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Measurements of '®C Chemical Shift Anisotropies and '*C-'*C Dipolar

Interactions in Solids.
Jun Ashida, Daisuke Kuwahara, Fumio Imashiro, O Takehiko Terao.
Faculty of Science, Kyoto University.

Two studies on measurements of anisotropies are reported. One is a
study of dynamics of ferrocene molecules enchathrated in B -cyclodextrin
by measurements of chemical shift powder patterns using one dimensional
SASS NMR. The other is measurements of 2D powder patterns due to '*C-'7*C
dipolar interactions and '*C chemical shift tensors for mandelic acid with
10% '*C doubly enriched methine and carboxyl carbons using off-magic angle

spinning 2D exchange NMR.
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ERTe Yialb—va YRERTRLEESOBEK Y — v OERESHET
7 PR kB 2DERRARS G 55,

(B EBEH I 'Hied L T200M0z) 24 7 < 9 » 2 AE (58.7° ) THIEL 2 &
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1) AHE BRRERAN HERBLE FRERE. B2 IEBNMREB2#EEE R
245 (1890).

2 ) J.Ashida, T.Nakai, and T.Terao, Chem.Phys.lett., 168, 528 (1980).
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C. A, McDowe l 1

"Simulations of WIM-24 cross-polarization experiments under magic-

angle-spinning and '“C detected 'H dipolar MAS NMR spectra.”
We investigated(l) mixing time dependence of the WIM-24 cross-polarization
curves and (2)'?*C detected 'H dipolar MAS NMR experiments using a WIM-24
sequence during the mixing period. The experimental results were compared
with the simulation using {(a)average Hamiltonian theory and (b)multistep
calculation of the time evolution operator during the mixing period. The
simulations revealed that the '*C dected 'H dipolar MAS NMR spectrum using
a WIM-24 mixing was not affected by pulse amplitude and phase errors,
while the spectrum obtained by a cw-mixing depends on the Hartman-Hahn
condition.

<F>HER QBEtaeaPREoRTR BMAUBFHEMEAILIERE > T V3L bhh
boF. vV oy s TSN RAE =Y (MAS)E R EDFEREIB I T FD MR
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BRuw# L, #MIW®EFHIEEHBAIZCHRT 218 MAS NMR X2 "7 b 4 © 2 ¥ = v 7

S

14 F sy FOMESRBKTAHHFEERL AL [21UH»LKHS'E NMRT 2, b % v
7 PHABEERESNMNEL, £EEBITFOLIRBCOFBHOINEET 5B & i
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EFHOWT'ED 5 'CiRBALEBLE NMRR X2 P VO R RHEEH - e (UTFTIo0oFE
'ICRB'E RE T MAS NMREE & M 3 E B¥E EWV B % ®icnixing periodic i
WIM-247¢ NV 2 » ¥ — % v 2 [3]%2 H Wi, HBEMYWES Tt Average Hamiltonian Theor
yEE - TERS - 5 2 B L. BEL o SE3KMEHHETEHBE, nixing peri
dO B M AEEHRETEHELERY -2 2B+ 5 &Er., #~LIBEPHHESEL
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1. Average Hamiltonian Theory(AHT)IiZ & 3% W #7

WIiM-24D Average HamiltonianR R o X T hH X 5 h 3%,
1
Hav M= ; 5{2d|(ﬂn 7i1t) + J,}S * Ii (1)

1P K vSEIBEEO'IRE Y] EOHMAIRBFHEMEB di(B8 .7 i t)ik., w —
'?C magic-angle-spinning NMR, dipolar interaction

(G4 2 Ly =27 Fox
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g?(ﬂ171 tm) = 3'{1 ~— CO8 %(2‘1:@(/61 Y, tm) + Jtm)} (2)

EL d.BRUTORKRRK LD KRZE B,
di(ﬂ,’)‘,t) = dcf(ﬂ"Y’t) (3)

26,7, = [ 18,7 7)dr @)
BERRH AT scPHIBER (2) Xos &r My 2FEHEHFI>IIERIDIFE
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54 °(t) = Tr{($is + Ly )UH(0,11) Z LUH(0,4:) }3(8,7 + wrt1, tm) (5)
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PH RO BERFUEZRTH, geME P OHTWERTS 5, CoREtILBLT
FourierZHR T h i » ¥ v v'icuxdd+ 3 2RITXINZ FPVOWENB > A 3,

2. Multistep method

1TV 2BPHNEOoTHA BE L2 LRABEAEOFHBOHRTEREEL T
W W, chh o xBTS DR, BMEHBEIR XD xing pericdd B HREBEHE
FuU'z2H Bl bk 53HERD L V"o ERRERAKL & - 1

UM(0,nAt) = exp{—iH¥((n — 1)At)At} - -exp{—iHM(0)At} (6)

CCTHRMBMoO N Y Vb =27 v R f.fieldR C-H, H-HO M S WR FHEE £ A,
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AMiTh oo ¥ E2EERRILHBR., & 3
T jwim L

B—oRBoEBBER LTHS ~ 1 ¢
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=7 vE2FFHEL L [4]
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oI HERB Cx,y,-x,-y& KB & L, Fig.1 The pulse sequence used for the experiments.
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) ) ) R Fig.2 The t,, dependences of the bulky-methylene 13C
g2 BmP L. KBLS5MN T NMRggnal of UTI obtained by the WIM-24. The spin-
w o<, ning frequency was (a)1.74 kHz (b)2.08kHz (c)2.60 kHz

o . y (d)3.47 kHz and (e)4.19 kHz, respectively. The solid
B3R2&TANT7 P AVDo BB ENT 5 e were calculated from ATH, using Eq.(2).
Vil m %2 R L 7o w it SNy A F Lo

12 N - tm=96p.s
D'ECy 7 bR H R B, x g (5) X %M v, = 2.85kHz
S THHELLBERT® %, —&H &
Bo4 4 r Yy PFPOREREZRMEID » I
[/ AN SRR GEECN Y ¥ . OWRnmultistep
nethod THHE L e T B 5 0HF AV — X
- tm=96[ls
R L o v, = 2.91kHz
2. nmultistep methodik & 3 3 H
Bl 4 i multistep method T 3 B L 7 CPHI £
TH B, EHUEBATHZERE L (2) X% &
> TEHHBE LKk a&ci@ 0o FMOA4 tm = 192us
ERUSESBEERAB L -—HTIHBETD v, = 2.53kHz
O AR X Tnultistep method T 2 B L
ALY ECRELTOBD I END DL 3,
g @AV ZBPHRHEOTFHEH LT
S he . ,o Fig.3 The slices of the 3C detected *H dipolar MAS
cPp % 3 Ufeo W@ 2810185, £ 48 52
i # R NMR spectra of UTI along the w, direction, while w,
i+ 5 L cPrHi 2 O W W A 72 D& (X 2 s at the resonance of the bulky-methylene carbons.
Fe ChOoOBAKL- WITHEEY R The mixing time t,, and the spinning frequency v, are
shown in the figure.
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Fig.4 The comparisons of the calculated t,,
dependences of the bulky-methylene carbon
signal of UTL. —is S, calculated from ATH.
while O and A are S, calculated by the
multistep method, for WIM-24-x(Y X7 - ..
), and for WIM-24-y(XYX-..). @ and ¥

LBLIEC P D W B B S S B0t RN A S B S SN S B S SN AL (B SN S S B

are S,. The intial magnetization was fixed
to o+ I;.. The 4ps 90° pulse length was as-
sumed. The spinning frequency was (a)2.604
kHz, (b)2.976 kHz, and (c)3.472 kHz.
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c¢w-CP mixing g
(O the correct condition.
4, © The carbon r.f.

ampl. is 10% smaller or

10% larger.

eI

WIM-24 mixing

e,

4
O the correct condition.
The 3C pulse phases are
A (2°,90°,180°,270°)
O (2°,92°,180°, 270°)
m m (b)
I

WIM-24 mixing

QO the correct condition.
A, © The carbon x-pulse
or y-pulse ampl. is

10% larger. (a)

mmm?ﬁ’mm mm‘m%‘?m

Fig.5 The calculated sideband intensities of the 2C de-
tected 'H MAS NMR spectra of the bulky-methylene
carbons of UTI under the various pulse errors of the
WIM-24 pulse sequence. The spinning frequency 2.9kHz,
the 4pus 90 deg pulse condition, and the mixing time
96us were used in all the calculations. The sideband in-
tensities were calculated by the multistep method and
normalized by the centerband intensities.
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High-Resolution NMR Imaging of Solids by Magic Sandwich Echoes
S. Matsui

Institute of Applied Physics, University of Tsukuba, Tsukuba, Ibaraki 305

We describe a new solid-state NMR isaging technique for abundant spins using
magic sandwich echoes (MSE). Simple modification of the original MSE pulse sequence
enables highly efficient narrowing of broad NMR lines in solids, allowing high-
résolution imaging. Wider signal observation windows than those in multiple pulse
approaches alleviate the probleas of dead time and bandwidth in the signal detec-
tion, winimizing loss of sensitivity associated with the problems. Preliminary ex-
perieents performed on test samples with proton T, of 40-50 u« s suggest that high
resolution of better than 50 u m can be achieved with the MSE technique. The MSE
imaging is further combined with proton dipolar spectra, providing spatially re-

solved dipolar spectra as a measure of local molecular mobility.

<rUHik> ,

RBE,. L LTE%203 TCTHWHRTWANMRAA—Y VI ERBAEZRRELEDOD
T & D. motional narrowing O Z > TwHZWEHBEICRAATEZw, T TFTHHNE~0OH
APHMBIIRTWIBBOAAA -V 5T3cl. MERBICEABR D EIXRMILETH 5,
TR, BEEZTRLSIHEBEERA X —S VIV AEMNBAELNRTWEN, EREZMAS 28K
W hARXEOXETH D, 205, RE., ZEMAMBELEDORPE. TAVFTANILZR
Fic& XN 5 1line narrowing AR EHH T H 5. line narrowing OB EN + L X E
A9, BB A—Y Vv 7 2s0RdRELEBI0RBERTHE-E [l EWMARATE., TV v 7
¥ KA v Fxa—(Magic Sandwich Echo: NSE): BIFh A NMRES [2] 2R WAk, #HL
W7o b EBEEIREAN A - VT EEBARELE, HXOEBI IR AR LR ETE S LD
NAZARHAIIL A2V TILEREIN., BRKOIAULFTANRNVAFERBWEAS XA -V VT HLEC
HA#H 1K line narrowing O P EZ M LI A LRI LE, ThickD, BHIZRWTDH
BEIEVRBIBEAA -V VIDPTRTHIIILA2ERYIRBLEOTHRET 5. (KXW
REFEEERIC. GarrowayD IV V=7 @B LV F 7 A NN A E R X6 ICHBL. line narrowin
e ODEZAEAFMARLAEBRE M LI T WS [3] )

* AWHARDO—HiX (S. Matsui, Chem.Phys.Lett. 178, 187 (1891)) kR &EKL -,
KEY WORDS: NMRA X~y vy, BH#, vy 7% FA4yFxa—~_ line narroving
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VYW IH U R4y FIa—RBYaghD VL —T Lo TfibhEARHEEEOXRE [2] &L
THETHDH. €Dpulse sequence B 1 alcmT &54280° y & 90° -y pulse k> T
Uy FA v FERESHE OB x & integer) 5> TWwk, ¥ F
41w ¥ &h ~on resonance rf irradiation OB M F.
tilted rotating frame KFWT. TOMEHNI/2E L3 LARICEORTIIAEET 5.
ER. spin ROKRBIRL/2 OFZITRAELRE2> TS, MHOEODevolution period 7 X
HLT4EBOEDevolution period ME X AR TWADT. BHH t=871 I(Techo XH LU 3,
ChANRI Y I FAyFIaA—BIEREHOTHD hononuclear dipolar coupling A
refocuss N T WA, T Dpulse sequence * EYEMRNEL TH/SN LB HDecho peak %
sampling L, 77—V x®#M¥ hifdipolar broadening & % \wsharp Zline M@ 5H 5,

trHE L HcDowell [4] i@, 2 D180 pulse %, lbikRFTEIILEWIEHLRAD 2D
@ continuous rf irradiationk MEBRAXATHIAFTOKERMBoh B I LERL., XRL Zpu
AA—Y YT BRAT B I,
T2bb. 4
interaction KL% © £ T ® inhounogen
BWFALETHEHSDT
Carr-Purcell % % \wiZMeiboom-Gill pulse sequence %# 5 1 b M sequence ITH# AL LT LER
inhosogenesus interaction ## %73 B, local interaction I HMBNE L2 BV ICRBEI R T
EDIJL]‘J‘Z::%:G:J:'){%#'#’Zn

Meiboom-Gill pulse sequence # B A T 3 A2 & iz, 1 biz180" y pulse 2 A ¥ 312 iF.
WCONDBRORMANB 5. KT R T

n180° ~-x pulse (n;
homonuclear dipolar Hawiltonian &

)}

1se sequence % high-resolution spectroscopy KA L %2,
EHRAREXTITIHT OHEAMEXEEZLHTRKTD 3,
A= VPRV TRBEBAORITIDEELE TN B 1ocal

magnetic susceptibility,

line narrowing

eous interaction (chemical shift, etc.)

rf irradiation @ R, sequence DB E % L.

@) 90;900y 0180; n.so‘fx go?y
(a) P
L M
A M
i Mvegn,
(b) o0} agy 90’ L x
-10 -5 10y 5 10 (kHz)
X -X - "\\\\;\
e 7
b ! A
I
©  od} o 90y =90’ +180y i
. R R A
L «©) i
te=67 ,JIL
Fig. 1. Modification of magic sandwich echo pulse sequence. (a) -860 ' -ZBO % ' 200 800 (Hz)

The original sequence consisting of many n180% and n180°
pulses sandwiched by 90} and 902, pulses. The sign of homonu-
clear dipolar Hamiltonian is reversed during the rf irradiation
with the magnitude of the Hamiltonian scaled down by a factor
of 2, leading to an echo formation at (=671 . (b) The se-
quence is modified for high resolution NMR spectroscopy of
abundant spins in solids ; the n180° pulses are replaced by
two continuous rf irradiations with reversed phases. (c¢) Further
modified sequence for imaging. Simply by inverting the phase of
the 902, pulse the sequence can incorporate the property of the
Meiboom-Gill sequence

Fig. 2. Line narrowing of proton NMR of adamantane. (a) The
dipolar spectrum with a broadening of about 13 kHz. (b) A nar-
rowed spectrum obtained by using the sequence of fig. 1b. The
linewidth is 88 Hz. (c) The 88 Hz line is further narrowed 1o
about 8 Hz with the sequence modified for imaging (fig. 1c).
Note that the resonance offset retained in (b) is removed in (c).
In both narrowing experiments the time period 7 (see fig. 1) was
50 us, which is equal to the proton spin-spin relaxation time of
adamantane.
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Blciem¥d &390 -y pulse OB A ERLE, CONBAELEEZ LIc& D, line nar
rowing WEEEE 5 X 5rf switching oM MA@+ 5 & #&iz, rotating frame 2B} 35 x,

-x Hm~Orf irradiation O F K £ Zcancelling B OB E AWK T 5 LA WERB, T
DEICLTHEIREA XS VT L ERHEOFG W line narroving #ER T 52 L H iy
* 5,
< EB >

EFRBIEABNMRAA - Y 7RHCHBECHELAZXELAW, 70 b oo L THBRE
¥59.75MHz2T ff» 7=, rf coil {37.5 turn dsolenoid (AE 9.5 na, B X 15 aa)T. AWE
rf BBMEIX25 6 TH5H. BWBUE Gz 3. mEswitching @ % Hprobe box O F T H W
74 turn saddle coil (HE20 an, BX 23 am)ic kD RE U 2, BB OUE DOswitching B
Miix., 1.6 G/ca o LT#H 3 usT#H-7%, test sanple & L T, adamantane . hexamethy
lbenzene WX XA WA, Th o6 Dsanple B3I FABIC L > T, BHE LD B4 /& dipolar
Coupling (12-13 kHz, B8 2 a )% E L test saaple L LUHHBETH S, B4R (2@Mm
H)20FwWTESOHRBRITDbE® - £,
<EGRrAE>

adamantane 128 W\ T & R = NSE sequence {2 & % line narrowing OR F 2R 2 IR T,
¥113 kiiz o dipolar linewidth ( a ) 2B 1 b M sequence 2 NS &t kD88 Hz ¥FT K
PLTVWBE (b)), A1 A=Y YIVHBIZHRLEZHE 1 c dsequence A WVSEZ LIREDEIICS
Hz {= % Tonarrowing LTW3 (c), (b)) TIRBRHFI N T Sresonance offset HMeibo
0e-Gill sequence B AL % (c) TRBHEINhTWE, ChsDEBICBWT, KHHMR
Tk 50 £sTH Y., sawple Dspin-spin relaxation time LA UK X T H %, hexamethylb
enzene PR WTH, A-FGTFTTHEEOnarrovingA B o6h %z, B2Db, cizHET 31in
ewidth i3 2R EH 110 Hz, 10 Hz TH» =, T OR%Znarrowing I EKEFB ®echo® sanpli
ng LTEBSGNEHLDTHD. Meiboos-Gill sequence 6 HF X 5 & 5 Icpulse sequence
Db ¥F,izeisadjustaent ZH L TH ¥ iztolerable TH » %,

4 A=Y Y72 W™ MSE pulse sequence # B3 IR ¥, MW IBE 6z & rf irradiati
on DB WEMOAHMMEARTW S, rf field ¥+ S hiXrf irradiation EMICEE D
BEZEOMLTHEOHRB AT, LrLids, BYERICAVWSONIEEO rf @ T
MBOKEOCHRIMB T & Fnarrovwing OPHEAFLLETEIRTULES, B3 D pulse se
quence dcycle time | tec=l27 THNH. Z Dcycle time B#rl8K#FEBOTa—% 120 @
saspling L %,

M43 2W@OHMM 62 % adamantane test sawple D 1 KT A1 X — Y (projection) %R
LTw3, cycle time, tc & 600 us, AWAHMBAOK Gz & 1.6 G/ca THdH. 22D %
ArEhnwicHiHIhTs), ZMORREIFER TV LEFRLTW S, viewwidth A48.5
waT H D, signal sampling A 120 THB3Z 42 FEEMT AL EMAMEIZH 10 ver 3,
L2PL2d»6. 60 TwBprojection O bandwidth 12 1.67 kHzT H D. B dnarrowing X
Nt 7= linewidth | adamantane® 8 Hz. hexasethylbenzene T 10 Hz TH B3N H6. 612 &
WA 50 sa MR TES, S/N KA1 HEIFAIE, cycle time 2 BT I LARICH
BoORBELsHMNIEIILICED., E’?éﬁﬁ%ﬁﬂtn‘ifﬁé’f‘téo

ARXA=—YVTEBIEBWTLELIE., projection ® .4 (zero frequency position) =8
Wwpeak BT hEZ, TOWMBREBREHICKHFL., T Dreak 2F2EHIKIDIIEXRIC
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WHHTH-%x, MXIE. B4 dDprojection !:SV\T%(Dpeak’iﬁ
in-phase FID 7/ & decaying exponential 2 L 31 < Z & iz
REFORKEZEES LD, 2D L 5%peak BEL

80 ¥ THN.
Wb, T Dpreak ODFERBRE AW TH - 120,
ZnwdHSHRBL ~pulse sequence 2 E R L =

RO N F TN INIL X % FH L ~approach
T2 bbb,
switching tine O H F N EL ZVWHBIE £ AW

ch @BwoPDOFEEHL T W B,
irradiation @2 WE MM # 1 KK <.
BIENHERB, E
BmeTIeHrHRD, Eic.
& % Odead time {¥sanple 0T, BE F TR

Q-dumping X BB IC L YD,
%

HEDER DI,
LEEBER (6] 3HET 5,
oton dipolar spectra i&.
bNTHhd. . BEELTFOZEM2 KT 1
< BB >

AMRALEDDIICHED,
BEHBLET. FE
WEEEELE,

Q-duamping

& &

A/D J

+ — — e

te=127

-—

Fig. 3. Magic sandwich echo pulse sequence for one-dimensional
imaging. A field gradient, G.. is applied-only during the periods
with no rf irradiation, and inverted such that the echo envelope
obtained by repeating the sequence is affected only by the ap-
plicd gradient. Signal sampling (A/D) is made every cycle time,
te=121.
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I BEREOBRLET LTS AR

interaction H&E A2 2 XKaAMIZE S

&
~oer

MY RBBARMBMYT B
A=Y VIV DERDVBETSIFETH 5.

THMHEAWEEWEHLILIEMEE., LT ICE#BEW LI
PTERLBEM L (b K%) I2IXHSE sequencelc B v 2 RELZ AR %
CoBEBNCHBLELLETES,

D0

~7 ]
3.5; 3.5 |(mm)
5551

o
/
ey o

I 1l 1 1

-800 -400

— i 1L

0

1

I 1
400 800 (Hz)
Fig. 4. Onc-dimensional proton image (projection) of the ada-
mantane phantom shown in the inset. The half circles are clearly
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Measurement of Cross-Relaxation between Selected Pairs of Nuclei

by Synchronous Stirring of Magnetization

Geoffrey Bodenhausen
Section de Chimie, Université de Lausanne,

Rue de la Barre 2, CH-1005 Lausanne (Switzerland)

A novel technique is described that allows one to measure cross-relaxation rates
(Overhauser effects) between selected pairs of nuclei in high-resolution NMR. The
chosen sites are irradiated simultaneously with the sidebands of an amplitude-modulated
radio-frequency (rf) field, so that their magnetization vectors are forced simultaneously
to undergo a motion of nutation, referred to as "synchronous stirring". Suitably prepared
initial conditions lead to simple exponential decays. From the differences in decay rates
observed for different initial conditions, one may derive cross-relaxation rates, and hence
determine internuclear distances. The method is applicable even in cases where normal
Overhauser effects are perturbed by so-called spin-diffusion effects due to the presence
of further spins. The technique is applied to various fragments of the protein bovine

pancreatic trypsin inhibitor.
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'H and '®C State Correlated Two Dimensional NMR in Liquid Crystals
(Himeji Institute of Technology, 'JEOL Ltd., ®Kyoto University)

Akira Naito, 'Mamoru Imanari, and ZKazuyuki Akasaka

State correlated two dimensional NMR spectra between nematic and isotropic
phases were obtained for 'H and '3C nuclei using a microwave temperature jump
NMR spectrometer. Phase transition from nematic to isotropic phase was performed
within 10 msec for 4'-methoxybenzylidene-4-acetoxyaniline (APAPA). In the state
correlated 2D NMR spectra, clear individual 'H dipolar pattern in nematic phase
was obtained in the cross section of the 2D NMR spectrum. '3C state correlated
NMR spectrum was also obtained between nematic and isotropic phases of 4,4'-
azoxydianisole (PAA). In the spectrum, '3C chemical shift correlation between the

nematic and the isotropic phase was clearly obtained.
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Calculation of NMR chemical shifts. Gauge invariant MBPT method
Kitami Institute of Technology, H. Fukui, K. Miura, and H. Matsuda

The calculation of nuclear magnetic shieldings ¢ was performed for four
first-row hydridea, i.e., HF, H20, NH3a, and CHs« using the finite perturbation
many-body perturbation theory (FP-MBPT) through the second order in the
electron correlation correction with London’s gauge invariant atomic orbitals
(GIAO). The calculated isotropic shieldings & for the heavy atoms were
larger than the experimental values. The rotational and vibrational
correction for the & of the F atom in HF at 300K was estimated to be

-4.0 ppm.

I. INTRODUCTION

Nearly all ab initio calculations of nuclear magnetic shieldings o are

rerformed using the coupled Hartree-Fock (CHF) approximation and its varia.m;s.l-18
Very few studies go beyond CHF.]'S'25 One of the main difficulties in the
calculation of nuclear magnetic shielding arises due to the gauge origin

dependence of ¢ in finite basis set calculations, a problem that is absent in
nuclear spin-spin coupling calculations. The use of local gauge ori.g:'msls'16
eliminates this dependence in CHF methods but the solutions obtained there do not
seem to be applicable to the correlation methods. This gauge problem has been a
major obstacle in going beyond CHF.

Inclusion of correlation contributions beyond CHF has been performed with
various theoretical invention, namely, the equation-of-motion (EOM),21
second-order polarization propagator approximation (SOPPA),25 variational
perturbation,s’zz configuration interaction (CI),19 multiconfigurational
time~dependent Hartree-Fock (MCTDHF)24 methods, and many-body perturbation theory
(MBPT).20 Furthermore, correlated calculations using London’s-field dependent
atomic orbital,26 so-called "gauge invariant atomic orbitals (GIAO)" would be one
way to circumvent the gauge origin problem and to go beyond CHF.23

In this paper, we report electron correlation effects on the nuclear magnetic
shielding based on the finite perturbation (FP) MBPT method with GIAO’s. We
have introduced the second-order correlation correction, which is easily

calculated as the first-order derivative of the correlation energy with respect to

ft¥¥7+F ®KTFHEUR MBPT GIAO
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the FP parameter, i.e., the external magnetic field strength. - We have already
applied the same method to the calculation of the electron correlation effects on
the Fermi-contact coupling contributions.27 In sec. 1I, we present and discuss

the computational results.

II. RESULTS AND DISCUSSION
The spatial part of the spin orbital in our calculation was expressed as a

linear combination of GIAO’s, each consisting of a gauge factor and an real atomic

orbital (RAO). We used contracted Gaussian type orbitals (CGTO) as RAO’s.
The CGTO sets used are 6-316,28 6-316*,29 and 6—311G*.30 The zeroth-order HF
shielding tensor d(o) and the second-order correlation correction 6(2) were

calculated for four first-row hydrides, HF, H20, NH3, and CHs.
The nine components of the shielding tensor ¢ are calculated in a
molecular-fixed coordinate system, and the symmetric and antisymmetric tensor

elements defined by d:j=(0}j+d}x)/2 (i, j=x,¥,2z) and 6:j=(611-a}1)/2, respectively,

are obtained. The symmetric part o’ is diagonalized to get the principal values
of the shielding tensor. The calculation was performed at the experimental
geometries.31 The computed principal values of o tensor, i.e., Oy a}z, and Oyg>

and the isotropic shielding values 3=(011+032+053)/3 are presented in Table I.

s . H
In our calculation, the correlation effects 4 )

of the heavy atoms have the
positive sign, but those for the hydrogen atoms show a small negative sign. It
is rather disappointing that inclusion of the second-order correlation does’ not
show the convergence of the results toward the experimental ones. However, in
discussing the degree of agreement between calculated and observed chemical
shifts, one must kept in mind the fact that we are comparing calculations carried
out on rigid molecules fixed at equilibrium nuclear configuration with
experimental chemical shifts for molecules at finite temperature (typically 300K)
that are rotating and vibrating in the gas phase.

We estimated the vibrational and rotational correction for HF molecule at
300K by assuming non-rigid harmonic oscillation.32 The HF molecule showed the
stretching of the bond length due to the non-rigid rotation by 1.10><10-3 3 and a

33 which improves the result a

lowering of the & value for the F atom by 4.0 ppm,
little. The electron correlated & of the F atom in HF is larger than the
experimental value by 17 ppm, and this over-estimation is not relieved by
including the vibrational and rotational correction. This result means that the

over-estimation is due to inadequacy of the used basis set, 6—311G*.
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Table I. Principal values® and isotropic values? of the shielding tensors
(in ppm).

6-31G 6-316% 6-3116* Exptl.’
ot0)  o(0) 40(2) o(0)  g(0) 40(2) o(0)  ogt0)40(2)

9, 375.2 392.5 385.5 403.3 381.3 399.0
F %2, 375.2 392.5 385.5 403.3 381.3 399.0
AN 483.0 482.1 482.4 481.2 482.8 483.0
F-4 411.2 422.4 417.8 429.3 415.2 427.0 410%6
HFd
% 24.18 24.52 22.11 22.66 22.82 23.03
H % 24.18 24.52 22.11 22.66 22.82 23.03
Oss 43.41 43.83 43.84 44.31 43.40 43.53
-4 30.60 30.86 29,36 29.88 29.68 29.86 28.172
9, 307.7 326.5 307.3 329,17 319.5 340.5
o %2 318.5 339.2 . 321.17 345.5 361.7 363.6
LN 355.3 366.6 358.7 370.7 363.2 373.8
F:4 327.2 344.1 329.2 348.6 348.1 359.3 334
Hz20¢
%, 25.94 25.81 24.70 24.58 24.176 24.45
H %, 27.66 27.55 26.12 25.97 26.36 26.02
Iy, 44.60 45.03 44.72 45,15 44.53 44.63
-4 32.74 32.80 31.85 31.90 31.88 31.70 30.09
%, 241.5 253.2 238.8 255.0 237.1 249.3
N %, 279.6 292.2 275.3 291.4 288.0 304.6
9ys 279.6 292.2 275.3 291.4 288.0 304.6
g 266.9 279.2 263.1 279.3 271.0 286.2 264.5
NH3
AN 27.72 27.34 27.12 26.60 26.74 26.27
H % 29.18 28.72 28.25 27.61 28.08 27.46
Oy 43.78 44.13 43.186 43.50 43,22 43.417
4 33.56 33.40 32.84 32.57 32.68 32.40 30.68°
%, 206.0 211.8 199.2 207.3 194.9 201.5
c %, 206.0 211.8 199.2 207.3 194.9 201.5
AN 206.0 211.8 199.2 207.3 194.9 201.5
-4 206.0 211.8 199.2 207.3 194.9 201.5 197.4
CHa4 & :
o, 29.54 29.10 29.04 28.41 28.89 28.42
H %2 29.54 29.10 29.04 28.41 28.89 28.42
O3 38.97 39.01 38.12 38.12 37.97 38.01
r-4 32.68 32.40 32.07 31.65 31.92 31.64 30.61
a Oy Ty and o,, are principal values of 0, and are ordered

such that 61156225633.

Isotropic value 7 is defined as a=(611+052+033)/3'
Experimental values are taken from Ref. 10.
R(HF)=0.09170 nm used.

R(OH)=0.09572 nm and /HOH=104.52° used.
R(NH)=0.10124 nm and /HNH=106.67° used.

Liquid phase value.

R(CH)=0.1093 nm used.

T owmo® Q0w



References

1. R. M. Stevens, R. M. Pitzer, and W. N. Lipscomb, J. Chem. Phys. 38, 550 (1963).
2. R. Ditchfield, Chem. Phys. Lett. 15, 203 (1972).

Ditchfield, Mol Phys. 27, 789 (1974).

4. C. M. Rohlfing, L. C. Allen, and R. Ditchfield, J. Chem. Phys. 79, 4958 (1983).
5. C. M. Rohlfing, L. C. Allen, and R. Ditchfield, Chem. Phys. 87, 9 (1984).

3. R

6. H. Fukui, K. Miura, and F. Tada, J. Chem. Phys. 79, 6112 (1983).

7. H. Fukui, K. Miura, H. Yamazaki, and T. Nosaka, J. Chem. Phys. 82, 1410 (1985).
8. H. Fukui, K. Miura, and H. Shinbori, J. Chem. Phys. 83, 907 (1985).

9. D. B. Chesnut and C. K. Foley, Chem. Phys. Lett. 118, 316 (1985).

IOf D. B. Chesnut and C. K. Foley, J. Chea. Phys. 84, 852 (1986).

11. D. B. Chesnut and C. K. Foley, J. Chem. Phys. 85, 2814 (1986).

12. D. B. Chesnut and C. G. Phung, J. Chem. Phys. 91, 6238 (1989).

13. A. E. Hansen and T. D. Bouman, J. Chem. Phys. 82, 5035 (1985).

14, A. E. Hansen and T. D. Bouman, J. Chem. Phys. 91, 3552 (1989).

15. M. Schindier, J. Am. Chem. Soc. 109, 1020 (1987).

16. M. Schindler, J. Am. Chem. Soc. 109, 5950 (1987).

17. P. Lazzeretti and J. A. Tossell, J. Phys. Ches. 91, 800 (1987).

18. K. Wolinski, J. F. Hinton, and P. Pulay, J. Am. Chem. Soc. 112, 8251 (1990).
19. G. T. Daborn and N. C. Handy, Chem. Phys. Lett. 81, 201 (1981).

20. M. Iwai and A. Saika, J. Chem. Phys. T7, 1951 (1982).

21. V. Galasso and G. Frongzoni, J. Chem. Phys. 84, 3215 (1986).

22. H. Fukui, Int. J. Quantum Chem. 23, 633 (1983).

23. E. C. Vauthier, M. Comeau, 8. Odiot, and S. Fliszar, Can. J. Chem. 66, 1781 (1988).
24. M. Jaszufiski, A. Rizgzo, and D. L. Yeager, Chem. Phys. 136, 385 (1989).

25. J. Oddershede and J. Geertsen, J. Ches. Phys. 92, 6036 (1990).

26, F. London, J. Phys. Radium 8, 397 (1937).

27, H. Fukui, K. Miura, and H. Matsuda, J. Chem. Phys. 94, 533 (1991).

28. W. J. Hehre, R. Ditchfield, and J. A. Pople, J. Chem. Phys. 56, 2257 (1972).

29. P. C. Hariharan and J. A. Pople, Theor. Chim. Acta 28, 213 (1973).

30. R. Krishnan, J. S. Binkley, R. Seeger, and J. A. Pople, J. Chem. Phys. 72, 650 (1980).
We included the s component of the Cartesian d orbitals.
31. Tables of Interatomic Distances and Configuration in Molecules and lons, Supplement
(The Chemical Society, London, 1965).
32. L. Pauling and E. B. Wilson Jr., Introduction to Quantum Mechanics (McGraw-Hill, New York;
1935).
33. We assumed the zero-point vibration. We obtained the following result for the F atom in HF
at 300K with the 6-311G* basis set
(8/9r) pupy = -445.4 ppud
and
(&8/0r") oy /2 = -786.9 ppmd 7,
where L, is equal to the equilibrium bond length plus the bond elongation due to the

rotational motion.



L7
RENMRRUGERENMNROBELEOKLH

dx I TINER =

Shigezo SHIMOKAWA, Hokkaido University
Development and Applications of High Temperature NMR and

High Temperature High Pressure NMR

A high temperaure NMR probe equipped for 4.7T SCM was developed in which
various oxides can be melted by a specal electric furnace. This probe

can be used for line shape and relaxation measurements from 22° C to

1200° C. A simple gas-pressurized high temperature NMR probe was also
constructed. This porbe was applied for high pressure measruements includ-
ing critical resgion: ex. density measurement by 1D projection technique,

separation of DD interactions, determination of critical exponent etc.
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Chemistry of Organogermanium Compounds in view of NMR spectroscopy
(Coll. of Arts & Sciences, Univ. of Tokyo) YOSHITO TAKEUCH!I

Absract--The fact that 72Ge are quadrupolar nuclei with | = 8/2 makes the
measurement of 73Ge NMR spectra difficult. The linewidth of unsymetrically
substituted spieces tends to be large. Molecular weight is another factor
to determinethe linewidth. 72Ge chemical shifts reflect their stereochemi-
cal environment and can be a means to study the stereochemistry of organo-
germanium compounds. The spin-lattice reiaxation of tetrahalogermanes gen-
erally proceeds via quadrupolar mechanism. The spin-spin relaxation of
tetrachlorogermane proceeds, however, via a combination of quadrupolar and
scalar coupliing as revealed by the temperature dependency of relaxation

times.

(1: K@)

¥ SERHIP S, BLAOMEETCREBT VNI T ALAEEHOEBLERZLTWVS,
COPPXPBRBULVWEENIIHMLEROIIIL LB —DERE BRI NVYZTA
kel RAUUEXEERATOTECLENS, FHRTrEBEERL EL,
FR2AZEEYTPEHRBLEESNOERIIERTHIMOEMTWVWE I EXEPICH G
2 ETHD B_OEBE BTETHD37%G NMMREDVWTDEELEE-LRERE
REeEL BP LI ETHD Lk COT-7R3 BL4OATOBRFIEZEAD K
& NMRADRELVHBMALEFEBIIHEI LTS TWS,

B4RBMEBELrVW IREOEAP»SEELEERELDAIRAXEAEB S NI LIEEHER
WEWGF 7, —RMHELIEENTS FRTIVIZIJLEEGHOSRIERT H 3,
FH., £HEOHE SMRBEOEhEE-TH BRELCPCREVEELEES. #
A fgermacyclohexane(la) DB LB ONERH. HEBRKHIE GeCla 20)TH . B
BERtETI>RETHI, MELCLEWMAOETCLEHNGIREL Y, FAAELTFAH
FEELCHEVTH FITZIILEEHMAONRSI A -2 FERTOT S LICRMS
RERMTVWEVWEOMEARAY® 3, FAHRLIMEBIEZERODITFHERNCSL S 35,
T3Ge NMR R E > - BFREMEM AL - ACCAMBEMN DEFE TETFER
AhT-#f BIAUHIE
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73Ge NMR AN FLORE . EVHBEAEK (70 > 90 MizD & #3.10
MHz ) PRI B, HA2PEEBL-INM FX-90QT 1. SRBAJO-JTEERER
BB Y — b NM-ITIOLFE AW S, T OB 180° /UL A 35404 sTHBBEL,
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FBFIFEESLTVT H, MHME &G FHRIE I,
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B, GeCloMe: BN HILFEWRBHTCHLOBEBUEATIEST I E BRI ITF
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BT, @GRy bW RAEHATEIFHEIYRESRT VS,
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(a) BHRRX: GeltB T rOERIR. BOBHERULTHIEXEASNZDT.
MLUMEEROTFTNI T LIEEHOIEEY TP EXNFI1REEMD DI IVIRAXIES
MOAEES T FPEOMICIREMYMBINSE BB 8 ("36e)& 8 (2°SHDMDAE
Pz bhd T, KL GEOVRLI-_HOENAIYBH 5N 3,

5 (126e) = 3.4(+5.6) + 3.24(+0.05) & (298i) (r = 0.994; n = 31)
5 (12Ge) = 55.9(+5.6) + 1.22(+0.03) & (298i) (r = 0.996; n = 12)
BLUOHNRIB(NEZLL-THEINTSEY, EHhHT—HRWTH 3,
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High Resolution 'H, '3C and %'V NMR Spectra of Vanadium Complexes
Susumu KITAGAWA, Megumu MUNAKATA and Hidenori KIS0 (Kinki University)

', '*C and %'V NMR spectra of Vanadium(III ,IV and V) complexes were
neasured in relation to the oxidation state of vanadium atoms.In the solid
state sharp %'V signals are observed for some of V(V) complexes while
divanadium complexes with metal-metal bond give no 5'V signals but sharp
'3C signals. In the case of antiferromagnetically coupled divanadiunm
complexes only 'H NMR signals of the species in solution were successfully
detected. On the basis an application of NMR to vanadium complexes is

discussed.

tr1l NFSY AR -ME»EVHEET Relationship between V-V interaction
WECEKE L5 2Ra RT3, 4K A and NMR pacameters
FIOLADFEY SV REYYE-va ik, [m;] v #ﬁg{’ﬁ}mi{;tf{
Vanadyl(V02* ) TR BTN SN B &L DOE S @A) M T RetAHE
REBLTH2N. ULIL. ESREED [ron \ Sly NMR C NMR 1H§MR
*Yy322U¥-varicr Loy (2.21 vav it
v}
Sva (N) BOX>2RNEF (VI <2.4-- v=y
V")
Rd ' B7FTRE) 2R-oBBEHOS SR T 264 vy
BTHB T (d*4), V(d°®)iomHKE >2,s--md” T
B, £2RI(dY, M(d?, N(d )% L '
super- T X
B TLSKMBER DY - VREHERR | [l | vy 4
3.24
9 P-3 3 —_ M
HHIBERMAFXERTH 5, f;a o
NMRoOBHETHRZ2EKRIZ -1 (d°¢), I
(d%, V(d®)Thbh, dRIFTEXTHROD Fig. 1. v-VMEE®E X
BE(d2RAMA)IBRETHSILHNMR NER/S 5 X — % O M

BOHRLUEZIBREY, UL JdEFEIABTLARBEABEARAAET IR
ORBERNMREUIFXATBRTH S &5 NMRHEBESR®EEYLY I ANFY

¥ -7 — K: MAS S'V NMR, CPMAS '3C NMR, Divanadium Complexes,
Antiferromagnetic Interaction
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VLMBOFYIIRIVUEL - a i HARBEYKDIERBEHIHEREALAR
Z W, ,

BB EONRF T 2MEAERAR 2R AN ETHS B1l1RER-2KEE N
HE5BETC. RIFAEVEHERLTILVEILORBEBBE LR2YONMRZRARI b
HNRETHREL2S. —FH V-VEEAGrtHIE2RMAERBINBAELAZVEBSRE
PUHBRBMFENALEHERESEBXILRE oW ANFYI90BLtRERAREH
EHE2T 384 (#=-2J8S:1S:0-2)J DRk EXTHSHDZ) NMRH#=RE
RAHERSE. FFRTR NAF T2t (' V)BIURMEFH(CH,
BCIREBL V- VHEAHBHELNMREBER oM ELIWN DI LErEHLT D
(Fig. 1.

¥CTORBEBEOLDEEETCNMREOH KL 2R Lo, ¢REAERD
FRBE:(RTIES ITCNBEORABEANF TSI LMBOI’CHIUYNYV HEBEIMRE
NMRix#EEIT 2>k Tk ORUFEANALVULHEAAZRDEBBRAAFT YD A
() #BxraR L. CopopARERO'H NMRoOBMBIzABHLE %L
T, CooEE BHERBELLEL2CY7r2oRBBBET>vTHHLE ToK
QUBOERBREMBTHLI NFPoa (1, V) #BGBoBSESIMRBS'V NMR
AR PN EBEL BELEGRKEBLOBBOHEBRM EITR DI
(HE] &£R: O0Ve(dap)el-2THF(]) (dmp=2,6-dimethoxyphenyl) B XU (Et«N)2
[Ve(edt)«](2) (edt=ethane-1,2-dithioclato) D& R . X BRI > THF L2 >
@ [VzClz (phen)sa(p -0)1C12-2(CHs)2C0(DW, XKDRAF-—ARHEW FZHITRHE
A FEtOHB K P T, VClaw 3 o 1,10-phenanthroline(phen)® MW X T. &K L X
Bohrbow BEBELEMMBELT. BRLUZ

phen i
VCls - [VeClz{phen)s(p -0)3C1l2-2(CH3)2C0
EtOH/ acetone '
@A F T A (1) BEBCss[V(CN)a(NG) (HeNO)T-2H0()B KT R F YDA (V) #
B (NHs)s[VS21(5), (NH&)3[V02{(C204)2]-2H20(6),[V02(pic) (HKPTYI(D) R ¥ B X M i
#>TEBL

BlEr#: HEWM'H S'VBIXCEK'*C, 'V NMRO@EIT JEOL JNN-
GSX 270 FT-NHRA R 7 b b X — ¥ — B X CNM-G2IHUE 2=y P2 R vk RHEA
BB H/270.171 MHz, '3C/67.941 MHz, S'V/71.026 NHz). MEe(*H,'3C/27
kHz, 5'V/160 kHz)., 2w A8 (*H,'3C/4.0 us, 5'V{(soln.)/8.2 ms, 5'V(solid)
/713.5 ps). BR 23 CTHHELE. Y>> NV Fa -7 R 'HRS nn¢, 5'V
(soln)i310 mn¢, BHBERLR XA 77U HORANO SO R EE L 1. ¥ k.
BERBTRYYy 7 ARKREGT 2 (ERKIRHI.5 kiz), 'V NMRO{EEY
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Table 1. XF T A MEkD'V NMREZY T b

complex soln. & ppmn (A » .2 Hz) solid & ppm (A »..2 Hz)
(NH4) s [VS4] +1391 (40) +1372 (400)
(NHa)3[V02(C204)2]1°2H20 -536 . (210) -533 (760)
[V02 (pic) (HMPT)] -525 (300) -528 (1330)
Css[V(CN)4(NO) (H2NO)]-2H20 -1100 (40) -1107 (270)
1500F VI PBIURRE L E LD *ﬁk.ﬁi
-850+ Lot ET7T FPHAULELER BEHERKE
-1000-500 a \ THLEKTOMRBEEOEERLATHL S
HbOLBEBERXSH B

5000 500 550
BEXY, V-VELE2RODRTUIEMR

of RETREL£TOoOHCH 1'3C, S'V)I¥R
MaTRTHIC L. BHTR'CHITHNT
b erEAMETNhB ¥R V-VER
+1000 HRERTR BHERBIROMED'HHK
+1500] DHENXTRTH DI LHESEILR2E
+1500 +1000 +500 O  -500 -1000 -1500 V—Vﬁ%;ﬁ@mi&fj'v NMRB KUY

5y Chemical Shift (Solid-State) ppm VeVHEHKERBHK'°C NMRZX R
Pig. 4. BB MV P OEBOTWEMNEBILISRON
NMRIE % 970> # B0 BE & HMTH 35
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Recent Advances in Protein NMR

Ad Bax, Frank Delaglio, Mitsuhiko Ikura, Lewis E. Kay, Geerten Vuistef,
.Marius Clore, Angela Gronenborn and Dennis Torchia*, Laboratory of
Chemical Physics, NIDDK, and *Bone Research Branch, NIDR, National

Institutes of Health, Bethesda, Maryland 20892, USA

In principle, protein structures can be determined from two-dimensional
lH NMR spectra. In practice, spectral overlap limits the size of
proteins that can be studied in this manner to less than ~10 kDa. Advances
in molecular biology now make it possible to obtain most proteins of
interest from bacterial growth media, which offer a straighforward avenue
for incorporation of the stable isotopes 13¢ and 15N, With these
isotopically enriched proteins it becomes feasible to record spectré of
higher dimensionality (3D and 4D) which have greatly reduced spectral
overlap compared to their conventional 2D counterparts. In addition, the
presence of 15N and 130 in the protein provides new information on the
structure and dynamics of the protein. New 3D experiments will be
described that provide information regarding heteronuclear J couplings and

their use for protein structure determination will be discussed.
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Higher-order Structures and Electronic States of Polymer Chains

in the Solid State
Isao Ando', Hiromichi Kurosu', Takeshi Yamanobe? and T.Takayama’
(‘Dept. Polymer Chemistry, Tokyo Institute of Technology;
*Dept. Industrial Chemistry, Tokyo Institute of Polytechnics;
*Dept.Applied Chemistry, Kanagawa University)

A methodology for understanding higher-order structures and electronic states of polymer chains
in the solid state by means of solid-state NMR spectroscopy combined with quantum chemistry has
been successfully developed. The higher-order structures and electronic state of some polymers in
the solid state have been studied by means of the developed methodology, and the results will be
presented and discussed.
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2. A4ATKEEV, L) LSIDFENRCCHEELEHE LT FERZ -
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REEREDOFEREAVCT 7u—FF 5, FigliKfARWLRY V7 v ofgiEL
BMENT A —F ERT,

R YT vk EARE OB 3 B A R R S

&A= 3 & L Transrich \S./SI\)Si/Sl\}Si/Sl\Si/
ik —_— ~ 11 d s/ Ve ‘ s V

a vk A= a3 vk gaucherich K’ g ‘H H ‘H i i

AVEkA—=—Va e L, o
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Table 1 NMR shielding constants, band gaps and total energy of an infinite polysilane

conformation shielding band gap/eV total
constant/ppm energy/a.u.
o o’ o

(G)a 70.8 -107.3 -36.6 11.80 -5.218

(TG), 70.8 -106.1 -35.3 10.69 ~5.549

(G), DHEN(TC), L W ARRETH DI bbb, DI LEVERGENDL VTS
Vit gauche-richD#E3E, BRSHICHEN D Y F F)ViE ransrichfBED L HEK TS 2 £ A57R
WEND, F72(TC),NEEEM oL EDNVF - Fx TI(G),NHEEL DMV
b b, ENEBCBIEBERKBNE— 2 O A max 24K T350 nm, HiERT
3BI0MADEREHIBLR TS, HEIPLBELRANAVF  Fy v 2 LEET
transrichDFEE, BIRT gauche-richD FEENFHEL TWAH I LEFRLTWAE, Lk
NEIBT7A—=FROR) VYTV OBEBLUVETFREOEHALZERNGFIEHEE Z
EERBRTES, BETIE, SLRHEMIBRB ELHIT, MOBFTFITOVTHHRE
b DIRERE LB,
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Conformational Stability of V-Amyloses and Their Hydration-Induced Conversion to B-Type Form as
Studied by High-resolution Solid-state '*C NMR Spectroscopy

B. Saito,' J. Yamada,? T. Yukumoto,® H. Yajinma® and R. Endo®

(*Dept. of Life Science, Himeji Institute of Technology, “Biophys. Div., National Cancer Center
Research Institute, *Dept. of Applied Chemistry, Science University of Tokyo)

We have recorded '¥C NMR spectra of several preparations of V-amyloses and their hydrates to
gain insight into their relative stability and subsequent hydration-induced conformational change.
It was found that these V-amyloses were not always stable when they are equilibrated in an
atmosphere of 96% R, H. and converted to B-type form. It is unlikely that any drastic conform-
ational change such as unfolding followed by refolding and plausible change of handedness is
caused by such mild physical treatment as humidification. Therefore, it appears that the resulting
B-type form should be ascribed to a left-handed single helix as a consequence of a slight
nodification of V-amylose, in contrast to the previous interpretation based on the data of X-ray

diffraction and NMR studies.
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VERIRE540kHZzOESOSHMBREIA LD
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Si40mBOF—-F—THo, TOHB/NELD b 150 100 rew 50 3
BEMCcHsEVEHREC S, BlcRtyr— X4 PEESFE (DP100) Tio~-XDODMSO
FsvolGLHEBKIc,. DMSORTFREDTFHA~ LD DOHELBYMO'CNMRZRRY b oV
DEGRNVN—2THEZEHIN B, (€ - T, K (A) Kk, (B) 96 % RHTOKH
Table 1 Summary of Conformation Characterized by 13C NMR and X-Ray
Diffraction
Anhydrous (lyophilized Hydrate®”
from DMSO solution)
NMR X-ray NMR X~-ray
DP 17 (EX-1) . \' v B amgsphous
B
DP 100 (EX~-III) V(70%) + B{(30%) amorphous V(50%) + B(50%) amorphous
DP 1000 (Aldrich) \ \ B amorphous
Iodine complex v v v \'

BT Anhydrous lyophilized sample from DMSO solution was hydrated under the
condition of 96% R, H. for over 12 h.
Anhydrous powder sample was hydrated.

KE->TIhLDRFRADTREBLBRENZDITS 2,

—FH, SVERSFHEYZ+ATFOREGR. K2 (C), (D) BRT LI, KFMIRKRL>TRARI bty —
YEREAMKESHT L, ThiB, 3v T vy s adoav ki, LREOBEERERVASGFEOBEROAD
Vi, KMk - TI15 330WR I A A ~OELTEIEILED, VT 3Io-20NBCLDEECEET
BEICNBNLDTHILEELOND, B, 3 v RAA VRALHBERE T t v XN FEET I L HNES
nTWw3, '

o

3 KHIgEOavFA— gy
EreRxikdie, V7 ie—RKHRL > TBRIRERT 3, XL, CCTHALARBOXGERR
R7EAT7XN9-VERLTED, FQaI v A—vs YT 3HMEE DI oBI0RRETS 5,

Table 2. 2H Spin-lattice Relaxation Times of DMSO~d5 and
Deuterium Oxide bound to Amylose and Curdlan (ms)

Temp. (K) DMSO-dg D,0
Amylose, V form 295 42.9
303 52.6

B form 295 14.3
Curdlan, Anhydrouos 295 44.2
303 44.8
314 48.5
323 68.3

Hydrate 295 10.1
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Molecular Motion in Copolymers of L-Leucine and ¥ ~Methyl L-Glutamate
Studied by Solid State High-Resolution *3C-NMR

Akihiro Tsutsumwi, Masaru Karasawa and Masashi Yamaguchi

Department of Applied Physics, Faculty of Engineering,
Hokkaido University, Sapporo 060, Japan

It has been reported that in the copolymers of ¥ -methyl L-glutamate(XLG) and
L-leucine(L-LEU), the side chain of MLG becomes considerably mobile with in-
crease of L-LEU component in the spolid state. However, molscular mechanisms of
such a phenomenon have not been clarified. In this work, to obtain further in-
formation on the side chain motion, T,p(*°C) was measured by means of the
solid state high~resolution 2*C-NMNR. It was found that with increase of L-LEU
content the temperature where the T,p(*C)~ temperature curve shows a mini-
sum shifts considerably and slightly to the lower temperature for MLG-CH,; and
HLG-Cy, respectively, and shifts to rather higher temperature for L-LEU -
CpB. These results indicate that the influence of L-LEU on the side chain mwo-
tion is considerably different in the inner and outer parts of the side chain,

1, R 72, EUBWIMEC NMR CP/ MASEABWITHRIRTF FOH
HBBrECOWTHRET > TWAH, @I, L-leucine (L-L EU) & 7 -methyl L-
glutamate (MLG) 03 V¥ L HXBEAKLODWITAFAMOMBRKEEZNRE L-
LEUONBMURREXRTH EH, MLGTR, IAFAIBESEORAT BHEELRO LD,
ERENFZRINVSFADYARBNRTWS., MLGOKRERY S -THSPMLGTIRR,
BRME " (lkHz) O - 7HET.AHAZXEMFBERFELY, chid, NMAL2BEOER
zABIcrBdLEhTnS. L»L, MLGRL-LEULHEAGKZERLEL &, L-
LEUOARXMMTBIRULUAN>T, Toadd, BENAXELL Y7 T E3HBMESD,
PMLGRERTOSFABXKELHERIIZ2I3IEE2RLTINWSE., 5%, MLGOXFNLE
OB 7 x = NVBIZERINh TW By -benzyl L-glutamate (BLG) O ES & TR,
MLGOoOB&GER#KE, L-LEUOAR»MAMTBL, Texi HREM~BML, L-LE
UDAEHT05~803T ik, MLGLOKEARLIDINCHELELIRZS., L2L, Thb
ONGEHIRBOX AKX ALAEZDO2WTIR, FEELIIMBEBIR TR N,

tx2T4M@R, ¥9, (L-LEU, MLG) REAHBIZO>WIT, CP/MAS *3C N
MRIZED, Tap(*C) MMT B2 b, MNMOEABIZIOWT, IDHRM2MN%
BacrixBBHEL K,

L~LEU— MLG Copolymer / Kolecular Motion / '*C-NKR/ CP/MAS / T.p(*3()
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Fig.l Pulse sequence for

T10(*°C) measurement.

Table. I Nole ratios of compositions in copolymers

MLG (mol %) 0 15 50 70 100
L-LEU (mol %) 100 85 50 30 0
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Tmax(e"-1klHz) vs. temperature.
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Intramolecular and Intermolecular Hydrogen Bondings
of Poly(vinyl alcohol) in the Solid State

Shaohua Hu, Fumitaka Horii, and Hisashi Odani
(Institute for Chemical Research, Kyoto University, Uji, Kyoto 611)

The intramolecular and intermolecular hydrogen bondin§s~have been examined for poly(vinyl
alcohol)(PVA) films with different tacticities by CP/MAS 13C NMR spectroscopy and a statistical
calculation. The CH resonance line splits into a triplet, lines I, II, and III, due to the
formation of two, one, and no intramolecular hydrogen bond(s) in the triad sequences. The
integrated fractions of lines I, II, and III have been statistically calculated using a model
based on the crystal structure of PVA, where the intramolecular and intermolecular hydrogen
bonds are formed at certain probabilities for all possible triad-tetrad or triad-triad pairs in
the neighboring two chains. The observed fractions, which are determined by the lineshape
analysis of the CH triplet, are in good accord with the calculated fractions for different PVA
samples. On the basis of these results, the characteristic hydrogen bondings are discussed for
the crystalline and noncrystalline components in the dried or hydrated state.

1. HE

RUVESAZ7Aa—N (PVA) BhEBNOCP / MAS'3CNMRARZFAVHCHRNW
Biztriplet(EH B ML Sline I . I HERREHHEATIH., toKEBImm, mr 8X
Vrry-—2ZYARHTHAZEREN2, 1BIXUFO0aIBRENBILIEDILEEHEILNT
Wz, LHPL. ChLnHEMBORANMELRZENETEmMm, mr | rrof®®alte
—KLEW, BRARG . CORBURENY 22y ALBVWTLHTFRARBAFBRENSI L
CHLEREL.PVAONARBEFVEZ LT, FABLUAFRAARSESSF LN E
NHRFEP .BIU1-p . CTERTIBEROVTHHIMNIBEWICLIHOCHIAWBRDHEHNEX
PHELSL. 272, BAOPVARBESPWICP /MASSCNMRAXRZ MIVERAB X
VEBRSOFECHRLLDSL , lineshapeMWICI VBRSO CHAWROHENARELR
BLA.,. ZHETR. CROORBRLEILHDTRNZLELDE,. ATHLEATRAREAICR
kPN, K. BELXYOBBCOWTHEET S, 2L, ChoDARBEERBOBR
REODTHRBELODOVWTMHBLABERLARZTFETH S .

2. AFABIUSFHEASHEACHRTIRHANAN
BHLDOMAMBEFAVECRAIE . P FAARBSCMETIREPVASTFRA—BA
BIRIL-RREBEMURFACETRFA—HTFEEL. ChOoREMAMICEVWE L /288
R FERTWE., LT .  DEHTFHRECR>ZemmBABmr -2 yREBL. &
NLEBMBETIHFHMENtetrad2 2 idtriadd — 2 IV REDTRTOTRERTIENLT
BIFRABIUSTFRAEESORBEN-R. $2bb . R71 -jRRBVWTY =2 YR
A FHAREB S 2BERTEIBA(yr—21) . P FAXKREAY 1L BERTEIRE (¥
—20) BIUSTHAREASPERLZVWBA (Fr—20) HFEFTI L., ¥—X1 . I
IOMNVBLIRAELENEFARD, DLW ITRLRTREO2VWTOYF—21, I, BORF#
DT bbWBR I, I G OORFSFIBIIHTIATHERL D,

% — 1T — K : CP/MAS!3C NMR, Poly(vinyl alcohol), Hydrogen bonding, Crystal structure
¥ KB¥ (Hu Shaohua) . WHXB (BN W LAaLd) . hN8s B(BER VEL)



Table 1 Observed and Calculated fractions of the CH Carbons I, II, and III for
Different PVA Samples.

Observed fraction Calculated fraction
Sample ‘ pa® FaP
I I1 I11 [ Il 111

Crystalline

S-PVA 0.064 0.350 0.586 0.048 0.364 0.588 0.08 0.239
A-PVA 0.109 0.457 0.434 0.090 0.473 0.437 0.32 0.343
A-PVA, hydrated® 0.154 0.513 0.333 0.143 0.522 0.335 0.74 0.455
[-PVA 0.386 0.351 0.263 0.368 0.519 0.113 0.89 . 0.744
Noncrystailine :

A-PVA 0.170 0.493  0.337 0.147 0.524 0.329 0.77  0.467

3 Probability of the intramolecular hydrogen bonding. b Fraction of OH groups
associated with the intramolecular hydrogen bonding, ¢ The water content is 18% as
described by (g H20/g PVA)x100%.

3. HMRABIUVEE

K1, xRRTCHWALKE. S-PVA, A-PVA_ I-PVAOMYy—2ZLZryRADEK
BB BIVIRSODERRTPBIUVA-PVADOEGRPECHT B CH tripletddlinel |
I. DORSHEOE2LEHDTIFRT. ARLCBERDEFAVIZEIDRD A line]l | B DO
BRBRENTIHRNBELET ., TR, COHBLEHERBLL O BMBIVREARLFETHEL L
FITAARRBEACNETLI20HENDHEF . LRT, I-PVADHBESERWTIHAAIBHNGA
LR —BT23. S-PVALrA-PVALDT.OFELEHIZO. O5BELVY &
BAEDPEIS-PVADFHRA-PVANDEFRLZKRTERE PR AE W, ZOZ L. HBHL S
WHEIDEWT 2L 2EB0B & S TEAARERAFBRENCBRENLZIIEERT LNL
¥26hd, ChERNLT, BEAEYETS272F 9y 27 %PVA(A-PVA) TRREATFABIY
FITBMAERAOERRBBLIRBUE LT WEERNSINSG, —F . I-PVAOBESHNBEALEN
BO—BRETNRERS W, D2 k. 74Y8272F 4 F 14D EHTIRp NI - 5N
TORHMCLEFT ORIV BB bhdLHLEEEIN S,
BRELZLA-PVAOKARIOBHE, +OCHER I BIVIOHRIERKABOHEL
DFO. OSKHIHMATE, LEBNRNAKHNHARILEHZE. KOBREIEIN6NDHEIR
i, P2 0. 32,560, TARWMAEZIEZILELHETE. LR -T, SRDKY
A BREERTAIILEBRETHD LI DHTFRARKEEAKLPLOOME N £
DERLLTHLOUSTHAARRSGPERTILERE SRS, 2B, EARKBTCREAENLR
LEoThbp.oiIZWMAL 2.

CHRLELA-PVADOEARAICOWTIE, Linel | 18IV HT0BEBERZIEKLABED
PVADKRERFPODENRLEDPLZDAEW, CHOZLEEGHEREBIBZPVARTHOBHM
BERAEEAZBLTCAZRY . aARBOMEGEHERORHMBEL P L NHEBULTWE I L E
FT . T bbb, AFFELUAKTLHEHERCE 2o T AR L& . FTFEASR
HEPPBShATHTFTARREAPBRENIERES P L NEVWELELLR S .

1) T. Terao et al.,Macromol.16,1535(°86). 2) HHES& . {LHME . 23.78(°50). 3) S.Hu et

al., Bull.Inst.Chen.Res.,Kyoto Univ., in press. 4) F,Horii et al., Polym., in press
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'3CNMR Study on the Solid-State Polymerization Procedure for a Hexayne
with Long Alkyl Substituents

K.Hayamizu and M.Yanagisawa, National Chemical Labqratiory for Industry
and

S.0kada, H.Matsuda, A.Masaki, and H.Nakanishi, Research Institute for

Polymers and Textiles

Polydiacetylenes (PDA) are usually synthesized from conjugated
acetylenes, diacetylenes, triynes, tetraynes by the 7 -ray irradiation.
A hexayne with Cis alkyl chains ( 15,17,19,21,28,25-tetracontanehexayne,
14-6A-14) is very reactive at room temperature and polymerized. The poly-
merization procedures have been detected by the soiid-state high-resolu-
tion '*CNMR under the magic angle sample spinning. The polymerization
proceeds with 1,4-addition scheme and three-step polymerization reactions
were throughly monitored by the '3C spectra. The final product is a ladder
-polymer where the main chain is allene or cumulene structures, which is

a new class of polymer.
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1. Okada,S., Hayamizu,K., Matsuda,H., Masaki,A. and Nakanishi,H.

ESR Intensity {arbitrary unit)

Butl. Chew. Soc. Jpn. 1991, 64, 857.
2. Okada,S., Matsuda,H., Masaki,A., Nakanishi,H. and Hayamizu,K.

Chem. Lett. 1890, 2213.
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Application of Magnetic Field Gradient Pulse to High Resolution NMR
Spectroscopy

Yasushi Ohno, Matashige Oyabu

Analytical Applications Department, SHIMADZU CORPORATION

Recently magnetic field gradient pulses have been applied to high
resolution NMR spectroscopy. (Gradient Enhanced Spectroscopy ; GES )

Magnetic field gradient methods, subported by hard ware technology
such as actively shielding, have advantages of the elimination of the
need for phase cycling, the reduction of tl artifact in 2D-NMR and
selective observation based on diffusional property. )

Several applications, such as water suppression by the selection of

coherence transfer pathway or stimulated echo, will be shown.

(F&l

EABMEBENMRARZ PLORMBIEHELATOWERNRLZAY -, v ZAGEFEL
ZRAEMIEGDEBIECE->THEISATVWE, B, ThooBRAE/ IV XDF]
CHEMEE (FSY v M) "2 ERALAEERVEHS R TVWE, BEoMEE
NMRNOHEHMBBOBARUNAASRBEIhTLAY, BB Lot
BHET 3HER (Eddy Current) R EDOREMOERALI NG, HFE. BEE
HAOMRIEBORELRBLLELIZ, TOL I NEEELIRRT IHERINHEREXL

oo THOBBT 7574 7V -V IRER. 7To-T7THTOEBEMBO#ERAICLD.

MEROREEZBNMAZ I EXATEICTD, AHBREEZESSBENMRAIEHT

Bl ERKAONDDH B,
CODEIBREDOPTRAB ISPV PV RTFLEZEHTAIARESEEB-OT,
ZFORMERNEHNML, TOBFBHEIEDWTHREHL UL,

[35E] ‘ :
#EE GEHBMFT-NMRZE Omega 400WBZRHEALA, 7

SV MILARESBENERIcHFEsN Microstar S$-35
IS VLUV MVARFLARKDRESEL, | FTRHEAEENELTBACH®ELL:

gradient, water-suppression, coherence, diffusion, stimulated echo

X W (BB0 PFL) . KB X% (BEPx FhLW)
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1. DRYCLEAN-STE
HERDTFERABMETIMUER LI LEBAPTHONE, EABKDY 7 F 1 %
HRETILDRBECORVRAY - U ZARERINATVEH, P.Zijl" 517 S
VIRV RZEY, BRIBEOLBABOE2FA L AkBEELRBEL L
(diffusion-reduced water signals in spectroscopy of molecules moving
slover than water;DRYCLEAN) , B iCRBHO /S P v bick» T TXTO
HBLLONMNHEEIHIE 3 (dephase), RiLAZIDOELV2EHOY STV b
IKE->T, MELZBEHEBRIES (rephase)t’, TOK 229073V bPOEICX
Evo “Hl” #"Eb-TVBLHBERELRS RV, TULBAREBEE LK
REOBVWIRL > THANOESKIERET A EXNTRICNSE, ThAkDEEH
BHEINZ3HAE, Fig.l T3V b2 nBA0ITa-0OWRESS, b
BWRAOHER S, LT BLRATHINE, 2 :

S/So =exp {—7%2G* 62 (A—-6,3) D}
CIT. RESAEEL,. GRS YTV rOHE, RISy bR ZADE

HIE. ARBHIO/SS P2 b 203 THORDOY I VT Y baMiTBE TORE
DRHEBERTH 5,

PZijIG R WK 20O VAR Y- v REZREBLTVWEN, 205b% ~ 3
stimulated echo(STE) Z2H WAL R Y -4 v X (Fig. 1) 2 - THEEZFV
Fig. 2 DAXR7 P L EBI, (F-9H84 2 1K, MERKI2E)

/2 x/ 2 /2

[\ /N
= — =

Fig.1  DRYCLEAN-STE Pulse Sequence




Fig. 2 Vater-suppressed proton NMR spectra of bHmM lysozyme in H20

2. DQFCOSY
IS0 MRV ZAEMBAALEDQFCOSYD MRy -4 v %2Fig. 3

Wy 2L ARY PIVEFig. 4 R, (MEF-2< bV v 22k%X128, HE
%256 B, o R 2B 74 Y 7))

/2 /2 r/2

Fig.3 2D-Gradient-Enhanced-DQFCOSY Pulse Sequence

Fig.3 TiRWbW 3 443E L (phase cycling)ic 3D LR LHMBER /T VY
PRV ARE-THTWE, T 8bLbE1502BFa - LY ZOBROV Y+
DAVEEEINTRHESIA, 2BFab—-LUyXREERLEVADOVY ZF LR
HIhLZv, ChEZBEOMMEELTITIE. TV TOREHE, MHY 7 POBE

BWEN—FU 27 LOBEIO KDV FIHNBIBE-b. t 1/ 4XHKEL B
ZENRBWL,
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Fig. 4 TR KOV Z7FLRREBEINTED, BV IS FVOEEDE -7
OEMc RISV PV ZDHAREHTHESI I EBXRIATH S,
BHEATRISISPI VY MIAROGHSERENBE AN LVEEN~FI 2704
BICKETIHAINZBVLEEDLIZE2BRV, 8, /' VT VPV RATFLHNERL
roftrEmEdhid, BHBEASOLENZ bOEWFLTW S,
BRBE/SS VLV VARATALATOOy /R LAE, HIENTA-F-ORENR
EREROEBLALIIRERBTVWELILEFELTHE

[x#]
1) P.C.M.van Zijl and C.T.V.Noonen ].Magn.Reson. 87, 18(19%0)
2) E.0.Stejskal and J.E.Tanner J.Chem.Phys. 42, 288(1965)
3) R.E.Hurd J.Nagn. Reson. 87, 422(1990) |
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Structure determination of ribonuclease H by NMR
Toshio Yamazaki', Mayumi Yoshida®, Yasushi Oda’, Shigenori Kanaya®, Haruki Nakamura®,
Shigeru Endo*, Kuniaki Nagayama” (1. Biometrology Lab, JEOL LTD., 2. Tokyo
Laboratories, Kyowahakko Kogyo, 3. Protein Engineering Reserch Institute, 4. ERATO)
Ribonuclease H (from E. coli) is an emzyme to cleave RNA moiety of RNA-DNA
hybrid duplex, and it consists of 155 amino acid residues. In order to determine the solution
structure, we applied heteronuclear multiple dimension NMR techniques to stable isotope
enriched protein samples. We have already reported the assignments of backbone nuclei
(N,NH,;Ca,CaH), assignments of methyl and aromatic sidechain nuclei. After that we have
obtained secondary structure elements and global fold of the protein. Complete assignments
of sidechain nuclei are required for higher resolution structures. The new techniques 3D HCH,
HCCH-COSY, HCCH-TOCSY gives powerfull and reliable information for a531gnments of
sidechain of this size of protein.

URRXI U7 —tHE. coli)k 1 55BEISRZIAVAVET, DNA
—RNANATYw F2EWIEORNAZYIABEELZFE->TWS '

ek 0@%®i¢%ﬁ%@6%wk‘f%ﬂﬁ%fﬁ&»bf\%m
FENMR (FL3®RTNMR) PAOTHREZED T BY

m@i?k\iﬁﬁ%ﬁmNHMCMMWMR/&%»®ﬁ5”~%®M
# (aromatic, methyD R FHEORBNRTE L, ChHOHMONQOEDY Y FAh 6T
DEXDOLEEBEXBTVI, Lhl, anU vy 2 A0HMEED b R Y—kE
Folboo, it#&b@ﬁﬁﬁ#@éhfméoNOE#%%&E%@%%%
BRETHAEEHICALODES DERF-S>TWVWDS

LDHEOROBER BB LD, ED% < ORBEDRBEALETS 5.,
HAEBCTH—KISAALLEBRCHLT, 3D HCH, HCCH-COSY,
HCCH-TOCSYOD3XRANMRYREAL L, ZhoOHERIRAEREL -
”Cﬁ@%85Hz®Jwv70Vﬁ%ﬂ%T%h®\1HﬁH®ME&K&§T%
HFBORVAIVECHLTRENELS, BPCOL2EY 7 P TEBLTSKTENM
RETBZEMNTET, /ﬁ%wméhb%iwé tbfééoﬁiéfwwﬁ
DIRE®*EBLIELTVS,

3D HCH N
- L -
t1 :tﬂ'c" ﬂ '"T”T e
By X 0o x| imen

[] - "
. for the 2nd dim.
I 0 e iRl &=
REBEE, ’)%7&137——E‘H‘ HRTNMR, BERE, X VAR

PELE LUB. LLE 9%, BE ©FL. hkd LUOD. Ahirh K3E.
XAE LD, hiteE (K



3D HCHRBRAFLVIVEDIBICL2DD'HOHBEE KIS 53 RT
NMRTH %, 2IRTD3C-'H HMQCTLHMLLER->TLEIAFL VE
PHBTRIEHOLDTH B, , ‘

‘ HCCH-COSYRBEIIICROPVTWA'HEHAITILDTH S,
E3HWE2o0DCO LI 2OHBAERCRZ, BREDOODWTWA3CaH»5C B
HNEREBTIZIENTEE, ZOXDORBRU I FLODERDDED—BAIE
Lo,

HCCH-TOCSYWR1I3COTOCSY#HOTHEY 13C~E
BILEBL TS, CarblilinmE Toand, N0 220 1 HE 2hic
REFEELTWR1I3COLIOHBAFEE» LS, AENOEE (B, 7. §)
@HCCH-COSYDH#ELrb Lty 3,

CBELT, SECRENGRDE LAY U VEBE (Lys3) B0 RE Y
riF3,

- ' HCCH-COS
HCCH-COSY ' v HecHon

- . . OCSYD3ikrT
o = o CoH L ambe
3 TS| TP hEho CHOIL
i 5 A CBHz 2y 5 iy a
- hs _ L. XRTFz, B
G WHo k%Y 7 b
SO A CyHe (4.6°0.0 ppm) , &
8 : YW B. NMRo@IE
- CSHe EGSY400(JEOL) |

S oh - n@00N | : i O BikMols
g : kop, JML-S1000 (JE

;@ 0 Q

y CeHz gLy mwvcwns,
HCCH-TOCSY

® .,

T
: - Lol CoH
) . o
o G CBH2
A B AT
A A Y S v
; =y = ‘ 36 | CHe
A v e 7 A, ‘
: CoéH2
CeH2

1) K.Nagayama, T.Yamazaki, M.Yoshida, S.Kanaya, & H.Nakamura, J. Biochem. 108, 149-152. (1990)
2) T.Yamazaki, M.Yoshida, S.Kanaya, H.Nakamura, & K.Nagayama, Biochemistry 30, in press. (1991)
3) S.Endo, H.Wako, K.Nagayama, & N.Go, NATO ASI series "Computational Aspects of the Study of Biological

Macromolecules by NMR” (Ed. J.Hoch), in press, Plenum (1991).



L17

ZEEBRBULAENMREZTHVADNAKAZHHE OB LHENRAOHRA

(BX -Z8a®) BIIERE. BRE%E FHHREZ RBRERI
ORRBEFIE

(¥E - =229 vy 72H) P. E. Wr i gh't
(EBIE®H) RAREHK

Stable Isotope Aided NMR Studies on the Structures of DNA Binding Proteins
and Their Interaction with DNA

M. Shirakawa, H. Matsuo, Y. Serikawa, C. Kojima, Y. Kyogoku (Institute for
Protein Research, Osaka University), P. E. Wright (Research Institute of
Scripps Clinic, USA), T. Ohkubo (Protein Engineering Research Institute)

Solution structures of Cro protein from bacteriophage A and the DNA
binding domain of yeast GAL4, and their interaction with DNA fragments were
studied by stable isotope aided NMR. Both Cro protein and the DNA binding
domain of GAL4 were labeled with 15N-enriched amino acids, or uniformly
labeled with 15NH4Cl. For the 13C—15N double-labeling experiments, 13C-amino
acids were incorporated into the uniformly 15y-1abeled proteins. Efficient
combination of series of lH/15N two-dimensional, and three-dimensional spec-
tra enabled us to make almost total lH/lsN assignments of the two proteins.
Based on the assignments, secondary structure elements of the two proteins
were identified, and the three-dimensional solution structures were calculat-
ed. Intersubunits interaction and interaction with DNA fragments were also
studied.
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Structural Analysis of Silk Fibroin by Solid State N NMR; Department of Biotechnology, Tokyo University
of Agriculture and Technology, T.Asakura and M.Demura, and Department of Chemistry, Florida State
University, L.K.Nicholson and T.A.Cross

Absrtact; Solid state "N NMR techniques are applied to elucidate atomic resolution details of the Silk II
conformation of silk fibroin from Bombyx mori. Biosynthetic labeling is employed to separately incorporate
“N-Gly and ®N-Tyr into natural silk fibroin. An analytical approach is developed in which distinct features of
the >N chemical shift spectra obtained from oriented fibers placed parallel and perpendicular the applied magnetic
field are used to restrict the number of possible orientations of an individual peptide plane, and *N-'H dipolar
splittings are used to further narrow the number of possible orientations. Full spectral simulations are
performed to refine the allowed regions, yielding high resolution structural information.
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—#D'’C CP/MAS NMROHIELSHFTIFINEHB ° FEFULRLTOEED
Hl. IHERETOILENSSHH C,

AHIFETIE. BAE'N NMREBBHDONSRY L XL -T. Silk HHEHEE%
RELIDT, BET 2., COFFER. BURLHT, BoF Pl ORERETOF
EEULTHERATH S,

E8
HE . SHRHARE (Bombyx mori) . N-GlyFkid. "N-Tyr28B50L. 28
BEOUNSRLVBEBI®, ERELHEFR. BEORBELZHANT. BEtoRAR
¥I2EM U K, Fic. Boc-[1-'°ClAla-"*N-Gly-OMeld. [1-'’ClAlad'*N-Glyh 5
BHELLIOVERU .

NMRAIZE : '°N cP NMROH|FEIZ. Chemagnetics CMX 400MHz NMR X ¥
box—2—2A, FiBICT, # 10000 (MR OEBMESEEIBICETOR
&) 5, 20000 (RIEMEEDOHE) RIOMEEZITLE - .

RREER
1. 1SN k¥ P BRHHE

1! N Gly I _U#E7 4 7o VERREROVNRA~S F L, BBICFEIT. B
BWEE, 5PN H—NE2—2 2RUk, BBRPIT. EEXR7 L E
B, I0BBENINDA—NE—UEFNTHE, "NUX—-—NE2—hb V3
ab—2alll&->T. "N Gly¥ A FOIEELTFFo YN, (o, = 22,

F—U—F /KB ET « T4 2Dsilk NTEHEE /NE¥E S 7 F RAE/ PN HRUETHE
EHEH :

HELLTHIB., THLECE, LK oy, T4 782



oy = 48, o5 = 183 ppm FEHEX. 'NH,NO;) FREL K&, BBKFE
FEEBEDARIIAZRL I al—2alT R0 &>T, (EEL 78R
HEMALLTHRTIBOA 45— A, oF BFOEEARELLT:, . N1 0&EE
2R FUH, ERTHY . BEBAFECILE D BRI, EHHOSHIT L -
THETE, H2WRLL5i. 8EOF 1S —AOHAIEDE L, MO
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AmbE, Br. 0% 9T°LREI X, ISN TyrIRLBI74 Tu{ L DHED.
FEO—EORIT21TR -7,
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Obsd. 150
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SN Fig.2 Best fit Euler an(gles, oF, BF plots

determined from error analysis for the

Bo observed and calculaed NMR spectra of the

g / oriented 15N Gly-silk fibroin. Distribution
a4 of the fiber axis was assumcd as 10 %.

135.Gly Sitk Fibroin

Powder s
/ \,\ 38
[ 260 BT o °
15 pem 15 1 7 7o L)
Fig.1 15N CP NMR spectra of 1°N Gly- e ]
snilg\ fibroin. P Fig.3 15N-1H dipolar spectra obtained from
samples placed with the fiber axis parallel to
B E VK the applied magnetic field.
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STATE-CORRELATED 2D NMR SPECTROSCOPY IN PROTEINS

K. ARkasaka, M. Kimura, . Naito, and M. Imanari
Faculty of Science, Kyoto University; Faculty of Science, Himejji
Institute of Technology; Application Laboratory, JEOL, Ltd.

Introduction: So far, a corrrelation NMR spectrum between two conformers of
a molecule has been measured in a system in which two conformers coexist in
equilibrium, as in 2D exchange spectroscopy. Such a method can be applied,
i.e., only to a slow exchange case satisfying the condition T2<t £T1. The State-
Correlated 2D NMR spectroscopy associated with a temperature-jump
introduced by us (J. Magn. Reson. 87, 429-432(1990)) is not hampered by the
same limitation and can also be applied to fast-exchanging systems. Moreover,
the resulting correlation spectrum can be intrinsically simpler, as the direction of
magnetization transfer is only one way.

Method: The temperature-jump technique currently utilizes a pulsed
magnetron of 2.45 GHz at a power of 1.3 kilo watts (See L5). By this technique,
under favorable cases, we could attain a T-jump up of a protein aqueous
solution of 10 C within 100 -300 ms, enabling conformational transition from a
folded form to an unfolded form within spin-lattice relaxation times (Fig. 1).
Utilizing this rapid temperature-jump technique along with the 2D exchange rf
pulse sequence, we performed a first successful experiment of spectral
correlation between the folded and unfolded conformations of a protein in an
aqueous environment using the pulse sequence shown in Fig. 2 (J. Am. Chem.
Soc. 113, 4688-9, 1991). In the present paper, a more detailed study is
reported on ribonuclease A.
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Before jump

el=30:c\//\/—/\l\vwv"/\~v.

After jump
92=45C
Os

e

150 ms

Fig. 1. A microwave-induced NMR spectral change of ribonuclease
A (the aromatic region) (from 30°C to about 45°C), followed by slow
cooling of the sample temperature by a gas flow.

PREPARATION | EVOLUTION | TRANSITION | DETECTION
PERIOD PERIOD PERIOD PERIOD
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| ~1 |
>]
90° 9
RADIOWAVE n\ /ﬂ -----
U/ ’

MICROWAVE ] |
1

62

TEMPERATURE O

DENATURED
- —

STATE NATIVE P

Fig. 2. A combined radiofrequency wave and microwave pulse
sequence for measuring state-correlated 2D NMR spectrum of
proteins in solution.



Results: Figure 3 shows a high resolution proton correlation spectrum in the
aromatic region of ribonuclease A between the folded conf%rmer (30°C) and
unfolded conformer (immediately after the jump to about 45°C), the jump taking
place within150 ms. Since many peaks in the folded (N) form of ribonuclease A
have already been assigned specifically by various techniques (Lenstra et al.,
Eur. J. Biochem. 98, 385-397, 1979), peaks in the unfolded (D) form can also
be assigned specifically using cross peaks of Fig. 3, as shown by connected
fines.

Discussion: First of all, it is surprising to find that in the unfolded form of
ribonuclease A there are considerable dispersions of chemical shifts among the
same kinds of protons of the same kinds of amino acids. This suggests strongly
that the structure of the unfolded form (the heat-denatured form) of ribonuclease
A is not totally random. Furthermore, specific assingments in the unfolded
conformer made possible by use of the present technique will be useful for
further studies of the structure of the denatured conformer using NMR
spectroscopy.

Although the technique presented here has a great potential for use in
structural studies of unfolded forms of proteins in solution, the current status of
the technique still suffers from a certain number of difficulties in applying to a
wide variety of protein systems. Among them, signal-to-noise ratio has to be
improved. One limitation to S/N comes from the loss of transferred
magnetization during a finite length of the transition period (the T-jump period)
due to spin-lattice relaxation. To shorten the transition time, we are working
along two lines; First, we have investigated solution conditions giving good
efficiency of microwave heating, which will be reported separately (See P14).
Secondly, the probe must be optimized for an efficient T-jump of aqueous
systems and a good sensitivity. We will discuss the current status of the probe
improvement.



His 127488 Tyr73¢
. Phe 120
His 1188—
' [-—-—»—~—Tyr76/11‘58
H|S1058_‘ '——-Tyr258
T T L P?H
7.5 7.0 5.5

paplojuf}

'
Hdd

Fig. 3. A correlation spectrum between the folded (N) and unfolded
(D) confomations of ribonuclease A obtained by using the pulse
sequence of Fig. 2.
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Heteronuclear half-filters for studies of complexes with biological

macromolecules

Kurt Wiithrich
Institut fiir Molekularbiologie und Biophysik
ETH Honggerberg, CH-8093 Ziirich, Switzerland

In complexes with proteins and peptides, different components can be combined that have
previously been independently labelled with 13C or I5N. In the complexes formed, the labelled
components can be investigated with minimal interference from the unlabelled components
through the use of heteronuclear half-filters in homonucelar TH NMR experiments (1,2). In
particular, in ['H,'H]-NOESY experiments recorded with X(w;,,)-double-half-filters (3),
separate subspectra contain, respectively, exclusively intramolecular NOEs between different
protons of the labelled component, intramolecular NOEs of the unlabelled component, or
intermolecular NOEs from the labelled to the unlabelled molecule. Practical applications will
be illustrated with an Antennapedia homeodomain-DNA complex, and with the complex

formed between cyclosporin A and its cellular receptor cyclophilin.

References:

1..  G.Otting, H. Senn G. Wagner and K. Wiithrich, J. Magn. Reson. 70, 500- 505 (1986).
Editing of 2D IH NMR Spectra Using X Half-Filters. Combined Use with Residue-
Selective 1N Labeling of Proteins.

2. G.Otting and K. Wiithrich, Quart. Rev., BlOE)hyS 23, 39-96 (1990).
Heteronuclear Filters in Two-Dimensional [ 'H,'H}-NMR Spectroscopy: Combined Use
with Isotope Labelling for Studies of Macromolecular Conformation and Intermolecular
Interactions. :

3.  G.Otting and K. Wiithrich, J. Magn. Reson 85, 586-594 (1989).
Extended Heteronuclear Editing of 2D 'H NMR Specira of Isotope-Labeled Proteins,
Using the X(w;,w7) Double Half Filter.
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Decoupling of carbonyl carbons in multi-dimensional NMR
and some new multi-dimensional NMR experiments.

Luciano Mueller
Michael G. Wittekind, William J. Metzler, Mark S. Friedrichs,
Mark A. McCoy
Bristol-Myers Squibb Pharmaceutical Research Institute,
P.O. Box 4000
Princeton, New Jersey 08543-4000
and
. B.T. Farmer |l
NMR Instruments, Varian Associates, 3120 Hansen Way,
Palo Alto, California 94304

We explored the use of various shaped pulses to achieve
selective carbonyl decoupling. Furthermore, we developed a
compensation scheme which minimizes possible artifacts caused by
some complex crafted pulses such as the hyperbolic secant pulse.
Our search for coherent decoupling schemes resulted in nove!
decoupling patterns which permit homo-nuclear selective broadband
decoupling, e.g. complete decoupling of carbonyl carbons from the
rest of a spin system without affecting coherences of nearby

resonances i.e. of aromatic carbons,
Novel sequences for measuring Jnh,CaH-coupling constants

will be discussed some of which utilize shaped pulses. Applications
of 15N-correlated three dimensional TOCSY-NOESY experiments will
be discussed and an improved version of the HNCA-sequence (Ad Bax

& co-workers) will be presented.
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Analysis of the structure of phospholipid micelle by nuclear Overhauser effect.

(inst.Phy.Chem.Res.) J.Uzawa, T.Shibata, M.Uramoto
(Ibaragi Univ.) K.Hayashi
(JEOL Datum LTD.) K.Tsubono, S.Shimizu

NMR analyses of micelle structure of phospholipids, phosphatidylinositol(Pi)

etc., were carried out in the mixed solvent of deuterated chioroform and deuterated
methanol with phosphatidyicholine(PC). It was possible that the size of a micelle
was controiled by adding a small amount of water to the soivent system.
Overhauser effects in the mixed micelle were observed between the methyl groups
of PC and not only alpha- and beta-H of PC but 2-H of Pl by ROE and NOE
experiments. In the heteronuclear NOESY experiments of mixed micelle of DLPC
and DLPE, the cross peaks were observed between phosphorus of phosphate and
not only adjacent methylene protons but methyl protons of choline. In heteronuclear
difference NOE experiments, NOE was observed between amine protons and

phosphorus in the mixed micelle of PC and PE.
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Deuterium NMR on the Glycerol Backbone of the Lipid Bilayers.
Hideo Akutsu, Gyonghwa Shin, Toshiaki Nagamori
(Faculty of Engineering, Yokohama National University)

Phospholipid bilayers are composed of mainly three parts. The hydro-
carbon chains form the hydrophobic region and usually do not show the
identity of each phospholipid molecules. The polar groups form the hydro-
philic region and show explicit difference depending on the molecular
species. They are now relatively well characterized. 1In contrast, the
intermediate region, the glycerol backbones, has not been investigated
physicochemically very well. In this paper, we have characterized this
part by the use of selective deuteration and deuterium NMR. The results
showed that the quadrupole splitting at the glycerol backbone is sensitive
to the molecular interactions among the different phospholipids
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STRUCTURE AND DYNAMICS OF A MEMBRANE PROTEIN DIMER; 1H,
13C AND 15N NMR SPECTROSCOPY OF M13 COAT PROTEIN IN SDS
MICELLES. Gillian D. Henry and Brian D. Sykes, Department of Biochemistry,
University of Alberta, Edmonton, Alberta, T6G.2H7, Canada.

The coat protein of the filamentous coliphage M13 is a 50-residue
polypeptide chain which is inserted in the inner membrane of the E. coli host
upon infection. Isolated coat protein is insoluble in water, but many be studied
conveniently in detergent micelles, where it is believed to be a dimer. The coat
protein may be labelled biosynthetically with 13C or 15N by inclusion of the
labelled amino acid precursor in the culture medium!l. Many 13C labelled
carbonyl sites in the protein give rise to two distinct resonances of equal intensity,
suggesting the monomers to be inequivalent2,3. Slightly different amide exchange
rates (approximately 2-fold) are observed for the individual monomers under
conditions of fast amide exchange; however, various experiments show the
monomers themselves to exchange between sites at a slower rate. Amide nitrogen
and proton resonances were assigned to residue types using site-specific 15N
labels and 15N-1H heteronuclear multiple quantum coherence (HMQC)
spectroscopy; sequential assignments were made using 1SN-1H HMQC-NOESY
and conventional 1H-1H NOESY. Micelle-bound coat protein dimers have a long
rotational correlation time (tc) and poor chemical shift dispersion in the 1H
spectrum. However, many sequential ANN NOESY crosspeaks are observed,
suggesting the protein to be largely a-helical. The position of the helical sections
in the protein can also be deduced from the pattern of chemical shifts of the aCH
protons in the protein4.

1.  Henry, G.D. & Sykes, B.D. (1990). Biochem. Cell Biol. 68:318-329.

2.  Henry, G.D. & Sykes, B.D. (1990). J. Mol. Biol. 212:11-14.

3 Henry, G.D., Weiner, J.H. & Sykes, B.D. (1987). Biochemistry 26:3626-
3634.

4.  Wishart, D.S,, Sykes, B.D. & Richards, F.M. J. Mol. Biol. (in press).
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A Four-Level Quantum Mechanical System in Living Tissue:
2Na MRS and MRI
Charles S. Springer, Jr.
Departments of Chemistry and Radiology, State University of New York, Stony Brook, NY 11794

Sodium is the tenth most abundant element in living tissue.! Its biological distribution is
such that it is mostly confined to extracellular spaces. Isotopically, sodium is 100% 23Na, which
has a nuclear spin quantum number of 3/2. In the presence of a strong magnetic field, this
provides for a four-level quantum mechanical system which is subject to electrical quadrupole
effects. When outside the extreme narrowing regime (type d), the quadrupolar-effected spin
dynamics become complicated, yielding three other regimes (types c, b, and a) characterized by
the motion and order of the spin's environment.? In living systems, the chemistry of Na+* dictates
that it is present mostly as the aquo cation. However, the nature of tissue is such that,
apparently, almost all Nat,, exists in one or another of several different zype ¢ spin dynamics
regimes.23 Apparently, this is because, although there are very few true Na* binding sites (and
most of these are not "strong"), the macromolecule concentration is generally sufficient such that
the quadrupolar properties of the Na+ hydration shell are modulated by frequent diffusional
encounters with macromolecules.23 Each population of spins in a type ¢ regime is characterized
by six relaxation rate constants, all of which are quite large in the tissue situation: two of them
can be extremely s0.23 The consequences of this for in vivo MRS and MRI are quite profound
and confer both advantages and disadvantages. The fact that the two longitudinal relaxation rate
constants (R,'s) are large, coupled with the intrinsic NMR receptivity of 23Na, provide that the
strength of the tissue 23Na signal is second only to that of the 1H,O signal.! However, the fact
that one of the single-quantum transverse relaxation rate constants (R,'s) can be extremely large
means that a significant fraction of the signal can escape detection in a typical in vivo
spectroscopic or imaging experiment.23 Even if it is completely detected, the broad
spectroscopic peaks which result can lead to severe overlap of signals whose frequencies are
discriminated by the action of a hyperfine shift reagent.2

1. C.S. Springer, "Measurement of Metal Cation Compartmentalization in Tissue by High-
Resolution Metal Cation NMR," Ann. Rev. Biophys. Biophys. Chem. 16, 375 - 399 (1987).

2. W.D. Rooney, and C.S. Springer, "A Comprehensive Approach to the Analysis and
Interpretation of the Resonances of Spins 3/2 from Living Systems,"” NMR Biomed. 4,
000 - 000 (1991). _

3. W.D. Rooney, and C.S. Springer, "The Molecular Environment of Intracellular Sodium:
2Na NMR Relaxation," NMR Biomed. 4, 000 - 000 (1991).
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Visualization of Turbulent Motion using Ultrafast NMR Imaging
K.Kose, Institute of Applied Physics, University of Tsukuba

Two visualization techniques for turbuelnt flow have been developed using ultrafast NMR
imaging (echo-planar imaging : EPI). The first method employs a flow-sensitive magnetic field-
gradient, achieving visualization of a velocity component of any direction. The second method
utilizes a spatail tagging sequence using a combination of DANTE pulses and magnetic field-
gradients. Experimental results for turbulent flow in a circular pipe have demonstrated that EPI is
very promissing in studying fluid turbulence.
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The Application of Homonuclear 3D NMR Spectroscopy to the Structural Analysis of
Galacardin, a novel member of the glycopeptide family of antibiotics

(Sankyo Co., Analytical & Metabolic Research, and Fermentation Research Laboratories)

Hideyuki Haruyama, Harumitsu Kuwano, Michiko Takeuchi and Masayoshi Inukai

Galacardin is a new member of the glycopeptide family of antibiotics isolated from
Saccharothrix sp. SANK 64289. The chemical study of this compound suggested the presence
of an additional galactose moiety comparing to D-Galactosyl-8 -avoparcin. The analysis of
the NOESY spectrum to identify the site at which the galactose moiety would be attached
was hampered due to the serious overiap of the sugar plotons in the region from 3 to 4
ppn. To overcome this difficulty, the application of 3 D NOESY-HOHAHA spectrum was examin
ed. Based upon a fact that the NOE observed between protons belonging to the same sugar
moiety can be associated with the cross peak on a backtransfer line, intra- and inter-
sugar NOEs could be unambiguously differentiated. Consequently, it was determined that

the newly introduced galactose moietyl is bound at 4’ position of L-rhamnose.
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Fyar+rfEME. SD-NMR. NOESY-HOHAHA
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1H-NMR Spectrum of Gélacardin
(8.7mMin DMSO-d6)
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m Y2y Evi7) i Zws l acktra ine
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HOHAHA A
fine
F3
NOE tline
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FHV.A3FHMEDVTIR. R—=2F59{ Y HEERF-72, LEH->TREHETF~% - 14 X
128X256X256 HA4Ayb(=t1 X t2 X t3)k#%a7,

B2 (b)it, Bizimnd, HA, HB. HCA L %X 2 RIC2WT, NOESY-HOHAHAZR?Y
M EDE—70HBBRERTLTVS, 01 =0w2=03=0ATH2HNERE(§A,5A,
SAYLERBTA2RLITNIR. CHOAXFLCF2F 3WEIECEBWT, HA— (NOE)— H B— (HOHAHA)—
HBOBL ABICINELLAEXE—273BB(SA, 8B, 6B)OME. +4bbAK (=N0Eline)
LB, HA- (NOE)> HA> (HOHAHA) > HCOBRIZ L > TELLRXE -2 (8 A, 8 A, 8 CHI.
F3WIZPITLER ( =HOHAHA line) LB h2EHFH25, ChoDEXE—~27E. th¥Eh
NOESY, HOHAHAARZ A EEBHINZE—Z7ERAEMBEFATWELTTH B4,
F2®izFiT7% 8 ( =backtransfer line) LI2HMAL XYL ~7 .  H2 (b)) OWMT(5A,8C,
SAVCHETAE— 713 HA-> (NOE) > HC— (HOHAHA) > HAD A BIC L >~ TAH LY —2TH» T,
HIALF 4 yDPACHLTEZY, COBLAEY—~27BRA—-BIcET 270 BIIENOEFBME



hoHmE&., ThictHBELTHBATIRIT. I—BRECETLIT7rBONOEL . RU B8
ET270r  ACBBEhANOE#RYITI2FENLHBREE LS s,

B2 (b)iid. F1F3mMLETo, NOE line, HOHAHA line, K Uf backtransfer line OBAF L
RLTHEN . A, 2ORENS~2 252001, LORALSHLLTHSS (HL. @2
(b) T, F1F 3MLEMbacktransfer tinekbd ¥ — 273, HC— (NOE)~ H A— (HOHAHA) —~ H Co i@
BETHRITLAILER) .

3. BR %%

3.1 HLIAMLAHISZ2b-RDOKANE

B3k, 2D NMRARZVMPADOBHIC L THENBELIRETE P RHI I -2
(Gal)d7/AY w2 - 7abryhP6DdNOE, HOHAHAB®H¥RT. NOESY ., RU
HOHAHADHEHBARI ML THE, NOESYARZMA LI, NOESY-HOHAHARX
RIZMNOBFEIPSLGal —H1ES5AL/-A(Rha) -H4LRBEEhLIBLL KX~
HEIPCBHBEATVEY, Co#HRRIE, OBHEROL 7PV LEELTIHETLIBLERT S
L. NOESY, RUHOHAHAARIZ MLV OEB» LBRBELERETIOEIEBETHS., —H. H
4R, COHERONOESY-HOHAHAZRIZ WV AHOF2F3HE2RTALZL. NOESY.,
RUHOHAHAZRZ ML IEHET 2RI E— 7%, NOE line, HOHAHA linebiCHh T3 #i,
backtransfer linek Ga |l —~H2UEHRETENECRIEC~27FBMENE, LEHF->TGal -
HI1tOBEBEEN2 _2ONOELNXXEY—-2703b, KBHOAOEL—27EIH1~-Gal, H2
~GalfONOEWRKRETS . #L T. backtransfer line LB — 22852 nWEBRBOL —2
3. NOEWR I 2HULBHNM%. EiCRhadH270b 2T - Ly AB#HERTENS
Gal—-Hl: . Rha-H4ABMONOEKRETEL, ARKRhadSuXFIL - 7RbrbG
al —HIBONOELBETELEDLL, /I 7 -ROBEANEXGRIEEALTWETAL/ -
NDAMREELTWEIESBLNE L -7,

3.2 O—-2-(YRAPHIZN) -O0-B~-Na—-2DHEENHE

HIANTF 4+ CE. bI—2D 28Ry LTBEOMPEET S, 22T, KKNOESY -
HOHAHAZRZ PRI EBUXPH IV (Ris) EFNIA—A(Glc) DEeBEOREY
o, Glecn7 /XYy 27 - 7abroeFEL7bDEHEICE. ICRI s, Gal’ o7/ X
Yy 2 - 7TabrryPBEETELD, F2F3ETR—HNRRIERETH L. LAL. B5RT
Bic. F2=H1-RislBW2F1F3H(B)iCR. RistoBcETz ot rBD
NOEWRXIZXERXRE—27HBNOE lineE CHBE L (HAhER), ELT. ZHOF1HFMOLFES T
MHEH2 -Gl cTH2EN, F2=H1-GlclBPl3F1F3@LONE»LBEIRZEL
2T, 0-2=-(UYURFFIZN) ~O0O—-B—-NaA—-ADFEENBIEATEL,

LIE. NOESY~HOHAHAZRRZ PADPEBOELWHEEBONOEDHF LAY THIE
Bahot, AHRELEBWIRHATHANF A VOBRIDEZRTEMEL ZLLLTEBLBANO
EQRBIO>WTL#ET S,

BE IR

1) A, EH. &%, MREG. £, AT, XA, F3SHOFRENFLEEL, 1991.

2) G. ¥. Vuister, R, Boelens, and R. Kaptein, I.J. Magn. Reson., 1988, 80, 176:G. W.
Vuister, P. de VWaard, R. Boelens, J. F. G. Vilegenthart and R. Kaptein, J. Anm. Chem.
Soc., 1989, 111, 772.

3) D. J. States, R. A. Haberkorn and D. J. Ruben, J. Magn. Reson. 1982, 48, 286.
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JBMEESUONRNTFFDONMRIBFZR-achatin-I1& .0 & L T

C(BM)HY Y P~ FHH KEREX EBKX)OET . %H
(8 ) HX BMHFEZ, FHFE FHE_K HELEFTR

AN NMR STUDY ON SMALL PEPTIDES CONTAINING D-AMINO ACID RESIDUE
— AN ENDOGENOUS NEUROPEPTIDE ACHATIN-I -

Takashi Iwashita!, Yoshimi Yasuda-Kamatani!, Hiroyuki Minakata?,

Toshimasa Ishida?, Youjiro Muneoka?®, and Kyosuke Nomoto!

!Suntory Institute for Bioorganic Research, 2Department of Physical
Chewmistry, Osaka University of Pharmaceutical Science, *Faculty of Inte-

grated Arts and Sciences, Hiroshima University

A tetrapeptide achatin-I was isolated from the suboesophageal and cere-
bral ganglia of the African giant snail, and evoked a potent neuroexcita-
tory effect. The amino acid sequence of achatin-I is H-Gly-D-Phe-Ala-Asp-
O0H, and it is the first example of an endogenous neuropeptide having
D-amino acid residue. All possible D,L isomers of achatin-1 were synthe-
sized using the solid-phase method. The sensitivity of the neuron to
achatin-I and its isomers was strictly stereospecific.

The conformational character of this peptide was studied by NMR and X-
ray crystal analysis and it is found that achatin-I adopted a turn confor-

wation in both liquid and solid states.

i. o ¥ i

Achatin-TI X KR E WM T 7 VU AV A4 v A (dchatina fulica) DEBETREHE & ¢
BEHEHIDBBEZAEAHNBEREN®RF FIRTF KFTH B, achatin-1D 7 3 7 ¥
B S k. H-Gly-D-Phe-Ala-Asp-0H THD. Chid. D-7 I /HMERUCNER O #B
RZ7FFELITRBVWOHTH 2, TORTFRIEFTIZI7IVHAITALATLOE K 2 —
= Y (PON:perio;iically oscilating neuromd)iz X LT F r YU v aad iz kb T‘S £
KEREK2BET 2. MRIC, L-Phe 2 & frachatin-I11H BB X h A M 2% 5
CRESCEHREIBE L ENGD - 2, Dhibh iR, HMBCEHEOMEIZ® K %

]

MEHEMHERTF K, Achatin-I, 7 7 VU Hh v 4 v 4, #M#LEH. HIESY

Wb L & EPr L. RTE (2% EI2) LA »2bhE [T I N
WwibL & L. s » LS55 oyl &x>7



HHEERET-> R, 9. achatin-IDX-BE AR TR Y - HE»H Es R
DEV, NMRR L BZBEHRFOI 72 A-YaryiHMULTLAROER 2B R, T K
IDNRBREOCRBVWVEBRBBHERBEL UL T7 I =y (Rapans thomasiana) D B & ¥ 5 B %
A w, H-Ala-Gly-D-Phe-Ala-Asp-O0H % ¥ achatin-I1o % ¥k o B L T # t & NMRIZC &
P MERBFEEfT o, T0OFBEod Iz iFachatin-I HB O YT 3+ A~V a3 v %
HH2E26MB30b5D. BFHBINDSOIBEFR > WGP 2R, I TR
NHRIZ & 2 3 Y 7 3 A=Y a vy BHOERERLIZBRS,

2. ERB

Achatin-Is vV ZoMBLAaWMIE, BHELCLIDNDARLEI y Fy 7 R26-105 &
UZEHHPLCT B L ~2, Achatin-I0 B BHARBE A Y ) -V /TIF 2 v BH&
Dt RER/H & LT/ A, IMEFF — &k 8 %AFC-512 & D IR$E L. MULTANSTZ © 7
Shlck o THEHFLE NRARHBEIOMEEOBRE IR D & 5 IC25akY YNy 7
77— (0w 7H®DI 0% 103& 8 ) 2™ L. pHMI. SRR D &SICHEL A,
NMRA £ 1= 4 GE#L GN-500('H:500HHz) % & FGN-300(1H:300HHz)% Bl v &, NOESYH &
U ROESYZ iBE & B¥ERD 200-300ms & L. W% DpresatZ i & D KK — 27 %2 HEL HZMH
#E U . HOESYIX achatin-Id Gly,D-Phe,Alad®d A A K= NV EE & UAspdD ¥ C=0%
IR N LA OWTHEL R, EBEERBR G achatin-10 W 4 2 88 M
DAUBMEZAEAREIZIODOWTRZ7IIVAVYTAPADE KR a2 -0y (PONZE) £ A W,
achatin-IMB N7 FFESDWTHY A=Y OMEEIBE AW TH - A,

3. & ER

Achatin-1O X B A MH L DB oh A HMEETig. IR T, COHRIZL R
achatin-I 2203 FHKKEANI(Gly) - ¥ C=0(Asp),NH(Asp) ¥ C=0(AspP) X &
> TREIL XN, D-Phe- Alad & & 3 ¢ type II' B -turnt & % I V. & 54z Gly-
D-Phe-Alad BRI DWW TRAWMEY -turanllEER> T W3, BUH., TORTFF
B47 3 VBMBAB L EE NI WEDERPCREELR Y73 A Y a2y ERDAH
ZBWOTHZWHrEEZ XN EMN, Fig 2R T & S5KpHTT W AKBEESE LT
W35 Z L NH(Phe)  NH(Ala) NH(Asp)M O NOEX BB I h Az e R ¥ &N, 2%

Achatin-I(H-Gly-D-Phe-Ala-Asp) R
/H20 pH7.0 : f

N(4H

Achatin-I(H-Gly-D-Phe-Ala-Asp) i
/H20 pH3.91 (
N (2)H N(3)H N(4)H
9.2 0 B. 7?2 70 6.8 PPM
Fig.1 Crystal Structure of Achatin-I F1g.2 lH-NMR(SOOMHZ) Spectra of Achatin-I
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166 PPM

(@  90c  90° N@H ]
ﬂ ” : N@H o
'y WALTZ N{@)H [
180°180° 90° - —Gly'C(1)— Ce o L2
13 .
C—+ n-times ”'> Er
I. £l mixing time t2.J
(b) 90° 90° -g —-Phe:C(Z)— Qe ° _—;
ﬂ - = —Al2’C(3)— e = ° -
‘H —]L Sarz] . _ASp'CU4G)— we o Fe
= -Asp* C(4G ‘ =
t—= n-times NEB-Asp* CEG)  Nogr, andror H,0-Asp! C(4G) F
T t1 mixing time 2 T e
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Fig:3 HOESY pulse sequence Fig.4 HOESY Spectrum of Achatin-I (3C-NMR:75MHz)

NEHVWHETC-FDI V73 A—YarygElRo-»TWiddvboeEFErshk, LL2e
HH, NIWVWRTFRFTHI3NACHDZERTRIZIZESBTORZ» - 2OT.

NH- 0= CHM O RHEABKMNIEOBH M2 RS A MEER. IXT DWW T steady-

state NOEZ B M L. 2T i 2w TWFig.3(b)lx & Fcyclized HOESY®D 180° /¥ I X
EBRWAENLZAMERWEY, Thid., IRV UTHBIRBVINKNVET B S
FPOF M TFIy 7N TI2LENENAEDE, 180° WU XEFES NI WY TF I 1
PE -2 BHB3eEDBE2O0THREELLEWIOAL -2 28T I TIHERE
O T H B, Fig.4k achatin-IOHOESYX X ¥ F L 2 FFe T DARZ b AT Y C=0(4
sP)EKRE — 27 L OMTHWNIENB M I h 3, Nis+(Gly)o 7o b v RREBEOKL X
BLTWABOT, COE—- RN+ (GIVEARRAKRKEOKREREAILLIIZIDIOLE
AN b, THIZ, Fig2l R T I3V FHARKERAOELERZERADYE 3 &,
IBERAMA TRIANAENGLY) 7 C=0(Asp) KBERKAOB KBRPTHIHEET 29
DrEz2HME LEOER::ERIC-CHMIIEAHZAHEZTEL. FH8BFE D
2fIS>e. KBBERPTRFig.5(IEF T LM ELTDRNIBEINRTVDLDLHEE X
h2, ZTOMEBERFIg.IOBEBERERBEH I NDBoREABELZLISBTED., RTFF

(b)

o
Fig.5 Solution Structure of Achatin-I(a) and Achatin-II(b)



Solution structures and effects on twitch contractions of the radula retractor muscle of Rapana thomasiana.

No.  Peptides Twitch contraction(M) Conformation NOE
1077 106 105 104

1. GdFAD(Achatin-I) + + NT NT Turn +
2. AGdFAD NT + + ¥ Extended chain? +
3. GAGdFAD NT + + A ‘Turn T+
4, AdFAD NT NT - + Extended chain? +
5. VAdFAD NT NT - - Turn? +
6. GVdFAD NT NT - + Extended chain?, gel -
7. GdFADG NT + + +HH Turn +
8. GdFADD NT NT + A+ Turn +
9. GGdFADD NT NT - + Extended chain? +
10. GdFPD NT NT - + Turn - +
+++,++,4; potentiation. -2 no effect. NT: nottested *: weak contraction.

Table.]1  NOE is measured on GN-500(500MHz) by using of NOESY and ROESY method.

DEHPFFHIARBRBENH MY TH 5, achatin-IIjz 5w Tk, Fig.5(b)ic F 7
EO5%MEERISGOLELON L, MEOMBETR., FTHOEI>AXBEO®I V7
A=Y aryH T VEOREBILI>D TP ULRL220LBE _HKEPhed 7 2 = L #
EHBEBEBEAN DA FANEOREHR T FHEX22DB>OT, CchPoNcH T 58
ODTERVWIGBEREDOETE TS 5 E X 5N 5B, £ T, D-Phe-Alad AW % 3 <
CRHEL. 20 EL LELRLZYE, BELERLLOMBEARE, £ BEERR
CRBREVBEOEWTAZYOESHEIB2AVWE ChoMERTF FOHBE G
NOESY® & FROESYD ¥ — % &k D #E L 2. T OHER, Table liz® 7T & 5 {2 achatin
CFICABEEORVWEMRNERTIARTF R A 22, 22 DO0OBEOFEMEE T D
DWW D20 B2k, BEOEHTIEH-Gly-D-Phe-Ala-Asp-Gly-0H® H-Gly-D-Phe-

Ala-Asp-Asp-0HD & S o ayicachatin-I B BEOIT Y 7 32 XA —Ya syt 2WoTHW
3eEAXABNBLORODVWTRHRBEM/“ZRT L > TS 3, % -, h-Ala-Gly-D-Phe-

Ala-Asp-OB% H-Gly-Ala-Gly-D-Phe-Ala-Asp-0KHD & 5 iC NS M2 7 = 7 B3 B & 0 1F
LESOkRiE. BEAMBICLIR -—BUBOAZRLTHRMGLEC 22 & NB RS AL
PLHEORLHARBBLERL T 2 TS 3,

1l

4. X @k
1. Kamatani, Y., Minakata, H., Kenny, P.T.M., Iwashita, T., Watanabe, K.
Funase, K., Sun, X.P., Yongsiri, A., Kim, K!H.. Novales-Li, P.,
Novales, E.T., Kanapi, C.G., Takeuchi, H. and Nomoto, K., Biochen.
Biophys. Res. Commun., 160 (1989) 1015-1020
2. Kim, K.H., Takeuchi, H., Kamatani, Y., Minakata, H. and Nomoto, K.,
Eur. J. Pharmacol., 194 (1981) 99-106
3. Kamatani, Y., Minakata, H., [washita, 7., Nomoto, K., In, Y., Doi, M.
and Ishida, T., FEBS, 276 (1990) 85-97 - '
4. Bigler, P. and Maller, C., J. Magn. Reson., 79 (1988) 45-53
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NMR Study on the Absolhte Configuration of Organic Compounds
Takenoi Kusumi
Department of Chemistry, University of Tsukuba

New method, modified Mosher's method, has been designed to elucidate the absolute
configuration of organic compounds. The method utilizes MTPA esters or amides of
secondary alcohols or primary amines, respectively, and depends on the recent new NMR
techniques that have enabled us to assign the NMR signals of the protons of even a big
molecule such having molecular weight more than a thousand dalton. This method is
quite reliable because it collects the chemical shift changes of many protons, that is, it
includes much data points. Several exceptions to which the present method is inapplicable
are also mentioned.

ReBbA2BHE+ 2L s cRbFHT203HFOHTH 2, BHERZ &
kD, HESHATH S ERAOATH s 2B IcYMicss, $/4. HF
BHIDTE> AT O, TOADHORFHLOLES, ABREDZOADEMR%E
BT E2BENEZV, . NMRAXNZ P VREEET 2EBLEYOH
BEROIRNICRM T 2BV AFIWETHD. AR MAVERBD B LKL
DILEYBEDEIRBHOLO», BIKBFEDXIRBHEEZLT VWS %R
FERWUICHLZI EBTESL, COZELS, NMRARY bvid [HHILE
VOB BT ENHEZ,
BEDODFT—NMRZAR7 broissic s, 2FBEX 100028 3L
REMEBACEYOBERE O > TE i, Tik, ADBBENMRR R 7
PLOBITIC X OBERE LB TEORKSRILAYOEE 2R T,

Ny OH

N
OH H,,
A, o
H e H H H
c~OH WN n Me PN AN AN N
; /¥{7%% "
o ) N
]
H 5 H ToH
HaN-C-NI

] Tetra. Lais., 1987,
NH

NMR. Mo she r#, #86EE. XAY. MTP A
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—%. NMRZR7 b iz dbow 2BERITCAEE WS C TR Mwm <.
WSO DDORRITREMBEAEBLTVW 2, aREETR, Z20MED—>TH 3
NMRARZ PR IZEFERILAEVOBUEERE~NDO7 /o —F KD VTHEX
%o

ToRT Al & Bl ¢REVWKEREOHMBRILHIBTHS . FIXEIDODAD
B2BEHETRLETEE,. COABELLOBEFE >TVWEIOLERD 32 &
BTEIV, AlE Bl ETRERGERZ L, AHHFs2ECH >ELTHR I\
BEHCHZOPEHCH 00 EERTEI V. —H. A2 REAGBTBEKLS
BEFavixs84%2LTED, ChEBERCTEE B2 BBPICH-LHTH 3
CEBFEAH B,

Al B1 A2 B2

AERLZET LAYt >VWT,. NMRARJ TR ZFOHENEEETE
RETBIEBTER NV, T2bb Al BDD» Bl BOHEHBZ I EBTER L,
AXE. 10X RYEOEER. BREOHENRZEE bED..-BECRE T
ZCEHHRBZITHEAIN, 1RBOS 1 RROPENMRANRZ P VTHIBZZ &
BRAFETH 3, L AN, MBELETIATFREABTRL LM EBERS (F
avRX7594) BHUEREESEELRO O NI TUERSHZ, T ETHE
e LT NTPA & (2802 ) ZHVAHWSEEER Mosher & LTHIS
hTW5B, 7 MTPA BOESL (RE/HIRS) BRI TREBREEATWV S,

Me Pgle
N O
@ 2 OMe
OH OH c

F3

1 1 2 2'

MTPA B2 2H\7 NV a -V REAESEDIE. E LA NPA T XAF VI A OLD
Ravzard—vaviEELZl BV 2r0ERTHOINATVSE, A KRT
(-)-MTPA TR FALEDWTik, MTPA RHE BT iFcEO LN MES 2 T2 b
VRRVEVERORFUBEBDRCIOMMIETEYTRF VAT — { (-)-NTPA = R



FUDOLDELE LTERBEDN 2, & O NTPA FHOEATO{LHY 7
FDZEEFFH G B DM Mosher ETH 2, HROFETH 7T Va—LOBOE
BMEOAEY 7 OB REBLILLD, +2REEESSHZ LRV AR b,
BETR. Z2RITCARI P NVEEDEEEOF 7=y JREDGFHDIREA
EOTa b vORBETIRICE DU /o Z T, RARBBETE -
1B TDOTa b vIROWT, FN oD NTPA FHRIMNT ZMUE (£4) &{EFy
7 OB EEBHT B [ Nosher F] AT LFLOWAEEEZER LT,

{ HiMosher BE& X )

9. AFEEFEER BTV -V EGH RV Da-* PF Y-a-bY 70D
AFNT x = VEEE (MTPA) =R F AV ic®ES 2, KL BR7EDH) MTPA =
RFNE () MTPA TR F L ETR. R VvEVROMENER LA, £'HOD
BEREVROZIHFCESH S, BETR, COIERL>THEL 2HHD 'H
D rXrIANy7 POEERHOCTHRINEEE2RET 2, v77bb.

() 27ra—ndD ) R () MTPA T A FAER2WVWT, THZ£hHh 2D
NMR HFiCk VT ELXBTEHO 'HORBEITHE OV, & ' HIZOWT AS {H (48
=8, -8, EXKD 3,

(2) MTPA 2 Efll, b= 7ot v2TFHlEL, 4650 O 'H -7
25, a5<0 @ 'H 7' v— 72 EMicE { (Figure [B])o

3) BFDavI s rA—vaviEEI A>0 O HINV—THERK
MTPA ODHER ., a6 <0 @ 'HIZV V=T HBEMIIEKRTHBD . As OHeXEH
MTPA RIEWEAE ., BLVE/NEWT L 2HEET S,

MTPA xR 5 VR4S 25 Figure [A] DA v 7 4 2 —v 3 vip b K& FHhiBE
ik, ASfH BLTIE (A) v £/, IE. EADENZE WS X2 &N
B, COFEPBEHTERVWC EB DI, $1bE, RO FE &L
LCOAFETRER O 'H 28+ 258, Lo BN, RBAET et
LTo#E. AEBYETE 3,

RR—=JI, BAOHECIDBENEBZRE LIlba®E. F— 7 L iR
To WTFNDIEES 48> 0 DT/ b v e A DT bvEBEFRFN
NTPA BEOLGRUVEIUEBELTED., As {HOMHEXMED MTPA B L OB IEUT
INELT>TWBZ EBE M5,

COHEDOS SV ESOREHIIHEEENMRRARY P VOEREIR LD Ing
DY v 7 rBH0EFThE2FS L, 5600ug OF VYT 20WT, FhFh
RBLU S OMTPA =R F LV EFHBTE LR IVBUEEOREBAETH 3
CETHDB, aLAFE—NWUDHRFTHNE, 2IRTTARZ P LVIRE DDA
DLEBTH-> TOHEREOO vt vORBEAEETH S,

¥ 7o, ¥ Mosher Bl 27V a— v 2ET (L&A BHTEZDOTIR
B 7I/BRO D, L OREROBBRHTEZIEBADL->TWV 3,

—H. 2T NV a—-VEFTRLLAYTHE>T b, KBRESITENICAZRZS T
W3 & EidHT Mosher EMHEHTERVWC ENH B EORWK L, WikESE
DBHEINT 2L MTPA BOEEL 2 (0] OBMBRBHENKEaY 732 —vavE
MR RB37:0EEbh 3,

- ARLEVMOHNEB2RET I MOF R FEE L Tid. X BRI, O &
BHRIGNTWBHB, WFh bEH LOo&Hnd 2, B4 OS5 ERFR Ui Hikid.
o OFEIE LTHBNRZBE 2T 2 e BHEs N2, £/, COFE



HBEENZY TR (HRRETERORAYORNEERECEHE ATH
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I. Ohtani, T. Kusumi, Y. Kashman, H. Kakisawa, J. Am. Chem. Soc, 1991,113, 4092.
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Paramagnetic NMR of Metaloporphyrin Radicals--In Relation to Their Unusual
Electronic Structures and Reactivities-- '
Division of Molecular Engineering, Graduate School of Engineering, Kyoto University
Isao Morishima

Abstract: We have studied the metallo-porphyrin and -chlorin = radicals which
afford very broadened or no distinct ESR signals due to an enhanced electron spin
relaxation and have therefore remained open to the detailed characterization of
their electronic structures. The paramagnetic NMR is best suited for such systems.
There are two cases for such metalloporphyrin n' radicals with enhanced electron
spin relaxation in which (a) the unpaired electrons of the metal or metal-bound
ligand and the porphyrin or chlorin radical are more or less magnetically interacted
and (b) the metal center is in a diamagnetic state, but the n radical orbitals (HOMO
and next HOMO) are nearly degenerate, or combination of (a) and (b). Several
examples of such systems wili be shown with implications for the reaction

mechanism of some heme enzymes.

U BHIC

HBADEBEN 74 ) VKD a AF AV BI T a 7T2F YIS TVANMERVFFVS
—ERA I T E R EDANABERT L 70— AR LOBFREANLABHE S L ITRL
SHAPLE EOBEL, BTEBHICE) KIDFREOE TV E L TEEKSFD 2R, KV T4
YV MLED—DDHRLHEREL 2o Twd, EBELD, Fl2 T, B, BLHFRNVT 4
DUYRTRIZOPHIIEBETREILDON, T OBE, BEXHEOKRLBEERFT
HEENZ20O0, EHILRENLDETHEIOVWTESOHERToTEL, #HIZ. £
BENI AN 3P ANIBWTEFHEVFRTHEHE (Flaidalu KL alu
KEBEFHREBELTVD)  DE2VERLEBEVIERETHLIHAICIE, EFAEYD
BABMIEL 2V EFDESREF ALY MR EH, HELBIOKEZEBRV 74 Y
VITVANVEERENMRZE5Z, TRHIZE-oTRIEDTEFDEFBEIIODOVWTOHIRE

F—-T— F EBRENMR, €BRLV IV TIUI N, N2EBEERICTEE

bhLE B
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BLZENTELIECEBLTE,

FHEETIE, WOPDORRLEFBELETAIHAL T4V I IVAN, Thbb
(1) alu, a2u REIFBEBEL TVBEHEIMELIA VY ahF4- 5T H0,
(2) ~2afRERICHBEEFAE L TOHZMEAY —FF TV RALT7 4 ) ST H L,
(3) BRBERTEBEORbEHAGTFVE LT bo v vgkeflizva) v a A F 4~
VAN, BTN (4) 1ML B2 T = I VA NOFEIREICH 5 ETEK
BT 4) VB, REDEBRENRE ZNIZL ET(EFEEIIOVWTHERS,

1. EBFRLV T4 aAFFLITVHAADatu. a2uBFRESAVNBREDE
(1)

BNT AN DA VMICBERESFZLZVOEP (#2757 ZFNEVT A4 YY) Dah
FAYI VAN aluREE, AVRIZT2 oV EE2EFETLTPP (Fh3 72080
T4 V) dalulkEr LB,

F 4, Ru(II)CO(OEP), Co(III)OEPD » A F 4 I VA NM v v — FThEMKE SO
FYNMRANRZ PV RB 252 E5RBWHE LA, 2OBES, PLEBEIREETH AR
BerPANThaIbr0bod, Pry—T%arysy s b7 L7270 M NERA
BRlsnzold, ERICRT L) a7 VA NVHELNZ T/ EnextHOMOBLE L FE IZ:E
WRRBIZH D, foTalu, a2uP 2D F YV VIREFBAWIZELY, EFAY Y OBMM
EEREPEV 2V - FPERTEFAY YV BHBHIPEL otz b BR L, ¥V 7
AV Y REOIDORLRBRBEIPLEBLI T, WAy, YAV F, BHREH
UIERIEIZEoTh b b T LN TED, BRENEDOH LR THL Y,

OEPDOAVHIEBBRELY — DT OERL LTV IRV T4 v ahFt T
ANDT I HNHEREDHRICELT 22 ERENMREBAVTHENAL, MEICRT X
Il alud a2uF VANEEDOENE, BIETEAVE, YO-NVEZEULEFAYVEKE
Bl BETERELALCVERESFHLIETHL, TOBEVEEFHRENMR A~ b
WIZBVTEREY 7 POREEDENE LTEHESN S, M1 KAV EEKEZEILL
OEPBIUEDAVINIZ 72V EE—2HA2 VT " 2BALLb DD 3Mflir 1 F4 >
FUHNWODNMRERLL, AVREBROBIMEA L2 LA >T, AV ~DOERME
VIIMPELLARELS D, COEMEBRELC I ATOABTH o7, TOHKR
HOEPOXAVNMIZBREXEAL TV LI VA VEE a lud b a2ull B b L Tw <
TEERLTWAS, T/, E/BH, VERGCOEHRMENMR Y 7 F 0BERIIZF 2
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—AlICEDL T, alu, a2ulREVPREPICRI VDo RBICHEIEEZRRL TS,
CONMRY 7 MOBEZEEEYI 2LV - T2 LPOBMREDTAIVFT-ZL Ao
THEZAR2DE B Y alu, a2uF VANVBBEDOZ OAF —N—PRI - TW5b,
Thbb, OEPOAVN%EE/ BT SL a2 (alu) . b2 (a2u) BLEITEEHBEL.,
WA NIKEBPBLADTH b,

—FH. BV T74) v O—20ER - VRFSBELENZ20) v OHK3IMiahFA VTV
ANTiZa2 (alu) &b2 (a2u) SVANVHBEBILSEALTBY, 2 VBRI
LoTEDI/OAF-—N-RBRILTEIWL a2 RKEIZHLZLbDR o7,

2. $3MBAV—EFOXSRLT (UL ORREEFWELBMREORIGE (2)

ERDOX VIR BREN:BENV T4 VEKIRRICEZSIVELELZVDE, F0
IBLD—DTHEA—L FOFIRLI4) Y (BVT74 DRI KEEILENT)
HEERADANLFF VT F—VBILEBNAPLBHEBE~NOANLARBRICOTEEE L TH
LATWE, ZOEMILEEFI LWL TEWREEERTON, FL2ERENR
W74) VOREDEHN (KO- VRO L) ERETIOPEHLPICT L2012, &
3fixv - Fu¥* Y OEPOBFHELHA,

BREHBTTARLZZOLAWDOE Y SV BEBPTOEFANRY bV 21, &3
HARELVTZ A4V DObDEEFRED, ESRIFRT, ARANTT AR PVIISk 2%
RLTW, #FCTNMRAR MVEZHETHAEREHEBM 1 11154 ppmitKkKE
CEBRMMEY I ML AVEOTIR by Y 7 FUFBEEN, SRIEEVT 1) Y iZa T
TVHNBER L TWBIEERRLT VS, COIFTHNIIHEADBEDSRER LA FEE,
CYVIVERFTAVNOKBEEN 7O PV BELZ ) L 72 V28 —8T
STFABE LA 2MAF IRV T4 ) v STUINTHLEREEIRT,

FANMRYZ M Fxa2) —RBlCiEDLT (1) TRRALAVE/BBRENV A Y ah
FAYITVANERMB, a2 . b2 STUINVIREFFREREL TAWNIZE Lo TWE I &
Bbhol WEZIDZODSVANDEFAL LV BEOFHEL LI EAVFEFIVHED
OO -V e RELDO A ACVEEIREDODRELL R, RREBRHIITRENTEEE
SGFTORERMN L ABMICHETE 5,

3orAYAH2ME IO s AFF ST HIDOERENMR (3)

GRNT4) VRO NSOy v, GAVYNTTF)F IO VEEREE
ROFHEELTELCEMERTHE L. EMEES 4+ %2N0, N0, N, ZBTT 5K % M
Wb, COBERICHICHEGEL LTH2ME= PO Y VERPFEETLILBRVAES
NTVEH, BEBBEBVWTTROVWThOBBERZLIOLERAL20, RELEK?2
sk —BFBRICERYOREL £0EFHEE T FHMENRE BV TRET L7,
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HKIM- bV VERBALEETH SO, RELK2MESRE —EFBRILLEZA

ESRARZ Mg L7z, —HNMRAXRZ P VidKE ERMES 7+ (40-200ppm) L 72
VP NESZ, 20U VRFB SR T MO VA2 A Y a hF AT VAN
WMERLZEER L, NODEFARAE Y70 ) VREDETFAE Y EOHEERATE
FRAEVOBMBEIEL 2 ONRARY VPRI S NOTHE, 347 V7D
ErLINDTTVINEFIIRL,2LEOTWEI EXFbhol, /2. COFBMEI 7L
VT FNDF ) —BNCEL R WCREKFEIE, MA Y O BICHCYRBEETEHEEIER
PERTAHAILIZEIoTYIalb— T BIERTEL,

Tl MEMFELTAIVYV - LVERAVSEE, bV VE3firo) VEENTE
BT L, CRIVBERIEBI A VTR ERF T UPEBMLZEEROCIIBNT
rhFFITVHINLLDROLLAEIMI ) CERHET A LAREBIND, B, A
YN TFUF o0 YEKTREENFVEHL2 LILP2boT 2 F+ 5T HNVDA
ERL 7,

4 BEFMEBRNL T4 ) D EFEOERENMR—S1@ERL T U @G 2@ERILT 2V
CaTZALS ThHLD?— (4)

BR2MAEN T4 ) V2 —BFRBLTAHE MBI IMRL 7 1) VHFERT S, Th
ERICBRICIREBTH A 2MENT AN v T 2F I IVANIEDL ) RBEICEKT S
P FREFEDLIRBEBFHEEIEI) BoTVwb0D, REXRANLHIT1 L FAKA
VILE/ BRHK(IDEPO—BEFRTLAEDOEHENRE AN, BAOBREOPFTEF
HHIMDO= hOEE X VMICEAT S —BFETHBEIREL IV 2 Py T P LARY
TAN YTV HNVEREONMRY ViS5 272, TONMRANRY PV EFERLZESRARY b
NELDZDO—BTEEBEGEIMAL T4 ) VEG2MRN T4 ) YT 24T HN
DORBEERBICHD Z L2bho 7,

Sk

(1) #%B. &M, #. J. An. Chem.Soc., 106, 7666(1984) ;F%EB. . P&,
Biochemistry, 25,3576(1986); HE##. #FHB. ibid., HMEH.

(2) %8B, ¥, M. £, J.An. Chen. Soc.,108,3858(1986) ;. #B. ibid.,#&%
e

(3) /NE, BH. BB, K+
(4) WO, #B. HMAE
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ONE-DIMENSIONAL NMR-TAKING A LEAF OUT OF A WISE MAN'§ BOOK
MASATSUNE KAINOSHO, TOKYO METROPOLITAN UNIVERSTY
"Unfortunately, many of the hard-won lessons of the past on how to squeeze
the most from a sample in a particular spectrometer are sometimes ignored
or forgotten” (Sanders & Hunter, Modern NMR Spectroscopy, Oxford, 1987).
We should realize that many chemical problems can be solved equally well
or even better by carerful application of one-dimensional NMR spectro-
scopy. A few such examples from my lab will be given here in order to
show a breadth of NMR information, irrespective of their dimensionality,

has not yet been fully explored.

R2id, AR ESICH Y SBax . Wuethrich BRSO OBBEIT EZBL T, DT
ZRTINMR OESF N VAR ETHOL, EHOLWVWLBOTHI2O2BEHT S
EMRTER, ULAL TERAH OFELHL, EANHUEROER T HMITHE
LT OHERBEBRID LBRBLALBRCERIELDERTRAMNSD 5. K
OWMMITHArboT., TOIIUMAELIXRAFAT A RRUCHANCTFENE
NZRXVWERSIHAOTHE2, FHARASOUMFATLHSII2BAMEAERE» S 20 &
SUBEBTHRHEELZKHEEIL, BRELLWHERTHI SV ES3F LoD, 20
BERALFTEELHL, AIBBRLAL—RINR 2AVEHRANEERLTEZ M ESD
ARBEMTHZ, BL, SITFTHRBRLTEHFOBRTNR FEER WAL ELT
bAEBILLRBSNL A LB ERERN, WHICLUTNR AR PAUDSHKEHET I EN
TERLDPEDVWTHBEHENBFBLZI I LOTESZLORIMNDTH 3,

[T BV HHEUEER>DAFORMENBPERSZ CERBAS TV

BMIZARZBNR AN PADPKRRIBDODTHEUCHBEIHRTIBAND S5, &
BoOoHELTR, WbwadY v - F—-LVRDCso ( 75V 2V ELRENRZ) | R
et onBBAENFRBITFONL L) REAKEDI TR —LEHWTHBC0e0 HET
ODRFENEMTHO., R—FD'*C-NMR Y7+ NV EEBEX S, T0&5UWFE&. EL
CHEEHECILREETHAL, BRTNIR BEHALIRZ P A OHERR %
BI2RBANIXERBOTIENTES OO, ZOLI T TICHMALIRY
PV ERLUTRABASHE L, LT, 'H- BHBECEROABRIAL, T05H
FRRBRTOPUHN—DELITHELELASTS 3,

72 LVAFF -9 V#Ek, $SI . SuoFT7 -+, DEALS (. x- BORE

Mol EIR-Ie i e}
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AN 520 L LRI BN, Feldnan S5 - PF= VBEMBY T =V ED
TAHYVERBEBRDO'H-NMRAR 7 PASEBOI I VLA FRERESRAE VT
FLEBA B EARB UL, 5 - I 7L AF KREEAY S =L (U0 ) # &
ERBMTH5DTH S5, NMR Y27 TV ORBFHFECEMWME L - cFhid . Feldnan O
BEN2C(B-TWwasesWohicli, MEARR-LRBCESVT” RE"
éhfhf;%&{t@ﬁiﬁ@ﬂﬁt:&éo,ﬂzhz:ﬁizﬂﬁz::@%%ﬁ\*ﬁmaz&y b
NORERTECEORBNE., TFAMEL HTFHO CHEEOTF LS T LT T
AW ATACHBINEL s S v - IBHNOBUTHRBEC S5 & 205 A
Tl VI D BHITITS60MHzP500MHzE E O M MIBNIR R BOFAIPLATHRS
S bDD, BLEELBES - DOEID 'H-NMR 2R 2 AL OREBEVEE &
TOBENSBONEBERABRTET 5 ERC S, EHRIELTL B,

(1] EAAS VAN BECRENBTY DR D NS 3 '

BaNI U NIBTOFT — A4 v EE Y —SS] OHE LB T BNR R
FHBLAORBRIEUERN O LITHEN, o ¥4 v — &L T23kla oFEWRED
SSI TH S k) $ VN2 RTHBN, 7ToF7 - EoWLHETIAT8KIa © TE
K1 VNI BENBSSI DAL - BELBEA,SBU ST 5 & HNEA
OBREWHKEWHTH »fc2, BLWABENIR Fu—-—T&LTHAOBE, >EH I L&
ZABREOC-NR VI FANBUNL, 2, FEILUB SV SN2 BOEH D
FZLVEENR Y7 FVRBEFRCHAIAT WAL > et HEZERT
BHICREHF O ENTE L, ¥
(a) 7IFAZOBAZEXBREEOH LV M & (DEALS %B):7 3 R&EA O W I
FZVNBEV IV F AP BET SIERLOKENERECERT B2 itk b AEHE
YVIPTBIEWURTFFTRASGA T W, F N I7HEEE VTR EREELH
TELBDESFORMEABORNNBET 5. Bk -BA(:1) BRICEY 57
WEZNVREV IV FVNOEFRRBORBENALTIASORAUNTET S 5,
(b) MM O MEHE( x -angle) ORE: ¥V N/ ROBBHI &Y B HERE
HRARAECLES LTLIN, R CRINAEEARBE LTHBERTFHO I &
BEEOREND 5, %G‘:\ FSURIREEREOUGEEORBENIBN FHOMER
. ENSOUHRELBEOMNENSSCOREARD SN T 5. H-NRY 7
FAUEHLBBL TR SZ MIITHE L C- /7+1b%$lﬂ¥!b'c_mﬁmﬁf&xtzﬁlkiﬁ
ERD, COXSIHREMEFMAT S ERTE B,
(c)Iﬁﬁ:ﬁ%ﬂ:@&tﬂju—jtL‘Cd)ﬁlbt_llz”cNMR ST F N W E
_;bﬁéﬁ/V#-)v@ﬂ:#/?b%ﬁih&%#t‘wjzfa é:chct09//\7ﬁ®3~:
PHEOE L EROEBERR T IBET O - T L LTOBMBATES &8 1oy
TuFr7-FYeroBESEBRICHEBELEWL., 73 VEBER  -LFBEH - WHOA
A UMLRER EHANEREHEBETSSS] ONUBEL LB L ERETE S,

X ® :1) Feldman, 1. et al., J. Amer. Chem. Soc., 89, 49¢1967): 2) Kainosho,
M. & Takahashi, M., Nucl. Acids Res., Symp. Ser., 12, 181(1983);3)H %3
SE. FECEERBE. B 18 (V2RI L 151(1990).
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Complete Assignment Technique of Unequivalent Methylene Protons

-Application to Poly{(3-Hydroxy Butyrate)-

Kenji OGURA and Kunio HIKICHI

( NMR Application Laboratory, JEOL Ltd. and Faculty of Science, Hokkaido University )

In order to assign unequivalent methylene protons, we use the long range '3C-'H coupling
constant instead of 'H-'H NOE. This method is applied to poly(3-hydroxy butyrate).

FERBLBBEIZIAFLY 7o b YEBENFEZTMIC LI BN EFH2F LY b rE
"HMOPYFNAEUEEESER (3Jw) 0k 2KarplusRENOEZFMBALTRHRERTZIRAAMEY) (3
~-kEkpFy7FL—-+) (PHB) C2o0WTRBERZELZY., LdL, NOERSEHUEOEWHMEN
BRICEKETZZENATHD, H603RABICO VT, COFENBATEZI LR VWIRY. 2T
B4 CCE'HEMOUE Y F W AEVEAER (PJcw) 2FHFL, ChitouvTKarplusX2EAHT
CEREDFEZHEAFLY SOV EREANCRBETSFERZERL L.

R4 ZnFFE2PHBIZHEBAL, NOER - HEGLAFOHER2BBIIENTCEEDOTIIL
B&ET 5.

PHB (Aldrich$, ¥H 5 FH800.000) 19ng%0.50lOCICL: BN ULE TRTOEBLIBULT,
HHEBEE220Clc®Eok. LWT AR MY ®IEOL ALPHAGSQD (' H TR B H WE00MHz) Z2H W THEL
. 2®m'iCuvy Ly IAM AR MV EIECL EX400 ('HH G E B B4008Hz) ZHAWTHEL
7=

Fig. lcPHBOAFRE ' HIRTEARZ MV BIUZTOREZET. AF L0HVEDET unilild,
BEBHMAFL DT 402, EERBROAFL HMN5.7T2TH>%# PHBO3IMEHIY 747~ (trans
(t), gauche(g), gauche*(g*) ) ZNewnanniRERLICLOFig.20 LS5 EETD. 50 FELMER
#Fhe2hPt,Pg,Pgred 35, transfid®TJun® Jth, gaucheflD*Jun% Jghk T5%L, EHIAEY
BAEBTHB T al, JBHCDWTHTORMMY T 3.

PtJth + PgJgh + PgxJgh = Jal
PtJgh + PgJth + PgxJgh = JgBH
Pt + Pg + Pgx = 1

BoveyiZ £k %% JgH=2lz, JtH=l1lz2FfA Lo nXE2M< e, TFig20HaMHREBRUESLTZL
(Pt,Pg.Pg#) = (0.42,0.58,0) ¥4 h, HANEBBMES T 5L (Pt,Pg,Pgr) = (0.58,
0.42,0) 2 & 3.

KL, 28R COV VYT IHMART ML (Fig.3) o xFLyFu by e iF V' CHOSB
BLTO* T cwilERAR L. Fig.3HSBBBM LS. o0, ERBM 4. THz2 RN TED 2
hoDERI HERABHEOEDEEBID NI VWHEEZS>TWEY, CO—BOERT HEHEBSR
BER-FULRELEEYD, *J@OoOXRNEBRCREBEXETSHB. 20T *JwbtHBGORM Tcul
DWT HHILT 3.

PtJgt + PgJdgl + Pg*JdtC
PtJtf + PgJdgl + Pg*JglC

I

JaC
JBC

il

KV (S-bbrkpFLTFL-F) /FHEEAFL Yy TO by IRTI VAR

BB DAL UVEBL-LSB
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Pt + Pg + Pgx = 1
Pegx=02BVWTCHR2EET S L

Jte - Jgt = ( JBC - Jat ) /S Pt
B Marshall“' ok B &, JtC>JelTHB3 D5, "CORMRUTIEDLREK I B> T alTRT’
hiZksd, EoTAFLYy 7o bro>bBRBUESNFig.20HaTHY, BRBUBSHHAT
HBL@NMICRETE 3. LEMBST, aY 717 —OBREREE (Pt,Peg,Pgr) = (0.42,
0.58, 0) T& 5. :
CORBUEIELMAEZNOERIZBAMBRE-BLTNS. *JonfBEZRHTZ @AY V- &
hESFERBEEDILBVWTEBTSHD, CITHEULEFEN NOERIXBZIFHEIDBARYKED
RTEALTW 3.

i
Il
~0-CH-CH,~C 3 ('?O éO
HC o’
] CH ) ] .. CH; CHj " HB |
a a
H,0 : ' : s ’
. L .
trans (1) gauche (g) gauche*(g*)

Fig.2. Newmann projections of PHB.

(a) (b)
25 20 185 8o 25 Wo @S 80
] _____—________ﬁ
[ . .

i l Fig.3. The methyl region of '3C long range
4.7Hz . ~ 3.5HZ| - J resolved spectra. High field methylene
T T proton(a), and low field methylene proton(b)

are selectively irradiated.

b S

I)N.Kamivya, et al., Macromolecules 23,1313(1990).

DJWHER, BE-—-X HEXEBTF-o- X 24, 37(1984).

3)F.A.Bovey, "High Resolution NMR of Macromolecules”; Academic Press,1972.
4)J.L.Harshall, "Carbon-Carbon and Carbon-Proton NMR Couplings”; Verlag Chemie.Int.,1983.
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“Structure Elucidation of C, Molecules
from a Viewpoint of the Non—equivalency of Equivalent Nuclei in NMR

Jun Kawabata, Eri Fukushi and Junya Mizutani
(Faculty of Agriculture, Hokkaido University)

Structure elucidation of 92 symmetric molecules by NMR ‘methods sometimes falls into diffi-
culties in distinguishing two equivalent nuclei. As to a pair of equivalent carbons, however, an
asymmetric 120/ C isotopomer of 2.18% natural abundance is only detectable in 13C NMR, since a
13C/ C isotopomer is rare. In the same way, equivalent protons are also distinguishable as
12C-H and l3C-H in the 12C/13C species. In this paper, we propose 2D 13C—coupled HMQC-NOESY and
HMQC-ROESY sequences as well as the time-saving 1D version of the latter for detecting NOEs
between equivalent protons which have never been observed by previous methods. The stereochemi-
cal assignments of naturally occurring C2 molecules, cycloshizukaol A and hopeaphenol, were
achieved by these methods Detectlon of connectivity between equivalent carbons in a C2 molecule
by distinguishing JCH and JCH is also discussed.

LDz

CoRNBHDFICR2o0%Mza-y FPEET 32D, HEREICBEWTEER
BORXIPBELREZENH D, AR TIINMRFEEZ P CORNMEBFELHL.08%E
BEWS LA LUTSHEEERIL ZMEEEBN T 3. CoF T Eflindo
DOEBROBHN2COFFQ)DMEENDIT.8%% DB, ZHid!3C NMRIzRH XN
ZWDTEATBE. —FA2C, AN COBFD)NTED DI8.4%% K. Mh
OO F(C)IX0.63: HELMVES ERL 33, $42bb, 1°C MRTHHL TH
Z0RERAFHZFFO)THD. ThFhOL=y FORIUNTEETH S, KRIcD
WTHICICEE LAY T Ly b3 e 2C-HA) & C-HB) =X JT &
%o ZDCAHITFONREIIENFHMELFIA L. RMC4Feycloshizukaol ACL)%
hopeaphenol (2 )DHEERITIZIGA L 720 RIS, HERFTRBHAFTRETH - %M
Z7a b EIONCES M %, 2D/1D '*C-coupled HMQC-NOESY(ROESY)Iz & DAL L 72,
FAZSMaEREOES% LSPD, '3C-coupled COLOCRE #HWTEHML =,

12’/,H H\ 1 2//HA H\ /H H
C 12C C 13C 13C 13C
= (99.4°%) | (o s°/.,)

(b) |

Fig.l. Three isotopomers as regarding a C-H site of a C, molecule.

keywords: 02 molecule isotopomeric asymmetry equivalent nucle1 HMQC—NOESY HMQC-ROESY,
INEPT-LSPD, COLOC HMBC. .
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1) i a b HEONOERH

FEEDONOEZER XY PS>, 2D NOESY TixEfiz 7o b o MONERAIZT X2 W

. Effiz7o b 2C-HA ERC-HB)E LTEH L. ThsDMONEL{LEY
7 FAGEWT D b U ONERBIEE LTHEEFI N 2D '*C-coupled HMQC-NOESY!’
RISALTERLE, TOFETIZANCY FF %25 2570 b Vi 3C-H(B). *
CHEOMILBEIESITTNEY VF V252370 b i32C-HATH D, (BiX
HF54 MiBl. WDt ry—IBIcHETREXhS, EBEZOFETILES
W1EHMELEEZAH-6/1-6"H K UH-9/H-9" IcNOEABRE LS BeD 5 M (Fig.2), 128
WOOAVRA—Yav(RETDIIENTEE,

L |
.

PP

©w
3
-
-

L 7"'R

Ty T YTy
75 70 8.5 50 5.5 5.0 4.5 4.0

I
%5
I

tl x|t T

T
‘iA“A] A22A Arif

[1 BBl

Fig.2. Part of the 2D 13C—coupled HMQC-NOESY spectrum of 1.
Negative cross~peaks are marked by arrows. The mixing time was set to 0.4 s.
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Fig.3. Part of the 2D 13C-coupled HMQC-NOESY (A) and -ROESY (B), and 1D HMQC-ROESY (C) spectra
of 2.

Negative cross—peaks are marked by arrows. The pulse sequences used are shown in Fig.2 for (A),
and under the spectral panels for (B) and (C). The mixing time for each experiment was 0.4 s. A
2.5 kHz spin-lock field centered at 8§ 6.7 (B) and 7.5 (C) ppm was used. The 1D HMQC-ROESY spec—
trum with the selective excitation of C-7b (C) was obtained using a selective 13C pulse as the
last m/2 pulse of the 2D sequence. The evolution time t1/2 was fixed to 1.8 ms.
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Fig.4. The INEPT-LSPD spectra of C-8b Fig.5. Part of the modified COLOC

of 2 obtained by irradiation at the spectra of 2. Ha 3 HB1
central peak of H-8b (lower) and at (A) 8,=90 ms and A,=45 ms 12] JCWBI IJCH
the spectral end for reference (upper). (B) 41=55 ms and 4,=27.5 ns. éi;"—“'ég,
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REIRTWEpo D, S EH-9/H-9" BICNOENEET 2 Z e I EAD,
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ROEAEBEN S ohEZ NS ORBEFig.60)DELXMIEH X NE, FEEHEEE
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Fig.6. Perspective view of 1 and 2.
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NMR Study of Pyridyl- and ﬁhenyl~substituted Effects

for n-Butyllithium-pyridine adducts

Akihiro Yoéhino. Norimasa Nakamura and Kensuke Takahashi

Department of Applied Chemistry, Nagoya Institute of Technology

NMR spectra have been observed for seven n-butyllithium-pyridine
adducts substituted by 2-pyridyl and phenyl groups. The structure and the
substituent effects for delocalization of excess negative charge of
adducts have been investigated. For 2-pyridyl substituent, the excess
charge were delocalized, while for phenyl one, the delocalized excess
charge were unexpectedly small. 'H and '®*C NMR spectra of n-butyllithium-
bipyridine adducts(1:1 and 2:1) show hindered rotation about the bond
between the two rings since partial double-bond character is increased.

On the contrary, phenyl substituent behaves like a free rotator.
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proton decouple . 'H — '*C selective

'H=-!'*CCOSYARITPMIMVEYWTFLEE,
BLEYIIMNIBRROE -2 (THT :

'H

1.75ppm ,

ISC

'H 1.79ppm , '3*C 26.40ppm ;

25.40ppm) 2 XMWY U THWE,

Table 1 E@BHHhEL ikt HAKD''CLhESTMNEFTDOEERLE,

Table 1 '3CNMR chemical shifts of the adducts and the differences

between Li form and H form. (in ppm)

(o) Ca e Cs Ce AT, ACs AC, ACs ACs

la 91,16 WIT 16.28 argy 18G5 48R -16.94 1,39 -3.05 15.76
lb 52.48 115,05  124.90 94,10  134.27
2af 58.31 97.04  127.68 86.78  168.26 5. 32 -21.86 2.64 -7.90 26.55
2a7 59.15 97,20  127.68 87.37  168.26 6.16  -21.00 2.64 -7.31 26.54
2b 52.99  118.90  125.04 94,68  141.72
3a. 59.25 97.10  129.13 88.69 159,19  6.36 ~-23. 94 4,40 -9.21 17.21
RE-PY 58. 86 97.10  128.53 83.06  159.01 5.97 -23.94 3.80 -9.74 17.03
3b 52.89  121.04  124.73 97.80  141.98
4a 57.81 97.16  126.69 88.31 156. 80 4.59  -18.43 1.73 -6.36 12.83
4b 53.22 115,59  121.96  94.67  143.97 .
Sa 58.68  101.24  124.27 99.97  150.59  5.87  -15.10 -0.39 -1.07 17.79
5b 52.61  116.34 = 124.66  107.04 132. 80
Ba 58.10 94.87  144.86 89.79  150.93  4.94  -17.09 7.80 -4,63 15.60
8b 53.16  111.96  137.06 94.42  135.33
Ta 57,178 97.37  124.00 91.21 161,19 448  -29.31 2.66 -4.90 17.99

b 53.32 126,68  121.34 96, 11 133. 20
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Table 2 The differences of the chemical shifts at para position
4. 5 8 NA
Ad o, - 2. 765 - 7. 63 -1, 80 - 8. 5 8
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An NMR Study of Stilbene Dianions in Solution.

Terutake Koizumi, Yukihiro Yokoyama and Osamu Kikuchi

(Department of Chemistry, University of Tsukuba)

The dianions of cis-, trans-stilbene, and trans-4-methylstilbene were prepared
in THF—d8 and their 1H and 13C NMR spectra were measured. The NMR data demonstrate
that the two isomeric stilbene dianions form indistinguishable species even at -70C.
From the coupling constants obtained, it is concluded that the configuration around
the central bond of the dianions is not fixed at the trans-form but the
intramolecular rotation occurs about the bond in the NMR time scale. While, the
chemical shifts of two ortho and meta positions of phenyl ring of the dianions are
nonequivalent, indicating that the rotation about the a¢- and ipso-carbon bond is
restricted even at room temperature. The charge transmission into the phenyl rings
is almost governed by exact pm-pw resonance interaction between the a- and

ipso-carbon.
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a) a}
THF—de
THF-d, N
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1! | H I |1 { S
10 T 5 2000 150 100 S0 0
8y / ppm 8o / ppm
Fig.t 1H NMR spectra of TS and TSZ" Fig.2 130 NMR spectra of TS and Tsz"

in THF-da at 400MHz. (a) TS at 27°C,

(b) 82" at -50°C.

in THF—d8 at 100MHz. (a) TS at 27°C,

(b} 782" at -70°C.

a)

a)

THF-d8
i
b)
| | 1
b) ‘
10 g 260 150 100 50 0
5y / ppm L / ppm
2 13 2-

Fig.3 T4 Nur spectra of CS and CS°”
in THF-dg at 400MHz. (a) CS at 27 ‘c,

(b} cs?” at -s50°C.

Fig.4 C NMR: spectra of CS and-CS
in THF-dB at 100MHz., (a) CsS at 27°C,

(o) cs?” at -s0°c.
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Table 1. Proton NMR Data of The Carbanions and Their Precursors at 400 Milz

Chemical shifts/ppm coupling/nza)
Compd., Temp/°C ortho meta para a ortho meta I3 Me 3Jau,
5%t 27 5.02  5.88 4.71 2.96 : b)
5.73 6.21 .
~-30 4.98 5.78 4.59 3.0t 10.8
5.60 6.11
-50 4.96 5.73 4.52 3.06 11.0
5.55 6.06
=70 4.93 5.68 4.45 3,10 11.3
2- 5.49  6.01 :
cs 27 5.02 5.88 4.72 2.96 10.2
5.73 6.21
-30 4,98 5.78 4.58 3.01 10.4
5.60 6.11
~-50 4.95 5.73 4.52 3.05 10.9
5.55 6.06
-70 4.93 5.67 4.45 3.09 10.9
. 5.48  6.01
4MS 27 4.89 5.79 4.64 2.79 5.02 S5.79 2.95 1.75 9.5
5.70 6.18 5.79 6.08
-30 4.87 5.75 4,55 2.83 S5.01 5.75 3.01 1.75 10.3
5.60 6.11 5.70 6.03
~50 4.87 5.72 4.50 2.88 5.00 5.72 3.06 .1.77 10.3
5.57 6.07 5.66 6.00
T8 27 7.57 7.35 7.24 71.21% 16.4
cs 27 { 7.18 - 7.29 ) 6.63 12.4
4MS 27 7.55 7.34 7.23 7.14 7.46 7.17 7.19 2.35 16.3

3

a) Measured from the 1 C satellite spectra with accuracy of 10,3Hz, except

fcr.4M52'<and 4MS. b) Not availlable because of broad signals.

Table 2. Carbon NMR Data of The Carbanions and Their Precursors at 100 Mlz

Assignments

Compd, Temp/°C ipso ortho meta para a ipso ortho meta para a Me
TSZ- 27 140.7 103.0 127.7 97.7 59.7
117.9 131.6
~50 138.8 104.1 127.4 95.5 61.4
117.6 1311
-1 138.2 104.5 127.3 94.8 61.8
2- 117.5 131.0
cs 27 140.7 103.0 127.7 97.86 59.8
117.8 131.6
-30 139.4 103.6 127.5 96.2 60.9
17.5 131.3
-50 138.8 104.0 127.4 95.5 61.4
7. 117.5 1311
4MS 27 140.5 102.6 128.9 97.0 56.8 139.7 104.6 127.7 102.1 60.8 21.0
117.9 131.8 17.2 131.7
30 139.6 102.8 128.7 95.7 57.9 138.5 103.2 127.4 102.4 61.9 21,2
117.6 131.86 117.5 131.6
-50 139.1 102.8 128.6 95.1 58.2 -138.0 103.2 127.3 102.6 62.2 2t.2
117.5 131.5 117.5 131.5
TS 27 138.6 127.4 129.4 128.3 129,5
cs 27 138.3 129.7 129.0 127.9 131.1
4MS 27 138.8 127.3 129.4 128.1 128.5 138.1 127.3 130.1 135.8 129.5 21.4
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P5
BHEPOMGILFECB T 5RMNER T, OFIHE VI
—ranrTIAL FDOI YT A=Y a3 VEBF—
(MEEXR) O XRH BHEET SEHE

APPLICATION OF RELAXATION TIMES 'Tl -TO STEREOCHEMISTRY - IN
SOLUTION VIII ‘ ' : :
—CONFORMATIONAL ANALYSES OF TROPANE ALKALOIDS—
T.Sai, M.Sugiura, N.Takao
(Kobe Women's College of Pharmacy)
The relaxation method using selective (Tls) and bi-selective relaxation times (TIBS)
have been applied to Tropine and Atropine. Their conformation have been discussed
on r,; derived from cross-relaxation ¢ ij and t c; The ¢ ij are obtained from TlS
and TlBS and the r c are from 13CT1. In the CDCI, solution, the piperidine rings
of Tropine and Atropine have the flattened conformation.
[iLwic] ,
Atropine, Scop.olamine EcfEFEE& D oy Me\
Thnuad Fid, TeFNIY CERERE Y
BRERLZEBEREATILONE L, 20BHK
MTNaY T A=Y a vicown T, YA
FEDMEET, ThETITLELDBRILL
nTwi, -
LAEEHE S, TOERERTH L Tropine & Tropine R=H
UR&EBREOO WL Awopine 2V, Atropine R=COCH(C4H;)CH,0H
BAORMSBELETS TP 2 A2 HECL o T, N
CDCLHFTOENRENNI Y 7 4 X — 2 3 YT &AL,

L =RiG) =Y Nipy +p* ' ’ (1)
T} ;

%13? () =Ri@H) =Nioy+ Ri@) = Njoy + 3 Nipjj +p* (2)

1 ' i S
Ri(i) - Ri() = Nioj; S o (3)
ojj = 1/10 Y28 [61o/(1+40%1) - 1. ] )
%=——@£—5 | (s) -
NTFh @yt

selective T, bi-selective T, cross relaxation Tropane Alkaloid

O&w ryhw  FE3IS xR A nbB

—121—



coﬁ&u\n{q“;bﬁﬁﬁﬂaﬁmmﬂuxorib‘%@aﬁuﬁﬁ@

l%ﬂlbﬁ%ﬂ%rch@MMﬁﬁiofﬂHﬁﬁﬁrﬁ%ﬁ&ty377fx—‘
VaVvBRCHIBETAbOTH D, '

(5] ‘

NMRO % & Varian VXR-500 (‘H;499.84MHz, '2C;125.70MHz) & >, 1CT,
REBEOIRER, TS TBRERBRELLANVAY -, YA AVRIEET o %,
Tropine, Atropine iX i 0.05 mol dm™ T CDCl, iZ¥E L. BA¥ A, BHLTH

YINVE LT,

(R EE]

Tropine B U Atropine DEWP TH IV 7+ A=Y a vy 20T, FXHEBOMNR
EhB0R, ERYIVBESDIAV T A -V a v ThHb, MICRT LI ILE
Zchair B, boat RIRU'ZDHEOflat BN I DoDI Y 74 XA~V 3 v DUEEHES
Zionnd, XBERBITOFERIL. Tropine, Atropine £IT % % flat 7% chair

BMEroTwa tBESRTVE,

Me Me Me

Sy Ny Sy

S ~on

OR

OR

1 chair flat boat

K1 by ERESOBCT 0BRE. ) RickoTHLNL PIEERL
oo E2,K31T1, ERYIYREFOHIC oW THEL %2 T S, T PS 0 BHE, £4
RO RLNVBONLERERM o R Lo ELIRID ¢ OFHE ( Tropine
8.65x10712/S, Atropine 2.29x10°11/S) £ &4 D o ij’“ﬁ WT, (HRPLEH IS

%1 Tropine, Amopine OHISE & 7z BCT, RUE A HBOND

Tropine Atropine
- T,9S NT,C rx10'ys TS NT,C ¢ x10'YS
C1 671 671 818 224 224 208
C2 303 606 9.05 102 204 230
C3 642 642 855 217 217 215
C4 303 606 9.05 .01 202 232
C5 671 671 818 219 219 214
C6 311 622 881 096 192 243

C7 3.11 6.22 "8.81 0.89 1.78 2.62
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r. mmrfbsa LTESIR L XESKEEINI DOWEEI L T4 2 —

kOW'Cﬁ}%ﬁﬂﬁ‘Bi‘fﬁ‘én%rjcalc%‘rL?’:O ZZTELNT J°bsmh
«f%zﬁﬂ@“%b@# CDCL,LAFCOBEMIV 7+ A=Y 3 THE, ol
rij"bsa:aoozﬂv@ J°31°%tt&l, FOMHBERAR-LI A, KDL LS
PFEBLND,

£ 2 Tropine Mg & 1L7:T,5,T 2

T,% TS
H-1,5 H-24a¢ H2,48 H3

H-1,5 7.28 6.84 6.54 7.28
H-2,4a 3.47 3.37 2.56 341
H-2,43 3.36 3.19 2.51 3.10
H-3 7.12 7.17 6.79 5.94

#3 Awopine DFISE S 17T T5S

T,%s TS
H-1 H2a¢ H2p H3 Hd4a H4Q HS

H-1 2.62 2.49 250

H-2a 1.14 1.11 0.87 1.14

H-2p 1.21 1.17 0.87 1.15

H-3 3.20 3.12 291 315 2.89
H-43 120 1.14 0.88 1.16
H-5 2.63 241 246

4 Tropine, Atropine DR ZE/RA o i (sec’h)

Tropine Atropine
i j c ijxlO ajixlo c iJ-xlO g .x10

H-1 H2a« 0087 0.08 0204 0.205
H-24 0.156 0.161  0.192  0.291
H-3 — —
H2e« H28 1.030 1011 2749  3.269
H-3 H-2« 0068 0058 0074 —
H28 0279 0249 0308  0.455
H-4e 0068 0.058  0.047
H-48 0279 0249 0331  0.434
H-4e H-4p 1030 1011 2.990
H-5 H4e 0087 008 0333
H-43 0156 0.161 0249  0.297
H-3 — —
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85 oo kyBLNLLS ROV oh0aY TS

x—?aytowfﬁ%%?wibﬁﬁén5%w§

Tropine Atropine  chair boat flat
i j rijobs /A rijobs /A rijcalc /A

H-1 H-2a  2.56-2.56 2.60-2.61 2.53 2.81 2.81
H-23  231-232 246-2.63 250 2.31 2.40
H-3 — — >4 350 >4

H-2a« H-273 1.70-1.70 1.64-1.69 1.80 1.73 1.73

H-3 H-2« 2.67-2.74 3.08- o© 2.53 3.13 2.95
H-2p8  2.11-2.15 2.28-243 250 236 227
H-4 ¢ 2.67-2.74 3.33 2.52 3.15 2.92
H-4p3  2.11-215 230-240 250 2.51 2.28

H-4¢ H-4p8 1.70-1.70 1.67 1.80 1.85° 1.87

H-5 H-4a  2.56-2.56 2.40 2.52 2.82  2.63
H-4p5  2.31-2.32 2.45-252 2.50 222 233
H-3 — - >4 3.67 >4

#6 rijobs c‘:rijcalcﬂﬁl‘EBE%ﬁRz

boat  flat chair
Tropine 0.889 0.962 0.717
Atropine 0.819 0.901 0.556

Tropine, Atropine 3£ flat BIASR6IZ/RT & 9 iCboat &I chair RIIC KX, RIF% M
HRON, flat BINEMN Iy 74 A -V avThHrEELLNS, X boath! &chair
B Clidboat O FMHBBRBMRE HAKEVWT EN L, flat Bl & boat BlOI THEW
TWBDTREVWHEEZ LD, Tropinek Atropined TIREBREROKE &2
PRODENSBCOPPLLT, 20V T xA—-YaviidbEhERALN
ol

[Z &)

CDCl; # T D Tropine & U° Atropine®3CT,'"HOT S, T BS# fiig L. H-H MME#E
Tij rEHL, EXYVVUVREBOOEN IV 7+ A - a VIO TRE 21T - 72,
FOFR, ERYVUVRBEFSOBM IV 7423 i LA boat BT E o7
flat BITHBI LMoz CORKRR, XHREERITTHOR T2 ERIRET
DaAvTFA—av, RRflah chair B Lid, PLEILDTH B,
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Significant Paramagnetic Current Effect Observed on 1H NMR Spectra of
Some Diamagnetic Transition Met al Complexes

Toshikazu Takahashi, Kazuhisa Hiratani,

Industrial Products Research Institute.

Anomalously large shifts on ]H NMR signals assignable to the protons located at a close proximity to
the central metal ion in several dlamagneudc Ni(ll) complexes, are rationally explained by dommauve
influence of paramagnetic current mduced on a metal ion by magnetic field. The differential shifts for
some proton signals of a Ni(II) complex (4a) compared to the Zn(II) complex with the same hgand
(4b) has been estimated semi-quantitatively, on the account of unisotropic magnetic field formed by the
single average induced magnetic moment on the metal ion.” Further, the induced magnetic moment hés
been calculated for Ni(ll) complexes by means of Popl‘e‘s treatment based on perturbation theory
applied on a simple coordination field model, yielding a good agreement to the experimental results. v
Finally, a classification of transition metal complexes discriminated by its d-electron configuration and

co-ordination geometry which. will arouse large paramagnetic current is presented as a general rule.

1. 3oz

KRN EREELOMAE— 2 Y b SEHEBRERETBI S 7 b ST 0, %5
CLEORBORBEET (RHFM) Lo wTHCRETCESEOMENL 54,
BLUVEBKFOAPATEL, —F., RBUESEEBEONMRARS PV id &) E%
CHEESRTVEIEL ELLYT, EBEAF VY LOFRBAET—AVIDEERD &
ANY TR ERTEE., LR PO BRAELCO VTR IRE T o B0 &
LA SR TWED o 72, '

zi

M-H) = 2.46A
. L OWO
: 7

M
Z
\/2 3
j (M-H) = 3.12A .

= 3a M=Ni
P M=zn B M=2n
3c M=Cu
] 4.5ppm low fleld shift 2.7ppm low field shift 0.9ppm high field shift
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BARBEE, WS2»0FH4BNERBEENI(IDEEDODNMR AR2Z bV
BU T, Ni(IDIESE (H3ABA) LTwa!H#icsayryas, it 2
Zn2+if:GiH+§§WE,It§iLT§,ﬁ‘IZj§3722?'7}‘. (#4.2~-0.9ppm) %® R L.
LAhbékompmMEMIcEE LR AMETHIZS 7 P T 2BERVWELE, TS
DREFZAFEY7ZIPIFELELTCEBBLOFHRMEERIILIIFEBA T AV %
FABHEI(BHEHATCEIZCERERVAE LT, #ET 5,

2. VTN BBEELR I LPERTAEFOFEBAE A PILLIEAR
BAEE1D1adNMR ARZ MLIEZBWT, ERICEELZ7T0 P Y iZiiE
Tav 7 Fvid12.Sppmc RwE sz, DibodErasrobvoysdu
PHM4 2ppmERBELTFLTVE, $L2a0ERCAELALXF L YISO}
YOV T FAME2bED b2, TppmiERIB L TP LTV EEHRESA TV S, 2)
- H. 5%%3_50)}{20)~‘/7‘—)-)wiﬂr"1‘62n(ll>)5‘*1$3bJ:ltiﬁibfo 86ppm
BRI FLTwE, ) CoR b BEFHEACNIZT A Y EERELAZTD
PR HRBTA2EFBRBS 73T 203 KERwEERTL,
R4f3an 7O PYOR, 2VEA-Ta OB YLECLIAEEY T FOEL
L EEZLNLIMBMH, Hy HH2» Tk, TRO L) KHEAS O HH
REFEu=1.19x10 28" (cm HoBAE-—X v I "EBLEFREN B & B
ABEEVIIDTIONU L BRI LR 2, BB, ABIIBW TRER

MEELDOBRE 2V TR YFDLEVAE, e FY FREFERERWEZINLB LD KE
4)

Y 7PEBVT, PERYVEBREEIIEN TH L2 I LAFABEHEINLTY S,
Rl. 2y 7r0xBBMLEEHEBED I &

Aol oy; - 0z,) H, Hy H,
found (ppm) -0.86 -0.29 -0.27
caled. (ppm) -0.85 -0.24 -0.19

572
(AcOXMEBMBEBEE LAV, ) T% “’“wem =2

3. BATOLBREF L RESNIBERICLIARATE— AV b
PopleDHEEIHRIZCLDPE, MBI BPNEDIIERFLEEFOREBIC L » TH
BENIMAEE—AY bR RORTRENLL, D)

B gt B e (1)
u'd.«a=-—e-<°|rx(ﬂ><r>|°> 2
o 1( ) 2 {ggszzg p, QL Exqzl,pz} ( )H {@LML@}

para™ 2\2mc " E,-E; E,-E, 2mc - E,-E,

(3)
TBIITOLRIBFOAEHRBREEF/ATH o, T BHALRVEBEEEMNRL
AVTwa, (2)REMER. (REBUATH S, ERICHIAL 2HOFS
HEABE Chbd, A FRRBUBVIRATFHEORORFLOBKE— A ¥ |
NDEEBYITZ-OHERED THEHR L 22, CITHINL2EOHORERE, ¥
EhLEMBEAOAEMBECT 5, |
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(3) RBBLBAN SR ECELIRBLERCET L TB Y, BERBE
HPIBTHFRPOELBOL L LDERBONN + MY TSR L E@EST 22 £ 10 &
S THELS, (3) DE*ERICEAD I, REREE SHEIREO KB BE K
LEDIANE—DNLBE AN, EBCH., BLVHERKE-BEBEREAKCE L
THTRAEEROI-dEB L E T HRRE - Db oL b BELFF 2 LD, 1o
THEBMUERZ 2T O LI LEEBE 2T A4 Y TREAEFAEC, Ni(I1) £ 4+ >
(A D LI LR EEME D OA A VLBV COABELBEEROEE LSRN D,
Zn(INBBEIBIANF-ORBEBRBOEBLIANI L ERUBEO R B S
B, 2O YVOBAFERMBTANI(INDEKEEVEL b2 EZEL6NE,
HRLEBUNOEREFEARALLETIHEETE - A Y PIZD2WTHZa(ll) ENi(II) &
DEFAIVWERFEINSL, R L L TZn(ID)#EEENI(INNEEEDILES 7
DEBEBIZMELC (4) X, $2bb (3) R H, d-dEBBICET 5,5 R
TAHILELNFTELTHD)o (d D LdBN, d ZEDIR)

e 2 0 S G

d (4)
4. NI(INFHIBCERBEEE S LB 2BERAE XA P OEREHA

(4) o |} WOE*ERI2720DI1Z, CCTREVHEZRENTFHRACED
WEEFVERBT . REFHBRICS2FE4RMEA (D,,) P@toRF
BERBLIEE3IDLIICE S, O3B Bu (dxy—dx?-y2) . Eu (dxz—
dx?-y2, dyz—=dx?.y%) D2 HEOBBIBANBIH L HEE L BB S 5,
FRNFRLOBBIEHIETZ2ED || A3 BunEBIZIOWVWT

{dulLiddty®y’ k)

AE] AE, (5)

2 2
T+ &8
Euno BB IZOoWwWTIiZ

2 2
ity (dyalladdetyy’ k7
AE, AE, 4E; ()

B H
Ehde TFDk|, kyRdEFHFEER L
CEELTVASA 1., BRETFE~emy By E, + ﬂ
cTWVEHER1IIVNASL EBHEET, (4AE)) (AE,) i
MU MmAFREEREINE, kOBEIXAEFED
Ni(IDSEFITBVWTIR0.840 50,98 % D

HEEBEENTVE, CCITHBHERD d
Wk =k, =kt WES B, TLT IVl

AR FELTAEAYUNI(IL) #BOBK 22 z

BRARZ PVRTRBLILAEVPEOOR d% X y

RELLL, BCOBBRINLO2HO whz NN
N

BRBRIANF-HMOERAEVw, £ZTC &3 N ‘N
ST 2EOEBBIHIET 22N
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2 2
efn 4k
Hy=Hy,= 2(5—‘) 0o
meh A (7)
) 2 2
h k
My=pu = =)2(_£_)H0_
P ame T g (8)

COFEBRE-ATVPMIZEID, BETIENI T EILLEY 7 FiX.

{(300.;291 - l) ,uxx+( 3c0520y- l)uyy+( 3(‘05292 - l),u“}

olang =-

3R’H,

2 2
=__1:_5(2i:?) (—i—:—)( 3cos292-k1) (5)

CORTHRIMARSZ PV bRDAAE=3.761%X10 '2erg, k=0.93& L TK
W, 1.19%x10°3%m3chy, coMTHEI a0 T PHB LSBT TE
BILH20REORLAEEBY Thod, 2B, CCTRERVF LI KT 3L
CkDELZED 7D, kOMOK L A2HEBEULEL>DPVWTDOIHRERFFTH 5,

5. WMo BB RSB LB IEHMUEROBEO TN
BHIILOBBERORMEBAC BT IERMUERODRCOVTERT 5,
RELZBFRERBAET AV IPELELZEH/HELTR, (DEVEHANEBTFEBRBNF
ELMBRCHIBETFORBABBLZONME DML 2 b LAFEEL. (i)
BRAHIHECH T AL ORMNMSEZMB T B Ldbhr v I L XL EL 22,
(DO XBFERBETHEFEEBEC b0, BELRVEZIRZ 0, MR E 4O
HHEP, T HEMELOBETR(DOEEPBL IR D, KELER
BAT-AYIMEHEBEAZVESL ),
BOKELEBUBROBBIMBESALI0R, O, 3 TR CEVHRNE
bod'st, T iR ERcECHREE b0 HBTHE, 0200~
ARBVTiR, ALABNAOHAERE— A P2 ET2BEFHF 2Lk b, BB
BT MHREEH U B L LB THTHE. RELFRSALIEREER O
KESE2FNFRNOUHBOMENRE T IIEFOBRI>OUTHFEL, RiCF &,
%2, BRABBBOERNEROE S

P Ta Oy B

p S o) o .o BOE TR S

y: = o 5 ATWELEERIEBRKEIESS,

y; 5 ~ S AMF—-FEEL2LFTILRNFR
, EOMB. FEOBBICEHEL

D O o @) 34,

1) E.Kimura, M.Shionoya, S. Wada, T. Takahashi, Y. litaka, J. Chem. Soc. Chem. Commun., 1990, 397.
2) S. Trofimenco, J. Am. Chem. Soc., 1967, 89, 6288.
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(AzZaYR&ED, BTk - HIEZER)

Deuterium isontope shifts in dependence upon C-H bond lengths

on '*C NMR spectra

Yasuki Nakashima,Moritaka Fukunaga,Hiroyuki Kanada,Keiko Suzuki and

Kensuke Takahashi (Menicon R&D and Department of Applied Chemistry,Nagoya

Institute of Technology)

We have studied in deuterium isotope shifts nf aromatic compounds on
'3 NMR spectra.In this study ,we propose a new application of deuterium
isotope shifts.

We measured deuterium isotope shifts( "A .n=1,2) of various aromatic
compounds on '®C NMR spectra. 'A show a linear correlation with C-H
bond lengths.On the other hand 2A on the compounds with hetercatom don’t
show any linear correlation with C-C bond 'engths.Interest is drawn in an
influence of heteroatom on 24,

Generally it is difficult to evalvate C-H bond lengths by any method ,
for example , K-ray diffraction or electron diffraction. We concluded

"A measurement is one of the ways to eostimate C-H bond lengths.

[#)

'Y"CNMRILELZMEBHT2EAXERNVGEHRET. ARV PMLORED. RIE
EBHRBROBHICEHEHRNANTI A - R —-TH52 B BATNVWE, —H, ZhETD
NMREMGEY T FEIBO2DPO, ERLFHRSI A -2 - oHBEPFREATHD
A, FOBBECD " TRRELCIMHEAATWE Y, F0rd, FOHFLVWIEHF
BErRAMNKS7NOBBOBRBHOEDKE, ELHRADBELEATHLD,

BRaxld, ThETCLFBRCLADOBKRERANEKS 7 BT 2 —EOFRET
ITHTETHWS, AR BT, *CNMREBTIERKEHMEY 7 b H
LoBH®ERRET S,

R2xEBRAL2FERELEYDO, "CNMRIECBTIEARRMEKS 7 (A,
n=1, 2) *8EL L,

key word: '*C N MR, Deuterium isotope effect ,Bond length

arlFE PTE-SLDN BYVES-HIRE VADE-FTTE T -
L TATH

—129—



COKE., FEERETO 'Ak, HETH2C-HLEAKER (recw ) oM
FEMMEFBSAL, two-bondE KB A 7~ ( 2A) KMLTIk, C~C
BEER (rec) EOMBREDNTHUHEREEATHINY, RAODHRT I
MERKBFELELEHICODVWTREBPEINE S AR A -,

C-HREAERR, BEFOMMBERATZ®E (XBEF. TFREFES) ko
T.B*RMHB23 23— BEBELHWLEhTNHS,

EoT, '"AFMESTBILR,. C-HELEREARMIVIFROD—-D LY B
5,

[£R)

FRALLTEB, BEXKRIRNGOLBENBLADPT v, FEKLEDERT,
EOHOIRMLMEBENF T hE, BRKRESIANLGKRBEELT, BT L7 L
AVHEDEBETTD, OLLAH/ DRBREHBICEL>THBE,

CNMRHBEWE., VarianX L — 2 0 0O F T—NMR & ¥ (50.34Hz) 2w T
ok, TOM, FVANSBELIREZEIEDIC, WRRIFERBARCBEL
THae- k., F—2F 4 P EEF 32K, WEBBR2GW0H22 0T, FTAILHM
BBIX0.15Hz/point(3ppb) T H 2. A7 MV FoRBRBOF %R, Fig.l KR L &,
(KR EB%] :

'AIR194~373ppb (F—2H20), *Al51~218pphb (F
-4 %23) oWHTHBS AL, ZO#KE%E. Tablel, 2IC/iT. oL
DRKEZR, FYVAALIREISERAT, T HBRCHABLIDBOTH S,

c4

4
s A T A

Fig. 1 '"*C NMR spectrum of pyridazine in a 5wty NaOH-D , 0
solution. Two upper traces show deuterium isotope shifts.
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Table 1. One-hond deuterium isotope shifts ( 'A) of aromatic

compounds in ppb*' and C-H bhond lengths (Re.« ) in A optimized by the

MNDO MO calculation.
coapound

pyridine

pyridine-N-oxide

quinoline
quinoline-N-oxide
isoquinol ine
pyridazine

furan
thiophene
purine
benzene
naphtalene®’

)

phenanthrene®
benzo{c]phenanthrene®
azulene ¥’

tropylius ion *

observed
carbon
c-2

oo oaao0an
Y
L I I G A R I SR Y

solvent

neat

heat

0. 1wtXNaOH-D, O
10 wtXNaOH-D: O
methanol-d
1wtXNaOH-D, O
wathanol~-d
SwtXNaOH-D2 O
SwtXNaOH-D: O
neat

neat

D0

acetone -de
CHCla

CHCl,

CHCla

CHC14s

acetone -de
acetone -da

€Dy CN

a) Error are estimated to be within Sppb.

b) Cited values.

‘A

351
298
268
252
336
269
361
314
296
225
194
237
283
310
280
310
270
246
332
373

Table 2. Two-bond deuterium isotops shifts ( *A) of aromatic

compounds in ppb*’ .
compound

pyridine
pyridine-N-oxide
quinoline
quinoline-N-oxide

isoquinoline
pyridazine

furan
thiophene
benzene *’
naphtalene®’

phenanthrene®’

benzofc1phenanthrene®’

azulene *

tropylium ion ¥

observed
carbon

C-3 from
C-3 froa
C-3 fornm
from
from
from
from
from
from
from
from

from
from
from
C-3 from
C-10from
C-8. from
C-1 from
C-3 from
C-1 from
C-§ from

solvent

T
gil

neaat
neat

@ a3
v

wethanoi-d
1wtXNaOH-Dy
aathanol-d
SwtiNaOH-D:
SwtiNaOH-D,
neat

neat
acetone -ds
CHCla

CHCL s

CHCl

CHCla

CHCla

CHC!»

CHCls

CHCl»
acetone -da
acetone ~de
CDy CN

[
1

ReeLT
.
o U e oo9 oo

[t

v

- R N o

N
V

v
cCouDooDOoD OO Do

@ o~

a) Error are estimated to be within 5ppb.

b) Cited values.

0. 1wtX¥NaOH-Dy O
10 wt¥NaOH-D: O

0

1}
[

-]
Re-n ’ o
°
1,085
1,090 °/ o
1,082 :
1,089 o0 °
1.088
1.093 300} oo
1.087
Loss T °
Los B ®oo0
1,084
1.079 < ° °
1.087 °
1.080 o
1.091
1,081
1.092 200-
1. 081 \ \ -
1,082
Lo 08 i) Ti0
re-u()
Fig.2 Plots of 'A vs re-n . A
correlated straight line is expressed as
'A=814X10 re-y -859X 10 with r=0.806.
A Reee °
120 1411 200
106 1.404
128. 1,400
106 1.404
124 1.438
117 1.420
109 1.445 '.é' °
51 1,411 3
105 1,401
213 1.390 "q
148 1,368
111 1,407
120 1.383 1
120 1.400
120 1.383
80 1.427
120 1.365
70 1,451
110 1.388 °
1 1 1 1
100 1416 138 140 142 144
108 1412 X N
96 1.400 Fe-c(A)
98 1.406
Fig.3 Plots of *A v8 re.. . White

and black circlas show aromatic
compounds with or without heteroatom
respectively. A correlated straight
line for latter circles is expressed as
A= ~635X rc.c +998 with r=-0.875.
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renvs 'A7awbE, Fig., 2T, re.d BMNDO MOKICEY
B#EtLrz@ETH5,

TableldF—R—ALBATR|EICEY, R (1) 285,

'A=8., 14X10®* Reyw —8, 59 (1)

(1) O BROBERTETHZ2L025H, re.a MhELSBRBEY, 'AdhaL
BE, CHhEBLUOMGEN, E/EBRAZ Y CBMLTHEEATHWSEY, B, sp
S RFE., sp? REHRIL., "Adrcey KBRLKEKEFELTWT, TOHELRABFESTH
B, LAL., Fofic 0w T kELBEND B,

UbEoRRE, James onSFPRRELTWABEMES 7 NEFLY 2, WL
¥RLTwE, M, 'AoETIFRE, C-HeC-DESOERMEODKE
EORFVELSYUNMRAEAL LA -V ITORMBMPHUEARIPRELOIBE.,. REL
ORMPHAONBIC -DEAOHBATHIVRRICEL Y, REZOEHR: B
matBHEBORMNKS T L EFERITEOTHE, L. L UBMSEWC -—HE
ETR. BRI LIVDPDwERERETEIRSE, BT Z2C-DESOBETS
WTEFDELLODEAVWREIYV DL VHEDELE, FTOEBRELT, 'AXEKPT
SbEMRTEL,

B Ak . DBK

[E =2 W -

re.cvs *PA7HE Y F%RFig, 32T, 207 uy hTiR., 'A0BAER
2T, BREBNBS AL L, LAL, ATOERET28E2 0w R0 2Ry HEE
TTiESardel lab "o THREZA TR EDIZ, EEMEOVERERK
YBo5hs (Kb, @TRT) . Col, RAOATFEXHOT 2adB£0. 01
AOBETr. .- PR3N TED,

ERFEEO TTh, *»RECEIRFPY I2F2LLNE, EF-D2HE, AT
DEFOREBRHEBEODRZINED AR IT TR cRADBTHHRICLEEZ
RIETHE, AINKS>7bcEER 26 LEETEED, £ -2, A"TOH
FORNMFHOREYN, BRRNOMBF LY HAEHL T, AMNK> 7 P2 ELZED
ETHEEHOTH D,

reference
1) D.J.Sardella and Alyaa Emad El-Din ,Magn.Reson. Chem., 27, 253(1989)

2) Y.Nakashima and K.Takahashi ,Rull,Chem.Soc.Jpn.,in press(1991)
3) €.J.Jameson and H.J.Osten , Am.Rep.NMR Spectrosc.,17,1, (1985)
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RUNTEDOHEEE 'H NMRIEE Y 7 + O1EY
(BTK-I. vz74 Qllg th)' RETTES. W, M.P. Williamson

Relationship between Protein Structuré and 'H NMR Chemical Shif li Dcphrlmcm of Bi‘olcchnology,‘ Tokyo
University of Agriculture and Technology, T.Asakura and M.Demura, and University of Shefficld,
M. P. Williamson.

Absrtact; The chemical shifts of a-CH ptotons ( 677 protons ) have been caleulated for ninc proteins, based
on coordinates taken from high-resolution crystal structures. Chemical shifts were calculated using ring-current
shifts, shifts-arising from magnetic anisotropics of bonds, and shifts arising from the polaﬁzjng cffect of electric
ficld on the C*-H bond. The parameters used were refinod iteratively to give the best fit to ( experimental -
random coil ) shifts over the set of 9 proteins. - A further small correction was made to the averaged Gly C*H
shift.  The calculated shifts maitch observed shifts with correlation coctlicients varying between 0.45 and 0.86,
with a standard deviation of about 0.3 ppm. }

e

2UNED'HNMRIEFEL 7 F 22 OFRFEEN S+ EECESEFMT I EMT
Fhid. 'HILZEL 7 FHEWE. REORREbE LD, REOKA—/S—noF—HR
NOE, AU UHEHATER. NH7UO M U OREE 72 EDNMR/N S X — 2 — L HEHHEJIC &2 v %
S EOHERITIC RN C ENTE D,

CHET., 20N VEFOFERMOLOREFMREHETIC L ICEL T, FHCXF U
O'HILEL 7 B OHEETHETE 2T EMATINTEX,. Uhlihs, THOHE
Mﬁ%ﬁkﬁkmmm a-CHEXIE. NH7O } VR EHliT2 C EMPETH S, TDHA.

REBHRLUMNC, HBEMIHOU « N\OIRMEFETETHAS, Ick A, BPTI
(Basic Pancreatic Trypsin Inhibitory@a-CHE i, NHT O f'?/@_ﬂ_’,#:‘/7 M. f&tﬁfﬁ
DHNRZIVEETR E ORDOIEHE D 3SROMEBUCLLHIT 2 &M, ERTF -2 hoWEINT
Eleh., chid. BREAMMROEEL FEIESY

frix., LIFTORwIT. BPTIE Tendamistat TR TDa-CHT T b ALEL 7 P4 XER
Eh 6B on/fFEEEANGS E, RERMRE, PVFRZVEEOWARAMMRD
MEUTHEISCBRINACERRELTEK, EELOBMOBL—REEALLE. 'H
{b¥o 7 FetEE, MERBITOFRELT, HFARLS UL >TEREVALS. UhL A

5. AtRFER ERMEROH D & DRO—BZEEBZEEDIC. LDBLDRUNIENT
DOFTEZLERL T Iedditid, ALk bES 7 FEliD/ IS X —-2—28RT2EEDIC,
hDFEE ) 5 DEARFTERNRP. EHNROTFME . 86&(‘.&%?#?‘6%%7)%65,

BRE. HO2UNTHICDOT, XBEFPNMRIEC & > T, BE & < RFEEMK
L EREHC, "HNMROFMASIRBN LI N, FADTF—2MNERINTETLS, Krid.
ChoDF—2%2 AT, 2NN 7HED'H NMRIEEL 7 FEMiOKHD NS X —2—%5F
MR T2 EA2RBIDTHRET 3, :

F—1y— b/ 2N EO'H NMR,/'H NMRﬂ:—’f’-/7 h’r%/ﬁ% R/
‘ ERRAMMR/ EHHE

HILHTHH. THLHLETE, MP.UAYTLYY
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EE

FHRETRAGICOED 2 237 EETable | WRLI, EHET. 677{HDa- CH7ut v
DONMRIEHS T FF—= 23 RS A= 2 —REDBDILALK,

a-CH 'HNMR{L# 7 bid, RAFWR. C=04 5T C-NESOBMARFENR. 4
BHBEOME UTHEMLU K>, BEHRIMEW. Johnson-BoveyD RIUC & T & |
Giessen-Prettre-Pullman DMER FIC & 2 BER MATHMU e, BRAR HHENE O
RLBVK. BMARFHOERIE. Ref3 LEILTH B, C=0E & (ax,"° xS,
(0=)C-NEES (Ax"" ax N BB, C*-NIES (Ax™") OBABRFHEZEERL. X4 H
VO EDEEREI B, BHMROFMRE. Ref.4 ICHEL, BHE. BRTFLICE
hhicE 2 H—)b (Momany 5 DIERER) »50F5OME UTHEL .

HEE, SheffieldKDOpVAX [1ava—2%2 B0k, ax™" ax’ '’ ax.™ ax’h
Ax"DEAEL 5 T, €=0,(0=)C-NI6 L UC-NIFEEDH A R—VDHE. BHPIROR
DRfe, e DEDE10ERERE U, RlME (7IVEBRECECI A Lal LT}
E%3 i) 2RVTRELUK, BE{LOHEE . FlE& FEEOHER AR &,
HERESIE (ppmBALI) MBIT o1, BWle 2 3 7 B OFFMEIEIE. Brookhaven Protein
Data Bank& D85 hic,

HREER

1 'HIEHE S 7 FERAIDI D DT A — B —DIRE

YED 2 XY EHDEDHET6THEDa-CHT O }F LD WT. BBl %2154 - il i
Table | WLk (%36, 7V v @a-CHTO L Ui, AF LTt THY, LD
a-CH7O b ERALZDT, MIEHO0.28 ppm 2T EERMA K, Tk, YL DXF
ve7a b fb¥y 7 FOEED. B0 70 P UOFEEE L) . HEREKRE.
0.45-0.86 DHEFH. FHEREsdE. #70.3 ppmTH o e,

Table 1 Protcins Used in Chemical Shift Calculation and Parameter Optimisation

. Short No of Final values
Proteins Source Brookhaven  protons R sd
used for fit*

Ubiquitin Man 1UBQ 75 0.857 0.25

RNAscT1 Aspergillus IRNT 89 0.859 0.27
oryzae

Eglin ¢ Hirudo 1CSE 62 0.807 0.28
medicinalis

BPTI Ox GPTI 54 0.791 0.25

Lysozome Man 1LZ1 125 0.795 0.27

Tendumistat Streplomyces 2 70 0.733 030

tendae
Lysozyme Hen 2LZT 119 0.708 034
Ovomucoid 3rd Turkey 3SGB 48 0.696 0.26
domain
CPasc inhibitor Potato 4CPA 35 0.446 0.39

a) Three members are less than the total number of o-CH in the protein, becausc valucs arc not
used where the assugnments were not made, or where the calculated ring current shift exceeded 0.5
ppm. In addition, the C-therminal residucs of BPTI are disordered in the crystal structure used, and
thercfore no calculated shifts are available.

) Coordinates kindly provided by Prof.R. Huber.
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BREICB LN x—2—3. UTOCEL Thak,
a. WRAFEDHEEK 107 cm))

8,50 =-18.0, Ax,“C=-8.0, Ay, =-12.0, Ay, =13, ax“N=0.
b. ¥4 H— N DILE ,

C=O#EEDHE. CRFMHI1.1 ADLE

(0=)C-N¥EEDHE. CHFMHNREFHENCESHDIE.
c. BEHHROHE

g,=-1.1x 10" =0

2. B - ISR D LR

ENMHER EAFRBEOT—ROFEZELNMCT DIcHiC, B—0 223 2 HOMEDS,
ETRUA-THEXOWBT, 'HILFEL T FEtRZITAG, B UK, (Tabic2), I 0
7c & 51T, Brookhaven Protein Data BankDFJEAEEEMN &6 . 7 0 X L AEIC—ER T DR F
EEAELZ V2L, TOELROEMCONT, EREFTEELE OFOMBEREIZE L3,
& 51T, Brookhaven Protein Data BanklC (. {#EEDR L Shen lysozymeDT — 2 03 HE fH
INTLEDT, BEXDOBECEWa-CHIEFE L 7 F2EHEUIc(Table 3), FHT. 1LYM(1)
2S5 NTILYMQ)DEEF — 2 O REEIE. 2.5 &, fCHEER U TEOLM. TOBHEI.
R,sd ¥l LT, HEBEEEAEDOa-CHILEL 7 FO—BMNE Ehbhoal,
Table HCHWT. RDFEREMEL (2.5AL0 k) CPase inhibitordHE . {EF 2 7 b D5
BELEAEO—RIEL., TOLOK., XREROSIFE L HILZEL 7 FOFEELEER
BO—REDOMEICIIEEMSH D, RMEDOR L—BEERICE, XREFOEHLDIRIEN E
RKIndcEhbholk, §%E5IC. B EEEKETOZ U 37 EO BATHEE O I
DWT'HIEEY 7 FOHBEERIECE SO TEERLEDLITFETH 3.

Table 2 Dependence of results on random variation of coordinates

Protein  Magnitude of Comparison with Corrclation with
random change experimental data unchanged coordinale
&) R sd R sd
UBQ 0 0.857 0.25 1.000  0.00
UBQ 0.1 0.870 0.24 0.931 0.16
UBQ 0.15 0.828 0.28 0.845 0.24
UBQ 0.2 0.758 034 0735 033
PTI 0 0791 025 1.000  0.00
PTI 0.1 0758 0.27 0.942 0.13
PTI 0.15 0713  0.30 0873 0.19
0.2 0648 034 0783  0.27

PTI

Table 3 Results of calculation on allernative crystal structure of hen lysozyme

Struclure Comparison Pairwise comparison with
with exptl.
values 2LZT 2LYM ILYM(1) ILYM(2)

R sd R sd R sd R sd R sd
1LZT 0.80 0.27 0.77 0.28 079 027 0.61 039 0.60  0.39
2LZT 0.79 0.28 - - 091 0.5 070 0.32 0.69 033
2LYM 0.78  0.29 - - 074 030 0.65 034
ILYN(1)? 0.64 0.39 - - 051 044

ILYM(2) 0.67 0.36 ' - -

a)Structure 1LYM has two nonequivalent molecules in the unit cell.
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37T Da-cHTZO N APEL T FOHE ,

UL D2HDa-CHTO P2 &2 Q70 P VIURET2C . —IREESHTEL
(. CThETK. EBROCRBEHRESIhicT/u b o OBEBoh TS, rw, 'HIL
¥UT7POHENS, TORBMEREEEA. ¥ 7 FEN0.3 ppmULEDHELT LT, it
BHERLH ETSOTRBERA (Table 4, 2836, HALEHA2T O |} U ORFEEGBECR
EINTW3, e Aid. AS(AHAI-HA2) M+DEDIF. 2D 70 D5 BT, HALT
Obod, KOBEBCHERTICERBERTS) .,

Table 4 Predicted Gly a-CH assignments

Protein Residue Experimental Calculated
|AS(AHAL1-HA2)I AB(AHA1-HA2)
(ppm) (ppm)
Human lysozyme 19 0.94 +0.41
RNAsc 7 0.39 +0.50
Eglin ¢ 40 0.68 +0.34
Eglin ¢ 70 0.92 +0.71
BPTI 12 0.64 +0.86
Human lysozyme 19 0.94 +0.41
Hen lysozyme 4 0.33 -0.33
Ovomucoid 54 1.04 +0.30
CPasc inhibitor 20 0.30 -0.35
CPasc inhibitor 35 1.45 -0.81

EHI. 8. o-CHY T FUORBZITHHSCDH Y, RFEEIHERL BLNATL
N, "HEZY 7 FOHBERBRICESHT, TIVELNLVOREBIERE, -4 VAL
NNVORBICETEDIC ENTFEE L A5,

WEE AR IER W E W cProf. T.A.Cross (Florida State University,USA), 75 U
{C. Dr.P.J.Artymiuk (Krebs Institute, UK) {CEH3 3, '

ZHE R

I. J.C.Hoch, C.M.Dobson and M.Karplus, Biochemistry, 21, 1118(1982).

2. G.Wagner, A.Pardi and K. Wiithrich, J.Am.chem.Soc., 105, 5948(1983).

3. T.Asakura, E.Nakamura, H.Asakawa and M.Demura, J.Magn.Reson., 93, 355(1991).
4. T.Asuakura, I.Ando and A.Nishioka, Makromol.Chem., 178, 1111(1977).

5. C.E.Johnson and F.A.Bovey, J,Chem.Phys., 29,1012(1958).

6. A.Pullman, H.Berthod, C.Giessner-Prettre, J.F.Hinton and D.Harpool,

J.Am.Chem.So0c.,100,3991(1978).

7. F.A.Momany, R.F.McGuire, J.F.Yan and H.A.Scheraga, J.PhysChem.,75,2286
(1971). ‘

8. M.P.Williamson and T.Asakura, J.Magn.Reson., in press.
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Developement of Spin Simulation Programs

Shingo Kakita, Kiyonori Takegoshi-, and Kunio Hikichi-
Tokyo Research Laboratories, Kyouwa Hakko Kogyo Co., Ltd.

and -“Hokkaido University

We have developed two spin simulation programs. One program is
designed to calculate free induction decay(FID) according to given
information(chemical shift, coupling constant, a pulse sequence), the
other program is to animate the results from pulse sequence simulation
on the graphics device in real time. These programs are useful to check

a new pulse sequence and effects of the pulse imperfection.

153
NMRESFXKANMRDYNVFNANANMRERLORBREBNRELWAHTTH 5.
INSDONNAY =TV 22BRBTI2ED. BBE3VEFTELECANVIY -V I %
ERTDLYE> TREETHE2HBETILENH S, T2 TRL4E. XELVH
OEBUEFS T NS LNV T VYT EBRNENRNVZIRINEZANTEERNET 3
FIDZBEBAANECLEIVWTCHA TR S u /S0 %2lMRLUE, £, TOBOHKIL
RTZIVDOBEEZYTNIA LTI 7497 RARRT B0y SobAKICH
BLE, ChICED, ILKEREIWENNVIRTZ2HBICKTENTHRE R
D, FENRANZIOHUEBRELPRIOBOIMVAIRIIMNIRLYOBREE 2522 D
BRTDILNAEE o=, '

A A NOY "3 5

Baik. BABRBA—VF VIV VPa—9P0-9801L TV Iab—vaviE
ZITIS57uVS50BRET >R, Y2alb—-Yar/a¥ILaEEFLhES
T. B1, 27T EDIBRTF—FT774 0. RNVAY =V AITF7ANVEERBAL,
F=9774ANVCEACEYOB(BES A YRET), EYT M, Ay T VUY

zl‘l_l

NMR, simulation progran

PEELAZ. EHCLEEOD. 0OEBLIES
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YERSEMET S, SRANIY—TYXT7 74NV RIIRBOBE, /TR
D, E&. delay tine¥ 2HET 5, MMEBORE. n)v:(a){ﬁ#ﬁ\ R&%
BEHIECRETEZR DA IV F VIR ER#ASED., H33VWENNVID
imperfection DM BRBR L 2 RMB L BB RHICHRK D, 51’32’-5?1, FIDIZIAFEBT
WNMREBGYV—Xe@AUL74—vy bCHHEh 3, TR, FIDF—¥
%ethernetZ ML CCXic&E R L, XL TF— Y 0LBEFTH>LVHERZ, W3
2,3-b koFVEBRBBONF WOSYORABLITEYIab—-—varyART MY
i

gk, ABLEHZINNAY—T VA5 2 EHBOBLOERZ /5714972
EFRTB70/SLbERLE, EXZ3F-FREOTu/ 50 eHBTH DN,
REF2AVVRETCULEANBLTLWRL, 2AEYROBE. KON TFEOK
fbixIx, ly, 21xSz, 21ySz, 1M A k1z, 2125z R 7 MW HITREN B, T OD
T3 L ERBVWBRLBIEBHORBRFEN YT NVNIALTRLENSEH., NMR
DFBILHBAEBTHILEEZDB N B,

f DGF C0SY{(Real)
$times = 4 {(MEE %
point=512 {R®4 Y P& $todat = 128 {FIfIB 4 > P K
frequ=2000 {#% &8 M@ (Hz) $rf = 100k {rfB&BOBE
$t1 = 2.5u {90° XV 248
ns=3 {zE>0X¥ gp; = X {fEE L
P2 = Xx;
I11= 300 {i% 1oty 7 b (Hz2) $p3 = x ¥y -y -x;
12=-200 {IB2nf®y 7 b (Hz) $p4 = x -y ¥y -x;
13= 500 (I 3Dty 7 b (H2) $v0 = Ou, 1/frequ
J12= 10 {IZ 11,2084 EK(H2)
J13= 5 {I1,30oKE&EXK (1z2) init
J23= 10 (I%2,.30# & EW (1) pulse(tl; pl, og)
delay(v0)
1 F—%774N pulse(tl; p2, og)
pulse(tl; p3, og)
accum{p4, ob)
relax

B2 "VWRS—=5VR774NW

[ I .

lf'uﬂ oo 50 6 -50 '}ﬂﬂ -150 N- lé[l [ 50 mn -I
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Development of a Versatile Spin Simulation Program 2

Shin Fujita  SHIMADZU CORPORATION

Some modifications to a Spin Simulation Program originally developed by
the same author was accomplished so that various kinds of 2D,3D spectrum sim-
ulations can be done with ease.

This program literally simulate the real situation of pulse NMR experimen-
ts. It traces changes in spin density matrix step by step in sequences. It
also reproduces NMR results in each scan and block of experiments. Strong cou-
pling effects are taken into account and genuine spectra can be obtained.

1. Lol

B2IMNMRERBEIIBWT., #xid. ALV ROBETIHOEILOE>T2HEE
ICHHE L, POARE(ERTBZ 70V I5L2RRLE[L] . BFEFOhE R EREC
MRBEZENTEZED, CHREHAWTYALF RMIANMREDCHEAHET IFEH
g a2 TEE,

REl. BFEFIHNZOLDEEHLTEED, 2REULEDEZERANMROIRY b L
FDOHLDODYZIalb—ya EFRICERAMEREANE L, T I LIEETH
ZOHDEHELTWRDTH 305, RENRBEEONNAY YV A2V Ial
~3aryTEBEITHS (ALY RDERELTILEY TP ALY VEAER DA%
EXATWADT. . NOEFOHMBHEBIcE S WEY YUy ARYIab—yvay
TERZW) , 22T, SgEFE~IZ. BIRRRLETOITILEX—ZRE LT, 2h%%
KAENMRZRZ MDY S 2b—varyBTE3LDICETAML 2,

HBeLBTR. CO7UOVIL4TEBLAWAEYI2aV—Yay ARV IMNVEERT
BONEART MNOLE., ARV MV - YIab-—varvkiia)leickoTHEs
NA2ARRLEIODWTHRBLTWE 2,

ary, WAy - VA, B2RENMR

\’l

NMRAXRY dIV, YT ab—

&LL7= LA
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2. HEHRH

HEACVZOHEBE LT, SALVOILEY 7 MEB LU AL VHIDRESERE A
T2, ChEDEBRIAN T rANVE—E0ERTERXATWSE, ALY ROIHEE
WADERBZEeTUY I nizEd. RAEUNI N7 UANEHEL, BHEE. BE
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A Computer-Assisted Structure Elucidation System by *H/*3C-NMR Spectral Data Base (II)

— Problems and Countermeasures in Practical Applications

Masao S.Hashimoto, Akiko Sakuma, Yasuko Tanaka (Hitachi Instrument Engineering Co.Ltd.)
Hitoshi Sasabuchi (Hitachi Ltd.)

A computer-assisted structure elucidation system, which has been developed and revised several times
since 1886, is now on the stage of practical usage. The latest eddition was introduced briefly and
after that, problems and countermeasures in practical applications were discussed, especially in regard
to the difference of data acquisition system and to the existence of giant peaks in the spectra.
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The development of NMR data book-keeping and desktop data processing system
(SANKYO Co., Ltd. Analytical & Metabolic Research, New lead Research Laboratories* and

Research Planning Department*®*)

Katsuhiro Minagawa, Miyuki Yajima, Hideyuki Haruyama, Harumitsu Kuwano,

Syunji Naruto®, Akio Tsuchida**

With the increasing capabilities of NMR spectroscopy as an analytical method in a wide
range of pharmaceutical chemistry, the number of samples which had to be examined by NMR
began to rise dramatically in recent years. The requirement to cope with this situation
forces us to innovate our routine NMR service system. Among issues undertaken, this
report describes the development for the system which enables user friendly desktop NMR

data processing and NMR data book-keeping using local area network
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The cowprehensive role of NMR in the analytical laboratory
Upjohn Pharmaceuticals Liwited

Y. Aoki, C.Hirose, S.Ishikava, M.Ogata, T.Nishimwura, B.Uorikava, Y.Hiyama

NMR spectroscopy has been indispensable for an analytical laboratory.
The practical utility of NMR inm our laboratory I!s presented in a series
of analyses and identification studies. First, NMR spectroscopy is
used as a screening wmethod of bulk drugs and formulations. The main
utility is identification of winor cowponents in the products. This time
a photodegradation product of Promedorol is reported as an interesting
exauple. And next, the UY response factors of IPLC miror components can
be determined by help of integral values of 'HNMR. Varied valuable
information from simple weasurements of NMER is obtained in combination

vith other analytical wmethods on consideration of the character of NME.
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B B: CRRT—HOERIRIL T Bruker AN300 i€ T ‘E/Y?C dual probe % H

2 -1, R YV —=v o0k HDONMRIME
EVWEGERUCVHUATOREH ORI Y — =Y YO FRELT'HNMRZEZHWS &
HTE3 X</ PV LEOWSIBBERID THY -  2RURCBRBFRBROEF K&
XKErR BoEAXBBSHE NMRZ2AVIFAEILYTY HEBLFENLLZWE
PEE>POCOBADN DR VWL HPLCRIBZBAFOKE UVRHEBBCRACC
LT vdbobRBRBCTCEIE FALAYZFVORBHBRELTOVSE §OIZ>WT
thhid, BECUEBRUUBEFE LT I EBAETCHBZI LB ITF SN 3 BREO
HBSAF I v 7 vy boEETR HO.lel¥FTrorRrt+tasRIMTE 3

2 -2, HNBILEHZBYORE

ERREEY - 2B ERET I LR HKPoMRoRIRCERTE 50 BNR
ETh A -7V Fy 2 2ARHPLCRIDVPABLALTIHY - 2B E XX X7 ¢+
VERXRNMREAOVTIHEHERZTL»TWVWE Tl WM LdrB>LATo
A~ VORXRRBRYEDVWITHEETFR > HERIE> W TE~ B

¥F¥, 'HRU'*C NMROZ=7 bPAZEWUWEL ot Fae—-—rDdR<7
EEFR L &5 (tig. 1), MR Z o R LE(ELELBRL, RFe 4 PR
VSTV RKEDBOVE D B LB M. BOVRBR2KICRATW 38 i
ABEBHEXAKE(EILTWAE Ff CoXa8HESTe b YRUYI-F o
BHil, 7w2Fo-—-nEF-—-—TH-%f ®WEK COSYR=ZEFPEAMVEUEL R &L
5 taBRYTR4-CHEEDOLSE6 .6 Tppud® ¥ ¥F 1 &6 —-~CHO Y Z7F
roMerEABE -7 ¥Rshudhof, E5EBLIODARI PVERIFLT
W e AREBROLT HMAHBETRI —-CHBR I 2 Fuo—aEh~<TE
BN 6 -CHREFBBANEES TS5t HTh s Th ot
TRANR7 PN (FAB) O#RR M/7Z=6747T7mw Fe—-—neid—-1T5
o e, 75 7 P RRRBEEBEND - K

cuz—o-co(cxa)e-co—N(CHa)(CHa)gSO;,NaF
toiT FRSAIEBEREERE R o o
COWMEL*HMBEST I ADIERNOESY
A7 P AEHELELE O NOESY
ZRI PAMIEEDA-CHODY ¥ F 0 by
(6 7.3 3ppa) &1 9 —CH,0 , »
Y7+ (61 .1 9 ppw) O i #HBY The structure of the photo-
¥ - 7 B, ¥Rl ~CHOY 3+ an degradation product
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NMRoOKEBEELIZ2X o WVNBLUI2AE&LDEBI L IDYRORE? 22 5
¥, BHETHETEL ORIV ILTE I ENTE I

53)

TANFOT30. 001
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The photodegradation product

Fig. 1 The 'HX¥MR spectra of Prowedrol and the photodegradation

product

(X )

1. D.H.R.Barton and W.C.Taylor, "Photochemical Transformations Part V.

The Photochewistry of Prednisone Acetate.”, J.Chem.Soc., 1958, 2500-2510
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INTERNAL TEMPERATURE WHNCATOR AND T-JUMP
EFFICIENCY IN T-JUMP NMR STUDIES OF AQUEOUS
SYSTEMS

M. Kimura, A. Naito!, M. Imanari 2, and K. Akasaka
Facuity of Science, Kyoto University ; 1 Faculty of Science, Himeji
Institute of Technology ; 2 Application Laboratory, JEOL, Ltd.

As an intemal temperature indicator that can be used both in conventional and temperature-jump
NMR measurements of aqueous systems, we have investigated the possibility of using chemical
shift of the water (HDO) resonance. Empirical equations relating the chemical shift of water to
the temperature of the sample solution were obtained for pure water and for water containing ions
KCl, NaCl, and inorganic phosphate. A protein ribonuclease A was found to give measurable
effects on water chemical shift only when it is dissolved in more than millimolar concentrations.
The efficiency of temperature jump of water upon imadiation of 1.3 kW microwave at 2.45 GHz
showed a dramatic increase when KCl or NaCl was dissolved in a concentration range of 0.1-0.5
M.

1.3®ic

Bif. oA 7 0A - 2EREEY v 7 NMREMHFEXREZ, (L5, L19
BIB) ZOTHLWHEEAKBERICEAT 356, FIHXROBREL WM SHESANE
TESHHMGEICR D, BEYY Y TODEIKRNTLICRR2ELEXLNEOT, Ml
=R ATET S EEEEA AW AT epEEh 3, KridZ OEEERL L TROL
2y NAFIATEIEEERE, ¥, BEY YT ORESTEEOFERTON
MREEICBWT S, KBHERTOMESE X TED . KOLFEY 7 b & HROBE K
Er LTRSS I3EATH 5 EXBNS, 2DEDICFERTORKDLED
7 FOEETLEMET S i, ThIEREDMH, ¥y UNIEBEICE>TEDL
SHBEEFIIENEHEANR. B REHFTTORERBEAERLZ,

Wiz, BEY v ZNMRESEOEE L LT, WAKEWRHITRERBREY v 7
RERTIMENIT ENBH D, RTEWEHNTY A 7 0i (2.456H) BEHTED 15

Temperature-jumpNMR, iBEISIR,

EUHEXLDE, BNEIHES, WERDEDD, HPIPHTOE
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CEEOREEAAERTEIREOFMEETEDIC. B 2RATTRLEY v
YT ORBEITV. TORELFEHELFEOREIEEAFIAL CFEL .

2. RERELLTOKOILEY T b

2-3

#i¥rrpsk (99.9%D:0, 0.03mM TSP, pH7.75) DEE (°C) lzxtd ik 7 M
(ppm) OFELAH1ICRT. 'H-NMROBGEIZLUTOERTXTICBENWT.
HABEFEHGX-400)NVAFT-NMRO®BAEAWTIT->~. ¥~ BEE
EIlZonwTid, FORBENZHAWTREVEREORES#fTo7%. 30°CUTH S
W7 O°CUlLETIISEE IcESE sk bh, BEICETZ2KRATLL 74y bT
BIENTEE, '

(Chemical Shift(m) =KO0O+K1*xTCCO+K2*xT(CC)? .
K0=5.074, K1=0.012, K2=1.92%10"% (1)

ZOEFEEOERIIECILEY 7 MEOELIcH L T, BEOELLEISEVWDY S S
ZEERLTWS, KOEZEY T MDA Z2HEL RITTOIIKRREGOA
THHLEX BN, ZOREKFHIKESSOEACYEVERFETHS O L
EZxbohTnW3,

M2, M3 EENFRBEORR 2K CLEBHE. Y VEBEFET TOKDILEY
7 MEERULAEDDTH D, KC1BEDOHITIBES LT B2 oNTKDILEY 7
MEDERIBIABEI L TW 505, ) UVEBEREROBAIE. Zheldarc K
BUABEL TW5, £, WEFhHBESR LT 313, BEICNT AHIXI3ED
I BMMICH B,

BF—%9%K (1) TT4y PLAL ZORFERATRTADE, Db E
530~ 3. OMOFEHTHRBRBEICIETHALTRILT I ebhro iz, M
ZiZpHGE6. 50DKC1I@Em®IzLTE. KX (1)1 bﬁé%ﬁﬁwﬁ JERIEE
iZ.

KO=5., 070-0. 108*% (Conc. )

K1=-0.012+40, 001% (Conc. )

K2={2. 07-0, 30%x (Conc. )} %1075 (2)

THEBTHZ LW TES, (BEEmol /1, FREEDEEDOHEENSTO0.
OOSppmﬁF@ﬁ%%ﬁU}VaCl%Uz&ﬁ@MLOhT%ﬁﬁ@%ﬁf
BiEehz,
PlEogERZHWIIE, HKRUKC 1B#EDPN aClBik. V) URHEEROK
DILFEL T M RBERBEL U THHTA 2N TE S,

DC1#EMckBKDILEY 7 Ml DC 1EE0. 1MUE (pH 1 KT T
KC1%NaCl tAROESREMADY 7 F4R¥25, JBEO. 1 METF (pH 1
PE) IZBWTRIFE AL P HIZEKEFEL W,

24 YUNIED1-HLT. RNaseAD, KLFEY 7 MENDEELFANT-,
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BEIMORNaseAlck3{bFEY 7 FOE{bIX. KCLIEE1IMOEEOZE(
EHRTHS OETH B, LrL., BEONMROIMEIZBITHY NI EOBE
(1 mMBE) Tk, #ikicad sk (1) 2HAWTS, BEICLTO. 5°CEE
DEIZLDE SRV, FEL, (LEY 7 MADE{LOFMIZK C 1 DB& EIZED
HMETHB, Thbby UNIBEDRBES LT 3I8h T, m@w%/7r:ﬁ&
BT T T B,

iz tdH, RNas e ADBE. FF0REN 1 mMETOEAIZIE. #k
FrREAFUKICHTS (1) (2) XL2BEEFICAHVWTHEOEEILO. 5
CUUTTH 5,

Fwme LT, KEERONMRMEORR. KOESZARREREEL L TRDT
BHITHHEBbND, FOAF ARICH U TREISAER L TB T &tk
D. RABEORWREERL T2 HTES,

< VA UOERBINC L ZREY v O T OHE

FRRIE. v Rbary (1. 3kW, 2. 45GHz) #H2/WRBw 1Y
URERELEE (HFETFHIDX-2502P) 2. BHEZR2ICEXTI Y
YTHEEMEL . 74 U DERHORUIZIXTO. 3BTH 2,

VA VORI HRE EF (RAMME) 3. BEREXEWSHEEEFIL
ZIDOTHB. WHWENTRET ZBAHS ) OHEIL.

P=5/9xfkkeg” xE2%x10-12 (W, cn®) (3)

CEABRA, =T Y. EREERERTSS, & HEEEETHS
2. Z AR BT 551 BRI e L BE . SRS &k
DHIEIZS 5.

E” =(€s—€)wT,/ (1l+w?2T?) (4)

ITwldEANEROAEAER. &s, & lXFhFhEFENVFEXL, BRISE
WICE AT 5FEEOZEITH S, %mw%é\s”wﬁkEMZOGHzﬁﬂt
H57ED. 2. 45GHzO?A VUil ZAWASEORIEIIRD X< hne
FRIh3, 13 /2SUKBHEROESIZIE. ZhWICERIERA L 514
BHSRBAOREE L Th 3 &E X 60, MEHED L REXHiFXh s,
FIT. BELFHRICHIIKCIEFNaClDBEEOHREZHARE, M4
ICRC1BEICH T ZBEY » Y TBATATd, ¥—%I1X0. 1M KC1 (p
HE6. 80) OHKREZ25CHEI ¥ TXHARKDATIZE > TRIBILIRTW
bo BIEY Y TIBIXHFIZO~0., SMOBHTA F VBEICHEEICKETSZ L
Bhot, £E. v T TEROREICE > THENZVRRZZL HDbDo
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o ThboDZ ik, N aClBEe) vENy 7 7—THR6NE,
DC1FEMc& 3 p HORLIZH§ HRE EREA T O, EAWZp Hil

W (pHILE) TRIZEAERSAT. pPHIMTCERC 1BHERE EEED

EEFERLUE, :

-B5k. 0. IMEKC1BRbDY I NRIEDEEIZNTEATOEGFEETL

FHDTHD. ERMNZIBERER (1~5mM) TIEATOY VNI BEILIETATE

FIOMRBICIEKRE S WD, BPHELRLTEHHAEL 2 &25bipo 72,

R LT, RITOERBEICBWIKBEROBES v o 729 LTI EDIC
B, KClZFEENaCloBEELX0. I MUEHKRSZIFEI EOZEWRHET
55,

AT (rormanzed by 9.1 KCI pHES jump trom 25°C)
1 L e n

AT (rovenationd by 0.1 KCI pH 6.8 Jop o 23°C)
2 : .I

T T T T T T T T T 5
(X} 1.0 1.8 20 0 1 2 3 4 5 srio
Sa)t concentralion {mobn) . RNaseA concentration (mobt)

= 4 B 5
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Multiple-Quantum NMR Experiments for Studying
Spin-3/2 and Spin-5/2 Quadrupolar Relaxation

Chun-wa Chung?, Brian Wood? and Stephen Wimperis#:¢

aDepartment of Chemistry, University of Cambridge, United Kingdom
and
bBiomedical NMR Unit and ¢Department of Chemistry,
University of Manchester, United Kingdom

Novel sodium NMR imaging experiments that utilize triple-quantum coherence are
demonstrated. Multiple-quantum coherences can only be excited for 23Na nuclei which are
in the slow-motion relaxation limit (ptc > 1) and, as a result, the new experiments image
only these nuclei and not those which are in the fast-motion limit (0ot << 1). Unlike
previously reported imaging techniques that achieve this discrimination, the present
experiments are not simply multiple-quantum filtration experiments: the phase-encoding
gradients are applied directly to a state of triple-quantum coherence. The main advantage of
true triple-quantum imaging over multiple-quantum filtration imaging of sodium is that the
effective strength of the phase-encoding gradients is tripled and that, combined with the
favourable relaxation properties of triple-quantum coherence, this can lead to enhanced
experimental performance.

Multiple-quantum coherences of spin-5/2 nuclei in solution can be excited if the
transverse or longitudinal relaxation is triexponential. Filtration of the NMR signal through
a state of three- or five-quantum coherence greatly facilitates the study of spin-5/2
quadrupolar relaxation in biological and macromolecular systems. The results of these
multiple-quantum filtration experiments are analysed by directly fitting correlation times
and quadrupolar coupling constants to the experimentally observed spin-5/2 trilorentzian
lineshapes or triexponential decays. More complicated experimental techniques measure the
simple exponential relaxation of four- and five-quantum coherences and provide an
alternative and straightforward method of obtaining spin-5/2 motional parameters outside
the extreme-narrowing limit. Irreducible spherical tensor operators are used to describe
both the spin-5/2 quadrupolar relaxation and the multiple-quantum NMR techniques.
Results are drawn from 25Mg NMR of magnesium ions binding to a large protein (bovine
albumin) in aqueous solution, although the experimental techniques and fitting procedures
are applicable to other spin-5/2 nuclei, such as 170 and 27Al
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Solution Structure of Oxytocin in Dimethylsulfoxide
Toshiyo Kato, Toshimichi Fujiwara,*Shigeru Endo and Kuniaki Nagayama
Biometrology Lab., JEOL Ltd., * ERATO JRDC

Two different ionized states of oxytocin were found by acid-base titration in dimethylsulfoxide
(DMSO). There was a difference in spectral behaviors between the two states. A change in the state
of protonation of the N terminal amino group was responsible for large lowfield shifts in the N
terminal amino proton, Cys=-1l 1% and Tyr~2 NH resonances from a basic to an acid extreme. Full
assignments of proton and carbon-13 resonances for the two extreme states were reported. The dis-
agreement of assignment and the controversial spectral variation observed in many previous reports
for oxytocin in DMSO were settled. Comparing NMR parameters such as the chemical shifts, tempera-~
ture dependence of amide protons and J couplings, a change in backbone conformation of the cyclic
moiety associated with the protonation is suggested. To confirm this tentative conclusion, confor-
mations of the two states are investigated with the distance geometry calculation on the basis of

the relaxation matrix analysis.

1. @&

i RV N (Crys-Tyr—lIe-Gln-Asn—Eys-Pro-Leu—G1y—NH2) B ZhFTTNMRLE
I BLBELHRERTERALEYRTF POV EDTSH B, b S AV 3
KFTRERI7VF O TATHEN, DISOPCRHEMBIheBELXI2EHF ZID A TW
%, DHSO T O 7 B b Y B LU P - R YORBRUMTI2BFT0HLR BT S L.
BRTELOVTY IIAT 7 POT—HBBEDLH IS, ZhERBPFoTF#MHe &3
ZEMRTFEBHERTOLAER(D), PORBEC2VTERHEL PR ERT VR » 2k, #
2 A F L PYYOMNSOBBBPEHMBPBIVIREZEELHENLT, T2 bbry ¥y I sy

B
¥

Ju

TrOoFE B NEBRBCES 2O O0EMRRE LB (Figure 1), o
EHr5HABOTY IIAC T POTF—HBIAMPBLELTEETRIERE (B2S5(HHM
B KWLdb0r#x2Tw 3, 2o EBBBREL T hFh oxytocin I(NK MK
7o b vE) B XU oxytocin IT(NKBMHEBER) L. lelle>2wT 7 bryeE
- R ODELRBEXIT o e WMEODNMRAS A -2 (FIHALY7 L+, Z3IF T b
VORERFUEBIVCIREAE) tEBLAEIZA NFKBRBCLIIBESROZ TR
BHLEWERBLA L, Thbbt (DNFE»5 8K Y FPUEKMARIlIe-3&GIn-
O BHBO A - R YOy I ANV PECAHEFELE(0.5-1.2 ppmn) BdH 3 Z k., (ii)
TR Tyr-2&Asn-507 370 b POBEREFUREDEY R TR Do LIITR
WMEREBERFEMNBRE LR DI L&, (iii)I’C’liTyr-ZG)?J}L:I‘C;)biJ—7!{‘/76‘3)%%(
(1.4 ppm)BREB >V P T 232 L THH. T hsoRERES [ cyclic parto

IH NMR., 13 CNMR., # % ¥ + L v, BHWEBE. BE

L ElL & SLUbs ElLab, 24K L3, h#PE kb
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9.5 Tyr-2 OH

9.0 vz . ’g\_
—~ z Q °
£ Cys-6 : = °
S ss s mt s | 8 b
~ o Lo Leu-8 ; % H
1 4 Te-3 < -
BOr ey = .
Giy-9 . ° ﬁ
7.5 L Agn-5 — o
— g~ 0 T @ o I
Tyr=2 , Gly-9 : :g‘ ‘é 8 ©
Asn=$ 2 .
o T e ——— e o of 2 °
- Tyr-2 b sy
= o 4%3
& 6.5}
_g .
£ eof . (NaOHI [Hcn (mM)
(o] ’/
g
© 55t
Cys-1 NH2
5.0 F
4.5 L . : . . .
0.8 o0 1.0 20 30 4.0
[NaOH] [HCI] (mM)
Fig. 1 Acid-base titration of oxytocin in DMSO at 23°C. Chemical shift

changes of lower field region (A) and higher field region (B) were
plotted as a function of hydroxide or hydronium ion conentration. Sample
concentration was 3.7mM. The mark o, shows the valuesof oxytocin hydro-

chloride.

Tyr-2¢ Asn-5H BB EELAEZELEEGPHRL TR, TR EAMNTIERERT
ZrMEEh3, DELEoZERRELTCHBEZLOREERBLELDDOT S 20D
WT, EEMBINIEARYZ PALEBIIRDLEENTHNCELBETFAE 2TV

BELTW 3,
2., H#&

1) NHRA 5 A — % o fh i
FEWR T TIEOLY GSX4002A R v @A -2 Ak, ZhF¥hoRBKDL
TDQF-COSY. NOESY®2 @& L (3.7nM, 23C ), EHBARBHECR - T T b2 REL %,
- R ORBIRHMQCE HHBCA R 2 b & B T 7 = & (20mM,36C)
JNHaHlil?ki’.R'iﬁFIL&DIE%“&'J%L\ JaHﬁHLiP.E,COSYx&ﬁ FA B
2o JCOBHin’?'DbviﬁHiZDJii‘:(Z)b:J:DBRNbf:o JaHﬂHt Jcoﬂﬂﬂ)ﬁﬂbéb
e MEB TP YO UBRERNBREL T ) oM Bikdistance geonetrydt
HOBWREAAL k=, NMRA 5 A — X% @ — # % Teble 1& Table 2w & ¥,
2) BT O HE »
2DNOEEX L Tnixing tine® 8% % (tm=50-800ms) £ o6l -2 % # A
Lhke NOEE - 2B BEW, Y- 0RO e RXkDERILL L @MTIHOHAEKRAL
o THF I .
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NH(ppm) Janca(Hz)' - A8/AT(ppb/°C)

Tyr-2 1 8.15 ' * ~0
Il 9.03 8.2 ’ 1.7
lie-3 I 8.25 6.4 8.9
11 8.14 5.9 4.5
Gln-4 I 8.15 6.4 43
11 8.46 4.4 42
Asn-S 1 7.83 6.5 0.0
11 8.07 7.0 4.0
Cys-6 1 8.81 79 10.4
It 8.54 7.7 6.1 Table 1 Properties of amide
Leu-8 I 8 76 6.3 protons for the two states of
1l 8.19 19 47 oxytocin. [ and Il denote
Gly-9 1 8.03 5.9 55 oxytocin I and oxytocin II,
1§ 7.86 59 32

respectively.

(a) oxytocin I

Jcaticpn Jeocpn assignment
(Hz)
PEC HMBC 2DJ
a b

Cysl B 6.6 w <9 pro-S

B 73 m 10 pro-R
Tyr2 B 4.7 vw ~6 pro-S

B 10.7 vw ~6 pro-R
Glnda B 44 vw *e pro-$

B 9.1 vw * pro-R
Cys6 B 6.9 w 6 pro-S

B 7.3 s 9 pro-R
(b) oxytocin II

Jcmcuu Jc-ocg" assignmenl
(Hz)
P.E.C HMBC 2DJ

Cyst B 4.7 vw - pro-S

B 8.0 m ~10 pro-R
Tyr2 B 3.7 vw - pro-S

g’ 104 vw - pro-R
Asns B 73 m 9 pro-S

B 6.3 s 10 pro-R

Table 2 Homo- and heteronuclear
Cys6 6. - - .
v g 7_8 ;v ~8 grrg_g coupling constants and assignment
of B protons for the two states

Leu8 8 10.5 - - pro-R

g 49 - - pro-S of oxytocin
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Mz Czn) = e M zo

EEL., RWBMFTI, Mz (rn) EMzo BWETHhEhunixing tinelcn % & & ¢
DK DINOEARY PLOBETH D, BAKDDI k20 TRERD 5, KK
COR® YHEEL T, EHOT 2 WTLERXTREIZHBEARNYZ PLEHBE A
JMALT, PH000BOE —- /) BREBEOZNBENRELEIISECRPHAELZ (EBREZ D
B ® & . Levenberg-Marquart&) .

3 ) distance geomretrydt ®
R TR TJIEOLSY MolSkop (JML— S1000) # AW T » k., 2)T XKD LB
TR EPZPEMBERBCE®RT 5 H & Cuniforn avaeraging model (4) M H 2 A, W E Z

h2ZERLEETLERNLTCCS, BMERE»SSZBELHET S 7035 4
&L TDADASSOZ fF B L %

ST RD
(IDWalter et al. (1977)J. Am. Chem. Soc.,99,7326-7332.

(2)Pratum et al. (1988)J. Magn. Reson..78,376-381.
(3)Kessler et al.(1987)J. Am. Chem. Soc.,109,6927-6933.

(4)Braun et al.(1981)Biochim. Biophys. Acta,667.377-396.
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Solution conformation of endothelin-1 studied by 'H NMR spectros'ébp& :

evidence for the interaction betwéen the core and the tail reg1ons '

Satoshi Endo, Hiroshi Inooka, Takash1 Kikuchi, Mitsuhiro Wak1masu, Eiji Mlzutab
and Masahiko Fu_]mo ‘

Tsukuba’ Research Laboratories, Takeda Chemical Industries, Ltd.

ABSTRACT : The solution conformation of human endothelin-1 has been determined
in aqueous 'ethylene glycol by 'H NMR spectroscopy and distance geometry.
Conformation of residues 1-17 is well-defined but the following residues 18-21 do not
adopt a defined conformation. Although NOE interactions between the core (residues
1-15) region and the C-terminal 4 residues(18-21) were not observed, limited digestion
by carboxypeptidase and the subsequent spectral analyses clearly demonstrated the
existence of the interaction between the core and the tail regions. '
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CysSerCysSerSerLeuMetAspLysGluCysValTyrPheCysHisLeuAspllelleTrp
L J

Bl ety FeVUr-1o72/ RRBH

[2mRr]

(1) KoM _

trrFeYry-1 (ET-1) BEHEBIZLIVEARL, S0 XAitS-S%
Misidkt. HPLCR XDAMBELUE, S-SHEORMMRI D> Tk
BRABICHEAMEFAB-MSHBIFILE), RAVLA—THEILLMEL
¥, NMRHElZEIZE. 33%x#L vy ya—~-l—-d«%BU0H 08872133
S3%TFLYY Y-V -dek SUD0BBMICET - 1 2BEBMUTKREEL

(2) NMR#lz

fERXEBruker#AM-—500%HVk, #M2KITNMRARY ML (
DQF-COSY, HOHAHA, NOESY) *##&EL., ##ARMEIz LY S0 b
YV T FNORBERIT RO, BAFLYIO L ONBERHMBBIEANB, dN
B’ DAEBXLE, COSYARRI MR EVRDIEIT b, Jae b’ OEILET
TR, '

(3) FAARVAYZIAPY—HE

NMREH» 6B oh-HREBEAAHL LTI SADADASK IV K
BEHEERT 2
(4) CPase#EANY bVY _

TYFEYUYDcorefl B (Cysl—-—Cyslb) tail@® (His
16-Trp2l1l) OMOHEHRARSDVWTORBEBIZLEEHLLT, B
HKFy R+ H—-HFY (CPase¥Y) REBCHRELCGODBRREDIBIIGIZH
SANT PIVEAEEBITL 2. BIHRUATOEY.,

QET-1%% (0.5mM. pH6.3) tCPaseY%x. NMREHE%

NTRELBRIG%2IT®> (E: S=1: 6000, 30%C).

Q—ERMILIENMRARY pP)V (1D, 2D) 2HEBLT,. RiEER%BEH
T3, 2DARZ b ULTHR, BRELY T FIVBIFORBEENSHOHAH
AAXRY vV (nixing time=40ms) 2 . #ARY Vo REBMIZ 1D
$15%9 2DH¥1IBHM40DTH-l:

@IDARY PR &EKY, RREOBRERMTIBZARY bvEdl (EEVT
ML) AL, RREOERAT Yy 7ERT OB HHEAL2DERARY
PLEHRT S,

D2DEARI VR IV T PEMMLES Y FNVETRATRVEL, D2
RFAGARY PV XYV RBEE T2 S,

[(RReEH]

(1) FA4RF VA F A VI~ k3B RRE

M2KET-1ONOESYARY MVONH-cHEBRAMEE L bicRT.
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F2{ppm)

PRBEEEREDES L Cysl- B2 ET-1ONOESYR=R» kA (NH-c HE®)
Leul 708231 RNENXEIY (XY prusREoNH-cHI7oX¢- 0l R %Kit sequen-
S REMAFMORMSD= 11 §) U0 e LAY, ARanuET A
DItHLT. Aspl8—-Trp21l
OMPrORBRELN TV, ZHEBRE
Lo AL LT (B38K).
DSer5-Asp8ooHalaaS
[Ba—-HBOBHEELDODTWVBR I L,
@Lys9-Cysl5o®WaNrMu
WleNUy 7 A@BELOTWSC
., @Asp8B8, GlulO. Phe
l4D3BEVANVY I AD—F D
REEHERECREL THB L, M3 ET-10BMEOuEmE (XMMEOHEHR)
@LeubB, Vall2, Leul? FARARVAS AR PYU—-REIDBShEIDORBE
Cysl-Leul7o8aR>0TRAGDbYE.

ODRAEBENISAZ—2BRLT

WBZY, BecorefHlBioMTRCysl—SerS5BAOMENILL 2V L,
BHriohd, Aspl8-Trp2l#fkcoreflBOMIINOERKA
EhT, CRKHELABEDcor e HEBR M T IHBMERETE 2N o),

(2) CPase#EANY IV

CRHLABE (18-21) L cor e HBOMOHMEMARINOEL L THEAXH
o), TOMEHRBIZODVTEOREHEBI-DIECPase®EANY b
W EBMIBTRITRO. MARXTrp2 1 BRI INBRD2ZERREBEARY P,
BsiTrp2l&Leul 7TOEBRAFYFICBITBIHEST7 PEMLERT,
COREDPOHELREIIL., Trr21X#MITILEdY7 PEARR C
REBBEOBZOTHFEBRLBEATVS, <X Lys9DeAFLYYIF
Wiz 0.08 ppn DEHBS 7 FEBPER. 11 e200#RBEIBY7 FE(
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5.0 4':( ) 4.0 Resldus number
2 (ppm
M4 Trp21XBMT3NROHOHAHA®RARY M)V W5 Trp21 (A). Leul?7 (B) st@gm¥
B D ¥—2 (negative) it intact R x> Fe Uy (1 INBRTCOAREDS Y FVOES T MR
-21)Yo0vYF . AKEDOY—2 (positive) BT rp TI5ARBEESST A, TATARKEBS T P ER
21ERBRORTFE (1-20) OV X F Vs L. +, MR 7 ¥7ary. [_JRaZa b,

Trp2loBBiniYEL 7 roRELEYYF N (ARE VI AkEnoTarrod7 b RLERDT.
BBORR) OBBBANI VNV EERDRTW S,

BRANZOLORHLT, I11el QD#RIIEKDIS7 PELARKREL, RBYVD2FL
BREATVWS, Leul TOHRIIXBY 7 PEALRESILAREL Cys 3.
Vall2, Tyrl1l3., Pheldix O.lppn B> 7 PEALBE X A,
Leul7¥TCYBPELLcoreflROUBBBEBEIZVOELLNETIL
Pohd, COTLENOETHRWUERZLeul7&Vall2oMoHEHKAE
B, B coreflB2BONBRBEORREFLELTVBICLERRLTVS,
CDEIK. CPaseZARIMIOBFIHSE, coreflBildONOEREH
ERL2VCREODIABELEDT., taill  HELOHEHNANcor efifionss
REBIEBERELTOBRILBEE G2 I,
AHATCHOGPRELULIELET -1tk core—tail MEHAR. =
FeVVoRBBEEHRA2ERIILTHEALREHRE 23 OLHBRL TV S,

[x#k]

1) Yanagisawa,M., Kurihara,H., Kimura,S., Tomobe,Y., kobayashi,H.,
Mitsui,Y., Yazaki,Y., Goto,K. and Masaki,T. (1988) Nature 332, 411-415

2) Endo,S., Inooka,H., Ishibashi,Y., Kitada,C., Mizuta,E., Fujino,HM.
(1989) FEBS Lett. 257, 148-154 »

3) Ishibashi,Y., Kikuchi,T., Wakimasu,M., Mizuta,E., Fujino,M. (1991)
Biol. Mass Spectrom., in press

4) Endo,S. and Arata,Y. (1985) Biochemistry 24, 1561-1588
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Strctural analysis on suppressors secreated from Pea Pathogen, .
Mycosphaerella pinodes, by NMR experiments
Koji Saito® ,Toshiaki Kato®,Honmo Kimu ,Tomonori Shiraishi ,Tetsuji Yamada
,Hachirou Oku
(Advanced Materials & Technology Research Lab. Nippon Steel Corporation®
Faculty of Agriculture Okayama University ) v
Pynospores of Mycospharella pinodes ,a pea pathogen,secreat compounds

appear to suppress defense reactions of pea plant when they germinate on

the pea leaves. Purification of the compounds by gel filtration and
HPLC yielded two active substnces. The chemical structures of these
substrates were studies by NMR and were determined as a swall glyco-

peptide. Spin coupling values of *J(6 ) showed +that their peptide chains
hold a -helix structure. These conformations were <cosistent with

those estimated by molecular dynamics prograsms.

1. &

HPE HELREYWORBADETOXMEB LY 22D HARBEOMERLHLT
W3, HUT 55HOARBR. E2LHYOHBERLERRIBAT. KEOMH
VEFETESLIDELR>TL 5,

LYF20ORUMMBE (Mycosphaerelila pinodes) ORFUW. 774 7L %YV
DEERREOE S (YT LAT 3) WEBREEREHL T YFIJRERI I &N
MehTLBEY, FHRALBLTRAUL OV TLy Y- 2RFOBRITHD > &
#  oBHEUL 28OV T VLY —-ftaYWERHRR —DRB HPOTFALPFTL X
VOEBEGEREYTLATEREY. bI—-HUWE Ty APTLIFYCOEER
Y T7LRAT 3&EEHR HPOTIZAIAIT VL YOATPaseD FHERBEET 2P H
THoke TITHEAGBRODVT. HERERRXEL. NMRRIZUTHAKBREOD
BE21TR ke EFRAFUNEHARIIVUBREORFN LT R > LD TEH T

Y7Ly Y — - TVFVRANEAE - BXTFF c 2FGNEHR

FLE33Z5U0. MEH 32U HE 2BEAD ULl EDBDOY., REETDU
BB 35S
—169—



2. R

Mycosphaerella pinodes 6 H MK ¥ U. B> h LR FRBM kP TIRE - B
HUL® WAL IYKFPIGCI2E THFRIONLEOSFRAY P Uke &
OESFERBESH % 12000rpak5uinTEAM® LBZBH % P I N — A HVIOF(2.5%45
Cne)THBUR, T74 7 V3PV V23 TVLATIZEHDD S KB Tsep
pak C-1BR E MU D H B > VT, EIHPLCTODSH 5 4 (4%250mm DR A L T Kk &
XYL OYSYIY}IERTHEL 774 P70V 0EERZYTLRYT
P EMHEN B, ATPased HHNMBEL Y. BRI ULULTHELRH®K SKHPL
CiT. Biorad#t® HP X -4 2A % 5 A, (7.84300mm ) % A L. & & 48 % X
EVT. BOTCTTHM: - MU HAKEMWMHK pH=6.8IC AU T. BEKXKh & &K
HBTONMRIANY PLOBRBEL ke .

NMROMER EEINSIHERPAIHULAHFEARFORE X -4002ANX7 b0
A=Y - CiTR->Pk. VEEEWE24. 0 CE& U 'HOoOWERZWE. HS 70—
T%, '"*CoO#MERE. THBE7O-T7T2#EHU 2

BRFHNFOUHRI ToOV5ALCHARMA 2#EAHA L. I RISA4DTETHHERITR
oke RMAUDKBTFER2BMU. HEAHEERBROEMOI Y P A TUIABEE LU
o MEAF Y TR 1 sl 20p sOFERKBEBY Y TUVIYT2RELU R, &
BRUW KEEKATEBMLURARABERKEL L. BIFGHEORTB 1 & U R

3. HRELEK
Fig.l@ 774 b7V YV OEENHYH (LULEPA) O XkHD DQF —-C
OSYDONMRANXNIT P A RERT,

‘, 5
-] 4
* (-]
\N N T -
X -3
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| 11 Q
] m»: [i]
o ]
&
Q.
X
Fig.l DQAF-COSY wolecule spectra of PA molecule in D20
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PALEYWOREBRENTFIF#ABLER2T T NMRANXI P ABMIEERRED
@R Fig.2 BRTLIRAFUVUEMBNTFFTHSZII EB DD o k.

oH 4 CH,OH
OH HS
3 H 1
H
a -N Actyl-Glac-Ser-Ser-Gly : 2 H o °
NH |
CHS\'( CH,—CH —NH,
o to
NH
|

COOH— CHy=— NH——CO— CH-CH,

|
. OH
Fig.2 the strcture formula of PA molecule

PALEYWRXODVWTO'HE'*CNMROBWFHERZTable IRF T, WA OKRE
DOIBBHWAREFR NTFFrAOILRALRROILLEY T b Ba~Anyyw s ABR
Z{Roh3EEXRLTWVWE I &E®)] (6) (NH-CoH) of@ne6liz UT L&
W32HTH % 2EVPALLEYE. PNEREWATFFrRLsBMbadT. NTFF
Rl aNY Yy P ABMTHBERFTRUTCYVE, BEANTFFHREBETZNH-
NHMONOER DWTORRBREULHE. SVWNOEULI»HBIhHh s R Ed
bbb, NTFFF#HBanNnYy 2 ABMTH SR ITTO>NB FTLHEREBLT
b, J (2, 3) /7 (2 B3UODIEVIIE) >10HQRLET S LOS
W 1 fZ-3ficl1fi—-4hdlong-ranger vy 7V U BBRWBEh ke Thdo
LTl TRhENBWEABTOFAYTY Y 7 RBRE AV 1BOE— I BROE
Lt WMBURL $TLRBEWO1BERNTFIF#DSer O XFLYED®] (C-H) D
HHE. 7THz2TH B ED B, Tvaroskad DR A VWU X VMENTFIRO2H
AOXKEXWH163FEHTEI N

Table 1 NMR speciral parameters of PA molecule

a -NAGla Ser Ser Gly
13C €C1=92.1 (C2=55.1 (ppm) BRE"ZH(ppm) 175.1 175.7 174.8
€3=72.0 (C4=71.5 C a (ppm) 57.3 58.1 49.1

€5=72.5 (€5=62.2 $J(COCH)=5.T (Hz)

'H | J(1,2)=3.7  J(1,3)=0.8 $JC8 )=3.1" 3y(8)=2.9
J(1,8)=-1.2 J(2,3)=9.7 wa Cpow) 3.91 3.94 3.75
J(3,4)=3.6  J(4,5)=0.8 w§ (ppm) 3.95,3.99 3.97,3.89
J(5,5)=6.1 (hz) N (ppa) 8.35 8.24 8.49

JCa B8 )(H2) 4.6,8.5 1.7,8.4
w2-w3=22 (Hz) I8 B H(H2) 8.3 - 8.1
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PALAW AR FONET O/ S LCHARMARE B U. AUOKAFREMU 2 I
FRERGERELUR. HETONMMKETE NMROSBSh RN YT Y Y
ERPORETEIANTFFROB2TABO EMENT FFRO2ERIB 6 % &
BU. rigidk Uhe, ZTOHREVATFF#AWR. KOERROBL X OEILT 3
EnbP ok, KEBAKEBULEEG REAENNEESa~y vy ARHE
VEBREEAR >R ORNUT. HEEEESOLBCUALBAULBRMEE X - ke
P REBBERTFPROBAOAE S U ST VRS REENRD > he Fig.3 &
BRFHNEHETOPALANOI Y K—A—Y 3 YkFRT,

&}

Fig.3 conformation of PA molecule calculated by molecular dynamics

4. # &

LJFURUBEOEHT SY T Ly - BEH - BWHNLU. TOHEENMRLR
SOVMAURLHEHER PALABRLFOBDOMNIRENTFFIFTH Y. ETONTF
F#H a7 ABoa2aYR—-A—=YariRB-oT3Ztdbhok. kA
BOKDFRERUVLEDAFYHNEHEADOODAHERAIYR - A -V aryTshiak
BRBE L L

HBOT S3AIRYT VLV YDATPaseD EH R EFT 3L EY (LEAALLEY)
K2VWTd AHRORBEREPTS % AALEPVRPALLAEMEEAULULF
OENTFFTH D NTFIFrABPALAGYWELHBLTEREBEDLUEL B>
TLS5DONRHBTH 3. HFRASTRAALBYPREDLVTOHKRLEDBR. HEHEOH
EHRERVPHEDAOREPHRHU L OV THHE THELU & L. ‘

2B YR
1) H.O0ku et al Naturwissenschaften 684 S 643 (1977)
T.Shiraishi et al. Ann.Phytopath.Soc.Japan 44 659(1978)
2 ) Karplus et al FQUANTA CHARMm ver3.214 Polygen Corp. (1991)
3 ) Brisson,J.R et al. J.Biol.Chem. 257 11207 (1982)
4 ) lgor Tvaroska et al FComputer Modeling Carbohydrate Molecules)

ACS Symposium Series 430 163 . (1991)
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KEFMAFIFANMRIC & 5 B IEEHESF IR B K B 7 (aFGF) O HEE AT

(HBERPRAF, Rhone-PgulenC Rorer Iné.*)
O H—, # (F#E) BT, BEKEL, MRaven , FEAE

\

Structural Analysis of acidic Fibroblast Growth Factor (aFGF)
with Stable Isotope Aided NMR Spectroscopy

Shin-ichi Tate, Naoko U. Tate, Masafumi Odaka, Mark Ravera¥,
and Fuyuhiko Inagaki

Department of Molecular Phsiology,
The Tokyo Metropolitan Institute of Medical Science,
18-22, Honkomagome 3-chome, Bunkyo-ku, Tokyo, 113, Japan.
*Rhone-Poulenc Rorer Central Research, 660 Allendale Road, King of Prussia, PA 19406, USA.

We have started the structural analysis of acidic Fibroblast Growth Factor (aFGF) with stable isotope aided NMR
spectroscoy. aFGF is a member of a family of the heparin binding proteins, of which biological acitivity is enhanced by’
heparin binding. Here, we report some new pulse techniques and the labeling method developed in the course of this study.
The hxy-5 composite pulse sequence was used to suppress efficiently the "water hump” which is caused by the B l-ﬁeld
inhomogeneity. And to discreminate the NH, and NH resonances in the 1.5y inverse correlation spectraum of the
uniformly Ly labeled aFGF, the DEPT-SQC was useful. Funhcrmore,lsN selective labeling of NI-l2 groups in Asn and
Gln was devised which will be helpful for studying the interaction between the side chain NH, groupes in aFGF and heparin.

LF BEBMFHRKERFEFGRHR, AN Y EEHEARO—2THY, ~ N VvOiESItLh£+04
DEECELEDD B EHFRESNTVS15kDaNEHE TH D, |4 ik, aFGFOANY) VAT L DRSS
EEPHLPIRTHIL#EME L TRERAEE 2 FIH LNMRIC X B SR 27 %2 o Twd, 4HIi,
aFGFONMRAIE #1772 9 LCRB L 2/ AE, B IURERMAEEREETLELTRET S,

2. B, field inhomogeneity #H/ ¥V X DB, -field i 4 ¥ 7V OZFRI B CH—~ T L, BH IV r 8
NBELEDOH—ERBBCE (RS, BELICLoTHR I NIz O (UFIRFV¥—FIE) i,
B, DY~ WG DHDY 7 F VOBMETRRE TE0T, BAP TONMRAUEICRERN LNV THB, LIL,
aFGFOB{E T 5% v T VIBE 2T 5 D CIRISMONCI¥ LE L T5 03I s a b VidEICEL
BV, BERL, TOLIREA A VEREREOF I, I/ 0VOFTREDBILENEVITKE L
BBLOVLAOREIRBL 22D THE, 22T, EEOSmFEEAL, 26 HEBEOY—EE LT
LB EEL cmBEOF Y IVRECLALODO R PZRBETILENSH D, Z0L) 2&fhTir, LR
B, -field inhomogeneity DTSR T & % { % %o B -field ¥ AY— L HRICHRT KDY 7+ V iz 1 alliR
T LI RBEOIEVY T F ) (waterhump)2 5-2 5, SO LY RBOEWY I+ Vi, B—BEEER W2
mwmmm&THMiz:tuvé&wotmL,COMmmmm&Brmmﬁm—&%ﬁweﬁévyfw
- DHEERBHET S & THRGICHF T2 LT TH D, Fa I, hxy-5LFEE S D Dr-pulseh b %
% composite pulse % 7ESL L, Bl-ﬁeldgﬁﬁigﬁﬁgﬁﬁﬁ?ﬁu 7% O L CRHERM Cwater ump 2 IEETHZ LT E
72[1)e FORREEZR 1 bIIRT,

NMR, 13N-labeling, acidic Fibroblast Growth Factor

22T LAVS, 22T 3204R) %8BI, BLEY F5dd, v—2 INT,
WEHE QDT
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ppm
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K1 hxy-5iC & % water hump #IHIE) R @FED 1 DARS P VORPEHR. K& Zwater
hump?* Y 7 F VBRI OFHIT IS > T B, ()hxy-5iC & o Twater hump 2 ¥ L THIE L %

1DANRZ by water ump 3 BIRBICHF TV 3,

3 QIENH, ¥ 7 + VOBROEH PNTH—Iis <V L BEE0 H-INHEB A~y PV EICE, EHONH
V7PN ORI MPEONL, DY 7 F VS BH S h b, MEDR < bV ETORFIEMTEED D L THET
bd, B4k, COEIBYTFVORNETER S oDICDEPT-SQCR MR L 22l NV ADHREXE 2 IR
3o DEPT-SQCT %, BfLid, NH, NL,OAE Y ROBVICL YDEPTY =7 LV AR & o TL 74 b S n7cik,
244 C 1 BT PN Dsingle quatum coherence (SQC) & L TEBIL, Bitic PN & IHB~BR L <8
Wand, BRASND Y7 FVOBRIHOIBEOAN POV AN L5 T2 b s, H312, p=180
C KBRELABEODODEPT-SQCANRYS FNOBMDA V2 YA Y bOFP—F 2RT (V¥ 7 VIRIL-1B). DSk
#HCENHENH, OV 7 F VB OR B &30 Y 77V & LTHIE & h 3. DEPT-SQCOKELE, PN#ifio
SEEFBVECH D, SO EREENHOERN L2 BROBESICBEEL 2 2,

o, 180 ﬂ¢39°y 180 80y SLy t, R 2 DEPT-SQC; D=1/2],,., CH 57, RERICIIE
n sssllefsl [0 4 MOMBERT B f:m.srjn}slec%mw 7eo RIARE L 1
BUFoe39)tha,: ¢1=8kx),8(x); p2=x,y, x,
-y; 0 3= 8(y), 8(-y); dd=4(x), 4(-x); receiver = 2(x),4(-x),
2(x),2(-x), 4(x), 2(-x). FBRE], FEE OREAERITF 4
DYFRIARET B0 FIRIOLER X SatesDHIEHE o

90, 180

) 90°
SO | N N N

X3 DEPT-SQCOBMNA Y2 VAV FF—F,
B=180°" KRELTH 5, o

—
10.0 9.0 8.0 7.0 6.0

—174—



7.0
T

10.0 9.0 8.0
T T

135} .
@ .
1o} -
oo °
® o
125} -
"y - °
- -
120} -
° -
.
8
st . *
1ol -

o o
<7 Jo'

135

130

125

120

15

10

(b)

° o
[ K
L.

ppm

ppm

E4 2DDEPT-SQCOHIEMR. @NHY 7TV, (ONHy¥ 77 MHSER BRI T

Wwh,

4 i212p=180° THE L 7z 2 DODEPT-SQCA XY MV %7RT o (a) CIEINHHRD ¥ 7+ VDA D,
(b)—euiNﬂzmﬂé@-y7‘+)vm&f)f§ﬂiﬁUénrvxz,o WARY MVIRF—2Z2)7 FVOEOHEH L BOEOM

FiCH oo

4, ﬁuﬁﬁNﬂzwﬁéﬂE@”Na )V DEPT-SQCOIBE T HHSQCOBA AT 2 N L BN LEL 25, &

N, RAFROBHREHRETIHE, RILOTBHEMHE 72010, DEPT-SQCTH#Mshs Y 7
F NV DB EHSQCOBE I L TH% VB %2, 1o T, WGINH, & Y # Y FORONOEDRR IR (2
Dk LERIE, NHENH,OPNORY 7 b 4B 3B A CRLETSHE) 217% ) i, DEPT-SQC
NOESY: Vo e/XVAZH A T & RBENIC, 2 Y HBIC L5, LA L, WENH, (EIGn, Asn)iERE
NS RV 2 AND 2 & AT & 1LEZ, HSQC-NOESY, # 5\ idHMQC-NOESY % iV TH UiFME182 & £ 4¢
TELLD, HEREE LCREBCHENICLZS, COFlAE, BAEOGTFREIURES DI LEEC LS,
0L RPN, DBRE L T <VRKBEOT IV BRAME) F(CHATHE L CHERITLL 2, H5
i2H%, Gln, Asn&Glu, Asp& DRBWZBFRERL TV %o HEHTXE RAGIn, AsnORIFNH, SHEHH DT ¥
ESTERNRAU S ETITRDLNTVERTH B, 2T, FHICGIn, AnPANDO7 I VB (FRM%EL) %
AN 7zPONH,QEH MO R T KM %353 U TR B K THGIn, AsnDRIGNH BRI NS <
WEANDZ EHAREIC% S (ESNHEBEHRICANRLI ANV RLOT7 I /JBICHRTILDIRNVEREY) ,
H6Ck, 0L LTH LA NN, HSRIRIC 7 <L & n7:aFGFO PN-SQCR A 7 b @) & PNTHy—

(a)
COOH *NH; +ATP AMP + PPi CO‘NHz
2 ¢H 2
CHNH, CHNH,
COOH COOH
e Hi0
Asp Asn

(b)
COOH 'NH, +ATP ADP +Pi
¢n,
I
(Ha
(FHNH2 T~
coon N H20
Glu

E5 Asn, GInDESBBB. Asn, GinidEHDOT » E=7 2D iAA TAsp, Glud N ES

BENB, *it, PNIRVET,

—175—




5l & N72aFGED ON-SQCA R b M®) & FT o ON-SQCOBEE TNH, D ¥ 7/ F VS BRIICES & LT
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L d
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R6 NHBRTVOZR. @NHRRT <V & n1aFGFRE, OPNTH—F LR
7:aFGF0 PN-SQCA S } o NH,BRF~NVIZ & D, aFGFD 1 3EONH,> 7 )
(Asn 718, Gln 6B THIR T 72,

BETR

[1] S.Tate and F.Inagaki, J.Magn.Reson.(1991) in press.

[2] S.Tate, Y.Masui, and F.Inagaki, J.Magn.Reson.(1991) in press.
[3] S.Tate, N.U.Tate, and F.Inagaki, submitted to FEBS Lett.
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NMR study of interaction of human lysozyme with its inhibitor

Tadayasu Ohkubo, Koji Inaka, Masaaki Matushima, Yoshio Taniyama and

Masakazu Kikuchi (Protein Engineering Research Institute)

[Abstract] The interaction between human lysozyme and its inhibitor
N-acetyl-chitotriose was investigated by 'SN-'H HMQC spectra. Most of
the 'SN-NH <cross-peaks in the spectra were separated well enough to be
followed during the titration experiment. Residues whose NH proton
signals decrease in intensity upon complex formation, are located mainly
around subsites B, C and D. Local conformational changes were observed

around the fourth helix adjacent to the cleft of human lysozyme.

<F> BPYVYVF—h(ARLZM) B4#M DS -SHEAL2¥EH>7I/H130%
HIVRI2BEABRT. NEHREERE T2 MBOB-1 4502 MKABRT 2,
HBEOHTH»IWHEY YV F—LHE,. 7I/ BEEOL 0% BERZIATWIIZD
Phbod XBERBIFCIWEESON IMBERIEEENbEDT—-HLTY
3, BAYYVF—LLEET7FOY(NAGKLOBHAKOXBREABERITOR
BRI, 6HOBEEESBUBAFOPRBO VI P HFEETI2HEBRYE X h,
E41HOBEBRENEATSY Y4 kA, B,C,D,E,FLr&f3ohtTns,
BEERCHACBEBR Y VY1 FDELERAEBLTYWS Glu3s,Asp53L £ X5
ATW3, hLZMEROMHEFRARURIGBEEAMATS20iIC. hLZM

E (NAG) sOBBBHICRIIBEAOREFR2 ' °N-—"H HMQCH)ITL D @ErE,
<EE> hLZIMODH—'SNIXNVIE 'SNHOHE ('5NHs) 28042 ME— D ER
B LEBDHMB CHBE2ERT I L EDITok-, NMRUEZEEHBLLTE
HEBRE2~4oM, pH4 . OOBAKRHEXELHBW LE, "HRM SN—'H 2
XTHMQC,HTQC,HTQC-NOESYARZ NV AHEBEL40CTHIELE,
<HRLEZE> -~ HKEOFHREST'SNSRIV{ELERLZMEAWEEHO S
"N, NHRUCaHYZ7 I VOEKRRBEERE LS. SHEROHEAROR

EFYYF—L (NAG): 'SN—'H HMQCH¥: HEZAM

BBEE REPLT. wid I35L0. FoOLE FXxhbE.,
RicoE  XUB. E<b gant

—177—



BAp%®. EiCAsn,Gln
fENH: Y7 FVORE
%ffo%2. NOESYRVU
HMQCARZ FIWVHTR - o—QilT—o
NH:!NHOYZF Vi " g% Tios
HUERCBNS L 3ED e
MEMXONOERRHT| ~ e
Mo, HTQCRTU : = o B A ;:pmmt
HTQC-NOESY¥%T ‘
BRNHICHXTBIY TN M1 'SN—-'H HTQCARZ IV
HBERXATNHCHRT BV T T VORBBAEIAARI PV EBREE NS
(H1). ChichCAHLOBEMANOELXRAWIHSEANH Y+ Vo RE
PRECTOEDHKE,
WHEPICRIBILZIME (NAG) s O#G0ORBFE2 'SN—'H HMQCHEE
IDHERRE, ARV INVHOBELAYD'SN-NHHEBEY - 7B X<AML (NA
G) sOEME LBV T FNVOELEBRICHEHRD I LMWK E, hLZME(NA
Gle%1:10HTHALELESSDY T F MY I PLE., EXIZ(NAG)S
LORABCIVHEAOBWERIEITHONH 2OUMNH: 3EO TroREN
BENHRB. NMROBMAYy—VEH LTEWRKRBBC IO Y I FIVOREDNE
HLUTHELE, RIZEXBREEBFCIOREZAEALZMONGHBEL VY
FVRAEORPLEFPIRFTubvOliBERLE. NHY YV FUVHHRLERE
ODELAVYREYOEHE VI IOEDEN. HIKBLCOY 7Y 4 F2HT &
SERBBLTWS, Y7 FVOLEY I FRELLEYIFTRFV/RIASOR
BoEBEICHNELTWS., E, F¥ 7Y 1 FORBTCRY T FIVOBRBZBEBE
TwhWw, £, DY TV A4 rAEBAET
25 Asnd6,Asn60ONH Y7 F A BHEEKLE
BEholhbooBREXERSIKHEELTWS L
Exbohd, 2hbDF—9¥DPH(NAG) s
BB~DDYTH4 PeHEATIILNRE
EAhrz, CORRRXBEERINEOHRL
—BLTW?, BELEBEALRZW TP
112, Arg 113,Asn 114,G1ln 11707 2 K
Tatr VOV T FrVRENEPLE. Thb
PDRERZ V7 PCREBETIRAKMET 700
BET54BBO~NYVYZA2BRELTNWS,
BEEELECNTZIIVI VEBOBRELDE
BoRwhb5, ThZ(NAG):LOHEAK
I ZoBMNCRBEELNELTWSILE : .
BEKRLTW3, ' B2 hLZMop Xial&
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MY ]
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Dynamical structure of the combining site of Fv as studied by stable
isotope aided NMR spectroscopy

Hideo Takahashi, Erika Suzuki®*, Ryuta Mizutani, Kazuyasu Shindo,

Hiroshi Tamura, Ichio Shimada. Yoji Arata
(Faculty of Pharmaceutical Sciences, University of Tokyo,
*Advanced technology Reserch Center, NKK Corporation)

The structure of the antibody combining site has been studied on the
basis of the X-ray crystallographic data. However very little is known
about the dynamical structure of the antibody combining site in solution.
Here we discuss on the basis of 'H-'5N shift correlation data the
dynamical structure of the Fv fragment (Mw 25K) in solution in the absence
and presence of the antigen. 11 has been shown that 1) Hl and H3 loops
are primarily responsible for the antigen binding, 2) in the absence of
the antigen H3 loop displays an internal motion on a time scale of 10u sec

- 2msec ,and 3) antigen binding induces a significant change in the

dynamical structure of the H3 loop, rendering it less flexible.

RBFEZ7OQOTY OHFOLOFEDPOFRNRNEEIREELHHAT DL, &
ZLOMEBITHLh TV, XERIHEERFTE. T RBEORERARUT Y
XY b (Fab) OVBRENREEILTLS, UhLeBs, OBFEFTHIEVS
HIR. OQHEBEOEE  KEETHHAOHESBRIRIh R2FBLRL. CLIZEE
BU. BRRUNMRR LV KBRPTO TE0) fiEIRBEORTRITo-TV %,

BRWCH 1 F AL YDRBEUTVEIERB - My VYL (DNS) IgGa(s)®
BENLTZIECLY. HEZAELETASINOMERRNTHITEEKT S
AP (FVv) PRECHANT ZCENUHETH I ERRUED, BEEXh R
Fvid. YHBEELREQY—OFVV,, VL FXLUDOMEATE 25k DA

GEIFOTY Y. REKASMU. Fv, KEE#K. NMR. $RE

EOWL UTB. §9F% 20bH. TR Vwdk. LAED DITRT.
LS VAL, LEE BB, sk &3U
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TOY AR —-THY. FEAMUKEZHAULZNMRR IV KBBIZBI 2HES
ERUORBEBLZ DV THEMRBFENITL S 2,

ARETRERT7 I FEELBROC SNCEBLULF vEAL. HERKZS
BEOBFRIT-oh,. TOBR. 1) HETHZDNSOEARW 6 DOMEAMERTE
#Hi (CDR) =7 D35, HIRUHI2HLEULTIT>THEY. 2) H3 L
—7TRAEOREGCHY., BOIMRELTILSBTEIh S, CEBHBAU L,

[F,]

HGEELEERL2'SNERUL7I /B2 SNV - EOFEMPTHERT S I LK
LY. TRAT7TIVVETeBRMICERU 2K (1g62a(s)) 285, Chi2EBR (
JRZAPYNALY) HIkT 3T EWREKD SNEBRF vigsh 3,

BRI VBRHE H-"SNY 7 Bk (SQCRE) 2RV R,

VIFTLREE., EEANRLERFLRCCERUR7 S /JBEHBIMA. ¥
TAINRLFEREVITohe W, FTASRKLETRESHERSE S K.
we-filtered HOHAHA/NOESYIC X 2 R BRBiE 2 AL 1.

(BEREEFER]

NMEREBUCIFEE7 I/ BBRENREEETEZIZEMS. ['SN —Ala,
His,lle,Phe,Trp,Tyr] FVvE2HWLEESEFT 21T - 1,

OHEHEEBUORTE

AEYSRANTF Y (INS-AmTEMPO) D EES B &Y. HIRUH3L—T W
KOV FNCHEREBOBANEOWE, o THEKABTEUTHI RY
H3L=TRBOWTITHhhTVWEZERPIDER> R,

OEH7IFN7OPYOH-DXH

HEERFETCTH-DRMEREIT > (pH5.0 303K) . 10 BEM#H X 53 @
VIFLDIB 31 HOVTFANEELUR, ChoDKBABCDRA—-TIRH
RXKT2bDTH 3. fiFFEETTCW. H1, H3L—TOETHS (A32(H1),
W33(H1) /7 195CH),Y96(H3),WI01(H3),F102(H3)) D7 X VBB EOH - DX MEE
BEUSEBYT 2B bhohe COBRH-DXWMEEDOEIL (ko> 10 '~
10 *min~' = k,< 10 “Smin') 5. HIEKARIVAERAEUCH R
KFEHEEGORY P TI— I BEBEhRIEBREN R,

OH3IL—-TO®Wws ¥ ~
FH7IFETOKBERME (T,) 2UELVRECS. EXREFEETTR. H
V=T RUZOERERDOY Y F N (195,Y96,Y97,H98,Y99,W101,F102,Y104) .
MOCDRRUIL—LEHBHKOY Y FTLDO T, (50~T0msec) WHNFEHFZHEL
{6 (10~40msec) 2R U2o —KH. MEFEMN (T,) CUEHELRHEEIA O RD
ok ¥REBKEHORRILLIY. BENERILIhIDOVY T FILOKRIEN
EHOLHKRTBZEVHIHPRR ok, o THIAL—-TOHLT  OERILFRH
KHXT3H0OTHY. H3AL—TWKW 2 a2V 7+ —LELEORH. B M5 %)
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& Bwsm HH) D
Was(L) vgn) YS9(H3) -
(=2 g ASS(H)
P 1200
Ko F98(L) ¥ F(L)@gm 19
A520(H2) ! YaT(HH3)
L) |=
) D @pA3AHY 3
Y AL [~ g
( ssonn ] £
=) [ic2
W4T(H) ]
© . 130.0
zB80
g | e
2" ‘ ‘ "+ ] ['SN-—Ala,His, le,Phe,Trp,Tyr]
10.0 9.0 HPPM) 8.0 70 ﬁmFVU)‘BN"'IHf/? l"fﬁﬂﬁ

AN P (SQC) .

BEAAELTVWEEEIZONE, H3L-TOERIEORMBIECPMGRBI BN
LARKBRUBEOMALERT &, 10usec~2msecFEETHE T & hh 35,
HERFRETTEHIL-TOT  OEIREFEFETEERNKRELSELRLV. V-7
ORTHBATRZOT . OEBRL RS, A7+ 3 —-BOIEVTFEBRAT
52L®. TORIETOFEOEIPHEMIUEATERLY, H-DXHBOFER
EBEZXAEGDUEBE, HILN-TUHEEARL LY., BERAZESGRIY -2 %
EBU. BoXnXon3FRMCHHEEELBBI R EHRTE S,

UEDE>W. RERMNUGBERULFVvRHEVIZERLY. KBABFTORE
BABUOHHIHEE. RUFTOEILENMRREVED ZEBTEEER> 2. SHK.
ok, HERENF VO IL—-LHBRRETHER. Fab73 7 XY b (Mu
50) RHVTHOFN XS VORENREFEBUCREITHEREEEBALTLL
FETH 3.
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BREIFULSRBARUVRY Y ALEDT

BoTWw3.
Fig3.
Y38(L) YS8(H) [t N] T, filtered ANZ p L.
CPMG delay time = 25 msec.
(a)
Y7o Yso0 T .BfILLOHELRY T T E
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Figd.
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1)H. Takahashi, T. lgarashi, |. Shimada, and Y. Arata (1991) Biochemistry
30, 2840-2847

2)H. Takahashi, A. Odaka, S. Kawaminami, C. Matsunaga, K. Kato,
I. Shimada, and Y. Arata (1991) Biochemistry 30, 6611-6619
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Dynamical structure of immunoglobulin molecules as studied by stable
isotope aided NMR spectroscopy — An approach toward large proteins with
molecuiar weight more than 100 K

Koichi Kato, Chigusa Matsunaga, HaHyung Kim, Hideki Fushimi, Atsuko Yoshino,
and Yoji Arata (Faculty of Pharmaceutical Sciences, University of Tokyo)

Many of biologically interesting proteins and their complexes have
their molecular weight more than 100 K, which precludes an elegant multi-
dimensional NMR analysis. We have been using stable isotope labeling to
develop general methods in order to cope with such difficulties and
extract information as much as possible concerning large proteins such as
immunoglobulins. Here we report a C-13 NMR study of mouse monoclonal
antibodies. On the basis of the spectral data obtained, the dynamical
structure of the hinge region of an intact immunoglobulin G (Mw 150 K)
will be discussed. Dynamical structure of immunogiobulin molecules
forming immune compiexes (Mw 300 K - 1,100 K) will also be discussed.
1.
ZXFTENMROBERFERBIC L > T. 2 TFE20KiHROEAHEOLEHERT
P& It UDURBS. EYHEERICHEHEKEVESHAWL. Z2RFTNMR
OHEARALEMLIBI 2T TEODDTH >R Y. d3VIIERREL FHES
HRERU THEERRFAU TV IBENZL. COLIREAEHES VLT
DESRENZE ULEIZ. NMREERUTHRIERUEZTHS5H? X%
. FOTEEMRESNL, KB/ 0Ty (5FE150KLE) 2. &
EEMEEFIHAUENMRR L BB RIToRODTH 5.

13C NMR. TERM%. fEyo7Yy >y, e 2 VHEE. $eE

wED IH0B, FORY BIE. 8L WUXA. SUA UTE.
LUD DI, ok &DU
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B URiB 0 1 O 2 APUARREL M % 8 U] 2 A BE B & Il (i AR 3t
7 I/ BESUEMBFBFHPTERT 528 W& >T EHILRIVERR - 7 3
FERR7I/BYATICC, SNTERULE JO-FAHKRHAR .
BC-UINZEERA L BRI TR CREMR. T2y PEEA. (LS
fi728) BHEABELERE. RESOTY DOHLRIABCY T FLRIEEEH
HECKKRETAIENTES, Fk. ¥V T P ORAMRERT SR
BCYTTLOLEILEBREEDOPRS NS, 100MzOFREEFTISC NMR
VT FNRBEL .

. t2YEROBITHES)

BEIOTY VDS REABEAEEA NS E U RBE. WNEOhOEHT 588U
WH¥T SHEEEE BRI T 3 ENEETH S, I Tl AFJ 1
TH2G (1gG) DEYYVHEHEBREAUT. ZOSHEEORITRIToR,. t
DVHEEBUFablF c 2B T 3H20BEOLES XY MTE GBEIOTY D
PEZRE LT 7 ¥ —REOEBCLHEREEHETH S, K1Y TIA] gG2a
DEVEEBO—XHEELRT. B2WRLysOHNRoINVIERFRRBRIRICIICE
WMURT gG2a ([K]] g G2akKi2d %) M18C NMR (CPMG) ANZ ML
B2RY. WHESETVFEET S LysiHKTBZV T FLDDIB., CPMGAANY }
N GEERE  40msec) THH XN ZDIE. upper hingellFEET SLys-22200Y
TINDATH>k. lles Thre T A—-T & URIGETOHEBIZCPMGAND
AR BWTEHBE N SV T, upper hinge& CRIEG{TITICH¥KT B3V
FLDHZTHH>T. Fh. core hingell FETEZVANT 4 FIEER BT LS
MEFT B &, core hingellTFIET BLys-28BFT IV v = TRV T FLEE X
(E2) ., [C]1] gGazBAVWTHABEOEREREIT> & Pt Ycore hingell X
T %3 2DCysV T FIUVBPFFABULT A &EWREhk (H3) . HUEKY.
b VM. F#EXupper hingek Bl 7icore hingehSi#id - BRI A H—R2
FHE (EVEBO “EF 1 78E” ) BERUTW A LB hER> R,
VALT 4 FESOUBEC O UeY 4 JHERBE L. Y VHERII2HE
UTRERESMELEET S, FUT. FhH->TF cEXT BV ITHILD

221 222 224 227 228 229
-Glu-Pro-Arg-Gly-Pro-Thr-lle-Lys-Pro-Cys-Pro-Pro-Cys-Lys-Cys-Pro-Ala-Pro-Asn-Leu-Leu-Gly-Gly-Pro-

-Glu-Pro-Arg-Gly-Pro-Thr-lie-Lys-Pro-Cys-Pro-Pro-Cys-Lys-Cys-Pro-Ala-Pro-Asn-Leu-Leu-Gly-Gly-Pro-

upper hinge core hinge : : lower hinge

Fig.1 Amino acid sequences of the hinge region of a mouse 1gG2a antibody.
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Fig.2 100-MHz 13C NMR spectra of [K]lgG2a before
Cupper) and after (lower) reduction and alkylation.
The spectra were obtained by using a CPMG pulse sequence
n/2-Cr - - v, with T = 2 msec and n = 10. Fig.3 100-MHz 13C NMR spectra of [C1igG2a before

» (upper) and after (lower) reduction and alkylation.

—ERHERILEY T MEIEBSEIRIN S, YIALT 1 FESOUNICE>TR
BT DI Ty —BEENREKT LS. E VEEOTEY L IHE
. BT D OEMEHORIFCBVT. EERBYEREZLUTVWREEX
AN B, ‘

V. RIFESHERPIZET 3 1 g GOERIHES)

RIZETOTYUN, FEOL T 7Y -BEELEBT S RDE. SlPEIcCk >
TFabiADBRBEINZIEBLETH S, N-oTs FOLTFHRELHERT S
RO, BEXREBL) FEASEENMROBHONRETILENS S, AR
(111 g G2aDANY PABIRUR2. ZfliNT 5 (bis-(dansyl)cadaverine)T
BEUR] gGa_Bk (HFE300K) TlE. Fabd¥OVyFILIIHEER
THEIE 2T UTANT P Lhh kL TV 3I2dh»H 33", upper hingeld
TOF cOVTFLEBHMEIhTVWS.  Fh. SEHE (—3F4% 0 EH10E
DY UNEREEURIVIET LT IY) TEEURIC]] 8 GRaDREHES
#® (FE1, 100K) RBVWTH. L VVEEBIUF clcdkd 370
. BRZBEXhE, LDEOBRLID. RFESHKPIZEVLTD. F c i
W3+ upper hingeDFEMMD DI EHERESHELFRFL TV I EER LR, 2
hil. RIFEEGRPTF c& 17 ¥ ~-AFEOBEREMBHNTHEEEL
oh B, ‘ -
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A
B
C
Fig.4 100-MHz 13C NMR spectra of
(A) and (B) [1]1gG2a, (C) [I1Fc, and
(D) hapten-!inked dimeric [1]1gG2a.
The spectrum (B) was obtained by
using a CPMG pulse sequence as in Fig.2.
D

180.0  176.0 178.0 1;’5'.‘n 192.0 170.0 188.0

V. 8hyi
EFNAVRNEROBRY B CERC L > T RIETOTY VR FOHIRST
FhBEBES U LBL FEAGRLFEFL NV THEITT 52 L STREE R ko
ZTOER. 1 g GOEYVRENPINIFE—REMERER U TV S ERHS
PiLUke. IO5LREVVEEBOES A IHER. FcbkOrT s ¥-5F&
OHEFAEORXEEORIFE KURREEERPTOF c OEEEDRRE 2 IREE
UTVLBEEABIENTES, BE. RIZTTOTY D OBIIHEE & EYREED
Bithe. & VEARECERT 50, | gM (BFEI00K) Rl IHEITRIE
HTHW3,

(i) ,

1) Kato,K., Matsunaga,C., lgarashi,T., Kim,H., Odaka,A., Shimada,!., and
Arata,Y. (1991) Biochemistry, 30, 270-278.

2) Kato,K., Matsunaga,C., Odaka,A., Yamato,S., Takaha,w'., Shimada,l., and
Arata,Y. (1991) Biochemistry, 30, 6604-6610.

3) Matsunaga,C., Kato,K., and Arata,Y., (1991) J.Biomol.NMR, 1, in press.
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Structural analysis of c-Ha—-Ras protein by stable isotope-labeling NMR method
Yutaka Ml,Kazuhiko Yamasakil, Yutaka Itol, Susumu Nishimuraz, Tatsuo
Miyazawa3’4, Markus Wﬁlchli5, & Shigeyuki Yokoyamal, 1Facu1ty of Scilence,
University of Tokyo, 2Biology Division, National Cancer Center Research

Institute, 3iculty of Engineering, Yokohama National University, 4present
address; Protein Englineering Research Institute, and 5Bruker Japan

Ras protein consists of 189 amino acids and binds with either GDP or GTP.
In order to elucidate the secondary structure of GDP-bound truncated Ras protein
[Ras(1-171) protein], isotope-aided 2D and 3D NMR experiments were performed
with uniform and Amino acid selective 15N—1abeling. First, all of the backbone
amide lH-15N resohances were assigned. Next, by hydrogen—-exchange experiments
and measurement of coupling constants for pairs of NH and CaH, the secondary
structure of Ras protein was elucidated. From these results, six 8 strands and
five helices were identified in Ras protein. Further, for observation of side
chain signals in 1y-13¢ HMgC spectrum, 13C-labeling was performed with [U-13C]
glucose and also with [1—13C]g1ucose.
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B BRasy PNV HOMBRBEF Z2F > &2, EBH5E'NHB0VE'Cozx
DT A - LA RREBANEEBERNELUANRD RFEIC LD, GIPFHE A E Rasy ¥ N7
HeoWTHBXRMERIT2ED 1.

(HHBIUHFEIIMRGRXRELCISBITICWE.Rasy Y NV HEOC KBWISEHE 2 B
WhE#BRasy PN 7HEZRA WA, EFEFAEB U Zc-Ha-rasBEFERIPRALET S
k2 ABEICEBAL, Chz2RELEHTCERT BILEEE> TRasy v NIV H
FABEABULUE. 2274 -0 NBERE2TSBARIHE —0FRE & L T NH.Cl
ERWE. £E, SV F N ERBT B R D, Val,Leu,Ile,Ala,Thr, Arg,Lys,Glx,
Asx,Tyr,His,Phe,Ser,Gly,Hetic D> WT 7 I /B ERWY ZI6EHFO "N FEMR%E 7T -
Ll oBe,CNBRIOEBLITOMRODIVEEOY OB ERD BTN
3tk &koT7 JEBBERRNCNBRBREGT O R, EHECRBILLZ ' NOAHR
B¢ iclmRkR7 JBIENBULTEERNS Y273+ - P E2ERBLEARBEER
#EIR UKE (Table 1), 2 =27 - LA R'’CRBETR2>BALEIBD B
ez mEFERLELT[IU-*ClI ZVa-xz2R0wk. g, B&IC[1-2C]
Va-2zrHAVWERsY YN TJTHEHOBERDIT - £
HHELERasYy Y N7 BRI IRTEGIPEERTHD, WEODLDBARBRBZR O K
Ll ko THEHABEHERER (200 YRIIYYLEEE, 10nY MgClz,150m4 NaCl,pH5.4,
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isotope filtered NOESY,TOCSYO M F 2T > = . F &, 2 =27 - L'*NFHRLE
HB &2 AW CNCESY-HMQC,TOCSY-HHQCE R ENHR X _ 7 b A 2 @WELBHFLE. 2O
EPRLBIANB I =27+ - R NBEBROER M Bsequential assignment %
TW,Ras¥ YU N7 HOEHEME LAY 7 F V2 RELE, s CERLEAHN

Table 1 7 3. BB *NEGET > 2O B 504

158-1abeled [15N]am1no concen- host genotype

residues acid(s) tration strain

uniform 15N1yc1 2000mg/1 TGL prototrophic

Ala+Val L-alanine 100 DL3g . aspC,ilvE,tyrB
and L-valine 50

Arg L-arginine 55 AB1255 argH,hisG,ilvA, metB

ABX L-aspartate 90 DL39

Gly glycine 100 AT2457 g1lyA

Glx L-glutamate 100 PA340 gdh,gltB

His D,L-histidine 100 AB1255

Ile L-isoleucine - 55 DL39

Leu L-leucine 55 DL3S

Lys L-lysine 55 JE5811 lys

Met L-methionine 75 AB12565

Phe L-phenylalanine 50 DL39

Ser+Gly L-serine 50 PC0950 argF,argl,serB, thr
and glycine 50

Thr L-threonine 50 PC0950

Tyr L-tyrosine 50 DL39

val L-valine 56 DL39
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Dynamic Structure Change of Ras Protein on GDP->GTP Exchange

Yutaka Ito‘, Yutaka Muto*, Kazuhiko Yamasakil, Gota Kawai4, Tatsuo Miyazawa2’3,
Markus Wélchli4, Susumu Nishimurav, and Shigeyuki Yokoyama ({Faculty of
Science, University of Tokyo, Faculty of Engineering, Yokohama National
University, Present Address: Protein Engineering Research Institute, Bruker
Japan, °Biology Division, National Cancer Center Research Institute)

Ras protein is bound with GDP or GTP, and the GTP-bound form is active while
the GDP-bound form is inactive. Sequence specific assignment and secondary
structure determination of Ras protein bound with GMPPNP (nonhydrolyzable
analogue of GTP) were performed by heteronuclear multidimensional NMR with
uniform and amino acid-selective 15N labeling. Upon GDP->»GMPPNP exchange, near-
ly half of the cross-peaks shifted and 20 cross-peaks due to residues in
biologically important regions disappeared in the HSQC spectrum observed in
37°C, which was found to be due to line-broadening caused by chemical exchange
between multiple conformations.

==
rasBiEFEMRas)iZ, 7IVRIBIBRE PR3 H TEFMIKOY RN 7HETH D, Ml
OEBELOAHEIZES LTS, £=Rasik, GDPH 3 WIKGTPZISFEALTE D, GDPE
ERHPBCIPEAHEADERIE X7 VAFROXBIC LT, CIPHEAED SCIPHEERA
DEHITRasEH B OGTPaseER Ic k> THET T % . RasiFCIPEAGBMBRELETH D, GTP
HEHUNEUYENTHIH, (IPHEATIBPHAN L IBRBENRED, YV ViEERE
BTRASO THRICEETARANOY -V b OWHERANATRTHZIEELISATWVS.

UMFRBETIE,c-Ha-rasBEFEDOCKKIBEEERVWERITIRE M 52 ZRasz AL,
COP-GIPRMIC LB R OB RBELEILOBHT 21T> T &=, (IPHAMLITPESEOBR
BEOEZERIL>VWTH, XBEERBEFEROKEILIDHELAATVWS., LML, 2HhE
TIMRICE > THBLhERRI L2, XHEEBHLIVHESIA TV IBREERL
CHhEART, KBBIEBW TR, EDHNLZBERBEEZEESELTVWAAEENSLS. LE
MoT, MREAWTABBICBUABRMEZHEMICENIZI LI, RasoFERHAD
AN LEBRTEZEDELATHI I LEXZSNS, Arblt, REEF T, Vo=
TA —LEEBE T I EERGNERERAVENMED FIZICED,IPHEFHRasICDONT,
F¥#MFIRSoby, e b ryoORE, BXU2RBEORERIT>2. 5H,(TPES
BMRasICOWTEHBOFETENZT VW, CIPEAN BCTPHEAEADERICE &2 5 Ras
OB RBEELLECODVWTERLE.

I5 Ik

1) RasO MW '*Na=u - LEROBIE. TEATEBE LUkc-Ha-rasBIEFEHARA
EREX Y -TABEBUYEKRICIZ FS A7 - X~-Yaryl, '"N(lZ2ETHIRD
B TREL T ResZ2ABRBASE L, 7IVBERN'INEBOBE. CORHANRT T -
T HBLAOABE7IVBERSEKE NS VA7 A -XA—-Yavl, PN T7I BEED
BOBMTHERLUTCRasZABRBE Y-, 7IVBEBRNVEREIASHIET >, B
WA NERasIFCIPEE AR TH D 20, (TP G BRase LTI, #AGDPZGHPPNP(GTP @ JE K
B7roZ)cEBLEbDOERANWE.

Ras, Dynamic Structure, 1H—15N 3D NMR
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