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Transferred Cross-Saturation Method under Magic Angle Spinning  
for Structural Analysis of Protein – Protein Interaction  

at the Solid – Liquid Interface 
Shou Toyonaga1, Masanori Osawa1, Mariko Yokogawa1 & Ichio Shimada1,2 

1 Grad. Sch. Pharm. Sci., The Univ. of Tokyo, 2 BIRC, AIST

Bead-linked proteoliposomes (BPLs), where membrane proteins are stabilized in the lipid 
bilayers at high concentration, can be used as the cross-saturation (CS) donor in the 
transferred cross-saturation (TCS) analyses. However, solid beads disturb the local magnetic 
homogeneity, causing the signal broadening of the CS-acceptor. Furthermore, the decreased 
mobility of the bead-linked protein enhances the dipolar-dipolar (DD) interactions, which 
might preclude the precise identification of the binding interface by TCS. In order to 
overcome these problems, we applied magic angle spinning (MAS) to TCS, where a
bead-linked protein and its binding protein in solution were used as the CS-donor and 
acceptor, respectively. MAS-TCS successfully identified the interacting residues at the solid 
– liquid interface. The effect of MAS rate on the TCS results will be discussed. 
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                  New NMR Difference Spectroscopy 
         Jun Uzawa1,4, Yumiko Kubota2, Hiroshi Hori3, Hiroko Seki4 and Kiminori Ushida1 
        1RIKEN, Advanced Research Institute, 2Institute of Microbial Chemistry,Tokyo, 

   3Dept. Life Science, Tamagawa University, 4Chemical Analysis Center, Chiba University 

Abstract 
   Difference spectroscopy is a powerful method for the selective observation of small 
changes against dominant but unchanging background. In this presentation, we will cover 
some difference spectroscopy technique, such as 1H {31P selective} difference, DPFGSE- 
SPT-difference, DPFGSE-NOE/ROE-SPT-difference spectroscopy methods. 

For Q-mucin, we applied 1H {31P sel.} diff. technique , and obtained the information of 
coupling constants implying the AEP substituted GalNAc at 2 or 3 positions. Also, we applied 
DPFGSE-ROE-SPT-diff. technique to analyze a branched mannopentose as model of high 
mannose type N-glycan. 
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Fig. 1 1H {31P sel.} diff. spectra of Q-mucin in D2O. (1) Original 1D (pre-saturation for HDO). 
     (2) 31P irradiation at 22.1ppm. (3) 31P irradiation at 21.7ppm. 
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Fig. 2  NOE, NOE-SPT-diff, Diff-SPT spectra of Cellobiose-OAc in CDCl3.  

(1) NOE irr. at 4.50ppm. (2) NOE-SPT-diff ; NOE irr. at 4.50ppm and SPT irr. at 3.75 and  
3.78ppm. (3) Diff-SPT spectra ; SPT irr. at 3.75 and 3.78ppm. (4) Original 1D. 
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A novel epitope-mapping method by NMR 
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NMR spectroscopy has become an indispensable tool in chemical biology, drug discovery, 
and structural genomics.  To date, a broad range of experiments is available to screen for or 
to analyze protein-ligand interactions.  Among them, the saturation transfer difference (STD) 
experiment is most widely used for the investigation of protein–ligand interactions.  
However, there exists a potential problem of STD method that the longitudinal relaxation of 
ligand protons severely interferes with the derived epitope mapping.  In this paper, we 
propose an alternative and simple approach for epitope mapping, which utilizes the difference 
between the longitudinal relaxation rates of ligand protons with and without irradiation of 
target protein protons.  We applied this method to some ligand/protein interactions and 
obtained qualitatively consistent results with the estimated proton density around each ligand 
proton. 
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Figure1. A schematic representation of longitudinal relaxation of ligand proton (I) in the bound state. 
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Figure 2. a; p38 MAPK inhibitor SB203580, b;the experimental result of a novel epitope mapping,
     c;predicted proton density around inhibitor proton (<10 Å) from PDB code: 2ewa.
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常磁性ランタニドプローブ法を用いた薬剤探索 
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Paramagnetic lanthanide probe as a tool for drug discovery 

 Tomohide Saio
1
, Kenji Ogura

2
, Yoshihiro Kobashigawa

2
, Masashi Yokochi

2
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We are developing an NMR ligand screening method, which can rapidly determine the 

structure of the ligand-protein complex as well as identify the ligand from the compound 

library. This method exploits the paramagnetic lanthanide probe. The paramagnetic lanthanide 

ion is attached to the target protein via the two-point anchored lanthanide-binding peptide tag. 

By observing the paramagnetic effects from the 
1
H NMR spectrum of the ligand, the ligand 

that binds to the target protein can be identified. Furthermore, the structure of the 

ligand-protein complex can be determined by the quantitative analysis of the paramagnetic 

effects. This method is demonstrated using the Grb2 SH2 domain and its inhibitors, as an 

example. 

 

【序論】薬剤探索手法の一つである FBDD (Fragment Based Drug Discovery) は、比較
的小さな化合物 (フラグメント) に対するスクリーニングによって結合活性のあるフ
ラグメントを探索し、それらを連結 (リンキング) または拡張 (グローイング) する
ことでより高活性な化合物を作り出す手法である。NMRは FBDD初期のフラグメン
トスクリーニングで用いられることが多いが、 NMRを用いたスクリーニング手法に
は、タンパク質側の NMR信号を観測するものとリガンド側の信号を観測するものの
2種がある。タンパク質信号を観測する場合、1

H-
15

N HSQCスペクトルなどを用いて
リガンド結合に伴うタンパク質信号の化学シフト摂動を評価する。この手法はリガン
ドの結合部位に関する立体構造情報を取得できるという利点があるが、一方で安定同
位体標識したタンパク質試料が多く必要であることや NMR測定時間が長いためにス
ループット性が低いという欠点も存在する。リガンドベースの手法では、主にリガン

 

key words: 常磁性ランタニド, ランタニド結合タグ, リガンドスクリーニング 

さいお ともひで、おぐら けんじ、こばしがわ よしひろ、よこち まさし、 

いながき ふゆひこ 
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ドの 1
H 1次元 NMR測定を主体とするため比較的高スループットであるが、タンパク

質に対する結合部位の情報を得るのが困難であるという短所もある。そこで我々は、
常磁性ランタニドプローブ法を応用し、スループット性が高く、かつリガンド-タン
パク質間の立体構造情報が取得可能なスクリーニング手法の開発に着手した。 

【実験・結果】我々は常磁性ランタニドプローブを応用し、ヒット化合物を同定する
とともに複合体構造を迅速に決定する次のような NMRスクリーニング手法を考案し
た (Fig. 1)。 ①対象タンパク質にランタ
ニド結合タグ (LBT) を導入し、ランタ
ニドイオンを固定する。タンパク質の
NMR信号から pseudo-contact shift (PCS) 

を観測し、磁化率テンソルを決定する。 

②化合物溶液に対象タンパク質を加え、
NMRスペクトルを取得する。 ③ランタ
ニドイオンを加え、NMR スペクトルを
取得する。 ④差スペクトル (②-③) をと
ることでヒット化合物由来の NMR 信号
を抽出する。このとき、正符号の信号を
解析することでヒット化合物を同定し、
正負の信号の化学シフト差から PCS の
値を得る。 ⑤PCS に基づいてドッキン
グ計算を行うことで、ヒット化合物-タン
パク質の複合体構造を決定する。 

 複合体の立体構造が既知である Grb2 

SH2ドメインとその阻害剤をモデルとし、
手法の検証を行った。まず Grb2 に LBT

を導入してランタニドイオンを固定し、
Grb2 の PCS に基づいて磁化率テンソル
を決定した。次に Tm

3+、Tb
3+の 2種のラ

ンタニドイオンを用いて阻害剤の PCS

を計 39個取得し、それらに基づいて構造
計算を行った。その結果、NOEに基づい
て構造決定した場合 (1X0N.pdb) と同様
の複合体構造を得た (Fig. 2)。現在は、よ
り実際のスクリーニングを近似した系と
して、より親和性の低い化合物を用いた
解析を行っている。 

 Fig. 2 Structure of Grb2 SH2-inhibitor 
complex, determined based on PCS (A), 
and NOE (B). 

 Fig. 1 Schematic overview of the 
lanthanide probe-based ligand screening 
method 
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13C-direct detection of protein using 950 MHz NMR 

Kyoko Furuita1, Takahisa Ikegami1, Toshimichi Fujiwara1 and Chojiro Kojima1,2 
1Insititute for Protein Research, Osaka University, Osaka, Japan., 2Graduate School of 
Biological Sciences, Nara Institute of Science and Technology, Nara, Japan.  

  13C-direct detection NMR experiments are now becoming routinely available for protein 
researches in solution, thanks to increased sensitivity of NMR due to developments of 
high-field magnets and cryogenic probes. Here, we measured various 13C-detected 2D NMR 
spectra using 950 MHz NMR. A high-quality 13C-detected 2D NMR spectrum was 
successfully measured in about five minutes with a 1 mM protein sample. Comparison of the 
measured 13C-detected 2D NMR spectra showed that long T1 and short T2 period 
characteristic of high magnetic field clearly affect qualities of spectra.  
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13C CACO C’
 C Multiple Quantum (MQ)-CACO SQCT-CACO with or without IPAP or S3E 
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Table 1. S/N ratios of various
13C-detected spectra. 

Figure 1. 13C-direct detected 

SQCT-CACO spectrum with IPAP 

virtual decoupling of 1 mM ubiquitin 

measured in about 5 minutes. 1D 

slice corresponding dotted line in the 

spectrum is shown at the bottom of 

the spectrum. 
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 Correlation analysis of the microbiota responsible for a variety of biomass 
characters 

Tatsuki Ogura1,Yasuhiro Date1,2,Jun Kikuchi1,2,3,4

1Grad. Sch. NanoBio., Yokohama City Univ., 2RIKEN PSC, 3Grad. Sch. Bioagri., Nagoya 
Univ., 4RIKEN BMEP. 

Understanding degradation process of lignocelluloses based on their chemical compositions 
and structures in soil microbial ecosystems could be contributed for effective use of plant 
biomass and searching useful bacteria and degradation enzymes. We are attempting an
elucidation of the microbial activity of biomass degradation process in soil ecosystems by 
using the meta correlation analysis based on various factors such as soil types, microbial 
community, and structures of lignocelluloses. In this study, we focused on analysis of biomass 
degradation activity in rice paddy soil from rice straw samples pretreated different 
higher-order structure of lignocelluloses. Obtained time-course NMR data were calculated as 
principal component analysis for monitoring the metabolic dynamics of microbial ecosystems 
in soil during its biomass degradation process.

Fig.1 Illustration of our meta correlation analysis system 
between biomass characters and their degrading 
microbiota.
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plot of (a). (c): Score plot of blender-cutting rice. (d): Loading plot 
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The Orange Domain of Basic-Helix-Loop-Helix Transcription Factor 
SHARP2 binds to class B E-box sequence 
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Ezomo1, Yuta Nakamura1, Kazuya Yamada2, Shunsuke Meshitsuka1  
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Science, Tottori University, 86 Nishi-machi, Yonago 683-8503, Japan. 
2Department of Health and Nutritional Science, Faculty of Human Health Science, 
Matsumoto University, 2095-1 Niimura, Matsumoto, Nagano 390-1295 Japan 

 

The basic helix-loop-helix (bHLH) proteins that belong to a super-family 
of DNA binding transcription factors play an important role in development and 
differentiation of the eukaryotic cells. The SHARP2 belong to the bHLH superfamily 
of proteins and consists of 411 amino acids with bHLH motif (residues 53-109 amino 
acids) in the N terminal region, an orange domain (residues 140-184 amino acids) in 
the central region and a proline rich domain (residues 310-385 amino acids) in the C- 
terminal region. The E-box sequence (5`-CANNTG-3`) has been identified in promoter 
and enhancer elements of a number of cell type-specific genes and controls the 
transcription of these genes in important developmental processes. The basic region, 
HLH domain and C-terminal of bHLH proteins are known for their DNA binding, 
dimerization and repression function respectively. However, the function of Orange 
domain is still unclear. Therefore, the present study was aimed to explore function and 
structure of the Orange domain of SHARP2. Interestingly, the present NMR, Surface 
Plasmon Resonance and Gel shift assay results showed that the Orange domain has 
ability to interact with E-box DNA. 

 The Orange domain of SHARP2 have sub-cloned into pGEX-2T vector 
and expressed in BL21 (DE3) bacterial system. The purified proteins were subjected to 
the NMR spectroscopy and measured the 15N HSQC to study the binding site of the 
Orange domain to E-box. The NMR measurements were performed on varion Unity 
Inova (500 MHz) spectrometer equipped with a triple resonance probe and z-axis 
pulsed. The side chain and backbone 1H-15N, 15N, 13Cα/β resonances were assigned 
using a combination of HSQC, TOCSY-15N HSQC, HNCACB, CBCA(CO)NH and 
HNCA, HN (CO)CA experiments.  

Orange domain, bHLH transcription factor, E-box binding 
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To examine the binding site of Orange/E-box DNA sequences, the 15N HSQC 
spectrum of 13C15N- Orange domain with and without E-box DNA sequences were 
measured.  The spectra of 15N-HSQC of Orange domain were compared with E-box 
orange domain spectra. The few signals appeared and also the enhancement of the peak 
intensity of 15N-HSQC spectrum of 13C15N-Orange domain was observed in the 
presence of E-box DNA (Figure 1). This result indicates that the structure of Orange 
domain is affected by the binding of E-box DNA and showed the amino acid residues 
interacting with DNA. The heteronuclear 3D triple resonance NMR experiments were 
done with 13C15N double-labeled protein to determine the assignments of backbone 
resonance. The backbone signals Cα,Cβ, N and NH of 45 amino acid residues of Orange 
domain were assigned sequentially using a combination of connection of HNCACB and 
CBCACONH spectra. The overlaid 15N-HSQC spectrum of Orange domain with E-box 
DNA and Orange clearly showed the differences in chemical shift are seen particularly 
in five amino acids (F3, E22, D26, L32 and V40). This suggests that these residues play 
important roles in the interaction between Orange domain and E-box DNA. We also 
observed that orange domain attain stable structure with E-box DNA compared to its 
native form. Our present results suggest that Sharp2-Orange domain might function as 
DNA recognition domain in monomeric form and mediate the transcriptional activities.  

 

Fig 1. Conformational effects of E-box DNA binding. (A) 1H-15N HSQC spectra of the Orange domain alone  and  

(B ) 1H-15N  HSQC spectra of the 13C15N Orange/E-box DNA (0.8mM) complex at 500 MHz. Conditions: 0.35mM 
15N Orange in 66mM phosphate buffer (pH7.0), 50 mM KCl, 10mM DTT at 25oC.  ni =512, nt=32.  
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Classification of anti-prion compounds  

based on the binding properties of prion proteins 

�Yuji O. Kamatari
1
, Yosuke Hayano

1
, Kei-ichi Yamaguchi

1
, Junji Hosokawa-Muto

1
, and 

Kazuo Kuwata
1
 

1
Center for Emerging Infectious Diseases, Gifu Univ..  

�

��To date, a variety of anti-prion compounds have been reported that are effective in ex vivo 

and in vivo experiments. However, the molecular mechanisms of most of these compounds 

are unknown. To understand those mechanisms, we have classified representative anti-prion 

compounds into several classes according to their binding properties for PrP
C
. Surface 

plasmon resonance and NMR spectroscopy were used to determine the binding affinities and 

the binding sites of the compounds, respectively. Generally, compounds were classified into 

one of three classes. Compounds in the first class, including GN8 and GJP49, bound to the 

native structure and acted as ‘medicinal chaperones’ to stabilize the native conformation and 

prohibit its pathogenic conversion. The second class of compounds, including Congo red, 

directly bound to PrP
C
 and promoted aggregation of the protein, which prevents further 

conformational change of prion. The third class of compounds did not bind to PrP
C
 but may 

interact with PrP
Sc

 or other relevant proteins. The proposed categorization of diverse 

anti-prion compounds would be useful for understanding the mechanisms of anti-prion 

compounds as well as facilitating further anti-prion drug discovery.  
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Structural basis for the effect of glycosylation on cis/trans isomerization of 
prolines in IgA1-hinge peptide 

Kazuhiko Yamasaki1, Yoshiki Narimatsu2, Sanae Furukawa2, Hisayuki Morii1, 

Hisashi Narimatsu2, and Tomomi Kubota2 
1Biomed. Res. Inst., 2Res. Cen. Med. Glycosci., AIST, Tsukuba, Japan 

 

Human immunoglobulin A1 (IgA1) possesses a hinge region, connecting the Fab and Fc 

domains, mostly composed of Ser, Thr, and Pro (VPSTPPTPSPSTPPTPSPS; hinge peptide).  

Five of the Ser/Thr residues in this region are known to be naturally o-glycosylated.  Here we 

investigated the structural changes in the hinge peptide upon o-glycosylation by 

N-acetylgalactosamine (GalNAc), especially focusing on the cis/trans isomerization of Pro 

residues.  Cis/trans ratios of the Pro residues at the C-terminal side of the glycosylated 

Ser/Thr were reduced from 9~13% to 2~3% by enzymatic glycosylation, as observed in 1H-13C 

HSQC spectra.  Thermodynamic parameters indicated that this decrease is enthalpy-driven.  

Consistently, hydrogen bonds between the amide group of GalNAc and carbonyl oxygen of the 

peptide backbone were formed in the trans conformers, as revealed by further NMR analyses. 

 

X

A1 IgA1 Fab Fc 2

20 Ser Thr Pro

VPSTPPTPSPSTPPTPSPS Ser Thr GalNAc

Figure 1
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Figure 1: Domains in IgA1 molecule. 

The hinge region connecting the Fab and 

Fc domains is mostly composed of Ser, 

Thr, and Pro.  Arrows indicate the 

naturally occurring o-glycosylation sites. 
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Figure 2: (a) Cis/trans isomerization regarding the Thr/Ser-Pro peptide bond.  (b) 1H-13C 

HSQC spectra for IgA1 hinge peptide containing a [13C, 15N]Pro residue, with (right) or 

without (left) enzymatic o-glycosylation on Ser/Thr residues.  The glycosylation significantly 

shifts the equilibrium, reducing the cis conformers. 

 

Table 1: Cis/trans ratio for Pro residues in IgA1 hinge peptides and relevant thermodynamic 

parameters.  HP and glyco-HP stand for hinge peptides without and with 

GalNAc-glycosylation, respectively.  Signs for the thermodynamic parameters are defined for 

the trans to cis transition.  Ser/Thr residues at the N-terminal sides of Pro5, Pro8, Pro10, and 

Pro16 are glycosylated in glyco-HP. 
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Figure 3: A hydrogen bond 

between GalNAc amide proton 

and peptide backbone oxygen of a 

GalNAc-Thr residue observed for 

the trans conformer, as revealed 

by the NMR structure analysis. 
This restricts ψ angle and causes 

steric hindrance in the presumable 

cis conformer. 

–TΔΔS

Table 1

trans
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Figure 3  
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Narimatsu, Y., Kubota, T., Furukawa, S., Morii, H., Narimatsu, H., and Yamasaki, K. (2010) J. 

Am. Chem. Soc. 132, 5548-5549. “Effect of glycosylation on cis/trans isomerization of 

prolines in IgA1-hinge peptide” 
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Mapping the Interactions of the Intrinsically Disordered p53 
Transactivation Subdomains with the TAZ2 Domain of CBP by NMR 

Munehito Arai1,2, Josephine C. Ferreon1, H. Jane Dyson1, and Peter E. Wright1 
1Dept of Molecular Biology, The Scripps Research Institute, La Jolla, CA, USA. 
2Dept of Life Sciences, Grad. Sch. Art. Sci., University of Tokyo, Tokyo, Japan. 
 
Using NMR chemical shift perturbations we show that the isolated AD1 and AD2 binding 
motifs, derived from the intrinsically disordered N-terminal transactivation domain of the 
tumor suppressor p53, both interact with the TAZ2 domain of the transcriptional coactivator 
CBP at two binding sites. Unexpectedly, the site of binding of AD2 on the hydrophobic 
surface of TAZ2 overlaps with the binding site for AD1, but AD2 binds TAZ2 more tightly. 
The results highlight the complexity of interactions between intrinsically disordered proteins 
and their targets. Furthermore, the association rate of AD2 to TAZ2 is estimated to be greater 
than 3 × 1010 M-1 s-1, approaching the diffusion-controlled limit and indicating that intrinsic 
disorder plus complementary electrostatics can significantly accelerate protein binding 
interactions. 
 
  p53

p53 N 61
AD1

AD2 CBP TAZ2
p53 1-3

p53 TAZ2 TAZ2
p53 AD1 AD2

NMR  
TAZ2 15N p53 AD1 1H-15N HSQC

fast exchange

TAZ2 AD1 24 M  164 
M TAZ2 p53 AD2 TAZ2

AD2 32 nM 10 M 
AD1 AD2
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10 nM NMR fast 
exchange 

TAZ2-AD2
 

TAZ2-AD2 32 nM 
fast exchange

TAZ2-AD2 fast exchange  koff > 
1000 s-1  kon > 3 × 1010 M-1 s-1

TAZ2 +14 p53 AD2 8

 
 

 

1.  Lee, C.W., Ferreon, J.C., Ferreon, A.C.M., Arai, M., & Wright, P.E. (2010) Graded 
enhancement of p53 binding to CBP by multisite phosphorylation. Proc. Natl. Acad. Sci. 
U.S.A. in press. 

2. Ferreon, J.C., Lee, C.W., Arai, M., Martinez-Yamout, M.A., Dyson, H.J. & Wright, P.E. 
(2009) Cooperative regulation of p53 by modulation of ternary complex formation with 
CBP/p300 and HDM2. Proc. Natl. Acad. Sci. U.S.A. 106(16): 6591-6596. 

3. Lee, C.W., Arai, M., Martinez-Yamout, M.A., Dyson, H.J. & Wright, P.E. (2009) Mapping 
the interactions of the p53 transactivation domain with the KIX domain of CBP. 
Biochemistry 48(10): 2115-2124. 
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Structural Mechanism for the Affinity Regulation of Cytoplasmic Dynein 
Osamu Takarada1, Noritaka Nishida1, Ryo Umemoto1, Masahide Kikkawa2, Ichio 

Shimada1, 3

1Grad. Sch. Pharm. Sci., The Univ. of Tokyo, Tokyo, Japan. 2Grad. Sch. Med., The Univ. of 
Tokyo, Tokyo, Japan. 3BIRC, AIST 

Cytoplasmic dynein is a motor protein that uses ATP to power the movement toward the 
minus end of microtubules (MTs). It has been considered that the microtubule-binding 
domain (MTBD) of dynein changes its affinity for MT by altering the association mode of the 
neighboring coiled-coil helices. However, the structural mechanism of the affinity regulation 
of MTBD remains elusive. Here, we analyzed conformational changes of MTBD, using 
mutants where disulfide bonds introduced in MTBD are utilized for locking the association 
mode of the coiled-coil. We made two mutants, termed MTBD-High and MTBD-Low, which 
showed high and low the affinity for MT, respectively. We examined the difference in the 
conformation and identified the MT-binding site of MTBD-High and MTBD-Low by NMR. 
Based on these results, the mechanism for the affinity regulation of the MTBD is discussed. 
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Fig. 1 NMR analysis of the MTBD constructs 
with high and low affinity for MT 
(a) A ribbon diagram of the model structure of 
MTBD137 based on the crystal structure of the 
mouse SRS-MTBD. The position of S-S bonds 
of MTBD-Low and MTBD-High are indicated. 
(b, c) Plots of signal intensity ratio of TCS 
experiments (b) MTBD-High and (c) 
MTBD-Low. (d) A plot of the chemical shift 
difference ( ) between MTBD-High and Low. 

=( H2+( N/6.5)2 )1/2 

(a) (b) 

(c) 

(d) 
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In-cell NMR G B1
 

1 1 1 1  
Peter Güntert2 3 1 
(1 2Frankfurt 3 ) 

Structure determination of protein G B1 domain in living cells by in-cell 
NMR spectroscopy 

Tomomi Hanashima1, Junpei Hamatsu1, Teppei Ikeya1, Masaki Mishima1, Peter Güntert2,
Masahiro Shirakawa3 and Yutaka Ito1

(1Dept. of Chem., Tokyo Metropolitan Univ., 2 Inst. of Biophysical Chemistry and Center for 
Biomolecular Magnetic Resonance, J. W. Goethe-Univ. Frankfurt, 3Dept. of Eng., Univ. of 

Kyoto) 

Recent developments in NMR hardware and methodology have enabled the measurement 
of high-resolution heteronuclear multi-dimensional NMR spectra of macromolecules in living 
cells (in-cell NMR). With this method, we recently reported the world’s first 3D protein 
structure calculated exclusively on the basis of information obtained in living cells.

In this presentation, as an another demonstration of our strategy for protein structural 
analyses in vivo, we report in-cell NMR studies of Streptococcus protein G B1 domain (GB1) 
overexpressed in E. coli cells. While backbone resonances were completely assigned, 
side-chain assignment suffers from low sensitivity of triple-resonance NMR spectra, thus 
requires additional experiments, which presumably due to lower expression level of GB1 in E. 
coli. Methyl-selectively protonated samples as well as 13C/15N-labelled samples were used for 
the collection of NOE-derived distance restraints. Structure calculations are in progress. 

 
in-cell NMR

in-cell NMR
Thermus 

thermophilus HB8 TTHA1718(66 a.a.)
[Sakakibara et al. Nature (2009) and Ikeya et al. Nat. Protoc. (2010)]

Streptococcus protein G B1 (57 a.a.
GB1 ) in-cell NMR   
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TTHA1718 3-4 mM GB1
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2D 
Figure 1 TTHA1718
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3D NOESY
NOE

1 mM
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Figure 1 

a. 2D 1H-15N HSQC spectrum of the 13C/15N-labelled GB1 in living E.coli cells.  Cross 
peaks are labelled with their corresponding backbone assignments. 
b. Overlaid 1HN-13C cross-sections of the 3D HNCA and CBCA(CO)NH spectra 
corresponding to the 15N frequencies of residues from Leu6 to Gly10.  Sequential 
connectivities are represented by lines.  Intraresidue correlations (HNCA) are indicated with 
boxes. 

a b 
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Structural analysis of stomagen: a positive regulator of stomatal density 
Makoto Takeuchi , Shigeo S. Sugano , Shimada Tomoo , Ikuko Hara-Nishimura , Masashi 

Mori , Shin-ya Ohki
1Japan Advanced Institute of Science and Technology, Ishikawa, Japan. 
2Graduate School of Science, Kyoto University, Kyoto, Japan. 
3Reserch Institute for Bioresources and Biotechnology, Ishikawa Prefectural University,
Ishikawa, Japan. 
4Japan Science and Technology Agency-SENTAN. 

  Stomata are small pores on the surfaces of leaves and stalks in plants. They exchange gases, 
such as water vapor and CO2, in and out of plants for photosynthesis. No positive regulator of 
stomatal development had been reported, although several negative regulators are already 
known.  Recent studies have identified a first positive regulator, stomagen (1, 2).  Stomagen 
is a 45-residue peptide containing six Cys residues.  To study structure-function relationship 
of stomagen, we tried NMR experiments.  For the NMR study, stable-isotope labeled 
samples were prepared by using plant cells with inducible virus vector system.  In this 
presentation, we will report the structure of stomagen and discuss the functional mechanism. 

structural analysis, differentiation of stomata, plant cell 
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Fig. 1.  1H-15N HSQC spectrum of STOMAGEN at 25 . 
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Enhancement of thermostability and control of redox activity of cytochrome c 
through stabilization of its hydrophobic core 

Hulin Tai, Kiyofumi Irie, Shigenori Nagatomo, and Yasuhiko Yamamoto 
Dept. of Chem., Univ. of Tsukuba 

 
Thermophile H. thermophilus cytochrome c552 (HT) and mesophile P. aeruginosa cytochrome c551 

(PA) are small monoheme-containing electron transfer proteins, which exhibit high sequence identity 
(56 %) to each other, and their main-chain folding is almost identical.  But HT is much more stable 
than PA.  A detailed comparison of the protein interior between them highlighted sizable differences 
in packing among amino acid side chains, and site-directed mutants of PA, for which amino acid 
substitutions were selected with reference to corresponding residues in HT, exhibited thermostabilities 
between those of the two proteins.  We extended our efforts to stabilize the heme pocket of HT by an 
amino acid substitution, V28I, in order to design and prepare proteins even more thermostable than HT.  
The study demonstrated that Ile improved the hydrophobic packing of heme pocket by the additional 
methyl group, leading to the enhancement of the thermostability of HT. 
 

 Hydrogenobacter thermophilus c552 HT
Tm 109.8 129.7 ºC HT

Pseudomonas aeruginosa c551 PA Tm

HT 28 ºC PA HT

Em
[1]  

HT
HT X [2]

Val28

Fig. 1

Val28 Ile
Leu V28I, V28L

Tm Em
 



HT V28I V28L 1H NMR Fig. 2
Met

V28I V28L HT
NMR  

NMR c  
 

     

Val76 Tyr25

Val28Axial His 

Axial Met 

Heme

Fig. 1  Void space near Val28 of HT (pdb: 1YNR).  
Val28, Tyr25, and Val76 are shown as a CPK model 
and the heme, together with Fe-coordinated His and 
Met, is drown as a stick model.  The void space is 
schematically illustrated as a gray ellipse. 

P18

－208－



V28I Tm 113.2 129.9 ºC Table 1 V28I

Ile C H3

V28L
Tm 106.6 124.4 ºC  

Leu 2 C H3

HT V28I V28L 1H NMR
Fig. 3

Val28 17
Trp54 N H

Val28
Trp54

N H V28I

V28L
V28L

Trp54 17
Leu

 
 

V28I V28L Em

199 196 mV
245 mV

Em Table 1 V28I
Em

Table 1 V28L

Table 1 Val28

 
 

 Val28
Val28

 
 
References: [1] H. Tai et al., Biochemistry, 49, 42-48 (2010); S. Mikami et al., Biochemistry, 48, 8062-8069 
(2009); S. J. Takayama et al., J. Biol. Inorg. Chem., 14, 821-828 (2009).      [2] C. Travaglini-Allocatelli et al., 
J. Biol. Chem., 280, 25729-25734 (2005). 

Table 1  Denaturation temperatures (Tm) and redox potentials 
(Em) of HT, V28I, and V28L. 

a Observed at pH7.0.  Errors ± 0.5 ºC.   
b Observed at 25 ºC, pH6.0.  Errors ± 2 mV. 

HT
V28I
V28L

109.8
113.2
106.6

129.7
129.9
124.4

Tm
a (ºC)

oxidized reduced
Em

b

(mV)

245
199
196

Tm Tm

+0.2
-5.2

+3.4
-3.2

HT
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V28L

109.8
113.2
106.6

129.7
129.9
124.4

Tm
a (ºC)

oxidized reduced
Em

b

(mV)

245
199
196

Tm Tm

+0.2
-5.2

+3.4
-3.2

Fig. 2  1H NMR spectra of the oxidized HT, V28I, and V28L.  
The heme methyl and axial Met59 side chain proton signals are 
resolved in downfield and upfield shifted regions, respectively. 
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Fig. 3  1H NMR spectra of reduced HT (bottom).  Portions, 
12.6 – 10.2 ppm of 1H NMR spectra of reduced HT, V28I, and 
V28L are illustrated in the upper left corner, and the molecular 
structure of HT in the upper right corner. 
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NMR structure of the C-terminal domain of an R-type lectin from 
earthworm in the lactose-binding state

Hikaru Hemmi1, Atsushi Kuno2, Sachiko Unno2, and Jun Hirabayashi2

1National Food Research Institute, National Agricultural and Food Research Organization 
(NARO), Tsukuba, Japan.  
2Research Center for Medical Glycoscience, National Institute of Advanced Industrial 
Science and Technology (AIST), Tsukuba, Japan.  

The C-terminal domain of an R-type 29-kDa lectin (EW29Ch) from the earthworm Lumbricus 
terrestris has two sugar-binding sites (  and ). Our recent paper1 showed that the Kd value of 
the -binding site were approximated to 0.01-0.07mM for lactose, whereas that of 
sugar-binding site was 2.66mM for lactose. Although the crystal structure of the complex 
between EW29Ch and -binding site 
binds to lactose more strongly. In the present study, the high-resolution NMR structure of 
EW29Ch in the lactose-binding state was characterized by a -trefoil fold as expected from 
the crystal structure of lactose-liganded EW29Ch. The NMR relaxation experiments for the 
backbone of EW29Ch in the sugar-free state and in the lactose-binding state showed that the 
differences between the two states were particularly observed for the -binding site.

2 9 EW29
Gly-X-X-X-Gln-X-Trp

R-type
R-type

EW29 C
(EW29Ch) EW29 10

EW29 Ch 2
3
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Development of residue selective cross-saturation (RSCS) method 
for modeling a large protein-protein complex 

Shin-ichiro Ozawa1, Shunsuke Igarashi1, Tsutomu Suzuki2, Masatsune Kainosho3, 4,
Masanori Osawa1, and Ichio Shimada1, 5

1Grad. Sch. Pharm. Sci., The Univ. of Tokyo, 2Grad. Sch. Eng., The Univ. of Tokyo, 3Grad.
Sch. Sci., Nagoya Univ., Center for Priority Areas, Tokyo Metropolitan Univ., 5BIRC, AIST 

Structural analyses of protein-protein complexes provide information about their structural 
mechanism of the functions. We previously developed NMR techniques, cross-saturation 
(CS) and amino acid selective CS (ASCS) methods. The ASCS method provides the 
candidates of the proximal residue pairs between two protein molecules, which enables to 
build a structural model of the complex with reference to the structural complementarity of 
the individual structures. In order to identify the proximal residue pairs unambiguously, we 
propose here a residue selective CS (RSCS) method, which uses a residue selective 
1H-labeled protein as a CS-donor. In this presentation, the selectivity and efficiency of the 
residue selective 1H-labeling as well as the application of the RSCS method to a complex of 
yeast ubiquitin (Ub) and yeast ubiquitin hydrolase 1 (YUH1) will be discussed. 
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