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Structual analysis of FKBP12-drug complex by Lanthanoid probe — Fast
screening method for stable LBT attached proteins using Differential
Scanning Fluorometry

oMasahiro Ushio', Yoshihiro Kobashigawaz, Tomohide Saio', Mituhiro Sekiguchi3 ,

Masashi Yokochi®, Kenji Ogura®, Fuyuhiko Inagaki’
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Long-range distance and angular information is useful for the structural analysis of large
proteins and protein-protein complexes. Paramagnetic lanthanide ions induce a
pseudo-contact shift (PCS) and a residual dipolar coupling (RDC). They provide distance and
angular information of the nuclei. Our laboratory developed a lanthanide-binding peptide tag
linked to the target protein via two points: a disulfide bridge and a N-terminal fusion", which
was successfully applied for the structural analysis of the Zip PB1 homo dimeric complex®.
However, spacer length between the target and the lanthanide binding tag (LBT) should be
optimized, and this step requires a number of trials and errors. Here we used differential
scanning fluorometry (DSF), which afforded fast and systematic determination of the spacer

length for structural analysis of FKBP12-drug complex.
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(1) Saio T, Ogura K, Yokochi M, Kobashigawa Y, Inagaki F. J Biomol NMR. 2009. 44:157-66.

(2) Saio T, Yokochi M, Kumeta H, Inagaki F. J Biomol NMR. 2010. 46:271-80.
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Molecular mobility of protein in agarose gels
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Abstract: The measurements of self-diffusion coefficient (D) and 'H relaxation time (Ty and
T») have been carried out to clarify the influence of the gel network on the molecular mobility
for the protein hen egg white lysozyme (HEWL) in agarose gels. The D values of HEWL
decreased with increasing agarose concentration and the 'H relaxation time showed no
variation tendency.

1. Introduction

Agarose gels have been used in protein crystallization for promoting nucleation and
controlling packing effects. Agarose gels reduce convection and prevent crystal sedimentation
to provide high-quality protein crystals. It has been reported that the concentration of agarose
gels exerts a tremendous influence on the protein nucleation [1]. However, the mechanism of
protein nucleation in agarose gels has not been clearly understood. In this study, the '"H NMR
local and translational motion of protein in aqueous solution and agarose gels were
investigated by "H NMR techniques. From the results, the influence on protein molecular
motion of agarose gels will be discussed.

90° 90° -x 90° x

2. Materials and Methods

Sea plaque agarose (agarose SP) was purchased
from Lonza (catalogue No. F5170A). Hen egg white
lysozyme (HEWL) was purchased from Seikagaku
(catalogue No. 100940). The 1.2 — 3.6w% agarose  '§" s 180

solutions were first prepared by dissolving agarose ®) m
powder in water at 85°C. Powder of HEWL was &
dissolved in 0.1M sodium acetate (pH 4.5) on a T ‘
concentration of 150mg/ml. The samples for NMR loop n times
v 1

measurements were prepared by mixing equal  owxisgey 180°y 5 18°y &
volumes of agarose solution, HEWL solution and
0.1M sodium acetate at 55°C. The final agarose
concentrations were 0 ~ 1.2w%. The solutions were J — t
transferred into the NMR tubes and kept at 4°C for 1 MU U

hour before NMR experiments.

Self-diffusion  coefficient (D) measurements,
spin-lattice relaxation time measurements (77) and
spin-spin relaxation time (7>) and were carried out
on a Bruker Avance 11 400WB spectrometer

(©)

Fig. 1 (A) STE pulse sequence; (B)
CPMG-spin-echo (se) sequence with gradients;
(C) Inversion-recovery-spin-echo (se) sequence

with gradients.

Key Words: molecular mobility/ protein/ agarose gel
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operating at 400.13 MHz for protons by using STE pulse sequence (Fig.1 A),
CPMG-spin-echo (se) sequence with gradients (Fig.1 B) and Inversion-recovery-spin-echo (se)
sequence with gradients (Fig.1 C), respectively. The diffusion time was set as Sms.

Results
The diffusion coefficients of HEWL in 0.1 M sodium acetate and agarose gels were
determined by PFG-STE-Se 'H NMR method. Comparison of the diffusional spin-echo
attenuations, plotted in the form In/ versus ); g252(A - 0/3), for HEWL is depicted in Fig.2. The
experimental data for each sample lie on

individual straight lines. This indicates that the 4; ,,,,,,

HEWL has single component diffusion during 3_‘5‘ I

the observation time whether in solution or 3o

agarose gel. The slopes of the curves became z 2; .

gentler with increasing agarose concentration, 15 T

which indicates the slowing in translational I R -
motion of the protein. The calculated D values of 0

the HEWL are shown in table 1. D decreased 0 : ¢ ¥ s

Pgr (A — 8/3)
Fig.2 Diffusional spin-echo attenuations of

HEWL in 0.1 M sodium acetate (m), 0.4w%

with increasing agarose concentration. The
three-dimensional polymeric network of hydrogels
has a greater ability in restriction on the molecular
motion of the protein than aqueous medium. This
endows agarose gel the advantage for promoting
protein nucleation. The HEWL diffuses among the gel network. An increase in the gel
concentration causes decrease in the hydrodynamic mesh size of the gel network, leading to
shrinkage of the interspaces between the bundles of the network and thus an increase of the
obstruction effect.

We also measured the 'H relaxation time of HEWL by using the modified CPMG and
inversion recovery sequences. The gradients were used to remove the signals of small
molecules in the samples. There is no tendency for the change of relaxation time against the
variation in agarose concentration. Therefore, it is difficult at present to say the effect of
agarose concentration on the local motion of the protein.

agarose gel (A) and 1.2w% agarose gel (A) by
varying field gradient strength (g).

Table 1 The proton relaxation times and diffusion coefficients of HEWL in 0.1M sodium acetate and agarose gels

Agarose o .
) 1 | Diffusion coefficient
concentration H T, (ms) H T, (ms) 51
(D, ms™)
(w%)
0 21.90 25.4°C)  1014.28 (25.4°C) 1.2901 x 107 28.7°¢)
0.4 15.25 (27.3°C) 853.66 (27.3°C) 1.1245 x 107" 27.3°¢)
0.8 13.61(25.5°C) 1161.2(25.5°C) 1.0796 x 10 25.5°C)
1.2 16.86 (27.6°C) 850.77 (27.6°C) 0.98871 x 10™° 27.6°C)

Reference: [1] Tanabe K. ef al. Applied physics express (2009) 125501.
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Abstract

Periplasmic NikA (502 a.a., 56kDa) is a nickel-binding component of E. coli permease. To
determine NikA structure in solution and understand the structural basis of the conformational
changes accompanying the nickel binding, we initiated solution NMR studies of NikA. We
had already reported the backbone resonance assignment of apo-NikA, from analysis of
TROSY-based triple-resonance 3D NMR spectra measured on perdeuterated samples. The
secondary structures of NikA, predicted using the Chemical Shift Index (CSI) method from
assigned carbon resonances, showed good coincidence with that in the crystal structure of
Ni-bound NikA. Here, resonance assignment of side-chain methyl groups on selectively
methyl protonated sample was performed by employing the strategy established by Kay and
his co-workers for the methyl-assignment of 82kDa MSG protein.

Introduction

Nickel homeostasis inside the cells needs to be maintained for the normal functioning of
several enzymes. The implied role of E. coli NikABCDE permease is to specifically transport
Ni*" ions from the periplasm to the cytoplasm. The mature periplasmic NikA (502 a.a.,
56kDa) is the primary nickel-binding component of this system.

Two crystal structures of NikA show a contradictory picture of nickel binding. Heddle et al.
[1] showed nickel binding to the large cleft between the two lobes of the protein, while
Cherrier et al. [2] between two histidine residues in a distal site. From mapping of the existing
backbone assignments [3] onto the crystal structure of Ni-bound NikA, the unassigned 'H-"N
HSQC cross-peaks were located around the cleft nickel-binding site, the line broadening of
signals presumably arising from intrinsic conformational flexibility around the hinge region
between two lobes. Structure determination in aqueous solution together with relaxation
studies by NMR will provide better understanding of ligand recognition mechanism.

For global fold determination methyl-selectively 'H/"C-labelled samples were prepared.
Methyl groups are often localized to hydrophobic cores of proteins so that methyl distances
measured from NOESY experiments enable to determine protein structures efficiently. This
approach had previously been utilized for structural analysis of larger proteins [4,5].

Keywords: selective methyl protonation, nickel-binding protein, maximum entropy

processing, nonlinear sampling

—304—



| Wal;Leud e lle

"'. O Val; Leu2

D R A R LT I L - . ]
Fig. 1. 'H-""C HMQC spectrum of the methyl region of the {Ile(51 only), Lue(f3-CH3, lIZ-CD3),Va1(13CH3,
12CD;)} - U-[*H/"C/"*N]-NikA sample. Assignments for selected residues are indicated.

Materials and Methods

Biosynthetic precursors of o-ketobutyrate and a-ketoisovalerate lead to production of ILV
residues that are '*CHs-labeled only at single methyl positions. This strategy generates linear
13C spin systems, avoiding magnetisation losses at the branch points of these side-chains. The
gains in sensitivity outweigh the two-fold dilution of methyl groups [5]. Using this approach,

{1(31 only), L("*CHs, *CD3),V(**CHs, *CDs) - U-[?H/**C/"*N] - NikA sample was obtained.

NMR experiments were measured at 303 K and all NMR samples were in 50 mM sodium
phosphate buffer (pH 7.5) and 10% D,O. A non-uniform sampling scheme and maximum
entropy (MaxEnt) processing were used for obtaining triple-resonance 3D spectra. AZARA
version 2.8 (Boucher W., unpublished) software package and CCPN Analysis [6] were used
for processing and spectral analysis, respectively.

Results

We performed the following 3D NMR experiments: Ile/Leu-HM(CMCGCBCA)NH and
Val-HM(CMCBCA)NH for methyl proton correlations to amide NH group for (i) and (i+1)
residues, Ile/Leu-(HM)CM(CGCBCA)NH and Val-(HM)CM(CBCA)NH for methyl carbon
correlations to amide NH group for (i) and (i+1) residues and 2D "H-"C HMQC for mapping
of the methyl resonance assignments.

By employing those residue specific experiments on the methyl-selectively protonated
samples, we were able to assign a large number of resonances in 'H-"*C HMQC spectrum
(Figure 1). Analysis of NOE-derived distance restraints based on the backbone and side-chain
methyl assignments is in progress.

References:

[1] Heddle, J. ef al. (2003) JBC 278, p. 50322 [2] Cherrier, M. V. et al. (2005) JACS 127, p. 10075 [3] Rajesh, S.
et al. (2005) JBNMR 32 (2) p. 177 [4] Tugarinov et al. (2003) JACS 125 p. 5701 [5] Tugarinov ef al. (2005)
ChemBioChem. 6 (9) p. 1567 [6] Vranken, W.F. et al. (2005) Proteins 59 p. 687
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NMR structural analysis of novel polysaccharide, Sacran
(OSeiji Tateyama, Masashi Ichikawa, Maiko Okajima, Tatsuo Kaneko and Shin-ya Ohki
Japan Advanced Institute of Science and Technology (JAIST)

The novel polysaccharide sacran extracted from Aphanothece sacrum has many desirable
properties such as water retentivity, heavy metal adsorption and liquid crystallinity. However,
the structure of sacran has not been well determined.

It was difficult to obtain the structural information using NMR due to the low solubility of
sacran with high molecular weight. Therefore, the sacran was digested by using partial acidic
hydrolysis with trifluoroacetic acid and enzymatic degradation, then the products were analyzed by
'H, “C and HSQC NMR techniques. The results indicated that sacran is composed of several
monosaccharide units such as rhamnose, xylose, ribose and glucose.
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Fig. 2. 'H NMR spectra of the products

decomposed by acidic hydrolysis (a), rhamnose
(b), xylose (c) and ribose (d).
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Fig. 3. HSQC spectra of the product

decomposed by enzymatic degradation (a) and
pure glucose (b).

1) Okajima-Kaneko, M.; Ono, M.; Kabata, K.; Kaneko, T. Pure Appl. Chem. 2007, 79,

2039-2046.

2) Okajima-Kaneko, M.; Miyazato, S.; Kaneko, T. Trans. Mater. Res. Soc. Jpn. 2009, 34,

359-362.
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Stereostructural study of kanamycin 3’- phosphate using
*'P-HOESY
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Abstract

Kanamycin, an aminoglycoside antibiotic that is produced by Streptomyces kanamyceticus,
acts on the biosynthetic pathway of bacterial proteins. Kanamycin is a useful chemo-
therapeutic agent to inhibit the growth of Gram-positive and Gram-negative bacteria as well
as tubercle bacilli. However, it is also known to be inactivated by its resistant bacteria. One
of these resistant mechanisms is phosphorylation of the 3’-position of 6-amino-6-deoxy-
D-glucose moiety of kanamycin. While the structure of inactivated product was clarified, no
further detailed study on the structure has been performed. We will present the useful
information on the conformation of kanamycin 3’-phosphate and others obtained by the
results of HOESY (Heteronuclear Overhauser Effect Spectroscopy) method'* and
spin-coupling constant between *'P and 'H.

=

Br~Ar () 1%, BHERE Streptomyces kanamyceticus 73FEET 57 X/ FoHEA
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Fig. 1  Structures of kanamycin (1) and kanamycin 3’- phosphate (2)
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Fig.2 3'P-HOESY spectrum of kanamycin 3’- phosphate in D,0.

10 mg/0.6 ml, Temp ; 25°C, Mix time ; 0.5 sec, CLM point ;
64, Acq time ; 0.2 sec, Relaxation delay ; 1.0 sec, Scan ; 512,
Total Acq. time ; 15 hr16 min
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Fig.3 Relationship of torsion angle of 3’-phosphonate part, J value, amount of HOESY.
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High Order Spin D f##7-Selective J-resolved HMQC;ED S
ofgfE—k WAPE= - WEAL,

Selective J-resolved -HMQC, A New Method for Measuring
Proton-Proton Coupling Constants of High Order Spin Systems
Kazuo Furihata
Division of Agriculture and Agricultural Life Sciences, University of Tokyo

Analysis of H-H J coupling constants is important for relative stereochemical studies of natural
organic compounds. Overlapping protons or strongly coupled protons make analysis of H-H J
coupling constant difficult. This problem can be solved by utilizing a proton attached to C. In a
strongly coupled H, and H; spin system, H, attached to °C and Hj connected to '*C constitute a
week coupled proton system resulting in a large chemical shift difference between H, and Hj
spread by C,-H, 'J-coupling. Thus the H,-H; J constant can be clearly determined by analyzing H,.
We reported J-resolved HMQC as a method to solve this problem". However, analysis of H, and
H; in a strongly coupled -CH,-CH,(OH)-CHg(OH)-CH,-) system, for example, becomes difficult
even if H, and Hy are coupled weekly. In order to overcome this problem, we developed a new
method, selective J-resolved HMQC by decoupling two adjacent CH, protons. Application of this
method to a model compound, monazomycin with a complicated structure proved its effectiveness
for stereochemical studies.

R BICED OF AL FEDOBIFRIZIB N T, F'r hor—7 1 DA B ER
DIFFTIZEZE TH D, Ll Y7 TIVRELRS> TOLHEMFET 7 M3 L7 high
order A BV R TIXA B A ER DTN 2 5, Z ORBEARRT 5 1L LT,
BCITkEA LT e b BT S Z I K VR D, H, & Hy 28 high order spinsR To
% %/El\\ C W—flll‘ld:l:/lfl\ L IJ@H Téj\% L7 H/\ Salactive J-resolved HMQC-1

D7 hrEMMAL, "CITHE LT H, = GR0g ——

L BCITHEA L7zH, @ first order® spin W ||| e 4 Tiemcty 4[| 4 % g g I.Wﬁ:w:'——
RICLTIRITS 5, 20 "CITHRG LT: wy o

H 2 g4 2 2 &2 kv H & H OBR ] -
PRGN D, ZOHEE LT N RAR R
J-resolved HMQC £ & L C& =W, Seicive J .;,h»_-g:nc:-”” s m——
LML, multiplet L:ﬁj\% L= ST N —

high order spin %, #x(% y ﬁ:-:' __I_" “a ﬁ— . e b
~CH,~CH, (OH) ~CH, (OH) ~CH,~, & % [ T w e
~CH,~CH,=CH,;CH,~, D X IR AE LR T | Tl

IEH, & 2 WIEH, D > 7 F VI A F L , ;L.:.; se =

V=T NV @%czﬁ%ﬁé 7= first 61 = @kh 18" RE-3URP puse N scdng ockor, Q119221
order Z B Vi T o> T spin DFAT Fig.1 Selective J-resolved HMQC pulse sequences.

INEEE R D HENRH D,

Selective J-resolved HMQC, high order spin system
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= ORI ARRT 5 H71k & LT A LCHEBET 5 A F L > 78 b2 % decouple LA
IRAE VRICT DN EEIC/2 D, Z O homo decoupling #0 2D-NMR ~DJizf & L T,
selective pulse ZfaFHf L. Selective J-resolved HMQC-1, -2 ZBHF L 7=,
2SNV AR T

1 {Z Selective J-resolved-HMQC-1,-2 #7~9, Selective J-resolved HMQC-1, -2 yEiX
J-resolved HMQC-1, -2 @ selective /X— 3 »CTd 5, Pulse ZHIZL . HMQC % CT (constant
time) -HMQC (ZZ#L L, Z @ CT-HMQC {£ & selective J-resolved JE&FALGHEDL P,
Selective pulse MEADHIIIL, BT h o DA U HEE D decoupling 12 5,
Selective pulse IX JEZBIHIT A2 HVWOT a2 Mo OBLEREE L, MMOBRET 2 N 136
LRV, TORME, i7" e b & O J-modulation DN LT/ 0 | BT 0 b
X decouple E3LAHZ &7 D, 2D 7 F V% J-resolved IMQC TELHIT 5, 7235 . CT-HMQC
FEIZXF LT, HSQCIEZ WD Z EITA[EETH D, EHLHDHETH AT MUIZEBWTK
ERAS I ECANAN

HMQC VEDRKIE, IRFEDILFES 7 h e, Ta b —71 hOAE S TEB LT
Do LML, AtLIFFESERESIND LD, /NS RAVUFEGHRETE 213 L1120 tinax
ZREBL T, 20720, f1 FATE, A=A By 7 7 a2 RET 51
BN, £I T, xa/#A (2% LCIE, tlmax A% 300~500ms &£ CHRFEBIT 2 X 512
2 ¥ REBAEEN] (A2) 1T J-scaling #S/V A (—ntl1/2-180(H, C) —nt1/2—) ZE A, BEZ#x
% (K1), EORER, IMQC B biXbF 7 ML TEtl, Yr b —7 v hrOAE
ViEEIE ntl TREET 2, £L T, AU URESERIIEROMEL Y b nffofEs LT
BAIEND,
High order spin RIZ2DWT

71 by H, BERERENAE AL, ETDOFT T FEDAE VR ERIZE LW
MNHLIVINEWEEEEZ2S (M2), 20X 5 REAIEH,, B0l 2 v fEE 1% high
order DBAMRIZH U H H, DAV U FEB B EFGiA L D EITREEL 725, 2K LT,
BOkEAS L7z Hyy Hy & ORFRICEBWT, Hyy Hy2Y 10Hz TRE VRS L, £ LT, H &
ElX 125Hz THREA LA 425 25, K2R TE I, BT Tl ko RaEH3L
Hy & HplZ3RT %, Hy & HyD

b7 FEIZ., AV UEES a) High order spin system

. 10Hz
Jm (T WLRELSIEN DT iy = NGy, o D= 86
. Hy Hy & OBRIE, first Ha Hy 125tz ( W1 ?
order DAYV LV RIZID, ZD | —CH3—§ 1"
BCIkEG L= a hv o, B — Iv
Hjﬁ“é Z &‘ GC i]: D HA k HB DAY k) first order spin systam drso.mplnglmnlllpkt—s daublet)
y:‘néﬁi&%?ﬁﬁk Z) : & Z)Sﬂ J:)Ln.< "i'*&.rmn
fEE725, LaL., multiplet

g Hy Hp mutplet doubsat Ha Hg
l 5% Lthlgh order spin&. f \ )
e 30H,, :I 13CH,, / WICK,, : 3CH,,

1 ' o deoeuming ) H T

—CHZ—CHA (OH) ~CHj (OH) —CH,~ @ & ~Zsnz = ~eshEz T
IR A RTIE, H AW Fig.2 Measuring Proton-Proton Coupling Constants
H, TFMITEEATF L S of High Order Spin Systems
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0k LB RET D Mg T Nmane 1 & dimetoxy-2.3-butsrdo
7o, first order A&V H' J o, N
fEEThHho T spin Off .:/ _A,f":, g
WIXIREE S 2 2858507 H -'.'-{"'. " om “ H

5., ZOREEMRIT DT oH "‘2 3 ! 2.3
EE LT, BT 2 o0 '
CH, % decouple L. Hffi72 o —
AB AV R E L TCENTT :z;fsecnon " [?J)J:‘lhi)f ) 2. 3a 2b.20
HZENEETHDL, ZD L B 25,30 e, .
ko7 mbroys 7 T T W L\
S hE— BRI LI, R '. %

©

high order ® A ¥ FZ Df#E r. 13,42 " . Tos, 4 ®

ik & L. < ot B al Salant e Jresn ved -1-».15:-::| o rc.'.r-'.-r.erb'i;(,

X nTnsd 733\\ - @ﬁ:ﬁ%@ Fig.3 Seectve Jresolves HMGC spectra of | &dimetoxy-2.3 butandiol
— ORI E LT, coupled mode TP, Selective J-resolved-HMQC—1,-2 BNEZITH
72,
J-resolved-HMQC A X7 k)L

31X 1, 4-dimetoxy-2, 3-butandiol @ J-resolved-HMQC-1 D AT KL TH B, Z DA
A7 RV TIE L EINCEBW T, Joy i decoupled ENTWS, 2L, 371 b Db
7 M B T9ppm) IFTERIC—E L TEY, Lib, 1AL, 4MOAF L7 m b LI
HERLTND, ZO72D 1ID-NUR 7 HIZEHE H2, H3 D A B UG 2 at 2D 2 LTk
VY, J-resolved-HMQC-1 A7 L (X 3b)IZEBWTIE, Joy CoDZBEHL, Vv hor—7
2R TASEER LI oD/ m A —2 28T 5, Lr L. 7 2 AE—7 [Tmultiplet
WCBHESNTWA T2, EEEH-2, H-3 D J, DEEFHARD Z S IZNEETH 5,

ZHIZx LT, Selective J-resolved HMQC—1 ® A7 k)L (K 3a) Tix, fl#EcBWT
L4 MO DDA T L7 1 h % decoupling T 5729, 2,3 fLO 7 v A — 7|
doublet & LTHIISND, D/ A= nb, H2,H3 DAV VAL 3HZ TH Y |
FOMIENIIT T = 2 THDZ NG NnDd, ZO selective pulse DI/ NahEEFIFHIL 2
A, 3 fro7 v M AbFEY 7 e Ju TR LIZELLN—FH DT I 4 hv—27 OfLFEy
T RNEINN—FFHZ ENEETHD, Selective pulse & L TIET 7T ILOERMED W
re—burp ZfFEH L7=Y,
MAEMEEF V<AV v ~DIHHA

4. SIZET ) ~A DA VT 4 FEBD selective J-resolved-HMQC-1, -2 A
N7 MV EIRT, 28, 29 (LD m b AT T MEESE L TEY | highorder DA E
VROBBIZH D, ZO—RITENR AT "D, ZOTa b ONAKELE Y A— T
VAERDDHZ EIINEETH D, Selective J-resolved HMQC-1 A7 ~)LCiL, H28. H29
TRFOMMFET 7 FOALET 'J TREL 2 RICHp#T L, HiZ, v hor—7m hro
JRHTHEB LI m A0 —7 28T 5, Zud7 e b0 20-J-50fFo s n 2y —7
IZHRIGET D, Lant, BiBEZ 1 b H27,H30 A% decouple &N 572, H28,H29 (XA
doublet & LTHEIMISND, TLT, £OHKNE J,=15Hz BT 5, F£7z, HI2, HI3
DI AAE—=7IZBWTH, Jy-16Hz 28T 5, Z0fE%R, H28 & H29,H12 & H13 DB

— — ———
L g 41 2 e 3y e 2NN
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BITELIC R T U ADORBETHDH = &
DEGHRNT 5, .

5 T Selective—J-resolved ol )
HMQC-2 » A X7 K~ Vv & R T,
Selective J-resolved HMQC-1 CliL 7
B A —7 5 F2 il HATICEI S h
HDIZXF LT, Selective J-resolved
HMQC-2 Tif, Jo THE L=/ mAYE
— 713 46 AR L THI SN S, G
Selective J-resolved HMQC-1 {235\ ‘ 17
T, 7 RAE—27 PNER R E
B2 72 D % A& 1. Selective
J-resolved HMQC-2 ® X 51z, f1 il . -

Z/ B A= ERHEED LT C e
HETHD, 12 17— m—_ ‘H:_K:‘. ' ‘ g . )

T INQC B THE, timax 75 20msec  wmam— 2 S
i ToH D DKk L T Selective
J-resolved-HMQC £ T, BLHIF 2 & P “eThe
EURAERDORE IITIS LT, Fig.4 Selective J-resolved HMQC-1 of Monazomysin
ntlmax %  333msec(3Hz) 7» B IR
500msec (2Hz) < & U TR B L il
RINTR B, TDID, W@ =
D HMQC{EIZHL~T AT RV D S/N I
DIRTT 5, EEOWEIZY > T L
. 20 S/N OIET %8 L TRt ao = T
R ARET D 2 LAEETH D, Y LA N
FLo

FIRFE AL AW O STARE OB
WBWTIE, fAxD7a bRy
VHEETEBAEBRHET A ENEET Fig.5 Selective J-resolved HMQC-2 of Monazemysin
D, ZOFa hr—1a krOENTICIE homo—decoupling IEIL R WHETH D,
L2>L. 2D-NMR 5 TiX Z @ homo-decoupling L& EAL COMEIRETH DL, Z D
homo—decoupling JEIZ I B FikE s LT, selective pulse ZEATHZ ENEE|IC/A 5,
Selective J-resolved HMQC {51 high order spin RO+ & &, BigEn b %
decoupling L, ##72 7/ v A — 7 ZHML LT 2 RS2 5 2 L3 TE 218878 ik
ThHHZ EHB LT,
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"H-"N 2D solid-state NMR under very fast MAS:

A few minutes observation for a sample less than 1 pL.

OYusuke Nishiyamal, Yuki Endo', Takahiro Nemotol, Hiromichi Kurosuz, Hiroaki Utsumil,
Kazuo Yamauchi®, Katsuya Hioka', and Tetsuo Asakura’

'JEOL Ltd., 3-1-2 Musashino, Akishima, Tokyo 196-8558, Japan

ZDepartment of Clothing Environmental Science, Nara Women’s University, Nara 630-85006,
Japan

’Department of Biotechnology, Tokyo University of Agriculture and Technology, Tokyo
184-8588, Japan

Sensitivity and resolution enhancement of 'H detected "N HMQC NMR in the solid state at
very fast MAS rates with a 1 mm MAS rotor is presented. Very fast MAS enhances the 'H 75’
and efficiently decouples 'H-"N interactions. The Micro-coil contributes to sensitivity
enhancement via strong "N rf fields and high sensitivity per unit volume. 'H-""N HMQC
spectrum of glycine and glycyl-L-alanine at 70 kHz MAS are observed within few minutes
for a sample volume of 0.8 pL.

THRITITNENO2EIHOZEFNAARRH Y . &5 5 HNMR THIE AT HE A %
ThD, "NIZEHFT099.63%% L 8@\ KIRIEIELL 2 Hr o8 HERIZELI S R 5
FEEBEZLNTEE, ZHUIAE Y HNI=ITH Y . BEIRNMRIZI W TIE4 T Dsingle
quantum(SQ)ER N — R OB T AMEAIC L VY BEMHzO 4 — X — T m— R=7
THEDTHY WENMRIZBW TR RO 7 n— K= 735720 T
B %, . Bodenhausen® 7 /L— 75 L O'GanlZ L ¥ JHS712 B AN NMRJIE 23 #2242
ENT[1]. ZOREICENTIE, "NICBRET 5 2 2128 % AV THMQCIZ X 0 [
BEAIZ N NMR ALY MV AT 5, AR CiE, s eaEsic X 2 @E -
ey TR RE HAEL H/ N 20k oA BE [ AANMR 5 & 6 329~ 5 [2],

HOIHIIE80 kHzD B EHMAS % FH 451 mm MASY A7 A %BA% L7-[3], =
D &9 RINEOREHE -5 S 2 A L& AV IZMAS Y 2T A2 H/MN HMQC A <
7 MVERIET D E TS ESERFELNDH D, ) HOT, EMEHAEL 25, Zh
IXEHER T H)B L ORI (N T D RS & Ay fRfen ic o723 %, 2) MASIZ[H]
LT EFBIRELIT O RITTD AT MIVIENIAL 725, 3) HALKFESH 72 0 O
w25, 4) "NA~OBROBE IR T, 2R IME S &2 £ 5, 5) 'H/MNORE
O BAEL G T FEAER 2R LKW ET D2 LN T DEED M LIC272213 5,

%2314, 1 mm MAS. [E{ANMR

OlZLRE WIHrT, ALY WwHIE, Abe DA AT ULHARDL,
0K VDAHHE, REIDL TR, OB o, HS<b THOB
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(270 kHz DM i d B mEZ D b & THM L7227 ) 2 -L-7 7 = O'H/MN
HMQCA Y hv w3, JIEICE L2 REIL 2 53 Th 5 slBHATEIZ0.8 uLTH 5,
ZOXHICBEEREE WD Z L2 LY MEEE o S E AN EEL LT,

YN NMRIZ RN T ~UL 2 ABE L B9 N PR T A B3 & i U TR o
BWMEGEDLZENTED, YHIENT T RRHEEIZ LD & T R A~DISH I L
VEHEFEHE L "N NMROFHA S Y E2RET 5,

Figure 'H detected 'H/''N
_____._J\__.__,\__ HMQC spectrum of glycyl-L-alanine
under 70 kHz MAS. SQ coherences
were selected in the '*N dimension.
@ —=—= The spectrum was observed by JEOL
JINM-ECAS500 spectrometer operated
500 under 11.7 T equipped with JEOL 1

@ > mm CPMAS  probe.  Sixteen

Hundred-twenty-eight #; points were

ppm

chemical shift /

~1000- o

14,

observed. Two scans were performed
per each ¢; point with a relaxation

1500 time of 2 s. This is the smallest

20 e 10 it 0 number of scans required to select the
chemical snr m

PP "N SQ coherences. SR4% [4] was

applied during magnetization transfer period to recouple 'H-'*N dipolar interactions.

Projections on the 'H and "N dimensions and calculated slices are shown. Calculated spectra
was obtained using previously reported values [5].
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’H-decoupling-accelerated 'H spin diffusion in triplet-DNP

O Makoto Negoro!, Kenki Nakayama', Kenichiro Tateishi!, Akinori Kagawa!,
Kazuyuki Takeda?, and Masahiro Kitagawa'
Graduate School of Engineering Science, Osaka University
Graduate School of Science, Kyoto University

Abstract: In Dynamic Nuclear Polarization (DNP) experiments applied to organic solids,
efficient buildup of 'H polarization is attained by partially deuterating host material with ap-
propriate 'H concentration. In such a dilute 'H spin system, it is shown that the 'H spin
diffusion rate and thereby the buildup efficiency of 'H polarization can further be enhanced
by continually applying radiofrequency irradiation for deuterium decoupling during the DNP
process. The 'H spin diffusion coefficients are estimated from DNP repetition interval de-
pendence of the initial buildup rate of 'H polarization, and the result indicates that the spin
diffusion coefficient is enhanced by a factor of 2 compared to that without ?H decoupling.

BN (DNP) I3 T A E U RMZ A E VIS T L TRAE VO s iRiacikae
213 % 7T NMR 00D RKEZ IR T vy /y, B LEEZ T ENATRETH D (v, 8
R A Y V OEIEERLL, v B A Y OA AR, Bl IEH ICIEFICHIZED 39
HENTWVD [1], HADIZEL TWS DN =FEIHE 7 A ¥ 2 % O Iz 8% R
(triplet-DNP) | TlE. T Dy, /[y, DIRAZE# A & E R LAWATRET [2,3]. X THY
2L VHEERETDO TH AE Y DOESKEZ, 105K, 03 T FOBEHLIRAEICLENT, #
21 Jif B8 22 I LTWVS [4], £< D DNP EEBRTWEY > 7)ichaE F—
TUIT AT (7 V=5 IIVRNE Y ) DFETAE RN E T 7 A NI
D'HAENIBEN, ZOREL LR TH AE MDY T A AL ICX>THRA R
DTDHAE Y, ZUTHRONGRERS 3 TDHAEUANEIEN> TN EEZD
NTWV3, WNEYEOEEMINIGEIC, KA MIEZHTINCEKE LT 2 Lid,
triplet-DNP 721 T/ 7 U =T I )R WIHEKRD DNP T, WD m_EiEE OR)
RILICHANTHB T EHRENTNS [5,6]0 TDOEZD’HILENETESEHAE
VEOHEENES BT E, THAELEMEI DICKK%EZ>TLES>DT, TDH

Key Word: triplet-DNP, spin diffusion, 2D DQ decoupling
RTAX L, BORFITAZ, LTV LIFAVEAS, MbHEDD, 72FEhT
WE, TLENDEEIUVA
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(a) (b) tuning circuit cooling

10 mJ IS b o air
= O
—| [« 1us I A% quartz
- 1 tube
copper disk split .
laser — for matching coil ?Et'cal
- L | iber
\\I ;I \\__) l
microwave rectangular s
waveguide sample 1 T
collimator
field sweep L] st A lens
L U A -
goniometer— B, field
sweep coil TEO011 cylindrical cavity

1: (a) An ISE sequence. (b) A schematic diagram of a TE011 cylindrical cavity (Q=430) with a
field sweep coil and a split-type rf coil doubly-tuned at 'H (Q=12) and ?H spins (Q=2.7). Cooling air
was blown at the sample and the coil in order to prevent heating due to continual decoupling irradiation.

LRI EOEEDFETS 5 T EDEBRINTRENT WS [7], 7z, 2H-H X 1#
HIERAMNRAE AEROIES) 1 £ 75% H-- HBO 7 ) v 7’7oy Tk z ek d s &
. THAE R E SIS TETWVE EEZSNS, AZE T HLY
Y TIIEBWT, triplet-DNP OiHIUSHEKINC 2H 74y ) V7 Zffid T L TH AY
HLEOMEREE T, DNP ORI\ LIS T & ZHERITRT [8],

Y2 7INCIE 0.05 mol% X Xt R—"7"983%H (b p-7 )V 7 = =)V HifE A 0.40 mg
VSN, £TOIFERE 0.4 T O . il FTirbh iz, ZHIEBEFORMmZ %A
ENABA BTz D ik e LT 1(a) 1</~ ISE(Integrated Solid Effect) & FEIN 5 S —
7Y AW 9] Ak, <A 7 aEig, 2H T Ay T Y TR R UYL
MECTHRHTZ7HOFIEZRZK 1(b) IKRnd, TTTHWSENS if 1 )VIEALE Imm
TEEEEIC 30 [FEINTZEDT, H A YOHBEEBICHENT 1.2 WD AT
3 mT ORISR N ATRETH %, T D & E D 2H O Rabi &35 20 kHz TH 3,

X 2(a) 1T, ISE Z—[I72IF T 57212 100 pus Fi> TSNz Ty 7V TOA—E5 2R T,
T DESORIEE THARGEED 'H A E YO NMRES X O AR T, "H-"H [ER N 4H
FEADIEZ B L TV TH Y w FiRMEDN 5 DES, 3hbb, XU YND'H
MHDEETHDEEDNS, ISENLORGFEERRZEL LTV E, 2OXIvIT
I—(E5DOMEE-> TVE, WA YT aA—E5 TEIE NS RERES1EX 2(b)
IR KOICIRAICH A T Ko TORBIEEZIEHNEKD 'H A 50D NMR 8
. 9405, Hitp-TIVT 2 Z)VOKH 'THAMHDONMR 5 LEbNg, TDXKS
AR MVIEIRDZEIX, TDNP T A M3 FHD TH AE VA X T RE N, 2D
FIEE NI RO ER A S FANERLZICAE ERLTWS | EENBMEDMIELNT
ERBL TS, ZLT, TOAE YT O—F5ORFBRERMKFMEE 'H A ¥ HLEL
DHEIEXRDL TR EEZLNS, [FBRRICH T Ay V) TRz Tl & &
1T TWVRWVE ZDOZORFBRERMKIFEZ K 2(c) IcRd, TORRID2HT Y S
U VX > THEMC TH AE VIERDMEE SN TN D T EAVRENT,

X 3IC2H T 71w ) VT BITFOEND 20 ms DA~ Z—NUTISE Zf DR LIS
Ty TV IR LOEGETO HIREME_ LOMTFZ2/RT, Ty T T RiTo1
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(a) (b) (c)

1
) I g =
—T L Y(x/2) —I_/\\— S,
#\m H v interval: t L ?
C
Q
interval: e
t=10ms 100 ms 5 08
k=
[z}
o
ey
O
w
WJ% mw/\wun» Mﬂj\v.—vt—y =
s 0
50 0 -50 50 0 -50 50 0 -50 50 0 -50 0 05 1.0 15
[kHz] [kHz] interval [s]

2: (a) 'H NMR spectrum obtained with a magic echo sequence after a single-shot ISE sequence.
(b) 'H spectra obtained with a spin echo sequence after the single-shot ISE sequence. (c¢) The spin echo
signal intensities for various intervals between the ISE sequence and the start of the spin echo sequence
with (the filled circles and solid line) and without (the open circles and dotted line) 2H decoupling.

A LB S TR EREROEE NREV, L LEDS, Thy TV VT
HRSF D & & DRRREERMERIZIES R Lo & ZITHAREWY, K312, 50kHz A7 LY S
> ZADIEG N TORMG FOM 21T, TORRRTETAY T U IHEES, R
Y UMBUIEE S NV D T, BRALO L ELFEUCHEE TH -, miRFERMRI
FULVF VAR O E LR UTH>Tz, TNEOFR K O BB RBER O 1F
MRBIC K 2B L EZTKEZ S T, MFRAIC K> TH Y TIREN EA L, AEY
FETHRRIDMIEAE X NIRIRBE MR D LIz D EEZEZ TV 5, B X D IRINICR
ETEN., REIDERBEREM ETEZ EBDONED, CTHISBROBEELT B,
DNP RTDHTHY TV VT DRAE NEBEANDONRZ XD 1d> & 0D Rl 5 7zHic,
SCHK [3, 7] THINMENTWE Y I a L— 3 YV EDIIRIC K % A VHEBURBOPE %
110720 K4ICZFDY I 2 Lb— 3 K DRE 2 i Loy & 1> 2 —
INVIEERE & R € AEBUREBDOBIR 2 XD T EREHRKDEN TS, T LT, EBTHELN
XX IEaA 22—V TORMmE_EHEROTIAEE E X4 1R Uiz, TS =R
TBHTET, AVE=—INVHICH T hy TV Y T RIToI b ELiThbRVWEETDAR
Y AEBUREUE ~ 2.0 x 10718, ~ 1.0 x 1078 m?/s RO BNz, K> THTHY TV
VI K5 TDNP DAY VLEBURBD 2 5 L Lz 2 &b o7z,
AWFETIERY 22 R—=7"983%H At p-7 )V 7 = Z)VEFERICBWT 2 H T h v 7
1) 2% R T triplet-DNP 2179 T & TA Y VHLEDMEEET N, (RO EAILERE NS
DRI E NIz [8]e T D1k triplet-DNP 7213 T/ <, HALAEIC 7 ) —F Y
A1)V B—"T7"F Z29EKD DNP [6] I & HIREIGAIHETH %0 AWFZE T 2H (LY
YTIWTFDO'HAEVRICER LU G L TERD, O If IRFHC K > TAE VLR
EIET S WS avb T MIRRL B — A TE %, B2, A TR
BlF3 BCRPNDKER 72 DNP TI19 7 —ATH 5, TIN5 DOEMEIZERE RS
% )71 (67 »1BC, PN) ERHEMICRME 5 /5 (e ='H-BC, SNYyAH D, JiED
FINEKOMRNEIGEELH 5T EAMETNTNS [10], LAMLEDNS, ThHEDKA
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3: Buildup curves of 1H polarization by repeating 4: The initial buildup rate at various repeti-
ISE with an interval of 20 ms without 2H decoupling tion rates obtained with (triangles) and without
irradiation (open circles), with on-resonance *H de- (circles) 2H decoupling. Simulated data with
coupling irradiation (filled circles), and off-resonance various spin diffusion coefficients is also plot-
(+50 kHz) ZH decoupling irradiation (filled triangles). ted (solid lines).

YRR SRR L TR R B, £ 0D H AE V5O FHHEEH D
BT BC, PN A ALBUIFIERICEC DI K E>2TLE > TS, TOXI%RIKNT
. HT Ay ) TR ORFEYR L, BC. BN XK > ORI ok m Ea]
HETHAS, £ MAS MBI B TDAEYRTO BC, BN AV LB HEERIC
FHEEEN TV S, TOIRM FTO DARR IR T NS ZETHESE [11]. &0 BC,
SN A ¥ > Ofrifln g O mn EzEd 725 5,

AWFZEld CREST JST, FHFE (HrAifima). motinbtsefld i 7' v 7S LoE z
ZFTirbNiz, iz, EHEOHK &L AE—ESIE G-COE OEBZZIF T\ 5%,
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Towards a high temperature superconducting (HTS) NMR
spectrometer operated at 1.03GHz
—development of a 1.03GHz solid state NMR probe -
oYusuke Ebisawa ' , Toshiaki Higo ! , Masami Hosono 2 , Takashi Hase 3 s
Takayoshi Miyazaki 3, Teruaki Fujito *, Kazuhiko Yamada °, Tsukasa Kiyoshi 6,
Masato Takahashi 7, Toshio Yamazaki ’, Hideaki Maeda '/
"Yokohama City Univ. , 2 JEOL Ltd. , 3 Kobe Steel, Ltd. , *Probe Laboratory Inc. ,
> Tokyo Institute of Technology , ¢ NIMS , " RIKEN SSBC

Achieving a higher magnetic field is important for higher sensitivity, better resolution and for
solid state NMR. However, conventional low temperature superconductors (LTS) magnets are
incapable of generating beyond 1GHz (23.5T). This project replaces the innermost LTS coil of the
920 MHz NMR with an HTS coil for operation beyond 1GHz " . Unfortunately, the HTS coil is
incapable of persistent mode operation; and therefore an external current mode by a power supply is
required for the HTS, which causes current ripples resulting in modulated spectra. In this paper, we
have developed an external field-frequency lock system, continuously stabilizing such magnetic field
fluctuation as the Z° and Z' components; then we acquired excellent 2D spectra of amino acid
(L-isoleucine) with external lock operation at SOOMHz.

Based on this result, we started to develop a 1.03GHz solid state Be-'H NMR probe which

installed the external lock system. Solid state NMR measurement will be made in 2011.

1, &=
E{ANRTIX, WROGEBBAERENTH D, Hrid, RIBEBEEZHVIZEIGH,
(1. 03GHz) NMRY AT LOBAR &AM Lz, © E IIIETRNR & EANRICEHE & 5. 1
BEPE & U CriEiE AR s (HTS) & RIEAR (R (LTS) & A o 72HTS/LTS 500MHz NMR A T
LEBFE L, BEANREIEZ FE L7Z., MiREEEITKAEBRE— RTHERTER2N D,
SMTERD DEET— N CEliRT 5. Zo5E, SiRBEEROBIE (10°5~107%) LiMT
EROBREL (10°) X DBBEBEZT5. Bxl, ~A 27 1A ANREH W54
ey 7 VAT M X DG ENIC LY. AEREE (L-isoleucine) (ZOWTRAF2ZE
WIEARY M AT, BFIZZICHE-SX, 1.036Hz \MROE A7 v — 7 DBASE 4 Bith L7-.
T T, H2HiTH0MHz DA R A, H3EITL 03GHz e — T DR A RE T 5.
F—D—K: SHENMR, BISREL, sSEOvs
OAUSHhW3ITIH, VIELHZE, FFDFESH, [FEBFAL, FOSTELEMEL, HLETEHE,
PELHTUS, EEXLOME, MELFESE, PESEELE, FXALVTHE
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2, HTS/LTS 500MHz NMR (2 & %2R NMR 222 kb
2-1 EBRTE

R NR O T > 7 3 AT LA O A Fig. 1 IR
707 RO ERRIT D701, BC-H BEIRTm—TDMAS NV 7O ETFIC, e L
BR~A 7 aaf VEHRBEL, WHO~A7aa Lo FID 55 &Rkl v % TR H
WCHIE L7z, SO EEEE»S, Tu—7WICERE Lz 70,7 B MIE a1 VICiidE
JiZz PC THHL, 74— R 7Hd52 &2k 202 Faoss e+ s &
WTED. Fex 3RS, THv 2R (CHY) 2V IRV RO >
7 B ERER T, B3 A T % 0. 04ppm/25h (ZHIH C& 5 Z L &WE L=, SEIL "N PCTZ
~JUE T2 L-isoleucine DR D 1°C A7 b (Iscan) & 1y ZFHAIL, sMa v 2
\Z X DR OB EEREFM L. BaidkNEa AL E 0TS aA VICEE L
72 HTS/LTS 500MHz NMR Z A L, MAS Olel#s#k 14kHz, TPPM(Two Pulse Phase Modulation)
THy V7T MR FHllEIT 72 KIS, Se v 7 v AT LERAWTT b ainiz
L-isoleucine ¢ 2kt NMR #HHll (*C-'*C NOESY) %17\, KAEHET— K> LTS 500MHz
NMR CHEHHI L7z A7 v b bl L7z,

oG S00MHz Magnet
SF“m'.'er T Z0and 2 Compensalion coils
|
UPPY Feedback Control

Caompensation cumant
——

T e | D 0N
T——
T verter

T l |4___ Probe
Spactroscopy PC

5 Osc 1
i LA
] — Fraquency
AV SN
Switch Mixer BFF

Fig.1 A magnetic field stabilization system using two NMR microcoils and a frequency
counter for Z° and Z' magnetic field compensation. This system is worked as an external lock

system for solid state NMR using an external current mode NMR magnet.

2-2 RERRER L B

(1) SRR 500MHz (2 & 2 RSB e » 7 3Bk L-isoleucine IZDW T, NMR A3
VIR R & B DR TEE % Fig. 2 1T, FALEAL 16 FEEIZ 072 0 d#E L THFED A~
7 "VEFHAILT-. Fig. 2 [aliZdMifia v 7 200 20 EA T, E— 7 A0S A
1. 2ppm/15h (=10 "/h) &, ZAUIMERBIHLZEE 4WT- S v, —J5, [b] SMr v 7
BTG A O — 7 BB OBSEENT, 0.24ppm/21h (=10 ®/h) THD. ZIUTKA
BT — RO LTS fif (10 5/h) L RAREOREE @ ThY, miREBEENR TOMNER v
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JIXTEMTH D Z EREIES N T, AREEEZHWZRREOZRoE MR FHIC
TREATELDLEETHD.

Fig.2 A stacked plot of solid-state *C NMR for L-isoleucine measured in the external current
mode. [a] The spectrum was achieved without an external lock operation. [b] The spectrum was

achieved with an external lock. External lock continuously stabilized the magnetic field.

(2) 2D-NMR EH#: 8% E— K> HTS/LTS 500MHz NMR C L-isoleucine ¢ 2D-NMR ZH# (**C-13C
NOESY) 4T -7z, KAEIRE— RO LTS Wi TRIE L7 AT bvla]l &4MTm v 7 &
JCHIE L7z A2 tv[bl % Fig. 3 12" $. HIS/LTS THIE L7ZHEa D A~<7 hL(Fig. 3
(b 1E, BIHBEERANICR L ERBEICELD T, /A Xidel | BHE#MEMmZ 5 Z &0
TETCW5. Zhig, TFig 3 [al OKAERE— KO LTS 500Miz NMR THIE L7z A7 k
NV EFRFRBED AR MV ThD. U EORERNG, HIS/LTS MR A4 HWTE, &2
PR EREEATIC AV D 2 YT R NMR FHIAS T3 ATRECTH 5 = & 2 EFELT-.

[a] Col [b] | Cl

™~

p g |t‘
. L ! 11
¥ [ I Fl o
L) [] ]
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Fig.3 A 2D- C-""C NOESY spectra of uniformly *C and"°N labeled L-isoleucine (0.03mg).
Both spectra were acquired at a spinning speed of 14kHz, and the measuring time was 34min.
[a] In the case of LTS magnet at >°C NMR frequency of 125.7MHz. [b] In the case of HTS/LTS

magnet with external lock.

3, HTS/LTS 1.03GHz NMR FH  (BC-'H) [E{&~7 = —7 DB%

R 1. 03GHz  NMR (%, BUE WE - MEHFSHE ICRET Th 5.
4 13 HTS/LTS 500MHz NMR ZEBRDFRERN G, 7' fliriéts & Wl IE CX 24M8n v 7 v A
T L EEEH L7 1. 03GHz (BC-H) ER Y v — 7 2 BA% L7z, Rt HIEICESW T, MAS Y
Ty BTN e y 7 O L IR~ A 7 m a A )V R Z3EAE L, O T 2! BEAHIEH
DOMIEIANDEWERIT T2, ~A 72 af VLV NRZFa—7 D L FIckELZKE
Fig. 4lallznd. [bJIZ FIO~A 7 aaq i, [cliZ Ello~A 7 unaf O TH5.
P VE[ANESME 2. 5mm 2 L, MAS [EEREITAR K 30kHz TH 5.

HTS/LTS 1.03GHz NMR WA fibfét%, 2011 4RIZ NMR GHIABREET 2 FETH 5.

[a] [b] [c] [d]

Fig.4 [a] Microcoils are set in the upper and lower side of a MAS. [b] Microcoil in the lower

side. ; [c] Microcoil in the upper side. ; [d] 2.5mm of sample tube.

(235 3R]
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T.Yamazaki, H.Maeda; IEEE Transaction on Applied Superconductivity, 18 (2008) 860-863.
(2) Y.Yanagisawa, H.Nakagome, M.Hosono, M.Hamada, T.Kiyoshi, F.Hobo, M.Takahashi, T.Yamazaki,
and H.maeda; Towards beyond-1GHz solution NMR: internal 2H lock operation in external current

mode, J.Mag.Res.192, 2008, 329-337.
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Solid-state NMR structural study of Anabaena Sensory Rhodopsin
O Izuru Kawamura', Lichi Shiz, Kwang-Hwang Jung3, Leonid S. Brownz,
Vladimir Ladizhansky2
"Faculty of Engineering, Yokohama National University, Yokohama, Japan.
’Department of Physics and Biophysics Interdepartmental Group,
University of Guelph, Ontario, Canada.
Department of Life Science and Interdisciplinary Program of Integrated Biotechnology,

Sogang University, Seoul, Korea

Anabaena sensory rhodopsin (ASR) is a retinal-binding seven-helical transmembrane protein
discovered in a photosynthetic cyanobacterium, Anabaena. Here, we show 3D chemical shift
correlation and H/D exchange measurement on U-"C, U-"N labeled ASR sample in the
native-like lipid environment by solid-state NMR. We report backbone and side chain
assignments for the transmembrane and the loop regions, analysis of secondary structure,
protonation states and hydrogen-bonding strength of many polar amino acid residues. H/D
exchange pattern strongly suggests that ASR is located asymmetrically relative to the lipid
bilayer, with the cytoplasmic part being more exposed to the solvent.

(-]

7 F_Ft oYY —n R (Anabaena Sensory Rhodopsin: ASR)IZE IEAHE D
T IR T YV THTRAEINZ VT — 2RO STARRE @R % o XU E T
HY | HERDT=DDNIHERY 7 EORBGEICEG T2 —LEX D
NTW5D, TOMERBZMT 720121, LT F— AR M bic k208
DIEEZLLRCFEMNED N T VAT a—Y—2 X E L OMAERR EEZTHRD Y
ERBH D, £, T E TIZGuelph KEFEDHFIE 7 /L— 7 1%, BURE S CHE b 23 i h»
NTWARWEEEME RO 7 a7 4 a R 72 2 (PRICK L TR Tt EIANMREE
ZHEAL ALY 7 FoIREEZ L LI LT, ZOLVFF—EES X o7 B oEEE
WA OLIZ L TERLL 2], AL TIX. ASROEEERBLA 1 =X LZHLNITT S
T2 DB L UCL 3R TTEENMRIBIEC L 5 PC, PN — =7 ASRONMRIE 57
JB& L H/IDZH D TR Z ATV, MR CORESS M AR m o — 2T L7z,

EANMR, LFF—AfESZ 08, VT FATHA AL R

O nbleb WD, VHE L, <2bA-SbbbA Lvh, NBIZ—L 55954,
ILLH—DH BLLRATE—
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[32BR] KJIHHEBL21 RILERICHis-Tagff IMASRD 7T A X R &2 E#aH L, MO/
TU-C, PNIHE#ASR 2 B S ¥ 7=, BEROERE, ##:% o B % 2 DDM
(n-dodecyl-B-maltoside) THI¥AL L. Ni-NTA agaroselZfii & S, [U-"C, "NJ=#EASR
ZFER L72, D3\ TDMPC:DMPA=9:1DEIG TR L2V R Y — Ao, #3708
JEE=1:20(F /L EL)DE A C R AL L 32 mm®D P 3 =T EEME ISR mgD Z N
G NyX 7 Uiz, NMRHEIZEIZIE, Bruker Avance 111 800 MHz® 53 %% C3.2 mm
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ID "N NMR A2 LB BCHIBI A7 bL7e vt | RIS SR L 7ZASR
[ZOW TR E R O R AL BT 5 L F T — /L OREE, F87 I FE#£ DN NMR
{55 AliphaticfEi5 D °C NMRIF 5 D4yl /e & % 5l L 7=, S8R 72 (RBCE R O
E230.5 ppmiE E DR L BEEL 72 A7 FABNELI, 723 v 7HEED N NMRIE 5
o LFF— VIR Al-trans™ L OBEJED % & > TV D728, KEIEICIKAE D ASRITAH: D
TH—MoEW TV THDLZ ENbroT-, D 3WT, 3D CONCA, NCOCX,
NCACXHE #T 7=, FREMBIOEENOAE U REHEE L, FAEVVREA
T, EERBE AR AT, TORE, S TIEEE S TOWZRVBC/LV— Ik %
IZUHE LT, ASROEEBFEIICE WV TEB L Z80%D 7T 2/ Iik i W T E =5
JRIBEITO Z N T,
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EMIRIB S Tz,
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LU SEEANMRIIEC & 0 IFEEEE T DASRIZ SV TE < OfF B8 & Hiiig
ﬁ%ﬁi_kﬁ?%toé@mﬁﬁi\ﬁéﬁﬁ BB 4 o 80 B FE BRI A
5= XA%&U%®%A Mo TVD L SNBAEIED N T Y AT a—HP— LD
HE B AR FIENT I 601 C 00 LA 7R SR & 72 o 77,
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Structural analysis of the protofibrils of amyloid B-protein using solid-state
NMR

OTakashi Doi', Yuichi Masuda', Kazuyuki Takeda', Kazuhiro Irie?, and K. Takegoshil
'Graduate School of Science, Kyoto University, Kyoto, Japan. *Graduate School of
Agriculture, Kyoto University, Kyoto, Japan.

Alzheimer’s disease (AD) is caused by abnormal deposition of 42-residue amyloid
B-protein (AP42) in the brain. In the process of fibrillation, AB42 takes the form of an
oligomer intermediate, which shows stronger neurotoxicity and is thus believed to play a
crucial role in the pathogenesis of AD. To elucidate the supramolecular structure of the
AB42 protofibrils, a kind of soluble oligomers, intermolecular proximity of the Ala-21
residues in the APB42 protofibrils was studied by BC-1C rotational resonance experiments in
the solid state. Unlike the AP42 fibrils, no intermolecular *C-">C correlation was found in
the AP42 protofibrils. This result suggests that there is no intermolecular parallel B-sheet in
the AB42 protofibrils.

[IZLoic]

T nA <~ —9p (Alzheimer’s disease : AD) DIFRKMETH D RFEHOT I A
KB #7327 (amyloid B-protein : AB42) 1%, #EET 5 Z LI L0 mhifiaEME 2 R~
T, AP DEEFHKRTH LAY T~v—iF, T/ ~v— (HEK) 747V (B
EIR) TR THEMED ENIC w:&#% ADIZE T DM E O ARIR L & 2
%nfwéoAm2®747)wﬂm DFREAT B-v— MEENEETHDLH Z &
DS TVBMEN ;) T<w— Té > B-— FOFEIIH LM EINT
VRV, Walsh D id, 7Vl 7 v~ ]\7774 2D, E4-10 nm. £ Z 200 nm
BEOREEA Y I~—Thbs7u b7 4 7V LEZRHLTWAEL A#fseTix
AB42 DAV I~ — TRkt & R 2 HA T, AB42 71 b7 0 7 U VIZEIT 55 %
W4T B-3— M1 D4 M %A Rotational Resonance (R2) %% HVNCTHRGE L 7=,

[Pl L7-AB42 ¥ o 7 L i)

AB42 7 4 7V U THFAT -3 — FEIRICE £ T D Ala-21 & PCHEqE
L7=AB42 AL E R LTz, R2IETIE, 2 5oDPCE— 2 D% 7 F 7% & MASHE %
HFOEDLZEICLo T, M FHAEREZEIESE S, AT, Ik iT 5
BAGAFAAAEH ZR2 &2 AW CTEBIIT 5720, Ala-21 OCOD % BCHEGE L 72 AB42
L. Co DHEBCHEEFR LTI-AB42 % 1:1 TIRA L (Fig. 1) .

¥—U—F: 7IaAf KBF /7, T7a b7 47 UL, SRR I—Fh

SRR OLWERLL, 7250 G, LIFENTYE, WO XhTOAH,
JZLE Loy
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Fig. 1. Amino acid sequence of °C labeled Ap42. Fig. 2. A pulse sequence of 1D R2 experiment

with chemical shift filter.

MR 72 AR OFE R, 50 mM CH;COONH, (pH 7.4) H1Z3W\N T 37°C T 5 Ifi A
VX aR—varTHE, a7 4T UNDERER KL S DI ER DT,
INESVER v~ 87T T 40— TR, EOITIRIRZE TR - BT
BSET, AP 7 b7 4 7 UL (IR 2.6 mg) & FHH L7z, CH;COONH /A |34
FEVEREE IR 72 D T WG OB A OIS H ®ITD 720, — K, O AR42
Wi 31 CTAS A ¥ a_X—2 g v Lo b O & Dkl S8, J0B % £ i
LT, A2 747 UV (& 1.9mg) ZFHR L7,

[ty 7 7 o V% —% H\Wi-—%kot R2 F5r]

PRAFFHEAERIC X DB OA A BT 572D, Fig. 2 D/XVAL—7 T
A& HWT—RITR2 EBpEIT 72, AMETIZCPO#E, PCOL PCanfby 7 h 3%
ZFH L TRCODALD A A5 L, mixing time (1) DORICR2 12X - TRCON55C,
~BEh L7t 28 L7,

AB42 7 4 T U D —IER2 FEBRTIL, PCON B PCoy ~DRH LB B ML S 7z

(Fig. 3A) . PCO& PC, 05 T-HIBHED T &\ D A RIOFEROFEMIL, Ap42 7+
TV IVDAla21 BT B-— FEER L TWAD &) ZE TOHRE & —F
LTW5, —J, 78 b7 ¢ 7 Y /L Cldmixing time 100 ms T & °C, 3 7 F /LB &
Nieho7= (Fig. 3B) . R2 Tl 6ALINDPC-PCRi 0 Bti-F AAEH Bl TE 5 2
END L ARERITZABL2 71 b7 4 T VARG RIAT B-2— RN ETERL L TR,
DTS TFRIEAT B->— FETEHE L T A T OEMNERITE ZR2WEED RN
LERIBELTWD, ZOFRENS T 1 b7 4 7V VOFEKERRIZIE, 7 B-v— b
HEEICR T DAKRFEREA LS OMAEIER (BUKMEMREIER., BRAOMEIERZ: L) 2B
HBLTWAHREMEREZ BN D,

Ee]feﬁnc?& A ; A21-CO A21-C,
orimoto . et al

’ A21-CO A21-C
(2004), J. Biol. Chem. 279, A) ®) ¢
52781-52788.
[2] Antzutkin, O. N. ef al.
(2002), Biochemistry 41,

15436-15450. TT03ms T=05ms
[3] Walsh, D. M. et dl.
(1997), J. Biol. Chem. 272,
22364-22372. T=100 ms =100 ms
T T T T T T T T T T T T T T T T T T
200 150 100 50 0 200 150 100 50 0
Chemical Shift/ppm Chemical Shift/ppm

Fig. 3. '"C 1D R2 spectra of AB42 fibrils (A) and protofibrils (B).
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Dynamic Structural Analysis of Halobacterial Transducer Transmembrane
Protein, pHtrII by Solid-State NMR Spectral Simulations

OKeisuke Ikeda', Ayako Egawa', Tomoshi Kameda®, Kokoro Hayashi3 , Chojiro Kojimal’3 ,
Hideo Akutsu' and Toshimichi Fujiwara'

! Institute for Protein Research, Osaka University

ZComputational Biology Research Center, AIST

’ Graduate school of Biological Sciences, NAIST

The negative phototaxis of N. pharaonis halobacteria is triggered by the light activation of
phoborhodopsin ppR. A transducer protein, pHtrll forms a complex with ppR on cell
membranes. The structural change of ppR induced by photoirradiation is thought to be
transmitted through the transmembrane helices and the membrane-adjacent HAMP domain of
pHtrll to the cytoplasmic catalytic domain. However, little is known about the structure and
dynamics of pHtrll. Here, we have investigated the structures and dynamics of a 159-residue
fragment of pHtrll in DMPC bilayers by the solid-state NMR measurements, the spectral
calculations and the molecular dynamics simulations. The BeBe spin diffusion and
HCC-FLOPSY spectra were used to identify the rigid/mobile region and the secondary
structures of the protein.

(Fram] = B LR N, pharaonisiZBAOENMZ T, ZHud, MlaKcd s 7+ K=
K7 v ppROFFNR I Z 5T 5, —#HO T 7T REREZ I LTl Z 2 E+E
— X —DEZL D LD THD, pRIGHEK ETCR T VAT a—H—X 7 'g
pHtrllE S EEREZR L TV D, pHtrllIEHIZ X D ppROIEZ L A 525 L, il
NOfE K A A Z2IEMAL T 2 E CTCRRICY 7TV inz b, pHtrIDOEE @~V
v 7 AGEIR & R N A A 2 ORITIZHAMP K A A > & FREN DR AF ST FEIR N B D |
IRV T FIMMBRICEBE KRB ZH L TWDZERHLNER>TND, L.,
F DM NIREEB L O T T IRED A = X LNIRHATH 5,

Fox ik, BEEMEMFEE EHAMP R A A 2 ST Htrll7 7 7 A > b, pHtrll (1-159) O
WL AF I 7 ZEPSNIT B2, MASEERNRAIE, 227 MLEHER LT
) SR T T 24T o T
BEANMR, A7 ML I alb—ay, WA 0E

OWIT T WT T, 2030, e bL, IIXLIZAH, ZLEHroLAH
2, HIHOOTE, SLbbeLAb
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[F¥E]7C, "N — Ak Il (1-159) & FH A H 2 KAGE R BRI L 0 58 - i |
DMPC U 7R Y — BN HAERL 21TV, 3B 2 1572, NMRIIE 12 15600MHz, 700MHz MAS[E {ANMR
BEE A -, ZRIEPC-C dipolar spin diffusion A7 ML BILOIFEEICL D
HCC-FLOPSY A7 MV ZJIE L, TIEINL 237 G OIEE MO Gl 5 72 e ek &
EEWEDNEW T LR L AREE A Lo, ditrIO S T8 153 B L e T L
FEEVER T 1 XCHARMMES X paraml19 /135 % AV =, F£ 7=, implicit membrane model %
FAWTIRE R 2 HE Lz, RGN D O ALY FLVEHRE T, SHIFTXIZ L 5 47
ST FTRICHLC)BIORAE U H A F 7 AESLEFHREFR AT T2,
R - BE] pHtrll (1-159) O KBRS 21T 5 72D, 7' r— 7 R EIRE-607C, &
A HE25. 6 msTRC-"C spin diffusionZ-X2 MAZHIE LTz, = OEKESEIZ, #
VR DYEE) &5 I L, TR TOEREICO 1G5 OB E TR D, 2.
ZORARHETIE 1 ~ 2 A EREOEMIC R SHLBENE -V, 2 kv bR
BECIXIZE A LRI SR, CC AT ML EDFK 7 1 A — 7 1 3IET N TOER
WOMBE—27 TH O, D7 I Ly 7 MEITEAE O R[FTNERE (73 /BO
PR EH T HA) ITIRIFLCW D, DF D T DAY R pHtrIlO 7% FL R R
R G RESATNS, L, E—27 OJEiE L (~1.5 ppm) IR T 54—
N—T o TINRIERE RN G H ORE L EEHROBSZREIC L Tnb, £IZ T,
Fxlid, AT MLy Iab—va iy, dEMEET T s FERIC-C
ARY N VEFJE TR T DA ORI A R T, T OREE, pHtrIIOHAMP R A A
NE20oDANY T AR T LR T AN —TF TERNTWVWAESEL > TNA D
EWTRBEE T, ZiUE, THETITHE STV AESREROFE RS, FER T X
VRIBOREEL I —E LTS, Fio, HAMP KA A 2 #E < CREIRICA~Y v 7
ZREEN R S, 2T, pHtrII (100-159) DEHENMREBRFE & —& L T\ 5,

e T, pHErIT(1-159) O TEE DR W Z FET 2720, 71— 7 R EIRE
-10°C CDspin diffusion A7 RV OFEHT 24T > 72, —60°C THIE SNz AT ML
EHEET D L Y — 7 OERNA LI, TAVTEEMENEE R U I S D 7
bEEZONT, I T, BFEEMHISNAERAZNEL Ty Ialb—T g AR
MVEAERL L, ER AT bV & DENR/IMET 5 XL O BREIORE AT 7-, £D
fEE, pHtrlTDOBEETRA~Y » 7 22Nz, BOEEF305% KRR . FEICHAMP K A A DN
KMONY v 7 2% ETFERIEORNEEENHA LN E o7,

— 05, EEWED @RI DG F A2 BT 5 728, HCC-FLOPSY A~ R LVHIE 21T -

72 "I0CHOARY MV EIZEZEDOEZFEZBAIL, 7 /BLLVTRBEZITY 2 &
NTE, FEEEENKENT X /BRI, BFEWIA» DN -EIRIc 2 < FEL T
BV, -10°CTPhspin diffusionFEhk & FJ&F LARAWERNELNTZ, £/, ¥ I
V7 MEDEHTIN G, NV v 7 AT 2 KA, VR TTHEE DR D VTV D ATEEMEN
TR X T,
(R3] AMFZe CHe & 13, I8E I o ptrll (1-159) O Rk L ONESPE 2 5% 5L
LUV T BN L, £, ARBFFECTRR Lofifrikid, C, "N¥—Eilk & v 3
BB DR FRRE 72 [EARNMR 2 27 R L7 B DSR2 o a3 L OV o @hrokE
SR ~DOFNH 2 [l T %, A%, ppoREpHtrIIOFH AEAEM | S - EEE O SRR
WK DEACERIETIHENTTHZ 82K, VT T NVREDO AT =ALIZHD Z ENRT
THLEEZ TNV,
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Stable isotope labeling of model peptides for local structure of spider
dragline silk and the structural analysis using solid- state NMR

OYuya Satoh', Yasumoto Nakazawa” and Tetsuo Asakura'

' Department of Biotechnology, Tokyo University of Agriculture and Technology,Japan
’Nature and Science Museum, Tokyo University of Agriculture and Technology,Japan

Spider dragline silk is well-known as the strongest natural fiber and it is interesting to clarify
the origin on the basis of the structure in the solid state. We synthesized several model
peptides of the spider silk with different e labeling sites and C CP/MAS NMR analysis
was performed by conformation-dependent chemical shifts. Especially, the conformations of
Gly and Ala residues in the different sites of Gly rich-region and the conformational changes
by stretching and pH changes were monitored by C CP/MAS NMR. The stretching was
performed for poly(vinyl alcohol) membranes containing these model peptides as a mimic of
spider dragline. The MD simulation of the peptide sequence in water under stretching was
also performed to examine the structural change.

g3 = N == N-terminal===
[ﬁ% = ] 7 + ﬁ’é % I ;é 6i3€‘§$¢ﬁ"ﬁﬁ sGAG AAAAAA GGAGQGGYGGLGGQGAGQGGYGG LGGQGAGQ

< B =N e =n GAG AAAAAAA GGAGQGGYGGLGSQGAGRGGQ
2 EP Tﬂi ?6 1= 6§E T & 7 f,ﬁ 'Ej‘ré GAG AAAAAAAGGAGQGGYGGLGNQGAGR GGQ

L ¢ = GAG AAAAAA GGAGQGGYGGLGGQGAGQGGYGGLGSQGAGRGGLGGQ
Hb;ﬁﬁ;ﬁ% & = bﬂ( v %) ° 7 + % GAG AAAAAAAGGAGQGGLGGQGAGQ

SIAREMRT 5 EBRS /8T AAAAAAA GOAGGGOYGGLONGOAGRGGG ++-Crtorminal
B . MaSpl (Major Ampullate

Spidroin 1)IE, BElFIHIZ AlaisE$H7H
ik & Gly richfBI O L < RFSNT-ETF— 7 B30 IRE N TV 5 (Fig.), 2N E T, Ala
LG REIE OO R | 2 A TB-sheethid & & C & 7223, Gly richfEl OREEIZ DWW TR
TERE SN TR, ZOFBO—2/%, 1ERkD 7 EELRIZET HREEITIEN, #
SIBEHE T E LT TRbh TE iy, REEOBEEN s TLE
W RICT R R TH - T H RATEE S — R E OB K-> TR D S AR
TERWZ &, —F ., BT UELEW TR Z ERIMAR 7 S X > TRpTEED
HERIIEONDLOD, —ITHEE LTHELNDIDT, ZENAKRRTIT2 S T
SOpHEGIZ L AREEZR L E I I v 7 TE VW LICERT S EEZ X HNS,

Z 2T, ARBFETIX, MaSpl O—RigEZ b &12, BIRINT XNV E(TRSTZET
WARTF R a2 B KRG TIREE T2 BT 5 SER-CpHELIZ X 5 7 E#EF (D
a2 EANMRZ 2 W CTHEdT 5 2 L 2 I E LT,

Fig. 1 The primary structure of Nephila Clavipes MaSp1

7E®FEG KR, R T T = EIENMR

OZLIHIPHIR, BNEOXTHE, HS<HTOEB
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[5£B]  ()DRFITIFAlE ST R 2 [3-PCAIa T, (b)DEIFITIEGly rich#ifizd3
SO E % [3-PClAla[1-BCIGly TRCH 7 VT~ LT=EF A7 F K% Fmoc[E A
BB LV ER LTz, W, (B)s THGA LS A, KEMEETE Lz,

(a) (E)4GGLGGQGAGAA|3-"°CIAAAAGGAGQGGYGG(E),

(b) AG":(E)4(A)sGG[3-"°C]A[1-"°C]GQGGYGGLGSQGAGRGGLGGQGAG(A)s(E)4
A%G?"(E)4(A)sGGAGQGGYGGLGSQG[3-°C]A[1-°CIGRGGLGGQGAG(A)s(E)4
A*G:(E)4(A)sGGAGQGGYGGLGSQGAGRGGLGGQG[3-"*C]A[1-"°C]G(A)6(E)s

HRME(L AT 7 L I SRR L PR % | fkHE L £ 7 LV IR AL (£ 7 VT F R
EHTRY E=AT AT —/LPVA)7 A LA EIEM) 7B TR ILEE 2170,
BC CP/MAS NMR JIE #1T > 72 ALY 7 b O “IRIEE RN b RS2 2 W
Pl7, £/, MD ¥R =2 b—3 3 2L - T, KRIFLE F T L7ZIRFDGly rich 78
WD RS b A ET L, FERIRE R & bz L7z,

[}/ﬁ:’:% . A:%‘f;—lg /\070% }\\/PVA 4 A VAN 72 AR AAAAAA GG GGV EGLES G AT GREGE LD A GAL A ALK,

TERRT % & AlafEdEix, AlaLIsME, — i i
. B-sheet & 72 5 JEMULER 21T 5 & . C o & [l f i SR\ Ew
IZHTUVNAS 5% 5L T B-sheet 4818 B 2y 7350% — e S N AN
ECHMUTZ, —H, N BHCEOAD BL o e fin om0 ~'\
Ot DA B CITEMICHE ) s O AN D/ N
LI/ &0y, f - e

gt O o e
o, BV FILIMER 24T S & Ala Higy o _..ﬁf'f\ﬁ.k.q_ i, \NOE
FEI CEIFIZB-sheet Rk &1, C MiiC ' e =
i&b \A36 Zi%%&\ij‘l\*’cﬁ_sheet *%iﬂai k foc é o TEMAAAANAGHEAG MGG Y GGLAGS QG AGT RGGLO GG ATY A4 4 A% ME],

SHIT, N BISEVAT TS, R0, P
B-sheet IEASMINT B, kDA 7 . |
T MEEIT ISV, ZRODRERIT, o o o e
AlaHEGBENL A B-sheet #iER L IR, BrIC . o) i
A% Bfkidp-sheet HEIEICBRZIAFRG L T T S o
TEERLTNG, Ko JEMATR T Gly R g e |
rich #7133 -helix FOFBRAMIEEZ L b ¢ A S

AN AN 3F SYIEVN

—J7. GlyF&XEix, M7 5 TNTEEYE  Fig. 2 °C CPIMAS spectra (Ala CB region) of peptide/PVA
FULBLERIT £ »C. GHGYCT o 4 Timbeloreand after streiching,
A NERED, G TIEB-sheetlEE SN L7z, D K 5 ICCHHTUTL VR HE D3 -sheeth
HEa & DT VMEANFALFR OGS & —ET 5,

MD 3 3 =2 b—3 g U OfERIE, EHICHED, Ala”, Ala®*138E07> 2 p-sheet 23 BN
FTHDIH L, A I DB-sheet DIMOEIRIZT LV E LWHBP N H Y . XTF R
[PVA 7 4 v 5DIEMIZ L 5 R OFER & —H LTz,

(RN IR — 80, BV RS EPESE BRI JE s v 2 —A /=3 2 A R

HIRFFEHEEE S 2E 70 © DN R A R HR BLBEAR Je i s H I o A B 90T - B ERBR F3EIC L 0 &
it ATz,
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Inter-molecular structures of alanine oligopeptides studied by solid-state
NMR

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

2 JEOL Ltd.Japan

The analytical methods to determine the inter-molecular structures of alanine oligopeptides in
the solid state were developed on the basis of "H-'H spin diffusion NMR experiment, >C-""N
inter-molecular REDOR observations, X-ray diffraction powder pattern and 'H NMR
chemical shift data together with the semi-empirical '"H chemical shift calculations. The
co-ordinates of (Ala)s with anti-parallel (AP)B-sheet structure determined by single-crystal
X-ray diffraction analysis were used to examine this analytical method. Then the methods
were applied to analyze (Ala); with parallel B-sheet structure, and difference in the
inter-molecular structures between (Ala)s and (Ala); although both are AP B-sheet structures.

[#5]

7 BHEGRLBRO—FEO T U BRI EORSREIIL T T = v EBE D D
720 | B-sheet i E AR LT D, F7o, 7 uA Rilifodich, 77 = #HE
1A% B-sheet MG AT D L 51270, BET DL ETRIET D2 HOBFEL T
Do ZOXINT, WHESY LR BHROT T = B, MRETERICE L CEE e
TR EWR S TOWDAEAEN S 2B 5,

Fexlx, ZNET, Bsheet ELHT O —HDOT 7= F U IXTF RZHONT,
[ & NMR HEIEMRIT 2170, 2 FRIBEESHE & L bic, K&+ 52 L&A
LT&E 7, ZOMESCEOEML, TNEEHTDHH R EOYIECHEREIC K & 72
WEZKFTOT, 200 TRBEZFMICRFT2 2 1%, MO TEETHD,

AHFZECIL, "H-"H spin-diffusion HI7E, "C-"N Z>¥[# REDOR JI7E ¥R X HHE,
HARERA) 'THNMR L5237 bR LG LN 5 0 FREEHRE 2 A EbE T, 7
T =AU INTF R(Ala), (Ala)s B LK Y (Ala), (I22OW T, o TRt EE T L OVERK
ATl olc, 7EEG R E =) BABHEORESEIX, FIT, (Ala)s 38 LV (Ala), Th
DI, BB OWIET — 2 13(Ala); LR THDH DT, (Ala), ZELYD LT 7=,

A NMR, > fiiEE, 77 =40 aX7F K

ODDIZIZL AT, TFED5, HEEIHIVA, ITLLED I T, Okrh
O, HE<HTHE
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[55k] Fmoc [EFR~7'F FERIEZLZ VT, (Ala)yn=4,6,7,12)% & ||

BT % & & bIT 47 REDOR MIE D= HIc eI Be, T
BN~ LT T=04 ) SXFF Real Lz, R X fE ——
PrflEZ2 T2, V7 =7, DASH Z WV TR e e i e e
S L7, KFEAR NMR ORIEIL Bruker Avance 400 £ 7-1% JEOL st :
ECX400 % i\ TTF72 7=, 'H-'H spin-diffusion JI%E & Z D E A | T
Ty T N—=T DY alb—ra s bNERBR T 7 i ]| A
BafTiR o7, TRLOMEREIC, S 512 MOPAC2009 3H5L%1T  © =~

W, DG E T LV OERL A T - T, Fig.1 X-ray diffraction powder patterns of alanine

oligopeptides (obsd) and poly-alanine (cald) with
AP B-sheet.

u

[ R 1 (Ala)y DI FAT(AP)B-sheet HEIE DSR2 Bl S [ sesan
X BHEERRITIC & > TROT-O T, ZREHDTEOM & W
W FED S VEZREE LT, MEREND(Ala), DFAT (P) ::: &
B-sheet HEi# 72 5 ONC (Ala)s 35 £ UN(Ala); O APP-sheet 1§ 7 0 i
RS & Z OfNT FIE TRETT << ST HE s
A L7, Figl 13, (Ala)y, APB-sheet HEIGORIR X [l Beampuon of B et
#REHT % —2 T D, (Ala);(Ala), IX poly-alanine  (Ala); by REDOR experiment.
APB-sheet &G DFFH/ X — N2 < (Ala)s(Ala)s ()
DOGHERRD N0 D, ' .
Z 2 TClE. (Ala) 12B39 % NMR HEEEHRO—E ﬁé’ I :’-3? :
%7 L7, 4y 7 PC->N REDOR I 21772\ i :
BEE % 13 72, (Ala)s[3-"ClAla*(Ala)y 72 5 Orje D e o

(Ala),[°N]Ala*Ala), & 1:3 DR TRA L7-itkh | . { bt G4

SNT, EEITIMERE L& LT Fig2 (TR e 20

L. 2 LT, 5k X BESTRE D b b i | R | I
::ll

BE A MR D 2 & T, 7 75 mEE T LV EAE  pee)
L7z, ZOFETIUE, (Ala) O APP-sheet ffiEE |\ o
sheet [F] DIFIEDN T2 5, | _ } A,
& 512, (Ala); (22U T, 'H-'H spin-diffusion gy, 5 (o)'H-H spin-diffusion specira of (Al at
RH— > DRIE %, mixing time % 28k ST ggi.i?ffulsﬁﬁi mixing ;gfw(:gfgfzfg:anve H-H
1TV, BNV NT v T h—T2ER LTI, =D
VX ab—va VEEIZ T(Ala), SN 2 E D 7=, (Ala)s D PB-sheet ff1E 72 & TNT
(Ala)s ® APP-sheet #i&E 2OV T b [AEED FE CTT 2 D 7=,

Wi, ABFGEIL 80, SRR RN SR v 2 — A ) = a VRIS
WFFEHEEE S ZE PRk 20-22 4R FE) | Bearse & adiBha  JEpESE S GRER = 18105007 ;
WARR 18-22 4RFE) 7 & QNS R A HAN R B S STt s R s T L9 - BRARBRFE 3 (SRR
20-22 ARFE) |2 X0 SEE STz,
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Analysis of structure and orientation of melittin bound to membrane by
solid state "0 NMR

OYugo Tasei', Kazuhiko Yamadaz, Izuru Kawamura' and Akira Naito'

! Graduate School of Engineering, Yokohama National University, Japan

’Department of Chemistry and Materials Science Graduate School of Science and
Engineering, Tokyo Institute of Technology, Japan.

Melittin is a main component of Apis mellifera’s honeybee venom, and binds strongly to
membrane. Morphological change of 1,2-dimyristoyl-sn-glycero-3-phosphocholine (DMPC)
bilayers containing melittin occur around the gel-to-liquid crystalline phase transition
temperture (7c). When temperature is above the 7¢, giant vesicles are formed in the
melittin-DMPC bilayers. When temperature is below the 7 giant vesicles are disrupted to
form small particles. When temperature is above the 7¢, DMPC bilayer have magnetically
aligned along the static magmetic field. In this study, ['’O]Trp'’-melittin is synthesized to
observe 'O NMR for the melittin bound to membrane. ’O NMR of [O]Trp"-melittin
powder has provided with 7.3MHz and 0.6 for quadrupole coupling constant (C,) and
asymmetry parameter (1q) , respectively. We will discuss on the analysis of '"O NMR signal
for membrane bound melittin in this conference.

g

AU F N3 Apis melliferaD R D F 453 T Y HEEEDOS0% % SO 5, — kIS
X Gly-Ile-Gly-Ala-Val-Leu-Lys-Val-Leu-Thr-Thr-Gly-Leu-Pro-Ala-Leu-Ile-Ser-Trp-Ile-Lys
-Arg-Lys-Arg-GIn-GInT®H ¥ | 267 X / kI bl D TN TF FTHDH, AV
FAATERBEE T Y VIREET VIR L RS L, WIS EALERE AL A A4 F
¥ REEZE O EBLEIEEEZ b D, IO )L - IREFHESR SR (Te) £ 0 ARV R
TS W RIS & 0 /NS 22 W A 3R L O REE TSRS RS & v B 72
BN Z TR T 5, AP NMREIED S Tek W EWIRE IS W TIE, B RS 7
MUZEM L, S BICRICHE S L2 A Y F o B S bGIZE M LR E #o-~Y v 7 A4
WAL DAY 7 AENIEERIC S U O TR E D Y THEESR) L T\Wd Z R
SN ST[1][2]e 2D LI A FUoRn LS « SWHEMEEZH SN T 5
728, RO NMRA S WA F-FH AR &ALy 7 MEEEREfRITL, AU F 0
s S R OB T 2 T 5 Z L 2 AR L LTz,

EA"O NMR, PHEFFHEERH, AU F v

OBV S Z, REENLTOZ, bbb\ T'5, RNEHIHEH
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Fmoc [EFH1EZ FIWTH LRI L4 70 188 L7 4 H
R 75% D Trp(Fig.1) & AV T, BRI VO 1SRk L 7= -
AVF B LI, ZOBE.ATF FHO Tp'? o 0 ~

TR 37.5% E D, TR PRIREEOBREE T, O H
B O MR 2 HPLC Ik gLz, AME L H R
TWDBHES L aB ofRELT, AR L7-#k . DMPC '2/ o
BASTF R JFEOE/NHN 1:10 OFEIGICRD X 9ICE FmoecN H—C— C(
DED, FY ARy 77 —TAKMT D& THE, B H OH

YR A AR 0 R U, 2 B OO BRI L7z, R.
A NMR il £ 1% Bruker Biospin 1% AVANCEII - 600 % ' O
W CEEME O /K (H0)DAE 5% Oppm & L7z, Jabid v
AL LT 16ps DY/ IV AZFANWT, mihsT v 7V !
L 7 OD)EFTV, EEETVIALTE, <~y 7 fEERD Fmoc [O]-Tryptophan
JRB R 14kHZ (ZRRE LT, RSO ALy MV OBIIC 2 5720 ) V¥ 2 733 2
DT VD TTFIRILT f A —INTTY VR T ERRRE LR,

Fig.1 Structure of

(RS & 5 52]
BRMEF R L T2 D[T0]-Trp"- 2 U F o D l |
K170 NMRHIE D B A Fig 2127 L 72, 200 ppm)» &
300 ppm® B2 DA &Rk ' — 7 35BSk D
”mmm%%k%bﬂéoﬁ@%ﬂwﬁ%@ﬁﬂ%
ICHRT DU a =T (ZrO) DEFEEDEZTH Y |
ERSOBENT-EFIIF DO N a=T DIE5DAY
=T A R RNIZRETE D, ZOAXRT ML i |'
D> B UG- §& A $Co=7.4 MHz &, FExtFRIK 1 I ﬂﬂ\
Ne=0.6DEN Y = I L—3 9 v AT hL L T ;
HZ Lok oEoni, ZOMEIZERESIREED A U
F 2 OV0 NMROFI HAER /ST A —%— L il LT \
AU F 2 OfERE AR & R 5 7o D D SEET
— R LB, SBREREAS AV F D0 NMR AT
MLEBRIL, 2T —X2EE5bETAYF
DIEfE S HE & BT AR ZKD D TETH 5,
I | |
400 300 200

(5% 5Ciik) Fig.2 'O DD-MAS NMR spectra of [’O]Trp-melittin

[1] S.Toraya et al. (2005) Biophys. J., 89 3214
[2] S.Toraya et al. (2004) Biophys. J., 87 3323
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Solid State NMR of Membrane Protein Halorhodopsin - Optimization of
Isotope Labeling -

© Hajime Tamaki', Marika Higuchi', Ayako Egawa’, Toshimichi Fujiwara’, Jun

Yokoyama3’4’5, Takanori Kigawa3’4, Kazumi Shimono™, Tomomi Someya3, Mikako
Shirouzu®, Shigeyuki Yokoyama®’, Masakatsu Kamiya', Takashi Kikukawa', Tomoyasu

. 1 ce 4. 1 1
Aizawa , Keiichi Kawano and Makoto Demura

!Graduate School of Life Science, Hokkaido University, Sapporo, Japan. *Institute for Protein
Research, Osaka University, Osaka, Japan. SRIKEN Systems and Structural Biology Center
(SSBC), Yokohama, Japan. *Interdisciplinary Graduate School of Science and Engineering,
Tokyo Institute of Technology, Yokohama, Japan. *Taiyo Nippon Sanso, Japan. *College of
Pharmaceutical Sciences, Matsuyama University, Matsuyama, Japan. "Graduate School of
Science, The University of Tokyo, Tokyo, 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, etc. 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.
Sequential specific assignment and secondary structure analysis using Chemical Shift Index
suggested the structural changes of extracellular loop by chloride binding to HR.
Optimization of isotope labeling by spectral simulation was performed to design the
assignment to extracellular loop of HR.

mNana Ry 72 BERIRT v, SR
O X ZU®, O<H 0, 20b 2. HULbb LLab, LZRE Ui, 20ib =

MOV LD pEH, T LbH LAIT I, LIRE LITwE, hAP S0,
E< b 2L, HBVESh EHRT, bD FTnnh, Th £2 &
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WLz X7, =RV AR, MR O, V7 R EEIC 5T
Do FDTD WEE X7 B OREERRATIL, AMTEBIOfRE & o 72 ARSI & |
BIZE L Wo T SHAEE C, IBAWEIBCTHETH D, Fxld, AIFECOTER K
—7 vy heLTHLATWD, 7 BEE®HM GPCR LA UHMEY 7 IV —ThD
Natronomonas pharaonis haloRhodopsin (NpHR) OREEMEMNT 2. [EA NMR 2 AV TAT
S TUW5, NpHR IZNEBRENR C1 AN 7 iEEZ o, £z, 2FHE3FHD -~V v
7 ZMCRWL—7 (BCV—7 ) MEEZFFOZ ERMbNTWND, BC/—T7 7 Cl
FIEICEHETHD EVIMEN R I TWVDEN CUHERFD X A I 7 2220 T
RERHTH S, AHFFEIL. NpHR O CLUEETE M~ D A L — 7 SE Ik O 28 (b % [
KNMR Cif3 25 Z 2 B & Uiz, A TH— TR L 7 X BRI T ~ LK%
FD T & B MEO @O IR OBRBLANCE D $HATZ, 18I T IR D T~/ 4
—NZOWTIE, B OIEREMED N L35 X ) Rk IR AT,

EER

BE T, ZIEPNFERIHIE Td % HCC-FLOPSY & 7% KL RIFHEAIE T d 5 HNCOCA 21T >
7o PWRBENZ INEPT 2 N5 Z & T, SEEIED @O O IR HE LT, 2
f& 1% 500MHz & TOOMHz D [E A MAS NMR & 4 ff ] L 72,

BB, — BT UKL T 2 BRI T ~OUR & Tz, ¥ — 7 LRI KIS 3
IR M DT, 7 X IR T LRI, BRI TARR Lz, ®IR
T JURD T U Z — 1% NpHR O T 2/ FRECSI & . 7 2 RO ET 7 M tEE
% FHUN T, HNCOCA A7 ML TOE—7 DN L L 725 K o kb 24772,
RERRIZIZ DMPC & FHVN, Cl OAMEIC L5 EWE R A 720, CLiEARA., JERE A M o e
AT,

BR-ER

YJ—F ~OLKIZD\ T, HOC-FLOPSY & HNCOCA D A2 kL& W5 Z & T, A
FRMIFEEZIToT2E 2 A, ClOFMICL Y " IREEN R 5 2 &2 ST
TR T w7 A) KO RIBI T,

T2 ERIRIR T ~JLRIZ OWT HNCOCA A7 "Ll Zy I al—y g Lz A,
VI BN DI L EERTHZENTE I, £2. BA4F72 HCC-FLOPSY A7 |
NERFBNIZZ E G, R A AW T, BAREENR R Z G TEDZ &0
binoiz,
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Analyses of amyloid fibrillation mechanism and its inhibition effect of hCT
as studied by "C solid-state NMR

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. Second, we determined the role of Phe residue
in fibrillation by comparing the fibrillation rates of hCT mutants (F19L-hCT) with that of
Wt-hCT. *C NMR experiments were performed on the fibrillations of hCT mutants at pH3.3,
5.3 and 7.4. The >C NMR signals showed that structural transition of hCT mutants from
random coil to B-sheet and random coil near C-terminal regions appeared during fibrillation.
Rate constant, kis of hCT mutants are determined to be as fast as those of Wt-hCT, while k;s
of hCT mutants were decreased. These results suggest that Leu at the position of Phe in hCT
mutants pronouncedly inhibit the fibril elongation process.

T IvaA RBHEERIZT VYA = — i —F 0 VR ETLnS T I a
A NIEOBEHERRFERE SILTWA, 207 I 0 A REHEL R REEZ T H At
T 5 2 & R EERE T, (REME KT D 2 EnmbnTnD, XERET
HERPTAIENRZ WD Z ST S 72y, Ko T, Fex X2 E CTHIANREZ A+ 5 2
& T, BRHEZ RS CRRHEAR S 12 B 2R e s A PRk L T & 7=,

EhHy b= (hCT) IFEHRIER EOWRERE L A SN TWEXTF R
Thotzi, TIaA FEERMEEZIEZRT 52 LRI TN,

solid-state NMR, amyloid fibril, amyloid fibril inhibitor

Oblelex (WE D) DD, DADBAR, ZAESIESL, SLIALE, I
ILESAHAL, BNnEohHEn
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ZIVE T, hCT IIETE AR FR & BRHER IR 0 2 Befl B Ol SO HEAS CREMEIZ Rk 3~
HT L ERWE LT, RERTIL, BEEE 7 I B B THES R B L OB EERE I
DT, [ER NMR THEMT L, KRGEL7=DTHET 5,

[5B] Wt-hCT « hCT ZEF4K (FI9L-hCT) (%, Fmoc JEZEA L7 PCHEGF#HR LT 2
J B RO T, BB L 0 AE A RE ATV, BARGE, Wi HPLC I X 8L, H
HOREN 572, WIZ, hCT ZRK (FI9L-hCT) X, 20mM VU »EEFEEIR (pH7.4) .
15mM FEER/KIAE (pH3.3) (Z¥AA L, Wt-hCT & F19L-hCT /%, 20mM HEPES /KI&i&
(pH5.3) ZIEMNT 2 & TRHMEZE &2 BItA L. Z ORRFE(L Z [E{R NMR & O TEM (2
0 HIE L=, B NMR JIE T, &/ ~— OBLHIC 90 FEhE L 2128 | & &#
WCRERI AT By 7Y o TSV AR TESHRIET 5 DD-MAS iE&2 ., #fERcsr o
BN T 7 v 7)) o TR AEDE T2 CP-MAS £ H\W T, [H UakHZ %t
L. ZRHEAZHEHERE B 2 1 E Lz,

[R5 & B52]
hCT DFHEERIZIOEERE (B ~—NIBAE2EH L. 0 BAREETER
ZHEZ L. B-sheet O AT Hife) L @ORMERE (FiEOIZE /) ~—
WAL, BEENMBE L TV IBRE) OflBEZ 6o 2 Bt A Al IS s
(Fig.1) TEZ2Z 22 OPFETIHIREBELTWD,

f, ,xg — 40.‘ 5 _ r ' :
-, — AT st
'; Pl )
monomer micelle nucleus fibril

Fig.1 The mechanism of fibrillation

(1) BHEZRIZISWTIHEDNRD & 5 IRBED R E
Wt-hCT @;f}?ﬁ‘%ﬂﬁ 2B\ T, /ﬁﬁ%ﬁz ALY %éﬁ% %*ﬁ%ﬁ Fig.2 Wt-hCT image
L7z, WeWlc, BFEAMEIC TR CIREDO T T, BilRKIA
T TOMHMEIL & HEPES /KEIE T CTORMAL 2 BL5 LT,
T DGR Z LU TRT,
Tablel. inhibition effect by 3 types of solvents
sodium phosphate buffer | aqueous acetic acid HEPES Buffer

in the initial step of fibrillation

in HEPES aqueous solution

Wt-hCT by TEM
(0.0025g/1) protofibril
F19L-hCT by °C NMR
(40g/1) CP-MAS Spectra

30mins % 2days % Tweeks %

B RE 27hours % 11days #%

Tablel 7>, Wt-hCT (2B W T, FIVERHED RS S VA O T FEfE & Lhi 92 &, Wi
KA TIL2 A H TR IN-Z &1kt L, HEPES KSR Clx 7 B TR L=, =D
ZEnG, BEERKEA (pH3.3) XV %, HEPES /KIAHKL (pHS5.3) I3MRMEZ R &2 BHLE L C.
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FRAESSIEEE BB ZIEL 7T B2 bIVD, 72, 2 HEPES /KIFHE TORKEL
IZBWT, HRME FIHMEE (TEM) 2T 52 & T, Wt-hCT OHfEE (%) B &
OH RN DRFENB O TR E T 2088 S (Fig2), Zhicky, Ikan
PEARICESEBEZR Lz E2bND,

WIZ, hCT B EEOBHEAICB T HREEC X 2 ES R ZRETT 5720, [FEkRE
B ik Atz R NMR & F T, BREEEBGRAR & & EROISIRHT Uiz, B RIS fRaT
Tl, Table2 T/Rd, HERR/KIANW F & HEPES /KIAHK F& 42 &, & EoZkix
ooz T, WIHIZ L > THEENEILT 2D TIERNWI ERHL NIRRT,

BRHERL Y 2 E 95 CP-MAS D NMR Z 27 kM IUE SRR LIk 72 & i+
% & WEBR KRG T ORMEILIZ%T L, HEPES KIAH Tl 10 56 < . NMR 22 kL
BE2MERTHZ LN TE T, LB W-hCT 721F TidZ2 < . hCT ZRIKT % HEPES
IR NI ARHE S &0 9 SIS B W TIE RN H D Z & VA L7z,

(2) BAEMENDH DT I/ BRIEIL 2T
hCT ORHMETZEL DIRHESESE & LT, Phe, Tyr SO HFRELNOLKREND © - =
stacking & 2 H LD, Lo T, ZOHAEEMZK S hCT ZEK (FI9L-hCT) ZERK L |
hCT L b5 2 & C, EROT I BN 2 FET 5,
(2 —1) BEDOREERMT
TN DT T Wt-hCT DO#RAE(L & hCT ZEAK DAL 21TV . DD-MAS #: M O}
CP-MAS {EIZ L VB LT-F /) ~—F L UMD RS % Table 2 12739,

Table 2 "°C chemical shifts of hCT and its mutants (ppm from TMS) and their assignments

Sample Gly10 C=0 Ala26 CH;
Condition: pH3.3 (FEfi)
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)
Monomer(a) 171.9 (o-helix) 16.9 (random coil)
F19L-hCT . .
Fibril(b) 170.0 (B-sheet) 19.1 (B-sheet), 17.0 (random coil)

Condition: pH5.3 (HEPES)

F19L-hCT Monomer(a) 171.8 (a-helix) 16.9 (random coil)
Fibril(b) 169.6 (B-sheet) 19.1 (B-sheet), 17.0 (random coil)
Condition: pH7.4 (U &)
hCT Monomer(a) 171.8 (a-helix) 16.9 (random coil)
F19L-hCT Monomer(a) 171.8 (a-helix) 16.9 (random coil)

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

EF 7 Tl BEERAE BARIZER R < T F RO43 R Tl o -helix 1
1, C ¥ Tld random coil fiE 2 /R LT\ o, ZHUE, BEEERATOLTF Rk
IR FEROBICH B EZZT T, F—OBEER-> TnD 2 EBNahd, K
(2, pH3.3 FThCT ZH{A (FI9L-hCT) @ C Kl random coil #id H> & BrE(L 1412

—342—



B-sheet f# i & random coil #§iE DIRIEIRIE~ EHEEZLLEE Z 572, Wt-hCT & Lhig
T5E, FERE ORI ZETHlE L, IROZODWDEERER LB X5
no,

(2 —2) HAHET RS 2 35\ T O S el FE AR AT

hCT OREHEREIE Bebs B CARME SO (Fig.1) Z 2502 U TIT L7, 2 ORIGHE
BT, B EUGOEE ER k. & RRHERE SOS OB E T ko 2 0E LT,
hCT Z AR (F19L-hCT) 1B W TIE, SRk R ORI 221k
ZEB Uiz, 97, Mk 2 HET 5 CP-MAS 75D NMR
A7 MG 5 (Fig.3) IX#RHEDS B-sheet T D Z L 2R LT,
S DGR E ORI Ty M B e ERERG. 10 e

CP-MAS

MRS SRR LIGD T 2 & D T BHE B CARIESUGHERS © 170.0ppm
BHE(LD 2 D 2 L30T, OB TS HEARAT % prsfect | pap
TR & I LT, S50 TIC ) ek, 27

FIERICHIE, FHHE L, Table2 (2”7,

S54hr

Table 2 £ W Wt-hCT & bbilg LT, hCT ZEAKD k, TlE, 1T
E—EMETHDDITH L. ko 1T FHEAKEENRE ST 100 . s
hr

B KSR TR 4 5, /NS <7D | BRMERCR RS 3 8
<lpole, ZTHITKY | BRHERREBFEIC S ERT X/ BH
FEORERITT LN RBEI N, TOBEBAE LT,
F19L-hCT Tix, X B B [A + D n-n stacking (BRZKMEAH A
ER) 1 -272< 720, B-sheet #E&EZIEAKT 5L E/LT X
X =T D70, RE B E O RN B bl

S |
200 PPM 150

Fig.3 BC NMR sprctra of
[1-*CIGly" F19L-hCT
at CP-MAS in the time

course of fibril formation

EEZBND,
Table3 Kinetics parameters for fibril formation of Wt-hCT, F19L-hCT and L-;-mutant hCT
pH 7.4 pH3.3
ki[s"] kao[s'™M™] ki[s] ko[s'™M]
Wt-hCT 2.79x10° 2.29 3.28x10° 2.04x107
FI9L-hCT 7.41x10” 2.90x107 1.27x10°° 1.58x107
L;-mutant hCT 1.52x10°° 1.03x10° 1.85x10°° 6.14x10™

(Ls-mutant hCT:3 -2 Phe % Leu (Z#13>-7- hCT 25 B AAK)

[#EFR] & R v b= 2BV T B i 2 BLE 3 A IR 2 et L 7245 3. HEPES
TRV ERME IR E D B 20”9~ 2 L Ny s o 72, 2 HEPES B4 VT, #riEE
FiGEFR 2 B L7z & 2 AR OB DOAFLED ] B2 i o 7o, RICFEZFRIZ DN
TT7 I /BBICEBRT S &, hCT BRI Z MM T D Z & T, WehCT (TS EEE
DIEFITELS . BELZOMN o Z EN I L, ZhIC k., BHERROES.
F19 OB UBENEbD > TWA Z & 2Rt 5,
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Solid-solution transition analysis of cellulose wupon ionic liquid
pretreatments by monitoring its chemical shift perturbation

OTetsuya Mori"?, Yuuri Tsuboi’, Nobuhiro Ishida', Noriko Shisa*, Yoshiyuki Noritake*,
Shigeharu Moriya3 7 Haruo Takahashi', Jun Kikuchi*>*’

'TOYOTA Central R&D Labs. Inc.,. *Grad. Sch. Bioagri. Sci. ,Nagoya Univ., >RIKEN ASI,
*TOYOTA Motor Corp., >Grad. Sch. Bionano., Yokohama City Univ., SRIKEN PSC, "RIKEN
Biomass Eng. Prg.

Plant biomass including cellulose is abundant renewable resources produced by H,O and CO,
through photosynthesis. However, “biomass recalcitrance” is significant issue for its effective
use in biorefinery process as alternative oil resources. In other words, physicochemical
analysis such as solid-solution transition, might be key technology for promotion of
biorefinery era, whereas petroleum-derived polymers could be easily done. Therefore, we
have tried for analysis of structural transition of 13C- labeled cellulose upon ionic liquid
pretreatments using solid- and solution-state NMR. Especially, we monitored chemical shift
perturbation of cellulose and ionic liquids before and after pretreatment processes.

EE . B] KPS OREBIZHEMR L TW A T EITEN - TR 2524 LT
7w, R g ROV — 2 L FEPRICR <RAFE L, REAE - HESHEE
WCHBE L C& 7z, —H CHAEMNRERAAS A~ AGWITEEN»SKBE TR, &Y
wﬁ%ﬁ-ﬁﬁkbfﬂﬁﬁﬁﬂﬁﬁméMT%toEE\:5Ltﬁ$ﬂ%&%%
WA T~ ARG E I A r— RRAT 244V 77V F U —DEAIZ . PRERAIAE
ERMPEREINTNWS P Linl, FOERSTHLH LT — xiﬁ%m%FA
V23S < BRE 7o il - #W%L%%%ﬁétw M SEE &I X R DN EN
VETH D, VIR, B — ZARHLELERE COMEE LA B cE X, &
0 NRA IR RIRFBMFIRIEORESLICEN S Z E RIS NG, £ 2 Tl L, EiR)
E%MA@ﬁ EZALA B CTE D X DI T 572012, HH 72 NMR BT E il DB % %
RATND O BRTEE, A A~ 2 EAIE LTER ShTWAB A 4 ik % A
AN ﬁu&_ﬂﬁﬁﬁEQODIlﬁK B LA LIRRE 2 51 NMR 1ED/bFy 7 MEEIHEHEN S
fittT 95 Z & Eat L7z,

o —RA, A AWK, LFEY T NEE)

ObLHTHRe, 2FNHY, WLEDODEDA, LEDODZ, o=tk LwE, b
NLUIFIEA, =0 LizdB,. E<blLwiA
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(515 - fER] A A~ ADERD TH Dk MEE LV — 223 e L=, AROF%ED
AR IR Lz, FERREIC X 5 PC L L7zfEftE e b e — 2o\, A 4
RARDOFEFEDEN & F O RSFRERE 2 28 2 T2 iR B 2 Bk U T2, A A iR IR R
P14 O sz R 2 [ A NMR(PC CP-MAS). "I baEH T NMR('H B L O BC)
FHAZ4T o 7=, 2FED NMR HEEZF V51 5 2 8T EIRD BIRIE~DRTALHE B
TORN O —ZAEEZA R TE 5 2 L bhro T, B2 BC b5y 7 b & RED.
BFEA A WRIRATLBLSRE COMIEE X A F I 7 ADEWE R XKML TV, &5
(12 BC-Be A e UAEAITE S 2 WotEHINE (A PC-C Refocused INADEQUATE,
Wi - °C-BC CT-COSY) . 1ID-NMR 7 — % OIFHRIEHT 6 7, A A ik & pij
oI EmE L E— X/7%W®RE%%WLKD

e

— =

1
I',
IOk = rn B

,.!_-:ﬁ- .J.FJ}J ’:-»LM—-' x'r'."})

I' "13""1 Armarahres
Snlid? P ' ‘ . Solubilisation
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- =60 CBLCS 100C1/C2
140 & £ 105
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Fig. 1, Diagrammatic illustration of structural evaluation of cellulose
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Solid State *C NMR Study of Natural Rubber Stretched by the MAS
Atsushi Asano, Masashi Kitamura, Chikako Nakazawa, Takuzo Kurotsu

Department of Applied Chemistry, National Defense Academy, Japan

Soft materials, such as elastomers or rubbers, are deformed under the conditions of fast
magic-angle spinning (MAS) and relatively moderate temperature. The deformation will
cause a change of its original molecular motion, molecular orientation, and morphology. We
found that a natural rubber (NR) after experience of MAS over 5 kHz and 60°C, which
elongation against the rotor axis (cylindrical height direction) is restrained by teflon spacers,
shows a wider static >°C NMR line shape than that of a pristine NR. However, the static °C
NMR spectrum of a stretched NR after the experience of MAS over 5 kHz and 60°C without
teflon spacers resembles that observed by Kimura et al. in Polym. J., 2010. Furthermore, we
found that *C NMR chemical shifts of NR under the MAS condition depends on temperature,
but the temperature dependence under the static condition was different from those under the
MAS condition.

<=z >

TT AN —D XD RFMARRE T, FHHALT MV EEDHT29HIZ MAS (Magic
Angle Spinning; ~ ¥ 7 fAEEHAlR) EEZHWD & MAS HFITA T 2WNEEIC &
DT A M~w—RNHEER L, o ESREICEEEZRIETENEZLND, Hlx
1 Fx 1Z KR =2 A D ERE 45 fRRE °C DDMAS NMR 2227 ML DAb$s 7 Ml A
WEN IR R 2R 2 s 2l L Y,

AWFFETIL, RIRT LD IRIRAED A7 kL & MAS D AT R LDIENIND |
MAS IR SNz RS A OB B &5 Uiz, & HIC, FFIRIEDRE R &
MAS FOFEFIRFRE O RTINS Bl L7z & X OEEEOE W Z#imT 5.
< FEhg >

AEHE, (fh) BARIT AW - Hritk= 7 X b~—Hitsenfteo7 v e e
ETHWTWD 3RO RIK T A AT RSR = o v-NR, R R SR = A sunv-NR |
BEFRIND KR T 1 :NR) Z V7=, BCNMR 227 kL OHIEIL, Varian NMR systems
400 WB B2 H 7z, &3EHE 6.0 mmg FEHE OIS 3 mm ETHRE L, 77
0y AR—F—DFET, EH MAS HCORKT LOMEREZEIFHE L, 3CNMR
N MBI OBC AV — AR (1) Z2HE Lz,

Keywords : B[], fZFIRERH], ~ > 7 [AlfE A
EHESONR  HIOHHOL, b FEIL, BnIbHENnI, <ADLE)
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Fig.1 1. NR Z[E{f NMR 17— & —NOFREgic
FedE LT, 30°C THIE L7 #r IR BB RE(A PC NMR =
N7 MLV ThD, (a) X, NR % 60°C DEZE EPTT
==V T LIERBRICE LI AT b, (b) |
7uyx&~ﬁ~f3mmE®NR%méﬁﬁms=
5kHz CHERSH7ZHZICHE LI AX7 Fr, (o) 1T
T 7a L AR—Y —Z RN T IRE A 60°C IZF%E L
TMAS =5 kHz T 12 FFEEHR S 72 5% ICHE L7z A
R ML THD, (a) BEY (b) TiE. NR [Trn—
H—NTIEMENLR o728, (¢) T NR BNEE

(RS R D ITEREHME N O WfE O & S 7 IR S A,

6 DR EoT2, (b) DAY ML (a) 12k
RTCEFMICT7 e — NMeL7e, 21, NR 28 MAS
DESIDEBERZZ T T, S EBN RS ke
DEFRICERS RN EERL TS, £72 (¢) T
. ENENDOE —T B — R 2 KRIZTG DI AR
fLElpolz, ZOX T 2RI IND AT b
VT, FERITLOAMBICEVBHISATND 2,
Wolckd e, ZOEMERE— 271X, NR O E M
CEEYE L ORCTAEIC L by 7 MEDNE T
Hle LR BTV D, Fexr OERRTIL, MAS
HTONHENCLDMETHY . FofIRIEIC
BWTHEES & 1X MAS AEZK L THWDICH M
LT, RO AT FABRBHIESN TS, —
o AT MOVOREECEBIRT S & BEICK
F Ly 7 Az 2 b L7z (Fig.2), iz
X, 30°C 225 80°C [ZEZ EASHEDH L, AT L
o BC DDMAS NMR L2237 ME#K) 0.2 ppm s
B b L, ZEHEAWO P"CNMR L% 7 MK
0.1 ppm {KEEHH > 7 45, Lov L, #ikREETo PC
NMR {b% > 7 MEIZENZIUE 0.1 ppm, 0.4 ppm
IR S 7 B L. MAS OO ERAFME & 3R
ot

Fig.3 (21X, MAS = 5 kHz 3 L O# IEREE T NR
O T IREERAFIE AR Lz, SEIC OV TS B3
x£7T 5,
< B33k >

(a), (b)

'ﬂ'-'

% /?z, g)\%

Chemical Sift / ppm
Fig.1 Solid state BC NMR spectrum

of NR at 30°C without MAS.
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Fig.2 Temperature dependence of
C NMR Chemical Shift of NR.
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Fig. 3 Temperature dependence of

Tlc for NR under MAS of 5 kHz and
without MAS.

1) dbkPpicst, wBF s, B T& 1. BEEE = Polym. Prep., Japan, 59(2), 3030 (2010)

2) Kimura et al., Polym. J. 2010, 42, 25-30.
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Contact Time Calibration at Cross Polarization

under Fast Magic Angle Spinning

Jun Ashida
Agilent Technologies Japan Ltd. (Varian Technologies Japan Ltd.)

Because of the low sensitivity of °C Solid State NMR, Cross-Polarization (CP)
technique is generally used to obtain higher '*C signal intensity. In order to obtain
maximum intensity, it is necessary to calibrate contact time carefully for every sample.
However, in some cases, because of the low signal-to-noise ratio or long relaxation
time, it is not easy to calibrate. Therefore we often start the experiment without
adjustment, and use the value from our experience.

Contact time of 0.5-2.0ms and >5.0us are usually used as standard for crystal and
amorphous regions, respectively. However these numbers are introduced more than 10
years ago.

Recently, a rotor size is becoming smaller, so we can spin the sample faster and
can input higher RF power. In this paper, the contact time dependence of sample
spinning speed, RF power, and the pattern of CP are described.
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Figure 1. Peak intensity of glycine methylene
carbon of '3C-CPMAS spectra. The peak
intensity at 2ms contact time is normalized to
100 in each spinning speed.
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Figure 2. Peak intensity of glycine methylene
carbon of C-CPMAS spectra. The peak
intensity at 2ms contact time of CW-CP is
normalized to 100 for both CW (solid line) and
linear-ramp (dotted line) CP.
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