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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 
○Masahiro Ushio1, Yoshihiro Kobashigawa2, Tomohide Saio1, Mituhiro Sekiguchi3,
Masashi Yokochi2, Kenji Ogura2, Fuyuhiko Inagaki2
1Grad. Sch. Life Sci. the Univ. of Hokkaido, 2Fac. Advanced Life Sci. the Univ. of Hokkaido, 
3Astellas Pharma 

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(1), which 
was successfully applied for the structural analysis of the Zip PB1 homo dimeric complex(2).
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. 

Fig. 2. Thermal unfolding of L1, L2, L3, L4 
and L5 measured by DSF. 

Fig. 1. Schematic representation of the FKBP12 
constructs for lanthanide probe. 
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Molecular mobility of protein in agarose gels

Bona Dai1, Mika Hirose2, Shigeru Sugiyama2,
Hiroyoshi Matsumura2 and Shingo Matsukawa1

Tokyo University of Marine Science and Technology1

Grad. Sch. Engineering, Osaka University2

Abstract: The measurements of self-diffusion coefficient (D) and 1H relaxation time (T1 and
T2) 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 1H 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 1H NMR
local and translational motion of protein in aqueous solution and agarose gels were
investigated by 1H NMR techniques. From the results, the influence on protein molecular
motion of agarose gels will be discussed.

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
solutions were first prepared by dissolving agarose
powder in water at 85oC. Powder of HEWL was
dissolved in 0.1M sodium acetate (pH 4.5) on a
concentration of 150mg/ml. The samples for NMR
measurements were prepared by mixing equal
volumes of agarose solution, HEWL solution and
0.1M sodium acetate at 55oC. The final agarose
concentrations were 0 ~ 1.2w%. The solutions were
transferred into the NMR tubes and kept at 4oC for 1
hour before NMR experiments.
Self-diffusion coefficient (D) measurements,
spin-lattice relaxation time measurements (T1) and
spin-spin relaxation time (T2) and were carried out
on a Bruker Avance II 400WB spectrometer

Key Words: molecular mobility/ protein/ agarose gel
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Fig. 1 (A) STE pulse sequence; (B)

CPMG-spin-echo (se) sequence with gradients;

(C) Inversion-recovery-spin-echo (se) sequence

with gradients.
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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 5ms.

Results
The diffusion coefficients of HEWL in 0.1 M sodium acetate and agarose gels were
determined by PFG-STE-Se 1H NMR method. Comparison of the diffusional spin-echo
attenuations, plotted in the form lnI versus 2g2 2( - /3), for HEWL is depicted in Fig.2. The
experimental data for each sample lie on
individual straight lines. This indicates that the
HEWL has single component diffusion during
the observation time whether in solution or
agarose gel. The slopes of the curves became
gentler with increasing agarose concentration,
which indicates the slowing in translational
motion of the protein. The calculated D values of
the HEWL are shown in table 1. D decreased
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 1H 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.

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

Agarose

concentration

(w%)

1H T2 (ms) 1H T1 (ms)
Diffusion coefficient

(D, m2s-1)

0 21.90 (25.4oC) 1014.28 (25.4oC) 1.2901 × 10-10
(28.7oC)

0.4 15.25 (27.3oC) 853.66 (27.3oC) 1.1245 × 10-10
(27.3oC)

0.8 13.61(25.5oC) 1161.2(25.5oC) 1.0796 × 10-10
(25.5oC)

1.2 16.86 (27.6oC) 850.77 (27.6oC) 0.98871 × 10-10
(27.6oC)

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

Fig.2 Diffusional spin-echo attenuations of

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

agarose gel (

varying field gradient strength (g).
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NMR studies of 56 kDa E. coli nickel binding protein NikA 

Joanna Jakus1, Yuusuke Tsuchie1, Teppei Ikeya1, Masaki Mishima1,
Daniel Nietlispach2, Jeremy R. H. Tame3 and Yutaka Ito1 

1Department of Chemistry, Tokyo Metropolitan University, Hachioji, Tokyo, Japan.  
2Department of Biochemistry, University of Cambridge, Cambridge, UK.  
3Protein Design Laboratory, Yokohama City University, Yokohama, Japan.  

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 
Ni2+ 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 1H-15N 
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 1H/13C-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 
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Materials and Methods 
Biosynthetic precursors of α-ketobutyrate and α-ketoisovalerate lead to production of ILV 

residues that are 13CH3-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, 
{I(δ1 only), L(13CH3,

12CD3),V(13CH3,
12CD3) - U-[2H/13C/15N] - 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% D2O. 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 1H-13C 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 1H-13C 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. et 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 et al. (2005) 

ChemBioChem. 6 (9) p. 1567 [6] Vranken, W.F. et al. (2005) Proteins 59 p. 687 

Fig. 1. 1H-13C HMQC spectrum of the methyl region of the {Ile(δ1 only), Lue(13CH3, 
12CD3),Val(13CH3, 

12CD3)} - U-[2H/13C/15N]–NikA sample. Assignments for selected residues are indicated. 
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NMR structural analysis of novel polysaccharide, Sacran 

Seiji 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 
1H, 13C 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. 1. Partial structures of sacran determined by 
FT-MS. 
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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. 

Fig. 2.  1H NMR spectra of the products 
decomposed by acidic hydrolysis (a), rhamnose 
(b), xylose (c) and ribose (d). 

Fig. 3. HSQC spectra of the product 
decomposed by enzymatic degradation (a) and 
pure glucose (b). 
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Stereostructural study of kanamycin 3’- phosphate using 
31P-HOESY 
Yumiko Kubota1, Jun Uzawa2 and Yoji Umezawa1 

1Institute of Microbial Chemistry, Tokyo, 2Adv. Res. Inst. RIKEN 
 

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) method1,2,3) and 
spin-coupling constant between 31P and 1H. 
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Fig.2 3’ 3’
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Fig.3 Relationship of torsion angle of 3’-phosphonate part, J value, amount of HOESY.
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        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 13C. In a 
strongly coupled HA and HB spin system, HA attached to 13C and HB connected to 12C constitute a 
week coupled proton system resulting in a large chemical shift difference between HA and HB 
spread by CA-HA 1J-coupling. Thus the HA-HB J constant can be clearly determined by analyzing HA.  
We reported J-resolved HMQC as a method to solve this problem1). However, analysis of HA and 
HB in a strongly coupled -CH2-CHA(OH)-CHB(OH)-CH2-) system, for example, becomes difficult 
even if HA and HB are coupled weekly. In order to overcome this problem, we developed a new 
method, selective J-resolved HMQC by decoupling two adjacent CH2 protons. Application of this 
method to a model compound, monazomycin with a complicated structure proved its effectiveness 
for stereochemical studies. 
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1H-14N 2D solid-state NMR under very fast MAS: 
A few minutes observation for a sample less than 1 L

Yusuke Nishiyama1, Yuki Endo1, Takahiro Nemoto1, Hiromichi Kurosu2, Hiroaki Utsumi1,
Kazuo Yamauchi3, Katsuya Hioka1, and Tetsuo Asakura3

1JEOL Ltd., 3-1-2 Musashino, Akishima, Tokyo 196-8558, Japan  
2Department of Clothing Environmental Science, Nara Women’s University, Nara 630-8506, 
Japan
2Department of Biotechnology, Tokyo University of Agriculture and Technology, Tokyo 
184-8588, Japan 

Sensitivity and resolution enhancement of 1H detected 14N HMQC NMR in the solid state at 
very fast MAS rates with a 1 mm MAS rotor is presented. Very fast MAS enhances the 1H T2’
and efficiently decouples 1H-14N interactions. The Micro-coil contributes to sensitivity 
enhancement via strong 14N rf fields and high sensitivity per unit volume. 1H-14N HMQC 
spectrum of glycine and glycyl-L-alanine at 70 kHz MAS are observed within few minutes 
for a sample volume of 0.8 L.

14N 15N 2 NMR
14N 99.63%

I=1 NMR single
quantum(SQ) MHz

NMR
Bodenhausen Gan 14N NMR

[1] 14N 1/2 HMQC
14N NMR

1H 1H/14N 2 NMR [2]
80 kHz MAS 1 mm MAS [3]

MAS 1H/14N HMQC
1) 1H T2’

(1H) (14N) 2) MAS
3)

4) 14N rf 5) 1H/14N

14 1 mm MAS NMR
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70 kHz -L- 1H/14N
HMQC 0.8 L

14N NMR 14N

14N NMR

Figure 1H detected 1H/14N
HMQC spectrum of glycyl-L-alanine 
under 70 kHz MAS. SQ coherences 
were selected in the 14N dimension. 
The spectrum was observed by JEOL 
JNM-ECA500 spectrometer operated 
under 11.7 T equipped with JEOL 1 
mm CPMAS probe. Sixteen 
Hundred-twenty-eight t1 points were 
observed. Two scans were performed 
per each t1 point with a relaxation 
time of 2 s. This is the smallest 
number of scans required to select the 
14N SQ coherences. SR42

1 [4] was 
applied during magnetization transfer period to recouple 1H-14N dipolar interactions. 
Projections on the 1H and 14N dimensions and calculated slices are shown. Calculated spectra 
was obtained using previously reported values [5]. 

1. S. Cavadini, A. Lupulescu, S. Antonijevic, G. Bodenhausen, J. Am. Chem. Soc. 128 (2006) 
7706-7707; Z. Gan, J. Am. Chem. Soc. 128 (2006) 6040-6041; S. Cavadini, Prog. Nucl. Magn. 
Reson. Spec. 56 (2010) 46-77. 
2. Y. Endo, Y. Nishiyama, K. Yamauchi, K. Hioka, and T. Asakura, 51th ENC (2010). 
3. Y. Nishiyama, Y. Endo, T. Nemoto, H. Utsumi, K. Yamauchi, K. Hioka, T. Asakura, 
submitted. 
4. A. Brinkmann and A.P.M. Kentgens, J. Am. Chem. Sco. 128 (2006) 14758-14759. 
5. D.T. Edmonds and P.A. Speight, Phys. Lett. 34A (1971) 325-326. 
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triplet-DNP
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2H-decoupling-accelerated 1H spin diffusion in triplet-DNP

©Makoto Negoro1, Kenki Nakayama1, Kenichiro Tateishi1, Akinori Kagawa1,
Kazuyuki Takeda2, and Masahiro Kitagawa1

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 1H polarization is attained by partially deuterating host material with ap-
propriate 1H concentration. In such a dilute 1H spin system, it is shown that the 1H spin
diffusion rate and thereby the buildup efficiency of 1H polarization can further be enhanced
by continually applying radiofrequency irradiation for deuterium decoupling during the DNP
process. The 1H spin diffusion coefficients are estimated from DNP repetition interval de-
pendence of the initial buildup rate of 1H polarization, and the result indicates that the spin
diffusion coefficient is enhanced by a factor of 2 compared to that without 2H decoupling.

動的核偏極 (DNP)は電子スピン偏極を核スピンに移すことで核スピンの高偏極状態
を得る方法で、NMR分光の感度を最大で γe/γn 倍向上させることが可能であり (γn:対
象核スピンの磁気回転比、γe:電子スピンの磁気回転比)、最近非常に活発に研究がすす
められている [1]。我々が研究している「光励起三重項電子スピンを用いた動的核偏極
(triplet-DNP)」では、この γe/γnの限界を超えた感度向上が可能で [2, 3]、これまでナフ
タレン単結晶中の 1Hスピンの信号感度を、105 K、0.3 T下の熱平衡状態に比べて、約
21万倍向上させることに成功している [4]。多くの DNP実験ではサンプルに少量ドー
プしたゲスト分子 (フリーラジカルや光励起分子)の電子スピン偏極がまずゲスト分子内
の 1Hスピンに移され、その局在化した 1Hスピン偏極が「スピン拡散」によってホスト
分子の 1Hスピン、そして興味の対象となる分子の 1Hスピンへと広がっていくと考えら
れている。対象物質の濃度が低い場合に、ホスト物質を部分的に重水素化することは、
triplet-DNPだけでなくフリーラジカルを用いた従来のDNPでも、偏極の向上速度の効
率化に有効であることが示されている [5, 6]。このときの 2H化率が高すぎると 1Hスピ
ン間の距離が遠くなりすぎ、1Hスピン拡散が起こりにくくなってしまうので、この 2H

Key Word: triplet-DNP, spin diffusion, 2D DQ decoupling
ねごろまこと、なかやまけんき、たていしけんいちろう、かがわあきのり、たけだかず
ゆき、きたがわまさひろ
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図 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 1H (Q=12) and 2H spins (Q=2.7). Cooling air
was blown at the sample and the coil in order to prevent heating due to continual decoupling irradiation.

化率には最適値が存在することが実験的に示されている [7]。また、2H-1H間双極子相
互作用がスピン拡散の原動力となる 1H-1H間のフリップフロップ過程を平均化すること
は、1Hスピン拡散をさらに起こりにくくさせていると考えられる。本研究では 2H化サ
ンプルにおいて、triplet-DNPの最中に連続的に 2Hデカップリングを施すことで 1Hスピ
ン拡散が促進され、DNPの効率が向上されることを実験的に示す [8]。
サンプルには 0.05 mol%ペンタセンドープ 98.3%2H化 p-テルフェニル単結晶 0.40 mg
が用いられ、全ての実験は 0.4 Tの磁場下、室温下で行われた。三重項電子の偏極を核ス
ピンに伝えるための方法として図 1(a)に示す ISE(Integrated Solid Effect)と呼ばれるシー
ケンスを用いた [9]。光励起、マイクロ波照射、2Hデカップリング照射を同じサンプル
位置で実現するための実験系を図 1(b)に示す。ここで用いられる rfコイルは内径 1mm
で三層構造に 30回巻かれたもので、2Hスピンの共鳴周波数において 1.2 Wの入力で約
3 mTの振動磁場照射が可能である。このときの 2Hの Rabi周波数は約 20 kHzである。
図 2(a)に、ISEを一回だけ行った後 100 μs待って測られたマジックエコー信号を示す。

この信号の線幅は 1H希釈領域の 1HスピンのNMR信号より広幅で、1H-1H同核双極子相
互作用が線形を支配している 1Hリッチな領域からの信号、すなわち、ペンタセン内の 1H
からの信号であると思われる。ISEからの待ち時間を長くしていくと、このマジックエ
コー信号の強度は減っていき、逆にスピンエコー信号で観測される尖鋭な信号は図 2(b)
に示すように徐々に増えていく。この尖鋭な信号は希釈領域の 1HスピンからのNMR信
号、すなわち、2H化 p-テルフェニルの残留 1HからのNMR信号と思われる。このよう
なスペクトル形状の変遷は、「DNPでゲスト分子内の 1Hスピンがまず偏極され、その局
在化された偏極がホスト分子へと徐々にスピン拡散している」とされる描象が正しいこ
とを示唆している。そして、このスピンエコー信号の待ち時間依存性は 1Hスピン拡散
の早さを表わしていると考えられる。待ち時間に 2Hデカップリング照射を行ったとき
と行っていないときのその待ち時間依存性を図 2(c)に示す。この結果より 2Hデカップ
リングによって確かに 1Hスピン拡散が促進されていることが示された。
図 3に 2Hデカップリングを行いながら 20 msのインターバルで ISEを繰り返した場合

とデカップリングなしの場合での 1H偏極向上の様子を示す。デカップリングを行った方
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図 2: (a) 1H NMR spectrum obtained with a magic echo sequence after a single-shot ISE sequence.
(b) 1H 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.

がスピン拡散が促進され偏極向上曲線の傾きが大きい。しかしながら、デカップリング
照射のときの最終到達偏極率は照射なしのときに比べ低い。図 3に、50 kHzオフレゾナ
ンスの照射下での偏極向上の様子を示す。この照射下ではデカップリングが起きず、ス
ピン拡散は促進されないので、照射なしのときと同じ傾きであった。最終到達偏極率は
オンレゾナンス照射のときと同じであった。これらの結果より最終到達偏極率の減少は
照射熱による影響と考えてよさそうで、照射熱によってサンプル温度が上昇し、スピン
格子緩和が促進され最終到達偏極率が減少したものと考えている。熱をより効率的に除
去できれば、最終到達偏極率は向上できると思われるが、これは今後の課題とする。

DNP下での 2Hデカップリングのスピン拡散への効果をよりはっきり見極めるために、
文献 [3, 7]で紹介されているシミュレーションとの比較によるスピン拡散係数の決定を
行った。図 4にそのシミュレーションにより求まる偏極向上曲線の初期傾きとインター
バル時間とスピン拡散係数の関係を表わす等高線図が描れてる。そして、実験で得られ
たさまざまなインターバルでの偏極向上曲線の初期傾きも図 4に示した。これらを比較
することで、インターバル中に 2Hデカップリングを行ったときと行わないときでのス
ピン拡散係数は ∼ 2.0 × 10−18、∼ 1.0 × 10−18 m2/sと求められた。よって 2Hデカップリ
ングによってDNP中のスピン拡散係数が約 2倍向上したことが分かった。
本研究ではペンタセンドープ 98.3%2H化 p-テルフェニル単結晶において 2Hデカップ

リング下で triplet-DNPを行うことでスピン拡散が促進され、偏極の向上が加速されるこ
とが実験的に示された [8]。この方法は triplet-DNPだけでなく、2H化溶媒にフリーラジ
カルをドープする従来のDNP [6]にも当然適応可能である。本研究では部分的 2H化サ
ンプル下の 1Hスピン系に集中して議論してきたが、この「rf照射によってスピン拡散
を促進する」というコンセプトは様々なケースに応用できる。例えば、有機分子固体に
おける 13Cや 15Nの感度向上をDNPで行うケースである。これらの核種は直接偏極させ
る方法 (e− →13C、15N)と間接的に偏極させる方法 (e− →1H→13C、15N)があり、前者の
方がより効率的な場合もあることが報告されている [10]。しかしながら、これらの核ス

－320－



0 30 60 90 120

0.20

0.15

0.10

0.05

0

sec

1
H

 p
o

la
r
iz

a
ti
o

n

図 3: Buildup curves of 1H polarization by repeating
ISE with an interval of 20 ms without 2H decoupling
irradiation (open circles), with on-resonance 2H de-
coupling irradiation (filled circles), and off-resonance
(+50 kHz) 2H decoupling irradiation (filled triangles).

0 5010 20 30 40

0

0.005

0.010

0.015

in
it
ia

l 
b

u
il
d

u
p

 r
a

te
 [

/s
]

repetition rate [Hz]

60

3.0 x 10
-18

2.0 x 10
-18

1.4 x 10
-18

1.0 x 10
-18

6.0 x 10
-19

spin diffusion

coefficient [m
2
/s]

図 4: The initial buildup rate at various repeti-
tion rates obtained with (triangles) and without
(circles) 2H decoupling. Simulated data with
various spin diffusion coefficients is also plot-
ted (solid lines).

ピンは低核磁気回転比で低濃度な上に、まわりの 1Hスピンからの双極子相互作用の影
響で 13C、15Nスピン拡散は非常に起こりにくくなってしまっている。このような状況で
は、1Hデカップリングがこの妨げを排除し、13C、15Nスピンの偏極向上の速度は向上可
能であろう。また、MAS下におけるこのスピン系での 13C、15Nスピン拡散は絶望的に
平均化されている。この状況下での DARR照射はこれらを復活させ [11]、やはり 13C、
15Nスピンの偏極向上速度の飛躍的向上を導くだろう。
本研究はCREST JST、科研費 (新学術領域)、最先端研究開発支援プログラムの援助を

受けて行われた。また、著者の根来誠と立石健一郎はG-COEの援助を受けている。
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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 -
○Yusuke Ebisawa 1 , Toshiaki Higo 1 , Masami Hosono 2 , Takashi Hase 3 ,  

Takayoshi Miyazaki 3 , Teruaki Fujito 4 , Kazuhiko Yamada 5 , Tsukasa Kiyoshi 6 ,
Masato Takahashi 1,7 , Toshio Yamazaki 7 , Hideaki Maeda 1,7 

1 Yokohama City Univ. , 2 JEOL Ltd. , 3 Kobe Steel, Ltd. , 4 Probe Laboratory Inc. ,
 5 Tokyo Institute of Technology , 6 NIMS , 7 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 (1) . 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 Z0 and Z1 components; then we acquired excellent 2D spectra of amino acid 
(L-isoleucine) with external lock operation at 500MHz.  

Based on this result, we started to develop a 1.03GHz solid state 13C-1H NMR probe which 
installed the external lock system. Solid state NMR measurement will be made in 2011.  
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Fig.1 A magnetic field stabilization system using two NMR microcoils and a frequency 

counter for Z0 and Z1 magnetic field compensation. This system is worked as an external lock 
system for solid state NMR using an external current mode NMR magnet. 
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Fig.2  A stacked plot of solid-state 13C 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.  
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Fig.3 A 2D- 13C-13C NOESY spectra of uniformly 13C and15N 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 13C NMR frequency of 125.7MHz. [b] In the case of HTS/LTS 
magnet with external lock. 

 

 
 

  
 
 
 

 
 

 
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. 
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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 
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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-
13

C, U-
15

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. 
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Structural analysis of the protofibrils of amyloid -protein using solid-state 
NMR

Takashi Doi1, Yuichi Masuda1, Kazuyuki Takeda1, Kazuhiro Irie2, and K. Takegoshi1

1Graduate School of Science, Kyoto University, Kyoto, Japan. 2Graduate School of 
Agriculture, Kyoto University, Kyoto, Japan.  

Alzheimer’s disease (AD) is caused by abnormal deposition of 42-residue amyloid 
-protein (A 42) in the brain.  In the process of fibrillation, A 42 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 
A 42 protofibrils, a kind of soluble oligomers, intermolecular proximity of the Ala-21 
residues in the A 42 protofibrils was studied by 13C-13C rotational resonance experiments in 
the solid state.  Unlike the A 42 fibrils, no intermolecular 13C-13C correlation was found in 
the A 42 protofibrils.  This result suggests that there is no intermolecular parallel -sheet in 
the A 42 protofibrils. 

Alzheimer’s disease : AD 42
amyloid -protein : A 42

A 42
AD

A 42 -
[1,2] -

Walsh 4-10 nm 200 nm
[3]

A 42 A 42
- Rotational Resonance R2

13C A 42
A 42 - Ala-21 13C

A 42 R2 2 13C MAS

R2 Ala-21 CO 13C A 42
C 13C A 42 1:1 Fig. 1
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Fig. 2.  A pulse sequence of 1D R2 experiment 
with chemical shift filter. 
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Fig. 1.  Amino acid sequence of 13C labeled A 42.
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Fig 13CO 13C A 42
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Fig R2 6Å 13C-13C
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References. 

Fig. 3.  13C 1D R2 spectra of A 42 fibrils (A) and protofibrils (B). 
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Dynamic Structural Analysis of Halobacterial Transducer Transmembrane 
Protein, pHtrII by Solid-State NMR Spectral Simulations 

Keisuke Ikeda1, Ayako Egawa1, Tomoshi Kameda2, Kokoro Hayashi3, Chojiro Kojima1,3, 
Hideo Akutsu1 and Toshimichi Fujiwara1 
1Institute for Protein Research, Osaka University 
2Computational Biology Research Center, AIST 
3Graduate school of Biological Sciences, NAIST 

The negative phototaxis of N. pharaonis halobacteria is triggered by the light activation of 
phoborhodopsin ppR. A transducer protein, pHtrII 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 
pHtrII to the cytoplasmic catalytic domain. However, little is known about the structure and 
dynamics of pHtrII. Here, we have investigated the structures and dynamics of a 159-residue 
fragment of pHtrII in DMPC bilayers by the solid-state NMR measurements, the spectral 
calculations and the molecular dynamics simulations. The 13C-13C spin diffusion and 
HCC-FLOPSY spectra were used to identify the rigid/mobile region and the secondary 
structures of the protein. 
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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 

Yuya Satoh1, Yasumoto Nakazawa2 and Tetsuo Asakura1 
1Department of Biotechnology, Tokyo University of Agriculture and Technology,Japan 
2Nature 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 13C labeling sites and 13C 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 13C 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. 

MaSp1 (Major Ampullate 
Spidroin 1) Ala

Gly rich (Fig.1) Ala
-sheet Gly rich

MaSp1 
pH

NMR  

NMR

 

Fig. 1 The primary structure of Nephila Clavipes MaSp1 

N-terminal

GAG AAAAAA GGAGQGGYGGLGGQGAGQGGYGG LGGQGAGQ 

GAG AAAAAAA GGAGQGGYGGLGSQGAGRGGQ 

GAG AAAAAAAGGAGQGGYGGLGNQGAGR GGQ 

GAG AAAAAA GGAGQGGYGGLGGQGAGQGGYGGLGSQGAGRGGLGGQ 

GAG AAAAAAAGGAGQGGLGGQGAGQ 

GAG AAAAAA GGAGQGGYGGLGSQGAGRGG LGGQ 

GAG AAAAAAA GGAGQGGYGGLGNQGAGRGGQ C-terminal 
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Fig. 2 13C CP/MAS spectra (Ala C  region) of  peptide/PVA 
film before and after stretching. 
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Analysis of structure and orientation of melittin bound to membrane by 

solid state 
17

O NMR 

Yugo Tasei
1
, Kazuhiko Yamada

2
, Izuru Kawamura

1
 and Akira Naito

1
 

1 
Graduate School of Engineering, Yokohama National University, Japan 

2
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 (TC). When temperature is above the TC, giant vesicles are formed in the 

melittin-DMPC bilayers. When temperature is below the TC, giant vesicles are disrupted to 

form small particles. When temperature is above the TC, DMPC bilayer have magnetically 

aligned along the static magmetic field. In this study, [17O]Trp19-melittin is synthesized to 
observe 17O NMR for the melittin bound to membrane. 17O NMR of [17O]Trp19-melittin 
powder has provided with 7.3MHz and 0.6 for quadrupole coupling constant (CQ) and 
asymmetry parameter ( Q) , respectively. We will discuss on the analysis of 17O NMR signal 
for membrane bound melittin in this conference. 

Apis mellifera 50

Gly-Ile-Gly-Ala-Val-Leu-Lys-Val-Leu-Thr-Thr-Gly-Leu-Pro-Ala-Leu-Ile-Ser-Trp-Ile-Lys 

-Arg-Lys-Arg-Gln-Gln 26

(TC)

31
P NMR TC

-

[1][2]
17

O NMR
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[1] S.Toraya et al. (2005) Biophys. J., 89 3214 

[2] S.Toraya et al. (2004) Biophys. J., 87 3323 

Fig.1 Structure of  
Fmoc [17O]-Tryptophan 

Fig.2 17O DD-MAS NMR spectra of [17O]Trp-melittin 
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Solid State NMR of Membrane Protein Halorhodopsin - Optimization of 
Isotope Labeling - 

Hajime Tamaki1, Marika Higuchi1, Ayako Egawa2, Toshimichi Fujiwara2, Jun 
Yokoyama3,4,5, Takanori Kigawa3,4, Kazumi Shimono3,6, Tomomi Someya3, Mikako 
Shirouzu3, Shigeyuki Yokoyama3,7, Masakatsu Kamiya1, Takashi Kikukawa1, Tomoyasu 
Aizawa1, Keiichi Kawano1 and Makoto Demura1 
1Graduate School of Life Science, Hokkaido University, Sapporo, Japan. 2Institute for Protein 
Research, Osaka University, Osaka, Japan. 3RIKEN Systems and Structural Biology Center 
(SSBC), Yokohama, Japan. 4Interdisciplinary Graduate School of Science and Engineering, 
Tokyo Institute of Technology, Yokohama, Japan. 5Taiyo Nippon Sanso, Japan. 6College of 
Pharmaceutical Sciences, Matsuyama University, Matsuyama, Japan. 7Graduate 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 13C and 
15N 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. 
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Analyses of amyloid fibrillation mechanism and its inhibition effect of hCT 
as studied by 13C solid-state NMR 

Hikari Watanabe(Itoh)1, Miya Kamihira2, Masasi Konndou3, Michio Sato3, Masamichi 
Nakakoshi3, and Akira Naito1 
1Gradute School of Engineering, Yokohama National University 
2Institute of Multidisciplinary Research Tohoku University 
3Instrumental 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. 13C NMR experiments were performed on the fibrillations of hCT mutants at pH3.3, 
5.3 and 7.4. The 13C NMR signals showed that structural transition of hCT mutants from 
random coil to -sheet and random coil near C-terminal regions appeared during fibrillation. 
Rate constant, k1s of hCT mutants are determined to be as fast as those of Wt-hCT, while k2s 
of hCT mutants were decreased. These results suggest that Leu at the position of Phe in hCT 
mutants pronouncedly inhibit the fibril elongation process. 

solid-state NMR amyloid fibril amyloid fibril inhibitor 

P77

－340－



hCT 2

NMR  
 

Wt-hCT hCT F19L-hCT Fmoc 13C
HPLC

hCT F19L-hCT 20mM pH7.4
15mM pH3.3 Wt-hCT F19L-hCT 20mM HEPES

pH5.3 NMR TEM
NMR 90

DD-MAS
CP-MAS

 
 

 
hCT

-sheet
2

Fig.1  

k2

micellemonomer  nucleus fibril  
Fig.1 The mechanism of fibrillation 

 
 

Wt-hCT

HEPES  

Fig.2 Wt-hCT image 
in the initial step of fibrillation

in HEPES aqueous solution
 

 
 sodium phosphate buffer aqueous acetic acid HEPES Buffer

Wt-hCT by TEM 
(0.0025g/l) protofibril 

30mins  2days  7weeks  

F19L-hCT by 13C NMR 
(40g/l) CP-MAS Spectra 

 27hours  11days  

Table1. inhibition effect by 3 types of solvents 

 
Table1 Wt-hCT

2 HEPES 7
pH3.3 HEPES pH5.3
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HEPES
TEM Wt-hCT

Fig.2
 

hCT
NMR

Table2 HEPES
 

CP-MAS NMR
HEPES 10 NMR

Wt-hCT hCT HEPES
 

 
 

hCT Phe, Tyr  
stacking hCT F19L-hCT
hCT  

 
Wt-hCT hCT DD-MAS

CP-MAS Table 2  
 

Table 2 13C chemical shifts of hCT and its mutants (ppm from TMS) and their assignments  
Sample Gly10 C=O Ala26 CH3 

Condition: pH3.3  

hCT 
Monomer(a) 

Fibril(b) 
171.8 ( -helix) 
169.9 ( -sheet) 

 16.9 (random coil) 
19.3 ( -sheet), 21.3 ( -sheet) 

F19L-hCT 
Monomer(a) 

Fibril(b) 
171.9 ( -helix) 
170.0 ( -sheet) 

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

Condition: pH5.3 HEPES  

F19L-hCT 
 

Monomer(a) 
Fibril(b) 

171.8 ( -helix) 
169.6 ( -sheet) 

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

Condition: pH7.4  
hCT Monomer(a) 171.8 ( -helix) 16.9 (random coil) 

F19L-hCT Monomer(a) 171.8 ( -helix) 16.9 (random coil) 

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

-helix
C random coil

pH3.3 hCT F19L-hCT C random coil
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-sheet random coil Wt-hCT

 
 

hCT Fig.1
k1 k2  

hCT F19L-hCT
CP-MAS NMR

Fig.3 -sheet

Table 2  
 

Table 2 Wt-hCT hCT k1

k2 100  
4

F19L-hCT -  stacking
-sheet

 
Table3 Kinetics parameters for fibril formation of Wt-hCT, F19L-hCT and L-3-mutant hCT 

L3-mutant hCT 3 Phe Leu hCT  
 

HEPES
HEPES

hCT Wt-hCT

F19  

pH 7.4 pH3.3 
 

k [s-1] k2[s-1M-1] k1[s-1] k2[s-1M-1] 

Wt-hCT 2.79×10-6 2.29 3.28×10-6 2.04×10-3 

F19L-hCT 7.41×10-9 2.90×10-2 1.27×10-6 1.58×10-3 

L3-mutant hCT 1.52×10-6 1.03×10-2 1.85×10-6 6.14×10-4 

ppm

10hr

27hr

54hr

170.0ppm

-sheet

CP-MAS

112hr

Fig.3 13C NMR sprctra of 
[1-13C]Gly10,F19L-hCT 
 at CP-MAS in the time  

course of fibril formation 
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Solid-solution transition analysis of cellulose upon ionic liquid 
pretreatments by monitoring its chemical shift perturbation   

Tetsuya Mori1,2, Yuuri Tsuboi3, Nobuhiro Ishida1, Noriko Shisa4, Yoshiyuki Noritake4,
Shigeharu Moriya3,5,7, Haruo Takahashi1, Jun Kikuchi2,5,6,7

1TOYOTA Central R&D Labs. Inc.,.  2Grad. Sch. Bioagri. Sci. ,Nagoya Univ.,  3RIKEN ASI,
4TOYOTA Motor Corp., 5Grad. Sch. Bionano., Yokohama City Univ., 6RIKEN PSC, 7RIKEN 
Biomass Eng. Prg. 

Plant biomass including cellulose is abundant renewable resources produced by H2O and CO2

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. 

1-5)

NMR
6)

NMR
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7) Fukuda S et al. (2008) PLoS ONE, 4, e4893. 

 Fig. 1, Diagrammatic illustration of structural evaluation of cellulose  
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13C NMR MAS

Solid State 13C 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 13C NMR line shape than that of a pristine NR. However, the static 13C

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 13C 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.

MAS Magic

Angle Spinning; MAS

13C DDMAS NMR
1)

MAS

MAS

MAS

3 v-NR unv-NR

NR 13C NMR Varian NMR systems 

400 WB 6.0 mm 3 mm

MAS 13C NMR
13C T1

C

Keywords , ,
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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 13C Solid State NMR, Cross-Polarization (CP) 
technique is generally used to obtain higher 13C 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. 

H
CH TtTtItI 1

1 expexp10 H
CH

C
CH TTTT 111

CP MAS
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