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WX oT&72, ZO3WMFGaA VadH 5 e, PFG
(Pulsed Field Gradient ; 7$)V A W35 E) %
L7233 v 72k D radial IO £ 1) z @i LAk o dil o>
T & A 72 FG-shimming 23 RE & 72 %o 3HIFG 2
ANTHL, ZHOFGaA VEFRL /-7 a—
TTHoTd, EHICFGIA VEEATH RN
O—7TdH->THFGIANH5DMEARODH
DICHEREBEARA NN A LT, HERDENIZ
LB EPIMR TV ZH O RBROED;HETE S
DT, INEFTLIFFICEET L™, ZUSOH
ZEOCHITHEERE S L v, Rk 3 2 Mk
7 a—7Tid 3WMFGIA VEMAAL THA
VIAWEE R O THE ZHEMTH 5o 3EFGa AV
Zffi9 Z £12 X o TFG-shimming MV Clid. DQF-
COSY (two dimensional Double Quantum Filtered
shift COrelation SpectroscopY : 2% ¥ 7 1 )V ¥ i}
E2kIT Y 7 MHBSGGEE) TOBBEIH AR
7;—‘: ZJ [5]0

1-6 #{ER 70— 7 (Cryogenically Cooled
Probe)

B A VoOREZERTIEZ L, BIEKERT
WEEITH) 20070 -7 % BKiE7e—7
(Cryogenically Cooled Probe) & -5, Bi7ErE
N—=RZFo TV DEBMO 70— 7 Tld, FITK
FKTHET L5 A4 TOTa—7 L ZFEOM AT
THET DI A TDOTO—THH 5N, MEHEDEN
BB EREAS R R 2 BETH S, BIHIEFAFOE
70— 7R, A RIS, Bk 25
BES/NILOWRAWIFETE B

JMILDOLEOTHA 2 EHRER

AR 72— 7 &K RIE, @E ORI
O—7 LR, PERDOR— N EHHROE— A
HBHHTRECEL L, B2 X512, Ap22IZ
FifHETHLDIF L, Z2THh 6 mmiET/za
A VZEMIERERRTH 2 Y BKE T —70
TEMIEZ ORERE RIREAR & 220 2 6h
LBETESRVEVWT RN ENFTEH LV, &
EDONMROEAITHE Y =V FERI AR IZE AL
HZOT, HENVRICTHI LD R L7200
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BN L[]

— HHE

AEF—

\_f | —EBEERH

I F/E%E:ml,
B

T

—t

*\~/ | RF3AY

|

* T—VTI7—

? f % BES(Y
] e < |>Jn—J * 4— VT I7—
P — —~—— —~—— 2 T/RAAYF RF /$)LR
' | 4& e
AENRTE IR [ —» NMR {5

(ADC E~)

X2 KR 70— 7 OB (JEOL RESONANCE R —Lix— 3 o 1) i)
MRUTE Y TH Do VKB TE S 225 MEKIREOTGTHY, BET AL VICEN-> TV b, Gl
THREINIZANV T AT R, 70— TOEZEIANEZ T THEHL. TORBRITEHHFEEES (Cryo-
Preamplifier) # % H§ 5. TOBRGHEFIIR D, T =7 VT TR EWIBENZZREF7SOVAIGET/RAAL v F
(Fa2 7V 27 ¥, duplexer) i@ -7, ZEIL V2 S5RFHCBHE S NS, NMREFIZT/RAAL v F %@ 7
%, GHETEMIES 285 T, 71 —74t0 ADC (Analog to Digital Converter ; AD Z5#%%) 25~ {5b B, TD72
W, REZANLER—=FENTR= B0 NT 24T L EBBRIEO Ta—T7 L8 %,

LNV, I VEROKEZERTL7200H
Ry TeHFEVHAIEDT 2%, e
THZEROZEMEZHEAIIKELT 2058 T2 ITh
X5 WIS, BUKIR 7 0 — 7 OfERICIE, &
LICHEHBEDOIRF T a0 — T\ fEmbbRnE )i
Laweinidiwv, ZOREOIMFEISITELVE,
NMRANXRY MAIARERY =T BT —T4 T 77
FELTHNADTHEIT RV EWIT 2\, ERIZIE
WHB X PR THT 0 — T\ 9 ) kRl %
VIR TREE T 5%

A%
WIHHRIZDOWTHRRD, KR 70— 713
IA VBB EIN TR OEAN) T AT ATE A+~
100K BREOREIHHIS N BEH SN S, Eix
PG D R EHREEE AN 7 DA AT TH 5 (G
AT ATHEE SN ) wHBRICIEGM 5o
¥ (Gifford-McMahon cooler ; ¥ 74+ —FK <7<
RUGHEE) REPHERSNS, 8K THfE
XELLA. BHBEEGHTEY A —F—FF—H°
VETHY, TOF5—DENE (REH7a v
BHPREBRIIFE C2Z9RKE ST HIPLKREW)
RRBETLUEND D, —EmH SN RITELR

OV LB T 5 2 82 b JIS—EEICR o7
Rilx, HHBEOHBEE PR E 72O A BRI
KELETNYy 7Ty 7T 5DIFHEEHR LD
Ty RO GREZEIET A LR BP0, OB
DN T OENEEM RO R v RO LFE R Y
GNBH Do FIAFERITTA NVERNATE LA A
ZME M3 GEVWHE) D2 @D NMRORF ¥V
ARG bd bo
IANEHHNL 7280 A DEBR RO ) BT
& 3 g 2% (preamplifier. 7V 7 ¥ 7)) # &G H T
o Z OFEO T EHE A 2 15 EETE B RS (cryo-
preamplifier) &5, I V2 GHT LA LS
FHIEMIES 2 G H T 52 L TS/NOW AR
T&%, bobbRY 27 —RBHHBIR 70—
7T THbH, H—{®C "N}y 7u—71d. L. 'H
F v IV O B H T E B R 2 265 LT\ 7228,
ZOH, "COFx AN BEFLZDONBNT,
AR 70— 7 o84, Bl 7a—7 X7
O — 7SN B 22 DT, BRI T PC I
WMOEETH->TH 7 a—7KHEEIIHET S
ZEEFBLLARv. WHNZIA V3D BIGEITHAR
B BB AS, PCF v RV HI E B
RERHTHILTREOK T 2R/NNRICHZ 2L
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BTE D,

BR%

WA 7' 0 — 73l O=RR 70— 7 & X,
EZEIA NV ERTEIEGESE I TV 5008
KRELELR L, A NVOWMEL T, WHFEBEIE
B4 AEER T ET5 . S/NIZ

1
(Te+Ty)

S/N «

DMRYD D %o HZA5 T AV & i & B TR AR
2o/ LT/ A AWWA. AT, I VOF
DOBFMILPIR S Z L ITERNT % QM (Quality
factor, Q-factor) D] FIZX > TH S/NASM E9 5,
ZNDANT, i E R AN E AT R & o
72721, BIRR72ZREEZ UV ER S5 T/RA
Ay F (F27 V7Y, duplexer) & 71— 7 EK
PHCIGA L 2w & Wi { o 72" RNE IR R &
I A ZXDL NS OB REZRHM, iAo
=7 VT T OREFEL OVET LFAORRHEZ
HTHHDT, TOTHA VFKRERII»Ro>TW
BEVZ LI,

&I

LG 7 O =TIV TR 7205 B OIE
PP o TLEFVWRERLIREZCEIRETH
%o WRINIZERDHEZ IOV TR ST TN
<o

ARHEIIH2D, WMEZRREOP K FAK
EIPBEHIR. WMEZHOA R TERYH K
IWHHEHIZICRE S LR E THEKE BT L F
L7z BEwzL, vl 3, F72JEOL
RESONANCE D[t 7- 5, FRZh IR 112
(AT WERBERO STl HhEMEE L7
W N2 LE T,

T L THLMENEZOHEMTH 5 EHENMRIZ R -
TLEWEAHETH 50

*2 homogeneity, &£ 99 biF A, A¥—Einhomoge-
neity LV I FED IKBEYT 5,

2 EE O NMRH OREE L [VWbw 23RBS O
ZLTWA, ZRIH L. ZoOXBHRMoORES X &R
FAEDNE LA AVE O RIHAREE Y
Bl AL TS 5. AMEDPRE LTI DbIET S
2D [FE] % T 5, T L THEDIEDTHIEL, 4VE
ORI E HIZFESIZ > TWW5b, AT, HiltEE
HT ADWALENELNT—FH L T\ 5HZ EAHARYT
Hbo WEOBEBE TR, AEE TS LIZmr- T,
BT A=K E VI HICHEA TS DD, 2
DO HMDO LN TIEH T A>T T AL TR, —

Mo, BN REEE L VAR RPESEWE, @
H OB ITB WL R RE S AL 2SRRI IS 22
B FNCH LB O VB WTIZME oSRE
DFE XL S RIER BN D TH D, ZD720, fli
HI5HEHMOBZ RO T ZENTE 5,

OB VAR TRV I DTEE L ETH D D
T, EHIEEHTTH 5,

PEBITEEDEE L Ve BIRORDIRIZIZD S,

ST OYA ] LEWOIIETREH D, M IS
T—7C, b & QICBERAED A B EEHE LT
BEARPORELTNT, FliZFa—=rrevy
F U VOV E T O —T7 (R T a—TNORE
DIALN) DBIFAELTZ) T B, THIVolzbDIEBIsT
HoT. XARWCHHTONTFHTHN, Fa2—=V
FHRLEZTA—7TiE, UTOHNTF2—=v 7
L=y F VT OVEEDSHRLETH S 1 1) T =T~
THHD7 VA% 0 A CGARHIRZ A, 2) Tu—T
POBRONLMEEHENMRE S 2R LLE 5, 3) 78
T—T TR OR NN T a—Th 5 R LA E
LTRIEEDOTFNA 2B T50%0i < 4 V¥ —
FUABEERERLEN), NT—=T TS RIT
O—7HOREEDO AL VE—=F U AT I Nl (2
FTLL50QTHALEIILVASHEES0Q) I28->TW
N E AT B FFIC, BT —Ff) X
IRERTF ==V Do Tnhne, 3) O
WS 70— TR O I AR LT N4 A% iy
HILREBLWIETIE R W, L5 T, FiLwy
YTINETO—TIZEy NLSUTFa—Z v 7R
LREEDIT TRV EWVIT RV, BARIICIE, %E
A0 S G 7 Hi— 9% 8> CW (Continuous Wave; 3
Heik) A5 k% H T, 9 Cp (Tuning Capacitor) %
BAL ST, REDPSRAKIC R AR V M EEET, KIC,
Cy (Matching Capacitor) Z 82> L. & 5 IZEH/
LYY TNV ELThoE b
WAL A a T, @EEAm sty b
T—ITFFGAFRART VS AT FIA4AFD L) %)
WU FOREN S X ) iR H A &, FFAD T
BB HFMBEDLRNRT VO TIERIZRIR TV, T
72UTICHRS &9 %, BEOBED 7OV A % [HFEC
oz ehkar ko ru—7o8e, Fa—=
THUBERF X AINVENEFNDF 2 —=V 7, °vF
VIMUECH Lo Fa—o v IRy F Y TIZONT
ZF X Y A HIUL T 2R OBE IR0,

TR THER LB Z DS, NN a4 Vs H B A L A
WZIAANDD DA B2 REREEIKEDE) o

SR A TR T A EEOY A, MiGE TR
Do & SBBITE SN TV B ERIZ BTN
FTLERNMO AL VIR EEHIZTa—T %2 RIRY
L EN L Ve 7272, HLETH D - & DBEIAT
IR THoT, BFLIRBELRIKELHLZ LT
W TxaLEZONATO—TIIKBML T LD
BLWIETE RV, WEEZA— T 720IZE7
O — 7RI 2T ER ST, =P Thltd
T — TR — TV OREL R EEZN R ICT
LR D 2025,

oL vE L O AloasvE | oz
#, Ty 7 HOHIEEDN 2V,

NFQ—TDF -V IPRN W, BEEEST
A—H—ICEBRETTO—T %%V R L, FOBIFEA
THATA YT EBEZ TV L& &S R4
W72 I A% 95 LIEFITITH L,

MY RALNDL EWHES D, ZOTLTLIIH
DREAE SV A% FEET LI ENTE Do AN
2NV AR T =T HNOFGIA VTHRET LH. FhUl
WLREARAN T =T LADRIH SRR A
I NOBFAMEE — NI ELSEIRE ST L, —fF
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912, FG 24 Vit Field recovery 28> 2 a4 )V &k b 54
{y Fm 2 FARET A2 ENTELD, KEA
KA NWVIZHEFER U 5OARTH S, TD72d, REA
RANEBMST2FGY IV TOGE, A A=V V7 Tw»
9 & ZADSpin Echo ¥ —7 ¥ AHflibivs, Zhic
Wl FGaAVEMio72FGY I v VD4, £ X —
I T TW) £ ZAHD Gradient Echo ¥ —4 v A)ilib
NEZENLE WV, A A=YV ZFHMIZOVWTIEF v v
AD3H UL IR 7200

FRERCHAMEH XN TV AT TIREL, EEDHS
WARoWIR, Wkizsk,. 2 @A LO T, B0
Pt LIFWITHEAE N,

PHOMEEBIE Y, ZRE T, TE LD DT,
V,=v4kT,RB
DR TEEINS, 22Tk : BoltzmannE#. R: K
Pi. Bl TH b,

MEO, GHRTEEES 2 EWRL TV L F v 2V,
NVAZANDSATHOE=- &, B52H0) B4 H
JHADOR—=F 2200 FI 572,

5| A3k
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20114F  HARFET (BR) ONMR KO ESREFMOZE ¥ 77 Mk, (#) JEOL RESONANCE
~HE, BUEICE D, ik
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iEL&Ic

G ¥ ¥ 37 a4k (GPCR) 1306, k(s
EWE, 2B, B, RLVEY, 7rREVLEER
FEFRANPRIBORERE ZDIRE RIS ~
IO E 2R TH B, GPCRIZE MEIET LICB X
Z800#Efn T Ea—FEhTHBY., BB
T oMM E 7 (reAh A V5 Y
EEISBEOREELREETHL L LB, #ELE
PWhy—7 v N THDo MO E T DR
WRRIBIZLD . COZHEKRT T AOREKRT —F 7
7F % BIOTEMEALIRER &% O AR i
WAL SNz, LA L. GPCRIZZDIES
EOHLMEIZLD, HIBETIIRLIZLDOTE
R REHIHR A RO L EZONTWwE, 20O
ZEH 5. NMRTORMZ BN AHIFES LT
Wb, ALY 2—TIZGPCRIFFIZBIT 5 NMR
FHOBEE, BST TS LDONMRIZL -
TINFTITHSL I EN/2 GPCROFEIZDOWT
FLo, ZOGFTFOREDI IO THHT
bo B, ARTIZT FT Y v UAOILEYE %

N _eH,
External signals :©)\/ T ‘

Hormone/Chemokine/Chemical

G-protein I B-arrestin
Downstream signaling

o (@ @ |

Effectors

HGPCRZM ) 2L Lizve u N7y UAiff%
SRR, FEFHERY, A TNV ATy s
A BHGHETOWA 2 & 273 ) IRKR 2SR
SETHY, FHIZTNLOFM R ZIT) Z
CIIMAHE Y MBOBENTRI LSRN 22E 72

(1]
Wy,

GPCR &l

GPCRIZ 7 i R 2 5K T 5. GPCRIZ &
) Rk S AR IR S - o Mia N > 7
FVIEHTTHZZBREGY v X7 EBLY
B—TVAFVIUZESI N, SHITTFTROLT =7
=TIy T FMRZFESISRS (K1), Hik
W T &I, GPCRAMM M B % 72k L 72 B 3
PEALL NOVIZEA OE RIS L) 2ILT 5, &
7on ZHERIIEHOWEIZLY, ThZh—ED
VTP IVARERNE LB T 8w, v
F VR E (biased-signaling) D& %>, HTF®
GPCREGSEMATIITEIC BT 2 HEMIT IS T atk A
BEDIHTHEENTVEDHE VI HITEHE

100+ Full agonist

Partial agonist

AFREEHIGE ()

50 4
Basal activity
/antagonist

0 Inverse agonist

S E

1 GPCR®OYJ+V)>ry
7t GPCRIGMINEA > 7 F v 2 38ik L. MBANNE T 7PV E{EZ %0 G YRV R L-T LAF ¥ EOfI
W7 F) 7T eBRNICRE T L CIESEIATMT 7 =7 8 — 07O L E5 13§, A AEH
FRISE OB EROMEREEIC L VAT 2. T2, 7THRRETOZEROENDSEO LN L.

SZAHH C20164E8 30 H  S2EHH : 20164F9 H19H  #M4EZH © JUE 56
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B2 EECREDOSHEET 4 TILOFEEEL NIV
GPCROWFALL NV EHEO D OREEIREZ HAT LT >y TV E LTELLN, &fke LT, it LiRE
DEAFED GG () LEWEHLIREO EAEFE VA OF) Tl RO 7 ¥ 5 ¥ 7 IVIREO P Ok
fEL XU E. SRR EEHEALREBO LAV F =) Y FIZE) ET35 2 8I2dERSh 5,

N Do VLD 2 O XA ST 5, RIS
5 Ny X T RIFERAE Y TR X DR
EALE TSI D, GPCROVAREEMITIIRE L
ALY, 2RO OB ZEROAL ST, %
BR—ZBIRG Y v RV BEAKRT R —T L A
F AR 7 EE 4 DIEEALIREE O % BEfRS
HETRELELHS>T WS, LALEDDH, HEihHE
W DD LB EIREDAF Yy Tay T
HHIEND, TNEFTOEIAZEABED L)
WGEIRHIH 2 200 2 00 % PR Z T 51213 E- T
W, Bl ZX, P LRI O ZFh eI
B L7227 R V25 R ok G 1213135841
i (rmsd, <1A), TEBIEEOMEREDE W Z
GPCR O#E s O\ A Bt % 2 L I3 EEC
%

ARy &EORTY 2 # GPCR

AATHY ¥ GPCRIZEIZ 1 K7 B GPCR
BT 5, ZOMOGPCRIZE X Z800D & k
GPCREZ T D) B, H600% LD 5 (9B
Phgmegzag)™ 2oxomh, Thso
GPCRIZ T F 7Y UMz KEEHI D B A A Wk
b, AN H BT 3 KB X OHIBNICH
BANKRF VKDL Mfast - M < X A
YRR W E R M E T 5, u kT VY
EDELZFENIZDWEMALA Ty TORIH Y AT
LDENIH D, U RT Y VMR LT F— D
cis-trans FYEALIZ X 0 {EEIREOY) ) B 2 2SHH S
fTbh, EFRETOGCY v 87 BHEAEK~D
VTR VIR R E 2 5 hTwBE Y, —) T,
O RNy VBZHEERD—DTH o> TILFWR 2R
ROT FLF) r 258 Eid. AEHEREBICB W
T, B R7Y roiftkbh Ao ML MILRREIC
Phiio7-fgiEx &), EHIRE (B 2137 KIREE)

BT A T FUERI RO NG LRBSI LT
59, ZONHHALIREBIZZ NS0 GPCROIES X
ORKRECHEOHBDO—D2>THY, /2. GPCRD
AEL L TORLELRTEHICHHF G L TW5,

GPCR ##riCH17 5 NMR O1%E|

Z D &9 7% GPCR DO DFE S I Z DFEREICA
WRTHY, TDF¥AF3Iv 27 ZENMRIZ X 5 #
Mixtg e LCTRilThsd, LL, TS EHE
PTH D L) HREIIFFICE R NMR Tldai N o fl
Lo ABLOIERNE, LaEME R Z B3
BHROFIR, LIS 7 F VOSSR L BRRIEDIEAS
DL, EEOWUEEZTT) L TOREIIRE %\,
TOZEND, BCAF NI FI RV ED RN
- B BRI B A W 22 RGO F L
WREOFMD TR TH S T, . oo
AR & 0 1 S N A TEHUT ZR IR L o BEE
WHERAEDSBRE S, 74 F 3 7 ZAORERHEIZB W
TORLEN TS, LA L—HTIOhEE. K
W BB ARSE L 720\ 22 A AR R sk R
A WERIC L. IR R EE T O D ] HE L
b EMEBLE V. TH L2 lh b, GPCRO
NMR NI ZABE B R % TS 720D F e L
Ty ABREE, XA G AT B L OV T8 )
(MD) 12 & > TS 73l DFB AL R 22 7 1
ATy Z7EBTFIVOFIEIZ, X ) AEYHRIEWE
ThHEIESN, WY ARSh T,

ool LT, ROBITVEATNS, B,
—7 L F) U ZBEERTOhroT0BEIEDE %
FLH5b, 6HHOBEHEAY v 7 A (TM6) DI
WEAL» S 2D, BLZ4OOBIRELZ RS F
TU—T OGS T FNIPBIETEL, ZLTED
FHREBOEEEIEAT S L THERAREICLT
7o B Z RO AL XV EEF L TWD &
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E2ONTWa (K2, $72. eakiftkiticid
G% VNV EPLETH DI D bhoTnDE M,
L2 L. 0L ZAENEBHRT 2HEREOK
L. ZOMOZHEREICH L TE, —ED R#EDS
HFonTuiv, FHRIE, IS OMHTICFITH
LN TEZ"FEGRE RO E 0 & F G
I DOILF AL OE TR L TW5b 2 E257R
ERTW B P BRI RE EYEANE Z R R o1k
HHEFE, DFE VIS XOMIIIHFGLTHY, &
ROMITIZB T, L) ROAKRBALR 2 ffE 57
T HUENEE W REL T b,

BAE, % ONMRIZ X 587X Droril & % &
IRE [ MDD fRHT IS & o> TIRIB S 7z, I L2 T
T Z 7 1) — (loosely-coupled allostery) % €7 )L &
LiEDHSNTWE Y, Zhidp,—T7 FL+Y vz
BHREGY X7 AR X 22 HEROEEAL
REGE V7 BER B Z L TGRS IS
KRAD - BB DB, GPCR TR S ARAE S 7zl gH
M HAEHERALAS K A DAY T+ X —3 3 VALK
FRNCRBICATE IR E B 2 & 2R L7
Thbo RETNVTIEET LT, ZHEEOHIZHR
AHTHATY v 7L TBY, £7 A
Ty 7 OBA Ay NT—=2 2K L, €Dt
BEDHFRA 7202, KA v T —2 D ON/OFFIRfE
ORAEDHLRHIIVEHEDaA Y 7+ A= a v EH

EWREOT AT Y —

ON/OFF
+/-

ON/OFF
+/-

L]
.—+——+—++
.———+++—+
.———I————|—+—|—

ZRREM L~
o SZRIRTEEAL /:%

HTENUFRICRAZEEZRLTNS (B3E), Hi
18D NMR T IZ K 2 AEH 5 EE & AHBE L 72 2R R iE
DEEROEALOBIIZZDEFT N ZHFFL TV
%

F72. BUES K O T 2/ K E oDk
ELTETEFVR LA S (R3H)M, &
TUTHIREAL ) 77 R A EAL & MR o 7 a 2
T 2 BEORA-. ) H Y FIZX B2 EAROTE N
b GZ Y 7 EREGOFRBLO, G¥ V0 g
WAL LT T=A MR 2 G LA OMT
X ERBHLTVS, LL, 2OETFVTIE, ¥
TP MRBED X9 7B IRMEA2 ) 5D X9 12
HENTVWEOERZEN TV RV, 41 6,
—7 FLF Y Y ZHERICOWTEHT I FILFEY 7
MEB) L HAREZHAGDE ST EIZE 5> TNMR
e BT otz 2Ah, BRI 250
AR RTE S H DI L ERT I ERTERD,
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NMR method for characterizing microsecond-to-millisecond chemical exchanges
utilizing differential multiple-quantum relaxation in high molecular weight proteins
OYuki Toyama'-2, Masanori Osawa', Mariko Yokogawa', and Ichio Shimada!

!Graduate School of Pharmaceutical Sciences, the University of Tokyo, Tokyo, Japan.

2Japan Biological Informatics Consortium (JBIC), Tokyo, Japan

Chemical exchange processes of proteins with the order of microsecond (psec) to millisecond (msec) are
found to be critical for biological functions. Developments of methyl transverse relaxation optimized
spectroscopy (methyl-TROSY) have enabled the study of biologically important large proteins, however, the
analysis of the psec to msec chemical exchange processes based on methyl-TROSY principle is still
challenging, due to the relaxation properties of slowly relaxing '"H-'3C multiple quantum (MQ) coherences.
Here, we present a new methyl-based NMR method for characterizing the chemical exchanges utilizing
differential MQ relaxation. The method enables quantitative evaluations of the chemical exchange processes,
involving both 'H and 3C chemical shift differences, which have been difficult to be characterized by the
conventional relaxation dispersion based approaches. The versatility of the methodology is demonstrated

with the application to KirBac1.1 with an apparent molecular weight of 200 K.
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’ a1 1 1 1
H I 7 || @ WALTZ-32 7 || @ /\ [\/\
y oy y . /Y
13
¢ I WALTZ-32 I I b I WALTZ-16

z-gradient ﬂ

Fig.1 Pulse sequence of methyl-HDR experiment
Phase ¢ is set to y for observing 2CxHx and x for observing 2C,H,. WALTZ-32 coposite pulse
sequence during Trelax is replaced for spin echo sequence for reference experiment.
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B TOSFEH 1200 KDES > /34 BKirBac1.1lZmethyl-HDRiE Z @A L. {LETBHMNFE
TEHERMUZFREET S LIS LT,

KirBacl.llZ & MZIUTOAECHRR AR ML OFHI 22 SIZBI 59 2 N S BEWRIED U o A A
FrF ¥ FVOEEMEBRORETR 7 X NI ETh D, FEEEEE & RN R 2 & T 42333
BENORDY T a=y bB4EEREERK L, A bOTO DI E2EhE D & RT D5y
T ERII200KFEE & 70 B, % 2 C, methyl-HDRIE ZKirBacl. 1D A Y 14 3 IS A TV k2
L. B TEFVRNIVETHLAEITOL Tl e LT,

Methyl-HDRYEIZ X DT 21T 572 & 2 A, RISEEFIET HA4 Y A 2D 9 HFEIEIZ OV
TARMQuxEHH T2 Z ENAHETH 572, KA VB AV DARMqu B B LTZ L 25, FRILER S
39,2790 A YV a A 2 AZIF40 LA ED, AL 138,163,232 4 Y a A X80 A D
B 7R ARMQe MR STz, DDA Y v A 2o, NRm oM (GRRE539) |
B~V v X (GEHEF138) | MRANEIROBA M T R 1 (FREEE5163,232,279) IZf7(E L
THED., 2D DOENLICusec)> HmsecA— Z — DAL FEAZMMNIFIET D Z ENH LM E o T2,
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Fig.2 Methyl-HDR analysis of KirBac1.1
(a) Plot of ARwma,ex rates of lle methyl groups in KirBac1.1. (b) lle methyl groups with |ARwq,ex| values
larger than 8 s*! are mapped onto the structure of KirBac1.1 (PDB ID: 1P7B) [4].

[(F%]

A TIIE D T BEY VT EOMBERA FNLIEE G L LT, 2R HEBORIEEDZEICE
T DA WD H H-ARMoex & F T D methyl-HDRIEZ ZEL LT, £/2, BRLETECL Y+
TR CARMQuaZ B TE D2 L 2 B NS AT D T B0 KD E S T B4 V7 ETH
STHIT CEHZ L ZR LT,

mor TS NI TR SR A TS 5 BEF OMQ CPMGHE 4TI H, BCOW 7 Db
7 NEN B DIENL THENT SR EECTH > 72 DIZxE L, methyl-HDRIEIZEB W TR T 5 ARug.exl X 'H,
BCOW T DALF-> 7 NEN o DN CHF BT 5 2 L 2558 L35, ZhvE TIZMQ CPMG
FRFN P CIERNT CE 2o TR EBAL AT FIRE L 72 5 Z LI L 0 . BT BEX V7 HOLFR
PO O Z REERTHHDOTH DL EE XD,

I BT, AFVEDH, BCbFEy 7 MEIXZENZIEHET 5 5 EFEROE N, SOy & FBET
DT ERHMBNTND, £DTD, ARmoel L F DAL A BT KBS 2 DB 70 577 IREE
OB ENEL D5 R BEOREEENLDOEREEAT D0 AR DF T RORKE I & fk it
HERISSETIHMET 5 Z 12X, —BANIC LB SRV~ A F—IRBE DR S FH M % 3
WTOZEMAREL ARV | X Ry H OB IR HEE AL HERE A R T D 4 TR ORI I BN
LT ENMIFFIND,

(51 AcER]
[1] Korzhnev, D. et al., Journal of American Chemistry Society 126, 3964-3973, 2004.
[2] Kloiber, K., and Konrat, R., Journal of Biomolecular NMR 18, 33-42, 2000.
[3] Ulzega, S. et al., Journal of Chemical Physics 131, 224503, 2009.
[4] Kuo, A. et al., Science 300, 1922-1926, 2003.
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Novel aspects of real-time NMR methods —New findings in anti-viral protein
APOBEC3G concerning sequence-recognition and sliding on the DNA, and its
involvement in epigenetics—

OKeisuke Kamba" 2, Takashi Nagatal’ 2, and Masato Katahira">

!Institute of Advanced Energy, Kyoto University, Japan.

Graduate School of Energy Science, Kyoto University, Japan.

Human APOBEC3G (A3G), an anti-viral factor that restricts HIV infection, deaminates cytosine (C) into
uracil (U) within the viral cDNA. Although the structures of several constructs of A3G were determined,
the mechanism of the interaction between A3G and single-stranded DNA (ssDNA) are yet to be elucidated.
We previously developed a real-time NMR method that can monitor A3G’s deamination reaction involving
sliding along DNA. Here, we present new findings obtained by this method. Firstly, we have shown that
A3G recognizes 5 consecutive nucleotides of ssSDNA. Secondly, the electrostatic interaction between A3G
and the phosphate backbone of ssDNA turns out to be the key for sliding. Finally, we have applied this
method to 5-methylcytosine (5mC), an epigenetic marker, or 5-hydroxymethylcytosine (54mC) containing
DNA and demonstrated for the first time that A3G can deaminate SmC.

[F] t MAPOBEC3G# v /7'E (A3G) IZHIVD Y ) LIERZE N LES LT 557 A LA
WFTH 5, A3GIZ—AEEDNAF DY b U 2T 2 b LY T VMRS 5, oy by
FUZ Ly b (CCC) iKY D3FER DY by ATxt LERWEM: 2774, CCCREAINEE D 554,
A3GIES IR ZIEVWCCCEISNE E LV < 7 X /{bT 5 (3'—5' polarity), 4L FE TIZF 4 1ZA3IGD
il 7 X 2 ALSUGE A U 7V A ANMRIEIC & 0 ERRIEHI 5 T2 fesr L7z, & U CREETEMED
ATGAT 4 T OFENANEAFT H 2 & #EAT HHT, 35 polarity Sl TE 5 Z & 2R L1722,
L7 LA3G & ssDNAOM ANERIZREICENINZR 5 2, EWVOFSERTIV (REEE$100 uM~1 mM
) 72D, W OO T NV —TIZ X0 ABGHAROREENRE SN THWDHIZH D 5T, A3GIC
£ 2 CCCHS D FBHMEE L VAT A T 4 v THEZ IS D A3G-ssDNAFH AVEHIEEREIC >V Tl R
EPARHTH LY, A TIE, U T A Z A ANMRIEZ VT S % S ARBRRIEE & RIS TA3G
DT 2 ALRISIEVEZ e U, A3G EFHEARMT % IA8DNA Lot & fE LizY, 72275
AT 4 T X2 HHMAMEMCET B ERLEY, TFE, TV =T 1 v 7 REGF I
WCBb B EMER G-AF L FPr ;5mC, 5-8 KX AF LT F V0 5hmC) HAIGOILE
ERDTENRERENTWDY, 22 TAIGHR NS DEELZIT I k35050807
JLH A ANMRIEIC X0 #EE L7=2,

U7 VH A ANMRIE, BESRSOS, TR

OMMNTIT T T, =T L, hEOBhFES L




BULLETIN OF THE NUCLEAR MAGNETIC RESONANCE SOCIETY OF JAPAN 2016 Vol.7

EREER] DCCCHIF A 1281010/ ODNAICE L, — LT > RHMICRNAIC B # LT
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7= (Fig. 1), AU X W ASGIZERE L725X 7 LAF Rk 2 2 L0527,
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Fig. 1 Deamination for substrates containing a single DNA—RNA substitution. (a) Time course of the decay
of C6 due to deamination. (b) Relative deamination activity. (¢c) Scheme of the nucleotide recognition.
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Nieinole, F723—5" polarityl THIRE D & < 72 DIHEVEA U, TR E MRV ER L7
(Fig. 2) Y, DA EORERIT, miEmEcidy o mEN S Ltﬁ%ﬁam’ﬁﬂ%zﬁ%i Y A3G2SDNAZ>
ODEGIIMHE L TCATAT 4 TRHPRI ST LE 92, RIERE CIESEEMEAEHASRE Y X
ATAT 4V TDATHEIEL. Z OFEEEV3' =5 polarity)d b 72 6 Shi- LIRS 5,
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Fig. 2 The effect of NaCl on the deamination activity and 3'—5' polarity. (a) Relative deamination activity.
(b) 3'—>5' polarity. (c) Scheme of the sliding.

QCXHELH| (7272 LXIEC, 5mC. F1-1Z5hmC) % 1O T 10/ EDODNAZ T & L, A3GOLT 2
JALIEEZ R Lo, ASGISmCEBLT X k3252 L%, U TV A ANMRIEIZ X D #) T

HT& 7= (Fig. 3)%, —FShmClIBT 2 /b SN2 nE S 577 (Fig. 3).
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Fig. 3 Deamination reactions for substrates containing 5mC or ShmC. (a) Scheme of the experiments.

(b) 'H-"C HSQC spectra of DNA containing 5mC (upper) or 5hmC (lower). (c) Relative deamination activity.

[(BZ3X#K] 1) Aydin, H. et al., Structure 22, 668-684, 2014.
2) Furukawa, A. et al., Angew.Chem.Int.Ed.Engl. 53, 2349-2352,2014.
3) Kamba, K. et al., PLoS One 10, 0124142, 2015.
4) Bhutani, N. ef al., Cell 146, 866-872, 2011.
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P60 KBEIZ L 22 EFF ERFEREFICER SN D HE—MEYS 0 O
53 VB 2 FE 1) U 72 E B[S ANMRIE
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Quantitative solid-state NMR method for counting the number of molecules synthesized
during the overexpression of ubiquitin in an Escherichia coli cell
(OKazuya Yamada', Ayako Egawa', and Toshimichi Fujiwara'

! Institute for Protein Research, Osaka University, Osaka, Japan.

The quantitative analysis of the biological systems in a living cell is essential to understanding lives.
However there are little methods to obtain the quantitative data. Here, we report a method for counting the
number of molecules synthesized during the overexpression of ubiquitin in an intact Escherichia coli cell by
using quantitative solid-state NMR. On the basis of the high-resolution 3C NMR of the cells and the
membrane fraction of the cells, it was revealed that not only ubiquitin but also peptidoglycans and lipids were
synthesized during the overexpression. Then, the amount of molecules were evaluated from the integral
signal intensities. The number of the cells in a sample were counted by a cell counter.  From these results,

we calculated the number of the molecules in the cell.

G2 0] b

PR AT LA TEREICE - TS 2 2 ne s:ectra" Em? Numherofpmteirfsj N\
L, AMmOBEBICVATH D, LrLen ‘ reor Q}\JJ
b, INETEMY AT L EERMICHE L, S WA i
FRHT T & 2 FIEITHFE L RWicD, BUR T pas———— . QS " .
INHOFHRITIELELINL TV Y, £ T, Cell count Number of cells
5 B ITEANMR & U T 50 O R A ik Fig. I Outline of the research

TEDHEEZT, R BERNMRITEE A, (KR TR T4 & > 7V ORMER 564
(B L EENEICB D B TR TOBCROPNE 28I L, 1o MeEDE@a 55 2 L 3T
HDHMHTH D, AHITEEEKRNMREZ HW T, IPTG% H V72 KIS E B E R B — /e & 7
DEMESND 0 FEEZFEL, MRERZERT D52 LIS LD T, UTFICHET 2,

FIEOWNE & LT, ETRBEEMASE —% —|Z575D, BC-NMR 1RIEAY MLV EHIE L
7o TOEBRENE L AR REE O CHERR LB B S, MASE —# —H ORFIFR 745 % K
W, ELICHFEICHE Lz, — 5, MASu—4% —HICIEET 2 HEEEIT eV I 7 v 2 — 2
TRH LT, HZICMASE — X — D43 145 RIGREcEl D Z LT, —Miladbh- v Ak iz
N EE RS D ENAREE fe o7, (Fig. 1)

[(Aix]

TR CTlL, 2 X T v ZFHAAATpET21c 7 A X K% Rosetta (DE)NZJEE IR L 7= KIGE &
-, BT, BUEGER K OVARRE % 2 JERERR O LB e MO/ 5 T1TV , SRR ME A H ik &
BC/SNEE# SN TEMIF D RFHIIC R U BBLFFERFICA R S N2 T OHRBC/ONEER S D Fik%
e, U BSR4 & U7e, E70. BB I3 E IR 2 SDSHATE Tl CALEE L, /05y

FEENMR, in-cell [BE{RNMR, 7> 1-3K7E &

OREENTR, ABDHLI, SLbbELAab
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BEIC Lo CRRTL U7z, 2 8588 L7 WIRITEE R I CA B RIUK Tt . HEEMAS e — % — |28
7o MEHISY & AL BEEMAS 1 — & —(T5ED . IEICH Wz, 2 TOHIE TMAS 2 — % —[34ME
4.0mm, BEISULO L DOEMHEH L7Z, BCIDAY MLVOMIETIE, EBMEE T 5 7-DIZCP
ZEE VUL A RFI(DD-MAS) & H - HiERE IR D61 O FF HIRE 2 & 1 E M2 #% 1) 72, N 1D
A7 M VORE TIZCP-MASE HV, [EREDFREHIRFH 24 & IE IR T 72, 2D BC-BCBARF-+H
BRI AT N L(DARR)MIE XA REM60 ms, 1 - 60/ CIEOLALMS500MHzEEE % AV 7=,
[(BRLEER] 2 pogp -
ERDOBC IDARY MLV TIE, DY —7 N2 xF g
YOI E U, IRE RO R SE &S
HkDREFEOE S LB SNz, £72, 2DDARRHAIETH
X T OMITHESE Sk DE BBl S iz, (Fig. 2) % 9
INLOBREY, 2 EXFUBRIER T EFF LS » 7 |
WZRTF RV AU EEEE G ARSI TWY 180160140120100 80 60 40 20 0O
%2 LA R SN, FE T, RO L 7 i

. R - Fig. 2 2D DARR spectra of whole
NTFRZYUDHERTH D Z & ZMRRT D701, Ml cells (white) and ubiquitin (black)

¢ }{ Sugar ghain (120

43 DBC IDJIE & 2D DARRIME A 1T - 7=, (Fig. 3) fhF. — | 0
T 5 O BERE K S 27 1 & B AR DRSO B — 2 1358 # | o
AL, 2 X T VIREIREBIRC AR S UL, e &3 60 .
B I E AT F B2 ) 5 2 KT B = L ARSI, iy o

— T2 Y DA LT F O BB D IELT O & i Smm ey | 1207
IICHHFE Lz, £, HluoCIDARY hLvE, 2% e . 180
F o BEEROARTF K7 Y 2 DARS W% RNT, ’ M e L
T4 T 4T Ui RICE D AT N L ORI 1301601401222:%%3"? 60 40 20 ©

dkib, MBIIEDC IDA<Y bAm bRy Fig3 2D DARR spectra of whole calls

b LA A AV C . MAS B — & — 00 B S B T4 (white) and membrane fraction (black)
. . Table. 1 Th ber of

B LTz, ZOEE, ZTRENONSTRICHEIET 5 R e o

molecules in one cell

FI7H L. MASE —X —NOKIGE R THI S Z & T, Ubiquitin (9.5 £ 0.4) x 105
KIGE VAR O 04 FHCHEE L, Table. 112 & 7z, (molecules / cell
g s S ey e . Lipid (1.62 + 0.09) x 107
W1ﬁ a\—\ %ﬁfﬁtm%ﬂjﬂ?&ﬁ %.’Al A VC% L7~ MS&U\%%L (molecules / cell)
b O 5y 2 -V T, BEFEPICER SN D 8o Peptidoglycan | (1.39 + 0.04) x 107
R SIRNT 54T o T2, RS, THINDYS D O VCH 7803 % (unite / cel)

B EA IR CIRE—EBIT R > 7o DTt L, SNJEFEIIEIN Uield 72, Zhud, BV
FCR B AEI, 72 BRIBMRO A RICRER 23203002 DIckt U, ERPILT I BRAiBEA
DERZIZP LD ERVIATEI, FRSXURTHIZEBRENTNAZ L EREBELTNS,

A RIONMRFEBR CE BT LT FEIE, KIGEMIBOER D DRFEOR Y AL, =
EX F U OMBERIC SO 251G, 2 EXRTFUARICBEET 2 U AR Y — A0 SITBET 51
WE 2D, 2D O #AE I BEFEREO KIGE ORIEIZOWTOEMEIT I TETH D,

PAEE Y RUFETIEEZ 3 BRI BURF I KB IR & T 5 0 T8 % . E =T v 6E
7REANMRZ IWT RIS o7z, ZORRITKIGE D3OV ARG REE ) 237 i L. KRG
WAMMET S ETHERMRE TH D, £lo. KIBEO T AT DAY Ziin T D OISR R
RT—R LD,

[5IAX#]

1) Ikeya, T. et al. Nature Protocols, 2010, 5, 1051.  2) Glauner, B. et al. J. Biol. Chem., 1988, 263, 10088.

B~ omon BEZ MREENERHT



WD — N S i

52

BULLETIN OF THE NUCLEAR MAGNETIC RESONANCE SOCIETY OF JAPAN 2016 Vol.7

BFEFRA42—E (JEOL RESONANCE &)

P 3 4 Pure shift NMRIZ & 2 2K MR DT — & ~ A =2 7 @B A b
O/ Thih!'2, 5 '3
VML SER T BB EIRR AR L 2 —, 2 BRIE T SRR R A E
FHARFZERE, * Al BRI A e R

High-Resolution Data Mining of Biological Molecular Complexes using Pure Shift NMR
OTakanori Komatsu'* and Jun Kikuchi'*?

" RIKEN CSRS, Japan

? Graduate School of Medical Life Science, Yokohama City University, Japan

7 Graduate School of Bioagricultural Sciences, Nagoya University, Japan.

Pure shift NMR techniques were applied in the NMR metabolome analysis to enhance performance in data
mining process. As a feasibility study, pure shift NMR spectra of water soluble metabolites in ripening fruits
of Persea americana were recorded as fine 'H-NMR spectra in which there was less spectral overlap than
conventional way. Especially in sugar region of these spectra, signals from sucrose, preseitol, pectin digests
were successively resolved in pure shift NMR spectra. And these spectra also indicated dynamic sugar
metabolic change in ripening fruits in which pectin digests increased and energy substrates decrease with

ripening. And we will discuss how pure shift NMR spectra improve the data mining process in metabolomics.

[E] NMRA &R u 27 AT, ZHREDNGE LN HNMRARY MLz~ R v 27 %
E LTI, ZEBMNTEZS 705 2 & TR B A RRET 5, NMRIZIX, K - FEAICE
boTREMEIENEEO T FFHAUTE DRENH DM, —J5, BEW TIINMRY 7 /L DA — 3
—Z v 7BRREE D [1-5], FHHIARY F)V ETCNMRY 7B —n"—F o 7 LIz 5E,
DALY 7 NEIE, SO DA E DT, fx DRSO & RIS IR LRV, AL
MLVOSIREER TR ESED Z LT, [Hx Oy DOEEZ L0 EMICKMm Lz~ b v 7 2 & B
THZENHREL R, BOSERMNTICE T, X0 OLE 2 Kk L 7= RN W cx 5,
NMR AT MV fERe R ] XA E LT, a0 bNZET 5%, NMRY 7
NDFA—R—=F o T, AC A URERIC LD T VORRNRHEE 725, 2RITTI5FRA
<7 MV @2D-)) %, AL LTZIRITT AR MVERAT D Z 8T, V7T AOSEMNE BRD
DT, FERMICESHERILEFC LS RRPEOND [6]. LALLM E, EH DK
IIEANRT DVITHEREE— R CT— V) BT H2MERH D700, AT MLOEREREB LT
G BURST IR D B IEALSRETH 5,

% ZC, AWFFECIXPCYCHE [7]X°Zangger-Sterk (ZS) 1% [8]72 £ Dpure shifti#(Z35 B L7, Pure
shiftii Cli, BHARLE > = —7 ROV ADTE BRI A A DRI K o COKERMOREET 5~
T T ERBIRS, TOHFETE, HFEIZBOTERIZEINE O TNMR Y 7 L s Bids
TE, ko, EEMIEH 2FREBREIND Z ERHE SN TV D, RBFFETIL, f4 Opure shift
TEIC X D BEAMREEONMR A7 hJLEZNMRA Z R0 2 7 A~ LA Uiz, 1L, (L& 0HE
U L o TNMRY ZF A DH— =T » TR L, ZHETONMRA Z A1 I 7 AT
R CThotz, 22T, 27U~ 7V IRBEEDT R N (Persea americana) DiBFIBFRIZE
VD IKIEPERE SIS 55k &2 BT Lkl L Cpure shift NMROA FPE % 555E L 7= (Figure 1),

PSYCHE, multivariate analysis, sugar mixture
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Figure 1. Concept: high-resolution data mining of biological

molecular complexes using pure shift NMR.
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Figure 2. Comparison of pure shift NMR method and J-resolved spectroscopy. Pulse sequences of (a) PSYCHE, (b) ZS,

and (c) ZS-Jres. See detail in these original papers [4,5,6]. (d) Spectra of water soluble metabolites extracted with kernel

of Jatropha curcas recorded by PSYCHE, ZS, ZS-Jres, absolute-mode J-res, single pulse with presaturation. In PSHCHE

spectrum, two 20° adiabatic pulse () were used under 79.5 mG/mm of field gradient along with z-axis. In ZS and

ZS-Jres spectra, gauss-shaped 180 °selective pulse were used under 79.5 mG/mm of field gradient along with z-axis.
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77 v MBS %, Figure 2(b,c)) ZS Figure 3. Resonance assignment and metabolite
LRBETHD ZENTREND [10], —J7,  identification in PSYCHE-TOCSY spectrum. 50 ms of

PSYCHE T1Z20[£ D200 /N7 ) > 751 spinlock was used, and other parameters were the same as
A (B) ISk o TR v KRS EgGA, B PSYCHE in Figure 2. A, G M, P, and S represent
B 2 L 1Esin’(20°)*100 = 11.7%F2E TH
ZS-Jresks L OZS & FE#i L, 1045 LA_L oD 8 73 1
FFCTX % (Figure 2(a)) [6], EIRERHBIPEY DR
HO T DITEE T MLEAF K Th D72, PSYCHEIEZNMRA XA I 7 ATERA L,

PSYCHE-TOCSY A7 kL% Afi - CTP. americana™f O /KIEVERED [FIE % 8 272 > 7= (Figure 3).
PSYCHE-TOCSY A% h/LCid, FLIZIBWWTCPSYCHE%# M L, indirect covarianceik T 1 & A
T 2 LIZKVFIB LOR2O M CTlyyll & D50 RPN T TR ELNDT20[9], A ——T
o TR LUWHEDRIEN B G I o T fESR & LT, sucrose, X7 T D43 fiRFEY) (galacturonic acid,
homogalacturoninc acid, arabinooligosaccharide), C7 ¥ 7 /L = — /L @ perseitol (¥ L ONC7 HE D
mannoheptuose) 23[FE SN 7=, TN FE TIIBCIC LA L ERARIEHEZIB 2725 Z L T kg
7 b OSTHER LV PCNMRIC £ B ARG FORENRE SN TS [1-5], L LS, ZER
MRERRRFERRE, = X P&, £, ZERMRERTE 23ER1T, FERERORBHIRS
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LTcy TNV AD AT |V % Figure 412779, 1D-PSYCHEA X2 L TClE, BEO T 7 F v
WOEEL, BBRITHENAST F o REM DR DS T & 7o, REOBBERO AL FEHTIEIC K
D&, BRI, =FLVURBEOHRICE-TEILED, 225WT, XIFUAFALIZAT T —F
RV AT 7Yt —BR EOIEERER LT FUNoME L, 1IRBENRET 5 2 & TRENK
b2 Z ERHLNIRoTWD [11], LD o T, S BRI S NI T F U5 fREY ORI,
ZORREAET D, 5, perseitol 35X TN mannoheptuose DCTHEIL, “CO, ZfE-7- F L —=R
EBRD, EREBWEHDOOEDTHLZ LML TEBY, £, BRAIIET 58X 254
EINTWD [12], LLAERG, SEEGLAHEERNGIL, perseitol EOEBOME WAL Z O
NTHRY, ZREOFHIZ S 22, ZOBPICHER LTRITT 2 TETH 2.

TN ADANRYT VT I NS DPEDIR G DA —"—=F v TRE LW T2 S A BT
MHEZNHOEREG EHTOIIRETH H23, PSYCHERARY M %S Z LTI b OF#

resonance from arabinooligisaccharide, galacturonate,

myo-inositol, perseitol, and sucrose, respectively.
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conventional single pulse spectra. Abbreviations in

the spectrum were agreed with Figure 3.
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"H NMR Relaxation Times of H,O and H, Entrapped inside Carbon-Cluster Cages of
C60 and C59N

oYoshifumi Hashikawa,l Michihisa Murata,l Atsushi Wakamiya,l and Yasujiro Murata'?

!Institute for Chemical Research, Kyoto University.

*JST-PRESTO.

Fullerene Cg is a caged carbon-cluster with an internal space which is suitable for accommodating a
small atom or molecule. We have already synthesized endohedral fullerenes such as Hz@Cf,o,1 He@C(,o,2
and H,O@Cs,’ by using organic chemical reactions. Nitrogen doping of the carbon cage of Cg is expected
to have an appreciable influence on the nature inside the cage. N-doped fullerene CsoN is known as the only
heterofullerene for which organic synthetic methods have been established.” In this work, we focused on
endohedral CsgN and developed synthetic methods of H,O@CsoN and H,@CsoN in macroscopic scale. To
elucidate the nature of inner surface of CsgN, "H NMR relaxation times of H,O@Cs9N and H,@CsoN were
measured as well as H,O@Csy and Hy@Cgo. The relaxation time 7 of HyO@CsoN was found to be three
times longer than that of HyO@C¢, despite almost no difference in 77 values between H,@CsoN and

H,@Ceo, suggesting the electrostatic interaction between the nitrogen atom and entrapped H,O.

B 77— L 2Celd, BEREAI37 AD  Scheme 1. Synthesis of azafullerene (C5gN), from fullerene Cgq
WL ZER 2 b ORI —R o 7 T AH
—TdY (Scheme 1), /NyTZEBET D
TEMNTEL. HWEETIE, AELEF
BFREZHOTKRESTF R~ 7 LJF
T2, KSR EENICEA LN
77—V VORIV AT, T
T—L =R T D60 DORFIRTD I L, 1DDOHLEERIFTICE MR 5 FIENRE S
NTHYY, BRICCoNEELRENDIZDTT— L ITF 7T — L EIEENS (Scheme 1).
AT, 77— Lo —U~DBEZRFO R—TICERT S 77— L BERNEOMEE O
AL BT 572D, CsuoNOWNEERIZ/ Ny T2 8 AT 58P FEERE L. £
7=, Wal/Ms1e LT, 77—y —y LOERFETLOMEEAPMFEINI K TBLIY
MEERZIZITER T 2KESTEREL, NMRT 77 4 72N/ O 70 b AR
FIRFMZRET D22 18D, CsoNEHENHOMEIZOWTELE L.
RRLEBE O TWNECKNEART D202, (1) /IS FREC) bEEFRET 5 H1E, (2) B
BRI BRI AMAEIIRL, IYFEEALEE, TORE SOBRAMETHER L, CoNE
BT 5 HEO2LE Y OFEEFR L. A L7ZH0@(CsoN)y, Ha@(CsoN),D'H NMR %

75—V, THET7I—L o, (EmiEL

OlELrb L LEA, HIEALOS, brAHHOL, LHLIERT LSS
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Figure 1. The spin-lattice relaxation times 7 (500 MHz, in ODCB-d);, measured by inversion recovery method)
of (a) HyO@(CsgN),, (b) HO@Cgq, (¢) Hy@(Cs9N),, and (d) H,@C4gp, “ 300 K.
TELTZAER, CoNFRICNEENT/ING DT 1 by 7TV, Collb_ X 0 ik < g < 47z
EEE R B S s (Figure 1), £72, HO@(CsoN)D 711 b oy 7 L O Hlilg1%1.6 Hz T
HHDIZXH L, Hy@(CsoN)lF4 1 HzE 7 r— F=2 7 L TWAH Z Enborot.

Z T, ROEEICNE NG T OB AR D701, 260-360 KOTREFIFHIZ IV T A E U
TREFFRI T 2 HI7E L7= (Figure 1). £ OfER, Hy@CsoND T 1TH,@Co & NZIZFRIFRE TH - 7212
HED LT, HO@CsNDTFH0@CeoDAIBMfEDEE & Z LdbmoTz. Tk, NES
NIEAKRZTFLET7T— VB EOERFET L OMM L OMBEERNEETHZ EE2RL
TWa. MESNLOMAEMFERE LT, (1) KFEHEEICHKT OIN-HOMAEN, (2) #ELK
FIZHSIN-OHLM AN EZ BND. 72, (3) CsoND " EE#EEICH KT 5 HEGR (4) CsoN
H SR D HE ML EREOFRFZ RIS OV TE, H@(CsoN)d & UH,@Coo DS E I ATER T D75 R
LNRNPSTZZ MBI 2 Z LN TE 5.

H,0@(CsoN 1233 1F 5 £ 0 W EEFIlE R o
ERZHAONZT H-DI, ETVILED
HCsoNDOFHERT o x VA Blgmat 2 T
FEAG L 7oRER, TARRICK L, EFRFEF EOFE
KT 2o U, BHAVECIRRIS, B _ ”

TIHIEICHE L T D LR sire (Figure 2). Fi;ej::l\/;. Electrostatic thseltrllvt?al of HCygN, calculated at
D EMND, BERT EOIEAETRTOK  the MP2/6-31G(d,p)//M06-2X/6-31G(d,p) level of theory.
RN T T — L A O RICTFE L TEB Y, W KS FOBRRTILERE EOERFR & OM
WD LABIEE D KO RMEERBBN TS EEZLND. S 61T, IREEFTZENMRHEIE ORER,
KREFEICESHMAEERNEZBET HRRPHEOLNTEY, CoNICHNEINTZAKGFITERK LD
ERFFOFEIZL Y, £ ORESER S INH S, BEKEMPEBEL TS b0 LHRISLD.
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Integral analysis of yellowfin goby Acanthogobius flavimanus in estuarine environment
OFeifei Wei', Kenji Sakatal, Taiga Asakural‘z, Yasuhiro Datel’z, and Jun Kikuchi"**

'RIKEN Center for Sustainable Resource Science, Yokohama, Japan; ° Grad. Sch. Medbio. Sci., Yokohama
City Univ., Yokohama, Japan; 3 Grad. Sch. Bioagr. Sci., Nagoya Univ., Nagoya, Japan.

Yellowfin goby Acanthogobius flavimanus is a common benthic inhabitant of estuarine mudflat native to
northern Asia and Japan and is believed to be strongly associated with environmental variables influenced
by coastal conditions and upland freshwater drainage. In this study, an NMR-based integral analysis was
applied to investigate the temporal, spatial and growth characteristics on the metabolic, mineral and
microbial profiles of yellowfin goby and its potential utilization as the probe animal of estuarine

environments.

[T - BW] AMIZEAS B CBEEZBZ 2 8B 200, BROBCEERENEZERS
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MSENC R E REEEZ B2 6T 5, W - InFREROWIRESCIEIZAR L T~ B,
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Fig.2 Correlations between yellowfin
goby samples pooled according to their

habitats and sampling seasons.

Fig.1 A comparison of peaks in 'H-"*C HSQCTOGCSY and correlations in
TH-13C SHY of yellowfin goby.
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Fig.3 PCA score plot of yellowfin goby (left); volcano plot of female yellowfin goby in winter (middle); temporal
changes of taurine in muscle of yellowfin goby (right).
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Analysis of polymorph by the single-crystal NMR measurement by using magnetically
oriented microcrystal array
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The chemical shift anisotropy (CSA) reflects the local distribution of electrons around resonance nuclei
under consideration. Single-crystal NMR measurement is a powerful method to determine full information
of CSA, enabling to elucidate, for example, differences in local structures of crystal polymorphisms.
However, it needs large single crystals. To overcome this limitation, we have proposed use of MOMAs
(magnetically oriented microcrystal arrays) in place of large single crystals. A MOMA is a single-crystal-
like composite in which microcrystals are three-dimensionally aligned in a polymer matrix. In this report,
we prepared MOMASs of histidine A and B forms and compared their CSAs.

Fram

B> 7 FORIPE (CSA) (ZBLHIZJEPH O FE 5347 & S 2 0 T il T C O SR AT 1 D i
FrZHEHATH D, FRCHERIEIZCSAZ T H &2 &0 CRABIRET DI LN TE 5720,
F—bETH Y 7203 b E 72 5 fE S & FF o5 sa 2 B C O R T OfENT 72 EIFRIZA 2T
D, L LEESEIEIEnmY A XOBEMERBNETHL. OO RERE/EREZHED 2
DR B L CTEHANRECH 7. ThERIRT D720, ST L —7 TIIEH
[ElRRESS 2 T, Bt Al &2 = ReEC IR & 2 B HLRE Sh ik (MOMAYE) % Hifh ShNMRBE (IS
THIEEREL TS, ZHE TICMOMAEZ H W TBCRIPOLE Y 7 N T 2 Y LB IRTE
T 52 LT LT B8l KRR CIE22 D% %I % B DL-histidine |2 DV TMOMAYE % i
ML, fMZHMOKER-AERDOENBEND L EZONDI AR IIREDBCOCSAZ T
BITHRTE L THRERZTERC O R IE OFEIC DWW TER EZ{To 7.
£

L-histidine AT - BRSIHORS i & SN LA R 1 20 Bk S, 25wt DG A IR 2 (E L L 7. 15
B IV IRBIR & PRIk D 77 AT 7 RERIC AR, SREHAIEREE % fif 2 728 THIRER A I v b
LT, ERPERES (0s=5 rpm, @ =50 rpm, a=90°)% 6043 FIFIAN L7z, Z Dk, UVE 904 [ fRET L
TR % [EE L, MOMAZ 1§72, BEGIZxt$ 2 MHERERDOE v T 1 7 Jm &2 2 ClREROEAE
ZATVY, FIREREEN C O3 S O LA 7 10 23 B 72 532 OMOMA % /EHL L 72 (Fig.1).
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Process of energy transfer under microwave irradiation revealed by in-situ microwave
irradiation NMR spectroscopy

OYugo Tasei', Teruaki Fujitoz, Izuru Kawamura ' and Akira Naito'

! Graduate school of Engineering, Yokohama National University, Yokohama

’Prove Laboratory Inc .

Microwave heating is wildly used in the acceleration of organic reactions. However, the detailed
molecular mechanisms associated with microwave heating effects on the chemical reactions have not yet
well understood. This study revealed the microwave heating effects of organic compounds using newly
developed in situ microwave irradiation nuclear magnetic resonance spectroscopy, by analyzing '"H NMR
spectra under microwave irradiation. The sample temperature during microwave irradiation was estimated
by measuring the temperature dependent chemical shifts of individual protons in the sample, and the
different protons were found to indicate significantly different temperatures within the molecule. It is
noticed that the protons bound to polar group were found to indicate different electron density from these of
other protons. These results suggest that microwave heating polarizes bonds in polar functional groups, and

this effect may partly explain the attendant acceleration of organic reactions.
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Figure 1 Schematic diagram of the in
situ  microwave irradiation NMR
spectrometer  equipped with a
microwave transmitter.
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(B) Top view
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Figure 2 (A) Equalizing microwave
resonance circuit consists of an
inductor and capacitor. (B) Schematic
diagrams of sample tube, capacitor and
inductor of microwave resonance
circuit and inductor of radio frequency.
The top view indicates the names of
components and the side view indicates

the dimensions of components.
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Figure 3 Plots of "H chemical shift
values of Ethanol for individual
protons against temperatures
regulated by the instrument’s
temperature control system.
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Figure 4 Plots of temperature increase
against microwave irradiation time.
Temperatures were determined using
the slopes obtained for the individual
protons.
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Figure 5 "H NMR spectra of ethanol at
55 °C and under CW microwave
irradiation for 10 min while regulating
the instrument temperature at 0 °C.
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Figure 6 Orientation model of
molecular under microwave irradiation
and definition of term about dielectric

loss heating.
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3) Akira Naito et al, Thermotropic Liquid Crystals 2007 85-116 Springer.
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A new approach of the 'H-7, Relaxation of Rubber Materials : Inverse Laplace
Transform and Principal Component Analysis

OMasaki Tsunomural, Atsushi Asanol, Takahiro Ohkuboz, and Keiko Okushita’

! Department of Applied Chemistry, National Defense Academy, Kanagawa, Japan

2 Applied Chemistry and Biotechnology, Graduate School of Engineering, Chiba University, Chiba, Japan

3 Institute for Molecular Science, Aichi, Japan

We observed the 'H-75 relaxation decays of un-cross-linked and cross-linked polyisoprene rubbers filled
with different kinds and quantities of carbon black by means of the pulse NMR method. The observed
'H-T} relaxation decays were divided into Gaussian and Exponential components. The former contains the
residual dipolar coupling (D;) and the latter mostly reflects the molecular motion. Furthermore, we
estimated the 7, distribution from the exponential component by the inverse Laplace transform.
In addition, the principal component analysis of the 7, distributions, D, components, and the 'H-T: 5
relaxation decays was performed to reveal the correlation among carbon black species, rubber chain

mobility, and physical property.
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Fig. 1. 'H-T, relaxation decay of the cross-linked
PI/HAF = 100/20 observed by the Hahn echo
method at 60°C. The fitting result using the eq. 1 is
drawn by the solid line. The dashed line represents
the component of D, and the subtraction from the
observed 7, decay is shown by (A).

1
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Fig.2 .(A) T, distributions estimated from the inverse Laplace transform; (a) PI/HAF =

100/20.0, (b) PI/FEF = 100/36.9, and (c) PI/FT = 100/66.4. (B) the loading plot for PC1 and

PC2 obtained from the principal component analysis for all cross-linked polyisoprene rubbers.
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Fig.3 . Score plot of all cross-linked polyisoprene rubbers. The arrow shows the increment of CB quantity.
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Fig.4. Three dimensional score plots of cross-linked PI/CB samples. PI/HAF (@), PUFEF (A),
PI/FT (M), and without CB (7).
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Fig.5 . Stress-strain curves for PI/HAF = 100/20.0 (@), PI/FEF = 100/36.9
(A), PI/FT = 100/66.4 (W), and PI/CB = 100/0 (%).
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1)  A.Asano, Annual Rep. NMR, 86 (2015) 1-72. (doi:10.1016/bs.arnmr.2015.04.001)

B~ omon BEZ MREENERHT



WD — N S i

BULLETIN OF THE NUCLEAR MAGNETIC RESONANCE SOCIETY OF JAPAN 2016 Vol.7

EFRX4—E

P26 NVR R, dispersion{£lZ & D FF o ZHAKD
B E R O
O VR B EHEHA L ARA RSN, Erik Walindal, 1)1 & 721
UL#ERR « TERL - o PRI

Dynamic structural properties of diubiquitin by R;, dispersion
oMayu Nishizawa', Kenji Sugase' , Daichi Morimoto', Erik Walinda! and Masahiro
Shirakawa'

! Graduate School of Engineering, Kyoto University, Kyoto, Japan.

All eukaryotes use the small signaling protein ubiquitin, which is recognized by downstream
proteins, to control a wide variety of functions such as intracellular localization, protein
lifetime. In particular, ubiquitin exerts its important biological roles as a multi-domain
protein.

In a previous study, it was revealed that ubiquitin exhibits greatly reduced heat stability
when it is covalently linked to form diubiquitin. However, it is still unknown by what kind
of mechanism the heat stability is decreased. Therefore, in this study I analyzed the
dynamic characteristics and structural fluctuations of diubiquitin using R1p relaxation
dispersion measurements to elucidate the structural destabilization mechanism.
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%o I HEAEH O KR E EAE—< Y HH
YERNZ R T2/ S W4 (High-field approxi-
mation), = (1) IEFEILS M,
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Ho™ = Tia-n [317 =11+ D]V, (2)
&
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INOOEwmTREELRILIE, Q) X
(3) DEINIEBI R A VT WEIETH D, s
T, RICEBS CTHEL T C i k& &
DNFELE, LG DMERCMEEAT %R

Exp. @11.7 T

Theo . W
400 200 0 -200

600

chemical shift /ppm
RI1 Experimental and calculated "O MAS spectra
of ["OJ-Fmoc-amino acid, measured at 11.7 T with
a sample spinning frequency of 19.9 £0.2 kHz.
The peak marked by * arises from the MAS rotor
material, ZrO,.

Exp @21.8T

.

The
Total
}j Site 1
Site 2
750 600 450 300 150 O 150  -300

chemical shift / ppm

K2 Experimental and calculated 'O station-
ary spectra of ["O]-Fmoc amino acid, observed at
21.8T. The calculated total spectrum (site A + site B)
is a sum of site A and site B sub- spectra witha 1 :
1 intensity ratio.

Td o> THIEBGEE THlE T UX, mziT D
2K B (B ZH R R E V) BRI
FEL%L%5%)e TOX)BYEIE Q) ZHw
TEBMEREZFHETLILEND L. AFTIE 2
® T3 % direct diagonalization: & -5 2 L 125
bo ETAHT, CE AN b IMEEA HAEH DK
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7]2
| 3Co 14+ W

Yo = Ziei-Dn

CHIENQR D L L ix¥ @iy NMR CTEll 4 5 3k
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Mg BB vob vy ORI ERKT 2 (AEDZ) 2
ET, B sBmasnXE w52,
direct diagonalization %% $%* 9 % 2> % HIWr 31U
v KIEHHDIRE, UM EAEH O K& S5
Y=< VHEERIC AR THa/hS W E (EE)
W) &y 9 TlE w4 (direct diagonalization
FE)IZBWT, ENZTNOERANRY bV &R
Ly AXZ MV DFEBEZ DO W TR N2,

3. BUBHEERIS -~ HEERICEAN

TNEWGE

AHHTI, (BEHEORANLERETIEIDH S
A) AR F RO THiRd EEMESEHWE Bbh
. WRF1TEENAMAR I=5/2. RKFIEIL=
0.038%. y=—23.62808x10"rad T 's™", Q=—
2.558fm”) % Pl R G & § % W F NMR % FE B2,
EH)a 2 720U T8 NMR O A X7 N OVIERT )5
Ll d 5. F1EE21C, MASYu—7%H
WCREZ md bl L2 RE S BRIRE B
573/ BOBEAK"ONMRANRY bV & ERER
AT P WANRY MV EBBMET, Ao, IR
WMIEEZRL TS, —#I2, Bz Hvwca
NOFEBANRY MV xE#LT 52 & T, NMR/S
FSRA—FRHENTHI LIRS, EIAT, RE%E
AL LTV A — R SR b LI,
W 5 OB PURAN EAEH 2 V2 _XEDE ) 5, AL
F37 MHEAEH R BUERF- — BUs A HAEH % %
B REPEID R MESRFICE-> T
FHEICHV 2 MR 2 D THERESLETH
%o AIHHTIX, HILER (central transition. m
=1/2 6 m=—1/2) IZFHL., (1) #LREIZE
W RO A BAE AL = 56 (2)
MAS 70 — 712 & % @iz 4 F T RO
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WA EAE DX 26, 2L T (3) (1) ik
REIZAb=Y 7 MBEAEH 2B L 72881220nwT

B35,

3.1 BIEREBICSVWTZROBMBHEEERD

XENEGE

YO (I=5/2) NMRO¥; £5. S HIZ BT
Y= VDT B LAMO T A )L F —HEfT AT
TS %o €D b, central transition |E—K D%
PUARFH HAEH 2 5 3B 2 22T Rwo T, dt
RIS EE v L2 LA S, RO
PURBAH HAEH CTld, 2o T AV F—HEAL D H)
T22En0, RATRTMEY . BHEWE (v))

A e 2R
1 1 1
N (2@ =
-2~ G3)

Vf:( A "o
]{w¢mB 41(1 + 1)]
+V_,V5[3 =411 + D]} (5)

KB HILIRETH LA EFGT vV Lo
Principal Axis System (PAS) % 2558 i i A (2 28
S 2L D%, BEMIZIE, KX 6) POV, (%
BReg AR R) # V™ (PAS7 L —24) TEEBEAN

1
Y 41(21 D

VZZ
(3) B, B33
3]
v <
. 8u ¢ >
822
Vyy

(b)

X3 (a) Initial alignment of the 'O EFG and CS
tensors and direction of the external magnetic field,
B, (b) Euler angles relating EFG and CS tensors.

RV, B3 (a) I3, ATk L/ (F25
HEHEER) \CBIFBEFGT ¥V VOPAS7 L — A
TP S0 &) REEERU, kR &
R TH 5,

2
w=§:@m@9mW“ (6)

Z TD,? 1 Wigner rotation matrix T & % ‘%,
ﬁﬂ#i%mfﬁh@\ﬁﬁf~ﬁ®et¢ﬁmi
DILREE B A RO D EDTED, [T, ZD
PO E I8 — RO NMR IR %7~ 3 2 &
W2 he —H, WIENRELTLY) N THIH
KRBHIBWTIE, BT » 7 AICELA L T
HDT, OLpldbowruiEknE% L b, €O
Fid. NMRARY MWK RSy — 2 LI5S
B2 LRIEDILA) 2 At 5, K4 (a)
I ZBRPSEY L 22 IRE C oA EAER (1
=5/2) \CXBMENY =V EIRT, TOFHETIE
vo=100MHz, C,=10MHz& R % L. 7,%0.2
HAARTOND1EFTELES T, TDOLH I

KXo TRESEITHZ LD 5. F72,
ne W CHTH NI, BIRIZC e I X o> Tk
EEINTWDS, AT MVENTOREARIZ, EBIZH
EEINTZFEEBRARZ MU LT, 2 (5) 1Y %
Cofli& ng ZHLAL T, AL GwANXZ PV E
DENBRN LT TIOEEZBRYET, Kb L
CEBRANRY MV EFHTEED, EBRTHESN
7:NMR/$5 A =% L2,

(a) b) ‘
ng=10
Q=08
g =06
e =04
|-

£ x & % ¢ . & #* & % Ly X B w 0 40 40 40 - A

Frequency / kHz Frequency / kHz

X4 Dependence of n, on (a) stationary and (b)
MAS NMR spectra of half-integer quadrupole nuclei,
calculated by Eq. (5). See the text in the details.
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—ROBEBHEFA P XEEN B 5
RE AR ICH LT Yy 7 A (6,=
54.7°) TR S L5, X (6) 2BV,
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YEEOBITIZ. ZOOEEY A MH D ENEL.
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+0.08MHz, 7,=0.18+0.04, O—H: §,,=180
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5AHZ <‘:7b>f%‘sto B LRI R U TRkl iz s
JE EWEED) HBEVGAE, b5y 7 MABEAERTE
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FER LN IR N BRI X 0 EHEZ 22 BH, fFHT
3R TH B,

ARG DU AL A NMR S B4 B AR 22 8555
fRRaelt T & LT, MQMAS#:®, STMAS#:™,
DOR#: ", DASH:"™ % &A% T b b, ZD )
5, HlHEOMAS 70— 7 Tl T& %5 MQMAS

3. HRELV) HTREFELZIHVWTWS, B5IC
73/@%@”0MQMASX«\°7 MV ERT S B
T, R6 D LI FEREE D "OMAS 2> M V%
RS o MASANRYZ bVid, BB A FOHEZL ) H
LD, COFTEMMTTHZILITHEHLVERDNRS
(FEBIZMAS A X7 DVHEAKIZ &L B AT M VIR
Mgt CHEECTH 5)e LA LAEDSH. MQMAS

Chemical shift / ppm
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KI5 Contour plot of the "O z-filter 3QMQMAS spectrum
of ["O]-amino acid, recorded at 16.4T. The lengths of the
first and second hard pulses were 4.5 and 1.4 us, respec-
tively. The soft pulse length was 20 us. The recycle delay
was 5s. 156 data points were acquired in the t, dimensions

with 528 transients per point.
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BRI, AT NS 7% A7 by
A ENIRICRD, TNEhOH A &5
Micx b, ZOME A vz G) ZHW
72MAS AXZ bV OREALZAT) T LA RIS 7%
%o 72721, MQMASH:IZ BT 515 5 I MQ
DI RIARAET 5 120 ERIEDOHEE X VT
&y BN, BIEDSELLENH 2 2 LITH R
VETH D, —Mam& LT, MQMASZEDfEHT T
HO5NZNMR/YF X —% Z 8L LT 1D MAS
AT MVORFNT R ATV, RS & DITNMR /S
TA—Y DOEREEALZ T I EATEE L,

3.31t%> 7 MBEEERZEMT 256

by 7 MBS 25613 &4
HIWEERER G) ICMETIER V. A%k
chemical shielding (CS) 7 >V Wi E 8 (0,5
Oy Og) CRLIRTRETH S5 HHE L, AFT
FIEFY 7 Ml (0 Oan 0y) ZHWAHZ EIZT
%, B3 (@) DEFHLD ., AbF Y 7 MIESEHIZEH
59 0% (ve) &

Ves = 6115in%0cos%p + 6,,5in20sin?¢ + §33c052%6 (9)

Exp.

Total

01

02

03

04

00 %0 0/ AW 0100
Chemical Shift / ppm
K6 Experimental and calculated 1D O MAS
spectra of [O]-amino acid, recorded at 16.4T. The
calculated total spectrum is a sum of O1, 02, O3,
and O4 sub-spectra with a 1 : 1 intensity ratio.
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EDS W TRICBWTIZEETH 5,
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EVHNEEC R B, ZOWAIEHIE L7z, direct
diagonalization 2 I XETH 5, K712, Wl
FHETHE LB AR PVERT, SO
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100MHz &€ U7z & BB <, i3
EL [~ DML E R L7225 BREEEM X, &
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(a)
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Frequency / MHz

(b)
1éD 1;0 ‘Il.]Cl 90 80 ?.0

Frequency / MHz

7 Theoretical NMR spectra of half-integer
quadrupole nuclei, based on (a) Eg. 5 and (b) Eq. 1.
See the text in the details.
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X8 (a) Calculated and (b) experimental stationary
Br (/= 3/2) NMR spectra of SrBr. The experimental
spectrum is a sum of (c) five sub-spectra. All the
NMR spectra were kindly provided by S. Ohki and K.
Deguchi in National Institute for Materials Science,
Japan.
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L TwWh,

5. #bHUIC

DU fA% % Pl R R L 3 B R NMR 231238\ C
WRE TR B AR FIVIRHTIZO W TR L 720 —11
LT BRI 58X L ZROB IR HAE
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TNV =T VR CEBREERE RO S
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W 720 — A THZ L ONMR L —H —H3PUA %
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%

LZAT. mESNMRO B Z 20 REEMIC
NMR I & A3 0] 68 7 VU 7B 258 2 TV %%, 8
W2 PACIZRBIYR 2 TUAR F A% A2 B> T\ s
ARG T BEE L 72 S B0 B TGS NMR 25 {8 o i
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D5 —ET7HEFIT1.00GHz) TH Y., FttidmiE
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X9 (a) Experimental and (b) best-fitted calculated
field-swept *S NMR spectra of a-S,, acquired at
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