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The C-terminal Elongation of Growth-Blocking Peptide (GBP) Enhances
Its Biological Activity and Micelle Binding Affinity

OYoshitaka Umetsu', Tomoyasu Aizawal’z, Kaori Mut03, Hiroko Yamamoto', Masakatsu
Kamiyal’z, Yasuhiro Kumakil’z, Mineyuki MizuguchiB, Makoto Demural’z, Yoichi Hayakawa4,
?nd Keiichi Kawano'*

ZGraduate School of Science, Hokkaido University, Sapporo Japan.

3Graduate School of Life Science, Hokkaido University, Sapporo Japan.

Graduate School of Medicine and Pharmaceutical Sciences, Toyama University, Toyama
;Jlapan

Department of Applied Biological Sciences, Saga University, Saga Japan

Growth-blocking peptide (GBP) is a hormone-like peptide that suppresses the growth of
the host armyworm. While 23 amino acid GBP (1-23 GBP) is expressed in nonparasitized
armyworm plasma, the parasitization by wasp produces 28 amino acid GBP (1-28 GBP)
through an elongation of the C-terminal amino acid sequence. In this study, we characterized
the GBP variants, which consist of various lengths of the C-terminal region, by comparing
their biological activities and three-dimensional structures. The results of an injection study
indicate that 1-28 GBP most strongly suppresses larval growth. NMR analysis shows that the
C-terminal region of 1-28 GBP undergoes a conformational transition from a random-coiled
state to an a-helical state in the presence of dodecylphosphocholine (DPC) micelles. This
suggests that binding of the C-terminal region would affect larval growth activity.

(#E]

Growth-blocking peptide (GBP) X, WU Yo~z XF(Cotesia kariyaillH54E &
N7 U d kv Pseudaletia separataD S ShHEOECIH{LZRE 2 fHE 5
K7 & LTHRAINT2DBHZEN DR DXTF RThb, £z, LREOER) HGBP
EFRFEPEDRRD TR\ F AR S, 2 OIEMED S U3 2 R, i Eh
O, a2 PR D BRI OTEM L E2IICH2 5 Z L inb, GBBP7 7 XY
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1-23GBPAAEHL L TV D Z &, HEEZZT AT HR) T UMV ADOEE
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T, #&ika FoRnF o v AR SN T8 EN B2 51-28GBPE L TA SN D =
EL28FREE L L TR SN ZOXRTF RRET0 7 as 7 —E8 82 K- T255k
5 (1-25GBP) & T %11 5 Z L AVURIBI N TV D, BLBRZEWZ L2, 1-28GBPIX
1-23, 1-25GBP & thifg U CHRWVERE R BTG EZ > Z E BRI o> Tns, L
L—F T, Ve —NERICFIREINTE LT, 1-28GBPRMVEEEZ AT 5
AT = XL OWN T > TRV, & 2 TARIFZETIE, 1-28GBPA 722 ¥R EE
EHTDOMNIONTORT LV TOHREZSS 72012, FEICNRIEIZ X 5 S iAHE
E DN B L 21T - 72,
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KBEZ AT T, PN ~LCGBPZ 38, - #58 L EERIZHEH L7~ Bruker
DRX 500MHz, JEOL ECA 600MHz ONMREE(E 2 N THIE 21TV, KR, K ODPC
YIVHIT BT B SARKEEFRAT 72 & 2T o 7,
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1-23, 1-28GBP D SLARMEIE AT 21T o 7o fb . NoR W /r-oVEPEIC E 2 e B o — MiF
I OREE AR /BT AR < TEEDE VT T L U TV R CRIBER Sy AR LT
DT EDRMBENT, Fo, 1-28GBPIXAEMIE L FEGT D ENRB I N0, 4
(RIEE T L & LT & AHDPC R B LT CO SRR ERINT 24T - 72 F Of 5. NK
S B Y— MEROLFT 7 MTIEE A B2 T OMEROEERE L O EER
~OFHIHENEEZ 2 Bz, —F, CRERTRIIDPCI B DB TRE <A b L,
SERREIERENT I D, 1-28GBP CIIMBUBEIENY v 7 R ZKT 5 Z ERH LN
oo SIHIT, FBRHPERCA L U T~V ERBR G| 1-286BPILEIZ Z OCKE~Y v
7 ADBKEIZBWTAERBEEFHEERZ LTS Z LRI NZ, 205D
26, 1-28GBPIZAEMRIE L DA EAERIC L Y 7 a T 7T —B R EIC L A 0O E 2%
FIZ K B2 &, SBIT, ARBEREICH HZHREE TOGBPIREN EHT 57
B, 1-23GBP & bhig U CTIEMEDR TR 72D A 1 = X ARHEE STz,

FIGURE. Interface between 1-28 GBP
and DPC micelles. 4, helical region
(Thr22-Thr28) is viewed along the
helical axis. B, view of the surface
model of membrane-bound 1-28 GBP.
The side-chains of residues Val8, Ala9,
Tyrl1, Phe23, Tyr24, Leu26, and Ile27
form a hydrophobic patch.
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Dynamical property of amelogein

Yasuhiro Kumaki', Tomoyasu Aizawa’, Masakatsu Kamiyaz, Makoto
Demura” and Keiichi Kawano'?

('Graduate School of Science, Hokkaido University, °Graduate School of
Life Science, Hokkaido University)

Amelogenin is a major component of enamel matrix proteins. The self-assembly of the
amelogenin is believed to play an essential role in regulating the growth and organization of
enamel crystals during enamel formation. Recently, it was reported that the self-assembly of
the amelogenin is sensitive to the temperature and pH. The elucidation of the amelogenin
assembly process is indispensable for the understanding of the mechanisms of enamel
formation. The purpose of the present study is to obtain the insight into the self-assembly
process of the amelogenin in the atomic level. As a first step, we have completed NMR
assignments of the '>C/'°N-labeled recombinant porcine amelogenin under the condition
where amelogenin is monomeric. In addition, the dynamic property such as the relaxation are
being examined in several temperatures and pH's.

TAAY 2 = XS AV NI AR AE D EBEIRE S ThbH, ZOT A== DHLC
BRI, = AV O I B W TEEREEIZ RI2L TODLIENMDILTND, T,
ZOT7AY =00 H CEEITIRE KO pH ITKFET DRGSO o B
CEHE 7 B AT F VAR DTE AT = X LOBRFEICA R K Th D,

AWFFED BHIJIZ NMR IR TT AR = =04 70 B CHEE BRI 2R L UL
TOMRAEELZETHD, TOHE—ERELL T, "C KON "N THEGRS N KH kDT Am
V=B EEICOWT, A = HILERIEZITO NMR E S OlR B A 5E T Lz, NMR @
HEXT Ay == 3 TN ER CIRET 285 200, R oo Ry 'TH-"N
HSQC A~ZMLMESNS (Fig.1) fKIR(283 K) . K UMK pH (3.0) D AT 7=, LARA
BT AOY = BEROREE IR, pH., HEE 2D THEUK THHEEZ LN TR,
Fl T OWETT AV 2= NI HER T OE ST 1EE2 Lo TOVDIENRIBS L
TNBP, 22T 2 ITBERREFIE, BEKEAZ B E /2 E D NMR LR IZE T,

F—U—R: TAaY==r HOERE
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Fig.1 'H-">N HSQC spectra for °N-labeled recombinant porcine amelogenin at pH
3.0 and 283 K.
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Structural and functional analysis of a novel chemokine, HCP from an
insect

OSuguru Ichihashi', Masakatsu Kamiya®, Tomoyasu Aizawa', Yasuhiro Kumaki', Takashi
Kikukawa', Makoto Demura’, Yoichi Hayakawa3, and Keiichi Kawano'

! Graduate School of Sciences, Hokkaido University, Sapporo, Japan.

’Graduate School of Life Sciences, Hokkaido University, Sapporo, Japan.

3Facully of Agriculture, Saga University, Saga, Japan.

Insect blood cells (hemocytes) comprise an essential arm of the immune system. Several
factors mediating recognition and phagocytosis of foreign intruders by hemocytes have been
identified but the mechanisms regulating hemocyte movement remain fragmentary.
Embryonic hemocytes from Drosophila migrate along stereotypical routes in response to
chemotactic signals from PVF ligands: members of the platelet-derived growth factor family.
Embryonic and larval hemocytes also accumulate at external wounds, but PVFs are not
required for this response suggesting involvement by other, unknown factors. Here we report
the identification of hemocyte chemotactic peptide (HCP) from the moth Pseudaletia
separata, and present evidence that it stimulates aggregation and directed movement of
phagocytic hemocytes. Spatio-temporal studies revealed that HCP is expressed in both
epidermal cells and hemocytes, while structure-function studies identified post-translational
modifications important for activity. HCP also shares similarities with another group of
cytokines from moths called ENF-peptides. Taken together, our results identify HCP as a
chemotactic cytokine that enhances clotting at wound sites in larvae.

Fex T, A XDOERTHLT7 U I FUOBONENOEROBERIZEET 5
47 f-Hemocyte chemotactics peptide (HCP)% Hifff - [Fle L7z (Fig. 1,2) . HCPI%32
EIDOXTF R THY, TOEHEMETW AT — MG L ¥ — U iEnoR 5 2
& ANMRIZ & B REGEFRHT 7 B B & 202 72 > TV 5 (Fig. 3), HCPIZILERMIIE OEEE %
RIEHZ R OB E O FHEBIIA TH 5, A8 TIEIFE~ DHCPZERIRZAFR L |
DFEBEDO—IREAA OGN T D2 AN E T 5, RIERTIL, ZEED MERHM D2
W=7 v A B X ONMRENTIZ L 0 MERERETSMEIZ BE T 2 A - TR AE B & im
LTETH D,

Chemokine, Innate immunity, Peptide
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HCPIZ K FE F B2 IZHB W CTHis# 7', enterokinaseWIWiidik -1 S &2 FHL 7=
Trxfl 2 A NT 7 REERILT-, (B L7222 T 7 NI KIHEBL21(DE3)E
WCIEEEHL L, IPTGIZ L VA X AR ORBGHE AT o 7o, BRI O AT EEMEE
FENNTAL Z DX D774 =7 4—7m~ 777 4 —ICLVERLTZ,
enterokinaselZ X D E£EYIMIC X - THis% 7', Trxil 23k 2% S 4v, WiAHRHPLCIZ X -
THCPZEEHL L 7=, FcfPOIC RS LR | 1 » TR FEAEAT FH OHCPRE 2 157, &
Hika 2 77 b ofEfiIStratageneft: QuikChange Site-directed Mutagenesis
Kitz W TiT - 72,

FHENMRYEIE X7 7 A 47 v — 7 ff & Bruker DRX5003 S ONJEOL ECA600%
e, REIERHRICIZCNST.2% A -,

Control Treated
FERLEEBE

KIGHE BRI LD Trxfl A HCP %
WI=HCPD K EFIHRLD 51k AHESr L=, "N,
BCRIALA T ~IALHCPREHZE L TH
7oL EE & [RER AR A B R L AR TR
L7,

HCP ™ EFHAEIEIINAK, CR D i Kbl : A
ﬁ@thﬁiﬂ,\j 7 L 3’\* :\/7/1/&?%/5132 k 7$ E % .:2—'-.’—:,’—?-T.-?-ff-F-I‘.‘-:t‘:—‘}-f-"-u—f-‘.-ZA-R-S-C—
JMIOBHD UV AT A VERFEDOH DY ¥ Q-C-V-A-T-T-E-P-P-F-D-P-D-S-Y
k7 3 TREESEIER D D 72> TV D, a TS 20 30
/ﬁﬁfﬁ Vi2$® B A FZ R Fﬁﬁmﬂ(%%é\ L Fig. 2. Primary structure of HCP
PANT 4 RERICEVZEILER TV D,

Al —FEHRDOIEFIC L P EEE oW
A N T A > GBP O i -HE e FH B O fiR AT 20> { )
HaTEEKITILHEAAD I LMK N \1’\
~/\ J
| ¥_\

Fig. 1. Hemocyte aggregation by HCP

TEMEMERFICEHE TH D Z L NHB NI -
TWb, £72, HCPIZ = 7 #1&E O CHR I D
220 kLA = IZGIeNACAHMESRf L | 151 ) :
WCHEFICEER KR ZH->TND Z L HH \\\
HNZ72 > TR Y | ABFZETIICRERM Z b C
AN L/f:/jéjz/gl\:ﬁg;i,ﬁ;@ L7, ﬁi’f\ Fig. 3. NMR structure of HCP
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Kawano K, Strand MR, Hayakawa Y. A novel peptide mediates aggregation and
migration of hemocytes from an insect. Curr Biol. 2009 19:779-85.
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Big Defensin Changes Its N-Terminal Structure to Associate with the
Target Membrane

Takahide Kouno', Mineyuki Mizuguchi’, Tomoyasu Aizawa’, Makoto Demura®, Shun-ichiro
Kawabata®, OXKeiichi Kawano®
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Faculty of Pharmaceutical Sciences, University of Toyama, Toyama, Japan.
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Y T4 720X 79 BENSRDITIETF RTHY . N SIS 7 7 L
PEREICIEMEZE S B, C N 7 T ARRMERE ISR 2R T, C SRfEiRIZe b T 4 T =
I LR CALRIEE Td - 7223 N Sl 3K T e ofiE 2R Lic, — 77,
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DHZEI|LVHFTNMR JELIZEZA, Ean~l v 7 ZAZBAL T\, BITH
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By 7T 472 DF LWIEMER B2 5T LT,

We resolved the solution structure of big defensin and demonstrated that the C-terminal
domain forms a B-sheet structure with three disulfide bonds just like the B-defensin structure,
whereas the N-terminal domain adopts a unique globular conformation consisting of a parallel
B-sheet and two a-helices (1). Intriguingly, circular dichroism (CD) and nuclear magnetic
resonance (NMR) data indicated that the hydrophobic N-terminal domain undergoes a
conformational change in a micellar environment, resulting in a disruption of the parallel
B-sheet structure. However, the structure of big defensin bound to micelles remains to be
resolved. In this study, we successfully determined the solution structure of the N-terminal
fragment of big defensin in sodium dodecyl sulfate (SDS) micelles and observed the
association of the fragment peptide with the micelles using paramagnetic probes (2). These
results provide a picture of how the N-terminal domain is used by big defensin to recognize
the target cell membrane.

antimicrobial peptide, paramagnetic probe, micelle interaction

IHDENOT, HPEChAAGE, HNEbL LT, ThbEI L, NbidkL
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To identify the interaction of N-terminal fragment of big defensin with SDS micelles, the
effect of paramagnetic probes was estimated from two-dimensional TOCSY spectra with and
without 16-Dox, Mn** ion, or Mn*>" and EDTA. EDTA chelates Mn>" ion to form a
Mn(EDTA)z' complex with a negative charge, thereby preventing electrostatic interactions
between Mn”" ions and the sulfate groups of SDS molecules. All residues were significantly
affected by the addition of 16-Dox, and the signal intensity was decreased to 30% of the
original level even in the cross-peak with the least attenuation. As expected, the pattern of the
plot obtained by the addition of Mn”" ion appears to have a complementary relationship to
that obtained by the addition of 16-Dox.

In micellar systems, signal attenuation induced by 16-Dox or Mn*" ion indicates that the
corresponding amino acid is buried in the interior of the micelle or is exposed to solvent,
respectively. In our study, the attenuation profile in the presence of 16-Dox or Mn?*
consistently showed that the N-terminal half of the a-helix and residues I3-15 of big-N
peptide contact SDS micelles, while the C-terminal half of the a-helix and residues A7 and
T8 are exposed to solvent. Residues V13-V18, in particular, exhibited strong exclusion from
Mn®" ions, implying that this region is completely buried in the interior of the micelle and
interacts with its hydrophobic core. Residues 13-I5 also exhibited a preference for micellar
environments rather than the solvent. However, the signal attenuations of residues 13-15 upon
addition of Mn®" ion were significantly smaller than those of residues V13-V18, and the
cross-peaks derived from residues I3-15 were hardly detected in the presence of Mn®" ions
alone. Thus, residues I3-I5 are most likely located in the micellar interface in which the
sulfate groups of SDS molecules are most frequently found. Considering that the side chains
of residues 13-I5 are arranged as a flat surface, it is likely that they face the hydrophobic core,
whereas the backbone is located in the interface region. L20, and V21 are located on one face
of the a-helix to form a surface favorable for making contacts with the hydrophobic core of
the membrane. Taken together, the N-terminal half of the o-helix dips in the membrane
interior through membrane preferring residues, whereas the C-terminal half is exposed to
solvent (Figure 1).

(1) Kouno, T., et al., Biochemistry 47, 10611-10619 (2008)
(2) Kouno, T., et al., Biochemistry 48, 7629-7635 (2009)

SDS mucelle
~ 404

Figure 1 A model of the peptide penetrating into SDS micelle.
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Stabilization of Tom20-presequence peptide complexes by
intermolecular disulfide bond, and investigation of their molecular
motions

OKeisei Izumi'? Takashi Saitoh”,and Daisuke Kohda®

"Faculty of pharmacy , Kumamoto University

’Medical Institute of Bioregulation, Kyushu University

Most mitochondrial proteins are synthesized in the cytosol as precursor proteins
with a cleavable N-terminal presequences, and are imported into mitochondria. One of
the subunits, Tom20, functions as a general protein import receptor by recognizing the
presequences of proteins. It is difficult to obtain the structural information using NMR
spectroscopy and X-ray crystallography due to the weak affinity of presequence
peptides for Tom20.

In the previous study, we used the technique that tethered the ALDH presequence
peptide onto Tom20 via an intermolecular disulfide bond by adding the linker region
and a cysteine residue at the C-terminus of the peptide. In this study, we designed a
peptide containing a homo-cysteine residue, which was linked to a Tom20 mutant by an
intermolecular disulfide bond at the most suitable position. The result of "N NMR
relaxation analysis indicated that this complex was useful for the dynamic analysis of
presequences in the bound state.

Preprotein

} e \Presequence

IbarRUTICEMAEOY ) L § w@\ Etoml
DNABFENTVHA, ZOI k=K 8 nﬁ 487 Outer membrane
V75 Za— RERTHWDLF 37 B b2  termembrane
BiEILKAPETHY, I baryFIT7x 3 _ 0 space
T 5 4 v T BORBMNIEOY ) § Jla ]| Inner membrane
LZa—RERTW5S, ZhbHoI ha E M Matrix
Y RU T S EERE S B U R mpss |
Y= NTT VEAIBTINE I AIEEE Fig. 1 Diagram of mitochondrial
AEELTERSNI®E, T har Y protein transport

T OIMNER VNI AFE T 2 RE AL E

X—U— R ZFURTEXTF REEER. UANLVT ¢ NEEE, BT
OWd A4 Ty, SnWe 5 =ihl, 257 Zundis
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(B RTENLIR BB TEEETENENTom X OTimE &K & FEiEn 5)
ko TIharv R 7<= )7 a~tlg@rand (Figl) ., 203571
BOA & B N R D Z A Tom20 Th 5, 7 LEFNTIS/ HT0EEREOR
S ThHNFOFEFIILERAE L, Tom20iZ 7 VEFIFOSFEEN LR L
T ABS] (oppee : olXBAKMIEE, (IMEEOT I BEE) 2 FET 5,
a Y AESNIELSI O EE MK < 2RI M 5T 5, Tom20E AV &R %2
B TEAebiwny, FxidTom20i X5 7 VEHIDZRGR A 71 = X A, $HRHZIR
VBRI DWW T HBEL BB E LEEBL2EEL TS, LA LTom20E 7
VRSO BRI EREEE Y (Ky : pMA—F —) OT, O L £ TIIEEE
DFFMREEFTREEDLZEDE L, £ Z TEEDOIFFR TIL, 7~ FALDHH
7 VB DOCKIRICRBREISD Y v — L CysiEEE N L7 VEFAT
F K (GPRLSRLLSXAGC) # M=, #L T, 7 v FTom20¥& SSHEZM S
T THEBEOEENERAT., ZOFEIZLY, ZHOORLAIEEE XPBAL
Y) #57, Z OBEESEOXIRAE DT & NMREFBNTE RS TTom20i3E%K
DOFEBARAXDOMOBHNEEZFA LT VEIIARERT D] LW OREET L
ERELE, RECIEELICEMFEEERH O R Lo TNDT I/ (Leu
B OMBIZHRE T AT A > (Homo-Cys) 8 A L7= 7 LELF| (Fig.2) & Tom20
LD TRISSHEAIZ LA BEEEOZENERAT,

TVEFNIFDORESATA LV ANT ¢ NEGETERIELT-D, Tk

Tom20 @ Vall09 % 3 25 A4 NZWZE L7~ (Tom20 C100S/V109C), N NMR #&

FERAT 2 AT\ 9y 1 O E B % 87

Ac-GPRLSRZLSYA-nh2 4% 7= 912, Tom20 C100S/V109C %

Z=H0mO-Cys PN 12 L/ Fig2 O 7 LEH] & f’Eé\

B2 S, Ti, T, hetNOE HIE

Fig. 2 Design of the presequence peptide BT T AR RO EEEC

to'form an intermolecular disulfide bond ST ModelFree 247 L7 5 B 4

with Tom20 TRV AL T 4 REEAIC L > Tl

B2 I SN OREECH HI2H 0303 B Tom20 & 7 LESI & OBzl D —HE

(22 ) ERE COEBSNGFET DI & LRI, LoT, AR THE

L7 Tom20-7" VEFIEGEIIEE L 2B L L-F-REmIcPATcEs L&
bbb,

1)Saitoh T, Igura M, Obita T, Ose T, Kojima R, Maenaka K, Endo T, Kohda D
EMBO J 26,4777-4787(2007)
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The NMR structure of the TC10- and Cdc42-interacting domain of CIP4
oYoshihiro Kobashigawa, Hiroyuki Kumeta, Daisuke Kanoh, Fuyuhiko Inagaki

(Graduate School of Pharmaceutical Sciences, Hokkaido Univ.)

Insulin stimulates glucose transport into striated (skeletal and cardiac) muscle and adipose
tissue via the insulin-responsive glucose transporter GLUT4. The vast majority of GLUT4
resides within the cell in the basal state. Activation of insulin receptors by insulin binding
triggers the relocation of GLUT4 vesicles to the cell surface to enhance glucose uptake into
the cells. CIP4 (Cdc42-interacting protein 4) regulates GLUT4 relocation via association with
the activated Rho-family GTPase protein TC10. Here, we will show the solution structure of

CIP433,.425 and study the mode of interaction of CIP433,.455 with both TC10 and Cdc42.

A U AY NET 3 — AR GLUT4 24 L TR IR~ 7 L 22— 2
DI AT % FFES 5T F FMERALE L Th 5, GLUT4 13 E & MiaE o
GLUT4 storage compartment %4173 L, Basal JRAETIEZ < BSMIRENIZHFIET D,
A A VR K0 MR B SIS S GLUT4 OFEIGA X MldN~D 7 L=
— Z DY IABEIEENNT 5P, CIP4(Cdc42-interacting protein 4)i% Z D FE DI
55 I BETHLHY, i Tra T S

CIP4 (L N K¥firs FCH RAA > 1% Coiled-Coil N A %
RAA > 2™ Coiled-Coil KA A >, SH3 KA A I e TR ams
X O ERE E D (Fig. 1), 2" Coiled-Coil R A /I%  Figl. Schematic representation of
GTPase T % TCI0WE L 1 Cded2 & DA icpgy ), the domain structure of CIP4.

SH3 R A A »iZRab 7 7 X Y —GTPase ® GTP/GDP nucleotide Exchange Factor (GEF)
Tdh % Gapex-5 & OFEA IR 5, Basal iR AE TIX CIP4 X SH3 K A A > %41 L T Gapex-5
EHREA LAIRE N O Rab31 {5 L5 Z & T GLUT4 OFINE ~D 4T %123 (Fig.
2-a), A AU CRREIT &V MR AAET D TC10 25 GTP #E &I 28 S uETEL

¥ —7U— K : CIP4, GLUT4. insulin
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END & CIP4 1Z 2™ Coiled-Coil fEIE &/ L T
TC10 & A5G L, M~ BITT 5, 2 DFE.
CIP4 |Z SH3 %41 L THE& L 7= Gapex-5 & Al
JFIZBATT 5 2 & T Rab3l BAEME S,
GLUT4 OHIfE~DOBATHE IS, i
\Z XV HIEERE D GLUT4 23 L. Glucose
DS~ AT 5O (Fig. 2-b), £7-. = 1’%&
B CITMIRE ~B1T L 7= Gapex-5 %41

Rab5 2MEMEAL Edv, Z 4128 Class 11T PI3K %{%
P4 5@, Class ITI PI3K % macro autophagy
DFEICED Z EnMBLITE Y | polyQ DB
RiICHBLZENRENTVWED, 20w,
CIP4 I LinA v A o 7 F IVARERRIE D
INCT VN U B TR AR R & DBF Y
b RN,

AWFSE Tl CIP4 @ TC10 38 L TV Cde42 & D
FEOHREICET 2R EBLIZ 2 EBE L
C CIP4 @ 2nd Coiled-Coil domain (CIP4335.425)
DV 2 R E LT (Fig. 3), T OFEHE,
CIP4333425 1T EATD 2 KDo-helix 725725
Coiled-Coil ZJE L T 7=, helix [ O A AE
MEIZIX L L, VAZAFELTEY, Bk
MR EAERZER L=, £7-. GTP fEdS
D TC10 B LN Cded2 & D EEBRE1T -
72 Z2A, 1 AHD helix @ C Kumfil, helix 4
® loop. 2 A H D helix D N 3E\“”1ﬁ'l \AFAET D
FEELD NMR G 5 DR DIER I 7z, {ﬁﬁ% L
728 —271% TC10 & Cdcd2 TRI—TH V., =
L5 D GTPase Y CIP4s35.405 D IE] UFEIRICHE S
T5HZEIIRSNTZ, TCI0 BE O Cded2 &
CIP4330405s DFH HAEABERE I OV T HEBEER LT
DTARETITHRETHTETH D,
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Fig. 3. Solution structure of CIP4335425. (a)
Overlay of the ensemble of 20 final
energy-minimized CYANA structures in
stereo with heavy atoms from 339 to 421
are superimposed. The side chains are
shown in blue. (b) Ribbon diagrams of the
lowest energy structure. (c) Wheel analysis
of the coiled-coil of CIP4335_45.
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Electron transfer mechanism between cytochrome ¢ and cytochrome c
oxidase
O Naoko Nomoto', Koichi Sakamoto', Takeshi Uchida', Kyoko Shinzawa-Itoh?,
Shinya Yoshikawa® and Koichiro Ishimori'

IFaculty of Science, Hokkaido University.
2Department of Life Science, University of Hyogo.

Oxidative phosphorylation, an energy metabolism to produce ATP, is coupled with electron
transfer chain carried out by a series of redox proteins. Cytochrome ¢ oxidase (CcO), a
mitochondrial membrane protein complex, accepts an electron from cytochrome ¢ (Cyt ¢), a
soluble protein with a c-type heme. The electron transfer from Cyt ¢ to CcO is needed to be
fast not to limit the overall rate of the metabolic pathway, therefore the binding constant for
the complex formation is limited by high dissociation rate constant, necessary for a high
turnover rate. On the other hands, the redox partners have to form a specific complex with the
redox centers of the molecules in close approximation to fast electron transfer. In this study,
to reveal the molecular mechanism of the fast electron transfer, we investigated the interaction
mode of Cyt ¢ and CcO.

[#=5]
AR rE i BT A2 bE Y Bl intermembrane
oS hav R TABED s P an o ERD ¢
ER OB R ES BT 5 - LTk el N\
. AERICUADOTZRXLF—ThHD
ATP 25T HRISTH D, AlEME

Cyt ba

matrix

DETH )T — 5 RS ETED 1/20,42H H,0
v hruAh cCyte) B, I ha R
THEEBEY L XVETHDHY M2 7 around eytochrome ¢(Cyt ¢) in mitochondria.

Fig.l Schematic diagram of the electron transfer pathway

cytochrome c, cytochrome c oxidase, electron transfer

O bRz, EhbiEIirnh, >BELTL, WEI(LAZSD)E LD,
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c ALEER (CcO) ~DE5iE (Fig.l) 1%, BV Vb o EELHIE A D 1 DT
D, CcO XML Y U ELIZE T DME— OR AW 2 2 OFEMEIXE TR
Cytc DY EOATHIA I LTS, L7ed > T, Cyte 7°H CcO ~DEFREIL
Fe BN ENRICHEAT T DM ER H D, £ 2T, AFRIZENTIE, mWRISEER
Zheg L R EME 2 N T 2 A RIE RS 2 T 5 2 L2 B E LT, Cyte & CcO
DAREAE RN 21T > 72,

[#1kHEB X O]

LEFIN AR Z i L2 NHE Cyt ¢ I, KIHHE Rosetta2(DE3)pLysS % H T
KEFHBL S, B BP% rTEMEE 7> £ 0 Hiprep SP 10/16 XL 17 A% W T
SDS-PAGE |[Z TH — N> R F THRBBLEZ, CO TV LHrb
decyl-maltoside(DM) # HIWTRITE L &8, FerEib i ds KL ORI A4 0 il 2 L 1T
X K A1T 572, 50 mM NaPi, pH 7.0, 0.1% DM, 1 mM DTT (ZiEfEL7=, #)—
["H,"N] 5% Cyt ¢ 2%t L, DM Tk L7z CcO % 1/10 f5EJEA L. NMR
Il Lz, NMR HIEIL. 7 94 47 a—7 %2355 L7 Avance 600 % T,
RIERE 15 C [ TT- 7=,

[REAR]

Bk & ROGRER R 2 WL T D Cyt ¢-CcO R B IIERRL D 5y 145 % fR i+ %
72O, BERmOMEZHRDVERNH S, AFIEIZHB W TIE, CcO o1&
400K ODERRIESZ X7 EThHhDHZ L aBE L, LA (TCS) FERITLD
Cytc E®D CcO LOFEAEREEFETHI &L L, Cyte & CcO IEBLERAL
eI L, TCS ERAIT 7R R, Cyt ¢ IZx LT DM OAZEIMLTZ
KM FEBR OfE L L Hele LT, AS1,N54, K55 2X U &+ a5 kick\WT, 74
TR L 5 B 0720 o 7 BRI BB S e, 2B ofkikE Cyte O
g BIZ~ v B 7 LTS3, heme edge 15D Cyte Zrf3RimlZEkem 2k L T
Ay

[&4]

TCS FEBRIC XV faH S 7o /& R im sk I 1T, heme edge 5 DO BUKMEFR LI KO
HEMRENOHER SN TV, ZTRETICHLNE SN TWD, Cyte LY 7
A bey FEAERBEBLIOY Mo b ¢ ~FF X —PHEARE S FEEC heme cleft
VB OB X ORI EZE ATV DL, W b BUKMEREIL S L ~20r6E
IALE LTV D, DO b, R EOBKMEREORE & LT, BKMEMA
TERIZ X 2B EIRDOLEITINZ T, #iR IR OE BN L 7o BiK BB 4
BT HZENEZOND, —F. Cyt ¢ OHFEMEFRIEL CcO DERMEERFEDIA A ME
HANEARIERICEET 2N 7R ) V7 ERICE DV RENTWS, Z O EM
AERZ, FROEED LUATEESEOR MR EICFEICTHF ST 5 2 LA S5,
S, B Cyte & CcO DFAEAERMIT 24TV, BB ORER L i+ 52 &
IZED | EOWRISIREZ FEE & T D EA IRREERERE O MR &2 B 159,
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Structural study of interferon-inducible transmembrane protein S;
sample preparation for solution-state NMR analysis

Takashi Tsukamoto', Li Xiang Lan?, Nobutaka Hanagata?, Makoto Demura'
'Graduate School of Life Science, Hokkaido University, Sapporo, Japan.

’Nanotechnology Innovation Center, National Institute for Materials Science, Tsukuba, Japan.

Interferon-inducible transmembrane protein 5 (Ifitm5) is a double transmembrane a-helical
protein and specifically expresses in osteoblast cells of any species. In previous studies, it
was cleared that the expression of Ifitm5 is independent of well-known transcription factors
for osteoblast cell differentiation. Therefore, it is suggested that Ifitm5 is a novel factor for
the bone morphogenetic. In this study, we challenged to figure out the dynamic structure of
human IfitmS5 by solution-state NMR spectroscopy. We prepared the overexpression system
using E. coli and °N,">C/"°N stable-isotope labeled Ifitm5. Far-UV CD spectra showed that
detergent-solubilized Ifitm5 forms a-helical conformation. In conclusion, we succeeded in
obtaining Ifitm5 in native state. Further NMR analysis under solubilized system are in
progress.

AVZ—=T 2K O FRBEDNFEENBZRE 2 N7 ET 7V —L LT, Ifitm
MWHIGNTHD, BHEXTIC 7 MEHOHEKRDIHEZEEIN TS, ThbidVnIng
TIRIBEEEA 2 VoS E T, —REEHIDIEFICHEBIUIRE@E R X1 &, 2Rk
WKEART X/ KiBXUOTHNVRF IR ZE > TV, TNETO Ifitm 77 2
U= 2MAE, /w77 7k «RNAi 7% ED in vivo « B15 1 LX)V TOWIZE %
HDICIREENTED, B Ifitm 2 >3 EICiEH LTz in vitro TORERIRITZE
i rbnTliahoT,

Beaid, Ifitm X878 7 7 2) =00 LD TH 3 Ifitm5 IiEH LU THI%EETT>
T&ETz invivo TOMZEX D, Ifitm5 (FHFMATICOARREFERNTHIL, ZDFHH
WKiEA v E2—7cay, SO MuIc EEAK T Runx2/Cbfal 33X U Osterix
WBEG LW EDHSMNIC RS Tz, &b B, Ifitm5 &, EHHIIICRR RN HE]

2 2878, 781 NMR
ODht e Iehl, b TH5H6A, BEWTe DEED, TUL X2k
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LTHIERZIET, OB ST ETHD T LR ENT, iz, Ifitmb &
BOEHDO 2 N HEMBNEHT 5 EAVRBENTED, BIERCHICET 284
BREE ORENFREINS,

Z T THRIEZ, B NMR EZHWT, X287 Ifitmd OEDXAFIv T
ThngZzffd ez M EL, TOHE—KEE LT NMR it D7z Otk %
frolze —RIC, BEZ IR EORFERRENETHZ EEDNTWVDS, UMLK
Mo, WLEKGEZ AW KEFRBRZHEL, 1L EEHZOK 47Tmg O Ifitm5
Z19% C LI Uiz, F7z, MALDI-TOF Y AAAXRY b A MU —, C AUl His
tag ZX—7 v b Lz AZry7uay 747, NARGHOT X/ BEEA I
o T, Ifitmb ZEETHDORGEBICHIL TV Z 2zl Lz, E5Ic, 5t
WIGEHEA A7) —= v T kit T A, MMEAA D LDAO (N-Lauroyl-
dimethyl amineoxide) A& AIVA{LAEICEN Tz, LDAO AIVA{LARRE T D ERSY
CD ZHlE Lz 2%, AT MUiF 222nm & 207nm ICHfliZz D a\U v 7 X
DI —>2 %R LTz, K2D (http://www.embl-heidelberg.de/~andrade/ k2d/) 7 F
WICRFTRER (Fig.l) Z2&MET 2 &, AW TR L 7ciSiEIC K > TRIIKED
Ifitm5 2132 C LIS Lz, ARTE, TORBRZEMANT PN, °C/PN ZEFH
AR Z NIV R ZERR U, NMRIEZ1T > TeRiREBGDETIME T 5 TETH %,

oo 30 oo oo
RO & & ¢ CORRED
wCed Y 200G OO
o <> <P,
N-term CED D) :‘.’ D)
B B add D@ D "
@ O G O D O D
CDw0 ) o
‘ﬂ WD ®®®
—= CADI0
®®®: o TS
G G S S
IS G D
(>
T
6@60 ®@DG>
Py
S L,
o 50
Ifitm 5 B
Interferon-inducible transmembrane protein 5 3 ooo
» 134 amino acids o o %
» 14666.9 Daltons 0 o o o
» Hydrophobic residues : 51.5 % 70 000 80CYD D)
(A V,L,1,P,M,F,Y,W) @0

[Fig.1]
The amino acid sequence of Ifitm5. (SOSUI,; http://bp.nuap.nagoya-u.ac.jp/sosui/)
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Structural characterization of all-parallel G-quadruplex DNAs formed
from a series of sequences
OYusuke Nakano', Hulin Tai', Shigenori Nagatomo', Yasuhiko Yamamoto' and
Hikaru Hemmi®
"Dept. of Chem., Univ. of T sukuba’ and Natl. Food Res. Inst.”

A G-quadruplex DNA is composed of stacked G-quartets, each of which involves the planar
association of four guanine bases. We have characterized the molecular structures of
G-quadruplex DNAs formed from DNA sequences possessing various number of consecutive
guanines such as d(TTGAGG), d(TTGAGGT), and d(TTGAGGG), in order to elucidate the
effects of the sequence on the G-quadruplex DNA structure. Similarly to the G-quartet,
adenine bases have been shown to be associated to form A-quartets in the G-quadruplex
DNAs of the present DNA sequences. The alteration of the sequence was found to induce
structural change of the A-quartet, which in turn influences the G-quadruplex DNA structure.

Fif

SEATRIPUEESH DNA VL, SiRE D F A AFETIT wf b

7T =R ARSI & B DNAA S T B4 o \Y%I}
X VR ENLBS T+ THD, WMESH DNA TIL, %DA

DNA 850D 277 =2 4273 Hoogsteen MR AHZ LV [E— _
SEE N TTERICHERS U7z G—quartet (Fig. 1) 2B S,
Gquartet SEFEET SHAE, TROO R TEOX ) fk
5% 7 RIS DNA OSLIRHEE DR EALIC 5 LT Aot
V2. SHIC, PHESIDNA 37 AbIC G-/ 7 hAHE F1g 1. Molecular structure of G-
T 2HAITIE, 37 Rid G-quartet [f DA X v F quartet. Ellipeses and thick lines
JIWZED | DIES DNA 23 SR E k52 &, £ L C_. represent deoxyriboses. and
ELIC L 0 TUESE DNA O IRHERE S -  — B b 2 hydrogen bonds, respectively.
ZEDBHLNTR o TWD, AFETIL, B FT e ATITEIT 540 K LES O K
KHENLTH D d(TTAGE) ZEF —7 & L Tiat L7z d(TTGAGG) &, 37 RImlcF I v
R T = &BMULTE d(TTGAGET), d(TTGAGGG) D Z N Zi & v R S % U H K
DNA DA% NMR 12 & 0 fi#HT L. G-quartet DA X » & 2 7 23 U EHH DNA DI
WG ST T HEZY O LT,
Keywords: G—quartet, m—m stacking, G—Quadruplex DNA

ORI TI, W2 VA, BRELLITDOD, LFELETOZ,
NAFHONIND
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HR-ER Guanine imino NH Base
d (TTAGGG) & d (TTGAGG) ®'H NMRA~<Z ~/L @3 G5 G6 Adh2
T, BEDOCHE 77 =NH (Gy) 7w by AN Ju—

T ANBN SN D AZFig. 2 ITF Y, 64 65 66 :
WO AT ML TH 10 - 12 ppmiZ 3 JL_IL_L_____LJJ_JML
DGy 7T ADBR S L, ZNZFHDODNAT 1 “ihemical oo /
KPR D i WA TR DY B SHDNA ((d (TTAGGG) ) p» Fig. 2. "H NMR spectra of G-quadruplex DNAs
(d (TTGAGG)) 4) NI A Z ENRENT, formed from d(TTGAGG) (top) and d(TTAGGG)

: bottom) at pH 6.80 and 25°C.
F72. (d(TTGAGG)) , D7 7 = H2 (A4H2) |ZH (bottom) at p an

KF B> 7 F 9.2 ppm IZBLIS L, 20 “ .
VT FNDEED YT MEIZHARTH 12 Oy qfljJ
ppm OARREYG S 7 N &R LTz, ZOREEN G, n, ': =\,
d(TT6AGE)), » 7 7 = > 1d . BE#E T 5 U S /“{H_
G—quartet & ® 2 % v ¥ o 712 kv x uh\"k«“
A-quartet (Fig. 3) ZJBRT 2 2 & DS /RIE S '-N\?JN W) :
e, " w

KIZ, d(TTGAGGT) , d(TTGAGGG) T, 3’ ZRK¥fi  Fig. 3. Putative molecular structure of A-quartet.
~O 1HEOBINC X B A-quartet DFEREIZ Ellipeses and thick lines repr.esent deoxyriboses
527 %;gi,ﬂ » ﬁ?ﬂ‘ﬁ‘ L 7"10 (d (TTGAGGT) ) 4@ I and hydrogen bonds, respectively.

NMRARZ RV TlL, Gy 7TV EAdH2 7 -
T DGR 472 NOESYIZ K % fi##fr
R, SELIZZENENDG,> 7T /LD T
faFBENC L5 7 e A —7 BNERI S, ko
JE9HAH2 ENOEABIHI SN Z &b,
(d(TTGAGGT) ) ;1T I A—quartet D& 2B L
T, MAEE#T S “HDDar 74 A— gy
DIFEN R ST Fig. 4., F 72
(d(TTGAGGG) ) , T b A-quartetiZ BT 263 %+ 3
UG5 DGy, 7 F A BRI S Fig. ).
:O@E\:fg DAL T A A=Y V@ﬁ{fﬁ§ﬂ< Fig. 4. Portions of 'H NMR and NOESY
eShic, 2O X DI, AquartetZ b OME  gpectra of (A(TTGAGGT))s at pH 6.80 and 5°C.
ﬁéDNA@1%L iik%@aﬁl mﬁj‘ D EBR Guanine imino NH A4H2
i, G3 G5 G6 ,G7

40

AaH2 ) AdH2
G363 G5 GGG G5

& Wi IC
"H (ppm)

30°C

ﬁgﬁ 20°C_A_,M
PUEESH DNA Tl G-quartet ED -1 A¥  1o0_n_r g A A
v ¥R Aquartet DNEENLTH 2 & 115 11 105 10 95

> — N Chemical shift (ppm)
VR z A &
PRSI, FTC, A-quartet OREGIL, DNA Fig. 5. Temperature dependence of 'H NMR

HWHREBSNARLFT D 2 E BB LTR 572, spectra of ((TTGAGGG))s at pH 6.80.
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Structural characterization of a complex between heme and G-quadruplex
DNA

OKaori Saito', Hulin Tai', Shigenori Nagatomo', Yasuhiko Yamamoto', and Hikaru Hemmi®
"Dept. of Chem., Univ. of Tsukuba and *Natl. Food Res. Inst.

A single repeat sequence of the human telomere, d(TTAGGG), has been shown to form all
parallel G-quadruplex DNA in the presence of K', which spontaneously dimerizes through the
stacking of the 3’-terminal G-quartets. We have previously demonstrated that heme,
iron(I1I)-protoporphyrin IX complex, and G-quadruplex DNA assembled from d(TTAGGG)
form a stable complex called “heme-DNA complex”. In this study, we characterized the
solution structure of the heme-DNA complex using 'H NMR. Analysis of signal intensities
yielded the stoichiometric ratio of 1:2 between heme and G-quadruplex DNA, and
intermolecular NOEs between heme peripheral side chain and G6 protons were observed.
These results revealed that heme is sandwiched between 3’-terminal G-quartets of two
G-quadruplex DNAs.

Feim

WWESHDNAL, 77 = W&K (G-I 7 » b, Fig. 1) ([ZX 0B S 5DNAD
BRBED —ETHDH, LTI NE TOFFEICENT, ~& @-Rr7 41 VX
BEK. Fig. 2) SDNAMEEASIATTAGGG)IZ &V Rk S5 P EEH IS % L CTHRERAIC
fe L, ~A-DNABEAG KR EZ T 5 2 & 2 LT%fJ S, AT D~ L8k

DEALAEE T FF A 7 pHAR A7 1 =
“BRUTILTH %R L, PEpHICH gmr" Y m;[ ) /

WA - m A B TEEAR (S=5/2) | \

HWHREMICBW TR A B RIS (S= H— N\ \N-H

12) &72% (pK,=8.7) ., AWFZET R'N

WX, WREEoEE N LD S, 2 %f‘\)\ N N&

K ICNMR O JTE D3G5 Gy 12 70 5 & HOOC  COOH

‘@pH@%ﬁiT(C}SU T, BAEIRoRs Fig L Molecular structure Fig. 2. Molecular structure

* of G-quartet. of heme.

YEMENT 2 HNMRIZ L 0 177~

MR BE
W O P ESEDNAIZB W T, "HNMRD > 7 F /1130 - 12 ppmiZ 8Ll S5 (Fig. 3) .
(TTAGGG))lZF1F HDNA 453 13T X TEMTH Y | ~10 ppm & W IKESIZ > 7 B

F—TU— K : LA, UEHDNA, #EMHENMR

OIWNEIMBY, LW VA, ZBREHLLTOY, REHELTOZ,
SO D
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Fig. 3. 'H NMR spectra of heme-DNA complex (top) and G-quadruplex DNA (bottom) in
90%D,0/10%H,0, pH 9.7, at 298K. In the spectrum of heme-DNA complex, heme methyl and guanine
imino proton signals are marked by filled circles and squares, respectively.
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L7ey 7 FNiE, K42 DG-HINT v N TKE-MEEZER LI/ T =0 DA ) 78

NZHKT D, — . NL-DNABEIKRTIE, 7 FL3-6.4 - 18 ppm® JAFFH 2
& (Fig. 3) . ~Al#HI LOANLIEFEODNAT 7 N UAZHKT 52 7 i
LEROAKIE T ORBEZ T TREFHES 7 M52 ERKBENTND, ~A
-DNAEEIED > 7 VI EIINOESY, DQF-COSYIZ X VATV, ~AfllgE 7 1 ko
TFNVDIFEEFETTHEHIANFEAEETODNAT T o U T FADIRE LSS
ZEMTE,

E 51T, NOESYIZHWTIE, ~A-DNAES
RO E R EICEE /e~ EDNAD 71
MINOEHLEMI E Tz, ~LDATF LT r b B
FOv=1r7nm b R UESFHDNAD6E H D%
ETHHGODHIEL LNV AR—AD 7 a kv
ENOEZ/RL7-Z &25 (Fig. 4) . ~AIEDNA
DKM DOG-TI VT > MZAF ¥ 7 LT
WA EWNRENT, G6DA I /e Dk
R A B - %%ﬁé%uﬂ#?ﬁ”‘n 1 E#920ms & 4 <
NABRDO AR T K D WM DR B A i
<ERIFTWsHZ L 75>Eﬂ Hinklpol,

720 9- 18 ppmiZ /TEER < B S 72350 Fig. 4. Schematic drawing of G-quadruplex
G-IvTy FHEDA I 77 a b, 3L U4 DNA. Base and ribose protons that exhibited
DDADATAT G S ROBIELD D TR o e reesoned by o
~NL-DNAEAIRIZEBIT D~k lLE@iéDNA@
fbE &R, K12THD 2 EdREnT,

o w
~NL-DNAEARIL, HHEMpHIZH W T, 22D EIHDNADI KEtI~ LA R3
7oy A v FAEETH DL Z ERH LN -T2,
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NMR analyses of the binding of sugar to the C-terminal domain of an
R-type lectin from earthworm

OHikaru Hemmi', Atsushi Kuno?, Sachiko Unno?, and Jun Hirabayash12

!National Food Research Institute, National Agriculture and Food Research Organization
(NARO), Tsukuba, Japan.

Research Center for Medical Glycoscience, National Institute of Advanced Industrial
Science and Technology (AIST), Tsukuba, Japan.

The C-terminal domain of an R-type 29-kDa lectin (EW29Ch) from the earthworm Lumbricus
terrestris has two sugar-binding sites (o and v). Our recent paper' showed that the Kd value of
the a sugar-binding site were approximated to 0.01-0.07mM for lactose, whereas that of the y
sugar-binding site was 2.66mM for lactose. Although the crystal structure of the complex
between EW29Ch and lactose was reported, it is still unclear why the a sugar-binding site
binds to lactose more strongly. In the ['*C,'H]-HSQC spectra of BC-labeled lactose upon the
addition of non-label EW29Ch, mainly the NMR signals of the galactose residue of the
lactose were broadened and shifted. These results agree well with those from the crystal
structure of EW29Ch with lactose and the STD-NMR experiments of lactose with EW29Ch'.
Further, we are currently analyzing the NOEs between EW29Ch and lactose.

SFEM2HITOI I AHKLZF o (EW29) 1. 27 %7 2/ BEEAINNE—D 2
DD RAALUMBRY . S5, Z2O7 2/ BBESFIZ “Gly-X-X-X-GIn-X-Trp” &
SOETF—TIHELFO?, ZOEF—IHEEIL INETE ORI Y N
THRAINTEY, RtypeL 7 F o 77 IV —ZFRL L TND, SHIZ, ZOLIZF
VORI E LT, RtypeL 7 F U7 7 I U —IBTAHMDE T LY E— NE RS
BN R AA BEIZ D DOREREAENAL L2202 E M B HID N A A > TldgRiin
BREFEETEIE 2R 72720 6B 2 BTV D, EW29ZHB W TCR K A A B
(EW29Ch) T & EW29IZ EE 1052 ARV METE Tlidd 2 2SR MEKEEEETE 2 Fr> 2 &
DHHITWD, £, HITEW29 Ch& Bl & ORI E T 4, 4 FHIc22 0
BEREAINAL (o fEBMAL L v FEEEBAL) BEET D Z ENbhoT23, &bz, T
1353, EW29Ch & &FifE & OF A AERIC DU T, NMRIE & EBRE % U TR 217
V. a fEBELDS v i A EALIC AR THIL00E B W B B RE R b O Z L AR L2,
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Lola], Foxld, BCH S LEET Y h—2FHWT, 3T ~ULKREW29ChO RN
X B[C,'H-HSQC A7 h L TONMRY 7 F A OEALEBET D L L bio, T
NOEDHIE., 51z, BCPNT L L7ZEW29ChIZHET KT 7 h— 2 &R LT-
BT VHWN T FEINOEDHIE ZIT> 72D T, ZDFRERICHONTHET 5,

[ 5 & B 22 ]

Alal, Fox X, XA S EARAT O & OEABRITICB N T, 2 DO A (o
Ey) TOWELOMAEERICOWTIEFE A LR CHEMERZ TS Z ERHRESH T
HIZH B 5 NMRIEEFEBRIZIB W T af§ ALY y fE SN T 7 h—2R|Z
KL THI00EEWERIEEZFFOZ &0 D, afGHNLO T 7 h—A L OMAEER %
BT 5720, BCB—F LK T 7 b — 2125k L THET ~ULIKEW29Ch % K
S BRI IN05~2072 5 K Al o AR L, [°C,'H]-HSQC., "*C-edited
NOESY & (N *C-edited TOCSY DI E ZAT o 72, ZDOFER, 727 b—AD T3 —RFE
ko 7 Fid, WEEOWRETO L 7L E1FE A ETIEN R LR D> 228,
HZ 7 b—=REIEHEDOL T ViE, Ta— K= TR I A0y 7 OB R
bz, &I, T 7 b—2FEEHRDO T 7BV TiE, EW29ChE D4y 18
NOEMBIMl &7z, - T, SEIOFRLY, 77 F—ADH T 7 b —RAFEHEN
EW29Ch & EICHAEH T2 Z LB 00 0 . XIRAESE ST O R L —B Lz, &
512, T2 h—Z LEW29Ch & D43 FHINOED fif#T 24T 5 72912, "N~ L=
EW29Ch K ONBCPNT T~ L72EW29Ch % W, FET kT 7 b —2 &ML=
YT (b 2R EHN0.5~8) Z W T, “N-edited NOESY } (M*C-edited
NOESY DHIE Z#4T > 7=, BCT~ULIET 7 b — 21T X 5D 5 ONOEMEHT & . "N
AR R ONBCNT ~EEW29ChIZ & % & o 23 7 B> & ONOEFFHTIC L v . K -
X R EBINOEDIRIE 1T o7, THHDOFEMIZRRER & BAMM I~ 7 ) 7
il % AW THREE AL U 72 553 O IR BE TOEW29ChD SEAHEE I DWW TS G T 5 T
ETHD,
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NMR studies on OsLHP1, a chromodomain protein in rice.
(OToshiyuki WAKO, Rintaro SUZUKI, Toshimasa YAMAZAKI
(Protein Research Unit, National Institute of Agrobiological Science)

Epigenetic regulation for gene expression and silencing by histone modifications plays
important roles in eukaryotes. Especially, methylation of histone H3 at K9 or K27 is essential
for epigenetic silencing. The methylated H3 are recognized mainly by HP1 and Polycomb
family proteins that contain chromodomain as binding site. Chromodomain is conserved in
from yeast to higher organisms. In plant species, LHP1 which belongs to HP1 family in DNA
sequence is likely to play a role as Polycomb, while detailed mechanism is unclear. In this
study, we performed structural analysis of the chromodomain in rice LHP1 (OsLHP1-CD) by
solution NMR spectroscopy, to reveal the detailed recognition mechanism of methylated
histones. Backbone NMR resonance assignment has been achieved by analyzing 3D
triple-resonance NMR spectra measured on '*C/"°N-labelled OsLHPI1-CD. Side-chain
resonance assignment, structure calculations and NMR titration analysis are in progress.

[
BREAMIZEWTL, AN OFERZEMAZ T LT =Y = T v 7728 R - FE Bl E
WEBERHREEZRZL TS, E0DITEARH3OKIRE L OK27D AF /L {E(H3K9me,
H3K27me)lZ LD 3 BN 23 I IZE H S Cnd, ZRBEDAF IALE AN Zi8i# 5
FER L R7EEL T, H3K9melZfE & 9 HHP1 Y 73U — B L UTH3K2Tme (2 /6 & 775
Polycomb™” 7IU—MNEHIHALTEY, ZIVOBITBFEN A L TR ERAA BT 5, 71
FER AL ATKI60FEFEN B2 | B AN RAFIILTND, i) TldPolycomb™ 73V
—LOMRESNIAFAEL 72D, HP1 7 73— LS E R [RIPEZS SLHP12S, Bl
FInHDO P ARL 1L 72> TPolycomb & [FIER D FF BN L O REA o> CVDZENHEES
ALTODR, FEZ R AR OV TEBAG 25 TR, 2 CTARBFZE TIEA 1D
LHP1(OsLHP 1) 7 BE R AL 2 BARIZ OV T, IAINMR % F = S AT 21T > CaL R
REEZ BN, AT NALBAN X7 FREDOFE SR BN LU AAEH AT =X LD
fRZ BT,

IaERAL | AT NALEAR | A X

ObIHLLDE, TFEVAIA), RESTLLES
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A AXLHP1DZ 1R A (OsLHP1-CD, 597%}6)% . KIFHE LD K EFHHRICIV NG
FOPC/PNICTEE R L . B iEIC KRR CRIER B L7z, NMRIHIZE 3Bruker DMX750
ZH, 283K TiTo 72, EHEOIFE D=8 |2, HNCACB, HN(CO)CACB, HNCO,
HCACO, HBHACONH® % ffi = St E & 1T 7=, MIH DI JE D=9 12, C(CO)NH,
HC(CO)NH, HCCH-TOCSY, ""N-NOESY-HSQC, "“C-NOESY-HSQC, "*C/"*N-separated
NOESY-HSQCO 4 f =R Ll E&AT o7, MIET —Z DALFRIZIZ, NMRpipeZ, A7
NMVIRHTIZ 1X Sparky 2 VM=, 3D e EHOL T 7 v T — & 5ElZ, RCIZ W T
OsLHP1-CD®D K& A AT L=,

[’{i%%”‘* R
PN-HSQCIZEB W T B AF R AT ML THRY
(Fig. 1), ZNNETIZEHDIRIBEZE TIHT, - .
LB 7 N OEDD R EZ T RILI2E A, & - Lo
OSLHP1-CDIZ %, NASHIABNEIZ3 S DBAR G
SURPL, B2, PIRBHY. CRIZIDDa~Ty T
I AEFFOZ LN HEE SV, ORI BRI fi#
IS T\ D DrosophilaDHP1°Pe/2E D/ m
ERAAL LRI TWDAY, B3RTFE DT> 7 A
IS TV, F2CRID a7 A Fig, 1 'H-'"N HSQC spectrum of OSLHP1-CD
DOEXX, HP1EFER T, Pcibﬁb\&%ﬁu%ﬂ

TEY, “IREERS —REHEFAEICHPLZT WS Z 2 H5, Z0ER A /(CD)S AT
JALEARN AT G T AR D EEE723-D Daromatic residuesiZOsLHPLHIZ B W THIRIFESILT
WBHZEMD, HPISPPeHAIL 725 SRk AR HIfF s b, ZhETH LAY A XS X )
DAtLHP1-CDE[AIERIZ(Zhang et al. 2007), CDHATIZH3KImeFs L OH3K27Tme D W
~OFEEDBNMRI A M — a9 N Ko TBIES AL TRY, Fr M d L OGERIE > T
SOITRITEHED T D, BUE, (ISHOIRJE . SLIRHEEMRNT, B X O AT 2 1T C
H%,
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Structure-function relationship of juvenile hormone binding protein
ORintaro Suzuki, Zui Fujimoto, Takahiro Shiotsuki, Mitsuru Momma, Akira Tase,
Mitsuhiro Miyazawa, and Toshimasa Yamazaki

National Institute of Agrobiological Sciences, Tsukuba, Japan.

The lipophilic juvenile hormone (JH) is a key hormone in the regulation of the
insect life cycle and exists as a complex with JH binding protein (JHBP) in the
haemolymph. Here, we present the NMR solution structure of the silkworm
JHBP-JH III complex and the X-ray crystal structure of unliganded protein.
JHBP has a long a 3-helix which is wrapped in a meandering B -sheet. JH 111 is
completely buried in a deep binding pocket. In solution, the lid of the binding
pocket of apo-JHBP is quite flexible and undergoes chemical exchange on the
milli- to microsecond time-scale between multiple conformational states,
including the “closed-lid” conformation observed for the complex and
“open-lid” conformations suitable for JH binding.

FHBRREAFTINARIARTHIHEEFRIVEY (JH)IFE RO ETEBRO R Eb L EE
BIENVEVTHD,%<OREHT JH (ZHPOB L @FRICH A EELET D, 2T
NOFEDEINAEMNZE A DKIXET DL JH IZSHEANSHEEL, BN H#EITTS
ZEMTEDEDITRD, Al H :Bu\f;a JH I AR E DM a3, IR, 7 i (ak ST R
DOEX)  BETEIRE IO LFFHOEH %R D, 7 78R THEAKINIMY > /N5
WX JTH I, EEAED JH &5 &4 /378 (WJHBP, 25 kDa) & &E & U, M HilaE T
EkXND,JH IZE AN TARLERD FTHY, TOWE, (5#, ireZz@ U T hJHBP
IXRHROIEFERFE IR EMITE B2 E#Z RO, A Hom) Y /STl JH D 99% A E
D hJHBP LA U TIEAET 5720, )V /NIB1F5 JH OFfEr 1F hJHBP-JH B4
HOFNREIZM RS0, S A F 413 71 ThJHBP L' hJHBP-JH 11 & KD ARk
ZEHOMNIL-OTHRE T2,

hJHBP 12 DWW Tl X s & AT IC KO AR SE 2.6 A DREE 2152 28 TEDS,
hJHBP-JH 111 HEKIZ DWW TS RALIX T 2000, i 2 H#ETH o7z, — . hJHBP
BRD NMR AR MUISEEIRD AR MUVZERTE =0 4 EN1FE DR BAROfR
ML TE B2 DME SRDIENTIZ T TRE T H o7z, T Z T EERIZOWTIE NMR JEI2&
DREE R 21T o7 BHRICH W2 11742 EOEE#IERDS S, 6 #H58E% ambiguous
assignment £ 32T, E#D RMSD 28 0.32 A X ZDHA ADX 3B L LTI

WFEFRNVEVFEG R 73V ambiguous assignment

OFTFEIALAD, SLBLTW, UBDEN0A, EAEADD, 2EHEIL, APID
ADVA, REIILLEX
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BIFEERZRODDZENTE /-, K =IO\ Cambiguous assignmentZ £ 13 2%
HE, TEEMDHDENZTNDIBIZONT S (1/19 %KD, TR EDHLIE &S
(1/1%)/Z 2 (1/)A% 10%2h ETHE ISR IRENEEDHD L2 H L LU, EBROHE
l¥Sparky®Extension®—>, Assignment distances#®WZ LT Ll DEIEE2FKRTD
BEREZIB NS 2L TiTo72,

25172 hJHBP Of i iE S O hJHBP-JH 11 &R OB RS IZIZIERUTHY,
fAARD B ¥ —PIE a3 N7 AZEEOLBIZR STV - (Fig. 1), &R 2 F 0 g i
WIEENTNE NNV T Al a2 PFEIEL, F-EBOLIZERTY MRORE N RSN
77 fi G T IS LRI D 2-AF V-2, 4-RV AV F—)V(MPD)WSZED R Yk
W1 DF OB LT\, —H ABRSE TR JH IITIZ R DRy M, 43 F NI
ENETREEG LU Tz, ZOREE Ry MIBUKMED S 2357228, hJHBP-JH 11T DK
FHEED 2 HPTCRONz, AR RN BAR DR ATEMERIE (KD KBRS 54
LFFEEE JH 1 OTRFY R DO BRI G I T F G REVDBIAL
2857, 28 JH L2V NNVEDOMEAERAZ R TR GEE U TXZDOREN D TDE
DThHb,

— 5 kD NMR ARZ NV CEIHITE
BRI IEIF TH HIAS &Ry MELICE
HLTHY, F72, f G TEYS 428
2 DIRER T E D o7, hJHBP-JH 111 #
SIRDOETREED 20 OFFEFERBEITO
RMSD &5 F2RIZ 72> TR NS L,
RLEDDBRNEE THD LRI N
PN, TGS LA HEIE D RMSD %E13H
Bl W TEODOKIWWER LA i E
DIRER TR E IR L — BT\, £z,
BIREETIX JH 1 954 MPD V&K
INZLITHIRUTHE AR T Y K EL LS
THEY, INEIDEL B ¥ — N5 A3 kg
L LSERTHMNZ LM B RS TN 2,
DREEDFE NI ZIUTE KELIZRVDS, B
V—b ETCIRERFDOEKDOEEH L5258
NEMFRLTIHHHAEUTHINT 28T
X7, F 2 ZOBEHIZHERD NMR ATk
IWTCEHITEZ D L BT IRV D
BHE U TN, 3512, ZO8EHAUT
1B ¥ —heald NI ARKESRY 271

RiEEBIOKZIEEN —DFT DHLN,
IS DFE TN OHE A AL LIRS W D
hJHBP HAKTIFEE) M E L BEH<E
EfEIE B2 PAC MG L JTH DR G A AT
BER KD KELSFIW A E D E AL ERDIR
RE[HC. VNS 7O AT — )V TOHE
LENRHDEDEEZOLND,

Fig. 1 Structure of silkworm hJHBP

The superimposed backbone atoms
of the 20 NMR-derived structures of
the JHBP-JH 1III complex, the
representative  structure of the
JHBP-JH IIT complex, and the crystal
structure of the JHBP-MPD complex.
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NMR Relaxation Analysis of Conformational Changes
in Small G-Protein NZARLS

National Institute of Agrobiological Sciences (NIAS),
Plant-Microbe Interactions Research Unit
OHideyasu Okamura, Masaki Nishikiori, Hongyu Xiang,
Masayuki Ishikawa and Etsuko Katoh

The replication of eukaryotic positive strand RNA virus genomes occurs in
membrane-bound replication complexes which consist of virus-coded replication
proteins and host proteins. MNicotiana tabacum ADP-ribosylation factor-like
protein 8 (VfARLS) is a host protein that associates with the tabacco mosaic virus
replication complex. NtARLS8 belongs to the ARF family of the small G proteins
and functions as a molecular switch associated with nucleotide exchange.
Knowledge about the dynamic mechanisms of conformational changes in N/ARLS8
would help to understand the role of N,ARLS on the virus replication complex.
Here, we investigated conformational changes in NfARL8 by NMR relaxation
analysis, including ZZ-exchange and »N E2relaxation dispersion experiments.

B AEMICEYT 57 T A RNA WA NV ADF ) 2ERIT, A LA IZa— KX
nt@§5xﬂﬁ FLIEEX X EN SR DEEEEOBEMESARTREZ S Z &
DHE I TN D, EUES RO Z B 52T iuX, 2z fET 53450
HBICRKRESEHMRTEZ DL THA D, ITF, BOICEY, 2RaE2F A7 T4 VAD
RNA #ERICEA G T 5 ER D —>& L TH N2 ADP-ribosylation factor-like
protein 8 (NAARLS)NRIE S iz, 41T Z D NARLS I DU\ CTALARIE SR E & &
&’Dtﬁﬂﬁ%@&)“@\é(ﬁg 1), NtARLS (X 20.5kDa Oy 18 G ¥ 2 /37 EEED
ARF 77 IV =235 % 7 ETH V., GTP &8 L GDP #5E 5 Ok
B EVGTFAAL v T E L THRET D EEZON TS, ZNETILEL D ARF
77 U —EA'E T N RKOMHEN Helix fHIKA, BEA~DRBEICE G325 0 LR

ZHEH O GTP,GDP ~OBFMEICE G925 Z & R ST & 72, N RifEikid X 7
1/21‘5’: RIEAEN. OIS D Z Emnb, T a AT U v 7 HlEEERE & W ) Bl G
HELIRWNE EbiLd, L LR G, ORI SOV COMBIEA 07 F
EFThHDH, I T, Bxlx N KD~V v 7 A% 5T AT-NEARLS (F5 5% =
8-184) & = Ml % K48 L 72A16- NtARLS (% 5 17-184)I2 5\ T NMR (2 X Y fig
Mrait->7,

F—U— K EHFEG X RTH, RefEMAHiE, ZZ-exchange 15
OBMPDHUOTRT, ICLERBDEIE, LRoAIFAVD Y, WLhbEIDX, Hn

LHzxoZ
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M-term Hel

Human ARLE3[9-182)-GDP (ZH18, X ray) NUARLE]1 7-1B4)-GOP Mg+ (NMR) NEARLE(1T-184)-GTP Mg (NMR)

Fig.1 Crystal structure of Human ARL8a(9-182)-GDP (Atanassova, A. et al.) (GDP form)
and solution structures of A16- NtARL8-GDP,Mg2+ (GTP-like form) and
A16- NtARLS-GTPMg2* (GTP form)
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Fig.2 1H-15N HSQC spectra of A7-NtARL8 and A16-NtARL8 in 20 mM sodium phosphate
buffer (pH 7.0), 100 mM NaCl with or without 10 mM MgCls

KIGE R EIBL R SRR L 7-E% TIZAT-NARLS 12 GDP %, A16-NtARLS (%
GTPHTdH o7z, ZDZ L6 N K Helix fEIO A HEIC L W GDP-GTP #FnE) 2
ILLTWBZERREBENT, EHICNMR b LIIHERBE~A 7l A MY
—(ITOMEZ AT, ZNZid GDP EEA~ GTP i F7 % £ A16- NtARLS I
AT-NtARL8 & g L CRIGABEEFICA OGN D Z & D HA16-NARLS 1L GDP—
GTP ~DOEWMNEZ VLT W E R TE -, £72. NARLS 13 2 F TICR#T
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ENTEZARF 77 2 V=2 L7 L D6, GTP BTl dic Mgtz
BLNGDPRITIIMg2t 2 & £\ 2 EN PRI, & 2 T Mgt IEF/E T TNMR
2R MVERRIET D EmEIL L Pz AT ML E 5 % (Fig. 2), $uES 72 GDP Y
gz L TCnb EBEZLNTFig. 1 /), LML Mg2afiE L T M IsEN
MDHROAL, AT-NtARL8 TIiEX 7 LA F REGHEIKO DT 0Ny 7 b LI
WHIRTDDOIRIDITR LT, AL6-NtARLS Tl slow-exchange time scale TR X < &
TFNINEALT D B phote, £22 T, 2OV 7 FAZENZIZREMT 5 30 mM
MgClo EIE H CNLARAEEMRIT 24T o T2 58, BriclIC Bl L2 > 7 L iXA16- NP ARLS
28 GDP AR H B 579 GTP-like 7effiiad & > TWD Z LITERT 2 2 & 23%
nolz(Fig. 1H), 2 b D X 512, N K Helix (IO A ML NARLS DA% &2 b
BRICXT L CERRE(NZ 0T 2 ERMRTE T,

2T, M¥DIZA16- NARLS Tld 1 mM Mg2+fE(E F < GDP %, GTP-like i J7
DT FIVHRBRITE BD T, ZZ-exchange {EIZ L W T 21T o7z, EOREHE., WE
DIFAEIE GDP:GTP-like= 0.62:0.38, Z:#135 # |X k(GDP—GTP-like) = 7.1+0.3 S'L,
k(GTP-like—GDP) = 11.8+0.8 S! & fiLfid H 7= (Fig. 3), WIZ., Mg2*IEfFIE F T
I, I FEETOERETHIMDO L 7PV E B2 D50, S184 DI~ A F—E— 27 03EH
SN, SHIZ, ZO~AF—E—7 OAE X Mg2HFE FTO GTP-like RO v — 7~
DOALE CNRIEFRNE TH -T2, ZIUTDOWTREEIZ ZZ-exchange 15 CT 21T - 7=
FEE. fE1EHIE GDP:(GTP-like) = 0.91:0.09 T k(GDP—(GTP-like)) = 8.4+1.2 S,
k((GTP-like)~GDP) = 83.6+12.4 S1TH D Z L BNbh-7=(Fig. 3), T bDfER
XL T O fREME 2R LT 5, 77, Mg RNz & v bid S5 GTP-like !
&L Mg dEFE T Th, BEIChTNCHFEEL TV 5D, 37205 N K Helix DR
FIZLY GTP-like #i&EDRH LN U D OT NI SN TV D AR H 5, S184
1T C R TH VNS ZF AN v —T R DIC~v A F—— 7 BB TE =7
BEMER S D, £ IRET D & EHHE k(GDP—GTP-like)iZ Mg2+#Rhic L v #E< 7
LD TIER L B, k(GTP-like=>GDP)A L 72> T\ 5, ZHUT 2V Tidk Mg2t
I% GDP AU EIZ/EM L C GTP-like BUEEZFE L TV DD TIEHRL, 01 TH
17169 % GTP-like B EICIER T2 & B2 5 LHHTE %, T70b b Mg Oh R
induced-fit Ti%72 <. population-shift ThH 25 LEfETX 5, ZNHDZ L 2fEND
D72 OIZF, 4 13 Mg2+IE(F7E T C 15N Rorelaxation dispersion F8k 217> 7=, fif K1
FRLZ#EY . AT-NARL8 TiXIFE 7 7 » T Re @ dispersion 23U T X 7222
7273, A16-NtARLS T35 D55 L T 72 dispersion 73BT % 7=(Fig. 4), Z®
X 912, A16-NtARLS Ti% N K Helix FEI O KIC KV ms-ps A7 — /L OIEE
EEh, ~A T —2EENFIE ST D Z N RIE ST, KRHZAT- NtARLS
TIEZ O L D 72BENIIHI SN TEY N KO~V v 7 AFEIKITIA16- NEARLS THR.5
7= X 9 72 Intrinsic Z2EEDOP L EM2 B2 LI2E D, X7 VAT R &)
L TCWDZ ENRRBREINT-, BfE. 2D 15N R» relaxation dispersion (2 X ¥
BONDHNTA—Z—%RODLDIT, ELRDLENTE2IT>TW5D,

A16-NtARLS Tit Mg 3EfF#/E F Tb GTP-like #iiEZ G e b 72 < & b 5T DODIL
RAEE DTFAENIRLS RIB I T2, TNE DS )F T A—H —Z JBEE 572012
ZZ-exchange JIE DIRE A TR Z1T 512, £ DfEF % Eyring Plot (2 X 0 fi# T L 7=
& = A GDP AN G GTP B ~D D IEMEAL — > % L v —AH* (GDP—GTP-like).
EPE b= kv ©—AS*(GDP—GTP-like)ixZ 114 11.8 1.8 keal/mol, -0.0146 =
0.0061 kcal/mol-K &, GTP-like #7235 GDP ~®DAH'(GTP-like—GDP), AS*
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(GTP-like—GDP)iZZ 1%+ 20.6+1.8 kecal/mol, 0.0193+0.0063 kcal/mol-K & A,
fEd ohiz(Fig. 3), > T, ZOMELHBOT X L —E{LAHIX 8.78 £2.52
kcal/mol & RAES S5, 2T ITC 12T Me2HiE ERIC L W G b i-AH & 1 FIE T
VMETH -T2, AFEL DN F T A —2 =5 GDP ARSI v b e e —1
(2. GTP-like Bt & T = L B —IZ ARG 72 & Wz %, GDP A Cld NMR
TN T a— R LTV A HEINAT- NEARLS & A16-NARLS (T4 L TR B,
Z DMEROMEEDFE D E &R L TV D, ZIUTK L TAL6-NtARLS @ GTP-like %!
& CTlL GDP U~ — 72 VP v E b2 5, 2 bz i o2 FH)

A LKL TV B2 6D, SRIIIN LD OREELE & bIT, 55

T A T T A NV ARG S RIZIT D NEARLS OFEREMEI] ~mIT TV & 72uy,

A16 51E4 1mM Mgl X93K)

KIGDP=+GTP-lke)=7.1 £ 0.3]57]
K(GTP-like»GOP)=11.81 0.B[5 Y|

Intensity

3 a2 4 o o L
418 5184 1mM MaCl 288E)
KIGOM-GTPIkep2.3 0.2 (5]

k[GTP-like=» GDPp6.3 T 0.5]5F]

ntensity

Fig.

Lz

r1651E4 Ombd MgOl, 298K)

kiGDP={GTP-lkel)=8.0 1 L2[5Y]
ki[GTP-like)=»GOP)=83.6 1 12.4[51]
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Z7-exchange peak intensity profiles for S184 of A16-NtARL8 in 20mM sodium

phosphate buffer (pH 7.0), 100mM NaCl with or without 1mM MgCle, and Eyring
plots and energy diagrams for A16-NVtARLS8 conformational changes in the buffer
solution without MgClz at 298K.
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Refinement of structure of protein-DNA complex using residual dipolar couplings
(OKazuhiko Yamasaki'?, Takanori Kigawa®®, Satoru Watanabe”, Tomoko Yamasaki',

Makoto Inoue’, Motoaki Seki‘, Kazuo Shinozaki*, and Shigeyuki Yokoyama™’

IAge Dimension Research Center, AIST, Tsukuba, Japan, ’RIKEN Systems and Structural
Biology Center, Yokohama, Japan, *Interdisciplinary Graduate School of Science and
Engineering, Tokyo Institute of Technology, Yokoyama, Japan, *RIKEN Plant Science Center,
Yokohama, Japan, > Graduate School of Science, Univ. of Tokyo, Tokyo, Japan

NOE-based structure determination of a protein-DNA complex tends to be inaccurate in the
intermolecular contacting region, where the proton density is relatively low. To refine the
structure, residual dipolar couplings of both the protein and DNA may be useful, which
constrain the relative position of the two molecules. We applied this method to the complex
of the plant-specific WRKY transcription factor DNA-binding domain and a recognition DNA,
and labeled the DNA thymine bases as well as the protein with °N isotope. A structure with
RMSD of 1.4 A for the all non-hydrogen atoms was obtained, which enabled us to understand

the sequence recognition mechanism.

[Ef]  NMR JEICE D& 23278 - DNA HAKROSL SR EICB TR, X #
FEERFRATIE & B U FRICER ISR W THREE N AR IEREIZ 2 DA NS DR, i
%, DNA OISV EREL & OBtz T, Lys, Arg FERoSeiio 'H v 7 L
B LS50S, Asp, Glu, Ser, Thr FEIEDEEFEIR 172 EA, FHEAM A/EH
RKBHREAICEEGT 22 L% < 2ORER, BLHIAREZ: 'H Mo nsaic L v
I SAUZ W Z EREBIZET bR D, IF, 'H-'HNOE EEROFHREFIEIC, KR

PR TMAEIER, #2737 F - DNA A, LE RN

ORESENTOI., EBDENDY, DicleNsen, RESELEH I,
WDIREZE, HELEHE, LOIENTHE, LIRXRELITPE
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PR -7-FH A AE F (residual dipolar coupling, RDC)Z %2 5 Z L2 XV | K U KEHE 7o SLARHE
EEGSDZ LTI, —NICZ2 Y 5255, RDC IZ X5 ML, NOE &bzl
TEEHHZIREZ 2O TRMER BV | EEERT O T O E O REEICE T
LETHRTED, RA=bik, #2327 EI2NZ T, DNA OHR% N AZ# L, N-H i
DRDC ZRET D LI Lo T, X0 REE LSRR E & R AT,

WHLZEARIE, £ L TURREISEICEET 2R WRKY 773U —
HR G- KT O M ghFE A1 DNA fiA KA A (WRKY KA A V) &ZOFMESITH D
W-box (TTTGACC) # &> M DNA Th D, Fl-Hid, MR RAEEER RS
KT HEET T A I AMFEO—ERE LT, 2D WRKY FAAL DB T— b
72D NRREIE 2 P E L. DNA IRINC K 215> 7 ML EDMITIC L . EERD
EFETNERE L CUR 1), ABFFETIE, EEERONAEEZIRE L, B
P ONIT DT &2 HME L, RDC Z O L7t 247 - 72,

[HiE] v mA XFXF AWRKY4 # R 7E O C K] WRKY KA A

(Val399-Ala469) O N HEak A % | MM G RGRIC K - CREBL R L 7=, [°N]thymidine
phosphoramidite (CIL) Z f \» 72 b 52 & B IC K VD . 16mer — & ${ DNA (5'-
CGCCTTTGACCAGCGC-3'/5"-GCGCTGGTCAAAGGCG-3’; Ti#itiZ W-box BlF) @ 5
OOF I (MDD PN ik aiT o7, 2737 EH L DNA O 111 HEREFHR L,
04-05 mM O J # & L 7= . DMX-750 (Bruker) ® % f& % i \> T . IPAP(in-
phase/antiphase)-HSQC (3Ciik 2) ZHIiE L. 'H- "N coupling % 5 L 72, 12mg/ml O
Pfl 7 7 —(ASLA biotech) DRI X - T alignment ## i L, RDC &&=, i
IZINZ, NOE R°, & /X7 BENOKFER G, DNA @ base pair D NF-EMEZHERF3 5 72
DD constraints, MR A NIZBIT S constraints %A VT CNS 12 L DGR 21T
ST BFEIT 3 BEBEICONT. 1) Z XY EERYICXT % random conformation % #)
1% & 9% simulated annealing, 2) B %! DNA % #:F S+, simulated annealing, 3) % >
SN7EICHREZE AL, X 5T simulated annealing 17572, RDC @ constraints (% 1)
D7 v ATITEAET )07 2t A LKIZIBVTE A L7, Alignment tensor @ axial
component (Da) & rhombic component (Dr)i%, #&EFHHE O R VX —(E 2 HEIE & L7- grid
search ¥£ (3Cik 3) 1L VWIRE L7, NOE & RDC O violation Z#5HE & LT, ekt
EOERZAT o7z, RDC DFFRAE & FEBRIEO ke & Offtirid, B{ED FORTRAN
Tu s LN TITo T,

[R5 %22] SN L7 WRKY R A A & SN EERE L= T2 &de HE DNA
% 1:1 TiRE L. IPAP-HSQC OHIFEA#1T->7- (Fig.1), 12mg/ml ® Pfl phage D ¥fINIZ

K0, BHEELR T o — =0 IR ELER, SEETO THEIEDO N3-H3 X7 hUIZE9
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% RDC DfE#57-, N3-H3 X7 bUVITHERIETER D720 OKERESICEb Y | ik
SEE Flicdh D, XN N-H (88 ) o7 ¥ = lI$4 Ne-He (3 fi) &>
WT%. RDC fE%E457,

a W-box

§'-C1 Gz Cs B« Ts To Tr Go As CCrifiaGrCruGrCu-d’
3'-GuCrGuGs Anlr AuCaTaGaG 4T o CalGulnGo-5'

b

165

T T
Tn Te Ts Te .Ttg
= 156

T ol wf Wl w|[¥
Ta X Ta _ o - ,],:'1 p—_—
(ppm]

s "
E e

—— — 1 15§
142 141 140 138 138 137 136 142 141 140 138 138 137 135

'H (ppm)
Fig. 1: TIPAP-HSQC spectra of the WRKY-DNA complex. a) sequence of the double strand

DNA used in the experiment, where the box indicate the putative recognition sequence of
WRKY domains, W-box. b) IPAP-HSQC spectra in the DNA imide region, where the N3-H3
cross-peaks of the five labeled T bases are observed. Peaks in black and grey are from the
two subspectra of IPAP-HSQC, after addition or subtraction. The sample for the spectra in
the right panel contains 12mg/ml Pf1 phage. Splitting values as well as RDCs (lower, in the

right) in Hz are shown inside the spectra.

BEICfRtT L TR BTV D NOE ROKEFEAIE /L & & T, WRKY-DNA #&
ROSLEEEZHRE L (Fig2), IHE (RMSD) 1%, #2378 L DNAD 9L
BRI B EEEL T D 7 HESMEROIET 1 b UIRFIZOW T, 1.39ADEE R
Lz, 723, #EFHE%LZ RDC 72 L TITo G ONREX 1.62A, FloX I8
® RDC OHTITo7236H 1.600ATH Y . DNA #5570 RDC 23 G AMEE DU L
WZHEGT 52 EARENTZ, £72. RDC OFHE & FEBREDE ML) 0.3Hz fE T
o7, Alignment [ZB3F 5 z i, x ¥, ensemble DAHHEM CTIEFIC L < —F LT,
WRKY RAA T4 DDARNTV RNBRDHMEITRY— MEETH LM, &b N K
SHIALE T DA T K (B1) 23, DNA @ major groove (29 K HICA- THEAE L
Pefih 325 Z E R L N0z, ZOFERIX, ¥ X7 B O DNA IINC X 2 b5
7 NEACIEOHT TR T L (OCER L) & EARRIC—E L TW5 2, DNA O &
BUNRTEDY— NORTHENET RS, 0B, ZTOA RN FiZ, WRKY 77
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Fig. 2: Solution structure of WRKY-DNA complex. Structure ensemble shown in stereo,

where T bases in this region are marked.

RU—DOARIOHBEER S TWD, D THRAFMEDE W Trpdld-Argd15-Lysd16-
Tyr417-Gly418-Gln419-Lys420 (WRKYGQK) 5z H.ir& LTW5,

DNA DIy & & 2 7 B OBEMmIZ I TIE, T HEED A F L EEA~OEfNIE
WL BIERENTZ, W-box FUICEEND 45D THED A F LT & o8
JE LML TEY., FFZ, T6 & T24 O AFIVEENBL O 88 & BikVEMR BE/ER 21
LTS AR CTh D, 7205, T6 DA F/LEEIL Tyrdl6 @ Ca k. T24 D A
FVEIT Glyd18 D Co b FHAEEH L TV, T24 133 HIZ, Tyrd3l OFFHFRR E LR
WP CTHEIL A LT D,

AT, O OBUKMAHAEROEERZMRIEST 272DI2, 5 5D T %z
TNEN U @ L. (T7bb AT NEEFRWTZ) DNA 28K L, R~ 7 XE
VIMEIZ L AR ER AT o7, MEEERIT. T6 & T24 ZE#LI-%E. £E
AL K 110, 125 ITIRF L7z, T7 ZE# L7256 8 12 IR T L7223, TS X T21
EEBLUEGGIIETMEEAERbN o7z, MATEHOEKTOEASN T, AHE
AEETNHOBEMOESGNE | FILNICEIN—HLTHY, BEKET VOEHE
HEEMNTIEDOEEZOND,

(2% k]

1. Yamasaki, K., Kigawa, T., Inoue, M., Tateno, M., Yamasaki, T., Yabuki, T., Aoki, M., Seki,
E., Matsuda, T., Tomo, Y., Hayami, N., Terada, T., Shirouzu, M., Tanaka, A., Seki, M.,
Shinozaki, K., and Yokoyama, S. Plant Cell 17, 944-956, 2005.

2. Ottiger, M., Delaglio, F., and Bax, A. J. Magn. Reson. 131, 373-378, 1998.

3. Clore,G.M., Gronenborn, A.M.,and Tjandra, N. J. Magn. Reson. 131, 159-162, 1998.
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Site-specific stable-isotope labeling toward the structural analysis of larger
RNA

Amiu Shino', Misaki Imai', Yuri Iyanol, Hiroyuki Saito', Kenji Fukuda?, OGota Kawai'
IDepartment of Life and Environmental Sciences, Chiba Institute of Technology, Japan.
’Tsukuba Laboratory SI., Taiyo Nippon Sanso Corporation, Japan.

RNA is now known to have variety of biological functions and, thus, structure of functional
RNA domains must be analyzed. In order to challenge to RNA domains consists of more than
100 residues, methods for site-specific stable-isotope labeling of larger RNA is required.

In this presentation, we introduce two techniques for labeling of larger RNA by (1)
chemical synthesis of RNA fragment with stable-isotopically labeled phosphoramidite unit,
and (2) enzymatic ligation of labeled RNA fragments. 135nt RNAs corresponding to the
tRNA-like structure located at the 3'-terminus of Brome mosaic virus genomic RNA were
prepared by the combination of the two techniques and NMR spectra of those were measured.
These techniques will increase the length of RNA to be analyzed by NMR.

Fr i

I, neRNADAERNIZEZ K FFEL, BiaFHilf - Mifaaoik/s &% < o mE e
REAH o TND Z ENbhro TE . iz, BOHMIZEYT 5 U A L A TRNAY
S LEEDHEDHEL, TNHITEEINLDOMIE RAAL L OMEZIH LN T 5 Z LI
HETHD. LL, TNOHIEE RA A VTIEBEEZHE A O REITHDL Z ENEL,
NMRIZ XD 2 E TO FHETIEAT A L.

AWFZETIE, HBAIRVRNA (BUEFRE) DS & BRE 2 iR 9~ 2 72 9 O £l 2 B
F¥THZLEDEL, EHET IS A b scy &
=v M HWIAEBRRNADIL A s &
URNAERERE R IC L 25 OS 2RI L
T RV RNAZ EALRF SRR L,

EEREGDLI L EDS L,“Cb\

Alal, 1‘5#@‘74/1/1“(&)53r0me
mosaic virus (BMV) D% ) AB L O~
77 LRNADI R AFEET 55160 5%
D72 AMEBE R A A > Th HtRNA-like Fig. 1 Secondary structure of BMV TLS.
structure (TLS) Z @M & L7z (Fig. 1) .

RNA, %€ RN, fEY) D A LA

£ Ligation sites

LOHHAY, WENWAZIZ, NRLOWPH, SNEHSDADE, SIETFAL,
oMb\ I 9 7=

— 186 —



T

RNA H #) A il #Expedite 8909 (PerSeptive Biosystems) % FV) CRNAWI &2 ARk L,
T4 RNA ligase = AW CHfE G 21T o 72, 13558 FERNADER G A X, BMV RNA4D
71— HPCRIEIZ K - TEHAIDNAZ &R L, AmpliScribe T7 (Epicentre) % U
T4T-72. BMV RNA4DcDNA 7 1 — 3 =#fnz i+ Gk LS hi-.

;f.\}':.:% e - -
Flg Z!j:, TLS %%}%;@‘é— é f: &b @@%}im@ F.'_ ~.,__' _, .: I-_I . -u_:; /Jl ]. ;
A 5?‘—.& %ﬁ_\. L/Tl/\é . /:,\IE”j:, %%}J@ 2 E& S .- - _:_,.-':- . 1_|_|h‘l"ml-|""1
W& TOARETT ST, Fig IBMERUGRO T ¢
S % EVEPAGE T LT SR TH 5. - - :

1 EYBE H O R TIEB L 7 50%F8 FE O35 Fig. 2 Preparation of TLS by 3 step ligation.
MR TE, 2BMEH Tk bizm W dEREahR
ThdIENbhnd. EREEE RO TER
L72RNA L B85 UGS & - T 1 B Ta Ak

LT:RNAO)/]) ‘: / 701:2 }\:/Z/\o? }\ll/&j:ci Stepl Step2
FE— L= LER-T, BAEITTRla -
VARA =T 3 VIS HEREY & A — DRNA - — =

DELNTWD Z ERHEND BT,

Fig. 41%, 135FRFEH D 2 FRILD 7 % SR 1Y)

12 BC/PNEERL L 7-RNAD PC-'H SQC A~ |k .
NWERLTEBY, 25077 7 ¥ U EEICH

KT HH2EB L UOHD v 7 F A BB ST

W5, ZORNAE, BEIGEEIC XL - THAL —
R BT 2 BRI O & fE5 L 7-RNA % A Ak

L, #h% 2B [5% H @}i}fﬂ; Wz v ‘T%}ﬁ@% L7 Fig. 3 Results of Ligation reaction.
bDOTHD., ZDOEIIZ, (LFEMB LONE
fEBOSERMM LT, AR RIS LR "
WRNAZFHELL, ZDNMR A L& HIE - 13
THZLNTEXS L BEIELE. Pl
%‘g g 145
LT HIX 24V E TITHIV-17/ ARNAD £ 150 -
ERMCBRAAERAL R D39FRIERNA (Zffh & T 155
L C785%H) ONAMEEZIRE LTZDY, Th -
IEINMRIEIZCE > TIREES N o & B RE 85 80 75 70

T Cheziaal shill {ppor:

VWRNAD—DThDH. KFEEIERATDHZ &

IZ& - T, & HITEVRNAD LA D AT
TEXBLHHELTND TLS prepared by ligation with a fragment
having two [*C/**N]adenosine residues.

Fig. 4 'C-'H SQC spectrum of a 135 residues

ABFFEIL, ISTIC X B EFILFE S — XA ) R—3 3 ALFEER L OELEFZERT -
SembF ekt A/ R_R— g VAIHEEDOV R — FE2ZIF 0 E T
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Structural analysis of the catalytic center of an artificial ligase ribozyme
OHirotatsu Meya', Yoshiya Ikawa™, Gota Kawai', Taiichi Sakamoto'

"Department of Life and Environmental Sciences, Chiba Institute of Te echnology.

ZDepartment of Chemistry and Biochemistry, Graduate School of Engineering, Kyushu
University, SPRESTO, Japan Science and Technology Agency (JST).

An artificial ligase ribozyme consisted of a designed RNA scaffold and a selected active site
has been obtained and biochemical studies revealed that the ribozyme requires Mg®" ions. To
investigate structure-function relationship of the ribozyme, we analyzed the tertiary structure
of the catalytic core (L24) of the ribozyme and the interaction between L24 and metal ions.
The calculated structures of L24 were converged well in the stem regions. To improve the
convergence of the calculated structures of L24, we will introduce information from residual
dipolar couplings into the structure calculation. It was suggested, by a titration experiment
with Co(NH3)s ", that metal ions bind to the internal loop.

Frim

AR, BEAID RNA HEERZMAGDOETET Y V7 LT
RNA fEiEMRIC 30 FED T X AESI = AL, in vitro
selection 7412 & - T ligation S its & 9~ %5 A T ribozyme 731 o
fxhn7=Y (Fig. 1). Z O ligase ribozyme D HITIE, Mg A
FTUNMBETHDH NP> TNEY ., KIFETIE, Z0
ribozyme OfiE A 1 = X LEHNZTHZ EEHINE L,
TEME L E AT 5 24 O RNAWT - (L24) 2571 L,
SEARHEE DFRNT S X OB A A RSB B O RN 24T 5 7.

>
oo >

>
>3
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>

u

catalytic
core

)|>c|10c1)>)l>m

3
L,P00Cacab0EEh >5

«u Y
coora,
TeOT P
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>“orrooccr
HE-COhOLEAPOE 2 hO >

[ i 8 8 ‘a'
2CE90Pdhoerochgaracoo-c 000 >z
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<
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Fig. 1 Secondary structure
of the ligase ribozyme.

T
[NMR A7 RV ORITE R L ONLIAAE G G

L24 Z 10 mM U e b U 7 LR (pH 6.5) 127> L, 500 MHz 35 2 T) 600 MHz
® NMR 53563t (Bruker) Z MW TC, 283 K B LU 310K (ZHBWTNMR A7 hL%
WE L7z, SEARHEEFRIX, CNS Z MV, Simulated Annealing {5 C1T - 72.
[Co(NH3)e* % FAVNT= B2 )@ A A o i B BB DFFAT]

L.24 & hexaamine cobalt (II) (Co(NH3)e™") ZE/LEl : 1IZR 5 K 9 ITIRA L, BAh
IZHB\\T2D HOHAHA 2 <27 kL, 2D NOESY 22 kL Z{HIE L7-.
ribozyme, ligase, ®JEA A4

OHRVATZD, Wb ELR, hbWnWI ok, Ihbilznng
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BRBIOEE

[NMR A7 RV ORTE R L ONLARAE G G

FHKH T, 2DNOESY A R ZEJIE L, NOEV 7 T DIfEEIT->T-. ZDfk
B, H2/H6/H8-HS/HI'TEDIZIET X CTOHONOEY 7L &Iffdcx7=. LorL, fiod
LTI, WAL —FICH kT 5 VY FARER>TWEZ b -7-. NOESY
AL RV BI85 E O FEEEE R A HiH L7=. F 72, HOHAHA A7 KL b 7{E O
UR—ANRy ) o TIERERTZ. S5, T TITHEERH L E 725 TV HUUCG
T I =70 EAERE L OAR L SO R E I 2 TSRS R 21T - 7.
ZORER, EHAT AE0E LKA T L5120 T, SEEEIC R Drmas.d.
RDIZEZA, TnFENL24 A, 174 ATHY, 1FFIE L TW=., L, 4
FEETITRR L TEBHT, FAE LT, NEL—7ICHET L7 FLDERD
KU, NOEFERB D IpolzZ LB 2 HD. 5#%I1F, NE/L— 7 ICH kT ANOE
T FNDOERY ZIET D720, R L 72L24% W e N L— 7 DONOE >~
TFIVDIRNT 54T 5. EHIT, EEOREELEAT O 728, FRAPUG1-F BAER O1E#H
ZEANTS.

[Co(NH3)s™ % FHWN T2 &2 J@ A A 2 b B TN D FRAT]

Mg(H,0)¢*" & Co(NH3)6* 12 IZIE[F UK & & T, RNA & Co(NHs)s O [ THy i 72
NOEY 7 F VNI SN D Z LD, BEA AU AEA AL OMHITIZIZ, CoNHs)s &
N7z, Co(NH3)s™ FEAFAE F 38 & OMFEE FOHOHAHA A7 b L% bhils L 7= 465, %
K OYY IV UEEOHS-HOOFREY 7 Any 7 hLTEY, $lZ, Uk L UUL7
ICHRT B 7 FANRKE L7 F LTV (Fig. 2). Co(NHs)s' 1E1E F ONOESY A
Ry MV EIRE UT-REE, 3.5 ppm DCo(NH3)e IZHRT % 2 7L L GaB L G5D
A 78 b T FIVOMIINOEY 7 N Bl S - (Fig. 3).

H5-H6DFARE S 7 F D7 hB LA 2 7 71 k& Co(NH;z)e  DfE](ONOE 7
TG, L2ADEEA A U AEEEALIE, WA —T A TH 5 Z L e siviz (Fig.
4). BEA T UDRES LT Z I L BNEV— T OREEDZEALDS, Ligase ribozyme?®
TEPEIZBA G- LTV D0 s LVRWD T, 5%, @A 4 U AF1E T TG 23 42 5.

5. c9
P cg cis '3
&2 00 | @ 9 o & e s G13 5 9
& 23 e - v o)A ]
Sofo |© 0 & T L seongdY” ocy
@ T 0 S0 L L L |
T 0% £ 3'ACCUCC cG .C
£l SRR 5
& g e g . <Co(NH)* 2 U©G G
e o - ) & 0 () :2D HOHAHA
6. *
’ ”‘éfcé;n’.éaf’ih."fé@‘;m’f e " " tlr?-t:hemxcaiwzsmft(ppml)i 1 :2D NOESY
Fig. 2 2D HOHAHA spectra in Fig. 3 2D NOESY spectrum Fig. 4 Secondary structure
the absence (left) and presence in the presence of Co(NH;)s** . of L24 and residues affected
(right) of Co(NH;)*". by Co(NH;)e™".

1) Ikawa, Y., et al., Proc. Natl. Acad. Sci. USA 101, 13750-13755 (2004).
2) Horie, S. et al., Biochem. Biophys. Res. Commun. 339, 115-121 (2006).
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Structure determination of protein G B1 domain in living cells by in-cell
NMR spectroscopy

OTomomi Hanashima'?, Junpei Hamatsu', Masahiro Shirakawa®*, Masaki Mishima'*
Teppei Ikeya'*, Peter Giintert', and Yutaka Ito'

(‘Dept. of Chem., Tokyo Metropolitan Univ., *CREST/JST, *Dept. of Eng., Univ. of Kyoto,
* Institute of Biophysical Chemistry and Center for Biomolecular Magnetic Resonance, J. W.
Goethe-Univ. Frankfurt)

In-cell NMR spectroscopy yields multi-dimensional NMR spectra of macromolecules in
living cells. We reported the first 3D protein structure calculated exclusively on the basis of
information obtained in living cells.

In this presentation, as an another demonstration of our methodologies for protein structural
analyses in vivo, we report in-cell NMR studies of Streptococcus protein G Bl domain
overexpressed in E. coli cells. For backbone and side-chain resonance assignments, we
measured and analysed the 3D triple-resonance NMR spectra. Rapid data collection using
nonlinear sampling, combined with maximum entropy data processing, was the key for the
spectral analyses of G B1. This method provided 3D NMR spectra of much higher quality
than conventional spectra recorded in the same short measurement time. All backbone
resonances of G Bl have been assigned exclusively from the data obtained in living E. coli
cells. Side-chain analysis, collection of NOE-data distance restraints and three dimensional
structure determination of G B1 in E. coli cells is in progress.

(7] BB - RS L 7R A E O IRFEEMITIL, NMR R X R s s T 7o 212
XU BERINATDOILTWD DS, Z0O X 9 EEEY PRI 2, EMRNEREE TT 9
ZEEFARFRETH T, 2D, MIENOEAEOHEES K A 7 7 A& @ o fihe
THIET 2 in-cellNMR & W9 FENREH STV D, D7z L7z HIEBEIT in-cell NMR
ZHWT, R TR TARIRLN O 1 O & R EREAT IZ B P L 72[D. Sakakibara
et al. Nature (2009) |. Z OAFFRIZIHBWT, KRIGEN CHBL S W72 & E LGB Thermus

In-cell NMR, FRFHEZZIRICNMR, SZIRHEE

Ol LELELAH, ITEDOLWANR, LoNbEIVA, ALEFEIE, WTFRT
SR, R—Tm— XPpAT—, W& IDTEMn
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thermophilus HB8 H & H'E TTHA1718(66a.a.)D =57 fREE 7o iiiE 2 15 7-.

AT, DL LEEbOFEORRDIGHAEE LT, Streptococcus protein
GB1(57a.a)% % —/4 v bkt & U in-cell NMR (2 L DA iEfET 258 A 7. BUREEZ 3 Kk
I NMR JIE 2 G217 5 728, EREY 70 v 7EE RO TIEZITVY, k=T
YR E—ETARY MBS 2 2 LT, MIERFR O R 2 M - 7.

(38, ERBIOSHORELE] ¥—74 > Mkl GBl 2 KIGE IR Z AV TR

B L in-cell NMR HIZEZ{T -7, EAEFHEOIFEDOT-0, BC/PN B —1EkaUE 2 78
fL, 3D 3 FHILIE 3 kot NMR H%E (HNCA, CBCA(CO)NH, HBHA(CBCACO)NH)
EiTolz. ERIET > 7V o 7iEE AW THIEZITY, KTy ha B —ETARY
MV ETBEST 2 Z & C, FRMTRIFRANT M EHRDLZLEITHRIIL, 2TOE
o 7T NDIRIEDSET LTz (Figure). EHEEMSHORBEDZH, I HIZ2 fo 3 Hik
g 3 ot NMR {#H]E (CC(CO)NH, HCC(CO)NH)DHIE #1T - 7=.

F£72, NOE HUROETEEHFMOBG bRz, RRICHERIE 7Y v k%
AT 2 Z Eck - T, FRR TRAFZ “N-separated NOESY-HSQC, "“C-separated
NOESY-HSQC OHIEIZHE) LTe. BIfE, S 6725080 )FIE & NOE fiffro7-Hd 3
IE NMR HIE K O 217> TR Y, mkiEEREs B

Figure (a) (b)
—_— — T T LG I7 L& NS G10
[ Q’“a n2_ 618 & |
110 \ O\G.ﬁ: L] 5]
! Gw/‘ AT 18
! G2 L
[ ‘w'g
T19 = ;
115 = T8 023 -
r - £28 :
g9 Forp. o0
= - 2\ @«
E { 15s—Q 78 N3 N
1204 -
z& S5@ o/oaa
-~ Y&6 “ AZS
K1 03§ 4 vao @
il w1 F A Y
- A:H’(iZ_ A2 U-’r% ves "
B ks T K QA7 -
- TS6 51
L A= L 8\ q
L ¥ -
| va'% L6 ¢ Lt 150 .
L wiu—0 g 79,9 g 0o : ;
10 Kl 8 T L
'H(ppm)
Figure:

(a)The 'H-""N HSQC spectrum of the C/PN-labelled GBI in E.coli cells. Cross peaks are
labelled with their corresponding backbone assignments.

(b)Overlaid 'HN-C  cross-sections of the 3D HNCA and CBCA(CO)NH spectra
corresponding to the "N frequencies of residues from Leu6 to Glyl0. Sequential
connectivities are represented by lines. Intraresidue correlations are indicated with boxes.
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P0O19 In—cell NMR I2& % TTHA1718 EREBEOEMBENIZEITS
DT ENREREHT
OENA" 2 TERmE" *, ZHIEH" °, fAESF, Peter Glntert?,
FUINEZ * (FRRE" 2
EAERR - BEE b, *CREST/JST, *7 7> 7 7/ bR, K - P L

Structural and dynamical studies of TTHA1718 protein in living cells
by in-cell NMR spectroscopy
OJunpei Hamatsu'?, Tomomi Hanashima'~*, Masaki Mishima'?, Teppei Ikeya®,
Peter Giintert’, Masahiro Shirakawa>*, and Yutaka Ito'*
IDepartment of Chemistry, Tokyo Metropolitan University; ’CREST/JST;: “Institute of Biophysical
Chemistry, J.W. Goethe-University Frankfurt, Germany; ‘Graduate School of Engineering, Kyoto

University

In-cell NMR has been used to detect various intracellular events such as conformational
changes, dynamics and binding events in bacterial cells. Very recently, we reported the high
resolution 3D structure of a putative heavy metal binding protein TTHA1718 from Thermus
Thermophilus HB8 in living E. coli cells.

In this presentation, we report our recent studies of TTHA1718 focused on identifying the
“in-cell” effects. NMR studies on the mutants that lack metal-binding activity suggested that
interactions with metal ions in the E. coli cytosol may affect the conformation of the
metal-binding region. Furthermore, we will discuss the effect of intracellular environment to
protein dynamics based on the °N relaxation parameter measured both in vivo and in vitro.

[F] Z4#FT In-cell NMR ZFIf L7-AF7e6 & LT, KIGEMENICEIT 5EH
BOREEEALR) T e OMAEERONT 72 ERHE S TWAY Fie, & M
B~ EMESTT REFH L CTEMEREZEAL, NMR JIEZ1T 9 Hiiz7e
FIEE A OWTZTEE S s ST D% YIFRE CIE I < &K, MIEEOS%E, BX
OFREIFRARE DO b 217 5 2 & C, RIBEKERBLARZFH L7 in-cell NMR (2 X
O = ENE Thermus Thermophilus HBS 3 TTHA1718 HEAE OAMENIZE
VB NEARRE SR E I AR LT

ARFZE T, HIRNEBREE S KT 9E BB OSARREE, 3 K OBAHE ~ 0 52 % fif
35729, TTHAITISEHE Z# X —47 v b & L, KIGEMRANGE, 3 X OHEE -
FERGE P TONAREE DR ORMGE, 3 & OVE FE 1484 0 ONEE OFEFI T &2 3 2
7.

[E8B, HRBIVSHOEY] TTHAI7I8EF'E L CXXC motif Z#HfH>Z &b H
GRAEATENZFH SO EZ O TWA. TTHALTISE HE O KIGE AN RRE, B X
OB - REBREEE D B3 S 7z, CXXC motif T OFEEH SKONMRY 7 v h Ak
27 N OB HER S I, SEAREEICB VTS CXXC motif DRI P 27k
In-cell NMR, SLIFA#IE, #A )7 A

OlFESTLww AR, FhLELEbH, ALEFEIE, WIFOTo Y,

R—T2—=F P ATz—, LENDEIOVA, W& HD=n
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DEREPER SN, ZOMEOEZROBER ZHGEET 572, CXXC motif O DD
Cys % Ala, F£721% Ser [SHAMZ 7= — >0 " EHARMKEZIER L, KIBEAMA
A BIOHEE - BB CEAERA A VHEET, BLOIEFE T TO NMR HIE
iTotz. HREHE LN NMR ¥ 7 VO 24T o T2k 8, o0 HER
RN B IR TTHAL71S B AEIC A iz by 7 NI R ST, EfiEnic
B0 EOEZRIIZOEAEOEBMEETEENEE L TWD Z L3RI
iz,

N OREFIfRNT CIX, —#%A9I2I1E 2D 'H-"N HSQC MIEAFIM L T, T, HIE
ZATH 08, PE IR E & 3 2 72 5 KA AL N R CIRE Hh o ERIRBE D #%
B NGRS SND. TD-, LysiRAPNEREE 2 H LV, 1D 'H-""N HSQC
EERFMLE T, T, WEEITH & T, TTHAL718%E H'E O — B OB D1 H
285 L EHIC, KBEMBARETYH 2D 'H-"NHSQC HEZFM L= 7, T,
ENEHAIRETH D0 et Lo, BUEE - FERGUEE, 36 XL ORIGE IR NGE ) B 15
DT T — & i U= /55, RN & Rifas COTTHA1718%& FE O [al#x4H B k]
(ZIXBERE 72 2203 & U (Figurel, Tablel), KEGEMIEANGEIORAMEDFGI2M A, Wb
% “Macromolecular crowding” 7> 5 OEWIIEE ~D B O RIREMEMAl DAV, BITE,
Y —|Z PN L 7= 30 2 Vv, 2D 'H-PNHSQC HIEZFIH L T, T HIEAEITV,
FAAENICH 1T DTTHA1TISE HE ORI COMMT 217> T, ZORKRL HbhH
THET 5.

1 10
a C Relaxation times (mean and s.d.)
o " Resdue T, (ms), incell Ty (ms), in vilro Tz (ms), in-cell Ta(ms), in vitro
B e ks
e S % o |, e Lys3 835115 466 + 3 44.3+3.1 20142
3 == Kk Lyss 767 + 64 431:26 47.8:28 19311
2 <= | o e < Lys20 41323 174 £ 1
I S S T R . B Lys20/Lys49 807+ 18 435+1.2
o ;400 [ 500 N 0 10 W0 o a0 [ 1000 120 1400
b Lys23 433 %1 184 21
b | " d Lys24 763 £ 42 429+ 3 36.8:22 187 £ 1
al :4 Lys30 9391 76 5252 419252 22341
£l \ T <~ % Lys37 42415 19142
3 2 —_ Lys37iLys61 946 & 32 52221
| K24 4 —
A K _ . = Lys49 453+ 1 190 £ 1
b K3 # Lys61 53647 230+2
[ E] [ '“cm(:ﬁﬂ 0 (“IIJ [ El [0} e £ 75 €0
Figurel: °N 7, and 7, data for the backbone Table 1: '°N 7, and T, relaxation times for backbone
amide "N nuclei of lysine residues of N nuclei of lysine residues of TTHA1718 in E. coli
TTHA1718in E. coli cells (a and b) and in vitro (¢ cells and in vitro, at a spectrometer frequency of 600
and d) are displayed with their single-exponential MHz and a temperature of 310 K.

least-squares best-fit curves.

(2% 3C#k]
1) Serber, Z. et al. J. Am. Chem. Soc. 123, 2446-2447 (2001).
2) Dedmon, M. et al. Proc. Natl. Acad. Sci. U.S.A. 99, 12681-12684(2002).
3) Inomata, K. et al. Nature, 458, 106-109(2009).
4) Sakakibara, D. et al. Nature. 458, 102-105 (2009).
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P020 FEAER F L RABAHICEEH HEE a7 9 FR—42 —MBF1 &
BELEHIE R FAP-1 & DES KRB &R
OJINIEAZET, R FHEFes, N, )11 B 220, D!, = B!
TEHER - BT - AL
ENLERETIEAT - R - RS
SRk L1 L

Structural studies of the complex of transcriptional coactivator MBF1 with
transcriptional factor AP-1 related to oxidative stress

OKumiko Kawasaki', Yoshitaka Nagail, Susumu Hirose?, Masahiro Shirakawa’®, Yutaka Ito’,
and Masaki Mishima'

' Graduate School of Science and Engineering, Tokyo Metropolitan University, Tokyo, Japan.
2Department of Developmental Genetics, National Institute of Genetics, Shizuoka, Japan.

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

MBEF1, a transcriptional coactivator, which bridges between the general transcriptional factors
and the bZIP type transcriptional factors. It has been reported that MBF1 null Drosophila
shows a remarkable phenotype under the oxidative stress, such as a shortened life span.

MBFT1 prevents Cys229 of the transcriptional factor Jun from oxidation by interacting and
covering with the basic region including the cysteine residue. To elucidate the mechanism
transcriptional activation under oxidative stress by MBF1, we attempted to determine 3D
structure of the MBF 1/Jun/Fos/DNA AP1-site quaternary complex. To date, we have
succeeded in the 3D structure determination of Drosophila MBF1 alone, and in forming the
complex in vitro. We will present structural analysis of the complex by NMR

<F#>

MBF1 (Multiprotein Bridging Factor-1) (3 bZIP AU#iA G fll4H K - & FEA#HA S [K - TBP

(TATA-box Binding protein) DOWFIZHFEA L, #8527 7 F_X—F—L L TH Z &
DEI DAL, A b B £ CELIIZRF SN D EHERRE - Th 5 (Fig. 1), £
7oy B ORFFED S MBF1 RIED L 5 7 g U AT IR A b L ABREE T CRFHMIC
BT ENREBIL, MBFL 2R EA B L APEICKRE G L TWD EEZHND,

71 L UL ClX Drosophila MBF1 73, Jun, Fos 2> 5l 5 bZIP BT 1 7 A < —HRE
K1~ AP-1 @, Jun EMEERAT D Z EBP LN/ > TW5D, Jun @ Cys229 Mgt
D & Jun/Fos O DNA ~DFEATEENE LB T2 2 E R LI TN DA,
MBF1 |38 TR BE I IRAZ ME D iU Z 0D Cys229 MFAET D Jun O FEM:fE L & B
PR EAER L, Jun @ Cys229 Ot ZB51E3 2% Z & T AP-1site ~DfE ST 2 FHH
THEZEZLNLTWA,

MBF1, #RE[R¥-, (LA h LA

O EL A, BBWVWELED), OAETTE, LobESIVA, VeI
Tehy, HLEESE
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AL TIE MBF1IZ X AL A N L ATHTED 531 L~V TOFEMEZ I 62T 5
728 Drosophila MBF1/Jun/Fos/DNA AP-1 site DGR DT AREEfMNT 2 g L, B
1E£ % TIZ MBF1 HA{RD NMR (2 L 2 STARKEERATICE L TV 5, ZOF5%. N K
BFIE 7 LR T AT CREAIFI D ICAY > 7 AREEDN 4 RIFELTED
DNA fEGZ VNV BIZELS AONDANY v 7 A F =0~ v 7 2 ZFR LT iEiE %
Lo TG Z D> T 5(Fig. 2).

bZIP

Fig. 1 Schematic representation
of MBF1 in transactivation.
MBF1 bridges between the
general transcriptional factor TBP
and the bZIP type transcriptional
factors.

[‘\
helixd *
helix2

vl o

Fig. 2 MBF1 structures.

A. 20 ensemble structures of full length Drosophila MBF1. N—terminal part (1-72) does
not adopt a well defined structure. B. 20 ensemble structures of Drosophila MBF1
(73-145) . C. Ribbon model of the representative structure of Drosophila MBF1(73-145).

<EEB>
1. GST # ZFil & Jun DFEBL - KT

W His Z 7RSO Jun 238 - LU TR, 2 OHETEZRENIEE ., #
L LI o7z, 2T, Jun & GST ¥ Z i AICAE X TOIBL - 8 A2 1T - 72, GST
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B TEE Jun DT T A RE/ERL, B2 MR L PN AZH Jun O KEBRHEZ1T -7,
DEAE, GSH Sepharose |Zi# L, GST # 7 ZUllr, 7w r v~ s 777 4 —%4T
V. GSH Sepharose IZH 59—l L, #7 L7n7 7 —BDREEZITo7, BHELT
NMR # > 7L L L, HSQC & &#1T~- 7=,

2. Jun/Fos M I8

GST # 7' B4 Jun, His % 7 Bl & Fos WENENEGEND 7T A N DNA % E st
U 7oK 2 e L7z, JEBLSE72, Jun, Fos ORIGAIFEBLL TV D Z & 2R T
Xl ZOWKEANTREREBEZIT)I &L L, bZIP B2 R 7 EIZEI L T,
TRAEREC MR T A ZENAONTEY . SHEUEETONRY 77 —IC
< RV ANEIRREEFET AR THRAIT) 2L T XUV BEORTELE
X > 7z,

3. Jun/Fos & AP-1 site, MBF1 & O & 325

Jun/Fos 23 &4 35 DNA AP-1 site 2. GSH Sepharose 7 7 A& H4% (2 Jun/Fos ¥R IZ AN
%, Jun/Fos ® DNA AP-1 site #i G #80D 7 L ¥ U TV &S S W5 2 & TREL
T5HZ L aRl A,

<HER - BE>
1. Jun DIEHL - FERAEOSE

Jun HMOKERICIX, VBB o~ 75 7 4 —OFER, BT LOHBRIERED Sy
B Jun SEM Sz, ZHUE, Jun £ O LOFEFFRIBRFEAICLY, BELEZ L
TWeleh &EB 2 bivd, HSQCHIEDFRE RGN AT ML ThH, iz —7
DEFEY | BTHKNE b DO ThHoTe, ZD
BIE DY > 7 2 DNA, Fos, MBF1 Z#s/ L
THWOHSQC ZWE L7223, AT FIVITER
ERET L, ERNENEOHBEEMAITMHE a
RTERD T2, Jun B OREHII D TR oo
ETHDHIERNDLNPSTZEH RO L D72 Jun £ X
DFHL, FERFIEOSEEIT -T2, " Ll
Jun/Fos Z# ILRBLIIERR L, HHNLT D Aot
APl=site ZISINL7=0b ViR s o~ v 7 e,
T4 —%ATH &, N E CHERIERIO 4y o
(2T Tz Jun,Fos 73, 1@ O3 ENIAH S v
DIl T (HEE T BAY S T)e Lo T, -
HERFRMRFEE DS E S, BHOBRED
Jun/Fos/APl-site 152 Z LTI L7722 # 2T Fig.3 TROSY spectrum
V%, Jun/Fos/APl-site A ROy T BIIKE 7S *H,°N  labeled Jun/Fos in
DTHHT-D, Jun/Fos % H/KEGMITHEFE - 3 complex with nonlabel AP-1 site,
BLEH, TROSY EEHWRIEE{To728 24, Mg™ (5 mM)
e Bt D L WANRY ML EED I ENTE
7=(Fig.3 ),

a
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2. APl-site & Jun/Fos & OFHA
A | YEH

F7-. APl-siteD A I J fEHIKD
AT NV ERIE L, DNAfHIDN
| SOBIENCE-TH, KL
| 7= Jun/fos & AP1-site & OFH HAF
! FH % e U 7= (Fig. 4),

AT NIVDEALNBAEA
YERIIHENTH B3, THELL
LOEEOIREEN R Sz
(Fig. 4),

% Z TDNADOES| DO Rat %
1Tolz, &R TIEXSG A
T 5 AP1-sitelZkf L. FRakAC
FINEMTHL~Ta LA~
— D Jun/fos 2 FEFE D H ] D
METHETLHIEBEZLND,
FO7=, NMRART kLR
BT o TS LHERIE N
720 IRIZDNADELS 2 5 7RI
THIETRYRR AR
ML~k B &R AT, AP1DH
Pz — R Ext i - 72-CRED
BCH ClE 58 IR PR 72 DNARL
- Y& 72%, CRERCHIZME S =
ppm LT L OSEEL - AL b

VIR CE . EERICCRER

F & AW CRBRO IR AT -

72& Z A, Jun/Fos/CRE Tl
Jun/FosOTROSY A X7 FVIZE L WENRHAHIL, A 2 /B DO AT MLy ssE
L7z, ZOFMIIATHaB W CEmT 5,

Fig. 4 'H spectra of imino region
A. AP-1 site alone B. Jun/Fos/AP1-site

<LSHBOBE>

Jun, Fos, DNAD3HEFES L. NMRTHENT Al REZ2 AT ML ZFER TE 72D T,
H# & ¥ % Jun/Fos/CRE & MBF1 & OB AR A TEA S B, SEHEIEZ B S LTS,
BIE £ TOPRAI 72 EBR A5 | Jun/Fos/AP1-site(CRE) & MBF 1 O AH HAE 122 & 7258\
HOTIEAR L WERNR SO TH D FTREMENE WO T, 531 [H D Paramagnetic
Relaxation Enhancement D &L & W o 7= FiE S WL THAT L TV & 720,
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=° FEWSEUME, = EIESL
"EARRPE - BT
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Structural studies of split PH domain of Rho-kinase using paramagnetic
relaxation enhancement

Akiko Sato', OTeppei Kanaba', Shinichi Terawaki’, Yutaka Ito', Mutsuki Amano®, Kozo
Kaibuchi3, Toshio Hakoshima® and Masaki Mishima'

'Graduate School of Science and Engineering, Tokyo Metropolitan University

’Graduate School of Information Science, Nara Institute of Science and Technology

’ Graduate School of Medicine, Nagoya University

Rho-kinase, an effector of Rho small GTPase, plays a crucial role in regulation of
cytoskeleton. Rho-kinase has the split PH domain consists of the PH subdomain and the C1
subdomain. Interestingly, the C1 subdomain is inserted in the middle of the PH subdomain.
Although each tertiary structures of these subdomains were already reported'”, the structure
of whole split PH domain is still unkonwn. Structure determination of the split PH domain
including the orientation between the PH subdomain and the C1 subdomain is crucial for
understanding its function. In this study, we report three dimensional structure of intact split
PH dmain using paramagnetic relaxation enhancement (PRE) and multidimensional NMR
spectroscopy.

(FFam)

Rho-kinase | 5K - 72 & DAE 5% 5 1T 724850 7 G B HE Rho (& L 0 {HMHEAL &
20, FOTFHROMBEKREAL 2 Y VLT 5, 20U VBRI LV sy A
FRRZEHL DA IR 70 E O EE /2 A MBI & #l4# L TV 5, Rho-kinase (X N Kl &) —
B RAA |, HHRIZ Rho FEETEIRE BZIsa AV RaA /L RAL . CRERIZPH R A
AV EFD, TOPH RAAL T, ZORBNIOBEBHIZY AT A NTETREB(CL 7
RAANPIFEAINTODIMEFR AL THY, T, A7Y v FPH RAA &
MEEN 2 L 9otz ZOAFY v hPH FAA NIFT—F R AL AN
LHCET S Z £I12 XY Rho-kinase DIEMEAHIH L T\ b, F7oFFT—E R A A
DOFFEEELTZ PH R A A 3 VIRESCHIlR I ET 2 EAE S HAEERT 2 2
& T Rho-kinase D JREEZREL TWNDHEEZLND, ZOXIIZATY v hPH KA

Rho-kinase, A7 U v "PH R XA A >, HREVERRERZHE

IEIBHEZ, ONPRIETHoAN, THhLELAWDG, WE ISP, HbEDTrDx,
MPNSBHLIIHIE), T LFEELE, ALEFEZX
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A TEERIEVERIE, AN REDOURE & H Rho-kinase DFFEMERIEIC BV TIERIZ
KEBPBEEZR-L TS, BIIEETICATY v FPH RAAL LV DEF T RAAL L #
NENDOSFEEE R RE SN TWAEY, £722F U v FPH RAA i, 25o0H% 7
RAA U REHEERREEICH D RO WENAREEEZ A L TCND Z ERH LN E 2o
TW5D, 2D L9 REWPEERIRIEICH 53 Tl OV TIE, IERIETH 5 X ik st
fEHT° NOE Z W e SRS GE IR E XN EETH D, LD L Rho-kinase DMl 1T
20DV T RAALUPHFEL THIEL TWAH Z LN TR IS 725, Rho-kinase D%
REMEIICRB W TIEY 7 R AL VORI ZE D2 A7 Y » b PH KA A U R2IKONK
BERENLELEZEZ DD, AKBFFETIZAT YU v k PH KA A /12 X % Rho-kinase
OTEMESIE O FER 72 5 T HAE ORI 2 B 09I, FREMEREFIZh F(PRE) %, 2kt NMR
WCEDERTD L0 FEICL V&Y T RAAL U OBLRZE DT AT U » F PH R
A AV EARDOSNAREE 2 RE LT,

(1) Wen, W., et al. J. Biol. Chem., 283(38), 26263-26273 (2008)

[38R]

KIGEDRE R % ., ZERN IS %Z L7-Rho-kinase A7 Y > FPHR XA
(1151-1350, RhoKspy) ZF8EL X 72, RhoKspulIGST# VG OEHE & L THRELX
¥ GSHE T LB LT 7 4 =T 4 —27 u~ k5 7 ¢—. PreScission Protease
kDX 7D, FAAEsa~ T T T 40— X0 ERIL7Z, RhoKspull DWW\ T
'H-""N HSQC. HNCACB, HN(CO)CACB, HNCA, HN(CO)CA, HN(CA)CO, HNCO
ZREL, FHY 7T ADIREEIT>To, iz, MEHONRIE D72 937k 5LC(CO)NH,
H(CCO)NH. PEEE 0D 7= ¥4k It °C/PN separated NOESY ZiHl7E L. i@ 2 3k 2r 7=,
IHOORETITRB 2 EAE LTI LICEV VT FVRED R EX -T2, T—
& 7 1t AZIENMRPipe, A7 bV OfEMTIZ X Sparky & V7=,

27U "PHRAA Y OREEELZIET HTD, AV T UL X HPREZHLHI
L7me AE VT VTN R RAICE A LTZ Y AT A 2T ¥ B ViR EKPROXYL % f+F
MEELHEEZHWZ, AV TXULONEE —BTICRET D720, %A T 47D
VATA L ER Y ANCEB LTI 2 — X FEERT DXL ENRH D, RhoKspulZ (£C1
YT RAAL VNIHET HDHNFEE T TF —T7 L EZOND VAT A OMICENIZE
B LW AT A UUAFIET D, F D AT A L (Cl107, Cl150)& & U (i@ L
723 2 —X » hC107SCI50S & VERR L7 A2 R OJRIBD 7= 91271, PN, Pokik
L 72RhoKspy C107SC150SIZ- 2T FEHDIF R I M B 72 B3R T OPE ATV, 8
DIRBEAT S T2 RITT PV HNVRIEE NS L2 DICRFEDOERLEE VAT A VICiE
L7 a— %0 & EBEBEAERL 7 (CI50S, V49CC107SCI50S ,
N123CC107SC150S, ZHZH150C, 49C, 123CIZT AN, AE T
MEIIWenH DIE LT=KY 7 R AL O FEEZ TCIC, REEHE30S—E 2 B
PLETHY | M BICAFET D552 3 L 72, NMRY 7 /LIZPROXYL % N
THZETUATA VBT VN ZEA L, 'H-"N HSQCZHIE L7, H(CHE
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ARG MVEGLTD WEBORBHC T ZaL e U BEARNT L2 TIO I N%E
BrEL., FREORIEEIT -T2, DD AT "V D T 7 FIVIRE DI G| HEEE
WMETF L, ZOHEEEERE HOOREHE AT 7o, BEFHTRICHW Y7 RAA
CHOREEEHRIL, IEHS 7 T OlmEDBUEMNTHTH D DT, Wen b DRI EH
%ZPDB (Protein Data Bank) KW AF L., i L7z (PDBID: PH% 7 KA A 2ROV,
C1% 7 KA A L 2ROW)

[FER]

RhoKgpy C107SC150S (25U T
FH T LDOFB A SER S T,
Ra—H U hDOVTFADIFEIT
RhoKspy C107SC150S O It J& % 7t
122D 'H-""N HSQCIZ L W {T- 7=,
A TXNVAHEFTDY 7 F L
FREE (Iprp) & A B2 T XL Z R E
L7 D 7 F VIR E () Db &
L 57-(Fig2), ZHZNDI = —
B NTRRp ST =D
FODWI, FIITRE DR N
Aoz, THIEAE T
O OPRREANT < | R R
Bz bolElELZLND, L
FELIC Ko CRITTEHEBERIIRTE S 22 oo o o0 o o0 20 a0 o0 1o
LBV T RAAL L OREETERE b
EIZCYANA ver 3.0 L 0 FHH
SRR AT, BO A
7V RPH R A A > ONLIRFERE
ZFig2lZ3d, Ziud, 2204
TR A A REHEERIRREIC B B
DB 7 B A A R
HEFERABECTHDHEED S B, |
bEKEE 2L — g CfEfET S ° o © w

&, HAHWIIEDOFENDDIEY

S Y v A s X e > Fig.1 The plots of signal intensity ratio of Rho-kinase
MR YETE LB BN,k Nl Th

72APBSZ H W T Z OREEDERE  (A)C1508, (B)V49CCI07SC150S, (C)N123CC107SC1508
T v v L aabE L/f:(Fig.3)o - with error bars.

FUIZ X Y Rho-kinase® A7 J »» hPH K A A 320DV T KA A - TRER
EICHE LI FREMHAET 2 Z EDRH LN ERoT,

el le

Irtersity ratio (e
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Fig.2 Structure of the split
PH domain of Rho-kinase.
Best-fit superimposition of the
final 20 simulated annealing
structures (A) and final 10
ribbon models (B). Average
backbone RMSD to the mean :
3.01+/-1.01 A.

Fig.3 The electrostatic potentials mapped on the molecular surface of the split PH domain.
Molecular orientation of the left image is same as Fig. 2, and right image is 180° rotated. Positively
charged regions are dark.

[(E£]

MEFTRIZE D AU » FPHRAA UL, 200% T RAAL 895 LAESE, Fr
M IEBEWEZH O =2 DOKRER RAL VDX I RN EZ L > TnD Z &N
BN T, ZOEICHE LT FREN AT Y v FPHRAA D53+ L D
FEAAERICEAG L TWAHBEMERH D LB X BN, FERICAT Y » RPHRA A &
OFAAERPRE SN THWDLERE L O EREITo MR, W7 KA A v ED

Cﬁ*"ﬁéﬁ‘é TTREOFEIK CTHAET DI 2R LTWVWD, 2200% 7 RAAL R
EHPREEICH DI O WIEHEE L L OFTH OB P'E & O AAERICENG D Wi
ERTTIZHLHRE 2 L—ra U CEET DBENFET 2 2 i3, REBBKREN,

[BZ]

ASERRE L2 AT Y » FPH R A A & OREEIT 53 12U L TW 2R WESFRE 7R &
DThoTe, 5HITLVZ OPREFERAZITV, HEBEHHRA L L, Eiofki@bd 2
LIk, EEOREE BT, ERBE L LS E T, thoEAES
f5E & O EAER &STAREE DO BEIZ DWW T Hikiam L TV E 720,

— 201 —
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Structural and functional studies of transcriptional corepressor
SHARP/SMRT complex by solution NMR

oSuzuka Mikami, Yutaka Ito, and Masaki Mishima

Department of Chemistry, Tokyo Metropolitan University.

SHARP is a component of transcriptional repression complex in Notch/RBP-jx signaling
pathway. SHARP recruits HDAC complex regulates transcription at the chromatin level.
SHARP has three RRM domains at N-terminal part and the SPOC domain at C-terminal. The
SPOC domain binds the C-terminal tail of SMRT. However, it was not reported the structure
of this complex. In this study, we aimed to determine the structure of SPOC/SMRT complex
and establish the structural basis for mechanism of transcriptional repression by SHARP. We
will present biochemical and solution NMR study for the complex.

SHARP{Zspen% > /X7 G (k72> 7 F AR I I B8\ CTEH B /e 855K - O 38 Bl % ]
W HH2 2 R7E)DOOEDTHY | BIFE, Notch/RBP- > 7 T /UIRIRIZ I 1T HER 50
HIR T E A RO & L CR# ST b, Notch/RBP- & 7 F /LR G 13 25l i
WZBWTH L EX S RFSNTRETH Y | BARECEMTIZ I 2 MiaiEa e
W5 LTWa,

SHARP®DSPOC K # 1 (7 2 J Wi £3496~3664) IXSMRTDOCK IR (7 2/ sk 12492
~2517) L EEEKR AT 5, SMRTIZ b 2 kU7 & F L {LEEE DOHDAC & AR % T
LTEY, Zhe, 7Za~vTF U SETilRET HSHARPRFEATHZ LT, /71
~F UREE L UL TORRGEHE M TON TS EEZ 5N TW5, £7-. SHARPIZRNA
A RAALURRMsZ B LTERY, 2 vra—F 4 U ZRNAE L THE—Z O BTEME LI
BERHDONASRAEFRATEZERHALNCR > TS, 2D LI, TI7FR—X
—, 2V Ty —DmF IR FIRE72 SHARP OBERE X G B W THETH 5,
FL72 BHIZSHARPDSPOC R A A ESMRTIZIEH L, & OEEIKRD SLERE R % OERE
MO FHREEZ A LT D22 AME LTWD,

[528R]

KIGE DO RKEFRFRZ AV, GSTH ZFhE DSPOC R A A L 2R 8, « kI L7=, SPOC&
(LA UTZSMRTA 7' R OMEEEES 2 RO D720, SPRZE WG FHEBRE21T -
770 SMRTRXT7F NiL7 I/ BeFE3io492~2517F TO2E T, NEKiN 4 F b X
NTEbDEMH LT, SO 6 SPOC & SMRT DA T el 72 St 2 Mt L.
Z OEM T CRFEELR EZ HVTEC, PNRINLAEE 2 L 72 SHARP & {b524 Ak L 72 SMRT
T'TF ROKEEEREZIT 572, SHARPHKRDIKAE & SMRT & AR Z ok L 72 KB Z 4
T DN T FEL R TCNMRIA & (HNCACB , CBCA (CO)NH , HN(CA)CO , HNCO) 4T\,
FHEOIRBEIT-T-e FOMBREEL S LIZIRE LIZSMRTE OFESICEHE L EZ bR
AT I BBEEAT TICHE S TWASPOC R A A » OXFHE S Flicvy B 7

B, 7 n~TF

OHNHITN, WEIPTy, HLEESE
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L. SPOC K A A > DOSMRTFRFREBNL % Fr i LT=,

[R5 - B2

SPRZ W= JEBRIZ L 0 | SHARP &AL Apk L 72 SMRTX 7' R [H] & D FRBEE £ % KD
to*#@ﬁ®F% B 25T TIHEE D 1000f530E < OFEAR (108 M) ZRd- 2 &2
bhhole, FEERICEENRE AW E/ESFERICB W TS, BHE QS T TIISPOCHM
DIRRED A~ ]\}lxi)xE%’E BEHEID AT "L ~DEAbh3fast exchange TH o 72D
WXL, BFEDSM T Cldslow exchangelZl72 o7z,

Figl
)
@ S b
o T o
. oo /,.2// v ' o
BT - s T @] - &Y ¥
.‘ . 1 7 _"—.“- ‘ m; - k:-é-\-‘b NG ’_.- ~_=:_ , .
2 ; l&&&_-®\ A
ey : e :/'\‘. - o SR

<Figl> Comparison of N-'H HSQC spectra. Observed chemical shift changes in fast
exchange (a) and slow exchange (b). Three spectra are overlaid in both of panels
(a) and (). @, @ and @ correspond to SHARP:SMRT ratios, 1:0, 1:1 and 1:4,

respectively.

F 7~ SPOCEM i OB A A ZTER LT IREED — > FEOIRBRE R A b 212, D1k
FU 7 NEEBSPOCIZES 1T HSMRTHE SB35 7 2 /&%g%%mbto:h%
DOF I BEEAZTTIZHE SN TUVWASPOC R A A OXRE RS Flicvy By
L72& ZASPOCKAA D BINSMRTE DFEBIZHEEG L TWAZ ERbholz, 20

IS B T CSPOC R A A VR LR/ Ry R 7 LTV B A T2 RICHIR LT
BY., B3RO FHMAEERICEREINS Z L2 EfTEHERTHD VRS,

(A% DEE]

BE, ALFEA R LIZSMRTAS 7 F R (878 ; 2510~2517) & A 1K % AL L 7-SHARP®D
SPOC R A A > (°C, "NEE# L 72 & D) IZ DWW TERITEMRIIE 21T > TR Y HA KD
SHARP D NLARKEIEfFAT 21T > TV TETH D,

F 77, FIRHC FIALAEEEE U7~ SMRT (2492~2517) %455 7= 5. SMRT K EFEHL R D HE 4L
ICHERDFLA TWD, FERINEEL <, BIED L Z A% - BRROMHENIZIZE > TR
W, SH%REMRHZER T TETH D,
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Structural analysis for the interaction between CCRS and its ligands

OChie Yoshiura', Yutaka Kofuku', Takumi Ueda', Yuya Terashima®*, Kouji Matsushima®,
and Ichio Shlmada1 4

'Grad. Sch. Pharm. Sci., the Univ. of Tokyo, Tokyo, Japan. ’Grad. Sch. Med., the Univ. of
Tokyo, Tokyo, Japan. 3ECI, Inc., Tokyo, Japan. 4BIRC, AIST, Tokyo, Japan.

CC-chemokine receptor 5 (CCRS) belongs to the G protein coupled receptors (GPCRs)
family. CCRS plays important roles in inflammatory responses and its ligands are known as
inhibitors of HIV infection. In this study, using a reconstituted HDL (rHDL) system, we
have established a new sample preparation method for CCRS with its functions, which is
suitable for NMR analyses. By using this sample preparation method along with the
transferred cross-saturation (TCS) method, we demonstrated that valine 63 of MIP-1a and
MIP-1p, which were not investigated in previous mutational studies, are in close proximity to
CCRS.

TFENAZIFIRCCRS 1E, G 2oV RS 3R K(GPCR) (2@ 3 Dz /X7

B CdhD, CCRS EZDYH L R(MIP-1a, MIP-1B, RANTES) MO EAERHIL, G #2737

FA~DYVTFIVAREEN L, CCRS ZF3BLLT- A IMEROBEE K S E L35, £72, CCRS
IZHIV-1 OIZFHETHY, CCRS OUA U RITHIV BRI ATHZENHES T
%o ZD728 | CCRS—V A REAH AAE MBI o1& AWt 1. HTHIV FEDBH %
WZBWTH AR E 5252 Enilifising,

L7l CCRS 1IFEBLEN D7, AR LIRRBIZHB W TARLZE ThD, 2072, £
FHNEMEZ R FFLTIRABICTCCRS 2 K& T2 FIEIIMNL SN TEL T, G4y
FHIEATI IR EECh o7,

ZZTCAMIE T, IFE —EBEEAEREO—FE Th D FHEHDL (tHDL) iR L.
EWFRTEEZRFFL7ZCCRS DK EFREIEOMENIZ HIE L7, 512, tHDL (ZFAE Ak
L72CCRS ELUH R AAEHICE T &AM P R aBLZ 2 BHiEL ATV
TR TCS FEBRrE{T->7-, CCRS DUH R THS MIP-loo BLUOMIP-1B 4
T EIZEITHCCRS FEEHENLZIEE T HIEIZED, CCRS DU RiHFsHE OfEIR % H
L.

GPCR, HAREALZ=fafnE

OkLI2B bz, T95< Wby, 2R < H, ThbLE o, £HOLFE Z
2L, LEE Wbk
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[J77£] CCRS 3R BMifasBR IS THRILIL -, CCRS R BRIz kL TS
36 O bl 8 B ) Bt O & 4TV CCRS A8 Eo s i) 45 245 7=, 4y % 1 %
n-dodecyl-B-D-maltopyranoside (DDM) % & de/ Ny 77 —I|ZCARIIEILL , ZDE T
tHDL ~OFE %1772, 50 7tHDL ICKL T Ni 77 4=T 4 —/a~hT7 (—
BLNDS AT 74=T 4 —ra~v N T 74— 2L DR A TV CCRS-THDL #4572,

AF T abh o BHHFTCS EBRIZIE, [u-H,°N/(Ile, Leu, Val)-"*C'H;] ik MIP-1a
BLOMIP-1p #H\ o, ZOUHA R0 pM (XL CCCRS-rHDL %4 1uM & Tealfth
ALz, PIEREAEZ10 °C L, TCS EErEiTo7, 2 hbr—/LFEEREL T, CCRS
ZE £/ rHDL & HWETCS EBREIT-72,

[#55:] (1) CCR5-rHDL gl

EREDIFEICIY, 80 % LI EDO#IE TCCRS-rHDL %457-2 4% SDS-PAGE fi##TIZk
DiER LTz, Fo, Bl 1L 55806 L7-rHDL (273 £7115CCRS DU &L, £
10 pg &ERFEHOIZ,

L 72CCRS5-rHDL 73, # &R PLIAR2DT7 LD ATE A RFF 922 L% SPR JEIC
ViR LT, £7=. CCR5-tHDL OZEMZFHMT 572, 2D7 #ii & EORRFEL %
Rz, 4 °CL 24 B ITHE5 % D2D7 fEAEIMEFRFSNDZ b -T2,

MIP-1B Z W= F NE T T e A %47 FHRIL7ZCCR5-tHDL 23U N &M
AREFL CWAZ LA MER LT, SHIT, G X /3'E EDOGDP-GTP AT v BAZ4TU,
CCR5-rtHDL MUA VA IRIFIINCGo V7 2=y b~ DY F F IR EEFHIE T D%
R LTz,

Q) AF/LBHIE TCS F ,

i W R T o — | N
MIP-1a. ’ZL’FH 7=TCS %%Tti 2 uE D i L AL I . ’;l AL
V59 BLTWV6E3 OHy 7)) =, i Skl | 7
IZBWT, v br—/ L ERR L Eoss
LCHBERRERD NS 200
(Hlilg.lgxz)o MIP-1B % W 7=TCS 5% P EEECEEiECE0E0EE D
EBRTIXL V25,V26,V63 OHy 5 F080 g8 Idogips888883g
ST F N TIREE R D3 Fig. 1 Result of the TCS experiment of MIP-1a
HESHLT- M : the TCS experiment using CCR5-rHDL
M=z, [J: the control TCS experiment using empty-rHDL

[ Z£IMIP-1B 2 MV -TCS FEBRICBVTV25,
V26 (237 VIR ISBLIIS L Tm 2 B,
V25, V26 (ZHT 4 DR22 ~DZERE A 2LV
CCR5 LDOBIFMEDME T3 DLW HEEXTIGL
TWb, AT, MIP-la., MIP-1B £ (2, 28 5
AT TRV TEEICH Y 7T LR
FEW D S BLIS L7, MIP-1o, MIP-1B 13412 ) >
CCR5 DUAURTHHA, ERNIZEITHHEEIC Fig. 2 Mapping of the residues affected by
SHHERADD, SOLDTEDOZARMTNN g, Reidues aicted by th madin
Uz W T, el S S HE S NMEET D Al RE : Not affected by the irradiation
PEDSENN, ABFZEIC BV THLINI R 57-V63 1T

BT, MIP-1ae EMIP-1B 1d, CCRS (ZxI§ 2 BOM AEMEMARRE G THEHE 2T,
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Structural clarification of the efficient electron transfer mechanism
between Plastocyanin and photosynthetic membrane proteins

OMasamichi Kogal, Hiroki Ogasal, Naoko Nomoto!, Takumi Ueda', and Ichio Shimada'*?
!Graduate School of Pharmaceutical Sciences, The University of Tokyo, Tokyo, Japan.
’Biomedicinal Information Research Center(BIRC), National Institute of Advanced Industrial
Science and Technology(AIST)

Plastocyanin (Pc) is a copper protein that donates an electron to Photosystem I (PSI) in
photosynthesis. The oxidized Pc, which is formed after the electron donation, reportedly has a
lower affinity for PSI than the reduced Pc. The rapid dissociation of the oxidized Pc from PSI
results in an initiation of another reaction cycle in PSI, which enables the efficient electron
transport. Here, we utilized the transferred cross-saturation (TCS) methods to identify the PSI
binding interface of the cadmium-substituted Pc (Cd-Pc), which is a diamagnetic analog of
the oxidized Pc. G10, S11 and L12 were not included in the PSI binding interface of the
Cd-Pc, whereas they were included in that of the reduced Pc. We conclude that the difference
is due to the increase of the mobility of L12 induced by the decrease of the distance between
H87, which is in close proximity to L12, and the copper ion upon oxidation.

[ BM) HARH)GIE, KD R/ —%ATPCNADPH & N o 72 b R L — (28
a5 FOAEMICHAR KIS THh 5, Plastoeyanin (Pe) (X[ HEHIFE SR HE
T, HARBHISIZBWT, BEEAEEAIRTH HPhotosystem I (PSI) (ZE &%
T, BREMUPCIE, 3E TPl R CPSTIS 6™ 2 BRI AN 10f5 R EE AR 2 & 3B
HMNTIRSTWND, ZDZ Eix, ISHEICA U HBAHPe/nPSI b FH < fiflEd 5
I ETROPe T HRIZPSI E ST HZ E&AlEE L, TOMREEKE LTE

WIS NRESE I A Z AR LTWA, ZHVE TIOYIZE=E T, BB
ik (TCS{E) & AW T, BEILHIPcOPST & OFEAREX A M L=, Lo LEEPcD
PSIREARERII AR TH o 72, & 2 TARIZETIL, B{LAPcDPST & OFE AR ZNVR
WX VFEE L, BIMPcOPSIHEAR L T 5 Z L12X v, #hREE kR
DO¥HEL AT 5 2 L 2 AR E LT,

[F1E] BREBIPclZ 31T B W REMEREFIEE RN R 2 [BIkE 3 25 72 60 [t DR b Pe 7
Fu s ThbH, BRI T AERAPe (Cd-Pc) ZFHELL 7=, Cd-Pcd EHHNMRY 7 F /L
DOBEIFIBZITV . AT LR THE SN/ZCAd-PeDT 2 F7a b Dby 7 b &b

JBRR, AL ERIAT,

OINFEEHRL, BASVAHE, ObLRBI, IR A, LELVDLE
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5 2 Lok, SEEREE AR LR
REDCAd-PeNHBES -2 & 2R LT,
[°H, °N] ¥ —HE 3%k Cd-Pe 144 u MIZxf LTI
FEGRPSI I BVl uMERE LT 7L
L BRI (TCS) FEBRAAT

B g HF
77 L f- . .
i%%k%%]ﬂ&%%?ﬁﬁﬁﬁgﬁw‘ ,MMMMMMMhMﬂIMJ“M M

DB S -EET, a4 mEo W D u W
hydrophobic patchi L TNER9, E60 % & ¢
acidic patch FCHEFim 2 K L T\
(Fig.1, Fig.2(4)) . L7l ->T, ZD
FEIK 3 Cd-Pe EDOPSTAEA FimCTd 5 L iam Lz, 56 izfEa i % iZtiPe Lo
PSTHE G St & i3 2% & | Cd—Pe EDOFEA FEITIXGLO, S11, LIZASE AL TV RV
DES T2 (Fig.2(A), B)) o UL EOFERE L OEITmL THE STV D IERS
REEDRETTAY - BRLHAPe DNTAREE O HLEE ) & . PSTEFIME DR L 5 2h=RA0E

e DOHER . RO L HICELE LT, 1. PeSELBRIZ/ 5 & §ilA A2 LHRTAUT
L., EEOLI2OEEIWEICELNE LT D, 2. ZOREE, L2 b NZF—Lv—7 |k
(ZALE T 5G10, S11Z I L7=PST & OFHEAERRIETI L, B FBEIZOPSIN G DK
UWMRBEDS B S, BRB IS SOSN I Z 5, BIUE, FERAIR-EDE TP, BR
{EHIPcEs X OCd-Pe DA ER L OVF A F 2 7 ADFEMIZR L 21T > T 5,

EE

E

I
-
[

E

Entensity neduction ratic
Ir-ll."ll'h{:lh‘fiﬂﬂ'llﬂ*!!
|

Fig.1  Plot of the peak intensity reduction
of Cd-Pc in the TCS experiment with PSI

(B)

Il

Fig.2  Mapping of the PSI binding interface residues of (A) Cd-Pc and (B) reduced Pc
determined by TCS
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Assigning carbon and proton signals of mono-3-amino-3-deoxy(2AS,

3AS)-a and B-CyD in D,O

Takahashi Keiko, and OXKeita Andou

Tokyo Polytechnic University, Faculty of Engineering, Depantment of Life Science and
Sustainable chemistry, Kanagawa, Japan.

Many modified cyclodextrins(CyDs) on secondary hydroxyl site have been reported. Since
mono-3-amino-3-deoxy(2AS,3AS)-CyDs involve an altrose residue, molecular conformation
should be different from that of native CyD. The measurements of proton and carbon
resonance for mono-3-amino-3-deoxy(2AS, 3AS)-a, B, and y-CyDs are performed. All
chemical shifts of CyDs has been assigned.

[#E]

T aTFERARY A(CyDNE T LT —AN6, TB L U8Ha-1, 4770 =2 RiES TR
WITHEG LizA ) ST, ZRORKRESORL D a, BBIRy-CyDR L LT
W5, THRRNLKERIEIC T X/ M A L 72 mono-3-amino-3-deoxy(2AS, 3AS)a-, B-,
L UY-CyD (3A-a, BI L UY-CyD) 1T “MAMEMMAD M EM E L THER ST
DY, D HRRAKERIEIC T R A EALZCYyDIZEA SN LT — AR T L
ha—RA~EEHLE L, CyDZERNER, T 3
J FEEAFTOCYD L W NMR ALY b LI HE
(272> T 5 (Scheme 1), M8 TIXCy, Cafr
FOEY 7 MEEZ Y a2y RES HmAD
FAREME 2 CyDD o1, 47V 22 ¥ REEA OHEHNIZ
#WH L, CyDOBRMAREEIZ OV THE LTV
52, ABFZEClE. NMRA> 5 CyDERHE S % flAT
T 572 0ODFH ML L T3A-CyDILFY 7 k Cyclo
DO'H, PCOLIREEITVER LD THET 5,

A 4 B~EG&H
H H

3
glucose

Scheme 1. Structure of 3A-a., B, and y-CyD
[k &5
HI7E IXJEOL NM-Lambda-500% F VN, 5¢%& H30°CIZ CTiTo 72, AREHEE1Z27.4mM T
H%, 'H, PClzfgix, 2D CHSHFCT7 /L ke —R3A7 1 b % FEE L, COSYTT /L
h B — 1A, 2A, 4A, 5A, 6A7 1 K U ZREE L7, %V TROESYIZ Ta-l1, 4454 O
DO7a kB4, FO)ZMEE L, FEROBIEZ VIR LA~FERO2 T v N U2 iEE LT,
T TAXVHEER, vuTrxFARN) Ly, T hr—R

= Lidnwz, ObAEI Tz
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H
3sc —> CHSHF —» COSY —»ROESY —» TOCSY ___, cyshF

COSY
44 Ho1

H ¢ ﬁl/cc A’ c/ c/ Q
C\c lC/H A5| H e C—H H_ F

H —p» C—HH | c.—» \c

H/ C—H HAGC \H C/H 4/H

C\H\C l A4 A3 4 c D
A3 H ¢ C—

A3

Scheme 2. Strategy for assignment of modified CyD derivative.

y-CyDIZ DWW T b [AERIZAT - 72 (Scheme 2), Ak tHE D%73% < ROESY, TOCSY Tl
PR — 7 OEME AT, JHE A EMEICAT 5 729OF1, F2-acquisition/ N7 A — & — 7R A
v hEFEEE > TORMENPMETH 7,

'H¥ L P Co4I7 8 2 Fig. 1125~ , Scheme 2127 L= 71E1L, ftho 4V TR IEIC
BICHTE, AHTH D,

5
1 4 23 6

A . B
11 . -] N jh'.‘ﬁ _Ei A“—L—MJ’“LL—

J.Hl,,” JAJ_LA JLLJM.L i‘_ﬂk._.
102:5

AR

O L 61 60

T E B
5. L& ] o oy
3PS PR RS FiEg " o3 r
E3\ B Ay 9403 po BUEDRL el 4P | e .
el s = J'. I'_‘:1-\1 i B4 ol ﬂ el B i ‘ f
W‘*—“" S 1T |V g 1 I
3 3-& WOXe 3 IS ETE T R EE
) . : . — ) & i e
_AAAL e neN
A
i T 1|; J 1|’ J J 'I__ A ¥ ¥ R S S

Fig.1. 'H NMR (A) and ""C NMR (B) spectra of mono-3-amin.;)-3-deo.xy(ZAS,3AS)(x-CyD (Bottom) ,

mono—3-amino-3-deoxy(2AS,3AS)B-CyD(middle) and B-CyD(top).

[ 3CHK]

1) Christpher J Easton, Stephen F Lincoln, “Modified Cyclodextrins” Imperial College Press,

Singapore (1999).

2) Keiko,T.; Bull. Chem. Soc.,Jpn., 66, 550-554 (1993).
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Structural studies on the presumed chromodomain from a histone
acetyltransferase, Esal

oHideaki Shimojo', Norihiko Sano?, Yoshihito Moriwaki', Masahiko Okuda', Masami
Horikoshi?, and Yoshifumi Nishimura'

IDepartment of Supermolecular Biology, Graduate School of Nanobioscience, Yokohama City
University, Kanagawa, Japan.

’Laboratory of Developmental Biology, Institute of Molecular and Cellular Biosciences,
University of Tokyo, Tokyo, Japan.

Chromodomains are methylated histone binding modules which have been widely studied.
Interestingly some chromodomains are reported to bind to RNA and/or DNA, although the
molecular basis of their RNA/DNA interactions has not been solved. Essential Sas-related
acetyltransferase 1 (Esal) contains a presumed chromodomain. We initially determined the
solution structure of the Esal presumed chromodomain and showed it to consist of a well
folded structure containing a five stranded [ barrel similar to the tudor domain and to have no
RNA/DNA binding ability. Since its N-terminus forms a helical turn, we prepared an
N-terminally extended version of the protein, which was surprisingly found to bind to poly(U)
and to be critical for in vivo function. This extended protein contains an additional B-sheet
which acts as a knot for the tudor domain. The knot does not globally change the core
structure but induces a well defined loop in the tudor domain itself, which is responsible for
RNA binding.

BRI W THRERDNA (X7 a~F U 4§ilEE & > TnDd, 7 B~ T O H
ALiZ e A b H2A, H2B, H3, H4 W& 5B b b A MrA 7 Z~—IT 146 Hlk
%D DNA 23 1. 75 [Mfi/ER X ICREDWEX I LAY —LaT Thd, EARERNF
RRNARY AT =R T mE—F— LA L CIRECEZRBT 2I2Erre~vTF
VETNY VIMBETHD, Z7a<FUET VI FRFIiE, ATP KIFH
SWI/SNF Bk &R & b X ko7& F/ALEESE (HAT) @ 2 FiER 6 5, 2406 DR 23
T X RNA AR U X T —PIC L HEEMEE SN S,

Solution structure

OLHLEHIVTHE, SODOHWOZ, bVbELLOE, BLLEFE0Z, IV
LESH, ZLDLDHEILEA
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b A b OEMIZIZT BT U, ATk, U UERE. = %TF 4k, SUMO k. ADP
UR—=Z2{nmonTnb, EA DU PUEREETEF AT DR N TEF
IALEESRIT, BRE, DNA BB, ~T a7 a~F U B0 L 5 BN vk R
BIfR LT 5, BEFIMEFRIM:Z © &2 8 S 4072 p300/CBP, SRC, TAF1, ATF-2, GNAT,
MYST 7 7 S U —DRH LN, ZNENRERAIZE A N T— D) D UEREET BT L
b3 %, MWYST 77 2 U —13kkx AW THEEN ZIRICHh T > T b,

Esal (Essential Sas-related Acetyltransferase 1){%Saccharomyces cerevisiae®
NuAd HERDEER Y 7 2=y N THY | HA/H2A E X b &7 BF LT 5, ok
A KT/ FACEESE & B0 MR AT IS, ME—BERE OB I TH D,
Esal (ZIINKMNZ 7 v KA A > CRMANIMYST-HAT KA A > idb 5, (Fig.1) 7 1€
RAL I AT MeEnZe 2 R UEREY 2= E LTAL AL TWD, LovL,
in vitroXin vivo CRNARDNA & DFEENHE SN TWNWEL I/ BE RAAL D, =
FUHRNASPDNA & DFEERENEM N _

CEETHH L RMBN TSR, |, e
FOREBAI = A DTEERA S = o= e
TRV, ABFFE TIINMRZ VW T
Esal 7 B<E KA A > OREERIT L.
HEIC DWW TEsal 7 BE RAA VOl a 55 2 & 2,

FEREHSR D Esal 7 B & R A A O RKEEHE - FZ1To 70, ZRCEHE MR 1E1C
0., feORFEIZL Y FHEOMEOIRE, MHEFHREEZIT>7-, £7-. DNA/RNA &
DFEREREITo T2,

Esal 7 mE RAA & L TP SN OESERIT 21T > 70, Z OIS 5 KD
BARNTURMWLRD B RNULIEETHoT-, ZDH X7 B OISR T,
RNA & DNA & HITHEA DB S e o T, JeOREERNT OREE. N REIRIZT 5 H»
DRFEDEEZ D O TRV EB X DN, FT- IS N K& ML L8k o
ENT AT -T2, COREEIL B N LAUEEIZINZ, HTITNRKE CRENEND B
ARTZURIZED B U— IR SITZ, S HIZ RNAITHES . F72 DNA IZXF LEgW
FEE DM STz,

Esal 7 B KA A OMEIL, SUN # X7 E O tudor R A A NI KREHEL L Tz
B NEKECKENENLD B AT RIZED B ¥— BB SIL tudor R
A A N knot BEREEMEIN S T HT 72 & CTH - 72, Z D knot HEAEEDS RNA & D
FEEICMETH LD, AN TIER<, a7 OfEEZ 2SI 2 7ITHED 7
EIniEBxbhb,

Fig. 1 Schematic representation of the Esal
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The structural analysis of the nucleosome core by NMR spectroscopy
OYoshihito Moriwaki', Masahiko Sato', Aritaka Nagadoi', Yoshifumi Nishimura'

'Lab. of Struct. Biol., Grad. Sch. of Supermol. Biol, Yokohama City University, Kanagawa,
Japan.

In eukaryotic cells, DNA is stably stored in a highly ordered structure, chromatin. Its
fundamental repeating structural unit is a nucleosome core, which is comprised of 147 bp of
DNA and a histone octamer, consisting of two copies of histones, H2A, H2B, H3 and H4.
Here, we try to clarify the structure of the H2A/H2B complex in solution by NMR; each
molecular weight of H2A and H2B is about 14kDa. At first we prepared the recombinant
H2A and H2B proteins in E. coli by labeling N or "*N and "*C, however the backbone
assignments of the complex was very difficult. So now we try to prepare the SAIL-labeled
H2A and H2B proteins by using cell-free method.

BEEEYO 7 a~F U AEEDBA THDH X7 LAY — b a7 13#) 147 ¥k o DNA
L ATEH DO A 2 H2A, H2B, H3, H4 ® 2 B 57725 X b 8 BT S
NTWa, XZLAY—rar7doe A NRBDT7EF . BT EF i, A Fit
e Eka EfiEZd A LICk Y, BisT

DOREBUTHIEH N D, . s - i
X s A ERRTIC X o L B STV . '
WE R Ry He— LA U 73 MR A3 ] ST eu” o

BUBI D 146 F 7213 147 HEHAF S 722 5 —HEH T
DNA TRk SN 7 LAY —LaT ik i e

N 147 BB 8 4 [ IR ST ) S~ — L Ims

DX T LAY — 3T ONARKEE DBEIZiE 2 A ‘a -
nNTWa, L, X7 b4V —LaT7 DR - }w{7-°

P COFEMBEZ 52 L1X, e X b S

RN BEOEM O - RS ZEH

DNA ORHIOENSHEEIC EO LS T v

B 52 TNDERNT L. S T O 5B Figure 1. H-"N HSQC spectrum of the
B FRS 5 FCHLERAIK T D *N-labeled H2A/nonlabeled H2B complex.

a5 Tm I R T 1 )

b Xk, SATL, NMR

O bVOLELILOE, SLOIFIVD, ZREVDVED, TLDLL LSS
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P2 13T H2A/H2B ~7 11 2 EIROER T T OFEE G 2 P E L, 51l g
DBfR~EORTHZ 2 HIE LT, RIBFEBIR TIX H2A & H2B Xk (A
INENT=DT, gt LT H2A/H2B ~F7 11 2 iR A {ER L7,

Figure 1.127%79 & 9 12, "N-labeled H2A/nonlabeled H2B @ 'H-'"N HSQC &2 %5 L
72 H2A/H2B A KT H2A H2B £ 5 5 1 K& I 23 14kDa TdH 0 A 1K Tl 28kDa
272 %, PN, C-labeled H2A/nonlabeled H2B Z & L7275, BLEE S CEAEOIREN
HThoTl-, £ TSAILIEIZK Y T LTe & X7 & FO CSLARKNEIE RN 21T
I L ERAT, SAIL 72 JEHWAZ LICLY, ZhETEY b RERYAX

D D, WG G .
EEHE T b 5, M OHSREE, B Sup Pt Sup Por
ERMYI Tl %< DE A F A e 21 3=
DOfFPIC K E S EHE#RT 2 Z L nifF s . '

%o SAIL 7 X /A Wb ITiE, 7~ '
(ENREI DRI cell-free 121 365k e & !

BH ST BRRBIUAL IR BN, Boalt  nok T

KRG HE IR 2 7z cell-free 2 > /X7

ERBORIZ & 2 H2A HOVH2B OKER 215k - B
FAZ % Eh L 7= (Figure 2.), H2A/H2B #4& w v
ROMIGRFHTIZ P L 7=t i, H3/HA ~ Figure 2. SDS-PAGE of his-tagged H2A
7B 4 RROMERE, S6I2FE A R and his-tagged H2B synthesized by cell-free
v 8RR EHEE LIRS BRI OME  eactions.

RATIC BT 2 T ETH D,
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NMR study of protein structure and dynamics by using SAIL aromatic
amino acids

OMitsuhiro Takeda', and Masatsune Kainosho"?

" Graduate School of Science, Nagoya University, Nagoya, Japan.

? Center for Priority Areas, Tokyo Metropolitan University, Hachioji, Japan.

The extensive collection of NOE constraint data involving the aromatic ring signals is
essential for accurate protein structure determination, although it is often hampered in practice
by the pervasive signal overlapping and tight spin couplings for aromatic rings. We have
prepared various types of stereo-array isotope labeled phenylalanines (8-, g-and C-SAIL Phe)
and tyrosine (9-, e-SAIL Tyr) to overcome these problems. Each of the various types of SAIL
Phe and SAIL Tyr yields well-resolved resonances for the 8-, g-or ¢-'>C/'H signals,
respectively, which can readily be assigned by simple and robust pulse sequences. We
demonstrate for the NMR analysis of an 18.2 kDa protein, E. coli peptidyl-prolyl cis-trans
isomerase b (EPPIb) that the concomitant use of various types of SAIL-Phe and SAIL-Tyr
would be effective in generating accurate protein structures.

BEHENSICEEND 7 2=VT 7= (Phe) . Tu > (Tyr) HEOFEKKRT
o hrEZOEBOTa koM, BEEHEORERE I W TEE RS
5 Z HZNOEWNBIHI b, LavL, fko¥—1PC, "N #Zi#% (L) REh»oELnb
FBEWRANRY N IVTEHEIR T D IRAT 3 3R I HE L, ox D3BAFE 2t o0 TN 5 SZREE
FIEIAIAREER: (Stereo—array isotope labeling; SAIL) EiX. BEEICSAE « (B
TRE’J?EHLLM—‘ WA LR A

B uit*/l'%ﬂ:‘”ﬁﬁ L'( . NMR;{ /\ & ]\ /1/ . 'HIEI'HI:" . IIIHIII . ﬂII:: .

EHWALT 2 il Y BELH T T x\“f T

UV NMRABHTH: 0 AT M 2 585K L “£}%~ - e
BRI 5 — o DEEH o Lo (ccocons

BAET TS, Phe, Tyrfico : J.ﬁ ﬂ.ij? JTJ ﬁ

WTIZZ N ETITS, &, (-SAIL Phe nl " "

j—/\s J: U\S, e-SAIL Phe 7’2 Eﬁ%\é L T vy é f=5AlL Phe r=5AlL Fhe C=SAIL Phe

B-5A0L Twr E=SAINL Tvr

(Fig. 1) (2, 3) . SAILPhe. Tyr
DFFFEROMEE T, BRI RET 5
KFEERFOARH-CE L, oK
F,RFEEH, CETHEEFAIE LTV,

Fig. 1 Structures and assignment strategies of SAIL

phenylalanine and tyrosine residues

SATLIE, BEVE, HEET X/

O FEHRSOA, MDD L X HFEEDN
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Z AU BSAIL Phe, Tyr BRI T A WIZBBI R T EHER DS, ed DV MICHLNE W D AU
BWTHEAR DN, Z OBIINE DN EEEOEMATICE DX HICEEBL T A
WD) OSBRI, Tk, ZOSERIET D720, £96, e HUMFIE-SAIL Phe
ICE 0 BRRERR L= RIBE S A T AL Y AT —F (EPPIb) 2R L CTEHND
FERARY SV AR LT, 3TEEOSAIL PhefZik ki Vb, FHEREND AL
UAED. BB AR EAEANBRE SN TWAD 2D, UL Phe Rk & buis L THG B
IS E SN HHFREARY "vEE 27 (Fig. 2) . FFETE M0, (-SAIL Phe

ﬁaﬁ: BUWTIZEPPIDIZE £ 5 1258 B DPhelZ ks L= 7 AR TEBII S

DITHK LT, 83 L Ue-SAIL PhetEak{RIZ3V Tl Phe27, Phell0O, Phel23( 3
i%%@\‘/ﬁ“f/m‘i%b< ISR AL LT e, 2 OJRIEIIEIA 3 FREE D FHERCy-C, HhE
PV O180FERIHRIEEN K DL PO ELE 2 Hivd, I, Phe, Tyrfk#o
N AT VY ) " o ]

72 2 SHEAED : LNy g
SATL-EPPIb EHEE |~ 1 0 % Q 54 ,, s . -1
ERICMLTHE N s el
FRAT AT 72, TR 3‘;& CAE R T
R F O IZ208 D " me ™™ L
EHRUSDZ D L, = - - ==
5-SAIL Phe & &-SAIL | "= I RV R S
Tyrg HNESAL 01 | . g |y WIS
A | &SAIL Phek | e m"“‘nﬁ Rl "'"i | e | ?Is G;!;” m 2 --hi
e=SAIL TyrZ& VN2 m_"ﬂ o ke Fin= i w3
#0.79A, C-SAIL Phe e : ”
Le-SAIL TyrD%E " e LN

0.60 ADfEZ =~ LTz,
ZDFEIT, EIR L6
e-SAIL Phe 23 7‘%)75

FEREHAEE) D
Iz, i 0 | H, He
JEF- 357 ONOERE RS
WMELL 5252 LICRKT S, £72, 25 ONOBIEEHIFRIZ A WICHIEMERH D |
3FEFEDSAIL-EPPIb 302> 545 5 AU 7-NOEFEREIE ¥t 2 4 CHLA S HH 5 & T-8HRMSD
A 0.57 AF TEHICER L,

PLEOFRER, NMREEGEMEITIZHW D3N, (-SAIL Phe & e-SAIL Tyr ZMHW
LZONEY EEZ NS (3), £z, 8-, e-SAIL Phedd L TS-SAIL Tyr 7264554
HNOEREBERIR A BN 52 L1k, S OITHEDHEELZ ERHR D,

Fig. 2 NMR spectral comparisons of the aromatic regions
of EPPIb’s selectively labeled with the &-,¢-,
and C-SAIL phenylalanines, to that of the uniformly
BC-labeled EPPIb. (DRX600, 30°C)

[BEE] AZEIXZ—F > FF U RTHE T v 7T A (MEXT) 36 KO FiF5t
(B) (21770110) DAk & 52 F THT O,

E=3'¢iN

1) M. Kainosho, et al., (2006) Nature 440: 52-57.

2) T. Torizawa, et al., (2005) J Am Chem Soc 127: 12620-12626

3) M. Takeda, et al., (2009) J Biomol. NMR doi: 10.1007/s10858—-009-9360-9
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Structural analysis of Lys63-linked polyubiquitin recognition
oNaotaka Sekiyama', Shin Isogai', Mariko Ariyoshi', Hidehito Tochio',

Masahiro Shirakawa'

'Graduate School of Engineering, Kyoto University, Kyoto, Japan

Lys63-linked polyubiquitin chains play an important role for DNA repair at the site of DNA
double-strand breaks in human cells. Rap80 is known to recognize Lys63-linked polyubiquitin
chains through its tandem ubiquitin interacting motifs (tandem UIMs) and recruit DNA repair
machinery. In this study, we investigated the Lys63-linked polyubiquitin recognition
mechanism using NMR spectroscopy. Based on solution NMR derived data such as chemical
shift perturbations, paramagnetic relaxation enhancement and residual dipolar coupling, we
built a structure model of the complex between tandem UIMs of Rap80 and Lys63-linked
diubiquitin. The model reveals that the interaction mode between each pair of UIM and
ubiquitin is identical to conventional UIM-ubiquitin complexes, and N-terminal UIM interacts
with proximal ubiquitin and C-terminal UIM interacts with distal ubiquitin.

<> XTI e b E CEBAEMICEEICRF S L E QS X
T TCTHD, 2EXFTF UIE HE D Lysd8 X Lys63 2 L CAR U 2B F AR L.,
DN Z — AN BRI DA T 22 LMo TWD, FFIT Lys63 ftic
BIORY 2% F 3 DNA ZHEUIMHERICH L LT\ D, filf, Lys63 fia /i
RY 2 EXF U OFFRAEIT 9 EHHAE & LT Rap80 (Receptor-accociated protein 80) 73 [A]
E & 417 %, Rap80 I3 DNA EHTIN ANV U 7= B2 ISRk £ 415 Lys-63 fE A U
ZEXFUEEM L, Ex REEEE Y 7V — T AEAEEARERORSE E L
TOxRENZH-TND EEZ BN TWD, AMFZETIL Rap80 (2L % Lys-63 fis 57N
U o B T GRS 2 SRR 2 Z E A E LT,

<FERBILUEBEL> Rap80 (21X UIM (ubiquitin-interacting motif) & FEIEILDH B X T
UREEET— 70 2 {EF/ET D (tandem UIMs), Z @ tandem UIMs & 2 EFF B X
DR 2 FUHE ORAFEREIT o7& Z A, Rap80 @ tandem UIMs |LE / = &
FTF R0 Lysd8 fEAHAR Y 2 X F U HITIT <SS L, Lys63 i/l v
FF U (Lys63 FEAM Uby) (ITFEFICHWBIAMECHAT 22 L2 A LT,
Lys63 &5/ Ub, ® Rap80 (Zxt¥ 2 AMEH R EZFET 5725, NMR 1T X 51k
V7 NMEENEEIT T E 2 A Ub D lledd Z HHuls & L7 BKH 72 R mIZES LTz,

Key words : Lys63-linked polyubiquitin, Rap80, DNA double-strand breaks
O ERERBID, WEBRWLA, HYV EILEVZ, LHBUTOE,
LombEIVA
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Z VT LIRTIC A & .
Nz xF b 3
UIM OF A AEHE I

LoELTV R (Fig
l)o 0 h:“l.‘"‘

YIZ ., tandem UIMs

4

3

LJ.L Juxhjlll.u I

L3 61

ppm]
[ppm)

31

D Lys63 fik&75 Ub, Ok ———

[ S e BPSY AT R RN

Doz, Avr 7 — Lysts

NV O T R - , s o Ats
AN DM E 21T o2 — e Argd2 —

- 7=, tandem UIMs AgT2 Y e nrgr2 Fat -

D C KIGIZFET 5
Cys iz Aavr 7
~N L ik $K MTSL
((1-Oxyl-2, 2, 5,
5-Tetramethyl-A°-Pyrroline-3-Methyl) Methanethiosulfonate) A3 A L. —->® Ub ZhE
FUTEERNAR T ~ L2 E A LTz Lys63 fEA 8 Ub, /6 SH7z, AV LA E
ALY 7T, 1w (Distal) Ub 28T 'H-"NHSQC 27 kLo ' — 7 i
FE D LT, 24U tandem UIMs @ C RIS ANENL Ub DI EIZAFAEL TW5D =
EERLTNWD, BLEDORERN G, N RKmMlo UM (UIM1) & 3rf7 (Proximal) Ub,
C Kl UIM (UIM2) & 3@ Ub THAAEH L TV D Z EnbhoTz,

Lys63 &/ Uby D -2 Ub DRI & 54 - AAEIC XV EE L 7=, Ub I
BREFMNE T XV EEAN LY T VE A% FR) T 7 VLT I RAVICIRESE
NMR F = — 7 IZEM. KE L7, 20Xk IR FEmEMETFITE W T,
IPAP-['H-""N]-HSQC (2 £ ¥ 'H-N AWM - E/ERZ2HIE L= 25, —20D Ub
® UM & OFHAAEHZE X R —0 5 W
WZHDZ Enbonots, UL EDOFEBRNS
BSOS E#R%Z b &I tandem UIMs
& Lys63 i &5 Ub, O A M EDET
IVEREE LT (Fig. 2),

AT tandem UIMs, 3E(7Ub., ¥r{i7Ub
ZTNZNDONOEIZ & 2 HEEHIR % b & Distal Proximal
(Ztandem UIMs & Lys63#5 55 Ub, D&
AHEEZHELTEBY, MmaTiEo
WREZEDTHERT 5,

05 1.0 15 20 exchage

Fig. 1 Chemical Shift perturbation

Fig. 2 The tandem UIMs-Lys63-linked Ub,
complex structure model

1 Kim, H., Chen, J. & Yu, X. Ubiquitin-binding protein RAP80 mediates
BRCA1-dependent DNA damage response. Science 316, 1202-1205 (2007).

2 Sobhian, B. et al. RAP80 targets BRCAL1 to specific ubiquitin structures at DNA
damage sites. Science 316, 1198-1202 (2007).
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Structural analysis of the complex between the APC-SAMP motif and the
DDEF1-SH3 domain
OShuji Kaieda', Chiyuki Matsui’, Yuko Mimori-Kiyosue®, and Takahisa Ikegami'
!nstitute for Protein Research, Osaka University, 2K AN Research Institute, Inc., * RIKEN
Center for Developmental Biology

The adenomatous polyposis coli (APC) tumour suppressor protein is a multifunctional protein
with well-characterised roles in the Wnt signal transduction pathway and in cytoskeletal
regulation. The SAMP motifs of APC, Axin-binding sites, are known to be important for both
the tumour suppressing and the developmental functions of APC. We identified the SH3
domain of the development- and differentiation-enhancing factor 1 (DDEF1) as another
binding partner of the first SAMP motif-containing region of APC. Interestingly, the SAMP
motifs and the canonical SH3-binding sequence, PxxP motif, caused similar patterns of
chemical shift perturbation in the resonances of the DDEF1-SH3 domain. To gain insight into
the interaction between APC-SAMP motif and the DDEF1-SH3 domain, we determined the

three-dimensional structure of the complex in solution.

adenomatous polyposis coli (apc) BInT1X, Bt REREORKNELRFO—2THY, &
BHECBRO T L DORIGE CERNAOND, ZNODERDO KL ape BIETFDOH
RAFETHERID, ZORER ., GIWTRIZE RN HKEEIND, ZHRIZL->TUWAE21F5 APC
EAE O REALITIE, SAMP EF —7 LMEEN DK UES 233D 1FE T 5, SAMP
EF—71% APC OREEMHIZEE R E A>T, APC & HE OME MK REIZIX
SAMP EF—7 307 tb1 DB THAHZ LM E S TS, APC O SAMP E£F—
713, Axin EOMHAAEREAL THLZENEEITHLD L2 5T, APC & Axin (332
Wnt > 7 F IR EE OB OFIEIK 7L L TEIK 729, ZHE T, APC-SAMP £F—7|Z
DG INHNIL, Axin XY Wnt 27 F /U RERIK & O A BHE T THIL T, Ll

F—U—N:EAERME LM, A ESLAE T, EREEAA

FELSODI2:ODNVRTIELPIC, EONBWE, ELTZPIT WITRHTNOS
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7236, APC 1% Wnt > 7 F /RSN L OMREZ A L THY, APC D5 #ii i
FED AN = A NIFERITHFEAIIN TODDIT T, Hx D7V —7 1%L, APC O SAMP
EF —77% development- and differentiation-enhancing factor 1 (DDEF1) ¢ SH3 KAAY~
CRFFENICHEERT528% R L, APC-SAMP EF—7 7 Axin LIS D5 T L5
HAEAT5ZE5H0 THBIZLTZ, Chemical shift perturbation D55 F5H, ZHHD 5
TNEEMEAEERL, ARV EERA TOLZ L LN ERo T2, BT,
SAMP EF—7&fthd SH3 RAA LD OMEERIZIZEALRBOH BT, SAMP £
F—77 DDEF1-SH3 RAALAZ@EIRIRMELZ R T 28030 o7z, SH3 RAL X, PxxP
EF =T ERREINL T R ANE AT RSN A R T D2 A KL<F B TEY, DDEF1-SH3
% focal adhesion kinase @ PxxP ©F —7 (FAK-SII) *HHAAEHTAZENHESILTWD
%, APC-SAMP &F—7& FAK-SII ¢ DDEFI1-SH3 FAA> TR AN LA
NRIFER BRI, o0 RRDESINFE TS B/ER T 5280360
o2, ZOLEHIZ, SAMP EF —7 L DDEF1-SH3 KAA T2 E AEREE OB SIS

I M THHEE D, FZT Hax DT L—TF 13, IWIEH T APC-SAMP £F —
7 LDDEF1-SH3 RAA LV DA ARSLARME G fRAT 21T o720 APC (X, MM k& 2 AL |

A EE) O S (B D Eh ST D, £72, DDEFI b, [AIERICHM R EShIC
BboTWnAHZEnD, APC Ll L Gt i & k& O il i1 2175 & TS 415, APC-SAMP
E&F—7& DDEF1-SH3 AL O AAEM, HERREED D, APC OMEREICEIT 28 /e
DI AAGHZENHRDEB 2 BND,

— Fig 1. Overlaid 2D 'H-""N HSQC

spectra of  [U-'*N]-DDEF1-SH3 et e & v ute
with 0 (purple), 0.25 (blue), 0.5 & | " it B S ... x o
(cyan), 1.0 (green), 1.5 (yellow), and ad . ¥ i_‘.{,’i,:’* | | “¥ -{J..,'".:-_'*
2.0 (red) equivalent amounts of the ‘ . 48 ,*‘;:’.. g *‘3“-
FLAG-SAMP#1  (left) or the e

. ~. | - 3

FLAG-FAK-SII (right) peptide.

«— Fig 2. Mapping of the residues for which chemical shift

\; changes were observed when FLAG-SAMP#1 (left) or

"‘a "\: :)( . FLAG-FAK-SII (right) was added to the solution of
¢ \: b ‘- - [°N]-DDEF1-SH3 on the 3D structure of human
""‘ k “’"‘ ™ Intersectin2-SH3 (PDB coordinate: 1UDL), which shows the
.. ,, highest sequence similarity to DDEF1-SH3 in the Protein

Data Bank. Residues are coloured according to the scale of

the chemical shift changes.
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Solution structure of the terminal and internal GA-AG mismatches in RNA duplexes
Institute for Protein Research, Osaka University

Mayumi Amano

The solution structure of the terminal and internal tandem GA mismatches with the closing
GC base pair in RNA duplexes were studied by H-NMR. The terminal tandem GA
mismatches form the sheared conformation, while the internal tandem GA mismatches form
both the sheared and Watson-Crick conformations. Stability of the sheared tandem GA base
pairs depends on the closing base pair. The sheared conformation with CG base pair
5’adjacent to the tandem GA mismatches is more stable than that with GC base pair. The
solution structure of the internal tandem GA mismatches with the closing UA base pair was
also studied by H-NMR. The internal tandem GA mismatches form the sheared conformation
at low temperature and unpaired conformation at high temperature. It suggests that in RNA
duplexes, the unpaired G is stabilized by the close A base, but not by the close G base.

FF) GA-AGHE X, 2 >0, Watson-Crick & sheared I ZTEAAT 2 Z &2
WME SN TS, ZORIEIIEY OEIEHITEKFEL, 5 B0 MACG HEXIDIE,
Watson-Crick¥z it & . GCHaFikt D HF, sheared YRkt 245, LLRRN 5,
A, GA-AGHE R 2 G A U I~ —% G/ L, NMRIFT L72fER. A7 A0l
\ZAFTET D GA-AGHLZEXHEE T OME A TERL T 5 Z L b oz, X, BV BUAK
Foxh b [RIBRICHRAT L7223, CGHEIEAT & 1E - T 2 AT D,

FER) M 1) 1R GA-AG AN AT LD RLEWIIHHENEN 2 OT oA
I~—%4& L, 0.1M NaCl, ImM EDTA, 3mM sodium cacolylate, 10%D20, pH 6.5 ¥&
I L, 7 /—4—DRX 600NMR 1 D, 2 D-NOESY A2 h/LZHIE Lz,

F—U— K : GA-AG I A~ v FHiIxt, shearedfid, Watson-Crick## it

ObEDFEDH
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sequential NOEIZ L V) |

ngf— ' e ZnEROA 2T
! f?&.gj‘: N ]
ﬁﬁ*’ir@ . ﬂ}w 10ppm 3 D > 27
Sheard\zh Watsorn—Crick GA JV i L sheared GAX
- *EFKDOAI TR
% - o il b Tih b, K
' D GA-AG HE & %F 1%
sheared #i& D & %
BT B 25, HlEs
D GA-AG i 3 f 1
sheared 1 1& DL S I
12.5 ppm \z
R R h T e W m mwmw e Watson-Crick H1 2k @
A 27 e b

Figure 1. NMR spectra for the imino proton region of RNA oligomers with
the internal or terminal tandem GA base pairs and the assignment

Hsnzd, Larl,

A B c D

sheared GAYgJExf D
T ‘ J l J J LEMEIXBE Y O
-__LJ.-N__ _____ Vo R G || R G SN RIHAFL, 5 ‘B
: '_ & 5 D 23 GC D If 1T AL
5T lljlll F II| IL L ETIHFIZTa—F
q__h.lu:" : S S D S U —— S ___-;L._ -’C%‘éo 21214 2
e ) lil ﬁ U Tm bR
fa"u"'w? 1) J | J :. bz L33, KR

- - ) B - -__..J'k_ A

5 °C Tsheared 1% 1%
T ZEICRL L.

Figure 2. The imino protons as a function of temperature

BEED EFH-&IZ, 10ppmD B — 27 (38 L, 12.5ppm® Watson-Crick i ig D v — 27 73
BL, 2 5°CTiE, Watson-Crick#3&E D &' — 27 DAL S 5, [ 3 [Zaromatic
C-H region ® 2D-NOESY A~7 kL Z/Rd, AU FT~—A, B I 30CTIZ
Watson-Crick H3€ D, KR (1 0°C& 5°C) Tldshearedt# i H 3K D seauential MONOE
BT, ZORICHLMNIZ, AT LAHOGA-AGH FEAHIEBE O 23 CG, GCHIZ 2
DDOMHIEZ T D,
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m Figure 3. The 800 ms mixing time 2D
o g g NOESY spectra of the H8/H2/H6 to
Ll B 9 H1°/HS region of (rGCACGAGUGC),:
2 Teels | poe Al (at 30°C) and A2 (at 10°C), and
—_—d ] (rGCUGGACAGC),: B1 (at 30°C) and
Y S B2 (at 5°C).
A2

; 5.0
" E ﬁ 1 5 BEV SUAKIEX T AT A
lfuj 28 O GA-AG HL K 5 & [ B 12
SR T leo NMROMRHTLE.R4ICTOY
B0 75 T g 75 0 T~v—DAI T2 hrdRN
7 bk EDREZ LT, 5C
TlX9.7ppmiZsheared GA-AG HISED > 7 F Bl S5, BE LS, 15C
THEKL, SOICEED EAHT S L02ppmi&ES; > 7 b LizHiiz/s e — 27 038l b,
ZH LI, GA-AG HHEXT OB DUA6 HIEEXIDOE— 7 23, 0.6 ppmEfEHIZ> 7
FLTHNTZ, T, GA-AG X OREE D LA UAGHL H%F D chemical shiftlC
WELELOLEEDbRD, ZORICENUAKIES CTAT AOF LI H D GA-AGHE
Hxtd 2 >WE T 528, KR CTldsheared #:E CTH Y . &iE TliX Watson-Crick
WG TR < R Z IR L TWRWIIE TH H Z &b oT7z, X 51ZC-H fElk
? 2D-NOESY A7 hL&RT, 30CTS8 & 9 DHIEMTNOEEZ LD &,
T END, K6 ITARTERC, BESUAME ISR T & D GA-AGHE Kk 1 I Hxt 2 FE Ak
LT\, ZOGHIIT 2 DOAEIEIZEEE LTV 5, Watson-Crick GAYE FEk} X%
Dstrand[f] 2385 DAU,GCHEEEXT LV B IR, ZDOAIL, BEY VBB Ny 7 R— (T
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Figure 4 .NMR spectrum for the imino proton region of
(rCCUGUUGAAACAGGQ ), at 5°C and the assignment

of the imino proton peaks and as a function of temperature.
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BEIRCIE, AFEEEEZ LRV ERLEETH LM, 0 NUAEIES OHA T, AFERH
HE L2 TYH, BEIFMETE D, ZOKICGONHIZ, BUKM: THER 25k L e
U, V=TT T R LT W ERbhotz, 4 F TIEGA-AG HEERHI AT A
TIE 1L OOEE LR LN EBZ LN TV, 2O0MEZET 5 Z &2
DTHOLMNI R o7z, £ LT, ZOREITBHET D EUEFT 5 2 EnbroT,
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o
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Figure 5 . The
800 ms mixing
time 2D-NOESY
spectra  of  the
H8/H2/H6 to
H1’/HS region of
(rCCUGUUGAAA
CAGG): A (at
30°C) and B (at
10°C).

Figure 6 . Schematic model of kinetics of
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NMR analysis of self-association of green fluorescent protein GFP
OXKenichi Kosami , Kyoko Furuita and Chojiro Kojima
Graduate School of Biological Sciences, Nara Institute of Science and Technology

NMR analysis of the green fluorescent protein (GFP) from the jellyfish Aequorea Victoria
is not easy because of its is self-association charactor. In crystal , GFP is dimmer and three
amino acids A206, L221 and F223 exist on the dimerization interface. The self-association of
YFP has been suppressed by mutations of these residues. In this study, we have tried to
suppress the self-association of GFP and examined self-association of several GFPs by NMR .
Finaly We obtained self-association suppressed GFP mutants.

[ =]

T T FHREORKOENERE GFP 11, EAECHIIEOEOEER E L CTlib
ND7% ENTAEWFOFA 2R TR LTS, BIE, BRI THWDH LW
W RIEDLLINIA T 7 THHEFED GFPIZT VA LT S ) FREHRAEAL,
HIIOMRE A FFOAREZER LT Z & THRLNATVD, T2 ITAIK NMR Z v,
pH IR, HIFRE 22 CHEER DM T TO GFP O ILE I O R AT 7 i s o b B
BOBP R EBER L ALFEY 7 N (EORE T 2/ BiEIRIC T R ) BRiE e+
%2 L TRRMRSE GFP OBFIZSen 5 E& 27, Lol I NMR % -
GFP OffTTiX GFP O H G MEE 725, GFP IERERENEVWIEAICAED
EETHIENMON TR IWRP CIXHEER L “BEROIRI > IRIETHFEEL T
W5, D7 NMR % 72 GFP OWFFRICITE T, @REICB W T BIRE Ik L
7RVSERH BRI L7 GFP OIERMNSLETH H, AW TIE. NMR AFZEIZEES0 2
BLWEEY 7 BB E HfR L, FTHERIL L GFP OERERATZ, &
# NMR 2 X0 LAF5HHD GFP, [(WEHEOHLET L E L THLS B EDi
TWB AT 7 T 77 Adequorea Victoria FA 3K D AvGFP, (2)% D2 GFP & L T AvGFP
D 35 {5 DHEEIREE 2 75> EGFP (AVGFP (F64L/S65T)) . (3)AVGEP O 18 fi% 08t Y5
% 5> GFPuv (AvGFP (F99S/M153T/V163A) ) . (4)AvGFP OZERAKTH » HIjEN pH
AV r—2—L LT S35 pHluorin, (5)4 YV > 7 7% Aequorea coerulescens \Z
HkT 2 AcGFP]DEIRTF COH CEBG DA WMAfNT LTz, £/, Z1LH D GFP DA
CEBMMERKEZ T A > L, NMR T 21T 577,

*—7U— K ; GFP, HE& &

O Z&RTFAWVE, 550WEEx1r9HZ, ZLEBLEIHSULAD
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Chemical shift difference
(A w)

[HE]

ABFFETIX, HA DNA Wi % pCold-GST X7 X —ZHIAIANLTE T T AR K& K
HICEAL, GFP % "N, "C TH I L CRERH S BB L ERICH W,
NMR #IE 121 AVANCE 500, 800 (Bruker Biospin) % V7=, GFP @ H 2.4 PE1%, N
HEL L7 GFP 2 W CEEAQ mM 7213 0.8 mM) & {KEEE0.1 mM)DOEFEET
'H-"NHSQC A7 hMVEHIE L, WERGFENMEEY 7 ML K0l L7z, &
OB IZIEMIEY 7Y 7 ETHIE L 72 HNCA, HN(CO)CA, HN(CA)CB,
HN(COCA)CB # H\WT{T~> 7=,

[ S & B ]

R LRI C 'TH-"N HSQC A2 MLV AHIE L=k H, 5 fo> GFP 2Tz
TRERFENEFE Y 7 NEER R SNT- (Figl) . 20O Z L1342 TOD GFP N EERK
FH R A EE RS2 L 2/R LT D, YFP @ A206 % K |ZiE#: L 7= RAKTIX
HESAaRMH b 2 &5 GFP O H 26 2 Ml 7 % 72 % AvGFP, GFPuv, EGFP,
J% O pHluorin @ A206K 28 54K AcGFP 0 A207K SR Z 1B UTe, EiRiE b IR
T '"H-"NHSQC MIEE % L7- & = 5 GFPuv, EGFP,pHluorin 0>Z8 B4R T, 28 Bt ARl &
ERBEKAR 2T > 7 NERSIHl S /e (Fig2) o 7€ T GFPuv, EGFP,
pHluorin TIiE A206K 2R IZ LY A& BMaoni-eEX b5,

A206K ZHR|Z XV HEESANHZ 57z GFPuv, EGFP, pHluorin @ 5 % GFPuyv,
pHluorin CEEHDIFIE % 772, pHluorin(A206K) TiX R4fF72 A7 FUIE G2
STe BIFe A2 R VR B T2 GFPuv(A206K) 12D Tl 238 FE i 54 7L 405
JBL7c, L2rL, GFPIZE—27 OBV BNHLWEDRERRETH Y . S HITFRE
ZHED D701, GFP Z N Kuufil 1-154 & C K] 155238 D522 FI L, A h
% BC/PN [FRLE T ~ VR 5% ) v T~V TR biEE K2 O /ME) 1 & A
Bf & L 7= SortaseA |Z &2 % Protein Ligation % HV, FE#HOIREEZHEDH TV 5,

0.06

Chemical shift difference
Ratio

001
0.2
0 "“‘“““““““““““m““m"“"|||||||||||""""""""""||||||||||||||||||||||||||||||||||||||IIIIIIIII||||||||||||||||||mn..... H

AvGFP GFPuv EGFP pHluorin AcGFP
Fig. 1 Chemical shift differences of backbone amide groups Fig. 2 Chemical shift differences ratios of mutant to
between 0.1 mM and 1 mM. GFPuv (wild-type) wild-type for each GFP. Chemical shift differences of

backbone amide groups are calculated between 0.1 and 1 mM

GFPs.
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Domain orientation analysis of nucleosome chaperon protein HMGB2
by NMR
oJun-ichi Uewaki', Hiroshi Moriuchi’, Naoko Utsunomiya—Tatez, and Shin-ichi Tate'
! Dept. Mathematical and Life Sciences, School of Science, Hiroshima University,
? Research Institute of Pharmaceutical Sciences, Musashino University

HMGB2 protein has two DNA binding domains that are linked by ten-residue-long linker.
The comparison of the 'H-""N HSQC spectra between the isolated domains and the linked
domains has suggested the linker exclusively contacts the N-terminal domain; some signals in
the spectrum of the isolated N-terminal domain have changed their spectral positions in the
spectrum for the protein comprising of two linked domains, while the C-terminal domain did
not show any spectral changes. This may implicate that the inter-domain linker, which is
actually an intrinsically unstructured element, should define the relative domain orientation
through the linker — N-terminal domain contact. This prompted us to explore the precise
orientation of the two domains in HMGB2 in solution, which orientation may presumably
have biological significance in the sequence non-specific but structure specific features of the
HMGB2-DNA interaction. For this purpose, we employed DIORITE and lanthanide labeling
methods. The details in the experimentally determined overall structure of HMGB?2 will be
reported.

ZUNTEIE, RAAL COBEMREZME) RERFFREEEZ > TEOME D
BEREAZ RBLT D, T DT, X 7 EOMERERIEEE 2 229 D72 DIIE R A A
OFXEMZHA LT 2 Z ENULERARTH D, ARETIX, LFERONIEESE
ZFFOMMG R A A 20 B H X7 LAY — LBRIKF ThHh HHMGB2# /37 &
DERFINZIBIT D N A A RIEXBLAfET 21T > 7o i R 2 &9 5, HMGB24 > /8
7 EIIER T18kDaD 3 FE TH H N, AT 5% N A A U VNI iRV T EIFR R S
PO DICBNEDOEEMEMNEL 20, SFEASEHET CBHE SN
IPAP-HSQC A7 MMV EDE LT Ly v T F A H B ERER S OSIN D3
WK T3 57D+ 0 MORDCT — X #8EfET 5 LN TE oz, —FH, fAT
HABRZE & 1 8 T 5 TROSY % H V7= 43 F-BL A fE#T 1% (DIORITE) % F W CHEMT %
Tolecl A, &TOVTFTANLSFEREEGFERRTROSY Y 7 VAL &% &
EICBT S Z N TE, WIKT TOHMGB2D2oD R A A ABRIER TS R A 15 5
TR LT,

Keyword : NMR, domain orientation, HMG

IRPE LwAinb, B0 5L VAL, 2T BIZ, T LAVD
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HMGB2% > 327 '8lx. 22DOHMGbox23105%FED U o I —"TORMNIVI-HEE & £
2, BEENZ L1, HMGB24E O1H-15N HSQC A 2”7 bV ETEBI SN 5% B A
A VHROY T FNERD E . CRBEHMGbox DY 7 /L% K A A VBB OO
TN EBERDDIIH LT, NREEHSHMGboxD > 7 /VIZHBEE Sz KA A D
BLIZKRE<S<ERS>TWD, 2k, HMGB2EEMEET Tl NRIREE N A A 28
U —C MEERLTWAZEERLTWED EEZLND, 2D, HMGB2i%
DNANTFIE LARVVREE THUNRIE R A A & U o I — L DHEMERZN L TEED
RAA VB ZBALICR> b D EE 2 5D, £ 2T, DIORITEMTORERE O NT-%&
RAAVOERT > NV EFEIZLT2200 KA A OB OB 21777, &6
\Z, DIORITEfEHT N H/5 BV R A A AEXBLIA 2 R8T 5 &[RRI, R A A [
DEBEEREZG L0, 7% = FA 4 1Z#i% i\ Tpseudo contact shift(PCS) D
fENT 21T > 72,

(EX TR TS|

ERRERFEL S ITEM LT
T2 UNT I RFVERAWT, HMGB2 C-term domain
ZWGIZR L Tl ERsE 52 & T,
DIORITEfEHT IZ 4 E /2 TROSY A~ 7
MV ETOZELELZBIH LT, BEE 4/
MOAEZ DR AA - OGITT HE
7 2 Y A ERE L, ZAUCESNT2 DNA
SO R AL O e L, A ERE
BEREE K AL L ORET > L g
OIL, 4O OFERBLH A FIRE & 72 D 53,
NERAA L EY B — L OFBRKA %
$E FL{/EFH %%iFlgl llﬁﬁ‘i‘ﬁ ;@’@Eﬁ'ﬂ 75§ N-term domain
HHBLEZ LN, T OMXELR T,
HMGB2 %3 5220 KA A 3
DNAfEGE N —7 % [E CANCEE> X 5 722
FXBELMIZ 72> TR Y, DNAEFHAELE
AT I3 BF B ELrFF > BB LND,

DIORITEf#HT 2> 51%,. RAA VB OHBEER G5 Z LN TEXRWNED, T4
= A AT L HPCSH L UMEMEHEEMRE (paramagnetic relaxation enhancement,
PRE) 75 NAA U HEMERZED 2 & 2R 72, HMGB2ONKIRERIZT & =
KA F oA TS 2 BN L(Fig.2), 2RORRD T % = KA F 2 Ladt, Th3+, Dys+,
Er3t, Ce3tlZ L VAEFR LTz, 7% = KA 4> OFEEIZS UK PCS, PRENHE]
Bz, BlllSn7=7 — #1225 T, DIORITEMT 7 HIRE S7- KA A VB
BEHR & Hr T, HMGB2H D250 KA AV OMXER & ¥ A F 2 v 7 A2 T
g Do

Fig.1: Possible relative orientation of
the domains in HMGB2.

Fig.2: PCS sample of
HMGB2.

GSH - YIDTNNDGWYEGDELLA - HMGB2
LBT
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Domain reorientation analysis of high-molecular-weight protein by
DIORITE

OHirokazu Kishimoto', Rikou Tanaka®, Toshiyuki Kohno”, and Shin-ichi Tate'
]Dept.Mathematical and Life Sciences, Hiroshima University

’Mitsubishi Kagaku Institute of Life Sciences

We have been developing a new approach for determining the alignment tensor for a weakly
aligned protein solely based on the orientation-induced TROSY shift changes, which is
named as DIORITE. This approach can expand the domain orientation analysis of proteins to
higher molecular weight. We report the domain orientation analysis of mRNA capping
enzyme (38kDa) by using DIORITE. The conventional RDC-based approaches were not
useful for the analysis. Two crystal structures are reported for the protein, they are open and
close forms and both of them are crystallized as the GTP bound form. The DIORITE analysis
has shown that the apo-form of the protein is different from the open-form crystal structure. In
addition to the angular information based on DIORITE analysis, distance information from
PRE experiments will be incorporated to refine the apo-form structure of CE in solution.

& ITFHLN M R & &A1 <

 HDIORTTEIE OBR%E LIS MR 4 Jd s y
DTETNS, ARFRTHRELT 2 G TP SRS

mRNA capping enzyme (VL FCE) 1. Je 'T:': ”f\ Py

GTPILTET Topenfl, close & S \’i?“ o 'n.,".l J q‘b _ ‘_1
N2 250D R 2 HEHE DG 5 s 7 Qbﬁ vt ngf‘?-
FrinoHohTnd (Fig. 1), £2°T . f,‘*

%5%1:%355:733‘ ?%: %%L“Cb\f;b\%’,%fﬁi f;ﬁ Fig.1 Two crystal structures ol CE ! open state
b\%ﬁET@CE@ KA A V’FE%EEFEJ% (lelt) and close state (right) (PDB : 1CKM)

M %47 ->7-, CEIX38kDat 3 FEH K

< BERENMEN D ZBWIIC O REETH 5720, ROCE AV TZHERONMRE TIE R
AA VBN 2T D Z LM TE o T, H/PNERR L 72 CEA W Ty FBL IR 77
#I72TROSY{L 22> 7 R 28K /> HDIORITEIEIZ & W CEZ LT 5200 KA AL EhZFh
DELAT > NV ERTE L, TIUTESNT KA A U REOMBRIER 2 REST D Z L ITAK
L7, ZODIORITEREZ BV =apoDCED R A A UAERIELAIE., &) & Tl
STV zopenBliEE L IIKRE S BRDLDOTHoT-, 53K TIL, DIORITEEN D

Keywords : deuterium label, CSA, domain orientation

OFLbEOANT, IEiph 2o, ZoDELpx, LTLAWVD
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BoNTZ R AL CHERABFRICMZ, BRFEEREEZHNT220 RA L M
TREEE SR 2155 = & CCEDapo i E DB EILEZITH) FETH D,

REVEEMT 7 ULT I KAV LY CE 28 &
ISR L TR BASES 2 & THTRAKE - i;t“m
#)72 TROSY ¥ 7 ML EZHBICBRI T2 T oom, G272
(Fig. 2), § -{E)::E, &

ZOVTTNOZAERNG, MIET 27 X /B Ml RI6 o T
BEDATF FEORBICHT 5 RAERLE C—
BL. 207 —4% NKBE, CRMAOE A = V149
A ERBTH L TE R AL VORBERET ~- WEEE!F
VNV ERGE LTz, Apo BD CE D 20D KA »i: =
FEEF O open BIEE LD L I HICBAW G L T T o
T%“D: k %E’Fﬁi@ﬂiﬁﬁﬁé\fﬁﬁﬁ L/7LCO Fig.2 Trosy shilt changes [or CE in

/%\IEHZJZ\ DIORITE {ﬁﬁ)%ﬁ%ﬁ L7 KX A yF&ﬁ*a compressed and uncompressed gel.
SEFENIAIN R, N A A RIRBEE® A2 N2 5 Z & T, CE @ apo AMEE A RETH 2 &
RS To, CREHICT X = N2 7 %8 A LTz CE, 3L CE H1IZ 3 2Frd 5 Cys
DIH1IODOHRERTERKENER LI, 7% = RA AN X DFEMFHEENF (PRE) |
BeEfhs 7 b (pseudo contact shift, PCS) ZH W\ T KA A UHEBEFE®REZED Z &
ZRITm, £12. cys BRI T nitroxide #Ei#k 247V, NO 7 ¥ /W2 X 5 PRE Zh %
B KA A BB RG22,

TUB= RAF U ERATAHETIE, V7= RFA AT BARFIZE L o3y
BEE L CLEW, + 7R COMT N T&E 727> 7, nitroxide ik TlE, 0.3
mM FRPE DR DOFEEE 2R 5 2 LN TE O THAE, MISL ik 2 T
N A A CEEREFEROBMGELRA TN D, BRTIT, ABFAROFEME & 612 MISL
EBROMBREZEDLE THET 5,

I EARCE 1T 1 DF% L 7= Cys282 ~MTSL

_gl's S-§ B PREASIXEEREAHWVWT R AL MR
o) I : N-O :}Cy;’ | : N-O s 2B 2 (Pigs 3.4). BIEET— ¥

: o] . DEFFTIE, EEISTENT 2 2L E R
Fig.3 Cremical structure ol the spin label . s s .,
reagent MTSL. ZMANO 7 VA NEHELLEF T L%

And, ZOoDARY bLO Y — 7 5REE
PO AE T~ AN LT 0B KAA

\: VENT RAA DO HEREE 2 BG4
}?g 5o FRTOFEREGEOND N A A MR
L

&4 & DIORITE T 6565 B A A
OB A TEEHRICEE-SVW T apo B CE @
EREEERET D FETH D,

Fig. 1 PRE eflect expected [or CE{open state) .
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NMR studies of the structure of high molecular weight native fucoidan
from the brown seaweed (Cladosiphon okamuranus)

Ojeiru F. Ezomo', Mohammed S. Mustak', Yuki Horie', Kazuya Takahashi',
Hitoshi Kawamoto?, Yasunari Miki%, Takayuki Kimura?, Shunsuke Meshitsuka'

"Tottori University Graduate School of Medical Science, Yonago, 683-8503
’Marine Products Kimuraya Co., Sakaiminato, 684-0072.

TaA X%, BUE - LU A NV AERAR D Z ENEmBENTWD. o, i AEAR
WD EBWMEINTND. b, EHFFOTZODOY Y A FE LTORE
HHFHFEN TS, WWERXT DD REXS FEMAILWTHIH L7 24 X U0,
rua~v NJT 7 TCH—/N RERT 18K 300,000 Da D E 5 FE TH5H. K0T
fbL7e7 a4 X OEICET 28 E T < B DD, RIRE DT OHBEICET 5
EIIRM-5. 22T, B ERR T a4 X0 23R LT /KB O NMR % H
E L72. TOCSY, COSY, NOESY 72 XD 2 RIENMR N LHEE SN D RIR 7 a4 X v
DOHEEZ RET 5.

It has been reported that fucoidan has functions of anti-bacteria and anti-virus effects. Also,
recently it has been reported that fucoidan reveals the effects on cancer therapy. In addition,
fucoidan is expected as a material to maintain a healthy condition as a food supplement.
Fucoidan extracted from Okinawa mozuku (Cladosiphon okamuranus) revealed a single band
in chromatography of about 300,000 Da molecular weight. The structure of native high
molecular weight fucoidan was estimated from 2D-NMR spectra such as TOCSY, COSY and
NOESY.

fucoidan, 2D-NMR, brown algae

OAV=ANFEYE, ENARSLAZZ L VXD I & iELadRel,
PhbEVDE LY HERTRY L EULEIDE L HLONLeATH!

— 230 —



Fucoidans are one kind of polysaccharides found in brown algae. They usually contain
large proportions of L-fucose and sulfates and also small proportions of galactose, mannose,
xylose and uronic acids moieties have also been observed in various fucoidans. Recently
fucoidans have been extracted, analyzed and studied from several types’ brown algae due to
their promising biological activities and therapeutic applications. The several reports have
shown that fucoidans extracted from different kind of brown algae exhibit several biological
activities such as anti-tumor, anti-coagulant, contraceptive, anti-inflammatory, anti-HIV and
inducing apoptosis. The present study is focused on the fucoidan isolated from Cladosiphon
okamuranus (C. okamuranus ) edible brown algae which is commercially cultured around the
Okinawa Island, Japan. Interestingly, in addition to many biological functions of fucoidans,
isolated from C. okamuranus, it can also block the adhesion of the helictobacter pylori to
human gastric cell line and can also induce macrophage activation. However, studies have
shown that the biological activities of fucoidans are depending on their structure and sulfation

content.

In spite of many studies attempting to determine the fine structure of fucoidans isolated
from C. okamuranus, there are still no satisfactory regular structure has been described. In the
previous studies it is reported that the structure of fucoidan from C. okamuranus has linear
polysaccharides backbone built up of (1»3) linked a-L-fucopyrunose residue with single
branches (D-glucuronate) at 2 position of sixth fucose residue. However the structural
heterogeneity of fucoidan from C. okamuranus with respect to linkage, branching point and
position of acetyl and sulfate groups are still not determined in its native form. Therefore, the
purpose of the present study is to investigate the regular structure of fucoidan in native form
of about 300,000 Da molecular weight isolated from C. okamuranus using high field 2D
NMR spectroscopy. The present study shows that the assignment of the signals in the spectra
such as COSY, TOCSY, NOESY and also *C-NMR. The regular structure of fucoidan from C.
okamuranus and the composition of substituents and their terminal residues are reported to be

different from earlier studies.
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Solution Structures of TICAM-1 and TICAM-2 TIR Domain.

Yoshiaki Enokizono', OHiroyuki Kumeta', Masataka Horiuchi', Kenji Ogural,

Tsukasa Seyaz, and Fuyuhiko Inagaki'

Laboratory of Structural Biology, Graduate School of Pharmaceutical Sciences, Hokkaido
University, Sapporo, Japan.

’Department of Microbiology and Immunology, Graduate School of Medicine, Hokkaido
University, Sapporo, Japan.

Toll / interleukin-1 receptor (TIR) domain is a key mediator in the Toll-like receptor (TLR)
signaling. TIR containing adaptor protein-1 (TICAM-1) is established as the adaptor
controlling both TLR3- and TLR4-mediated IFN production signal. TICAM-2 functions as a
bridging adaptor, which plays TICAM-I-recruiting to TLR4. The homo- and
hetero-oligomerization of the TIR domains of these receptors and adaptors brings about the
activation of NF-kB and IRF-3, which regulate the synthesis of pro-inflammatory cytokines
and IFN-, respectively. Here, we solved the solution structures of homo-oligomerization
deletion variant of TIR domain of TICAM-1 and TICAM-2, and will discuss the TIR-TIR
interaction of the TLRs and TICAMs.

Toll / interleukin-1 receptor (TIR) K A A X HARGEILE Th D Toll-like receptor
(TLR)Y 7 /VZ B W CEHEREE 2 - T D, I TR AR Skl 2 52
72 TLR 1%, AEEIEFA~T 0 R&EZ A LMRNGERICSH 5 TIR KA A 2085
< Z & TIHEMALT 5. &ML L2 TLR @ TIR R A A N7 %7 % —45F @ TIR
RAAf v E~TaAY Av—%FL, Tii~E T T AERETD.

TIR RAA ZEZLMINT X 7% —457 1121, Myeloid differentiation primary
response gene88 (MyD88), MyDS88 adaptor-like (Mal ¥ 72i% TIRAP), TIR containing
adaptor molecule-1 (TICAM-1 % 7213 TRIF)3 L OF 2 (TICAM-2 £ 721% TRAM), & sterile
o-motif and HEAT/armadillo repeats (SARM)?D 5 ffi23d 5. TIR R A A > ORI
L& 7% —"iX TLR1, TLR2, TLRI10, IL-IRAPL {ZOW TN TERY, THX T X
— Tl MyD88 DA RTINS,

TICAM-1ZTLR33 L V4D FHRIZAFIE L, MyD88% & IIMANLIZ A ¥ — T =1 L
HIZ%ET 5. TICAM-2IETLRAD STICAM-1~D ¥ 7 F VB35, 7%

%—U— K : TICAM-1, TICAM-2, TIRK A1 >

ZDEZD LLbHE, OK O OADX, 130 H5H F&720, BSH JAL, &
L OME, VWAENRE SPU0C
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ZAF T2 TICAM-1IETIR R A A > DA OFEIE A/ L C FHit®ONAP1 / TBK1 / IKKe 414,
TRAF65 L ORIPI~EARIET D, EfDO L7 Z =0 5TICAM-1% TOTLRY 7L
REEICBWT, KX UV BIZFET DTIR KA A VAL OFMAEAEHRNIEFICEET
HBHZEMBHLNZo TS,

AJEFKTIE, TICAM-1-TIRE L O TICAM-2-TIRDIRERERE, 72 5 TNITIR KA A >
MOMEAAERICET 2BLRIC O VW THET 5.

[R5« £28] TICAM-1DTIR R A A IR REMETH Y, TICAM-2DTIR R A
A VEERERICEWTHCSARKZK T 5720, &6 0 b BAEKRICEIT DLk H
ERHT NN T o7z, £ 2T, TIR KA A 2BV ColigomerBRL £ 7213 7 F V(s
BEICHETH D &t STV D BB-loopfEIICT X/ BEEMAEANTHZ LICLY,
H OSBRI 2 I0H L7228 R 21572, (R S U228 BARIE['H-"N] HSQC A~~~
MLV TCRIFRIES DN/ REAZR L, NMREEEREICEBWTHHEEERTHL Z &N
B SN ZOERKE AV TEENMRAIEIC X 5 IF%)ER L O'CYANAZE V7257
RAEEREZIT 72 (T .

C-term.
4 \ N-term. C-term.

Bé}oop A N-term. ‘; B\?-lporf \

( ( oB
s AN
aC C BA

aE’

\}B‘c aE
gD
LR _
Vi
6 DD-loop EE-loop DD:loop EE-loop
TICAM1 TIR TICAM2 TIR

Fig. Solution structures of TICAM1- and TICAM2-TIR domain

TICAM-135 X O'TICAM-2DTIR K A A > ONLARREE L, MyD88 TIRR Lt 74 —
TIR & [FAARIZo/plad =& ) 6 72 5 flavodoxin-like foldz 4 L CTu 7=, EREHTEL TH
% BB-loop kL, 7L F 7 EiELZ AL THBY, £7-MyD88 TIR & [FIEEIC
['H-"N] HSQC L T BB NEECTH ~ 7=, HERT v Va2 FRAEIC~ v &
Y7 LTzE A, TICAM-1ZIE, fIOTIR KA A TR RV aE, oaE'~Y v 7
AN L o TR S 3D IR W IR 23 FE LT e, BIEE, Z Ok Z Ol d TIR
KA A& OMBERCEERTN 2 HERTTHD.
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NMR analyses of interaction between chemokine receptor CCR2

and its regulator FROUNT

OXKaori Esaki', Akihiro Sonoda', Sosuke Yoshinagal, Ichio Shimada®, Yuya Terashima®*,
Etsuko Toda®, Kouji Matsushima® and Hiroaki Terasawa'

'Grad. Sch. Med. and Pharm. Sci., Kumamoto Univ., *Grad. Sch. Pharm. Sci., Univ. Tokyo,
3Grad. Sch. Med., Univ. Tokyo, 4ECI, Inc.

Chemokine receptor CCR2 belongs to the family of G protein-coupled receptors
(GPCRs) and mediates chemokine signaling. The C-terminus of CCR2 is exposed to the
intracellular space. Its membrane-proximal region (CCR2 Pro-C) is necessary for
chemokine signaling. We found that FROUNT activates the signaling through binding to
the CCR2 pro-C on the cytoplasmic side. FROUNT is expected as a new target for
anti-inflammatory therapies. Elucidation of the interaction between CCR2 and FROUNT
would contribute to understanding mechanisms of GPCR regulation and the drug discovery.

We revealed that the CCR2 Pro-C forms « -helix with DPC micelles. Cross
saturation and transferred cross saturation experiments showed that the hydrophobic residues
of CCR2 Pro-C interact with both membrane and FROUNT.

oLz

[

RIEFIE R 5 A MER DU E L. Kﬁ BCrEA R
SNTETENALN, MK EOGH vy Btz ak  CRfed
(GPCR) ([Z#Efksnsz Lt ChlgEzand, (rRmi %) v
KORTEIAVZRIEO—2L L THBILTWS, CCR2 FROUNT
DCKRImIE, ﬁ%ﬁ’“mbfﬁb O I R 3T {5 A i

(Pro-C) (THIMRIEEETEIEIC LA TH D, B ld, rEh A Fguel. The model of

CCR2—FROUNT complex.
DIFAE F TCCR2MDPro-ClZ FAL HIfER DR > 7%

I 2 MENIR 7 e ERE L7=(1)(Fig 1), 71 ME, BEEoOGPCRAHE
VRIE MM E R TE BT, 71 b &I L HiBLGPCREEERE O 17AE 3
Lk potz, AWFZEIX, CCR2—7 1 ¥ MU AIEMA 2/ Lz AMER OB EIGE >
TFREEE Y ST 5 2 2 AN E T 5, ARSI Lo T, T
EHA R EENEE X X7 EOMEERNRT LoV T LMD
GPCRIZ I T 2 FrBl O Hl RS O, S BITITIRMERIENMER BIZXT 3 2 8 LUWVE
2 & DIROBIE~E DR b Z LIS,

Tay b, TEIACZRIR, GF NI BEIBSZFIR

ORZ&EMBY, ZOLEHEOAH, LLenEH7T, LELEVDHE,
THLEDOIR, EBEXDI, £FDLEIHL, THEIDLOADLE
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[J5iE]

CCR2 Pro-CKOMEE7ay N2 V7T, KIGE ORI OKME s o~ 7
57 4 —FHOTHELZ, NMRY 7 F /LD JfJEIZ. HNCACB, HN(CO)CACB,
H(CCO)NH, HCCH-TOCSY |2 & » TiT o7, SAMEEREIE, C edited NOESYH &
PN edited NOESY Z W TIT - 72, A3 hILEHTICIZ. NMRPipe, OliviaZ fifi ffl L
oo T HMAERIZ. TALOSICXE » THREL -7,

(K53 & B%]

CCR2 Pro-C fHIk D 16 7 X / [gF 572 5 X7 F KA, 4K FROUNT & AHAAE
M52 52K ETTXEHBEIZE VLN LI CGR¥FE), £72. CCR2 Pro-C
DEFENMR A7 hVERIE L ALy 7 MIES L ZREERT 21T 728 2 A,
CCR2 Pro-C X, v HLhaAf vk a-~U v 7 AEEDOVHIREICH D Z LR Do
7o IHIZEDOWHEN, DPC R ENLEMZDZ EICE>Ta-~V v 7 AEE~ LR
% ZEEH LN LT, DPC R B/AAF(E F CALAAEERE %17V, CCR2 Pro-C 78 « -
AN oy AEER L DR R LT, 7 a Y MESHD CCR2 Pro-C DREMEMEMT I,
7u Yy b EOREEIREBO IS Z KT 5 aNOE A7 MLaHWHZ L& LT,
71 MFLE T T CCR2 Pro-C @ "N edited NOESY ZE L= 24, 7 MEFE
ETFTEHRALNRNEL O NOE BBIEINT-, 2D L, CCR2Pro-C IX2E~
Yy N EEEGEREKRT 52 & T, SMEBEERT D 2 Enm I, BifE, 3L
EETE R 2 TR T D,

WIZ, CCR2Pro-C NEDT X VIR CTIEEHAEHA L TV A NEHRRDL T2,
RAFFNEQUZ X BT 21T o 7o, TORER. a-~VU v 7 2O FANTALE S 5 Bk
PET X BEREREE DS L O AAEREICAFAET D 2 & bo7, & HIZ, CCR2 Pro-C
LR Ty N EOHEERIZOWT, BBBEAZBFINEQR)E AW TN LT, £ Dk
B, 7oy NEOMAEERICEE T I/ BEKT. o-~U v 7 2O ANIHALET
LBKMET I /B THY | EOMEFEHEN L ERS>TND Z EBNbool,

CCR2 Pro-ClZ, — WA b, BEEME N A A OB FICHFEET S, DPCR BALFE T
Ta-~Y w7 ZA&BH L2 05, CCR2 Pro-ClE, AEMRWNIZI VT b & 43
HEALTa-~U v AEEE L5 2 ERES R E N7z, £/, CCR2 Pro-C_E®
7uy MEGENL & BERE AN B L TS Z ERH BN 2572, CCR2D Y 7T
v R THHCCL2ORIIZfE-> T, 7u v MIMIEER TCCR2E HF/ET L2 & %
FxXHLICLTWDA), LEOHANS, CCL2NCCR2AIZHESTDHZ & T, ZH
ROEEZAPE Z D | Pro-CORLMNZE(LLTTZ 1y RFEA L. TORR, Tk
DY T FIVOIEHALR I Z D E WV IIRERNE 2 b,

(25 3C#K]

(1) Terashima, Y. et al., Nat Immunol 6 (8), 827-835 (2005).
(2) Shimada, 1., Methods Enzymol 394, 483-506 (2005).
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Structural analyses of FROUNT: a cytoplasmic mediator of chemokine
signaling

O Akihiro Sonoda', Kaori Esaki', Sosuke Yoshinagal, Ichio Shimada®, Yuya Terashima®*,
Etsuko Toda *, Kouji Matsushima®, Hiroaki Terasawa'

'Grad. Sch. Med. and Pharm. Sci., Kumamoto Univ., *Grad. Sch. Pharm. Sci., Univ. Tokyo,
3Grad. Sch. Med., Univ. Tokyo, *ECI, Inc.

Immune cells such as monocytes and macrophages migrate to the inflamed site
during inflammation. The migration is induced by binding of chemokines to chemokine
receptors. We identified a novel cytoplasmic protein FROUNT that mediates chemokine
signaling by the interaction between its C-terminal domain (FNT-C) and the C-terminal region
of CCR2 (Pro-C). The purpose of this study is elucidation of the binding mode of FNT-C
with CCR2 Pro-C and development of therapeutic agents for chronic inflammatory diseases.
We report here the NMR analyses of the interactions between FNT-C and CCR2 Pro-C. The
CCR2 binding site of FNT-C and the amino acid residues involved in binding will be
discussed.

- B

R TRIENEE D L, RIETMINS T EIA UM END, Bk~ 2727 7
— T LW o TR 7%ﬁ4/%mﬁb RIEFNLIZREE) - F£FET 2D, 2D
PR O E) - R IL MR Eo G BEEEREASRIETEH D 7T A VZREIC,
TENAUVPREETDHI LI THIER D éhé Bxlx, rehA4 R IEKTH
% CCR2 @ C KAt laBr s, (Pro-C) IHfE I HF5EE L, CCR2 &4 L7
2T MG EEFIE D H M INF FROUNT # A L7z ', %72, FROUNT
7 CCR2 f5AfEl%IL, FROUNT @ C K (FNT-C) THDHZ L W onic Lz,
AWFFEIL, (1) FNT-C & CCR2 & OfEAHERZ MR L, Sl OlEE I T 5>
T FIGEREZ - LV THLNCT D2 &, (2) BonmRIZE SN T,

X—U— R FEIAUZRER, 7arh, VIFVRE

ELHSVNRR:OFDEHEOA, 2IENEY, KLARnZ 5T, LEEVnhE,
THLEDOIR®, EBEADZ, FOLEIZOL, THEIDLDADE
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FROUNT %Ay & 3 B8R E MR BB RE AR T H L2 BN E T 5,

(E79)

KRIGEC X DRBREAWT, % PN E 7213, "HPN, "HPC N #23#% FNT-C %
KEFRA L, INVEZTFF o7 ru—Ar7u~v NI 7 40—k 2HBEMO%,.
nEVT GST #7%8L, A4 RMra~ 777 4 —2HNTHEREZIT-
720 15 & 17 22 B RINEAREER, FNT-C % JHV T 'H-""N HSQC 3 & OV = 408 NMR
HEZATV, EHHHR NMR & 7 TV DIRJE ZAT > Tco A7 FVIRHTIZIL, NMRPipe,
Olivia Z £ ff] L 7=, CCR2 Pro-C OFBUZIXKIGE DR % HW -, BRIZIZ=v T
T4 =T —ruav s NTTT7 4 —EH\,

(KR & B%]

FNT-C OfiE KA AV ERIET D00, BRENRALD 1 1 FEOY— PN 2i#k
FNT-C ZiH L, NMR JIER L OFT 217> 72, TORER, By 7L o0
BT ARY MVE G 2 DiEE R A A > (FNT-CB) #%[EE L7-, FNT-CB 7%, CCR2
= FROUNT #& &8k (Pro-C) IZxF 2BAMEAZRFFL CWDH 2 a2, R/ 7 X
EEEHWTH LT LT,

PN HEE# FNT-CB @ 'H-"N HSQC A7 hLZ Ml Li=fE 5, —# o 7 i
WX DE DR R 6Nz, £ 2T, WREMB X OWESRMFOBmFT 21T, A7 hL
DHFHEH K STz, SHIZ, FNT-CB OEAKFEEZITo MR, 'H-"NHSQC A7 k
JNTEGE S, T ATRENRY]— T RIF72 NMR A7 MR E LTz, OS5
T, AR = FE I NMR JIE R L OEHT 217\, FNT-CB O E£4 NMR & 7 F /L Ol J&
DT, £, 6 O T 2 BEEIFAELIA (PN Cys, N His, N Ile, "N Lys, °N Met,
PN Thr) Z & L, R NMR BIE - f#HT 217572, LA EO NMR fZHTic S0 ¢
JFBEIT > T,

WKIZ, FNT-CB L@ CCR2 Pro-C & O HAERINAL 2 [FET H720ic, *HPN 12k
FNT-CB (2, FEIE# D CCR2 Pro-C % E L T NMR JI/E « RN 21T~ 7=, T ORER,
TERIC Y T IVIBRE DR 25 7 BBl Sz, BKIET 2 B iEm ko v
T FIAZBW TR BNEEZE TH D . CCR2 Pro-C & OF AN IXBR KPR AR A3
< BET D2 EARE S NTZ, FENT-CB Dfb3y 7 MIHESL “RIBEE I L 0 |
CCR2 Pro-C & OMHANEMIZEG 327 2/ Mikiix. C RKmiLEIchiE 35 a~V
v 7 A BICHEL, BKERYy FEEHR LTS EE 2 BTz,

PLEDOFER D45 54072 FROUNT 0% & . CCR2 Pro-C {f]0> NMR #1255
HESR (TR S, AESREE) 2HHH T, FNT-CB & CCR2 Pro-C & OfiAkkRIC
DWTigam 9 Do

[Z&3CHk]
(1) Terashima Y. et al., Nature Immunology, 6, 827 - 835 (2005)
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Structural and functional analyses of a male-mice-specific pheromone
ESP1.

OSosuke Yoshinagal, Toru Sato’, Makoto Hirakane', Sachiko Hagaz, Hiroko Kimoto?,

Ichio Shimada3, Kazushige Touharaz, and Hiroaki Terasawa'

'F. aculty of Medical and Pharmaceutical Sciences, Kumamoto University,

Graduate School of Frontier Sciences, The University of Tokyo,
’Graduate School of Pharmaceutical Sciences, The University of Tokyo

Pheromones are perceived by a vomeronasal organ (VNO) and vomeronasal sensory
neurons (VSNs) in many mammals. We previously identified a male-specific peptide ESP1
secreted into tear fluid of mice. ESP1 is received by its own receptor V2Rp5 expressed in
female’s VNO. ESP1 turned out to be a member of a new multigene family which is
supposed to convey information on sex, strain, and species in rodents. The aim of this study
is to elucidate mechanisms underlying the pheromone-reception system on the ESP family.
We report here the three-dimensional structure and the V2Rp5-binding sites of ESP1, based
on solution NMR analyses and mutational effects on the VSNs-stimulating activity.
Structural informations of ESP1 give a way to elucidate specific ligand-receptor recognition
mechanism on the ESP family.

- H]

2 < OWMFHLEICI N T, 72T U0E, SETHOMRIRE, BEPERzrL
TEAShD, BEAO 7 =aErDF L AL, ROTFICE ENLEREOKS T T
LM, FxrlL, TATTADRENG, A AY T AOBEAER VG T D AN #HIE
PED~LFF K, ESP1 (exocrine-gland-secreting peptide 1) Z[AE L7 Y, %7, ESP1 ®
TR, WEBBEICRET G Ny RS 45K V2Rp5  (vomeronasal
type 2 receptor p5) T 5 Z & ZH SN LY, & 512, ESPl1 OEMEELET %,
~VUAIZ3 8, Ty MI1 OB L, Znn, EEEOM - ZHt - O
WAaAzET 50 78 (BSP7 7 U —) ThHAMREMZRLTERY,

(F—TU—FR) _XFF R, ik, GPCR

(EFEHESVNR) OXLBRNZIT, SLoLED, ObrREI L, IR,
EHEOVAZ, LEREWVDLE, E5@36nT LT, THLEbUAHE
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AWFTEIE, AR NMR 5% U T BESP1 ONAAREE AT L, SRS 42 B
ST AZ LTk, BSP 77 I U —lc ko TN END, AR 2=r—3
gV OREE PR AT A2 2 HNET 5,

[Fik]

KIGHE DR EFRBRIZIBNT, ZERN AR L7 KB % 5 e M9 b5 2 H
W5 Z & T, ESPl ORERNMKESRAZGT, =TV T 74 =T 4—ru~x 7
T 7 4 =L DHERICHWER Y e 2AF VX 70K, ba v BRI T ESPL
DBELTZ, SHIT, =TT T4 =T 40—, B, FOVIERE, WiHO%
sm~ N7 74 —%1772\, ESP1 OR#G A7, NMR A7 ~LVOFHTIZIE
Olivia, ESP1 D {A#EEFHHIZIE CYANA % 7=, £72, ESP1 DhEthit RiENE
fLHEIZ, FRCHIIAIC 381F D c-Fos Z v /737 B DI B FRE 2 Fa i 1T HIE L 7=,

(K5 - B%]

PN 3 L O PCPN 153k ESP1 122\ T, DO LR TTAHME NMR A< b L)
BIER L OB 217700, FFETEHKO NMR G5 OIREEZE T Lz, IREMSEL
{'H}-""N NOE Ofi##r7>5, ESP1 1%, N R 3 O BIERED T o & b= A Vi %
B RGN LI, T AT VA R U TR RARIE, B SRR IETE
LB ZRFFL T e, 2072, C RO AL 2 $ 25 55505 72 2 550
MR 2 B de 2 E N Dvo T2, PN B L PC-NOESY 227 hanbEsns 'H
M OMEHEEH &, HNHA A7 MLEB I OMEEY 7 MED B B 5 8 A O
WA H &I ESP1 ONEEEREEZITRV, SAKO~NY v 7 ARGl L 2L
L7,

o7 ESP1 OSLIRRESETE R ATIH L, ERoMAICEE L CGRRLL =2 R{KIZ->
W TH) SARRRIGTEALRE 2 TSR, RO T X = VRN S 72 5 EBEMICH O
TR NEVEICMETH D Z BTz, TNHDOT VX = FEIE, ESP 7 7 2
U—@OHTH ESPLIRHEN 8 272D, SBREFEG ORFRMEAH O RELEZ O D,

L E D% #E NMR fR#HT, 72 6 UM BRARMRAT ORE RIZHS &, ESP1 ONLIRHEE & 5%
BEICOW i T 5,

AFERIL, ESP 7 7 2 U — O L IHEE, B, ZRMESORREAME S ELE
WD THLEMI L2 bDTH Y, BEEOFEEEZHET 2AORFFE~DIL
A BRSNS,

(2% k]
1) Kimoto H. et al., Nature, 437, 898-901 (2005)
2) Haga S. et al., Pure and Applied Chemistry, 79, 775-783 (2007)
3) Kimoto H. et al., Current Biology, 17, 1879-1884 (2007)
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Solution structures of the UBA domains of Cbl-b and c¢-Cbl and reliability
of CYANA structure calculations for homodimeric proteins

OToshiyuki Hamada'*?, Yi-Jan Lin', Chisato Kurosaki'?, Seizo Koshiba'*, Naohiro
Kobayashil, Makoto Inouel’3, Takanori Kigawal’3’4, Fumiaki Hayashim, Yutaka Mut01’3,
Wakana Ohashi', Manami Sato1 3 , Ryogo Akasaka'?, Mutsuko Kukimoto-Niino'*, Takaho
Terada'”, Mikako Shirouzu'~, Mayumi Yoshida'? Aklko Tanaka1 3, Yoshihide Hayashizaki',
Shlgeyukl Yokoyama'~*”, Hiroshi Hirota', and Peter Giintert'®

'RIKEN Genomic Sciences Center, Yokohama, Japan.

’Graduate School of Science and Engineering, Kagoshima University

RIKEN Systems and Structural Biology Center(SSBC), Yokohama, Japan.

*Int. Graduate School of Science and Engineering, Tokyo Institute of Technology, Yokohama, Japan.

3 Graduate School of Science, The University of Tokyo, Tokyo, Japan.

SInstitute of Biophysical Chemistry and Biomolecular Magnetic Resonance Center, Goethe University, Frankfurt

am Main, Germany.

c-Cbl and Cbl-b are ubiquitously expressed in a variety of mammalian cells and regulate
signal transduction pathways in the E3 ubiquitin-ligation process. Dimerization of the
C-terminal UBA domain in both Cbl proteins is essential for their ubiquitin-binding and
signal transduction functions. In this presentation, we show the first structural analysis of the
homo-dimeric structures of the mammalian UBA, and UBA, domains by multi-dimensional
NMR experiments and CYANA structure calculations. NMR structures of UBAc dimers
(PDB ID: 2D9S) were in excellent agreement with a subsequently published corresponding
crystal structure (PDB ID: 2009), indicating the high reliability of our approach for the
structure determination of homodimeric proteins.

CYANA, homo—-dimer, UBA domain

O FFELELWE, YiJan Lin, < ASEXHLEIE, ZLIEFEWE Y, ZIERLARBO
HLWVWDHIZEZE, ERDELPOY TR LESEALHE, oL ddled, BRIE
Lo, S&oFRB, HNPIND 152, <&bL-ltnofr>Z, THEL
ME LAITHND, LLEFOR, hrbxZl, FRLIEXLOT, &
IRFELITFWE, OAZOA L., Peter Giintert
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EXF T uT T Y —AREE (Ubiquitin-proteasome systems; UPS) &, # > /37
BOaEeXF At/ F L AbDY A 7 BN, # 3//\07@/\@&#\ DNAE1E
VI FIMGE, T R A =V A XXy kT O BEEREE RS- LT
By ZDOUPSOYA I NVEFHTL TCNDE X NIET 7 2 U —OH|ZE3 ubiquitin
ligase (JHEMAL Z#L7=tyrosine kinaseZ 2 B F b L., S~ L E L EBEREE) O
—ffi, Cb1Z 7B 77— 5b, CblZ L _7EDOHT, IR & LTE<L
B R TENRCOlI-bTH Y, —J . TOMOHIEIRFOF LRI R E 2 B2 LT D
DNRc—CblTh H,

ZABHCbl-b & c—CblIE.Cbl & > /X7 B DH T, M— CKEHIZUBA domainZ £, c—Cbl
X, EDUBA domain (UBA) %/ LT, HE &Lhomo-dimerZ ¥ 25 Z LR HILT
BO, R 2EXF U X TF oAb Z LRI E L OMEERIL, W) THy, —
J5. Cbl-b®UBA domain (UBA,) I . UBA. & FE % |2 & V) sequence homology (85 %
similarity) 28 L CWAIZH 0057, UBA & RHRAIIZ, monomer & L TAFFEL .
ubiquitinft & > /X7 B Ppoly-ubiquitin & LMV AAEH 2779 2 & AN &
TWb, BEX U RI7EOEMERE (DF V., B3 ligaseDIEE AOWEINT) L&
T, xR 72 MEE 25> 2 D MDUBA domains DREEMEEERNT 21T 9 = & 1%, c—Cbl
ECOI-bDIERA A B = X LD KE S FhH T2 0H7e 673, UPSO TR Z B &

295 ECIHFEICEETH D,

Z 2T, AL ESEEH Ke—Cbl & Cbl-bMUBA domain (UBA, & UBA,) (22T, B°C
NI IA &2 8% . Filtered NOESY % & % 7= B FENMRIAIE 217V >, dimerCYANA
R R 2 DT R 2 I E L,

13 HAU7-UBA, ONMRAE & (PDB ID:2D9S) (X, Z D & V) 72 I ZPDBAE Sk S AU 7= XHRAS b
%L(PDB ID‘2009) EIFIFE-HE LW, 2oz ik, AR THW dimertfi&E i E

(B —HEOFENREVEREZ RS Z L2/ R LT\ 5, 72, UBA, ONMREEE (PDB
ID:2D06) 1%, XHR#EshAk s (PDB ID:200A) & —E Lighnotz, ZTOHEHBLO &K
& N7 OCYANMEEFHEIEOFEMIL, AFEasIZ TR,

Figure 1. Two orthogonal views of a ribbon representation of one conformer of the
NMR structures of the UBA. (A) and UBA,, dimers (B).
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Structural Analysis of Membrane Protein Halorhodopsin by Solid State
NMR

Marika Higuchi', Ayako Egawaz, Hajime Tamaki', Masakatsu Kamiya', Tomoyasu Aizawa',
Keiichi Kawan03, Toshimichi Fujiwaraz, and OMakoto Demura’

]Facullj/ of Life Science, Hokkaido University, Sapporo, Japan.

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

Faculty of Science, Hokkaido University, Sapporo, Japan.

Rhodopsin is a membrane protein having a typical seven-transmembrane-helical structure.
Archael rhodopsin, the structural family of rhodopsin, functions as light-driven ion pump or
sensor. Halorhodopsin (HR), one of archael rhodopsin, is an inward-directed light-driven
chloride pump. In the photo-excited state or chloride-bound state, HR would undergo
dynamic structural changes such as helix moving, opening of uptake channel, and
re-orientation of the specific side-chain. However, there is no direct evidence for these
structural changes of HR. The purpose of this study is structural characterization of HR by
using solid-state NMR. In this presentation, we introduce multi-dimensional magic angle
spinning solid state NMR of uniformly and selectively C and "N labeled HR, which is
reconstituted with lipid, for the assignments and structural analysis.

g5 /R0 8 - RRERE A R OBEEE & HEEMAT I 0 TR SR R D 2 — 7
NERIBEELTEETHD, BAFTRFEEBREA~Y v 7 AEE7 7 I —Th
5 i E Nat ronomonas pharaonisfAM/~xa g K772 (LU FNpHR) OMERE - #idG R
Hr D728 O KIGHE K EFEBLR OMESLIZRE) LTz, NpHRIZE= R F—%FH L TCl
ZHNRAMAI N S EY AT T =4 IR T TH D, ZDCL R THEREIZ I TR L —
NHEREHERTZLTOWDLZENTRINTWDEN, ZOFEMRA D= LTER
B STV, & T TCARIFZE TR, &2 Xy o K7 OC] kG
~OMIES NV — TR DO REEZAL DO F 52 EARNR T 5 2 &2 HIv & LT,
NpHR D [EAANMR 73 YA K 2 BEIEREHT IS 10T T2 B B [RIALAR 7 ~ Lt o 7L o 8k &
HE B P 15 2 it Uy BBt O 2 RO ERNMRIAE - fEHTICER D fHA 72, CLTERD
AFITE D D Mifus L — TR O S T MERIZOWTEEMIC B R LT,

Membrane Protein, Light-driven anion pump, Lipid reconstitution

O<SHEY D, 2BRDHRT, LEZIEILD, PAESLEIND, bNIbE LT,
PODFHWE, SLbbELAL, OTEbEI L
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IR TIT72 272, DAL DMPC & NpHR CHEE FFi Ak 2 1772 - 7=, 263Kk It [EA NUR 7 E
500MHz, 600MHz. 7OOMHz [E{A& MAS NMR %E{# 2 FV /=, Yk oCEA NMR I E 1\ﬁ§L
@ immobile FEJE & MK IO mobile A TN ENY —F > M & LICHIEEIT/R 72,
¥5(Z mobile fEIE TILVER T D M L — 7 D Cl FEE IS EE O WS LAV 21772 9 7=
WIZ, CUFEATL L CLUIERAM D 2 DY > T HOWTHIE Lz, IRBEFEEN S
FHEBEDOHIE TH D ST (kv 7 M T v 7 A) OFREITRH 2 &L TKkIE
& AR L7z,

EREER

AW TYERLL 72 NpHR Z2E [RINLIR Y > 7 X K IG B 38 B3R O RE 2 45 & fm{ b3
HZEWZED, BC, IN¥— T E T LTI IL %7208 1img, U /X—RAF~L T
1IH9 17Tmg, *H, “C, "N #J— = 7L TIIH 8mg OULR TRIGHEM) S “THHERL”
ELTEINEICELNL, ETIEEHERSEELFEMICHmETT 5 2 & T NpHR @ K
ToAS TR LT, ZAUC K 0 IR Z o237 8 NpHR 28 [E/f& NMR & Rk & LT
— LR DD TARY MVSRERED ] ENHIF C & | M2 2 IR ITEA NMR HIE ~D Ik
Hnwe[ge s 7p o7,

—WRICHEE —EE A Bl T A Ny OiEE T, B E A & R Ak T
HipDEZLND AR TIZZEN D OEFHNEDOEWZFIH L 72 NpHR D 2K 5T NMR
FBEORMEITV., IRBEEOHIRLICEH T 2055 L7,
JEE M O immobi lefEl &2 % — 4~ > R & LTHC, "NO¥— "8I ~LH o LT R
‘“C%xey#ﬁMﬁ%ﬁotﬂm&yﬂﬂFiamu/yx%Lm%®ﬁ%®E
RO NEZNTDE— T LTI E— 7 OEEREHE LV BRI S FET D
BT X 2O BV, L, F, YOIG~LEE FIFE NN—Z25~LHFic k o
TIHBEZ DRI LIz, — 7, BEEHE Omobileflliiz % —4 v & LTCLHEAICHE D 1
S DRI 21772 9 72012, ClLHEAT & CLIERE AL D2 DY o 7 T DN T
WIE'H-"C FLOPSYHIE Z 1T o7z, ZNHDOT X/ L~V TOIRERE RN HCSTZ 7
W& Z A, immobilefBIK TlXa~V v 7 A, moblleﬁﬁij“C AR SN
A NG R L, EBEWEOEWE R L7ZNRE 5O EN @7 ebiTnd 2
N o Tz, BiZmobilefBIE Clday 7+ A — 3 U &{kizCl {zki’a? MR D Z &N
TR ENT, NSO E XV EEMIC K
9% 72 ® \ZHNCOCAI E A 1TV, FLOPSY & fH 7 @
AL THITT 52 & TRELLVDOIRES
1ToTe, ZORE., FEREEKOK63 %ZdH  @mnn
TADTUEREDO FHOIFRBIZHKTI L, CSINH
CLRAFIC X BAb% 7 b AT R /
H—7D100%F H OHisUrfE CRE WD &0 C)
Dinotz, ZIUHOREEIE, C1 DY AL

BEICHISLO0UTBE DREYSZS (L 23 5. L TN B T Fig. 1 Chemical shift perturbation in
Jg:ﬁﬁsl\;uﬁjg;ﬁf, s 2R o the BC loop of NpHR by adding CI’
=1 ZINPAZ Co
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Solid state NMR studies on Poly(amino acid)s-Metal ion complexes
“Toshifumi Hiraoki and Masaki Fujie
Graduate School of Engineering, Hokkaido University, Sapporo, 060-8628

The structures of poly(D-glutamic acid)(PGA) and poly (L-aspartic acid) (PAA) complexes with
various metal ions in solid state were characterized by “C CP/MAS NMR spectroscopy. Most of
complexes show the a-helical conformation as judged from the chemical shift values of the main-chain
carbons. The chemical shift value of the carboxylate carbons of PGA- and PAA-metal complexes
depends on the ionic radius of the metal ion used, suggesting the contribution of the &, component of
the chemical shift anisotropy for the carboxylate carbon resonance.

RYITNE IV (PGA)ERY P ART X UE (PAA)IEEL @@ A A v L SA %2 TR
5, g A A4 & PGA L OffRIE, [EARETTHEREGIIH V2 8EA 4 v ITHFE
L ThRA e =% & %, " MIBEA LV R X S IOUREDES 7 MEIZSIEA 4 VR L R
TN LTS 5 2 L¥rdo 7z, ANFETIE, PGA @A A 85Ik &g X 71
YHDI 1 D70 PAA OBIEA A L EEARZ IR PC-NMR 12 X DER, PGA A & Ml
L 72, . PGA $BADHIEEA LR ¥ o VIEREDAES 7 b
BUGMRRIE L. EA A e L oBRE FIAN T,

B TaEA A v 8kAIZ NaPGA, NaPAA 7Kg HIN D4

PGA PAA

H Q H o
C
/9”\..0,‘\/ MUY

JEHE AN 2 T L 72, “C-CPMAS NMR Hl5E 13253, 75MHz /o >

‘(1/'?0 f':o H?c‘\c\ O/_C \O
Fig. 112 PGA & 5 FlOBIEA A4 85k co/ -\c; C

D C-CPMAS 227 M L& 73, F84C. o co - .

Can, Cp DAL 7 MEIZ 176,56, 26ppm om0 N

TH Y, WTNDHED a-~Y v 7 ARG
ZANY, ZHud, a4 VIREED NaPGA 13 @<
fiiSEA A v AT EE anNY v 7 I
Acav 7 A—vavElTsieazm 0 T
LT3, &5 IfllgH Confls s 7 ML -
Figd IR T X ) ICRIEA A v R -
LTl 7, @Me AN
Ca ¥ 7P M 3AEDBIIE 1, Zofl, |
L7 MEZ A OVIREEZ T, #BsIHEE Fig. 1 “C-CPMAS NMR spectra of PGA-divalent ion
LTRDZ oo\ v 7 AEGEIZEREA A complexes.
VRO L b7, 90 25 70%IC
WL,
PGA —=Afi&E A 4 » 88k "C CP/MAS NMR A7 b )L#% Fig. 2 1TRd, 3o D
key word : poly(amino acid), metal ion complex, solid NMR
VHEE LLAA HUZ FXE

(b) Zn
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& C. Ca, Cp DAY 7 MEIZ AliEES A L FETH D, oY v 7 ARGETH S T
L&Y, Co 7 HIVTIFEIEIIZ N, a4 WEEDEEZ RN T, ML TR 7%
a-~Y v 7 ZAEEIZ 65~T0% T, A & 2 RIHAE L Th3cm L 7z, Z ofEan
TAUGESEA L 13580 B, Co DALAES 7 Mt Figd 1TR T & 9 IC&IE A 7 v Eectiltz
7T L. 2 DZ{1E(3.8ppm/A) 13 —AiigE#E4(6.3ppm/A) I /N E W, 2 2T Y-¢ La-PGA
D Co 135 ppm OFEWM:> 7 2R LTz,

Fig.3 i PAA &J@sl{Ad “C CP/MAS NMR
A7 FVERT, NaPAA TlE 173, 52, |
39ppm 2 C, Ca, Cp23ZNZNES N, F
f’/‘éﬁ%‘:‘ﬁﬁia"\]} VIATHH L %fj‘_\‘j_o PAA ©Y )
SIESERTIE CL QDY 7 FIADEZ ST N
0T, WIUHEL Tlirs 7 Mgk, O T
MgPAA, CaPAA, PbPAA @ C', Ca. Cp DAt ©se :
¥ 7 MEIZPAA-Na DL FIFHFL < PAA-
TABIEESR L a-~Y v 7 AMETH B
ZRLTWAS, -

PAA @ CyDALEES 7 + DEIEA A v P38k
% Fig. 4 1R T, @A 4 HEIKRE |
7% &, PAA Of#s 7 Mtk PGA & kRIS
BINS 203, 72 0Z{LE2.2ppm/A)IZ PGA X ,
D/, ¢y = co

AN KX IVRFEDA S 7 MEDEIEA A )
VAR TS 5 72, Herzfeld-Berger @ et e Y D
&) PGA D Co Dt 7 itz R, 8
doa AL Figs IR £ 910 8o LKA A O /17 j
HRRAFIEGB.S pp/A BRI, dutdss i e L
W EE—ETH o7 S DITIANT NV T L [ et
HNT Co-B|A A VBlAMICEETH L LT ome '

HEH., BRBA A RO X Y Z 0
D Co DENHENBITDH T L2 LT
D,

1) H.D.Keith, et al, Biopolymers, 7, 775(1969).

190

OLa '

 / ppen
Fig. 2 “C-CPMAS NMR spectra of PGA-trivalent ion

complexes.

Ca Cp

Fig.3 "*C CP/MAS NMR spectra of PAA-metal complexes.

220

T T T T
O PGAM™
188} @ PGA-M*" O B
2+
O PAA-M (o]

186l 0 i 2101 -
g
Zaeal Y i c o ®
E [ £ 2001 fe) i
3 182 . ° - <
g o U
S8 O [ ] - 100l i

(e}
178 -
o &
176} m 180 I I I !
) ) ) ) 0.4 0.6 0.8 1.0 1.2 1.4
0.4 0.6 0.8 1.0 1.2 1.4 ionic radious / A
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Fig. 4 Chemical shifis "o carboxylate carbons Fig. 5 822 component of Cd of PGA complexes
against ionic radious. against ionic radious.
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Solid state multi nuclear NMR studies on
poly(L-lysine) - hydrogenphosphate complex
OKeisuke Nagai and Toshifumi Hiraoki
Graduate School of Engineering, Hokkaido University, Sapporo

The conformation of poly(L-lysine) - hydrogenphosphate complex in solid state was
characterized by BC CP/MAS NMR spectroscopy. The complex formed the
a-helical as well as the random coil conformations as judged from the chemical shift
values of the main chain carbon resonances. HETCOR spectra showed the fast spin
diffusion. Chemical-shift-anisotropy parameters of the phosphate were obtained
from *'P CP/MAS NMR spectroscopy. 011 and 0y, values of the complex were
different from those of Na,HPO4* 12H,0, while di5, and 833 values of the complex
were close to those of Na,HPO4+ 12H,O0.

[F i ] Keith S i3, & VLY Y > (PLL) O Ul $12 HPO 73 £ & L 7
PLL-HPO4 88 & O [E (& % 1% 7% a-helixtf 1 T 2 & | XA - B 78 B4
TH LML, O A#F%E Tk, FEA"C CP/MAS NMR & FT-IRIZ X Y
PLL-HPO4®» — %k ##1& % F ~, "’C-"H dipolar HETCORJ EIC L W, A~
JERHIZOWNWTHRD L TRHEEZ IDITHRFTL ,

oo BUR oM & R 6 6 e TR COE

CP/MAS NMRiE % 1T - 7=, Herzfeld- Bergerik CH
2 L0k, HPOLZ DAL 7 b BT 2 G
— X — %R, G,
[ 92852 ] PLL-HBr & 1215% & ® NayHPO4 A 4 0 B ({H
2B KSR A B CRELE LG, 20% T ¥ NG
J o=V & Nz TR B lE] D Ay B LR L R S CH,
T, PLL—HPO,% % 7=, [ {k'>C CP/MAS. *'P 4

CP/MASHIE 1%, 5 B 32 % £ 4 75.5MHz,
1215MHZVC\?‘TO f:o HETCOR?EUE&i%%%*%HF% Flgl Schematic model of
AT o O JE B £ 23231.5 MHZz T & 5 ECA—920  PLL-HPO, complex.

TiT - 7T=,

Poly(L-lysine) '’C NMR conformation

O ®Mwv FWnii, 0Obkx & LSR
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[FE5 - B22)] (1) FE{R"”C CP/MAS
Fig.1(2'3C CP/MAS NMR % ~< 7 h L
& L7, PLL-HBr® C'O, C,. Cp¥
7 F v iX171.5,52.5,27 SppmIZ Bl i |
HERE & ot b EIZpY — FEE
EE D, P C0O, Cov 7T LIS B
M THY T E LA EED
FET 5, MESBE» OB — ME &
1360% & 7> 7=, PLL—HPO4®» C'O,
Cu. Cp¥ 7 F 1T 177, 58.2/54.8,
23.6ppmIZBLIL, o~V v 7 A K E & B
5, Cov 7T NFHXT LYy NTHY T Ty Im EBE]
VHELaAALNEELFET D, WS 8/ ppm

BED Do~V v 7 2AFEIT54% &b h Fig.2 1°C CP/MAS NMR spectra of PLL-HBr
57, ZHIZHPOSS RS T 252 L Tx and PLL-HPO, .
BHO2RME NP — b /T Fhad o et
Nhrba~lY v 27 AT Z A3~ |
ft¥s-tzRLTWA, e
(2) *C-'"H HETCOR h'f o
PLL-HPO4®» HETCOR % X 7 |k /L % Fig.31Z {) ",
R L7, "HEH TIXHZ TR, o 7T

Lok dx o & b X Bl H Ok 72 . Mixing |
Time(MT)=100pus TlL, BEHEHKE AL TV D
Cu-Houv Cp 5 y-Hyu ¥ 7 7V °Ce-NH/NH; 10 ©° :
TR SN, MT=500us TiE, 2~3 . by
AN TS CO-Hy,. CO -H,RCy 5 TS
»~NH/NH3; R Co-Hy o & 7 T VM F T2 ITH B [ i,
N7, MT=ImsTi¥, Cc— NH/NH3> 7 F /L
OEHRBEMBENFZICA LN,

(3) [ &>*"P CP/MAS

Na,HPO,4 + 12H,0 & PLL-HPO, D L%+ 7 k| L) e
B ART A= —FkO, VRIS g,y,'
WCIE, SRV H O/ AEMARLE e
<L 33T WM ORGSR bW E b .
WOMERNS S, P i E v THPOSS \
Dé3BP=0FfEE HFmicirwWweEEx, 7 |

Sl R LT A SN TR L

References Fig.3 '*C-'H HETCOR spectra of
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(2) H. R. Kricheldorf, et al, Macromolecules, 16, 615 mixing time.
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Drawing of silk of the hornet (Vespa xanthoptera) using by solid-state NMR
Tsunenori Kameda

National Institute of Agrobiological Sciences, Tsukuba, Ibaraki, Japan

Hornet silk obtained from the cocoons of yellow hornet (Vespa simillima, Vespinae, Vespidae) in their
native state have an a-helix with coiled-coil structure and a -sheet. When hornet silk gel films (HSGFs)
are formed by pressing and drying the hornet silk hydrogel, the structure of the silk fibers in the native
cocoon is restored. Wet HSGFs are flexible and can be uniaxially drawn with a draw ratio of 2. In order to
clarify the deformation mechanism during uniaxial drawing, changes occurring in the conformation and
molecular orientation of the films during drawing are examined by solid-state BC and "N NMR. The
results show that during wet drawing, molecular orientation proceeds preferentially over o—f3
transformation. Furthermore, molecular orientation of the a-helix proceeds preferentially over that of the
B-sheet.

[BE] A X ANTF ORI 2 2R CRP ORI T X RO~ E2EDH, DO~
A—=F v b7 HS) EMEENDHER 7 L X7 NSRS, ZOX R E (D%z_
o-helix ZEAERELTWVD 1, X 5IZ—#Do-helix o F#EF LR —70D X 9124
Coiled-coil fEIEZTERL L TR Y 23, fERA BT E /-B-sheet EL FIKET 5 7:6‘?3734 =
DT EITEI 5> TND 2 ENRIEDIFIE B 530> TE 7= 46, Fexld, Coiled-coil f#iE
DIFAEN, K& E TV DIRIETOIEH (Wet IER)IZIBW T, OB M LR & H) | &,
DIRVIEE R TE WM E S T 2 LA FREICT D & E X TWD, AWFZE T, HS
7 o IV I DFEARITRE O &2 b & B NMR 12 & o THEHT L., Coiled-coil #i3&E A2 H T2 % /3

7B FI DRI T HELIAZEE) & M A~DEB I SOWTHLNIT A2 2 AL T
Do

[EER] KRB L UOHARBNTERRENZFA 2 RAXANRFOEN S~ 28I L T, IM
LiBr KIFHRICIAfE L, W - A Wizt Lz, BirL. 2@ cEmk Lz HS &
A SRR ERGRZ M L C 7 4 LV AHS ST 4 NEERIL -, At v BRI
Iwt% & LTz, 7V 7 4 )V AOIE I, 7 4 v A% 0E 1-2mm O FERRIZEIH U C—#hiE i L7,
& & NMR 13 Varian infinity 300((F)ZRMARAWFFCAT) & AV 72, Slow-MAS HIE ., Static I
E. BIOEARBOBEIEIL 7.5mmf CP-MAS e —7% M\, Foftio BC B3I PN
CP-MAS HI7E 1L 4mmf CP-MAS 7' v —7 % W\ C{To 7=,

[(BERELUEBE] HS /L7 4 /L AL Wet IET 2 & 2 fi5 £ TH—TIEM T & 72, 2 fiFITIE
LI RICER T TR LT 4 V2O F WML, WEIC %&ﬂ:éi’bt5 VRIET 4L
LADENE ERl> T, 29 LB IZMEE D BRI S W IEP 53R TR O - Bl 1
JEMIEFE T Coiled-coil AEIETHISNFHRAVICELN L7272 Th 5 L #HEL é‘hﬁo _h%fﬁuﬁﬁ"
D120, Wet JER TR BN IEMfERO LD HS T 7 4 L ATHOWTIRA X #RET
(WAXD)HIE 24T >7- & Z A, o-helix & p-sheet 23EAE L., a—helix D—#5A Coiled-coil i
I L TWD Z LRSI, & HIT, 2 fFEM 7 ¢ /L A1T1E, BEIA L 7Zo-helix & B—sheet
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By OIS, 1E & A EIERR A D B-sheet A 5)
DIFELTWDEZ B yhotz, 72, BC
CP-MAS JIE2H 1%, Ala O—FBIXIEM I X
- Co-helix 7>5B-sheet ~HEFET 523, Ser
DaArRA—TaFiFE A B LR
Z L inot, BC CP-MAS HIENHEH
N5 Ala B Ser D —7 %, FHFh.,
HS ® Ala U v FEB IO Ser VU v FHlsk O

L] L] °3
= en =1

Peak imansity loss (%)

3 O
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=]
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T
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26
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a0

34

Spinning frequency (kHz)
Fig.1 Peak intensity losses (%) of the NMR
first-order spinning side bands at higher
(+1) and lower (—1) frequency for the
carbonyl carbon of Ser (B-sheet) (O), Ala
(B-sheet) (@), and Ala (0-helix) (A), when
the orientation of the drawing axis of the
gel film of hornet silk changed from
random to aligned along the spinning axis.

EEFICKBMLTWAE D EEZBND, T
D L6 Ala U F K TlrXo—helix(—H
Coiled-coil #E1E) MR S, ZHUOMEMIZ &
S THHEIIZELR L, & HIZEO—FHELN
B-sheet |ZHAFS L7 b D LIRS T, — 77,
Ser U FHEIIE, IL{H AT 5 B-sheet 23HZAK
., HEEOFEFE A EZITT, T
O MR 5] B-sheet OIRFEDIEML HFE Y | Z 4
MEAL A B-sheet & L CHIAI SN EEZ DN, TNODROZLMEEZRIET D720, 2
FEAEMERELD Ala 35 KO8 Ser ICHI 3% °C CP/MAS [EK NMR A2 R LICHONWTAE =
T A RX RSSBWZHEH LT-ffifr 21T > 7=, HS 7L 7 4 )V % 2 FIZIEM L, & OEff
fih 2 [E A NMR OFEHE [Rlfsdh & PATICRI 2 72 RE L . RiZFIceeT v A Al LEZRET
PC CP/MAS A7 b VEBUIAI L TRl U7z, —fIS, SEMl sk UC oy -80S B jf) O 565
Wi, WINORELFR—DANT MEH 2 D03, 588 ER L WA 5EAI12IE, &
FEHUEFE Y 7 R =225 SSB B — 7 O SR [ OFEE Ik AF L CE(LT 5, Fig. 1
IZ1E, Ala & Ser DI VR = IVRFBEDE ST FHES 7 FE— 2125 L Caiih )k X OUE
WESH(—)YMIZBLAL 2 —IR D SSB IOV T 2 FLEHEEE 0 ZE i 2 BRI fRil | 2 i 2 720> o 72
LA A D)NCxT D, RiZTEHAOE— 7 EORY R(%) 2, A= Z AT L
Tray hL, 2O G, Ala(a-helix) & Y Ala(B-sheet) & Fb-~<"T. Ser (B—sheet) DL
BPNENZ ENRDND, TORRIL, 2 FEEM T 4 L LFIZEBNT, Ala 23ME(ET D a—helix
1 L OB-sheet (T SBLRABIZH D . — . Ser BFAET 2 B—sheet |RELMPIREBIZ & 5 =
LERELTEY, AROMREZFFT 2500 Th D, L EORKERNS, HS VT 4 L 2D
Wet JEIZF5U VT, a-helix (— Coiled-coil #if) AR L TV 5 Ala U v FHEIE, B-sheet
LTS Ser Vv FHEIKE U HELENICEM T 5 Z ERH LN, S BHIC,
ANMRIZE DX AT 7 AEFTRCHS L7 4 v AEFEAKPICRETHZ LICED PCB X
O BN CP-MAS A7 MVOMIBEAIR EOMHTFERE2MHE CERT DL LITkD,
Coiled-coil A& EIR D IEMRZh =23 @ < 72 2 BRI & LT, Coiled-coil 13 D JEIZ K 12346 F
V. X 5T, Coiled-coil HEDMIEMEL MDD Z LT XV IEMITE~O 5 ERIE N 5
T&E B0 L hEm LT,

[8&3C#] 1. Kameda et al., Z Naturforschung. C,, 60, 906 (2005). 2. Kameda et al., Int. J.
Biol. Macromol,. 44, 64 (2009). 3. Sezutsu et al., Biosci.Biotech. & Biochem., 71,2725 (2007).
4. Kameda et al., Anal. Bioanal. Chem., 387, 2895 (2007). 5. Kameda et al., Biosci. Biotech.
Biochem., 71, 1353 (2007). 6. Kameda et al., Comp. Biochem. Phys. B, 151, 221 (2008). 7.
Teramoto et al., Biosci. Biotech. Biochem,. 2, 3189 (2008).
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The processing mechanism of B.mori silk and its application

OYu Suzuki', J. T. Gerig2 and Tetsuo Asakura'

IDepartment of Biotechnology, Tokyo University of Agriculture and Technology, Japan
’Department of Chemistry, UC Santa Barbara, California, USA.

The fiber formation mechanism of silk fibroin in B. mori silkworm has been revealed via the
conformational change of the silk fibroin between before spinning (Silk I) and after spinning
(Silk II). Especially, Silk I was repeated type II B-turn structure in aqueous solution which is a
key structure for producing the silk fiber with extremely high strength. In order to mimic this
Silk I structure, fluorinated alcohols have been used as solvent because regenerated silk
fibroin in the concentrated aqueous solution takes only random coil structure and loose-helical
structure like Silk I has been observed in the fluorinated alcohols. In this presentation, we will
study the solution structure of the sequential peptide which is a model for the crystalline part
of B. mori silk fibroin, in the fluorinated alcohols such as hexafluoroisopropanol and
hexafluoroacetone by solution NMR. The solute-solvent interactions are also examined by
'"H-""F intermolecular NOE.

=)

FEMIL, BIERNTIIKEIR E UTHETET D25, B ORKHE AR & 1% C @i 72
WL 70D, ZOXA T I v 7 MO E T, 2L LTRY 4 7 1A v ONLIRREE
DB LT, bbb END, TDODH, Z OFHEACEERE 2 BfE+ 2 72 012iE, 1
HALRTR O 7 « 7 0 A OSNEEE ORI R AR T o7z, Fx i, PC/PN AL
L7 MES° REDOR, 2D A V' UL 7 & O FEE A NMR 5% 2 555 LT, fkiE(b
ATOREE TdH 5 Silk [T X A 7 MNAIOB-turn DV K LIEETH D Z & 25T
LC&E7, | E7a. ZOMHHERTOR RGN D A X — F L, HRENEOE4H
BT LD X7 L N\OT R WHMOB XX DM S 22T 2 WL
& (Silk 1D 1ZiE, o T[EfEE O B 72 2 2 FiEE O AT B-sheet i & WP H3 A 72 B-turn
HEEDIRIERL L 720 | EOREE A MBE & 72D Z E B O oz,

ZNHOWEN G, Silk 1 OREED =58 E OO TR THETHDH Z &
MIRINTE T, FERE, A BN & R E D 30%FEMAKERILT % L
BETHY | ZOHERRIMD TV, —FH, BRPLINAY v 7 AEIEL T
%7 v FRIERE, HFIP ° HFA ([ZIAfR9 5 L 55025 HAMBRIIRAROMEAR & R
FEDIFmEEAT D, CF T, ABFSETIZ. HFIP & HFA OB T T L2
TF ROMEE L T F N R OFE AAEH ORI Z A NMR 12 X0 BFTL 7z,

FaAE - WL - T AT F R
OFTFTxDyH, Var - F—Uv7, HESHTHE
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FIHERE BT T /L7 F F(AGSGAG),-NH, 1% Pi Proteomics £f:(Huntsville, AL)7>
SEEA L7z, AL HFIP-d,((CF5),CDOH) & HFA-3H,0 % f\ 72, NMR J#|%E % Varian
INOVA 500MHz, H/F probe % f\ >, 25°C, 7T RIRE 30mM TITo 7, EERE
D7=%. TOCSY, NOESY, ROESY JIE#1T\ . f#HTIEX SPARKY, 7T H X DYANA
FHWE, RPSF R—7 ok T v a— LB oM E/ERENTIX. '"H-"F intermolecular
NOE JIE Z 1T\, 22 =R FfR X (onr) & 3K 6D 7=, JLH % $X1 T bipolar double stimulated echo
pulsed field gradient HIEIZ LV KDz,

[#E2R - &%)

HFIP, HFA O E L5 DOEBTTEH, 1ZIEFEERIC
P72V Han(, i+1), Han(, i+1)0D 7 7 2 & — 27 23811
i, (AGSGAG), X, wHEIREVWHLOD, ¥
—vEELay T NaEEEERL WD 2k
AR &tz (Figure 1), HFIP O 5H3, A LIFOY= .
HETHo 7, A B

Fo. XTF K—7 oAb T v a— )V BAERfENT
Tl&, 'H-"FNOE Z~X7 FLITEBWT, _7F N
DT RTHOE—27 N HFIP P TIERYT 4 7 Th
DIt L, HFA R TIEXR AT 1 7 To - 7=(Figure

Figure 1: Superimposed ten structures
of (AGSGAG) in HFIP (A) and seven
structures of (AGSGAG), in HFA (B)
consistent with the available intra-
molecular 'H-"H NOE/ROEs data

2), CIRBEOREERCSY RS OS2 LI AR
TARTF R = RN R B 2 M AR 3 72
WA DR FERRRR I G eae 7K, 'H-"F NOE A%
7 RVInBR O T E M Eows & T % & HFIP |X
Geale & Gobs VAR DIETdH o7, —J. HFA Tl
Geale WIEIETRTO 'H TRYT 4 7HDITH L,
Oobs [T XTCRHT 4 7 THY, ~XFF K—HFA 7y
T OFEFE EAEH 23 RIB S 72, HFA FRATRD S
TERE S T= FAERRSR O )58 1L, HFIP #RIAHR O
60%FEETH Y, BT 1+ 7 v A v OURIEAEEDE
Nz, I & OFEEAEH D88 S B4R OWE
B E G2 TWb EEZLND,

[EE] ARRTZRIE— 80, B R e H T e B v &
— A )= a AN EREO BT S CERR 20-22 4RFE)
7o & ONC BRI JE 28 HEARRTZE S (AR 18-22 4R ) 1 K » TH T

ey | ey By S |

——

ni,
(55 30#k]

1. T. Asakura et al, Macromolecules 38 739 (2005) Figure 2: Low field "H-"°F intermolecular
. NOE spectra of (AGSGAG); in HFIP (A)
2. M. Moriya et al, Polymer 49 952 (2008) and in HFA (B). Upper spectrum in each
3. T.Asakura et al, J. Am. Chem. Soc. 124 8794 (2002) set is the observed 1D "H spectrum and
. lower spectrum is the H-"F NOE
4. S.W. Ha et al, Biomacromolecules 7 18 (2006) spectrum at a mixing time of 500ms for
5. C. Chatterjee et al, Biochemistry 45 14665 (2006) HFIP system and 300ms for HFA

system, respectively.

— 251 —



P046 mUWERREEEEZR T S8 L LIROERK & NIRFEE#R AT
O FE", 4 B, AT, Hlats
VET KRG - T
KB - EaEE

Production and NMR analysis of silk-like proteins containing the cell
adhesive sequence

OAi YOSHIDA', Masakatsu KAMIYA?, Makoto DEMURA?, and Tetsuo ASAKURA'
IDepartment of Biotechnology, Tokyo University of Agriculture and Technology.

’Graduate School of Advanced Life Science, Hokkaido University.

Basic cellular events such as cell adhesion and cell migration depend heavily on the ligand
recognition exercised by integrins through a RGD tripeptide sequence of the ligand. Silk-like
proteins which consist of alternative sequences of main sequences from Antheraea perni silk
fibroin and the sequence TGRGDSPA in fibronectin with high cell adhesion ability were
produced by E.coli. To determine specificity and affinity of RGD motif-containing
integrin-ligands, structural environment of the motif is also important. In order to develop a
structural plat form for design of silk-based biomaterials, solution state and solid state NMR
analysis of the model peptides containing both silk fibroin sequences and TGRGDSPA were
performed. Also, production of the 3¢, N-uniform labeled silk-like protein is continuously
advanced to make comparative study between conformations and function of these proteins.

(=51
%@@%%%%%’%mf%%ﬁ%f%é%yfﬁjy/)ﬁyF%A®y<
Arg-Gly-Asp (RGD) BLFIZ L » TRl s D, Z DU 'y Rk DR B & msi Fnfk
UH Yy RO—REFNTZT T, MEREICODERT D, @mWVHEEMEZFT L o8
JBETHD, 747 0RTF TR, 2 IRV DIFET DL —TDE S Lk
EIC K ST RET AT 70 OB ADRI D ELRD Z LG EINT
WA 1], £72. A>T 7V o OFIEIZA Y CREDES OREE B & ek 95 2 &
T Ty X aA=ARE LTENTZATT K& de novosk it T 5 A HiTHOIL TV D [210
Tz 13, A0 TREE A MRE A ME B, SV T2 RS/ % v RV ED
WHECH] & BEREMERCA 2 fL A G D Z & T, MORENER E2 B & LRk »o)
7 DGt - APEEATH>TET[3], —JF, WEO—FETH DA perniDfF7 4 70 A
VNET T = 8 ERGDELY 2 L, MIasEE R m W ERM LTV S [4],
AElL 2T 7 =SB KO 7 e k7 F B RORGDES, KA
meEBNT T BFEEDRA U N D 7 E I UFRESHELY 2B A LRk Z o
7B DG ATV, R R R ORI A BN L LT, ABER T, ET AT
F K% HWCTpHZERIZ K 5 ARELSIES 7 OREEZE AL 2SREDALH | OAEIEER BRI & D L 9 7¢
WL B2 DOMITHONT, BRI L OERNRE VTG L7,

Silk fibroin, RGD, Peptide and Protein

O LLEDV, DARLEIND, ThbhbEI L, HEIHLTHOEB
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[25k]
L BT AT F KOG E TR & OMERNVRIE & A7
HRARTT B b NSLE RN T T F EO ARz Fmoce EFIIEIC TIT - 72,
Table 1. Several model peptides synthesized by solid-phase method.

(a) EE(A),,EETGRGDSPAEE(A),,EE A. perni silk fibroin + RGD
(b) AGS(GAGAGS),GGTGRGDSPAGG(GAGAGS),GAG B.mori silk fibroin + RGD
(¢)  (TSTGRGDSPAS) (RGD);

NTF R (a) 122V T, H,0F 721ED,05 TCDE L OVRIRNMRINE 21T - 72, A % il
T 572012, XTF Kb), ()IZOWTHIEEROBEZIT > 72, pHFHFEIINaOHD AT
1TV, FTE OpHIZFHEA% . BRASRLM: U 7250k 2 [E ANMRE) E (2 VN 7=, CDJIE 13 JASCO
J-805. EIENMRIZE IXJEOL ECA-400 % 7= 1ZBrucker DRX500. [EANMRIE|E 1ZBrucker
AVANCE-400% FVNCAT o 7=,

2. %ﬁ’/iﬂ?fﬁ’ﬁ%&//\y T DFRET & EPE

AR F R (a) DEIEIZEEDN T, xﬁ%ﬁﬁﬁﬁ%& NI
7 B ODNABLHI 2 3% 5 L. KIGE IS L 2 58 % it
HTW5, E2A12E2FN(5); [EE (A) ,EETGRGDSPA]

[ 5R & &%) = _40 L
pHZALAZRE 5 GLuZ% FLAH S D ff AR RE D LAY 190 200 220 240 250
RIA T Tr—A L0 AladlGHHAL O _ A (rm)
KX BT D 2 L RNBAINSG, RTFR@O LB e oy
%pH BT HCDARY kL aFigure LWIR LTz, 222 Ca Ala CB

nmk208 nmifT < \THR/MEZ RO Z LD, pH3. 633K A pernisilk '
Upl5. 2Tl a -hel ix R ETH D 2 L BN 5., ”’M
L LpHA ER B Iz 50T, LW crandom coilt i
HEOEIESINT 5. proe

—J5. XTF R (a) ZpH3. 03 L OpH10. 612 FHH& 1% . i
BRSSO BC CP/MAS A7 kL% Figure '
20T Uiz, HEERAFMED @ ALa C, 1kpH3. 0TI P SM

15. 1ppm, pH10. 6 TiX15. 9ppmiZl B'—27 Z R~ L, C B &

VCIHFL AL LAY, o T, BERETEY o 0 0 Ths
TG CIuISHOAFBERIEIC L 59, Alalt8HBALIT o

. . - o Figure 2. *C CP/MAS NMR spectra
—hehxﬁ%f’é%ﬁf’) e 75)63\73)50 of A. perni silk fibroin and model

A%, RGDEML D JFFMEEIZ DWW C O 2 s, f§  peptide ().
HE & OB DOV TR 72 ZREDEIEER L 2 FF O X7 F K (b) () LI T 2 TETH
5. FTo. HBfEEE S N7 B ONMRIE ST 3 L Ve o FEfbic K 2 EHE A B 5
T, . ABFGEIE 8D, R E PR e I v ¥ — A ) = g A SRR S e
¥ (TR20-224EE) 72 b ONCRVERIZE R FBRZE S (CERRIS-224E) 12 X » CTiFbiiz,

(2% 3Cik]
[1]  Carr, P.A,, et al., Structure, 1997. 5(7): p. 949-959.
[2] DiCara, D., et al., J. Biol. Chem., 2007. 282(13): p. 9657-9665.
[3] Mingying, Y., et al., J. Biomed. Mater. Res., 2008. 84(2): p.353-363.
[4] Minoura, N, et al., Biochem. Bioph. Res. Co., 1995.208(2): p. 511-516.
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A characterization of the molecular interaction of a gelation agent for oil,
dextrin palmitate

OToshio Nagashimal, Takanao Suzukiz, Hideaki Koikez, Daisuke Tsukiokaz,

Takanori Kigawa1’3, Shigeyuki Yokoyamal’4, Fumiaki Hayashi'

'RIKEN SSBC, *Chiba Flour Milling Co.,LTD., 31nterdisciplinary Graduate School of Science
and Engineer, Tokyo Institute of Technology, *Graduate School of Science, University of Tokyo

To investigate the molecular property of a gelation agent for oil, dextrin palmitate (DP),
which is used as a base material in cosmetic products and medicines, we applied solid-state
NMR to the various state of DP. We observed two kinds of peaks from alkyl chain of
palmitate in gel and solid NMR spectra and furthermore the temperature-dependent migration
between the peaks. Additionally, this dependence was similar to that of DP gel hardness.
However, this temperature-dependent manner did not appear on the peaks from dextrin main
chain. These results suggest the gel formation is induced by the crystallization and/or the
re-orientation of the alkyl chain of palmitate. We will discuss the roll of the alkyl chain and
hydroxyl group of DP on gel formation in more detail by NMR.

(] 2L F Ui T AR (DPIE, 27 v
{EFILL T, FLIRL 7 — L7 8 DALNE S D22 iEAL, O(COR
SO O] B AR OFE Sh LN Bk 4y

Wz EALIZ WS TS, DPIZT 7 A K
SR TRLNZ TR AN AT AT Ui BT H ——0_ H
AREIESHELNTZHDOT, Z/hva—A0ED

WL TR RSB D AT AL Z 5, A EIEiR :

RHAROZ7 AICIE B L, SRR OREER AT 5 O(COR H

=X REHLNCTHIEE BIILTWS, AT S
FAZIZT AT LD~ R o 27 AR DI ALH H O(CO)R—"

BRI R THDHD, DPIZLDT NALD AT =K I Fig 1. Structure of dextrin palmitate, in
IZohr> TR, ARBFZFE Tl DPE] D4y 548 which R is alkyl chain (C15).
HAFHZEAENMRE FIVTHHNNC LT,

[228r] A [EIHVZDPIZT AT VBB 2R E OB DT, 7L a—Z EICEH 10K
BRILS RS TRY T BITISKRE THD, £, 10¥DPOIREN ST 7 4 AR,

T, T X AN IR AT V| fEs b

OZRMLFEELB, T &R B. ZDTOTHE DEBDTENTIT, ENDIZn0b,
FIRFELTDE TPLSHbHE
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W NVETERLLTZ, 2D B 7 aa AV AT K PEZE LS RO WIERIREZ > C
V=, JEOL ECA-700 NMR&Doty 4mm MAS7 m—7 | 3L TEOL CMX-400 NMR&
Chemagnetics 4mm MAS7 2 —7"Z FWCTEIR, 7L, IR DPC NMRJEIEZIT-72, IR
BLOVT AV OREIZIL, PCTFER O NHEEHE ZMASE—Z —NIZ ANV T To 70, E7e
Varian Inova 600 NMR%Z HWCTIEKR ORIEEZITV, 7 F A ERELIZ,

[fERE#E22] Fig2lR T 8910, 4~5kHzMASIZEACP/MAS NMRARZ LTl 7L
PICKREICE ENDHREN T 74 DIE B D EFHIT/NEL IV EBH R TT L /LS4 5E
DEERL LT — o Z LB e bhyo T, FT-. RIC M CHIE L7Z2%DPE 7 /L A
HKDOCP/MAS NMRAZ ML BT BN EZ R DHERIT/R T2, ZIHDFRERNG, 7Lk
REIZHDDPITH RITITVIRREIZH D B 2 HID, TR D ARV EF B2 C4-C13D
AF L UAHD TN ARRES > 7 WU Tl 5 D3 BT, C1412CA-CL3IZE > THRAT T& 72
WA, AR 7 MET VR V8D Cl5, C16TH Abid, TV FLEHAHTRDC2,
C3ITIXZD IR BARE IR AT MV IS b e o T, KRS 7 ML T4 32ppm it
DONEIRD T F T NS RIZLO AT ZV ORI E#EIZBERL TWDEE 2
HiLd,

WA AN T AR VIR G LT R CIRERIFIEEC NMRARZ L& VWGl
~_7=(Figd), 4~66"COM TIXT F AN HIEIZIEI KR E IR AT VAL b7
PN, TV OVEH I CIRE B LR
30ppm UL DAF 5 238 KL | 32ppm T
DT F IR LT, ATCRRE E
TEALL TW Z O3 R 1%, G s )
TENZR DT VIR ERE DRER LS —
T, LT2R-> T, ZFVIREDZEALIZIX
TR VB OIRIEEAL B L TV D
LHEEREND, EBLDOYV TN
Th. 1+4372CP/MAS NMRAZRL3
BN TETCWAOT, EbLL 1 iEH) 50 20 30 20 10 0

BHIRSNITRIETH DL E LN, .
S 2~ 3210 NEEPRRN Fig 2. °C CP/MAS NMR spectra of alkyl chain region of
NMRTZOLIICAE 2l —a /@@J DP in state of solution, gel, and powder at room

TAHERELIIT IV VB BEH 0L temperature. Astarisks indicate spinning side band, and the
EREREEZ 2B, ZHETOHRED numbers on peaks correspond to carbon on alkyl chain.

5 32ppm A3 dm IR #& T 30ppm A3 I d
WRBEHEE TE B[], v D~y A
W2 Db DD EHENLT — 21350
NWTWRWEDD | 7 ¥ AN DK
FoKFEREA TIEL, CALIBED T Vv
F L OFE AL~ N v 7 AT Rk
BB Z R CnbEEZ D,

[1] Kitamaru, R et al., Macromolecules, 1986, 19,
636.

Solution

amorphous

50 40 30 20 10 0

Fig 3. Temperature dependence of >C NMR spectra of
alkyl chain region of DP powder under MAS.
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Change of interaction in cytoplasmic surface region of ppR with pHtrll in
the complex formation as studied by solid-state NMR under photo
illumination

Takahiro Kondo 1, Izuru Kawamura 1, Takudo Nisio 1, Naoki Kamo 2, Akira Naito '

'Graduate School of Engineering, Yokohama National University:College of Pharmaceutical
*Sciences, Matsuyama University

Pharaonis phoborhodopsin (ppR) is a negative phototaxis receptor from Natronomonas
pharaonis and forms a complex with its cognate transducer pHtrll. To understand molecular
mechanism of negative phototaxis, it is important to observe the interactional changes of ppR
with pHtrll during complex formation and photo activation processes. In this study,
interaction of ppR with pHtrIl in the cytoplasmic side was examined using solid-state NMR
under photo illumination. [1-"C] Ser and [3-"°C] Ala-labeled ppR and there complexes with
pHtrlI(1-159) were prepared to investigate the interaction between ppR and pHtrll. As a result
we observed changes of NMR signal intensity which was related to the interactional changes
of cytoplasmic rigion with pHtrll. We will discuss these spectral changes to understand the
molecular mechanism of the signal transfer in the process of negative phototaxis.

ML

Pharaonis phoborhodopsin (ppR)V & FEEAFHEAT T /v 1 U M AR T D& v o3

BT, TROEB B —~V v I ANORDLVFFT—=NE U RIETHDL, £,
phamonzs Halobacterial transducer 11 (pHtrll) 8 AR Z TR 5 2 & THIRENADE
HEE RO ONZ R LD, 2 LT, ZORBFBEDRA N = AL LIRS 57
DITIX, ppRBNZ T TR ORI E R T & > 37 EFE AAEH OZ b 2 83 5
ZENHEETH D,

Z ZCARMIE TR ER TOM B EMELZR o700t 7 -7 LT
AR R EEBALIZ RTE LT D Ser & & XV E2IRIC S < FFAET D AlaZ RN IRFER
L72[1-PC]Ser. [3-PClAlatEi#ippR & F U, FEal AL OO S FR I [ (A C NMRIBIE 21T -
oo FTZZORER, DT 720 HppR & pHullOH BAEHICEE D A NMRIE 52 L2 8l
HT&EZ, ZOMREN TOMEAIEMEL) BEFASEREIC OV TEET D,

Solid-state NMR, membrane protein, Solid-state NMR under photo illumination

OZAEITENOA, bbb WnT 5, ITLBE), PbRBE, 20nEHIbE
5
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EER TR

%imwmtx%//&a%ﬁ77x\L%%Abtk%-%m%mfmﬁb
[1-*C]Ser CRIfZ A5 L 7-ppREZ FHL S ¥ 7=, F =B ERpHUI- 2 F 20 & 7565
TITAI REBANLT KGR ZLBE TR #E T2 2 & T, AR pHuII(1-159) % FE 8l
ST, FEBLE I 7oppR & pHurlllFam DAy BEIC K 0 S L, 8 &I K - TR,
MNmﬁﬁAuié%%%ﬁoto%ﬁ&yﬂagwﬁﬁmﬁwmxﬁakwk
SDS-PAGE#% iV 7=, ¥KIZEggPCIZppR : pHtrll : EggPC=1 : 1 : 500 F /L L THEAE
L7oakt 2 3RE L, %m%ﬁNMMWﬁ%wM@ﬂmfm@LI%mﬁﬂﬁpmbf
PR L7, PC NMROJE X HILIE i 5% % 398. 1MHz,  PCH:8 & 3 %% % 100.1MHz,
BIEEE 2 20°CICRRE L, HIERE 217 L S8 D820 (CP), BLRERZ I o AA 1
FHAHAEH %ﬁ%fﬂ“éwﬁ%vﬁ v 77 (DD) KON Ak 7 PR AHEET
HMASE(AkHz) Z /LB ot CTofiRie & ) E S 872 NMREEVE ~D RS 7 e —
TDOEFMORT 7 AN—%FHAL, K7 7 A N—T7 %% LIZ3BHE O B R
L7z, ZOHEZLY @B CONBKN A RICR 70, 2 OEEZ HWT
B NES IR RE & BES IR AE T, Z IV ZEUNMRMIE 21T - 72, BIIEG IR RE Tl trisoE s 7
S LA —T450~600nm D J Z ppRIZIRST3- 2 = & THIGEME(LIRRE (MAPREIAK) % it
L7z,

R R =

Fig. 112 [3-"C]Ala-ppR/pHtrIIODD-MAS "C NMR A7 kL&t 72, FNAppRO
FNE 2R AL & A CRIRFEIRIZ IR SN TV AR TH 5, ZOfE, Stz st
T 25 Z & COCRIREIROE FIMENH 2 TWD DT, O OEEED EA3> T
DT ENRIEE T,

LIRS AFIE S CIOEREE SRR B IC XIS T A DISNTHIE L7z & 2 A,CREGD
SEE RN 5 2 & 2B L 7=, & SI1CpHuIIE O EAER AT 5 2 L 234y
o Tz RFEBR T, EBOLRE 2170 M RBEBHIE CE /2B X 55D T,
PPRITITEMEAL IR HE (MEPF'HWK)T & pHUrll & OFH A AE AR R AL BV TIF &
D2 ENRBEI NI, 2O LVFF— L OJCEMEITHE D ppR & pHEIL & OFEAAEHZ AL
BppROEBAZTED A = R AD— 3 E > TND EEZ BN5,

Fig.l [3 13C]Ala ppR/thrH DD MAS 13C NMR spectra
C-terminal tip region (in circle) , Left : Dark state , Right : Light state

27 3CHR
(1) LKawamura et al. Photochem. Photobiol. (2008) 84,921-930.
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Analyses of amyloid fibrillation mechanism and its inhibition effect of hCT
as studied by "C solid-state NMR and TEM

OHikari Watanabe(ltoh)l, Miya Kamihira?, Masasi Konndou®, Michio Sato®, Masamichi
Nakakoshi’, and Akira Naito'

! Gradute School of Engineering, Yokohama National University

?Institute of Multidisciplinary Research Tohoku University

3 Instrumental Analysis Center, Yokohama National University

Human calcitonin (hCT) is known as forming amyloid fibril in concentrated aqueous solution.
We have shown that the fibrillation mechanism of hCT can be analyzed by the two step
autocatalytic reaction mechanism. In this study, we investigated inhibition effect in the
fibrillation of hCT. First, we investigated inhibition effect on a variety of solvent in fibrillation.
The morphology of hCT in the initial step of fibrillation in HEPES aqueous solution was
examined by means of TEM. It was revealed that the fibrillation rate became very slow and
consequently spherical intermediate appeared. In addition, ’C NMR experiments were
performed on the fibrillations of hCT mutants in HEPES aqueous solution. The *C NMR
signals showed that structural transition of hCT mutants from random coil to -sheet and
random coil near C-terminal regions appeared during fibrillation. These results suggest that
HEPES aqueous solution pronouncedly inhibit the fibrillation in case of hCT mutant.

7 aA NEHEERIZT VYA = — iR —F Y VR ETHL AT I 1
A FIBOEENRFRINE SNTEY | & ORRHE A ORRMET Rl L2 A% % fiR i 3
5 EIE, MM 2 2 7R (7 I v A KR OREES TIEDR%E
DFERMNVIIRD, T IaA TSR ZERE T, WEME KT 5720, Xk
[EIHFTVERTEIENMR 2 VW D 2 &3l S 720, Ko T Fhkx 137 2 v A RfMEICR LT
BE{ANMRZ 4% 2 & T, SRHEREGE TR 2 3 A ot 2R LT & 7,

AREBRCHEATL2E b ALY b= (hCT) (X FHHIRIE, Pagethi K DR BV T A
MIEDIREIE L L TURMEH STV TF RTh o=, KEKT TESIZT 2
0 A RERRMEZTER T D 2 ENHER SN0, BRI E L TEHA SN2 2> T
Do ZAVE TORER, hCTITEZIE AGEFE & BRHER R TR D2B:FE B O AR IS BEAE Tt
HEFER 5 2 & i LTz,

BE{ANMR, 7 2 2o RE, 7 I oA RERHERH S

Oblx (e D) UMD, DAODLARL, ZAEIESL, &EHAHBE, Ieh
ZLESAHAL, BnEobhEs

— 258 —



AWFIECTlE, W K DRI E 2D R &L BHEDIEER - L 725 7 XV BROF
ET D728, hCTZ BARIZ K D BRHET AR B E A (2D T [ERNMR &2 F W CHEfT L,
WgE L7,

[9282] Wt-hCT + hCTZ B4R (FI9L-hCT & F16L-hCT) (%, Fmock:Z i A L 7= BCrEak
L7727 2 7 BERWT, BB X 0 EFEREITV., BifRH#E, WFEHPLCIC L Y A&
WL, HOREZHS7, I, hCTERE(E (FI9L-hCT & F16L-hCT) (%, 20mM Y
VIERRER (pH7.4) 12, 15mM EEEE/KIEHR (pH3.3) (Z¥ A L., Wt-hCT & F19L-hCT
%, 20mM HEPES/KIEWK (pHS5.3) (¥ 2 & TRAMEIZRR 2 BtA L. & ORI
Z B ANMR L OTEMIZ L 0 #llE L7z, EARNMRAIE Tl €/ ~—5 OBLINIZ90
FEHEE SV A W TR AT v 7 ) 7OV AR CE BT 2 DD-MAS
HEE AV, BHERR S OB AL T 7 ) 7 BB G b -CP-MASTE %
W, R CREHIR L, R BICHRHEZ EGEBER 2 JIE LT,

(K53 & B%]

1. FECPAMEEIC X 2 MRk OBl %2
hCT DFHEERITO (£ ~—NI v L EFER L, 0 i3 i#iEing
ZHZ L., B-sheet DR DA KT 2ifR) & QR E (BiEOKICE ) ~—
DEAL, BHESPE LTI OFEEMA D 2 B E O Al SOSEAE
(Fig.1) TR Z5Z &2FHAax DOMETITREL T\ 5,

‘-""’.‘
m‘,? e
f"‘ ) < ks 1 11 I_
2z < T == -""f:j
monomer micelle nucleus fibril

Fig.1 The mechanism of fibrillation

Z DORHET S IZ B T hCT D2 oikEE
IR HERR CX 2 L ) RIBBL 2 HIET D720, kRx 7ol Fig.2 Wt-hCT image
ﬁ’({f}ﬁﬁ'@ﬂj R LT, ZORE, ;’f,%&&,ﬂ: DDA in the initial step of fibrillation
EE_CRBOWERRR KA (pH3.3) L0 b, S 5ICHME(L  in HEPES aqueous solution
73\ HEPES /KA (pH5.3) ZEIEICIE LT, T 0 HEPES /KIEHE T OMHELIC
BWT, FEMNEFBHMEE (TEM) 243252 & T, Wt-hCT OHfE (%) B &
OVPREAR (B2) 2 DRRHEDM ROV CRE T 28 238Ul S 7=, Fig2 Tl —mickk~
pRE SOEROFEA (B%). (B 10.8[nm]~40.3[nm]) NEEAFEL Tz, =
MUCEY | xR REIDOIBANFRE () ICEEEBRLZEZ LEE2 0N
Do

2. FRHEDORE ISR
FNFEN DT T Wt-hCT O#EHEL & hCT ZBEARDOREMEL 21TV, DD-MAS &
K ONCP-MASJEIC L W BIER LT-F /) ~—F L UOWMR#ED k& s ¥ 2 Table 1 12777,
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Table 1. °C chemical shifts of hCT and its mutants (ppm from TMS) and their assignments

Sample Gly10 C=0 Ala26 CH;

Condition: pH3.3 (FFE%)

hCT Monomer(a) 171.8 (a-helix) 16.9 (random coil)

Fibril(b) 169.9 (B-sheet) 19.3 (B-sheet), 21.3 (B-sheet)
FI9L-hCT Monomer(a) 171.9 (o-helix) 16.9 (random coil)

Fibril(b) 170.0 (B-sheet) 19.1 (B-sheet), 17.0 (random coil)
F16L-hCT Monomer(a) 171.9 (a-helix) 16.9 (random coil)

Fibril(b) 169.6 (B-sheet), 170.6 (random coil)  19.3 (B-sheet), 18.0 (random coil)

Condition: pH5.3 (HEPES)

FI9L-hCT Monomer(a)
Fibril(b)

171.8 (o-helix)
169.6 (B-sheet)

16.9 (random coil)
19.1 (B-sheet), 17.0 (random coil)

Condition: pH7.4 (U »f&)

hCT Monomer(a)
F19L-hCT Monomer(a)
F16L-hCT Monomer(a)

171.8 (o-helix)
171.8 (a-helix)
171.8 (o-helix)

16.9 (random coil)
16.9 (random coil)
16.9 (random coil)

(a) DD-MAS, (b) CP-MAS

E )~ T, RO BARIZBAfR 72 < XTI TF RO 4y 7 I Tl o -helix %
&, C KTl random coil #iEZ R LTz, Zhik, BHETERRTORTF Kok
RBRITBECE FR OB B 22T, F—OMEZIR->TWD Z LR 5d, R
(2. pH3.3 FThCT ZH{K (FI9L-hCT, F16L-hCT) @ C K% random coil &5 &
BRHMEILF£ 1T B-sheet M1 & random coil HiE DIRIEIRAE~ L HEEZLDNIE Z o 72,
Wt-hCT & Hid % &, AHFRZ —DKD Z & THE L,

BNZE O INOBRERTERL LT L B 2 DD, CP-MAS
F7-. FIOL-hCT 28T, pH3.3 F& pHS.3 F&Lb#d
10hr  usfgiind
Bé, MG EOBIITA SN T2D T, EHIZE 5T ;wwmhw
EENENT DO TIT RN ERH LIRS T, 3 -sheet
27hr WW

3. FRAEIE B 2 5\ C O i AR AT

hCT OFFHERBIE RS B S SOS S (Fig.1) %%
W2 U CTHRNT Lo, BRSO & BRHERR R SO 23 B 72 2 S
BREICR W T BSOS OBE EE k. & RRMERRE SOG

54hr

D E T &y ZIRIE LTz,

hCT ZFAK (FI9L-hCT) (23BN Tid, HfEk R ORI
m_ﬁabtoiﬁ‘awm5®NMRx&&bwﬁ%
(Fig.3) 13#RHEDS B-sheet TH D Z L A7R LTz, Z OfHER
FEomEERvE7 ey 325 (Figd) &, —ERf%, M
HERR Y DR LR T 2 L h | B A ORISR
TRAHEIL SR Z 5 Z L N To, T ORERS T RUGHE FEfR
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112hr

I

200 PPM 150
Fig.3 C NMR sprctra of
[1-°C]Gly'" F19L-hCT
at CP-MAS in the time

course of fibril formation
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Table 2 Kinetics parameters for fibril formation of Wt-hCT, F19L-hCT and F16L-hCT

pH 7.4 pH3.3
ki [s] ko[s'M™] ki[s'] ko[s'M']
Wt-hCT 2.79x10°° 2.29 3.28x10° 2.04x107
F19L-hCT 7.41x107 2.90x10 1.27x10°° 1.58x10
F16L-hCT 1.52x10° 1.03x107 1.85x10° 6.14x10™

Table 2 X W Wt-hCT & Lbifs L C, hCT ZREKD

ki Tl 1EEEHTH 2 DIK L, ko 1A I

PRI C 100 £, BRPEATAIEN TR0 4 B, AN o Lt

SRY | RHRERGAES 7257z, ZIUCE g o1 0

0| AR EBIC SR T X BAHEN RS § ?

BUET L ARRE N, EOBEE LT FIOL, 5 o Y

FI6L-hCT Tid, ~ > ¥ Bl £ non stacking (B 8 03

APERRILAER) #5157 <80 | psheet it~ 11 /%

T B REALT RN F =N T BT KE A I

BHEEODRAB DI L EZ BhD, T ey
Fig.4 Time course of *C NMR signal

4. WEBET T BEERIE intensity at CP-MAS [1-*CIGIv"

Wt-hCT OFFHE(LIZIN T, WEIC X D BE R ARG L, BAC, B BEisss
IZCH CIRED T T, BER/KEIK T COMME L & HEPES ZKIAHK T CORME L A Bl42
U7z, FVVERHE DS TERR S VAR T- 5[] 2 i+ 2 & BERR/KIAIR Cid 2 A H CThEsR
7= Z &izxt L, HEPES KIEH Cix 7 MR CHER L7=, ZDZ &6, HEPES K%
ISR E TLE LT, JUSEEDMKEICEL oot B2 b D,

WIZ, hCT Z AR (FI9L-hCT) OFEHELIZIS N T HIREEIT X 5 HE R & fFtd
B2, [FEEe FEBR 2 A 72, [ER NMR & T, SRMEFE sRad e & & IS L
7m0 RRHERR Y Z2T7E T 5 CP-MAS 1D NMR 222k JUE SR Lk 7= i 4 L
95 & | BERE/KIANR Tl Fig.3 TR9 X 2 ISHRHEZ RS BRME(L B AR 27 IR CRfER
ST, ZAUTXE L, HEPES KEK Tl 11 H#IZ CP-MAS @ NMR A7 hUfF
BEMRTHZ N TE I, LLEDS  W-hCT 7217 Tid 72 < . hCT £ 2K T HEPES
IRV IARAMETE SR SR 03 o D 2 & AV L7z,

[#5%] B By b= 2BV T F19 B X OFI6 138 HE A 2 E(b T 5 72, BRHERk
R RET 2 2 BN 00 o T, R E LE T 28 4 Rt L7245 5. HEPES
VIR ORAHETE R L E R R A 9 2 L Ny o 72, T D HEPES A2 W T, BHEE
FOEFE Z B L7 & 2 AERRO T RHEDEENH b s 572,
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Analysis of the interaction between tea catechins and phospholipid
membranes as determined by NMR spectroscopy

(OYoshinori Uekusa', Miya Kamihira', Osamu Sugimotol, Ken-ichi Tanjil, Kozo Nakamura,
Takeshi Ishii', Shigenori Kumazawa', Akira Naito®, and Tsutomu Nakayama1

'Department of Food and Nutritional Sciences, University of Shizuoka

*Department of Bioscience and Biotechnology, Shinshu University

3Graduate School of Engineering, Yokohama National University

We have clarified that a beneficial green tea component, epicatechin gallate (ECg),
strongly interacts with the surface of phospholipid bilayers by solution and solid-state NMR
measurements. In this study, we examined the location of ECg in phospholipid membranes
using "°C labeled ECg (['*C]-ECg) and various NMR techniques. The results of 'H-">C
heteronuclear NOE experiments demonstrated that the carbonyl carbon of [*C]-ECg locates
near the phospholipid’s y protons. Using the *C—*'"P REDOR measurements, we determined
the accurate interatomic distance between the carbonyl carbon of [*C]-ECg and the
phosphorus of phospholipids to be 5.3 = 0.1 A. Furthermore, we also measured the distance
between the carbonyl carbon and the y carbons of phospholipids with/without ECg. These
results provide insights into the interaction mechanism of tea catechins with lipid membranes.

[Fim] KA T X IR 7o ) —VEHO—-FTH Y, FIELIERACHEER %
OAEFEREZ AT 25 Z LM E STV DD, BEBERELA 1 = X LADOFEIZ OV T
RIS LTV, T2 X2 O OABERE AT 2720100, H—BREE LTA
KIECHHIEE _EHE~DOMHEFERPEETHDH EEZXTEY ., WREOEEK NMR
ERHWCAT X L) VIREREE OMBERMIr 2D TE 7o, ZORER, Z O
HAERICBE ST 28008 E (W7 %488 B B8, galloyl &, U U EEST 1y D)
B L, E BT X DO —FLTH 5 epicatechin gallate (ECg) 1LV EENEH T
JEIERE F D D OREEB 21T > TWD Z E#BH LN Lz, AWFETIL, ¥ NMR
2 k% "H-"C EFEEZ NOE AHEHIE & R NMR & "C'P REDOR % HWC, €5
WU R (SA v, ZEEY RV —2 (MLV)) HiZEiF 5 ECg DFHAIERIC

*—U— K. 7%, BFEEZNOE, REDOR

0922 LLDY, DARVL A, TEBE B3I, AL TAnb,
mintet, ZHEI WL T L, <EEZb LD, ks HEL, nvE oLl
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EIE7 galloyl FEDFIENE Z L 0 HMICIRET 52 L2 B9 E LT,

[382)71k] ECg D H VR =)V % 2 ER
Mk ~ L L= [PCl-ECg ZALFARRIC L » T
&7, ZHE DMPC & DHPC THERK S5 8
A BEVIZEHMER ST, B NMR (JEOL
INM-0400) (2T "H-"C ELfEE% NOE 1 Bl & %
1T 720 £72.[°C]-ECg % DMPC 7> 5 % 5 MLV
INREER | 35 RS A I v S (SR DN SU )
HRSREERIC K W BRIC L7=%%. PC-'P REDOR
M E %17 > 72, REDOR #|E ¥ Chemagnetics
CMX infinity-400 NMR 73 Jtas % W T, xy-4
compensation pulse /%12 & - THIE L 7=,

[FER & £22] W NMR JIEDORER, U
HBE 5y 1 vy MLDKFENS T SIVENTH D
F%ng@gqugwﬁwﬁ:wﬁﬁmﬁ
L CHAEEZ NOE 23l <7 (Fig. 1) o
VUBEED O o KOV B {47J<,\
[°C]-ECg & OAHBIIZBIH SN noTz, 20
R, JEATHIZED NOESY HIEIC L V1S
NI BEAEREN OMR 250 XEL TR,
AT % REIL Y VR R AT & A AAVER
T5Z L EMAEL, E{K NMR o Pc'p
REDOR #iE 2B\ TiE, [PCl-ECg DA LR
:wmﬁ®mvﬁﬁﬂﬁ% IREL, ZOH
B AEHHMBIC T o v T 4 S ERET
[PCl-ECg ® T~ BC Jfl1 & U U IEES 1D
U VR L DAy BCSP TR R A
L7 (Fig.2) o Z ORI 5.3
0.1 A THo7-, & 477 NMR Fiaaics
W C 3 REDOR 51T & 2 J5U1- [ B oo ) &
%%ﬁ%bkﬁ\vﬁiRﬂmRﬂwlﬁﬂ

n C'P) SV AR A TEEE S *ﬁﬁ L=z &
T &0 K 2R - T EERE OB E TR LT,
oz, VVIRESDTO y Lk V) VT &
Doy NIR W% ECg 17/E T/ FE1F(E
el L=, FHEEHAOF I X 5N
%ﬁ?ﬁi&f‘%fi#ofzo ZOFERINS, BT

FE I A RIS T 1T & A0 AR 32 28, ﬁ
*%L ERELSE LN ERHLNIC

7,
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|
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Chemical shift [ppm]

Fig. 1. 3C NMR (A) and 'H-"3C heteronuclear NOE (B)
spectra of [3C]-ECg interacting with bicelles.
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UNREDOR REDOR
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*h 1 I
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Fig. 2. 1*C-%P REDOR spectra of ['*C]-ECg (C=0) in MLV
(MAS: 4000 Hz, NcTr: 10 ms) (A) and theoretical curve
fitting to the REDOR data (B). The asterisk mark is the
signal from phospholipids.

0
13
OH C o
o]
galloyl
H25C12 CIBHZI

<—> REDOR
Greeen heteronuclear NOE
Fig. 3. The schematic representation of correlations

between [*C]-ECg and phospholipid obtained by 'H-13C
heteronuclear NOE and 3C—3'P REDOR experiments.
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Structural analysis of H'-ATP synthase subunit c-ring by Solid-state NMR
and COMPASS method

OYasuto Todokoro', Kentaro Tanaka', Ikuko Yumen', Iku Iwasaki', Masatoshi Kobayashil,
Toshiharu Suzuki2’3, Masasuke Yoshida2’3, Toshimichi Fujiwaral, Hideo Akutsu'

IIPR, Osaka Univ., Japan, ZCRL, Tokyo Inst. of Tech., Japan, 34T, 'P-synthesis regulation
project, ICORP, JST, Japan

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 ¢ (TFyc)
consists of 72 amino acids, and forms an oligomeric ring, which acts as a proton motor. The
proton-transfer mechanism has not been resolved, because whole structure of c-ring is not
determined. Thus, we are trying to analyze the three dimensional structure of the TF,c-ring
reconstituted into liposomes for clarification of the proton-transfer mechanism. C* (90%), and
CO, NH (80%) signals could be sequentially assigned by COMPASS method using a series of
selectively labeled amino acids. The chemical shifts suggest that major parts of the TF,c-ring
in liposomes take on a-helices, similarly to the monomer structure in organic solution.

YO NLX—F ¥ U7 —Th DHATPIE, WD X — RO F LR 8H %2
B LTW5D, ZOATPEZAR L TWASDONATPEREEZ TH Y . BEEAYHTIZI b
Y RUTHEEIZ, N7 T U7 TIEMRBICFET D, ATPAREESR X, EERELZ N L
T2 AKFBOBZALFHIRT v VBRI LT, ADPE U VEENBATPZ AT 5, /N7
TUTTIE, Ella,B,y § ¢ EWIHISFEIMEDOY 7= M b7 HIERIEMDF,
& ab,cyy, &V O STEIEIEN 1T DY 7 = » b TRERR S U2 FENAENEF, 5> S RERR
S, 7 2=y FadEHEEE > Tringti&E 2R L T 5, ARBFFETIE. 4FEVE
PS3H RATPA ikl 32F, DY 7' =+ b cring (L FTF,cring) (Z{EH L7z, cring
. AR L > CringtE 2k 54 ) I~—0N R 50, 7'a b Uigklc
L HringDEHRIFILE L TWD, I, HIRNMRIZ XV AEEH CTOE ) ~— D57
RAEEDRE S, 7’1 b ks B HEEELICE L C2oDET AREREN
TWAD, ring@ROREERNWEZALMNIZR > TRV, ZT07D, [l A =X
DTV EERA STV, £ 2T, [\lHE A I = X AT T, RN OBREE

Solid-state NMR, membrane protein, sequential assignment

OLEZARTL, ERNFATSD, BDANK D, DWhSENL, JIERLES
LU, TFEELIES, LLEESTY, SUbbELAab, HHUTH
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(ZITVARRE T Oringhf s 2 fftr 4 5 72012,

PC, PNZEERAL AR U 72 TF, c-ring % ki
e = L. ANLIEERRI HHARL U IiE O & 51
o S [ 18 A FEANMRIZ & 0 AT LT D,

A A e R NUR TR NUR 12 < DOy fiAE
EXat A £ |28 VIl P, BEAEOMERITICE Ebh

£20 ~0A © |- ZRVWERO-oThD, TIT. HEHE
CE8Y ¥ Y LS E50Ic, CONPASS (CMpensated
ﬁ E"‘:E it Patch Assignments by Selevtively labeled
et - o Samples) {EZBEF L. TF,cring O FEE#HD
- (T &AL ZRSIRFRRICIRIE L 72, COMPASS
TO.0 650 1:...‘0-;1 /55.ﬁ 5.0 45.0 BRI AR L. T g
i PPm FOSITIRIBAS DM 5 X 51T, B ®
‘ RISAY L TFALEFFAL L, ZND%
FEARIIZ VT, BlA R IR B CE 5

- FETH D,

&= BIREEEL L 7= > F L OERRIT IR Y 8 —
F g AT AULEEMV, PC, N A R
Y& & 28 LTvARLWTI/BMESRICNZALILT,
&= TF L BEOT I BEERLEVT S A
&5 2O BkLim. ZoXET e, BN RN A
s v e ok 2 SFEER LTc, U /S — R
- S TAYVEIZ R D e, PN AERR AT O R,
BRI L CW AW T 2 JBE Nz 512
e e s wo e e FieD T, KEEBRICKE REESOS
i pem PRI 5T O, N RIS T

EAERCT A Z ENTE B, FmistEAlE H
WTCA 47 872 TF, c-ring ZdE5L L DMPC
(dimyristoylphosphatidylcholine) T T
ZTNRE EEICHMER T D HEIT T T
MESLES N TWeD T, e v P, PN AR
TR BORe D 3 FEEOY TV EAE

Fig. 1 Model spectra of Bee,,-Bey
correlation are plotted from chemical
shifts of monomer. (a) Be, PN uniformly
labeled TF,c and (b) reverse labeled TF,c
(AV,L, L, R, H)

% L7,

TR B DOREHZOWT, FRENFEER 2D Pc-1C, 2D PN-1Pce | FREER] 2D Yee , -C
@ 2D PN, -PCe, ZlE L7z, Fig 1 IZHIE NVR 7518 572 TF,c &/ ~— Dby
7 MEZFIF LT, F&HR 2D "o, ~C, OFT NWARY MLER LT, KRy 7
FIDOERY BVNUGE L, FITATRE/R AT L E 7225 T D, COMPASS #:% v
T, ZOMIC 2DV T NVDARY MV %EED Z & T, BIERSICH - 72IRE %
THZENTE S, SEIOBE. COUIHI 90%, CO, NH IFHK 80%% BlA | 4r BAJIZ IR & A
T&e, INHEFET 7 MEE AT MvE AW IRE —ERFCO TF,c-ring ®
REEIRATIC OV TR 5,
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A study of structure and function of the PH domain induced
at the membrane interface.
ONaomi Tokuda', Hitoshi Yagisawal, Yasuhisa Fukui?, Satoru Tuzi'
('Grad. Schl. Life Sci., Univ. Hyogo, *Hoshi Univ.)

The PH domain is frequently found in the proteins included in the important cellular
functions such as the cellular signal transduction and cytoskeletal organization. One of the
well known functions of the PH domain is to regulate membrane localization of the protein
with stereospecific recognition of the phosphoinositide headgroups. In this study, we
investigated structural alterations of the switch associated protein-70 ( SWAP-70 ) PH domain
induced at the membrane surface by using the solid-state NMR spectroscopy. The solid-state
BC NMR spectra of the membrane associated SWAP-70 PH domain revealed that a
conformational transition of the C-terminal a-helix to a random coil is induced at the
membrane surface. Since C-terminal a-helix involves nuclear localization signal ( NLS ), the
conformational transition would expose NLS and subsequently facilitate translocation of the
SWAP-70 to the nucleus.

[Fim] PH R A A 3 AE R aEICB G T2 EAE IS A SN TEY
TAERDBANT v bR LHBY Y A v FhEE, BXOC KimDoa~Y v 7 A& HiE
EFEF—TETDHRAAL L ThDH, FHEEEE LT, 14/ ¥ b= U VIFEBHA~D
FEAEENT D, BEEREEE A EOE~OREOHIEA 5T\ D, KBTI, [#
K NMR 73352 O CTIRERE EICHES L72BED PH R A A v ORI 2 B8
L. ZONREREAHIEZ FEMICIr T2 Z L2 B E LTWAD, 2 2 Tid, PIPsBA
AR L. SBIRAICHE ST D SWAP-70 PH R A A 2o\ T, [E{E °C NMR 12 X
BT 2AT > T IR 1231 5 SWAP-70 PH R A 1 > OREIEZAL & & A RE~
DG OWTERET 5,

[FE8R] KIBEREERZ AV, [3-"ClAla 38 L O1-"C]Val ‘2 7E RIA ARk 28 A L7
GST &t FHSE SWAP-70 PH R A A D3HEIT-T-,

F—U— K [EANMR, PH FAA >, IBE _HiE
O BAH, REED OEL, S0 RTOE, oL &3
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GSTRAEREILX., 774 =T 4 — LY 2 MW THEE L 7%, thrombin BI#TIZ LV
GST #EL, A AWM A T 22N THR- L, 57 PH A A i3,
D-myo-phosphatidylinositol 3,4,5-trisphosphate ( PIP; ) % & deiR'E —EHEPEMREIR, T
PIP; DEHETNZ > 72 % KEEME DRSS - D-myo-inositol 1,3,4,5-tetraphosphate ( IP; ) (ZF 4L
TGS SE%, B L. WERE e Lz, SonKFREDY 7 i, BIR
NMR J#I5E FEHME I8 E L, JEIC AV, EIfR PC NMR JI7E 1T DD-MAS %R X
TN CP-MAS #: % 1V VT Chemagnetics CMX Infinity-400 ( *C: 100.6 MHz ) (2 &Y 25 °C
TIT> 7=, b

[ 5. & £%2] SWAP-70 PH R A A > O SLARREEE
F Az, BC ARz &2 < L7= (Fig. 1) , Fig. 2 A,
B |2 DD-MAS EIC XV HlE &Sz, 1Py BED
POPC/PIP; X3 7 LIAF FIZE 1 5[3-PClAla 1% . -
SWAP-70 PH K # A > ®[E{E 3C NMR %-~<Z k)L Fig. 1 Three-dimensional model
ZRd, Fig 1IRT L 91T, Ala300 (X C Kimodde  structure of SWAP-70 PH domain
~Y w7 A2 Ala288 IZo~Y v 7 A N Kz in solution. The positions of alanine
B4 % BT A RT v RO CRBIAFAET D, Fig. 2A and valine residues are indicated.
D 18.5 ppm 355 (X 15.9 ppm D5 E1%. —vchizky (Li Hetal PDBID: 2DN6)

%27 FOFISIZ LY . ZIZEH Ala288 35 L Y Ala300 (Z)7 )& T 5, POPC/PIP;
N RO PP IZHES LTOREE ((Fig. 2B ) Tik, 7 F haAf Lofes 7 ME

Al 288 2TV 16.8 ppm (CHT -2 E 5Bl S -, =
i g DIF B, oY 7 A & T CP A
[ | Bz e, EBEAE <, WA R
A | A RNT U H b A VR R T B LB XD

. D, TRHOFEID, SWAP-70 PH FAA
T C RSO aNY v 7 A, IR AT X
, DI HELAfNNEEBTHEEZOND,

: ni —Ji. BART Y RBLUOA—TICEEND

B 1 PN Val LD B VAR = VIR FEDIE 513 SWAP-70
i ' PH KA A DB RA » FEKD, HEEIR

G HICBWTHBREN TS Z LR LT, IBE
Wl 20 178 15 ppm MEEDHAEMERIZE D, C KifiDa~V v 7 2
Fig. 2 DD-MAS NMR spectra of the MHE/NH T X Laf ~DEBIL, a~U v
[3-"ClAla labeled SWAP-70 PH » xiiz&EnbEBITL/F L (NLS ) %
domain forming complex with IP,; in VR~ & BB X SWAP-70 O M) & %

solution (A), and with PIP; embedded in . R N
the vesicle (POPC : PIP; = 95:5) (B). ~ ~PBATEMET 2 LF2 oM 5,
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Solid State NMR of High Speed 1mm Probehead and Its Application
Kazuo Yamauchi', Yusuke Nishiyamaz, Yoshitaka Ishii’, Tetsuo Asakura’, Katsuya Hioka®
'Department of Biotechnology, Tokyo University of Agriculture and Technology, Tokyo, Japan.
2JEOL Ltd., Tokyo, Japan.
’Department of Chemistry, University of Illinois, IL, U.S.A.

The probehead is developed for high-resolution solid state NMR observation with
high speed spinning of the samples. The probehead is composed with stator for Imm®. rotor
and it span over 70kHz and it has the capability of observation with sub-micro gram sample.
As the result, spectra obtained by this probehead are high resolution and high sensitivity.
Here, we introduce some applications using this probehead with 800MHz instrument
including basic specification of it and also the potentiality for new applications specially
using high speed spinning and high field NMR for solid state NMR.

f&
ITEOFER NMR JIEIZBW T, EEE L e E o fRie b IR I EE
TR TH D, NMR O @ AT S O M b th O ST E e
FIEDTHOILTNAD, FEE O 7 L OB S B I & E %
JEESKHE T DHIEELTH A IX~A7aa1/L NMR 7a—7 %M\ T
T, FRICHE T S R - & o i ae TR AT REZ2 [ R NMR FH o
microMAS 7'1— 7 |3 HH IR R OTRERAO 7217 EAFEBLCTETWD V2, 2
TUZEV A EFTBHINEE EARFEETHAT-IV T T LU T OREITCH- T
BERAATREE 72T,
— 05, v Ar7aaf VE WD FIEIIERE DR TH T T 2
— T O/NUENEBIRTE, 2TV o I F a—T w2 EERlfird A2 8]
AEL7eD, ZAIUCIVER NMR IZREEIZRD
Zabr-7ahrORERHE BEER ORRZE,
WM BN LD AR L ORI )
R REREAL DS IFF CE D, £, v A /ra
AN Z FHANTWDTZDIZ B OR R A TE
TW5, ZDOOIZFab B (F Y7 L)
ETHBRCERLDETH VT — T30 T

TV T N ATREL 720 T S fRAE(L 23 E B Fig.1 1mm® rotor for high  Fig.2 1mm MAS
% speed MAS and rice grain. probehead for 800
T 50 MHz instrument

i

solids state NMR, MAS, high speed spinning
REILNT B, IILREPITIT, WLWELED HSKHTOE, BB
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Fig.1 12 Imm B—%—%7R:7, > 7 )NF 2—7 OMEITLRTIEL TODE D L[E UL
INa=T ORME DN vespel DXy THRUWELZ, NV F2—T7 DESE 9.5mm >
5 7.4mm EEL L2 &I X mdalding H 5L, SOIZEERELICKHS TEDAE T —FY
a—)LERUYWELT-,

HIE - 7o —7 3

Al Fe—71% Fig.2 R 3H B 800MHz,
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Development of 1 mm Ultra High Speed MAS Probe

OYuki Endo', Takahiro Nemoto', Kenichi Hachitani', Yusuke Nishiyamal,

Yuichi Shimoikeda', Kazuo Yamauchi?, and Katsuya Hioka'

'JEOL Ltd., Tokyo, Japan.

’Department of Biotechnology, Tokyo University of Agriculture and Technology, Tokyo, Japan.

In solid state NMR, it is strongly required to develop high speed MAS probes in order to
improve the resolution and the sensitivity with mass-limited samples. However, the
development has not been advanced so well due to various mechanical problems.

Therefore, the authors have established a high speed spinning system enough to solve them.
Then, we have developed a 1 mm ultra high speed MAS probe. As a result, the MAS speed
over 70,000 Hz has been achieved in practical NMR measurements.

In this presentation, we mainly discuss the precise mechanical processing of the sample
tube and the gas bearing in the spinner module.

[ RNMRIN E O 151 A3 iR RE m A LI B W T, o VT o — 7 o/ b, MAS O i
ik, EERRETHDH, KIS, EENREEICIT B~ Eul (ng) DY 7L
BNESREIND, T, VT NTF a—T O/NUIC KD ERRE O B, 5]<
BENTWD[1], FEHZ, T TF a—7 O/ D MASO S b i, [E{ANMR
BEDOERDHERICAARTH D, BlZIE, FREYE ORI IIMAS B | ZHUE T H
O MASO EIEIL A SRR LI O A T 5, o, —HIRHT 1y 7 7D
BCHIE TIX, MASOERILIZ LD . v — U —Fh o7V U ITREMR 5[], Fh
WLV, WEETHERETH -7, IBEICHEUER R ARERFER EoRlEICR LT,
BB ENR SN D,

BAEDE Z A, AL miEEOY L TN F 2 —T7 & AW EEMASICEI LT, W
<OMBEEINTWDEA[2], FEERITIRENZ D, FFIZ, S v T OX—E
FRIZ T umA— X — ORBREEMN T ER S, T AUT— A2 BN T O kg 2 K &
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(F—TU— R32) MASE—H —, EEMAS, MASY' m—=7

ORANEIDHIE, B LENDA, FTHEITTAND, IZLRED ST, Lbn
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Temperature distribution map of inside of rotor
under fast MAS using ’’Pb signal
Atsushi Asano, Masashi Kitamura, Chikako Tanaka, Takuzo Kurotsu
Department of Applied Chemistry, National Defense Academy, Japan

It is important to calibrate the regulated temperature for the solid state NMR experiment
under fast magic-angle spinning (MAS). Previously, we calibrate the regulated temperature
under MAS by methanol method' to elucidate the molecular motion of rubbers,” because the
temperature can be directly known from the chemical shift difference between 'H signals of
CH; and OH. However, methanol is liquid so that the temperature distribution in a rotor is
averaged by its very fast molecular motion and migration. For investigation of molecular
motion of solid polymers, it is necessary to know the correct temperature distribution inside
of rotor utilized. **’Pb signal of lead nitrate (Pb(NOs),) has widely used to calibrate the
temperature for variable-temperature (VT) MAS experiments.”* On the other hand, there is
some ambiguity to calibrate temperature directly even though temperature dependence of
chemical shift change is very large. In this study, we investigate the temperature distribution
using both Pb(NOs), and methanol methods at both various temperatures and MAS rates.

T T 28 BRI Ty 1B DT 70 BB R A R A S D T DTN E R R TH D
23, MAS FOREINE U DIEEIL, VT A (F721F Bearing T A) & v —% —4\ 8k
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Ea DT 5 ER NMR BIEICRB W T, IRERIETEZETH D, FdlBBRE L Tn
HDIBEITHATICE D~ TIZARVWI E b TS °, AHFETIE, EERICE DR
FEDOREADECTWDEDERF L, B —F —NEEIBENAEZRTILTHZ L% H
& Lic, £z, EBRIZTIROBEREZERE OSBRI OWTHELZ LT,

EERERSNCE — % —NEONMEIC L DIRESMZRGT 5720, W

(Pb(NOs),. FIEAIER, #5k) @ *Pb D528 L7=, *7Pb {5 B 1LIRE IS T
&M\M$y7ﬁ@ﬁﬁ&ﬁ@ftf@f<%m¢é*&ﬁﬂ%hfwél4wa
By 7 MED S EBHRE 2 5HE 3 5 72D121E, 0 ppm EHEMACle D0 2% M E A
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Figure 1. Position dependence of *Pb MAS
NMR spectra of Pb(NO;), at 30°C and MAS = 6
kHz: (a) whole, (b) top, (c) center, and (d)
bottom in 3.2mm¢ rotor. The sample height of
(b) to (d) is ca. 2 mm.
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Figure 2. Temperature distribution map for
3.2mm¢ rotor regulated at 30°C: (a) full and (b)
expanded map at MAS =25 + 0.2 kHz.
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“Carrier frequency offset insensitive polarization transfer
for oriented solid.”
oKatsuyuki Nishimura

Institute for Molecular Science,

An efficient heteronuclear polarization transfer for static oriented sample is presented. The
developed technique is based on the dipolar-INEPT like technique of DAPT. However the one
refocuses carrier frequency offset for 'H nuclei sufficiently within windowless refocused
multiple-pulses in addition to the refocusing of those for observed nuclei during dipolar
polarization transfer. Insensitivity of 'H carrier frequency offset and improvements of
polarization transfer efficiency of developed technique were verified from the comparison to
DAPT, practically.

Introduction: Jayanthi et al. proposed dipolar INEPT like technique for heteronuclear
polarization transfer DAPT (dipolar assisted polarization transfer) " for oriented solid. The
DAPT used windowless multiple-pulse (MP) only for 'H nuclei for "H homonuclear dipolar
decoupling and a few of m/2 and = pulses are applied to observed nuclei. This approach
attenuates sample heating due to RF irradiation effectively compared to the techniques based
on double channel RF irradiations such as cross polarization (CP).

However, unfortunately, DAPT shows poor performance practically due to rack of
refocusing mechanism of 'H carrier frequency offset. Thus signal intensities of observed
nuclei vary depending on the carrier frequency offset for dipolar coupled 'H nuclei. In this
study, the author implement such mechanism into DAPT based on newly developed refocused
windowless multiple-pulse and trim pulse, improvement of polarization transfer efficiency
was achieved. We shall refer to developed method to as REDAPT as an acronym of refocused

dipolar assisted polarization fransfer.

E{A NMR, 7318758, F%

O L MopeE
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Results and Discussion: All experiments were carried out on Varian INOVA 400
spectrometer equipped with JEOL narrow bore 6 mm MAS probe at static mode. SCB liquid
crystalline solvent was used to assess the performances of those techniques. Figure 1 shows
the pulse sequences for DAPT and REDAPT. BLEW48— is the newly developed 'H
homonuclear dipolar decoupling sequence which induces same form of average Hamiltonian
for chemical shift anisotropy and heteronuclear dipolar interaction with opposite signs respect
to those for BLEW48. Combination of BLEW48+/- refocuses 'H carrier frequency offset.
Furthermore, by using BLEW48 instead of BLEW12 for MP, theoretically, 20 % of signal
gain can be obtained over DAPT due to the relative orientation of 'H magnetization respect to
the effective field of MP. Figure 2 (a) and (b) show BC-NMR spectra obtained from DAPT
and REDAPT, respectively. Figure 2 (c) and (d) show carrier frequency offset dependence for
DAPT and REDAPT, respectively. REDAPT improves 'H carrier frequency offset

dependence sufficiently.

5CHE &
¥ 23 B~ ®
{a) MNC A TN ) o
BLEW1Z2 BLEW1Z A i 329
[ 1901 Dec )
n'2 x 3
I (a) (b) @
r—\_\-"_"-\—._ [s]
Lﬂ-"‘f
(b}
BLEW4S+ |BLEWSE .| | BLEWaEs ) | 41' ||
] [ (90) Dec |

T =2 x U
e w2 e e | —
r + 1 1 1 7 T T+ T ' 1 7
Figure 1 Pulse sequences for "H-X heteronuclear 200 150 100 50 200 150 100 50
polarization transfer techniques of (a) DAPT and {ppm]l '|:|:|'|:|'|TI}
(c)
(b) newly developed REDAPT, respectively. | | | | |
| |
L i | i 11
Brackets under MPs indicate phase of MP. S S SE—— h.-..._.x__.ﬁ_.,_l_,_,l,_,,ﬁ_“,.....u-.-'-.,.u-i.,_,.
BLEW48+/- indicate MP sequence induce same | | | ‘
form of AH for chemical shift anisotropy and ()
heteronuclear dipolar interaction at opposite signs. | |
NNRRERR LT
Yt Y " e M Mo b o e Y ot Mot ¥ S Yl el Yot g
-10 -5 0 5 10

<References> 'H carrier frequency offset (kHz)

1) S. Jayanthi et al. Chem. Phys. Lett.

2007, 439,407-411 Figure 2 "*C-NMR spectra of 5CB obtained by (a) DAPT and

(b) REDAPT, respectively. Plot of site 3 signal of SCB respect
to 'H carrier frequency offsets at mixing time of 264 ps

acquired by (c) DAPT and (d) REDAPT, respectively.
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B Solid-State NMR Chromatography by Magic Angle Spinning 'H 7}
Relaxation Ordered Spectroscopy
O Yusuke Nishiyama', Michael H. Frey?, Sseziwa Mukasa®, Hiroaki Utsumi'
' NM Business Unit, JEOL Ltd.,” JEOL USA Inc.

A practical method to separate ?C NMR spectra of solid mixtures is introduced. The
'H longitudinal (7)) relaxation time is used to separate the overlapping *C spectra of solid
mixtures via an inverse Laplace transform of the relaxation dimension. The resulting 2D
spectrum contains separate °C spectra for each component of the mixture that are identical to
C spectra of the isolated materials. The separation is based on the equalization of 'H T}
values in a single domain by rapid 'H spin diffusion and on the 'H T) value differences
between different domains. The method is demonstrated on a commercial drug containing

several compounds.

XU ®HIT
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NMR #IE saturation

HE L — 722 PCBI O H TR IR E N o Dec.
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Infinitesimal adjustment of magic-angle in solid-state NMR
Takashi Mizuno,! Katsuya Hioka' and K. Takegoshi?
(1JEOL ltd., 2Graduate School of Science, Kyoto University)

An infinitesimal adjustment system of magic-angle in solid-state NMR has been devel-
oped by a simm coil wounded at the most outer layer of a probe, not mechanically. This
coil was designed as a Helmholtz shape with the flat wire for taking account of optimiz-
ing the spectral resolution, packing, thermal conduction and durability in a continuously
current flowing mode. Tt was confirmed by NMR observation of KBr that the angle could
be adjusted using a prototype of the simm coil which was fitted with a commercial 300
MHz WB probe.
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I35 PBr NMR #HlE L
7z (Figure 3)0 b aA VIS +0.0A
NrERELMIEL I LICk
D, BV =NV FEXUOHA
RNy FiEEASEGEICE L L .
sRRHEE o A 22 I S g
5 2 EDER I NI,
| ERcHoN SEA ROV A B
LY aA )z ko, R NMR
B B=Yy 7% DC &
WX DUl cE 2 2 & 2K
BRI T 2 EMNTE R, A
Lag g, 7y FAVEE -
L T, & TR HiE NMR 10
7u =7 LD T Offset/kHz
ML ?%@aﬁ%%ﬁ%ﬂﬁ' Figure 3: FEEaREHEIC & % 1-pulse Br NMR A7 b L,
A= X—=2a U BCEDT g 7 08[T), © bt ST R + 7.2~ 7.2A
TE 5, £, ilELRDAPHIC T 0.8A AATELL, ZRZHIZOVT 16 [HFEL 72,
Rk 72 BB (2%, RS, BREML 0.8 H72 0 fAEZ(L 0.085° LHEES NS,
i, B, FPAZFHA - ete.
) BREINLFR 70 =7 (22, 7744 a4 0 MASBE IcB LTIk, BEHE &
B a4 L ORICHIBRE OB Z AT 5720, SEVEDOAEIZ 70— 7ERICH LT
BEINDZENPEFE L) IKBWT, JEEMNIceY v 7 MoREHIEHZHRT 25>
AT 5hELTHHERET 5,

BIFE AWIZEIE, CREST/JIST(HK 17 AEEERIR) 12 & D MBS SZm S 7z, PAaftoiidts X OB
DWW, ZZERMLE () B S MEXCEL S8 K R v =7 v 7 (k) IcE&#§ 5,

£EX@Ek: [1] T. Mizuno et al., J. Am. Chem. Soc., 128 (2006) 9683-9686.; [2] C. Huguenard et al., J.
Magn. Reson. 156 (2002) 131-137.; [3] T. Mizuno et al., Rev. Sci. Instrum. 79 (2008) 044706.
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Conformational analysis of poly(p-benzyl L-aspartate)

by “C chemical shift anisotropies

oTakayuki Kamihara', Takashi Mizuno?, Kiyonori Takegoshil, and Akira Sh()ji3
! Graduate School of Science, Kyoto University, Kyoto, Japan, 2JEOL Itd.,
Graduate School of Engineering, Gunma University, Gunma, Japan

Poly(B-benzyl L-aspartate) (PBLA) is a unique polypeptide undergoing irreversible
transformation of its conformation in the solid-state by heat treatment. In order to study origin
of its unique property, we measured ~C chemical shift anisotropy (CSA) of the peptide
carbon in PBLA by the high-speed Switching-Angle Sample-Spinning (SASS) technique and
made comparison with CSAs of similar polypeptides. We observe a low-frequency shift of the
0y, value in the peptide carbon of ag-helix PBLA, which indicates weaker intramolecular
hydrogen bond in its ar form. We conclude this suggests its structural instability and thereby
its unique property regarding to the conformational transformation.

RIXTFRTHD poly( B -benzyl L-aspartate)
(PBLA) 1%, BE{AIRAE TINEMZ X - CTF D kSR CHzCOOCHz
T@m;%%ﬁé;&hﬂ%hfwémozmibﬁ
BRI MO AR U T F RITIER e, & 13 PBLA —éN —CH— Caf
BAOEBZSIEE T REREWALNCT 5720, 1k
27 NEJFM (CSA; chemical shift anisotropy)
ZREL, FHETFRObD LR LTz, b3y 7 Fig.1 Structure of PBLA
NEGHEIL, PO Y OFEEIC X DN O
R 2B REEGATEY . 3OO, 0, 0.) THRESTOLND @%
FEFMARR DA W 2 FfF > T D EIITE 5, FRICRTF FIRFED 6, DML
C=0 fEBDHMZFNTND Z ERFHIL, FOHEICHERKE-HEICHT S rﬁiﬁ
Ao TWb, b5y 7 PR FHEOEREZE D72 OIZ1E. Switching-Angle
Sample-Spinning (SASS) ¥ &M L7=,

AR 2 ot E i SASS 1A Tk, BUBHRNR A 2 1 IRJCHIZ of f-magic angle 12,
2 It HIZ magic angle ICEWTHEREZITo7-, 25 LTHELNTZ 2IRICART ML
TlX., 1WRICHIZ off-magic angle TAZ— U 7 EL72 CSA /N H— /X4 — )3

¥ —TU— K : poly(B-benzyl L-aspartate)., {bF 7 MEIFM:, kG

OMFEB &, BTONL, T ILEXIDY, LroLldhEh
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2RIt BT magic angle TORGLR AT MABREFNENGE LD, KT 7 ATk
LCERLNFEART MDD C=0 [REDNST X — R — RO L, /7 ¢
T AT EITH e T T FRGMOMEERE LT,

HE L7z 7 ik, PBLA @ ahelix, a,~helix, FEEIOKR U X7F K poly(y
-benzyl L-glutamate) (PBLG) D «,~helix T&H 5D, 5547z 2KIT SASS A7 kL
DT F RRBOEHDZEIER LTS D, ZE t BT AICA T A AL TH LAY
B RE =2 e T 4T 47 LTI D% Fig. 21277,

A
]
3

—160 —160

%
5
8

—200 —200

chemical shift / ppm
chemical shift / ppm

chemical shift / ppm

Fig. 2

2D BC SASS spectra and 1D : , '
slices of peptide carbonsin "%, X/ | %/ e Sl ol
(a) PBLA (ag-helix),

(b) PBLG (ogr-helix), and
(c) PBLA (oy-helix).
— solid line: measured
~~~"broken line: fitted

200 150 ‘ 200 150
chemical shift / ppm chemical shift / ppm

811 822 833 6iso
(PBLA) 2455  183.7 95.0 175.3
(PBLG) 255.8 196.9 76.4 176.4
ar-helix (PBLA) 233.0 166.0 113.7 1723
Table 1. Principal values of *C CSA

ag-helix

ZIbREBNT CSA DfE (Table 1) ZH#d % & PBLA @ o —helix IZEIF D 6 4,
DOAEIL, PBLG D& O XV KEREMIZKE <7 FLTWD, AU XTF Rk T
X, KBREAEHENARKE LS RDIEL 6, OHEIT/NEL R ENMONTNDY, &
7o, o ~helix E WO REIEIX yhelix L1V SKFBREE DTV OARLE L SN TWD,
FEEIZZD 6, DIEIZa, DHLDOLV/IEV, ZHRHDZ EMND, PBLA D ahelix
SO ARY XTF RO ahelix L0 HIHVKERBAEE L TNWDEEZTZ, Lioho
T, PBLA @ ay~helix HEIE DAL EMLRF R 2GR 1T 2 D59V KRR G IR
HOTIX W hEEZBND,

References: [1] T. Akieda, et al., Macromolecules 32, 5794 (1992)

[2] T. Terao, et al., Chem. Phys. Lett. 107, 145 (1984)
[3] T. Kameda, et al., J. Mol. Struct. 384, 17 (1996)
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Dynamic Nuclear Polarization using a Rigid Biradical

OYoh Matsuki'*®, Thorsten Malyl, Olivier Ouari’, Hakim Karoui’, Francois Le Moigne5 ,
Egon Rizzato®, Sevdalina Lyubenova4, Judith Herzfeldz, Thomas Prisner4, Paul Tord03,
Robert G. Griffin'

! Massachusetts Institute of Technology, Massachusetts, USA

? Brandeis University, Massachusetts, USA

? University of Aix-Marseille I and III, Marseille, France

! University of Frankfurt, Frankfurt, Germany

’ University of Provence, Marseille, France

5 (present address) Institute for Protein Research, Osaka University, Osaka Japan

In an effort optimizing the efficiency of dynamic nuclear polarization (DNP) in high magnetic
field conditions, we rationally designed, synthesized and tested a novel TEMPO-based
biradical polarizing agent, called
bis-TEMPO-bisketal (bTbk). A rigid
spiro tether connects two
2,2,6,6-tetramethylpiperidin-1-oxyl

(TEMPO) moieties in the new

biradical (see structure) with superior RA N

. . % i (x10
performance in dynamic nuclear Nt
polarization. The 'H DNP bTbk 300 200 100 0

. 13 3¢ Chemical Shift [ppm)
enhancement observed in a C . L

Fig. 1 Crystal structure of a new biradical bTbk, and
NMR signal of C-labeled urea observed after CP with

and without microwave irradiation.

spectrum of an organic compound after
cross-polarization (CP) was &~250,
and by a factor about 1.4 times larger

Biradical, Dynamic Nuclear Polarization, Solid-State NMR
OFD&E L), L—TFTTAFEFN—, BOVDRZHIHY, FE0LNEN, SHAFDLD S

D=, WIANZLE, 572020 o _XD—|F, UL TnI~525x25L,
EFETEDLwZ—, AF—L<HS50A
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than that using TOTAPOL, a previously described TEMPO-based biradical with a flexible
tether.

DNP % fii > 7-NMRE SHEIE DY % LiF 5 —>07 7 —F L LT, kthicoi L7z
%’—/ﬁf%é 7 /ﬁ/w\%’—@m%%L%ﬁ%ué’J IREHT A b HN D, E{Zﬁnft
BED @ 3 e E O 7o DI MBI @SSR TIL T U V531 & L CTEMPOAMER] T
bD, ERGEETEEIZRDET - RO EIEEE “cross effect” 73 < {8
<MBTHD, ZDCross effectz:u:o@E%ﬁf;?ﬂﬁmiffﬂ“é Trbb, i)
W ENC B 595 B OB REEDREIVE, 1) Z 0 & O EREE
DEOT —ETJEREEE BT HLTHD, 20044, TEMPOJ\%ME%E’J Iz
UNTERA 22 7L (TOTAPOL) 23, DNPIZ X 5 NMRAE 5 HE g (K] 1~ & i3k 0 BB {ATEMPO T45
HILAHA0NDITORREICE T LT A FENRRWE SN, ZHUE ERRosMt) 2, %
AN ZEFZEDT CTEETAFTEHRLLL LD TH D, FaIEEMID) bREIFFIC
729 LD, ZEFDg—T VNV OFEx R & A LR~ v F o T DS R T
T L0 2B M TREE S DERIZ, ODTEMPOSy 12 BRN R B ZEE TR, L
VWA T U Lbis—TEMPO-bisketal (bTbk) Z % Et. &k L7 Z DT I h )V Hffio 7=
140GHz/212MHZ\Z 35 1 F 5 B AL 43 M (DNP) 75 T NMROFREE[A]_Hi3250f5 28, Zh %
TR OERORENST2354 5P NATOTAPOLIZ L 5 6 D X VL. MEm o7z, [1]

Reference:

[1] Y. Matsuki, T. Maly, O. Ouari, H. Karoui, F. Le Moigne, E. Rizzato, S. Lyubenova, J.
Herzfeld, T. Prisner, P. Tordo, and R. G. Griffin, Angew. Chem. Int. Ed. 48, 4996-5000
(2009)
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Sensitivity Enhancement of Solid-State NMR by High-Field Dynamic
Nuclear Polarization at 14T

OKeisuke Ueda !, Yoh Matsuki ', Hiroki Takahashi ', Toshitaka Idehara %, Isamu Ogawa 2
Mitsuru Toda %, Toshimichi Fujiwara '

! Institute for Protein Research, Osaka University, Osaka, Japan., ’Research Center for
Development of Far-Infrared Region, University of Fukui, Fukui, Japan.

Dynamic nuclear polarization (DNP) is the method for improving the sensitivity of NMR
through the transfer of the magnetization from electrons to nuclei. We have developed
instrumentation for high-field DNP-NMR. For the high field DNP experiments, we used a
gyrotron as a source of high-power (50 W) and high frequency (394 GHz) microwaves, and a
solid state NMR probe modified for microwave irradiation of the sample at low temperatures.
At 600 MHz proton frequency, over ten-fold signal enhancement by DNP was observed at 90
K for the *C resonance of glucose in deuterated glass matrix after cross-polarization from 'H.
At lower temperature, sensitivity should be improved further.

NMROBPNTERF G D 53 F-IN K& L 72 IO T, #5033 LBRENME T35,
L7eMo T, BEDM EICX Y | HEMENT ATRE e 0 T DR E XD LRG|
MWHZ &b, ERBETFTAC SV DBEEAE AZBEI L, NMROLE A\ E X
HHEE LT, BR9EESH (DNP: Dynamic Nuclear Polarization) VENSH S, [EH{E
TODNP & X, ETESRZ S| EH Z 9 E b ORE /U —OE/IE 2, KR
KRG L BT A BT ETRET 5, 75 & iR A E L X V5000
U EORE S EFFOEBT AL OSBRI EA Y NCBEN L, A Y DL EL

WCREL D, ZORE. MREZHPREL 2DBRTHDH, ZDOHMAEBEIT 5 FE,

B AL EEAY CBOMENERTH D 7 =/ 2 BEflE AR <o 3+ A1
NRIHEND, ZORER EOFRBE, 4 — =P —ZhRSCEAZh R &3 <
MBH BTN D, DNPIFS0OFELL B DR H 525, iITH, Yy A v ka7 EDNP
(B E 172 7 2 U EOCIES R L, F@%T@Dwﬁﬁbﬁﬁ 2725 T 7‘_0

B DO A 72 18 53 R EE 2 R ST IEMARNMRYZE & DNP & #HL A& ¥ 5 72 0121%, MUKIE &

LCONPZHERTHZ ENARAIRTHD, LirL, G T iDNPMf&Tﬂ”é ek 75@3
MR THEINTWS, ZHE T, EBISDNPOEZERIAFZEIL, MITOGriffinbIiZ &
B E IR e N B D720 TH D, A= Bid, DNP&AT O s & L Ci, HRMIC
LI EOWGIRED S & TIT o HEZMBICE% Lz, Z O%EEIZ X Y DNP-NMRZEER
ATV, @RS CREREL 21T O FiEERE Lo THET 5,

DNP, F—R_—nH— Ty Afuratrar, BITIHL

O RTTVT T, £2ZF LD EDILOAE, WTIEL L Lk BRbWE e,
LTEHhDDH, SLbbELADL
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[HEE] SESINPERICB T2V 7IVERRE LTy abrr 2HlH{T2
DX, W HA F— FEOFERSHETIRE CIXH NP ARRET D720 TH D, Fmim
FERE EADNP-NURD 72 6012, FEIRH ) & AU DWW TLEVED HWDNPIH Y v A =1 B
0 FU-OWH Z8E LT, 2OV %A 1 b od, "HILHEJE B E600MHz O [E {ANMRIZ -
WCREZ ) EESH D Z LN TE A394CHz0 BB OV 7 I U kcy, “REdk e L
TTEE— R, BOWDH I THRIET 5, F2nDBEZEETHL Y v A 1 b 2BE+ 2
72T, He7 U —8THmE AT, MAKIGERIEE (BkW) . ¥ —AREZER 7 B8
B - 2R - B — & —ICENEIUS S EBPEERE (RR30KY) 5 E L, #idfmgl
I, UTEDFREET A RARTHAOE A VEIREE(ILSETYTo7z, £, 72
U R EE O DR AT 22 BE LT, Yy A b b RIELEY T
ik, ¥R E2 HOTICERE LR EZ/R T, DNP-NRT' r—T7 D~ v 7 ik}
FliRe — & —|2H DN, FBWIRF TX 2 X 91 Lz, BRI IX, 7 U4
IZ X DAL ORI O DickEEb Lz, 2o e—71%, WaWkzdE L,
R AR ANT D2 PEERMAS Y b — T Aol L CRIEL 72, BREHIY T U S
PDOBENT T 7 A T Or—2—ZE AL, 72, KIBEEROT-D, HEERNEE
DI 22 R/ A W RIRIR 2 R0 A G 2T A aEo Tz,

[52BR] AN FFREs TR (2K

17 LTZDNPRh R 2 IE Lz, EE & 500
DDNPE — 2 ORIREANIEIE HOP /| Ceglucose
e UANENTHYS T B D L 4007 15.5kV / 160mA
DNPIZEF A MFESIC kB 0. Microwave On Enhancement = 10.4
2 AHRIZE VAL WD EE X
bl 2004
H i DDNPA AR 245 2 SR TIL, Mierowave Off
PCr NV a— A EXTGE L L, DNP Wy
ol IFIVINELTET N
¥ B VTOTAPOLY & L 7=, VAt 200 0

ppm
Fig.1 DNP/Solid-State NMR at 394GHz/600MHz

ELTC, KET T IA~ MY
AEERIED DI, 7k
> HK, KEZEN60:30: 1000 HE B CHREL L 7=, 90KOKIE T CHIE L5,
B — AT 160mA, BEMREEE15. 5kVOH 7 2 VI ABRE L= & Z A, 10500 LD
mENR S (Fig. 1) , KW KREZRNPEFIEE 720, Y7 IVkoH %
B — A EF350mA, [ARREELS. SKVIC LiF =& 2 A, BAMREIC, BUEITAERRE L
M ELZehotz, T, AEee —2 - ER”t 7 I VO xR —2RIL L,
LOKFEEE DS EF L7272 0ODNPERIRN T o7 B2 bivd, 2F 0, By Tli=hn
XL T UHNDOREIpgT Y IOVEGEO T DI BGEENZ X DA A YRR MR
WHIIHLS 70D DTH D, LTen- T, TIE TEMSE TH - 29T TODNPIZ L
ART, K0 EWEG1AT T, DNPRIER A B < T 5 72D B ORE 2 & IR D
REDUENNETHD EEZ DN, ZOEBIENPIREZ TS 572012, WK
BEHe W AZRANWBZ L, g7V I NVD/INENWTPHLVEFANWSLZ L, BT 102D
DT v Y IVOFXELA & 7 10 A BRDNPICE b2 Z & EE R LTV,

1) C. Song, K. Hu, C. Joo, T. Swager, R. Griffin, J. Am. Chem. Soc. 2006, 128, 11385.
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High proton polarization at room temperature
with p-terphenyl crystal by DNP using photoexcited triplets

O Makoto Negoro, Kenichiro Tateishi, Akinori Kagawa, and Masahiro Kitagawa
Graduate School of Engineering Science, Osaka University

Abstract: In this work, we have obtained high 'H polarization of 0.11 in a single crystal of
0.1mol% pentacene-doped p-terphenyl using Dynamic Nuclear Polarization with photoexcited
triplets (triplet-DNP). The polarization is achieved in 10 minutes at room temperature and in
0.4 T. In triplet-DNP, the polarization of 0.11 is the highest at room temperature and the time
required for obtaining the polarization of order 0.1 is the shortest in the undeuterated sample.

NMR 735t & W D BUITFIEZEE D IER IR DN RS T, BIE, Zh7Zztlid 72D T
Bk & U CEIIF IR (DNP; Dynamic Nuclear Polarization) DRFZEhVEE AL TN TV %
[1]. DNP & &8 T A Y > DOz ESR FREGE < O~ A 7 T iHIc X - T, i
EZBELU TMAENRA D T e TCRERN T 2F1ETH 5. HeildELL T, ESR JE
DY T T F NV FEEIC I B 1885 FCDNP 2175 T & T, 0.1 DA —X—Df% A
Y UARE 1SS T e hHIKS . 38, DNP 2179 & EREMIL2Widkic 7V —5 U4
Wi R=TFB50THZH, 7=V DORD IR ETEZR/HDODF%2 R—7
L, ZDO)IECEF T DNP 21795 &\ 9 FiEE H D, TN triplet-DNP EFEE. XX
YD X SR IO = EIHE 7 A VIRERFE S, Z O SR AR, R
BIRECIERICKRELS B LWV IH T ENHIENT VS, ThDZ, XU ZEYZRHWE
triplet-DNP TIIHEHRD DNP & O L2 3 WKRYS, SiRE DR TRAE V2%
0.1 DA —F—DIRIEEEL THEHDHD T ENHKS.

A& OWIFEE TlE NMR ZH W B 7 RIE O 217> TW0a. BB IEHE
HEETAIDIEI A TIVAY SBREARTRTHD, TR TIVA Y MR
I L7zEDNMR & 352X, 0.1 DA —RX—DRiEZ > A v ER ey b
(qubit) & LTHWZRENBH % [2]. Fo& 1 triplet-DNP I & > TEfRti L & B 7% A €
VHRTNMR B RIEEBZITS T ZHIELTWVWS. 2O 7O0—F I NMR & F51E
ZHIELTWAMD I —TIC KB TV —F TV Wiz DNPIC K D &Rt & &
%7 Ta—FITHART 3], TAb—L VR (REVRA) WD R0 VS STERTVS

Key Word: DNP, triplet-DNP, &5
RTAXZEL, TV LITANVWEARS, hDDbHEDD, ETHDEITVA
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LEZBNS. ZHIFEFOFMIAERTH 2 DT, MBI CHEEZ 1k D AUSH RS
THEDBAE VY RANDT A —L Y RAICELESNZNDTHS.

KA BIT &> T triplet-DNP D7z DYV A — V ADH TR BRI E ST
% ICP ¥ —7r ' A% 50 Hz THE DR LTV, 0.018 mol% > Xt > 2@ K= Lz
TRZLYO HIFEMA 100K, 03T RTO0.7ETHETER T ENREINTNS[4]. T
DRFDIRID EIV R 7y 77— 7 OREEERIZH 2 K TH 0, mfmks ki G IER IR
M- Tk,

AWZE T, R A k531 % p-terphenyl 121X
A% T & CRER T ElRM LA RETH 5
& 72719 p-terphenyl 177 % L /T EEXT
RV R ZEDZ R=TFEHENTE,
TR EE LD T E 5. <A 7 TR,
AA —THEGINT A—2, L—HP—/8F A—%
it L, 0.1 mol% X Rt R—7L
7z p-terphenyl HifE O H (kA =R, 0.4 T
TT109TO1l XTH ETES5T LRl
7z, 'H RO HZ(EZ K 112R9. ICP
= Y AIES0HZz TREDIR LTz, OV R T
71— T ORFERUIKI 2 77 T, SRR ol ]
MBEFEIMNF T Z L S e TRIE IS FaiE & 0 100 200 300 400 500
NTWV5%. 0.11 W5 RfERIZER T rbNn
7z triplet-DNP ZERT15 b N7 i & @\ O A
T, TOEIVRT v TORIEH I EK 1: Buildup curve of the 'H polarization in a
FZEENTWEWY V)V TirbN =& D0 single crystal of 0.1 mol% pentacene doped p-
EMCERELRENEDTHS. terphenyl. Th.e ICP sequence was repeated at a

R TIE, KA TR 85 A— 2T o 1= B rate of 50 Hz in 0.4 T and at room temperature.
DGR ZFAST U, kD S i DWTEEL
i 9% .

AWZUICBIL T, 2 K% % T3, TS ZTHW I 5RO AT T/ I &# o e
UK. £, AWFEE HARE BN R BRSSO M I BINE I HEE 2 OB 23215 T
fTbniz.

0.1

0.05+

polarization

time [sec]
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Micro Amount NMR of Thin-film Lithium-ion Battery Materials Using of
Microcoil MAS

OYasuto Noda', Kazuyuki Takeda2, Junichi Kawamura3, and Hideki Maekawa'

'Graduate School of Engineering, Tohoku University, Sendai, Japan.
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Thin-film lithium-ion batteries are lightweight and have properties including high energy
density, feasibility to built-on semiconductor devices. For the improving the properties, the
precise analysis of cathode materials are desired. Although MAS NMR is powerful tool to
investigate local structure and electron state in cathode materials, the less S/N prevented
analysis due to micro amount of the samples. Microcoil MAS is a key method to investigate
precisely such micro amount samples.

H R T TSR TIRA < L, #EFEERESC / — RPCE W o 7o B3 A L
FRO/NE < R B O R REBEEY 72 & OMEECRHED I ERREEN TV D, VT T LA
FUEMIEE TRV —EEEA L, %A4w%%®%ﬁkbfw%&%énfwéo
B ERE O M EOESRIZMEN, ZOERTH LV F U LA A E &@E@é%i
M%%ﬁé@\%%%kﬁﬁw%MTw o BUEERL L CWD Y F LA A B
FEKITOR DD EEIRIEDN NS TWAN, Z OEBMIE A FIREMEICE X
7o 2EREIIEROEM & e U ORI E CiEN 2 <. BEEEE BT 5%
%& EIRTH D, £I¢$m®¢fﬁﬁﬁ)%ﬁA4ﬁ/ﬁ@1mhmﬁe®%ﬁi

M 2 RSN D A TUERL T & 2 12 D ORERESE T & OB AL FTREIC 2R 5, Tl
J%7A4ﬁ/ B BT EHC LB & SN D MEREIL. BB mEd: & BT o
LM’ZL/O)H”%( 75>j<%<b\:&f&>é UF U LA T EMOYA 7 NFHESC/ T —
Fetk, BREOR LD DITIZIEMAMEL D U F 7 A A 2 OYLHEREE-CHAN A N &5
?r;éfoc%éﬁwbx&;éLl@}%WﬁL%u¥fﬂﬁ?‘6 ERMETHDLEEZLND,

Li NMRIZFE A B FI2IIERTELE T OFECHBD THIE TH 5, D7), &
BAEHZ W BTV B @R AW O R T 2 s 2542 Z E R ARETH 5,
LosL, WY F 7 AA A Bt CIIIEBA BT mgPL T &S E LG e, it
SEOMAS NVRIE CTIERHET 5 Z EBRREECTH D, T, YL /A R~ 7 aaf ik

~A 7 aAf NMAS, UF T LA A, AR E ARNMR

Oz T L, 12T »TFx, »bieb Lwilnh, A0 OTE
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FHUN TR 2 B R (2 E FTREZ2MAS NMRIE DSBS S 7= (2], ~ A 7 uaA L%k
FAWTNRIZEEFREHC R LR E R T 4 U 77 7 7 2 L BRI RIRGE5RE 8 25
TEMENEZ BEE CHIERREE 725, SRlE~A 7 aaf VEMABIALTE T 1 —
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Tl ER L7z~ A 7 uad L7 o—71C L0 EEROEBEEMME & R UEEO R
BRI 2 PR SRR & U CHIE L7/ R 2 8# 3 5, #EHINAR0. 4 mm, #ME0. 5 mm
DAWEX ¥ BT VK LT, HESEMREIXT TThD,

ERL L=~ A 7 o aAf WWAS T 1 —T D T VA PIRED NS /80 — x4 D FM:
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HhETHELZV,

T« —

g

E‘K_ ugug ] . o

: o 2

PO e

3 ol ' v

£ 30 ,‘

§ of

w ':',;."'"1""'2"";';"";""5,""é"";""é""g 15 10 5 0 5 10 15

Power, P (W) kHz

Fig. 1 Effective field dependence on rf-power ~ Fig. 2. 'Li NMR spectrum of LiCoO,
obtained by nutation experiments of 'Li in particlesof 10 ps in diameter measured by
solid LiCl. single pulse sequence. The MAS frequency

is 8 kHz and the acquisition time is 10,000.

(Z%&3Cik]
[1] C. P. Grey and N. Dupr, Chem. Rev. 104, 4493 (2004).
[2] H. Janssen et al., J. Am. Chem. Soc. 128, 8722 (2006), D. Sakellariou et al., Nature 447,
694 (2007).
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Bonding states of organic molecules modifying the surface of nano-particles
and structures of hybrid materials studied by high-resolution solid-state
NMR

OHiroyuki Souma, Ryo Chiba, Shigenobu Hayashi

Research Institute of Instrumentation Frontier, National Institute of Advanced Industrial
Science and Technology (AIST), Tsukuba, Japan

It is important that the surface of nano-particles is modified by chemical species having high
affinity with the matrix in order to disperse nano-particles uniformly in the matrix. And
solid-state nuclear magnetic resonance (SSNMR) is a powerful technique to characterize the
modified surface of nano-particles. In the present study, we have synthesized titania (TiO,)
nano-particles modified by propylphosphonic acid (PPA) and decylphosphonic acid (DPA),
and have demonstrated that SSNMR can detect the bonding between the surface of the
nano-particles and the surface-modified reagent. And we proved that SSNMR is very useful
to characterize the modified surface of nano-particles.

[)7im])

F R E~ N v 7 AP IS A0, v Uy 7 A LRBEEED
EVMELFRE T R FRALZENT 5 2 ENEETH D, FDDITIE, FEIEMR
VIR REICHEARES THREIES L TWAXNERSH L, 2T, &t /1t f
By 1A 7Yy RREHERRL L, KR OFRED T ORI EEZ B ARNMRIEIZ
L VAT,

[3£5]

FHEMERFI & LT 1 B LR AR B (PPA) . 7 2Lk AR Uk (DPA) &2 VN, g
{bF% o F kiAo (7F2—EH) Ti0,& DA 7 U v Rakkha 5SRO
EHICHR G EEEZ TR L7, T2 oiEt o) 2 kiFREmo U RO
BIRBE & T 5 DG AP, °C CPMAS NMR¥:. 'H SPMASYEIZ X W §~7=, M2,
Bruker MSL400%4yY:EF. Bruker ASX4004yYGEF (JLUEJEM % P : 161.98MHz . “C :
100. 62MHz , 'H: 400. 13MHz) Z Wz, 512, AR L7 a 7 U » KBl oS %
fEMNT B 72812, Rigaku MiniFlexZ AV, XEEE REIFHAIE 1T - 7=,

[FER - &%)

Figure lalZ ZHEIEMHFI L L TTF v Lk A A U (DPA) & W= g 7 U » REE}
(DPA/Ti0,) ®*'P CPMAS NMNRA X7 KL% 7R, Sample A~CiE, A ZIHBSEtED
Hp 3B TH %,

ZDOARYT ML XY Sample AIZIBVNTI. dppm, 7. dppm®D > Z LMt & EEART K

E{ANMR, -/ ki, FEEA
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Figure 1. NA T Y REEFO R HHE A
a) >'P CPMAS NMR spectra of DPA/TiOs. DFELIRHERD | Z DORELE A B & 7>
b) "C CPMAS NMR spectra of DPA/TiO. - L7,

Sample A : 3 days at 100°C (an oil bath) A2 1% NEDOEEANA 7Y » R

Sample B : 1 days at 100°C (an oil bath) MBI Y27 FoX

Sample C : 3 days at 100°C (a mantle heater) BA T TIbRE LD TH S,
(51 HCHR]

[1] G. Guerrero, P. H. Mutin and A. Vioux, Chem. Mater., 12, 1268-1272 (2000).

[2] I. Ando, T. Yamanobe, S. Akiyama and T. Komoto, Solid State Commun., 62, 785-788
(1987).

[3] S. Hayashi, J. Phys. Chem., 99, 7120-7129 (1995).
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Study of inter-molecular interactions in CBOOA/HBAB mixture by
high-resolution *C NMR.

OShoko HAGIWARA', Noboru TANIMOTO', and Hiroki FUIIMORT'

' Graduate School of Integrated Basic Sciences, Nihon University.

4-octyloxy-N-(4-cyanobenzylidene)aniline (CBOOA) has the thermotropic phase sequence,
isotropic (I) — nematic (N) — smectic Ad (Saq) — crystal (C), on lowering the temperature at
atmospheric pressure. When CBOOA is mixed with N-p-hexyloxybenzylidene-p-amino-
benzonitrile (HBAB), which has the similar molecular structure to CBOOA but the different
phase sequence, reentrant nematic (RN) phase is appeared at atmospheric pressure. To
understand the molecular dynamics and the inter-molecular interactions in the liquid
crystalline phases, the Bc high-resolution NMR experiments were carried out for CBOOA,
HBAB, and CBOOA/HBAB mixture.

(5] WA THEE L OV M AAER A ERICBE S L > TR SN | K
IR FESEDOFRNIRETH 5, 4-octyloxy— W (4—cyanobenzylidene)aniline (CBOOA,
Fig. 1(a)) &, RKJE T ToHFES, BLrs IR P Cor 123 B 72 E#) 217 5 2%
FiVER IR (Isotropic, I)FH, ZrFREEIANS —filitEORF %2 & D% ~F v 7 (Nematic, N)
L SRR & =T DI EZ & DA A 7 F v 7 (Smectic Ad, S,)HH. £
L ChH LM & OV O EOLEIC =R IO JE I %2 & Of i (Crystal, C) fE~& fH
BT D, ZAUTEH, CBOOA & Bl 7243 F##§i& & A % Mp-hexyloxybenzylidene—p-
amino—benzonitrile (HBAB, Fig. 1(b))IZEiEMINSI-N-CEMERT D, ZNHD
WVE DR B IR, Wl RO R BN RS FTE AU B 2 5 88T BA 4 5 M L3S
ODNAHZEBHFEIND, £, T “FEHEORKREYE DIREWIEIRKE Tz
T, I-N-S, N-COMEEERINZ O ENMBNTNS[1], KR THOEDILDN
XY = v h3r~<F > 7 (Reentrant Nematic, RN)FH EMEIXILD, Z DFEZRR
TiE, B TFOHCEEGODTPREVPHOMBRAL XL TWDHEEZ LN, 22
T, AR TSR ORI OB L, 0 FHEEIC K208, KONEERIZEK
F 50 FHMHEEROZIC L8R OMENOT 7o —F 452 L2 & LT
Wb, ZORRIZ, REWEDORWREIZEBIT 2 A Y X3y 7 &2 RS DRI,
NMRIZ E D2RENIFEFEICHIE L 25, AL, CBO0A, HBAB, I KX MRS R
CBOOA/HBABIZ %I L, #IRFHEICBIT D A YL — KT (7)) ORE 21T\, Ll
L7,

Liquid-crystal, High-resolution NMR, Relaxation time

OlFELHLEIZ, LITbEDIEDH, HLHHUAE
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Fig. 3. Temperature dependencies of 7} of typical carbons, C(8), C(10), and C(11),
for HBAB (a), CBOOA( ¢ HBAB, o (b), and CBOOA (c). The triangle, diamond
and square marks represent the results of C(8), C(10), and C(11), respectively. The
dotted lines represent the transition temperatures.

[1]P. E. Cladis, Phys. Rev. Lett. 35, 48 (1975).
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Fig. 1. Molecular structures of CBOOA (a) and HBAB (b) and
numbering of carbon atoms.
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Fig. 2. 'H-decoupled "“C NMR spectra of HBAB (a),
CBOOA(9iHBAB o9 (b), and CBOOA (c) in liquid-crystalline phases.
Numbers indicate the results of line assignment.
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Fig. 4. Temperature dependencies of 7, of C(1) for HBAB (a),
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the transition temperatures.

[2] S. Miyajima, T. Enomoto, T. Kusanagi, and T. Chiba, Bull. Chem. Soc, Jpn., 64, 1679 (1991).
[3] S. Hagiwara, Y. Iwama, and H. Fujimori, Complex Systems, 725 (2008).
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Properties of Bicelle Composed of Un-, and Saturated Phosphatidylcholine
Revealed by Solid State NMR Spectroscopy
oNaoko Uekama', Satoru Tuzi’, and Katsuyuki Nishimura'

Institute for Molecular Science, 2University of Hyogo

In this study, we report development of new bicelle composed of un-, and saturated lipids
together with phosphatidylinositol 4, S5-bisphosphate (PIP,). That possesses planer lipid
bilayer as same as conventional bicelle, but can be magnetically aligned at room temperature
stably. The orientational property of developed bicelle was assessed by using *'P-NMR.
Rearrangements of lipids in bicelle were observed by differential interference microscope at

various temperatures.

Introduction: Conventional bicelle prepared from the hydrated mixture of saturated lipids
possessing short and long acyl-chains at proper composition forms planer lipid bilayer and
can be magnetically aligned under static magnetic field from 30 to 40 °C. Triba et al.,
proposed a bicelle prepared by mixture of saturated lipid 1,2-dimyristoyl-sn-
glycero-3-phosphocholine (DMPC) and unsaturated lipid 1-palmitoyl-2-oleoyl-sn-glycero-3-
phosphocholine (POPC) for long acyl chain lipids, and 1,2-dihexanoyl-sn-glycero-3-
phosphocholine (DHPC) for short acyl chain lipid, respectively, in order to achieve magnetic
alignment at temperature lower than that of conventional bicelle”. In the following we refer
above bicelle to as POPC/DMPC/DHPC-bicelle.

Experimental: POPC/DMPC/DHPC-bicelle was prepared with q value of 3.0 as described
in ref (1). Our developed bicelle consists of phosphatidylinositol 4,5-bisphosphate (PIP,) in
addition to above lipids at proper molar ratio. We refer new bicelle to as
PIP,/POPC/DMPC/DHPC-bicelle. Similarly, PIP,/POPC/DMPC/DHPC- bicelle was prepared
with q value of 3.0. Orientational property of developed bicelle was compared to that for
POPC/DMPC/DHPC-bicelle based on *'P-NMR. All of NMR experiments were carried out
using Varian INOVA 400 spectrometer equipped with JEOL 6 mm o.d. narrow bore MAS

E{ANMR /XA )L
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Fig. 1 *'"P-NMR spectra of (a) PIP,/POPC/DMPC/

DHPC-bicelle and (b) POPC/DMPC/DHPC-bicelle
from 12 to 22 °C.
(a) (b)

Fig. 2
pictures of (a) PIP,/POPC/DMPC/DHPC-bicelle
and (b) POPC/DMPC/DHPC-bicelle at 16°C.

Differential interference microscope

probe at static mode. Temperature was
increased from 0 to 30 °C.

Results and Discussions: Figure 1
shows the comparison of *'P-NMR
spectra for (a) PIP,/POPC/DMPC/
DHPC-bicelle and (b) POPC/DMPC/
DHPC-bicelle. The peaks around -3 and
-11 ppm are originated from DHPC and
POPC/DMPC  mixture,
The peak around -15.5 ppm is J, edge

respectively.

of axially symmetric powder pattern of
3P chemical shift anisotropy from multi
lamella vesicles (MLVs). As shown in
Figure 1 (a), PIP,/POPC/DMPC/DHPC
-bicelle was magnetically aligned stably
from 14 to 20°C. In contrast, POPC/
DMPC/DHPC-bicelle was magnetically
aligned only at 16 °C. At 18 °C, 5 edge
of axially symmetric powder pattern of
3'P chemical shift anisotropy from MLVs
was appeared.

Differential interference microscope
pictures of (a) PIP,/POPC/DMPC/DHPC
-bicelle and (b) POPC/DMPC-bicelle at
16 °C are shown in Figure 2. No visible
size objects were observed for PIP,/
POPC/DMPC/DHPC-bicelle at 16 °C, in
contrast to observation of visible size of
bicelle for POPC/DMPC/DHPC-bicelle.
This result indicates that the size of those

two bicelles were significantly different, even though those were prepared by same q value.
We have successfully developed bicelle which can be magnetically aligned stably at
room temperature. The developed bicelle may be useful for structural characterization of

membrane proteins.

References

(1) Triba MN, Devaux PF, Warschawski DE, Biophys. J. 2006, 91, 1357.
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Characterization of epoxy resin reinforced with silsesquioxanes

by solid NMR

OShiro Maeda', Shingo Oumae', Yuta Shimizu', Yoshiaki Murakami®

"Division of Applied Chemistry and Biotechnology, Graduate School of Engineering,
University of Fukui, Fukui,910-8507, Japan. ’Nitto Shinko Corp., Sakai, Fukui, 910-0381,
Japan

Characterization of epoxy resin reinforced with silsesquioxanes [1] was done by using Be
and »Si solid-state high resolution NMR measurements. BC and ¥Si spin-lattice relaxation
times and "*C depolarization time constants of [1] were measured with Torchia’s TICP pulse
sequence and Wu’s depolarization pulse sequence, respectively. ’Si DD/MAS spectrum of
[1] was curve fitted to four peaks.

OXU®IC] vt xXFFH0F, —MRA(RSIOy), TREINDILEMTHY, =
BREMEY T BRI - EfEERIGT D2 I X 0o d, 2Ot A% A4 F
P oATlE, T aEE, BIREE, »ITREEEND D b ofkEmE e
Ty 7uy s L LTHELNDLRY ~—I%, EWVEEBARE, &OMEWEE AT 5
LORENPBEESNTEY, @EEMEE L THIERAFELR TN D, Vb AR A
XY BB T D DR VBIER L OB CE L OPSi NMRIEIE 21T - ThHF
ST 21T o 72

[ZEBr] P AXA X g =R IR OREHERIZR D@ Y ThH 5 -
Thaxe T AbAEME AT = ) — VAR R UHE & 2 MBS S8 5. X
ISR E LTT AV a— B LOVKBHEAET L. EAHIEE L Udv e AX A4 %4
VEKEEAT ARSI VEIESE LR S, ERPCEK X UPSi NMRIIE I,
Chemagnetics CMX Infinity 300% 1\ "C75.56MHz & 59.69MHz CHIE L7=. L& 7 b
EAMBEEEEZ AV, PCEAFIAFAR L DA FAREZLZTMS 1 D
17.35ppm,’SiIZAR U P A F Lo T % TMSH H-34.1ppm & L 7=

Table 1. '*C Chemical shifts, depolarization time constants, 7q4, and relaxation times, 7 ¢
of epoxy resin reinforced with silsesquioxanes.
Peak Number L2 3 3 4 5 5 6 7 8 8 9 10 1l

Chemical shift/ppm 157 144 130 130 115 72 72 51 41 31 31 23 17 8

Ta/us 600,590 540 490 71 81 38 38 270 400 240 60 76 180 60

Ti/s 11,22 11 30 50 44 07 66 43 41 99 03 07 57 08

U AXRFHRY L, TARFURE, EANMR
OFZA7ELAY, BOFALAZD, LATWYI T, oA LHX
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Figure 1. °C CP/MAS-TOSS spectrum of
epoxy resin reinforced with
silsesquioxanes.

Figure 2. C CP/MAS depolarization
spectra of epoxy resin reinforced with
silsesquioxanes: depolarization times
are a)40us, b)100us, and ¢)400us,
respectively.

LU LELI © - e b

Figure 3. *°Si DD/MAS spectrum of
epoxy resin reinforced with
silsesquioxanes.
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Systematic study on local structure of novel hydrogen storage

material M(AI(NH;),). by solid state NMR
Taisuke Ono', Keiji Shimoda?, Masami Tsubota,
Ken-ichi Kojima3, Takayuki Ichikawa?, Yoshitsugu Koj ima’
1.The Graduate School of Advanced Sciences of Matter, Hiroshima University
2.Institute for Advanced Materials Research, Hiroshima University

3.The Graduate School of Integrated Arts and Sciences, Hiroshima University

Novel metal aluminum amides M(AI(NH,)4), (M = Li, Na, K, Mg, and Ca; x = 1, 2) were
synthesized by ball milling method under liquid ammonia. Thermogravimetry and mass
spectroscopy (TG/MS), synchrotron radiation X-ray powder diffraction (SR-XRD), and *’Al
MAS and 3QMAS NMR experiments have been performed in order to investigate the thermal
decomposition and structural properties. Al MAS spectra showed that AI(NH;)4 units
actually existed in M(AI(NHz)4),. We found the correlation between decomposition

temperature and the 27Al isotropic chemical shift in 3QMAS spectra.

CFFam)

A H | HIEKIRBZ L 2R AE L D> DG 1B 238 > TO AL A REHI AR D D 8T =L — DB 5%
WEPITND, HTHKRFLEE N2 RX—RAELZ V) — R 3L — B OREEER T E
EEDTND, KETZRAF—IEHOEBULEEZ L LT & SR ED OB ITKE
Z ) HIE 27K ST RO BR R 23 ied CE SRR S 700 | AR Bon A Aok R

Key words: Hydrogen Storage Material; *’Al 3QMAS NMR
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HP M B OB R EAAT DI TWD, TOXI e AT HERMEELT
M(AI(NH,),), (M = Li, Na, K, Mg, Ca; x = 1, 2);2/KRIFEAM EHZFE B Lz, M = Li DA,
51 HE%HDZEDT E=T Z2Wi/itiL, LiH LDV 7 EARERICID, 6.1 'H
BE%EVDZEOKFEZ 130 CEVHMRIR THL T 2ZENRESNTVD[1], LI, S
R R B L TR AR SNDM B Th D, 2 TH 4 DIFFE7 L —7 13, S5
725K HHRE OIRIRALE B 5L T, M(AI(NHy),), O SBHERI7e MBI B AT,
(=B

M(AI(NH)4), (T, HZE (ALK, KT, 7T 35— @BNR) ZiRIET o E=T
T 4~10 KR — AV 7ML CERILZ, YAl MAS JIE K Y 3QMAS & 1X
JEOL ECA600 (14.1 T)Z A L TTTod7z, HlEIL 15kHz O MAS [EHET{To72, S G
BHZIX, AICL;  IM K& E FHVZ,

(ERLEZE)

Fig. LI, i £ THE SHZLIAINH) s O 1 g 9 _
ETVRITHY, Ala HULIINHy A A AU m} _ r__-r:j |
RELALL TWD, AAFFEICTIERL o V
LiAI(NHy), D[R /3% — %, ZOREEET L a“ﬁ) ' f-v’l' z
BT B, BN RTIEL AR THEN TR e Q/_
B EGBREILDIIONT o E=T i | | (‘) oo
FE (O RIS ) AMERIRAEL TV b, 22T, Fox TF' 1 ' o '“ .

1gl.

27 o
[T 7AL MAS J& TF 3QMAS NMR & Jif 1 °C Structure model of LiAI(NH,),

AINHR) A4 DRBERBAUR T ORFR |
He & B 22 L 7=, Fig.2 I% LiAI(NHy), @ *7Al |} N
3QMASA b T, IQMASHLRBAL | - ,
B2 7 ML A RRIRLEE IS Rz, 3¢ | 4
R R LD T, K AS — LA CakR ' C) B
Do
[1]R. Janot et al., J. Phys. Chem. C 111

(2007) 2335-2340. e S i Ml el B
[2] H. Jacobs et al., Z. Anorg. Allg. Chem. 581 ig

(1985) 125-139] _

L. s sy

1
L]

=

30QMAS spectra of L1AI(NH,),
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Evaluation of Hydrogen Dissolved in Rubber for High Pressure
Hydrogen Sealing using Solid state NMR
OHirotada Fujiwara®, Junichiro Yamabe'? and Shin Nishimura '
1 National Institute of Advanced Industrial Science and Technology (AIST)
Research Center for Hydrogen Industrial Use and Storage (HYDROGENIUS)
2 International Research Center for Hydrogen Energy, Kyushu University
3 Department of Mechanical Engineering in Faculty of Engineering, Kyushu University

Rubber materials for high-pressure hydrogen gas sealing are repeatedly exposed
to hydrogen gas. Hydrogen gas dissolves in rubber in high-pressure hydrogen gas.
The dissolved hydrogen in rubber causes blister fracture, which starts from inner
bubbles emerged during hydrogen desorption. In this study, we evaluate content and
state of the dissolved hydrogen in NBR after 100MPa hydrogen gas exposure, using
solid state NMR, aiming to clarify the mechanism of the fracture. As a result, two types
of hydrogen with different chemical shifts were determined by NMR spectra.
Examination of the relaxation time clarified the significant difference of the mobility of
the two types of hydrogen.

[(HEIRHEMATLGEIZAVLONEEEKFRARITFERHR—ILAIT LMD
HIE#HZHNITHAENT BEKEARDITLMBADEETMEEH TS, BEK
FARABBICKYTLMBIZIZTIVRZEEENSBIRIRENECEHA, Thld, JLH(C
BRELEKEORBEBREICEVWTRELEZKENER T HILTRISHRE?THDHLE
BRICE &L, BIRRRICIET LAMHEDIEERETLEZEHLENIEF NMRIR ST
EIZKUHERELRZY. BEKRBRBICKIBBRO AN X LOMEBAICELTIE, BERKICT
LTAEELIZKROKREBIBELEENTARTHS. KK TIE NBR(ZZUB=M) )L
TROTUTL)ERL 100MPa [£ AEHICTKFEN RBEICH L5 F DO E A NMR Al
EETOETILDICBBLI-KEDRESEETMEIT /-
[EER]EERICIZFER T LTHS NBR(IHAEZ L Nipol 1042)[ZHEE 1.5phr HIUINFHR
HEHZESLHBREZAW:-. DIILa=7EER NMR EIER ¢ 7Tmm O—4—[ZH#HR
ERR%FIELI-Y>7)L%E 100MPa-30°C-65 BRI EHEICT/KERFZICMHL, BIzER
ANMREE CMX-300(AREBEBFH#R)N)ZALY, o> T L(OppmZEEEYMELLTHYS
NIV IREERILE:. BEAZREIAEHICTREL-HEKZ TDA. R EHE ST
B JSH-201 U H A TR E)IZTHLEBIEL =, £z, KRHTRAENMREIZHEL, &Y
Hydrogen GAS, Solid state NMR, Fuel cell
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&L TEEE NMR N .ﬁﬂ: {éﬁ‘f% . /KCHBgHy
ECP-400(A REF#))IZT i : g,
BIELT-.

[#R-EZ])Fig 1 IZRE®
JLFRICTKFRARN AL

EREOHBRFITONT 9 9 :.
MAS J&E 3000Hz TEIK'H ... _ |
NMR 55"]%%‘??’3 :%%%7}( [1]{%2;?2—; 99 b) a “I':
FHRADRRIMLER DY | Wik o iz |

[2] Crude NBR
H20

TrRY. BER 1 BHREEBS 1 |
L/T:n_t-%ﬁj:ll-lvli 2.2ppm & [3] H2 GAS MW
55ppm EE—YLvTET B .'..|...|...|..'.|-.-|-.-|-..-|-.-|-.-|-.-|
NBREEEDRAIMLOM, —~ Gwms 1o 6 s & 3 2 1 o0

. 1 . e

KIZE D NBR TIXE RIS Fig. '1 H NMR spectra of NBR during hydrogen elimination
" _ [1] Time-series of Solid state NMR spectra of NBR, [2] Liquid phase NMR
fd:l:\ 449 ppm[A] (:|=1-|E|1|E| . spectra of clude NBR in CDCIs, [3] Solution State NMR spectra of H2 Gas

148Hz)& 4.8 ppm[B] (47H2)IZ 2 $8%8 1500

0)I:°—775\%£EL7‘: _73_ 7}(%73 g @ Hydrogen content measured by TDA
RDANGILIEH T3 pom (1S S 1as0/f |7 ysosen Fcoment measyed by it
glasn-Cemnn, [A] BIFAE = Hydrogen [A+B] content
ISR AN SBBLIOKEA R 2 000 35
BRDARIML TRV EARE £ D\ |

SN NMR AR LORBEFEIL 2 750) ° § &

FRELEEER, (A BILEEO S e

BEEEBITHAL 30 BERAKIER S 500

Lf-. 30 BERAEDARIMLIERE o

% NBR HEBHADARIMLE—FH £ 20

THIENHREN, BBRATOE E ...,
FAKEREIETOAIZEY owt-ppmT & 0 500 4000 1500 2000
HAIHIFERINT-. NBRDHFHE Elapsed time after decompression (min)
EIKEREOEELZ (N Fig.2 Variation of hydrogen measured by TDA and NMR

EMBIA] BIZ KRDFERELIZZEDREZARNIMLDIRF 57 BEIZE>T NBR DE
FELLREFEICEH L. 313k TDA [Z&Y NMR BIEBELREGH T TRELERBADO
BEKREELOBRZRET Fig 2 ITRT. [A]&BIOEET/KFRE(L TDA BIEIZKSHKERRS
BEEEE—HLTz. TDA AIEICKYEBRASNEIHRIEKFRS FTHHIIENERIA T
5=, [A] [BIIEZTLRAEBERPITAELTLNDIKEZENFTHAENHERESINT-. £OT,
TJLPRISGRBLIZKFRARIE, TIHILD IR ERERDEGTLIENST FEEIEDER
52 BEDODKENFTHEELTVAIENREINT:.

1) E£ 58 AENFiHRE 2R-15 BELE LDHM—EF i

2) J. Yamabe, S. Nishimura, Int. J. Hydrogen Energy, 34, 1997 (2009).

(BT LSRR ZERWVEZETFELLEEIE (K ICREILET. AMBERRD—
(¥, NEDO #:ifiBAFEEBOKREM M EMBIFZERARER(FR 18 FE~F/ 24 £
E)D—RELTITO>-3DTHS.
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Hydrogen bonds and proton dynamics in hybrid materials of CsHSO,-silica
nanoparticle prepared by mechanical milling

OKeiko Jimura and Shigenobu Hayashi

Research Institute of Instrumentation Frontier, National Institute of Advanced Industrial

Science and Technology (AIST)

In inorganic solid acid salts such as cesium hydrogen sulfate CsHSO,, tetrahedral AO4 (A
=S, P) anions form hydrogen-bond networks. It is well known that a high proton conductivity
is observed at temperatures higher than 100°C. Proton dynamics is closely related with
rotation of AQj tetrahedral ions, and proton transport takes place through the hydrogen bond
networks. The proton transport phenomenon is expected to be changed or improved, if the
hydrogen-bond states are changed or controlled. In the present work, we have synthesized
hybrid materials of CsHSO, and silica nanoparticle by use of mechanical milling, and have
studied the hydrogen-bond states and the proton dynamics by 'H solid-state NMR.

[F] CsHSO4 123 X 2 MEASEIREEYE Cld, A0, BRI IRA 4> (A=S, P)
DARFREADOAX Y hU =T ZEKLTEHY, 100CLL EOREIZE N TR\ 7 kY
BEMERTZENMLNTND, 7'a N OYEBUI MR A 42 DRl & HIZ R
RLTEBY, v b dkFREEGR Yy NT—27 2BET 5, KEREEOIRIEEZ ZL S
HLHZLIZRD, 7 b OIEBEENRES BT L2 LRI TE 5, AIFFET
X, CsHSOy £ U BT 2 hif-baA=Jin ) 7 THELLIZREHZOWT,
Z DOKFEREOIREE & K EIEB 2 'THNMR &2 WO TR 720 TG 5,

[5£88] CsHSOy L U BT IRV HZADI=TINI Y T THEALL TR L, ¥
Na =T BT v —IZ CsHSO, & 'V I R r & E &R | EERAR—1 I
JVT2RERIS U 7 LT, BRI BRSO, L 72 ATREME DS 8 2 O T, AL L7k
B2 SRIRIE T CHoME L7z, BHAME xSi0,-(1-x)CsHSO4 DFRALIE mol R« x =0~
0.95 & L7-, "HMAS NMR #HI%Z(Z1%. Bruker MSL400 (JLMEJE W% 400.13MHz) %
AV

[ -2 ] MR o B2 A B 'TH MAS NMR 27 kL% Fig.l (TR 7,
x =0 OMEFTIX 12.4 ppm (23 7 F AR STz, 243 bulk CsHSO, (phase 11T

A NMR, K3, FERELE (R PR

OrTen FWnwZ, Il LiTos
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BB SND, Y AT IRF 2 MA TR U EEMENZ I A T =) 7

DEBRIRNZ AR LTWS, —J, x>0 OMETIX 11 ppm ~ 3 ppm (HFET
T FNRIENRSTEY, 11 ppm, 8~6ppm, 3~5ppm (I =FEHHD & — 7 23R
Niz, %H >0 7F M, lppm ODE—7 L0 HENR 70— K Th -7, Bulk
CsHSO4 (phase I) OfLF> 7 R 112 ppm THDH Z &5, 11 ppm O E— 7 [%,
CsHSO, (phase IT) like ¥/ iZIfiE S5, 5~3 ppm DE—2 (X, ¥ U BhF 2 kitD
OH AR E SN D, 8~6 ppm DB —7 1%, CsHSO, fHlk & > U B fEIk OFL RE 4512
i@ S D, T DOFERMNG | HEMEIOKFEREEIRIBIZI 5 7222 bulk CsHSO4 &
B D, KEBEOIRENELLIZZ LD, 7a ozt k&< 2L T
WL eSS,

%E ME x=08® 'HMAS NMR A7 hILOIREKRTFNE % Fig. 2 (RT, RE

FUTE D & B — 27 OKRFBEREITBHI S 2oz, TbbL, 3EEOT 7 v

zfi%lJ/z WCHEEL TS Z &R LT, —J07, IRE EFIZED, 11 ppm O B — 7 Tidfp
MEN 71— N2/ 0, 8~6 ppm DO E— 7 TIFIMIENR T v — 71272 o72, ZORERIT
CsHSO, (phase 1I) like #4r & EEMEIEESFE 20 7 0 F o BNEEH L TWDH Z & 75’/T
[PRQAY-Y/AN %@ﬁ%%— SINEIR D Z L BRI LTV D,

x=09s N\ sek
% 320K

20 15 10 5 0 520 15 10 5 0 5
S (ppm) S (ppm)

Fig. 1 'H MAS NMR spectra of hybrid  Fig. 2 '"H MAS NMR spectra of hybrid

materials, xSiO,-(1-x) CsHSOy4, x = 0-0.95. materials, xSiO,-(1-x) CsHSOy4, x = 0.8.

The spin rates were 10.0 kHz. The spin rates were 8.0 kHz. The
temperature was 296 ~360K.
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NMR observation of dichloromethane adsorbed on zeolites
ONatsuko Kojima and Shigenobu Hayashi
Research Institute of Instrumentation Frontier, National institute of Advanced Industrial
Science and Technology (AIST)

Dichloromethane is one of organic solvents, which can well dissolve organic substances.
The solvent has been used when a solid substance was adsorbed on an adsorbent. Everyone
believes that dichloromethane is easily removed by evacuation at room temperature. However,
we find out that some zeolites do not release dichloromethane under vaccum. In the present
work, we study the adsorption state of dichloromethane molecules by means of solid-state
NMR.

(F=)

Truan AL ATAREEDO 1 oTHY . ARERYWEZ LSBT L0, BA
TA bR EOYEDNE~ARERDEZRAE SEDL L SOREL LTES VDR
T&Ele, WA SERRICHRTHZEHRT DI LICED, Y7 ru XX 3RSk
ETEDLIWERBADNTE I, AN, BATA FO—HTHDLELTFA FT
E R LY 7 mn A2 O PREZEPERIC L > TRl HBE L 2w L 2%, 'H
MAS NMR DELNIZ K> TRH L7, ABFETIE, EAENRZHWTY 7 mm X % 5
T OUAERIBIZ OV TIRES L7 DO THIET 25,

(FHR)

ENNT T A ME TS AT B 20 O Rk U7 JRC-Z-HM10, -15, —20%
Wiz, BRSO EBERFTH-DICHRE LTS A NE Lz, BREFICBIT 5
Si0,/A1,0,DF VLA & . 10, 15, 20& 72> T\ 5, FEE L TWAHNH, A A > Zr<
TDIZHHNUDEBCTHRMKEZ Lz, ko dlz, HEYEAZ7 4 N Th D
JRC-Z-HY5. 6 % H Tz, 225, 400°C THEMEIZ . /3 TVIRIC ANVERA LTz, 2 D%,
BEF&DOCHClLZ~A 7 as ) U TMAT, TOKRIET, 3SHMMKE L%, v —#
U—R 7P THEZEG & LTEHE L TWARWHCLERE L, b OMEIIEHEY
AR T TITV, MASE — & —~O Bt O Fe gl H R T AKX T TITo 72,

C, 'H magic—angle—spinning (MAS)NMR (FBruker MSL-400 (FLBEJE %5 : *C 100. 61
MHz, 'H 400.13MHz) % HC=IE CHIE L7z, Bruker MAS 7'm—7~v KT, 42
4. 0mmO Vv a=ryua—F—%FH L, 7V ARINIEFEOL TNV AL
7o PCHIETIZHT B v 7V o T a4To7=, BC, HDO AT RV, 10007 b T A F
NN U (INS) L L CERR LT,

BEAENR, AT A &, W5

OZLlFERSZ, BRLLITDS
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BA T4 MICHCL A2 WA S EZEHE
R U2 IZHIE L7 MAS NMR A 2%
r V%X 11278 L7z, HM10, HM15, HM20
T, 5.4 ppmlZ > v — 772 LR
BHISN-, LT A N TIHhIC,

1.8 ppm& 8.9 ppmiZ LGS ¥ — 772
CITFARBY, 52, b ppnfitE
Fbhd LEEIEREIC T e — Ry 7

NEMESH~, 1.8 ppmiT ML L 7=
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FTET VAT v R RSI-0H-ALIC
JRE S, WL B CHLCL &2 s SH 5
HINBFELTWE=S ZF L Th 5,
— 7. 5.4 ppm®D > 7 F LT, CHCL,
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BLTBY, B R LB L
TS CH,CL S FICIRB S NG, 71
ATy REE S OE)SHMI0 > HM15 > HM20
ThdHZLEEZDHLE, 5. 4ppnD T T
FIVEREE 7> & W 75 CH,C1, 4y 1 5 1T HM10
> HM15 > HM20DJIE & 72 %

—J5. WY TIE, 4. 7ppm& s & L7
ey 7 — R s 7 v o B &
Ntz ZOVITFUET LA T Yy R
M2 riS1i-OH-ALIZ I I S 41 %, W& CH,CL,
DFICHET BT 7B S
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KB FE L CTWTH5 ppmffiTic v
TF N AETRTOT, BC MAS NMR A~

MV ZE L C L WA CH,CL, 50 F D A JiE
R Lz, X212, ®C MAS NMRA X
7 MVER LT, HM10, HM15, HM20u»

T H54 ppmlZ > 7Bl S T,

CH,C1, (100%) Db 7 b4, 548
ppm& —E L TEY . WHECHLCL DT D
fAED MR CE e, —FH, IYTIEyv 7
Fane{BllEhd, BEHERICX
D CH,CL,MN TR TIEL 72 o 72 2 & D3l
mE T,

HM10

v
N

HY

| L AL B B A BRI AL
15 10 5 0 -5

S (ppm)

Figure 1. 'H MAS NMR spectra of H-type
mordenites and HY after CH,Cl, adsorption

followed by evacuation.

HM10

S (ppm)

Figure 2. ®C MAS NMR spectra of HM10 and HY
after CH,Cl, adsorption followed by evacuation.
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""B-""B 2D MAS NMR studies on borosilicate glass
OM. Murakamil, T. Shimizul, M. Tanshol, Tomoko Akaiz, Tetsuo Yazawa’

"National Institute for Materials Science,
National Institute
University of Hyogo

To
starting material for preparing porous glass,

of Advanced Industrial Science

study micro-structure of Na,0-B,03-Si0,-Al1,0;3
2984, **Na, *’Al, and ''B

and Technology,

glass, which is a

one-dimensional (1D) magic-angle spinning (MAS) spectra and result of
two-dimensional (2D) ""B-'"'"B homonuclear correlation experiment under
MAS are examined at 21.8 T. We conclude that two of the four peaks
observed for ''B are assigned to borate rings, which we assign to as the
main components in the boron-rich phase to be removed by acid leaching.

Phase separation of alkali borosilicate
glass is the most important process in preparing
porous glass.l’2 So far numerous studies on the
phase separation using various spectroscopic
means such as X-ray, Raman, and NMR have
been done. In this work, we report our recent
results using high-resolution one- and
two-dimensional NMR experiment on Al-added
borosilicate glass.

In Figure 1, we compare 2981, 3 Na, 27Al,
and '"'B one-dimensional (1D) MAS spectra.
Except for the ''B spectrum, the spectra consist
of a broad characterless peak. For *°Si, its
chemical shift value indicates most of Si exists
as tetrahedrally coordinated Si. Similarly
most of Al is assigned to tetrahedral one. The
observed simple spectrum for *’Na is an
expected one because Na exists as a positive ion
near the four coordinated Al/B in the glass
matrix. On the other hand, ''B exhibits at least
two groups of signals. From their chemical shift
values, the signal at around 0 ppm is ascribed to
the tetrahedrally coordinated boron and those at
10-20 ppm are the trigonally coordinated one.

30 20 1‘0 0 -1I 0
Chemical shift / ppm

Figure 1. 2°Si, **Na, *"Al,
and ''"B MAS spectra of
A1203-added
borosilicate glass.
spectrum was taken at 11.7
T and the other spectra
were taken at 21.8 T.

B ANMR, JMEHE H 5 2 HEdE . — ¥k ot fH B NMR

OQbrbnbbb, LATEEL, ZALIEILENL, LI, 8L THOE
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So far, it has been proposed that there
are mainly four ''B signals in a MAS
spectrum of alkali-borosilicate glass; (a)
tetrahedral boron surrounded by -O-Si-
(hereafter, B(4,0B)), (b) tetrahedral boron
with one of the four coordination is to
-O-B- (B(4,1B)), (c) trigonal boron in a
ring structure (B(3,r)), and (d) trigonal
born in a non-ring structure (B(3,nr)).’
Indeed the observed 1D MAS spectrum
follow the assignment; the letter-a to —d in
Figure 1 are drawn following the
abovementioned assignment. The question
is then what is the ring/non-ring boron?
How they are related/connected with each
other and/or with the tetrahedral borons?
To answer these questions, we undertook
two-dimensional (2D) ''B-''B homonuclear
correlation experiment using the
conventional three 90° pulses sequence
(Figure 2).*

Figure 3 is the observed 2D ''B-''B
homonuclear correlation spectrum with a
mixing time of 2 s. Strong cross peaks are
observed between peak-b and peak-d,
indicating the existence of a local structure
of -B(4,1B)-0-B(3,r)-. The large
intensity of the cross peak also indicates
that most of B(4,1B) and B(3,r) forms such
local structure. This leads us to conclude
that these borons exist as borate structures
(Figure 4a) in the borosilicate glass. B(3,r)
is also included in the boroxol ring (Figure
4b).

In the poster, we shall also present
lineshape analysis of the ''B lineshape
taking the second-order quadrupolar
interaction into account.

References

Figure 2. Pulse sequence for
2D homonuclear correlation
experiment.

L T T T T T T T S TR T}
- [ SR E— R | R

- 3
Hahieal o

Figure 3. Observed 2D ''B-''B
homonuclear correlation

spectrum with a mixing time
of 2 s.
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Figure 4. Two examples for ring
and (b)

structures. (a) triborate

boroxol.

(1) Yazawa, T. Key Eng. Mater. 1996, 15, 125.

(2) Yazawa, T. Porous Ceram. Mater. 1996, 115, 125-146.

(3) Du, L. S.; Stebbins, J. F. Chem. Mater. 2003, 15, 3913-3921.

(4) Jeener, J.; Meier, B.H.; Bachmann, P.; Ernst, R. R. J. Chem. Phys. 1979,

71, 4546.

Acknowledgement

This work was also supported in part by Grant-in-Aid for Science Research (C)
(Grant No. 21550028) from the Japan Society for the Promotion of Science.

— 307 —



PO74 NF S LEKERLYOBEE S & CEKEOEERE
oA B, A& B(F
R EMIEET  FHAl T v T ¢ THFSEERM

Phase structures and states of deuterium in vanadium deuterides
OYou Suzuki, Shigenobu Hayashi

Research institute of instrumentation frontier, National institute of advanced industrial
science and technology (AIST)

Vanadium (V) metal can absorb a large amount of hydrogen to the extent of a
hydrogen-to-metal atomic ratio of 2. The structures and phase diagrams of vanadium hydrides
have extensively been studied so far, including vanadium deuterides. The crystal structure and
deuterium site are dependent on the D concentration, and there are three phases denoted ap,
Bp and a’p in the VD, system (0<x<1) at room temperature. The phase diagram around x = 0.5
is complex because of the presence of ap, fp and o’p phases. Nuclear magnetic resonance
(NMR) is useful to study deuterium and vanadium in metal deuterides. In the present work,
we have studied the phase structure and deuterium site in the VD, system (0.4<x<0.6) at room
temperature using *H MAS NMR and >'V NMR.

[FF] NTF VU LAERITEAZN A LG L, BEREKFZ W EZERT S, =il
FHEIZRB W T VT AT KRFEE (VDT EAFZRE OIS T ap #H, Bp H,
CpFHD 3 ODMEFFSOZ ENHLN TS, ZHLOMIZBWT AT VT AREK
T O OREE LI Z NIRRT, ROIES ., KO FTHY . EARBDWRE I L
DA ME4Bfr, 6 BN, 4 BALTH D, iR TTICEHBW T ap 8, BptH, a’pFHD 3
DOOPFAET D128, VD IE 0.4<x<0.6 |23\ THEMEZ R A 779, B NMR (3K
FREAKER EHEEHNT D 2 LN TE, JRIEECKFEOEBEICBE T S H A
/O LEOTELHEMRFIETHD, AT, T YU LEKBZEIIZHIT HH
REERLHAKFZ DY A b, EEMEICHOW T HB L'V NMR 227 ML ZHIE LT
RI=OTHET D,

[F2B7] REHIANTFT P U LEROMAKLE BB AZKGSETAK L, BEAES
ATV SN BB AOERBENLIE L, H LY °'V NMR OHEIEIIE
Bruker ASX400 (F:nEJE %4k °H 61.42 MHz, °'V 105MHz) % iV 72, °'V NMR A2~ |k
JFERIERREHZ DWW TR = — 52 I OVIE L7z, 'V IZFEH IS Knight &7 hASK
T LIERITIROVRRIE ZFFO Z &G BUANER S 2 28 X BEARIAE L, 2 Omfsitz
HET D2 ETITIVNMR 227 hLOIE LWEIEAZ17-, "SHNMR A2 kL OlE
. B EAER2S MmOl a =T e—X—|C KL, v v 7 ARER(MAS)%E 15
kHz TITo T2 @ O > TNV ZETRIE 21T o T, £ 70 BRI KERIEE (n/2-
T-1/2 - Tg-1/2)%& FAWT, *H ¥ 7 F LRI OF AR O 54 7=,

& J@/AKFEY (Metal hydrides), °'V NMR, *H NMR

OFF& 19, 1FL LiFn.s
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[ff 9 & £%2] Fig. 11Z°'V NMRA~Z kL
BT, FNEND AT MIVEHRD E—
JIWZWIEBEL . ENENLDO Y — 2 ZaptH,
BM‘E, (l’D*E@:‘J%E L/7LCO VD0_40VG‘ﬁj:5250 ppm
B L6260 ppmD2 oD E— 7 NHEFEL, &
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ThbHLEEZLND, VDgso TlIaptHiZtHY
955390 ppm® ' — 7 3 L, 6470 ppm
DBpfED & — 7 NI L7z, £7-. 6670 ppm
IZa’pfH B — 2 MFTE L 72, VDgs7 TlL6760
ppmPD @ pFH D E— 7 N KE D Z O TEY
6470 ppm|Z D EDOPIHD B — 7 BBl S 7=,
ZTNFEND AT ROV Tophl, Bpoff,
o’ pfHDE|A % Table 1T,

Table 1. The fraction of each phase in VD

(A)

(B)

©

8000 6000 4000
3(ppm)
Fig. 1. Sy NMR spectra of VD, referenced
to the signal of VOCI;. (A) x =0.40, (B) x =

0.50, and (C) x = 0.57.

x (0.4<x<0.6) at room temperature.

Op Bp a'p
VD 40 0.20 0.80 —
VDy 50 0.09 0.82 0.09
VD 57 — 0.17 0.83

VDos50M’H MAS NMR A7 kL% Fig. 2T

RT, VDgs0ClE-44 ppm & -36 ppm!ZPp

LD E =27 BIFE LTz, PO E—7 FRMEDN LS DA = T A K
N REFODIH L, OpfADE =7 [THEN RS A= 7oA RN Faff

2N, UL, 2o DRIZEIT A EAKEDER)

PEDENEEDO LTS, -44 ppmE -36

ppm® > 7 F VR [E CAHN D EIR %A MIAFAET D EHAKBTH L RS H D720,
20D Y 7 F IV TEHAZEOZW Y LT A VLB Z > TV 5 2 & RN R
[FIEVEOREIZ K> TR, FRO B — 2 TiE-44 ppm & -36 ppm®D £ — 7 [} 538 ppm
ETEL TV DD BRINMKEREZITH) 2 E LY, £ 2T, -44 ppmD E— 72D
BB SN TWDHAE = YA R REREET AL It Lz, 70, K

1% O VR LERF R T IMAS O [a1 5 & #1112 [F1 59
HEDICHRE L, ZOREE, -44 ppmD B —
7 TIEA B Y — B REFNIRE R B~ b
OEENER SNz, ik, JEEcESNC X
S RN CAE BN BEI L2 &
L TCW5D, =36 ppm®D B — 7 TR L D[R]
BIZRERBTRD LN oT2, TDZ
LG -44 ppm & -36 ppmD > F S L TCTEK
FOAHY U I A PRI EII < T,
BIRDMEIRBT DI ENRYTHD,

[AHEE] AHFZE1Z NEDO 7k 32 s B S i
MERFZE FE(HYDROYSTAR)D FCITbiviz,

600 400 200 200 400 -600

0
&(ppm)
Fig. 2. A ’H MAS NMR spectrum of VDj s,
referenced to the signal of D,O. The marks *

indicate spinning side bands.
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Structural Analysis of Fluoro-containing Compounds/ f—cyclodextrin
Inclusion Complexes by Solid-state NMR

Yusuke Koito', Hiroto Tatsuno', Kazuhiko Yamada', Shinji Ando'

'Department of Chemistry & Materials Science, Tokyo Institute of Technology

The conformational changes of fluoro-containing compound (HFE)/ B—CD inclusion complex
(IC) were investigated at elevated temperatures by solid-state '’F MAS NMR. The broad "°F
peaks of HFE/B—CD were shifted to higher frequencies by 2~4 ppm compared to those of the
neat condition. Thermal gravimetric analysis of the ICs showed little weight loss below the
decomposition temp. of —CD (300°C) which is much higher than the b.p. of HFE (131°C).
The NMR spectral shapes and peak intensities of the ICs were dramatically changed at
high-temperature region. In particular, a new peak assignable to the terminal —CF5 appeared
on the high frequency side above 140°C, though it was gradually returned to the lower
frequency side after 50 h. The structural transition between the meta-stable state at 150°C and
the original state at 20°C is reversible to some extent.

(fE)v7aTx A Y > (CD)ITBKMEDZEFLIZ 25k
b B a el L. R85 (Inclusion Complex: IC) %
BT D Z ENARETH Y . 7 A Ny FOiEWER EX°
BRI 72 SR TH D [2], FlxiE, CD 28
B2 072 MuAWIX, BROW A TIEARE
T, CD ORI TH 5 300°C 1T F TIRRED HERF
INDB[3], ZD XD BRBBITIIAR AR -7 A MEIZME <
WOHIERAE S LT 5 EBZ LN T Ehb, & e
I/ EiRSEIRIC BT 57 A Ny O - EEWEZ (LA Fig.1 Schematic structure of
A& '°F MAS NMR (2 % 0 figtht L 7=, CD complex [1].

B -cyclodextrin, Solid-state NMR, Inclusion complex

OZWeEWH T, oDUAHL, REENTOI, HAEI LAL
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(EBR) AREFIETIZF A Ry & LT
Kwe 74w =x—7 )LHFE{E A 3M
(NOVEC7600))% Fv 7=, B-CD Dfimfnsk
FWRIZ T A Moy %0 T4, 72h #i891C

itk LB U7 A b 2 ¥ L CB-CD -

Icﬁﬂkbtuﬁ%ﬁmOF:@@#%
735 HFE/B-CD -« IC |37 A b4 A h=2:1
D IC ZTERL L’Cb\%) ZEDIRENT,

(%%-%é)ﬁﬁTwlwammNMR
ZHWTER~&SIRIREIZBIT D7 A b
1O - @@ﬁ%@ﬁ%_ﬁﬁbt
FEF, 120°C DL R TIEARY MLIZKE
RIARIZAE U2 dr o 7228, 140°C (280
NEIERE ¢ e A ERE Y - k=3 Y gl
(Fig.3), Z OfE H XK u—CF;(2)IZ LK 3
5 EEBZ B, MPGETEIZ X 5 HFE WK
Ui-CFs JEOZE) N #7252 L 3R S
72o AL OIUIL CoFay/B-CD + IC IZ81T 5
CoFy 7" A R D—E(AS 80°C TB-CD ZE£L
SMZERTHZ A RHLTWD[4], K
AN =FZ NEITE < WETIB T A Ny
T ORI U TR 5 720 F iR D
MG I EmNE U SN S,

S 5 ICESLER % D HFE/B-CD - IC D%
P28 (b % AR 'F MAS NMR (T & 0 @152
L7k 2 A, FERFICHEREbERL
72-CFQ)DIEFH . FFOMEEEEDE
—CF)NCRBATT Db SRR Sz,
IR COMEITEZTEIRETHY | thx
(R TE 7R AR AR

W B 2 B, T ORI

a) CFyCFHCF,- EH O~ CF, CHFCFy

H;
b)
i
I!' N 55
Fi§ 2 i 180°C
Lkh“. S <
| =]
.-L-.._'w c L '1._
120°c
P = o | <
___1|:||:}°|: _,_;’L
— NPc )
40 -T0 20 B0 100 110 420 -130 140200 210 -220
& & /ppmi

Fig2. a) Molecular structure of HFE, and b)
variable temperature '’F MAS NMR spectra
of HFE/B-CD IC.

‘_"‘”_“J?\ -

NN

BB ALY
. M_,J s,
-80 83 - -5 -Bp 8%
& I ppm

Fig. 3 "F MAS NMR spectra of HFE/B-CD
IC at various conditions; a) initial state, b) Sh
¢) 20h d) 50h, and e) 2weeks after annealing
at 140°C.
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Mo T A MIRA R B BRIROEIR ) 2521 T D LHEE S b, BVLEERTTR

THROND —CFQ)DIbFY 7 MELOBERIZ OV TIFMRETH 72238,

TA RNy D=
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Structural Revision of Natural Products by Synthesis and Application of
the CAST/CNMR System

OHiroyuki Koshino', Yue Qi Ye', Shunya Takahashi', and Hiroko Satoh?

'RIKEN, Wako, Japan.

’National Institute of Informatics, Tokyo, Japan.

We report structural revision of a series of p-terphenyl natural products by synthesis and
NMR study with the help of a CAST/CNMR system, a program code for *C-NMR chemical
shift prediction using a chemical shift-structure database. We synthesized the originally
proposed structure of thelephantin G and its NMR data did not match with that of reported.
Based on the NMR data, we could propose the revised structure for thelephantin G, and its
structure was confirmed by total synthesis. Besides, the structures of thelephantins A-F, J,
and N, thelephorin A, and curtisian M-Q with p-hydroquinone diesters like ganbajunin E are
suspected to be wrong, and p-hydroquinone diester substitutions in the most of these
p-terphenyls are supposed to correct to a catechol type ortho diesters like thelephantin G.

CAST/CNMRY 27 A 3R I BAFE L7-CAST =t — R &2 FI T L 7= SEAR L 2 B2 & &
TEXDHI LB ET DT —F =R ZHESNTEECNRIEF > 7 NS TRl AT
ATHDH' S, T—HR=RA BRI NDT — X OEILITHT — X B E 52 50DT,
FEPTRHE L TSR L TV DD, ZTOBRETRIED 5 WIFHEORE NS LIFLIEA
DPoTEY, THETIZET MEAEM DA IR LONRT —F OfEHTIZ L5 —
HOBETTELHE L TE 7S SEICBILI N p- TV 7 == )VEKEET 5 KA
HHILAEWITX ) o PORBED & L TEESMESN TV ERYY, FiFHK 4 M
WEEE UTzvialinin AQDICE L TYH, FOERMIEIC L » THEE 2R T 5 &L [H
Rz, 7o EOBHANTEICEET 5 BIYEATH Hganbajunin C(2) DIRELHIE N FIE
wf@é:&%%%#mbk%)wammAmﬁiwf%éwmmmmD@ﬁbi@
E@ X7 O NVENEGICEHET D1 DI R REA M E U TFEET D0, £hvh
0mm?~&%%@bk%%,%@%®u%®ﬁmi%Nm®M%/7hm®m@_
LV EDARETHLZ 2 RWE LT, 51T, ganbajunin EO 7 T /VEdp-& R
X UEZREBRIT T > T DHREE NS 1TV /= thelephantin GOHEZEAEE (5) IX
vailinin ALRI C K DT IVIEMN AT TIE 72 < AV MMLIZEH L T 5 1% (6)
ICRTIEEND Z & BALFARRIC L > TIEA L 722, & 51T, AR SRS L
TALBWONMRT — Z (2D %, @5 SN TV ARG, thelephantin A-F, J, N¥°'°

CAST/CNMR, p-T /L7 = =)L, KEEETIE

OQZ LDV ADE, LIRS E, ENFILLwARL, IEH0AZ
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Diffusion behavior of water in sulfonated block copolymers
(OTakahiro Ohkubo, Tavernier Bruno, Koh Kidena and Akihiro Ohira

Polymer Electrolyte Fuel Cell Cutting-Edge Research Center, Advanced Industrial Science
and Technology, Tokyo, Japan.

The longitudinal and transverse relaxation time and diffusion order 2D 'H NMR spectra of
water in sulfonated block copolymer for fuel cells were estimated by use of inverse laplace
treatment (CONTIN method). The water with different state around sulfonated acid group or
not, which correspond to slow and fast diffusion coefficients, can be identified from 2D NMR
spectra.

=1

PREVEEM A RERR T D EROR T, BRERIT, 7'r b oK EEE ST OHEEL R
H, BT e b CBEEARD LN TND, TR MARET, KT ¥ oL E TR
LZ@ETTHOBAKIEZNLTEIDZ LD, ZORTOKROEIJRFERCKT ¥ o %
NDENT 1 P—ZBATHHEN, THETCEHREINTND, EF, F LV
BHBAF ORA L U THKE EFKEHIZ L 27 0 v 7 I L VKT ¥ o RO ERIE
EEHIE L7270y 7 aR) ~—[REMToh Wb, Zhb7ryZaR)~v—0
gL, BELERICL > THXF Y 774V B—va s, 7a b fzEoHEnF
LR DBKRED L DO ONTITIZ L A LT TR, £ 2 TARIFFE T
WZ'e b AREEE R TRERN R T n 7 a R v —
poly(styrenesulfonate-methylbutylne) (PSS-PMB) % %5 & L . KDOF ¥ 77 X UEB— 3
DTSR & HEB AR L7z "THNMR I & U BT 24T > 72D THRET 5,
E3

Polymer Source 7> H A L7 PSS-PMB % THF (Z L 0 @l L, B v A MEIZ X
VIR S 50pum OIEZARR LTz, 557 AEZE T 40°C (IZ THKLEZITVY, 4mm
X Smm OEMRICAT » L NMR EIZFHE L7z, BKIE, BEOAS7ZNMREDE &
T T ¢ 73 —1Z T 50%RH(40°C)DSAETITU N, NMR JIE H D& 7K 24 % #1i] 3
L7212, NMR EOEUSNDT v KRR a—L%x T 7rray RTEN,

NMR #I7E 1%, ECA500(11.7T) T{T > 7=, #IEIX. Inversion-recovery (IR),
Carr-Purcell-Meiboom-Gill (CPMG)IZ & % Ty, T, I 7€ 45 X UF Bipolar-gradient-pulse pair

IR, ey 7 HEEK, ELT7 B T—

OBBLUT 2N DA, ERDIZZ 55—0, ETh 29, BBUOL HEUVAH
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longitudinal eddy current delay(BPPLED)(Z J 2 $EEGRIE 21T - 72, A8 CTid, CONTIN
BEEMPANVTEBIET 7 7 7 MK VT 77 ZLBREITV BN A A 2 (HEh)
E T, Ta B EOYEE R A A (HEE)IZ L D 2 IRITT AT M ERFT,
Ty, T2 & U CHERURER ZMEdihZ L7= 2 IR A M &K 2 1R T, 7 Iy 7
FDOFEREIL, o TV, 9 Ty order D AT R LT W T, {ERBIEEI(3.6kH) 2
2 DOFEEFIEER 420ms 35 LUV 39ms Z OISOV — 7 (AL ARl Sz, £72
W& [ D RS D & — 7 (C) a1, 430s OffEREFn  1&7% A M
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BRI Ch o7, ERBAIE—2 O 2 SOfiEEmE = A s>
WL, BERRIRR O A7 FATHEMESN, © £ el e
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2o F72. BEEAIY—27 OF0F, 3.1ms TH é
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HE LT, SOH-H0 DRVEBERET 5L, =
To/T) DHBPNENA2BEVC E—2 TS5 £ 9%
Fo b, BATFRETOREICEVEVEY 3 763 \ W)
HA A LTS KEREELOND, A — § el %Eﬁ
F =D AT ki, ABREE A5 14X10™1 13 R\
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B BB ST, GERIRR GRS U7 A2 w0 6000 4000 2000 o 2000
E—s i BT Ok, -y —ofiET mf““
X, Bl CETVWARNEEX NS, AV —T1L, F [Diffusion order]
107 A — 5 DIEBAREAH L TR Y ARV 5 |
J& Y OFKEIAFE LKF v > RN EIEE L T f - ""&”ﬁ’i
WHKEEZBND, —F, BEBMOE =2, Senp Y
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— OB EE L TVD LEL BN, | Vo
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BIER ™ D BBMEA RIS 5 2 LAVAIRETH o 72, % Fig. 2 Longitudinal, transverse

s - 3 X T,-D D% ZOUN La=s relaxation time and diffusion order 2D
=T E‘ T1-To 85 L OT-D DR THRET NMR spectra of water in PSS-PMB
LTETH D,
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Temperature Effects on Melt Structure of Calcium
Aluminosilicates by using 2’A1 NMR

OKoji Kanehashi!, Jonathan F. Stebbins?

!Advanced Technology Research Laboratories, Nippon Steel Corporation

’Dept. of Geological and Environmental Sciences, Stanford University

Structural changes with increasing temperature are important to understand the
correlation with macroscopic properties such as viscous flow of most
aluminosilicate melts, but remain much less well characterized in general. In this
study, we determine temperature effects on melt structure of calcium
aluminosilicates experimentally by investigating glass samples prepared with
varying cooling rates and in situ methods. The content of five-coordinated
aluminum increases with cooling rates and thus with fictive temperature, which is
agreement with in situ high temperature NMR data. Five-coordinated aluminum is
considered the intermediate of configurational changes of MO, (M=Si, Al)
tetrahedra.

A Z JRNT Z— D E IR IR RE TOREE DEERFEIEE A S M2t 5
AR, Mo EEIEEER T OICEETH D, TDOHEL LT,

(1) BHEELZBASETER LT T AOELZT~%5, (2) in situ
RPETMAOEEZR D, O2BYRBx 65, 4, FxIINMR
ZHV, Ca0-AlL04-Si0,% DFEHI I 1T 5 Al AR & O IR E R A7 E I
WTRREF L72[1],

FEERTHW Y 7 V& Table UWoRT, FTE DAL & 72 5 K 9 1Tk
Waie L, W, 2n SE7c (Water quench) o (AR (T) 241k
S/ LD, R (Slow cooled) 35 X UHZAM (Fast quench) 723K
B R L7,

HZ AD1D 27A1 MAS NMRO{|IE|Z 1. Varian Unity/InovaZy Y65t (18.8
T) ZHAWic, REHEERE R EII20 kHzE L. 7 U » FAREERICK LT
30° \ZRXAE L7=, 27Al 3QMAS NMROJIEIZIX, Varian Unity/Inova’sy Y&t

YAINMR, DAY T LTI ) ) r—h, T A - @ik

OPRIFTLIHL, Lredh 25 - T TOAT
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(14.1 T) Z V>, shifted-echo/SV A — 4 v 228 A LT, SiLin situ
27A] NMROBPIESMIL, BER2NCHE - 7=, YAl NMROALEEY 7 B HEHE T
AI(NO,) /K % 0 ppm & L7z,

Table | Nominal & analyzed compositions, estimated quench rates, and calculated fictive temperatures of CAS glasses

Nominal composition (mol %) Analyzed composition (mol %)

Sample A0, S0, Ta0 Y S0, Ca0 Cooling rate (K/s) Tf (K)
CAS25.50 Slow cooled 25 50 25 254 49.6 25.0 1+0.03*10" 1110+5
Fast quench 25 50 25 253 50.1 246 2+1%10* 1260 + 20
CAS10.60 Slow cooled 10 60 30 10.1 60.3 29.6 1+0.03*10" 1060+ 5
Fast quench 10 60 30 10.1 60.3 29.6 8+4*10° 1290 + 20
Slow cooled 12.5 444 43.1 12.6 445 42.9 1+0.03*10" 10655
CAS13.44  Water quench 12,5 44.4 431 - - - 1+0.5*10° 1105+ 10
Fast quench 12.5 44.4 43.1 12.7 44.4 42.9 10+ 5* 10" 1140 + 20

CAS13.447 7 A DUTAI MASALY kL %EFig. LWRT, AA > O4afichrHl
Al (WAD Otz AXEE BRI SEAR (BIAD (2% 2 B — 27 2811
S, WHEERHEI, T2b BTN 5206, BAIDFFELER
WLz, £72, VAIOE—7 BORIARE 2> TWAHZ &b, 1E L
FAZLED . AlB X USIORFI O R FALAEA TN D EHERIE N D,

Fig. 2ICBIAIDIFELLEORERTIEZ RS, WAl & BAIOFHZR G
EEZIGE . AHETEELREN —ETS & T hiTlog, ((FAIMAL & 1/T & DFHE
IIXEMBRA S LN DIETTH D, CASIZAMITEB VT, 1400CITH
T OERNIREEIZIHB W T, b7 MEB L OBIZIRONREBE T D &
24 %RREDOBIAIOFIENAFE S DAL, ZOEIET 7 AREH &L
Fig. 2H DELMR & ST L 72 fif & HhiRA iV M2 /s L7, —5, SiOBLA7EE
TR EFHLTOEELRN T & D, T OFEINLE A A B ORE
A UIEBRAEL THRESICEZ VT <o Tnd EEX LD, ULED
FERNG, BAIOFTEX S T OB E Z 2O FFE L LTHIELTE
0. IRER EHT DI, ZOFEENEMT 5720, EMEFLT

W EEZ NS, T. °C
1800 1400 1200 1000 B0
. o - : - ;
| £ CASZ5.50 1=
O CAS 1080 {20
- CAB1D44
) CAS DAL, . 415
-
L T
W 18
P &0 40 = o g
ralathve frequency (pprm) 10600/ 19
Fig.1  2?A1 MAS NMR spectra for CAS13.44. Solid Fig.2  Relationship between the log,, of the FIAI/4IA]
line: fast quench, dotted line: water quench, ratio and inverse temperature for the glass and/or
dashed line: slow cooled. melt samples.
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[177J. E. Stebbins, E. V. Dubinsky, K. Kanehashi, K. E. Kelsey: Geochim. Cosmochim. Acta, 72 (2008), 910.
[2] K. Kanehashi, J. F. Stebbins: J. Non-Cryst. Solids, 353 (2007), 4001.
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Chemical structure analysis of trace amount of boron in coals
(OTakafumi Takahashi, Koji Kanehashi
! Advanced Technology Research Laboratories, Nippon Steel Corporation, Shintomi20-1, Futtsu, Japan

Chemical structure analysis of trace amounts of boron (60ppm~120ppm in mass) in coals
has been performed by ''B MAS and STMAS. As a result, three structures with isotropic
chemical shift (dis,) of approximately 1ppm 7pmm, and 14ppm are clearly distinguished. All
sites are characterized by quite small quadrupolar products (Py<0.5MHz). These results
indicate that boron in coals mainly occurs as four coordinate organo-complexes although the
previous studies using solid state NMR suggest that boron occurs as three coordinate species
in gangue minerals such as tourmaline and illite. Furthermore, we have proposed structures
for the organo-boron complexes which are supported by ''B-"H CPMAS experiments.

(S]] BRI NMR IZE T 2 K& RIEO—>ThH D, W, Fx i, U1
BRI 9 5 @R ERIEE (STMAS) OBHIZ, HARTHID THRIILIZZ & 2#HiE L
=, AlE, ZOEME LV ERMOH L LDICRBSE L0, EMBO—>TH
DA R~ LT,

FIRKNFEEBIZE T, ARBIE%R, ZONOFHDIKPERT D, 2095,
BRERERR iofﬁméﬂémf<7747//z> i, ?ﬁéﬁmﬁ®1OT
W%ﬁﬁﬁﬁé RURITK L, T, BEHYRCEET DA, AKEHEEG IETE

ST, LWEEH BRI T TR Y, w7/ b IR R A v b éﬂ“(b\é =
Dizh, FUROFEHZAFEICEBET L ENRMLETHY, TO—8E LT, RIE
HIDR T ZOICFIGFAERRREZRAT 2 E NN ELE SN TWD, TR EREELHF T
HEMRNMR X, B U RS AHOEERNT 2179 9 2 CHZTH 5, 5l 21X, Kuwabara
[1151%, ARDO "BMASNMR A7 hMLEAL, AUH#EDL T, EEYWE (b
=V AF4F) HIZEENDE LIz, LLAERS, Zo%A. Bl "B(A
B =3 2)IENUMR A TH D —IRITEART ML DI TIL IR Z 7R 5 FTREMEDS EV Y,
&AM, EED MQMAS IE T, MERFUREEZSNT 52 LIZREECTH -2, ©
ZC. XA STMAS (2 X 0 R U EROLZEIFERELE X 03I L,

[EBR] rRix. AU FEREE 60~120ppm, P2
PRFBHEE 70~80% DL IBAINC FLH S5 L t
il 2o MEfi U 7o, BUBHE. RLF-RmEIZWAE L
TR RO B RT D120, v~ =F
—/VIRTER(2wt%) TR L. 60°C THzME L i_ﬁ(___/ﬁ\\_
72o NMR A X7 bVl & %, JEOL  §—— S
ECA-700(16.4T), 3.2mm H STMAS 7'u—
4 W AT - 7=, BIE R O [alHE 5 1
7zH TTTOz ,{ ITE DRI E R AL Fig.1. DQF-SPAM pulse sequence for STMAS
MAS = hw & 57T 20kHz+0. 003 experiments. The time of t; and t, was set to 1.6ms
kHz [ZHI4E L 7=, STMAS A7 RVBIZE  and 10.2ms, respectively.

Key words: &, AR U #H, STMAS
OfiIl 7ZehrsHr, Rl ZT50
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TIL, BUBHE OB 1/3 I2HiEET & U w7 A(NapSOy), H OBl E a2 28 7z,
BNa-STMAS A7 ML EHWT, =¥ v 7 % 54.736°+0.002° ([CFiH& L1-#%, 7o
— T ORMNEEEIT O Z L7, ERBORTEICBAT Lz, FERIEICE W T, VK
LB 1 B e L. "B-MAS A7 RLix 18° 7L A "B-STMAS A7 kLT

DQF-SPAM 7SV 23—/ o A(Fig.1) & AW THIE L 7=,

[EBLIOELE] 65D "B MAS A< FL %
Fig2 IZ-d, ZOMIZRT XIS, AEEE LA
RIZLBEL T3 DOH A bERLTEY, fLFEv 7 A
M. Oppm~15ppm DJAFIFHIZ A L TW\Wb, T
O ORFEIE, FATHFZE[2] T S 4L72 MAS A7 |
NOKE —ET 5, T2 T, HO®Y 7 bR X
UL VU158 B S 2 73 2 728, STMAS A7
MERE LT, ZORE%, Figl3 lmnd L9212, 3
SO A PRKFITE, VTR BN SV TR
EH AR LI(Table 1), 2D H, HA heix, e 'Behembealshift 7T
MZAFMITHY . ZORBIZWERD S DL —E$  Fig2. Atypical ''B MAS spectrum
5, E£12. BO D250 A kb (ab) 2OV T,  ofcoal
Boe 13 4 BEALIIRIR L722%, ZAURERDAIR & 137 NS\
5, ABNIICIRBE LZEARE LT, 2NHDH A b =
(a,b) O/NEWEENMRFAE/ERIZ, 4 B iEE T
DOIHFARREZ NG TH D, BT ALFEY 7 +aE T a
BT 5 Z LT, ARMIAEEO TG ERER LT TR '
foa< B BN B - oA T B LAk
Fffir. Figd ORI fEE2E LT, Eﬁ@vﬁﬁ RN
/I/Hjufi R PR EE DR DAL KOSy 8 AR
BN ERMIEINTEY A %F”%iﬁbﬂ\ % So
Do iz, ARIOBLRIRIL, A D RARA H Tz 00
<, ARDRFBERPICHETDHZ EZ/RLTEY,  Fig3. "B STMAS spectra of coal
IREEMI B TR U RN S D Z & 2/Rrig L ¢ cited in figure 1.
W5,

1SO (ppm)
10,0

=
=
-

[

OH
Table 1. Isotropic chemical shifts d;, (ppm) and quadrupolar 8}( >B/
OH N\
products Pq (MHz) estimated for three boron sites.
Fig.4. Structures proposed for boron
a b c .
—T — — sites (b, ¢).
0 iso CQ ) iso CQ 0 iso CQ
0.9 0.8 8.0 0.8 15 0.7

[#3] STMAS Z&OEIKNMR 2B 925 2 & T, fARFOMERVENEICH
BRI ARMIREE L U TIEET D 2L N L oo T, 5%, TERBIIIRTRETH -
TR TLFE~D STMAS O RN I NS,

[Z%Z3C#R] (1) Takahashi er al.(2008) J.Magn.Reson. 198:228-235. (2) Kuwabara et al.
(2007) J. Jpn. Inst. Energy 86:455-461
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Natural-abundance **Ca solid state NMR study of calcium hydrosilicate
OYasuhiro Hashimoto', Mie Nayukil, Shinya Matsuno', Kunio Matsui’, Masataka Tansho®,
Tadashi Shimizu®

! Asahi kasei Corporation, Shizuoka, Japan.

? Asahi Kasei Construction Materials, Ibaraki, Japan.

3National Institute for Material Science, Ibaraki, Japan.

Tobermorite, a naturally present hydrated calcium silicate, is also hydrothermally produced.
Taking advantages of the strength and stability, it is widely used as a binder in cement and
concrete materials. However, when used in the construction materials, the crystal structure is
gradually altered over a few decades leading to deterioration of the material strength. This
may be due to a reaction of the calcium with CO, in the air to produce CaCOs. To investigate
the details of the degradation mechanism that still remains unknown, structure analysis means
are required. In particular, information of the calcium, aluminum, and boron structure
arrangement should be desired. Here we present the application of a ultra-high field 21.8T
NMR to obtain natural-abundance solid-state 43Ca, 27A1, and ''B NMR spectrum. Detailed
structure information obtained will also be discussed.

[BEFE] F 3 F A b (CasSi0y7

5H,0)i%. Fig.llZRd L 57, CaO& Al substitution

SIONJE 7 B> 72 B BOdR i B 1 L S 7 a0 layer \
SN BV Th D, ATE VN‘ PP
SiO,D—DSINAITELL I, SiO, layer

SiOJE 2 CaX (H0) N TF(E L T2 1 | & >

7B, BRICBE ST AN S |
%o KREVERIZZVE b, BER
a7 Y — MNALC) 72 & D EEGLH B} Fig.1 Tobermorite structure.
DEMSY E UTHEH S 4, S5RE, it

VRS TERPE TARPEZR EENTMEE A AT 5, SOR5MAEEZ B & & ORE
3. FNETA FHOINT T DPNREF O ZBAIKE LSO L TIRIEI VST WA
BT DB L(RBBIESI) TH D, —FH,. MYETA MIRRIZOLET HZ ERHD
NTEY ., ZOERNP LG TRBEAEZ D IZ< W ETRIND, KRG

CaO layer \

TN TN, Rav ) r—h, RRETA b, BCaNMR
OIZL B LRTOA, BRPEEZ, OO LAR, FONIEIB, mALIFEX
»N LATTEEL
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EBRADEN, LU CRBAHEE AR T2 Z EREETHY . TDOHIT, &’
BRCICERERIR T 2 & <IZH NV T AORREFHEENEE CTH 5, 4RI~ 1T
$:21.8T NMREEE T, KIRIEIELL TOPCaEANMRIE Z ik A, & HIZIFYAL BEL OB
BEIANMRYE b & ot CHEETE RIS 2 7 72,

[32B2] “Ca, Al, "BJEANMRHEIE L, JEOL ECA930 (21.8T) & T -7-, *Ca
1 X1k Ttsingle pulsei® (Fa B RER] - 59

50hr, ik LAFHRER] @ 0.5sec) % degradated with CO,
"BLYANL, & HIZ3QMASHIE %

1107, AEHIRNM ARIER 217

T RGO F FREEIT- T,

[#ER] Fig2lo, KEGRLL &%

D R IEH AL TR 5L D Calfl 4

NMR A~ kL% R Lz, $Cald, blank

PUAR7-£%2 C, IREEEE TH D |

S DI RIRAFTELE DS FE T ISR

(0.135%) 53, A EIRIRIFIELL D &

iii}fgi;;y%;%ﬁ%;;f\g |IIII|IIII|IIII|IIII|IIII|IIII|IIII|PIPII\I/[I|
I N SN (=N 200 150 100 50 0 -50 -100 -150 -200

Fl 2 EELLSh O L 0 | R

Bl A = K IR AR R~ 0D ik Fig.2 $Ca  solid-state NMR spectrum  of

NHEFCTX 3, synthesized tobermorite.

Fig3IZ KR F T T A M (T Al

B BRI ARRE) & KEVE K

fh DY AIFEANMR 227 kL& R

L7c, ZEBDT=%, 94T NMRE i

(Bruker Biospin DSX400) CH|E L

727 —X L LT-, 94T HEET

HHNTE AT NV TIZ4EALAL

W2 a VA —RER S v, mEk

DEWNLIFDY g VA —'— 7 i

ELOBEBNRRBD LN DHTH

D03, 21.8TTOHEIZLY, ZD

A —— 7 BRI L .

S HITIERERML & ARk TZ D1k

FAREEN R D Z E B S I

21.8T

olo, ERTIEL, T OFEMIEEIC
DONWTEM,T A, ...|||||||||||.||.|T']/TP?B|4”
80 60 40 20 0

(] NMREIEICBI L2 K722 Fig3 2’Al solid-state NMR spectrum of (A):
RAJZTAWTZ HAE S HAMIC  natural Heguri, and (B):synthesized tobermorite.
JEHN T L ET,
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P08l BEERFMEV T T (V, VI) RUBDEK Mo NMR
OfEMIA L, Fktl2 Y, (LRI 2, FITEZ S, Wk w3
3T, TR 2, WIbTHERS *)

Solid state Mo NMR of mixed valence polyoxomolybdates(V, VI)
T. lijima!, K. Nishimura!, T. Yamase?, M. Tansho®, T. Shimizu®
Institute for Molecular Science', Tokyo Institute of Technology?, National Institute for

Materials Science®

We report solid state NMR of Mo NMR of MoV, MoV'V! and MoV! species in
mixed valence polyoxomolybdates(V, VI) with localized or delocalized d' electrons. Mo
MAS NMR spectra for diamagnetic crystals of [Me3NH]g[HaMo},005(OH)12(MoY!03),] -
2H,0 (1) and [NMey)o[NHy]s[(Moy ™MoV Og3)s] - 8HoO (2) were measured under moder-
ate (9.4 T) and ultrahigh (21.8 T) magnetic fields. Parameters about chemical shift and
quadrupole interactions were obtained by simulation of the observed spectra and relativis-
tic density functional theory (DFT) calculations. The isotropic and anisotropic chemical
shifts of sites of Mo" in 1 and Mo"'V! in 2, respectively, exhibited absolute values quite
larger than those of other MoV! sites.

(#&E) 4. NMR HEESR A ORERSE N LA U, R E R 72 fFEE NMR OHIE
MAHEIC 2> T E T3, FHCEBEA Y > O 7% Tl SaRESHEIC & D Bkt A
TERD RO 7 b HVNE {722 12D ARYT MIVOEZREEIE T O i bRk
WCKBEEM LEDVES> T, TNETHREEE SN TWIkHZ V72 NMR AT
TZ22 K> TV 5%, FEE, EFERIES NMRICXK % Mo FEDWHd S low-y DF%
DHEBEIFLTEFEIC TR > T 5o

%Mo NMR IFEY 75 > DEELEL (Mo®-MoV) I K W T E %, A NMR Tl
2T ORBIBIEEITDOVT Mo NMR MG ENTHE O FEC Mo®, Mo, MoV @ %Mo
NMR FENAE RSO TEZHEN TS, —J7. BANMR OWf78E % < /%<,
TNE TREEWISOEEA 57 10D Mo, Mo'V, MoV! 4@ IRAED Mo I DU T Mo NMR ]
ENREIN TV S,

AWZE T, IBAFETEEY 77> (V, VI) RUEED MoV, Mov>V!, MoV! DA Mo
NMR Z#HET %, MoY &, eKeggin 7 =4 V) V7, Fa—T, R—=)VIROF /¥ A
ADORV R EICEZLSEENTVEH, TNE T MEIE KIS DOV TIANK Mo
NMR ABHEENTNEDHRTH S, AFFETHGRE LIzDRRELNRTIFREL Lz 4
BFEAT B MED R B [MesNH]g[HoMoY,045(OH)15(MoY103)4] - 2H,0 (1) KT

%Mo, EFE M, DFT

OWNLCE 7ZhUA, LTS DO E, PEE LLUA, IHALX EEh,
LAY 7L
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[NMeyo[NHyls[(Moy ™oV Og3)s] - 8HoO (2) TH B, 9.4 T KT 21.8 T Oty ¢k
%Mo MAS NMR A7 MVZHEL. BENTIEAXRYT MILDY X a2 L—¥ 3 Mt
19 DFT sHEH & SR TS0 E TS E R LT,

[2ER] 9.4 T T %Mo [El{A NMR (& Varian Inova 400 73 7¢C8a% U, FEIE AL 26.060
MHz THIE L7z, 21.8 T Tl JEOL ECA 930 53)¢esz=FI i LIS EH4X 60.572 MHz T
%Mo [EfA NMR HIEZ17-> 7z0 HIEE 16 kHz D MAS MO T I—#ETi1o 720 AXRZ b
ey Ial—raYidAEOTa 7T LW TiTo. NMR /3T A—2D DFT 515
3. VWN + BP OINBIEN U triple-¢ L XL O Slater FUELERISZ FIV . ADF 2008.01
TiTo 72,

(iR & EE] Figs. 1(i-a) BX U 1(ii-a) ICZ
NZEN, 9.4, 21.8 T DR THIE LTz2 D%E
Hl %Mo MAS NMR AXZ ML&RTe 94 )5

(a) Obs

m

T DAY MVIE. ROKGPURHRE EAER S

i

S
)
L
iy

BMDARY MV DOELZD DFHIERIC @My |

Ju—RTHo7h, 21.8 T TRIEZITS T "
LICEODEODMENARY Pbpvgs @M@

Nleo 4DDMo YA FEEETHTEICE (o me')

D, TNEDART My Ial— gy

Tz, TOEE Fig. 1(b)Ic. MK OM™@

PRI 72 Figs. 1(c)-1(f) le R 000 0 1000 1000 0 1000

DFT #HEH»S5E 4 DOHEKE 3 Mo
YAk MoVi(1),  Mov'(2), MoV(3),
MoV Vi(4)) @ NMR /85 A —Z W {§5
N7zo [(Moy™o0VO0g3)o]0  ({Moyy}) 1.
[MoY1044]%~ ({Mor}) DRI/KZ&BIIC K )¢
BT TH O, HEASTNZ2 DDE T u-
oxo BEEIF T/ L TOEN > TWVB0FHRD 4 DD MoOg NHEIKICIERIEIL L TWVS
EEZLBNTWVS, 4DDYA FDSH MoV Vi(4) MTDHIRD 4 DD MoOg J\[Hi{AD Mo
TdHoTzo MoV Vi(4) 1k, YERITHTO {Mor} TlE MoVI(1) ICH4T 2 M, NMR /8T A—
203 MoVi(1) LI KRE L B> Tz, FICHEAE ST Md MoVYY(1) Tl 56 ppm TdH
DI L, MoV-Vi(4) 1& 730 ppm TH > 7z,

—7F. 1 Tl d' EIE MoV-MoY #5AIC K W RFEIEL TV %, NMR AT ML
DFT OFEHR KD, MoV & MoV @ 2 FiHHD Mo Y1 FDEFEE N, MoV DY A F Dk
¥ 7 F BT OMHEII S TRENT LV h o7z (=990 ppm),

1,2 &%, HOMO ZHTE T VF—0 EEHEIX. MoV 7213 MoV 0 4d #
BTHH, B FVF—OEHEICE TNED 4d HUENZ S EEN TV, KEXE
¥ 7 METNS O5 T HEE R OO T-FFAERICAE S WMEHOF GIC KD AT
TEH, A EBTFORIEHICHID ST, Mo #4id MoV ZZTFEAR Y BED 7 1-0H D
MhEZRZ BT a—7 k5 Ehnh o Tz,

v/ ppm v/ ppm
® (i)
Fig. 1: %Mo MAS NMR spectra of 2 un-
der (i) 9.4 and (ii) 21.8 T. (a) and (b) show
the observed and simulated spectra, respec-
tively. (c-f) denote spectral components
constituting the spectrum in (b).
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NMR Characterizations of Gas Diffusion Properties of Polymers

OHiroaki Yoahimizu', Masahiro Okazawa', Yuki Okumura', Toshihito Karakasa'
! Graduate School of Materials Engineering, Nagoya Institute of Technology, Nagoya, Japan.

To clarify the gas diffusion behaviors in polymers is important in order to get fine
high-performance gas-separation membranes. In this study, the diffusion behaviors of some
polymers were investigated by means of various NMR techniques including PFG method.
Only single diffusion coefficient of the gas in polyphenylene oxide (PPO) was observed by
PFG NMR experiments within several tens ms order, indicating that the averaged value was
measured for relatively long observation time. However, the half-width of NMR peak of the
gas in PPO decreased with increasing the relaxation-decay time of the order of ms. From
these findings, it was pointed out the distribution of gas diffusion in very short time scale.

On the other hand, the gas transport properties of crystalline phase of poly(4-methyl-1-
pentene) (PMP), and the magnetically oriented structure of liquid crystalline aromatic
polyester with n-alkyl side chain (B-C14) membranes were also investigated by some NMR
measurements. From the results, the gas transport properties in crystalline phase of PMP,
should be explained by free volume fraction and local molecular motions. ~ And the
anisotropic diffusion properties of B-C14 have been successfully measured by NMR method.

[E] 7 ANY VIR BEE S ~IG T & DN &0 TRV E 2 Al 5 1
T, M OKKRILREE 255 Z L ITEETH Y, JLBREOME GIEE B
T2 EBELRETHD. PEBEREHIE OTERIEIZIE, KRAFFEECIE 2R T
5D FHHEA~BIET 5 £ TOMBFLILT —F Z Fick DT FEATHT L T 5
TERENFTONDN, T ARGDFTEINLOHETEATE T, ZoRH
IAG TRV, —F, BGAR L A(PFG) NMRIEX, E8BS 0 6 OOt
LB E) A NMRE 5E DT B L, ZO7 —Zfijffrnn s B CILBIRE A H
WRETDHIETHY, IEBBEORMELR RN THNR —FETH L. £/, YL
BGIR TR H 556, WERETIIERE 2B 5 2 6 ERH Y, KFe LT :ﬁ”b
W72 DINEEZFE S . NMREE TIER—3EHC & KUAHLRL D F 7 O R 23 vl HE
0% DT, ARWFETIIM A~ OE 0 MEH ORMAEZEEIZ >V T, PFG NMR#EZ
WHT 2L LBz, 129Xe NMRILF: S 7 MESL AR FIVRRIED D OGS AT,

[EB] RVUQ6-IAFN-14-T7 ==L FFH A F)(PPO: Tg=220C), KVKRY
4-AFN-1-0F7 ) (PMP), v¥'a Xy MEOIT VXL 2T V(RFEH14) L v
T x )=V I B REERER) AT V(B-C14) ZREHI AW, FHESAEDO B &
PR E A 0 B NZPFG NMRIETIRE L7z, F£72, Solid-echolEiZ kDA BV
— A B UARFNEER (T)RE 21TV, FRABEERE Rt O BIBO b 2 BlEL LT,
SUEDONMR, KARERERAE, SURIEBIREL

QLLATOADLE, BEbLEIVA, BLDBHWIE, mHMMIE LD
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R - B8] 129Xe NMRILF Y 7 MildXek @5 1 & OMAIERICER L, Zh
WX E OREEE B AR T 5D DT, ROMUNERY A X2 R TE 5.
Fick LB FEA THRAFLIER TE DAL ONT 2R E 01 OFK TIE, RHIZET AL
TERARDILBEITR O B RO RN T—RIIZHH SN D . 18- T, XeDILHIREK
1%, ZNSRO B HIRFES R L RVFEBIBIRIC & 2 129Xe NMRAL: S 7 MED O R
L5 (Figure 1). —J7, FickOIEHT RN @ TE 20T 7 ZRE 55 17R T,
ME ORI EEIMEBEIIE LN o772, KRIZ, PFG NMRHIE %#1TWVWPPOH DXe
JF - O PR B 2 8142 L7z, Figure 21270°C, 7atmiZ$5() 5129Xe O NMRFEXHE 7558
BEAME ORI M5 X T DT AR LT

R IS AL L 2 OFEIINE#6=1.2ms, ¥E nalkane
BRI A=400ms O ME G lE F T, RES AL S rows ]
IV AGRE g% 0~1000G/cm E TE{L S 7z & &
DILH/NT A—=ZThHY, ZO7 vy NOAE
Mo HOJEBREN R E 5. Figure 213 H—f5
BB 72 DT, ZOWESRM IR T DHLHk
SIELRG T LB S . 2R, #o
Z:%h,”::[—%/l/(:% z % jfb & Henry&w Figure 1 Diffusion coefficient of Xe vs. reciprocal of
Langmuir# ¥4 b TOHLK23A=400(ms) D] cubic root of '?Xe NMR chemical shift §(s).
BRI PEEENTND Z L2 ERL TV 5.
B CHEBURED ) GIREMK M2 R T 2 &
bbXFrand., BT AREN T —KMERICE
B SRR SR S TS I DN 4 R B L S ;e
EFNTHIESND D76, Henry VA MBI AN e
DR E I Langmuir 1 MMZBIT D L .
DHREL, ZOGFIFIENE EBITHRD.

L7zi3> T, PPOPZILHT 5 Xeld b7 &b

400ms P fHIZHenry & Langmuirifi ¥ % 4 o 20 a0 a0 s w
?%K?f% 5'% Lf:ﬁ%%, ﬂ?ﬂj{‘[ﬁ & LT@ E E?f.&%ﬁ 282 52 (A-§/3) X107 (sec./em?)
1;?:;&%‘ 15&&7\ & LTL ﬁ’%ﬁ(ﬁ” é ﬂ‘@—, = Zh/i)‘ﬁj\$ Figure 2 The plots of In [I(g)/I(0)] against
ﬁ:ﬁ]él/\j?%jm L7k ﬁ@%}a éﬂé ‘ gjj#, POV 282 6% (A- §/3) for the '?°Xe in PPO at 70 °C
NVRIREWHM) bIRERFELZ R L, O

RN OMEREBERAET 5 b DO Th- 7. -
A, NMRA 7 hJLIZFID & 3 % s DR A
EEE7—V=ZHmLTELNLD, RHFETH tr
7-FIDIZ i T b 105ms 1345 523 BB L 2 L)
SNTWDT, ZORHNTEE S DITE
YA M AR AL TV D ERET IV, olm_= .= * = = .x =
FWHMORERFEN RSB TE 2. —F, TG
TolliE DB LIt ps DA — 2 =T, foired ke NMR peakwideh of PXe
i & & HIZFWHMIE D L7z (Figure 3). Z iUt in S"‘“‘P'esv;‘;a’f“]il'l‘:‘prr ‘;‘:‘s’l‘ﬂ‘e‘““ time at
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WIZ, fEmtEE ST T B R Y 4- A F)1-1-20F L (PMP) D gl Bl D\ Tk~
%. PMPORERIEREOOE D Th Db 1 MIL7/2~V » 7 2gEE L, EF
BRETURT D, 20O L X EEWISEARE S Z LI2L D5y FOEE 5 HEREIC
AU w7 AENZIR > T EEK4A DT ) U A RO ZEILNTE, A THL RS T
DI - JEHL - BB Z 0 25 &0 ) R BRI MEE 2 R, ARBFZETIE, 105 FER
1 NZNMRIEIZ L > TPMPIREH O PR B 0fE b OGS 2 L 0 aE L <8l L
FEARFEIZ 31T D /RS FFE DI D — 42 & L7z, PMPIX, Rl L A 1%, GmX
IR LT, fEdm b EO B 250 2R L. S o iz ¥ > 7 L% PMP34, PMP80
ETHETFITAERALE (%) EERT). KV T MMIBWTERRL-50C £ TOKIRIC
BIFHRMAENENTE ZQCMIEIZ L > TTo72. XX M7 v MEXex =, FIZ
BARFE I T129Xe NMRIEIC L » T2V A X2 L=, XEHTHIE LD, Wih
DOPMP & fEmIFHE I I TH D &

WENTZ. XelUEHIE DR R TG
£V, E|RIZBT %7 S \|
~OWFE EE R I Henry ™, X A /
BT nEREZ R L. F f
7=Xe NMRIEIZ TH B 4172 22 /1
7 kv ZFigure 412779, -50C swoemng /N
IZBWTIEE—7 OSRNA S b I
Nz Ziud, BUE LT-XedDik O I
fa AR & AR D2 DU A
~NETTOBENDRBIHIA r—L & i

Fa! I
D bR ool d EBEZ LR e
2. BT A NTEEN 300 250 200 150 100 50 0
~ - 129X e NMR chemical shift (ppm)
ETT2IeonTRE<ARD 2 Figure 4 12Xe NMR spectra of PMP80 at -50°C.

EMNyinol=. £72, TH NMR

g ;; i/:" ;; ;;%?02753 /f 7(:):\;02 S@;Ji 0;?‘2 ;13::;:;; lYealue of CH, for PMP at various crystallinity and
ZHEH LU~ R %2 Table 1IZRT. #
A LEMRWZE Y, FREERERD T, (ms)
HLDIEETATIREL o T-. ZOFEEN Temperature
5 b & 0 B IEGA D K (©) PMP34 FMPS3
Ty M FIIER LT VeSS 2k

DR TE -, ZO—KELTx b 21 2.14 2.07
7 v Ry ISR T BV T3

NIRRT E 2ozt L, FEdbME Tk

WRFEIIC I o 72 151801 LA C & 100 256 238
W EEZLND. FEFO
CH4D &' — 7 i % k2 Fnjs = e © 12
LTFay hLizbZA, WTFNOHRE, kBB THREILcIcE 67—
EThHoTo. THUIR N T2 My Oftdh, FEELEOAZHIEE R4 [ OB A & —
N THDH ms LD L HDHNZDTHDL EEZLND.
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BB, TASMMIEE AT DR EITERAR Y = 2)LVB-C14(141 RIS 7 L %
JVRIBE D IR FBED DFEFNZ DWW TR 5. B-Cl14l1E, 1,4- YT L FNLT AT )4 4-F
Tz )b, —F hu vy ZREMEE RS, B-CnllE 72 5 i L8
AEF U CTHORIZEEEE L, ZRifk7e 7 L VIS & 1451 L~V TR AICELS LT IR
KA L D, ZOIENEBME WD Z LT, WEORRKZER, DBz e
HAZ—RAVT LU O—EITRDEZEZ TS, ZHLETONEND, B-Cnd
JEIRFEE 2B\ CH A/ N S R KRR TIE, BB OIS, T s2 L, B
KO, B-CnlIAMN Y 2 N4 % & Jg RIS 2308635 7 AN SEATRL A9 5 2 & 3R
INTWD. RBFE CIEBESC X 2 RS O MR, I ONC Bl i o FEH 2 50
2 OO KRR R 2 JEEEREE 2 BRI L 7. 13 U DIZDSCHIE & 17
VY, BEGEIINOBRORE SR 2R E LTz, a7 LV AE TR L 72B-C144125CIZ
HbH, 9.4TOME TISMFMIBGEZFIIN LT, E7-BHAY 7, ME2EmL
TV WG EEIINY > 7 &2 HE Lz, EHOMEZRITWAXDHE & [H{413C NMR
BIE %47 > CTHER L7=. BRI DS KRS EIC RF T B2 G 5720, 25°CTA
2 NERNEEBREIEICLVITo 2, £, IO RGHE2KBETT 572912, 1H PFG
NMRUIE #FT - 72, BHGEIAT D213 H DFEEDOFENENLETH D728, R
IMOEEOIREESME%E . DSCRIEDRER LV IKMIRETH 5 LR SN 72125C L L.
WAXDHIE Ok 5, RS S E S LERELZR AR L CWD 2 & 2R LTz,
F 72 [EAR13C NMRH|E Dl 5 5
bEERARFERDB GO, A2 Table 2 Diffusion and solubility coefficients of CH,

IEIE DGR % Table 212787 in B-C14 samples at 25°C and 15.2 cmHg
BLIAZ K D iR EAR B D22 I F A

BIVIRWDS, PEBAREL TIIAC AR ample D %108 S X 102
Tj( X 7 £ 'fﬁﬁ‘ﬁ% bz, ZoZ & (cm*/sec.)  (em’STP/em’,, . cmHg)
D> B BEGER AN X 2 R o

BHER S N, £7-, 1H PFG NMR under 21 2.4

W ORER, Bl LA magnetic fleld

TN & > THEe 2 IEBAR 5 without

BAVIE & 2 b iRk o By & e magnetic field 7.5 2.4

T HZENTE.
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A study of rubber structure by high-field and high-speed MAS *H NMR
OMasatoshi Kobayashi', Yoshihiko Komori' and Toshimichi Fujiwara®

'R&D HQ, Sumitomo Rubber Industries, Kobe, Japan.

%Institute for Protein Research, Osaka University, Suita, Japan.

Solid-state NMR studies for structural analysis of cross-linking point of rubber have been
performed with **C observation because 'H spectra of rubber are broad and featureless. We
performed 'H NMR experiments under ultra high-field with fast magic-angle spinning to
obtain high-resolution *H spectra and successfully observed the 'H signals assigned to
cross-linking point in a short experimental time.

Ultra high-field NMR is valuable tool for the structural analysis of soft materials like
rubber.

[HmEEm]

HAX DT DA DELOMMERBIIL, T /L0 5y L L OREE I A 24
EChDH, TAIEDY FEME/al THRIEL TESIL. FOZEMEMEE T 20 )20
MAVEICEE CTHD,

ZNETHE LAOLEREREEMATIZEARPC MAS NMRAN ETdh-o7-, AR HE ZIIPCIES
(ZHE 00 fFIE 2SN B L, B fRBE HARY ML MELAUE, R CLUEREE W
oD, LNUIEBLZ AR e — i D= AR CTH NMRIE [ XZRAE S AT (2 207
BEE RT U TEICETE 2720 o7, THUR, ISR 72286 2 A3y FEEh S S
LTHY, FITH-HO B A — VAR AAEIZED AT BT m—R=0 71 48
B H T2 NG B DNBIIL SHLR DB ThHD, ZNHETLARTHDTIEEL T &
ESENMROF| I LD 0 7 RO 43S | miEMASIT &2 BUR--F8 A A H ORI 28 1
bivs,

INHDOTEFEEZL LT, TOOMHzH 5\ M E9I20MHz D EEENMRE B HEMAS DR 2 & oH
IZED'H MAS NMREIEZITV, BREICH R T 2E BE2mW A ifRe TR 2 HREL
77
[z ]

FHEHIRVA Y TV ABEH THAHR T, IBIEER], IREBFIZ N, 7 kA
WZRVE 2 EsH721% ., 150°C TH L AN L 72T A2 — R Ch D, [ER'H MAS NMRiHI
B RS (21.6T) ™920MHz NMR4y Ygi (JEOL ECA920) . 3L OM00MHz NMR4y
Z& (Varian Infinity—plus 700) 2\ 7=, MASJE £, BUBHE (2 —4—) ZME4.0mm ¢ 358
W2.5mm ¢ |ZDOUWT, FIFH14-1TkHz, 25kHz TRIEAFT -7, FEE [E15 325600 T,
2055 FEBET— DD AT MV AT,

T, @RS EIANMR, EiEMAS

OZITRLEELL, ZHVELUZ, SUbLELAL
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[X112920MHz NMRIZEAMAS 17kHzE:A: T TO'H MAS NMRARZ ML AR LTZ, RY
AV TV HRDAT IV AT L2 | AT DK B DTRGRE TS I72, 920 MHz NMR
D'HARY R LF400-500MHz NMROD AR MUIZEER | BV REE Th o7z, FT-MASHE
FEARAFME AT ~T-L 2 A, 12kHz DB 1 TkHz T T2 fRRE XM LT, L EXD, 'HA
IV OBBDJRK LT, AL 7 v 53 B E BsRT-F EAERH O 50135 2 b, =
LIEINMRYND LA LR IR L ER DO H R OPEE 2R D | S CrMASE E i 352 LT,
SFREED BN H NMRAALY ML AMES LA,

ET LB W OVERNMRIEHT LV EEEIZH KT D5 5 D(LF 7 s> TR0, 2
FUTKHIER T A5 B3 = AMZB W TH IS Lz (1A T MY EOREIT/RLE), Z
NEHDE B8 E IR SO SRFIC IV b LT, ZD95:3.5, 4.05ppmDAE SR 1T 725
L AEE IR T 244G S CTh D3, MRRERICX L CE— 2 DBt 3 Bp o7,
B SIS A AL o7 25 BB IC LD E O A O N AR B Z B AN
-7z,

AT HEBINZ LD mV R EE S | @\ W fifRE 2 A 3 D s [EHANMRIC LD AT RELS
2o H D THD,

r
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T @
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g
—CH,
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Fig. 1. *H NMR spectra of poly(isoprene) rubber depending on cure time observed at ultra high-field (21.6T) with 17kHz MAS.
Arrows indicate signals due to cross-linking, the assignment of which is based on solution NMR study of model
compond?.

[crik]
1) Y. Komori, R. Tokimune and M. Sugiura, Paper 104A presented at the 172nd Technical meeting of the
Rubber Division of American Chemical Society, Cleveland, OH, October 16-18, 2007.
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Adsorption profiles of Silber Zeolite studied by '*’Xe NMR

Shugo Saji, Yoko Kawata, Hirohiko Imai, Atuomi Kimura, oHideaki Fujiwara
Division of Health Sciences, Graduate School of Medicine, Osaka University

The '*Xe NMR adsorption isotherms were measured with a silber zeolite and analyzed
based on the Dubinin-Radushkevich equation. The signal intensity isotherms were
measured and analyzed simultaneously with the chemical shift isotherms. The pressure
range changed was between 0.01 and 1.5 atm, and hence adsorption profiles at lower
pressure, weak adsorption, may be reflected in the results. The silver zeolite showed
strong adsorption energy and smaller adsorption area compared to a pottasium zeolite,
which may be interpreted to reflect larger Si/Al ratio and smaller ionic radius of Ag.

Hig =L
ISP

RY AT A NI PEZE CTHETE 3 7 R OWERILSeRE Pk 1 ORI
AENAEMBHALELFFTA N ThHD, ZOTETA MIEENAEROEEEZH S E
4 129Xe NMR IC X AW EEREITo 77, HAFEITI N F CHE L Tx-Fx
DOBAFE L= FiEZFIH L7 (3 47 B NMR §tias, BEEHE p.296), v

e

SR AT 14 b & LT HALOSORB-II A3 ((Bk) sy —@l) 28 £ 0 i@%E
DEAZ 4 F HALOSORB-T & ik U7-, SVAL FiZaiE 2 21, %EIL 5.1 Th D,
AR E U C NMR Yo 70 F 2 —7 (10 )ITEESD. 10 5 torr LL FDOEEZE [T, =
RT10 MR L72%. 393K £ T2 C/min FREDHE TP - Y LiREL FH X
B, 893 KICELTZEZATEDOEE SRR L, TORERE TRL, 225U
EhT e~y FHIZEY P L, Xe G AT L2 HWTH T LF
— 7N Xe FAZFIEEE THIGE L UENN —EIZRDE T ~ 25> 7-%I12 NMR
ZHIE Lz,

HEIZ V72 NMR ## (3 Varian Unity-INOVA (9.4 T) Th 5, 129Xe D JE %1%
110.6 MHz T 5, Xe H AE% 0.01 7°5 1.5 K[JEDOHIPH TLE 2 129Xe fbF> 7 b &
FRoRE (Y—27mfE) OFEIMEMEZHE L (IEREIL 298K),

fTp S =
129Xe fb v 7 N EAEHIREOWERE R EITREREZ E L HTH 1 IR LT,
W G SR AR DL 5 . HALOSORB-II O i &NV E @B 65 (K1),

F—TU— K :129XeNMR., B4 T A +. W&
FEHLSVNI &L Lw oD, bl X2, WEW OADC
e boBA, SUbH OTh=
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Fig.1 Observed and simulated 129Xe NMR chemical shift(ll, upper curve) and
signal intensity(®, lower curve) for the samples of HALOSORB-I(left) and
HALOSORB-II(right).

%1 HALOSORB- I 0 HALOSORB- I ® DR fi##7 (298K)
sample HALOSORB- I (K #)) [HALOSORB-1I (Ag #)
Qe kd/mol [18.98+0.56 05.74+1.12
Data  [peq atm [3.64%+1.10 6.11+3.35
gf;;;f 6s  ppm  [14.4476.84 83.41+6.53
[ntensity Wao(S.I) g/g [0.193 0.075
%rlll((iemical SA(SL) m2/g [205 80
Shift Wa, (C.S.) g/g [0.196 0.076
SA(C.S.) m2/g [209 81

Wayo : MIFLAN 72 S 72 R O M FLAFE(S. LG B8 2> H 8L A i,
CSUHbZFEY 7 T —Z M BEM N5 H)

SA : WAEKEFE., Peq T ORFARLIE, qs : FHARERAEE (AHv+ B Eo)

AHv: Xe O SICEBITHHEET 2L — (12.6kdJ/mol). B Eo : WS RT

VYUY RILX— §s: [EHNEa~ONFELFES T b

1 OHIET —# % DubininRadushkevich(DR)ZUZ EE- S W CTHMT L= fE 42X 1
OFOHBTRL, b HEEE LICE LD, 22 Tid, miEFERE. b5~
N EAG IR 2 Bl 2 (AT B LA R OTRBENIE & 72 0 | 555 O [RIRHREAT T O A%
YRMENREOND Z EE2fENDT, 7 1DMETIE, qu2’ Ag BT 6 kd/mol 7217
K&, Ag DT WP AENTRNT & AR LTz, Ziud, SVAL A KRE 20 £
DEKMEEN ERD & Xe DB XVXF =N RS &SI RHIEIOMERAEF CTHo7-,
WEREBIIRET RV — LW OEAZ R T ELAIEEREETH 72N, SREA T
A N OWEREEOWDIIHE Ch-oTz, ZHUTMILADFHE T Ag OWENHL |
FNLL EOWEZRET AR A2 R/E LT-, LV EE TORBARWASRED s =
NEDOEEZH LN T D ETIHEFICEHEN -, 2

STk

1) Y.Kawata, Y.Adachi, S.Haga, J.Fukutomi, H.imai, A.Kimura and H.Fujiwara ,
Anal Sci., (2007) 23. 1397-1402.

2) PEiRfEE, EmsC (KBRS, 2009 4 3 H).
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Structural changes on hydrogen storage material LiAl(NH,), by thermal
decomposition: NMR study
Taisuke Ono, OKeiji Shimoda, Masami Tsubota, Ken-ichi Kojima, Takayuki Ichikawa,
Yoshitugu Kojima.
IAMR, Hiroshima University, Japan.

A composite of LiAl(NH,)4 and LiH releases H, gas of 6.1 wt% below 130 °C. Here, we have
investigated the thermal decomposition of the hydrogen storage material LiAI(NH;)4 by using
thermogravimetry-mass spectroscopy (TG-MS), synchrotron X-ray diffraction (XRD), *'Li,
PN, Al MAS, and ’A1 3QMAS NMR techniques.

The XRD and 2’Al MAS NMR spectra indicated that LiAl(NH;)s decomposed into
amorphous phase with NHs; desorption above 135 °C. The present study contradicts the
decomposition path proposed previously, based on the multinuclear solid state NMR that
clarified the detailed local structure of the amorphous phase.

BA

HIERIERZ (L ZEEL . 2> ARG TE 2N A > TWODAL A REI O RERE L T, AKFELE &2 —
AELTZI )= IR 2 FAX — (B OREENS B EH SN T0D, KB FAF—IEHDOHE
BUbEEZ D LT RE - BREDOREGITKFEEZ T HE DK ERTER O B A 5
PRRREL D, DT DT TIL, Bt HE 2 WK R IEA B OB R A A T T
WDDN, KO EHI KT IR D 200°CLL ETH D0, KBIFEA 2N 5 wt%ll T
HOERED G ZR T2 L TR,

VF LT A= L7 IR(LIAINH ) X, UTF T LK FEEY(LiIH)EDEG{IZE > T
130 CEVIRIRT 6.1 wt%EW\OZEOKFELFL , mA E/KFEATEMEIE L TERL
DHIFRFSNOM B T D, — 77, LIAINH,)s HARTOEN R 1T 0 il 2 TR Bk
THIORERFATHY, ZONDDIEET VPIRRIINTND[1-3], ZZTH ~ 1X
LiAI(NHy)s O SRR ~DH—HEL T, ER NMR % W Co i e TofE G2
{LEREL, IERSNTWDISET VORGEEIT>72,

EBR

TR AR LiH (99.5 %, 7 <7 /VRUy TR Al (99.9 %, LT AXY 7V EFFEL
1:1 OFNHETRALLZ, ZbE, Pa=THR—/1(¢ 8 mm)tIicr/nafiflzy 7&K
AN TEMRAR, RIATARTE ) — Va2 WTIHEILRDBLT S E=T HAEENT T,
WIRT v E=T 8 AL, ZO%, BEAIRY 7 3EE T 8 BEE DIV 7 WV 2 fil L 7= 1%
(2, 1 ERRFFT D2 & CRUB A fERLL 72,

Keywords: °Li, N, ’Al, 3QMAS, hydrogen storage material

BO=WT T, OLLZZITWE, DIE-F&A, ZUETFAWD, WhhbizhipE, ZUF
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N B N OV DU B A 0 W (TG-MS) T 28 K FEREMRER BE T CFT o 72, X MRIEHTIE
F BT —IZE AL T2 BB RN 75-300°C) % FHV YT SPring-8 (BL02B2 F-1 N2 TiTH
iz,

S7Li, 27 Al MAS NMR il ZE 12 INM-ECA600 (14.1 T) T1Tbi7=, °N, Al MAS K Al
3QMAS JHIE I3 E A B FEREAE BT O INM-ECA930 (21.8 T) Tfrbiviz, &2 TOHIE
1% 15 kHz T MAS [AlfiESH T 7o 72,

AEREEE

LiAI(NH,)4 13 135°CLL_E TRV RL . NHy B A% fik 45, 300°C £ CHIBLZEDO E &
WL 39.1 wt%l7p o572, RT 725 105 CETD X BRIET/3F — AL RibZe o7
23, 120 CLL_ECHEIPTE — 7 O R BZBE SNz, ZOZEX, NHy O Iz TTEL
Ty AT HIEERLTEY, BEROKIGET WVIZBLNLD AIN, LiNH, LisAIN, O, i
B — 23R S N> 72, 15T NMR Z2 W7 /L7 7 ZAH DT 27k A 7,

BULELL 72 LIAIINH)a 50EFD Al MAS A2 L% Fig 1124, 120°CETiE 121 ppm
(RO T F AT KEZLBAT RS20, Ll 135CIZBW T, 114 ppm FFUTI2HT
1272 7 VOB RS, 150°CIZBW UL, RT 22 BFFEL TV 121 ppm 0
ST FVRERL, 115 ppm DT F VD I8 TS, 150CLL LTI, hx iy m—
K= 7 U is S @B S AN 7 R, 300°CIZRB VT 113 ppm SV EE -T2, Eikod
O RIOGTT IV TIRESILTOS AIN, Li;AIN, DL 7 ME 112 ppm &8 114 ppm T
Y. Al MAS A7 ML TIE AIN HDUNE LAIN R 7 BV 7 7 2B DA 1> X0
L7220y, —J7, OLi MAS A~ LG 3 BRI 5 Li AT S IE Li;AIN, © Li &%
BB kAT BN, “Li, "N MAS O Al 3QMAS A7 ML O#E B K ONE 221 30R
AL —HEk EIZTHRFKT 5,

AWFZE1% NEDO DB FTi1hh T

WD, 9}?30 MHz vi‘*y%fiﬁﬁ AFANCRIL T AILNMR - 300°C_1%h

T W EM B RS O IE 7K - FHAT I 5 1106ppm

IR ET, — L T T

gm0
{ | ROr(
£ 3ick - 114.5ppm -,

[1] Rouxel&Brec (1966), C.R. Acad. Sci. s DY T

Paris C 262, 1071. s UsZppm /.

[2] Jacobs&Janichen (1985), Anorg. Allg. £ 1sappm | [S0°C

Chem. 531, 125. 2 T 135

[3] Janot (2007), J. Phys. Chem. C 111, f= 21 tppm |-

2335. E T '||| - R ECE
= 121.3ppm - -
= - e [N !
- 1213ppun _"I. 105°C

e ..-||'. e _ .
12 L.3ppm _". L
121 3ppm | 750
Ridppm | KT
200 - 50

150 L)
Chemical Shill (ppm)
Fig.1 A1 MAS spectra of LiAI(NH»)4
recovered from different temperatures
at 14.1 T.
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Hydrostatic pressure refolding from inclusion bodies for protein structural
study

Kenji Ogura, Tomohide Saio, Yoshihiro Kobashigawa, and Fuyuhiko Inagaki

Grad. Sch. Pharm. Sci., Hokkaido University

Recently, it has been reported that overexpressed protein forming inclusion bodies
in E. coli. expression systems are solubilized and refolded by hydrostatic pressure. The aim of
this study is to prove the pressure-refolding very effective for structural biology by NMR
analysis. Inclusion bodies containing the following overexpressed protein: MOE2 Zn-finger,
ZIP PB1, and mTOR FRB were solubilized by max. 250 MPa hydrostatic pressure for 16 h.
The solubilized protein samples were purified by affinity and size-exclusion chromatography.
NMR-based structural analysis showed that the solubilized proteins formed the same folding

with the samples from soluble fractions.

7] RIBHAEBRICB O THAREZIGR L 728 v 8 7 H 2T 2 7- D12,
JRER EDOLEMHANC L B2BERLEBIOT VX =V inMIA S Hw S nmné. i,
FOKIEIZ X 0 7 v R 2 ESAE T E 3 2 EDUR ST 3 23(1), SEARRSEMHT 125
MAENDE—HIDOARTH 5 (2). AFED L, HKEIC X D EAKD S AL L
78 VR EDOVREER NMRICK DENT T2 2 Lk b, VRBEHRD - D
AREHEHENE L L COARFHEOHHEB XN Z0REEM 2T T2 L TH 5.

[525x] Histag-GB1 @& % v 2827’8 (MOE2 tandem Zn-finger F XA v E X
mMTORFRB F XA v) BXWOGSTRlAGS > 828 (ZIPPBl FXA V) #&tE A
1A % S FEAEER I 558 L, Barofold #: M150 B /135 % Fvs Tk 250 MPa, 16
Efi, Sl CHOKEZ A, ALL 72, MESREZEL L2 BiE2&E 7 ne
NI 74 =Tk WHINY Vo7 EEBEL, NMR A7 MLVaEHIE, iifsx
APl - fiEbT L 7z

EH, V7 A—=NT 4T, 727 E ARG
OBIBIFAL, SVBLELOT, ZELEDLILOA, BWEBEZIDOD
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[#5 5] Histag & MOE2 tandem Zn-finger F X A4 v 1%, @B NAEEE S & LT
FHL 7o, Kz B HEEERICEE L, 200MPa T I6hMELZE 25, 50 uM
ZnSO, BLUN20uM B-A VA 7+ ¥ ) — )% &t pHS OREERSAEICTH > L)
bz, NiNTAMIIE? 7« =7« —RHODL, @Gy 7VkRE X 07 VIE
W7 b 7774 —IC &) REEEGUR 237, ZHEIGZ 00 NMR L IC X DA
Bl ARG Z P L, flboo C2H2 I Zn-finger & B OV AAREE 2R L T 3
C LR L 7.

GST @iy ZIP PB1 F X A 1%, ARANE &E ANAEO B G2NRITERTH > 7%,
AEMEE 53 1E, 10 mM DTT % & & pH8 OIS TH - & b ik Iz,
Glutathione-Sepharose 4B 57 7 + =7 4« —M#oO DL, @Y 7UIRE X O
WIEB 7 v= + 77 7 4 —Ic & D IR 257, NMR JIZEZ2E &, [iE
P R O REEGEU D NMR A7 P L EHIE L 72 & 25, WiARY PLid—8L
7o, X WAL L 72 ZIP PBI F X A VIZIEL Wi iEEEEZH L T3 2
L RHER L 72,

Histag-GB1 s mTOR FRB F X A »Z, @EAANEMEmHS E LTHRELE, R
BYEEIE, 20 uM B-X VA 7 Ry ) —)L%E&S pHS DREERSMICTH o D
b, NiNTABIIE? 7 4 =7« —RBHoDL, @iay 7VRE L 07 ViE
MW7 b7 774 =& REFEGAR 257, NMR lilEZ2E 22w, HRiEG
DIFEEMER LT, KR XA v ORBENY)E TH 5 rapamycin Z & L 7B D
'H-"NHSQC Z~X7 FVOEENC X D, BRSO Z FE L 7. 2 OEMALIESCHRT
— LD T, KY VAR T EBRNINGE & FH RS Z G L Tws 2 &
DR I Nz,

(F5aw)] #oRIEIC X DAL L 729 o8 7 E1E, NMR 27 P OVIIGE S & 744
ERATIC & D, KIRIRAE & A U ARG 2 PREF L T 5 2 &AMl S e, ATHRIE,
MG EYF D70 OFBFIENE L LTHEMITH D, R GST B8 > 87 HIZDWw
TR INF THILR B GESRESNTE ST, KFHEOEREIRZVEEIGN
5.

(k]

(1) Qoronfleh MW, Hesterberg LK, Seefeldt MB, Confronting high-throughput protein refolding
using high pressure and solution screens. Protein Expr Purif. 2007 Oct;55(2):209-24.

(2) Shieh HS, Mathis KJ, Williams JM, Hills RL, Wiese JF, Benson TE, Kiefer JR, Marino MH,
Carroll JN, Leone JW, Malfait AM, Arner EC, Tortorella MD, Tomasselli A, High resolution
crystal structure of the catalytic domain of ADAMTS-5 (aggrecanase-2). J Biol Chem. 2008
Jan 18;283(3):1501-7.
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Determination of NMR process parameter sets which give accurate results
in quantitation of organic compounds

OToru MIURA', Takeshi SAITO', Toshihide THARA', Masayoshi Koike' , Tsuneaki
MAEDA', Naoki SUGIMOTO? Atsuko TADA? Tetsuji NISHIMURAZ? Kazunori
ARIFUKU®, Takako SUEMATSU’, Yuuko YAMADA®, Yuuichi YOSHIDA*

!National Metrology Institute of Japan, AIST, *National Institute of Health Sciences, >JEOL
L., Wako Pure Chemical Industries, Ltd.

Abstract

Quantification using NMR is one of the attractive methods for purity determination of organic
compounds. We have determined parameter sets for spectral acquisition and their associated
uncertainties for the quantification. Here, determination of process parameters, phase
correction, baseline correction, and peak integration range, is discussed. We found that
manually phase corrected data did not give much influence on the purity. Baseline correction
was important for our data because of the back ground broad peak. Baseline correction
influenced the peak area and its range of integration. Peak areas with baseline corrected
properly became constant as integrating range reached as wide as BC satellite peaks; while
the area kept increasing when baseline was not constructed by the correction. For accurate
purity determination, area integrations needed to be wider than the °C satellite positions.

(=1

BBALEMOERIZIZZ o~ N7 7IEPFIAESND Z EBZ0, ZOFIETIEMEDN
k5% (LT, ki) REBMEAZEBL O, MEMNR LR — DAY A IEgEL L
THREREZIERT 2 Z EBREE R DD, TR TOEERE) S TWD DT TR
WEWIRIEZ I Z TWD, —JF, 'H \MRIZ & 2 EEIEE, BRI ©— 27 IS8,

LG L TV DHBOEICHHIT 22 L b B 5bFT 7 M —7 &2 625k
WE (NIEEWE) 2L LCHWA Z L THROLEWE DR A5 Z L S ATkE
RHETHVY, —oDEHET, L OIEMICK L TERMBESES Z EN /SR

F—T— R ERNMR, (LR, FHRATEE
EBESONRR OB BEED, SNEITTL, WEHELOT, ZWFEE XL,

FRXATEONHE, TELERBE, SO, L THOL, &S nTon,
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bHe I T, HEGIXIZ v~ T 7IEIZIUET 52~3 MEE DO RN S (X5 X)
TOEEZ BIEIZERE L. HE%@%&U@W*@®W@M%ﬁOT%60_ﬂif

DREFTT, MERMFICI T DL ATV, EREICEL 52 D BRZ MR Lz Z
LB AENIARNT SIS fémﬁﬂt%ﬁ%ﬁm
(7]

Table UZHci b &2 1T - 72 PESAF L BIIEDONT S 2R Uiz, FENTICRIH L7z A
XTIV DTTF =) A XIE, A ZEFH AL ppm& L7256, FE— 7 OfE 5
\ARAET 205, BE4210002> 570 000D CTh o 72, TR THEIX, N—RX 7
A U HfIE (baseline correction) . (ZFHAH IE (phase correction) . F&47 X [#
(integration) NME—Z7HMBEBIRZDIE O S=IZ5 2 2B\ T, #ERIC
S A2 4T - 720 NMRIEIE IZVARIANAESL MY 7ADVA 600ATHTVN, b= T — & &2 EIC
ACDfL: ACD/SpecManager CTHEHT L7, BUEHTIZFIYEMISERIREEL 2 - 2, £z,
A AEY) 113 14BTMSBd4 (1, 4-bis (trimethylsilyl)benzene—d,) 72 &Z Mz,

B OWEEHEY)E % dichloromethane—d, 72 & CIA & L= b DO Z2slEHAR & LTz,

Table 1. Typical NMR measurement and process parameter sets used in this work.

Measurement conditions

Process conditions

nucleus "H(599.90 MHz) window function off
spectral width 59970.02 Hz phase correction manual
acquisition time 4s baseline correction on
number of transients 32 integration manual
pulse width 11 us (71 /2)
decouple 3¢ (acquisition period) |
relaxation delay 60 s
temperature 25°C
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N IE 0 5 28

~ = =2 7V AR IE Z2 4T il & T U 7oA &2 R YE LS. OWRTE & 1IRTE & — ]
W CA L S L EDOMNAMAOEAL, BV — 7 il (MoeHil) (52288 % . 56h
oA RMZBIT DO E— 7 12O TN,

ORIEFR L ONRIE L HITHAENS +3° O TIL, B 577 B — 27 miE O FH xHE
E%#io5%JFa@otmFgueuw_rbtio Lﬁwn&@#ﬂZ‘in
T2 TIIARRIE DN IE L < AT U TR, _®i9@%éf%t 7 THIFEIZ
k%&%@%ﬁz&w:&@“#otoé% \%@ﬁgwmmwaﬁm°mﬁé
L2 %R O — T HESDOREN R LN,

— . NN T o Z BT E SN AT PUIZR LT, ~==2 7 /LTl i
L 10[E DA AEMHIE 24T - 723 O BHHMEIZOREL L ONKIE & $121° LFTho T,
L7z o T, ~=a T VMM EZITo28E. B — 7 BE~DEE030.5 %A T
ThHhdHIENENO BN, DT, BEMHEMIE TIE T — Y =Btk OA S
BIRBBAETHIRE U ALY MU LTI B UM Z 52 7278, A7 h Lk
STIEHEHRTHLNRMHOTNR S 25ER R oNT-, Lo T, HEWMAEMIE
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Chemical Shift (ppm) Chemical Shift (ppm)

Figure 1. 'H NMR spectra of MCPP. The phase setting of the spectrum a) was

manually optimized, while first order term in spectrum b) was off by 2°

NR—2 T A AHIED

NR— 2T A AHIERH DALY FL&Figure 2012r L=, BIEICBWTIZEEME
BROBEN A =T 4 AT 4 NVH =T T v N E iR T 5720, HIEARY B
W@%@Whmk%ﬁ’f<kofwé R—RAT A UHEE Lo 256
(Figure 2(a)) 1&, Ny 7 770 ROEE (XN—ZXT74 2 DPNRH) NIEFIZK
Eholz, TNHNHEMNG Y —7 OmBEICEEE LT L TV D AEEREWVWEZ XD
NHDT, Figure 21 LTCHIESMF T T O 21T o7, £9. A LEEHZ D
THOR LIIE 21T > T2 3BA DR — B — 27 12OW T B — 7 [JFED#: 0 3R UM A 3 L
Too ZORER, HEDIEOLOEORE I, N—RAT7A VHIEOHEIZ L 6T L
otz

—J5. BICAXT MUVNOBEE — 7 IOV T ERBEEZ R L7282 A, N—
AT A URIEE LIZBEDOITN., L WESICHTEY — 7 mEL A I e F -+ 5
T EDRHER SN, THUIR—ATA UIEIC L BNy 7 T T RIHEOREE
Z Bav, A AR S %LTiA~X74/ﬁE@ﬁw$ﬁ%Eénho

a b Yg c
h\ll
e NIENESINSHMSSMSUU—— ) M NN T -
40 20 0 -20 -40 40 20 0 -20 -40 6 4 2 0
Chemical Shift (ppm) Chemical Shift (ppm) Chemical Shift (ppm)

Figure 2. 'H NMR spectra of MCPP; (a) baseline correction was not applied, (b) baseline correction
was applied by Spectrum Averaging (box half width = 200, noise factor = 2) of ACD/SpecManeger,
and (c) expansion of the spectrum (b) between —1 ppm and 7.5 ppm, structure of MCPP, and area
numbers which are shown above the chemical shift scale.

F&y X[ o528

FESXENCRE L Tid, ~= 2 7 VTR IE L_X—R2 T A VHiIER L2 227 kL
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THARTAIZFEAM L7z, Figure IR L7l & 9
W2, L LS X A2 L0 Hz 37929 56
LCHEDEITOD., o — 7 HiEE 7 v b
L7=fi 8 A2 Figure 4IZ/R LTz, Z Z TOPeakFE =
I¥Figure 2 (¢) 1Z/R L7=FE X% L. Peak
LI EHEWE Th 5 14BIMSBAADIE R ThH 5, 2B
AR W2 AT N UEECT 1 TV EAT
STWBHDT, "CH 774 FE—Z 38720,

V=7 WIS XKEEZIERT S E L BT
TN L, B—274, I L CIFEMELD §
JRWK R TIRIE i b L=, LivL, B —2 1, 2,
BIOWTIE 92 Z & 72 < Bl KB AV A <
72 H\F EHINT HAEMA N T, W DT —
ATA VHIENRN TH -T2, T72bb, BT
NR—=RA T A UIEIZ XV EFEOR—AT A4 N
v 75y NMokhotziz, B — 7 mENEIE—
FEIZI S T2DIZX LT, HBE X — 7 23 i adiA
BT THAH =D, SREFIH LI-fES
ETIE, 2B DO E— 27 OFEIZ O

Figure 3. Schematic illustration of
integration intervals used in this work;
(a) —10 Hz, (b) standard interval, and (c)
+10Hz.
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Integration interval

i%\ﬁ?\'j—%) Z & T, ?Ef SY AN ﬁfﬁf@fiﬁ) Figure 4. Relationship between peak area and its
DX NIERHI NS K 22 | FDOAFEH>  interval of integration. Peaks 1 through 5 corresponded
X130.2 %E BAEE S to the intervals of areas indicated in Figure 2.
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CIVE TRRATSRAFICRE T 2 AHED S ITEME L S TW R 723, TSRO T TR
ERAENSER LB ZDLND HDIZONT, ZOFHEIHIE L NN E % & DR
WY DI ENTE L, SIERMEMATZITV. X VR ERENG LD X O ISR
FFORBEE 2D, FEERRFICIT, KREFLERFEHIIOWTE SITFEMICHET 5,

[ZE K]

1) T. Thara, T.Saito, and N. Sugimoto, Synthesiology 2 (2009) 12-22.
2) T. Saito, S. Nakaie, M. Kinoshita, T. Thara, S. Kinugasa, A. Nomura, and T.

Maeda, Metrologia 41 (2004) 213-218.
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Metabolic Analysis of Hyperpolarized BC-Labeled Pyruvate on Mouse
Mammary Cancer Cell and Observation of Drug Induced Changes
OTakamasa Abel, Hitoshi Kuboz, Masafumi Haradaz, Hiroshi Maezawa® and Hiromu
Nishitani*

'MRI/Biotools Division, Oxford Instruments KK, Tokyo, Japan.

*Department of Medical Imaging, Institute of Health Biosciences, University of Tokushima
Graduate School, Tokushima, Japan.

3Department of Radiation Physics, Engineering and Biology, Institute of Health Biosciences,
University of Tokushima Graduate School, Tokushima, Japan.

*Department of Radiology, Institute of Health Biosciences, University of Tokushima Graduate
School, Tokushima, Japan.

The application of nuclear magnetic resonance (NMR) for metabolic analysis has been
limited by the intrinsically low sensitivity of “C nuclei. Recently, dynamic nuclear
polarization (DNP), which is a technique for increasing NMR signal intensity, has been shown
to enable to detect in vivo metabolism and pathological process™ 2. In this study,
hyperpolarized 1-"°C pyruvate was utilized as a metabolic tracer to monitor metabolism on
mouse mammary cancer cell cultivated in the RPMI1640 medium with/without glucose, and
5-fluorouracil (SFU) was added to the culture medium to investigate the drug effect for
metabolism. The conversion of pyruvate to lactate, alanine and bicarbonate was observed with
high signal-to-noise ratio in acquired spectra. From the results of calculated kP/cell, kL/cell
and AUC(Lac/Pyr), it was confirmed that SFU affect the cell metabolism.

1. IIC®HIZ

WA, AEEEREECRHEAT IR IBIER VWO X DI TE 2, E
e COMRBZE L 2 T DA ICIHREORIED S 'THR P L W o IR 5T
W5, BCBIO PN BIIAFHEAZESY 7 2RO I F BN k< Rt
WORIENRKS THDHZ ENOLEDIGHAPYHGEINTWNAE L OO, FENME < HERFH
THHRAEED Z L3 LV, 22T, BIfERER (DNP) OFEE W T BC O

hyperpolarization, dynamic nuclear polarization, DNP

ObHRIZNES, IFOEL, IIBTEEES L, EXIDUAL, IZLIIZOAT
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AR ET D LK ARNOBEREEZ BEICBIHIL X2 LT R AN
Kop@ESn DY EREZED TS, AT PCELEVEE FL—F—L LT
T3 —ADF N D 2FHEORRIR TR Lo~ U AHRAN AMBIZEB T 5
REZEME BT 2 2 &2l hl, EHIT MBAAID 1 FETH % 5-fluorouracil (SFU)
DEIZ L DR~ EEZBIE L 2O THRET D,

2. EBFE

1-5C /LB B 2.6mg & 50 pul D,O/Glycerol =3:2 T ALIABE AR L, £ ZIC
15 mM DOFEEEL 725 X 91T trityl radical(OX63) Z WsA1 L 7=, A%l M2 % & (2 1%
HyperSense“(Oxford Instruments $) % FV ., 30k 2 3.35 T OFRS FT14KICHA L
T 70 ORI AEIT > 7, *E5laiE~ v AHk FM3A 23 MK T, RPMI1640
BB LI OZEZND 7N a—AD RPN b O T 48 FElE: 8 L7z, SFU X 2 uM & |
E 22 RERIRTIZIN A, & 512 200uM Z HI7E 1 RFFEIRTCERIN U7z, & BRI B5 28 M e
Z OB L CHENE LT3R &, PBS (2 0.01 % EDTA #S0I L7214 3 ml TRt %
W LT-% B HIZZN S ZEA L CNMREIE % 1T - 72, NMR 24& 13 Bruker DRX600,
Smm¢ DT B— RN RTu =75, 7a b Ty 7V o7 EG A LI 15
FOVAIZE Y 1 MR, 4 BIFEEEOHIEE 120 ERET D £ T o7, BohizA
X7 MVOELE VBB L OFOREW TH LD v 7 AR E 2IREE T LT
74w hLA MRS 20 OV R K OVELEE O SOGH E E 5 (kP/cell, kL/cell), #h
BRI O FLER/ BV B R (AUC(Lac/Pyr)) 23R 7=, F£72. NMR JHIE# I ZHIE Y
CINDO—EHERY LT MY ST — etk BEE T COBIERIC L Milntis
F UM AEfF R 2 TR~ T2,

3. ERERLER

o sva— 20, Z L CSFURMOAREIZL T HEond A7 hb
(SR NHER SN, £ L CHEH L7z kP/eell, kL/cell 3 KT AUC(Lac/Pyr)7 LA T
DRBAGNE o7, 1. TN a—AEHREIZH LTV a— A MRMEE T
kP, KL 3 H EIZE W, 2. 5FU 230 L 72854 Tid kP, kL 23 F B2V, 3. Zva—X
HERNES Tl SFU #5850 kP IR FOESWR 7 v a— A EF R L TRE <,
F72 kL EROESWIV/NE Y, LR S . DNA ARLERICTH 5 5FU 1L
DA B D TR A T 2 L AR S, FFICIRRE FICRBWTH
ZDOMENRRKEI N LIRIBENT-,

BE IR

1) Golman K. et al., PNAS, 103, 30, 11270-11275 (2006)

2) F. A. Gallagher, et al., Nature, 453(7197), 940-943 (2008)
3) Day SE, et al., Nature Medicine, 13(11), 1382-87 (2007)
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Self-Diffusion of Ions in a Confined Nanostructure: NMR Assessment of
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Abstract

Detailed investigation of molecular mobility in nanostructured ion-conductive materials is
essential for understanding their dynamic functions. For this purpose we have determined the
distinct self-diffusion coefficients of anions and cations in an ion-conductive material that
exhibits a thermotropic bicontinuous cubic liquid-crystalline phase by Pulsed-Field-Gradient
Nuclear Magnetic Resonance (PFG-NMR) spectroscopy. The results show that dissociating
cations and anions in the nanostructured liquid-crystalline phase form ion pairs and clusters in
the isotropic phase.

Introduction

Ionic interactions can be utilized for the self-assembly and phase segregation of amphiphilic
molecules to achieve new functional liquid-crystalline soft materials [1]. We have previously
reported that an ionic liquid based on a fan-shaped ammonium salt (Fig. 1) exhibits a
bicontinuous cubic (Cubyi) liquid-crystalline phase [2]. The self-organized material forms a
continuous network of ion nano-channels that promote efficient ion conduction. The material
shows a steep decrease in ion conductivity at the Cubypi to isotropic phase transition,
presumably due to a collapse of the ion channel network [2].

In this study, the diffusion coefficients of ions in
ionic liquid crystal 1 were measured by NMR C10H21Q
spectroscopy to investigate the dynamic properties of CqoH210 (
the material. Compound 1 melts to the Cuby; phase at
42°C and shows a phase transition from Cuby; to C10H21O
isotropic (disordered) liquid at 82°C. Pulsed-Field-

Gradient (PFG) NMR was employed to determine
the diffusion coefficients of both cation and anion

NS

1 )BF;

over a temperature interval encompassing both Cuby, Crystal 42 Cuby; 82 Isotropic

and isotropic phases. The self-diffusion coefficients Fi%.l Fan-shaped ammonium salt

. 1 19 exhibiting a bicontinuous cubic liquid-
were determined by H- and "F-NMR for the crystalline phase.
cations and anions, respectively.

Experimental
The measurements were performed on a Bruker DMX200 spectrometer equipped with a 10

mm pulsed field gradient probe with 9.6 T/m maximum gradient. The temperature at the
sample position was carefully measured with an external thermocouple for both proton and
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fluorine radiofrequency inserts. The stimulated-echo
pulse sequence was employed and the self-diffusion
coefficients were obtained by fitting the echo
attenuations to the Stejskal-Tanner equation [3]. A
typical echo attenuation is shown in Fig. 2. The -2
nominal values for all diffusion coefficients were

calibrated towards the diffusion of water at 298 K -3

[4].
Results

In Table 1, typical values for the diffusion
coefficients of cation and anion in both phases are

In(i1, )

00 05 10 15 20

b (x10" s/m?)

Fig. 2 Normalized signal amplitudes of a
shown. In the Cuby; phase we have found that the  stimulated echo decay vs. the Stejskal-

anion diffusion is approximately twice as fast as the ~ Tanner factor, b = (_Vg5)2(11-5/ 3), for the
cation diffusion, while in the isotropic phase the iill(s);liﬁl;heh:slgo(%tén‘l’lco?s”lf;lll:lscolligllllilje-:
difference in diffusion coefficients between cation isya linear If)it with an adjusted R2-value
and anion is insignificant. Thus, the NMR results  higher than 0.9999.

suggest that dissociating cations and anions in the

liquid-crystalline phase form ion clusters in the

isotropic phase, leading to the reduction in the ionic

conductivity.

Table 1. Examples of diffusion coefficients in the ion-conductive material.

Diffusion coefficient (m2 s'l)

Cation Anion
60°C (Cuby) 4.63x10™° 1.15x10"°
90°C (Iso) 2.39x10™? 2.29x10™"?
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pogo  STDikE Water LOGSY ik, BAGEBTOH LY HILREIZDNT

RARRR - ibAEfL !, WEX-E’ HEX-EBI®
OMiE—X' Hf (TaR #F’ WEE-—° BHR *x°
Application of WET sequence for the detection of the ligand signals
resonating close to water
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An efficient pulse sequence for observing the ligand signals resonating close to the water signal
has been developed by incorporating the WET technique into the saturation transfer difference
pulse sequence. Although several pulse sequences have been developed for observing a ligand
binding with a protein receptor, the ligand signals resonating close to the water were undetectable
owing to the interference of the huge water signal in the samples containing 95% 'H,0O. On the
point of sample preparation, it is preferable to avoid the solvent exchange in the protein samples. In
the proposed pulse sequence, a WET sequence is incorporated for the selective suppression of the
water resonance. The efficient water suppression and the clear observation of the bound ligand
signals close to the water have been demonstrated using the lysozyme-glucose complex.

L E®IZ

LTy — AT LU A REBIT 2 51kE LT, SID IEpMEibhTngd Y, 2L
T, ZOEEL LT Water-LOGSY IR Shiz 290 ooz bicbt 7
—ZfafnSd, LET XY —EEEGLTWD Y Y RERT 5, @EITEKER CIE, Bl
BB TR S F N B HET D BMETH T, TDOHEDO—>L LT, hard
pulse |ZX % Water Gate IENMEOND L 912727 P, Z® hard pulse @ Water Gate
FEIRELHELES TH
B LNEMTH AN, B (a)Water-Gate-STD

BEEASIE . KEHOY | pestaoon o
TINEHELTLED L W o

S REERLC D, K it peeeelioill ffl
D STD 7 & - oo o
9% HEYT Water Gate JEIC w5= water gate
xf L C presaturation {£% {h{WET'STD

Higt L. presaturation O tz}:lar pe- Saturationton. ot

—F& WET £ 9 & z-filter @

N -
R L7 WET-STD 378 ELAF “"“'%|I|ﬁ||| ]‘*_*W
AREREBDZLAHEL oo u gy

L~ L Il

FG e gz g,
1O THET S ot
= ° gy =10 Glem g, : P0Giem  Selective pulse = Seduce, gauss
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. ° ga: -5Gkem P 50GEEm ¢, = B{x) 8-k} 8-k} 6{x] $om HxpA]x}
Flg. 1 G: WET-STD -/~ P R250EM gy K] AyEAaLAY) de= Hyha(-xLal-yLHx]

A = 200w} 20y -] 2w 3wy 2 -x) 20y w12 ] 20y )

o
VAR R, Fig.1 Pulse sequence of STD

STD, Water LOGSY

OS5 VIFTE, LL7Es (LA S<HI, LESDbEIVNE, ZLAADS
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Z D JFIEIE WET-NOESY pulse® % 15 wares carb-ns
H Ll LT, presaturation ® i

WET-STD ¥£IC L7= b D Th 5, ﬁv ‘H
ID-NMR DK Rik & LT J,JJ«
presaturation-NOESY £ 23 H %) rsuwusse
ThrZ idmohnTngd,
DHIEIFTERBRK T F V%
presaturation JETHEIFI L. ¥%
LK T FNNTEALT L mmm
(NOESY) THHETHZ L12h D, |

I

LU BRI 75/ 0 il JW&&&; memnunﬁ

ER R+ THD, T, E LA iiN

IKOWEEFED DHTZDIT, Ao w00 etn 400 -z s oaca ebe sl (km
WET*NOESY EEREL, z—filter Fio2 Experirmerial excilatcn g C'|I|l:-.r|'.-'- solvel suppregsion puls
ZEIEM LU, £7-, z—filter
121X FG pulse & selective 90 pulse ZE A L., z—filter DR L EHD7-, Z D FG pulse
L selective pulse IZHEIZ/KT 7 F /L% saturation 5D TH D, Fi-. KHELBAR
457 A 1% MBS U TIE WET pulse D FF(IT presaturation & H AL 5, Selective
pulse & U TITEIRMENE < pulse MOV seduce90 ZfEH L=, ZDO/K{E L 1D-NMR %
STD IS Lz, FEADFHWSTD v 7 A2 8T 55613 T, 7 4 /% — (spin lock)
IRIEIR, STD IEZ VT ROT VT 77 4w 7 EIRO RS LR O A7 s
RHIZHEARY ML LTHET D,

Fig. 212X ID-NMRIZ X A 7K saturation @ profile, (a)Water Gate, (b) WET-STD (square90) .
(¢) WET-STD (seduce90) &7~

Water gate ¥ (a) TIXELNIF.LrD 500Hz H>5 800H z 73 off resonance & 720 | AV HEFH

Thi= T FFEN SN W & ERT, 2% LT, square pulse (10msec) (b)
%ﬁ#ﬁLtWM1Dvati\%mw¢uw2w2<Eﬂ\%smmnumlbtpmmue%%#wi
square pulse 58 D sidelobe NAEL ., V' FFILOBIRMEEZE L L TWBDH, —J7. seduce9d0

20 mesan A0 TrEa T v 143 mzoc | B0 meas

MLJ JM‘LMT%M

Fig.5 Effects of szin lock in WET-3TD expariments
The entire spectrum is displayed{-2ppme—-11ppm)
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pulse (18msec) (¢c) DIFA L. saturation FEIKIL square pulse E[F U TH B0,
DY)V IABLDIFLVY profile 720

T Fv

BIREDREH W & 2T, BEGEEIX (D) yH/2x
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Serum Albumin (HSA)0.1 mM .
& Tryptophan 2 mM @ complex, Han
(10%D20 pH7. 2) % f# A L 7=, B
Pulse &%1% Water Gate-STD  thi\waler LOGSY JI
(T,~filter 72 L) ZfEMI L. cl Bl
STD @%/Er\fi R ?‘/D%Lﬁﬂfﬂz%‘: . e e e e ,_[v" 'F'«.v.-_. . 'H_T” et i
Water LOGSY 54 I3k W
TFNVEZNENRE L, B ,;:;,fj’,’m’“‘,}'f,',“'r"q"'
S IRE R D AR AT & AR ET LTz, {aPtasat, WET- £TT1 HHT "‘ g Clnea

(Dalvit & transient # A 1‘] L
7°® WaterLOGSY pulse® * % i huhﬂhhmﬂﬁvh LL”fu an Pt mmJ'*h
ERLZRV) BELzy s S
Lid HSA T 5 A L 7~ T ‘ ; p T pol
Tryptophan @ ¥/ 7%/1/'(}) ZD Fig & 2TD and Water LOGEY apactez of Lysczyms-Glusoes complax

DAY "L B STD IEIZB W T Water LOGSY JEIZEWT S, BUEOEBEWIL RV
Biehnol, £z, BENFFRIZEWIZERE XN L3252 E083brotz,

Fig. 6 1238V T, Lysozyme & Glucose DIEEMD (a) STD A7 k)L & (b)Water LOGSY
AT ")V ERT, Water Logsy @ pulse 2% & LT WET-STD @ pulse Z{FEH L7z, =D
pulse % Water Logsy £ & U CEH T 235613 presaturation IIfEH TX 2V, Z DA
AR CESK & saturation 975 WET pulse IZFEFICHZI TH o7-, BAKD K & g
DAY MNVERZHIZZEARY MLELTHEE L, ZOAXT RV TIELSTD DAY K
JVEITE72 Y | Glucose @ signal IINAHNKEZ L= AT Mv&EH 25, Lind, signal
FREE B ERVY, Water LOGSY {ED—DODFEE LT, #1237 Z%ﬂ:/‘\bﬁ_‘/fﬂ‘ﬂ/k%ﬂ:/‘\b
RN T F TN T, NP EEET 570 \fb\bfwéﬁwvﬁﬂ@#ﬁM%Q%
XA ENETHoT-, LL, 2D Lysozyme L Glucose DY 7D L HIZ, (a) STD
HI7E (spin lock=100ms) Tl Lysozyme & Glucose DFFWFEE N H B Z & ;’i’ﬂ“?‘; <E MTE
7=DZxt LT, (b)Water LOGSY ¥ TIE Glucose ¥ 7 F VMBI nZ ~r LT~, ZiuidK
& Glucose &iffERAMRNGRS BRI S, Lysozyme & Glucose & DFHWIEEBIFRAZTR T Z
ERTEZRN,

ER)

BARKPTOLETZ—LEET 2V T REBT 5 )51EE LT, Water LOGSY ¥£K D
I% Water Gate-STD VEDHNMEIFEL ThHDH, LinL, BAKEEOL 7 FNvE s —5
MZ L723%61% Water Gate-STD {ETIXMEIZRNEEIC /2D, BAEEDY 7 F Vi 2 —7
y M LGB ITBAKDOEENEEIZR D, £DO—20fkiEL LT, WET-STD {EA R
T4 %5-/{5 Z A LT,

1). M. Mayer, B. Meyer, J. Am. Chem. Soc. 2001, 123, 6108.

2). C. Dalvit, P. Pevarello, M. Tato, M. Veronesi, A. Vulpetti, M. Sundstrom, J. Biomol. NMR 2000, 18, 65.
3). C. Dalvit, G. P. Fogliatto, A. Stewart, M. Veronesi, B. J. Stockman, J. Biomol. NMR 2001, 21, 349.

4). K. Furihata, S. Simotakahara and M. Tashiro, Magn. Reson. Chem. 2008, 46, 799-802

5). M. Liu, X. Mao, C. Ye, H. Huang, J. K. Nicholson, J. C. Lindon, J. Magn. Reson. 1998, 132, 125.

6). S. H. Smallcombe, S. L. Patt and P. A. Keifer, J. Mag. Reson 1995, A 117, 295-303
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P091 Brevibacillus choshinensis 4 ihFEIRZz ZHL -
7 2/ BGEIRME E R A S E R
OfAE—. fEdeef, HPRE. HAEpEsE, mEp gz
=Z( b MBEVIZERT (MITILS)

Amino acid selective isotope labeling of proteins secreted by
Brevibacillus choshinensis for NMR study
(OMichikazu Tanio, Hideki Kusunoki, Rikou Tanaka, Takeshi Tanaka, and Toshiyuki Kohno
Mitsubishi Kagaku Institute of Life Sciences (MITILS)

The gram-positive bacterium Brevibacillus choshinensis has been used to produce
recombinant proteins with disulfide bonds. Here we established the amino acid-type selective
isotope labeling method using by the B. choshinensis expression system. The analyses of
'H-"N HSQC NMR spectra of the recombinant proteins with a ’N-labeled amino acid
demonstrated that Ala, Arg, Asn, Cys, Gln, His, Lys, Met and Val are suitable for selective
labeling, although acidic and aromatic amino acids are not suitable. The '°N labeling for Gly,
Ile, Leu, Ser and Thr resulted in scrambling to specific amino acids. These results indicated
that the B. choshinensis expression system is an alternative tool for amino acid-type selective
labeling of proteins, especially secretory proteins, for NMR analyses.

(] NMR ICL D5 27 BHOBEKEEIRICR W T, € RN AREEGUE D 1E Rk
WS ERARIEEMTH . FICT I/ BERERIL, B ERO5 G TIXEMIC
BENERDEI AR ML EXDEMIEL, BEOEKILOAZ ST, FFHESEE
HAFIVACETAERDESNCT L RERE, RABHEND S, TrrldIn
FT. 7T LABTEE D Brevibacillus choshinensis 73 iIW IR 2 W=, filnE B O
WS > X7 B D PN —KEERE 2L U, ARBRANEICS 2L 7 4 B (SS) #E
EHT DMWY 2 7ED NMR IFRICERTH D Z EERLTEE D, AFET
3. ZORBEREHAWEY 2 BRIRMESRIEORN. BIOEBROMMmMIESY >80
BAQSHZRNELRZ?Y,

(FiE] 73 BRIRERENLOODETIVY 2\ 7-EE LT, Mgy >
NNIZETHD, BEITNMR FEDIRBENR SN TS 12-kDa & | FK506 #5545 > /%
7% (FKBP) Z#RH L7, SS B aB T 20U >NV EDOHELTE N M-T7 ¢
OV EMERER R A > (FDI. 26.8 kDa; Fig.14) Z#HMH L7z, BERXZ Y —B XN
EEIL. ZTNTN pNCMO2 B X B. choshinensis HPD31-SP3 ¥k (¥ I NA ) %
AWz, TLZ bORL— 3 VEICE> TESNREERAIL. N BT 3/
g (100 mg/L) Z¥NL7=IEEER CHL 85 (7Ol 5 T3, Pro ZFR< 19 FEZ
) 2T 1-5 HREEEE L., BHhicpms Nz BB Z, 770250 —BX V0T
V@7 O~ 757 4 —I2X DL, "H-""N HSQC NMR i€ 217> 7= 2,

Brevibacillus choshinensis, secretion, isotope labeling, recombinant protein

Oklizd HBEMNT. <TOE OTE, iy 0I5, kigd 7ZFL, 250 LY
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(KR EERK] "N7 I/ BIEHFKBPO 'H-"N
HSQC NMRA XY MUIZBIT S, &7 3 J Bk
EOVHEERELZMMTLZKER. B
choshinensis CIZ9MMD Y 2 /i (Ala. Arg.
Asn, Cys. Gln, His, Lys, Met, Val) TR
TEINFRETH D Z EN > 7= (Table 1) 2,
—F. BEBXOFHELRY X /BT 1ZIEeT
D7 2 JEBEAEH S, Gly. Ile. Leu. SerBL
OThrid, TNENEHEDT 2 /BB 5
ZEBH SN ETRS 7Y,

FHED S1ET. FDIDOT X J BRI EE 2
AT, BT 2 JBOAERMLU7ZCHL.
EEHTIIFD1 OFEE D TR > 7z, £ T T,
KRB THDMEDOT I /DS E. Cyszk
< 8FfdE 2 41100 mg/L &785 KD IR
L7=CHL.EH# (CHL.aa) ZfW=& Z A, FDI
DFEBHENEA L 2-55mg/1 LEE®E) . 20D
Rz, B7 I JBOHZPNEHL -,
B BV NEECys Z N L 72 C.H.L.aaks #h 2
WS ZEICXD. DT 2/ BB IN %
FDIDFAE, BIRZFN5D'H-"N HSQC NMR
AR BVOBUSICERI L= (Fig1) 2,

B. choshinensis 7P W FHHRIL. KIGERHR &
[FIREEE D BB il b K OV ER R N b L, b
BB BITEATEDLZD, 5%, KICSSHES
ZHTD0MWMESY N7 ONMRIFZEIC K =
<EENTH b EMEENS,

Table 1 Amino acid scrambling in

B. choshinensis”

Scrambling

rate (%)
=20
=35
=< 30
=18
< 61

A195

8/ /.A309 277
- A308

——A229

[e-"N]

Amino Mainly
acid scrambling to
Ala —

Arg -_
Asn —
Asp almost all
Cys —
Gin —
Glu almost all
Gly Cys, Ser, Trp
His —_
lle Leu, Val
Leu lle, Val
Lys —
Met —
Phe almost all
Ser Cys, Gly, Trp
Thr Cys, Gly, Ser, Trp
Trp® almost all
Tyr almost all
Val =
a4 [-r - -'*N]Trp
| C
1061
11r.\-f
£ |
Snel A174
Z 1 A173 po3
e CYPRQ S
1 A271-
" A218

A226°

L el ——A198
A28 A32e O A34T

A301

B, 8 H
H (ppm)

10 [3

B 1 8
H (ppm)

Fig. 1. Crystal structure of FD1 (A, PDB ID 2D39)  and the 'H-"N HSQC spectra of
uniformly °N (B) and "N-Ala (C) labeled FD1 (F127S/L128S monomer mutant) 2.

[&2Z3#K] 1) Tanio et al., (2008) Anal. Biochem. 373, 164-166.

2) Tanio et al., (2009) Anal. Biochem. 386, 156-160.
3) Tanio et al., (2007) J. Biol. Chem. 282, 3889-3895.
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RERGLIAZRHTTE
O 2, KLkt v 3, mEpflLE, Mm@, s
bR =AM, B RRR - S,
THL - REIEHER - S A

Stable isotope labeling of specific methionine residue in protein by
four-base codon method for NMR study.
OKiyoshi Okada® 2, Momoko Yoneyamal’ 3, Rikou Tanakal,
Takeshi Tanaka', Toshiyuki Kohno'
! MITILS, 2TUA - Department of Bioscience,
3 NAIST - Graduate School of Biological Sciences

The determination of protein structure is important for understanding functional expression
of protein and drug development. NMR spectroscopy and X-ray crystallography methods are
used to determine protein structures. Particularly, NMR spectroscopy is promptly analyzed in
protein-protein and protein-compound interaction analyses. However, a problem of NMR
spectroscopy is that high concentrations and purity of protein are needed. Moreover, higher
molecular weight proteins cannot be analyzed by NMR spectroscopy. The purpose of this
study is to solve these problems with residue-specific stable isotope labeling using four-base

codon method.

[E5] o XV EONREGEEZMD Z L 1E, DX LRI ERED L ) ITHEEERE
LTCWENERT LV TR BfiET 5 ETH, &6I21%, 0L S & IR ERM
WA X7 B ORERE Z I 9 5 KRN ORI LG 21T 9 L THMO TEETH D,
KRy B DOSIRAER & B D 2N T D FIEICIX NMR 15 & X B AE ST 3 5 0 |
FFIZ NMR KT VX0 -2 XG0 H X7 8 - R LA O FE BAE R iRt
ZHGEICITH) &N TE S, Ll 2D X 9 R 24T 5 IIEE M « SR
BIRMETH D, £, HTATRER ¥ X7 EO S 8IZH ERASH 5, AWF%ED H
X, 2O ORBEERT 72012, VRV A A1) E 4 o R1EQ)E AT
BN TEDOT ) SRR I R E RN IR OO E1T ) 2L Th D,
AR o Rk, RERNIRERRE, AR A R R

OBMWEEXL, IRRELL I, RNV 2o, Tehlcif L, 2o2DE L&
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[ Hik] AWFFECld, AR L CTRIGE  widvpe FKBP (Wh)
BT AHA TARTE ZEAL FlkD S

FK506 64 v /X7 8 (FKBP) Z MW 7e, . R
FKBP DA FA =257 3 ) Bkt e e
MINCHETR T 2720, — T T AT A =2
K> (AUG) % 43 = N> (CGGG) IZi&

M49 - o O Uk GG AT
L7z 3 MDY T A3 FafEm L (Fig. o o
l)o jzf:\ Uﬁ‘yj/rb%ﬁﬁb\f:?i/??\//l/ E— —
{t. %47\ Methyl-"C-Met-tRNAcceg Z/EMR L 466 - e

oo LT, fFELEET T AT R E
Methyl-">C-Met-tRNAcccg % T, KIGH
HEAMAA S R D RTS o AT L THEZ: FKBP  Fig. 1. Nucleotide and amino acid sequences

(Wt, M29. M49. M66) ZEEk L7-, 1=z  of FKBP containing four-base codon CGGG.
FKBP % TALON Metal Affinity Resin {Z & D &S L. NMR & &4T- 72,

[ s L OB 2R 125k FKBP %2 ARk LRSS U725 5. Wit 13240 pg, M29 i3 15 pg.
M49 1% 2 ug. M66 1% 21 pg 5172, 2% FKBP @ 'H-"C HSQC A7 kL% HIE
L7zfER, Wt TIE 3 20 7@l S 4, M29, M49 I K TYM66 Tlk, £ 2
N—o72F v 7 anBliilsini (Fig.2), Wt D7 F /2 M29, M49 I X T M66
D7 FNEENREEZAERTERYFKBPD AT A= DA FIVEOIRENITH Z
ERHKT, DLEDFERDG FKBP DA FA =% 7 I BEFRRIICE#RT 5 2
ETY) ll/f:o

e 18.6
d b =

| @ i .ﬂ}
fr— _
E' | é: | 18.8: Metdo
a " 1wz .
— S
= ra| . x| 7.0 Lh’;-gﬁ
E e g._:_!;‘ | 2{4:_
= S i "
=2 e © )@
2 "4 Met&6
[F Rk ==

ViNIE IE @ W B x| iE iE I @ W E ik 17

55.1: 205 200 185 1.95- 1485 1.52
'H - chemical shift [ppm]
Fig. 2. "H-""C HSQC spectrum of labeled FKBPs: (a) Wt, (b) M29, (c) M49 and (d) M66.

(e) Assignment of methyl groups of methionine at FKBP.
[Z% k] (1) Hohsaka, T. et al. J. am. chem. soc. 1996, 118, 9778-9779.
(2) Murakami, H. et al. Nature Methods 2006, 3, 357-359.
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P093 HAEMRBM T /T— 3P —/\—SpinAssign L=
NMR A2:RAX9 X AFq

O L TEdf', BEHARFR?, BV 7', BILARR, Ayt >

"FRAFPSC., *ERIFASL, BT PR A A, 14 KRBT m B

Introduction to NMR Metabolomics with SpinAssign: A Comprehensive

Metabolite Annotation Server

Eisuke Chikayama', Yuuri Tsuboi’, Junko Nagahama', Yasuyo Sekiyama', Jun Kikuchi
'RIKEN PSC, ’RIEKN ASI, *Graduate School of Bionano., Yokohama City University,
“Graduate School of Bioagri. Sci., Nagoya University

1,34

NMR-based Metabolomics has become a practical and analytical methodology for
discovering novel genes, biomarkers, metabolic phenotypes, and dynamical cell behaviors in
organisms. Recently we devised and implemented a statistical index, SpinAssign p-value, in
NMR-based metabolomics for large-scale metabolite annotation and provided information to
the public. We will tutor introductory cases of NMR-based metabolomics by SpinAssign.

<HEHEBIZ> ITENMRAZRIIT ADE LW 53 B TOISHFHIAE A TET, L
MLEDIZEALIEH NMRARY ML E AR ELT= T 07 7 AU T AT TV | R
DOHBRIITRT )T — a2 PIZALT L ONRE — o TREREZ# R T HIE 2, —
J7 . Fox OB U T )7 — 2 ar—3—SpinAssigniINMRIZ L A i o
WRER T )T — 2 al b T SN TIROZEDTEDY T VAT L ThD, BAE 270 1%
BLL EDBPC-HSQCH kDL 7 M T —Z_—2{bE i, 3D PC-HSQC A~k
N U2 — Y — 32T 7B AL B H DARI LB E 7 LIZHSQCE — 2 %7
LY=L TH X LT CREGIMEM A OGN T /T —2ar B BHZENTED, i
T % 122D SpinAssigniZp-value it R E WIS EEZ AT INL 72, 2D HIEICL>TA £ T
100 UL EORBDFRIRGT /7 —a BARTEE Th 725 D0 200 R LL LD [FRIRET
)T —arE A RICTAECH R TAZENTE, ZOHIEFALFIHARTRETHY
NMREEIE X HE T UER S ICHECONMRAX R a7 A FE 241720 28N TED, Al
Tz 135 O FIZHLHEZENMRAEHT L SpinAssignz i ONMRAZ R 37 ZDHfF 4
BNZDOUNTE LS T 2,

<fiiH NMR AZRI7 A A >

1. )/ﬁ&ﬁ)‘?zv\/77**{§{1§ 350 u L EFHHIT 280k 150 1 L ZIRA L NMREIZE T,

2. 1D "H(water gate) & 2D "3C-HSQC A~ ML % EHAIT 5,

3. BC-HSQCA I MLMBDSSLUANDE —2 %y L, 1 B —2% 1 17T H<tab>"CD
ECTHANT 7 AN ELTIRTET 5,

4. SpinAssign (http://prime.psc.riken.jp/?action=nmr_search) |27 7 AL 7% A7 7
ANDBE—2 %AV [do SpinAssign] i & &9,

F—U—R: AZRAIZA AZRE—A T

OLIPREZNT T, DIFNDIY ZRNTELPAZ, HERELT L, E<BLA
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<FERLEBE>

ZOHEFTIHEI—TA, 2—TB, FHA, FHBOFEROEI OV TR T, FETIEL
@&k%ﬁ@%*%lré%%ﬁ%w:ﬁﬁz*ﬂméﬂﬁu &L I TR LAV ERR O T e @ﬁﬁﬁﬂﬁ
DIERERIRT LT ETHD, 1D HTIZF AL TIEIEE LSRN H TB AL DT
ENETRNZ LD a—=FAIXIFEAERESTHY =2—FBTlE 1.12-1.18,72.51-2. 67
PPMIZRF I 72— B COB DRI 3 I E T —FAIC L ~MEIR E Th D EmboTz
(Fig. 1), *C-HSQCTHAHLA, BRI TEIZEL RO o7, a—FALaT—FBTII
H— NI 5T, SpinAssign DT )T — L al A B TIIa —TATIZEME S LR L o
—ZBClZPropane-1,2-diol/ethanol/citrate M it L L <7 /77— ar-&niz (Fig.
1), a—JAITEE XA T THHNRa—IBILhal) —FPuX A7 THD  AKBEEIZ) )b 5T
WA L+t S Thote, ZAIUIA THBREHZ LR BIFER E THRREZ B AT A
DS T DZEDFERTHDHEEZOND, FHTIIIV T F oo ENT /7 — Sz n3 8l
ROT —H_R—=2IERIEZ <y N T DL O DEFMED & E 72 I IFAEL 72D >
720 FFLA, BEI CAXI ML ETIRELENR DS Te B P —a—F M TIIAT VI E
LB poTc, ZIUTHFALT—TLVIOIRTE OB LZEID DIEINMRANRZ ML T 720 |
NUIDLIERE ORERTHILA, BRIOZAEBITR#TEIens, (HPCA/ ML Tl
PERRH CTE AW R EFR IR IZ IR 58T i)NMRf*ﬁij%é&@W%f“% ELUS
W ETIERLIEVIKKDEREL TNDIEZRIBLTND, BRI FRIRS AT DR D
RWEE IS S WEEIZS T DI G END56 1 3B FIC BB O/ W B 2R
R THDHEB 2 LD, LUK OBIERREE I A ZbHOFEZERIEDNHY | 4FLA,
BF'EﬁO)%L%?S%’)\IH%ﬂT RS S E P SN D A O BB R E TG T8

SRR EREZFFOWRZBIRL AT LOIFHECTH A, RRITE DZHEIRS AT Lh
BIMA~DIEIEHI B R EBRIE 5 THHEEZLNDLN, EDIH7 g B E D IERIE
BB DHEICE DI R RIS T D0 EWI EY DML,/ s,/ FE LA D
B —ZBR AT L R "I — I AT DEEO— RN Z D EHIZNMRA Y
MBS JTEI D Z BIE KA BRI,

<FHE>

[VABRT VLN 7 7 —Di#] KHPOs KIEHR(1 M, 1.15 mL), KoHPO, KIEHR(1 M,
1.85 mL), E/K(D,0, 27.0 mL), 2,2-dimethyl-2-silapentane-5-sulfonate (DSS) (6.5 mg) % i
AL 30mLDO Ny 7 7 — iR % VERK L 72(100 mM, pH 7.0, 1.0 mM DSS).
[INMRZA~SZRALDFEFH) 7T A4F 2 A7 MM &Bruker Avance 1l 700 MHz% Fv /-, water
gate (p3919gp) & "®C-HSQC (hsqcetgp) % 298 KT, *C-HSQC | A7 I
20/140 ppm. 1.0 4.7 {437/60 ppm. 7RA> 1k 1024/344 ., 4 A%/ RALNCTEHAL,

Cola A

ColaB

Milk A

Milk B E ail = Figure 1. 1D 'H NMR spectra (left) and annotations
—ie FRE s AR with SpinAssign for Cola B (right).
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OBFILAAR !, Frldedf ', 45Hhys 1273
1) B - PSC, 28k « AEdy, 3) A HEKEE - AamE

Comparative metabolome analysis using '*C-labeled organisms and
profiling plant metabolites throughout extraction processes
Yasuyo Sekiyama', Eisuke Chikayama', Jun Kikuchi'*?

'RIKEN Plant Science Center, 1-7-22 Suehiro-cho, Tsurumi-ku, Yokohama 235-0045, Japan.

2 Graduate School of Nanobiosciencs, Yokohama City University, 1-7-29 Suehirocho, Tsurumi-ku,
Yokohama 230-0045, Japan.

'Graduate School of Bioagricultural Sciences and School of Agricultural Sciences, Nagoya University,

1 Furo-cho, Chikusa-ku, Nagoya-shi, 464-8601, Japan.

NMR techniques can provide structure-based information on a global pool of metabolites, not
only in isotropic solvent extracts, but also in heterogeneous samples, such as intact tissues or
extraction residues containing insoluble materials. At first, we describe the evaluation of
extraction solvents that can be applicable for NMR-based metabolomics of a wide range of
organisms and their application to comparative metabolome analysis using '*C-labeled plants,
animals and microorganisms. In metabolomic analyses, care should be exercised as to
which metabolites are extracted from the sample and which remain in the residue. The
second, we tried to visualize changes in plant metabolite profiles throughout a series of
repeated extraction process using a combined solution-state and HR-MAS NMR approach. In
addition to the metabolite profile, we will discuss a relationship between metabolite structure
and behavior throughout the repeated extraction process.

[(BE=x]

Fox i, RERNAEREN S L O BEZZ R0 NMR 5% A % 7R 8 — A5
BE L, 7 HEEL L TORBEEOMITZ BIE L T\ 5 [1-3], ZhbOH LM
. B—OEMREOFAMO 78 53, AREROFH TOWEEHRE - 75 BB FLE O fEAT 12 R
BT <, BEEITR>TnD (Figure 1) . ASTIE, WO —FMAricB T
LoD TR IS E Y T ()R AW REZ 5 A e 7ol AL O RG] & Hifg
A B R v — MEHT~DIGH . QREW G IR OARTEH 2 1B ANz, it 7 e v 2%
RRHNCFT 2 HiEE LTONMR A Z AR 27 ZA0EAICHOWTERT Do

X—U—F :NMR, “CHiEk, A ZRm—2L

OrERE T L BE 20TIT, E<bLwA
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1. Stable isctope labeling 2. Analysis of both 3. Assignment 4. Stabstc analysis
exiracts and resdues v
Chemical structure based profiling

'co, g I & T
["ClGhucose R R
’ Plant Soluble o JL — !4’ -. —) §
QA2 —
e
es

No Tl
.>m| . — puise penc
- A 3D HCCH COSY  TOCSY
Signal increase A \. | H H| =

C-1C connectivity B G ! NE—BCH,| A S - bacteria
-
1l ol
neaco [ 7CH
- negative politive Comparatve metabolome
= ) edited HSQC analyss n ecosysiem
' Recyding of resadues by Evaluation of extraction
HR-MAS analysis and - processes towards
insoubie PP repeated extracton efficient utizaticn of
carbon resources

Figure 1. Outline of the project

[BCEBHARY » TILERN-LHE A 2K 0 — LFRT]

AREROHT TOWE OBIRE LGB 1T, —IRAFEHR, HEE., AR EDSEE
IRRSREREIC L o THbNL TV, T b & L, WEEIEZ (RRMICHNT T 5 729
\ZIE, SRR BRI AT RE A AL O G S ETH 5, Fexld, NMR iE%
FAWTZEEER A # R 0 — MR 2 4T72 9 T2l — ORI 2 Bt L, BA X ) —)L
(MeOD)RIRIE DN > 7 v Db L ORI & 7 v I B2 Th 5 F & il
L72[4], &2 TAIENT, Kl A & R a— AMEFT~DO RO —F & LT, C ki
(BRAXFRF RTT) @Y (OR[N | Bl (IA=3) | EH OtARk
M, KiFE) o7 L% MeOD RIEETHH L, M7 e 774U o 7 &1T7
ST, AETIE, ZOEMEHRET D,

[EmHEAECs TA2REMTO T 74 1) > J]

A B R v — AENTIZE T 2 OREITEHECTH O . AREW O JRFIZIE 2 e L
FMERCERDBENRT U AL BETHILEND S, M S D0y, FHERIECHE
I AR D2, FHHRIE % D Ry 2 IR RS RN 9~ 5 Shid, A8 D
RMOBLEEITROGETT TR AFREERE LTIRA, AFHT 2058
R BEETHD, AN 74— AT 5HNMRIETIE, FHEEECBER LA 1
DRV OBEEFNAEETH Y . FiomE~ Y v 7 Al (HR-MAS)EIZ L D
B OIHMRIEHBNC L0, ek s B b ICir 2 HEn e Th 5, 4,
KOLERERANREMEET S ESbh A ESGE L, 7 /WM Th 5 PC ik
1A X ZXF % AT, RIS PE 5 Ay DR & R Ry ORI 21T 72 - 72
D THET S[5].

- References - [1] Chikayama, E. et al., PLoS ONE 3, 3805 (2008)., [2] Kikuchi, J. and Hirayama, T. Method.
Mol. Biol. 358, 273-286 (2007), [3] Sekiyama, Y. and Kikuchi, J. Phytochemistry 68, 2320-2329 (2007), [4]
Sekiyama, Y. et al. The 45" Annual Meeting of the NMR Society Japan (2006), [5] Sekiyama, Y. et al.

submitted.
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Facile assignment of the Trp ring signals in a protein by the SAIL method
OYohei Miyanoiril, Mitsuhiro Takeda', Tsutomu Terauchi®®, Akira Mei Ono*? and
Masatsune Kainosho'?

! Structural Biology Research Center, Graduate School of Science, Nagoya University.
Center for Priority Areas, Tokyo Metropolitan University.

SAIL Technologies

We are currently exploring further optimizations of the isotope-labeling patterns for various
stereo-array isotope-labeled (SAIL) amino acids, in order to establish a method for the robust
NMR signal assignment and automated structural determination for large proteins and their
complexes, which are somewhat difficult to handle even with the original SAIL method. For
example, we recently showed that the combined use of various types of SAIL-Phe/Tyr
allowed us to determine a protein structure more accurately (Takeda et al, JBNMR, 2009,
DPI 10.1007/s10858-009-9360-9). In this presentation, we introduce a new SAIL-Trp, which
has an optimal labeling pattern for the most efficient observation and assignment of the ring
signals, as revealed for the six Trp residues of a DNA binding domain of c-Myb (Myb-R2R3).

(]

EFMET X WR(Phe, Tyr, Trp) 2Bkt = 7 HEIRICIEAE L. B HE O IAREE O
B - MERFICR & REEN 2 R T7200 TS RIS W TRk~ e A AEH
ZE U CEAEOBRERBLUCES Bbo TWAEEARBLTH D, Ha 3kt —
A2 FH WO IENMRAEATIE TIEE AR L 72 o TE 72Phe/ Tyt D L HFER V7D
BRI LIRE, RO 5 ICH KT DNMRAEE RO BEFASAILIEIZ L v, H-o
EIREIZARE L e D . BICEN D ORERE~OFAEEZH NI LT\ 5, Trpik
I L THSAILEZEHA L, 08y 7L ONMRIEHRZ G TN H DD,
Bl 7o AR N 2 — B LTl A 2R TER AL E Th o 7o, ABFETIER, LV &
DT EOEAEICHEM i mERERGTEFRY 7T LVOREE BICKR LT
SAIL-TrpZ FIW T, il B oA 22 E FEDOHB AT o 7o, MEEICHWET VE
HE L LT, 67D TrpZ £oc-MybiE A DNAFEA B A A > (Myb-R2R3) % v, i
BEfRRE, M ODNAFESIREEIZEBIT A4 F— VBV 7TV Oli)g 2 AT,

SAILYE, H&FBRY 7 /v, NMRIF &L

O HRDWYD J o~ 72T BHHOOA, THYHB 2kde, BO &5, 2
WOL XY £E2o8
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Fig.(a)lZ/R L7=SAIL-Trp & /b5 1IL&H 720 Smghl 25 Z L2 kv | BIRISAIL-Trp
3% L 7-Myb-R2R3 % FH#L L 7=, 0.6 mM k5 HIEE 4 H T, "N NOESY-HSQC, "N
TOCSY-HSQC, *C NOESY-HSQC K& U 'H->C HSQC A7 kA %HIE L7-, NMRiH
7E 1 Bruker 500, 600,% O800MHz#4E i f L7z, A > K—/VET 720 T,
He; 13HaHyy & ONOEIZ XV IRJE L 72, HalZHE L < 1dHy & ONOEIZ LV I8 L7,
He1ZHg & ONOE, HplZ B L TiECa b DA UFEAIC LV IREB LT,

[R5 & B2 ]

Myb-R2ZR3ID6FEIEDTrp N EFENTE YD, B EMIEIC L > TUEEN DL DEBR Y 7L
DOEEIFBIIRARETH D, — ., H7=IZE B L7=SAIL-TrpTi%, NOESY,HSQCZEH#
(2K o T, TrpDAZFREANL > 7 IV DS IR B N 5 (TR C & 72 {Fig.(b)},

(a) (b)
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= K166Ch2=Hhi
| NOE e 4 U T
|II | ™ 1 '.r.\.\u F g
I"—""{.'—-!H - 1264 ‘ 196
I rﬂ'H e3 g WHSCd 1 -Ed 1= W118Ch2=Hh2
| NOE
(LN L P |
— N—C—H 129 WI15C41-Hdlng, q:f-:lﬂ'l'_i-il'.i '-:'__';_{; Edl 128
' W185041-Bd1
“C=0
130 41 -Hdl 130
e
tis - "H {ppmb

(a) Chemical structure of SAIL-Trp. The arrows indicate the assignment pathways.
(b) The 'H-"*C HSQC spectrum of Myb-R2R3 labeled with SAIL-Trp.

Myb-R2R3 D it iE Tk, Trpl15(W115), Trpl66(W166). K O\Trpl34(W134)D B
IR T D HisEREESCTpf R L D BREBIRDO B EZ RELS 2T HHFN T
ENbH, ZDOZEIE, WIISEWI66DH,Y 7 F /L K OWI134DHy 3 7 F L 3D Trp
BEOT 7N LB LT, RESEBYSG Y7 NerdHEE T 5, Zhboyv
TF i, BEEDNAZMNMZ D Z Ik, REbFEy 7 NELERTZ &b,
DNA & OFHAAERIZEEG L TWAEN RSN,

(&R APIENBE O —EBITIRE 24— 7y b2 X787 1 7T KZEBI1T % SAIL
EEARBFE O —BR & LT, B RFEMNER O ) 215 TiTbhiz,
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A protein sample preparation with suspension-cultured plant cells and an
inducible virus vectors

OMakoto Takeuchi', Atsushi Tamai’, Masashi Mori**, Shin-ya Ohki'?

(JAIST', Ishikawa Pref. Univ.%, and JST-SENTAN?)

We have reported that our new protein expression system, the suspension cultured plant cells
infected with an inducible virus vector system, can prepare '5N-labeled proteins. As the next
step, we show that the system can also be employed for some other types of labeling. First, we
achieved *C-labeling by using "*C-labeled sucrose as a sole source of carbon in the medium.
The expressed sample, BPTI, showed excellent triple-resonance NMR data. Second,
2H-labeling and a. a. selective-labeling were examined. In addition, we examined the ability
of glycosilation on the target sample. These results clearly indicate that this system has a great
potential for protein NMR.

<{ZL®HIZ>

IR R L TWDRIGESCEER 2R L2 RBR TIXAME R BN SR
RV, HDEWE, BAMETH R BEEBLZ LIITEOIREEELARETH S,
LWV oA B, BT, MRS L CEEE A X O 2 N 7 AR LA
MRzl L CTIERTE 52 bbb, 20X 5 ICREFRR O R 2 % L Tk <
ZlE, WHEORIRESEINT B Z LD D,
&ﬁiﬁ%ﬁ%%%wtﬁﬁﬁmmﬁﬂﬁiﬁﬁ%%%ﬁf%éom@@m&a&%

X, FEWANAE & S TRE R T A WV ANRY X—FH LI E O % X7 ERBRD

#%& AFEFE D NI, & o X 7 BB O TG 2 KB LT (BB Sk 1D, BRICHE
L7k 9ic, ZORBAREISSHEEZAT DX R0 EEAIRGIREECE LWiin/-7z
HIEECTHRELTE 5%, £ONOHEEFF>TW\5,

AEl, BAIIARFEOS SR 55 L L TUCHER., EAREER, %5007 2 8k
B AT ORYPUEF 2 il Iz, Fo, FEHEM O RTREMEICEI L CHMmEt Lz, BLEo#k
RIZOWTHET D,

XU K WML, AN ANT A, BRI R

BREWESL O Hr>b £2&, 2EW HoOL, Y FEL, BBE LAR
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HHZ o7 a— RLTCWABIEFEMBIALTE b~ FEFA 7 U AV AH
DT AN AN BT BN BRI (BY-2) | @@@iﬁtc%%mﬁm A FEE
WG EET A NT D OICBPTI 2R H Sz, F72, BN OMERRIZIZAFP1 2 85
XH7=,

%%@%%tﬁ@?m9yum)ﬁ;w1%ymmm 71—7m x@www)
TH D, "NEEFRO 72 DI IFAEFRKNO, Z NHNOF T L, PCHEFR D 72 12 13 s = —
07— % Mz,

ENENDEF S X7 BORBRIIBEICHE SN TW A HEICE- T, R L 7=
BEDONMR A 227 |k JL % Varian INOVA750 (750MHz) THIEL ., B on-FT — & %
NMRPipe/NMRDraw CHLER/#KR L7z,

<HER L B>

BCya—rn—RA & mR#FRE LTUC, "N EHIEZEBPTI 2 /ERL U 7=, BB & &
NMRHE DFE R, IRFBEAL D PCIEFR =R I1T94~95% FRE TH D Z &b o T=,
EK%Y‘/&& EL L M OBENS HREL EEL 2D &R L
X RV ERBAZEET S Z EDNHRINT, 2D OREZ Kb U CEER%
BPTI 2452 Z LN TE 72, B ISILTWDNENITE &N CHER LT,

F 7o BESAINT 2 BRECH 2 FE O BFAETUARPL & Z OIS B A AN TZAFP1 & %
NENRBLS 72, NMRJE & E &I LV IEMOMRN TE o, RFEEITHESHAT
mEnge s o ™7 EilBt 2 F RS 28 N2 FF > 2 LRSS,

<BEICH>

(1) Ohki S, Dohi K, Tamai A, Takeuchi M, Mori M. (2008) Journal of Biomolecular NMR 42,
271-277.

(2) Dohi, K., Nishikori, M. Tamai, A. Ishiwaka, M., Meshi, T., and Mori, M. (2006) Archives
of Virology 151, 1075-1084.

oo || o &FT® o &

Wi
1l g

Fig. 1. Strip plot of HNCA of (**C, N)-labeled BPTI prepared by the BY-2 system.
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Selective measurement of choline accumulation and glucose metabolites in
cells and organs using multi-resonance NMR

ORyuji Igarashi, Hidehito Tochio, Keigo Mizusawa, Kosei Uehira, Shinsuke Sando,
Yasuhiro Aoyama and Masahiro Shirakawa

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

NMR is one of the most suitable methods to visualize in vivo localization of biomolecules
without damaging the organisms. However, molecular specific imaging in biological
organisms with NMR/MRI is difficult because NMR signals of target molecules suffer from
higher background signals from coexisting molecules. In this study, we employ heteronuclear
multiple-resonance NMR techniques to take advantages of their molecular identification
ability. A stable-isotope-labeled choline or D-glucose was injected into tumor-bearing mouse,
the organs were surgically collected and the homogenized extracts were subjected to NMR
measurements. We found that triple-resonance NMR enabled observation of accumulated
cholines and lactates, known markers of tumor metabolism, in organ homogenates in a highly
molecular specific manner.

1. Fim

HIR PRS0 A= R A AEAE T B AR5 F DAL RSO S b & - L~ L TF
DGEIET 57 OIIIRREENE &\ e & 3kl 2 T Pk 2 VWi il Ze o 72
W, BERIEBIEIT S O A FF OB W EO D E S TH Y | BRE—A
NEBT DA E SRR E T DFET DILAEMCONTEL OFRE 525, L
L. BEND X5 RIBEMZOSE. BlziE, —RICEE LA oRETHW LN
'HNMR A7 R VITHEMER b D L 725, TE- T, BERILIESIED AR R~ I )
T, HERERZEIRICART MV S S L7200 FiEimnNEE L 72D,

ARFFET BT, Tz 1305 E Dy & F o4

Yan,on

5y F O D% BRI FHIT 2 Tl & LT, —E0 L e
*Z Fﬁﬁ%%ﬁ %;ﬁ%‘%ﬁ L 7L:‘ Je—Ub A ODQL/L %E‘%*RE/\J 0: ““/:?,\L_/‘;F{{_-' cil, ||1'::rr:\.{:li.Llfl:nr

9 2 Z EILENREEZ B L. AARPICAFEET
ARG FITISH U AR OB RERE W2 il 92 F
EOBZE AT o Tz, RS E LT, BRICE
T DR~ OIS 2 AE LT, SIS IV TR
NILET D EEND TV BV a—2AZER L, 205 %2 5CE L ONTEER
RLAREERR L 72 b D (Fig. D IZHOWTHIACHER ~ D& L O e Blgg L7,
DFAA—T T, B, ZEL

Ly laibeded Chokne AN Oy DeChurse
Figure 1 Structural formula of the

13G/"N-chol ine and '*C/?H-D-glucose.
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JEE~ 7 A & W FHAIEERIZ BV TIL, A ADBALB/cCrSlev 7 2 (KHE15 g) %
R L7, =7 RSk 2 IEEOBHITHIE DI H AT, 4. 0 x10°# Dcolon 26/ % /2
BRI TR 5 2 LI L 0 T o7, 24K & S - % B AIRIESIC L 0 0. 4 mg
DEC/N-2 Y U FE 2145 mgDEC/ H-D-I N a— R &G L FhIRKkIC =T
T — T VR T TR S, Rk, 200 pLoo ik, FFlE. . DA R, &
S ZEH 8 L TTissueLyser (Qiagen) Z fHUNTH500 uLod10 % KU 7 o o [ERE TR L
Too 300K ETA v Fax—T g Lctk, il % 12,000 rpmThor ], 4° CRF T
PR U CHIHR 2 [ U 7z, fh R IS 52088 U 721212700 pLodD,0 & N 2., BT

13,200 rpm 30575 OkRE L=, i Z2NRCHIE L7z, NMREIE L9 _T5 mm TCI
754 F T a—T7EEE L 7-Avance 700 (Bruker) (2TC298 K FCiT-7-, HIET —
AT atv 7 E R IETopspin 1.3 (Bruker) T{T-o7z,

3. MR LB

P MR L0~ U AEERRICBT S
2 OERBEFHIT D EREIT T2, ZOfE n
B, BERBECHeLaflimic BT, ERE L
ISC/IBNQ U V%IH_lgC_]BNEE#QH%NMR%Hﬂb\%) ‘_.II. |
CETBRMICRIET 2 2L TE R, ST il
Sk a Y v E RIS L is oy el
A Ui iz > T H [E R
EICED a2 CoRROBENATETH D Z
L EfERTE 72 (Fig. 2),

F7- BCAH-D- N a—AEFEN A~ T R
FEFFIREA L, i L7 gec W CoHE L
1T-o7=(Fig. 3), “C/*H-D-7 /v a— A |LIEATHL
PMEDOT e bR TH NMR 12Xk - T
B 220y, T OMREHEMIZAERN OKEL

Figure 2 Single- and triple-resonance NMR spectra
of tumor homogenate collected from a tumor-bearing

mouse injected with '3C/'*N-chol ine.

Ilemr
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AREMEA B 5, HICZDOHIE H-Pc-100 o

EE AN HIFIET D, @ Erva—z2 o #

DO FRRER AR TR T 5 B VR, BRI s
WIZE Ve eV BALET e Rus b —+¢ = .

(LDH) Tt SN THERT 2HEE. HDWIE
EAECVBRT 7= T UAT I8
ALICE VW AERT DT 7 =07 ER UK

" - et
Figure 3 Triple-resonance spectra of organ
homogenates collected from a tumor-bearing mouse
injected with '*C/2H-D-glucose.
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Protein expression using cold-shock vector with soluble protein tag and its
application for NMR
O Kokoro Hayashi and Chojiro Kojima
Graduate School of Biological Science, Nara Institute of Science and Technology

The production of recombinant protein in Escherichia coli affords many advantages for
preparing NMR sample. But it is often hampered by low expression levels and low solubility.
There are many techniques to improve the protein expression, for example, the use of
expression tags, and pCold expression system (Qing et al., Nature Biotech, 2004). We
reported the development of the pCold I-GST vector which combined pCold I vector with
glutathione S-sepharose (GST) (Hayashi and Kojima, Protein Exp. Purif. 2008). Here, we
developed the expression vector which combined pCold I vector with another three protein
tag, maltose binding protein (MBP), protein G Bl domain (GB1) and thioredoxin (Trx).
Additionally, we show the C-terminal tag which inhibits the protein degradation.

B

NMR%%wt&/ﬂ7 T DT E RN AR, S e RED Y > TV
FEThbH, KIBEIZ X D5 KRERBLSR iﬂi%f< HAubsnTunag o 7 ugiilEo—o
Thh, TNETICHMIBZ Y VN7 EOEMESLENZ BT 5720 Ol & LT
GST R° MBP 7 ED RS 7 2 AW 5 HIER, BBIFFEZRIE TITo a—L s
v 7 X7 H—(pColdI~1V) % I\ % J715(Qing et al., Nature Biotech, 2004)7¢ & 3B FE =
NT&El, LL, ThboDFEEZHWTY acl reg
%ﬁﬁ;@@lﬁﬁfci& VORI BB E S AFET

%o ZHVETIZFR A (L pColdI X7 % — & GST
2 7wl a O TR BT Z— pCold-GST
(Fig. DOREEEZITV, UIFEEICB WV THREL
T o7 10 D % L7 B Lz
FERND, TOAMMEEZ R LT (Hayashi and
Kojima, Protein Expr. Purif., 2008) , 4 [Fl, F 4
IX GST LIS DAl gt % 7 & pCold 1=z #—  "oan
A DR X — L, BORE

i

1
cspd pron
E=His tag a4 ETH
GET tag
wultiphe cloning site

pCold-GST

pER3IZ2 origin
~

amp prom

Fig. 1 Structure of pCold-GST vector.
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{7 oTm, Fio, BB CHOMEEZITOTWRTF RO B W CTAEHZ C K
BT ONWTHET D,

pCold-GST X7 & —

pCold 1 X7 ¥ — X HIH > /X7 E D N Kl His ¥ 7 & FERILT 5 L 5 Gt S
Nlca— L RKyray /Xy 2—Ths, KEJT%ET 1% pCold I ® His # 7 Fsl &~ /LT
sa—=27%A sOBNZ MBP. Trx. GBI &fn+ %8 A L=~ %—_ pCold-MBP,
pCold-Trx, pCold-GB1 Z1ERf L7z, Zh 6 D7 #Z —|% pCold-GST Ak, N KU His
B2 RS TN U@ e 2 B E L TCHI AR D Z LN TE D, £,
H W) & AliatE 2 7 O RN I3 D TR MO &V HRV3C protease OYIWTHA k23
ANLTtled, Z T0OUMnNES TH D,

Z Ry EBOHRBER L NMR 5

pCold-GST 1%, YHFZERICH W TR @iy % 1% v
U & 2 kkx /B kD & v 8 7 BRBLC & o ansly
B LTRY . SHETICHEM L7z 85 MEH. 79 -k et T
FEO 5 28 e ATV N CRBL S5 2 b AR
[ZAREI LT %, Fig.l 13 pCold-GST 7 # —|Z & R ke
o AR 5y~ R BB ST T B K L= A e

k& v 87 B o 'H-"NHSQC 227 FLTh Y . _ : : _
pCold-GST Z MW TR FTREIC 2o 7o & N7 ] Fig.1 'H-"N ﬁgQC spectra of
PN EREEZRFF L TV A Z <‘: R LTW5, plant protein (170 a.a.)

WEAED NMR G BV T, Frx 13 C RWIC His & 7 2N L 72582 %2 W C
IREZITROTWART T RORBUERGIZ /R LT-, L L. JIUIDRRED & D5 F|
WA ToH DB FMENL T E R0, Al CRIEIC T m Y VR Z N5 2 & T,
FEHLB P R A BRI 2 2 LN TE, WERE LT D 2 &I L7 (Fig.2).

Mr E hir E

=

=
50 0ol Fig. 2 Protein expression and purification of
40 9 GST-tagged Tsr with or without C-terminal
L ;EI——. «| poly-proline residue. Black arrow indicates the
p = molecular weight of target protein.
20 - 200

0¥ Pro B ¥ Pro

)
pCold-GST X7 Z — I m W iR T RIEMEEI 7y ~DOFBLZ A[REIC L TR Y . ZhiF
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Automated assignment of NMR signals and structure analysis using
structure and chemical shift databases

ONaohiro Kobayashi', Hideo Akutsu' and Toshimichi Fujiwara'

Institute for Protein Research, Osaka University, Suita 565-0871, Japan.

The number of protein structures deposited in the PDB are now reaching 60,000, many of
which for the last half decade has been accelerated by the comprehensive analysis for protein
structures by structural genomics. This enables us to obtain a homologue structure of the
target with high sequence identity much easier than it used to be. On the other hand, the
recent developments of solution NMR techniques have successfully improved the cost and
time of the experiment and analysis for study on a small protein, however, the assignment
works are still intricate even if using the information of coordinate and chemical shift data of
the homologue protein. In this study, we have developed a highly automated assignment
system for NMR main-chain and Cp signals which can incorporate information of known
structure or assignments derived from database such as PDB and BMRB.

[Fia] 7 —# _X—RIZBT DX 7 B ONAREEERITITEORHE 7 17 4 3
7 ATp EOBERRIZ L 0 INEEERIZHE 2 fiit. 2009429 H ORI TRIZ 6 Tz X
HELTWD, ZHIZEVESIFHEIED SV R E B — 7 ONAREE B3 DL DS
IELARTIC RIS LTt E 2D, ~F CNMREHY 7P AVREBT — 2 I3 A
VEFfRMT. BHEOPEE DRRFT & W 5 T BFFE~ DS S AT BE T & 5 72 O i sb TH FMED
BWERTH LN, V7T IVIRREITERG Y VXV EOBMEFA LI E LTHRE
MR B ER 2 B FRODPNHIEETH D, EREEY VXV EDOV 7
It JE 1 RSO N AR AE ORI LT — & FEHT ISR NI 0 s 5 0 2 24 M & B4
THZEIWCHLAENTHLINZDONE., HFitaiid L REMNRERE 5 2 5 a7
HbHdHD, A TIZBAEDO S AEEH D WVIEINMRAILEY 7 FF— % 2 HWEN
MR Y7 FNVIRBOBELEZITH T 0 7T AV AT LAOBREEITV, REShT-Y
TFNOFEY T b T =2 AN T U L0 A TREE O @O SR &
DFFNT FEOEBLZ B & Uiz,

[ 5] ZEBEHNMR > 7 FIVIRJE S AT L "assign_robot" (L3 & L CCEFEIC
LV Ek &, LAMZ: EOMPUZ &V @72 G SIEH RN FEATRIRE TH D, Z D71
7' WIS T E IR B 3 kg 227 kL. HNCO, HNCACB, CBCA(CO)NH
AT RV K0 BEIRIC A Zethreshold 2R E L, 72 HEfRHT 5, Ml
SNy 7 FVEHN-PN MBS L D7 T AX U v T aITV, AT MLV ORAER

Automated assignment, database, PDB, BMRB
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WRIEEE B & BRI RAFE 2 B L, Bk 2 7 W D PRAFFR L & 2 ORI 1R % 21k
EEICR L COATFIT L, modeller!Z X2 ik EEET Y vV &2iTo7-, bz
NRA AT OSLRIEE D HSPARTAIZ L ALy 7 b FHIZITV, 60%FEEE DR
ER R THENLT Y 7 T —T NV E G, b7 =—U v ZHEIE TR 7 T
— TN A ST VT 4 B I T, TR R @Lficmpucua
Ca(i-1), CREND Y 7 FNAEREFIH LIz, KV A7 NMIBT L7 ==V 75E
2L D BRI 80% X % DIk EDIREZMEET 2 HEE H, 684 7 L DFHE
%ﬁo 7o RITIMBORERE & ERRFEFRFLMN)ZRT, ¢ HEYFEILZ LAM ver.7.1.4
2LV Core i7T04= 7 Z AW TCIFNEST L=, d: RMSDIE B A% N7 (A% 3 0 2 70k 150

ﬂ\ EHFFC', Na, CalZxtd 2ME. FHIlANIEmodellerd A LR TH 5,

1 Modeller {Z &
0Pl S TG
(dark gray) & 1EfiEAE
i (light gray) & Otk
e, A:ABI11S,
B:A219

KUTTRT L HICCROD & 9 el SURBICEHE R 7 T VIHEFRNA KRB L THEWFE
FETHRITTEDZ N mENT, TV 7SN MEEX 1) b ARERr VU —
EFYV T OHRTTFRHEND LVENTIIH 2N KEN RSN, X7 EDNF
W FIREREHEE 72 EIC DRI TE DLV TH D Z ENrRENTz, £7230%7F
Fu—ONEEEELFY T T =X EHWSZ LT, NOEXR—RATIRE Sz
SARREE DO IES IOV T HRHMIAIRE TH D Z & 23 Z &K,
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NMR Analysis of Ubiquitin Side Chain Using C-Methylation of Lysine
OY oshikazu Hattori, Izuru Ohki, Kyoko Furuita and Chojiro Kojima
Graduate School of Biological Sciences, Nara Institute of Science and Technology

NMR has a great advantage for studying protein structure, dynamics and interaction with
other biomolecules. However, NMR analysis of big molecules is not easy. Methyl probes
based on methyl-TROSY are recently known to be effective to investigate macromolecular
complexes. Thus efficient method to introduce methyl groups is required to be developed. In
this study, we analyzed '*C-methylated lysine side chain of ubiquitin and assigned the
correlation spectrum. Moreover, titration of yeast ubiquitin hydrolase suggests that the
detection of *C-methylated lysine is available for elucidating protein-protein interactions.

DFifil NMRZ % > R 7 OB O T E LT e shTw a8, ik
FZCTOFEPAERDY— 7 iz & 2 8FTIE, 7 FREFIRIC X D ICHEFH? RS 1Tn»ws,
INFETETFEY VRN IVEHDOBIEELE LT, PR Y FRDLewis E. Kaybs I X 5,
04>y EQBUKIERILD X FILIEEBCT )L L TR % X FI)LTROSYIEDA 5
NTwE2, KECEHEREE7 S VBTH2) YV HllgHE X F LT 2Tk
(Figure 1) % H\ 7z,

Dimethylation _

P N 1" 13CH,
T NN
|

13CH,

Figure 1. Methylation of lysine side chain

AR, HRINE 7200 %) ¥ v DX FIMALIEPBER S 1, KSR o8 % H
ENTVEH, NMRIZEBWTIE, <13 P v EILDpKaDHE 72 E DT T & L
THOVONTWEDLDD, FIETIEY vy DX FNUALZ O HREIZIZEA ER Y,
ZO01DH F LY P rDRXFIUALERFHVZZNMRIC & 2 % 28 7 BT T 0%
ZHNE L7z, AR TR, 2EFF ¥ (8.6kDa, LLFUb) 2V ¥ v DX Fflhic k
DBCTI VL., ZDILEIIEE 2 R0 L 72, £7-. BERFLE X F VKRS (26
kDa, L FYUH) D% A4 FL— a vIEEZTW, HAMGHETICE T 2 24 %
MREE L 72,

[Jii£] UbDPNE L UPN/PCT Lk, Ub (K6R, K11R, K27R, K29R, K33R, K48R,
K63R) DNT )UK B X OYUHD / v F )Lk % KIGE O KEFRBRTHEL 7,

VY v, & roRr BLAHER, IR

OlF- D XLHY, BEZVT S, $50kEx)H)I, ILELLILHD
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A F WAV IZ 1 borane-dimethylammine complex & *C-formaldehyde# V>, 7843t
VB v N 777 4 —ClREL X,

NMRHI%E I AVANCE 500, 800 (Bruker Biospin) % JH\>T. 'H-"*N HSQC, 'H-"C
HSQCIZ X 287 I FIE LI 2 F Vo, FEFHJPHNCO, HNCA, HN(CO)CA,
HNCACB, HN(CO)CACBIZ & 2 E# D hil@ 211> 72, 7 — % f#HT IZ IZNMRPipe &
Sparky % IV 7z, BT I FEEDIES 7 P B s s s ians]” X D RD 72,

R &£ 2 F LUDEEAD H-"C HSQCHIE I & D JitlE %2 17> 72 (Figure 2)
FEEE & OB 6. ZNF DY 7 MIEENERE 2 SN KL Twa 2
Ebhrol, Z2ovc, [IgH7 I 2 M7 = 2 BRI L kERKE%E D DK
EK27IE, 7 FNANDBHL T, pHEZEK T3 ETHEABMZoND Z 15,
fi7a b AIc k DFEATEE ) A FAEDREERHBIC RS EEZ2 605, $-,
A F AR D 'H-"N HSQCIZZEM R o - 72 o, ZXIGNMREIE IC & 3 FE oS
T, AL 7 P 2GR EIT L 72 (Figure 3) » KELZ{LZRLEZDIZ, UbDH
HICH S TV BK2TD JFERIETH - 72,
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Figure 2. 'H-">C HSQC spectrum of *C-methylated Ub (0.1

Figure 3. Chemical shift perturbations of backbone amide
mM, pH 6.8, 303 K)

groups caused by lysine methylation

A FNUALUBICRN T 2YUHD ¥ A b L —3 3 v EER (Figure 4, 5) Tld. FrEK 21k
2y 7 VEERTEREDRH o7, 61k, Ub-YUHBE AR DG RS v M B
FEAMATICHEAEL TED T TICHE ST W 3NMRZ H o 72 1 AR T o f5 5 &
bFELrot, TDEHIC, ¥ X7 EEAGERDMNTICE VT, NMRZ W72 X
FULY P oBBIZENTH S Z Lrbhrol,
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! el
|
| e
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Figure 5. Chemical shift perturbations of methyl protons
caused by YUH addition

1 [t 1. [T th [t
i

Figure 4. 'H-">C HSQC spectrum of '*C-methylated Ub with
equal molar YUH
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High-Precision Metabolic Profiling with NMR and Mass Spectrometry

OYoshinori Fujimural, Daisuke Miura', Satoko Kakoi?, Eri Sunaga3, Tadashi Nemoto" >,
Katsutoshi Takahashi" > *, and Hiroyuki Wariishi" *°

Innovation Center for Medical Redox Navigation, *Graduate School of Bioresource and

Bioenvironmental Sciences, ’Bio-Architecture Center, ‘Faculty of Agriculture, Kyushu

University, Fukuoka, Japan; ’National Institute of Advanced Industrial Science and

Technology, Tsukuba & Odaiba, Japan.

Metabolic profiling (MP) is a powerful methodology to discover novel biomarkers as an
indicator metabolite of a biological state. The identification of chemical structure of
metabolites is a key strategy for functional and applied studies in pharmaceutical research or
clinical diagnosis. Nuclear magnetic resonance spectroscopy (NMR) and mass spectrometry
(MS) are often used as analytical platform for MP. However, determination of chemical
structure of candidate biomarkers from an independent data of NMR or MS is very difficult
because each data shows only a partial structure or molecular weight information of
metabolites, respectively. In the present study, we examined a possibility of the integration of
NMR- and MS-based MP to develop a novel strategy for detecting many metabolites and
reducing the number of candidate biomarker metabolites as well as identifying the chemical
structure of unknown metabolites.

WA, P TVIRNES CThH Y | B EE O EEMEICENL TV D NMR %
FAWEAZRY w7 - Ta7y A7 (MP) DWEAZED TS, ZOFEE, B
AR E 2 L EBRERITIC X 0 &Y o P REE RT3 D THRY R RN E
THY, HEZECEHMSL & & IS A~ — DB LA I TV 5235,
NAF~—D—FEME L TREEND E— 27 13Mb B O oS DO B 2wk 3HE 0
2\, — 5, BEOoWMEZHWE MP diT7bil T a2y, ARish s B —21Xbaw
Dy FEER L, T IPDAEEMOREENRER RS Z L i3BdbTENTH S,

NRAF~—N—OERERAT ) —= 70ED|IZIE, TEAETEL RS A%
T2 —FH T, ~— D — i 2R L <AV IATeHRIS Y 72 77550 O BH S 23 LB AT R
Thbd, I TAIETIE, NMR E#E MS OEE &L XU MS/MS {F#H % fH
AZRIE U=, Briz7aNA A~ — 1 —[RE#EE O AT REMEIZ DWW TR L 7=,

Metabolic profiling, NMR, MS

OSLLHLEILDY, O BIENWTI, NS EZ, 20829, Kb &ZL,
NI LD EL, DOV LA E
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[ 5ik]

LT B AR%IE T ~ b SHR (% 7~ & WKY; 13 B lnlE) DR EZRIR % I E T
Sl LT, BEONHTT T v baiR—LZ AW, T72b 5, 'THNMR 254772 5O
=L b A7 b—A FqbiEZ Wiz EmEiRik s n~ 77 7 4 —E &S
(ESI-LC-MS) B XN v FU » 7 23R V—F —Wiffi A A AbiEEZ w7 — U =4
A A YA s m b RS R (MALDI-FT-ICR-MS) % W TZE &S (%
BT 4 TAFrE—F) 217>, 2B, 'HINMR 43# (ECA-800: JEOL) I
Presaturation #:(Z L W 1T-72, F72 ESI-LC-MS /#7 (LCMS-IT-TOF: k& RAEFT)
X, BT — RORAR 53 (RP) B X OBUKMFEAEAEN (HILIC) 17 A% HWTT
572, MALDI-FT-ICR-MS 7747 (APEX Q%e: 7 /L 71— « X)L k=7 A) ZI%,
9-aminoacridine Z~ r VU v 7 2+ LTHW=, FHEAITEICL > TEbNTZT — I,
NMR 77 2 /v 7 ME#H: ppm/area & 5T MS 45 1 &I1F#: m/z/intensity 7> 5 7
5 RV w7 AF—H~LZEH L, SIMCA-P+ (Umetrics) % 72 %728 B it
(=R 8T PCA 3 L ORI 4T OPLS-DA) 1ZfiE L7z,

[R5 R L OB 4]

% OFH7 T v hl— N TR E L bic, Beb 7T v AR —ART
F—=_—=F o TTEHREDP N OB HET DL ERHA LN E o7, O &I,
g MR O B OB HEVE D B\ S~ — D — R O IA B EAT D T2 %ot
B HIERESL DA Z R L TWD, 22T, HE7 7 v hAR—LATHLNTZ
WKY & SHR OREMHE—2 7'a 7 7 A V% S8 BHGHREITIC L 0 RBRET L7z,
ZDOFER PCA AT TIZ. WITNOSHT 7T v FAR—AIZEBWTE WKY & SHR T
B2 D0 T AF—DOEEMBFRD B, BMLEIEDRIEIC L > TRFOREM 71 7 >
ANNELT D Z EARBR SN, 2T, 20X H7% 2 BFOMEICHES T
#, Thbb, B A~ — D —EEP G 0NCT 5728, OPLS-DA fif#T 21T
Sl Fonlu—7T 47T —%O S-plot HHTICLY ., 2 HEBOMEICEHFST S
R — 27 B b8l sni-, #2C. 2hboR#Emr—2rno b, BES
Z v has—AM[] [MALDI vs ESI (RP+HILIC)] TA—/"—F v 795 B — 7 Z#iK 4
HZ LT, VAL EZITY, EHIT, Y TH58 =270 MSMS [FHli L O
FT-ICR-MS (Z L 2 #EMHEORKEEEF#RE NMR 7 I Ly 7 MK HE S
FWME ALY T = _X—2ABHEIZLD | ZNE— 7 DILFEEE RS ICRET H 2
EINTE T,

PLEDOREED S NMR & MS ZHHAE =% T8 MP 1E1T. /31 A4~ — I —f5Edd
L7205 HREMIERE L0 EREICHET 2750 T AR O A 2R e — A
FRAT I B AR AR 70 A S FEARAF I 22 AR (R B L& 3 D hsd T I 7o Jue B i & 7
NHBHZENREINT,
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Estimation error of gadolinium tracer concentration relating to blood vessel
diameter

OKazuhiro Nakamura', Yasushi Kondoh', Shigenori Mizusawa', Yasufumi Soshi’, Guoyue
Chenz, Toshibumi Kinoshita'

! dkita Researchi Institute for Brain and Blood Vessels, Akita, Japan.

ZFaculty of Systems Science and Technology, Akita Prefectural University, Akita, Japan.

Cerebral blood flow (CBF) in rat ischemic tissue is not properly estimated using dynamic
susceptibility contrast (DSC) technique. An assumption of proportional constant between
signal intensity and tracer concentration should be different between normal and ischemic
tissue. We simulated the NMR signal reduction of DSC technique using the vessel model
including different vessel diameter with reasonable physiological condition. The results
suppose the proportional constant in the ischemic tissue is increased according to the vessel
diameter distribution.

1. IXC®»IZ

P13 A RY =7 A (Gd) AN Z AW T-BIR LR 2 b T 2 R (DSC) HER LY
R A B T 7 (CASLIEIC &V F R i Ak C o0 i it & (CBF) # i
% AT L C& 7, ZOfER, ER k&) 550% L EOCBRMEK FREmIZ 3\
DSC{% & CASLIE THEXTRY M PRAR T &N 2 5 Z & 23d LT & 72 [1, 2], DSCIETIX,
MRIME 538 B DA (AR,") A3k D IEF AR I BT 2 LW o BRZFIHT 5, 2
DHFIEBIT—MRITER EBEZ BNDL0, 70 b OIKBERE A B R T 5 & mERE
R AE B X - TE DR
TR D ZERMBNTND 3],
Toxld, ZOHBUREDZEIZON
T, ¥valb—varyET7LEHn
T2 itz ¥ 22—
¥ a ET/VTIEFig HEART X9
(. I8 A R U TR0 B %
MAEE —EfRENIZ 7 v & AIZhL
BT 5, EBOEERET VICE-SF  Fig. 1 Blood vessel distribution model. The model
Hl-8, MERSAGZ EROA G &Y with same vessel radius (left) and different
TV A ANIEEL-IEET L distributed radius (right) are shown.
22OV THAEDETHRET LT,
b B EHA], G R Al B 2h R
O BT OAH, ZAEIRTL, ATZDLLITOD, ZLT5A, BAZ

IR, EDLIELSA
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2. FEE

7' OYEREREREAZ B RE LT 9 2 T, EREAOBRIER R A FE L, 1S AIR
JE LR ORREZ T T VmIICHET 2 FER MO N TS [3], FHxIZZOF
BESEII L, YIalb—yaET/WE, Matlab (Mathworkh:, USA) CTERZL .
TN ZLORERZRoT-%, tRAHEELZBEL, (BT nr 7 0%
TER UTo, ARBIRFEIEL, R AtfECx, v, 2% ANS, F50, FE¥FRZE T 04
LNZBENT 5, DITIEHIRE CTH 5, lx OBR U X 5 SLIERDSKF IR T LT T8
REALDORFAN S, KBIRTEBEE O 2 KD, BRAELED OAAE B
B, fx DABRFEZEOMBE(LREITI00ms £ THE L. £72, KFEFEFE£40000
EOMAZE N Z KD, FEHEZFRE Lz, WEINHEFMREL, MHAZEIZES
TEHE SN, ZOEFEFRELL) L ARESE & Spin Echolka W7o (8 B 1L
ThdHARE REZZNENRDT, £, BKU & O EUEORREZE(LSE TR
2= arETAEREB I/ H Z LT, MEREKICHE Y E T2 b 2 LT,

3. fER - EBR

IRy % IEH A S8 20

TT U X NCEE L2 IE €

TIAZODWTHRET LTRER, £ 1.84

DOIEHMAELETE 2, BH— 8 el
MAEFRENSRDETF L LITIE & "
RO I 2 b— g VR £ 1.4 -
Thot, MEREHASE, o L
15 Bkt e 2 A L 7o R e < 124 . ® "
Fig. 212", ZOXIZ, Mme N
DOF e BENN S M IR B % 1 1.0 1.2 14 16 1.8 2.0 22 24
IMER-BEICEERT, mED Radius dilation

BRI C I E R AR LT
S G B &S & OFR AL
KEL 2D ER LTS, I
ERNBELZE 26512705 LEFACITHAM 2 AERINC T 1. 5 5RER S
BRRKEL ol AL £ 9 EURTSH 2 MBI T, 55 RE TR T 228,
[ UHMIME O TH > TH, Bl SN DM ERN R D 2 & T, [FEHEN
R bR LTS, ZOZ L%, EEAREICERS 5 lER D a0 5
MTRMNT ERARDZ L 2EWT 5, BIMFER CHLZE SN DMK EORRKIX, M
DOEEITEDL LT, TNENOMERNEKRT 5707 L5 2 5 OPRAERFHINITZ
BTHY, ZOFMET CIIMEMER CMERIERL TWD Z LI L0 pEEN
WAL, DS CIETIIEMAER CHIEEOW KT IS Z ENMBHTE&E X
biLb,

Fig. 2 Simulation result of NMR signal reduction ratio with
different radius dilation.

BEER
[1] Kagaya et al., Proc ISMRM 14 (2006) 1467 . [2] ML 5 AKE T2 44 (2006)
286 —292, [3] Boxerman et al., MRM, 34 (1995), 555-566
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Self-refocused slice selection by the magic echo DANTE method

oH. Masumoto', T. Hashimoto® and S. Matsui'

! Graduate School of Pure and Applied Sciences, University of Tsukuba, Tsukuba, Ibaraki
? Department of Information Technology, Yokohama Soei Junior College,

Yokohama, Kanagawa

The method of slice selection proposed for solid-state MRI by combining DANTE selective
excitation with magic-echo (ME) line narrowing requires a rephasing period 0.58 times the
DANTE excitation period. The added rephasing period results in a significant loss of
sensitivity due to transverse relaxation. To solve the sensitivity problem, we make use of the
self-refocusing effect of the 270° Gaussian-shaped soft pulse by introducing a 270° flipping
Gaussian modulation to the ME DANTE method. This eliminates the rephasing period. The
utility of the improved method is demonstrated by experiments performed on test samples of
adamantane and polycarbonate.

[3EA] Fex 1Tk AT A A3EIRE DANTE & line narrowing D728 Magic Echo
RLAG DT, R MRI A 7 A A8IRE Magic Echo DANTE % (LLF, ME-DANTE)
ZRF L[], ZoOHETHE, WK TEFTHWONS sine BERIZEF L7z RF (12
K DAT A ZBPGE L FFRIZ, AT A ZARPUK B2 ME5G ABLOFEET RF 12 &
% DANTE JEhiEC s R PN IS BERE L. OAEARIC Dephasing VE L%, ZHEMIET D721
Rephasing N ARF R CThH V) . BHELFFH OK 0 RE DR N E L 705, LML, &
Al DREREFNFER 23O [ A2 380y Tl Rephasing i COE SEE S EmAIC 72 v
RV, = Z T4 1. Emsley 512Xk - T 270° Gaussian #LV A D H O Hfs 8 5h 5
Ze AW TR hE iR O A 12 E B L72 (2], ME-DANTE (2 270° Gaussian @ H C 4
R AHLIATe Z & T, Rephasing BrflA# ¥ o245 2 & 2R 7,

[v—# 2L 32— 3] 270° Gaussian Z ME-DANTE |ZHHAA A TE o — 4 o
A% Fig. 1IZRT, —fRIC, B0 ABBUITEE 2 R ET D & —EIICZ ORI R
£5, FxlTET Bloch FRAITHESWEZY I 2 L—3 9 21TV, H1% D DANTE RF

slice selection; MRI; self-refocused

OFFHLUTEA, FLbETPE, TOVWLITD

— 372 —



2V AEINEE T BEZIIZ 38U C Rephasing 23l & 72 5 X 5 72 7 7 A BSOS T &2 sk L
oo Y2 b—va i FZ I TF a—TNOKERE LTI, Ay —r 22
IEFig. 12> HME(TREV-8) 2BV R\ o b D Tdh D, 7,=120us & LT, RHEEFIRERT 1T A
T A ZEIR D IEHMEIR RO T O R R & LT 5D,

EREER] vIal—va it Bon AT A ABIRE Fig 2 IR T, ik
D 7= DANTE RF 73/ A % 90° Gaussian Z53H L. Rephasing Ffi] 2 A RIZE - 72 0E 3k
ETORELRLTH D, WERIEIZHRTHET side lobe BB DA, 270° Gaussian
EROGETHE T RRATA ARINNTEDHZ ERDND,

AL, EE&Y > 7L & LT Adamantane, PolyCarbonate Z AW I=FEEBR A2 1772 > T\ 5,
EBRAERIIRAT —ICTRETDHTETH D,

[&=%Z3CEk] 1. S. Matsui, H. Masumoto and T. Hashimoto, J. Magn. Reson. 186,
238-242 (2007)

2. L. Emsley and G. Bodenhausen, J. Magn. Reson. 82, 211-221 (1989)

N
ME - DANTE Excitation (leal = 900} Rephasing (0.583N7,,)
a, a, Monitoring of Slice h
a, a; Oy

@ |
RF
7
G 7o }_A7D start
@ 270° Gaussian ME Pulse Cycle (TREV -8)
YY Y
N=-ME
ME - DANTE Excitation (Za, = 270°]
i=1 Monitoring of Slice =L
. . —t =12,
2 2 (Rephasing Time = 0) ° M
a, 22 In
@ |
RE
fez, ¥ HA/D start
G

Fig. 1. Pulse sequences for the conventional (upper) and self-refocused (lower) ME DANTE

method of slice selection

— .
1 —270
| =)

1kHz

Fig. 2. Simulation results of the DANTE using the 270°and 90°flipping Gaussian modulations
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Transverse relaxation rate of the water in ferritin solution and agarose gel
ONobubhiro Takaya,Hidehiro Watanabe,Fumiyuki Mitsumori
National Institute for Environmental Studies, Tsukuba, Ibaraki, Japan

We recently reported that the apparent transverse relaxation rate (R, = 1/T,) of the tissue
water in human brain is well explained with a linear combination of relaxations due to ferritin
iron ([Fe]) and the macromolecular mass fraction (fyy = 1 — water fraction). In this study, we
attempted to make a simple model system where the same relaxation analysis is applicable.
The model system was constructed by adding various amounts of agarose to a ferritin solution
and gelling it. Relaxation rate of the gel appears to be analyzed in the same way as human
brain. It allows us to analyze the relaxation mechanism in a wider range of B,.

[iIzC i)

Fex Tt FiMin vivollliE (2 L v . HLER K ORGSR FEE S BENICE TN 7 = ) F
v Ek([Fe]) & &5 1 E”@M@ Ko TR EINTWS Z L 2R LTE[1,2], 2O
EHETIEH, ETAVRELTT = ) FUKEKE T T r—2 7 VRO Tk ORI E %
1TWNin vivoll] 7 CTH W 7o R RN FE S BRI S & &0 &0 B OMBER CHHTx %
ETHIRER = a[Fel+ B fu+vy (EEHE) Zinvitto CHELTX 20 ENRET 2,
[71£]

KW DOFREHIRERL L 727~ D7 = U F > Z[Felfli T 0~60mg/100mgll72 % X 9 |2
JEAIE % TR U7z, E 70 KOEBHE 2 HIR T 572027 e — 2% 0.5, 1.0, 1.5%
WD K90 mxT#wMéﬁtﬁﬂ%ﬁibtJﬂU:mwm&%%mész%
4.7,9.4,11.7,14.1, 18.8T D 6 FEFH D F 7 2 BidG M E CRIE 24T - 7=,

1.9, 47T I% VARIAN #8LOBEH 4 A —0 L 735 9.4, 14.1T 1% VARIAN 8 e
NMRZ &, 11.7, 18.8T X H AE FHHOBKRNMR EE %2 Wiz, v —7 2D
ZeEIE 907 ,180° /X)L A2 270ms,540ms O square pulse & VT a—AX— 7
1% 2ms THe— L7,

[ 5 & B 53]

7 = ) F UK OREREFEE  (Ry) 1% [FellZHfl L CHEMAAICHE AL (K1), %
DHBIERE (ko) (FBURESIREE IR AF L CEMAICHE R L7, 2 OFERILin vivoll¥
ORMAEFH L TWD, —FH, 7 Ha—AF7 BN [Felz 2 b 87254 bRIT
THUCHBI L TR Lz, kefEIZKIEROSE LR, BUIRGSS R E (2 F L Rl

7= UF . RRRFIEAE, #k

O 72 DEVA, biclex OTOA, #2bD  5SHhpE
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BRI R LT, JIE TR DR ER,= a[Fel+ B fugurose + 7 (fagarose © 7 1 10— A
FE(%)) ORTEEBIFON LR, SkOF 5T 2HOEK o &7 T —AD%FE54
DEOBRBB TGO (K1) o v DMEITEE, 7 H e —ADWMILIZ 0 DGE,
bbb, ki T —AFNURKRICEEN TV WY 7L OR,O ERIMEEZ AV,
T ARTOBGBEICBNT, \HRE r 1IZIEFIZELS, ORIV [Fe]b T Tr—2
BRI L CEBICRICHES LTS ZEDURENT, T7hbb, 20T V%
Tlidin vivolll B 1231 DR, T 23 [Fe] & £, W5 I CEARNARAFT 5 ET AR, = o [Fel+ B
futy ERIEROEHT N ARETH D Z L &2md, S HIZEBIRSHTIC L 015 SN 1R%k
a ZREEREICRI LT ey 95 LEBIITHKRK L TWD Z Enahd, ZiUdE
WML E R T 7 2 ) FUBROBEMEEE R LTS (K2) , ZHOfRIY ., 4
FEIERR L72E T L RICE DHIEIL, & DR K OREE RIS OMREAZIA O —Bhiz 72
HEEZD,

40 agarosec conc.

Fig.1.
R, values of water as a function

y=0.29x + 13.9 > L. .
o /4/%/ of the ferritin iron concentration
25 . . .
= fy=024x+9 ([Fe]) in ferritin solution and
l\9 20 I/K y /‘L .
< M /l/ agarose gels (0.5 ~ 1.5%).
& v=0.25x +4.1/'
15 ? 1
10} /“//'/j/
‘Zl/% T y=o024x+07
5 3 $

0 10 20 30 40 50 60
Fe (mg/100mg)

35 | 0% m0.5%

B, 19T 47T 94T NIt 41T 188 T
a 010120002 | 024840002 | 0.442+001 | 0.548-£0.008 | 0.7060.014 | 0.832+0.018
B 892+015| 9374007 | 106+036| 1012029| 109+047| 116062
y 0.350 0.430 0.380 0.420 0.305 0.42
correlation 0.996 0.992 0.983 0.992 0.988 0.967

Table 1. Parameters of « and [ obtained with a multiple regression analysis on the
observed R, values at various By strengths in ferritin solution and gels. vy is obtained with a

buffer solution containing no ferritin nor agarose.
1.0

%% | y=0.044x+0.033 [ k]
[1] Mitsumori F, Watanabe H, Takaya

0.7

o7 | r=0.99

305 N, Garwood M: Magn. Reson. Med.,58,
03 1054 (2007)
o1 [2] Mitsumori F, Watanabe H, Takaya
o0 o 5 10 15 2 N: Magn. Reson. Med., in press (2009)

static field strength (Tesla)

Fig.2. Linear relationship observed a and By.
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Injection system especially designed for clinical and analytical use in a high
magnetic field strength above 7 tesla

Keiko Hirkawa', Hideyuki Mori’, Hideki Muraki’, Norio Sato*, Kaoru Koike®, Tomohiko
Masusno* and Youkichi Ohno'

'NMR laboratory, Nippon Medical School

Uniflows Co. Ltd.

3Department of Primary Care & Emergency Medicine, Kyoto University Y

*Department of Emergency and Critical Care Medicine, Nippon Medical School”

We have succeeded in development with MR injection system designed for use in all MR
Scanner field strengths up to and beyond 7T. Our device uses The new device enables to
control the pump hydropneumatically with an improved space-saving design. The device has
proven reliability and high performance enough to clinical practice.
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Clinical Application of '"H-NMR Metabolomics to Hemodialysis
OMasako Fujiwaral, Itiro Ando" 2, Tadashi Nemoto 2, Kazuhisa Takeuchi 1’3, Yutaka Imai’
! Graduate School of Pharmaceutical Sciences, Tohoku University, Sendai, Japan.

? Biomedicinal Information Research Center, AIST, Tsukuba, Japan.
'CKD Center, Koujinkai Central Hemodialysis Clinic, Sendai, Japan

Plasma from patients of pre- and post- hemodialysis together with their waste-fluid during dialysis
treatment were collected and measured by 600 MHz NMR spectroscopy. Spectral patterns of
plasma between pre- and post- dialysis were clearly discriminated together with significant
fluctuations in the level of low-molecular-weight metabolites. Several metabolites such as lactate
and alanine have decreased with the different ratio from that of creatinine, which suggested
endogenous generation during treatment. Spectral quantitation of these metabolites in plasma with
high density of proteins was attempted to monitoring dialysis treatment.
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L7z, KWW LUREFIRFNEEH W, A7 MV E X OENTIZIXALICE 2 for
metabolome (JEOL Ltd.) Z MW7z, FAHMITIAXZ FLrov— 7 nEERD D Z &
TERLED, TSPREZEOT VT I AAET 572D, TSPILERONEHBEMEIZIT R 6
RN, MEEEAIN VD A TEROEREL L TININT 52 L CIEMREREIT T2,
<FER>SBHFOZ 77— bOBEIMITHERALOTHY, JLOBIRICHE TN
720, BN LOBER B ZOND, TOMIZT T=, N U ESBHIERYL, 7
LT F=r Eid5E D RN OB RE RO nbhotz, k5 n TE&OES T
DBEHTNFENRIE D T LITIERBEN 2V, BITEKR bR Z B> THIELZE 2 A, BE
TRICHNIZE->TET 7T — R ERHEMLTEY, FHEL OBENREIND,

F—U—F: AZRuIT A ANZ =R AT
OSLDLLESZ, bALEINDLAH, RbLEEL, i) LATOE, nEVPER

— 378 —



Pre-dialysis

rea
/Cr W
/'/ \

A //TM 0\ \ /J
/;,,MM ML}UL’\/“N)\,N& i !\“‘\

<

]

P3

1.0 ppm

4.0 3.0 2.0
B Post-dialysis
lactate
acetate !
|

Cr glucose (,:"

Y

e &*U NI

C glucose Waste fluid
area a/c,ctate
“
ﬂl\ lactate
/ J \L * % %
4.0 30 20 1O0ppm

Fig 1. 600 MHz '"H NMR spectra of plasma from
pre- and post- dialysis (A, B), and of waste fluid
(C) in the higher field, respectively. Cr indicates
creatinine signal. In each spectra (A, C), there was
a signal of urea at 5.78 ppm inserted to the figure
with In (C), the

enlargement, respectively.

-, asterisk-marked signals indicate valine, threonine,
T alanine form the right, respectively. Acetate was
included in the dialysate buffer.
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Fig.2 Correlation of the concentration between pre- and difference A of 37 subjects in mM,
respectively. A =post — pre, While creatinine was cleared by dialysis, lactate level elevated

in post-dialysis plasma.
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« Masako Fujiwara et al. Pattern Recognition Analysis for '"H NMR Spectra of Plasma from
Hemodialysis Patients. 2009, Ana. Bioana. Chem. 394, 1655-1660

- Itiro Ando ef al. A study of the use of formate as concentration standard for 'H NMR
metabolomics of plasma. 2009, J. Toxicol. Sci. in press.
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Protein NMR measurements by newly Configured NMR

with Superconducting Split-Magnet and Solenoidal RF Coil

OHideki Tanakal, Manabu Hasegawal, Michiya Okadal, Takamitsu Kohzuma®
and Hitoshi Kitaguchi’®

'Hitachi Research Laboratory, Hitachi Ltd., Hitachi, Japan.

’Ibaraki University, Mito, Japan.

3National Institute for Materials Science, Tsukuba, Japan.

Theoretically, solenoidal RF coils have higher NMR sensitivity than saddle RF coils. And
we have experimentally shown this effectiveness with 0.1% E.B. by developing a newly
configured NMR. In protein NMR measurements, salt and buffer cause dielectric losses and
decrease sensitivity. So, we compared sensitivities of protein NMR between conventional 700
MHz NMR system and our 600 MHz NMR system. In the results, sensitivities of our system
have 1.6 times higher than that of conventional system.

NMR OBEIEREICBNT, YL /A FRRFaAf VI RABMRFEFaA L kD
EATHDZERMLNTNDEY, IHETIIZOEEREZENL, EAENMR OHEE
2V bV /A4 FRRF aAABHNOGNTND, —HIEBRNMRIZIBW T, §Es
T OBELLLIE, Y1 /A RERRF a4 VOMARIFRONTE, ZHIZx L,
FxiZA 7Y v MUBESKAZAT 20 FANMR 2% L, IWERNMRIZEIT S
EIREAL D EIE AT - TE 2,

Fig.1 (ZH HF ANMR OWiE X 2 ~9, 5BRE X, HMEERA O D ENE T Hh
W SN D, FRESIIOKFE SR, R F#E
BHIEnE R Ch D, R TIXREE T Sample Tube Supercond. Split-Mag.
Hol-V LA FRIRFE aA L~DORBE
WA, BEERAEEAICDETD L

TR E Le, ZTiE TIZ300MHzEE & / 7
600MHzF% 2 /ERL L, 1=EuEELEl (0.1% E.B.) Solenoi.dal ﬁ Probe
EROTH T ANMR OENMEZ R LT, RF Coil

Z 27 ENMRBFETHE, FEHEKIC
FVERENMET T2 Z EnmmbN T
5, FHEREKT, ABf o - Xy 77— Fig. 1 Schematic diagram of newly configured
S REF aANDPELBRASAIMAET S, NMR with solenodal RF coil

HHTANMR, 27V v MUBEEM A, YV /A FRRF a1 /L
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FIT, XU ZENMRHEIEIZET Table 1 Sample condition

5%ﬁjiﬁNMR DN % EEHET 1Slucrcl)lse /t]))zf? 10mM
57‘_&5 z, Ny 7y — S e Phosphate buffer 20mM
T, ﬁéﬁkﬁf}:@@ft@x%ﬁoto NaCl S0mM
Tablel |ZH > F VR ERT, Ny (@)
77—, MREILY NI ERE sample
THWDBAILTUV S —EHY 72 1 5 4 5 height
L7z, Fig. 2 (a) IZRABRE OIMBLZ R T, area
BEIKEREHERIC bikFT o0, ©Smm

AR OEm S A EE LoD, EEL
WA 1T->7, Fig.2() T, FHMED
ERERT, BHREILT AV w7
Iu hEEERGEL, EOARY

Fig. 2 (a) Appearance of sample tube with various
sample height. (b) Anomeric proton singnal and
definitions of Speax and Srea.

FVEE S, & AT MVIERE S, &

REA L7z, —MRAOICBOBHE S & Tom bl 00 [

FlewiET s &, s ko 8| AL :
) REEEE 20, BEFMAFER 2 -,

CAB. UL, A7 bVEBER  Fig | oa e *
FEFEIE L 42 = LT, o ADEEE . conventional 700MHz
PR, VAT LADOROBERT U x o L2 ‘

0 10 20 30 40

NEET D ENARe L eb, /A4 sample height (mm)

KR XA 100Hz T OREHE(R 7= %
WTe, 7o, A AR LR A IERELC
T9728, AT RIVFEIREED JEH 5
SHEREIZ 0. 12Hz CHaBE & L7e, L EDOSEMHIZI W T, #H5600MHz & HiEk 7 700MHz
BORE R Z N ThOKE T e —7 2 TiT-o 7z,

Fig. 3 ICHIERE R ZRT, MiX A~ MVmfEz(E 5 & L2850 S/N i,
Rl Iy 7 tEE & Th 5, HT /7250 600MHz #41%, 7€k T00MHz # & e, 1.6
BERESWHERELZATL2Z R LNERoT,

Fig. 3 Sensitivity competition at various
sample height
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(1) D.I.Hoult and R.E.Rechards, J. Magn. Resonance 24, 71(1976)
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= WEEESE P82 (2007)

(3) HFHFANMRHIKIE Y v —7 DR (2) —AK, Ik, @wH, LA, WMHAE, 0
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Line-Shape Prediction by Integrating Simulations of the Radio-Frequency
Electromagnetic Field and the Static Magnetic Field

OMinseok Park', Michiya Okada', and Hitoshi Kitaguchi’

'Hitachi Research Laboratory, Hitachi Ltd., Hitachi, Japan.

’National Institute for Materials Science, Tsukuba, Japan.

Line-shape is of great importance in most NMR experiments. Acquiring good line-shape
needs extremely carefully fabricated RF coil, because the magnetization of the coil dominates
the By inhomogeneity in most of the practical magnets. Many efforts have been devoted to the
engineering of the coil magnetism, and achieved linewidth approaching 1 ppb in casual
probes. However, a cryogenic probe still yields rather broad spectrum. Computer simulation
may accelerate the design of the magnetism of the cryogenic probe.

In this presentation, we introduce a novel technique to calculate not only the By
distribution in a sample but also the line-shape of the spectrum. The technique combines the
By distribution with the B; distribution obtained by RF field simulation. The technique was
applied to designing a solenoidal RF coil for a cryogenic probe of a novel 600 MHz system.

G553 Al d line—shape (ZIREMI R B E 5.2 720, fAEHELICEE T 5 R F 24
NVEOEMERFHI 7T 0 —7BRICBO TR CTHEETH D, itk 7 u—7 Ok
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IS G 5 2 720, §E- T, 7o —7 OREMEREHE. B & RS/ A &[RRI
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DT M oIS 2 o, Sample Tube Splitted
. TN NN 5 Superconducting
o (ZRRPE oA & Bl 0 A 2 VD TAN Y
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X 1 o< MEERA & LA 120 LT, mRE
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ETOOLESOEESIE X1 DX DI B LR
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Fig. 1 Key concept of the novel NMR
system
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%, fENTIC Xk A% EH T, %R~ Fig. 2 Distributions of (a) sensitivity and (b) By inhomogen-
g—7 0 X9 ICERUEIZE ety in the sample. Height unit is the RF coil height, and
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(1) F. Doty et al. Magnetism in High—-Resolution NMR Probe Design. I: General
Methods, Concept Magnetic Res. 10, 133-156 (1998)
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Field distortion caused by shimming in superconducting magnet for
solid-state NMR

OHideyuki Shinagawa', Shinobu Ohki', Teruaki Fujito® and Tadashi Shimizu'

!National Institute for Materials Science, Tsukuba, Japan.

’Probe Laboratory Inc., Tsukuba, Japan.

Field distortion induced by shimming through a coupling of the shim-coil and the magnet was
investigated for the high magnetic field (1H - 930 MHz) superconducting magnet for
high-resolution solid-state nuclear magnetic resonance (NMR). We found the field
distortion or field drift following from the shimming, in which the shim setting was largely
changed, may not be negligible for some experiments to obtain high resolution spectra using
the superconducting magnet. The distortions have a relatively large time constant up to one
week. Such a large change in the shim setting would occasionally happen after changing the
probe. The method to computationally compensate such distortion in the magnetic field with
an active shimming will be presented.

— IR A (NMR) HiB{mE
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Figure 2. A block diagram of the system.

(100) Overall controller, (200) The shim
controller, (210) Elemental function provider,
(220) Shim setting receiver, (230) Shim setting
recorder, (240) Compensation value calculator,
(250) Accumulator, (260) Time base, (270)
(300) Shim-coil (400)
Shim-coil, (500) Superconducting magnet for

Transmitter, drive,
high resolution NMR, (510) Superconducting
magnet, (600) NMR prove, (610) Tube body,
(620) Flange, (630) Base of the resonator, (640)
RF-Coil, (650) Tuning circuit, (700) NMR
spectrometer, (ES) Field center, t: Time, u:
Shim set value (e.g. Z0), u'": Shim compensated
the (e.g.
Size of the setting (e.g.

value, w: Type of setting
Step-function), s:

70,-Z0,.1), N: Number of shim-setting, f"(s,t):

Elemental Compensating function, g(t):
Compensating function
EMTEDLZ ENRDroT,

KFEIWEGD Z O UN DI HRIERICEH CTE 5D T, /7Y MV A%
W= 2B T, 7V ARG OB T ERIE S OBIENBILT D L 5 RIGEICE
WT, BB —EZ2mMETIHRICLISHTE b0 LIS,
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Micro coil NMR using compact superconducting bulk magnet

O Takashi Nakamural, Yoichi Murol, Hiroyuki Koshino', Teruaki Fujito2
and Takehiko Terao’

"Molecular Characterization Team, RIKEN, Saitama, Japan.

’PROBE Laboratory Inc., Tokyo, Japan., j’Kyoto University, Kyoto, Japan.

We developed new type of superconducting magnet using bulk superconductor. This
magnet was designed for NMR application. It maintains magnetic field strength 4.7T and
consists of a piece of three SmBaCuO and four EuBaCuO and has 20mm inner diameter room
temperature bore. Temperature of bulk superconductor has kept in 40K below 7c using a
pulse tube refrigerator. The area of NMR signal detection is too small, because size of magnet
was very limited. Therefore, we must present more effective signal detection methods for this
magnet. Magic Angle Coil and sample Spinning (MACS) is a powerful application for limited
quantity sample. We build a MACS probe and detected signal of 400nl ethanol sample.

[Faa]l %?ﬁ%é‘é%ﬁi%ﬂ%u\f_/J\ﬁ”ﬁrAﬁi@zET® NMR ICHEIR A BT 2 2 & %
BB ZIT> C& ., ZOBAIIME 2 FRT 25 EHC &R B EEM
(RE-Ba—Cu-0 : RE Ay LHEILHE. Tc=90K) OFBEE L7 & v, NI O G O(RE
WENT LD 90K LR DIRE CHREERES
RO Z EMHKD, Lo CHRSETIX
B FE RIS L D ME— DR ATERE — K Room temperafure bore $20 mm
CLRIE R & T DA Td 5, 4RI, N
Z DRBEE NV T AR F B T2 N 0 R
fi% 40 TT(H s E L 200MHz) (& RS L,
FOMATYA I af L sv AL ;
ZHHIC T MR (BRI A RA TS, 2 PP
1L TR S AL TUV D NVR ARG A L AR n
200mm LA D = A L TRESS A TERLT D DI
xtL. 7SV 7 AT EAE 60mm 720D T NMR D
B D 25\ B2 —Rg 35 DR X I LA _
LC/NEL e85 A Th D LT Vacuum "

E~vA 7 vaf vz EEERE O chamber w
A% <EirEahTsh, /J\éfm Tty

FEIE T B FIREZR . 2 O/ (i 7 b AT

E Lfnq:ﬁﬁ%TTO 77:_0

1 smBaCuO

| Cold Finger

Fig. 1 Design of superconducting magnet

el R, BEE LA, IEJ_EZ Sy FERERR H
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[5E8r]  EREE (melt-growth ) CTERL L7ZEAE 60mm OF 4 A7 ED/S)V T RO
DT 28mm DR E BT, BIIEEIRIEIC L MR 2 W LS BEEN 2 ET 5,
OV KE T (B2 O FE 1 -2 10mm JED SmBaCu0, FEX D F—FB&2Y 10mm /&
Z OAtlE 20mm @ EuBaCu0) 2 FHFHDIBIRE /L7 #E 2 [l FICFEAE 42T 100mm
JEDOMBEEREZIL LT-, I X 0 BIEDOBGER A & IRIEFEEOREE 2 FF o=
AT ZEM (NE 20mm) OREA Z%E L7

(Fig. 1), , .
ST R R R R TR T B 2 e Argle Spinning

(2 N\MR H D58 A &2 VT 47T 12F : capacitor
Welm A Uic, #ER . 'H L% JE 3% B

200. AMHz |Z1E B A2 BIM, ZE L I- 5
4.7T 237, IR E LT, V1YL
A EIT) BT a—T {ERL LTz,
Fig. 21T RT X~y 7 AICEHEE L
i ECEEE T D EAL0. SimDF ¥ T Y b
IZEAE 0. 04mm DARN~ AR L D~ A 7
221 A L & 0. 5X0. 5X1. Oomm D F » Fa T
I L DRGAEE 2R L, D~ A 7
0 oA )V EFEES Y 7D EA 6mn
DY VA R AL )70 O NIR G & [F Fig. 2 Design of probe using magic angle coil
ROF a—=7HgL Lz, VA ¥ LA and sample spinning system

~A 7 vaA LOERFERKIZT A L8 F —

V. FyFarF oV E 2ToF CRIAZMR LIc, ~ A4 7 1 aA )L L@ OfFEGE
N7V 7 UTRBETO 90° 2LV AL 8usec T, =— FDOZF LT L o—
JLK) 400n] % 4 [RIFEH T S/N H 6. 75 M3 b7,

[B52] /IUBAERATYATLRAD

~A 7 af VI KD EEEREEZRA capacitor
Tro~vA 7 aa Ul L5MEY T Lo
FEEomtiTtskzn REoRY v a v
RMSHIE & DM — gty Th ™

VN (4 8] D S8R T UL 4y R BE VI R 23
lppm (200Hz) FEEH B2, ~Af 7 aA
LA NRABHCEWZ LIk > TAELS
Wl DAY —DOREZ ~ ¥ v 7 A EHE T
HETDHEWI HHIFL BB Z TV
FRINFESTITIRGEH R Ty, FER £ Tl

BEEZ D T\ & £ 2 TN D, REED ] .

FIZRY EREITIERICELSRDZENT
WEN2OT RAEOF 7Y > 7 ORfE
N DI K EY T O EEE R
DEWSH E LT /NGRS A DA H
PSR, Fig. 3 Photograph of micro coil

a) bottom view b) side view
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Field Map Analysis of Superconducting Bulk Magnet using NMR signal
OYoichi Muro, Takashi Nakamura and Hiroyuki Koshino
Molecular Characterization Team, RIKEN, Wako, Saitama, Japan.

We have proposed a new type of NMR system with a superconducting bulk magnet. This
system is expected to have several advantages over a conventional NMR apparatus, such that
no liquid helium is required and a very compact total design is realizable. In order to achieve
a more high-resolution spectral, a number of attempts have been performed.

In this presentation, we show field map analysis of our magnet by observing NMR
signals.

1. IIL®IC

NMR D3 BLSKE Z UE TOR, NMR 25 6 E S E AR 28R 2 % C& =2
EXEMDEBY Th D, xR OEINEHNEDORBIZEFE L TCEX2bIITh
L, ZOBBRIFSHLHON TV EHIfF IS, Fxld, BIBEEE LV MEO
HEAXIZHEH L NMR HBAIZIGHT D Z L2k - T, BEfF O E & e~ CTIEE /)
CREF R 7R BRSO EHL A REME 2R LT [1],

BE, LV EMHMZLE NMR A7 M AEELH 2O OFE 2 OFIEORFIZED AT
W5, AFEERIZX, TO—HEORLD—DTHD,

2. AR

Fox DBHIE A D TWDEEEE L7 KA O T ORI % Fig. 1 1IC7R7, #H
fIXEu-Ba-Cu-0%RToHY, ¥A XITELL 60 mmXE S 120 mm, #H51L4.7T T
H5b,

NMR MR T 5 72 O ClIE L E e B3GR & ¥ — 725 A 3 ¢
b b, Borx OBEL VT BEAIIIEF L E LTS RE 27303, 7L 7 OEZRN
60 mm & HAEHH SN TWAHARO NMR B ELER A D 24 L% (200 mm LL )
2l U CIEFIT/ NS Wiz, B — e RG2S TR O S O X 0 [RE S /=22 & 7a
%, Zi% NMR BN A 728G IAT 5 72 DI2iE, 2 OAT 5 OREA# 15 53 24
Flied, 20D, ZOHEEE U CTHEEE VY A ORGSR 2 R AT,

R SV 7 B, WG S AR

OteALOIWD, Linteblzirl, ZLOUAHDE
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HEE L7 B OR T I 20 mm (LLFTOREETIZ 10mm) THY ., ZONED
W5 oA & AR S 272912, Fig. 2 O L5 7efliish 7 v —7 % 8E (a4 A £2:0.5 mm,
AR 2mm) L T =0 H WEET) 2 EICk T, ZoE e
Fry kUi, fERO—HI% Fig. 3 1R, z WM ORERF 2 mm &< G
REEGITE TRV, FEATEBLOOE I 75 mm ENHE LB —EN G
WZ EBDND, Ak ZOMEO XY FEMRT —F 2R L, BSEMIEOTEE R
T2 TETH B, TS HRET 5,

] 0 cm
" ColdHead
Fig. 2 Phot h of th b d fc
Fig. 1 Schematic diagram of the bulk magnet '8 otograpi of the probe used fot
the measurement
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Fig. 3 An example of the magnetic field distribution (a) at the points shown in (b),
represented as resonance frequency of 'H of ethanol

[1] T.Nakamura et al., Concepts in Magnetic Resonance 31B(2) 65-70 (2007)
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Development of S Cryogenic probe
'RIKEN, %Y okohama City Univ., *Sophia Univ.
Fumio Hobo'*?, Masato Takahashi'?, Yuta Saito’ s
Naoki Sato'?, Tomoaki Takao®, oHideaki Maeda'*

A cryogenic probe for **S solution NMR has been developed for higher sensitivity gain than
a commercial probe. We applied the **S cryogenic probe to biological samples such as a
scallop flesh and chondroitin-sulfate A derived from whale cartilages. Both SO, ion or
—SO42'group and -SOj;” group showed a notable NMR peak, as the surrounding electric field
gradient is symmetric and the quadrapole effect is weak; e.g. the mantle of the scallop showed
SO peak of the extrapallial fluid and -SO; group peak of taurine; chondroitin-sulfate A
showed a chondroitin-sulfate unsaturated disaccharide -SO3™ group peak. It is suggested that if
we make a chemical shift table for biological molecules with SO5™ group and SO4* group, we
will be able to assign them by *S NMR spectroscopy.

1.

Wi I EE R RERCETH Y, GT 2 BRCHEBIL SR 7 E D ERE Y 71
BRx I RE A AN 285 b R, ZOEEMICH 000D 6T, fitdE NMR 1L, 2D
i 6D TRV N IE 2> & A=W FF e~ ORI SR EERBZ & % , Fidg o> NMR Hll Al ag
7RME— D RINLR T 38 (33S) THh D, 3BS 1IN (E3/2) TH D . IRV KIRAF
FEH(0.76%), /) S WA AL (2.0517%x107 rad T-1 s71), K& WIUMRFE— A > b
(Q=—-6.4x1030 m2) Z#5H . = OVEE AN 338 DR HEE 2 T iF, 338 NMR ZHll 2 % L
< LTW5b, ZD7% 338 NMR FHI O m &R LI X HEE R HINFRETH 5,

27 ) OABBERBIZEE T DFEITELE L~V D b ORI IRV TAUTAER
XY CEHAIOEE L SR KERFEIRTH D, 121X THNMR (2 XL % in-vivo ¥ ¥
U EHANIA R 22T FEED 1 D720 ORI D> 7 F NF— =T v T L
DIEATINEE L < R ARENR B D, ZOREOMERTFE L LT, in-vivo 338 NMR |2 &
5 515 Musio & Sciacovelli (25D BEREINTWD, Lo, BEOT o— KN R
7 —7%Hnz 3838 NMR TIHEEN A5 THY, 27 ) O5A TS5 mM =&
FEDRBRHBR L 725, BIZIZANCEEND X T Y U OEAEFOREIIK (k159 +
19 uM, JR:778.9+ 71 uM) ., FEROEEE CIIFHHIIARREETH D,

ARFTEO B, PERICHART 1 EE 2B T % 3838 NMR KR v —>7
DBAFEZATVY, 338 NMR (2 L 2 FHfll oD FH i PH 2 Rig (2 Pisk LT, 33S NMR 12D
<H LWAERNMR FHHIOHFREZE 0L Z L TH D,

BRZE L7 RE 7 2 — 7 O R EIE, OMERIC L A2mHA Y e —7 L LTUIINETIZ
7o ARWILIE A ¢, > Z & @RF(radio frequency) = A WREN Z N E TL VK
W ETh D, ZOFERERSKIE S0 —712 L% NMR #HilllZ ATl 5 729012,

F—1T—R:33S NMR spectroscopy, Cryogenic probe technology,
Signal-to-noise ratio

HESHIB, TNTILESE, SNEIPHTZ, SEIRBE, TpBLbhHE, FALVTHE
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MMBIZ RF 2 A LV OREHEIN & i EHAN ZBR% Lz, F7z, 338 @ X 5 KA T
TEIE Y o — 7 TH o LD/ NSO T, RAROY L FLEL LT
NEEECL, REZA ESE, EBRLEZTe—7%2HA0C, ZhE THIAEL
Mo T ARRE (RZ 7 HofMfeay KA F Uik A) OFHZ 55 L, (KR
— 712 & 5 338 NMR ~Di P & 54 U 7=, i 12,
3%NMR@E%%Kﬁ?éﬁ%%@%iﬁ%ﬁﬁbto

2. EBIE

11.75 7 A 7 #fzE~ 7 %~ h H(H T 500 MHz)»
338 YR NMR iR 7' 1 — 7 %2 B % L 7= (Fig.1(a), A
VAT MIUEETHRBICAB L DT, 2 B/
WHHFS(GM/IT W), ~U v AEET A > (KRS
H _‘775) %4%5}2‘ é ﬂé" JT /\‘11/7“74_"1%75)%:[3% U’ 5 & 2 Fig.1.33S cryogenic probe: (a) outer
VT RO T-AY T ADREET A DT 7 AJEEEAY  appearance and (b) RF circuit unit.
4TKIZTFDR D, —J, 2T 2+ gk LR<RD 1TKIZR S, ~U U AR
NMR 70 —7WHORHAT =V 2 HBH T 5, ZOAT—VIZ RF 2 A4 ADBEES
N, BMmETHEISND,

Fig. 102777 338 NMR v 7 F L3 % RF == F=RF =2 A L+HLIERE)
ZHEWEL, KB 0 —7NEOBHAT —ICEE Lz, Y2 —713 10 mm Z A 7
THY, F3mlOYF U T LEHATES, RF 2= M 333(38.36 MHz) = A /L &
2H(76.5 MHz) = 1 /v (BeS- AWt v 7 ) © 25O RF A VRERLTHHE T
Rl 72 DS & Uz, IHRMIEITI TS A RET A 720N LT Y . Bi ¥ —E %
EEEBEDITNT o ARE R AR LT,

PRI 338 ot A UiZH 7 7 A TRICT 7 1 VEUKETF = — 7 CREE LT, A%
THICBR LT EHE WS MB O HIETY 7 747 &£ RF 24 VO %
%ﬁb\%%ﬁ%ﬁ%ﬁ%bf@ﬂﬁ%%%bko%ﬁ@%%i?»i%ﬁk?w?

A /‘/'7-5%*%@]&\&}[’/(* TIE® Lﬁ_o \_@jfff J Y RF :j/l)/I/nXu+0)§ =8|
f%miéﬁ5£# . RF A VREZ9OK TTHHT S Z ENalEIZ o7,

HIREEE DO F 2 — g/ﬁ ~ v F U T OHEREIL. RF oA LONEEITE A >
R AKGET D, RIET 1 —7 Tk, =i O IREICHET 25 T
DRI EAT D, ZDE & RF a4 /WL, HOHRBEENHRERE S L k&L
&é%lf\4/&7&VX%+%k%<mﬁﬁé LT, EhEnaryT Y-
T~vyF VT, Fa—=U TORENAREIZRD, ZOBEBENS, 3 BEE (N
14.9mm)® RF 24 V&AL, 338 OfEEMEFIZH0BE VDT, Ay —AY
YAy TN T OMRITERTCE DL, 2O, H Ty SN 7V AT L
20y (H aA /UEERE LT ey, R e —7 13l 7V 7 o Ao ST
Wb, TV 7D A ARHIRE VW (NF:1.6dB) OT, v —7DEEIXZ
WZH S TWD, BIE, BV A XOD 7 VMRIRT > FICER T 572D DB 2
TW5, 338 NMR #Hllix 500 MHz NMR 43 :45(DMX 500, Bruker Spectrospin) C 3 /i
L7z, 4 NMR FHHID 90°/ /v A1 1% 45~60 1 s IZFXE LT,
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R R 7 —7 (Bruker, VSP500) & it L7z,
BT —7 LR S mm 7 e — R R
7 11— 7 (Bruker, VSP500) D& % b L T
Fig.2 |2 d, KRB0 —7 Ttk 70 —7o
5.6 EDKE FREZBIZZENHALNTH D,
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Wty (B i) ¥J— sk 217 - 72(Fig.3), =
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phEe %z RS 5 I CTh 5, T OREE 810°
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ThV, fEkbEVENT B BIGH—EE2E
BTx7,

B OFE RS, RF A LOBR E A
HYRAPMIETHY, FT-IEF 2~y T
T ENRT AL HIREIEE S L HEREL T
WBZ ERHLMMII T, £ AT —T
ERWAHZ LT, @ Ta—70 5.6 {50 S
NMR JE&EZFEHTE D Z LN LN T,

3 —2) AL 338 NMR il

BA%E L7z 838 KiE 7 v — 7 & A REEH i
Ja U7, 1 & EHOAEMKREE LTHREZ T Hosb
B hgE, BAE, e oMK & FHEI L 72
(Fig.4), &% 7 HOREHL, T2 Oz
10 H LKW L7, BRI ASEHIIL 72,
F 2 O 72 KN T, MK EK=9:1 |2
FAEE LI L7, A2 T HoMiixitic-6.6
ppm fHEIZ > 7 v ERLTc, 261X, Fig.2
L2 oo rTFILbigE b, 4.
HEKIZ 2.65 glkg @ SO.2 % & TN, Fig.4(d)
® 0 ppm ¥ 7 F IV DOFifgA 4 Th D,
Fig.4 T 72 DL, SAERTHEEEA 42 (0

S/IN=5.2
(40,000 scans)

Chemical Shift (ppm)

Fig.2. 338 NMR spectra for 20 mM taurine
solutions: (a) conventional broadband probe
and (b) cryogenic probe.

‘UT | W

Fig.3. Results of the B; homogeneity experiments.
810°/90 ° ratio = 82%.

0 -5 -10
%3S Chemical Shift (ppm)

Fig.4.33S NMR spectra for (a) mantle, (b)
midgut, (c) ligament of scallop and (d) sea water.
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— 392 —



2 % E @iﬁﬁiﬂq k LT o ]\\ = /]) %Vﬁmﬁ'g{ A Without Enzyme

DI (2 KA FF—+€ ACID etk D Mo i A

T 338 NMR % 3Hll L7=(Fig.5), BERMEaEHTK N
DOFMECHE Lz, 13470, “iERmRE S Chemgy! St (ppm)
400 pmol D= Ru A F UHfilE A % & {eilEHA IR

With Enzyme
% 4 ml (400 pl ® 0.4 M FEEEER A -pH6.0. 400 400::”
pl @ 0.4 M EFEET b U O LKEEHR, 4001l @ 0.1 %
T UIMIET VT R /mm&\ﬁm%ah)%ﬁﬁb KMMWJWWWWW

2o 3 DOREHAIEICIE 1U OREF %A, 37CT
B A 2 C AR BEHE SO C B ALIE L, (FR ol

Incubation Time

£ 40,100,400 43 ﬁﬁméﬁ5 TEAEB LT,

L7230 2.7 ml (Z /K 300 ul 2027, Fig.s 10 %wm%m-; o
ICFRZROREND 338 NMR HAGEE % =, B2 e

e
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An extension of the covariance method
to heteronuclear correlation experiments
(OMasashi Fukuchi, Kazuyuki Takeda, and K. Takegoshi
Graduate school of Science, Kyoto University, Kyoto, Japan.
Japan Science and Technology Agency, CREST, Tokyo, Japan.

In this work, we apply the direct covariance method [1,2], originally used to analyze
two-dimensional (2D) homonuclear correlation experiment, to 2D heteronuclear correlation
(HETCOR) experiment. In contrast to 2D Fourier transform (2D-FT) NMR, the covariance
technique requires less sampling points in the indirect dimension, thus enabling us to save
spectrometer time. In fact, we show a factor of 32 reduction.

Recently, covariance NMR spectroscopy, an alternative way to process 2D free in-
duction decay (FID) data in homonuclear correlation experiments, has been introduced in
liquids [1] and in solids [2]. In this method, spin correlations are directly showed in terms of a
covariance matrix of a series of one-dimensional (1D) spectra. In the conventional 2D-FT
NMR, insufficient evolution time makes ripples on cross-sections along the indirect dimen-
sion. Therefore, lengthy sampling in the indirect

dimension is required, leading to a long experi- oaration | evolution | mixing
mental time. In the covariance approach, however, prep P ) i
insufficient evolution time doesn’t induce the y mixing | detection
ripples along the indirect dimension. The cova- (x) (t:)
riance method, thus, requires less sampling points () , L .
along the indirect dimension, thereby reducing X preparation | evo(ltu ;lon | m'(’;')"g det?t::)tlon

1 ®. 1
spectrometer time in homonuclear correlation ' '

X reference frequency

spectra. It is worthy to point out here that the T f Ak

covariance technique does not require any pre- , , .
reparation | evolution | mixing | detection
prep L) L @) ()

vious information of the positions and linewidths Y

of the resonances. So far, the covariance approach
Y reference frequency

has only been applied in homonuclear correlation —l—l 3 =
Y

experiment. In this work, we applied the cova- '
riance method to HETCOR experiments. Fig. 1. Pulse schemes of 2D HETCOR

Schematical pulse schemes of 2D experiments. (a) and (b) is the conven-
HETCOR experiments are described in Figure 1,  tional one and the present one for the
where (a) represents a conventional one and (b) is covariance method.
$£53#. HETCOR, —¥RITNMR

O&5<bH FE&L, I »Tvwx, 2FIL ELob
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that used in the present work. In contrast to the conventional scheme (Fig. 1a), the scheme for
the covariance technique (Fig. 1b) obtains two FIDs from X and Y channels for each evolution
time (z.). These two FIDs maybe acquired at the same time by a dual-receiver system. In this
work, as we have not yet built a dual-receiver system, we used the single-receiver system.
Hence, we had to do the same experiment twice for a given 7, to obtain two FIDs from X and
Y channels. One notable difference among Fig.1a and b is that we applied a shift of the X and
Y reference frequencies in the evolution period (Afx and Afy). The switching of the reference
frequency in ¢, is required in order to avoid spectral overlapping of the X and the Y F| spectra

in the combined spectra.
90° 90° 90°

The two 2D FID data matrixes thus ob- 4 spin-
tained are a N.xNgx matrix for X (sx (%, t4x)) and H cp|TPPM|cp] |diffusion| |cP| TPPM
a N.XNgy matrix for Y (sy (%, tqy)), where N, is Lo ¢
1 acq.
the sampling point along the indirect dimension ﬁl ﬁl ﬁl
and Ngx and Ngy are those along the direct di- 1C reference freqtiezfy
C

mension for X and for Y, respectively. After
1D-FT, phase correction, and apodization, we N 6] £ 6] 6] acq.
have two series of 1D processed 2D spectrum Sx

(t., wax) and Sy (., wqy), which are combined into
one NX(Ngx + Ngy) matrix, S(¢., @q).This com- L } Ay
bined 2D matrix S(%., @x), then, is computed

15
N reference frequency

Fig. 2. Pulse sequence used in this study.

according to The *C and "N magnetizations are cor-

C(a)l,a)z)=‘[S(te,a)1)S(ze,a)2)dte (1) related with each other through 'H-H

) ) ) spin diffusion, thus realizing CHHN,
in the same manner as the covariance method in NHHC, CHHC, and NHHN correlation

homonuclear correlation experiment. by this experiment.
In Figure 2, the pulse sequence used in
this study is shown. We applied a 'H-">C-""N
triple resonance experiment to obtain >C-""N
heteronuclear correlations in solid-state through
'H-'H spin diffusion [3] in the mixing time. Here,
recoupling among *C-"*C / "N-""N also occurs
during the mixing time. Hence, this experiment
also produced *C-">C / "N-">N homonuclear
correlation spectra. Figure 3 shows BCand PN
spectra of N-acetyl [1,2-13C, 15N] DL-valine ; ARy
(NAV) [4]. To avoid spectral overlap in the indi-
rect dimension, the reference frequencies of °C

0
Offset / kHz

and "N channels in the evolution period were : : (:) : :
switched up +8 kHz and down -13 kHz. Other- Offset / kHz

wise, the '°N peak at offset = 0.4 kHz and the two Fig. 3. 1D °C and "N spectra of NAV.
°C signals at -4.6 and 7.3 kHz are plotted in the  The reference shift in the 2D covariance
same range and may be confusing. experiment (Fig. 1b) is indicated as ar-

TOWS.
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All experiments were performed on a 400 MHz OPENCORE NMR spectrometer
[5] operating at 400.24, 100.65, and 40.56 MHz for 'H, °C, and "N nuclei, respectively. A 5
mm triple-resonance Doty MAS probe was used at room temperature. The rf-field intensity
for both "H 90° pulse and CP was 62.5 kHz, and both the nutation and the phase-modulation
angles in the TPPM decoupling [6] were optimized for an RF intensity of =62.5 kHz to be
180° and £7.5°, respectively. The contact time for CP was 1.6 ms and the MAS frequency
were 10 kHz. The "°C and "°N chemical shifts were calibrated in ppm by taking the chemical
shift of solid adamantane as an external standard and NAV as an internal standard, respec-
tively. For both BCand N channels, Ngx, Nay, = 2048 data points were collected with #4
increment = 25.0 ps. 16 FIDs were accumulated for each z. value with the relaxation delay of
2.0 sec, and the spectra were recorded for N. = 1024 complex points along the #. dimension (7,
increment = 25.0 us) in the States method [7]. The total experimental time was about 19 hr *
2. With a dual-receiver system, this will be reduced to 19 hr. Note that, as will be shown
below, 32 complex points are enough for the covariance method. Hence, 19 hr * 2 * 32 /1024
= 1.19 hr may be required.

Figure 4 shows the 2D "*C-""N ' HETCOR and "*C-"C correlation spectra of NAV,
where (a) is processed by 2D-FT with N, = 1024 complex points and (b) is calculated by the
covariance, equation (1), using N, = 32 complex points, respectively. Both 2D spectra shows
cross peaks among all labeled ">C and "N peaks and are very similar. The cross-section spec-
tra (the slice spectra) at °*C-H peak along the indirect dimension are also shown in Figure 5.
In the slice spectra, however, that by the 2D-FT method has the wiggle despite of the 1024
complex points, while that of the covariance approach does not even with the 32 complex
points. In the indirect slice spectra in Figure 5, there is also slight difference in peak ratio
between the 2D-FT (a) and the covariance spectrum (b). The difference is because 2D-FT
spectra are not symmetrized but covariance spectra are, thus, 1D slice spectra of the indirect
and direct dimensions are completely the same in the covariance method.

(@ - I o (b) I Lo
CHHN | CHHC g CHHN | CHHC g
I P I £
| a | a
- 100 § - 100 §
| 5 | 5
6 o
| O | &
I L 200~ | . L 200
St et e R :
NHHN | NHHC - 0 £ NHHN | NHHC 0 £
' I i g I - B
£ E
I - 200 8 I - 200 8
L. Z I i
T T T T T T T - T T T T T T T T -
200 0 200 100 0 200 0 200 100 0
5N Chemical Shift / ppm '3C Chemical Shift / ppm 5N Chemical Shift / ppm '3C Chemical Shift / ppm

Fig.4. 2D mixed spectra of NAV processed by 2D-FT (a) and the covariance method (b). N
was set to 1024 complex points for (a) and 32 complex points for (b), respectively.
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@ - (b)

]

0 0 o 20 10 0
"N Chermical Shift/ ppm  '3C Chemical Shift / ppm 5N Chemical Shitt / ppm  '3C Chermical Shift / ppm
Fig.5. Corresponding slice spectra at BC-H peak along the indirect dimension. (a) is obtained
by the 2D-FT method with N. = 1024 complex points and (b) is calculated by the covariance
technique with N. = 32 complex points, respectively.

References

[1] (a) R. Briischweiler, and F. Zhang, Covariance nuclear magnetic resonance spectroscopy,
J. Chem. Phys. 120 (2004) 5253-5260. (b) R. Briischweiler, Theory of covariance nuclear
magnetic resonance spectroscopy, J. Chem. Phys. 121 (2004) 409-414.

[2] B. Hu, J. P. Amoureux, J. Trebosc, M. Deschamps, and G. Tricot, Solid-state NMR cova-
riance of homonuclear correlation spectra, J. Chem. Phys. 128 (2008) 134502.

[3] A. Lange, S. Luca, and M. Baldus, Structural Constraints from Proton-Mediated
Rare-Spin Correlation Spectroscopy in Rotating Solids, J. Am. Chem. Soc. 124 (2002)
9704-9705.

[4] S. D. Cady, and M. Hong, Amantadine-induced conformational and dynamical changes of
the influenza M2 transmembrane proton channel, Proc. Natl. Acad. Sci. 105 (2008)
1483-1488.

[5] (a) K. Takeda, A highly integrated FPGA-based nuclear magnetic resonance spectrometer,
Rev. Sci. Instrum. 78 (2007) 033103. (b) K. Takeda, OPENCORE NMR: Open-source core
modules for implementing an integrated FPGA-based NMR spectrometer, J. Magn. Reson.
192 (2008) 218-229.

[6] A. E. Bennett, C. M. Rienstra, M. Auger, K. V. Lakshmi, and R. G. Griffin, Heteronuclear
decoupling in rotating solids, J. Chem. Phys. 103 (1995) 6951-6958.

[7] D. J. States, R. A. Haberkorn, and D. J. Ruben, A two-dimensional nuclear Overhauser
experiment with pure absorption phase in four quadrants, J. Magn. Reson. 48 (1982) 286-292.

— 397 —



P115 OPENCORE NMR%#> 5t % AL NF=MRI
Keazzal, OmHEMIT
I NE Ty N T i

MRI using an OPENCORE NMR spectrometer
Munehiro Inukai, and OKazuyuki Takeda
Graduate School of Science, Kyoto University

Abstract: In this work we demonstrate MRI experiments using an OPENCORE NMR
spectrometer, which is an open-design, FPGA-based NMR spectrometer originally designed
for solid-state NMR experiments and equipped with three RF channels operational at up to
440 MHz. In order to make "H MRI experiments in static fields of up to 14.1 T feasible, we
extended its operation frequency to 600 MHz, and built a two-channels field-gradient control
extension on the OPENCORE NMR spectrometer. This work is an example of hardware
modification in an open-design NMR spectrometer that has lowered the barrier of building
spectrometers for those who intend to put their own new ideas in practice.

Recently, we reported on an open-design, field-programmable gate-array (FPGA)-based
NMR spectrometer, referred to as the OPENCORE NMR spectrometer [1, 2]. It has a
noteworthy feature that resources including FPGA source codes, a console software, circuit
diagrams, and board drawing are open and available on our web site [3]. So far, several solid
state NMR experiments were demonstrated using the OPENCORE NMR spectrometer. If the
spectrometer is used in not only solid state NMR experiments but also MRI experiment, the
spectrometer will encourage scientist and engineers who need to develop home-built MRI
spectrometer because useful resources are available on web site. The purpose of this work is
to modify the OPENCORE NMR spectrometer so as to perform MRI experiments at 14.1 T.

In order to carry out two-dimensional MRI experiments, we equipped the spectrometer with
a two-channels field-gradient controller. Converting the two RF channels into the
two-channels field-gradient controller, we constructed the spectrometer consisting of one RF
transmitter, one signal receiver, and the two-channels field-gradient controller shown in Fig. 1.
Also, we extended its operation frequency up to 600 MHz so that the spectrometer can carry
out microimaging for magnetic field up 14.1 T. In order to extend maximum operation
frequency from 440 MHz to 600 MHz without heavy hardware modification, we utilized DDS
image frequency shown in Fig. 2 (a). So far the fundamental signal at 20 MHz was selected
by cutting off the image frequencies, but instead, one of the image frequencies can be
extracted by passing the signal though a band-pass filter. Figure 2 (b) shows a scheme to
generate a higher frequency signal at 600 MHz. Mixing the DDS image signal at 180 MHz

XF—U—R:7a b A A= 7 RIGHE, v~ A7 04 A= T

SV VRPN ERROAS, OFIFENT Y&
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from DDS (I) and a RF source at 420 MHz from DDS (II), which can generate RF source at 5
~ 420 MHz, after though band pass filter, the spectrometer generates the signal at 600 MHz.
Also we have to do something in the receiver, because the receiver digitizing a FID at 80
MHez is required to digitize it at 180 MHz, but it is possible by super-Nyquist sampling [4].

To test the spectrometer, we demonstrated two types 'H imaging experiments. One type is
microimaging to use stationery a 14.1 T MRI system. Another type is portable MRI to use a 1
T permanent magnet MRI system. In the poster, we will show images using the OPENCORE
NMR spectrometer.

Inside FPGA
Wi Fily
vl I.,'\""—
. |.-5H-. 1 ] :,. FERSTTETTTes. et LEELE DITIRTRS (RRTPETTIRT PR RCIETR T | ﬂytpul(hanne!
4[@5 F ks
L , RF output
{5 iy

Gradient pl.l|$E Ol.llﬂl.ll
*—' Gl prern BT e i -

[ e Field-gradient controller: -----coouui
Fig. 1. A diagram for one RF transmitter, one signal receiver and a two-channels field
gradient controller in the OPENCORE NMR spectrometer. The glossary is as follows.
PPG: Pulse ProGrammer, DA: DA converter, DDS: Direct Digital Synthesizer, AM:
Amplitude Modulator, SW: SWitch, RCVR: ReCeiVeR, Op Amp: Operational Amplifier.

@ i (b) pos | 420 MHz
| X ) {n
Lll 08 \ o+ SV + e + !;'.Ul:l MHz2
= S N D08 Wisge | 005U [5hz 420 180 MHz

Fig. 2. (a) A schematic figure that DDS output is a superposition of a fundamental signal
and image signals. (b) A scheme to generate a RF signal at 600 MHz using the DDS image
at 180 MHz instead of the DDS fundamental signal at 20 MHz.
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Chiral LC-CD-NMR for Separation and Structural Analysis of Chiral
Compound Mixture

Takashi Tokunaga', Masahiko Okamoto', Kozo Tanaka' and Chisato Tode?,

and O Makiko Sugiura

! Organic Synthesis Research Laboratory, Sumitomo Chemical Co., Ltd., Osaka, Japan.
’Kobe Pharmaceutical University, Kobe, Japan.

LC-CD-NMR system for analyzing chiral compounds has been constructed, in which CD unit
has been inserted between column and photodiode array units of LC-NMR system. With this
hyphenated system, CD and UV chromatogram and NMR spectra are measured

simultaneously.
The mixture of chiral pyridylalanine derivatives was used to analyze using this system,
and structures were elucidated for these derivatives and optical isomers were discriminated.

WA, EHELBEODBHIZEBWT, FFEORFERMERO LN ELIGEEH L, %t
BEERMIEEEZ A L, b L<IE, HRAZEWER 72 8O E R WG Z 360103 5%
CHIBNTE TS, 2071, T¥E 7t A CH -2 FIEEEREZRET 52 LT
FTETHEIZR->TRY, Yo 2B E, LHEERSITOEREE L EHE > T
%o WHEEHROSHICIX, FTVEIE7 o~ 777 4= bIA< VLA T
D, ZOFETIHE— 7 OREIDEFEERE L E N O R EROIEE R ME T H
D, TNOORBIZEKARFHE IR NEBET LI LICRD,

LC-CD 1%, ¥ TNk n~ 777 4— (LC) &M MM IHCD Bt
o) B SH, EEREERESEELEN TR 2y N RO/ 5 OE NS
ENLERDTDZENHEDL VAT LA THLMN, CDZua~ b7 T ADLIIHEEIC
B2 HE/ED 2 LixHkZRV, —J LC-NMR (%, #& BT 2 EHE255121F
BN TVDN, FRRMERE BT 5 2 SidHskRy, @b 2 FEOERE
BRI TIEHRAZFF T, NMR A7 MRELCTay b U RROKF 5 OE S H O
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XTINHTLERNDZ L L L, @Dk, BFEOLC-NMR D% iE &M% %
AR ERTHZ L MEICERTES X, Fig.l (R-T X127 A LPDA
R A #R ORI EF CCDR a4 2 ML AT I & LT, NMR
EHIZZDOVATF AOERMEEBRET A o
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L, b ZslAii,

Pump Column CD PDA

Fig. 1 Constructed LC-CD-NMR System
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LC-NMR (X, Varian HPLC> A7 A (Prostar 230 7K 27, Prostar 355 PDA) 7% &G
L 7= Varian INOVA-500 ('H: 499 MHz) NMR #:i& (60ul 7 v —t&/L v —7ff) %,
F£72CD BHE T HASE CD-2095% Hv 7z,

REE LT, o X NAnC R
Boc-3-(3-pyridyl)-L-alanine >‘/ \[( ‘j/l\/\ R T \@
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pyridyl)-D-alanine benzyl ester (IV), Boc-3-(4-pyridyl)-L Iv: e | /\
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LC4FEE, 75 A : CHIRALCEL OJ-RH (4.6 X 150 mm, 2
S5um) , BEIFE : 10mM VU CEEEKHEER (pH3.0) VI o | \N
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Fig, 2 LC-CD chromatogram of mixture sample
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Fig, 3 LC-UV chromatogram of mixture sample (extracted at 254 nm)
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Fig. 4 '"H-NMR spectra of main component and corresponding to peak 1—8
measured with LC-CD-NMR system. (Pyridyl region)
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Improvement in Analysis of Nonlinear Sampled Data

OTakuya Yoshida', Yuji Kobayashiz, and Tadayasu Ohkubo'

! Graduate School of Pharmaceutical Sciences, Osaka University, Suita, Japan.
Osaka University of Pharmaceutical Sciences, Takatsuki, Japan.

The increased sensitivity provided by recent developments in NMR instruments makes fast
NMR data acquisition methods increasingly attractive. It is now widely recognized that
nonlinear sampling (NLS) technique makes it possible to reduce data acquisition time
substantially. However, because fast Fourier transformation cannot be directly applied to NLS
data, time-consuming methods, including maximum entropy reconstruction, are required. In
this presentation, we will describe an improved reconstruction method using a priori
information to constrain the spectrum and its fast implementation on GPU.

TEHY)

AR NMREEE O = EEA L DS E D I WFE R I T H M WSNEE A EBL S D L H 12
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[1] Sakakibara D. et al. (2009) Nature, 458, 102-5
[2] Hoch J. C. & Stern A.S. (1996) NMR data processing. Wiley-Liss, NY
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Total compensation of pulse transients based on resonator response
Yutaka Tabuchi!, Makoto Negoro!, Kazuyuki Takeda® and Masahiro Kitagawa!
L Graduate School of Engineering Science, Osaka University
2Graduate School of Science, Kyoto University

Abstract: We propose a method of designing the shape and phase of an rf-pulse so as to
form intended profile in a resonator. The profile of the designed pulse is computed based on
the resonator’s response which can be measured using a pick-up coil placed beside the sample
coil. The resultant profiles in a resonant circuit show decrease of transient phenomena even in
the existence of non-linear devices. NMR spectra also shows much less phase distortion arising
from the phase transient of the rf pulse in the resonator.
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Fig. 1: A schematic diagram of the experimental setup.
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X9 2 ICEREFIETE y(t) 2980T % T EHRNL, Wiz 5 75 A& 52 LT

H(s)=Y(s)/U(s) 4)
MWEZ5N%. COBRZR Q) ICRATE T EICEST

[ Y(s)
0= 5w, 2
9%, DFD, PO DZELEATT u(t) 1T B8 y(t) ZHELTEE, ka1
WICFE S BB B1(t) 2525 2 & Tt/ IV RIIGITET 5 ENTES.
FERRIE Fig. 1 DK D ICHERK U 7o, AEEGRIEF A 2R (AWGT102, Tektronix) 7 B DJifjiEcE
JERTBIE NI =7 VT THREN IO AR AA— R L4 SK5T 2 7L 7Y A
F1EN%. HIREIEEIE 12.7 MHz OIRFEFEE 725 X 5 ICHEE L, \AEIR L BENE 5N
TW5. 2y NI =77 F 54 FIC K> THE LTz Q fldK 35 Tho Tz, HiRaAIuhs
DT 3em BNy 77 v T a4 I X > T, £ NMR E5 3 EIEI N /z&ICT «
VR )VA 1 A a—7 (DPO7254, Tektronix) IZ & > THIHIENS.
A KU BB Z Y 77w AL )V EHOTRIET 5 2 Ik > T, #ifE <
WADNRZMHER LIz, TTTET 27 L7 LB NMR BIHIRIZEOD AL TS, 16

S r

T’

Fig. 2: A profile of an rf-pulse with cosine rising and trailing edges (transition time d) and a
plateau (dutation 7).
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ICRDINEZRE L, B DB IV A2 HERL U T AR RSN S 10 GS/s DRF
DFREET AT Y T AT u(t) =sin(wpt) (t > 0) ZHZ, 7V THEBLDE NN I0W &%
KO TR LTz, BRI E y() 13y I 7y TaA ) EELTT 4« V24 n
AO—TTEIE N, AL L — MIERBEIEFRAELR LR L 10 GS/s ICRE LTz, BlllE
TS y(t) BB T — 2 Tdh 0, BUEN S 7°5 AZ4H1 2] Z W5 & #filE OV A DE!
HWINTE 5. HIHEGIE B1(t) L LTaY 1 aib BB DIV A (Fig. 2) ZHRAH LTz, C
DIV APIIERAD K S ICEHESINS.

3[1 —cos (mt /d)] sin(wot + ) (0<t<d)

Bi(1) = Slm(wotﬂb) | (d<t<T) ©
>[1—cos(n(T+d—t)/d)]sin(wpt +¢) (T <t<T+d)
0 (otherwise)

TTTCT=Tus,d=1usk L, ROEITEDOTHIE OVAEFHE L. SHEER% Fig. 3(b)
IRT

Exitation Voltage
Monitored Magnetic Field

5 10 0 5 10

Time t [us] Time ¢ [us]
Fig. 3: (a) A cosine rise and trailing pulse generated by an arbitrary wave form generator, and
(b) its compensation pulse, the shape of which was computed from Eq. (5). Both of them have
the same carrier frequency of 12.7 MHz. The resultant magnetic field without compensation
is shown in (c), and conpensated one is in (d), demodulated into two orthogonal components.
Solid and dashed lines denote the in-phase components and the quadrature-phase ones respec-
tively.

Fig. 3(a)(b) DY A VB RO IV A & ZOMiE VA ZIELEE LTE X, By
7w T aAA)VEE L THIRI A )ICAE C 2P ZA > n A a—Tic k> THIRIL
Te. T 0 ¥ ZIVIEAE 2 i U T2k R % Fig. 3(c) (d) ISRT. R SHHLME X S 1, IRiE
DFLD DelE L FIRFC, VLB B D 0N RO ONAMHZLOFER E L THE LS ERK S E B
CHIFTETWB T &b 5.

JITIKD TH NMR T K B i OV A DRI R 2 #EFR L Tz, Fig. 1 OFEBRICBWVT AT v
TIEEFHAIL, TOREICHE DO THIE SV AZEIET 5. 0.298 Tesla DX F %y bz
AW, d =1 us & U, FESR 7109 % FID E 528l U 72. Fig. 4 ICBESHHFRTIC NS %
ARY FIVIEE RS . (kD OV A% W26 L iE SV 2 7% - 7235345 0D Nutation
JARENEL <752 XA ERERZFAEL TV,
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POVADILE VD 031 R 0ICA: UMD Z X, 7OV ABGHRED FID A7 L%z
IDEIEANEE L REBR TR OVAEE T=43 us BN/ )VATH O, [EKD7 VAR
ST OV ABHERHC BB S TV % (Fig. 4(a)). —HiE/ VA ZHVS
T & THEUEEIE A U, IE5%N7% Nutation DRk DR 5N % (Fig. 4(b)). TN 5 DGR
XOIOVADNE END, £33 FOICEBG M LOFEZBLIHILTWE LS
Z%.

0 2 4 6 8 10 12 0 2 4 6 8 10 12
Pulse Duration T [us] Pulse Duration T [us]

Fig. 4: Nutation of '"H NMR spectra of water using (a) conventional cosine rise and fall pulse
and (b) compensated one.

BN B 2 AR RIS DWW TR, S ARREEER 15 us IS U T 4 us B OKIR LA R
HN7EM o7z, Fig. 3(d) B 570 % K 9 1T, FFRITIE NMR E 59N U Tl s
BWVNE L 5% &5 B8R MEIXITA TOAERV. TS DMEDOARTEEDERKE LTS
T—=7 VTR UARA G — REDIFPERTNEZ DN, ROAT v T UTIHIEE
FIVEERH U T OV A DRI RE L 75 5.

AHFZEII M SV A DORERIER LR L, T OB ERIC K DR LT, ZOfSHE, IRIE
NN 2382 B TETWVW3B T & &m Uiz, HIREROIRIE - AiAHEE B %3
HARIRDOIFER T =20/ wp I LT/ IV AR T WIS {land7x 21800 L 5 % . At
2 QMHDENT T A A T A )T T —T [3]°0, BIEDMK L mndin 23] 2 5 L 9 B [
RAPRNC RS 2 Z 8 )V ASEER, L 1EER A Oy ha—) )Lz 88 L9 % NMR/ESR
ETFRTERORBUC T ERDN R TE 2 L HRFEN 5.
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Detection of substances hidden in shoes using NQR
OYu Nakahara', Junichiro Shinohara', Bryn Baritompa', Hideo Akaba' and Hideo Itozaki'
'Graduate School of Science Engineering, Osaka University

In this paper we study the application of nuclear quadrupole resonance (NQR) to the detection
of illicit substances hidden in shoes. By combining two gradiometer antennas in parallel, we
formed a cloverleaf shaped antenna covering a 26cm square.  After simulating the magnetic
field distribution, we optimized the strong off-resonance comb (SORC) pulse sequence. As
a result, we were able to obtain a clear NQR signal from a 200g sample of HMT in 5 seconds.

NQR(EZDMUHG-ILIE)T, (bW E 2 IEHf TR TE 2 HIFCH D . 2o ZIS
ALt X=2 V7 4 — 0B CoOFEENIGFINTWS, £72, < DBERYOARIESRK
fIZIE. NQR SIS ZE 24 "N 2852 L v5 . NQR & H\W =M Endili o A 2 ki
KEWbDEFHERIND,

HAE, Bk e U CARERG 2o PICREE L, ENICEBIAEN TV HEEIN
HbD, TOXIRITITHIDICRRESINFLIAETN D RIEWEIZH L, NQR ZHW\WTZ
OB H AT H7-OI2iE, toFizdh 50 E0WE % EKE TR CE 57 7+
DTG & NQR 7V A L —r L AN L 70 D,

2T, AR TITHOPICR SN TALFWEICHR R S % 5 2. Z01k
FUVEERINTE DT T T iEEORE 21T o7,

7T R

PEED NQR Tl oD aA NEBGNOSE IR SRS Lo IcEm L, =
FH—HRICA->TL B /A Rk L TEDA LRV A AEO B\ T U3 2
— X ERHN Wz, —DoD 7T VF A—%%HWZ NQR HIETIE, #o X 5 IZHlE
RIBNEED D L EIEFRIEEZ B 5 2 LR TE o7z, Figl(a)Z /B U7z dHE
R ORI ZRT, BEHar T3 C Ry T G EEi L. Gl
YW ZDDT T VF A= EH G LT\ D, ZDO_DDT T UF A —H% Fig1(b)D
L2, VI TVFA—EZDEN—TPED MG EY & O —IZONWTED )7
MR D X OBET D, ZO_ODTITVFHA—HEFEEL, WoDaAf VefEFoT
VFFEER L, KT OF A= DL — T DOERIT 13em, BXEIEXTHS,

NQR., FEEflfREN, ~FHFAF LT T I

EHSVNRR ORNEIHDH, LOEFLLwANEAS | 1 TD EAEEY A,
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(a) Resonant circuit (b) Adjacent gradiometers
Fig.1 Structure of antenna

JEhEE R D 53 AT I AE
TERLL 727 > 7 F(26em X 26cm) (2D TC | FhERESG O A & D 12O OS2 =
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o [au]

Fig.2 Magnetic field created by antenna

Fig.2 [ZEBEE DR DR DY 2 2 L—3 g VR TIE, xy Bl T 77
bV z WD OLFTC OB DR A = Uiz, BEGTREIX. 7 7 T aEOHLL
T, G IEEA ST PLED Y TREREITR RV /7 VF A =2 DL —
TRILEOBERTRAR L 72D, Flo, FULTED HEEN 2 1223V TS IRIE DA 35,

A VFEEIRTIE, BV G o7z 2 A VORKOFEA & FEH A E Vi A > T
MRS 725, WNZT T FTRIEOHL T, BOB S T2BSENHOH 5 HMIEE D
D TR NFIL 725,
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Fig.3 NQR signal strength distribution

Fig.3 TlE, xy VT > T FTHBH Y . z8RNZEOLFTTO NQR (5 %7~ LT
W5, NQREEHEIL, 7o T T REOTLTIEE ARG TE S, NQR 5
DHOLZID B LI oo TV D, Y D434 Fig2 L4 2 &, &K
LY DIy CNQRAEH bk K & 72> T 5, kLY DAl b~ NQR (5%
G DAL R E | KRG LS OE /T NQR ZGFRE N RIFIZHE Hirte, Zi
X, NQR [ 5 &2 BUSFT 5 72 D37z 90° 7SIV AENFEIE L, Vo 7 VI IRE &
OGN ENL ETHZENLLFCTHEENEA LT LE 9, Figd T, RSN
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ERL U727 v T FIC oW T B FICRRE Sz
TN S BOFHITEDRED SNR T NQR
fEEEBRTE DDOFMET 5T, ¥ T,
Fig4 IR T X D ICH O DK A H| Y | % 212 HMT
100g &2FHEDELOTHD, HOTRIIAN TS
DTFF200g D HMT ZHMIET D 2 & &7 D, 70,
HOEDEIIX lem Th 5,

o> 200g O HMT AN7=¥ > 7%, Figd Fig4 HMT hidden in shoes.
CRAICESICT v T FOE B X EERE AT Circles show antenna placement
>7=, JEWE 3.312MHz, 7] 146W, ZA5HFRHE
FERERE] 500u B>, SORC +—77 > A 4000 [EIFEH 5 P ORIEZ1T > 1245 R % Fig.5 12~
T, WELIZEZIZTOWVWT SNR ZHE L TWANR, ZDLED /) A4 ADEHITZE
JERE T TN EBNTNDRNWEED 3312MHz TDO /A XL LTW5, Zhi,
ZAR R ENCIHERIE R H > TV D DT, ZOEREED 7 A X HElE S W2 FREIC
RELSHBEEZ DML THD,
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Fig.5 HMT signal

SORC ¥ —7% /A 4000 [EIf& 5 5 ) Tt 200g © HMT (2351 T, SNR 2.0 DfF
BEEHILENTE,
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KFFETIL, ZODT T VF A =R bbb 0aT 7L L, IRV EFEICE
ERG AR CTEX 5 L) 2o le, EADOHUZOWT, FIRFIZHHITE D X 212720,
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1) A. Konnai ; N. Odano ; T.Asaji ; Hyperfine Interact(2008) 181;93-98
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Release of SMSDep (Small Molecule Structure Deposition) website at PDBj
in Japan.

OFiichi Nakatani'?, Takanori Matsuura'?, Steven MadingS, Yoko Harano®, Naohiro
Kobayashiz, Eldon. L. Ulrich?, John L. MarkleyS, Hideo Akutsu’, Haruki Nakamura?,
Toshimichi Fujiwara®

'Japan Science and Technology Agency — BIRD, *Institute for Protein Research, Osaka
University, *University of Wisconsin Madison, BioMagResBank

A data deposition website, “SMSDep” (Small Molecule Structure Deposition) has been
released at PDBj in Japan in this autumn following at BMRB main site in University of
Wisconsin Madison. The SMSDep is a data deposition system for the NMR structures of
small biological molecules that fall outside the guidelines of the PDB (i.e. the molecule is a
peptide with 23 or fewer residues, a polynucleotide with 3 or fewer residues, a polysaccharide
with 3 or fewer sugar residues, or a natural product) along with their chemical shifts. These
NMR structures are accepted by BMRB entry, not by PDB. Authors choose the website either
ADIT-NMR or SMSDep based on the size of studied molecule. The deposition process in
SMSDep is quite similar to that in ADIT-NMR. The website of “BMRB/PDB deposition
tutorial” at PDB;j will be available to support the data deposition of SMSDep and ADIT-NMR.

BMRB (Biological Magnetic Resonance Data Bank) T/, PDB (Protein Data Bank) TX*
S ST TORV23ERIELL T O & L8 O3 FE LU T ORSIE, 30U T OFESH D
NMRZ RS T — & DGk % 5 1 F 417 T 5, PDBj (Protein Data Bank Japan) T,
ZD LSRRG T EERSTONMRTIRE SNk EE L (b7 M lo

F—U—R:F—%~_X—2Z_ BMRB, SMSDep
OZenlziZzZnWnh £99 L72)?® Y | Steven Mading, 160 X9 2, ZiFe L7

F0OA, Eldon L.Ulrich, John L. Markley, &< DUONTE, 22hriebidsE, 5L05H
ELAb
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Fig. 1 Top page of SMSDep

Fig. 2 Data inputting page of SMSDep

URL: http://smsdep.protein.osaka-u.ac.jp/bmrb-adit

NMRAERE D X5k TIIPDB Y 4+ —~ v b DJFTJEIE 7 7 A L & SRR &SR E
L7-HIRRIES®R 7 7 A VORMEDBMIATH D, # /7 E LB OBETIT 51
FEDOERIX, PDB® [Maxit] % f# ] L CRamachandran plots<° x 1- x 2 plots, 2¥Kf#i
FePE7p EIC X D R EECRL R O — B &

Fig. 3 The top page of PDBj-BMRB website
for BMRB/PDB data deposition tutorial.
URL: http://bmrbdep.protein.osaka-u.ac.jp
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NMR dynamics of the acidic domain of human TFII E alpha
O Tadashi Komatsu', Masahiko Okuda', Aritaka Nagadoil, Kenji Sugase2
Yoshihumi Nishimura'
"Lab. of Struct. Biol., Grad. Sch. of Supermol. Biol, Yokohama City University, Kanagawa,
Japan.
2 Suntory Institute for Bioorganic Research. Osaka, Japan.

In eukaryotic cells, many nuclear proteins contain intrinsically disordered regions under
physiological conditions. Transcription of protein-encoding genes is performed by RNA
polymerase II together with general transcription factors including TFIIE and TFIIH. We have
already established the interaction mode between TFIIE and TFIIH; the acidic domain of
TFIIE alpha contains an intrinsically disordered region in its free state and upon binding to the
PH domain of the TFIIH p62 subunit, the disordered region takes an extended conformation
forming a beta-sheet with the PH domain. Here, we have examined the dynamics of the acidic
domain of TFIIE alpha upon binding to the PH domain of TFIIH by NMR R2 dispersion
spectroscopy, which is a sensitive technique for characterizing to the chemical exchange
processes on sub millisecond-millisecond time scale.

ERAMORICENEREIZBW T, ERERE CIIFRE O SEEE L Fro v &
—y N EFERT D LRFEDNAREE L T =T 4 T D EN KIRZE MR
EROLONEL AbD, BAE Y 2 — N 585 F1EHRZ TIZmRNAZ A 7 5 i
&, BB ZHIET 2 K1 CTh HIER T L FHIN D EHE D ORI TH KIREM:
RIS L B v, IEHEEH 240 TV 5 iPSHIA 2358 3 255K 1 & £ 7o RINZEMEGE
% R o TN D, BRGRF O RIRZEVETEI OB AIRIE & BEEE & OB Z T L1 T
BIHZ&iE, BEEAGHCHET 2L BRI TOICEETH D,

NMRAEFNRFHIE C o HR2PHIE L, mMEEOMIEZE, BREROS, BEE-V T
v RRERR EOEERA XY MEEREEL, Y7 IV E IV —F—0fk
A (WE L) T 5 Z &N TE %,

mRNA % & il 9~ % BRI
RNA Polymerase IIZNIE \:Q. \ @,}1 g’y / :: '-: g\:%: ﬂ&\
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2= FPHRA A L & Fig. 1 Bn?dlng mode of the acidic domaTn of human TFIIEalpha to the
KRR CRE A PH domain of human THIIH p62 subunit.
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NG L72TFIIE alpha B&PE N A A & FERERRDp62 PH R A A % W T H-PN 5
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<A, FFELRWEAIIKETH D,

N R2AFHCHIE DOFE R, BeME B A A UNRUGO 7 2/ Beikhk (F387, V390, D392) TR2
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AT 2B, #HT-ilbetad (SOSH) ZTE L TV AL TH D (Fig. 3), TDT®,
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Fig. 2 "°N R, relaxation dispersion profile Fig. 3 Structure of the acidic domain of
for F387 of the acidic domain of TFIIE human TFIIE alpha bound to the PH
recorded at two static magnetic fields. domain of human TFIIH p62 subunit.
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