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NMR % i& o 7 35 A & 900 MHz [ & NMR < 480
KAt — b2 75— &ZD800MHz NMR D% i 7%
ETRTONMREEZEHTHIEATE, Z
NHOEZITRED T 2 DO NMRAH OB
ThEH L7z,

3. EBEFIE N X 1 > OXRARLMHEE

5 T B OB BB 0ERE FIEEICHET
H5HZEIFEGRTODNAKA F XA ¥ P Iz
G R x4 2 THLNZ R 572, ATF2 ORRE
LR AL VIENKEY T RAL OB ZnT 4 ¥ —
iR 2L CRY 7 F A4 U RRE VIS %
FoZ bz REBEPHO NI L. RIREVEH
BIEHHODNAKA R AL VBT AZ LT Y
7 AKEE CHEAEHT 5 2 b otz UV
LICE D 2O~ A7 H55F ) DNAREA KX A4 VA
FRACDNAICRE ST 5o BRI B 2 5
i K7 NRSF/REST & N K iz B4 K A A 1%
KIRZEVEGEE T3 ) 7L v ¥ — mSin3 D PAH F %
AV EBRHEEL TNy 7 22K T HZ &
BN BELANMRTHS I L2, #iaehy T

LTAY v 7 AR & 5 56558 4 A% HE A PAH

RAL Y ETRIZIEEZRRREZDEE S AN
MD EHE T S 212 L 720 NRSF/REST 13 i 50
R DTN EE 7K 1000 FEF O #E fn 712 BT %
B A LB —I12#A L TmSind - HDAC (B A b ¥
B 7 2 F VALEER) BiGHhR%E) 7V — b LEE 15
B2 W3 2 MEORE FIEFICERE RS v X7
B THA, NRSF/RESTH AL TR T 5 &
INY T b BRI R AR R0 B 2 R R A
WIESF O A L HRERBRAE L5, 2D L9 ik
B CIENRSF/REST & mSin3 DA BAEH % [HE 9
ALE M EIEF \E R IR 5, BIAERIG
KEFEORH S AREIENR Y F v —RERERIT O
WS AFLFRIARTHRESILFENEEZIT-
TWh, —iMLEMHET NI ATHNTH 5
ZEERRML7,

BAEBLRFZIIVWD KESALOIFENIZET
EAREGENFTFIED a7 2=y b ¥ 72
ZybDOAT FAL BRI TS EE DI,
TFIUEa DY R A 4 > O N K FIRZEVEAIRAIEA
G K TFIIHO p62H 7 2=y F®OPH N X A4 ~
LAEBT DT HNMR CTREEAHS I L7,
TFIIE O D RIRAEVEFIRIZPH N A A Ok
PRI T BRI E THRE G LT\ iz, BN
M HAEMIC X 5 TFIE O oA E % Pt E L Tw
5 DIXTFIE O 2MHOBK 2T I/ BRAPH F A
A Y OBUK Ry MIEALTWAZETH-
720 TOREEMNITIEFITHFEN T, RESAH
HLEIE T HEY D P53 D) v AL GIH AL E X £ >~
TH, WEBEINTWLEAKRP oW BN
AN v 7 ZATIE G MO RS TG T 5 2 &
ZHRHBIED THS I L

4. ZEEEHEZ /NI ED NMR

Myb F X4 v &0 vy B L Ctathk
WDTORXTREE Y 7 O TRF1 & TRF223%
5o %Myb K X A v k51 x 7 DNAMA KRS
Z V9 RACRF 25T L7ze BUEK Y V80 B
D in vivo DI H Z R KFZ DK S AR RARH K
FOMI S A LR EIT>Tnb, EHIC
TRF2 O N K KIRZE VIR O RN B X 4~ okkne
RESEIRHT 2 IR X A & LR TFF o T B,

et S ICE T AT L LTI/ EER AL ¥
EEL—WMOY YRVENH D, JTHER AL VI
LEJHETLET ) DT —H—ThHbAF VL A
FoH3AR T A RAL VELTHEALTH S, W

B Ao WEZ MDREENERNT
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HRFOIEB S A & DOILFEBFZE T A 2 Esal D
71 R AL 2 ONKRIRZEWEHIBA RNAGEKIZ
VETHHZLERBL, FLRHRIHHOI 0
*FVETFTY Y THFOChAID Y ¥ 7 L7 2
DI OE R AL ¥ OREEAT %217 5 720 BIfEEaf3
DR EIHNT EBERBIAAT 217 > T\ %, BIZBUES
WEHKORILEA L DREFEBZ% TChpl® 7 1
ERAAL VIZE A DY HIKID A F WAL Z L &
S5k haxy7n) vya—54 v 7 RNAZZ#
§ % H3E ORI IS WA E TIRT S Tw e
Mo 7 NKERREVE DS LETH D &% TIFE
BENRRM L7 F/onTu70~F Y HTHP1O
7 0E FAA 2 ONRKRIRZEMEFIE O H DRk &
FET AT > T\ 5%,

Yefa (RME G O I AR KA IZ e A~ 2 H2A. H2B.
H3. H4 4 2 & 1214635 & & © DNA 21750 /&
BERIBEDWIAI VLIV —LThHb, 7L F

YV — A DT & RS T O R BRI FIEF I
EELBETHY, e A by yRuo i
55%, SERFORE S A L OLFEMZETL A T
v ~XRuaNAP1& v X b H2AH2B DA HAE
&2 B ESANMRTIZ LD THLNITL 72
A b ONKIFIFEIZEWRARZEEFHIEDH D .
Foe A b Ty Ru VI IEF IR VIO RIR
BV S 5o 25 RIRZ M IS A B BE_E Ik
WICEETH DI EDFEG o> TE T

Wk, ¥ T B OREEFNTE LTI XM
BEETH D, Lo LHRRE LIFHICH B % RIRE
PRI B ATE Y V7 M ORESE AW D %ATIC
. BREE AT AT R NMR AW K CTH 5
TFRIENMRIC & % % ¥ 287 E OB S AT 34
b rux T Y HER T ORSEEY Y CIETE
WCHRBIENRVWEV) 2L E PR TERZBEE
W,

BAT X (ICLES - L LAMA)
19714F BRSSP

19764 BURURSHE AR BB i
19774 BURURZFHERI T
19894 HURURAESRAEAR M #%

19764 BURURARAE B2 R FERH G 1A R

19894 ARIETI V. KF R Beas & A 7eFt %

2013 4% BRIET L KPR B A v R AR e R R

20144 BT KRR B IR RHEA e R R - S8R
BUAEICE S,
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f#

s

V73214 LNMRIEICEK S APOBEC3G D

DNAF7 X %—

¥ a RIGDEERN

b AR A R
EYIN PSS

1. [EUBIC

HIVIZ, WERFEZFHATLIEICL->THLR
B %, —77. mEMDHIVORHZ HET %
HBERTEZHLTBY, £DO—D2%apolipo-protein
B mRNA-editing enzyme catalyticpolypeptide-like
3G(APOBEC3G; A3G) ¥ ¥ 737 Tdh %, A3GIL.
activation-induced cytidine-deaminase (AID) (21X,
RENDLY MY UV FT7 IA—ABRIBESNT
I BEY] (HX-EX,eP-CX-C) ZNK ¥ & CE
WCA L. CERME N X4 DA (CD2) A% HIVO
EERHIIEN T HIV O RNA D Sl G ST L7
(=)DNADOY b Y% FT73I4—2a vy LTy IY
WICEWT ZEEEZ IR L TV 5b, ZOBERGENE
\2& 0, HIVD S 7 ADNA EIZJAWHIFHIZ D72 -
THETDHCREANEER T H T LN TE, A3G
T HIVO#IEZ FHE3 2PTHIVIEHE 2R 97, A%
TlE. 2D A3G D CD22MRFET HHUHIVIEEDOR
BCThETTIA—Ya UL ) 7TVy A A
NMRIEIZ & > TN L7246 R % i 5% s

2. APOBEC3G DE R Rt D45

A3G i, —ARSHDNAHIIAFEAET 2 Wiz
B olCCCO=ZFHDY MY Y EIFATTT 3
F—varTAIERHMORTVE Y, F72, H
RIERWZ EIZASGICE BT 7 I A=Y a Uik
PLEARLETH D TARGDNA EIZB W5l
EVEERIPEAESN S, EH12, HHAFM %
FRETIZ & 5T, A3GIZ 1A DNAIZJEE: Y12
AT 570/ EMIFEFITHH NI L. DNAD
i J5 111249 30 nm (69 nucleotide) A5 4 K Lkl 5
TED RENTVBEPY, Z0 XD R
FPOGIE, BROSOBTIZE AL I
YA AT TN T 22 EDVRETH S, £
T 2O L) BRSO 720 O S HEE T T
VERESEL, YTV 4 ANMREEGDESLZE
I2& o T A3GORFFEPUCHEREZ B S 2 L7z,

3. U7IL24 4 NMR

)7V F 4 ANMRER, L% 7 v o&fbz
B 207 E ¥ 7 F IVIREE 2 BT B A
3 %, L5 7 bOBALE BT 560 LTI,
"N-HSQC & NOESY A2 X% b )V % #0912 & §
HIEWXESTEAED 7+ — VT 1 v 7B %%
HLCTOWAHELH L, ¥ 7 F VgL BT %
#1Tid. GTPasesGDP % k5% L CGTPIZ%
a4 2 G E %, GTPase ® "N-HSQC A}~
VRSN LT AL H 5", ZokHiz, )
TV & A ANMRZEE, # L 72 NMR il 2 % 3% 41
FTHILILES T BIFZLL TS EIED 5
TEBRBWTELTHETH L, T MEHCHEE
DOWFI TR 2t % —EIBHTE 52 L HF
D—DTHb, AWFETIE. 14K DNA L TA3G
KXo THIERIENLBHOTTIA—va v K
JE%&, TOCSY#:IZ & o T L7z (RI1),

4. V7IVZ14LNMRIEICES ABGD
MEKFNET7Ix—Y 3 RICOFEHR
NMR4 (2HERY 1 A$ DNA (1) # A, A3G%

WINBRICHET BV P v DE—ZiRERZ) TV Y

A ZBHRT %o BARYIZIZ, TOCSY AX2 b

ZHEGHEL, FT7TIA—varihbsIlEilso

THETLY MY Ok 6D HOMBE LY —2

BRI LT ey MLz (R2). wAIC,

2M8 > CCC % & 1 A8 DNA (S,.) (23 % A3G

EELAGCD2OFT I A—Y a YRUSZEBHL

72 (B2a, b)o ZOfEHR, EHLHLDLETHL5HO

CCCIBUIALFTIA—Ya v UBD AR NI &

Wordrotze £72. A3G CD2D AT fl B ARAEH

WZF73IhR—Yard52E%, A3G CD2A3A3G

LRI BWEFUEE N E WS, T

bb, INHOMFIE. ASG CD2II 7 EKAFHY

TTIA—YarRIbERITOICEETHS

EERIRIEBLTWA, HitW\ T, ASGH 1A DNA 1

ZAHH 1 20144E8 130 H  SZHEH : 20144E9 8 H  MWAEZRH B Ak

B Ao WEZ MDREENERNT
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F1 MRICAVWEZZEOESE

Sequence

Name
S2ccc 5'-ATTCCCAATTTTTTTTATACCCATTT-3"

Scccacce  5'-ATTCCCAATTTTTTTTTTTTTTTTTTTATACCCATTTT, -3’

Scccascee B'~ATTCCCAATTCGCGAACGCGCAAGCGCATACCCATTTT, —3"
3'-GCGCTTGCGCGTTCGCG-5 "

Ss cee 5'-TTACCCATTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT-3"
Sicce 5'-TTTTTTTTTTTTTTTTTTTTTTACCCATTTTTTTTTTTTTTTTTTTTTT-3"

Sy cee 5'-TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTACCCATTT-3"

EATGARNLTCT7IA—varyKoziZ LT
WEDPLIERRDL 2012, 2R DNA % & 4
TR (Seccscee) & FIV TR D FEBR % 17 o 72 (R 2c¢,
d)o A3GIZ2ARFEDNAICIIH A TE V0, 2
AREEDNAIZASGDO AT A FaBlET b, FBEE
it SHESHOCCCIIBIATT I A—
FERTIEFEFICR o7 (B2d)e THOZEIE VT
V& A ANMREZETDH A3G CD272SDNA E% 25 A
FI2ZEEMIBTETHLILEZRL TS, &

HIZ, MULEESTHLNRLLMEICCCCEED
1ASHDNA (Syecer Snccer Syece) EHWTT 7 IR —
oa v BUGHEE 2 B L 7oA A, 5T > e > 3
DCCCONETHRILHED T2 5 Z L B LMITL
7= (E3b)o

va vk

5. EFILDIEEE
A3G CD2 DA77 I A — 2 3 v ok

§+—— CCC ——CCC 3
“I . .
e -
l oo 7
g T oS

LY i} u

T If 'I"i'n-r fa ra
na

n
L]

wal C
¥ /
(2] n

i T L [ PR LF ]

K1 TOCSYEICEET 7 Ix—Y 3 X RICDER

BT 572012, UBHERET VA REEL
ﬂ%ﬂ%%:@%?»i A3G CD2ix. &0
2D [ UGl s Bk, TREA Ly [ U BERs
ﬁ%ﬁ@f%%#éoit\mﬁmmmuﬁﬁh
TDNALZ A4 L., —EAFA4 FLI{DH A L
MEEZZEZ BV ERELTW5, 395 CCCIT
Ao B DOBEFETMEZ ko 5 & Ly 325 CCCILE
Ao TR ORERTENEZ by g 5) & L720 ABGETAK
SHDNA & O RS X F 72008 SN TRV,
DA% 52396 E L 72 A3G CD2 HAKD I i i i
AR Y b O HNCEEAEAET 5 (R 4),
COREN, CCCOSIEREIIEVERr v MITAB T &
ZRELTWLEHEMTE S, Lo T, A3G CD2
OWEERT v MIZCCCHAALHBIIBNT, AT
4FT%ﬁﬁViofE&%WNMmﬁTE¢%
EREL7: (K3a). MHOBEESTIE, XL
AWK G TE RV, A3GIE. 1A DNALC
JEIF BRI AT A0 F I T 88 & B
WO —EIl% b, TD72, ASGIZL LT T 3
r—=va v RoZbEiE. X Q) ox)yicEys
ETE 5,
I(t) =1,exp(~kyeumt ) (1
L& DY 7 FIVIBETH D Ry (L DT

DFTIA—YavEERRL, TRO L) ISR
T& 5,

[*SI["E] -
kdeami: S()Kd { cat(3 45)(1 a )+kcdt 43')<1_aN 1)}

(2)

Wﬂ=§;%+g-&+ﬂ%-&+aﬁ+uﬂ%)@)

Wm=§—%—&+a+ﬂ%+a4w%4m%>m>

K,
2IN+1-1-¢"")/(1-¢)

(5)
NiZ, EROEEOHZRL, nldUS$ 5 b

a=k/(k+k,), "B=
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a . b
§'—CCC—CCC,;™ 3
Fo8],
<06 "
0.4/ ".
0.2 Yo -
0 = -
0 1 2 3 4 5
Time (105 s)
c d
: u‘*ﬁ'—ccl:; CcC ]
;:M t‘rf
!rn" h.""-.;u
0.4 Py
0.2
0
0 02 04 06 08 10
Time (10% s)

1T F—ccc—ccc,—3
g#.l \
<06

i, e

0
0 02 04 06 D8 1.0 12 14 1.6

Time (10% 5)
1
N, F—Ccccamrcec —7F
508 +i+
i.u_‘ 1
+i
L
gm *””
0.2 R
I-H|“*
0
0 02 04 06 08 1.0
Time {(10* 5)

K2 F73Ix—2a RIEDUTIVEALEZZ2) T
(a) 2R A3G D Syecc KT 5 BUE (b) A3G CD2 D Sy WA T 2 B (¢) A3G CD2 D Seecpece
K 2 BSOS (d)A3G CD2 0 Seeacce (AT 2 S

a b
M) 5 cce 3
g K ok N K ks ok : .
kj k. Nk ke ks’ ke 5'
oo £ o 5 3
T '
¥ ¥ L7 7 ¥ v 7
\ J =5 1.0
6 < o8
%o.s
‘- - :koff % 0.4
€——— [El k,, §
: Enzyme (A3G cD2)  0-2
« 0 < » :Substrate (ssDNA) 0

X3

0 05 10 15 20 25 3.0 35
Time (105 s)

D724 LNMRIEIC K BREKFNT 7 I % — 2 3 > RICOTE

(a) A3GCD2I2LBFT73I4A—va Y HILORERETNV (b) V7 IVE 4 ANMRDF—
%o Socce PCOGIR) Y Sycce P C26GKE) v Sy cee P CA5(FH)+ Scececce @ C6(28) . C33 (%)

O3RN LOMEEET, STV -0
B, [ENZ7 ) —OREORETH D, a. K,
(= Roge/ ko)s e i » Roae 539 W& FReDPIE St
WL WS A= —TH b, DNADOEEH
BT B4R A3G & DNA D ISR 7 2 4Tl E
L7z V% 4 ANMROF—% (Syccer Succer Sscce
& Seccaccc D 2DODCCC) DZT—IN)VT7 4 v b
#ifo R, Bt (1) oRUcX <714 bL. by

sy VX688 sy X147 E W HE RS
Sh7z ZD200RLE BE D ASGIZE BT
7 IA— a VISP EARAAE R R T RN TH
%o A3GIE. 1A8DNA LOWEFh OB LY
FICH AR EBEL0HMICHATAI T L, Lo
T, 5MicdH 5 CCCOH A5 ABGAS3 M H A%
HENEL b, TD20, H720H ASGH 5D

CCCIZI VLA DERZBEALTVWALLIICHZS

gk o WEZ WHEREENREY T
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HIFTH b

7.%5&ED

FTIA—aryEDnY 7T vy 4 ANMRF —
5 % B BLUCRESE U722 OB R E R E 7V T4 %
ZEIZEoT, ASGOWEMIFN LT T IA—T 3
VIS DOBEREZ B 552 L7zo A3G DA EARAE
LT T I A= a yUnE, ASGHEE Y T I
ADBFMNT & - TRL DEERTG b, 2 FF> TV 5
CLTHMNSTELZ LKL (K5),

W4E, APOBEC7 73V =2k 57733 4= 3
¥ RISAS DNADE X F VAL @RS¢ 52 &
PHE SN TS, Tz, MOEEFEIZ L > TDNA
FoY MY UKL R BMiE 2T, TEY %
FTAYZIHERELTWAZELHIEINTWS, &
NS OFEFSUS O FEM 720 FOS RS X ST
5, SREIMEA LY 7V 4 LA NMREEIZ & 5%
MRS %,

8.8

ER RS IS P SEN e (Z e S
BT RO VA NS &k ISR,
2 N — G RR R EA  A BER BT 0 B
HE TR OLRC VSN E L, 20

Bz By LOEHL 9.
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w BXF (550bh - HRI)
2002 4
2007 4

2012 4E~HAE

20094 HAB AR R 2 H

Piyneiliy SN i YRR (s =7 S

HR PR R A KRB B FE R b A B L AR T
HARZEARR B IFZE B (DCL)

2007 4 — 2010 4F Bl L RFRFRe a2 2 A7 ABHE05eRE ST
20104 — 20124F RUER RS AV X — BT HARSFAHRFLAGERINIZE R (PD)
KM BN v M) — R AR ATTE T iR R
BB R AR AL FHTBI#

EBINERHO/XO

KB TEZZEHEMEAR) 7 ANZF U OREREEDONMRME

NMR studies of thermo-responsive behavior of an amphiphilic poly(asparagine) derivative in water

E.watanabe et al., Polymer 55, 278-286 (2014).

A R A PR B R ) 7 285 ¥ 2 (PAD)
AREBW AL, RIS U T i iic v v — 7 Vg
BERT, SOVV—FVEERBS %, BB &
OFAPC NMR A2 X2 b b % Bl L TPAD 0
B SHM L7z 72, "H NMRAEFEFR, T,
ET,OHMBBRE NS 75 AR X - T2RIT
<y TIER L. KT OBz 552 &
XD, YV—=F VB G OKSG T L PAD &
OMEANEMZ WAL T 52 LRI L7z HRD
PAD KA X 40CH HAEE EADIHF Y. 58CT

FREEE 70 Pa-sICEE L7288, KEIX T T %,
m‘¥®@ﬁ@%l#%%ék 20CTIET, T,
IIFECEZ O T DA TH LD L, 7
M[:a‘z,) 40C TIZ 2D E DK G T-H 8 S
720 PAD EMIHAEH LT 5 K5F 0 T, 3 il
ZARLGAH/NE V. I VB L 72 PAD 80

Fv b= PSS NS T LIRE SN SOXIITT IV —F VEEBT O RS T OEE): D
FTH Y PIRGR,

WERTALTEL 2L 2R L2 L IRIERICAHRE

/TU_’Z/\7ﬂ?/10wt%§7}</eﬂ¥¢'®§ﬂ<$2/ﬁi
T, T, Z 77 XF]|~y TR, WRIET=T,%
R, E—VEEIRlogAr—ILTEAIFENTL

%, ERINO—ER%HIBR L T&H %, (Reproduced with
permission from Elsevier)

[Bﬁﬁﬂ(—?—*ﬁ I%ﬁﬂlu\
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ﬁg £

&

NMR®D/N—RKIIF7ICEATBAE
1. FISEFBRICDWNT

(#)JEOL RESONANCE
IVVa—=ay =74 77T ) r—a yR—-FF—24

N

FF

A A TIEZNMR (Nuclear Magnetic Resonance ;
B E ) o= Ko 27 2oW T T %, &
I B %, BUEE Tl el s
[ | HEEICICLTWDEAL BT LHEBED
TEIIZDEBY TlE RV, T LAEMER] % 50
T 5720, MR ERTTTHSL I EIETOBMT
DLTBEw, 2, M2kEZE) &2v) Bk
BHEBHDITTIE R, REEGPYRTLIER A7
BDTHDHZ EITTHIFN2 T B0 EEH . DRl
HARTIRIIEEAL 257205 NMRZ V24139 &
FTHEIAD, FRHIN—FT7ZTIZOW TSR & 3
DI E LRI, BELRLEVWT I A MDD T
DN C ENRFEF AL HEILEFELERTSH
Bo ARl EWEFROY I E FEISFLE ORI %
R e LT, —#RBIAE 3 2 25 12 3 L v itk
3 BFEEEMET A LT L7z EAMICNMR % 4
DTMBANDBTANZTENY KTy 745X )0
BF7=0b ) ThbH, ZELRIIHTHHEFFHLRE
EPETRBHAANTIEL ZETHMRPIEE L ERD
n% [1~19]O

b &b EARRN, [45 645 F NMRAFZES (2005

Figure 1 NMR®D 3 AFZE&(H
FEMDARA T E 22— NMRIGE (K& W OF,
IRICHE 2 N7/ S VRN ATE RS 22 &5 A > Tw
%), (8{r¥) WA, (#k)JEOL RESONANCE 24,

L AR | TOEZDO =2, [NMRN—FY
I7 OS] 25 LRI Eo 727 F A M AYKIT
Db L[EAR] THD, SHIT, MEEEZEDOH)
B2 B % [JEOL RESONANCE 20134 NMR
=W =3I =74 7 JREB LK) Tifiz
5 EEIYETZMA 72ERATERHI LT, 4l
BITINEERTIEZ N Z 720

EZAT, SHMZ, 7)) TEHEAINMR (FT-
NMR) ON— 7 7 2 KT 5 F % b 0% 505
&, WA, potEt (A7 bax—%—), av
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FE, B, 3T Ly — GEBIOGHHOR
W W BEITAFRLREDPLETH LN
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FI-NMROBHFE % 3 572012, Y KEIG 5 Rk
ZREELTWzERIZE LK, BFEE TS, %
KRFE TEB AV /8y 2 > T4 NMR 0% &
ERNIATL. FOT—F % 7Y IER|BLOZ
OO Z§ 5 2 L34 MR ko7 Lz
Mo TARRRTIE, BohMaEE vw)ZedHhD,
IV 2= IZDoWnWTInRv, 720 BAIZD
WTHIEADA AT HICE 0, MEDOK)-%
NMR D553 565EEB L O ZF ORI OV THER S 8-72
WEEZ DL, AROBMEICKEL, WMEZHKITE
BRE OB E RO THN, FIHVo72bIF T
B4t KErZEEROFHOHK, FI
DHFTDRERIZOVTRRERE TN 0T,
BN, ISR OZER. Tu—Th I
DVWTHBRLFETH D, Tz, LWIER, E2Th
A5 =%y b EOHF— =12, KIHIHIRT 22
ENTE LD o720 e LTHEBTL228
DV THb, THHIZIZ, ERlICERAEH %, HF
DAL LIRS VI ) %, [EHONMR
N= o7 | BREAENECIBT 522y 74
ST AR T4 N—=F T ZTDNT TNV
Va—T A Y TR EIIDWTIRAR v,

ZHHH 1201449 16 H  S2ERH : 20144E9 H17H  M4EZH bk HA
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NMR®D 2 —#1x (EZEOHBHE R THLLEIHD)
EIPN 1L ARE 24 O 42 3 1A major-vendor & L
THEALREGZHICHL TV D, IEFITH OB,
Mo, WolzZ 2, A= ZTEERMRME I
M4 2 HESH—S T, W EZRRY) —i%
YDd 5 ARGEZ M52 L 2R kA7 05 Bfliv
DEBEA—NDLDERFENRLDGEDH LD
L Zev, BRFLWZE 20, SHICESES
IZEF DR — L R—= U REZOEH RO E R
HETHRARIZEEHBET LT DL V. I\t
CELBFHFLEL L0z, FNEDEEDOH
M Ch b HERE ST UFICY Y- XTTF
R) OFEEAED G BFICNBFEDIRKELm->TLE-
TWAHIZEDLBFECHL LTz,

B, ARONEBIPEZO#RNEICKED
WC, NMRAZ#AEL 220 i 2 2843 5 2 & L,
PEDPIGREL 720, KEPFELZD L, AW
e\ LW 2o LRERT 20 U S8R0 Bk B 3% AR
LCh, BB LOEEOEB T S BfR%R L —
UEEEAbLR V. HEFTHLEMETBEW L
W

1. #—N—Eax—":
HEBRD LT & HERE D B 4 B ER
DI, AR T 2 HEEOMROERD HA,
NMR/N— R 27 D& & #ae % & & i3IS
3% (Figure 1),

RN E1—%:

N2 EHIR L, AEmAEZ L, NMR
fGm%7—") T3 5, LENIZRIL7 —") 24
WaRFATTH72DI, BVETRENAT -2 HT 5 A
AT V=LA 22— VT T —
JAF—varvEBHL TV, Z0OROEMT
Hotze UL, BIEFTOBRBNLEI Ea—%
DIZEIZED, REH DD VEHBEHO Y 3~
Ty WHEDIVRITLEN L 2IRITLT —F DT — & L
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WD 720127 — 27 AT — a v O 2 E )
Wo THHLZZD LTW2D72hs, Zeffize /sy ar
T TEXLZET, IV EBAEIR 5
720 RFOWMRZETIL, FHEZLADENTH DR
VA TT = EZIT G, R EAS 572 AT b
Va3 Iilha—A4 Y778 =78V 7 R
TLEYF—=vary 7 hAEL, LR=F WX
DH, RAY =TS VLE¥rF—ar774 V0l

HMECT, —HOY A TERETH I LAY 72 0T
WX olze SOZEERMDEND L, T2 4V
Z—4 v FRENSEALZZZ & T 100km DL EBE
NG ORBEIZT 7 AT AH L) BRI E RIS
oTETCWD, dy MT—IRHT L CEGHRGE
HREEHMFE ST, EBOWER AV TF ¥ ADH
A= B G2 ->TET

AIEET

SEra ¥ a—% RN E L7z a >
Ea—¥T, "APIVE2—Fh5bESNLL
Ay —r Y ADOWEZEERIUEZR S, $72. ADC
(Analog to Digital Converter) THUR L7257 —% %
RARNI V2 —FI2HET,

=Y NRE T 2= S04 T,
INWVADI A IV T miIET 5,

IR % G B B A il DA =10 i b &t S
5,

I =T YRS ORI ENE B E EE
YA FRLDETERET b

Ty TAh—% W EEST,

N =T 7 ROV ADE) ) % EIET S,

Fa2T V7Y R =T VTR T =T D
WET 857 NMRIEZ IR D 730 %o

Tu—7 (Fu—7~y R, 7r7F)  RE/SV
A& TIVICEBPE L LT 2. NMRIG5 % #
B35,

TVT 7 (REHEER. Ny F7 7)) Tu—
7 TR 597 NMRAS 5 % Bl %0

T ATA) ORI — B2 RIET b,

WA

SR B A B SR Do KE LT TERA
e (MEkE &) EEBEAICHET I LN TE
%o BEEAIE. SHIT, WiEiOmA & B(RE
WA THTE Do HEANY Y LOMBA D%
ALEZELHD. RARA B I HH AT &
(G ZHER B T TWE, 558 EE D&
FEIE IS AN 7 A DFEFED T o BIRER A T,
i) & 2 D Bl TR E A O RLEIRED N S
EL BARRNTOLERNY 2 — VEAE R ET
Bo THE, WHEANY T AHEAL, E512a4 )L
ZRNLELAY 2 —VEEFEL, BAaDON) Y
LIRS DR 7 A —RUTHEIET Ho &
DG % 7 = F (quench) &R, 7T F 5k
&b L, FEWIELRDWBEN) T LD —FIEET

B Ao WEZ MDREENERNT
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%o ZD720, NMREA IR G, TR
JEAMETF LT, BBK - R OO T 5l hEME
NVd Do THOMZEDONTHIE, ZFDHIZfEH
F5ZEI3ET, FTERIMNRITEEEDNLEZDT
KLEKTHAH25 NMRETI[BEE| 2352
BIEFICERTH 5, F/mETIE Ly AT
D, N7 BIREAZ L7 NMRH DR A b B
%%é ﬂ'(l/‘za) [2()‘2110

2. VL

FR OB REENMRIZB W T, B ED
DOTU—=THOY v 7V EELE T 5B CIERIC
WY —ENEREIND, bRAIL, K5O, 7
O—7 D THRRDA IEFICR R S
NRECT, 7o RV ACHCL d,— 71 v iA
) O'HNMRAXZ MV, 04 ~ 1Hz R EDIE
WA CHE CPEAE) 2R, 4. zaakv
LADd;— 7 & bV E600MHz (‘H o L 18 JE %
¥) HECHETAIEEEZLL), T2, WBlA
DOTH T NVEDOKFEHA (radial Fl, X2z L
Y /) OBSHIBBINCELH T, T TVE
O LT Jm (axial 1, Z 1) HIAE—72 LA
T b TOWAHE, BT NVDOLEHEF Y TVDTF
HoOM20mm T E ATV AT, ¥ 7V
L T ER T F W By i LAY 1 % 38 > TV 72 EARE
T ho YT IVEFTI41705T, ¥ > 7 IV gLiEg
T14.1000T, ¥ ¥ 7V FERT14.0295T D X 9 (ZH#
RNZED EIRET Bo 2D LX) HIRET, Lo
sauRVADd—T b VREENELZET
bho TATHE, BBESWEIIE-T, 7V E
ey Y TNV T ECH OB E B2 L C6MHz
DENIZHRY, ookl AORIES6MHz (=
10,000 ppm!) 127 %, &L EARETIE RV, B
Whafz 5L, 0.6Hz RO iRGEE 2 &
.12, 0.1ppb (ppb i parts per billion® Z & T10
BHDIDOZETHbD, 2%V, 1ppb=10"°ppm
7205, gL CHESTH 1mppm & & EFHWTiEw»
Jw) BREOH—BIINETHLI LIl D, D
T, AESmm (NEE4.2mm), £ & 20mm &
DT a—THNOHREE FRHIZ L T300 L&)
% 0.1ppb B DY —FEIZ L e\ & 2 D5 fFHEATH
BWZ LI b, THUIMMRETS, FEBEIZIEZ, 2
ANVICEHRERZRTIEICED, BIBHIELIT
Vo TDIZHDAALNE I LTAL N EWV,
EZFHITEEY IV W), BEERA %
L7V AT AIIBWTIL, 2o af VA

Bo AANDHH—DIHANITHE S N7BIRE
AT NTHH T, &) —2EWanERN 7
O —7 OB PN 2R A IV ThD, B
(R Y MIBIZER AR, AT A= D
HLEWREST LDT, 2—FRZOHFAEEEN
TWBZ LD,

T Y20 LEET %, ffriz 5
W&, duldl (B B,OMX) 2z e L, z
e R T AH RCxfiEyfiA &0, 0, 6%
MREEREIZ BT 5 3D DR LT hHE (RR—
S, WA OE LR TO 28 5 1R OS5 B,
i, LTI ZENTELZERALNT
Wz
B,(r, 0, ¢)

=A,+ gAnr”Pn (cos®)

+§1 él [¥"P"(cosO ) (A" cos(me) + B sin(m¢))]

UNEELWESAROHETOT, A7 L V-0
HBHEHARIEL THNTREHETH S),

2T on mIZATHRVWER, ABXUBNZ
EHTHY, PLIIVY Y Y FAVEEHATH-T, P!
VY x v FIVEEBEETH 5. $720 m=0DH
IZid. A, B, P,V o72X91, mxET 5,
— IS B ERECEAOTIMIH - T xB
Xy~ o@Sss (b2 T#ES %S, BBX
O'B,) iy 0D 2 T~ ORES; 55 B T
GNEHEHT 2N TELDOT, LT, Hli~
DWW B, DA 2 B0 28T 2 FHNT ¢
WARAFE L e\ Ml Z & 3585 % il 1) (axial 72137
F v V) B & v, gICIREET AR L B
T 2 Mgz 5 sy (radial. F 72135 ¥ 7 Vi)
Wi, 2%, X2-1I2BWT, F—IHIZY
FHARAE L 2 WIHTH ), FEIHB XS =TI
BIAKGET A TH - T, HIHIEIBBE 5
BTz hHMDRY Y a VIHIET AT F T v v
JHT, £=HIEX yHHORY Y 3 VIS 55
VTP NVHETH D, ¥Ivreidh2-11cBnT, 6
CHBIOEZHE R SEHEANIIIHELES S
EATMZe SR, EE O NMRAFEF M E IR D
T, XV zh 5 7% 5 cartesian & (B AR R) K
DI 7, 60, ¢ 55 HBBIERERDO T BERITH 5
TEREML, THVoKIRLE T S,

FTR2-1DOEHTH D, 7TF ¥ X IVHTOR
Wik B 2 Bo 5 IH % M cartesian SR (2R
THILEEZ D, (EH. SHENKELDT,) Z
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CCTRHE_HZARTEITEMST 2. 2=rcos 0 TH
D, ¥=x"4+y"+2"THHILIZEHL, VIx
FVLERERATLEDTOL)ITHR2 M
nélA/Pn (cosB)
= AP, (cos0 )+ Ayr°P,(cost ) + A’Py(cos0 )

+ AP, (cos0)

2 (2 .2 3 9, o
=Alz+A2(22 (« +y)) +A3<2Z 3z(x —I—y))
2 2
82' — 247X +y)+ 3 +y)°
ra )
8
Z
A
.
¢
r Yy
r
X

X =rsin@cos ¢
y =rsinbsing

z=rcos@

LA, X Yy ZIZHART /R EnwEaEd$ 5

b

S APP,(cos0) DAz+ Az + AL+ Az

L), zOZHNITR D (DTHL, HTHL),

fev T, R2-10FE=1H (T 7IVIH)

émi [r"P(cos0 ) (A} cos(m@) + B’ sin(m¢))]

BER Do

R"=7"P*(cos0 ) (A" cos(m¢) + B sin(md))
7272l ms<n ---32-2

EBLo FHTHE, SYTNHETF VX VIHE
PR P CPIET R T 5 & (S F 2 EF IR L
DT, IRFTTEREMTDE),
H=Ak+Bh
=3A,zx+ 3B;zy
=34, —y) +6Bixy

R} =§x(4z2 —X—y)AL+ Ey(ﬁlz2 —x—y)B,

R:=15z2(x" — y") A + 302xyB>

Ri=15x(x"—3y") A3+ 159y (35 — y°) B

kb, ETHTREZE)BREPMTE 2 (DT
L. T72L)*,

CZETY AL B0 —LIZB VT, B,
WHOREENHFICL>TEDLH IR DM
Z, R2-1IRT7F VA VEB IO V7 IIVIEIC
biF. o, TN E2LHUIER L3O TRL
720 L7255 T, H L, AVRBIEwo 275 H
FHEENTVLHT FIZIFA T L TIEx) O X
9 72 B, OEAR (DO F V. x HOBEREIZH
BIL T B, @ 1R CTEALT 5 & 9 REREAR) %
AT ZENTENL, —A/R—BIESE S
LHILTINLOHZF Y L NVTAHILENTE,
Wi At THZENTEL I LR D, LHTO
RS OFEIZBWTIE, TNHOTHITHYT 52
ANEFEBITEE, TNOICHRTEBIREZART LS
& TR R ¥—1bL Tz (Figure 2-A)o L2 L.
SR LT HBIRERA»KEL L, F720 BN
EEN L FERT 2L E R L7, XD ER
DEHE AT O —E 20 1L 34 2 LA
TED RBBKRELRBE, 2L Hafv
2B ODIEFITHEEC % 5,

ZIT, RPN 7 AV AEMEND ¥ LADBHF
%Nh7z (Figure 2-B)o 2D Y AT, LitdKIH
WCHMT 2T N EIRTITELDOTIERL VA
DEHOBEF LD AL NEEBE, TROHIZHTE

THALLEI L HEMmOR TN, RF vy vV
(r) DI L T 5B & & o Schrodinger 75 72
e

_;WV2¢ F V() =E

BEZD o BREHMOIEE MREIEIC

¢ (r, 0, $)=R(r)xY(0, ¢)
DIXHIEBGEL-TAE, 2L XOAEIHEIZEK
T A £

,A0¢>

—q)mtim), 4f2l+ 1) (ll:_||m||) Peos x 6™
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W72 E L TWAZERBINY)WZT5 LR
Yo L72Ho T, HZHOSOWMOr 24N L7
bOEMIEAHMRT 5 E, KEFETEOETHLE
(Is. 2s. 2p) ERIUEATAZ EPBETEL LR
I (DB, WEITHNAIIELB-HIOZ &5
LW, BILEROEZR IZIZIEFICHETH - 72),
NMRILG % &= T IIFMICHBE L T A HFHEIIZ L
{BWH, ¥ ADOIRFN T IR S 2 s
DOHREPEIZ L IFIEEE D h o7z, KOF V-5
T HNEOHRFH LW OFRF L3 2 ORI
TR OFER A H 5 DT, EKRDODH 5 NI LT
ALV,

B Ao WEZ MDREENERNT
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WMEHEHoary¥a2—%, DCEJE DAC (Digital b0 L72H 5T ZOWE. IRK1IARKDIALVIZZ1
to Analog Converter) T2 > hE—)L LT, =% DEH Y AEEEHE I 1ITHIS L TWiev,

NVTERRD, —AR—BNIHNT B IR EHIZ, YAQHEIVE WY AL VEREL,
A) B)
1 f:—?\
a b mA peRs é
g
R €

[ bk O=0 '.u:’;—ﬁ!l(::l FAF O a—%

Figure 2 ¥ L1 OBEEXRK

A) VADHEIA NI IAIGE L TWE T — A, IRIARODIAL VICHETEREZI Y ba—VT5Z LT, ThZE
NOIALNVHPEETLMIEREZa Yy ba—V3 5, TZTRHAIZIEZIOX ) BT AH1D55DART, B) <k
Vo 72 AT by YAOHOERBOIANEAEL, B2 23y ba—Lvar¥a—y 0 1RK1IEADIT AN
T BHRZFE L, 24 VAR THBMHIEZIT). L7225 To ZOWA, IR1IROIA VIZZIDE S Y 4
HEIRLSHIBLTW ARV, 352, YA0HOBIVEZHEDaAVEHEL, Y23y ba—Vvaryta—7%
WALV T BIREFR T BT 7T vV aoReEFEEIEEEZHWT, YAIA4 VAT LY 2 — V%
RIRIC 2D XD ICHREITAZ LR BREET AV LRI T v T2y A LIRS,

A) '—
NO—7o7 TaILoY
LiIEE & ' (W iEiEEe) (T/R RAYF)
Intermediate  _Mixer Duplexer
. Frequency S — (T/R switch)
. IF BRE/—R (F) —
=ity # \q BER # '
Sequencer ‘ IF-Frequency 9-12 MHz LO—IF Attenuator PA
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A\ A Jn—7J
\ HeEEEL Reference 5% Power Amplifier
A \
\ Local(LO)
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smm ~ \ BERTUTUIRE) ~
HEES ~ o - _\ - FRM YA To preamplifier, receiver and so on.
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DDS: Direct Digital Synthesizer Synthesizer
(FSY) I
B)
NI—=72T TaTLIY
(HHiiEse) (T/R RAYF)
L. Duplexer
DAC: Digital to Analog Converter (T/R switch)
—=ruy D/A 2V N—4 R
Sequencer ‘q DAC ‘ Attenuator PA >
Probe
A\ A Jo—7J
\ I Power Amplifier
gg{g%‘\ Eiﬁ{%%‘l Reference
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hN l BERTUTUILE)~
N e HEHOYH To preamplifier, receiver and so on.

~ -

Master Clock

Figure 3 NMROE(ERICET 270y 741755 L
V= RS TE=TETICAS>TOLIRMICE L THtd, A) 5 F ToOHEE, @&, DDS TIES N7 ik
¥ &, FSY (Frequency SYnthesizer) TS N7z H# AR A S L7z, PA (Power Amplifier) ~% 515, B)
L1133 %Y 7 %17 T2 DAC (Digital to Analog Converter) 29 & & TRLEL W EZSH L PAIZ%ES H D
R, digital PAZ W72 2B T A 0d Lt v,
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CDOVAIPA— VAV 2—FIPRTAIVIZHT
BRTZETETLEIIZ, 975y 2DRERE D
EERZHNT, YA NVITHET S Y 2 — VEE
KRB XD ISR TAZ LR FRET AV L%
VAR E NS

3. NMR 9 %5HCH1T 2 %ER
3-1 NMRZEERDA—/N\—E 21—

Figure 312, ¥ =7 ¥ 670 —7FTO
NMREERICET 270y 25477 F L%mR
T GHEIra v o= bz izy—rv
Pk, EDF A IV T TIINVARTESE LD
L. Fds. it e L wo /o7 — 5 2 )E
# %% (Intermediate Frequency ; IF) @ ¥k —
A (DDS (Direct Digital Synthesizer ; 71 ¥ % Vv

EHEAK) 7 L) ez b ZORERY — AT,

=7 P ORZ DN A RS, P EER
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#1790 TOXITLTHESN-HHER DOV
Al IFHITBOTRHMEE S v 2T A F2MED
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FXUANDPS, EIVoIALIVTT, £
W 72N —T, E) Vs 2 TIRE S50,
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ENTHBEMBEG RN THESVAT AT 7T A
(Figure 4-B) 5, NMRZ%JGEF E&ED X 912947
SN, 2SOV ADFEAE NS D (Figure 5-AB LU
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A VDSERT, IR T 57890 2D 7)) ZATREER F 7
LYF U ZRRBRUICL B TRL, 7Har%en
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L. —2REFHITFHETHE, [NMRICHEHS N
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(Oven Controlled Xtal Oscillator, IH i/l > X 7k
EARE)T) 1261 213 10.000 000 00 MHz 3 #e J& 1k £
#REXEL, ZTO0CX0IZZFDHDE Y KGR
B2 EEAomIC AN, HEEORES —EI12
BO X ICHIBE T LT, MO TREL 72k
W A IS B BHEEBIEZ D%, PLLIN
#% (Phase Locked Loop ; f7A4H [F I [ml %) 7 & C,
SR EREEs NS Bloswhz i, AN
B n/miEENn s, 22T miZll Eok
¥)o LT, H#BIC, DDSTH A X872 iy
BB ERALEIIT %, % BNMREEIZ
Lo Tid. DDS2HBEE Y A FOEMARNIC
HHbObHNIE, EFRNOFIRMBIIRS TS D
DdHbH, &I ATOCXO THA S 7/-FEHE P
¥z, NMROEEEEREZELOAL LT, Z0D
F AR OF F (H21310.000 000 00 MHz
DFEF). BV UIZREBEEERL 20z
L. NMROMOBHFCHOIRHERF S & LTINS
%, Bl LTix, DDSOHHE, ¥ —FrHoray
7. ADCOWY AR A I T oray 7 EThh,
DFN, ZOEEFHPEHATNLE, NMROILE
JE BB DA O T B EHI A, RERFIEAS L - B %
DobL el b WHHIEIZBT 2Ty 7
% L7 WIRI CRBIRER#A113 0.1 ~ 10Hz (‘'H) /h #2
BERY 7 ML, BEREDSREAICE LT FlZ
E141TREA (HO LI E P %600 MHz) ©. 6Hz
(H)/hDF) 7 v B3dHorzb &2, Tk ppm Hifr
I 5 &, 001ppm/hTH %, LA L. NMR
DR B LTV B KRB -5 0§
FEAHEJE P %0120.001 ppm/C. 2 F ). 1pph/CHE
ETH Do KRR T OB BAIE S F72 5 5K
SEMEREDZEALTH S, 2F D, BiRALEL
TWAIUTERERBE D ZET 5D T, NMRER=
DEIMEHIIIFFICHETH S,
DDSIZAEV I ENT WAL T A V¥ VT —
ThELTIEZHMMETIEH L, Zof#H% DAC
(Digital to Analog Converter, 74 ¥ %)V - 751
7 Hags) ~3% 0, LPF (Low Pass Filter, {8
W7 4VE) &ld 2 TUERERREGRT S
(COHFIX > THRINE 1L BRI
B EDLIA R e G Ll OLPFBLHETH S ).
OCXOB L U'PLLME 25 2 B M8y ~ ¥ A
PO EESELI121E, FICPLLEE O G
BN T2, B s ~%010 pes F2EE DR
MLETH 7255 DDSIEH O, A,
SRIE % IEH RIS S5 2 EHETH

fie fo  flo=fotfi

Frequency / Hz
Figure 6 *ERTEIET 3 EFEHOEFRERR
"H®» 600 MHz A7 bV 7, mRiEEE (IF) 10 MHz
OB THMNT 2546, FAEZIUTOM) TH S ;
£ (PR %% ~ 10 MHz, £, GEIEJE 9% ~ 600 MHz,
f,o URZER I %) ~ 610 MHz,

%o F7z. DDSIZEEAR IR A TR S
A, B LS IR B I T & v

3-3 FEEEIXxI LY ERBOMEE

NMRDOEFROA L ST, ZERITBWTH,
BEORBEHE LIF-) MiF-n 352 Lider
LI TITbNTwb, Wz I 200 ¥
DRI D55 D, JHIEB O 2O JF B Y
T AHHNORBEENEWRS 2LERHLENH) LT
» %, Figure 612, REERTEL T 5B DM
BB 2 R g, B b AR R & RS
WB Lo 1E3-2 TR HWHIFTIEY s h, 3
FHICTIF Y r7E3N, TOEDOHERTD 5.
f, (B2 TV LILIBRENER) 2Eon b, ZOJENK
BHAMLEIN, NT—=7 7 TERIUNPMWIEI N
#%., Ta—T7IlELN S,

HARKIZIE, Figure 7 T/R3 & 9 7% DBM (Double
Balanced Mixer ;: ¥ 7V /85 Y AIFH) D X
I REBTIF I TS (ThPAHZE 7 A
F— FOBRFFEOIFRENEEZ HV72b D85 5).

DBM Tid, [REREZT]IVBAL v FOEKEZL
NS BEe] O 52 RS 5, Lzho
T [ REBREFINEZERETH-TD,
B DOBITHEE L TVWLE) BRI A=V EFFST
HSE LWL, 2F ), [KREWET] DMK
BEfel, [MEWET oMERELET5LE,
HIE B OIRIFA, 1.

A,=sin2rfit+¢) X
1-@ue<t<@n+1r)
—1-(@n+ 1) x<t<2m+1)7)
nl3 B
LELZENTED, ZONTHEOBEAMOIHIN
HorE 7 —) TR EURRT 5 L.
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. = sin(@(k—1) nf) Figure 1012, NMR4MEAH B 2 %k o6l
Ay=sin(2rft+ >< 5 sin(2tk— 1) xit)

e = %75 Figure 10% 5.5 & IR ¥ 4 1

=sin2rft+ep) THAE & ¥ 72610MHz ® J5 %8 H ¥ 525 10 MHZ O

HREEREERA SN, 600MHzE 25> T3 2
LA ERS, B, TNIEERIIBITSLE
BAMOE—HITF LD 12T L, BEIXFT7oBTHL, (TFHas - A7uy
A VB D) ZA5R T, ,\”%J—J(E@M)hﬁ%
RFERBBEREGLT(Iv 7 AT 7 LT),

W R RO DR — AN R if%(‘: L. M?l‘EO)
e DR E SSIGRALT (2 IV
b7, FBEBOMEFEBOEEZRLI L AFT Y LT) A=T 4% miﬁw){aﬁk L CADC
NTEL, LZAT,. DBMTRETxRELE T ALOT, F2HHERIF I V7235
JCiE. BEBOMBLOEOW SIS Tl b, —H. T4 YFVIER K (Digital
DT, FHEBOM BV L EZDK L VWG 5% LPF % Quadrature Detection ; DQD) ® ¥4, —E 721
EDOTANY ML CTRINT 2 LEDH > 7228 WEMEWEERTI v 27 AL, ADCTHY A1
(Figure 8). SSB (Single Side-Band) I ¥ % fili MOGENLWEBb s,

4% Z &, BPF (Band Pass Filter) 245 =

Ll AEBEOM VL EZO— T2 EHRGAZ & 3-4 P-4

X%sin(anLt) —%sin(anLt) -I-%sin(lOnth)

A, Z%sin 2rft+¢)X sin(2rfit)

=%[cos(27r (f+f)t+¢)—cosQCr (f—f)t+¢)]

HT& % (Figure 9)o HIHZ TS, BERICBVWT, E0XH IR
D1
N
1A
0 D2
o 7K —
Imput port—1 Output
D4
—H y WYMARAARY
- D3 B INSTRES
Small signal
ABR— ) »
RELGES Imput port-2 D1~D4: 4 A7 —F(diodes)
Big signal
INSTHER
Small signal

Figure 7 DBM (Double Balanced Mixer) 0 8¢ % (138

DBM ZIZ AJJR— b As2D, Hﬂjﬂ” FS1D0H 2 EEZ TR, BEBORLRL [RERET] L [N RES]
EANR=FPIDADL (ZOHA. ANE=F1LEATR=F2, HEMICIZRRL28EE2T 505 FHUERZE
LHIENTEDLDT, 2:’6%7» U(% BRI THRW), HEROMB L OEICRESIN NS RES] 2 1)
= 2oB5, Z0OLE, BEOREEDRHIMEESTVRVE, LI LVEEEZ LAV O TEENLETDH
b0 NI UADBENBITTRCTHE—L T 5, ANVK—FOBIEFEDLE (ELLIE, 44— F‘DIO)’}’/—
FHIOBEHIEDOKE, Lk, bI Y AKX UHEAZER TS L), 44— FD1B XU D2ICIXER A
N, ¥4+ —FD3BLUODAICIFBIEDTEN Ve TDEE, ANE=F2IZ[INELREF]I DD k\ N
MO NS Y Z2DHE, 44— KDl HR= Mo 5 v A, @0, NERES] iihb, 20k
e HIR=TMO T v A0 EHWIR— MEF2MEb 4, #lZ, ANJR—=TIOBEFEADOELEE (ELLE, ¥
A F—=FD1®O7 /= FHOBEIADOK:, ZwnwlLid, VI Y ACXBMHEAZERSTLE), ¥4+ —FD3B
LUODAIIFERDEN. ¥4 4 — FDIBLUD2IEERATEN 2\ TDE X, ANNR—= P21 [/NERES]
Bhbe, AJJR=MONF v 2OWE, ¥ /fZL FD3. W R—= Mo bT o 2dE, L, [WhE%fE
FINEND, Zozp, BIOR=MIO N Y ARSLHIR—= MEFPMEbL, ok d, AJJR—-bOE
JEE DL & LA, FHOWMESET 5, 2F 0, [KRERET]OmET, WHFR—-MOEFIE [ME%RE
B ET 5, TNET 4 V7 IVET15EIZ3B1) 5 PSK (Phase Shift Keying) & RO AL HRES & 7%
5o
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sS4
Mixer
cos(wpot) /><>_.
O
\ cos(wppt)cos(wipt + &)
cos(wot) + sin(wypt)sin(wpt + ¢)

= cos{(wyp — wip)t) — ¢}
90° ftELT%

= 90° phase shifter Sin(wio!) <><>
T4

Mixer

cos(w;pt + ¢)

® cos(w;pt + §) e

L o0 mgeos  [Snlentt d)

90° phase shifter

Figure 8 SSB(Single Sideband) 3 ¥ # DEIEX
Wio & wp DB DENLERYGE. ERENHN L1290 7 & TI0°f A o 7%
B 5% A S, cos B id cos G E D L sin )k 53 1 sin % 4 &£ 9 L DBM (Double
Balanced Mixer) D £ ) %I FHTRAELZHBALEDLE L L, ZAMBOIMBEERE? S,
JABBDOAEDHZ 145 Z L TE S,

1200 T00

ﬂtlllumlllj.lxlllhi.lj

0
1] 200 400 G600 800 1000 200 400 800 800 1000
1400 1400
0 ..l...u..nl- I..i.-l.-l.. il uJ-Lu-.{_hJ]-_j- 0 |...».‘..;LJ...JM..-.[..._., J..».M.J.ﬂ..ﬁ.d.r.ll_..ﬂ-.h.».n.l-.h.h-*
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Figure 9 DBM (Double Balanced Mixer) # & U'SSB(Single Side Band Mixer) D2 X 1L — 3 &R
o) BRI AS200:700 DIERPEZ AT Ly KL — @ ETRAESE, 227 —Y B L7350 (ki 2~
7 MWV)o £ik) EARODBMD AR — P LIZHETHESE LT BEEIL20006E 5%, AJHE—H21THY
FTHEFE LT BERLT00ES2 ALz LT BonfGst 7—) ML 0 (HxHiEA~Z b
Vo FIEEOZEICHYET 2 E 2 ADORPEHIL500 & FANIHINST 2L ZADFBEBILI0DE ZAHICE— 7 &5/
(F72AT)VTABLEAAHRET D)o 2WT, Figure 8IC/R L7z, SSBIF T v 7% 3alb—varyli, £T)
DBM CiRE L7255 0%, £iF) DBMTRAE L7EF0EE 7 =) ZEMW L7250, ZNZNFWEIL500 &
900D & ZAIZE— 7 27z,
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FEBHDEE SN BRTE/, BIPLFELL
WRBE, REFI 2= h ST —F Uit
L. T4 V7 IVIERTHaPEIN, =7y ik
Z05 b, WHEBEBEEER T 5O LB 7% E %
¥, M. BREOEH% DDS (BHEEEEY » 9
A ) 1299 (Figure 11). DDSAYEHL L 7= H [
BT =7 YIRS, F— M EpiFsiuiy
ADFAZ e 5725 DHS, IFFTRHEBEEK Y » ¥4
FA5T DR EIRA 315 (Figure 12),
SHEII V=S OFT 4 VI Ve L T Fa s
DEHWNERAT DAL, V=T 2= AN =T
FEwnz &), DDSEHHT 200 L 9 »FHNICL
Ty WEDY Y Y TIEZD X)) ITHREMEBICR L

File Control Setup  Measure  Utilities  Help

T —=reHNF 7OV 2IZL T 5, 2L T, 0
BRI DO NNV AR FEOE T ERESI NS, &
FIDEIRFEAHTLWHEEZLTWINES
ZAE R Y A PO 2 E T
T 512131 ~ 10 s OEEAS2 0 ) FEE ILH T H
5%, DDSZEMHT A2 & THEns & W) RIS
PV IRER C o LS JH DR, LA, BREEA AT 5
CENTELDTHA, T720 ZRITTMEITB W
Ty EE, MEEWEEOT Y 7 NI RSO
M E O RO RIC L Th b8
bo L72ho T BMEDL/ISVAY —7 2RI
HoThD MikE L\ &9 2 i 2o s ] s s 0h 2
THbo
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Figure 10 BREBEE#Hf,&. I¥Y CHERKERS CREENAL (HA TV
S EHIBEKE) OEAES, 2RY TV INREee 40X 0-T%FEH
LTEIE L, 22Tl BEBEEHHY»610MHz TH V). FREREKEEHI10MHz

ERESIN, 600MHZDEZS LK > T3, BHIDIEWE D " 610MHz. EHR

ORWANB00MHZDIESTH S,

DDs

I[IF R i s

BER. . ﬁ”ﬁq | l e ol B l IR 28
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Figure 11 XERDH> 5. AHKEAE21—2»5 Ix YT TORZERK
T AV NVDEREZRCEAT, BEERFESZMOWRHITRY, 2XGEIa v ¥a—yh sy =7 i,
7‘4 VEMERTRAPESI, =T 209 b L M SIEONHZ DDS (EHE BT ¥ 1
) 1P DDSME R L 72 ML Y — 7 VIR SN, F— FEPT SN, SV ADFIZ G 72 b OB,
S FHCTRBEEY 2 A PR LRERBEEERE S N5,
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3-5 B/ULZ (WEEHhYT M)

PO TNMRTHT 5790 21, 3 XTHIEN
(HHW e b)) Thotz LIANILY bu=
7 ADFEIZED, 2V ADIE (BRI E 213K
M) AR A F) 4 LIRERIZAL S5 2 E DN S
IZTEB LI ho70 BUE, BBV A (shaped
pulse) 3. RF T @SB SV A THMH ST
WBH, RETTIERFOBIZ 7SOV 22D W TR~
bo ARANIE, B OV ZADEFRIE, [H4 4 %
IOV ADREREAL SRSV R TH o737
A BUEE TIZZ OB RE L/ OV Z12B W T
FIER S, BREOAL ST, MRS ERHC L -
TIZEW I R 4 Gl 4 LA SR 7OV A& TR
HEIoTEI,

KF, 72& 2P SV ATHH->TH, 79IV A
EAREL I EL 2513 LRIk 250
Ty ROV AZHWAZETARZ MV EDD S
FEFBAL 72T S 3 2 IR I RE T H B, L
PLARNS, HIREORREREZ, L 7 —
) 289 5 & sinc % (sin x/X) 1272 B 728, F
DRYREHFIRD T BT Z DM E ¥ — & T,
LCTRW GEFEO/N— ROV 212 X Bhkik 2 i
MU T %) AL SEEN S IZONEREAMCT L,
TR R T B BN T b B REERAL
AR LTCLE) 2 LI b, LS T — Y
Wy RS 2T EAY 7 T v BT Ao
DML LAY B FA)PRIETHD I L
F LV, 2089 REBEFEIROFEEE o7V A

File Control Setup  Measure  Lhtilities  Help

. WERH I CHME DR 2L S &5 2 & TR
T HARAIRFETDNTE,

EHI, WISV ZORR FEDO—DIX, + 7
LI VANV ADFEETH D, 2FD, 7SV AD
SRR Z R LS5 LTIV A3V S
DF 7ty M OEEN S R RS A2 LD TE
o HIH &R, BEEMAHER LTS,
NOEDOF T L F v ANV ALY VX7 BB
ZHRMEIZB W THIZPClaxt L THEIH WS
b0 BEDORVADOEEZA W) L L JHEETHN
L HZESTAWD IF—E), Bz AfET5E,
PRIEZEH CI3RIEZ
Appy(D)=cos QrAft+¢) X A(t)
BIONAMHET T OV AN H %,

Gp(t)=¢ (t) =21 Aft
DEHTENEE D,

ek BRSOV Z DGR IE. KIE SOV A D2
A2 AR (F) 21X5121H) 2255587 A2 b
GEFR. [HD 258, oM, iz -
VINAVE2—=FEDAT Ly Ny —b YT
L7 CRtEL, HFEXEZBEL-0bMHT 2 L)%
DL HotzA R TIIRIC X ARkl b T
ekl ro7ze LLF. Gauss IEZBNCHIIT 5,

k% B8t . F NV AR, BEFItICB
FAEEE AM). &35 &, Gauss FAEUL.

A(t)=exp<—k<t‘“L2_t)2)

DEHTTHDH, NMROHIEILE LT HH D

ff[?;isssi;fison iz ztopped. | ﬂﬁ
1),?,—”|2.nuwaiv = @E,—”hunmvmw = 3) zD,U-”
«T
7
7
i ole = H|[200usrdv of+| ¥ [6essses «Jo]p|  TEmov T

Figure 12 7« Y20 A>OX -7 THELUARF/NLX
FHC = MET, TERICH R ERE T 2R S OKTIE T 1)
2.00 us/divZz DT, 10.0 us DSV AT %o

N
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FEEHECH Y. EEBI K TIEH D 2 % NMR
MEZE, iFHOMELX A, iORKEL I, & L.
truncationfEIC X 2FT HUI D EEZIREL. 2 HIT,
L DPFTE=IARDENTTHE,

A(i)= exp(— ( - 22'_{ —1)2 X log(truncation))

DEHIEL ThEREDOECIE. X% [H
it 1252 L%, EEATRRTZI LD’
METHALIIREEBED DL, THoFE LT,
[[BURP2 7% & D& A FED I 7SV A Z D IEH
7 IHBORBE LTS AN P, $hbb,

A(t)=a0+§ (a;cos(jwt) +bsin(jwt))

ThHbHEXIL, aBLUDOATHIEEZIRET ST
LSTED, LLTFICHIE LT, [IBURP2R KT 7 —
) THRE O A R T,
a0 = 0.50
al = 081 bl =—068
a2 = 007 b2 =—138
a3 =—125 b3 = 020
a4 =—024 b4 = 045
a5 = 007 b5 = 023
a6 = 011 b6 = 0.05
a7 = 005 b7 =—0.04
a8 =—0.02 b8 =—0.04
a9 =—003 b9 = 001
al0=—10.02 bl0= 0.01
COXHICKTHEE N AZRABTEI DR
Vo M3 D IEFICRCEIE SOV ADY6, FKIC
I BB TIX, BT A Y bR ARAEE R I
OB 50T, FEFITHWIERICEZ->TLED
DOIZR L, RITEBFARTIE, SV ADPELR-T
by AEYOFTHPATE S XV FORPEHERT
TENTEDD, IR LIZ W, 2) 72
BV AL ET, Wk 5 NMR GRS B W
Th, ARV N2 T HT EDITEX LN &
W) BDOWIET A%, RICTRICL BRI L B K
WV A% BY)THA ¥ STz OV 2R L) fidilc

WLTBE BT AV MADZYVDOREIHZEDL
9 el R 2 T ) e S A 0T, AT#EHES
DY Iy MR LTHEfEL 2w, 3) 3612, X TH
(LK NV ARZEH LZEEO 7OV 2 DO FE
KA ETH S (F21F, 81924 % Titak S 7z
1ms O/ A% 1.0001 ms IZEE T 54, KTk
RSB LRV A 5 FER DS LB 2
LTENHD)o

86 NI-T T

AW e A TES N R L
DDSA3E - 72 R B EAT I FHICB W TRA S
N JBAEBA 72y VOISV ARE LDy DIV A
RS (Ty 74 —%) TRPHEEIHEI N
DHENRT =TV FIZESNE™ T =T T AT)
HOEFIE, i~ dBmEEOE LA
BOOER, Iz +W ~HKkWoE F T
=7 YT THIRT 5, 5V hEfziud, 8
=7 YT AN OEFIXEFCOT, THHAEKD
EOEHMEESTWEREIZVW DD, RT—T
T TERDVPERSINIEZ IR TT 2 HER 5 &
FEEWBIETLOTEEILETH S, F/2NMR
FEIHHINL =7 7k, @FV=T7 v
TTHY. AN E MDA R > T
BIETOLDOTHS, LL. 7v 7oK IE
BT CoBBENRN. A% 621X 1dBH
mEETH, HOPRIBELTREL RSNV LT
Hbo b, FEWIIBEIHREIEDLDOTHNI,
ERGHBDONRT—7 T2 AL (bZaAZ, 23
7 =7 v 7 OB E AR & BB R 7 B AR
VBHLHERbNL, HWIIOb xR EwWT T
AR AT 2 RBTH L), ToMIE1/4
REEEICHE - TR U, oo LT
BMIEYED Rz, BHRCTH L7287 — L Lo ox
WAEZHALREFETELOT, FEFWITMHE
Frkve L. MRS TV R WIRET
BEHLZVWEWT WA, ZOM)ToN
ARERDLEVEVIT RN 8D, EHELDT

FPEBRICEE SNV A ED X)L THER L, TED
Mo 727V ANE 2 A LEIET 25 L9 2 NMREE
R L CHEL® 2 0EIEF I L, 'HOBE S
VA D FEAN 2 1 doped-water 72 & D iRE & T 5o
90° NNV A DA WIE/SIVADH— 0V A #5384 &
T, FEBEr 7y v EAFy LR TO T 7 AL
ZHEZRT 5 A% 180° %V A O ¥4 1%, inversion (S
#iz) 7V ATl Sel.180-Hard90 D & 9 %2 ¥ — 4 ¥ AT,

Refocus 7 ¥V Z Tld Hard90-delay-Sel. 180-delay- ® X 5
Y= Y ATHMT 5. "COA L. EEBNT
ToTHRWL, HEMETIT->Tb L\,

PP ATVNROT v TR =y AL,
HETATIVTHERDTHER LTV, HEFT
WINMRGEFTHMET 27 v 72 —F 3l ~
Va— Sy CTHRETEDLIITHRoT WD,
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V=TT IWERNEAREA—T T4 T4 2T
% ffi i L T Nutation FEERDFE KA 5 90° XV A K%
55 )7:% % L7z (MUSASHI, MUltiple Spectra
Analyzing System with Hyper Intelligence) ***",
COHERHNT, ' HOSV A 22L& w72

L&D, 90°/7 9V A KDZAL% Figure 1312787

37 TaNEEEES-TVY
NMR T, FEIZWAWA R CRIER 7 1 v
7 (U W74 V7 E$5) BMEHShTWA,
DT ANFIIHERETHRT A &, REGEE 7 1V
% (Low Pass Filter., LLFLPF). f&lg@as 7 1 v
% (High Pass Filter. PL'FHPF), /N 2827 4
JV% (Band Pass Filter. ML FBPF), /v F7 1)
% (Notch Filter, Band Rejection Filter & & \» 9,
LUFBRF) O 4RI E N5, HAE% Table 1
T o7z (fcldh vy M7 BEED .
SRNGE. FRIEB DS E DY H. /87 —
Ty TUBET O —=TETOr =T Ve & T A
D=7V 7lw)) T ARZ MVOBIZH:
KB a RZTHENH 5720, ZOHH ik
ETANT OB HFEZECDOEIPEETH L, £
DPE A—H DTy I=THhty NLI2FFT
HHLTWLZERLVWEBbNLY, HEDOH
BIZEoTIREELTAL LR DAL D 5,
F—=7) 7T A, KEfMTsZLiRED
Wo 2T AN B EZITHIAT 20 TH 5D, AW
[N
EHID) Ya—7 (OBL L9 E LT ERBOF v
YAN) S TYT U TETOMIZ. BPF X
DIZHPF»LPFO L 50 % i3 5,
FHI2) 7 Hy 7)) v 7T A, KT —T
YTDBANSLTO—TETOE I I,
TENIEBPFZ& W LIZHPF/LPF % Al %
XI5, TBINKE, NT—T 7
DHA, VT U TORNCTENILBPF %
A b,

JEHI3) il E 0 & "Hoay 7 797 v 7
DT % ¥ R 4 AT SRV X HITE
By b, BAAMIZIZT Y 2 7)) T Y T ORI
WHOBPF 2112 (b &hbffvTwnd
ZEBE), T BENER Yy 2 H E
B2 3 W PN Tl *Herejection ® 7 4 IV ¥ %
PNORT—7 7 7a—7ORIC AN
FIDBENT—2HdH 5,

EVI)FINZSF S, FHID OFHIZ, Yu—7¢&

60

50

40

30

20

90° Pulse Width / us

0 5 10 15 20
attenuation / dB

Figure 13 HOD/NILZHAEBE(LE 2L ED, 90°
INIVZAEZEAE

7SV ADOW I E i KI5 0.1dB %] A Tk = 20dB
FCBLEE, REHRHTEIZ90° 8V ZEZME L
oo 512, FOMEF 0 YKL 2F ) 90°
POV AERF2,0100E U722 & 127% 50 #HIERE
MIZR2HTH %,

Table1 74205 %E

HPF  fc X ) & EBEZ @,
LPF  fc & DRV JEWBE R Z T,
BPF  fcilifF DRz 5o

BRF  fclt B DR D A S 7o

T)T v TOMICHPF 2 WLLPF&Z ANz wE,
Tu—=TIZAYAATZBWE WL O
AZXBTYT v TIRINAL 5 TH D, FFIZ. Bl
WEBELNOB A ST H Y 7)) » 75556, 0
TAY TV T IAAXNT =T 2B TT)T v
TIWZADLZ LR ) DPRBEVDT, FEVPLETDH
%o 7272 L BPF &2 § % L 15 5L 2SHPF %2 \»
LLPF X)W BPFA A L v, %ET5
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A high critical temperature (T.) superconducting bulk magnet is a promising magnet for high
resolution magnetic resonance imaging (MRI). A bulk magnet MRI system we developed in
2011 showed their potential for high resolution imaging by acquiring the MR image with the
resolution of (50 pm)®. However, there are still challenges to achieve higher resolution, and
better quality imaging because of the inhomogeneity of the magnetic field, the shielding effect
of the magnet, and low signal-to-noise ratio due to small voxel volume. In this study, we
designed the new bulk magnet using the finite element method to achieve higher homogeneity
with lower shielding effect. In addition, the compressed sensing method was used for MR
imaging to improve the signal-to-noise ratio per unite time. Finally, MR images were
acquired to show the usefulness of our system.
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Figures 2 (a) Schematic of the bulk magnet. (b, and c¢) The bulk magnet was magnetized using the field cooling
method. (d) Twisted Loop Coil (8.1 mm diameter) (e) Solenoid Coil(4 mm diameter, 4 mm length, and 4 turns).
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% (32 um)’) (TAEh L7-.

[BHEE] ABTITEIZISPSEHIE2S - 490D B 2% T 72 b D TH 5.

[2%ZCHBR] [1] T. Nakamura, et. al., Concept Magn. Reson. B (Magn. Reson. Eng.) 31B
(2007) 65. [2] K. Ogawa, et. al., Appl. Phys. Lett. 98 (2011) 234101. [3] D.Tamada, et. al.,
Physica C, 492 (2013) 174. [4] M. Lustig, et al., Magn. Reson. Med. 58 (2007) 1182. [5]
D.Tamada, et. al., Proc., ISMRM, 21th Annual Meeting (2013) 0136. [6] W. Loew, et. al.,
Proc., ISMRM, 20th Annual Meeting (2012) 2623.

Figure 5 (a) Pill bug. (b, and ¢) MR images of

the pill bug using spin echo sequences with
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Ubiquitin Recognition in Selective Autophagy

OErik Walinda', Daichi Morimoto', Tsuyoshi Konuma®, Kenji Sugase’, Hidehito
Tochio' & Masahiro Shirakawa'

! Kyoto University Graduate School of Engineering, Kyoto, Japan

? Suntory Foundation for the Life Sciences, Osaka, Japan

Eukaryotes degrade proteins via one of two major pathways — the ubiquitin-proteasome
system and autophagy. While the proteasome system is limited to degradation of
single-domain proteins that fit into the narrow (~ 13 A) opening of the proteasome barrel,
autophagy is thought be a bulk degradation system that is capable of recycling entire

organelles, protein oligomers and large protein aggregates which may be toxic to the cell.

Autophagy (“self-eating”) is a conserved pathway, in which cytoplasm and organelles are
engulfed by vesicles called autophagosomes. By fusion of these vesicles with lysosomes,
cellular constituents and protein aggregates can be degraded or, when nutrients are scarce,
subjected to turnover. The vital importance of autophagy is reflected by studies in mice that
develop neurodegeneration if autophagy is inhibited, presumably due to irreversible

accumulation of protein aggregates in neurons.

Long believed to be a somewhat random degradation system, recent evidence suggests that
specificity in autophagy. This “selective autophagy” is thought to be mediated by autophagy
receptor proteins containing ubiquitin-associated (UBA) domains that recognize
ubiquitin-marked substrates (Kraft et al., 2010) and deliver them to autophagosomes for

degradation.

Ubiquitin, UBA Domain, Autophagy
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While UBA domains show high 4 l a al C

conservation in both — amino-acid : '.‘::
sequence and tertiary structure, ! i -
4 i
their affinity for various types of | Jhl._.__ﬁ " 3
ubiquitin are completely different. Rl M g e
We are studying structure and B D

dynamics of the autophagy G928 1954 ik

receptor proteins p62 and NBR1 by

NMR to understand their &
i
k

s
/
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specificity for ubiquitin and its

respective recognition mechanism
(Walinda et al., 2014). E
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NBRIUBA Liinitin

Structure of the NBR1 UBA-Ubiquitin Complex. 4, normalized chemical shift perturbation (CSP)
values of NBRI UBA on binding to ubiquitin plotted as a function of amino acid residue. The
evolutionarily conserved MGF and LL motifs and a-helices are indicated. B, surface representation of the
chemical shift changes mapped on the solution structure of NBR1 UBA. C, ubiquitin backbone amide
CSP on complex formation with NBR1 UBA. D, surface representation of (C) mapped on the structure of
ubiquitin (PDB ID: 1UBQ). The horizontal lines in 4 and C and surfaces in B and D are colored as
follows: magenta: J,, < CSP < §,, + 1o; red: CSP < §,, + 1o. E, overlay of the 4 lowest-energy structures
of NBR1 UBA in complex with ubiquitin as calculated from orientational, ambiguous and unambiguous
distance restraints. F, close-up view of the UBA-ubiquitin interface. Surface residues of ubiquitin in
contact with the UBA are colored green and residues of NBR1 UBA involved in hydrophobic contacts

with ubiquitin are shown as blue sticks.
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Dynamic Regulation of Peptide Recognition and Stabilization of a Human
Leukocyte Antigen Revealed by NMR

OSaeko Yanaka', Ueno Takamasa?, Shi Yi**, Qi Jianxun®*, Gao George3 4 Kouhei
Tsumoto'™°, Kenji Sugase’

!Graduate School of frontier Sciences, the University of Tokyo., *Center for AIDS Research,
Kumamoto University., *Beijing Institute of Life Science, Chinese Academy of Sciences.,
Institute of Microbiology, Chinese Academy of Sciences., ’Graduate School of Engineering,
the University of Tokyo., *Institute of Medical Science, The University of Tokyo., "Bioorganic
Research Institute,Suntory Foundation for Life Sciences.

In immune-mediated control of pathogens, human leukocyte antigen (HLA) class I
complexes present various antigenic peptides and activates cytotoxic T lymphocytes (CTLs).
The stability and long-lived presentation of the peptide-HLA complex (pHLA) depends
heavily on the bound peptide. Crystal structures of pHLAs, however, are very similar to each
other, irrespective of the bound peptides. Thus, the inherent determinant of pHLA
stabilization remains elusive. In this study, we examined the mechanism by which
HLA-B*35:01 recognizes various peptides and stabilizes the complex by elucidating the
conformational dynamics of HLA-B*35:01 using relaxation dispersion NMR spectroscopy.
Our data revealed that HLA loosely binds to peptides and then transiently forms a minor
conformation in which the peptide is more tightly bound, circumventing pHLA disintegration.

bt b EEHEEGE A E SR HLA) ZPURE R E N80 Sk x 2Pl 7 F R
EREE L. TSR A 2 RS EPETIAE (CTL) 215 ME(L T 2 PR R ICE E 7
EHETHD, BICHLAE K2 727 F R & DEAERORSEE N LN TH D NE
U OFEEREEIC R E AR IT v, —J7 HLAOCTLIE R e I3 iR 5 X7
Rizk o TRELSEARY | KL THUZHLA-B%350 112U T PR 6 4 (CD) |
TEN D 2 SRR &R R T OTE MR RER & ORICFEREN H 5 FEE A 1T S
DI LTWD, £z, RAEEEEENE (DSC) Oft RITIAR h oG DR EZ RIE L
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el TIERERR S eSO 2 RSP ICEET S H & LT, @iz
WLZE R~ AT —HERFEL, REEMELOT 4 T ERZID Z LB
b, 2T, iEMEREER I A A3 OHLA~ T F FVYS8-5A, VY8-3A. RY11-8A
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Tyr99

0 1000 2000 3000
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Fig. 1 Profile of HLA fluctuation

{a) The residues showing relaxation dispersions are plotted on the crystal structure of HLA as gray.
The positions around Tyr99 important for selective peptide recognition is encircled. (b) Relaxation
dispersion profiles for Tyr99 recorded at 14.1 T (black) and 17.6 T (gray).

pHLAIZ~Z7'F FsihG L TWA BN K2 i oSk S8, #4 Moy ¥
PHTHRIET, MR LTWSEEZOND, £, —RITF FEFE
Lz A Yy —iEnE2ie~7F FORRICRETCHL LB L BND,

F 1= AKUFE TlEpHLAD = A T — & D pHLAD L& 7 % — T A TCR & OF H {1
2B A lHEME D R S - o, A #pHLA-TCREIEERIC B 1T HpHLAD ~ A F—1%
OBV THAEL TuhE iz,

ASv—thE  TAF—iE

&R -R

Aok 2 k3 WEDHE
Fig. 2 Diagram of HLA fluctuation
The pHLA heavy chain is shown in gray, and the peptide as a trapezoid. Water molecules are shown
as gray circles.
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Theoretical and experimental study about the correlation between the
chemical shift of methylated lysine and salt bridge

OYoshikazu Hattoril, Jakub Seberaz, Vladimir Sychrovsk}'/2, Kyoko Furuital, Izuru Ohki3,
Takahisa Ikegami', Toshimichi Fujiwara', Chojiro Kojima'

'Insititute for Protein Research, Osaka University

*Institute of Organic Chemistry and Biochemistry, Academy of Sciences of Czech Republic
*Graduate School of Biological Sciences, Nara Institute of Science and Technology

NMR signals derived from the methyl groups of methylated-lysine residues are sensitive
probes to monitor the electronic environments of lysine side-chain amino groups. Here we
quantitatively demonstrate that the salt bridge formation induces upfield shift and split peaks
in the 'H-"C HSQC spectrum of the methyl group of the methylated-lysine residue.
Experimental chemical shift values were compared to the theoretical values calculated by the
quantum chemical calculation based on density functional theory, and surprisingly good
correlation was obtained for both 'H and "C chemical shifts. The split peaks were also
explained by the salt bridge formation. These features are useful for determining the strength
of the lysine-mediated salt bridges.
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Fig. 1 "*C-methylation of lysine side-chain amino group.
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Structural analysis of proteins by paramagnetic relaxation enhancement of
BC-NMR in solid states

OXKouki Kido', Hajime Tamakil, Ayako Egawaz, Tomoshi Kameda3, Masakatsu Kamiyal,
Takashi Kikukawa', Tomoyasu Aizawa', Keiichi Kawano', Toshimichi Fuj iwara® and

Makoto Demura'

!Graduate School of Life Science, Hokkaido University, Sapporo, Japan.

’Institute of Protein Research, Osaka University, Suita, Japan.

' Computational Biology Research Center, National Institute of Advanced Industrial Science
and Technology (AIST), Tokyo, Japan.

Paramagnetic relaxation enhancement (PRE) provides longer distance information than
NOE and spin diffusion. Thus, it is widely used for structure analysis of the biomolecules in
solution NMR. Recently, ’N-PRE is applied to analysis protein backbone structures by
solid-state NMR. In contrast, *C-PRE has an advantage that it provides not only backbone
information but also side-chain information. However, qualitative analysis of "*C-PRE in
fully "*C labeled proteins is difficult due to spin-diffusion. In order to solve this problem, we
aimed to develop a method for the measurement of '*C-PRE and the estimation of distance in
solid-state NMR. We will discuss the validity of distances derived from *C-PRE method.

[#E]

B REMEAE (e (PRE) IZINOESP A B2 Uik ic b, XV EmERE O EFE R A5 5 2 &
MNABETH D, FDT-DIWIENR TIZZ 37 B 7 8 OEMRE S T OREE D EOR
BALICELS FI EN TV 5D, ITE, BEANRICBWT b, Cu?iZ L 5 NO#EREFMETE D
ERRNTIZ L » T, X U XV EOEHFBENREFRETH D Z LB RrEnik!, 0 —
J5. PC&EHAWTZPRETIX N TS 5 W MAIBHOE SR G S RSN H D43, CHy
— Iy T CIE A B AR OFEEEZ 1079 < PNE RO FE TIIPRED & &/ 72
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KIGHE CHE L=, "N¥—FE#G6Bl DE19CE BARIIMn> F 7213720 2 1 L 7=
N-[S-(2-pyridylthio) cysteaminyl]EDTA % i WelE/ S bt # 77 & L CCl9DF F— /b
FBITHES S®22, Z2D%, 4 FHIPREZ M35 7= 0¥ —12E5%GB1 : FFAE%GB1=1:3
THMRL, Ny FIETHRERZHR L2, ZORE%3. 2me — &% —(ZF5%, 600 MHz
EANVREE E (Variantt#Infinity plus) ZHWCTHIEZIT> 7, EEW LT OT-
B, PC-PREZNE DB E BT 2 MENH D, & 2T, PC-PREZNF O REFEHE AT 2 I E
T 25 HEYT, 2R I6%C-"C DARRIE/ L R o — 7 o A DAEFES . (CP) #1237.5 kHz D
2vrnay 7 WEEAN L, BEMEER IIAE 1 v 7R %0, 0.6, 1.0, 2.1 ms

EEZTCHEL, EH Uiz, BUBHBIRERFE (312, 5 kHz, CPEEMRIFRETIL160 s,

IRAMRE1X20 ms, HIEREIX-10CTITo 72,

(#E8 - BE)

27 TEEC-1C DARRIEIC & B AT RV DfiR
HroftF, w2 7 0n®) o8 A XD
PREZNIRIC L o T, EALRFERAYIC 8 - (HI8H
DIEFIRENHIT L TWVWD Z ERMERIN
72 (Fig. 1), TN HDEENBRELILIE
HIAR 2 PRI C T 1 v T 4 T EATV KR
FidE 2 B H L Solomon—Bloembergen T7h»
O R 2 SR oD |l Bl 1S O BE N O FREE & b
ZiTole, 2D O L, PC-PREFIEICELVIF
BN LR IE6E SV 550 B S
AU TN TE \EWY 72 T 25 T & 72 71260 1R
b o Tz, AT B S TZ EEET, BER O
EORREEE OMBEANRH Y | FREITR L F 258
2oty Fiz. C X°C, 732 & B OIERE )
T72 <, "N-PREOBENGFFHZ EDTX
72NC,R0C, 7 EOMIBOBEBE L 155 Z &R
T&E7,
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UEDZ ENnb AV rry 7 ZEALL
DARRYELZ & - TUC-PRE% & ®HIIZRHT+ 5
LRSI LT, F7. PCEE A o T E
MABRFIARAT I K » TS TR <A D
SR A5 2 LN TE T,
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Fig.1 2D "*C-"C correlation spectra of
GBI. C’ region of I19EDTA-Mn*"
sample (A) and 19EDTA-Zn*>" (B).

'Sengupta 1., et al., Nat. Chem., 2012, 4, 410-417.
“Nadaud P. S., et al., J. Am. Chem. Soc., 2009, 131, 8108-8120.

1 C chemical shift (ppm)

DARR

)
~

B Ao WEZ MDREENERNT



BRI — N N SE

62

BULLETIN OF THE NUCLEAR MAGNETIC RESONANCE SOCIETY OF JAPAN 2014 Vol.5

EFRZS—H I EHBR

P112 MASTOD#HCPE : EFMICKHENRILDTAR
O e !, A L3eFn?, B |2, s T, 1riens o e
R RGBT e
YUVE - AR TERERE (BURKIERCR R PR T s A

Novel cross-polarization scheme under magic-angle spinning that can
overcome the degrading effect by anisotropies

OTakayuki Kamihara', Miwa Murakamiz, Yasuto Nodal, Kazuyuki Takedal, and K.
Takegoshi'

'Division of Chemistry, Graduate School of Science, Kyoto University, Kyoto, Japan.
’National Institute for Materials Science, Ibaraki, Japan.

Cross-polarization (CP) is one of the most commonly used solid-state NMR techniques. One
well-known problem for CP is as follows. For nuclei with large chemical shift anisotropy
and/or quadrupolar interaction, it is known that spin lock under magic-angle spinning (MAS)
becomes difficult, leading to inefficient CP.

In this work, we develop a new CP sequence effective for nuclei with large anisotropy. Its
key feature is that the new CP does not use spin locking as CP occurs among the Z
magnetization modulated by the combination of two pulses with the opposite phases each
other. By alternating the phase of the pair pulse synchronous with MAS, one can realize CP,
thus avoiding degradation by anisotropic interactions. The CP efficiency of this new pulse
sequence is demonstrated on '’F-"°C and "H-">C systems.

1. B
A2 7=47FR(Cross Polarization, CP)i%, E{AFEIH D 25D I
WARER OBALBENC k- T (R O1E B 2 H ok & ~P =Pt

5 FETHD, —MITIE. Bk E T A4 (RF) 2MES — -
Wi Fimict Fo T A’ u v 7 & Hartmann-Hahn
H-H) &bz TENBBLEINTND, LnL, B

F7E D K X 2212 % L Cmagic-angle spinning (MAS) F¢ S O | O+x
CPZAT 9 BT RFEOBKFNBEN AN+ THD & BIGHE  — -
DMASIZ LD REHZLDT=DIC A v m Y 7 R PKT T

THI CPAHEAMEF LT LE S 2 L MHIORF R s e L ThePisstiimed
o THnBMIB 2 1Ic 2 b D TCPELT 2 A I,
MASTHRDPEFRZE LT 5 A v v 7 B I BAm Iii b 2 1Bl S 5 72 D IR
5 B9V RFIRE Z W 520, BGEEZBE CX 512 E9VRFMEZ WD BN H
HME ] Hii TIXCPRIRPME L | #H TIZRORFIRENC X 0 4 U= BsikBl oLt %
L7 OT R H L, AR TR, BAHMICEHCPHIEOIRT 2RI 287272
CPIEA I LE DR EEMEET 5,
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Fig. 2 (a) Pulse sequence for the new CP sequence. (b) A diagram of the direction of phase
rotation in the new CP sequence.

AEFEET HHCPIETIZAE 1 v 7 7L 22 WS b I %2 = P& 2
7222V A0 (Fig. 1) ZAGDEZLOEHWS, WERIETIIRITIEIZ L ARF
F 7% v FORFEZELDTZDIC A B vy ZERMET LW nBl AFETIRCP
IIHERAL TIT o 5 7o I RGO R AT R BRI I3 2 L 72w, £72, RF
POV R B SRR LT T THWAD 72010 REFES O R — M DB 2 M2 5 = L3
T&E %,

LIRS, AR L7z 2 2L R &2 fl A6 o 72 CPiE & L Ceomposite 0° pulse
cross-polarization (COMPOZER) %42/~ L, ##1LsEHI X L CE DA B2 RS L C
V2723, COMPOZER TIEMASIZ K o TR AER NSRRI A2 R > 2 Ll &
DCPRIENRKESHELRDONTLE - TV, HCPIEIZZFDFH A Z AR L T EEE
ICLAFICRT & 912, MASEIE T CofaMEE H-"Cl, "F-"CHICHREd 5 2 &2
T& 7, LI, Z O#H LV CPiE% COMPOZER with Z rotation (CPZ)i% & MRS,

2. B
_COMPOZER TlE I - S O WA FHAEFEHOFEH NIV =7 & LT
H,=d(I1,S_.+1.8,). ©F v RFEZH lip-flopf EAEH & 45T, #MEBALI CCPA& EBL L
TNz, d I3RS AH AR O ZERTER 5y T 2 53 MAS T TIEFIKAF L (d—d(1)) .
FEUL SN TERIZR D 7o DIZCPRIRITE T LT e, £ 2T TEININL =T D
AE VRIS BlEREAT D L BB AT,

H,=d(t)-(1.S_+1.8,)e™ (1)

 TRDEHETH B 72 OISHEBALR O LGB E 1T 5 Z 138, A #oD 2
[l & MASIEIERIZ K 2 d (1) OFHHZ LV MAS FCCPIRTE L LB X7z, A O
[FIERIIRF/ SV A DR AZ IR S5 2 &0k > THRI L, 742D 5, RE/SV
ADWENARD, & ©, =nxm/4 L5 L BERHEERE U (1) 13,

U(()n) (t) — e+i%12e—i(uulxte—i%lze—i%sze—iwlsSxte”%Sz (2)
EREND, INERBTHAEEIANAINV =T HERSED &
A (1) ={us” (o)} B,U (1)
={Ue ()} ()15 U8 (1)
= d(t)(l, coswyt+1, sin(u“tsinM +1, sina)utcosM
: 4 - 4 (3)
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ED, o ol TENENT AV SAVY U ORFIBFRE TH D, d(r) 18-
HEERERTHY . LLTO LI ICTRED,

d(t)=C coswt+C,cos2ws  (C,,C, :const.) (4)

o, IMASJEFEHICKHE L T b, RQ)DFEINN 2835 & |
H (1) = d(t)x{af”)l S.(cosZt+cosAr)

xy “ XYy yxoy©x woyty

( a’1S +a’1.S +a"1S +a"lS )(cosZt—cosAt) )
( WIS +a’1S )(sin2t+sinAt)

y "z

+ (a;_;‘)IxSZ +a’l S, ) (sin 2z —sin At)}

y

b, 2T (ij=xy2) TRA IR ARER L L, S0, +04 .
A=w,-w45 LBV, Fig. 2lR”T K912, REASVAORIMIEEZ I A &S A
CCHWIHAICERESE D L DI LTz, 2V AT Ry 7 & S{EfAGHET L DITK L,
NNV AMRETE LRIV =T U aRDD &

A, f(SAT)(1,S +1S,) (6)

DX IR0 | flip-flopTERHND, ZDONINL =T I2EY, MASFCTI AE
DMEREALD S A ¥ DREAIZE D,

3-1. "H-CRIDCP#EMD L&

AELE LTT #~ & % v MASJE #0420 kHz, CPZIZH W 5 7LV A iE % 6.25
us& LT, MIEEIT- 72, ZOEIEMASEBO18IHEY L, 2z X D = (5)H Dsin
EHDEMNMAZEIND, ZOFETEHNINV =T v EH{ET D L

A, OCf (cosAr—cosZt)(C, cosw,t +C, cos2m,t)dt x (1,S_+1.S,) (7

LRV ANAINEF=T UVORESINVITEAUKGFET DI LR DML, Fig. 3T 4~
% o CIH-BCRIOCP7 v 7 7 A v (BCORFIRFE 450 kHz & — 12 LT, CPIE B8
D'HORFMEE KT DA Z Rz b D) ZRd, @EHOCP (=, mf) Lk
THE, HHHEFETHDA=0 DLEZHFLE LTEE O KR TE, X HIZH-H
FHENPDLDAVITHIRWNZ ER DD, B DOCPTREENEN D IIRFIES DAL —
PEDT- 712 L& %2 B, CPZIZTARE V RFEGE DAL —PEICHRW Z L AVREN TV D,

Fig. 3 CP profiles of adamantane for CPZ (circles and
bold line) and conventional CP sequence (triangles and
dashed line). RF amplitude for *C channel was ca. 50
kHz in both experiments. The signal intensities were
normalized by the intensity in its thermal equilibrium.
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=
Z
21
é Fig. 4 CP profiles of poly(tetrafluoroethylene), (-CF,-),,
205 for CPZ (circles and bold line) and conventional CP
sequence (triangles and dashed line). RF amplitude
for "*C channel was ca. 50 kHz in both experiments.
0r The signal intensities were normalized by the

intensity in its thermal equilibrium.

50 100 150
19F RF amplitude / kHz
3-2. "F-BCRIOCPHMED LB
FHMOEEE RIS HT-012, (bFs 7 RO KR E 72 PFIcst L CCPZE v
Teo B LTT 78 U (-CFy), DM RaE 2 T, $ERDCP & CPZO Y i &4 T
ST, TITIEA=0TOY Yy F U IZHFHETIERLS, WbwdHA RV Rvy T
INB I HRE SN EBRA LTz, ZHUTEE OCPTIIRFRELZ KX TH2HENDH
B, CPZ TV RFEETHCPER T ENTEDL I L EZRTTEOTH D,
MASJE i #%20 kHz, »VAEA12.5 us& LC, HEEIT - 7= (Fig. 4), Z Ol
MASJEHD1/4IZAHYE L, 2 L0 RGE)F DOsinz B HHEPHE SN D, £722 05
HTlE, A=0D & X(TcosAt DIENE 1T/ 25 DT, HBEHRE N L Tl
IZIZCPA I Z 5720, BEDFESHMENE LS T2 01X, "FEESEIE T 5
ICEE L= PCOftib N e LEbENTWAT-DThH D, B DCPTIIZNROHE
<72 ARFMED/NZ VI TS CPZTIE T 72CPRIR ZfER TETWNDH Z EDRS
M7=, REFREN K VWEEL (<80 kHz) TORNRIZCPZOIE H NV, Z O AT FE
T > TRV, ZOFEI T/ L REN 2 7 2L ZEL TR TWD Z ENER L
TWHOTIERVW N EE 2, BIERFTFTH D,

4. F£EH

MASSAE FIZ W TAHLN 28 LVCPEE (CPZ) A BH%E L 7=, 'H-"CRI O CPER NS |
CPZIZH-HEAED S D X LT <, REBES DR — DR D I L R E T,
F7=. PF-BCEIOCPERN S, EHOCPTIXA Y v 1 v 7 ENIE 5 72 HCPEI=%
DME R L CUWZRFIEE O/N S 7202 BV T, RFFRE O K 2 K E 1IZITED S
IRV DCPRI R A M TE T,

5. SEXH
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Development and Structural Analysis of a Protein-protein Interaction
Inhibitor Targeting TRAF6

Olun Moriyal, Koh Takeuchiz, Kenji Tail, Naoki Yonedal, Kenzo Arai’ , Naoki Kobayashi4,
Yoshifumi Fukunishi’, Atsushi Inoue', Miho Kihara', Takumi Murakami®, Kenichi Chiba',
and Ichio Shimada’

'Eisai Co., Ltd., ’National Institute of Advanced Industrial Science and Technology, SH3
Biomedicine Inc., 4Sunplanet Co., Ltd,, SGraduate School of Pharmaceutical Sciences, the
University of Tokyo

Tumor Necrosis Factor (TNF) receptor associated factor 6 (TRAF6) is an intracellular signal
transducer for the TNF receptor superfamily, which was reportedly shown as a promising
target for the treatment of rheumatoid Arthritis. We identified initial hits for small-molecule
inhibitors of TRAF6-receptor interaction through in silico screening. Subsequently, the hit
analogues were synthesized and finally we’ve got the most potent inhibitor. The NMR
interaction analyses (INPHARMA and DIRECTION) along with the docking and MD
simulation revealed the structural characteristic of the protein-compound interaction, which
satisfied the structure-activity-relationship and useful for the further optimization of the
compounds.

TRAF6IXTNFZ & {Ksuperfamily 72 & D > 7 F MARZEZE NG T XL 7B — 2 X7
B CThbD, TRAF6ZNT HHIN Y 7 IAREIL, SIEINE . RIEN )G, B 7R
EEFHETHIENMONTED, TRAF6— MM ASEMITY U~ TFIREDOA LR
BRI L 72> T %, Ll TRAF6— RO AR FHTH Y | Bt
RAG T A 7 7 YV %M 7=High throughputs screening CIXFLENEIEZ A3 2180 L&
WEFRET DITIEE S TORW, AFRICBW T, KV AR b2 & BRE T
5H1c®in silico A7V —=7%ZFH LIt v MEABWOEER L EREMEZITV. &
B LEM ARG D 2 LTI LTz, F7o. NMRFEAAEHfRIT & GHREEE FFIED
BAIC LD, MEEHEMEELZTZ L, SO 5EMOTRMEELZ RET 267072
TRAF6 & DEARET VR TE -,

Drug discovery, Protein protein interaction inhibitor, Structural analysis
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— K& (ER-000564989-000) D3 R X OERERH

TRAF6D #f i & 12 %t L C100 5 kA Din silicor 7 ) —=2 7 Z4To7-, @A
TILEMD 55, SPRIZTTRAF6— 5K (RANK) ~7'F REHEEH, BLUO~ v
2GR OB S I ~D SVl EZ R LzMbaE e v M & Lz, 2h b4ty
ZZFNEHTRAFGIZIIIM L= L 2 A, 2 TOLAEMIT OV TTRAF6MONMR AL |
IR E— B NBI S 7=, LAy L. ER-000564989-000% [ < 3{b-A M DWW Tk
[FIFREIC TRAF6DEEEE 2 351 L, Fr A7 B EH BLEAIBH T & W 5 B b ARk ©
5 LW L. ER-000564989-000% > — R{b&W & L CEIR L7,

ER-000564989-0001Z DU TIEMEA EO RN H 5 L E 2 SN OB KRB 21T
o717, TORER., AN EE P LA PER-000520940-000 % 15 5 Z L IZRkEh L7z,
AAEEWTF R~ D EILE T v & A RIZE VT HER-000564989-00017 kb ~JE
P 2SR b,

NMRT — Z IZESV 7= TRAF6 — ER-000520940-000 D& & HE &

by 7 MEENER KO RER O LS, ER-000520940-0005 & H#RAZIZRANK
FEAEML E EEHT D 2 EAURB I NI, £ 2 CTREATMIERZKIC Ny U 75 E A
{Tol2L Z A MALEMDE W O & I2EA Lz 2 OREER S S 7=, TRAF6
—RANK —ER-000520940-000 2 FH U\ /- INPHARMA EB X, D5 b—Jix X4 5
NOEE' —7 % H 2 7= 2 &b  BE G Z —FRNCRET 5 2 & 23 kT2 (Figure a,
b) . AEE & SHITHBLT 572912, TRAF6—ER-000520940-000[% O DIRECTION
FEBRAEITVD, BEREREZRMESFMELE L Ry 0 ZHEIC L 0 MR E8A8mET L
#1372 (Figure ¢) . BAEKEETIZE W LA O—HIZRANK T F R & Ak OFH
HAERZEM L T =28, RANKOFIH LTt Mk 2 AEER bR S
Nz, £, ALEMOMAELEMIL, AR O THE 54 72SAR (Structure Activity
Relationship) Z#iHl3 26D ThHh o7, ARG LN HELTEN T2 LIk &
72 B EIEME LA OREEN ATRE L 72 D,

AWFIEIX, VR REEZGT D5 N7 BIZHT D EARR ORI 2R T 5 b
DTHY, ZOHTNMRAZHNIIEH TE 2 HFHeirfiihicoh s 2 L &R LT,
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Figure.

a) NOESY spectrum of the mixture of TRAF6, RANK, and ER-000520940-000. b) TRAF6—
ER-000520940-000 (stick) complex structure overlaid with RANK (line). ¢) Molecular surface
representations of TRAF6 complexed to ER-000520940-000 obtained by docking simulation.
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Analysis of Primary Structures of Methacrylate Copolymers and
Terpolymers by Multivariate Analysis of BC NMR Spectra

oHikaru MOMOSE'?, Tomoya MAEDA?, Tatsuya NAONO'?, Seiko ASAKAWA?, Ryuichi
SAKAO?, Miyuki OSHIMURA?, Tomohiro HIRANO? and Koichi UTE?

! Mitsubishi Rayon Co. Ltd., Hiroshima, Japan.

? Deptment of Chemical Science and Technology, The University of Tokushima, Tokushima,
Japan.

>C NMR spectra of copolymers exhibit complicated splitting due to comonomer sequences
and tacticities, and thus assignment of individual resonance peaks is troublesome. In the
present paper, multivariate analysis was applied to get quantitative information about primary
structures, such as chemical composition, comonomer sequence and tacticity, from *C NMR
spectra of copolymers and terpolymers of methyl methacrylate, tert-butyl methacrylate, and
2-hydroxyethyl methacrylate without making assignment for the resonance peaks.

[#5] HEMEZET2ED FMEHZIZZ RS HEASENHNLND Z &%\,
D OILEAIRD 518, MK, S & ORIER T2 RIS 5 2 &,
MEFOPERER ISR TR TH 5. NMRILE D DOREEMATICHW S D FEDLIHST
b5, LL—KIZ, ZESLEFESERONMR ALY MUL, Ak, £/ ~—#iHb &
ONZAREIRIME 7 & A2 RO U CHEMEC D L TR Y, BT 2 SI3E L.
EZS v Tk @%#okgwhﬁ% WL DD H7R G~ & B 5 )72
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HPEY) ORBRRAAT T, BB ETEMEBK LA TV BEL

Z ZCARMFGETIX, ZEEMRTEAX Y

VIR A FIV(MMA), tert-7 F /W (TBMA), &
w}tkm%vi§WﬂmMmﬂ%ﬁ5:i %;O o ﬁ*@
S —= — 0o /’//H
o} Q |

BLOZTEEAERDPC NMRAAY b~

JIGH L, @% IR LAY MVOIRR %

179 2 &7, LHEEMK, €/ ~v—uik MMA TBMA HEMA
FZOSEARFRAIEIZ B3 2 E B A 22 15 oo HufS :

BRI Scheme 1. Chemical structures of monomers.

Multivariate analysis, Methacrylate copolymer, Primary structure
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[38R] A THOWZREHIT T, LR T L OE ) v~ —BEW20 wt%iaiK H,
TV =FVHNVEETHEK L, SR Z Th 28 wivol% D CDCLTAHE (oot
EHAROYEA) £7212CDClY/DMSO-d; [4/6 (mol/mol)] AR (ZmitEAKRDEE)
&L, 10 mm¢ THY v —7 % % L 72JEOL INM- ECX400% F\ T55 °CCHllliE L 7=.
AT N VOFEREELIZS000[E], 2LV ABEILT.5 us (45°), 0 IR UREREIZ2.73s& L C,
BCNMR A7 L %157 (Figure 1). %25 BM#HTIZIZIEOL Alice2 ver.5 for metabolome
ver 1.6 & Pattern Recognition SystemsSirius ver. 7.0% FH /-,

a3 R & P £

Figure 1. Figure 1. 100 MHz C NMR spectrum of poly(MMA-co-TBMA) with 55.5 mol% in TBMA
units, as measured in chloroform-d at 55 °C.

[MMA-TBMA et EA RO LTS & &/ ~ @] MMA & TBMAD %
HMEARPMMA, PTBMA), fHLK23 572 2PMMA & PTBMA DR A Y)FE, HFHLEK<CIL
SRS 72 HMMA-TBMA L B AR 16FE D A 327 OF kL & i L 72, °C NMRA~Y
MLOHFT, 2200F ) ~—HALOIEE Th 5 VAR =V KFE(175.0-179.0 ppm),
T EHAR R 5 (44.1-48.1 ppm)ES L V- A F /LR (15.1-23.1 ppm) D 45 L fE IS % 0.25
ppmfElfR TS MES L, TR 5 HT(PCA)
Z4To7-. Figure2\IZ A a7 71 v b &R,
HMESAKL NS DRAEMOEIEKY
(PCHD A 2 T [ITBMAFLEL DB & & 1T H
A Lz, EHAIKRDOPCIA a7 b [FEERD
fH 2~ L7, £Z T, PClA27 L TBMAK
OB 2R ~7- & = 4, FHERER? = 0.998
DEME D Z LD, PCLA = 7T % K
MLg 25 Z LN bnols, HMEAMARELE N
OORGMRERERT —% & LI o/ LT
:%IE”%(PLSR)%ﬁiI/\: HHEAGR16FEOTBMA Figure 2. PCA score plots for *C NMR
R A IRET D Z & ik 7o, ZOhE5E, BIliE  signals of the carbonyl, backbone quaternary
lH NMR?E'J%%P%FK ¥»7-TBM A%ﬂﬁi@ziﬁ L, and a-methyl carbons of PMMA ( @),

L b e e ) PTBMA (@), their blends (<) and poly
R = 0.997, *Hﬂ*%@{ﬁ%(RSD) =34%T—2 (MMA-co-TBMA)s obtained at early ((1) and

L 7LC[3]. late (M) stages of copolymerization.
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—J7, ELEEEROE2T[MIF(PC2)D A 2 T ITHMR N LT AT TR/ E 720, #AR
MR D ICONBMEASRICIT S 2 E0vD, PCALT / ~—HEH O Rid ke 4 [k
LHeEEZOLND. T/ v —HEORBEEGELS EREMOICRTHIEL LTI T 3—
PP EBRA L, PC2A AT LAnDBRE TN, YIEEAREOMIALTE ) ~—
FLRL & IEHEAROMBEN L E L= /) ~—BUtPEE (fuma = 0.81 £ 0.06, 7rma = 1.26
+ 0.03) & FHNTRD I firr EPC2A 27 X R VAR = 0.996)% 79 Z & 2o
7o Fi, HIREAMRME -t EA RO A REA T — 4~ & LIZPLSRICL Y, &
AAROMESKRIED T o F /" —%R*=0.997, RSD =7.1 mol%DFEE TFilll T
f:[4]

[MMA-TBMA et EA RO SR AIMERENT]  ESIRE 240 °CH2 5 80 °ClZ 2k
S, A 72 2 MMA-TBMA S 8 A R25FE 2 WG L7=. 237~ M a8 % 0.05
ppm& L7 LIAMT, Jeil L7= TR & FEEIZ L CPCA%Z{T->7=. Figure3l2 227 7'a v
kZ79. TBMAMR O KIZE H 720y, PClAaT7 R RK L=, PCLIZILEA
RN E L TWA Z ERNbhoT-. —JF, PC2A a7 X, EARIEENMETTHIZ
ONTERLEZ., KIS, A7V L —F E/)~v—DT7 P HNVESTIE, EARED
EFE L by A2 s FoF— (UBIERR CAICH D AV (myEIc x5,
BIRDMNCH D T EE@EHEHEOES) NEATILIZENmbNTHE> Y F7-,
)~ —OFEHEIC L 6T, A ETHNMRY VTN IEDOPC2E —F ¢ 7 & L THE
HWENnlz., ZnbOERNG, PCAIT U :
HIFF =ML TNDZ ERbroT-.

% ZC, Figure 3OMEENT TR L7Z165E DIt
BEAEKREHREHT —4 & L7ZPLSRZ1TV, 7%
VoD ILE AR E TRAEE & LT, £D3
AN AR R (2T F T mm, -~
TORETTF v ITmrB XN T E T T T
rr) ODHEE kA T=. 7ok, LEAEEDr, mr,
mml%, TBMAHANLZ IR RO, ATV
T AT LT D Z EIZX VPMMA~ L4 L |
2R BEDPC NMR A7 F A bRDIZ. FD =
?ﬁ%%, PLSR“C“%?E'JL?LCW, mr, mmiE, ?@{EIHEE Figure 3. PCA score plots for “C NMR

. 5 signals of the carbonyl, backbone quaternary
(2% LCR™ = 0.500 (mm), 0.717 (mr), 0.825 (r7),  anq a-methyl carbons of 25 poly(MMA-co-

RSD =26.0 % (mm), 10.1 % (mr), 4.3 % (rr) C—  TBMA)s polymerized at -40 °C (), -20 °C
LT, (@),0°C (A),40 °C(#) and 80 °C(H).

[ MMA-TBMA-HEMA = ot EA RO EAMAK & €/ ~—#HEHMIT] MMA-
TBMA St EAEROMRFTTHWZ27FEIZ 1 2, HEMAD HRE A R(PHEMA), Ak
DNE e D B E S RIFEORA W25, MECUCE D 72 5 MMA-HEMA £ L Y
TBMA-HEMA o ¥ L B A R4 14758, fLEK Y H 72 2 MMA-TBMA-HEMA —Jtit B A
R2FEDOEFH3M A Ui L7, 2850 et BEAERICIE, WL ESKRFEE, &

HBHRILESERSFHEO27 V— 7%, ZediEAERICIE, PIB I OEESROLES
KE16FET >, FNFNUER L. BCNMRAXRY MOHFT, “rdtESEROEE
ERIERIZ, VAR = ViRFE(173.0-177.0 ppm), EFHARLR FE(41.5-45.5 ppm)Is L Da- A
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FIVIRFE(14.2-18.2 ppm) D K- ILIGAEIK 2 0.05 ppmfHfE T/ > MMES L, 7 —Z DH
M E AL Z1T > 721%, PCAZITHT=.

Figure 4\C =RcA a7 7y h&, 350 LS FEH~DEEX % TR
PC1-PC2EZ KT, SO HMEA AR ZTERE L, 2O DRAWNEHNEZMD 5 L9
AR R E N, ZOREEN S, PCIEPC2D A a7 OMAE HE MR E K

g2 Z ENbhotz. —J7, PCI-PC3E L UPC2-PC3HEHIXTlX, —thHhdW\E=
Eﬁié%@ﬂBXﬂT mﬁﬁ“%WHﬁT%kt&D,ﬁﬁﬁﬁé:omf%ﬁ
MBSOV, “WorAar 7 uey ML, BEEAKEZNLLDORAMT

304 éhéﬂ?ﬁ%rﬁﬁ& L, 3RSNO S ARSI & 7D = AHEE AR L T
W2 Z END, PCILE /) v —HEHOREFGMEEL K L TS B2 b, 2k
MMA TBMA it E SR OEITIZE T 5F 2 FOILRTH 5. £ Z T, MMA-TBMA
L EAROLE EFRERC, £/~ —BEHONEGMEE EEIICRTIEE L LT3
FEAFAET D BAE2H FE /) ~— 8 fur, frs fom D fooheere ™ B X, PC3IA AT L H
IMEA AR L OWH = T A IRTE D fherere DR T2, T OFER, PC3A =
TIEEWAHBIR?=0.928)Z R L2 Z L5, PC3A 2713 L L Thpetero & M L TV
HIZ ENDoT.

Wi, HRMEAUIE 2 a0 — o |
N ORAIAIFII0 S5 o
L ESERMBENZ T wea o mo EM B
QI ARERT — 2L o e 4 THER PR
PLSRIZ LV, Zdt@EAK 3 : e Thacd MG
DM AHEE L. 'HNMR | . 000 o oo 1108
PE 0 5 BRI Rkl e S
5t L, PLSRIZ L - THEE X s Q@@“‘Q 40 20 0 2
MIZFAAIE, RSD = 14.1 % PC3 (14.6 %) PC1(45.6 %)
(MMA), 6.5 % (TBMA), 9.4 % = N N
(HEMA)CZENENn—E L 7. UF-“D _ oo‘;-jgo
Eho, EFEBIHOMBHEZR | | e s ] o R
mHT—% & Lz =xE 'ﬁ"\-nﬂﬁa ZE S éh@_‘gl 0"-.33;‘5;:0
EEDfur, fru, fimZ PLSR MT:T“ 0,08 § O tme . ° .on‘”jz
THEE LTz b 25, B " S e
%t LT, RSD=19.9 % (fur), —t P

0 0 S
12. 1\\ % (fr), 3L.1% (fin) T < Figure 4. PCA score plots for *C NMR signals of 113 samples and
neEn—x;L. its projected plots. Symbols: PMMA, PTBMA, PHEMA (),
homopolymer blends (<), copolymers ([J, M), and terpolymers (@).
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Quantitative Evaluation of BC NMR Peak Intensity for Polyolefin Solution
(OFumika Moro', Hiroko Sato', and Mitsuhiko Onda'
! Analysis Research Lab. , MITSUI CHEMICAL ANALYSIS & CONSULTING SERVICE INC.

Microstructure analysis of polyolefins is essential to understand their mechanical or
environmental properties because they are widely used in our daily life as plastic materials.
To obtain quantitative °C NMR spectra, the inverse gated decoupling (IGD) method is
frequently employed to avoid steady state NOE since the degree of enhancement vary
according to different carbons in the '*C NMR signal intensity. The recycle time is usually set
to three times of the longest Tic in the sample for 45 degree pulse. For natural abundance of
13C nuclei, however, it is time consuming to obtain the quantitative >°C NMR. Thus, complete
'H decoupling (CPD) method is still widely employed for engineering purpose by carefully
choosing signals for quantification. In this work, we examined several NMR parameters for
conventional CPD and IGD sequences to achieve “C NMR analysis quantitatively.
Quantitative DEPT with alternative enhancement by polarization transfer is also discussed.

- BV

BCNMRIEZ, RU A L7 ¢ o O—REEMNT GREL, #8550, SERBRITESS)
IR SR ENTVWAD, BCNMRARY NALTIE, A v _R—RAF— R NFhy Y7
EEZBAWTHIE CLTIGDE fi#k) 5 2 Lok v, mEFER T LITH 72 ANOEIC L 5k
FERRA RO CTERMATT 5 HIESRESA TV, L LAans, BCITRE )
BNz EMnD, BALRFY 72 0 OFFEIREZE 201245 7SV (%S, #0 ik
LRI R E T DIMERREICRE) ZHOTH, RU AL 7 ¢ v OIS EITIZIX
EFICREWRIERRIALE L 25, 0, ' HEEZ AT hy 7Y o7 LEERIE
(LLFCPD & i) TNOEIZ L 2 E RO 1 & . NOEJ[F%E CREFEEf o H\ o 7
NEBIRTH - L CERINTEEY,

et 2 m LT 270k x 2R ) ~—NHEINLF T, HicZeR U ~—RIZHO0
T, TOHREEE B ERM 2R T 2 DIIEFICFHTH D, ETOREL T
DOEBMEDHEETEINE, LVBEXILS, K0MEICRY 4L 7 0 > O—IRIEETEH
"L EHIfFESND,

TS ORI Al PC NMRD B — 7 3R O i B OV Tt & F2i L 7=,
PERANSNTE7ZCPDEB X IGDIZ N %, BB ENC L DK EERAYHETE 5
Quantitative DEPT?(Z & % *C NMRHIE % F2Hi L 7=,

Polyolefin, Bc NMR, Quantitative
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[528%]

SCIENTIFIC POLYMER PRODUCTS, INC. LD AFL7=AR Y 7Fr 'L (PP), ARV 4~
AFN=1-_ T (PAMP) 2 HKFELT b7 7 mm =& A 10%(w/v) THNEVEFE L |

HERRE LT,

(RG]

Table 1 |Z PP Table 1. T',¢, Ty and NOE factor for PP and P4MP

N side chain CH main chain CH
B L PAMP @ Sample 3 2
P Tc/s" Tyy/s"  NOE factor” T/s" T,y/s"  NOE factor
Tic. Tin. NOE PP 2.4 1.08 27 0.82 0.61 27
Al 88 CHs (&% P4AMP 1.60 1.03 2.5 0.27 0.45 2.1

E Tl) o |  Relaxation time obtained by inversion recovery method.

b . . . . .. . 1
= NOE factors were determined from comparison of signal intensities with complete H
CHa (W/J\ r 1) & decoupling (CPD) or inverse gated decoupling (IGD) during the recycle time.

L TR LT,
Fig.1(a)3 L '(b)IZ PP B LT
PAMP D 45° »L A #R0IR LI
i 5.5%. CPD ® C NMR Z <%
MVvERT, ZORMETPP D%
IRFEDOE—TMEITBBIcRA
B W4 525, PAMP CldHIgH
CH; DE—Z7HENRKEV, Zh
. PAMP T IIMl$4 CH; ¥ o
NOE(2.5) 28 . fih @ [k F £ O &
(NOE=2 F£E) LV L K& W= &
Ezbhb, £ZTIGD &M=
BC NMR HIE &7V, 90 A fif
BL7, L L7ehn, g CHs
DOFARFE— 7 ML 2.52—2.32 |
% Lt%@@ PR FEEL DA XHE
PO TREINAEGME 2 L0 b,
j(é" b\fﬁk 72> 7= (Fig. 1(d)), #Y
U Z 200 & HoE<ED &
transient NOE 231l & 41, & &1 72
B — 7 B DS H A7 (Fig. 1(e)). 4
HiZ. CPD B XN IGD HIE DRt
FERITIN 2., Sy W Eh CRGEE 3 HE R
&1 % Quantitative DEPT (2 X % "°C

(a) PP, CPD, RT 5.5sec

=] -
= 2 S PP unit
()
CH3 .
main-CH, main-CH side-CH,
(c¢) P4MP, CPD, RT 5.5sec P4MP unit

{20 />
(=] (=2} i
S o

/ \
"_i{ :{ T He CH

1.03

Ll 104

side-CH, main-CH, main-CH side-CH side-CH,

(d) P4MP, IGD, RT 5.5sec

S ]

1.01
1.00
03

(e) P4MP, IGD, RT 20sec

o O ~— o
> S S S
PPM
50 45 40 35 30 25 20 15

Fig.1 Solution *C NMR spectra of (a) polypropylene
(PP) with complete 'H decoupling (CPD) and 5.5s of
recycle time (RT), (b) poly 4-methyl-1-pentene
(P4MP), CPD and 5.5s of RT, (c) PAMP with inverse
gated decoupling (IGD) and 5.5s of RT, and (d)
P4MP, IGD and 20s of RT.

NMR OEEMEIZOWT Y, Mt LR Z2 bbb TilET 5,

[ 3CHK]

1) P.J. Adriaensens et al., Polymer, 44, 3483-3489 (2003)
2) Y. Zhang, Polymer, 45, 2651-2656 (2004)
3) B.linget al., Anal. Chem., 80, 8293-8298 (2008)
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P6 4 FEE—EEBEHEKH -ATPE BB Fsubunit c-ring® BAS
SERRENMREIZ & B HEERTE
OFFTERA"Y, EHBS, BHH T, SR, SIS, & HEA,
JREIEUIBOE", [T A
A - IR, PR - FE, O LR, TR - IR, SRR -
WO

Structure determination of H'-ATP synthase subunit c-ring reconstituted
into lipid bilayer by solid-state NMR

oYasuto Todokorol’z, Su-jin Kangs, Ikuko Yumenl, Iku Iwasakil, Toshiharu Suzuki4,
Masasuke Yoshida*’ , Toshimichi Fujiwaral, Hideo Akutsu'”

!Institute for Protein Research, Osaka University, *Department of Science, Osaka University,
Department of Biophysics and Chemical Biology, Seoul National University, *Chemical
Resources Laboratory, Tokyo Institute of Technology, >Department of Molecular Bioscience,
Kyoto Sangyo University

A rotary motor ATP synthase is located in bacterial plasma membranes, thylakoid
membranes of chloroplasts, and mitochondrial inner membranes. F-type ATP synthase from a
thermophilic Bacillus PS3 (TF,F;-ATP synthase) is one of them. TF, subunit ¢ (TF,c)
consists of 72 amino acids, and forms an oligomeric ring, which acts as a proton motor. The
proton-transfer mechanism has not been understood in detail however several structures of
c-ring have been determined in crystals. Thus, we determined the structure of the TF,c-ring
reconstituted into liposomes to elucidate the proton-transfer mechanism by solid state NMR.

H-ATP G A F I3 A R = )L B — AR DAL BRI BT D E KIS X7 B
ARTHY  BEEAEYMTIEI hay RY THEEIZ, N7 7 U 7 TIERECIFET S,
ATPA BRI, AR Z I Lo KEOBEBSICFEHNRT v x L& F|H LT, ADPE&
VBN BATPE AT D, N7 7T U T Tk, Ellafyde DY T 2=y "7 5[5
RIEVEDF, & abycgsDY 7 2= N TSIV DENTEMF, 22 DR S, 7 2=
v MelIERE F - TringlE A2 TERL L T\ 5, ABFZETlE, IFEEPS3HRATPA AL
[EF, DY 7 = hering (LA FTFocring) [Z7EH L7z, cringld, AEWHEIZ L > T
ringt &G 2R T 54 Y I~ — DN ER DM, T r b U X Dringd[Al#s|E I
LTV, ITF, XEUREAE AT 12 X 0 RIS T OringtiE N &S0 vs s vz
M, IEEBEFOMEIX 2 ®E SN TE LT, [HHEA I = X AOFEMIXVF 2R S
TR, 2T, [\lEA B =X AR T, ARNOBREIZITVWIRER S ¢
DTF c-ring DAEIETRE Z [EANMRIZ L D I8 272 o 72,

AREHI KGR K BERIRICL Y PCPNE —B LN N—R T ~ULEIC K 5 B
K TFoc-ring Z FHAFAF L U 7=, SRmmiE Al 2 -H W T A % 7 R 72 TFaeringZ AGH8 L |

E{&X NMR, ATP &hkBs3%, BEAE

QL &zAXT L, MAT LA, POANSZ, WbhIEWL, T 7L Lidd, X
LEZEST, SLbbeE AL, HHOUTE
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DMPC (dimyristoylphosphatidyl
choline) TT&/-AFE B HHE
Bl U7z, & OB BB R BRI
XOT I BBRPAER L2 T2
FRFH AR L7,

EFEEO 6 fFFEOY TN DO T,
7 FE R 2D PCey-Pcy FH B . 2D
BNu-BC B A7 BV & BIE L
BOA IR P T80 2 IR R U 7z, Sy FRE
(@ DFENEENMR O 7 F LD F—
' — T v T HWET DO BN T
W TV AR LTz, BIRT LT
BREREINC S 7 F AN E L, T R R
BLHITIRBN SN D LT A
LTz, D MWD Z &
TEAHE BA I E8 & 07 8 A3 7T RE
eott, i, EHORBEE L LI
2D BC-PC FR AT R L BRI

DFELB o7,

PR EEAR B & #5 5 72 D IZDARRE H
% W T spin diffusion V£ Z 1 W T 2D
130”(:*5!%%«"7 MVERIE LTz, E

FLOBPVER U723 0HI oy TR 2 5 2 T E ISR W T H v 7 /L O E 7 ) D3
TE, EWICEICL o7, TNEHDY T HOWTIRAFER 15, 50, 100, 200,
400, 600, 700 ms? ALY kLA IE U BEEER A 157,

5O B H I L 0 Xplor-NIH %A VN CTFc-ring D& & 515 A 1T - 7=, TFyc-ring
ZE— D103 FREFEST=T H~—ThV ., 5 FROIFEICBWTEADXRN T
RN, ZITE ) v —DHOREERZRD, fEmEEDO S FHOERY Z{ELTY v
THEEET NVEER L, O FROREZ R Lz, SEPIZIEmREHt & LTlao1
IZDE 3 FNIB3BME (~U v 7 A b EEe) |, 43 125 O BREEHIER, TALOSIZ L5
A SR, KFERESZ P REEIZ200EEHE Lz, =X — DKW 10O
TFoc-ringff il DWW CERTHRR L2 (Fig.la) .

TFoc-ring 1ZNEE TP TIRE SN OHEE TdH D A, FIEIETER i Sl &
ERERICHP RO E A & > Tz, £, BEEOWN4A~3458 . SMAl41~T15%
HTAY v 7 X% L Dhelix-turn-helix O~7 B U FEiE & 72> Tz (Figled) » #—
> DOHMNINLE T HE39 C*E 551D %)@ & DOIEEE (EAR) 1F40A TH Y | EiRAFM
I X ABEAR39E3A & —F LT, i\%@%ﬁ“ HE'E & OBl 1 ZIEMERAL C & D ES6ftir
ZFRWTHUKIT, ~U v 7 AOMNIZIZEM Z D, DMPCREDOJE S45 A (B : i
PEER, K BUKED) (126 ) i & tﬁoﬂ\f_ (Fig.1b) . I1EMESEBALES6ITAEN D BRK Y
BRECH D=, MIEHD ST AN Dclosedii & > T d, Z DFERIZSAILT 2/
it & N TR ES6-N23 DRSS 2 i LA & — & L=, 7= baby b &
BICHEE IR T % 2 & TES6 EN23IC KD X 9 B b R B AL A D BLBRTE N,

Fig. . Séturl of TF,c-ring in membrane determined
by solid-state NMR. (a) Superimposed 10 structures. (b)
Electrostatic potential mapped with positive areas in
black and negative in gray. Cartoon representation of the

ring, viewed from membrane (c) and F (d).
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What is the lowest concentration of a minor free form component that can
be detected by '"H DQ MAS experiments in pharmaceutical solids?

oKeisuke Maruyoshi', Dinu Tuga?, and Steven P. Brown’

"Analytical & Quality Evaluation Research Laboratories, Daiichi Sankyo Co., Ltd., Hiratsuka,
Japan.

’Department of Physics, University of Warwick, Coventry, U.K.

The limit of detection for free form of cimetidine obtained with '"H magic-angle spinning
(MAS) solid-state NMR is determined. The free form can be detected and quantified in a
physical mixture with the salt form down to a concentration of 1% w/w by solid-state
NMR experiments recorded at 850 MHz.

Salt formation is an approach to improve the rate of dissolution and aqueous solubility of
acidic and basic pharmaceutical products.' Approximately a half of all drugs on the market
are developed in salt forms nowadays. However, a salt can become unstable chemically and
physically during various processing steps, it may transform to a free acid/base form or
another polymorph or solvate. The solid state transformation from the salt to free form will
alter the properties of the active pharmaceutical ingredient (API) and this is extremely
undesired. To investigate the quality of pharmaceutical products, an efficient and
high-sensitive method is required. Solid state NMR spectroscopy has become a standard tool
for analytical research in pharmaceutics.” Although *C CP MAS is commonly used for
pharmaceutical analysis, the potential of applying 'H solid-state NMR is being increasingly
recognised. Concretely, the 'H double-quantum (DQ) solid-state NMR experiments (DQ
MAS and DQ CRAMPS) are powerful methods for obtaining information of dipolar-coupled
protons, with DQ peaks being observed for close (typically less than 3.5 A) through-space
H-H proximities.** Therefore, two-dimensional 'H DQ spectra constitute “fingerprints” for
the identification of a specific form of an organic molecule.” A drawback of the '"H DQ
CRAMPS method is the presence of spectral noise due to the homonuclear decoupling, i.c., a
lower detection limit could be expected in a '"H DQ MAS experiment at high magnetic field.
We have recorded '"H DQ MAS spectra at a '"H Larmor frequency of 850 MHz and a MAS
frequency of 30 kHz for a cimetidine hydrochloride salt/free form mixture (20%, 10%, 5%,
1% and 0.5% free form) samples and determined the limit of detection for the free form
component as 1% by following the pair of cross peaks at a 'H DQ frequency of 7.4 + 11.6 =
19.0 ppm derived from the free form (Figure 1).

'H DQ MAS, Polymorph, Limit of detection
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This result is on a level with limits of detection by both powder X-ray diffraction and *C CP
MAS NMR for minor polymorph components. This is important for the pharmaceutical
industry, e.g., offering the potential to enable polymorph conversion to be detected much

earlier in e.g. stability testing.
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B FEHE

Report of Participation in the ICMRBS XXVI

Nagoya University, Postdoctoral Researcher

Chun-Jiun Yang

With the support from the Nuclear Magnetic
Resonance Society of Japan, I attended the XXVIth
International Conference on Magnetic Resonance
in Biological Systems (ICMRBS) on August 24th-
29th at Dallas, Texas. I would like to express my
gratitude to committee members and sponsors
giving me such a great opportunity to expand my
knowledge and vision in the NMR field.

ICMRBS is one of the representative internation-
al symposiums for the solution-state and solid-state
NMR applications to the biological system studies.
NMR scientists all over the world got together to
share their ideas and research results. I obtained
a lot of information about different types of NMR
methods and research targets through participat-
ing in the lectures given by these researchers. For
instance, with the development of magic angle
spin (MAS), the solid-state NMR has become a
powerful technique for protein structures deter-
mination by using fast MAS frequencies and non-
uniform sampling (NUS) schedule simultaneously,
presented by Professor Tatyana Polenova. On an-
other hand, Professor Hashim Al-Hashimi showed
the non-canonical Hoogsteen base pairing existing
at the high-energy state of the DNA conforma-
tion, which was determined by R1p relaxation
dispersion experiments, and suggested that the
Hoogstean base-pairing has much more biological
importance than previously expected.

The title of my poster presentation is "Interface

Dynamics in FKBP12-ligand Complexes Studied
by the High Pressure SAIL NMR Method". In
this study, I focused on the aromatic ring flipping
motions of Phe and Tyr residues in the free and
the ligand-bound forms. By using the SAIL amino
acids, I could determine the ring flipping rates of
one Tyr and one Phe residue locating at the bind-
ing interface in the ligand bound states with high
accuracy. To estimate the extra expanded volume
for phenyl ring to flip, the “activation volume” was
evaluated in three different types of FKBP12-li-
gand complexes by performing the high-pressure
experiments. I got valuable suggestions from Dr.
Ad Bax and Dr. Marius Clore during my presenta-
tion. In addition to learning from these authorita-
tive scientists in NMR field, discussing to young
researchers could also be very helpful in detail of
technique skills and information. The way to study
ring flipping motion in solid-state NMR by using
deuterium spectra was taught by a postdoc in
UIUC during the poster section. Seemingly, more
and more researches will focus on the dynamics of
aromatic rings beyond the well-established meth-
ods of methyl groups.

It is an excellent experience to communicate
with foreign researchers and obtain information
from them. It also stimulates me to work harder.
Hopefully, I could also contribute to NMR society
in the future.

Za—AL ¥ —48ikH : 20144£9 13 H
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%553 B NMR a2 (2014)

#5530 NMRE 4 (2014) 3 KBRKFa Ry v arbry— (KREF v 28 R) THMML 3, B
FHE KB OALER, ALBICH ). KboED D % il &SRR L T HRM~DT 7t 2% Fo38E0
FERZAEICH D F9. AT BRI TR S, 3N 1NIRR i ChRfEsh a2 L, &
I NMR OFGE R Z DG b %A 2 I8 T

SRIOFMEOFEHME LT, BREYYRIIL ) 2RO TEALZZE, NT Lty ¥ a v DR
#E W) WHTHOFR R Z F0MR L7228, FRETRAY—ETH AP HEEEOEEZ -
o2l BENHYET, T2 2HH ALHASH OK)) IITHFRIER 2 7F & #EyME R 61 2 FEL TBY
F9. CNOHICEDIHRLERATELIIICEELFE L. 2, HFE2 STV ANMRYLE DD
Fa— M) TNI=A%, SELFWMAIET LBV ZLET,

453 NMRifam= (2014) RGN BRE  BuE CRBORS:)

SH: 2014FE11B4H (K)~6H (K)
Fa—rNJ)F7IT—X  2014%F11AB3H (B)
218 T KBRAKFEI ALY g 42—
T 565-0871 ABRAFEREMIILEAL1-1

BYMVBIFEE - WAEE $2HE 11A58 (K)
11:10 ~ 11:45
BIVREREIE R AR B
Recent advances in nanoscale MRI
Christian Degen (Department of Physics, ETH Zurich, Zurich, Switzerland)

11:45 ~ 12:20

BHMBRIEIE2 JER ATH R
Solid-state NMR for investigating membrane-curvature induction by viral proteins
Mei Hong (Department of Chemistry, MIT, Cambridge, MA, USA)

13:30 ~ 14:05
YERIEE 1 W WE WK

NMR structural biology on transcription factors and chromatin-related proteins
Yoshifumi Nishimura (Graduate School of Medical Life Science. Yokohama City University)

14:05 ~ 14:40

YRIEE2 FER i R
Analytical and biotechnological applications of NMR
Ei-ichiro Suzuki (Japan Biological Informatics Consortium Research Institute; Graduate School of Agri-
cultural and Life Sciences; Graduate School of Medical Life Science, Yokohama City University)

14:55 ~ 15:30
BIVIBREES JER WGH S —k
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Substrate- and ligand-modulated conformational dynamics of membrane solute carriers revealed by
NMR
James Chou (Harvard University Medical School, Boston, USA)

15:30 ~ 16:05
BHREEEY I8 T < )
Magnetic resonance imaging in real time
Jens Frahm (Biomedizinische NMR Forschungs GmbH am Max-Planck-Institut fiier biophysikalische

Chemie, Goettingen, Germany)

16:20 ~ 16:55
BIMBEFEES R g )
Metabolism and microarchitecture from advanced 1H and 13C NMR spectroscopy and imaging

Lucio Frydman (Weizmann Institute, Israel)

16:55 ~ 17:30
BHRIGEEG JEE NI A
Solid state NMR of disease-associated proteins: Methods and Results
Robert Tycko (National Institutes of Health Laboratory of Chemical Physics)

$B1HB 11848 (K)
REBIVEKRII LA
155 BE 70 22 e RV AR R 39 < NMR $3¢47 0 2 B
The expansion of NMR spectroscopy by elaborated stable isotope labeling

I I =N NIRE S

The stable isotope labeling technique is critical to maximize the structural information obtained by an
NMR experiment and to overcome the detection limit posed by the intrinsic low-sensitivity of the NMR
spectroscopy. Thus the development of an elaborated stable isotope labeling technique plays a crucial
role in advanced NMR studies such as structural analysis of large molecular proteins, drug development,
metabolome analysis and molecular imaging. In this symposium, we will introduce various sample prep-
aration methods and its latest applications to discuss how does stable isotope labeling can contribute to

the expansion of NMR spectroscopy.

10:00 ~10:05  FHEHVEO N H
JER AN E (ESERARR G AFZERT)
10:05 ~ 10:17
R RGN 2 H 7= B O R 5 0k & 2 ool I
KA S (bR PHEHAMNREBERY: S/ <7V TVT 7 /ay—k sy —)
10:17 ~ 10:29
AFIVTROSY N X B S ¥ 737 B OFRREE A /1 = X 2 OfH
K EH CRERFREBE 720588
10:29 ~ 10:41
I HERE 8 > X B O NMRFERTICIANT 7= RS BLR O
it R (BT LR RA b AR R A 5EE])
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10:41 ~ 10:53
RN AR D =0 OMAMNL & > /37 G ROUER
B NE ORB BBkt AXWFZERT)
10:53 ~ 11:05
LA LS & % 2 R RR DO BL AR BIZE~ D FI H
S Rl (A SRR S AT ZEAE)
11:05 ~ 11:10 K& /Break
JER CE A W (B ERF)
11:10 ~ 11:22
ORI 5IC X B 7 4 ZITEW T X BB R
B I LATIER Ay AT AR v ¥ —)
11:22 ~ 11:34
T AR VR~ O RS A Bl o B 56
TR RekEB CRBRK S & EWFZERT)
11:34 ~ 11:46
AEY B X R N A F = ANOEUR - % NMR #T
S (BLEirger SRR A AgE e v 8 —)
11:46 ~ 11:58
5 737 ENMR OAFRANDIGH © #HBIMRI K O in-cell NMR i
Stable isotope-assisted NMR in living systems: novel MRI and in-cell NMR techniques
Wik ZAN R RAERE BT ZER)
11:58 ~ 12:00 #ak =/ A HF

$2HE 11A58 (K)
PREBOVKRIIL2
“in situ structural biology” opened up by in-cell NMR”
In-cell NMR 238 Y # < [in situ &4 P27 ]

B N B PR BE. ORI BERN

A & oM O OAREF OB REZ 8153 % in-cell NMRIZ, KRS T3 FERBITHERE L TW A28
% ELOYE 0 % A M [in situ BB | 2 HEE L, RIS ERAIIR O in situ B E W A0 5/ 5 M B 31
R, R R AR IS W MR T KIEL, A7 - A/ R=2a Y OHEEICRELSFGTHZ
EVHREEIN D AT VRV T LATIE, EINIO M5B ORFFEAE I RIEm OB ZENE 2 fi s L T\ /2724
TETH 5o

9:00 ~ 9:25
Protein dynamics in crowded environments
Takanori Kigawa (RIKEN Quantitative Biology Center)
9:25 ~ 9:50
In situ structural biology by NMR
Yutaka Ito (Department of Chemistry, Tokyo Metropolitan University)
9:50 ~ 10:15
Cell biology by optically detected magnetic resonance (ODMR) spectroscopy
Shirakawa Masahiro (Graduate School of Engineering, Kyoto University)
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10:15 ~ 11:00
NMR and EPR spectroscopy of biological macromolecules in living cells.
Volker Détsch (Institute of Biophysical Chemistry, Goethe University Frankfurt, Germany)

$3HE 11A6R (k)
REBDVKRIILS
NMR & 7))+ >~
NMR and Prion

MR A —k

Aberrant forms of particular proteins accumulate in many neurodegenerative diseases, if not all, includ-
ing Alzheimer s disease, and in type II diabetes mellitus, in a part of schizophrenia as well as in a part
of cancer. These proteins are more or less infectious and their structures evolve during passages in the
carefully designed experiments.

Thus they can be called as ‘Prions . Because these structural changes occur in a solution state, only
NMR can detect their real-time evolution process in atom resolving power. This may be the beginning
of the new NMR era in which researchers target a central biological problem ‘Evolution of the infectious

agents’, which is evidently beyond the structural biology.

9:00 ~ 9:10
FATA I NMRIZEDZ VXZED Db OHE[LOELI
Evolution of protein conformation observed by the Kinetic NMR’
ZH  —R (BRRPRFIE GRS E R G 7R
9:10 ~ 9:35
T F EAEDENT Y 7O 2= VIRREOFER LA ) T< =B & ORE
Identification of the molten globule state of prion protein and its relevance to 3-rich oligomer conversion
ARH R (BRI BRAFRIR )
9:35 ~ 10:00
Sup35 RIRZEVEFIRO T I 0 4 N§1EZ T AR O i

Local compact structure in an intrinsically disordered protein Sup35-NM determines amyloid

conformation
KIE  #ideT GTERIRS: #EAE)
10:00 ~ 10:25

ANV R Z VR FE—N VR ZIVIRFEAHBE NMR ORI X A EAHEO FHE TS
Application of carbonyl-carbonyl correlation NMR experiments with ultra-high resolution for resonance
assignments of disordered proteins
FHH 1% — (Interdisciplinary Nanoscience Center, Aarhus University, Denmark)
10:25 ~ 10:50
FANMRETEMIZL 2 b AV b= 22815 T I 0 A FIHEIRL & FLEBHE O i3]
Amyloid fibril formation and inhibition mechanism of human calcitonin as studied by solid state NMR
and TEM
g S (BRI R KRS T, SO IR AT R A B TR 7 be)
10:50 ~ 11:00 =2 x> | ekt
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$53HE 11868 (k)
PREBOVEKRIILA4
NMR D& A L 72 AR A DL H
NMR applications to biological systems

FER CIBH —3k i JBEZ

NMR spectroscopy, which provides information about structures and dynamic of biomolecules under
physiological conditions, contributes to structural biology immensely. In our proposed symposium, we
will show NMR applications, including sample preparations, for better understanding of the functions of
the biomolecules.

14:50 ~ 15:14
§ S MDA F—IRREZ BRI & L oM s
High-energy conformations of proteins as a new target of structural biology
el s GLavfERa: AL
15:14 ~ 15:38
F a3y v FF—EDONMRFF AT 725804« AT 1 2 v & — oG i
Development of the method for production of the isotope labeled tyrosine kinase, and its application
to NMR analysis of the interaction between kinase domains required for activation of the receptor
tyrosine kinase
BN R (REARRAER AR A RHA I 7EEs)
15:38 ~ 16:02
SAIL#E:ZFIH L7z % ¥ 237 EiiEiz S E O NMRWFZE
NMR study on protein dynamics by the SAIL method
RHE Ui (B ERFHAIIZER M e At v & —)
16:02 ~ 16:26
AN O A a4 % B 5 % in-cell NMRZE OB %S & 0 H
A bioreactor for NMR observation of biological events inside living cells
T AE ORERF R SRR
16:26 ~ 16:50
Dissecting oncogenic RAS signaling by NMR

5 %= (Princess Margaret Cancer Centre, University of Toronto)

Fa—b)7IO—-R

A :11B3A8 (B)

215 ARAFI A3 w2 — SEFE2

13:00 ~ 14:00

[NMRiZZE#& U/mXHE]

S W oA (FMLERRIERT)
MR A EH O, @RI L Oo20H b RIL2 E AT, KD — ANDOSINH IR 74
NMROHF 2R L TH, FRISD o THHRIISFH T E DDA RBNADB LS L kv, =T
P L S IR EO TWINE, AL B =8, 77 2 MERL b X OXEIZPIST




BULLETIN OF THE NUCLEAR MAGNETIC RESONANCE SOCIETY OF JAPAN 2014 Vol.5
DHMEFENLHEOTDOE, T L7z NMREHE & L72" AMOFRRiEs R FEROREEZ S LELTHTHS
Do ARWEHTIZEIVE - AHWEE - N A A< 2 - BB E NMR 2 56l & L7225 sCEEz felr. HH 0
B2 M TE72EAOERERZ IS, A - ATH) - CE O =SRKBROTEN 2B, Kim b5
RATFFROANLZIFEHOERTHHE SN, FLUASIZTFHERRR Hr S, BURTIINIZEE OFEMET
ML ARSI EE DD Y. RNCHFHIIBRICB N COEBMEL L CGGHE ST 5, TOmSCHEICE
WOIRD HELBERIZ AR EDHRZNTEH ), ROV B A2 T A, BEWE2Z BT B
% DRM R D B R 7B 2 He GRofb) £33 o b,

14:00 ~ 15:00
[BRNMRERET Y1 THELE]

(I R W0 s e )
NMRDWE &, FZEROHWIZ G DR TY ¥ IV & ZEFMAERT 5B RED» 5. k2 &bH 7 NMR %
BRoFh, WEROMBIZEL T TELOHMERDH D, AL TRIWREZHAICH L EHVET, 22T
ZZD L) BRTREITo72EBIEIEHBIZ N ODBRL LD S, NMRERZ TS 525 LS, HH)
Mz BEAT LI PRI EES>THET,

15:00 ~ 15:10  fR#ER

15:10 ~ 16:10

[NMR % 1 Ff&E&RRELT 5% : DNP
~ZDERIFIED SEHODICHAMAET~ ]

S A S ON TN )
Byt A (DNP : Dynamic Nuclear Polarization) 1. #EEDS 60T T Lo Y EFEEZEIT /2. B
TR~ 2 BHC B W T BIKIR F TDNP 2479 2 & T % O NMR7ER MRIZ AR T — T {5 FEEE
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16:10 ~ 17:40
[NMRIZWLDICBIS =D : 8. ZRFTFT-NMRJ

SR ORE Nk Gk 2R
YFHETIIREICDZ 5 THRAERO N L ORI RRANCEI S N, Ik e Lidd ShTn
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