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1. [EU®IC

Shen ® “The principles of nonlinear optics” ™ 1&. JHIENFEDFHTELLFIHENTVALLETDH
%, Introduction i&. “Physics would be dull and life most unfulfilling if all physical phenomena around
us were linear. Fortunately, we are living in a nonlinear world. While linearization beautifies physics,
nonlinearity provides excitement in physics.” & W) PG L E L LIHEE 5, LA L2, 3HKIEL o
ADEFEE FIT T2 KEZHNATH Y, GiAECDOITEV TIN5,

Tl HEPICIERBEHARL THEN-ARREOFTES LTWw5, ICHENZEETIX. £DZFEH
Zo ENTEEAIZ T TAHA NI, @ BEN - RE O # G THE L 72 O - 72 IEIEEAS, S b &
o TMLAFCLNREZHICT2H05MKS, 29 LAIEMIEHL LR T 55713 2 D 1004 - I K
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WAL 7y 70 v 7 THBECER Y BV, B3 0582 W72 'HNMR A X2 bV & L3580 7
71y 7N ¥ 7T &% pure shift DTk, HHOETHENMRORA 78V AL — 7 Y AGHTE %
PR FELE LTEAZBOT TS, FEEL 20004 X ) 2812%65% L T & 7z pure shift NMR
DORPEHMNNE, BRA RIS A S AL, 2010 45 DL R 1 B 5 5 SC o 38 A 80d B 12 Him L Tk Tw %
(Figure 1)o ZD X9 EFROP, HABBESAILEZEZFENMR 4875 (20174F) IZH# S 7z [Pure
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Wik & 51 PSYCHE 8 ZSHE1E, MR A v L a—ICB XL wd, oy —47 v R LRSI
MAGbESLNL, ZORENS D OAPSYCHETOCSY ® & PSYCHENOESY ' T% 5, ZhZho
ISIVA Y —%r v A% Figure 312 L® 3, TOCSYX* NOESY % pure shift{bt 3 5 12H 720, F, 6l (BB
W) & Fodl (FEEE) AU M Ol % pure shiftfb S5 2 & 258 F L w25, F,#ill % PSYCHE %%
7S % vy, FIDHLY ;A& H ) 7 v % 4 A2 pure shift{fk 2 &4 Z & (realtime pure shift) (27— % ®
HuaZzbETA)y bbdHb, THILFigure 20 (C) Drealtime ZSTED SV A Y —4 ¥ ZIZE BN
% £ 912, realtime DFIDHL Y AR TIZ 70 v 7D delayB R 2 ), TEAMEFEOREL B ZITS
72D Thb, $72, FP=UICHERICFID 2D A2 & bR CORGRRAEOM TORERE
AR HLRHEICE DR OT 2258 THRKE W, €I TTOCSY X NOESY % 3 #iZze A<~ b Vi

YN - (B)

N times loop
Figure 2 Zangger-Sterkix & & WPSYCHEE M /YL X ¥ — 4 > Z, (A) Zangger-Sterkik. (B)
PSYCHE . (C) real-time Zangger-Sterkit, MiVWRARIE90°/%IL X, KWRAFIE180°/¥IL X,
Hy ZIRO AR L ICERE D 5 VBB Y 1358 IRAN180°/¥IL X, KENfT % 413 adiabatic /SIL X TH V) .
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(ICIEFIDDEV AHFICPSYCHE 2 Z LIATHICAE 20, BEBETR®T7—71 777 FDOHE
EPrPREVWED, —REICEBENEZAbhE LV, ZORD V) L,EAF I covariance LIE
ZEAL T, F#l, FEXNAREDTHy TIWLEZINRT MLEES,
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ERwoT, tEMBHOBLIZINSDI Y R—F2 Y PEANNISEFSFLIATHZ S, MUS
HTPSYCHE-ROESY & fifE$ 2282 & TIRAAMICE 0 5 9,

FlZ EPSYCHER ZSIEBEHIC S F ST L WEDOL B EMABGDLEL I ENTX S EFHE VDN
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TR LB ESNR 2 63572 0THb, 2D COSY Dt EBFMMICPSYCHE 2 &% AT
R ERBEIR X T, KA =7 28l S N, 72, % O COSY I FIDHUY A& (t, B <
\Z anti-phase DE T2 % 5720, ZDF T TIIFIDHLY A AKFIZZS R PSYCHE‘E&: &% fifi 5 7z real-
time pure shift # #@H 35 Z & kv, ZOMEZWIRT 572912, Z38 1) @ pure shift COSY 733
HEFETITRESNTWS, —> H2Sconstant time COSY'" CF, % 74 v 7V v 7 L7=#. F,#liiIic
covariance %% # ] L. pure shift A X277 FL & 957415 THh %, Constant time COSY HAKIZE < 225401
LNTWBIRETH %A covariance # Hl A A b8 72 F,-F, 751 pure shift COSY 25315 S 7z D3 kb
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Z % L. FIDHL Y sA &K IC real-time pure shift % # H L 72 #%. F, 4l /7 14] | covariance AL % # ] L.
F,F, B3I pure shift 2 A7 M &2 HETH2 M &5 5D0FHEDL LY — 2 O IHEN
BHBINTGA—FHEIET B 72D Y) 2 iDL <. 1EkEED COSY I ST PLHMIZIEAE 2 v as,
HAHZWETFETDH 5,

% 4 constant time COSYIZOWTHTWL A, TONNVAY =4 Y A Z—KNE LD TH L0, K
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572 121%, #HE O COSYD X 9 IZanti-phase TFID # L) AAATIE 2 53, WY AAF E TIES %
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Figure 6 PS-CLIP-COSYD/SILR Y —4# >R, AEL AT TIDDOEHRTHE S h TLd, DZQCilter.,
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THA RN RREDT =547 727 b EINRTWIHIETH 5. FEBEIZZ Ol %E T covariance AL

W2 5N5T7— 2 ZWMET 2D ENE L WAL T A=Y ZRETLLEND 5,

:REEEV?FEEE‘}E'JEOD pure shift 1t
ZECRHOREGHMEA RS M VIZOWTHRR7Z2Mba W EIRET 5 ETI'HPCR ' H N 42 &

®EEFWQZA7FW%M% WCh o B TORICEMBHE AR bLvoftke vz 5 HSQC
$ pure shift{L XN TEBY, ZD/DIZIZBIRDF A v 7)) ¥ 7 %5 72 BIRD-HSQC 2Mib i 5 & & 28
%\, BIRD (Bilinear Rotation Decoupling) #: "™ % ffi 5 7= one shot [FfEl R EFH v 7V v 7 DA
7% % J7 1 Frydman 512 & o TIRE XN "9, %12 Morris 512 & ) HSQC 1258 i X 7= 1" 18 BIRD i
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I DOHE5R % WA & pure shift DHMBC A XY M Vg 65N 5. Z DFAFE%Z Figure 1012 L5, F 72
dipropylene glycol TOHMEH R OB % Figure 1112 LT,

Tilted-HMBC O [ EI1Z 3 R ICH E TH % 72 DITHIERE B 2S00 5 2 L & GBI 27 =T 4 7 7
JIBHELBZETHD, SOHIF M JHoHEt) (2 H5IR, ¥ MIde e weThy 7)) v 7
REIAME L. T aRA v MRS L ERB SRS 25, FAEMEHRTHLLLHNI5 S
D—HWehr, —/TEoLD EMETNIETA v 7V ¥ ZEEIEE L BEHRY 72 ) OREIRT 253 5
Nz,

PSYCHE &ICH T2 ES

IR ICHEN 258 & LT, PSYCHE O U 2 A 2B HIEZ 23 EH) FIFTHFH L TwE
72\, PSYCHE 13, AREMICEEIME W E W) ZSTEOREEZLHE LN, T—T4 7727 b7 —
% pure shift—RICAXRT MV EGFLT2DIXEZEZMITREMEI D2, TOXH RFEDH B,
strong coupling kD7 —7 4 7727 Ve T h v 7)) ¥ 74 FN2 R%, TSE-PSYCHE (Triple Spin

Ll Jd_ opm
1
BIRD-HSQC
I gesEHSQC

15

el J

20

30

40

24 2.2 2.0 18 1.6 1.4 1.2 1.0 0.8 0.6 ppm

Figure 9 BIRD-HSQC (£) &#EREDHSQC (k) 2EREHLE THET S
ETHy TV LITDORENKbDPURTV, —HDESHTHy TV TEInE
WEEICE->TWVWBH, Zh5Idgeminal couplingDH31E5TH D, 7
JLIZCDCly D x> b —JL, BIRD-HSQC T132048x512DEIE%E 7Oy 7 #
4 X116 pnt TEITE U 7=,
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Echo PSYCHE)®" & SAPPHIRE (Sideband Averaging by Periodic Phase Incrementation of Residual J
Evolution) ™ & \» 9 il LA Z M 2 ndd# LT 5,

TSE-PSYCHE {3 PSYCHE @ 180° /» — F 2% )L A {1 3k @ strong coupling 7 — 7 4 7 7 7 & Z ¥l 3
%o Strong coupling L T2 A ¥ Y TIE180° 78IV AT b T2 IZRALBEIA5E = 5 72 % (Appendix
). PSYCHE ™ 180° 7SV A # BEIZHT Ot /2 & D t,/2 I TH 7% 2 W E CThlfz 3 % @b 23E S
., FiH & L Tstrong coupling# L TWA 20D A YOO REIIZT —F 4 7 727 FHBNIES R
% (Figure 12). Figure 13127/"9 & 912, TSE-PSYCHE ®/3%)V X ¥ — 7 » A%, #% © PSYCHE Tl
IN— F28V 2 & ffi5 TWwWb 180° 7%V A % gradient & #lA A 7> adiabatic pulse THE X2, X 5|2
I gradient & adiabatic pulse D#lAHEHE%E H 9 1OPSYCHE 71a v 7 o AI12 A, 2O spin echo
ZBML TS, TNTHE3DDspinechoH7% b Y —4 ¥ AT A7z triple spin echo (TSE) @
ZRIDSDONT W5,

Z O TSE-PSYCHE ®JT1Z 7% - T\ % D i Keeler & 12 & % strong coupling % #iifil] U 72 J 45 f#Hl € T &
% " (Figure 14 (B) 3 X 0¥ (C)). Hilzh L7z X 9 I strong coupling D& % 2 ¥ ¥ R TIE180° /%)L X % 13

A A

10

12

14

16

Be ..... e 18

20

=

te

22

T T T T T 24
4.1 4.0 3.9 3.8 3.7 3.6 3.5 34 3.3 3.2 3.1 3.0 2.9 ppm

Figure 11 CDCI, = O dipropylene glycol @ tited HMBC X ~ 7k JL, 1024 x
128x64 K1 > b, BEIEE CI2BFEDBITE, LA LRI E/-F/2ZTH B,

tilt

J-resolved
&

I t1/2 I t1/2
1H v

3% N
tz2 L
A A ———— ‘ F,-F; plane projection ‘

v ® |

Gz —‘—‘—‘—“ .—. . _7 - :

Fa:H FsiH

—
%IE
Fy:J-ras
-
==

13¢

Figure 10 tilted HUBCD/SIV XS = L R (&) &7 — 24038 (), /NIVAR D —7 > X T BHIC I HBREITE
DHEAICHMBC HHWAETICE > TWB, T— MBI F,-F, FE% F,#ICA>TT S L TWLWL {ilt§5) WIE
PRBIZAED, DL EMBE—BOTEEVED., BATTOYSLEBELENH 3 PP,
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SATHALRE A 2720, WBEOTHHIE (Figure 14 (A)) Ot ReHITILAES 7 PASY 7+ — 7
28T, ALH Y 7 N OEORPEBTHRIE LT 5. 20720 ] EFE TIEFigure 150 X ) %7 —7 1
772 BN D, Figure 140 (B) ¥ =4 ¥ A&, 180°SVADZ 4 I V7 (a Ofi) ZRET L
WKIFBTIETIDT—T4777 bEHT,

CDJENE TRELBALIZ, 2D 180° SV ADEH 512X o THRALBEIZ R X 2 Wik TH
%o Coherence Transfer Pathway (CTP) # Riuidb» b X912, 2D X9 Hfbiz—>HD180° 7% )v
A (D) EZOHD180° SV A (@) B2 5N/ ZICa—L Y AF —FOFGDMHIC %R 2720, «
DIEICE 5T ZODI80° SV ATILHEY T MY T+ —H AT D —HTT—T4 777 MNZhDH
Lz, Z2oD180° SV ADEL LN K - THALBE T 2L TH B, ThHIE—D2HD180° 7%V A
(©) LZ2oHD180° SV A (@) 852 HNAHEEICHLIL—L Y A+ —=FPHERFEINL 20, B4
IRV 74 —HAET, aDEIZE>TY) 74— D ATE2EPELL, TOD12O20DEIZDOWT
a ZZAL SRV OMAETNINAHOR L M0 Z R LAaHLETHT I L5k 5, &%ICH GO 180°
2NV A TR BT A LD & 2 5 2 & A5k 4 25, strong coupling factor 6 (cf. Appendix) A%/ & \»

\/ ' ___________________________________________ '
] 1
i i
? OH | i
(a) i i
] 1
i i
(b) i i
1 1
i i@
1 1
i * i
1 1.8 1.7 1.6 15 ppm |
L e e e e .
(b)
t :. .......... .:
e sl L  —
T T T [ 7 Wimskmeembe CIC ICl T 1
3.5 3.0 2.5 2.0 15 1.0 ppm

Figure 12 PSYCHEETHRETHy TV LT EINAEX L F—ILDTH—RILANRYT MLOLERSE LV
HAIAR (BFEA) . 1.65ppm I * > b—ILD AL (b) &54L (a) DEIZR 5 h B strong coupling Ak
DT7—=74777 b (Hh*) PR{BAIN B,

Figure 13 TSE-PSYCHED/SIWZX Y =/ > X, 1 3FIDIYIAAZBZEDEDKRTIH Yy T T &
T4 —HhAIEBPERETZ/-0D/NT X —4&, Strong coupling7—7+1 777 NEET=HIZEDA
% refocusing adiabatic pulse D& @IIBEIARPHICE D 2 EITEFET 20
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EXIZINSDOFBALIED TR LMMES N nzd, I FEALEHT LI LKL,

EHI2Z2D (B) ®¥y—4 v ADstrong coupling 7 —7 4 7 7 7 bl Z 1HORETB I %) OW
C) DY =, AThHb, ZDY—4 »ATlgradient & A4 b+ 72 adiabatic pulse # 9 = & Tk
BEOZE EOMEIIS L TREZ a2 52, ABEKELTT—T4 7727 MEGEHBHET. 20O
& 72 1) @ gradient & adiabatic pulse DFLA A HHIIILAWICZQF & W UJREBTH 5 720 5O W TIX
ifﬁﬁk’i”%% xRz

ZCTHMW L7 (C) ®strong coupling 7 —7 4 7 7 7 MIHIEZF D F £ PSYCHE IR AR Z & A8

(©) i t

Figure 14 (A) BEDJIDBBRTED/NIVZ L —r > X, (B) #HEETEE T strong coupling 7—7 1 77 7 b
EMFIT B/ XL —4 2 X, CTP I3 strong coupling® AW E L D@3 %R L TV, Strong coupling
DHBHH/EICIEDOEQD 180 /NI ADBEETIE—L L ZAF— 4P EDS T, FELESEEVHT, 20
SET—T4 777 MIOQEQD2ENDAELITIA—TESFP Y I+ —HALEVED, {—RHNEHRDa
THATEZHRVERL, BET3 2L TMHITEZ EPHFES, (C) 472 1> b &adiabatic pulse £ fEA# A H €
B32ETB)DY—FRCEHBZREZaDAEEEREDEIL T—EICKTT 3, BRENICEETZIZ L
BV, RBEBERBEERS $I0FL Y,

(A) (B)

-30

-20

. Cl

" 30 )\

T t T
6.50 6.45 640 6.35 6.30 6.25 6.20 6.15 6.10 6.05 6.00 595 pPm

Figure 15 2-Chloroacrylonitrile  J #3817 (= & | % Strong coupling 7 —7 1 7 7 7 ko (A) ZRILA X
TJMVEDT =74 777 bVEBEIBETRS 7—T4 777 MIFARICTI AN T bERBN-MIEICE
BEh3, (B) ZRITANY MLELIAMIEL =D BICF, 8 FME L. Fi8AROEEE & > 2—RTANYT b
Wo P=T 4777 PETERZERHNTRT 7—T4 777 MIZDOOEEFESOFEMAICERA TN S, (C)
2-Chloroacrylonitrile D#&i&E=o
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ks, TNHATSEPSYCHETH S, HH7-DTFigure 13D —4 v A% 5 &, H.L.0 PSYCHE 7
O v 7 O£ strong coupling 7 —7 4 7 7 7 MIHIOAE Y IR Ao TR0 bh b, FET
BB LELZDIZOHOAY Y 23— DR O EMICR D2 L THb, Z1idFigure 13
D CTP % HiEb 2% & 9 IZIEDFigure 140 (C) L1358 7% ) LR #ALA—> H D 180° 73 2 (D)
ETOHDI80 VA (@) 35 26NB L ZICFALEIL—VL VAT —FOEAELLNLTHI,
DWW ER K% Figure 1512 L O,

TSE-PSYCHE 13585 O PSYCHE # Z D £ 1 2 5 Z &Mk L7290, Mo v —F7 v A LMAED
®5IENTE, PUIEIEE V. LA LFigure 161CH 55 X 9 12ilH @ PSYCHE & i#R$ % & WHfE
BEEETARONS, SHIEETmSICEAAY v T a—% 20817 5 72D X 28 B0 8 N
RI VDL EZBNA, FRIZESRIMER & LT L 72 2-Chloroacrylonitrile ® X 9 %457 Tl
ZORBRIBNR TV OEEILETH S ),

SAPPHIRE iZ pure shiftii &t OMETH AT H v 7)) v 7% L SNV FoRKEZ LY —7 Y AT
»HY. PSYCHE7ZZIJ T3 ZSIZHIEHTE 2 FETH %, Pure shiftiklZBUI 2747 v 7Y ¥ 744
FANY FiZ, tD1IATy 7LD ATNAFIDO 72y JNTO]JEY 2 L—3 3 VISERT 5,
ZNidpure shift DRE AT IS, JH Y 7)) Y 0% EIZ) T4+ — A ALZZFIDORAD1ETO%
HARIZY > 7)) U 7350 TR, BENZNERBTHMEZEDOLEL720ILDOATy FTE
27Ty 7 B CFID 20 At & & ICEET % %, SAPPHIRE #:13. 1b% Y 7 FoMHIERA L TH
LN JDEY 2L =2 a YRRGZLIEHEOFIDEZMUEL, ERLELELZLT]OETV 2L —Y 3 r72
JEHBRLT, A PNV FEHET. 2OY—7 Y A% Figure 1712L®F, SAPPHIRED ¥ —4 » X
b TSE-PSYHCE MR IS D A Y T3 =22 574 %75, PSYCHE 712 v 7 (Figure 17 @) DHif4ic
REINhTwsr A yza—D:@Ddelay (7, & ;) PRI LESTH 720, L% 7 MIFID DI
DARBBETY) 74— A AL T WA, —hTr, & o, OMEZBEYICHETLZET, JAy T VT
V74— HALSELEERZF o TWAPSYCHE 7 2 v 7 (@) ORi#%OIERICE%221F, FIDHY A

(A)
I
(B)
)
(©)

oy

6.45 6.40 6.35 6.30 6.25 6.20 6.15 6.10 6.05 6.00 pPpPm

Figure 16 2-Chloroacrylonitrile ® TSE-PSYCHE DBITEFER & fERED Hh#R,
(A) BENDID 'HA~NZ ML, (B) PSYCHETHRETHy TU LT EhlAN
27 hJbs (C) TSE-PSYCHE (Z & V) strong coupling 7 —7 « 7 7 7 hlEl & h
7=PSYCHE X X ¥ K JL, TSE M adiabatic pulse |4 20 ms % {£ F§, PSYCHE ®
JNILZ(330ms #{EA L. 15°/VL XY D BT /M, TSE-PSYCHE (3@ % D
PSYCHEIZHEEARZ EEHOREWIAE I O—ICLWS/NPETLTWS,
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Figure 17 SAPPHIRED/NILZX Y —/ > X, PSYCHE7 Ry JDRIZICAE>TIO-%EAT S
ZET. FDMWAHRBEETDI DYy T TET2L—2 a3 > OMBEERNICTSE 3 &£
ICLTWB, t—@mBHWIC, EHBOAT TRAEL, BETEIETIHYTILTICEEEY 2
L—Y 3 %3 T6H T, TL,RHND0°/ILZAHSFIDIVAAREAE TORSS, ED T,
TBELRLT,

THoRELTHBRLICEDELDICHEIND, CDLIICT B ETTLHE D

NN\ &N

T3

= |

. 1=t Block 27 Block 3 Block
Begining of
the Acquisition 1 _Ar 1 1
Y SW SWi SW,
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] 1 1
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4 :refocusing point of the J coupling in the 1% block
Figure 18 SAPPHIREDFIDE V) iAA &R TERXE, 1D2D4H X7 v THil),

BHOAT CHET S, COXTIHI/SWIDXT Yy TT8ENDATHEE->TL
B, 1/SW, 70y 7L TEEDTRMYAGFIDDEEIEEZRL. SW, 2 &S
H4 RN RPBERZ, ATOEICEY . 19 BlockiCHWTIH Yy UL FH Y
TA—HRATEUBIEDS (FTHEEM), t, P £BETCATDHNPRELBFIDE
S5LTHR. FIANLL T FOMEFTRTAL (RLEHES) . #ir-TW3
JHAY TV IDET2L—2aPERTED (BRLAabE3EHaA50T),
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ABBHIED EDOMETIHy TV Y ITR) T+ —h AT L0 lET L2 kL, BIZiEc, =1/
(4SWy). ;=03 H v 7)) ¥ Z7IIFIDIY sAR#H 1/ 2SW) TV 74 —H AT 55, ,=0.
t,=1/ (4SW,) £ $HIEFIDIY AART1/ 2SW,) T 74— A AT h, 2 Tr, & %A =1/
(N-SW) DAF v TH A A TEZETVE, HFAr TRV ALHRAIOFID 70 v 7 DE X% 1/SW;-
Az e$H2ET, AcZLIZJEY 2L —3a vONMETRELLFID 22 52 Ak s, 2h
ZBWICFigure 181C7R 3, COXHICLTHROLNAL]EY ab— a VOMNMHPRLZLFIDZREL
EbE¥HLIET, JEV 2= a P bHLH-oCFID 2K TE 5, F— 7DD I1I2IF12H
OFID % @) 2 R IIWCHELZ LT, FIDOT7uy 72205 E&bd, TOHAORLRLEFID % 2
LEabELLELRD D, ZOMRMBIZREERLOEZDY 2 7% 4 P orar s apfidfi sh<
WHEDTINLZM) ONFMHTH A ). ZOMWEH R % Figure 191277§ - SAPPHIRE 13, % @
PSYCHE R ZSTECHE L SNAMAHB L DIEHIT, ¢, —HH72 D ICHEEDO Ar (4 ~ 8 2w
LaFEwir e wnizois, RIEIERMPREL 25, LAL, SRSOFID M S5 2010, B
720 ORKPEEILHH O PSYCHE R0 ZS i L WA 272 50

mEIC

218112 72 V) pure shift & FFIZN 2 B E S HEENMRIZB T 5 REETH v 7Y ¥ ZOFEICOV
T L C & 720 Pure shift (& FWE TFEOMBE D A, BHAMICREIN TV AR L ZSR
PSYCHE ® /3 )V A 3 — v ZIZHRTEVEFNR T > T0b X H &K L%, —F T, pure shift %
EHT L0 Mbh s L, R RERNMRO T L 3D LEBROED 7OV 257 — & LB
ZONIT LD, IZLDTHNDE NZ/SF A —FDRERPHED LI 72085bho5TIC A% 2 &
HHE0D LNV, PLEIHFTOIH LAV ALY = VAR ALIZERSEZHKL, 8592 —FD
ERICA, EEICHEE, TP MBI E I LW R BELTEL, COXLRIIZOREL D
LICHEZ L7250 THY., HrLpure shit OFFEZII LD I ) LB H A2 H o) RT Ve
HEMZIZOB)THbD, FLHUBNLRERTH Z TRLRICHEVLTTDH L. ZO2MOHIRAZ S
Wo A DOTFHEOBBO—BE NI TH L, RFICTED L5 WERT A AA vy ¥ arTh
FLTL & o 22D T (VA=Y X SV REET 7 r— v a Vi) 1SS oEx &
T 5%,

(A) (B)

SAPPHIRE PSYCE SAPPHIRE PSYCE

conventional PSYCHE conventional PSYCHE

P o [
4 '—TJ ——+
L i e i e i i i M i Mt A T T T T T T T T T T T T T
71 70 69 68 67 66 65 64 63 62 61 60 59 58 57 56 55 54 ppm 011 012 0413 014 015 016 0417 018 019 020 021 022 023 024 s

Figure 19 SAPPHIRE PSYCHE & #£3k:ED PSYCHE D Lt#, # > 7 )L 2-Chloroacrylonitrile, PSYCHE
E16msD 7Oy 7% 4 X128 FBIFE L. SAPPHIREIZ S 5(C8RDELEBZ AT & &Y. FEZETH 7
2T ML (A) TIRRIEREDPSYCHEIZEENRTSAPPHIRE TIEH A RN RPBD L TWB DD hH B,
F/-FID (B) Cld16msZ &N T Oy VDD HEEETORERTGEARA > b (TR EKH) » SAPPHIRE T3 (Z
EAERGNEL,
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Appendix

Z Z TlEStrong coupling L7z A ¥ ¥ RI12180° 7S )V A & YT L 72 & & ICALRREIAE & B BHIC O W T
FiM$ %, 3 Strong coupling®®H B2 AE Y RIZOWTEZ S, COAEYRZDNINFZT VIFK
o (A1) XoEx L b,

Hsc = -Qlilz + inZZ + 27-[]1’1 ) IE -+ (A1)
Cokx, H oOBABE (strong coupling 2L : [1), 12), |3), [4) dH vy TV FDHEVwAY Y

ROEAHBIE (Zeeman 2)K) Ot (|aa), |aB), [Ba), |BB)) ZMlioTROL ) IZRT I LNTE
%o

11) = |aa)
|2) =cosf |af) —sinb |fa) -+ (A2)
|3) =sinf |aB) + cosO |fa)
14) = |BB)
Z 2T 0 & strong coupling 7 7 7 ¥ — & X,
2]
tan 26 = o0,

TEFZENS, ZeemanFEE D> 5 Strong coupling F& KA D FEE L2 DV TIE — %11 22 NMR O ZfL
WA S .

ECT, Z®& &strong coupling K # LKL L7z RV —=F BNV ATE) BT E2hZE2RTHS,
) 21X, strong coupling 2% i 12 B 1 % single element + XL — % [IUTIZ]SCZ 34| 3T ae—L
ANZ180° SV ARAEH S5 L RO X BT Be . U, L., 2 =< K (laa), 1af),
1Ba), 1BB)) ®FNRV—F I L, 1,1, &fisTHET,

[IEIE]SC = |3)(4]
= (sin @ |af) + cos 8|La)){Bp]

= sin@ [ap)BP| + cos b |Ba)pp]
=sin@ I g + cosO gl -+ (A3)

ZD (A3) 12180° SNV A RME X &5 &,

[11‘[,,12;]5C o sin@I;_I, + cos@ I I,

= sin @ |Ba){aa| + cos O |af ) aa|

= (sin @ |pa) + cosO|af)){aa|

= (cos 20 |2) + sin20|3))(1] (+ (42))

= 0520 [I1q05_]  +sin20 [I1_T,]
E% D, sin 20 FREACBEIR 5722 03D h b, MOIL—L Y AZOWTHRHBETH D,

strong coupling ®& % A ¥ & Tl strong coupling 7 7 7 ¥ — 0 DK & 126 U THALBR IS X %,

SEXM nerat D., Nilsson M. and Morris G.A. (2014) Ultra-
[1] Zangger K. and Sterk H. (1997) Homonuclear high-resolution NMR spectroscopy. Angew. Chem.
Broadband-decoupled NMR spectra. J. Magn. Re- Int. Ed. 53, 6990-6992
son. 124,486-489 [3] Foroozandeh M., Adams R.W., Nilsson M. and
[2] Foroozandeh M., Adams R.W., Meharry N.J., Jean- Morris G.A. (2014) Ultrahigh-resolution total cor-




BULLETIN OF THE NUCLEAR MAGNETIC RESONANCE SOCIETY OF JAPAN 2018 Vol.9

relation spectroscopy. J. Am. Chem. Soc. 136, 11867-
11869

[4] Ying J., Roche J. and Bax A. (2014) Homonuclear
decoupling for enhancing resolution and sensitivity
in NOE and RDC measurements of peptides and
protein. J. Magn. Reson. 241, 97-102

[5] Briischweiler R1, Zhang F. (2004) Theory of covari-
ance nuclear magnetic resonance spectroscopy. /
Chem Phys. 120 (11), 5253-60

[6] Prochazkova E., Kolmer A, Ilgen J., Schwab M.,
Kaltschnee L., Fredersdorf M., Schmidts V., Wende
R.C., Schreiner PR., Thiele C.M. (2016) Uncover-
ing Key Structural Features of an Enantioselective
Peptide-Catalyzed Acylation Utilizing Advanced
NMR Techniques. Angew. Chem. Int. Ed. 55 (51),
15754-15759

[7] Girvin M.E. (1994) Increased Sensitivity of COSY
Spectra by Use of Constant-Time t1 Periods. J.
Magn. Reson. Ser. A. 108, 99-102

[8] Aguilar J.A, Colbourne A.A., Cassani J., Nilsson
M. and Morris G.A. (2012) Decoupling two-dimen-
sional NMR spectroscopy in both dimensions: Pure
shift NOESY and COSY. Angew. Chem. Int. Ed. 51,
6460-6463

[9] Koos M.R.M, Kummerl¢we G., Kaltschnee L,
Thiele C.M., Luy B. CLIP-COSY: AClean In-Phase
Experiment for the Rapid Acquisition of COSY-
type Correlations. (2016) Angew. Chem. Int. Ed., 55,
7655-7659

[10]Kakita V.MLR., Bharatam J. (2018) Real - time ho-
monuclear broadband decoupled pure shift COSY.
Magn Reson Chem. 56 (10), 1-6

(11161 21 “200 and More NMR Experiments (WEILY-
VCH 2004)" 72 ED5FEL Vv,

[12]Thrippleton M.]., Keeler J., (2003) Elimination
of zero-quantum interference in two-dimensional
NMR spectra. Angew Chem Int Ed 42(33), 3938-3941

[13]Takegoshi K., Ogura K., Hikichi K., (1989) A per-
fect spin echo in a weakly homonuclear J-coupled
two spin- system. J. Magn. Reson. 84 (3), 611-615

(1419 A LIERICE D & sin® (nJA) 1Z0& 1D
EITERTHEBMTH 5720, EFOEICRS X
AT Ay T T OfEEFFOFMBE BN S Iz <

5,

[15]Garbow J. R., Weitekamp D. P. , Pines A., (1982)
Bilinear rotation decoupling of homonuclear scalar
interactions. Chem. Phys. Lett., (93), 504-509

[16]Lupulescu Al, Olsen GL, Frydman L. (2012) To-
ward single-shot pure-shift solution 1H NMR by
trains of BIRD-based homonuclear decoupling. J.
Magn. Reson. 218, 141-146

[17]1Sakhaii P, Hasse B. and Bermel W. (2009) Experi-
mental access to HSQC spectra decoupled in all
frequency dimensions. J. Magn. Reson. 199, 192-
198

[18]Paudel L., W. Adams R.W., Kiraly P, Aguilar J.A.,
Foroozandeh M., Cliff M.]., Nilsson M., Sandor P,
Waltho J.P and Morris G.A. (2013) Simultaneously
enhancing spectral resolution and sensitivity in het-
eronuclear correlation NMR spectroscopy. Angew.
Chem. Int. Ed. 52, 11616-11619

[19]Uhrin D., Liptaj T., Kover K.E. (1993) Modified
BIRD Pulses and Design of Heteronuclear Pulse
Sequences. /. Magn. Reson.,, 101, 41.

[20]Sakhaii P1, Haase B, Bermel W., (2013) Broadband
homodecoupled heteronuclear multiple bond cor-
relation spectroscopy. J. Magn. Reson. 228, 125-129

[21]Foroozandeh M., Adams R.W., Kiraly P, Nilsson M.,
Morris G.A. Measuring couplings in crowded NMR
spectra: pure shift NMR with multiplet analysis.
(2015) Chem. Commun., 51, 15410-15413

[22]Moutzouri P, Chen Y., Foroozandeh M., Kiraly P,
Phillips A.R., Coombes S.R., Nilsson M., Morris
G.A. Ultraclean pure shift NMR. (2017) Chem. Com-
mun., 53, 10188-10191

[23]Thrippleton M.]., Edden R.A.E., Keeler J. (2005)
Suppression of strong coupling artefacts in J-spec-
tra. J. Magn. Reson., 174, 97-109

[24]17ZS1: R PSYCHE#E TOFID D HLY) A A F 12D W
CIdHi5 [Pure shift NMR % ## 9 % 725 @ Zang-
ger-Sterk {31 & PSYCHE £ AM] 2 &M S 72w,

[25]https://www.nmr.chemistry.manchester.ac.uk/
?q=node/426 X ) SAPPHIRE ® )V A2 71 75 A
L=V HOTu 7 0%y u—FN35
ZENTE B,

R’ ¥ (ODOH-®9))

O
BAEICE S

1998 4f: FOR R R 22 M T3 LRl 223

2000 4 O BIRL R 2227 B Je i T2 G A ) T s o i WERAR 15 T

20034E3 7 BB R A R Be L0t T2 e Rt AR ) Lo s e LA U0 LA T AR 2
20034F4 7 BLAHaii g CRESTHIZE B 51T

20034F9 7 BURBRL KRB R A B S T2 e R A T B s i 5 (%) s
2005 4F H AR iRkl Atk

2013 4F TN =T 228 RS AL (20184127 h — - N4 F A ¥ VRS

gko m—orn IZZ WWEEENTEEN T



RSN R mE — o N SR

BULLETIN OF THE NUCLEAR MAGNETIC RESONANCE SOCIETY OF JAPAN 2018 Vol.9

BEFRZ S -BEBRERS

%56 @ NMRE:":HHIS (201 7) E?/‘J‘ZQ—EL')L\T

GAEED [ETFRZY =8 |13, FICEFLHERIZG 2 51 5EE [JEOL RESONANCE #] & KBy
HERE] IZmz. #FRAY —HE~IIJEOL RESONANCE#,: & K Hligtt 20 5 o ZIEEIC X % 4k 4 [H
HELTHIEZRGWLE L

HTRAY —HORERRINEEE 2 & 7L <135 56 Il NMRAE & (2017) OF— A R—T [T
K 2 & — 1 | (http://www.nmrj.jp/NMR2017/poster.html) % #IZH T X,

SN2 DIRNENRDH ) T L7zo MIEENERTEE DO AN E2ZE L. I05EE Z BARR L BIRO
20D 7NV —=TIZH5TFF Lz, dHiliE ZFEERICR SR E ) IZIRY 5. 7V — 72 H AR
B ADOFHB S, HEDOBREFHICEO VTN EEDREZ S MM THRE LT L, T2, &
HAERDE TN — T OV OZENOS MU LOLERZ IV —THiiEE T2 LIl TnE L2, 4
FEMEDH ) FHEATL,

WKEHFEHEFRAY—BE142 8, BER2ES5 L, BIE L LTJEOL RESONANCEE 12/ M & it&D
xR F L7z DWT, BHFLETFRRAY—HIAICHEREZRSG L, AIEE LCRBHBEE6 M LRE
OWFEWED F L7 SHIKTHOETFRAY —HZEEL R, AEL LT HAERESTNEERE X
DD F L7z

R BEE. JIIF. BEE. S8 /0. MTEzsR. BR. 2T, §X
* 1 B =+t JEOL RESONANCE A REUfF %t &

WL REMER &Y Bk



BULLETIN OF THE NUCLEAR MAGNETIC RESONANCE SOCIETY OF JAPAN 2018 Vol.9
B=EFEFRIX2—E (JEOL RESONANCE &)
BT K5 CRBKS AT
[ RES AR T o MAS-DNP A NMRIC & 0 35k S 7B R B L o 2 ¥ 2 AHBI R 55 o Bl

WEFEFFI2 -8 (KBEAKRE)

SR Rt CRUERR R be PR 7E R}
(AU FB L OCTHEAEH ZFH L7ZEAENMRIZE 5 CdSe 7 G A5 —@1) 7~ B
— FITHE A O 7 il g

BEFRX42—8 QHERE)
A E— (F—7 ZAK%E)
[BCHEICE 27 V¥ = VIS0 NMRIEE S B X 04 F YLIRED [ &
NIEr sttt (A RS BEEE9ERE)
[TWVF RAL TV F URTED R AL Y F A F 37 ADHFORRE Eo%E o]
—SAXS & NMR (RDC/PRE/CSP) 2 X A&7 ¥ ¥ > 7 VR & AT — |
NI B (R R AR b # G B LA 5eF))
[ NMR & FECHEZ W2 AW O KT 54 F 3 7 2T
B1E FE (BALEZERT Ay AT af%Et v v —)
[in-cell NMR 7 LR #E22 FEERR 2 b & L7z 7 3 7 MBI 22 5 [l o AR ik i |
WS H — (AR Kbt B LA 5eF))
[t MR o & AE o 3D = 3L NMR il % |
G BRI (KBRS R AEbE 25 T2 5efh)
(799325 TeMWwizar37 b triplet DNP 25 & O B 5 |
Bk M G R Rz ke BAEREZERE)
[F 7 b A5 =2 X% 72 NMRAE 5 D2 H F2Br o f5d4L |

FHMELHE PGS, BRERBGE, AR

O
~

gko m—orn IZZ WWEEENTEEN T



RSN R mE — o N SR

BULLETIN OF THE NUCLEAR MAGNETIC RESONANCE SOCIETY OF JAPAN 2018 Vol.9

REBFEFRAS2—H (JEOL RESONANCE#)

P56 ERISIEER FOMAS-DNPEFENMRIC & V) it & h - BRIEZE
kD R v 1HEIERK D DERE
OB TR, GEBE, AR, R
URBRR: - 8 A EWFERT

Observation of spin correlated component in hyperpolarized nuclear magnetization
induced by MAS-DNP solid-state NMR under a high magnetic field and an ultra-low
temperature

OTomoaki Sugishita!, Jun Fukazawa', Yoh Matsuki', and Toshimichi Fujiwara!

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

Recently, we have obtained nuclear hyperpolarization at a spin temperature much lower than 1 K by dynamic
nuclear polarization (DNP) under a high magnetic field 16.4 T and a low temperature 30 K. As a result, the
hyperpolarized state provided a spin correlated state in addition to the linear polarization given by the high
temperature approximation. In this study, we will discuss pulse NMR experiments under magic-angle
spinning for observing this spin correlated component and its application to the measurement of the absolute
proton polarization through C-NMR.

HH . NMR TR -~V AL F =B LT VAR ORBEEIT/NE L, Ay~ v ifhic
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Fig. 1. Pulse sequence for observing the spin
correlated component.

The black rectangle denotes a 180° pulse. Acquisition
phase is inverted synchronously with on/off of the 'H
180° pulse. The '*C magnetization is recovered during
71 and 'H hyperpolarization is created under DNP during
1, following the saturation. Alternatively, the '3C
magnetization can be prepared by cross-polarization

from 'H to improve the signal sensitivity.

Peak intensity

-0.02

L L L L L
30000 20000 10000 0 -10000 -20000 -30000

Frequency(Hz)

Fig. 2. Spectrum simulated for a '3C-'H system.
Spectrum due to the anti-phase term 27.S: evolving
under 'H-'3C heteronuclear dipolar spin Hamiltonian.

(This simulation does not take MAS into account.)
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Dipolar and J interaction-based quantitative solid-state NMR for ligand—surface bond in
CdSe nanoclusters

(OTakuya Kurihara, Yasuto Noda, and K. Takegoshi

Division of Chemistry, Graduate School of Science, Kyoto University

The optoelectronic properties of semiconductor nanoparticles (NPs) are influenced by ligand—surface
bonds, and thus characterization of the bonds is essential for applications of NPs. In this work,
cysteine-capped CdSe nanoclusters are studied by J- and dipolar-correlated solid-state NMR experiments.
To quantitatively examine the presence of the ligand—surface chemical bond and the bond length, J-single
quantum filtered and rotational-echo double-resonance NMR techniques are applied, revealing that ~43%
of the amines of the ligand-cysteine coordinate to the surface cadmium with the bond length of $2.47 A,

while ~11% of them are located nearby the surface without forming the bond.

1. Fif
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2.1. J-single quantum filtered (J-1QF) % I
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3. RBAE
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5. i
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TA DT I N 247 AFHOREEETRE Cd ~EALLTWDZ &, bR E 2R
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13C-detected NMR spectroscopy for probing arginine side-chains and determining their
ionization states

OYuichi Yoshimura!, Nur Alia Oktaaviani?, Kento Yonezawa?, Hironari Kamikubo®, Frans A. A.
Mulder'?
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3 Graduate School of Materials Science, Nara Institute of Science and Technology

We present a '*C-detected NMR experiment for probing individual arginine residues in proteins
notwithstanding the presence of chemical and conformational exchange effects. Arginine head group 'SN"
and '"N¢ chemical shifts are correlated with that of the directly attached '*C%. The number of protons in the
arginine head group can be obtained directly from the 'N—'H scalar coupling splitting pattern. We applied
this method to unambiguously determine the ionization state of the R52 side chain in the photoactive yellow
protein from Halorhodospira halophila. Although only three H" atoms were previously identified by neutron

crystallography, we show here that R52 is predominantly protonated in solution.

. . . a b
Because of the unique potential of the arginine head group H{ /,N“Hz H( //N“H
(Fig. 1) to form multiple hydrogen bonds, arginine is a key Ne=== ’ + /N“— Ci
component of protein—protein interfaces and interactions — CtH, ‘NWHZ — CH, N"H,

between protein and nucleic acid molecules. Arginine also . L.

. o . Fig. 1. Structure of the guanidinium (a)
functions as a charge carrier in photoreceptor proteins and . .
] - ) ) ) o and guanidino (b) forms of arginine.
ion channels. Arginine in proteins rarely exists in its
deprotonated state due to its strongly basic character. Photoactive yellow protein (PYP), a photoreceptor
protein from Halorhodospira halophila, contains two arginine residues, R52 and R124, and knowledge of
the ionization state of R52, which functions as a gateway in the reaction center of PYP, is important for
understanding the energetics of the photo cycle. Although the nuclear density indicated that R52 was
deprotonated,' subsequent electrostatics calculations proposed that R52 is protonated.> This controversy

therefore calls for unambiguous determination of the charge state of R52 through experiments.

13C direct detection, '"N—'H spin-spin coupling, cross polarization

OQLLLE BwHnh, BLLwdHIZ HVdH, LRZb TAk, »AHEIE OARY, o2
— S5bAT
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NMR experiments relying on 'H — ; -

. . L& Ri2—g 17O b = -
detection are compromised by ] . >R52 | -
exchange broadening effects. The 2D &l XA 75l Ri2d © 1

= R124
BN-'H HSQC spectrum for the 2
arginine head groups for PYP (Figure E i (- 1 e ki
. Z "4
2a) could be interpreted to mean that al m sl D Lo 1)/
the two >N and the four 'H" for R52 R - =}re2
Chemical Shlfts are aH averaged TTG 772 678 Bj4 15;9,8 15‘9,5 15‘9 2 151‘) 8 15“9,5 15‘9.2
’ "H chemical shift /ppm 3G chemical shift /jppm "¢ chemical shift /ppm

indicating that the partly buried R32 in Fig. 2. Probing the arginine head groups of PYP. (a) "N-'H

HSQC spectrum of PYP. (b, ¢) 'H-decoupled (b) and 'H-
coupled (c) PN"e-13Ct correlation spectra of PYP.

the protein would rotate faster than the
solvent-exposed R124. This conclusion
is incorrect, and the correct conclusion
can only be reached using data from a novel 3C-detected NMR experiment as shown below.

In the new 2D NMR experiment, the head group ''N" chemical shifts are correlated with the directly
attached '3C¢ chemical shift.> Briefly, the magnetization transfer can be described as 'HWé—!SN"¢(z))
—13C&(2). The use of cross polarization for the simultaneous transfer of polarization from the 'SN"# spins to
13C¢ is crucial to mitigate coherence losses due to chemical exchange processes. Figure 2b shows the arginine
ISNWe_13CE correlation spectrum for PYP. In contrast to the '"’N—'"H HSQC spectrum, two 'N" signals are
detected for R52 at 74.0 and 70.6 ppm. The observation of separate >N resonances indicates that the R52
side chain displays impeded mobility. R124, on the other hand, rotates faster, leading to a single averaged
peak. It is now clear that the single peak observed for R52 in the 'N-'H HSQC spectrum (Fig. 2a)
corresponds to only one of the amino groups, while the other resonance is not detected.

Although conformational and chemical exchange broadening precludes direct 'H" detection, a count of the
number of protons can nevertheless be made if exchange with the solvent is slow enough to observe "N-'H
spin-spin couplings. Figure 2c shows a 2D arginine '"N"é-13C¢ correlation spectrum measured in the absence
of 'H decoupling during the >N chemical shift encoding period. In the 'H-coupled spectrum, all signals for
ISN" show triplets due to two simultaneous "N—'H couplings per nitrogen. Our experimental data
demonstrate the presence of four H" protons for R52, indicating that the cationic form prevails in solution.
Although neutron crystallography identified only three H" atoms for R52,! a reconciliation may lie in intrinsic
differences in the protein structure of the solution and solid states. In summary, we show that the charge
states of individual arginine side chains in proteins are accessible by the '3C-detected NMR experiments

presented herein.
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Functional significance of the inter-domain dynamics tethered by intrinsically disordered
region (IDR) revealed by the ensemble structure analysis using RDC, PRE, CSP and SAXS
ORyosuke Kawasaki', Jie-rong Huang?, Yun-Tzai Cloud Lee?, Naoya Tochio*, Shang-Te Danny Hsu?,
Shin-ichi Tate'+*

! Department of Mathematical and Life Sciences, Graduate School of Science, Hiroshima University

2 Institute of Biochemistry and Molecular Biology, National Yang Ming University

3 Institute of Biological Chemistry, Academia Sinica

4 Research Center for the Mathematics on Chromatin Live Dynamics (RcMcD), Hiroshima University

Intrinsically disordered regions (IDRs) are easily found in multidomain proteins as tethering them. Peptidyl
Prolyl Isomerase, Pinl, is one of them; two functional domains are linked by flexible linker-IDR. We
previously revealed substrate binding affinity enhancement mechanism; the substrate is kept by migrating
between two functional domains. This mechanism makes us perceive the importance of inter-domain
dynamics for protein function. In this study, we corrected inter-domain dynamic conformational information
using SAXS and NMR, paramagnetic relaxation enhancement (PRE) and residual dipolar coupling (RDC).
According to these experimental data, we determine the dynamic ensemble structure. In this presentation, I

discuss the relation between inter-domain dynamics and protein function.

Linker IDR
PRI RS B HRENE 2 2 0 T IS, HEHD .g\/f\" P,

T TE T AR 1 A FFORBRENE B A A L8, RIRZEVEREK NACD T (7’4"-
(Intrinsically disordered region, IDR) (Z & VW &I Sz _7 ;i - i substrate binding domain
RO b 0N LIZ LIZRZ b s, AFEE T .4 N
R e LT DBERPInl b, 200RERIKEEER D ) g
OMEENE R A A V23, U U —IDRCTERIF bz enz;,?n;ﬁc domain oD 1o
A LTV (Figurel). BERIENE R A A T THEE
A RAAL L OREERENIT D MITIRNZ & 230> T
WD, ZID OBREME R A A U AIDRICE VBT b D
Z T, ERIBNC R AL CRIESITRE L, R R A A v
NOIERES RAA U EEERES Z LT, WAME
RIRAMERESL (IDR) , RAAEAFI TR, AT % 7 AAEERRHT

Figurel: Pinl has enzymatic domain and
substrate binding domain, and these are
linked by linker IDR.
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WG 2 BUERINT 5 2 & T, 220 R AL VRIOBT o 0 7 G 2 e L72[1,2,3].
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Figure4: SAXS measurement
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Molecular Dynamics of Water in Mouse Organs Analyzed by Means of NMR
Diffusometry and Dielectric Spectroscopy

OTsubasa Kawaguchil, Tsuyoshi Aoyamaz, Tetsuya Saitoz, Rio Kitaz, Naoki Shinyashikiz, Shin Yagiharaz,
Minoru Fukuzaki’, Haruchika Masuda*

! Graduate School of Science and Technology, Tokai University

2 Department of Physics, School of Science, Tokai University

 Kumamoto Liberal Arts Education Center, Tokai University

* Department of Physiology, Division of Basic Medicine, Tokai University School of Medicine

The dynamics of water structures of mouse organs; liver, heart, spleen, and kidney were observed by
Dielectric Spectroscopy (DS) and NMR diffusometry. Control and disease model mice were prepared for
the samples. The dielectric relaxation time 7 evaluating mobility of water molecules indicates a significant
difference between the control and disease groups. However, there was no difference among respective
organs for the control group. On the contrary, the diffusion coefficient did not show any differences
between control and disease, but it did show difference between organs. These results were considered to
reflect the characteristic spatial scale of each measurement technique. The dynamical water structures were
also quantitatively analyzed by means of the fractal concept and Ryabov’s expression, and different water
structures between control and disease organs were suggested. Further consideration to conjugate DS and

NMR data will be discussed in the session.
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Fig. 1. The relaxation time of water for
organs. Black and red plots represent
control and disease groups, respectively.
Half-filled plots represent hydrogen-water
intaking sample. The error-bars are

standard deviation for 10 samples.
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Fig. 2. The =g diagram for mouse organs.
The blue star plot represents pure water and
other plot assignments are same with those
in figure 1. Black and red lines show
trajectories for the fractal analysis for
control and disease samples with the fractal

dimension of 0.87 and 1.73, respectively.
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Amino-acid selective isotope labeling for challenging systems such as in-cell NMR
OTakuma Kasai"z, Kae Higuchi], Kohsuke Inomata', Takanori Kigawal‘3
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Amino-acid selective isotope labeling (AASIL) is a useful method to help main-chain assignment in
challenging situations. We have developed a combinatorial labeling method, Stable isotope encoding
(SiCode), inspired by information sciences. It regards AASIL as an encoding-and-decoding process, in
which the amino-acid information is encoded to the isotope labeling pattern and decoded from the observed
NMR spectra. To apply SiCode to low signal-to-noise-ratio (SNR) systems such as in-cell NMR, we
introduced the optimal design of the labeling pattern for the robust amino-acid discrimination; the
compensation of differences between samples such as experimental variances in protein incorporation or
the numbers of cells; and the model-based analysis to retrieve amino-acid information from low-SNR

spectra using prior knowledges of the amino-acid sequence and the labeling pattern.

72/ BRI R ERNAESIE L, ¥ o EOEHY T VIRRIZ E > TEEZRTHY
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for Ubiquitin mutant protein.
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Fig. 2. Successful decoding of the amino-acid
information from (L)S57 signal with the low-SNR
in-cell NMR spectra of Ubiquitin mutant protein.
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3D triple-resonance NMR study of proteins in human cultured cells
OHajime kamoshida'~, Teppei Ikeya', Masaki Mishima'* and Yutaka Ito'”
'Department of Chemistry, Tokyo Metropolitan University, Japan, °*CREST/JST

Developments of elemental methodologies in in-cell NMR spectroscopy have allowed us to study a lot
of proteins inside living human cultured cells. However the low concentration of target proteins which are
incorporated into the cells from outside as well as the short lifetime of cells in NMR tubes have so far
prevented us from performing high resolution 3D NMR experiments, such as 3D triple-resonance NMR
spectra and 3D NOESY spectra. In this study, we have used Streptococcus protein G Bl domain,
T.thermophilus HB§ TTHA1718, human ubiquitin with L8§A/I44A/V70A mutations, and human calbindin
Dy (P47M+C80) as the model proteins and cultured HeLa.S3 cells as host cells. For 3D HNCA
experiment in HeLa.S3 cells, TROSY-HNCA on *H/"”C/"N-labelled samples showed better S/N ratio
compared to conventional, BEST- and BEST-TROSY-HNCA on BC/"N-labelled samples. Further, by
using an altered version of the bioreactor system without mebiol gel-fixing of cells, we succeeded in
measuring 3D "°N separated-NOESY spectra of GBI in HeLa.S3 cells with good S/N ratio.

(i

XTI FEZ RO E QE, 8, IFE, (80 CIHEEITRA G- TNDTe), ZOLH7ER
5% (macromolecular crowding) Ti&, ZDFITIFAET DAEME I3 T OFEN D72 R 52 5
TENPTRIBEIN TS, §E-C, EXTHIIRO R O ARG 4+ DO EWIEYE, Bified2 0 (In situ) Tif
Wrd22&id, Yi%or O TEOMWE | 2 HfiET 552 TIHFICHEETHS. NMR (ZIEEEIEO A
Fior, AET-HITicE s E A E=° DNA/RNA 728 OARE S FIZOWTHIRNT AT HETHD.
A H, NMR %AW BR ST D4 S 51 DOfftT (in-cell NMR) I, i3 ffGEL ~/L T
SLARIEIECH AT I ADIEWESLZENTEL T EDO I SE L THEHESN TN,

BT M A V2 in-cell NMR Cld, I CZE RN AR B B BRI FEEIT
R U R BB 2 AN GG AT D FENHESI, DANC RN OERIZEIVER © 72
EEEOEANTREIC>TE. LvL, ZODOFEFZHWCEREZEA LA TH, Bkt
ZE A ORI B 3R RE LTRSS, #E R EL T 3%kt NMR I E D IH72 E B4 B35l e 4
ST iR T I IR FTRE T~ 72, F72, NMR FEME NICEE O 7o I REH B AV A UAS VB L C
W7, ZEICERH O in-cell NMR I EA1T57289 1213 bioreactor A7 A [11D X572 Ji{ED W
FEARARTHD.

ZITAMIZE I, BT VEBEEZHWT, ENERMIE~OEATIEO I - RFHEITV, 2Ok,
TE S FE O R REDS DI AT REZR 7 A T 4 — D AT ML O BUS N AR A RE Tdh o7, —H LB 3 Kot
NMR AXZMVOREE BIEL, $kx 2 BREROS R - Fiib 21T o7, SHIZ, %42 NMR

In-cell NMR, electroporation, backbone resonance assignment, bioreactor system
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= 3 N (overlaid, upper panel) and the 3D TROSY-HN(CA)CO (black)
4 *ﬁ@%%ﬁ}j%ﬁﬁ}iﬁ 3D NMR A~7h/ 1/75)%% and TROSY-HNCO (grey) spectra (overlaid lower panel) of

MERTz, 72720, ATILD SN HA R W/ C/Noabelled GBI in HeLaS3 cells. Each strip
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fEHTLT=&2%, 2HMB3C/5N Ik L7 GB1 238 AL

THHA7Z TROSY-HNCA AT RVOREEEN 1 FRWIENHGNIR -7 (Fig. 2). —F T,
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DL VT 2H/13C/15N £25 TTHA1718 % HeLa.S3 fIIC  HSQC spectrum of TTHAI7IS in vitro
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22, 80%LL FOIFEIC LTz (Fig. 5) .
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Fig. 5. Selected 'HM-"C strips extracted from the 3D
TROSY-HNCA (black) and TROSY-HN(CO)CA (grey) spectra
(overlaid, upper panel) and the 3D TROSY-HN(CA)CO (black)
and TROSY-HNCO (grey) spectra (overlaid lower panel) of
H/"C/"N-labelled TTHA1718 in HeLa.S3 cells. Each strip
corresponds to the "N frequency of the residue indicated.
Sequential connectivities are represented by dashed lines.
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Fig. 6. Selected 'H™-'H cross-sections extracted from the 3D
"N-separated NOESY spectrum of GBI in HeLa.S3 cells, which
was acquired using the bioreactor system. Each strip corresponds
to the "°N frequency of the residue indicated. For comparison, the
corresponding strip from the 3D ""N-separated NOESY spectrum
of GBI in vitro is presented on the right side of each in-cell strips.

[1] Danielsson, J. et al. Proc. Natl. Acad. Sci. U.S.A. 112, 12402 (2015)
[2] Kubo, S. et al. Angew. Chem. Int. Ed. 52, 1208 (2013).
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Compact triplet-DNP instrumentation using a flashlamp

OKeigo Takahashil, Makoto Negorol’z, Kouta Takaminel, Naoki Ichijol, Akinori Kagawal, Masahiro
Kitagawa1

! Department of Systems Innovation, Graduate School of Engineering Science, Osaka University

*JST * PRESTO

Dynamic nuclear polarization using photo-excited triplet electrons (triplet-DNP) is a means of
transferring spin polarization from electrons in photo-excited triplet states to nuclear spin by irradiating
microwave. High polarization of nuclear spin can be obtained even at room temperature by triplet-DNP.
However, expensive and large lasers have been used for photo-excitation. In this study, we have developed
compact triplet-DNP instrumentation using a flashlamp, and we have succeeded in achieving a high
polarization of 'H spins in powder sample of benzoic acid doped with pentacene. The demonstration of
hyperpolarization with compact (ca. 1 m®) instrumentation is an important step to expand the range of the

applications of triplet-DNP.

M (DNP) &I E LNV EFET D Singlet Triplet
oIV 7 aEERN L CETAY COFEMR S -
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PERODNPIC I, RIRTHEA EY OfltERE: S0

LD EWIFIERD D, S ETHa L. K Fig. 1. Energy diagram of pentacene.
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' ' Light ) 1‘7 W
Sample ﬂzﬁn & Microwave 12 43
) +4 mT
Magnetic @ ' Field sweep—/ T
Microwave

field Sweep 00|I /I‘4 mT
Fig. 2. Triplet-DNP instrumentation (A) and sequence (B).
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YD ERIBLIC R Lz (Figd) « 77 v 2T 70OV RMEX10 s, EIEE M TOH T RLX
—l¥6ml/pulse TH B, FRLSIT04T, |IRICTEREZIT o7, 0 E LA ES0HZIZ 33\ C 21 53 {f i
F30.036% & 72 0 . BOEHRRARIT <2805 OIRAREE A4 3k L7z, E 7 HEER E LT/ L AMEL s,
10mJ/pulse, 590nm®D 5% L — W —% VT [1], # 0K UEEH30Hz, FHERILIRES Ctriplet-DNP %
TV 0.2%DRBEBGFONT, 7T v aT 0.15 ———r—1—s
VNI K D BRI e ko aF L —F © laser-30 Hz
—RIC RIS Lotz ET2T T v v a T L om0 11
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142k ipotz, 77 vy ag s aEL—F
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DFEZONWT, £, 779032707 TEY

BRI 2 R T D TS O WY B
Lz, KfsECTr7 I v agrTEfHni - +
Ry b pEEE CERB L TTRR TH D Z L &
R L7 L3, triplet-DNPOSG 2 IR % K & L
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Fig. 3. Polarization buildup curves using laser
AAFGEITIST CRESTD 3CHRIZ L » THT b7z, and flashlamp.
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Optimization of the conversion of NMR signals to light using optomechanics
OYusuke Tominaga', Kentaro Nagasaka?, Koji Usami?, Kiyonori Takegoshi', Kazuyuki Takeda'
! Division of Chemistry, Graduate School of Science, Kyoto University

2 Research Center for Advanced Science and Technology (RCAST ), The University of Tokyo

Electro-mechano-optical (EMO) NMR detection, a scheme for converting NMR signals from
radio-frequency to optical regimes, was reported recently. In EMO NMR, a high-tensile, metal-coated
silicon nitride membrane interfaces the electrical detection circuit and an optical cavity through the
electro-mechanical and the opto-mechanical couplings. The sensitivity of EMO NMR can be higher than
that of the conventional electrical NMR detection. So far, however, the sensitivity of experimental EMO
NMR was much lower than expected. In this work, we improved the design of the membrane capacitor,
built another EMO NMR system from scratch, and successfully acquired signals with such sensitivity that

exceeds that of the conventional electric approach.

1 de 5

. AR
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Fig. 1. Conceptual picture of the EMO NMR DI Z HTHAT = LIS L > TEBRT 5 (Fig.
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Fig. 2. Experimental setup for EMO NMR signal detection.

(a) The Al-deposited SisN4 membrane oscillator interfaces the electrical part and the optical part of the
system. The drive signal, set at frequency wp = wqy + w,y,, is applied to induce the electro-mechanical
coupling. Optical measurement of the displacement of the membrane, is performed differentially using a
pair of photo-detectors. The photo-detected signal is then mixed with a reference signal at the drive
frequency, and sent to the receiver of the NMR spectrometer. Abbreviations are as follows; NPBS:
non-polarizing beam splitter, PBS: polarizing beam splitter, PD: photo-detector. (b) Schematic drawing

and (c¢) photograph of the membrane capacitor.
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ICMRBS 2018 participation report

Postdoctoral researcher, RIKEN Center for Sustainable Resource Sciences

Nur Alia Oktaviani

nuralia.oktaviani@riken.jp

I participated in the XXVIII International Con-
ference on Magnetic Resonance in Biological Sys-
tem (ICMRBS) in Dublin, which was held from
August 19-24, 2018. This travel was partially sup-
ported by young researchers travel expenses sub-
sidy from Nuclear Magnetic Resonance Society
of Japan. In this opportunity, I presented a poster,
which exhibited my research about a spider silk
protein in RIKEN. My poster (number: P255) had
a title: Conformation and dynamics of soluble pre-
fibrillar repetitive domain of spider dragline silk
proteins: insights into /3-sheet formation.

major ampullate gland

Spider dragline silks are fibrous proteins, which
are well known for their superior mechanical
properties, biodegradability and biocompatibility.
These proteins consist of conserved N-terminal
(NTD) and C-terminal (CTD) domains separated
by a long repetitive domain. The repetitive do-
main mainly consists of polyalanine region (4-12
alanine residues) and glycine-rich region (-GGX-,
where X can be Y, L, Q, P). In silk fiber, the poly-
alanine region forms S-sheet structure, which is a
key structure underlying strong mechanical prop-
erties of spider silk (Keten, S, et al. Nat. Mater,

spider silk fiber

|
pHT7.6 pH 5.0

Schematic PPI| helix interaction on

_..Soluble state

prefibriliar form

it

.-

PPII helix on glycine-rich

random coil

region

lycine-rich regi :
g_?.(.:.me i insoluble state

dehydration, shearing forces (F—“‘—- S,

_ Spider silk
with strong (-sheet interaction

Figure 1 Schematic lllustration of proposed mechanism of B-sheet formation of spider
dragline silk protein. Spider gland display pH-gradient. Two major populations of spider
dragline silk proteins: random coil, and PPII helix in the glycine-rich region present in
soluble form. The presence of the PPIl helix in the glycine-rich region is proposed as
a soluble prefibrillar form of spider dragline silk. Conformation of repetitive domain is
pH-independent. The polyalanine region is shown in red, and the glycine-rich region is
shown in black. Schematic illustration of PPIl helix interaction in the glycine-rich region
is shown in the box. In response to dehydration, shearing forces, this prefibrillar form will
generate spider dragline fibers through strong B-sheet interactions

—a2—AL ¥ —#ikH 20184E10H5H
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2010).

Before spinning, spider silk proteins (spidroins)
are stored at high concentration in the spinning
dope and they are transformed into insoluble fi-
ber after passing pH- and ions-gradient across the
spider gland. Spinning dope contains high con-
centration of chaotropic ions (Mg®, Na’, CI) and
pH in this region is close to neutral (pH ~7), while
closer to spinning duct, chaotropic ion concentra-
tions and pH decrease (pH ~5) and kosmotropic
ion (PO,*) concentration increases (Andersson,
M, et al, PLOS Biol, 2014; Knight, D.P and
Vollrath, Naturewissenschaften, 2001). NTD
and CTD of spidroin display strong pH-depen-
dence and are essential for controlling the pH-
dependent of fiber assembly (Askarieh G, et al,
Nature, 2010; Hagn F et al, Nature, 2010).
Despite the essential role of NTD and CTD in
spider silk self-assembly, conformation and dy-
namics of the soluble repetitive domain, which
dominate the length of protein chain, at different
pH and ions are still poorly understood.

In this study, I reported the conformation and
dynamics of soluble repetitive domain of Nephila
clavipes spider dragline silk in different repeat
units, pH, temperature, and ions using solution-
state NMR, far-UV circular dichroism (far-UV CD)
and vibrational circular dichroism (VCD). At pH
7 and temperature 10°C, the soluble repetitive do-
main of spider dragline silk consist of two major
populations, which are ~65% random coil and ~24%

PPII helix. PPII helix conformation is distributed
over the glycine-rich region, which showed more
limited flexibility compared to polyalanine re-
gion. The PPII helix in the glycine-rich region is
proposed as a soluble prefibrillar, which can sub-
sequently undergo intramolecular interaction by
forming reverse turn (Figure 1) (Oktaviani, N.A
et al, Nat. Commun, 2018; Adzhubei, A. A. &
Sternberg, M. J. E, J. Mol. Biol, 1993). Con-
trary to CTD and NTD, conformation of soluble
repetitive domain is pH independent, indicating
that the prefibrillar form of the repetitive domain
is not influenced by pH (Oktaviani, N.A et al,
Nat. Commun, 2018). Furthermore, our NMR
data also demonstrated that chaotropic ions pre-
vent intra- and inter-molecular interactions, which
explains the role of chaotropic ions in improv-
ing the solubility of spidroin. In contrast, in the
presence of high concentration of kosmotropic
ion (PO,%), the hydrogen bond interaction in the
glycine-rich region is promoted. This finding is
supported by slower motion of local dynamics
of the repetitive domain in the presence of high
concentration of phosphate buffer. Together, our
study provides the insight into /-sheet formation
of spider silk protein.

It was a great opportunity for me to attend this
conference because I could share my research
progress and at the same time, I could learn about
many recent progress from NMR society, which
could give me some ideas for my future research.

Nur Alia Oktaviani
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SRR ELELAL) AEELRIY A -V X V|
VUEEINTVWET,

3. NMR core lab, King Abdullah University

of Science and Technology

EAE L T 5 14E TR 2 #5238 vh T & 5 OIST
DIRAOFN, [T - 77V T4]JoBlE L
THI® King Abdullah University of Science and
Technology (KAUST) @ 7 — X % #i/i- & Tw
7272% %5 (B2), Ak D & 9 ITH DR FH
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%1 KAUST NMR core Lab. » NMR &

Liquid State NMR
AVANCE Il 950 MHz

AVANCE Il 700 MHz with SampleJet automatic sample changer
AVANCE Il 600 MHz with B-ACS 60 automatic sample changer

AVANCE Il 500 MHz

Solid State NMR

AVANCE Il 900 MHz WB (H, X, Y)
AVANCE 1l1 600 MHz WB (H, F, X, Y)
AVANCE Il 400 MHz WB (H, X, Y)
AVANCE Il 400 MHz WB (H, X)

AVANCE Il 400 MHz with B-ACS 60 automatic sample changer

Imaging NMR

AVANCE Il 500 MHz SWB (vertical magnet)

Solid State DNP-NMR

AVANCE IIl HD 400 MHz WB (H, X, Y) with
263 GHz Gyrotron
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5.Ch»5
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WFERASE" 12 H J1% AN TS 1E 22 WAl EH 0 Bl
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LW EFETIZE LTI $, KAUSTD X 9 7%
NMR 734 8 X 72 kP8 13 ¢, OIST T NMR
DIRPNI LR 73T O 3 FF 12 B 1T A NMR o SR [
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T NMROMALZ BIEST B 7204 1) V) 7 4
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GREZITV, BFOPFTNMRZ S 720
EEZTVWET,

MR & Ao 72 LW KET
HBHOISTHAHEEL LTI [ERMIZHERL
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EoMHDT7 70 —F %23 50ENRDHY T9,
Z D72, Wigei#EE Xz A5 NMR % & D50 b
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[1] Bhunia, M. K., Yamauchi, K., Takanabe, K. (2014)
Harvesting Solar Light with Crystalline Carbon
Nitrides for Efficient Photocatalytic Hydrogen Evo-
lution Angew. Chem. Int. Ed. 53, 11001-11005.

[2] Zhang, L., Yamauchi, K., Li Z., Zhang X., Ma H., Ge
S. (2017) Novel understanding of calcium silicate
hydrate from dilute hydration Cement Concrete Res.
99, 95-105.
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O TR VN EETH L ERBEINS
Lo, MEHEOEBREICOVWTIZE S bhroTw
FHA TIT, 6EBENOLDF I VGRS
F F (7 3 /7 BEY : Arg-Lys-Leu-Pro-Asp-Ala.
Ti-binding peptide : TBP)™ % F >, MBS b1 K44
EXRTF FORBEMKRNENMREZ W THE L
L7z
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EhUIZ
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72, NMROEHEE IHHT 28800 % A
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[1] Sano, K. I, Shiba, K. (2003) A hexapeptide motif
that electrostatically binds to the surface of tita-
nium. J. Am. Chem. Soc. 125, 14234-14235.

[2] Mayer, M., Meyer, B. (2001) Group epitope map-
ping by saturation transfer difference NMR to
identify segments of a ligand in direct contact with
a protein receptor. J. Am. Chem. Soc. 123, 6108-
6117.

[3] Suzuki, Y., Shindo, H., Asakura, T. (2016) Struc-
ture and dynamic properties of a Ti-binding pep-
tide bound to TiO, nanoparticles as accessed by H*
NMR spectroscopy. J. Phys. Chem B 120, 4600-4607.

[4] Suzuki, Y., Shindo, H., (2018) Binding sites and
structure of peptides bound to SiO, nanoparticles
studied by solution NMR spectroscopy. Polymer ]J.
50, 989-996.
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Purplish brown color represents proper folding of Bacteriorhodopsin.
PC,L- a-Phosphatidylcholine; Cho, Cholate; CHA, CHAPS; Dig, Digitonin;
Dch, Deoxycholate; Left lanes, total; Right lanes, supernatant
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