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A.1D-NMR (FT-NMR) D&t : #EEFER (L) DErnstizXag (F) I 514 1))
B. 2D-NMR D&+l : @BEEFEX (L) DErnst7iXEZ (T) (XH5E6 £V))

Copyright © The Nobel Foundation 1991




BULLETIN OF THE NUCLEAR MAGNETIC RESONANCE SOCIETY OF JAPAN 2021 Vol.11 No.1

BN OPIH L2200 %2 HTw5 & 2R
MR ZTL %,

¥ %7 — MMb$ 5 FT-NMR® X f# (K12A)
& eI () & BRI (o) Ofa o TR
BRONFTICH T 2R CEEL ) 2 2vbE b,
Z OFEANNIZE 2B 0 2D-NMR Hf# T S 5 12
LU, 2IRTCANRT MMl & K3 DA transfer
matrix (FROEMEH) & L THELLI LTV S,
AEVHEFET ARV =% —) OWHILTLH D,
FIEZ ZICErmstH R, Wi 59
& “science and art” DEZ KL 5 D705

BCTHBRLEmMStO 7 — bANDRVIERE F
ABE, PEA3B0ZER 2 HE - RFLORKL%E
“Science and Art” " THED < { o 72 DIFIIRTE 5
72XHICBZ 5,

3. BEiEHA

AA A SIFE O 4AEZRFIEIHEKS S HARE T
BT 5. BEBGESCIIEERLEZ S0kt %
BHTEZWRICNMRIZHIY M AL DR EZH TV
bo A HTI9914E Ernst / — X )VALSEE O
Za—A%HW,

BAEZ A A Ascona TRL& Y v AR Y7 A DG
BN, FAIFZRIENMRZ O o SIFA LA D I
AR HoME & OIHR 2 ED /2. ZOHAE
FH 19934 ICE ) HUORKICHE LB L7,

4. FEIFREFS

S 521996 4 By 35 K 2 & i Iy o> A2 PR L2 2
L7225 19964F & 1997 4F 0 2 4E ML PHT & 7
DL L MO’ Z it THEE L7z, 208
X200 F 5727259, FAlZZ I E NMRD 5
RO ZRET LT v v A &2 2HERH P
OFEMEEFE LTHE) 2 L1272, Wamitd
HTRERREHO R\ T T — VHEEZHE
U720 ML L5545 S Wl — BEH O &IPS
MIZHOEDLET) =L TPHT L ANEMTDH
bo WDV NWTY) — VEO LD MYIE X0
HH—FHMOMIAE S, FLERROME ) — 2
W7z DHAHAGDXWIEFE DRV ZDOERF
VeI ) % 28 LIROWFZE57 B, BB (R8I
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jﬁaﬂ = %(UE (Ikz + !fz) * %pA = wAzlkZ[fls

Hasg = S0n Uiz — Ie) + Swp s de- + L)
(24)
B, Mg XL E, FIBZEMBTET,
COFERIDEDD S,
[ElfA MASNMR T, Hars FRERDIELT,

Hopsp = %fua Iz = Ier) + %wﬁ (D e + DI py)

+iwaxs Tesde- = Lclps), (25)

ERIANBZ DT TEHY, F3THIZ 2D
DAY DLy 7 P RGO HAR L R
FRD was D3R ST, {LFES 7 b2 L A1
HEDOREHE WHEN S, IBHTIE oaszol
LTRZ B0, LT TREFENERQ)ZEMHS,
H(24). 25D 3 2DFHNIN =TV ENE
T & 2L ORI ZLE §3 TRLAFHEI
H-oTRODTADB, TDHb, & BIU H I
X BIFHZLIZ LN A S TRk D S i,

Iy = I+ Iy it Iccosiwst+ Iysinjwst,
—_—
Iy =Ly + 1y it Iycosjwst—Icsinjwst,

(26)
BEU,

I, ot Iycoswal+ (2Igde +2 1) sinwa t,
—

2 f;g-ffz +2 Ikzlg_\.-

Jt 2 Iky!f‘z + 210 coswat — I sinwy t,
— -
I, it Icoswpt— 2l +2I:Ip)sinwat,

2 fk.r]t’s +2 !kz!{.t

#at QIde, + 2Ly )coswyt + I sinwy t,
—_ “

(27)

23, 26\ CNTIX 2hdet2cl DL ST FE

O TIRHIZEILER L TWEH, RERIGLTE

NENDHORHZENLER T I LIIAEZTHA S,

—77\ Hawp W X BINFHZELZRD 5 2 L I3HEH
LEbh s, EBE Hp L e DIABRBAGRII,

[Hasns Ikx ] = +£ waliy — & (wp + iwaxp) 2D dyy,

(28)
b, 200MBEA . 2lyDENE, X512
Hasp & Iy B X 2l OAHPIFREE X 5 LT
DO RBDEITHZ, ZZTHLIC D
KoY I IOZBBFREHELTAS L,

[Hasps ks | = +3 0alks — 3 (wp — iwaxp) 2y,
(29)
DESHY 2 DDOFHATFHEL2DDD, [uh’
SDBLEARAZ LB, S, 2T T, M &
2l DRZWPAR R R T 5 k.

[#aen, 2Uicde] = =3 (wp + iwaxg) Tes — § wa 2]y,

(30)
eb, RO HFEB L, Ik 2hdeld Hap &
DORBERICELTHLTW3 523, ZHall
Fi3 §3 T EROVD, ROEHS 2X 5,

[#, P] = aP +BQ,
[, Q]=7P+e€Q,

o e-—i.%”r g e+i.§’{’r
= ‘g (cosdt—iaz_ﬁesin/lt)—‘g i%sind!]
La+e€
X exp(—: > r).
(31)
il

A= ia@—-e?+py. 32)

ZDEMEER(29). COWCHEHAT AL, Hasll L b
I & 2l DB ZELZRD B ZEHBTE S,

Liv
2!szf+

+HiHham
€ AdB

It
2!kz‘ff+

Harp t et
—_—

Iis
2L 1y

WA
smiwmgt

(cos %wmgt —-i
WA+B

2Ikv!{+
it £4
‘ L

(Ew;; — 1 WaxB

i1
s sm 2&)¢+31‘) 5 (33}

k] 2

WA+R = \/ wpa? +wp? +waxs? ,
(34)

.'6550 fﬁlﬁ(': L—C\ l’ﬁ‘-'\ ]H'\ fr-o)ﬂﬁlaﬁ'j%{hﬁi‘*@
B, WL I D s 1T K BEFRIZ(LHERL X
ns,

BT —von WEZ WMDAEE MRS
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L= e+ Ipe = 5CIs + Do) + 5(Les + 1)

., 1
Hasp t  1ccosswpipt
é -

+ ( ]k,\' - ][)')

- ( 21k.\'1(: + 21k:,l[y ) -

- ( 2’k.\"(: - 21k:l(.v )

WA |
SIN 5WA+B
A+B -
S|
S 5Wa+B t
A+B
WAXB .
SIN 5WA+B I.
WA+B -
(35)

Thbb, Apllko TG LIZ 4 EEDa L —
L > 225718 (fan out) 3 5,
ZFOMMoar —1L > AD Hap 12 & BREMZEL

& REE,

c(t) = cos %wmgt, sa(t) = “a sin %(A)A.”gf,
WA+B
sp(t) = Y5 Sin Twapt,  saxp(t) = DB Gin FWALBL,
WA+B WA+B
(36)
CERT DL,
1.\' 'YKA+B t 1.\‘ C(’)
_
+( Ly — Iy ) sa(2)
—( 21/\;\-1(: + 21k:’(,v ) sp(1)
=(2Id ez = 2 drx ) Saxp(1),
Iyy — Iy Hoarpt  (Iiy = Iy ) (1)
—

211\'\'][: + 2’1\':’(\' Hpspt
) )

211:.\'1(: - 2lk:1(.\' 'yfA*»Bt
_—

BXK
1_\' '}/fAHi t
R —
Ikx - 1[,\' '7KA+BI
—_—

—1, sa(t)
=2l dz = 2y ) sp(1)
+( 2lk)'1(: + 21k:1()' ) Saxs(),

(2Ik_vI[: + 2lk:I(_v ) (1)
+( 2l ez = 2 1y ) sa(2)
+1, sp(1)

+( Ly — Iry ) sSaxp(1),

(2Uxd gz — 2Ui gy ) (1)
=(2Iiyde; + 21k dgy ) sA(1)
+(Iry — Ity ) sp(1)

=1 saxp(0), (37)

Iy c(1)

=(Lix = Iex ) sa()

+(2lgedez + 2Uicl ey ) sB(1)
=(2hiyle; — 21k ¢y ) Saxp(2),

(Lgx = Lex) (1)

+1, sA(1)

+(2iyde; — 21k gy ) sp(1)

+( 2kl ez + 22Ukl ex ) saxp(0),

2l + 2 dee Havpt (2l + 2 gy ) (1)
_—
—(2Iiyle; = 2Ux:dgy ) sA(2)
=1, sp(1)
+( Ly = Iy ) saxs(1),

21ky1(: - 21k:](_\' 'yfA+Bt (2]k)'1(: - 21/(:1()' ) (1)
—_—
+( 21k.\'l[: + 21k:I[,v; ) sa(r)
=(fix = Iex) sp(1)

=1, saxs(1),
(38)

LEEDDZIENTE DS, bbb, O]
b —L VAR HapllEoTHWIEDAES,
K (37). (38)THEIK MAS R DEFETH waxg IZHIR
T3 sap(t) BB ETHRIZBERISTT 202k D .
3HEEHOab -V YRRDKT S 8ilkb, T
5 LT, R(26). 27 BN B)EMHS> Z itk -
THEMRB X UCEIRMASNMR 2B %ak—L >~
2 DR EIZAL % RS 2 Z e T E 2,
3ODEGANIN =T VA, Ha, Hap T K
LA BIHS I 272D T, ENIN =
7y A KDBNEENERD D Z N TE D,
3. Hap WX BREIZE LR R THGES)ITHET T
RQNEBHL T4 X 2REZELERD S &

I Mt Kt

[ Lecoswp t + (2L lp. + 2L Iy ) sin wy z]
X COS $Waspt
+ [ Uky — Iry) cOS wp t — (2Ldy. — 2Uidyy ) sin wy z]

WA
X
WA+B

sin 2waspt

= @hiyle. + 2Ucliy ) cos wa t = I sinwy |

w
X
WA+B

sin twpipt

[ @liadee = 2l ) coswat + Ty~ Iy) sinwa 1]

WAxB 1

sin SWA+B L.

X w
A+B (39)
X512, RQO 2T 4 1Tk 2L ER

Db, BHIE LY LIIEZHEZFZFRET 2 L.

I, g ‘. T r Tt

(Ix cos swy 1 + Iysin Jws t )

X (coswA 1 cos Twapt

wp
+

sinwa 1 sin Jwasp 1),
WA+B

(40)
b, RERFETHELTAS . KBS, 39D
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ZL DFHEDPLRETH 2 Z 2 IZ5hDL . DER
INRDEHEEFTR 5121, SHIREDRME L. B D
2 U TRIREEOBRIR 1.1, ITE S v
SEMERENT S e BFRTICR S, 12720,
b Twdak—L 28200 13ak—
LYADREIZ I ERTHDOTH D, RERFHE
PEUEEIRT 2 - DICEERNREE T2 H & H
LT 77bL, K3 DXSICTRLERA TS
7 L% L ERTH B,

211\_1'1[:+ 21/«':1[)' 1
|
DW=~ 2l o ‘ '

—- ObSEIVADle e unobservable

3
Hwpt ot Ht

L | . :
: i :

1 | 1

I, ;
1

:

Iln' . ]l’ v :
:

1

1

1

1

REFEIREIEIC 81 5 NMR B 0&RAUK, K16)&
ARk, ZN(40)Z Euler DA (R(17)ZEH L T,

(L) +ily)

exp i(%wg+%wA+B+w,\)r

4 WA+B
1 wp 1 1

+—(1+ expl(;wz+;wA+B—wA)t
4 WA+B - - ]

1
+—(1 + Ws )exp i(%wz—%wmg+w,,)t

4 WA+B
1 wp (1 1

+—|1- exp 1(3w>_-—3wA+B—wA)I,
4+ WA+B - - ]

(4D
ERkDoNnd, ZORZT7—VIZRTHE 4D
D IEUGHRD JE B HRLAI

1 1
sz:tiwmgztw/‘

= 3 (wx + wr)

+1 V(Wi — )2 + QnI)2 + wax? £ 70,

(42)
FEAR DN IREE S,
[+ wp_ _ [+ 2nJ ’
Wa+B V(wp = wp)? +(2nJ)? + waxp 2
(43)

THEZONBZART VADBENE Z D05,

B NMR Tl ERRFE DR oy ZER E
FT5E, WbWwd AB REX—VU BRTZITRR
%o ACUREE 200 PMLEES 7t DZEE wr— e 12EE
NTHRGPIGE, HIBFEFEED ozl BX S
¢ £ nJ THREDEF L WHIEHR (double doublets) 53
Bz, ZOX54KF% I5EELEAE YR
(AX R ) MR, ZHUTH LT, AEVHEDOKR
E X 2 MUY T D DZE wp— o & RIFEE K X
ué%ﬁﬁ(%Athey$m3$nZW£

Fh. wor—w=0 B (AR ) AB)RR—>D
ﬂ%@zo@#%ﬁ@ﬁELwymwukuua
% HICAflD 2 DD FEIFEEIE—3T
%, ZAUMMLFES 7 MR A Y Y ED JKEEH
BAIINZNZ 2 ERT 2, FETREZZ LT,
A MAS NMR TG E 72 &% KL 7z
Oaxg D7D ALH ST 7 b - DEBRTH -
THHE | — wp/ wps=1-27J1[ 2T ) + waz> ]
FEX eI 63, MO 2 SDOHIBRIIE Z 0,
IThbb, L7 MEMBRAE LTS J
EEDARY DIV I 567,

§5. AE> T a—& INADEQUATEY

ab—L Y RADKRMZLDIEHE LTAY Y =
aA—DMRERE D, PIHARL 11 LT, Bk
Rif] ¢ D%, 7oL R% y HANCEHINL, 51Tt
BRI 01— (), -1 EWVWORERFIOBOZE kI
& BHE (composite rotation)>3! D#F X & fifi - T,

I_\' — I_\' C(T) - (21k.\‘1f:, + 21/::1(.\' )S(T),

211\:\‘](‘: + 21/(:’(,\' — (21k.\‘]l: + Zlkzlf.\' ) C(T) + l\' S(T)a
(44)

LETEINZW, 272U, RBUZ.
C(7)
= [c(‘r)2 + SA(T)2 - s,g(‘r)2 - sAxB(‘r)2 ] COS2wA T

+ [2 (1) sp(T) + 2 5A(7) SAxB(T)] sin2wa T,

S(7)
=[ e + 5a(1)? = 55(1)? = spn(1)? | sin2w4 T
- [2 (1) sp(T) + 2 sA(7) sAxB(‘r)J Ccos2wy T,

(45)
eRDOENE, R(@H)F, A Ta—p4D00
L—LYRADIBRAEY kBLU ¢ DA ZIZ
LT RBIEB LU 7 v F 7 = — b 2 5%
L. Ritfizae—1L 2 %&FvyrEL332L
ZRLTW5S, 7220, BHHEE LAY Y RE
1o T, fRE sa(0) & saxp(t) ICEFEND 0oy 0axss

o —vow WRZ WMEERIRNH T
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Oap DT=DIZ, AT a—3b¥T 7 F DR
BEERIZIZY 7 A —H ALKV, UKL TA
MBI 255 A L2 A YR TIE, saa(0) =0,
s5(1) =0 (@t +sa(0)* =1 WA, Cr) BXL S(r) I
FhEh cos2nr BE U sin2nfr ICIFEL, ALY
Ta—XbFES 7 FOEBERET 5,
LA LEZRAEYRIINT2AEYZa—0
J& A B LT, INADEQUATE (Incredible Natural
Abundance DoublE QUAntum Transfer Experiment)®!
NNVARINEEZ D, ZOWETIE 2 AL YRT
R¥4ET 2 BT ak—1 ¥R (Double Quantum
Coherence; DQC) 2> AT 3 255721 3@l =
N6 2 KT OV ARINE (w2),— 17— (x)y—7— (W/2)x
—ti — (@), - (h), L REINDB (X 4), FRED 22 %
NAZADNA ¢ ¥ Lo — DN y DIABHE %
{o,yi={x,x}. 1, e LTHIELZZEB2MES
L2212k oT. A UREEIBRWVIINILZ 1 &
EYRICHEKT 2EBLRET LI LD TE 5,
IRFETRELZa—L Y RAOKEZE{LoRXE
BREHAL, $-K4DL5ak—L > 2ADK
MZEERTEA 777 2%FH L THERE
PEEEEIR L THEITTH L. o=xITNL T,

At —nly, At 1, C(r) = (2 de; + 21, ) S(T)

—

_i)-r[.\' - L.C(r)— (21k.\'1f_\' + 21k_\'1f.r )S(7)

=-I.C(1) - 2{DQC} S (1)

At - LC)
_—
- ( 2{DQC }). coswy ) —2{DQC |, sinws 1 ) S(7)
=-I1.C(7)
= (2Ixdgy + 2IiyIgy ) cosws ty S(T)

+ (2L ey — 2Ik_‘y][y ) sinws t; S(7)

_glx - ly C(T)

—
+ (2 ly, + 21;;;1[,‘- )cosws t S(1)

+( 21/\'.\‘[[.\‘ - 21/\.;1(; ) sin ws 1) S(T)
'yfAHi 15}
R ——
| Iy et2) + Uil + 2l sp(12) | €@)
| QUi + 2l ) e(ta) = Iy sp(t2) | cosws 1 S (1)
eyfA 15
S
-1 [ c(tr) coswy tr + sp(tr) sinwa b ] C(7)

+ I_\V [ c(h) sinwy th — sp(th) coswy b ] cosws 11 S (1)

S 1 (l‘v Ccos %wx 1, — I, sin %wz 12)
) 2 2
X { - [C([z) COSwy b + sp(tr) sinwy 1 ] C(1)

+ [c(tz) sinwy i — sp(th) CoOswy th ] cosws 1 S(1) }
(46)
ZZTEmFak—L YR
{DOCY, = % (Isdps + il ) = 5 (2Ll px = 2D 1gy),
{DOCY, = 3 (Il = Lide-) = 5 (2Ledyy + 2Ly Iz ),
47)

X 4
(72), (m), (7/2), (7/2), (RCVR),
| TA T 1 Sty Hpt, il
g 2 .
I,
I
fie — I

— target

2yl -+ 2 1

21/@"(:_2Ik:l(_\'

—- nwanted

{DOC 3,

DOC §,

—- IN0bservable
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LERIN LEODOHFTRLIZ KD IT, 213
N =7 Y &Ko TR 6 ORISR ws
P THREZL L., JHEE OB ZZIT v,
—J. o=y IR L Tak—L v RAOFBZEE
FAET 2. RE6O)ITBIT S Cr) & Sk) [ZHFS
% 2 DOEDF/FFICR 5, Z DGR, FMHDM
AEDE {p,p)={x,x}. ¥, THOTHEL -
BEZ2INET 2. K 4 THERIE L2k > Tw»
TH (C(o) W3 238) 3% v v &h, 4 T
TETFak—LYRATHBHE Sk ILHT 5 IH)
EOIDHEZ, X512, R 6 1B 2 MR (40-
quadrature phase detection; #,-QPD)IZ & - T3(46)D
cosws 1 7T 3 ANT sinws # TR, T—
KN X o THEEE Fexp(ios ) DD b N
28, BRRNREEORNIRD X 512k %,

W (t, t, 1)
=iS(r)exp(iwsgty) exp(i %wg 12)

X [C(IQ) sinwy 1 — sp(ty) coswy ]

=185 exp(iwsgt)

x{(l— i )exp[ Wy + 3 wA+3+w,\)tgl
WA+B

A1 1
Cxp[l(§w2+§wA+B—a)A)f2]

(2
+(1+ wp )exp[i(%wz_%%gw)m]
(-2

exp[i(%wz—%wmy—w,q)tg]}.

(48)
Oz (4, £) WL T2 Xt 7 —V T4
T2 &, 2 RITEBECE (F1, F>) (281 2 R
E AT ' T ER ORI o =wit o D
MIEIZ, F ZOTCIRERERED @) e FRTT
EEHENEAIVEWIEHNLS Z itk 3,

R (48)l INADEQUATE Z-XZ hMILIZEBIT B1E
SEREDN (45 TR EINTARE S¢) cHhLxn 3
T ERLTED, BIERHE ¢ 228 32 Sk
BoBFab— L AORERRE Eh 3, —
FECBERL S(2) 1 T HEE DT TR, fL¥EY 7
FEHHEDE wa BE MAS SENC BT 2 ETH
L2 7 b D7 & BT HEE DI waxs (KT
T2, HZENOEE O ¥ « %,

WA = 27((5, WAxB = 27(K.
Wa+g = 2T V2 +J2 + k2, (49)

YEET AL, BETFab—L > AOREEIL.

1
62+ J2 +«k?

><[62+(12+K2)cos(2n\/63+Jz+xzr)]sin2nlr

S(r) =

J
——sin(27r V(52+J2+K2T)C()82KJT
V62 +J2%+k?

- ﬁ [ 1- cos(ZIrmr)]cosZnJT.
(50)
CEEMMRLIeNTE S, K512, Lk DI
DWL DDA G LRI LT, EIERHE ¢ D
B L LT S(r) DX ZRT, —MRIZ S(r) 1 3HEHE
RIGTHIRES 23, TG LAY YR (6 > Jx)
T S() 1 sin 22/t IZIRIT S AL, ©= 1/4J. 3/4J. 5/4J.
7/4J, - CTHOHEDI TR KIS B, —H. IBRHIE
(k=0) IZBVTULFES 7 FFEL W (6=0) ALV
Wxf U CHERE S WEZFMIcEricikd,
INADEQUATE {§ 53BN LW\, T AUt L T
MAS JlIZE (x#0) TlE AL¥ES 7 MEHFEIFEL WV
(0=0) AL TD S(r) 1 FERITKR SR,
Z DFER, 2 KITEA MAS INADEQUATE 2R 27
MVTIE Fr = 2F, OXHARE EICHCHBE S8
N3 (ARZ PABNFIR TR, T FIFRE
IERFE « ZFHWTHPE Lz HOHBEES OME L
X 5DXSREGHHHFETSI2L—1+T32kK
ot D, JHEEDEERET ZI N TX S, $72D
B, BK NMR AR Uik 7 bz
AV VO J ESRBECENZR VD, [EE
MAS INADEQUATE HIETIZZ D L 5 7% JHEE D

EPRETEZZLITR 5,
5 | 074000Hz J = 50 Hz & =200 Hz
"_/ \ ./,« m_\
S@  / N
0 I.\'» ,‘.". "'\_ .',."
NS NS
-1
J /\4()() Hz,J = 50Hz, k= "()(J Hz
N v
N v“\A \ \/\
0 \/ “/\ /\/ b X f

AWLVi \\/ AWAY,

) (\) Hz.J =50 Hz, x = 200Hz
f N

/ N
\ N ( \ / \

| (0= 01zJ 5010z - 011z

1/47 RIEV) 3140 T4

o —vow WRZ WMEERIRNH T
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§6. EXEEZRICEOSVWATOFY AL —
2 —DFIH

HEN E T L - FERY Tld, ERPEERT
FE XN BREHEN I I a R 7 DR — X —%ff
5T, WA LAY Y RORMZLERE 2
LK%TLKO%®~ﬁT PER DGR 2355 <

fma LAY RERELTVWSZ EIE, Ik
THAREICHIBX TR D o720 Z DIREIFIEE
LTWAAIL =72 (A®) & R(19)DEW) 52
LURTH 20, WHIIEKE LT3 27
VF T = — AW 201 B ZAUITRIRET Z %, §
2 T 22Ul \FAE Y € DIREE | me.=£172) WTHIEL
Tt £, Z2RT e 2@ Lz, Lo L, 5<
WBELEZ2 AV VRD 4 DOEHIRFEED TR TH
|12 £172) = |me=%12) @ |me=+1/2) ¥\ [ERE
IRETRINZ DI TR, 4 D0D55 2 DO
BIRFELZ ¢ |+12 -12) + 2| =172 +1/2) ¥ NS —KK
MaThEzohd, Thwz, BIMBE LAY
YRIIHLTIE, EHEREMOae -1V Y RIE
FELUBREE TP 2 HWER AR S B
DB, TOHE. EXRERERIZBWTHIN
XD RF "OLROE D BRI 5, L
L. BEHEREE WS T 3HETHIIm
R2ODDAENIHNTEHDTHY, v/
Y ORI L TERI N 2 B EHE FIXES
I 5 b B RBEIZR WV, BVIZ UL, &
ETHDORBFILEIED IS RBDTHo>Td &
WV, U725 T, v 27 aRRATIIEREIZERICHE
DWLAY VHEBETOERE LT 2. £\ 32
L —L Y ADBFET b, —MRIZ. ¥ 78R AB A Y
Y ROMETIPIREZ R T /=D, AX AV RITH
L THELDNTRIEHEN R T a X AR —&
— W THERZIER T 2 Z & 2] & IR R0
DTH 53, %< D NMR WFFEHEIFE R ERERIHR
XLEERDTu Ry b ARL =X —IZBATE
DVINRLZHERZZIT AR TV EEZ TV

§7. [mMo#] Oak—L > 2EMTH
LFEA LAY VRIS L THEHERNZ Fa &
T EARV—R—FHWBZIZED, ak—L
> ADREZAENER & B2 2 H5H1C 72 5 FrC,
b 7 pEL VMG DO 7Y vy F7ay JIH
MO’ S A 12 K BRFHEZ R(35). (37). (38))
TlE. A=V YAPRK4DIZHIET 5, 2D
4L VWS EFIIMCHR T 2D TH 5 5 02 B,
ROD LTV EDDNIN =T Y (T3 —
MEET) OFEREIEUC X o THEpRN 2 FEREZEL
MO DODEENIIE L, 3 KITZEMNC BT 2 [H]

REMOHMEN 4 THEZ L ICHKT 2, Tk
bbb, \ERE 1 DOREERA & BIEE F 2 RT3
DD HHRZAN =2 Hamilton DPUTCEL (LITA T H)
TRIND, K6 DXSIT, HMREERT HAL
N7 MV (& n, Q) ZEEETIA, ¢ ZEHEA L 35
. HHRIE 4 KITR Y PV TR I N ST

7 = (cos %np. &sin %<p, 7 sin %cp, {sin %(p),
(1)

[1) — cosiep|l)+&sinteli)

+nsin 3| j) + ¢ sin ol k), (52)

ERIND, TITy i) ) k) EPUTEUEEL
BN TH 3 (EBLCB 2 BEBEAL i 1TSS
%) RGEOEFRESHEFEULERE L TED, ML
BL72 A VRICBI 2 ak—L Y RADKHEZE
b cREN G Z v 2 BARMITIRL TW5,

X6

S HWHERERNZ I, ERDOANAINV =TV
Wk B IRHEZ D EHEEZRTA L, T XS RA
EURIZHLTHM 520 PUSFH) oak—L
YAEHOCTHRBZ M ZR TN TELEER
bND, 22 zE. AV kBXR (1 BRD
3AY U ROMETIVIKEEIX 8 X8 DEESTH TR
N5, BHREOREZ(ILICEAS ST 2 n &7 4
RU =R =& L = Ly + L+ IR 4l + 410l +
AL, 72 8% {AFAET 205, TN OI3HEHE T
ERITLDO—EOARREIRTH D, EY)R

—REEEEED Z LIk o T 4 DOBHERBEIE
Wik, bbb, ZAY VRIS 2 EEITY
R (Tay Z0tA) $5 28 TE, F60
7B ae -1 Yy REAGBHD K 512k 4
MoK habt—L v RZHET 2 EZ2 605,

§ 8. INADEQUATE #R DM & € V) C A5
HHHEDOEAF A FalRhTntd 2 2Si[ElfF MAS
Refocused-INADEQUATE HIiE DGR %X 7 1T7R T
S % 30D SiH A M LT Fi=2F DX
R 12 B CAHBIE S BTV 5, Refocused SEHR
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In situ solid-state NMR probe for three-dimensional orientation of microcrystals
in a liquid medium

oHiroshi Kadoma !, Ryosuke Kusumi !, Masahisa Wada!, Tsunehisa Kimura !, Kazuyuki Takeda >

1 Graduate School of Agriculture, Kyoto University, Kyoto, Japan

2 Graduate School of Science, Kyoto University, Kyoto, Japan

A probe for measuring solid-state NMR of a Magnetically Oriented Microcrystal Suspension
(MOMS) was developed. In this probe, the sample tube is rotated slowly (<100 rpm) about an
axis perpendicular to the static magnetic field (Bg). Under such a rotating magnetic field,
microcrystals in a liquid medium are aligned by a torque arising from the anisotropic bulk
magnetic susceptibility of the crystal. When the rotation is modulated, e.g., temporally stopped
at the By direction every 180° rotation, three-dimensional orientation of the microcrystals is
achieved (3D-MOMS). Single-crystal rotation patterns were obtained from the 3D-MOMS of L-
alanine microcrystals by solid-state CP measurements triggered in synchronous with the
sample-tube rotation. The process of three-dimensional magnetic alignment was also studied by

monitoring the spectral changes during continuous application of the modulated sample rotation.
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Suspension (MOMS))@in situlEl fANMRBIE & 1T 5 & & H 1T, MmO K TTRIGEL R OEITICHE
BE{ANMRA Y RV OFIRZEA 2B L 7.

SWRoTHEERLIE, SOTPERIE/ER. [EANMR 7 v — 7 B %
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2. EB

BEGEC I 7 1 — 70, B O SR TR & R D 20,

SHTREECTEFRHE S LM L L, ZRPEROBRENIAT v B2 7e—F =L 01745

Z &b L7 #EERCA (300 MHz, 7.05 T)F & Urfr L A FR
DD IRT —7 » FIZITIEOL CMX300 Infinity D % 0 % ff
AL, HIEIZFPGA% K OPENCORE NMR 4 Y &HE & iV T
Tot-. BBHEICEI A LTZL-T T = U3k 5t (<20 pm) D V&8
R0 wt%)z 7 —7 Wizt v b L, MXREOEREHEE(1S
rpm T 180°[E]#E X 1, By 5 [H T1 sfE 1) & fli L 72228 & [ AR 13C
CPHIE AT »7=. CPDA LR T NH A L LB
FENEFNImsB L 6sé L, FFEEHIZ2048E L2, =k
JEELA) U 72 it S 1 3RS 1B L CRIEE L T 572,
TP I LV RABEOERE LR — U XA E R &
BTEEDZA I 7T SV 2 &2 WY L, Bo& B2 5
Ge) 7 (TR BR AR IR I 3 1) D §eedss J7 1)) D 72 3 A3 7
—HD AT FMLEINE LT, 72, TDVRF VRS A 13C
T NAL LTEL-T T = OF%RE R EIR %V CRER R
Al O TRIBED EBRZ 1TV, ZEFHEEE T2 TR O =k
TCECE I T I B R U 7L 2 A A TR L.

3. R - BE

Fig. 112, ZFEHE T THLNIL-T 7 = ks i iRm ik o
BCCPARY MLERT. itV ZAORKOZ A 2 72k
DI DN THEILI Y — 7 OB E P EFEAICE{L LT
BY, TOBROSRE =132 2 b—3 3 OFER GRER)
LR —H L ZofEiE, BEIImmY A KOS TO
AEFOLNDIRE Y — 20, B T e —T7 252 &
T, WRRBAA T & 25t um¥ A X OGS 6 T AR B
12725722 L &/RLTCWA, Fig 2021F, #iEdh 0 =R
L T DR E v VA% ¥ TR LG b N7
—EHDANRY NVERLTH D, 55 T C—HhEdm LT\
W A8, 28 R BRSSO FMBE I 23 F0R 3 5 12> T =Roe
BRI EIT L, AT MANRE = BT DT D350 5.
ZORERMNG, -7 T = U f A0 FR B C = ook
FUERTE T D2 ENShoTe.

BE IR
[11 C. A. Fyfe, Solid State NMR for Chemists (1983).

[2] D.L. Sastry et al., Carbohydr. Res. 165, 161 (1987).
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[4] T.Kimura et al., Langmuir 22, 3464 (20006).

5
[6

—

R. Kusumi et al, J. Magn. Reson. 223, 68 (2012).

]

]

] A.Naito et al., J. Chem. Phys. 74,3190 (1981).
]

]
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Zéﬁ .Zéﬁl 1;0 HIJO 5‘0‘ * fl)
Chemical shift (ppm)
Fig. 1 13C CP spectra of L-alanine
microcrystals in a suspension under
the modulated rotating magnetic
field. The spectra simulated from
the single-crystal datal’l are also
shown as dashed lines.
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Fig. 2 BC CP spectra of L-alanine

microcrystals being oriented in a

suspension under the modulated

rotating magnetic field.
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Sweep Imaging with Fourier Transformation (SWIFT) implemented by
magnetic-field sweep

oYouta Kobayashi, K. Takegoshi, and Kazuyuki Takeda

Division of Chemistry, Graduate School of Science, Kyoto University

SWIFT (SWeep Imaging with Fourier Transformation) is an MRI technique with unique features
such as fast and quiet imaging, and compatibility with nuclei having short T,. In SWIFT, rf irradiation
is applied in such a way that the resonance of the spins is swept over in the presence of stationary
magnetic-field gradient. Here, we report a variant of the SWIFT method, in which the magnetic field
is swept over by employing an extra coil, whereas in original SWIFT, the frequency of the excitation
signal is swept. Since the frequency is fixed throughout the measurement, the proposed approach is
compatible with highly sensitive signal detectors with a limited bandwidth. Examples of such include

a cryogenically cooled probe and Electro-mechano-optical (EMO) NMR.

(%

MRI {&{RiE D —2>CTdH % Sweep Imaging with Fourier Transformation (SWIFT) 1%, T, 2% < ==
—ETIERHEERTHHEHATE, LRGP EELODEER PRV VoM R 2o T3,
SWIFT i% (Fig. 1(a)) Tl. W3 2L 2 ORIE & JEEE % I 2550 & & 70 28 & Wit i 12 Jake &
B 21T 5 25, R 2 VRO RIEB RG] 3 2 720, HIREIEE O FREFREIC X 282, F
WigoHIR %2 5, AL TIE, B L 2D FEEE TR L. 8523513 % SWIFT &
(Fig. 1(b)) ZRET 2, Znick b, MERDE Q 7' v — 7%, Electro-mechano-optical (EMO)
NMRPD & 5 75, @R AR X 1 2 2P BUAE 2 v T b ERIES 2 4 v & Bl
Ela A %FEST 2 2 LiC XY MRUIRIGDSATHEIC 72 B 6

[BE8554% 5] SWIFT O]
R SWIFT I WO ix 7 Y A EE o) LM+ 71y + AB(t) © 2 Bfuc X -
TRHEST T b5, AB OZNRZMAICILIAD 3 & i

x(6) = w(t) - exp [i f (~y4B(®)) dt] 1)

CH—DRTRE D, SIS T 2 BEREEER, 37k b b BIH L 3 W] 28 7 BL R T
AEVDIGE () 1.

r(t) =h(®) ® x(t) @)

MRI. SWIFT. Electro-mechano-optical (EMO) NMR

QziF®eLEd7, LU LEIDY, HTE»TWE
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7%, TTT. h(t) 1Z-SLZ2 NMR ICEF 2 FID, 3 7xb b [OfiEEE 25— E @ [z SR T o
JOEICHYS L, ® IF convolution K3, H(2) 27—V = &#T 25 Z &I X Y. convolution |3
IZ 5%,

R(w) = H(w)X(w) (3)
ZZT R(w)s Hw)s BIV X(w) EZNEN r(t). h(t). LK x@) K7 —) ZEHEEIZE
CLZZBBCH B, T HARY PV Hw) B
R(w) R(w)X*(w)
X() X))

H(w) = €))

koo ns,

a b
RF m RF |||||||| |.,

! sampling \\‘_r-‘ﬁ!_mpling
T v e -
G.r,_\',:_ {J“

Fig. 1. Sequences for a. the original version of SWIFT, and b. field-swept SWIFT
W55 SWIFT IC k1) 32 7 — Z AU o —# O i % Fig. 2 1R THEFEIC L W B2KE AW
THHT 2, A VRAHIE 100 Hz D v — L v Y BB A R4, 12.8 ms DI %+
7%y b 0.185 ~ —0.185 mT DHIFATHIBICIREI L a3 b BE—ED 7 VAR CTHEEZITI &.
Fig.2(a) D X 5 %55 s(t) BMGFHN D, x(t) TNFT 208 r@) 1%,

r(t) = s(t) - exp [—i f(—yAB(t)) dt] (5

KXo TRDLND (Fig.2(b))e 2D r(t) 27—V ZEHL 72 R(w) (Fig.2(c)) Z. T HIT X(w)
THREITNIE, Hw) KHE T2 2<27 b (Fig. 2(d) 285035,

COFFERA A=YV IR T 5720101, fERkO SWIFT & L Ffkic, k4 aflatbeo
X\ Y z D 3 FOMERHES OFEAE T THITE %17\, back-projection 1572 £71C X - TR O FHERL
T X0,

a C
| —\ W -
0 5 10 5 0 -5
msec kHz
I
0 5 e 10 5 kl_?z -5

Fig. 2. a. Calculated response s(t) of a 'H spin system having a Lorentzian resonance line with a width of 100
Hz to an rf excitation with a constant amplitude in the presence of a linear field sweep over 0.37 mT during 12.8
ms. b. r(t) calculated from Eq. (5), and ¢. its Fourier transformation R(w). d. The spectrum H(w) obtained

using Eq. (4). Dark and light lines represent the in-phase and quadrature components of the complex signals.
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[MRI 7 v — 7 DHIE & MRI [Hi{5]

EE18Smm. EX 2mmOY L/ 4 Fafrk

FAv»C 200 MHz CTHIRF 2 LC BB 8YEL 72,
ZZIC 3 HRNC ARG 20T 5 o0 afre
z HANCHEGRS %2175 720D a4 L& MfF ik
O, VA FRTBIEE~ 74y AR
7 7'a — 7 R 8E L 72 (Fig. 3).

Fig. 3. A homemade MRI probe equipped Fig. 4. 'H image of a delaware grape obtained with the

with x, y, z-field gradient coils and an conventional spin echo imaging sequence.

additional field-sweep coil.

ZOHED MRI 71— 7 & HIED R 2 FVvT.200
MHz O #igi5 ClHE O MRIEIEICHWO NS Ay
A=A A=YV TR {To7, Fig 4 1LERFE LRI
EoTT o277 HESDER 0.6 mm ZHWR LD D
TH35, A7 u—7 L v 2T ARIEHICHELTw 3
L DTERTE T,

(354351 SWIFT D 928k & #52]

MNEE 9 mm DA 7 ABRIC A7z 0.1 mol/L HilFgHiKi&
WICH L. Fig. 1(b) WCR3 ¥ — 7 v 2R ERES % 51
T, 037 mT OHifH % 12.8 ms THIGIRSIL TiT-o 72
& Z AL Fig. 5() IR dME5 s@) »iEonk, Thz
RO FNECTT — X I F 2 2 L T Fig. 5(b) ICRT A
7 bV H(w) 2572, Tild. 1-pulse NMR FEEEIC X
> THELNZARY P (Fig. 5(c) YT 3, #iEss
KD RHEHRIICHACIEG AR D720 Th
. WEREIH I AL ZEYNC T A v B 2 L Ok
ARETH %, LA b2 1RET 2w 5 1R X
VS EEUEEY)ICTE 5 2 L AEIEE Nz,

;——J\/"’—
0 5 10
msec
' 0-/\
10 5 0 5 10
kHz
c J\
10 5 0 -5 -10
kHz

Fig. 5. a. Response s(t) of 'H spins in 0.1
mol/L aqueous solution of CuSOs. b. The
spectrum H(w) obtained from the response.
c. A spectrum obtained from a 1-pulse
experiment. Dark and light lines represent the
in-phase and quadrature components of the

complex signals.
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i, —HAWK X T IEABEOMEMESEZ 5 272 . FKEOBIE®TT> 72 (Fig. 6(a). ZH
LDEEPLELNIZ A7 PV (Fig 6(b) HMERHES AHO A v OO %2R L T 5,
FZARY PR T =) LWL CE S DR OFS (Fig. 6(c) 1

h(e) = f M@ exp(iy € - 7t) dt = f M@ exp(if - 7) de ©)

THRING, 22T MEP) FRET 2MEOBBEITH 5, ZHAOHEMES ¢ 2 X £
FIHABDLRECT —2%RBE T2 2 & ©, MEBEERICEVT k ZRZERICKEREL, 2%
EREERICHAE L, X007 — ) AW EITS> 28T, deD MFE) ML Zl{§%2 55

ZENTE D,

PER D FEEEIRT 1T D SWIFT T Fig. 6 L RI% DT — 2 2R3 5 729 1Ci%, 10 kHz BE O
WEABIEE 725, —7. S OBEHRTIIO FKERIC B W CER S 1L 2 R ORHEIE X 10 kHz
Lo Fo e, 2] THEINL, TYFRBERORESE/ICENT 5 EMO NMR O HH
1349 100 Hz TH b, HE2kD MRI FEICEHAT 2 2 L BAREECTH 528, @WIHRTIZL SWIFT 1%
EMO NMR & QAR E W & B TcE 5,

s(?) H(w) h(t)

a b

f15mT/m — N " T~
+10mT/m ‘_“/—\f—— __/\H.,._._.
— AN
—\__ VAN

N AN
*—/\j_— T
“-—/—_\r__ ____._._//—\"‘MW

| | | | | | | L | 1 | 1 1 | | J
0 2 4 6 8 1012 8 6 4 2 0 -2 -4 -6 -8 1 2 3 4 5 6
msec kHz msec

+5mT/m

OmT/m

-5mT/m

-10mT/m

-15mT/m

O—(‘-"',T'(“((’r'*

Fig. 6. a. Responses s(t) of 'H spins in aqueous solution of CuSOy4 in a spherical glass with an inner
diameter of 9 mm under application of magnetic-field gradient along the coil axis for various strengths,

whence the spectrum H(w) and the FID h(t) were calculated, as shown in b and c.
€9
AT 1L JSPS BHfFE FARIFIE(A) USRI A A = v 77| (18H04165)D Bk % 5% 1F T
FEhi s iz,
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Recognition mechanism of linear di-ubiquitin by HOIL-1L in immune responses
ONaoki Ishii !, Erik Walinda?, Naoto Iwakawa!, Daichi Morimoto!, Kenji Sugase!,
and Masahiro Shirakawa'
!Graduate School of Engineering, Kyoto University.
>Graduate School of Medicine, Kyoto University.

Nuclear factor-xB (NF-kB) activation is crucial for immunity and inflammation. In the
activation pathway, linear polyubiquitin chains conjugated by the linear ubiquitin chain
assembly complex (LUBAC) are specifically recognized by Npl4 zinc finger (NZF) domain of
HOIL-1L and the specific recognition is critical for the NF-kB activation. Recently, the crystal
structure of the NZF domain/linear di-ubiquitin (M1-Ub2) complex has been reported; however,
to understand the recognition mechanism in detail, it is necessary to obtain structural properties
of the NZF domain in solution. In this study, we determined the solution structure of the free
NZF domain by using NOE and RDC restraints. Also, the relaxation dispersion experiments
showed that Distal-Ub of M1-Ub, primarily binds the NZF domain and Proximal-Ub of M1-Ub,
subsequently binds the NZF domain.

[#E]
:Ll:\\ﬁf‘?“/}:ﬂ?ﬂi\ﬂéy‘//\m7gﬂi\ %‘% N ‘:?:;: NZF domain of HOIL-1L :
EREPEST S TR 2EXF o 41 % 5
T 5. Sbic KU aUEFOEHEE T
Mo AR Lo Csilc s, = F e D g %‘\ @
8
DOFEFEIC L o TH 75 fE°PDNAEE . id?:;dm :-;:‘-ﬁ

COFMEER . Wb s EREs Ry O ©F M

%, %@'?'C%Eifﬁ?’éﬂ'f ) JE%%:/VJ:\ E3 Fig.1 i}[)ic-clijflczrecognition mechanism between the NZF domain and
% (LUBAC)D V7 2= v s Th %

HOIL-1ILONZF K A A > LR R ICHES T 5 2 & T, NF-kB& W S5/ 7 &b S
5, NF-kBIZREISERLT R b= AR EDOLEERAEMBALICEE L TWDHIERERKF
ThO, ZOEEORFRAETCLE, ACRERESCHT 21X 0D LT 58k~ RERN
EorZenmonTBY, AlEOXY—F vy Ve LTHEABIRL TS, I E TIIXHK
FE R EMENT I L o T, NZFR AL VI K D EHEM L 4 2 8% F (LU, M1-Uby & I
TN L D EAEOREREENRE S, MI-UbyiL, 2o D2 % F 2= v k(Distal-Ub

NF-kB, BE#M b xF 8, ¥ o7 B AEEN

OnLWkx, THVAIRZY -, Wonblkl, b HLEZVL FRETAL, LoD EIDA
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% O'Proximal-Ub)Z I W TNZF R X A » LB T2 2 & B 6 272 - 72 (Sato et al,
2011), L2 L, 200 TR OFEM2BEIIHAL NI > T, & 2 CTARBFZE TIX
B CTONZF R A A N2 K AMI-Ub DB 2R - LN L T+ 5 2 L 2 B
9 (Fig.1), WIHNMRE % AW CHEBERINZE K A 4 > ONMRY 7V DIRIE 24T, %54
— N = NP =R NOE) 2 b VI ER W5~ 7V > Z(RDC)T — F 12 X 0 A%
EWEPRE LT, £ NMREMGEIEORKRNSL . M1-UbD X F o=y N &IT
NZF R A A VDR BRINMENE 2L 2 LN REBENTE,
[328% - f5R]

)EBERINZF R 2 A ¥ OYREIEEHAT

WU DI, ESREEIC L0 EEHERINZE R A A 0
NMR > 7 F L DIf B ZITV, F DR B $ & NOEK
URDCH B 15 BV 7= BERE - A EERIBRE 2 Joic,
CYANAZ W T, HEEERINZF R A A > OEERE %
1772272, FOFER. Proximal-Ub & OFESICEEET 5
a~VU w7 AFEEEN, NZE R A A EDFEARIZL - T —
*%jé:%“j -,2@ = -a— s 733\%”& é ;h/f: (Fig.2)o Fig.2 Conformational change from free (black) to

bound (gray) form of the NZF domain.
(2)M1-Ub; & NZF K A A > D#ES D B RRROMRT
WIZ, NMREEFIYHOEIZ Lo T, MI-Ub &NZF - Agr42 (Distal-Ub) b 1le3 (Proximal-Ub)
R A A v OftE % HEEFRIARNT LT (Fig3).
WIEER A B Y A B U —TOIC k> CHE LI -
BETE K % TE I NMRB RIS BOEIC K » TR BRES \p Y
T A —H @35 & Distal-Ub® Jj 73 Proximal- N 9
Ubk ¥ bFFEEEE T/ NS, NZF RA A & L L L T
L OBRAICHEES T D Z R ENT-, L=y Fig.3 N R: relaxation dispersion profiles for (2) Argd2 of

Distal-Ub and (b) Ile3 of Proximal-Ub.

5T, NZF FA A A EIREEFIAT 52 &
T, FA—DF N TEPLED2ODEXRTF
=y hERHLENRDL, MI-UnZiE#L TWbEE2 b5,
(3)M1-Ub, & NZF R X A > DR FHTT v

ASEIOFERD, LFDO XS RFBRET NV ERET D, £T. M1-Ub,DDistal-UbD A HNZF K
AL EREAT HMPER 2 REEIEEZ KT D, £ LT, NZF K A A > OREEZEIT W,
Proximal-UbZ3NZF N A A > LA L, BEHZREGIREBICE D L& 2 5 (Figd).

X Dt |

+ < 2\ — o VA
«?Mf& £
:(»'2‘ 2 { Proximal-Ub

Ay

NZF domain

Distal-Ub  Proximal-Ub
Fig.4 Recognition mechanism between M1-Ub, and NZF domain.
Reference
Sato, Y. et al. Specific recognition of linear ubiquitin chains by the Npl4 zinc finger (NZF) domain of the
HOIL-1L subunit of the linear ubiquitin chain assembly complex. PNAS. (2011)
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Speeding up DNP acquisition of half integer quadrupolar nuclei

oHiroki Nagashima'”, Julien Trébosc>*, Yoshihiro Kon', Kazuhiko Sato!, Olivier Lafon**", Jean-Paul
Amoureux?->-¢"

1 Interdisciplinary Research Center for Catalytic Chemistry, National Institute of Advanced Industrial
Science and Technology (AIST)

2 Univ. Lille, CNRS, Centrale Lille, ENSCL, Univ. Artois, UMR 8181, UCCS

3 Univ. Lille, CNRS-2638, Fédération Chevreul

4 Institut Universitaire de France

5 Bruker Biospin

6 Riken NMR Science and Development Division

We have optimized the transfer of magnetization from 'H to quadrupolar nuclei for indirect DNP
experiments. Three different sequences for such a transfer exist presently: CPMAS, PRESTO and D-
RINEPT-SR4?,. D-RINEPT-SR4?% works well at ultra-fast MAS, but not at the moderate spinning speeds
encountered with DNP (vr = 10-15 kHz). This small efficiency is mainly associated to the large losses related
to 'H-'H interactions. We have introduced three changes in this D-RINEPT scheme that resulted in 16-fold
improvement in its efficiency for 2’Al of y-alumina. In the case of transfers with long-distances and/or low-
v nuclei, the new sequence is also much more efficient than PRESTO and direct DNP: as an example, it
multiplies by 3.9 the signal of ’O for Al-O-Al species of y-alumina and by 5.5 that of Mo for
MoOs supported on TiO; with respect to PRESTO sequence. On this unlabeled sample, we have analyzed in
details its surface structure using DNP-enhanced NMR "0, Mo and *#°Ti data.

FNEZ R (Dynamic Nuclear Polarization, DNP) {EIZNMRODEE [f] EFIEO P TRb A 1172 Tk
DO—2THY, KIBOFEHEE (LT-MAS) XV T DMAS-DNPIXBLERS FEAMIZEHKZIL T D
U ZnETBC, BN, ZSie EDARE U 1/28412 % i FH S TET-MAS-DNPTH A7, AR 1-+8 A./EH
EHTDH (S > 1/2) BT (BT 1S T AN SN TWDEIELE 2720, L Lenib,
JE IR DT3% AR F 4% THY | ZL<OEERMBHIE £i1D, R ZITEE MRV H DA %<
MAS-DNPD# AN LEEND,

[EARDNP-NMR, -FEEL D05 7-#%, D-RINEPT

ORILE OAHE, tRETL LwhdbAi, TA XLOA, L5 TOZ
bohrh BUUZ, bled— LoAlF—5
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SBRBEINED R

MAS-DNPCIE H O BLIZ I s ik A LU CIE 54 Htf5 7 Slndirect DNPIE TEERLSNAHZENT
EAETHD, TG HOEA | CPMASE i3 572D 121%, IKRFEE BB/ 5720 R (v =
n#vg, n=10r2) OFEERET T Uebia, £z, Bl S kia->TLEHIZ L, AT PLDOTE
IBELeZ L, THLEHCRIRELRDEAE Ly I RINEEC 22572 8 DRI 035D, D78, TS
FRODNPRIEIZBRLLT W AR EICHIRES N T, —FH T, AL my 7 DM E 72V PRESTO
PRI TOBA K JE R AL HE BN & O BB R W &y RS B D SRS KB (K T 575,

KW TIZRI LAY vy 7 D ME D/ WD-RINEPTIZ 4 B L7-P), D-RINEPTIZf fl&h %
Recoupling /<L ADSRA 2[IRFIEES D A —VE, RF offset, CSAIZ/NARTH Y, Dipolar truncation
WAECZRWRLEN DD, LInLIRAE, SRAZORFES S 13vi = 2%vr K<L Recoupling [ 82 'H-H
decouplingZ X <3ERK T 5121%, mHFl#E(VR 2 40 kHz) SMFETH-72, £72, D-RINEPT TII L FL 7
b, CSADFE BAFIL RS 572012, Recoupling” S/VARNTIOE , 180/ /S /L AL DelayZ g% 727 Uit
7253, ZODelayD[#IC'H-"H dipolar coupling® 5482 K> TE S 38 L TL £, MAS-DNPClE
AR Z R 9 A2 SIRIERE OFIF (19100 K) 1280 ELW 2, LU O3.2mm DNP 7'0—7' ¢
D12.5 kKHzLL F OFREHAR T — 7 V ADMRBET D LB L7 D,

#HH D-RINEPT DB %

SR4,2R element % Tanh/Tan/X/LAIZZE B L, A(adiabatic) SR42E 952 & T, REEESG SO HIKE
2L, KV KEARRFBEZM M Argeic LM, o koK@ mElfE (ve = 12.5 kHz) TO'H-'H
decoupling D PEBEZ RIEICH BT 52 LI P L7z, — . Recoupling /¥ /L A [#] D Delay IZ1Z CW
decoupling% fE #9-%Z &C, 'H-'H dipolar coupling (LB BDEEMZHZEIZLINLTZ, CW
decoupling®AAHIL, tH~D90, 180 /X)L ALASRAHI LW A Z H X417z Heteronucler dipolar coupling
B R ORBERE LW E Ui iR niau,
27A1,70 (v-ALOs) & 170,%Mo , *Ti (M00s-TiO,) DELE]

v-ALO; D YAl DIF 5% AV CTHH D-RINEPT DOHEEZ R L 7=, |H D-RINEPT 2> 5% 16 5%
DR ERFER SN, S OIRERERE OBEIZE VT, #8 D-RINEPT OMREZ RS 2
729, y-ALOs; D 70 (A-O-Al DIF5) &, 10%wt MoOs-TiO, ® *Mo DHITE & FEfii L 7=, FiedfE
B3 Indirect-DNP 75 & L CIIAIH T TH D, KEEO(E BRI BB EIZ I QCPMG % fH A
AUTER SNz, 5%, ¥l D-RINEPT /X PRESTO-III & Lb#: L T, y-ALO; @ 0 (AI-O-A D1F
5) ITR LT 3.9 fi5. 10%wt MoOs3-TiO2 ® Mo IZ#F LT 55 fEDIKE CEBE2BETHZ LN T
&7z, TAUX Heteronucler dipolar coupling 73/N S <72 513 &, Hi#l D-RINEPT 1B TH D Z & %
AL TS, £72, "ODirect DNP LI L CTH, BLZ 6.7 [FDOEETEENEFONTE, I HIC
F6 TILIF U < Hi# D-RINEPT (2L 5T, MoOs-TiO; ® 70, 79Ti DAY ML EFGD Z LTk
HL7=DOTHET 5,
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Quantitative analysis of Glutamine degradation using NMR
oTatsuki Ogura 2, Masataka Wakayama ', Tomoyoshi Soga !, Masaru Tomita !
1 Institute of Advanced Biosciences, Keio University

2 Shonai Regional Industry Promotion Center

Glutamine (Gln) is known as an unstable compound and converts to pyroglutamate (pGlu) in
water solvent. GIn degradation speed is depended on temperature, pH, and ion strength.
However, quantitative analysis of Gln degradation was little information. In this study, we
investigated the quantitative analysis of Gln degradation using 'H nuclear magnetic resonance
("H-NMR). 100 mM GlIn solution dissolved in 600 uL of 10 mM DSS-ds / D20 solution was
prepared, and acquired to '"H-NMR and 'H-'"H COSY using 600 MHz NMR at 25, 30, 35, 40 °C
for 10 days. Gln degradation and pGlu production speeds became faster at 40 °C compared to
25 °C. In opened NMR tube condition; air exchanging condition, GIn degradation was two times
speed up compared to pGlu production speed. It is suggested that air exchanging affects to Gln

degradation speed.

[Fan] mEOprEifiom i X v, ZEAIEE (NMR) 08 4§ (MS) % H
W RO PERTELL IR0, EERNICBITELZLONRBRIZONTE
PEAY - BRI BN REL Ao odz, 4 22 (Gin) TR IS O R E 7% KR
ERBHBTI/BTHY, ZLORBRIZEELTHWIZEBRMbENRTWS!, LA LGIn

BEIERETEALERMETHY, 7TI 7 ERBEELTE e 7% 2 Ui (pGlu) ~
EELTLEI D, SO ED SNZRIEO MM < EHTH #1795 ([ ILH %
AN AT O ML EN D D2, GInfig ik /ﬁ‘l":‘ Giny Ginp psg_ |

H: 2 H:2

WERPHIZ L » TZOHEN LT 5 e
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SR & OB B LB ||
FEAERESR TRV, AT
A RNMRE Z U i 2 L S A
GIn¥A ik O 5y W B IS O 3E BT 2 170,
GInRIC G327 7 7 2 —Ofiixe L |
Efe Ltz KM EBICLDBEER
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2 1 0
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[ 1. GIn 35 L UF pGlu @ '"H-NMR
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[ HiE] L7 4 v AFkMgEn s Gin EEZ AL, 600yl @ 10 mM DSS-d ¢/D20
R 8.77 mg HEfif S 100 mM @ Gin il & Ek L7z, fE L7 Gin ¥ % ¢ 5 mm
NMR F~& FEHI L, Jeol H 600 MHz NMR 2k~ L. 10 HI BCFAH v 7Y o
TH-NMR Ul & 247 » 7=, ME 2@ IR E 2 25, 30, 35, 40°C ik h L72dRIEIZ L,
KRB 60 B, FESE S IO &M TR B3 T LIl EEIT- -, BHILIEDT > T
I, NMREDF v v 72 o l mm O R AT 2 RETRIE 2T o2, FRAHETHB N
TIRRFIZ "H-"TH COSY #IlE # 4T\, B — 27 OEEICH Wz, 5 5727 — # X Delta (ver.
5.2.1,Jeol #) & TN L. & ¥ — 2 ORI E D S E i NMR 1542 f Wiz i it
1o,

[#59 & % %2] '"H-"H COSY#HI7E 7 5 GInds L OpGlud & — 27 D[Rl E & 1T » 7= #& 4. GIn
122.17,2.46,3.77 ppm#%, pGlul$2.02,2.39,2.58,4.17 ppmA s 5 B — 2 2o 7=, i
'H-NMRE — 7 O3 ZRME L HMDBD 7 — % in b, & E— 27 L3 i O M ISFHT 24T
o7z (1) o, 8722 RE F& 12317 5 GInkk OpGluilt £ O #R Re 25k & it L 72 %5 4. GIn
W FE L pGluEOEE IZIREN S R DIVl AL Hm AR S, 1 10HE5
TEEL TV (K2)  25°CIcisiT 2840, KRBV v 7L OREE L Z R L 74
B RBALY > T IEGIng R - pGluE R EE=1: 1 Tho7=Dicxt L, MLy 7
ATGInG i EFE  pGluE R =2 1L /e » Tz, RO RN S, Lk 042 # 8 K
ZAHEMETHEHGMO ST AL, pGlullA DK B ERE A THE D TIEAW)
EE XTI,

AT, K - EE e O 22 T K D GIngy g B B ~ o 52 RE 12 20 T b 0 Takin
TAHTETH S,

(A) () -e-40°C
2 129 -m-35C
——30°C

0 10 4 —&—25°C

2 -% - 25°C_with hole

s
E
c
S
i 8
£ 4
e 6
3 -6
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4
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c
2
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12 T r 0
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Time (h)

[%] 2. GIn 43fi% K O pGlu AR OFERF 2 L EAENT. (A)GIn 73, (B)pGlu 2R,
FE—7 OEREE L, OHRENS OE(bEE R,
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[in situ RIS ] D> S HT= 5 2N EF DHEEERFEA
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% > o8 7 BRI B CEE 2 5 E & 3
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HEKL TX 7225 Iho0FETEL NS AR
BIIEARICHW A F Yy T ay b THY, K
5 Vo7 B SFERBITHERE L T\ 5 in situ TOBEHT
iR TRAMHEAER Z L3 L& KL 22\,
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W) NMROFH A e KR 20 LT AR
HEER Y NI, MREENT. GY Y2 ]
Wi 2B 1K (GPCR). £ 4 v F v 2 V7 L ORTE
R AT > CT& /2o — I, NMREZHWTES
VINTED XD Es RS VN7 B ORERERI
AT Bt ZORES T REICHK T 5 NMR
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2020 FERBFEHEF R A5 —H (JEOL RESONANCEH)

BE#ANMRIZ&EZ2AMmMETOR R TORTO Y
P36Y Schizorhodopsin® L F+—ILEEE Y A D EERET
O B!, e FEE L E=° I 1
| BREENLRY: KFEREEL T
2 AWETLERT
3 HERT

Structure of retinal chromophore in Schizorhodopsin as studied by solid-state
NMR

oSeiya Tajima ', Hideki Kandori?, Keiichi Inoue?, Izuru Kawamura'

1 Yokohama National University, Graduate School of Engineering Science

2 Nagoya Institute of Technology

3 The University of Tokyo

Schizorhodopsin (SzR) found from Asgardarcheota is a light-driven inward proton transporter.
SzR has a unique Phe-Ser-Glu (FSE) motif around retinal, which motif is related to the function of
rhodopsin. Moreover, SzR has Tyr71 on the extracellular side of the protonated Schiff base unlike
typical rhodopsins, and the Y71F mutation induces a large blueshift and decreases pump activity.
Here, we conducted solid-state NMR measurements of SzR embedded into POPC/POPE membrane
and revealed the structure of hydrogen network around retinal in SzR. "N NMR signal of protonated
Schiff base in Y71F mutant appeared at lower resonance than WT-SzR1 and "N NMR signals of
Arg67 in Y7IF disappeared. Our results indicated that Y71F mutant has a stronger interaction
between Aspl84 and protonated Schiff base and perturbs the hydrogen bond network involving
Arg67. We showed that the Tyr71 plays an essential role in color tuning and the pump activity.

[#5]

B RFTvriayy ZHIERS BROMNEZEHR> ) SzRA(MIEEHR> )
ERALTEZ A2 BT LEY -j Y
FF—w s s L TRo 7R
Bz "o ThsH, va BT Jﬁas
ATNERIIZ LY LF
KL, ThzzcoTic LT 702:'2 o
By O EEENRERT D
ZET, AFA R TR T
il Ekk 2 2BEE A BT 5,
AETINE L OMAYTn K7 Fig. 1 Structure of the retinal binding site
SUNKRIN, PO hHE in BR (left) and SzR4 (right)?!,
ERBETOINELVF I —A#EETA POBEORNVPERO -2 a5,

EANR, 7TEIEEER 2 82 B, 7a oAby v 7RI

OFfZLE #HWWR, HAEDN OTE, VWO TWinh, bbb WTF5H
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/1 R 7 2 Schizorhodopsin(SzR) 7 7 = U —E 7 A H v Flg &l 6 oo
Ao FR7 o BETHY . RO AbRZSzZRIZIZ U & LT, SzRITHITEAN
iz o k& FE 74 500, SzRITSer-Phe-Glu (SFE)E F — 7 # & | fif ko b x 7
o hriRy7e RV UBRPHNE o bRy 7o R7 v rPoXeRip EWFhnono
RTo o B Ry FELRTLFF—ANEHBOT I 7 BEFNNPRKELS BRioTs, £
7o, SzRIZFERONE 7o bR 7L 0 W THEIFEESE <, hiRf ¥y TE
EEND RBEFOF-Y—LELTHHfFEaRTNS

—HCLo LBl TAmMEIZTa hrE2gxET S aamﬂ”wﬂl“c‘&) o AW T,
RIS L2 HE 6D A A 72 SzR O [E RNMR M E & 2l L, SzRD L FF — g S 4}4’ ko f i
e dr 247 > 7=, $FIZSzRD ¥ » ZHE L O FMMIZAFAET 5 Tyr7112 5% H Lf_o OB
oMEDa K7 T ZofiEIZ ) T N7 7ok DL, SzRIC2=— 277 2 )
It ch b5, £, SZRIEMEMED W OSZRAOFE M E N E £ S -R, Z OoF LK
Y7IFCit v%f—-wmffﬂikwﬂw}iﬁﬁ’%ﬁﬁmnmﬁ FRikE Y7 b L, P’*Jﬁ%l['#ﬁi’éf?ﬁ'ﬁ
DRIECADT D, REFTECIEYARSIRE Z O RIKYTIFO EANMR A~ 7 kL%

i L, 1/“?7“—»5’5’:.“}4' PO EEET S, TyrTI D AKERES R v I»U—?wi‘ih#f
ICBWTHEAAEMAEATAZLERLE,

[ 5 Fik]

KNG E FEHL 7 12 L 0 U-PN, [(-1C]Tyr, ['*Cl14, *C20]Retinal-% AT SzR | 5 L (8SzR4,
U-15N, [14,20-1*C]Retinal-SzR1-YTIFE B EH « BRI L7, ZoOE, 7o hofby
THEOBNE R LHisOA I XY —ABOYrn—ALREROESLOELY 21T 5
fo ¥, Hisik U A~ — A GERE#) L Tv 4, KIZPOPG:POPE=1:3® i & JI5 BT 1% 2 ¥ i
L, o7 BERRER /N I20CTHME L, AR L7z BEEZ B R40mmd 2L 2
=T WMASE —Z — |28y F 7 Lz, BERNMRIE TN L OVC CP-MASHE &
DARR#: % fluvi=, il 7212 £ Bruker Advance 111 600 MHz T4.0 mm E-free 'H-"3C-1"N = i
g7 o — 7 & W CMASE 10 kHz, 70— 7@ EiREES °Clo T4 TR IE Tl E
EAT oo, BCIE 7 ¥~ v # #4048 ppm (DSS), UN® JLHE[INH4C1% 3834 ppm & L 72,

[0 - B42]
O VvFF—rofE
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@ TyrTlOKFERE SRR

Fig. 212138 4ERISZR1D13C DARR A~ R A(RARFHE 500 ms)% 77, LFF—/LdDCl4LC20
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DNP-enhanced solid-state NMR spectroscopy for structural characterization of
polymer-supported catalysts

oShinji Tanaka !, Atsuko Ogawa !, Yumiko Nakajima !, Kazuhiko Sato !

1 Interdisciplinary Research Center for Catalytic Chemistry, AIST

While solution-state NMR has been widely utilized for the development of molecular catalysts, solid-
state NMR has been sparsely applied for the analysis of solid-state catalysts due to low sensitivity. Inrecent
decades, dynamic nuclear polarization (DNP) enhanced solid-state NMR spectroscopy has enabled the
detailed structural characterizations of solid materials. DNP-NMR of catalyst species on inorganic supports
was achieved using biradical polarizing agents, which induce a polarization transfer via cross-effect under
microwave irradiation. For catalysts supported on organic polymers, however, non-porous structure prevents
the effective distribution of biradical species over the sample, resulting in the insufficient signal enhancement.
We have recently developed the rational guideline for DNP sample preparation from insoluble organic
polymers. Herein we further studied on this guideline and demonstrated that DNP-NMR is a powerful tool

for the structural characterization of catalyst species supported on organic polymer.
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Prediction of singlet lifetimes using molecular dynamics method

oMakoto Motoyama!, Koichiro Miyanishi', Makoto Negoro?, Naoki Ichijo', Akinori Kagawa'?3, Wataru

Mizukami?, Masahiro Kitagawa'->.

1 Graduate School of Engineering Science, Osaka University

2 Quantum Information and Quantum Biology Center, Institute for Open and Transdisciplinary Research

Initiatives, Osaka University
3 JST, PRESTO

Dissolution Dynamical Nuclear Polarization (DNP) has been applied for a variety of fields including
chemistry, biology, and medical science. However, some of these applications are limited by the lifetime of
the nuclear spin polarization. To prolong the lifetime, molecular units which have the long longitudinal
relaxation time have been developed and the nuclear singlet state, which is decoherence-free against the
dipolar relaxation between the spin pairs, has been studied experimentally and theoretically. Here, we
predict the lifetimes of the nuclear spin polarization using molecular dynamics method (MD) and quantum
chemistry simulations. To achieve precise calculations, we take the components such as intramolecular and
intermolecular dipolar interaction, chemical shift anisotropy and spin rotation interaction into account. In

particular, the relaxation rate of intermolecular dipolar interactions is precisely calculated using MD method

for various solvents and the calculated values agree with experimental values on the same order.
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Fig.1 (a) Flowchart for relaxation time calculation. (b) Flowchart of NVT and NVE calculation

for correlation time 7] estimation.
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Table 1 Experimental and calculation value of relaxation time 001757 ,_o H ;, ﬁ:jf.;‘
Exp. Calc. _ 00150 4 4 \
molecule solvent Ty [s] Ts[s] Ty[s] Ts[s] % i o S

PCBA D20(TIP4P)  53[5]  15[5]  6.7(+26%) 22(+47%) @

CAN DMSO 7.75(6] 141[6]  5.20(-33%)  187(+33%) § 0.0100

CAN D20(TIP4P) - 109[7] 16.7 347(+218%) g 6075

CAN  D20(SPCHW)  — 109[7] 6.0 138(+27%) &

cl-TC Methanol 32.8[8] 236[8] 29.5(-10%)  348(+47%) 0.0050

CkTC Acetone 470[8] 183(8]  44.4(-6%)  262(+43%) 0.0025

CiTC DMSO 11.908]  134[8]  10.2(-14%)  117(-13%)

CHTC  D2O(TIP4P)  18.2[8)  132(8]  14.5(20%)  754(-43%) %% etnanol  Acetone DMSO D20

Fig.2 The individual contributions of

relaxation rate for CI-TC in each solvent.
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Rapid Scan Nuclear Quadrupole Resonance
oYuta Hibe!, Yasuto Noda!, K. Takegoshi!, Kazuyuki Takeda'
! Division of Chemistry, Graduate School of Science, Kyoto University

Nuclear quadrupole resonance (NQR) provides information as to the electronic structure in materials of
chemical interest through the electric field gradient tensor at a nuclear spin with its spin quantum number
greater than 1/2. A major challenge in NQR is finding unknown resonance frequencies, which often distribute
over a wide range. Towards time-efficient survey of NQR signals, we bring in this study rapid scan and
frequency-comb excitation together, so that the frequency range over the probe bandwidth is scanned in a
single run of the sequence. The gaps arising during excitation as a result of comb modulation can serve as

windows for data sampling. This approach offers much more efficient protocol compared to traditional

frequency stepping approaches.
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ALZERHS/NILA

AR BARBINEN 7 0 — 7 OHIRIEAF D1 /n(nl3FEE) TH 2 5 AHS L A gy (O)IFEE O FE K u

& B = (1/21)(AF /n) % FAuT
91(8) = wmax[sech(Bt)]*
THZ b, EiEwe, () L OERER 0O IFZhZh
w1 (t) = Wmaxsech(ft), Aw(t) = pp tanh(Bt)

Nuclear Quadrupole Resonance (NQR), Rapid Scan NQR, EJEAFHI

OV WHfe, OF RF L, EFIL Skov, mUE s
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2uB = AF /n

(a) Awmax ”””””” (b)

! 0 Time 0 Frequenc?
Fig. 1 (a) The profile of the amplitude w;(t) and frequency Aw{(t) of
a HS pulse g4(t). (b) Fourier transformation G(w) of g(t).

TERENDHBFig. 1 a), BlE L Tu=50%EIC9 ()% 77—V B8 L THELNAEIEREEG (w)
ZFig. IbITRT, JAEHORS | Z WGP BN 2 FREICHITO 2 T, J8y RAF ¥ T
K DB DL FTRE & 72 D,

HS SV A gy (6) 2 AT O 2 ABES(t) = Yo oo 8(t —kT) TEFL THLND LR g, (L) =
87 (t) - 91 () DIRNEBIELG, (O)IFX. FHD 7 — V) = BWRZENEND 7 — ) ZBMEDEHETH L &
ZHWT

G2(t) = 82y (w) * Gy (w) 3)

TEREIND, 2n/T = AF/nk72? X HICTEE X, G (w) P EHIMICER S TR EER % <

R AT DRI & 72 D (Fig. 278), EER L, SBEBO ROV ICHIROMEL, 2 b ik 217

T LT D, ZORROEFBIEIIE, OREN (¢/t,)E VTN (t/t,) * 8p(0) L FE S, i

SV R go (8)F K OhE B EG, (0) 1

g:(0) = [ (¢/tp) * 6: (0] - 91 (®) C))

G3(w) = [sinc(wty/2) - 8znr(@)] * Gy (w) ()

L 725 (Fig. 24), 2L I LERWERNT, Ty RAF v VIR ZAF /s IRV,

HIRFIROLHIR A I T H 2 LN TE D,
Coarse survey

LEPMEAT) ZEICKVAELD sampling i

EEBOWNNA 7 OB Z, T MO
RAXy o OF—2H 7Y T

WD Z ENTE D, ZOHIEEX g2(t)

gs(t)

4—>

1/T =AF/nCTH 5=, B EEK
TEFIIITVELTRAS, BREL
T, 7u—7 OWWIFAFIZEB T 5 4
H%@ﬁﬂ%%%?‘é ZEMTED, B
e e e e S N CYCO I AF/n 6
% fine surveylZ & OT#EH%H{EZ%C%{% =
ET DERETZILI N,
Fine survey

JA WSk = ZHS UL R X o THiSE
TR L E RIS 5, BonT ey 0ot ‘ ,» Ot ‘ >
RAF ¥ VERORLRE VTS % 0 dw 0 dw

LSRR Ch D e L.zt Fig. 2 (left) The profiles of g;(t) and Gz(w). (right)
i\ \{t . Eﬁ oﬁ o The profiles of g3(t) and G3(w). The inset shows
53 CRBH = LHS SV A Z T DY Gnings of data sampling.
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V. BERICFIDEZZEY ALy, ZOBROY 7Y o ZHEREZL/AFLL FICTHUXME SO VIR L
1372725, Liehio THRIBEEHBEZRET 2 ENTE D,

7o — 7 OFIRE A B 2 BRI A RB LIWIEAICY, EREOFEERAT A Z L aRE
Tho, HEKOH D FWEHE 7 0 —7 OWREREORE SOMSICXKEY, o —TDF =
—= V%G Y TIEEICcoarse survey&Z 179, Ty RAFy AZ508N75. fine surveyll
810 B A CRDZ G LT 7 — U o2 24T 2 TR AR AR E TE D,

(S8R ]

AFiEE HOTNQREWN B ORFRIEZ FFET B 72012, RS U 7 AKCI03)D3CL, FE{LER
M(Cw0)DBCu L SCu%z #E & LIENQREREZI T2, ZNHDOEDOAE VBTV 3/2
THY., TTKTENTNE—OEH%028.953 MHZ), 26.704 MHZ®!, 24.714 MHZII GR35 = &
DHOLITWS, EFLREDTOIC, BEEL2mm, EX12mm, 558X 0 a1 x0T, 23.08-
3237MHzCA v B —F L RAEEANRENS Y0 —T 2 BIELT. 71— 7 O8IEIZ24-27 MHzZIC
BV TITHI400 kHz, 28.9 MHZIZ B\ TiEHI500 kHz TH - 7=,

Coarse survey Tid, 75|84 2350 kHzOHSBABUZ JAMIT = 20 ps, /L AMigt, = 2 us, ¥ v
Tty =18 usD 3 LA 2 L2 BhE 217V, 500,807 — 2 H 7Y oV afTo Tz, £z, fine
surveylZ B W Tk, o7V R ELps, o7 7 miE2048 L LT, FEBORFHIFH
IRICRRE Lc, TR TOERITREI L 70— 7 2RIRERICAN CTERETT K T{To 72,

(R - BE]

KCIO3D¥CI NQRIZ DWW, AR L0 LIS 6 04 7 v h230, 50 kHz/Z - 7=
KD Z7 vy RAF ¥ 55 %Fig. 3 (a), O)IZFRT, A7y MOKkHzOE B, HTviRLIZE Y A
7y NODEFERBEDSDENVER LT, RICZA LY —Fr v AERPETIEITLT, FJEY R
A XX UME BRI e o TR (Fig. 3 (a), O THRIEZFTHE 0 | Wi o 7
% CFID % 5 L 7=, Fig. 3 (c), (T d & 512, HEEH A TE L < KBk L7ZFIDE 503 b,

T T T T T T T T T T T T T T T T T T T T T T
1

| |

L L | L ! | | | !
0 0.2 04 ms 0 0.2 04 ms

1

Fig. 3 Rapid scan 3*CI NQR signals with frequency offsets of (a) 0 kHz and (b) 50 kHz obtained in
the coarse survey mode by acquiring the signal during the gaps of the comb-modulated HS
excitation. (¢, d) Corresponding FID signals obtained in the fine survey mode by aborting rapid
scan at t = 5.1 ms (dash line) and then immediately starting acquisition with a dwell time of 1 ps.
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Wiz, HBEFEEN S ORFEI PO
7% v &, 0, £10, £50, £100, =150,

+200 kHzIZFZE L. [REROME 21T > T

77—V AL AR A Fig. 412ERT

IR, Fig. 24127 L= b B it L J\.
TeECEZNMEREhZ, &b, 200 100 0 -100  -200
B FE A IR IC HIvE, A Offset / kHz

AN LT EE AR E x5 -t Fig. 4 3Cl NQR spectra of KCIO; obtained with
.- frequency offsets of 0, +10, £50, £100, 150, +200 kHz.
MR STz,

Cu0DBCu3s L VCu NQRIZF511 T m=7 6 5 4 3 2 1 0

13.24-27 MHz DB TIE 5 DIRKR % AT - 26'7‘06 MHz
e 7 u:—? @f‘*@&i@irhaﬁxitoo lin’C“%Of: 83Cu 4,713 MHz
2, 7a—T70Af  E—H AT YT ‘ [
> 7 L JEBHAR GO H L % 24.240.4m AF = 400 kHz
MHz (m=0,1,..., )& HHE, ZNZEIi> ol
UM Ccoarse survey & 1T o 72/ F, m=1,6D ‘ ‘ ‘ ‘ ‘ ‘ ‘ | MHz
W TEFRE SN, RiTELSL 27.2 26.4 25.6 24.8 24.0
OEARI BT BIERITIT Y > Tom=1.6 Fig. 5 %Cu and ®Cu NQR spectra of Cu,0
DI hine survey 217 - 7=, 135 obtained by proposed method.
NIZFID% 7 — Y =254 L T S5 ZNQR A7 kL %Fig. 5IZd, 57 2 DD &
1326.706 MHz L 24.713MHz Cd V) A5 B DI LIT2:1Td o 72, BCu & SCudD RIRFFIELL7369.17%
£30.83% Tdh V| WU fE— A > b23-22.0fm> & 204 fm> THHZ &7 D | BIEESCu, HBEX
SCul JmlE Lz,

65Cu

fam]

ARFFRICBWTIR A 1L, B = L 255 D 7-HS pulseZNQRERBEDIERICAWD Z &
T, 7R —T7 OIRIRNICIFTET 2NQREEH A IEMEICIRE L, S BICIAFIFA B o s 8 i
BPFAELTH, DRWRRRCHRBEERZRETEH I LA FIE L, ZOFEEZNQRIE
BB KRMOWEIT L THEAT 52 & T, AR BERR ORI 2 RIEICEHE L. WE O R
OEENDTFEL LINQREB LV ES VLN D X 912725 Z EBHIFF S LD,

Eizal
ARWFFEIL. ISPSEMFE(18HO1941) DBk % 5% 1T THrbi iz,
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Adiabatic Pulse# FLMf= R8I S MH/SL 2 DERS & O
P52Y B A NMRGE 52 ~ 0D 1 B
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Development of solvent suppression pulse with adiabatic pulse and application
for biological solid-state NMR experiments

Tatsuya Matsunaga !, oRyotaro Okabe?, Yoshitaka Ishii'-?

1 NMR Science and Development Division, RSC, RIKEN

2 School of Life Science and Technology, Tokyo Institute of Technology

"H-detecting solid-state NMR (SSNMR) has become prevalent for ultrafast magic-angle spinning
(UFMAS) with 60 kHz or faster sample spinning. In UFMAS, 'H signal of solvent molecules can be an
obstacle to 1H NMR analysis of protein. Currently, a series of saturation pulses is irradiated before
magnetization transfer for 'H detection to suppress solvent signal. However, effect of the conventional
solvent suppression method is inadequate because of strong dependency on factors such as RF frequency. In
this research, we developed a new method for solvent suppression of SSNMR experiment with adiabatic
pulse. The new solvent suppression shows robustness against chemical shift difference. It enables us to
achieve suppressing 'H signal of multiple solvents at one time. We demonstrated the new solvent suppression
though calculation and '"H MAS NMR measurement. Furthermore, we worked on application of the new

method to acquire high-resolution signal from biological sample.

[Background of the Research]

FURBHA] 553 FE 2360 kHz % #3 %. 5 ultrafast Magic Angle Spinning (UFMAS)ITEREA IFlEREEEE (1PC,
BN) A7 MIETTHRL L T HANRY ML OESRREL ATRETH D, UFMAS N O m 4 fifhe H
NMRIZARS T O 72 EIRIA< B ST D, LavL, @ofifiE H NMRIZIE, SERES
WM TARERESZBRHINTLE EWIHIRMERH D, ¥V EEIIUDE LIZBERAR
G TN ORERRRE OBMEN S 2 RARIEHEN ZO—FIThH D, Z OEHSFITHk
FTLHE I X7 HOHNMRRE 21T O RIS £ > TLE 9, L3~ T, [EENMR
ICBW T DO 'HIE B2 Il 2 FENREETH D,

4 2R B O HIEAENMRIE CHREHE 5 2 M]3 5 B2 IX. EIRNMR Tl S 5 suppression
pulseZ BT 2 FENEH I TN D, RO FIETIE—EBRE O VAL 0T T 5
continuous wave (CW)FRSTS>, 2FE¥HD CW % #H A& 4o 7- MISSISSIPPIM 23 suppression pulse & L C
AVHRTE I, FERNMR TIE IS DEEF D/ SV ARINC S T VL b 2 W X DR
EHMAEDEDIFTETHELZHDTND, L, BERNMRERE TIES 7 Vs b aA il
RIRNTZD | EIEENMRIZE AR TE ST ORI, —MRAVIC EARTUR D REA VAR FNIH B A3 K
REDO LD LHANTHERNZ LG, BIME SO 2T 2BERE L 20 25, £, Bk L2
EROVEHEH TS Z L TRFaANVICHTIAMPRE S RD720, TE DHRD solvent
suppression pulse D FURRFH] L TREEZINZ 5 Z ERNEE LU,

solid-state NMR, protein analysis, solvent suppression

FORN o, OB Dxo7AH, WLy X L7m
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WEEEE O AT S T, EANMRO 720 DR
WEAE B3] F9% & L T Suppression of Liquid
with Adiabatic Pulse (SLAP)?DBH%E & i L 7=, Y
ARFERTIIBEFTIE L Ol 4@ L TREK
NMRHFE I 31T 2 S B3 o Fik o
BMEERGET 5, HERFIEOMBESDZ <
UL 2 DORAE RN SE T HRF RE—
PEIC R DB DY 7 —I A L Fd 72 RS
F 7%y MEAKREBRRDEMEOHT LT
FABEIEEOIEL YT ICH B EEZLN
%, SLAPiZadiabatic pulse!?! (Fig. )& V5 Z &2k v BEFEO T X Y H RF inhomogeneitylZ X 5
WAt DV 7 4 — AN IZ < WE DRV AR LT o TD, F72, adiabatic pulselZCW
pulsel tt’\foffsetﬂ(ﬁ?ﬁ(@%ﬁ% ST L BEREEOBRENFET A5 A TOEE LG
PR RIAEN D,

Fig.1. Schematic of CW pulse (a) and adiabatic
pulse (b) to rotate magnetization around y axis.

[Methods and Results]
1. Solvent suppression pulsefB5H IZFE U7k OREZ LD I 2L — 3

RF R¥J—MEDIFIE T CORALDOBIRZNR A MFET 5729 suppression pulselZ X DAL D~
Ralb—varaiiol, VAR 2B b OBEL b 2 BEFEIC L ko, &
FUZ LV | solvent suppression pulse & FR5 L 72 B ORBEO  HE L OZEY 2588 L 7=, BEFTIETH
% MISSISSIPPI Z VN 72 BRIZ 13 L Z MREHALAR 2 5] V) 35 2 2 RIS &0 R ’@ﬂ:@ U 74—
AP % 2 EDBER STz, — 5T, W25 b & TSLAPZ FIW 254 IR o HE
b LV RPN SE D Z & THRETH Y . ISR HIE B0 #iilic ﬁ@’é”%) & DR
ST, WAL OB O RN T % B4R U 7= 55 CSLAPSAL HEHML 2 =+ 2V R 23R ORT 2 &
28D FEEEO'HMASNMRERR T & SLAPPMENLICHERET D &\ ) T L2 BT D Z L3 T T,

2. XY T VO EENMRBIEZ XK 5 Hiisolvent suppression pulse D 2l

60-70 kHzOUFMASSA: T CH L /37 BoH 7 st LCTHR I TH-SC A BIEANMR A~
MV BUfS L, 4 flsuppression pulselZ & 2 WIS 54 il 2 2 R 4 bl L 7=, Suppression pulse
DRRDGING AT, 5/A7E#/7w’aihéHﬁ%ﬁ%@ﬂ®meﬂHm%®hvﬂ
HEXTIZARY MUIZEIN T, — 07 THHLFIEIZ X Dsolvent suppression3MERET 285121, &
<Tﬁﬁ&ﬂwx%%%bﬁ<f%2&7Fw¢®%ﬁ®%%d@%mﬁnghfwé_&ﬁ
R CT& I,

1 L\ solvent suppression pulseD U S 2 ik 975 2 LI2 KV | AEGF DLW TNMRIE
W2 2 &P D HER &5 A 7o, BEANMRIIEIZER U CREDMERN e Oy 7 75 7
R HSROHIE 5 % HEER)S B T HBLUR T OEZ OMBT RN L2 R BHSROY T A b0
BT — X BRI BT D HIEE B L,

S 3R
[1] Zhiheng Yu et al., “NIH Public Access” 377, no. 2 (2009): 364-77
[2] J Baum, R. Tycko, and A. Pines, “Broadband Adiabatic,” Physical Review A 32, no. 6 (1985): 3435-47.
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Analysis of protonation state of chromophore in GAF domain of photoreceptor protein
oTaiki Koizumi', Takahiro Aizu', Yohei Miyanoiri?, Yutaka Ito', Yuu Hirose®, Masaki Mishima'
!Graduate School of Science, Tokyo Metropolitan University

2 Institute for protein research, Osaka University

¥ Department of Environmental and Life Sciences, Toyohashi University of Technology

A cyanobacterium synthesizes a photosynthetic pigment which absorbs red light under red-light condition.
Conversely, under green-light condition, a photosynthetic pigment which absorbs green light is synthesized.
This phenomenon is called “complementary chromatic acclimation”. RcaE protein, a photosensor protein,
plays a central role phosphorylating transcriptional factors in a wavelength dependent manner. To elucidate
the molecular mechanism of the structural change due to light absorption of RcaE, we are
working on NMR structural analysis and X-ray crystallography of RcaE red light absorption form
(Pr) and green light absorption form (Pg). We would like to discuss the findings obtained
regarding the three-dimensional structure and the protonation state of the chromophore.

<FFig>

bHFDTT 8T T VT, DRI HEZET L0, RENET T, REXREWRIL,
WHCHRRENE T ClE, REXEZRIRT 2 GREEELGHT 5, 0BT, Mk & edh,
WZIEH Tl BReaEY 3 M, BG4 o7 BaEE RN VEMET A Z
& THIF AL TV 5, ReaBILT7057 I /BRIRILIN G IR B~ NTF RAAL L H R0 THY, ik
AGAF FA A URCHMIZIZ  AF Do ¥ F—¥ F AL »&2FFOFigl), %77, ReaBlT MWL A
AGAFF AL VDIV AT A VEERT P ¥a—ABAHO 1 >THE7 4 a7 /Y v
(PCB) & FA4 = —7 L5 CRiE L TH Y (Fig. ), REJeikax 2+ 5 Z & TPCBD
v u— LB 1 DlZcis-trans AL (EZFME(L) % 5] & 2 L(Fig.2), ReaB&Iox) LT HHEEE
fbZ2RIFTEEZLNTVAD, 7z, RcaE¥ /327 HIIMMOCBCR (7 /37 FUA s a k)
DT 4 b AL IR, BOARATHHPCBE ¥ "7 HEOMEEHICKITAT R hv
b 7o R AL A B = X LG T 5 Z EARESN TS (Fig3) ., £2C, fiz
BliIREH S TR Ta buvb -7 a F AR E DWW A =X LOEREZ R E L,
FREFEWIEL (Pr) & FEEA WA (Pg) (2%F L THIENMRZ W2 AT, Xk s e
W&E4iT->Tnb, 2T, gL Bafo7 e b ARREIZOWTE LA RISV THE
mL7=uy

KL o8I, HEERERT, TAIRNMR

OZWT' I JonE, HBUWND 12U A, ARDONYD Lo~ WEH dich, OAE b, &
L &
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<FEF>

* RIENMRIZ & D ReaE & v X 7 B OEENT

KIGEHE OFBLR % TR E RN ISR L 164 This study KK
7-ReaE GAF K A A > b PCBOILFH, il 3 /
1TV, RESEIRET, LR T8N T,
LN O—@#EDORIEN S E BN DIFEEZ1T-
7~. 2D 'H 5N HSQC, 3D-HNCACB, 3D
CBCA(CO)NH, 3D HN(CA)CO, 3D HNCO, 3D PAS  GAF PAS His-Kinase
C(CO)NH, 3D H(CCO)NH, 4D HC(CO)NH, 2D / \
CT 13C HSQC, 3D 3C edited NOESY, 3D 1SN GreenRed light ReaF/Reac
edited NOESY, 3D HNHB, 3D HN(CA)HB, 3D
HCGCBCO, 2D CGCBCO,

{ 357 466470

Fig.1 Domain organization of RcaE

« XHRHE RSN IC & B ReaE % v /%Y B D SRR TERENT

F& A Td HPCB & ReaE ¥ /37 B O SLARREE EH O BUG % H M XHRAE SRS M (2 B0 fi
AT, RIBE DB TR % HVTRcaE GAF R A A o L PCBOILFEH, I ATV, B 7L &Rl
Uiz, R, etz BE L, ThZREEET T TR bD A 7 ) — =2 ZEBR ATV, PrfhT
Fhbh &,

« BEFPCBERcaEZ L X7 BED T b Ak« L a b b A B =X b OfEHA

FEAHTH HPCB & DI ENERRLPCBOMEIEZ <5 728, PCBORIBEARTH 5 1°C,SNIZ# D 5-
aminolevulinic acidZ F5HIZIRINT 2 Z & T PCBEIRFUEERR (& /7 BRI IEER) OEI 25
72 BEMTHDHPCBOMmEMN D T 1 b Ak - 7' v hiAb A B = X L EfRIAT 572, IRt
ANZBWTpHEZ A M L— a U &2ATY, ZENOpHIZIBWTID BNARY ML a2 JIE LT,
BC,SNEZFRPCBOSND IDIIE X 2 7 A ABBFO% AWV T{T» 7=,

WIZ, ReaB¥ X7 B OMmEMNET 1 koAb « o m b Abd A T = XA EfRIT 572912,
INE I VER1T(GIITNCER L, BHEICED MLA TS, 702 I VR TIE A Y W U (Pg)
B W THE N TCOOH) DOHFMRETHEEL TS EEZLND (Fig2) ., REEZMEET S
72002, TVH I ERITOERRIER & 412, G172 L, o7V 2 U E R S
FAROMERICER Y AT, ZOBE, B E2FoREER DD, 7 AT X UEEA~OLE RARE
BaAT o7, £77, B2 LR XLV DOpKam RET 572012, pHEA b L—3 3 %217
ST, HIVRF T OBNIX, 7 T4
FADCH” v —7 L TCI u—7 % H LN 15Ep R+
U T 3C B 8 I 0 CGCBCO M i % )
1Tol, BEDOT T h it 71 b
VELE D b RSN RS X5 T8
X SN DRI L BIEHOMEE R >‘1szp,4 hv
DRI DI ECH D AT "2py X P S
HDHEBZTND, FBCODHEE
BIAITH % 7=, BCaliphaticlZ 4%
RFEET By 7TV TEEATHZ
LT, BRONMEE L LTHEEO R
WBL 21T o 72,

Lys261) Lys261®
Lew2do 3O

Fig.2 Conformational changes of PCB by light
irradiation.

Proposed mechanism of photochromic photocycle deduced from
the biochemical assay and homology model V.
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<t B>
« BRNMRIZ & B ReaE & o737 B O SIRKEERRMT
AU, ORI Z N ZICB N T, E—27 O8O BV 2D-TH 5N HSQC A~%Z
ML EED Z LIS LT-(Figd), FEIERIAIC B W CESEOIREEZITV, K98% DT I/ [
HEORBIZAEI LT, FT2, MIBOIREZITV, $95%DRIEE S 7 F LV OIFEBIZHEE) LT, f#Tic
Lo TH LN EEHHESR, AEFHREFH UBEHEZIT o7, TORE, ReaE¥ /37 B DAL
BHEEZBGT2 Z LIk Ui, 7o, REERITRIZBWTH ZHEORBZITV, $196%0D 7T
2 BBEEORBICEI LTz, F2, RIBHORBEITY, K96%DMIEH T 7L O EIZAE L
720 F72,PCBERPUEFROY > 7 /L TH-BN HSQCZHIE L= iR, Z T 1 2OfF 5B R S
7-(Fig.5),

| Pg i Pr

T T 13 % T T
W (ppm & o

Fig.4 T'H-'SN HSQC spectra of RcaE GAF

A :RcaE GAF in Prstate B : RcaE_GAF Pg in state
Fig.5 'H-SN HSQC spectra of RcaE GAF

(3C,'N PCB selectively labeled sample )
Both states have one N-H signal of PCB marked with
dotted circle.

0.45 mM RcaE dissolved in 50 mM K-phosphate (pH
6.9), 50 mM KCI was measured at 303K.

o X IS EMNTIC X BReak # /37 B DAL
G

FRENEIR (Pr) , 1.67A O & 45 fRHE O FE i 1
YR 25, PCBO A 7 A —3 g ikt
5D+ AET VRS L ILZ,RcaEX > X
7 B DOPCBTILCI5-Cl6D —HAEANERM TH -
722, CI5CTsyn I ThH Y, &EMICa T b7
SN TH B (Fig. 6), LvL, fEEGIEWIL
B (Pg) WCBWTIEHRKMARBET 52 & AHR
P, MEBHRERSG TN REH KTV
[

Fig.6 Electron
density map of
PCB

4 Clear map
provided £
configuration and
syn conformation
around C15=C16.

< FEAMTHBHPCBERcAEX X7 BEDFw kAL -
B7w AL A =X LDEHA

PCBZEIRAJIZBC,SNT T ~L Lz Yo 7L v
T, H-NHSQC% JIE L 7=, ARV, fkta pCE
WU D ZFNZ BT, —DDN-HY 7
DB Stz (Fig.s), Z D> 7 b
U7 MM BDERIREE X TN A,

Fig.7 Interaction site between RcaE and PCB.

The side chain carboxyl group of Glu217 forms a
hydrogen bond with NH of PCB. Glu217 is shown in a
dotted circle.
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ID-BNARZ MV ZHIE L,  pHT.SD ARG

(Fig.8A) & FEAERIE (Fig.8B)D ALY kL% Lk @ e ’
U7zt g, FREEWITR (Fig.8B)IZ D #,260 ppmfTilT

IZPCBOBERHE L B2 b A7 7 b Ak L2k
e (N=C) DEFEZMGTHZ LI LIz, £Z T, 250 200 oy ooy 150 100
pHI0DFRHFNHI BT 7 Ak L 7R AR D R IR ) PaH 79
AN BV THREAIERINAE! (Fig.8B) & [RfkD 227 k .
NVEBIT A Z EICkBh L (Fig8C) , v bk -
i7" 7 b AL DIIUL A T = K D ~D %5 % A

WCEfRT 5 Z LTI Lz, 250 200 oy pomy 190 100
F7o. MR ER A K> 72 [COOH JETHIET 5 ©) P

EORIBEN D G217 DpKaZ RET D &I, 1BC .
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Fig.8 1D'5N spectra of RcaE GAF

<BE> (5C,'*N labeled PCB)
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PCBO#EZB LN T HMERSH D, H%
R IR oD TER MR i < dn e & &

The amide signals around 130-160 ppm correspond to
NH moiety, and the signal around 260 ppm

corresponds deprotonated -N=C- moiety.

H5HZENFERLICEZEE Bbhb, £2 Q180CG-CD
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Fig.9 Assignments of CO side chain of the
glutamic acids.
A selected region of '3Caliphatic-decoupled '3C-

<BETH detection CGCBCO.

1) Hirose, Y et al., PNAS (2013), 110, 13
2) Rockwell, N et al., Biochemistry (2015) 54, 2581 3) Ying. J et al., J Magn Reson. (2014) 241: 97.
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piRNAD & i IZB8 5 9 BRNA element® Z R 1# & fF 47
P38Y O 1036 1, vkt K 23, W IR 2, MU0 T 2, WA WA
TR, AR, BRI

Secondary structure analysis of the RNA element involved in the piRNA
biogenesis

ONaomi Takase ', Hirotsugu Ishizu 3, Shigeki Hirakata 2, Mikiko C. Siomi 2, Gota Kawai'

I Chiba Institute of Technology, ° University of Tokyo, * Keio University

PIWI-interacting RNA (piRNA) is known to repress transposons in germ cells. In Drosophila
the Traffic jam mRNA carries piRNA in its 3' UTR and a cis element ({j-cis element), which is
also located in the 3' UTR, is involved in the piRNA biogenesis. It was demonstrated that the #/-
cis RNA (100 nt) corresponding to the tj-cis element consists of two structural domains, 5'-half
(50 nt) and 3'-half (50 nt). In the present study, the secondary structure of a 47 nt RNA (SL-
123, a part of 5'-half) was analyzed by the NMR method. It was suggested that the structure of

each stem loop was stablized by the interaction between stem loops.
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LTWa. ABETHE, vavPa Y \TOpRNA % Fig. 1. fj-cis element

a— FLTWAwaffic jam () #s1D3-UTRIZTF

fET 2fEEE (Fig. 1, g-ciselement) (ZFH LY, Z0 SL-123 ARG c
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9% 1005% JEDRNA % fj-cis RNA & FEC}, NMRiE% A UA 6
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DAF B~ T, MO 2 — k7 v Ml & e 5

xR, 200fERAL Uinbinh Z LR X

Riz. 22 CAENL, SMO3SDRT L—F (SL-  Fig. 2. f-cis element O S TIOFR I HEE
123, Fig.2) AL, SESEAWN2MRL, ENFBERT bV — T OHEE KIS
UM KON IRHEE DR 4 b 1.

piRNA, cis-element, secondary structure
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Lo YA T AT EE L CAR AR RIS

A L7, LTI, 600 MHz NMR4Y 3¢ 140 130 120 110 100
Chemical shift (ppm)
7 (Avance600, Bruker Biospin)% v 7=.
fg S
[32oD AT A—TFFhEho _HiEEr]
A7 R AR AR LIZEZS, FFHLIEEAT DN—THEL AT AL —T
MBOEP MR TR Z T ABRERLRE>THWD Z g hote (Fig.3) . LivL, AT A
N—TFNZ2WT, WL VR—AD L 7 N a il gk E LIzfs %, SL-2&SL-312 20\ T Tl
ENTWAAT AFENERE TWA Z Eboiz, SL-UZOW T, A—7 4212 HG-A
I ARy FEELADOER BB S TS Z LR Sh .
[# AT bV—F O ERT]

HAT D—T ONMRALY FVORTIZ L o TH S -8 & oo RS 297 -
fo. FOFER, SL-1, SL-235 L USL-3O i A G S iz, i, SRS RIc k- T
Boh/-fEsric, AMBERICEAMDY R 2 b— a3 »&#iTofiH, &#A7 A
N—TEDEELE R TE .

5

GHEATFAN—THEERTIEA I /7 7o brorZrFarbbEv@lilsnigni-g,
MR LETCERNIEREZLNS. UL, SL-2ZIZBWTA 2/ 7 by
FAREIERTZ LB, SL-1&SL-20 24— 7 [l @ F B F <05 il 4y 258 B E
AL, lEngEkLTwaaEEREZ bR, Rl 7T LnSL-123CTH M
MENTWS., 5%, FRLEZEAT DA —7OEETF VEDRNEETFTLOMDY 2
2 b—3a Y EITR, HAT LAOEENEOMRIT 2R 535,

ZE W

1) Ishizu, H. et al., Cell Reports 12, 429-440 (2015).

2) Okui, S. etal., J. Biochem, 159, 341-350 (2016).

3) Ohyama, T., et al., Nucleic Acids Res. (2020). (doi: 10.1093/nar/gkaa598)
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