EWHRB
Hydrogen Bond Length -and !'*N NMR Chemical Shift of the Glycine Residue
of Some Oligopeptides in the Solid State
Shigeki Kuroki, Naoki Asakawa, Shinji Ando, Hiromichi Kurosu, Isao Ando,
(Department of Polymer Chemistry, Tokyo Institute of Technology, Ookaya-
ma, Meguro-ku, Tokyo 152), Akira Shoji, Takuo Ozaki, ( Department of Bio-
logical Sciences, Gunma University, Kiryushil, Guama 376)

. 15N CP-MAS and CP-static NMR spectra of a variety of solid oligo-
peptides containing glycine residue were measured. 1t was found that
the isotropic *'®N chemical shifts move downfield with a decrease of
the hydrogen bond length (Rn:: o), and that the principal value of o 33
noves linearly downfield with a decrease of Rn-o. Further, the '°N
chemical shift caluclation was carried out using 2 peptide model
compound by the FPT-INDO method, in order to wunderstand clearly the

nature of hydrogen bond. The calculated results explain reasonably
the experimental ones.
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YU F Lk RIFREBWIEROMLZL 7 P2 RBT L8, BEHLTY
3 T7I/BRBRENDSNAZLY7PEB. NBEZO2WTWE3HOT7T I/ BREOBE
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BMEFRBOLRZ o0 EAIZ Figure 1 27. 25MHz "N CP-MAS NMR spectrum(a)
B TR o TWRBIER b S, - and '°N powder pattern spectrum(b)

FPT—INDO¥ZLZL BN of BocGlyAla in the solid state.
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: 35C | -NQR#I & 3V TMA S DEERIE
Tempratue calibration using 3A5CI NOR in KC10z for VTMAS NMR

(JEOL - Ltd) Rvoji Tanaka, - Kenzo Deguchi, Teruaki Fujito

We propose a new technigue of tempratue calibration for variable temperature
magic-angle spinning (VTMAS) NMR.- This technique using *5CI NGR in KC105 under
zero field, shows high acciracy temperature calibration over wide range. We
obtained temprature calibration curve (spinning gas température vs sample

temperature) and temperature distribution in a sample tube by this technique.

1. JUdr

MAS 2> RBEMEHECE, 2084, ABERKRX DU I REOEERIT U
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FUTE, () BBRYIVI AOREREY 7 b OBEKFEEHBULRAED, () =F
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A Study of Cocrystallization of Poly(3-hydroxybutyrate-co-3-hydroxyvalerate)
by Solid-State High-Resolution 13¢ NMr Spectroscopy

Naoko Kamiya, Minoru Sakurai, Yoshio Inoue, Riichiré Chajoé and Yoshiharu Doi*
Dep. of Biomolecular Engineering and *Research Laboratory of Resources
Utilization, Tokyo Inst. of Tech.

In the system of 3-hydroxybutyrate-3-hydroxyvalerate copolymers (P(3HB-
3HV)) two kinds of comonomer units should crystallize together in the crystal-
line latticeswhich are analogous to those of the parent polymers. The partition-
ing of comonomer units in P(3HB-3HV) is determined by high-resolution solid-
state NMR spectroscopy. A theory of isomorphism of A-B random copolymers 1is
formulated and a phase diagram is proposed. The experimental data on P(3HB-3HV)
are analyzed using the equations formulated here. The melting points vs.
composition curve of P(3HB-3HV) copolymers is consistent with the proposed
diagram. k
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Figure 1 Phase diagram for A-B random -
copolymer 1n isidomorphic system:
Tpa=180°C, AHa=12KJ-mol™1,
a=2.5kJ-mol™Y, B=6.0kJ-mol”} for the
A lattice; Ty=100°C,AHp=10kJ mol™t,

a=1.2kJ-mol”l, g=2.0kJ-mol™l for the

B lattice.

HV mole fraction

Figure 2 Phase diagram for P(3HB-3HV)
random copolymer: Calculated data
(—): Tpa=180°C, AHu=11kJ mol™t,
a=5.0k3-mol™l, B=7.7kI-mol L, x=2.4
for the P(3HB) lattice; T,p=108°C,
AHg=10kJ -mol™L, a=1.2kJ-mo171,
£=2.0kJ-mo1"}, k=1 for the P(3HV)
lattice.
Tl‘ll
et al. Macromolecules 1989,22,1676.

Experimental data: O, A X

vSs. ;@ XC vs. Tp: data of Kamiya

Table 1 Composition in the Crystalline Phases
and Melting Points
experimental calculated parameters
X Xo Ty/ € Ko T/ C
0.000 0.000 175.0 0.000 175.0 -1
0.183 0.000 109.0 0.059 121.8 a=5.0kJ-mol_j
0.316 0.102 75.5 0.105 81.4 B=7.7kJ-mol
0.407 0.142 84.2 0.138 53.7 x=2.4
0.407 0.586 64.2 0.585 66.4 a=1.2kJ-mol *
0.554 0.721 78.3 0.721 77.5 pB=2.0kJ-mol
0.831 1.000 104.5 0.966 103.86 k=1
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13C Spin-Relaxation Analysis of the Molecular Motion of Methylene Sequences
in the Rubbery State

Tsuyoshi Murata, Fumitaka Horii, and Hisashi Odani
(Institute for Chemical Research, Kyoto University, Uji, Kyoto 611, Japan)

Carbon-13 spin relaxation analysis has been carried out to characterize the
molecular motion of methylene sequences of polyethylene (PE) and terephthalic-acid
polyesters (TPPE),  [-COC6H4COO(CH2)mO-|n (m=2-20j, above the glass transition
temperature using the 3t model where the random motion of the C-H internuclear vector
is described as a superposition of the rotational diffusion, the libration, and the isotropic
motion with different correlation timés. The analytical results suggest that the rotational
diffusion may be the cooperative torsional motion for the sequences with about 10
methylenes, while the libration may be assignable to the motion involving the trans-
gauche transitions for the sequences composed of more than 20 methylenes.

1. %8

SAEERY. WEBRZ EHESFHROERNEREIZOMNBICAR IR IFBLDL — 5 —
OGTHEB EFHECHRTILEZON, B TOERLGTTENEZHLICTHCLEE
Thdr, AR, BIKYVZFLVY (PE) RUTF V7% VEBRARK Y =27 Vv (TPPE)
fCOC6HACOO(CH2)mOM (m=2~10) BEARE O TARESTDOIB3CAE Y ~BFBHNERT12 L
DA VERNG A — % —OREREBEZ 3TEFVDCI VBT TESZ I L2 W B2 L 7,
EHRRE O TARBSOT1IO%HE. WETRLZEEHERBECTHEMEFBELALOT, BETIOR
MEZBHTERVHEEOBELLBEL T, BIHOBES SRV, Ll 3TEFVTRELR
SHEOEHE— FOEKZIHELP TR L2V, ThALOEBE— FOFMLENELHS»,IZTS
72, AR THEM=12, 2022V T, VI/MAS 13C NMREK LD, SRALDOXF L VBT
LARBIIBT ST EEZHRE L,

2. EE :
TPPERMIE, Y7227V 7% L — b EHO(CH2)mOHZ B4 &€, HEKk. BEr o/
HEESETEREESLseTEL, 4, PERBR=HAMILEGE) B Hizex Million M2400 %5
NVERT 4V 5 £ 145C T105 IBIIR L 725 O TH 5o VI/MAS '3C NMRHl5JEOL INM-
FX2000 XEHiC &L 0, 47TOBEBE T T—55Cr L0 CHOREFHBCITR o/, REOKRER
TFLY Y a— LEDICE 0507,

3. #R : '
M1k, BREOTLAREFONTIZ M REOHKY/TCH LTS ey FLk, 22
o, NEHEE S 2 BEAEEE LT3 IHOKT, RFFETEN=2E % B, VWFRORE
BT S BB ICTIOBA BT X 5, K 3 TEF VI L BITERET, ERIEL B
—BF+h, 2T, 3TEFNVEC—HRZ MVoEH* 3E0EB T - FoELhA&bETRR
FTHEFNTH L, SEOERE-FLR, H2IRLAL I, -1, C—=HNZ FIVI%AL
WOEb)OEM20RD I — Y OHNE % EHRILH T 588, $2 &, AMiHsrAMoIb)OTH
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BIOMBEEIR, TL, TIX TR L7 OB, tREBEBECEKEL RV, TLETTIRT L=
Y ADRIHE o TREELT 5 LT Lo %72 RILTERE L 720

ORI ERE, TIOEBADIFY
FROBHEITB W T D librationsEBj
MBI LY oo L 72 & &8
bbb iwihb, £7, TPPE(m=6)
T, PELERT, Cafpt —¥—
o B 4 3 0 HRIB (OR) IO K & % 3
Ho720i2x L, TPPE(m=12, 20)T
. COEB OIS IZIZPEN Z R
E—B Lo fo T 12 Lo 2
FLUYEEGR) AT NVOEENLE
RPED 2R & EIZ—KF 5 'C & 5]
Lhilhol, LAPL. B1(b)IZK
LR5LHIICTNSDOTPPENTI DR
MERZBPEDZRE—FL BV,
ZOERERIZ, libration BT ZE A%
HHIOTHEEFHHEL 2,

e R, MELscEs) . wk
b ANV F—-20THY, 10~124
FUYEPIHT EC-—CREDE D
YomHE R CIWEBITH L L ER
bhd, —J, librationEE 0 AL
IANF -, ERERFICOVT
trans-gauche BE S 2 MEER B C
ERRLTWD, €5 T, librationi®
Bhid. 20X F L VPl oI L
T & %5C—CHE A% trans-gauche BH
2L b, FOLOITRILELHEE
T35 &9 BB TCHMDOC—CHE A trans-
gauche BE % T EBIT, Tnk)
BB A - - OREANIES
FHHNOWTFhOC—CHEAILO2WVT
b—RICBI o T B LHEE SR,
X B
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10°T YK
Fig.1 I(NTq) vs.1/T (a)and

logarithmic correlation times vs. 1/ T (b)
for different polymers. '
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y

Fig. 2 Schematic diagram of 3T model

for the motion of a C-H internuclear
vector.

1) K. Murayama, F. Horii, and R. Kitamaru, Bull. Inst. Chem. Res., Kyoto Univ., 61, 229 (1983).
2) #HHY 2 ¥, EHIOR, BEER, 5 7 RIE4F - EMENMRITESHIESE, No.7, 29, (1990).
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P39 BEIAZEGMESEE C-NMRIELAn-TIVIrOBENE
(FEE#F, WI A1) OANMEZ - BE B BToLE - &% @
Structural Studies of n-Alkanes by Variable—Temperature Solid-State High-

Resolution '5C NMR

Shinji Ishikawa', Kiyoshi Matsumoto!, Hiromichi Kurosu® and Isao Ando? ('*Kag

Research Laboratories, fchikaimachi, Haga, Tochigi, %Department of Polymer
Institute of Technology, Ookayama, Meguro-ku, Tokyo)

Crystal structure and conformation of some n-alkanes (n-CioHso~n-Csqllgo)
with the orthorhombic or the triclinic form in the solid state have been studied
through the observafion of '3C NMR chemical shift values in a wide range of
temperatures. In n-CszHes, N-Csellss and n-CasHeo the terminal methyl carbons
or their neighboring methylene carbons give two peaks at temperatures below the
melting points. This indicates that the three n-alkanes take two types- of

structures.

Ly i

n—7WHY (CiyHeoy, CssHrs CizHoess CaoHuzy CroHuo) BEBKECLL
WCPIT VAV I BBEEELVRBHRICL-THARR, ZHERBEOEREEES &
5, n—TNVAHVEEREOR v F U VO REFARLGLDORBVHENR EL L DK
WS O DFENBEINTEL" Y, LALEYE, CNETCRa~T LI VRDVTH
WA RBEN MRIC & 315 VBB HHE I 50 3 M HEL >V TORE RS LV BXH

TWEhote, 22T, HAVBEL2ELI B THARRRCEHEROEEBEER L 5
VL OADD — T AN YDV THEC NMRV7 FORES® L CHREMEE 7 & 2
- vavihk MMhﬂntho

2. EER .

C CP/MASRKU!'C 15ST(pulse saturation transfer)® /MASARY
FLOBEREEDE (VT) /MASEBNED INM-GX270 NMRAY¥H (67.5
Mﬂ?ﬂﬁbkon—7»ﬁy(%am&§)%9wn:7§m— ~WEHOmMSEM Lo

RECHMBIELE, ERTBKEL 2, MERKICRETNES 0-4. 0kHz TEIE X ¥,
CPBOIYY 7 by A dns. Eh. NUZBEBEEIES s. 227 kVIEE2. Tkiz
F =S R MEIT 8 K., BMERBEILI00-10008 & Uiz, '*CILZY 7 P OAESBHEERT
Y=o v OFHHE -7 (TMSIIHLUT29. 5ppm) % H W e,
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3. MREEE

Blitn—CsiHoeoD!¢C 90°C e ot

VT/MAS NMRARY B-CH, a-CH, ~ CH;
FUVERLKL, TOCLLTFT® : —
BETHCP/MASH., 8 80°C

0 CULDBETCIEPS T/
MASEIKIDEE Lk, ¥
Tex D CAL%Y 7 Mk
LR Ut a— AF L VR
FOE-7E60CUTORE
BET24. 8ppm WEHNZMNT 0
CULolETrDOY -2 1%

BB I P LTWE, 2D "5w ‘fAk“ .
=2 778 B B N s RO
VEA—VavikEiIli

X : WA\— A

~70°C

60°C

|

LT HROFELECEHB b D T s
Ty n—CusHeoDFE I

86CTHLDTHELY b

LOCULEBENRE CHisg j\%m
EUBELTWEZ LIk 5 syf”T'VQH'””33”'WMQINHH'Q
o ¥lcy TOCOBETa—
AFUVUVREOE — 7 1323.3
ppm &24.0ppm D 25H 3,

HIEEEEREICS 50, %

Fig.1 13C VI/MAS NMR spectra of n-C44Hgg as a function of temperatures,

Table 1  13C chemical shift values of n-CagHgp in the solid state

£ 11 A = ovi L > .
Sl 7:7 kRIS o 1o %é': EE‘]E' at various temperatures
BEEE-oTWVWELEEZOH
. 13C chemical shift (ppm)
S50 LTz T, a— A9V Temp. (°C) -
' B8-CHg int- CHy a-CHg CHj
VIRBWWE SHEOREN b
BEMMEING, RIS HAF U 32 343 32.8 24.8 15.2
REWEETZE 6 0°CH 50 34.3 32.8 24.8 15.2
; . 60 34.3 32.9 24.8 15.2
TOBEC+DVE~/1315.92
: 70 —a 33.0 24.2 145
pem IHN BT 0 CU LD 80 —o 32.9,80.5 24.0,23.3 144
BETZThILIVEHBEDL4 90 - 32.6 303 23.2 144

SAppm N B, A FNWEREE a) overlapped with other carbon peak
ba—AFVURELFR,
REELUT o B T HEE E A
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oTWb,
B2icn—CszHeeD'*C
VT/MAS NMR=ARY
PUERLIz, &, £O1L
BUT MMEER2IWCRL Ko
O—AFVUVREEZTOCO
BETIEHEND - CauHaDHE

/\JL A
J\kjt\ A
- 80°C ‘
CRIE, QEEORKENERE ’
LTWh, AFIVRKEILDWN
. A
4 .
.3 : ‘

80°C

70°C

T B O0CUTORETH
14.9ppm &15.ippm D 2 DD
E—- I NEE->TW3E, IN
LEELEL LIERABILLD
AFNVRETHBZEZEZLDOND
50, 250, n—CssHee®D
AFOVERFEHERECEL 0°c
CoOHBPEOEELEATVD

o UNHLDIREEIRET B

A
HTorchia ORIV AV =4 U . S/ppm

LI N B U IR i B S L B S it L N B I L L B

A EHAWTa —~CsHeed 50 40 30 20
BHEE (Tic) OMERT
o le, BlHIX N BEMIERM &
D 14.9ppm D AFIVRE (
Tic=1.7sec) &15. Ippm D

Fig.2 13C VI/MAS NMR spectra of n-CzaHeg as a function of temperatures.

Table 2 13C chemical shift values of n-C32Hge in the solid state

ot =f= —
AFIVRHE (Tic=1. 4sec) at various temperatures
SOLTMRTH B (FAFIVER
13C chemical shift { ppm)
FOEHEBPPHEBICHL Temp.(*C) .
B8-CHy int-CHg a-CHg CH3
Textreme narrow region IZ
HBo ) o 0 34.1 32.7 24.7 15.1,14.9
20 34.2 32.7 24.6 15.1,14.9
40 34.3 32.8 24.7 15.1,14.9 .
80 34.3 32.8 24.6 15.1,14.9
70 - 30.4 24.0,23.2 14.4
80 32.5 30.3 . 232 14.4

a) overlapped with other carbon peak
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P40 BHROBENMRE2ALVRAYINTFIFRUYUKYAXNTFF
DERKREAOWE (HID) .L-73VHEE
(HRILKI) OBNER -BAEH -BTILE -RE #B
(HAIL) #E W REES

Hydrogen-Bonding Effect on '3C NMR Chemical Shift of the Alanine Residye
in peptides as Studied by High-Resolution Solid-State '3C NMR/Spect-
roscopy

Naoki Asakawa,Sigeki Kuroki,Hiromichi Kurosu,lsao Ando,{(Department of

¥o&ym?g2§hemlstry, Tokyo Institute of Technology, Ookayama, Meguro-ku,
okyo

Akira Shoji,Takuo 0zaki,( Department of Biological Sciences ,Gunma Uni-

versity,Kiryu-shi,Gunma376)

The '3C NMR chemical shifts of the alanine-residue carbonyl-carbons
of peptides in the solid state "were measured. The obtained e3¢
chemica)l shifts were plotted against he No<o0 hydrogen bond length
(RN - -07) {4 was found that the decrease of Ry 9 leads 1o a
downfield shift. Further,the calcutation of the 13C shielding constant
for peptide model compounds were carried out by means of the FPT INDO
method, taking into account the hydrogen bond and conformation. 1t
reproduces reasonably the experimental resulis.

1 # 5

ERRETCORTFFOBBEARRRLERESHIAE ORI A LAY, T Y v
VEERLODOFAYINTFFEBLVEG ZOHNLRIALKREFOCREY 7 P Bk
ERALYWRRAMEBEDODZERENHE L PRI AT L 32,

FOUNIZ2HEOR T Y IOEERECLIOREFCLEZLL TV Y VERRU

IVEBERBBEODTHELDBERBEE RO ORLYD., JUVIYRBREREUNTFI I
u%tiﬁJl\bﬁojﬁnfa FALELEAEWEE LI O 3. ULHU. YN IEOH
CUTEREFERFR D27 BBEER2ECLOBKRBALTH I LD, Th oo
DERRENTFIPEDFTOT YV Y VHEOATHERTICEWHELLVESZ BN
3, ABETU. TEREEFRDO7IVBRAEOI>LBR B HELREER D o
752V HERFEULUL EFALLEAEH LU TV 2D O7IFI 2 YBEEREEENT
FPrPILAYEHVTEHBKES2WETSC CP/HAS NMRO I B R 4T . 13CkE Y 7 b+ &
KEFEHE AVEARA-varPREoBEBRE S H»R T 3 ChRMEOEME T
3,

2. B .

ZHBELC 792 VBEFOILRINLEBRNTFFEALTCVEXTFF
LtaWeEEdB Ui, SEHAMNEVUVTHAHLVRDBDOU T CRXBEEFRZ XV #E MY
BHPRB>TVEHDOT (Table 1), FETRHETNTVWE HETCHHERU I

FREEKEDBEEICCNMRAN 7 P L. CP-MAS7 #» 29 YV — R A BURLHAXE
F B GSX-270NMRA % S5 (67.80 MHz) 2 AW, B THUERIT > k., HMEEBWE200
~B00B T ®H 3, L2V POR#BEr LU TUABERELLTTYYI Y Y EHL
Z Qi EY T P E23.50ppn& U T, THSHE L HELU &

Pt

X

3. ¥RrEZE
HRHMLTBLRERTFFILADTOT7 I VREEOIN R INVRKRED L%

Y7 RE2XBEHFTREZIATWESE XK EEAEBRBLE LTIy FPLAED O

% Fig. lie R ¥, TRy PRRELL 20T NV -TRH T R B, ¥ N - T (a)

BB8Y - DI vERA-Yaryi2bo2db0TH b - HF ¥ N -7 bR a -
YUy 27202 YyRA-¥Yari2db260T825 (LrL. HEODEZBF-H
B NDTEYBRIOTN -TOF - YOHEPDLBETDH 2. o 7N -7 {a)id

Yok FEABEBEOHPILLE DR L LEY ZFPERSEY 7 PLTWAE LA

PEDDLRBE. (B2 LTE KB3FUV385. 5AES0EE Lid30 s
¥ 5. BEERLSB
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KoT. 2007 N -7 OMG 2%y 7 FERIVFEA -y sy PRIZEKT
BbOrExbh B CHLOKRR TREXEAXZUYCHEDO ALK =
VNREOLZY 7 FERBTHRBAELE GO THEBONR I XX T35
A-vavoPREIBEAN AT W 2HEELTIWIHOKEE L RNENT
B3 TahAi-vyavohR,  BRkEESGO TEROHE, LLbET I =
VHEEFTOIN RNV RFONEY 7 PECAKELEEE RIE T, % 72 FPT-1HDO
B ED, -7 2 F N -K -AFANTFI2vT7IREEANVAT7 ZR2F%2KE
Ed3xvrreFr2HWITN X BHARBLIOYRA-Yay (BYy~LFEa
AUy 7 R)EBRLEE INKZAVREZFOLZEY Y FPEHBELE ZTOERZ2
Figi2R R L2 HETHLIARILEY 7 PEEHEERZOT. BORTE T de-
shieldingy # HB L T w 5, Fig.- 22 B, ¥ VHBOBRLPIZEDIRWEREHN
ANYZRFLTWERZEDP 2, LEN-ST HEBWE Fic.loXBEREAHEY
LEBELTWL S 23 HNETR2FLEFHRASO -BE2HEALTW 22D EE
ZABEEOBEBES P EDODEREBET AT N S Y,

4. BEXR '

1) 8aite.E and Andoe.I,Ann,Repts, N¥R Spectroscopy,21,209{(19088%)

2) Ando.8,et al,,J.Am.Chem.So0¢c,,110,3380{(1988)

. 3) Morokuma,K,et al,,Chenm.Phys. Lett., 19,129(1871)

H

Table 1 Geometrical paralﬁeters for peptides
containing alanine residues.

E bond dihedral mr : iy
length /A angle/deg. sy T
: S @--*"
sample N.--0 3 )] - 1187 B 4
Ac-Ala-NHNe 2,92 -87.6  154,8 <
Ala-Gly-Gly 3.00 - 160. 0 < r -
Ala-Ser 3.04 - 124, 8 2 -
Poly(L-Ala) e helix 2,87 -66.9 43,7 £ 7T
Bsheet 2,83 -138.6 1347 s it Lo ]
. . O (b)/ /‘ //’
BPTT Ala-48 2. 80 -67 -34 [ b -7
» 1792.7 2‘.8 2?9 3'.0 3.1
N--O Length (&)
er T T y T Fig. 1 Plots of the observed '3C chemical
shifts in the solid state against the
4 N0 hydrogen bond length, @ denotes

Ala-48 C=0 of BPTI in agueous solution.

13 ¢ shielding constant o, (ppm)

204 L ' 1
- 2.4 - 2.8 2.8 3.0 3.2

N~--0 Length (A)

Fig.2 Variation of the calculated
P30 ghielding constant with the N+« 0
hydrogen bond length,
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P41 GC-BUBARBENMREZON FHAD
ddXxT e EMms e BEE
Molecular Motisn of Racemic Poly(y -benzyl glutamate) Siudied by

Solid State High-Resolution '3C-NNR

Masashi Yamaguchi, Toshifumi Hiraoki, and Akihiro Tsutsumi (Department of

Applied Physics, Faculty of Engineering, Hokkaido University, Sapporo, Japan)
'3C CP/ MAS NWR measurements were made on racemic poly(yY -benzyl glutamate) (PBD
LG) and poly(y -benzyl L-glutawate)(PBLG) in the solid state to investigate the
‘effects of the regular side chain stacking on the molecular motion. For PBDLG in

the stacked state, CBand Cy showed complicated signals which are different from

PBLG. However, above the break down temperature of the stacking, they are well

resolved similarly to PBLG. Racemic sample deuterated at l‘.yshowed two Cy peaks
in the stacked state corresponding to stacked and unstacked side chains. T, of
p

PBDLG in the stacked state is longer than that of PBLG for all carbons contain-

ing € in the main chain, while at the break down temperature of the stacking
3
T of PBDLG suddenly changes to the values in PBLG. It is noticeable that the
F
T change is the smallest for Cone, indicating that phenyl rings undergo
p

considerable motion even in the stacked state.

1) BBRMTIMIERER A -~V v P AHMBTHEHEY (VP -RUT LT NS A= F)
DSz WETE MEOT z= V) Y VAELNELDBI R Y v Y yMELR B H

MHEE»SHMBE AT W B, A

g

Py Y IRBETOMBONFABRBIZ O W T, K-8 E.
Fo. BEY. NEBAMOALEROEMENL A, L-EEHTE PELILEE S A
*

WRHEIFPRERRZZ LD RA¥Y v THBIEHEWISCEBRALY -7 BB V@ HE

I

RTwd, —~% BEHRBGSRENR 5C CP/MAS NIR. RU. EARNRBE®HTO S F
PHHEEMEC D FTEBERANS LCR B HABFRTCHE0T. RV b60FHE
APBLCR T ZT O I icd@BAL X¥yyv Fryr7REBIBUIHMEHEE ﬁ%iﬁiﬂ:o
WTEDHBMEMBEBHC L s Ap k. ABMETIRSC CP/NAS NKR D BB h 28 B %
BB '>

DWERAHAWERKA ENCAE I LD ﬁﬁﬁéﬂtpolv(y;benzyl L-glutamate) (PBLG) & U\
poly(y -benzyl D-glutamate)(PBDG)):0)1:10)321%%’(‘-}36PBDLGO)Zﬁﬁ‘c‘z‘éﬁo MER

L::hswaunm)lzlxiﬁi&meﬁiﬁ*@#vi FUZfilag 130'CTH12ZBEM 7Y = — W L £

RECHEFIL, UVHBEELEA 20D XVS
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O FRALE PBILGIRDWTRISCTAY v F 7
BBILEILEINIRHBE— I HBICHETHMEI N
%o X ¥V -fLE Kk F{PBN, PBLGE. D-RU. -1y
T vE% 6N  DCIspT 105~ 10‘8'CL:?§‘3‘5$KJ¢ n.
y-iEARLI VY I BERBERY. XYW
T RAF ML NCAEIR EDERL A

V3¢ CP/MAS NMR#M = I Bruker MSL-200 R R 7 b u X
— % (50.3MHz) % J w, MAS - (Magic Angle Spinning)
rate 3.85KHzT T » %o '*C-Tip @EWKMRIIT %5spin-
lockfA i # 13 40.0-73.4KHzT % 3,

NFig. I A Yy F Y T RBRURAYy ¥ v 7 R
EU Lz 9 %5PBLGR U PBDLGD '*C CP/MASA R 7 b L

ER L% AERERNTBILIBERAI =AY

il

— 7D AN T PRRERYyFUIIRE RV
ZAY v kYT BEBRXIZPBLCE R EBVWHERLA TV

Bwve —H. THEEEWHEILSBC6 CYOE -2

IPBDLGD X ¥ v F v 7 RBIZBWTEHELZDAWHKELD
THEN. PRLEOBA L K& BB T W5 LaLA

Mo, AY¥yFUyIIBEEBEMELEWTER V-7

lii

B2 AKSEUPBLEZABOY S ALY T bEE W
TWwd, T Okl AY 9w FUyizBE5LTWw3C8
BBHBWRCYFR Iy F YT REELTCWE wE D R
gak&zﬁwyybé@o:a%am?a

# % & ;'-EL BERKEFLEHZ2HW Thsotb
—SORMERS L, CORBEKRLRHLD 1T
B BEBVOFPUVAEXKRTEBEE DO TV I ED
2. CYBCAIIREWTxE2 b o TW3EEZBHN 5,
X, BRBOAEELHA>TWHEDI:SEL %
5o T D FH. Fig.2i2 i L A pulse sequence%ﬁ%h.é:
k&N CBRUCY V-~ 2ALEIRY FNLE
M22eMHTE B Fig.sb:cﬁ&b‘“ﬁ)’l:‘—7?&5§§ﬁ]b

wF v URBIZBIT APBILEO AN Y P HE TR L

EAY
e THEN (-7 EFHBEHRHOIWERTE D,
# o lorentzgh # C fittingT 3 5 2 &M hd B, =

D
flcH L, LYy -7 3 dBROEWHELREL2 L -
THEN, H—-Dlorentzi | TRBMYATETH 52 L
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Pig.1. 12C CP/MAS WMR spectra of PBLG
and PBDLG (50MHz)

AW 7zpulse sequence

comn ][ Jan]
(zith short €2 tige) )
i3g FI0
/ delay tizs

'H | (e

(with dz2lay befsre

acquisizion)

Fig.2. Pulse sequence used for
Y-deutrated samples

a)
With optimum S/N condition

b)
with short GP time
¢y /f
A4 g{/ \Qwﬁﬁk
e) T

with delay time before acquisition
( ;

¢ o

v ) /L

AN ;
i _!»,,;»4‘/1‘.' ‘J:“IA,\!

Fig.3. 3¢ op/uag
NMR spectra of
Y-deutrated P, .
BDLG(CB and CY region)
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» EHEERANVEZINIT S A H —Cos(COi2ll B % °°Co Nutation NMR
OXA ®, &m E., ¢4 EH, vl 8, L0 KB,
B. T. Heaton, S. Kernaghan
(BK B - WK #% - UNT -V K)

59Co 2D Nutatoin NMR in Solid Cos (CO)ie2

H. Ohki, S. Takeda, N. Nakamura, H. Nakayama,®' T. Eguchi,a’
B. T. Heaton,®' and.S. Kernaghan®’
Faculty of Science and ?College of General Education, Osaka University

b Department of Chemistry, The University of Liverpool

59co 2D nutation NMR experiments were conducted at 47.485MHz in order to
determine the quadrupole coupling co.nstants (e?Qqs/h) of %°o nuclei in solid
Cos (CO)12. The 2D spectrum obtained indicates the presence of two inequivalent
59Co nuclei, Co(apical) and Co(basal). The e2Qgq/h and the asymmétry ‘parameter
of the EFG, 7, were eétimat,ed to be 9MHz and 0, and 15MHz and 0.8 for Co(basal)
and Co(apical), respectively. These data support our previous proposal that the

symmetry conserved reorientation of Cos clusters occures in the solid state.

(F) HBEHDHBEO CouCOiz MMM 1L ME30E M ki apical ARA
DE-TERREHBREACEY . BRLEBHO SR 5 A% -0 Ay
GBHBBULRKIFELINATEE., RLe . KiK'?C MAS R T
basal; Fig.). Cos 7 3 A& =B BB p 1 gopematic representation
M E LT WD 2R E &M ak L g O e stuetre of G, Q).
UL °%Co dBAKART FILDOBEBID K.
2ROBHENAEERALIITREDRZINTWVWE., 22T, Cod
;e2Qa/h DREEAEBE L. V522 ~0BBE-FR X UBMK
WABEDHIC 5%Co 2 K7 Nutation NmRéﬁmoy‘:.,

(% B) 5°Co ® NMR i JtW /8 3 % 47.485MHz T Bruker
MSL200% f o THMRE LU . 2 % 3% nutation AR Y + IV N R E
% lus »H 128us T 1us §OZEA T FID 2RHBL. Eh %

2 K 7 Fourier ZH®R L TH =,

(BREFTHEY RANVABLILZ2BES0RELEAE Fig 2 LRT.
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2.35

IMWM ZAHNhD. TIITCART PIVEEEREWT T LRO satellite OB &
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Fig. 2 Pulse width dependence of
the central peaks.
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N-14NMR % fiW/-#IfBN 7 27 A DUE
P43 | |

WIE M. HEBRRE. H B\ CEEFERRAN. oT4AHE)

Monitoring . of intracellular ammonium by using N-14 NMR
sepctroscopy- )

Yoshiteru SEO, Masataka MURAKAMI and Hiroshi WATARI (National
Institute for Physiological Sciences, Dept. of Molecular Physiology)

We have applied nitrogen-14 nuclear magnetic resonance spectroscopy
(N-14 NMR) io the isolated perfused rat mandibular salivary gland. Two
high-resolutibn;resonances:choline (-328 ppm) and betamine (-329‘ppm),
were observed, and the resonance from endogenous ammonium (-355.6 ppm)
could not be detected. Intracellular and extracellular ammonium
resonances are discriminated by using 10 mM of dysprosium trieﬁhylene-
teraminehexaacetic acid (DyTTHA){ We -have tried to analyze the
trangsport of ammonium and cellular bﬁffering processes in the acinar

cells during 20 mM ammonium pulse application.

BIL®E] T YEDSY AL ERME OpHIE SR £ O E AT
THEFRLLTES P LHVLATER, LLhHe  IAADTE=Y

LR BN I3 B FBIS% <non-lonic aiffusionlek DT 2%0mlc
WADT ey ANFHICET 2 L RESRT &, SH. R IZMMEASH

DT v EZYAEN-14 NMRE [11EAWTHEL . 7Y €27 A— IV RAH

HREOMBAT Y E27 AORBHERENL P T HI LN TR, 85
2. MBAT VRS AOERE AL S b ERRBETL > kO THET

5.

[ ] RYRISVES - VEBTOT v b & DETRO2 9% i L.
3TEC. 100%ERTRALE 2 LT 2~ ) Y PVl % R RBREA L . 54 10mm
@%ﬁfﬂ%m:@% L7, 7 v % —WM/AMX-360wb 5 H48(8.45 V% fV: . N-14

(26 MHz), P-31 (143MHz), Na-23 (95 MHz) OSEIZ I3 10mmB O K H BT 0 — 7 &
SIS . K39 (16.8 MHz) 13 10mmBEOWHT 10— 7% b b\ e, SHEREE I
Inversion-Recovery#h THISE L7z . N-14 O L% L 7 M3 3M LiNO3s /H20 o
NOsD SIS J B M 2 S s ek LT kbL 7, o S
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BERRUEE] HBERON14 NMRIARZ ML (60EIV R NL2EDEL
B RIL2F . 40960 B . 13.6M5 M1z T ME)E H1-alc Ry, 2 KD HHERE AN
2 R 328 ppmic Y ¥ 329 ppmic AN~ F 7 I % LT -345 ppmdb f: V) [
BOLEWEAESENT I VFARES 2 2, DERPEETIE. 420 SRIcH
SEEXNZMPBAD T 2 E 27 A(-355.6ppm) [2,3] IXERIR TIBRBBRALT CH
-7,

MBHIATHOT Y ESTADEEL 7 M EAERLLDT. 3y 7
F ¥ (dysprosium triethyleneteraminehexaacetic acid (DyTTHA))% 10 mM
AWT, MBAD7 T =7 A(-355ppm) & MBS D 7 € =77 A(-352ppm) & %
SEELCHESEL 7 (4], [ 1bI220 mM7 Y E S A— UL R BHEBRED 2R
FLOBRBIZEALZRT, FARZ ML, 90E/NV R 7NV A DR LERR -
0.1224% . 4096[HIRE . 83 THE L, MWRIHZT V=7 L2 AT 5
ELMIBEAOT Y ESY AMESREZARICERL . T DRI SR E
o, MRSNIDT EZTLEZHEWRTEHMBEADT Y27 LT TARMPIC
MBSHZFEL . 104 DRIEMBERO 7 Y £y A3 RESRZ W, —F. 4
LA BB OP-31 NMRILF S 7 b b R M MpHiE . st 7> £ =
YAREFTS L. — B, 0T AMIC0.5pH wnit 74U 6T 3. F O
MR OT Y B AB—EEREER>TVNB PP bET. BRI
BRSSO, $hbb. MBHHEERHEF 0T VS 2 L DL %
>7e. ZOWMIEZDWTIZ, MIP Na, K, MR pH 0BRSS & . A5
S b MR M HRE BT B OBLSE #1% & IV SR B S AT 5 3T W5,

MR EPHEEMME & 512<bLRHTB2HIL . N-14 NMRIRZ b
NOEBIHBELDT, 7Y EZY AOKHERSEEWSE L. pHT40 7L
T2—=V) YFNESB LU0 mM DyTTHARIY ¥ FRBEHR D7 ¥ F 277 A DHEHE
MBS, % 20.278 . 0.26B Th -7, WA AL BHELTL, FrES
7 AON- LRGN L A LRI LAV, Lo LAt s . SEEISE o pH
REEEARTRS L. 7Y 2y A0KEREIEIE . B 20cRd X 5 (LM
ﬁﬁﬁ?k?&ﬁ%#ﬁéitt,M%ﬁﬂMijomMikﬁmeMMm
%ﬁMLt&Vﬁx—ny»m,mNHdiku&mNmH%mémmto

FYES T AORETFEIING +H  NHE K -9.25Th ). H\V Il
FBIL-oTWA, LT, HEINTWVEENPITOT e LAOREE
FEl(T1obs)id S F#: 1/Trobs =k 1/T1ns + (1) 1/Tinus, k = [NH:)/([NH3] + [NHe])
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= 1/(1+10"(K-pH)) . £%Z»> TR FTHE., CHDEFNDL L ITRUMIZIE

BREOBRBILEZB I LR R20REBTHD . NH3 8 L U NHs D#ERER
B8 (TiNa3. TINe4) 12 % % 5 msec, 1.57 sec. pK{EIZ 9.2°TH - 72 2 = 0.996),

N-14 32 BITH B . ABRDNHS DERITR WA . JENFRRDNH3
Tk, WEBBRAZEL < BV CEVEHEREE L % 5 . NHs O SRR

NHe (2HARIZIZ37 Z Wiz pKIEL ) L2 pH unitd 3 ) {124 B AYpHTF i
T . KRB O A & BpHE T ERT 2 L > T WS, |

20mM7 ANV ZAHETFHRICHMBAS DT V' 27 L ORI
We % BT -7, MBSpHAT.4 @RAPHIZT.0 - 660 & & | MBAS D7 Y
ESY AOBHERBEIL . &4 0.19sec, 0.22 secTH - 72, M2 bTFHEINB 2
VTR =VU Y FIVElR T ORI I3pH 7.4, 7.0, 6.60 s | % %2 0.26, 0.52, 0.86
BLOT. MHNOT Y E27 AORBAEMIE P LD ELL> TS, T
T LADN-14EWAERIL . EBA AL > TR LA EELLZLWDT
m\mwmmﬁm%ﬁﬁﬁn@u\wwmmwﬁﬁﬁmm%m@%ﬁmw&f
2-5fEVWILIck3bDEFEZLNS, BIE. BEOFHEICTOWTHRILT
B, ERRTHOTVELY LADZRUENTEIZOVWTHE LW,
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Multinuclear NMR Studies of Silica Surfaces

Gary E. Maciel, Charles E. Bronnimann, Robert C. Zeigler and I-Ssuer Chuang
Department of Chemistry, Colorado State University,
Fort Collins, CO 80523

'H—298i cross polarization, with magic-angle spinning, provides a
‘highly valuable surface-selective approach for observing local silicon envi-
ronments on the silica surface. The 'H CRAMPS. approach distinguishes
clustered and isolated surface silanols. Correlations of the variations in
2981 and "H peak intensities with silane loading level in (CH,),SiCl-

derivatized silica gels suggests a specific model of the silica surface.
" Other nuclides, e.g., 2H, 13C and 5N, along with ?9Si, provide valuable
approaches for the characterization of iocal structure and motion in

derivatized (silylated) silicas.
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3'p @2k & anti-echo COSY, Double-quantum, ¥ & U Zero-gquantum
L21 Cross-Polarization Magic-Angle-Spinning NMR

OAMBE + A. Root+ C.A. Mchowell (R MHLAF + The Univ. of

British Columbia)
Two dimensional 31P NMR coherence transfer experiments under magic-angle sample
spinning
Atsushi Kubo, Andrew Root, and Charies A. McDowell
(Tokyo Metropolitan Univ., The Univ. of British Columbia)
in this paper, we report on two dimensional (2D) *!'P Cross-polarization (CP)
magic-angle-spinning (MAS) NMR experiments on the coupled two-spin systenms,
NasP207.10H20(SP) and (CeHs)2P,P(O)(CsHs)2(TPP0), including anti-echo COSY,
double-quantum NMR and zero-quantum NMR»experiments. There are two mechanisms of
coherence transfer,the homoenuclear J-coupling and the dipolar coupling. In the
case of TPPO, where the two *!'P nuclei have different isotropic chemical shift
values, the flip-flop terms in the hamiltonian can be ignored to interprete the
experimental 2d spectra.
1. HEEH 3‘*’&%8@1#*935%&?4%5}1???‘%7?&&U“C‘ 2ip@cross-polariza
tion (CP) magic-angle-spinning(MAS) NMREZE W H N T H %, *'PEORAFILE LN 1002T
5% PIPEACVORMRREBAVNEBETHEEHELIEABEB VY TB Y. CP-MAS NMRZR
NI P RERRBEHERERY. (2,3) ChoQAEVEAR2AHETREBROGH)REN
MRT X < bdBWLBhTW3anti-echo COSY, double-quantum, zero-quantum 2 & 5t NMR %
TZOoORLEOBAEYOHBARERZZIEPTHTH S, FWRTRZIH SORRENSKEH
T4 W 2®RFTEOspinning side—~ band intensity®» 6. {tEY 7} F UYL OHENY R

FHMoREEAAIR. T h & OB Kentgend @ 2R 7L exchange CP-MAS NMRZE 2 — 1 U

g

HbOTH %, (1) TRZODHETHBI>NBLAFYIINSFYYLOHMBRAA» >IH
KE®RRP7EL Ty ABBKOLELEAOCHEAREOPHOIJORHEBREL OV TOERY

>

Eoh 3T TH 3%, lﬁlﬁkﬁ*ﬁ#bf—%é" coherence transfer O HE E U CURBRARAXETH
EfEHEIEEP B 5 mﬁﬂﬁ¥mﬁfﬁﬁazimsc:;0%&%3&&3‘%@@ spinningfE #
ﬁd)%ﬁf&ﬁ‘lt#yj }@%ﬁﬂﬁ@%zz%bb\%ﬁa rotational resonance condition ¢
DAHABERZRZ EFHETH 5 (71. 2, 3)

2. ®R xﬁ%%‘.}fL;t'Zn[’(ceuso)va_Pszla, NasP207.10H20, (Cols)aPP(0)(Colis)ed = D
ORE (LLTINP,SP,TPPOE B . ) RA Ve INPORBEHRLUEAT L EL - D2
MORBFHRAEL. BREBO T PHMBER L TIAL DRV MA T 3. SPETPPOM &
CAEYREERE S, SPOHBFTUP 0 A FAVHOEZ 2O PRUEEL K20 M €H
oG ohB0UBRP . Thas0 ' PREOILZY T INOEFERIEVLVETF YLD T
WER B PHMEMBINSONFENU2.9% KROEBEIPEONT CHUE.0AT
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BE2AEYREBRTZEBTES TPPOICRHSFHOESIED>DOPRERBZILEY T}
CEFEEHD, PP BHAOHABMELUE AL ENS. COROSPAEL AL Y
FeEroh 3, DEOo=ZBHORBMEZD VT POanti-echo COSY NMRA X Z b A o #l &
BT o ke RRATNILR ¥ —F YAERT,

1 (m /72)v(CWIw------ decoupling-------------

31e (CP)'y";tl"(Tl 72)% 1 --acqusition(® +) (1>
ZZTC #.(receiver phase)=x ® 13x,y¥,-x5-y & U ko
¥ R TPPOE SPC:OL\“Cdouhle-quantum&lﬁzerro-quantum NMRAN 7 P L OWE 21T - ko

(DRTNNL R ey - IARBRU k.

1h Cm /2)v(CWIw------ BECOUD T iNg-= ===~ --oomm e
31P (CPYXpa--1 -~ )dx--7 --(n/2)x--t1--(n /2)® 2--acqusition(® )
"double-guantum NMR; ® 1=-y, (#2,® )=(x,x),(y,-y),(-x,-x),(-y,y) (2a)

zero-quantum NMR; @ 13x, (B2,9 )=(x,x),(y,y),(-x,-x),(-y,-y) (2b)
NHR O # E W Bruker?iﬁmcxpzoojm ybo Xy —% BV 3P0 I g E M KB0.98MH2T 1T
> B, TPPOD anti-echo COSY NMRA W 7 } A- @ Yl 5 # o W Bruker# 8 @ MSLA00R N 7 } &
AY — BT PO IEEHII61.98MH2T 1T > k. absolute mode Fpuriérﬁ}ﬁllo& v 2
WILAND P I EGF R
3. WRRURAR Bl 1 W zZNPDanti-echo COSYX W 2 } L€ & 3, 2 ® @ spinning

sidebandif diagonal W ® H W N T W B, anti-echo COSY experimentdsignal XX O & 3

&G B,
exp{id 1 (t1)-10 1(0)4id oCtiste)-ido(ti)} NE)
BE U
t
b (t) - @ (0) =f0wk(r)d'r

wx(DBKEHOEBOAEKEHEKC S 4,
IO AS>RBARBFHEFRAS I # &
b P VIE AW Wcoherence transferid &£
> F. BBt period& t2 period T
VEABBTCREEY RIT S5 0B A (3
R ti+t:O A DEE & QY. off-diagonal
@ sideband intensityii-@ﬂi:&%o 4)
B2 a TPPO® %M ®anti-echo COSYX A
2P NTEH B, TPPOTUKRKEREE Ooff-
diagonal sideband peak?ﬁ%ﬁﬁiﬂﬂ?%ﬁﬁo : : V2

DA AETPPORUSPO 2 AEYRIZD2LT © W1 ZNé@anti-e‘cho COSYA N 2 b W

BARBETFHMEEME O 1K 5T CP-HAS NMRX N spinning @ ¥ B W 20060z2T & » %,
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JIPALREZBEERODVTHNR TPPOO ISR 2BHEOBAE VOLEY I PO%EH
EHERRIBAERE HOERTENIALI7 2@ flip-flopHR2EHRUL TR &SR &
¥ %

HCE) = w8l + wa($dlez + {J + 2d(td}b1zl2: (5)

22T 0w (DR LT 2
EVORBABE ((DRUIEER
NEFHEFABIUIEGEOREE
BTH 3 BIRONIAPo7 Y%
b & product operator fomalism%
> T2®mxanti-echo COSY NMRA N
P PALRHEU R, £ T 1 KTCP-HAS
NMRA N 7 b L @ sideband intensity
OV aIb-varykiviEry I}
FYYLOEBEBEIRLDOIPEE DL

TRD e REILEY I FFIVLO

UG R A BB T RN 5 2 KA

spinning sideband X ¥ — > % & % L. M2 TPPODanti-echo COSYR N 2 b JU
RWOART PLEBRBOV—BE2E5 2 3 spinningf@ 3 41200z, (a)ZT M (b))t &

Mk RDE HBEHLEFGFEDANY
PALBBI2DbRALVE B2ak2b

DEV—HUEGOROELUSEIFEL L

N
A . T
ZERERUTV A, ¥BRZS5UTH . ° i X
PIE®EY T PPV ILOMEEEYdoubie : o ® =
. 0 . .
-quantum NMR AR 7 P L OFHERIT o ® e @ 2 19
Be HEOZANZFABEBORNT L ow 2, 787 '
) o« e e . ® % v o
PALERSEHU B (5)R O & B # P e @ eagp e . {o
. LI L] =) °
4 EA K o &
TPPORDWTE S TS %2 &l zero- L N % . &
quantum NMR QRBP4 RF Z BT P @ © ° g - lo
. o . [} A sl
e (OXONIL P27 YCREQ v © °
4 . v,
32AEYRTUH. COHDRXO AL R - o 5 :
| SR H L 1
V=4 rRABEo>RB zero-dquantum 10 0 V2/]<HZ -10
coherence WHE X h b, TPPOD zero-
quantum NMRZA N2 P D UBR 3 RRT & D B3 TPPOD zero-quantun NMRA N 7 } A
2. [ Uvpreparation period 2 © T spinningfd ¥ ¥ 380002 T ¥ &,

F.U 2 double-aquantum NMRA N 7 }p A&
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EXNTSNHERCEL. ZOHERDGOIA B4 SPdDanti-echo COSYRA N7 } L
OEMUOE¥HERRTULTL 5 spinningf& # ¥ X (a)3980H2(b)2005H2
SPOBAIREDOAE YIRILEY T (c)1060H2

FFRYIYNOEFEBEULLL BE@WOaHN

B, ZOBAMDEOflip-flopTH 2 EH T X
. BISWSPO®anti-echo COSYA N Z b L & F U
Bo spinningf WM M E VK. diagonal i V#
S D Hspinning si.debandbfiﬁnfb‘ %, SP~™
WTHHMAMREEES P NIRRTV AR D O L% Y
TLFYVLNERARBIFHERMAT YU L OK
XX AHMBRELVR COERZ2BHBUOLTGBIRXNEY
ZRAEANT P AL RZFEUVRES ZHloANXD
PV BEEB TSI EBTERD > ke &R (2000
NNV R Y=t A% HOVTzero-quantum NMR%E
Bl Uk & 3double-quantum NMRE T I H U &
ETY 7 FTALBEAWTER bhbhidbag SP
D1 ETLCP-MAS NMR OBRFEOBEFT TERRN D & 5 &

EHNILFT7YR2DBB LR (3)

44

Hi°(t) = S {Balis+la-exp(imw 1)

+ Ba"li-lesexp(-imw - t)} (6)
on = 1 f o zexst [ Fo o
mo=Tr o b exp{i 0&)1 T

w2(r )dr - imw tidt (7

Z’.Z"Ew&isninningﬁ”ﬂlﬁk\ T ETOREHTH B, 1 XTCP-MAS NMRAN I P L O AR H W
B 2Bs TH5 A 3h %, ZOEHWEYVI ERI XN $coherence transferld d(t),
Wi, 0 (DOEAB TSI LD Zh3OFYYLOHE 33VERBEORB KR
%, % 2% X Osidebandid. inhomogencous R MEATE NV EERL S » T 3. 2&%
AN PV DOFEWL) coupling®d & M coherence transferm&ﬁ?&%fg’%’liih“\”(#ﬁ
REB RS LB THEY IMNFIYYVIOHMBRA@MERET 3 EVIHBH T
BRARBTHAEFAEMYBIZI EBEE L 5

(1a)E.R. Andrew, A. Bradbury, R.G. Eades, and V.T. Wynn, Phys. Letters, 4, 99
(1963). (lh)E.R. Andrew, S. Clough, L.F. Farnell, T.D. Glendhill, and {. Roberts
, Phys. Letters, 21, 505 (1966). (2)M.H. Levitt, D.P. Raleigh, F. Creuzet, and
R.G. Griffin, J. Chem. Phys., 92, 6347 (1990). (3)A. Kubo and C.A. McDowell, .
Chem.Phys., 92, 7156 (19%0). (4)A.P.M. Kentgens, E.de Boer, and ¥.S. Veeman, .

Chem. Phys., 87, 6859 (1987).
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Separation of local dipolar fields and determination of spin diffusion
pathways in liguid crystals by state correlated 2D NMR spectroscopy.
Akira Naito. Makoto Imanari# and Kazuyuki Akasaka

Faculty of Science, Kyoto University and *JEQOL Ltd.

Nematic-isotropic phase correlated 2D NMR spectrum was successfully
obtained in 4'-ethoxybenzyliden-4-n-butylaniline (EBBA). Transition from
nematic to isotrcpic phase was realized within 0.2 sec using microvave pulse
of 2.4% GHz in the transition period in a state correlated 2D NMR pulse
segquence. Local dipolar fTields of eleven magnetically different pretonsg in
EBBA in the nematic phase were separately observed in Fl dimension by means
of well resolved signals in the isotropic phase. Spin diffusion caused mixing
of the spin gstates and gave mixed patterns in the 2D NMR spectrum in the F1
dimension, which gave informatibn on spin diffusion pathways in EBBA in the

nematic phase.

(] #®&E® 'H-NMRARZ FAUVRBERBZHUBFNRNY-VRE. BROBFRT.
NEFHE. ERHCETLIERABHASATVS, UL, HE® 'H-NMRARZ
P, BEFEEARCEAERAOLDRBREENCELZIAL. BEOKO N E
FHEREEAMBN T 20BBLLOHER THE. RAARTH, HESIL> THE
XhREHBE _XANMRAXREZZBHY, BAMHEEFHEOMONMRARS LD
BEELZZ LD, SHTHOAMBECHRERCSY 28 ABRORFNBENS — ¥
BN T 2L AR . COPKBERBRBOMBTECHLTH LW ERERET 2
LOTHE., ABBCE. CORRMB - RETNMRAXRZE A BARBCER T 2580
BAWAMBECES. VA 2OREAVABEREY v VIR K HMBHE S HER, B
FUBFHEOAM. A BMBBOREL VW THET 3. '

[}

(MFEEE] ®ICKEEE __KXENMRIRZ FAMEDLDOD NI AR ERT .
ETHEBYRCE . BRAREHCR O BRECRE TS5, EHMBOBBIC90° AL 2
AEH L CHIEABBCEELAECBL. $ERE (t. ) BtrBsReclmEe
AHEZ, KR2BEO90° N 22BHE L., B2 HBOAMRIMAT S, 5l &k &
BUHBAKYS 70l A2BHL . REALOEFHCER<HEB2ECc3¥ 3, 3&H
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Side Chain Dynamics of Racemic Poly(y-benzyl @-glutamate), :
by Solid State 2H-NMR

T. Hiraoki, A.Kogame, and A. Tsutsumi
Department of Applied Physics, Faculty of Enginnering, Hokkaido Umvcrslty, Sapporo 060

It is well known that the phenyl rings of racemic poly(y-benzy!l B-glutamate) form the regular stacking in
the solid state, and that the stacking breaks down at above 90°C. Deuterium quadrupole echo spectroscopy

is used to study the effect of the side chain dynamics for the stacking. Temperature-dependent lineshapes,
Ty were employed to determine the dynamics. The phenyl rings locally undergoes rapid two-fold flip

even in the racemic form. The onset temperatures for additional large amplitude motions are higher at
10-20K in the racemic form than in the L form, suggestmg that the side chain motions in the racemic
form are restricted.

poly(7 -benzyl L-glutamate) (PBLE)E A B & D a -helixCZDDHDPBDGRES XD
a-helixTh 5, LBELDHKDOILIHAW TR BEHFTCHBEISLELDEOMBEE O
Tz VBHBAEPZTHEIRER DG SstackingME 2 3. Ex26hTWw3, DZoRWEER
90 CHETHABZZ LHXKEEFY, FFEM>, DSC, KAEREPLEWPENEIATL
B, AMETHMB24EAEMLLEPBLGEPBDGOI tIBAWDstackingd BE D &
ODE5EBERRENMRI AR V2B N 50 RH L E '

ES

Tz EE A xrBEARKFKEIL ZPBLEA(PBLG-45, PBLG-& d2)iX poly (Y -methyl L-glutamate)
ERBISIERBERDYLFZPHVIA~-NVEDITXT )Dﬁ&ﬂ»&bﬁﬁbto SkzhiEzch b
OBEKFEILPBLGEPRDEA: I 1 KBEA LAV DO RNV LBHRELPSF Y A PLICHEEL WTRhO
ﬁﬂ%DSCiﬂﬁEk&U9O°Ch‘5&l:|1&?&t"-773‘%’?&‘!‘6:8&%?4;1/7‘:0 BHEAXRNM
R AR Y FJvikBruker MSL-200(30.7 NHzZ) 3 Al v, WEBI I -ERk XD E I0OENIVIE
¥ 1.4usChH %, Tl Inversion-recovery WERBILI-HTHEL &,

HWRELEER

(a) PBLG-d5/PBDG

EBRHIEBI S A2 P sFig.llcm ¥, Stath LHEELbE @
MEEARBEIKHzZOBEHAH2B/BT. A7 PLOBREKIC
HBEBKHZO Y ¥ F DB ER>TWE, CRIBT = LRI

. . (b)
kHzT flip-flopL TW B 2 & 2 RLT W3, VEELEREEZHEVZO

'v'\/\/ﬁ
YT FNOBENM L, flip-flopO EENEL 2 B, BEDRARY s
kHz
PLEREZRERD 6 HE D R Flg.1 2H-NMR spectra of PBLG-d5
FHAU LB P BARI N LOBEKRES. & Fig.2lc® ¥, L& (@)racemic-form gt -100°C,

) (b)L-form at -95°C.
THH3OCHE ARZFPLIOBELHEN RESERLED 5.
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1)Y.¥itui, et al., J.Mol.Biol., 24, 15(1967),

65, 281(1972). 2)M.Yoshikawa, et al., Polym. .J., 7, 96(1975). 3)T.
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Fig.3 Temperature dependence of 2H-NMR
spectra of PBLG-td2;(a) racemic-form;

(b) L-form.

J.M.Squire and A.Elliott,

Takahashi,

J.¥el.Biol.,

et al

Hacromolecules, 7, 808(1874). 4)T.Hiraoki, et al., H28MN¥RE ®H & ( . ) 1989.
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(fx -8)OE ®#HNH#E 518 HEB

(HAE#E) KHEH w8
KYT72 /7%y HKRA75y ¥ (PPP: EH)OET#ED'P
ODNMREGRTHFEREPTE1AT FANEZEPPPIEIEH

ARBEEREELE WS LM R AR AN BEHETEH O ppa
O_{<::> Bhz240%BBr@MMIhsE (Fig 1). 20 k3%
l BRIZBUANMRESOSHEABFLELEBW AT EIEUT
P::Na— SHEREFEFORTWS: (1) RBEHCTHEEE 2 7 »
‘ n FET S Q) BEATHEIBHLIATWIREFHEEAD
0 —Ph OB FTMAREALEORERAMNRRATE RETH B, PP
PPP PLrEB s RO RMARMT 320 Br O ERET - %

ERENTRARYT. (VHEOENKEAZZANCEIETON
AUBEBWORES (HTa) OBISHKBETH S, (D31 IKTOMBUBMIEES
am# 1l 4B EEDAEMIBTHo2 (IDBEZLFSLBFa0BENEDS LIESR
bOMBEUEMALZ (Fig 2) BMEDC L &N{EBas525° P i3 ABHtnxraEs
bOI  PEDELWCS EANEMKER >R ko TPPPREWIHBNEN AR O 2 %0
VU PRESUPPPOMBMEK (F5a) LHBMES (EFb) 2RRLTNL DT H
BOUDELERbNE COEIEKB-—FRBMELBUAABUEORLBMAERY = 4
LYD CROBMERTWANEOABRAEC (H2ppm. X#1)., PPPL

b -22
3lp 3
a g -21
2 S
-
311K 5 0 >
2 a
* * * * * & -19 Z
@ L =
< o=
S ©
o -1 Z
372K ® 2
o
® % * * -10 —
= 300 : 350 400
" : Temperature/ K
BO 490 ¢cno 0 =20 -45 -0 -~80 pe /
Fié.l 31p MAS spectra of PPP taken at Fig.2 Temperature dependence of relative
311 and 372K. The peaks marked with ¥ intensity of peak~a (@) and -b (A). Also
and% are spinning sidebands of peak-a temperature dependence of 1P chemical
and peak~b, respectively. The peak with shift is plotted for peak~a () and -b
% is unknown impurity. The bar denotes (. The lines are drawn to guide reader's
the resonance position in THF. The . eyes.

chemical shift is given in ppm by taking

85%1—13PO4 as an external reference.
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Fig.3 13C MAS spectra taken at
311 and 372K.
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(1) ¥.L.

(2) W.P.

Earl and D.L. VanderHart, Macromolecules, 12, 762 (1978).

Rothwell and J.S.

Waugh, J. Chem. Phys. 74, 2721 (1881).
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Identification of Multiple-stranded Helices of Polysaccharides by '3C NMR
H. Saita, Y. Yoshioka, M. Yokoi, J. Aketagawa, .S. Tanaka, Y. Shibata, T. Eratsd,
T. Yukimoto, H., Takeyama, H. Yajima and R. Endo
(Natl. Cancer Ctr. Res. Inst.,‘Seikagaku Corp., U. of Tsukuba and Sci. U. of
Tokyo)

We examined hydration/dehydration-induced spectral change of '*C NMR spectra
of some polysaccharides, including (1-3)-§-D-glucan, (1-23)-$§-D-Xylan; (1-4)-q¢-D-
glucan, agarose and carrageenans. It was found that this method provides a
convenient means to distinguish the single helical chain from the multiple-
stranded helices. Conformational features thus obtained were related to a

variety of physical and biological properties of these polysaccharides.

L Bk
PBOBRBEZVURCTI2ENLFRIXBEFRTCHI b BB LR L, LA L,
COFBRRBREORFLANCBEIAZ L, BERNUTHLEDLEFAOKNE
Bah, 3FARBO0EFVCHLKARETIHEBODZ 2L E, 2<oMBEr ALY, —
H, BFHERIA—4 -0, RACHOId I ARAEoF W RHLTR, BAR, #
BOL > CHANBMERAOAEWABL LR, BREOBLF - ANBOALR L 0N B
RTedd, COLIRBARESNETRAD L, 2HBOBRBEORYOMNBNFIRLLT O '
CEARABIRMBENMROBERFBDIPT LN >T<L 3, '*CNMREWR, &R, #&z2H
HDTaAVEA-—VavEBMTIANAPBELLZ2EYD, 2HOBXOWE, 2 VI EDHE
HroWBEz2ERT S LTCHEATH S,
PHE_EHI2VWEEZEI L YOS EEBER LI LON BV, MELL T3 HHAN
—EH5VWHAEREHOVWThIPORER, XBREH2z2HVWILBEB TR R, LAL, &
hNEBrxoPELPLEYPRBEEL2RET >ERCLAY B ED, 203 YyFRA-Yayirif#
KRET 2 HFENE TN, 48, K65 VWRDMSOBBKRDPEOBA, 55020
HBBETHBIAMELOESI ' CNMROARY hVELASCOMBE2EBCNY & 2
2oy, BLORNOBEITRTCHDI LV bhbooTcRET 5,
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2. (1->3) —B—-D—-JWhhY (1) CBBBIBMK/ KM B>FBLo i
2HOBKLBH D O Y RA-Ya vk, H
FTLLBIIRINF-~WEEELR—DORBE

BHLEBEDE G, (13)-4-D-F L A VOB & !Triple ne1i]

) 7 hydratioh hydration/

CEMCRHFULEBEREZER 1IECRT N, figna (Branched)/lyo. ;nnealing
from DMSO(Linear)

DEHLEOTZHEOIYRA-—Ya vyl T / hyaration

BEBRNABZHV2D, 2oL EDCAARY M) |Single Chain|4 " [Single Helixl

. : dehydration
Elfoeod>bT, —WrELERIKCETLDE,
RIECTRTERORBRERUOBK Kfric & 32 Rl (1-3)-4-D-Y LA YO=BEOD
NI VELEEZTOR—FXHE/ B &> AYRA - aryHOoOBERER
DHTHY, @@DMS OMN

#1L (1-8) -B-D-YNVAYOBROLHIC L B ARY FIVEL
BRLEo2T=ZES AN

—AY/ —ETb ZETE
SATERAES L OME AR RTRY e
DBBEXD, LudAE
BiK, /AT £ oD &7 ML + -
55, COEIBREMLE,

. DMS Ofic &k 57 ML - +
(1-8)-4-D-F W h v T ,

BSM—BMOMBEILLC A
BETHILELZDH, UTERRZE2O0SE~0BHAE*RAeE, BB, (1-3)-4-D-4
VAYO—BSEYOFER, P"VoWHORLS T, VANAFA L, BiEEELR Y
DExOEDERCEEERET Y., Ho

cHoH o

3 PAU-A (L) A5F-—Fv> T 6014526 anbydro_ oL _Goly 1
FHO-2RIECRT —RBEEHESL, EH
(1*3)-ﬁ—D—’fJbz‘Jkaﬁ]ﬁ@ﬁ&ﬁ'f)b%ﬂu%?ﬁiﬂb:&oféﬁjﬁ‘é‘éa PAQR—-25F VDR
YT -V BEEResD LD IETE VOB KRLERALIETFIRAELTH D, 2 h i
FHAO-20XBEFRLCDB LTS EFVITR SIS, BELAKBMULEY LRy NT — 7 4
TOEEHTCRELIIPEIHIDREMTCH L, £B, 7HA 0 - 2P VB BLOBAMENM
REE->THHWLBIE - /7S HEBAL, rigid 3y b T - 22D R0 &> 8 —
’Jmﬁ,ﬂzh“mﬂ}%‘ﬁémmo B2iLRT E&d>E7HAa-20KxHF, ¥, TORBERY
DARGT PANRE -V, TOHMERMOERNBLADZ 00, BE—FETHH, &b
KBRBIERT LI, DMACEED S FY A PL, LOCTHEHKLE T 4L LEKAL
ELODART PRE -V, PLOBAELEFELLELALTWSE, ZhBRFAVILEE
TSVYHILALA NS BN Y I AMOERE2EALIRKRO TSV EBBICHNL, —EHEB
EAXARIFUPTHY, BOWLEROF VAL ICEI L ELDIIBE2ERT S, #9595 —
FUOBEELRABORREREE L.,
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(o]
Lyophilized

D TYPE Y (HYDRATE)

€ TYPE Y {ANHYDROUS)

Hydrate B TYPE VII (HYDRATE)

A TYPE VIl (ANHYDROUS)

M At
200 150 6 100 50 o : 200 150 1(;0 6 50 (‘)
X 2 7H I~ X (Type I)D *C NMR R 3 PAHT— R (Tyoe I & TV,

AR 7 M T4V LKA & BHE
. R

3. (1-3) - B—-D—%v¥353 %
(1-8)-4-D-F > 2 > (L) &, JWAHIYELIBATCEERSE

LEE R FYAFNENBELRVEETS S, LEN-S T,

BRBHEZ2HILSD(1D--D-F NV h Y EULUEREE2 LB L
I R=H
DPHTEE., REIDPOEBLZ2OABETHEEL 2 (1-3)-5-
i II R = CH20H
D-%¥3¥ I YO*CNMRARY PV ERAELRT, 20 3
ARy bR E—vig, (A)—(D),(E),(F)OZ®EER __~_______.J
EHBET 5oL TESL, R=CHOHOBIET'? i
it B
ChZryy7 bbb ETHEBENRI, B -F>o-—-2 M/\waw
LB - T NA-ADART ML EMLOBHICREYL 2

LAEKD, TORKBE, (153)-3-D-Y A Y TCRBES © WVL\,_

hEZESoaryFIA-Yary (ZESEY, —A#,

s

—EAV Y Y A) OCHEY T FE(13)-§-D-F 5
VELrtBRoOBREYFEEERLTCHRETLILE, R4 T H
Bnézao)’/’w—?o)”c&7]wid‘)bﬁyé:ﬁ-ﬂﬁz

Eoty, —ABE—-BAUY JAOBECRETE 32 l

EXbAok. chid, 7LAY, 55 L6 RANSD ® ’U\/Aﬂ\

BV oMM N BT 5 AL HSEO YR A~ ay —

BloTsHPLLLByw, 22l vwktavydRi—Yay N4 Brxof@cBELEL
B, WO ETLRSEIOEABEMET 2. BB, ¥ 3)-4-D-% ¥ I ¥ @ L3NNI
SUVOZBESREyREBEATDMSORBIL LI ThH, * (AYEEERG, (BYRANY, (C)AKRE,

DMELRBET B ENDH ok, (D)EKRY, (E)ZnCl. ik, (F)RAR:
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— 20, —EAU Y IR
THHPARVCBHOSHBOBEEN A D
hTwad, BS5K®RT &K, DPL0O
ODMSOPLORKBERBREVEOD
ﬁ/\“’]b)b)ﬁ&—‘/’&’a“iéh“,%o)
KBy —HoVEBEOMmICBEONAL
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- D7IU-—ALFERBRONRNE - VEE

AN, Ko EoBRRIEE

1008 ¢H ok, KMiCE>TVNMBHB
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150 100 epm 50

CE#T 5 BB T CIiCBlackwelld M6 V7Iu—-2RTE*OKAMPOIC
KEoTXHBEAAI»PSLRB DDA TL NMRARZYZ b

24, BBEE_ES VLT AHAEAFKATCEARNOBAOAFC—EEI»D _EH~0H
ABAFNBZEBZLEFALLSL, 202 L3, BEHE2_EBEHLITLZ2EFEALAHCHEI D20
N, TERXBEHR, NMRLEDBEEOARIMNUIAZ-—VEFTRBAIN D222 00
, B2 THALD, LAL, EKFRTCHVEELY ZRABOLEOE X MY — 2 FE BT H
E, CoOI L HEBEORBRCEIFEFRHTHB Z LAY B,

5 H#

SHOLVBIZBAXxOIAVFA-ParyoRY, LEC—AXAHLFEHOBRNOHE K
B, Bk /Kf1, BLIUDMSOABARLD LI AR MPVEELORFFEHATH 3 2
Edbdok. BA/ KRMECEEZARIMVERE, 2HOBESTHELOREREAK
BOWTEREDPL R TWSB Y

X B

1) H. Saito and M. Yokoi, Bull. Chem. Soc. Jpn., 62, 392-398 (1989)

2) H. Saito, M. Yokoi and Y. Yoshioka, Macromolecules, 22, 3892-3898(1889)

8) H., Saitd, Y. Yoshioka, M. Yokoi and J. Yamada, Biopolymers, 29, 1689-1698
(19990)

4) H. Saitdo, Y. Yoshioka, N. Uehara, J. Aketagawa, S. Tanaka and Y. shibata,
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E¥BYIFURUS -DARZYAF LY IF O OEBHEFE
L26 (FT AKTID OFXKEY - ZHEBEE LK B
S tructural Analysis of Wool Keratin and S -Carboxymethy! Keratines

in the Solid S tate

Hiroaki Y oshimizu, Hiroyuki Mimura, and I sao A ndo

(Department of Polymer Chemistry, Tokyo institute of Technology, Tokyo 152)

3¢ CP/MAS NMR spectra of native wool fiber and four kinds of S-carboxymethy! keratines
exiracted from wool [low-sulfur fractions (SCMKA), helix-rich fragments (SCMKA-hf), high-
sulfur fractions (SCMKB), and high-glycine-tyrosine fractions (HGT)] were measured in the

solid state. Furthermore, '3C CP/MAS NMR spectra of SCMKA filmgwere measured under the
unstretched, stretched, and heated conditions, where the film was prepared by casting from
aqueous solution. From the observed '3C chemical shifts, half-widths and relaxiation

parameters, it was found as follows. 1)the major conformations of SCMKA and SCMKA-hf were
fiainins 1o 6,0 Dbl mie vl ek el sk ] S 16T B
SCHMKA-hT. 3)in SCMKA film, it was confirmed that B -sheet and random-coil forms appear
upon stretching and heating, respectively. 4)it was found that the mobility of the main
-chains of SCMKA does not change upon stretching or heating.

1. %

BERIONVHEE 7I/BRNRUGREECREEL2E - TBY. ZoEesWcored 3
ZEW. PHECrOHBERRTIRDREDPVERL,. RUNTFFOoL FRICETIERLES
LTHBOTEETCD . FEFRBBRUBILBYSFIUYIIYNIHBER a5~ UPET T2
4 ERB3E. PIVBHEBPBEILLES. FREFOIYINIHEIP BB > TV 308 EBO—>
'635%o$%75?yéﬁ?ﬁﬁﬂ‘%ﬁﬁ&}?,yl\"ﬁﬁﬁ\ﬁmd)i7l:l‘]47*‘))L.1iﬁjzﬁjzﬁ&%f{_6n’ch
BCysHBEBDLPRVHA(a-ANY Y I ZAEGEPEZW).RUETEVUTERGIIY I AREHEKT 3 CysH
EOBUBAECy.TyrBEOBVHELEAMNETHh B, REDHW '°C CP/MAS NMRBEERU ¥
SFYIYNIEOBEKRERRCEBD THARHETHIZERRLUTERE Y, ARETCU. *
ERUBAEEYIFYTCHBS-DIALREVAFAEY I FUSMHIZARNT BRIV - BKH
7)N7ﬁmﬁﬁb\%ﬁﬂﬁﬁﬁﬂﬁﬁﬁmﬁﬁﬁﬁ&k&@%%ﬁﬁ%”cWMR&&th
BE U e |
2. R
1) #ZB: XU IJEEGYIR SISKBBRTRIVIEVHE L. kE+QpTERTRIYT
BAUTREL. KB UTHVE, SCHKIZO0 ' Donnel IS O HEVXH>Ts 2-AABT 2y J)—
)L—BMﬁfmﬁiﬁcP'@i%Eﬂi’é‘{kbfaf&\ B—FHEERHLCS- ANV RFY XA FAERIERIT O
B Dowlingd DHES L LVZOOMARHM. BRUZ CysRENDRVMS TS B SONKAL
BEUTO.05M NaeBaOr 2 L. BB -SBEAURMERVET I LR X >THE U, BRHIZIISCKA
KRBEBBEAFDRBARAOTENZCIIVBR L 2R HEERU . SCHKAB R kBB QwIDEF
TOVRERKELV . BER L OB R(EEEH 1000 m). SCMKALE O 2 # i, KHoOWE 2B HF L.
m%i?/—»—mﬁém¢?ﬁh‘ﬁw%$ﬁﬂﬁﬁﬁ®EWﬁW®#&&TﬁmbkoSWM&@
HUBREETEAT C200C 3HMIT > 2. SCHKADAY 92 XY v F T 57 5t ¥ b (SCHKA-hf)ids
Crewther® O & A L. a~-‘\*¥:l\U7'*‘/‘J'é%ﬁ&}bu?kﬁ}ﬂ(pk&ﬁ\:%?"c\S.SBéFﬂ)‘J‘%Zé:lZJ:
Y SCMKAD & 1§ F20

KUad UVzZsE - FL>d> UV3WE - HAED WwESB
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2) NMR#SE: EHEIWE2C. CP/MAS NMR AR Y L OWEW.CP/MASE & 1Y JE D JEOL GSX-
270 NMRAX(HET.8 MR AV TT0SSHEEHA U TIT 2 RJC-NMRILEY I ML 75T
SRR BEEQISopMELVLTHEL. ZhE2TMSERLBE UL, AEV-BTFENER (T.9)
WTorchia® @ FET. WRMEKMEZHIE T S HER (Tov) WDipolar DephasingRE> (DDph)
WkOHEU R,

3. HREEE
1) I1WHEEEESCHKARXB O '3C CP/MAS TOSS B U Dbph NMRANZ P AR, H2uh LR

LVRREROBRART P LEZERERR T, 1T5ppm BRIV R LBEFEOE — 2, 115-158ppnfs
HizPhe, TYFREOEBREREOE — Y. 45-65pmif iR a HEDE — ¥, ‘10-40ppm1¢i&l21ﬁ'}§§7)b
FAMROC -V BZhEhBBEh TV 3, BRAVRTFFEBOTPC-NMRILZEY 7 b #
FHARA -V aVOEREGFAZIEVHIDRIATELIO, ¢a- Ny I AR EZ AR
LRFWLIT5.8£0.8ppmic. B -V — P B EZ AL RN RIRWLI70.92 1.2ppmic E— 7 .7 X B H
EOBHRDPM»DOTEH L Z, RH22R B L¥EECUIT5.38113.2pmRE—~Z OFHB SV .2 DD

- TOSS DDph
3 588 i
3 o B o
o TR
=1 O S =
& 5 & P
5 @Y £ 3 a
< 203 S
N OB g
O Em \ :': g
5 8
woo J1E Ny Wool 3 g

SCMKB

HGT

PPM
.
oPM PPM 190 185 180 175 170 165 160
||l|l|llll]l‘ﬁrrlﬁﬁﬁ‘1—[— X
200 150 100 50 0 50 0 Figure 2
Figure 1 )
Expanded !3C CP/MAS TOSS NMR spectra

13C CP/MAS TOSS NMR spectra of wool, SCMKA, SCMKA-hf, SCMKB
and HGT in the solid state and !3C CP/MAS DDph NMR spectra in

for the carbonyl carbons region in wool,

. . . SCMKA, SCMKA-hf, SCMKB and HGT.
the aliphatic carbons region.
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DAYRA=varyBEFLTLEII LB hHD S, SCMKA-hf@lil?ﬁppmﬁi&l:iﬂ’ﬂi@ﬁhl:‘—7f)f
B E . SCHKAT I 176ppnff B 1 BRHEME BB oC — 7 ¥EWSHhTL S, ChEUHBHE
SCHKBE HGTT W 172penif S R BB S h TV BE ~ y BEBBMRBERF > TV 2. ZOBWERUE
‘ﬁﬂm:mﬁﬁwﬁmwimézt&ﬁbrwéoilmm»ﬁ:»ﬁiewamﬁ~77{v?{
VUHRERT, ERENKSOMHBEUERBO G AU 9 7 ABBRHET 5. ~H. o RER
UHB7LVESVETFERTY. 7IVBRBEOBE LAV A ~v a RV LEY I P RARELE
LT 20T BAOE—VORBUEETS %. ZOHRS>T. a-~NYv I AREBALBEDS
REOE IR MOBEOE T DHRVI5.Topn (RY(L-7 72 2)0H) CHUTLIOTRE
BEHHETH 3. CCTEHTNA3OR . BMIRREALFEBRYU SCHKA. SCHKA-hfDAla B RE L — 7
OEYTIE AHIRYW-7I720 B REFEEBEM LY 7 FAU6.3-16.6ppm)L TV 3B Z &
TH B BR.2KOA-ANY 9 I ABNEVEESH VLI ILF A LBERE > TV B L & B
GHPRENTLEIARIAY BV T Iﬂ%o)%%hﬁ%éh’c%’0)“&:@1&?@%&7 PWE
ErOF U YNIENAAANF A AEERE>TVBZERRRU T 5,

Table I The -observed '3C NMR chemical shifts, half-widths , and relative peak
intensities of the main-chain carbonyl carbons in wool, SCMKA, SCMKA-hf,
SCMKB, gnd HGT determined by computer fitting

13C chemical shift half-width relative peak intensity

wool 176.3 ponm 4.3 ppn 42 %

172.2 ppn 4.8 ppn 58 %

SCMKA 176.2 ppn 4.0 ppm 586 %
172.5 ppn 4.8 ppn 44 %

SCMKA-hT 176.4 ppm 3.6 ﬂpﬁ 85 %
: 73.0 ppm 4 .5 ppm 36 3%

SCMKB 176.0 ppn 3.7 ppm 25 %
172.5 ppnm 4.6 ppm 75 %

HGT 176.6 ppn 4.0 ppm 8 %

172.2 ppm 5.6 ppm 92 %

2) I, SCMKABERT0% =¥ J— N -kRBEABECEMUL. '3C CP/MAS NMR AR b L b @A
Uke AAKZAVEEE =2 0N =TT 295 1 YT RTS & KEH 2/EM 3EEWBOE
HEREAOHMBER T TR 6. 53%ERok,. Thid. SOHKABHB R BIEMIZEY B-Y —
FEEPRBAUCERLIERRULTL S, £ .SCMKABED!*C CP/MAS NMR ARV P ARZBT % a
REOEG(U5-650mMmUBBAOT7 I /BOE— I BERY. 3138 HBREBEOL—]F0E —)
DERSEB-TVE, COBEEE -7 RENTSEAREMY sy —C =7 OREHHMU T2
TW3B, ZhBAXNZ PAYIaL-vay TPy 3 (B3). BUBHEINTWBERERYNT
FrEQFEY T FER. BHRBED SIMKAO 7.3 VBHERCEAUVEF Y IBBELEBWTANY b
MEBHT 5. RMOMMERCHRAUR, 2h bk D SCHKAB Y Ml e MBRENE & -
o> BHOBEBET SEELBN %,
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3) R2WSIMKABEE B OAFLERD T

simulated
EToRUBNKoNRED Tor@ER T, a:B/%
CCCEAFLAREOREMERMUAN DD
LTOAFLREOFHOE TS 2. £ 100:0

AARZNEEO Tool R EN. M (K observed
EMREE100CTHE) RUBRELE & -
THERELBAIARVOTEZOEE
RkERELBRV, —H EHEsem U0 ' 58:42
BEREOAFARU WAL KRR
OEMBMUFAERNOZTALLRTE
(RoTBY. WAOEBEHBE R R
ZERRUTR S, SovKAM EWRUmR 200k 54:46
B k> THFHON Y &Y I BELDD
LEXBh B,

300% 4753
stretched
Figure 3 y——— v v
Observed and simulated 13C NMR 70 50 ppm
specta for the Co methine carbons .
region in SCMKA films. - 0:100
The details are described in the text.
70 50 PPm
Table I The observed '3C spin-lattice relaxation time, T1, and dipolar dephasing
time, Top of SCMKA films
methyl carbons carbonyl carbons, Too{us)
Ti(s) Too(u ) side-chain “main-chain
unstretched (r.t.) 0.70 70 78 73(downfield)
- T7Cupfield)
(100°C) 1.55 109 130 76(downfield)
79Cupfield)
200%stretched (r.t.) 0.90 89 166 73(downfield)
T0Cupfield)
300%stretched (r.t.) 0.84 87 161 86(downfield)
72(upfield)
heated (r.t.) 0.93 83 143 80(downfield)
65Cupfield)

BEYW

1) for example; J.H.Brabury, Adv.Protein Chem., 2 7, 111(1873).

2) H.Yoshimizu and |.Ando, Macromolecules, 2 3, 2908(1990).

3) H.Yoshimizu, H.Mimura and i.Ando, Macromolecules, in press.

4) 1.).0’Donnel and E.0.P.Thompson, Aust).Biol.Sci., 1 7, 973(1964).

5) L.M.Dowling and W.G.Crewther, Pre.Biochem., 4, 203(1974). )

6) W.Sakabe, T.Miyamoto and H.lnagaki, Sen-i Gakkaishi, 3 7, 273(1981).
7) W.G.Crewther and B.S.Harrap, J.Biol.Chem., 24 2, 4310(1967).

8) D.A.Torchia, J.Magn.Reson., 3 O, 613(1978).

9) S.J.0peila and M.H.Frey, J.Am.Chem.Soc., 1 O 1, 5856(1978).
10)for example; Saito.H and Ando.l,Ann.Repts.NMR Spectroscopy, 21, 209(1989).
11)S.Tuzi, S.Sakamaki and 1.Ando, J.Mol.Struct., 22 1, 289(1990).
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EABHEENMRICESBRKY 725 LYo
L27 BFES T 3R

WK AEEE °MHE E.NEY I, BEHEXK. M E
mK-T BEHMSKX . HANBE
NVMR Studies on the Local Motions of Substituted Polyacetylenes

Tadashi Uyeds,* Tsuyoshi Murata,* Fumitaka Horii* Hisashi Odani,*
Toshic  Masuda,** and  Toshinobu  Higashimura**
( * Institute for .Chemical Research, Kyoto University, Uji, Kyoto 611, JAPAN)

(*#x Department of Polymer Chemistry, Kyoto University, Sakyo-ku, Kyoto 606, JAPAN)

Local  motions of substituted polyacetylenes, mainly poly[ 1~ (trimethylsilyl)-1-propyne]
[P(TMSP)], were studied by high-resolution solid-state NMR spectroscopy for '*C and ?°Si with
and without magic-angle spinning(MAS). The '3C and ?°Si NMR spectra for. P(TMSP) reveal that
the mobility of {trimethylsilyl group is exiremely high, and that, consequently, the mobility
of main chain carbons is affected by the trimethylsilyl group, ie. the mobility of the carbon
atom bonded to the {trimethylsilyl group is somewhat higher than that bonded to the methyl

group.
1. &5

RYL1- (M YAFuyIn)-1-7oE2 J[P(THSP) 1 . A EHRGTCTHSARBRL D2 b DL OLTEDT
BOAKBEMEE RTINS, 2OBBMREETCRET AEM KL KETT 2. chdl
BOMAFWDEOERSENSRE L EHCHEL2REL . BORMBESZLT b E L
HhTWVBE Y, Fhe. P(TMSP) E R VI AFRy VB 2 F T 28 lo- (PIAFVYIN) 72207 EF VY I [P(TPA)]
BHIAREATTHOASS . ~BOTLREHD T LEABREOHAKBEBELRT . LoL
O BB & BB TP (INSP) &~ T BDIAS L, FRATE. TCRBS |
DEFEBSHMENMRAMEERIT > Lk P(THSPY R OP(TPA)D T #HE CHIH O B AT E#)
DWLTHEF LT,

2. Eg : .

REEE. 1BV EvBELLBEE2ARIY (EH. 1O Elﬁﬁ)- EH L, RPOREE
M. BERHBTAY S - VKEBHELCBREEERLCRELL. PCRUES i AR S R
NMRHIFE & . JEOL JNM-FX200. JNM-GX4003HEHic X D iT» .

3. R

Fig.llt magic-angle spinning(MAS)%ﬁaki%é*tﬁvo'cmfglﬁf%é@\ P(THSP) Z I ¥ 1T
%1% NMRXNﬁbw%E?oiﬁ@CL(H®E~7M\Mm%ﬁbkwﬁwm%®ﬁwﬁ
@ﬁ%ﬁ%bf#ﬁmin—F@@%QEﬁmﬁﬁbrmébwwm%ﬁbmmﬁ®2«9rm
. C2—C3BET 2HMImMASI PV IKE->TWE, DT EE. C2-C3ESDOEY 0l
EEHEIDLBVERTHID . FHEHRMEINTCL I CLERT, —F. SikEHLTL
BCATHVTR . MASE21Tb A by r—THRARI BB LIhBCELD, Si1~-C4ff
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BBBEEFHSENAEL TR EELLNS, *°S i WY 2 FEEMEERSFig. 2R,
CCWREHBED I HP(IPNORER bR L TH 2, PITHSP) DA . MASE b5 < T b M FRIY 7 2
ROPIPAVBELSNBZCEED . CI-S i HAEIMLBIVIRBORELEHEL TCLICENbD
2. k. COE %um&<t%~170%&(@@F3h&mc&m% AN, TOEWVE
MDD ICHE~NRS 1 -~ CAEEOEHEHBEEI NI LD LEDNSE. —J7. P(TPA)T
B, 150CEBTRHMETHANY PAVDBREFIg.20bDEIBEAEEDLLTHMHE R~
st ntk, LkMoC, Sy EVROCLS i OREDFELFEHE LY flS hTw
B EMbMhs, CDL5BEP(THSP) EP(TPAO B O My EOEHMEOE . REP(TPA)TH
PAFRvInEE & EH EOBICAR VE VRSN ELIFIWEOEHH K L 2B FH ECRE
BRpEw3ced, MECHT2EEHORIBE
k@gmwﬁme%i%h%oﬁgmmme@ P(TMSP)

BH R 2 KHAC LT, 4 FS Y FOAMMBME L 4§=1?*n
THMELCL: C2OMEA~RI PV ERT, $Hy S1(Gy)3
TRLBMEREOR Y FUTERELHDD .
ClOFMBC2L ) bHW\AETFRLBC L LY o b
TOHTCEHEIMCIOATNEHUEIGE L DD
M, _ERGELTVWEREFEFHE CEDME
ENHHELICEWERINIHRTHY .
N DERICHEET 3 MANIEBSCIOE
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The Study on Coal Structure by Solid-State NMR (1) The Analysis of 'H
Relaxation Curves for Argonne Premium Coals
Kikuko Hayamizu, Shigénobu Hayashi, Mitutaka Kawamura, and Kunio Kamiya
National Chemical Laboratory for Chemistry, Tsukuba, Ibaraki 305
The 'H relaxation curves were observed for 8 Argonne premium coals for the
fresh, degassed, dried and demineralized samples. Most of the coals show
non-linear relaxation curves, which were analysed by two componegts. Generally,
T: values of the low-rank coals are shorter than those of high-rank coals
without acid-treatment. After the demineralization, the Ty values of the former
become longer, while those of the latter become shorter. Then the 'H relaxzation
of the low-rank coals is induced by paramagnetic metals, shile that of the

higher-rank coals is mainly induced by organic free radicals.
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6. PITT PA/Pittburgh #8 BER(BHERE) 83.20 5.32 1.65 9.25
7. UF PA/Upper Fr;eport BER(MREH) 85.50 4.70 1.13 13.18

8. POC VA/Pocahontas #3 EER(EEBE) 91.05 4.44 0.85  4.77
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4. HR
4.1 '"HNMRRXXRZ by R¥—vo&ik
Bliz38®oGaHM ND, UT, POC® Fresh, Degassed, Dried O RO X R ¥ h
WELEFRY. NDTCREILPOGDMPREIE KAEENZLIBALTwRELY Y I
DT FNBEARDS T FNTH B BAATEIILREVAY T I VoBBEKLS Y,
BETIREONENDHZb02EX5R3. UTTRAHEGES ARV IEDR. NMR

al POG
C=9105

a)

b}

c) : i
v/\* M1l 3BEOERO'HNMRARY b

(a) Fresh, (b) Degassed, (c) Dried

—242—



ARPPNTUHAYFFVEDBTES, POCTREDPTROEZBADOLBS % 64 5,
BOERTHBABRRARY byl EgEhit ERBEOKBERBII X > TELE L. &
SYIVRONDLWY T HRIEDDKR
1.2 ERORBLEBZT DXL

BRAMBE2 (DR XK>THEHL, ROk T Hr2Rdb R EE2ERT. K2R
HHOBEBHERTLEATZIEISLKXDLDLE BMTRND, UT, POCRDPVWTHLEOFTEKD
RMEEXIT I OELEBERERTVE KD2EEDOSVWNDOEBR KOS >INV TR KD >
FrvrBULT0B o). 2RBET HEL A3, BUBRE KD 2 LT BT
3%&%%%T,@ME%%$%@L&#Vfwtﬁﬂbrm& UTo®®RBRE KD
BB KPR EABALII > TH TR BB B POCOFreshTR ARY b
WP OREPTCRDPIFPAKDOBEFIDP I BHHBREKEL RV T 0B E W,
BMAA LT B3 L XVT BAER2B3Z:Pb, BETIRRIZONAEDIHE 0L
EXAoh B BABMIZXoTNDTOTRT BB 23S UTTRZELEMNEL POCT
HES RS> T VS, BLAORBRGR>CHELKRKOY VSV ESBOCTIRE-_RI X
Y, TIOREVHEDOFBERSVWILRYOoORBRBREDIRY, COZ2HRBERIEBKXE
KOPT2o2DRE oy A VB HET I L ERBRLTYL 3,

) ]
1000 o ND ‘
500-: T ut 2000- POC
1 b 200 NG e) 1000 (P O
100 l O
[Fele} = 500
0 I 50 O? ] R ] J} L 1
E 2 i i g 200
] 70 s i ] 1 Sl o ?
2 : 100
£ 10 o 3
EIO = | 50-:
E OJPN 5 i ]
5 - 20 -
] © | a
L T T T 1 1 L B T
[ | o A B C D E F A B C D E F
i 0O .
0.5
T . . , M2 . Bron#AXXET 10RE

MomREIARIHEREHNT 35
4.3 REMIIB I ZHR
ERRUEHUVIRBEIIT I OEAELEHI3ERY. 223 FREOD VindbZ &> T7

N

REEREOBA N 60 & 18THHz THREAT S, HBENERZ 50 THE R K
BMETERCE AHED 00Nz OMBEL O~ KU KA THBBE O F — % KA E 10 HT
EBCLAENTER T ORBKEBEERRBLHTATHSE HASWARES KE
BOSY 7 BB RS >R TT BB R o TS EE-RADS> 50T KRR
DHEBZLBH>TVE ThUS VY ODBVAEROFEERBRAIAVBELS P FEFKEL
ROBBOH BB HTLERATVRIILE—RLTVWSE ¥TrEARERROT . OEY
HHE Ty P ¥h TV 3N CC"(‘Tuiiiél‘Fﬁbszﬁ@ﬁﬁkﬂﬁbf:ﬁﬂK&?T'

—243—



TOM2HOIBRUBANMBL DT 0
BETHEN T ORML2ERBELHMELIRL
BLORBENMBER AT S LERD B,

BEB

w5,

ERO'HNMROBEH BB > Tk
# BuEaE §m®7u—%vw»m2ﬁ%
AERTVWE BEOHRULODVIRBAIROE
BOBBIPSGERMOBBUYIPEBANLF &
TEN BAAZERZI LR IIBAEARRBREL
ROWEE XL CCTHRBALHEEITRDI 22 I
o THRBESGBEOCH R EHOSDPEZT HE L & H
Hle BREWHIL T IEDEZ(DIXNEHTEY
DT 2RD., EBRRE HCL/HF B R ZH L T
ND&

REFEOEGHET oy PLTH4L REERT.

WYRHLTRBABOM B U ARE ST B R
HoTES 7 RTRY
=1

BABRIZ X>TT BHBFLE LR,

5T w3, XS LR
P IRTCE
LE LY X

iz X B8R

BUEBES2BTH 3 20 X 5
HWRE AT, FHO7YU—-3Th
PHEXOGARDTESRIELKZAE > BEOHNE %
FoESsSE®RT. ESRTHEYY - REWRED

AHBE LTHEREBELLOT, HSRAMO
TU—RCVBEELLER SN S, BEDEE
FRCRBBA L KXo CACYBEOELIER 5
nY. BERTHRACYBREWRESL'HNMR
RoTBEEROL: 5870 M
b=

SVYIROEBRRREBYB T  ORERLELREREBR

OT REL R 35
BREBOT YV -3 THNTH DL R KD

ODEATEALHELLIIEGH OB T THM
T % %,

X W

1) R.A.Wind,

et al, Fuel, 68, 1189(1989)

—244—

2000-]
POC
1000 e O]
500 wPuT i
7 L ! 0:
200 O (M) ¥
@ H '
E tooo y i
F 5] “ '
-~ NO
1 00 % 4
b J ,
204 ! ) °
§ ]
10+ Vo
i O
O
T 7 T T
75 80 85 90
Cabor{% MAF)
H3. T:D3r7HE#
IOOOT
500
1 HC1/HF
treated Dried
200+
@
E
100+ D—D\G
50:
20+
T T T T
70 75 80 85 20
Carbon(% MAF)
M4, @GR BABEBROT,
ESR
+ | @ HC1/HF treated
5
z, O Dpried
g
2 [ .
a & 0]
] J
< .
> i L
A
; ° g
o
2
£l af
T T T T
75 80 85 20

Carbon ($MAF)

M5, ESRizzAVYy®BEDOL



EBRAFEMAFAINOBHHABM KT NMR

L29

(® KHE) M & iﬁﬁﬁ.rﬁiﬁg% OFRHE
Tensorial Interaction Correlaticn 2I! Powder Patterns

Jun ASHIDA, Daisuke KUWABHARA, Takahiro UEGARI. Takehiko TERAQ (Kyoto University)

i3
A 2D powder pattern to which two C chemical shielding anisetropies and the
1a

a
o i9
C- € .dipolar interaction contribute bas been ohserved for DL-mandelic acid

[

19 ‘
with 10% "¢ doubly enriched methine and carbexyl carbons under off-magic angle
spinning using a 2D exchange NMR sequence. Scme otbher 2D powder patterns will

alse be discussed.
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in vive NMR SPECTROSCOPY
From Animal Physiology to Human Diagnostics
AR R B .
BEHEX ATHELMERK L ¥ —

in vivo NMR Spectroscopy

From Animal Physiology to Human Diagnostics

Toshiro Inubushi

¥ol. Neurobiol. Res. Centr., Shigﬁ U. Med. Sci.

ABSTRACT: Nuclear magnetic resonance imaging has been well developed and has
been widely used in clinical field as an important non-invasive morphological
technique for patients. However, conventional NMR techniques employed inchemical
and biochemical studies have not been gonnonly available in medical application.
we'intend to integrate various multi-nuclear MR techniques for investigating
animal pathophysiology, and to incorporate them into clinical NMR. Here we

report some of our early experience in this direction.
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In vivo Dynamics of Fluorinated Hexoses Studied by '°F NMR
Yoko Kanazawa, Shunji Shinohara, Masaharu Kojima
Kyushu University, Faculty of Pharmaceutical Sciences
Summary -

In vivo dymnamics of 2-deoxy-2-fluoro-D-glucose (FDG) in mice was studied
by '°F NMR.  An epimerization of FDG-6-phosphate to FDM-6-phosphate, which has
been found in mice, was proved to be catalyzed by phosphoglucose isomerase.

It may be suggested from the present experimental results that the efficiency of
FDG-FDM conversion depends on the glycolysis activity. The conversion will be

used as a parameter of energy metabolism in specific organs including brain.

NMRIZ & BEEFHMO—DICEB LA OBBER B HE2BR 2T 7 vy RIRUED
FENEREZEHUHRPEAERGE2RB LUERHBEL -, 2 22Tt ORIDEHEES
DIREEE =2 IIER T A BEMHIC DWW THRETT 5.

TNA=2AEFMDELZ2T2ANVF-FETHY. TOHBEVNBRIREEZRTOOLL
THRFAERMITETIRNLLEI LI - 20V AHED 5K~ v THBERE hb. H
L6 —) VE{LOBTHRBE Moy TERIF 2 EMEL LT 2-F4 % ¥-D-2)L 2 — 2 (D6)
HBNWE 2-F4FT-2-7NFa-D-ZNa— X (FDG). BfEbNn s, FICRD b ot
I*FTIXRWVULIFDG%BW\2EB PET) BEERAMHAI N TEL.2ET. 2O&D>
RIEREOREYHEEIZ L LTIuv bS50+ TAHEhTELY EFOHETIEH
RIE 2L &EMDBE N2 OITFDG-6-P DB OBRIIFAREBON TR >z, £STI°F
NMR%ZRBWTY Y ZEATOBER B L2223, FDGIHKNTFDG-6-P2 LT
DHFNT v TENTVBDTIEEL, XSREFQOLET—THB2-FLFV-2-7 04 1-
D-w¥ /) —A 6-Y VE (FOM-6-P) WCEMEI N B EMBRVWEENT, V&l FDG-6-P
L FDM-6-P & ORIMZH (FIG-FDM ZE#) XA THEMICET T2 2 L 2FF L. in
VitroDEEBIC LV FORIBHBRAKRI N A —=AA VA5 - (PGI) I &» THIE N3
LDOTHDT L HTFRHEL 22,

ZZTRHEROBERIGE LTRFHE AP >=FDGL FDMOBO LY v—{Lss
PGl k- THBEINE L DTHART L L HIZ.ANDOF DG-FDMEREEREE
PERIE QR & L CHIA T BRI D0 TRETS 5.

[Z= B ) '

B FDG & FDM AU, #hFhidz e —IKBL THTH 5.
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B : ddY Bty 2. 6-7 4. 1 6 WG AKER. EH w2 (CON) i1 A
zM@%W%%\%M7¢ZWWRMNVFN»E&—ww5mA&3&5%Agézh
BB, B, AT oA v A (CAF)IZIE 30 me/kg %IRS (FHiE) Liz. FDGENE
ik & N NI 2N B 2 WIF MO AT L, 100 'CT 3 HTHEARFIE .

In vitro E§ : BOKIMLMTEFDGL 2 ORBEEM THAF DG-6-PFDG-1-P

A MAER L. MK E £ 3 FDG-6-Pd 3 EF DM-6-PIZhAks ha-24
Y£5-4" (PGL) & B WA IARYY) - MYA7-1" (PMD) A{EFH &4, '°F NMRTRINZBRL 2.

In vivo TER : HHBIKO'*F NMRAXRZ M VOHBEBE,» ST v BITOEEELFDG
— F DMZEHR 41872, BEE (CON). JRREL(ANE), & 7 = o V%5 (CAF) %L1z,

P58 ¢ 50, 100, 200 mg/kg. IR : 54— 18 04

ﬁEE%H%%%Ei: JEOL FX-100, 10 mm FUEME. /NOLZAWE 8 or 16 ws. /XU AHED IR LR
80 or 160 ms, ZEH 23 - 26°C, 100 - 1,200 TEEE. HRHBR ca. 20 wmol/kg .

ARY P NF =5, RIGT= 2 ME%E : JEOL GSX-270WB. 10 mm G RHE,

[k BRL ] ' .

Invitro KIS (B.1) FDGHHWIEIFDMEEHKS S JaL 6-PALERT T a0
FRLET (LA TRV TR L ZHOMBMHOFD G-6-P&H 2L F DM
-6-P &> CHERE AR CAFDG-FDMABKIGAEP G I SMEL 2. /.
2OoORLDORE muﬁgf%n\LMMWwam&mME#ﬁﬁ%omtm@néo

-FDM-6-P " B-FOG-6-P

19 : p-FDM-6-P .
F NMR i , ~_F FDT 6-p p-FDM~6-p
1 I —a-FDM-6-P :
‘ , ¥ ‘ 48-50h Wn Jihrin 48 -50
B-FDG-6-P
. 9-FDG-6-P I Lo
P : ! b . 9-105
ol - .
Tl A 10~12h " L | 75-9
— o 1
- Lo 8-10h . e 6-7.5
N o 6-8h i L S 4.5-6
N ul‘ | " 3-4.5
I‘ L v 1,53

A ..

e — PGIT0U)

L 0-15h
l ref.

T RALLLLAY LB LETL AL ) AL ELLL (i L Ly LTt n (L L LT LELLE Y i

0 -5 . ~10 ~-15 -20 2§ 5 0 -5 -10 -15 -20

. 1. <o AWM W= FDG-FDMEROE.
e FDGHEy 20iE, 5 T DMIRS <y 20k Y.
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I SR (K. 2) RERET-2ONTY % (@K ORHCHRORELR LR
BUTWzn, #ESRIKEPSFDGREBLTHMBEThS L b2 5, (Fig. 2a.b)
choRMNEhOMEL&HRT -5 TH25. FDGIEFEHEEHBNTT S6-P {k
25 80 %LA LA LD AT L &0 EBNIKEEEBL TH2 LV 2.
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AEBROEMT ~ 5 £~ AORE L OBIZHBIEA SNid T, PET-FDGHT
E2 NUEORHOSERBIEL LB OREERT QIR L. AEBREAI 5V TR
AEBUANS, ChOBENEFELRNC EBLETHS, —F. FDMEFDF —
SIHEBLVBVEETEONTEY. ChPHPORBIEKET 5. o TERKIN
BWEROEEL 2V 32k RH6N B, HUDIRUREFDG—-FDMEBRMBAFEHIC
PGIRMIEENAZ L #F#BL L. FDGHFDMRZERENSETIRRHKORT v 7
AEZEASIERATINSOEBRERAEET 3.

1. Zha—-absvaR=-22&2ME-KEM (B B B) DiEifl.

2. AXVEF—PlokD6-Y VEIL

3. PGIWRkBFDG-6-P»5FDM-6-PADEMR
H£HEE: NMRTEMULLZFDGOEBRZIBVWERSREEBSAONT, —F, 320K
B& (CON, ANE, CAF) THEZEMSLZP > M hit PET-FIG O#R LAV, 22 TN
MRERBRIZBIIAFDGHREENL, MBHECKHTICL2ERT 2L EHEEIXME
FOINa- AL FDGEBEOHFICEEINZ T LIZRD, [EEIRERZ(LIC L 28R
BOZILIEE OREIRSENTLE > £ LTHITE 5.
FDG-FDM%Z#: FDMADOERIREE hr OB 2 — L CERHME (1954 %) <.
XT, BR3ICKBFDM-6-POERBIFFDG-6-POBETEE3 T THB. &2
AR OREZLBEHL TIRTCOTF -2 55O THR-BEAERIEREL FDMAE
BELOBICHEIRASNZY (K3Db.30 55 —%) #5.C0N ANE, CAFZ hZh% Bl
.WRKZOwﬁmmﬁﬁ&éoit\bm\%%%?ﬁmmmmwﬁ®%ﬁmw&&@é
PIZINE Do 2o 4 HIL FDG-FDM B FBBOREBRZ LOELTELNZ 2,
[Fe®]

FDG-FDM 25t (L% 7 MEDOKEWVOF NMRAHWS L THIOH KL sk Lig
BIREBIHETES. FDGEFDMOMIZIE 5 pon OIL¥Y 7 FESHZDOT h
D Z iR ko TILREY T b 2BV R BMBEERILORE & LT OTHEL > T 5.
BHRECEEPHYERS ICNMRUEHENE CRR T ASMEASS A BIATNS
B, ZD LS REHCAMORGIIBENEOH L WEEL LTSSRERININED
DLNR B, ~
1. Y.Kanazawa et al., Life Sciences, 39. 737 (1986).

2. Y.Kanazawa et al., Chem. Pharm. Bull. 35, 895 (1987).
3. L.M.Sokoloff et al., J.Neurochem. 28, 897(1977), B.M.Gallagher et al. J.Nucl.

Med. 19, 1154(1978). 7
4. —WITHARGTILIBEFSAKARB LU Society of Magnetic Resonance in Medicine,

8 and 9th Annual Meeting THRE Lo, BIRME M, 1989-1990,
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in-vivo 19F-MRSic & 3 5-fluorotryptophan® Wit B U 3 K B0 E=E
L31 OFMHE.HHE  (EHBX.E)
FHFWF,.ZH B (XBERE.EBH)
A % (MZFLEX.HALE)

Observation of the metabolism of 5-fluorotryptophan
in the liver_by in-vivo 19F-HRS

Masafumi Harada, Hiromu Nishitani (School of Medicine,Tokushima University)

Keiko Koga, Iwao Miura (Tokushima Res.Inst.,0tsuka Pharwaceutical Co.,Ltd.)

Ryou Kide, (Dept. of Biochemistry, Wakayama medical college)

The metabolism of 5-fluorotryptophan in rat liver was examined by
in-vivo 19F-MRS. A high peak due to 5-fluorotryptophan was noted immediately
after 200mg/kg 5-fluorotryptophan injection, and decreased gradually. .Another
peak appeared about 40 min after 5-fluorotryptophan injection. This peak, which

was considered deu to 5-fluorokynurenine, was shifted about 3 ppm from the peak

of 5-fluorotryptophan. 1In the liver injury group, this metabolite peak was low

and slow to appear compared to the normal Iiver, which was considered to
reflect dysfunction of the liver.

19F-4RS observation of 5-fluorotryptophan was thus coensidered to be

useful for the direct evaluation of amino acid metabolism.

lLgraok .

19T, BEAYEBAREELEGwC Eme, LBIMBEMNOEGENBBE 10F-NRST
BEL BTz TETD 2, BicH 3 in-vivo 18F-MRS# A v, 5-fluoro-

uracilo R 2 BB UL, 2O0FAMALRELTCEREY, ThETOEER PG, 1IFREWE
OREBA2BETI RN, RBOFZ2Z2BFMTHhINBOBRBAIF THTHIZ L
#RWEL S5-fluorouracillAN O 1IFE#EWE oW T H, HREFMICHEE T E 5T
AR BBELERE SEHKH2B FEoanino acidDR B2 FBET 520, WIEEWEL
L ¢ 5-fluorctryptophand f{ @ %. in-vivo 19F-MRSEZ A W C B W L. awino acidd if ##
WHICHEATE 2% R L &

2.0 ® L HE

Wister Kyoto rat(WKY)E M 200 & 2 A W %2, M B X sodiue pentobarbital50eg/ke%
BRBELTHo ke KE® XBHKCcatheter2MAL. ANMELEBLTRBRO®
Hied —7x2Aa4 ) (EE20m)p BB T LD kTu—-T72BELE FREY—7x
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AadANEDOBMIR. TH5SRAF I T 4N AEEWE RIBROESK2BICFIHMUL % '
1)Control®@W (n=6): KB # Bk L » 5-fluorotryptophan 200mg/kg% #F A L. HEi#% X U R Y
PV EBEL E

DCCL. B E B (n=6):CClalal/kg2 B EARER I Orats Ak, ARJ PRI
s-fluorotryptophan  200mg/keZE A & D MEL % # T i M L TCOT,6PT% M &
L. ®E% EF(G0T1000TU/LBL £, DGPTS00IU/L E)Z X ELED OO a2 BRHOH &
Lk, .

WEEBEIEZ ABEF(U.S.A)INCH BBEMNI40/200(BE B M E 4. 7Tesla)Z A v ke M E £
g, 'SFHR ISR M 187 .4MHz, pulsel@ 100 s, M D B LM 2.5s, B E K 240@m & L, 1R
RZPVOBMEKMIZIOGME L. 2HERMIZ 12080 L &

IERRUEE

Fig.1,2iCcontrol@ L CClFMER BT 5 XA~ 7 P 2R ¥, 5-fluorstryptophan®d
peak% 0ppal U R B @K B W O peakiz ®-SppuM N £ Mic A L £, KM WO peakit, &
RLE 5-f1uorokynur‘eninea) peak shiftf@MiE® ~H LAz 2 & D, 5-fluoro-
kynurenineic & 3 5 0O & # X 7= (5-fluorokynurenine® M K2 W TR S EXHKDZ 3R
DT &), Fig.3, 42/ M H5-fluorotryptophand®d intensity% 1% L Tnormalizel 2B &
o 5-fluorotryptophan K@M W O intensityO BH M E( 2 L DT, Fig.3&h, EXHL
PR ER L T, 6-fluorotryptophan® B 4 i DNTREEAYENZ WS EHAN D, L
ML, Figdk D KB OintensityDERRBERTAELES D, FHEERTRE L
A ¥ 5-fluorotryptophand® KB X h 2wz & 3 » 3,

BEXn, FEEH T S5-fluorotryptophanZ B L A KB AT, Zhicdbhr b
5 9. 5-fluorotryptorhand AP R AW CEN P L2 VW &b, BRIV OBHMEE L
TWdbDL#EREIH 3B
4.8 @

in-vivo 19F-HRSZ A v, W BB 1 2 5-fluorotryptophand KRB HA B E T & L b I
MEBCORBOBTLORBTEZc Lnb. WBOanino acido KB R IcD W T, 19F-
MRST # i ¢ & 5 AWM T X h A, -
5.8 % XK

1)Harada,M., Nishitani,H., Shirahawa,T., Koga,K. and Miura,I., Ninth anuals of
the Society of Magnetic Resonance in Medicine, abstruct, NewYork.USA pp850,1990

2)¥Warnell,J.L., and Berg,C.P., J.Am.Chem.Soc. 76.1708-1709,1954
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, B N M RIZ k S RBEBE S22 EHHEIT.
L32 ok BE SE A | |

O’IBE, FLHl (BTFHFLEWRF)
Measurements of Human Brain Functions by Differential NMR. Perception of Taste
Hirotake Kamei and Yoshiro Katayama (Electrotechnical Laboratory)

Cerebral metabolism and blood flow are enhanced during the activation of
regions of the cerebral cortex involved in the performance of specific taskes
We developped a differential NMR technique to deteet the enhancement of blood
flow in activated regions. Signals evoked by perception of taste were observed.
The power law has been found to hold between reduced concentration of saline
solution and evoked signal intensity. It has been found that there is consider-
able variation in the taste threshold from individual to individual and thresh-
old is lowered by taking salt free diet for 6 days. ~The differential NMR tech-
nique appears to.have promise for the analysis of brain functions.

WM ETT > DANKIMEREF 2 Lick-T, AMAEHL, &I THBEN
BBHERCG IV I -2, EHWLOR/AMMKBPERT S, Ko7 b YN
MRIESEBNT I, COMMHRCHES EERELELSHNSNIZETES. LoL,
lOLEDT e P Y NMRESTHEOELRRMEAkI SBSNE T e F Y NMRIESTE
BEDED0. 1~10ppnfEEL RE SN, @HROA DERBEHEMLTVWAEMR T (nag-
netic resonance imaging) HWE T, OWFELE{RB1IE Y PARBATLES B
BT 2 CeBTERV, S5k, MAOMFEROHICED L THBMBCESHLT V5.
COEMABOREL, BB MFEOE(ERL 2 0@ OHEBMEE LighiE
BHIRWE, THRKEREMERE > TRAETHY, £, BRHIAEERTEI L
BAFHIEY. Lo, bL, MESHI MRELHrBRShhE, 7o F Y NMR
EEOBA» O RMOEH WU E LCEGHELME LB TE, NMROF LLIEASH
BHEIPNEEOEHHENS.

OO RMBENMRESOEMEBAT I EOTEIHFHELLT ESNMR
HEIEBERELY, HAGESLOREZACHELINEoNcEALTYS. SER
REREOHBCHEA LERC>VTHE T 3.

[ESNMREOREE]
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K BERICSBEN O EANRTRIZVY, Yo b Y NMRESEHIIT 3 &,
CARMBRRIEANHOEESEONE, 20T, 2HORAB I ANV EEFHRIEHLT
W REEHLOMBREL, ThocFEshhsE507r v /7 E2ES2LEHRT
EEE2@EL TGS, Wi, BEMAREBRELEEL, EdHERHLTER2CHRNR
MER-TW3ET 5, bL, BHENMRECKBR IR, EHFOI4VER—DEFTE .
FRENLEFSE, HESELTRMEDAKL. KOT, ANHME X > TERK
WIEBIT 5 &, TIHHOESRERIMAL, H3REBEF -LZESIEDLISE. —4,
ERBBLCEH LABECbEEEVHNEN Y, TOMBIRENRSEAICIERL /2
CERHBASNIEESOFNERFMERZ->TVE, 0L, MhORKKFEERY
BALCIEB L REEEOMMHE»SHB I ENTE S,

Edfiicxd L CEERBEEREOAR, &2 Wik, Ed@Eicxd L THRNRBEEAE (F
A2, BHRERSAR) 2N+ tick-T, EHRMIcHET 2BEREBEL &
BTED, BHENZEE, EHRECEEESRELARVY, HHick » TR O—EB
OMFEESERLILETEE, TORMOESHHARL, ToORMLOLBEAKBOESD
AWEFESLLTCHAUE A, oBULOESRBNEILEBY. COXIRLEREZTDOH
ZBRATCEL20ARFEOFOREBFERO—2TH 3.

EHEREEEE CHEIAIC TR E E A, ERCRERMORELIERD, ABMORIZHE
BEIHRETER VWSS, TELEHZ LV ERHHBOFESEEricdIZLWVI LA
fEchy, ELHSOESHIHACENSE, COEFSTR, KEBHcL3E5MEFOLE/L
ABLEESRELLEDIHABTHKREVOT, A/DEBRREBLTCHBERLIV., £
T, ¥, ¥HBROZESZHML, shitara—s0RBRBELTEL., KW
T, MEEBHILELEBOEELTEEEYE, HHEOEEZ L3I EIct-T, KEFHIKESN
MREZOAEZBAT 2 &N TE S, EPHEHECH L THBRNBHBAEEZMAS &
T, BoN2ESOEERL SRMOEHMAOIERHE» S BEELFROMBICET 2
BWHEBLCLNTES., CHEBEBRELERBLARE A VORED 5, AKIEH
AL OB ZRIEHICRD B ENTE 3.

(# &1 , : , ,
MECRAFCHRELLL2FHESNMREBEZMA L1, RE &M I REERE
0.019T, #RMEME : 800k Hz, 0V xE DR UMK :0.1s, BERK: 1286, F I
DEEZBAIL /. 2 '
RO RE AL DIREOBEKERBYIE LAV, ERONE R BEKRNE L
LTL- s 3 YERF b Y9 A (MSG) BLUS -4/ v VBRI FY DA (5-TMP)
ZED B, BeoBEOKBEEREMEME LTHVE, BV, SOoRBELOLES 2
VWERAEHICHEYME KBRS | 2FTLALEOHKET P OONMRIBZEEHAI L, &
7, KHNRBOBSLEHL, MECEESEEHEB L L. EHREOEEHEE%
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BRENEOMBEA TN 2 @EUEF -7, & e —
MES TRUBBACORNEFRCRBL, 0 | :
DRI B B HKOBE Y- E ORE T
WESEE L. WRESHAS BEREATS
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IIIIIII

I ¢caw)
[
] 1 IJIlJ

(3R & EE] , 4
(1) BRZFEC BT 2RBELEERFESWRE

BefEZECBVTR, MELLENMRE o H“”ol.i L
B - oficWeber-Fechner AIMSERIL$ 3 & & C-c. (M)
ERHOWEZLTOEY, KEZFLBLTRIIHE
CIBEESBRELOMicED L 5 REZEBKILT 1. fI#EEIEEESHE.
EhE@~L. HLEWTY3RMkOREDE
WAEBIMBOZLE L, AIEREER 1 RT. AEAKEE CLNEE, SONMRIE
LESHRE &0k,

I = K(C — Cg °*®
BRI T B, ST CRBEKZEORMBETS 3.

(2) BEAEINC X2 ZEMEREOEL ,

RS AMEEER -0 ZMEWbRTWS, COTR, £FHEOEAZLT~
THic. REGESORER 2 /KT, BMRERMET, BEEHRMLOEDTRL» S OB R
LTws. BREARBENKBEIKT O — R SAEBEORTEE > THY, B
BRAEEBREOBVABEBRIMLTVWS, HENRKEHODLBRVWREERE >TWVWE b0,
ES3TROVLORLEEENBENLDITH B, '

DER, HBEARLSOLT, BEKRBEROYREEH~L., —HOAKENRT7 go®

1

oM
0.034M w\/\/\’\/\/\/"\/\—\/\

0. 034M
WREA .

. - 0. 085M
jj*s—j’N[“’\./\\ﬁ/'/\J\/\/‘/\‘\/\ S

A8 A T 6 BRI aHmE
#EREB ‘
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Ea%e MU L BE&0, BEEB2EIEIoZzh L E SR I/RYT. MERIRER
BHHEIR T0.085M» 50 01TMIcEAD Lie, BREFAOFA L L0, —BREHICHV
THERER CHBROEREY., CORBREESEMESEFELRA I & > TRBIEL
T BIEERLTWV S,

(3) BEHREE

WE i H R, BRUE, B, FHoOHEFKASSZELxh TV, ROZHEBEELRIRR
D, MBI > TR TORBEERT S ERTEAV, HATREL b5 [ L]
P TRMAHEL) Mbh, SEBKEO—> LB ->TWw2H, BKETREKEHBOKE
ELTHRABEAR R WEENTWE, ERICHTRKKOIEES, oMK T 35
BEEAKBOOTHED, 55VRERL 0L EMBD, ERBECHT 2EEES
EBRIL%. £/, SHRMHOMBEHREE CLBEETHB0T, HEHRI> 0T b
L7 ‘

MS G, 5-IMP, flhoSEWEdLTS, @k HEREeddsoLf—o
HEPSONMRESHEHAEHh, UFAKLEROKEFHPBD SN, MSGIRXT S
ZAREMBEEIR0.05%, 5 -IMPIcHd 5 EThid0.025% Ch 7. chicxdl, MSG
~5 -IMPEREAKICH T 2RMEIZ0.0125% ETF LA, 0.1%BHK (MS G :0.05
%$+5-1MP :0.05%) Ti, ZhZFhoES@BEoNEMHKELLEOEEDOEFESH
Bl i, MSGRLIBOS-IMPZEMALRTHE, MEDETZWECREH
B ERTEED o), MBEREIC B BEHESRENS, MSGHADE 2k
) LMBRBATACEPRBO oA, CALCOKBRERZIRICBY 2HENRER
+TH50TH 5. '

PlE, #ANMRERE-T, WERACBY 3HMBREICEESREL oM (<&
Bl DSERALS 5 &, BRAMBEOEBRECK 22, SRZECBIZHRYREYS
iz Lz, 5%, EHEOHBMEIE~ORFHAZRD 7.

(X ¥

1) H.Kamei, Y.Katayama and H.Yokoyama: in "Microcirculation, An Update,” Ed. M.
Tsuchiya et al. (Excerpta Medica, Amsterdam, 1987) Vol.l, pp 417.
2) W. F. Ganong: Review of Medical Physiology, Lange Medical Publicatios, Los
Altos, 1977, ppll8.
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L33 Ot HEF. HE #ENL
(¥R BILBERT  HRBFZE AT
Static Imaging of a Rotating Object.
Yukiko Ogura, Kensuke Sekihara
Central Research Laboratory, Hitachi,Ltd.

)
A new method for obtaining a static image of a rotating object has been studied.This method
requires only one static field gradient in a fixed direction.The nth sideband in the discrete
spectrum obtained represents the magnetization with a point spread function which is equal to
Bessel function J.%. We demonstrate the effectiveness of the J* synthesis on the improvement of a
point spread function. Based on the results, we also clarified the influence of imaging parameters on the
image quality in this method.

1. #5

A XL HEER 2T o TV AWEOB TR BIA XDV FEERELTE LY,
AEREMBES 2 BHOICERT 2 LBV 20T, B2 H SRR I L E % KRGO BB
REIS 20 & A0 &, SEKEEIIONMRA A — DV ¥ OEBENFTERE % bo ERANPLE T/ N
iEEH % 20T, vV 7HAERBOSEEZ0H LC. BENMRA X =TIV IO
RAOWREYD 5, Zliiﬁﬁ:'fli RARXA—V Y ZHECBT 2 EEM ECHEL T J? synthesis”
DEELEITF L, A XA =TV INIA— 5 —DRHEICOVTHRHE LT 2720 T, HET 5,

2 REMRB

phaseot NN A NN NN NANNANANDN
rotation 7 U U U U U \J \/‘Y;a \VAVAVAVAVAVAVE

Fig. lRA XA =T v LS

WTHWANNWVAY =4 VA% 9 ag°

e BT, @EMKEEEE R — ] 2 )

Wetho CEET 5WHEIERE L )

To BERESR(X, YW BWTE LD, m_j’ "

BEAER(x, ,y) BT, EINE A Wbt LB

B ERHH 1 / w 1, —1

Goll) = Geos et + 1y [1] )

Ginlf) = Gsin ox(t+ 1) Fig.1 The pulse sequence for obtaining a static image from
a rotating object. The uppermost sequence shows the
phase of rotation of a specific point.

EREND, Fig. LONRNVAY = Y AT L D'fwgr%fbéﬁ%}:exp(in(xm Yot NDEOF
WL 77—V BRI L, HBo DHBRANRZ P VERD, 22T H(Xe Vo) BT

5ETHY, D(x,o,y,o,t,t:a=er G)o(t)dt‘F,VrJ Gl e H 5, :@%ﬁﬁkXNa PO nFEEOF A RN
& 4
Y FoREED W ITEEM G :

6 2
hy =} Mo{xo- X, Yo~ .Vr)Jn (—)dxld}’r

—263—



Eh b, My(x,,y)3AbG i, yEERKEEL., GREMBEEE R T, b2, HEBIHE
% (PSF) J %O BH(Xe Vo) KB 2FBLSAH CE LV, LEnkoE 1 BNy VBT

BB, IPEKELRYA FR—T4HOo0T, PSF2 MM ABICRBET AL ENXH 2 , P
memmmwmﬁéﬁ@ﬁ%%ﬁ?%bL”gm#tié&\ﬁumwnﬁwammﬁ
Wil e A '

Mo(x;, ) = ﬁ anhn | ' ol

n=0

ERTIUENTED, 2T, a, R TH %, .

3.3y¥a—yy3al—vayBUERER

FF, 2 - 3Ial—
Va vk DEER LT 50
synthesis® HZ) % & #EF L. 1.5T
@Eﬁﬁ%ﬁémw14x—vy o~ O\
VEBEATR oM HRITWECuSO 49 0 5 0] 5 10 ©
KBWD 7 77 PrgwIz, :

1) J? synthesisiZ & % W B Ifl | ' Fig.2 Point spread function using Fsynthesis with

Fig. 2 12 J* synthesis% i \». PSE N = 0 and16.
PHBUAMERERT. NEHMS ¢
2L, PSFOHA Fu—IHRITEILENbd D, 2B, PSFOEEIHEWHM) ZN22T
—ET, ZOERIX/VCLZIEI+ 5, LAKEIETH %, Fig. 3ICFWHME /S5 A — 4 & L,

NeBEX L EOHBE I O T7 74 VDY Iab—
VaviERERT, ¥/, Fig 4 CZOBEBRE
BREOBRELRT, TZOERE, To2HE %2175
A 7% 21k, FWHM=1.4mm,0.7mm,0.35mm® &
&, THhENIN=11,22,44 L3 HUEFHLT L
Bhbhb, CONTBUTEZH A PRy FOH
YGLIonz 8 | X, FWHMT %% b b 22 [l 5/ g 12 K
rHl+ 35,

1.0]
» 08
g © FWHM = 0.35 mm
s " FWHM = 0.7 mm
A FWHM=1.4mm
§ 0.6
]
2
: - D 04f
(c) FWHM ='0.35 mm 5
Q
: g
Fig.3 Profiles along the horizontal axis at 0.2}
the center of images with three
. » 00 . . . :
different FWHMs of PSFs. o 20 20 50 20
N

Fig.4 Relationship between reconstruction-error and N.

—264—



2) BREBARY—B L UCEMESEREIS TR ICS 2 5 28
BT, BRBEAY—B L UCEMBEFEREISFLETIHE6. AR PVOS A F
v F ORI EA, &
by = f Mo(xi0 - Xr .0~ Yr)an(ﬁg)Re{f E{w - o ,x;, }’r)dfl)}dxrd}’r 4

oy

L, HERECERDNELD, LEL, 20%A KAy FOTMEFHET 2 L. LBROR
BAY—DBBWEMB L E215 5, Fig.5 KH—RBESHF 2R o7 7 v PaxHvr,
GERBRRLRT o $4 FAY FOREME B CREBRL T o P&, Vv 7RO T
—F 77y bAEL TS, R E A2 RE TR RBES T OBEER TV B,

() (b)

Fig.5 (a) image reconstfucted with peak values of sidebands and (b) one with the area
values of sidebands. : ’

3) [BIHEJE P & R o BAR :

KECBWT, ZESHEREYMESELZEATROENELTI2HFERNTHL, LAIL,
A RNV PR, CEFLEZRIBEROOT, 0,2hELT2L, BRTZTA FAVFD
SMBEE L, T4 KA FORBESER GBI 2 RE % %%, Fig.6 ilo, LEHEO
MEZRT, Fig. 7T BEB LA 77 Y PAOKEM TS 5, Fig.6 25, o %A FAYFOD

ARV ELRO TVWRELRELSTILENHLI b b,

. .
°
2
3
E LM@MMM&M
©
frequency
(@) ©,;2x=102Hz
(-]
T
2
=
E .
]
frequency
(b) ©r27=61Hz i i .
- Fig.7 Configuration of a phantom
8 ’ in a plane perpendicular to the
% axis of rotation.
£
«©

frequency
() o./21w=41Hz —

100 Hz

Fig.6 Phantom images with different rotation frequencies
of 102 Hz,61 Hz, and 41 Hz.

—265—



Il

4 % -

RARA VY FEOBHBEMEC BT, J  synthesisO AR EHBL, B4 XA -V 7
NIA—r —OHEILGEAL2BELHLPITT LI ENTE,
%=

1) Y.Ogura and K.Sekihara, J.Magn.Reson.,83,177(1989).
2) 1.P.Wild, in Proc.Roy.Soc.,286,499 (1965).
3 ) A.Macovski, Magn.Reson.Med.,2,29 (1985).
4) Y.Ogura and K.Sekihara, J.Magn.Reson.,88,359(1990).



	aa0003
	aa0004
	aa0006
	aa0007
	aa0008
	aa0009
	aa0010
	aa0011
	aa0012
	aa0013
	aa0014
	aa0015
	aa0016
	aa0017
	aa0018
	aa0019
	aa0021
	aa0023
	aa0024
	aa0026
	aa0027
	aa0028
	aa0029
	aa0030
	aa0031
	aa0032
	aa0033
	aa0034
	aa0035
	aa0036
	aa0037
	aa0038
	aa0039
	aa0040
	aa0041
	aa0042
	aa0043
	aa0044
	aa0045
	aa0046
	aa0047
	aa0048
	aa0049
	aa0050
	aa0051
	aa0052
	aa0056
	aa0057
	aa0058
	aa0059
	aa0060
	aa0061
	aa0062
	aa0063
	aa0064
	aa0065
	aa0066
	aa0067
	aa0068
	aa0069
	aa0070
	aa0071
	aa0072
	aa0073
	aa0074
	aa0075
	aa0076
	aa0077
	aa0078
	aa0079
	aa0080
	aa0081
	aa0082
	aa0083
	aa0084
	aa0086
	aa0094
	aa0095
	aa0096
	aa0097
	aa0098
	aa0099
	aa0100
	aa0101
	aa0102
	aa0103
	aa0104
	aa0106
	aa0107
	aa0108
	aa0109
	aa0110
	aa0111
	aa0112
	aa0113
	aa0115
	aa0116
	aa0117
	aa0118
	aa0119
	aa0120
	aa0121
	aa0122
	aa0124
	aa0125
	aa0126
	aa0127
	aa0128
	aa0129
	aa0130
	aa0131
	aa0132
	aa0134
	aa0135
	aa0136
	aa0137
	aa0138
	aa0140
	aa0141
	aa0142
	aa0143
	aa0144
	aa0145
	aa0146
	aa0147
	aa0149
	aa0150
	aa0151
	aa0153
	ab0001
	ab0003
	ab0005
	ab0006
	ab0007
	ab0008
	ab0009
	ab0010
	ab0011
	ab0012
	ab0014
	ab0018
	ab0019
	ab0021
	ab0022
	ab0023
	ab0024
	ab0025
	ab0026
	ab0027
	ab0028
	ab0029
	ab0030
	ab0031
	ab0032
	ab0033
	ab0034
	ab0035
	ab0036
	ab0037
	ab0038
	ab0039
	ab0040
	ab0041
	ab0042
	ab0043
	ab0044
	ab0045
	ab0046
	ab0047
	ab0048
	ab0049
	ab0050
	ab0051
	ab0052
	ab0053
	ab0054
	ab0055
	ab0056
	ab0057
	ab0058
	ab0059
	ab0060
	ab0061
	ab0062
	ab0063
	ab0064
	ab0065
	ab0066
	ab0067
	ab0068
	ab0069
	ab0070
	ab0071
	ab0072
	ab0073
	ab0074
	ab0075
	ab0076
	ab0077
	ab0078
	ab0079
	ab0080
	ab0081
	ab0082
	ab0083
	ab0084
	ab0085
	ab0086
	ab0087
	ab0088
	ab0089
	ab0090
	ab0091
	ab0092
	ab0093
	ab0094
	ab0095
	ab0096
	ab0097
	ab0098
	ab0099
	ab0100
	ab0101
	ab0102
	ab0103
	ab0104
	ab0105
	ab0106
	ab0107
	ab0108
	ab0109
	ab0110
	ab0111
	ab0112
	ab0113
	ab0114
	ab0115
	ab0116
	ab0117
	ab0118
	ab0119
	ab0120
	ab0121
	ab0122
	ab0123
	ab0124
	ab0125
	ab0126
	ab0127
	ab0128
	ab0129
	ab0130
	ab0131
	ab0132
	ab0133
	ab0134
	ab0135
	ab0136
	ab0137
	ab0138
	ab0139
	ab0140
	ab0141
	ab0142
	ab0143
	ab0144
	ab0145
	ab0146
	ab0147
	ab0148
	ab0149
	ab0150
	ab0151
	ab0152
	ab0153
	ab0154
	ab0155
	ab0156
	ab0157
	ab0158
	ab0159
	ab0160
	ab0161
	ab0162
	ab0163
	ab0164
	ab0165
	ab0166
	ab0167
	ab0168
	ab0169
	ab0170
	ab0171
	ab0172
	ab0173
	ab0174
	ab0175
	ab0176
	ab0177
	ab0178
	ab0179
	ab0180
	ab0181
	ab0182
	ab0183
	ab0184

