
Studies on the structure of horse myoglobin dimer by NMR spectroscopy 
Satoshi Nagao, Makoto Amagai, Takeshi Uni, and Shun Hirota 

Graduate School of Materials Science, Nara Institute of Science and Technology, Nara, 
Japan.

Dimerization of myoglobin (Mb) has been reported, but the structure of dimeric Mb is still 
unclear. In this study, we investigated the structure of dimeric Mb under various states by 
NMR spectroscopy. Although most of the signals of the amino acid protons nearby heme 
were similar between the corresponding CN-, deoxy, CO-bound forms of monomeric and 
dimeric Mbs, significant shifts of Trp14 N H and Val17 C H3 signals were observed for the 
CO-bound complex. These results suggest that the A-helix structure of Mb is perturbed by 
dimerization, whereas the active site structure is similar between monomeric and dimeric 
Mbs.
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Fig. 1 Structure of horse myoglobin. 
Heme and amino acid residues (Trp14 
and Val17) are represented with stick 
and space-filling models, respectively. 
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Structural characterization of heme-DNA complex possessing CO molecule 
as an exogenous ligand 

Kaori Saito1, Hulin Tai1, Shigenori Nagatomo1, Yasuhiko Yamamoto1, and Hikaru Hemmi2
1Dept. of Chem., Univ. of Tsukuba, 2 Dept. of Life, Environ. and Materials Sci., Fukuoka Inst. 
of Tech., and 3Natl. Food Res. Inst. 

A single repeat sequence of the human telomere, d(TTAGGG), has been shown to form all 
parallel G-quadruplex DNA in the presence of K+. We have previously demonstrated that 
heme, iron(III)-protoporphyrin IX complex, and G-quadruplex DNA assembled from
d(TTAGGG) form a stable complex, “heme-DNA complex”. It has been also suggested that, 
as in the cases of hemoproteins, carbon monoxide (CO) can be bound, as an exogenous ligand, 
to iron atom of the heme-DNA complex in its reduced state. In this study, we have
characterized the solution structure of the CO adduct of the heme-DNA complex using 1H
NMR. Guanine imino protons were ranked as G4 < G5 < G6, in order of increasing shift 
difference between G-quadruplex DNA and the CO adduct, revealing that heme stacks onto 
the 3’-terminal G-quartet of G-quadruplex DNA in the CO adduct. 
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Fig. 1. UV-Vis absorption spectra of heme-DNA 
complexes with (a) Fe3+ (before iron reduction),
(b) CO adduct (reduced in CO atmosphere), and 
(c) Deoxy-form (reduced in N2 atmosphere).
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Fig. 2. 1H NMR spectra of CO adduct of heme-DNA complex (top) and G-quadruplex DNA (bottom) in 
90%H2O/10%D2O, at 298K. Heme-DNA complex was reduced by Na2S2O4, and dithiothreitol was added 
to maintain the CO adduct throughout the measurements. Signal assignments of guanine imino protons are 
shown with the spectra. 
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Fig. 3. A portion of NOESY spectrum of CO 
adduct of heme-DNA complex in 
90%H2O/10%D2O, at 298K. A mixing time of 
150 ms was used for the measurement. 
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Applications of nonlinear sampling scheme to 3D 13C or 15N-separated NOESY 
experiments

Kaori Onishi1, Yoshiki Shigemitsu1, Yuusuke Tsuchie1, Daniel Nietlispach2, Masaki Mishima1,
Teppei Ikeya1 and Yutaka Ito1 

1Department of Chemistry, Tokyo Metropolitan University 
2Depatment of Biochemistry, University of Cambridge 

Nonlinear sampling for indirectly acquired dimensions in combination with
maximum entropy (MaxEnt) processing has been shown to provide significant time saving in 
the measurement of multidimensional NMR experiments.  We applied this nonlinear 
sampling and 2D MaxEnt processing to 3D 13C or 15N-separated NOESY experiments of 
T.thermophilus HB8 TTHA1718 and Sinorhizobium meliloti FixJ C-terminal domain.  The 
effect of the artefacts arising by employing nonlinear sampling and 2D MaxEnt processing, 
such as mis-calibration of intensities and the emergence or disappearance of cross peaks, to 
3D NOESY-type spectra was evaluated by calculating structures with distance restraints 
obtained from simulated 3D NOESY spectra with various amounts of nonlinear sampling 
points.  
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Figure 1  Superposition of 20 final structures of TTHA1718 from full (reference) data (a) 
and simulated data with 1/8 nonlinear sampling (b), respectively. Superposition of 20 final 
structures of FixJC from full (reference) data (c) and simulated data with 1/8 nonlinear 
sampling (d), respectively.  

(c) (

Table 1  RMSD of ensembles and RMSD to references. 
TTTHA1718  FFixJC  

reference 1/8 reference 1/8 
BBackbone RMSD  0.28 ± 0.04 Å 0.45 ± 0.11 Å 0.33 ± 0.07 Å 0.62 ± 0.14 Å 

HHeavy atom RMSD  0.78 ± 0.05 Å 0.96 ± 0.09 Å 0.75 ± 0.04 Å 1.10 ± 0.15 Å 
BBackbone RMSD to reference  - 1.11 Å - 1.15 Å 

HHeavy atom RMSD to reference  - 1.30 Å - 1.53 Å 
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Structural analysis of the tyubulin tyrosine ligase from human by solution 
NMR spectroscopy

Kunimichi Saeki1, Ryoko Maesaki2,Yutaka Ito1,and Masaki Mishima1

1 Graduate school of science and engineering, Tokyo Metoropolitan University.  
2Nara Institute Science and Technology. 

Tubulin tyrosine ligase (TTL) is the enzyme that adds tyrosine to the C-terminal end of 
-tubulin. It is interesting that CLIP170 protein specifically recognizes tyrosine at the 

C-terminal end of -tubulin and binds to it (Mishima M., et .al. (2007) P.N.A.S. 104 10346). 
CLIP-170 bound to C-terminus of -tubulin accumulates on microtubule and promotes its 
polymerization. Thus, this tyrosination is one of the key modifications to regulate microtube 
dynamics. In physiological aspect, it is known that this tyrosination involves in organization 
of neuron.  

In this study, our purpose is to elucidate the detail of this tyrosination based on the TTL 
structure using NMR technique. We will report our progress about binding assay between 
TTL and -tubulin, and the resonance assignments of NMR signals of TTL. 

Fig.1 Scheme of polymerization of microtubule 
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Fig.2 GFP+TTL expression plasmid 
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0.25 mM TTL 
50 mM Bis-Tris 
50 mM KCl 
pH 7.0 
NS 128 
Temperature 298K 

0.37 mM TTL 
50 mM Bis-Tris   
200 mM KCl 
5 mM MgCl2

pH 6.0 
NS 32 
Temperature 298K 

(a)

(f)

(e)

(d)

(c)

(b)

Fig.3 TROSY HSQC before optimization (a) and after optimization (b). Observed 
aggregations of NMR samples before optimization (c) and after optimization (d). 
Conditions of measurements (e) and (f). 
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(a) (b) (c)

Fig.4 Scheme of monitoring system using GFP 
GFP gives green fluorescence, if TTL folds into native 
form. However, it gives no green fluorescence, if TTL 
forms inclusion body and  folds into non native 
structures.

Fig.5 Observation of tyrosination in NMR tube 
HSQCs of C-terminus of -tubulin at 0 h (a),4 h(b),and 12 h after reaction (c). 
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High-energy state mutant of ubiquitin
Soichiro Kitazawa1, Maho Yagi2,3, Kenji Sugase4, Koichi Kato2,3, Ryo Kitahara1

1College of Pharmaceutical Sciences, Ritsumeikan University, Kusatsu, Japan, 2Graduate 
School of Pharmaceutical Sciences, Nagoya-City University, Nagoya, Japan, 3IMS Okazaki 
National Institute, Okazaki, Japan, 4Suntry Institute for Bioorganic Research, Osaka, Japan 
 
High pressure NMR studies have revealed that ubiquitin exists in conformational equilibria 
among the basic folded (N1), alternatively folded (N2), locally disordered (I) and totally 
unfolded (U) conformers. Here, we show NMR characterizations of the ubiquitin mutants in 
which the high-energy states are highly populated. A breaking of hydrogen bond, salt bridge
or a replacement of Pro-Pro sequence to Ala-Ala (K11A, E34A, Q41N, Q41A and 
P37A/P38A) brought about significant changes in chemical shifts, 15N spin-spin relaxation 
rates R2 and amide proton-water exchange rates at many residues in -helix and some 

-strand regions, indicating a large increase in population of high-energy states in those 
mutants. In addition, we studied the binding constants of ubiquitin-interacting-motif UIM to 
ubiquitin and its mutants.
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Fig. 2  Differences of R2 values between Q41A and WT. NMR measurements are 
carried out at 1H 600 MHz and 20 ºC. 

Fig. 1. NMR structure of 
ubiquitin-UIM complex (PDB 
1Q0W, Swanson et al,).
Residues substituted by Ala are 
represented by sticks.
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Development of Isotope Labeling Strategy using Yeast Expression System 
–for a structural analysis of difficult to express large molecular weight proteins-

Mayumi Ohnami1, Toshihiko Sugiki1, Koh Takeuchi2, Ichio Shimada2, 3, and Hideo 
Takahashi2, 4

1 JBiC, 2 BIRC, AIST, 3 Grad. Sch. Pharm. Sci., The Univ. of Tokyo, 4 Grad. Sch. Nanobiosic., 
Yokohama City Univ. 

In a structural analysis of proteins using NMR spectroscopy, we often experience proteins that 
are large and derived from eukaryote are difficult to express in Escherichia coli. Recently, we
established a protein expression system using hemiascomycete yeast Kluyveromyces lactis 
(K.lactis), which enable the preparation of labeled proteins using glucose and ammonium 
chloride as a stable isotope source. The yeast expression system expresses some eukaryotic 
target proteins in larger quantity than in E.coli with a comparable amount of stable isotopes. 
   In this presentation, we established a method to deuterate proteins in K.lactis, which 
would be beneficial for a structural analysis of large molecular weight proteins. We also 
examined the selective labeling strategy of methyl groups of the Ile (δ1), Leu, and Val 
residues using amino-acid precursors under highly deuterated background. These new 
techniques open up the way for the structural analyses of large and eukaryotic proteins that 
are important but hard tackle with current prokaryote based-expression systems. 

 NMR

K. 
lactis K. lactis

K. lactis

Ile Leu Val

K. lactis
maltose-binding protein (MBP)
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SUMO E2

Roles of Multi-Binding Sites of Conjugating Enzyme E2 in SUMOylation in 
Rice

Wataru Tsuchiya, Heisaburo Shindo, Rintaro Suzuki, Zui Fujimoto, and Toshimasa 
Yamazaki
Protein Research Unit, National Institute of Agrobiological Sciences, Tsukuba, Japan.  

Posttranslational modification of target proteins by the small ubiquitin-like modifier (SUMO) 
regulates many important cellular pathways. SUMOylation of target proteins requires a 
multistep process mediated by E1 (the activating enzyme), E2 (conjugating enzyme), and E3 
(ligase) enzymes similar to those in the ubiquitinylation machinery. In this process, the 
transfer mechanism of SUMO from E1 to E2 has not been well clarified. In this study, to 
reveal the functional roles of interaction network among E1, E2 and SUMO, we performed 
the structure analysis of E2 binding domain (Ubl domain) of E1, E2 and SUMO1 from rice 
(Oriza sativa), and identified the binding sites to each of Ubl and SUMO1 on E2. 

Small ubiquitin-like modifier (SUMO) ubiquitin

SUMO DNA
SUMO 3

ATP E1 SUMO C E1
E1 E2

E3 SUMO C
Lys -

E2 SUMO1 E1 E3 SUMO
SUMO

E2
SUMO

E1 E2 SUMO
 (Oriza sativa) E2 E1 E2 (Ubl )

SUMO1 E1-E2-SUMO

SUMO , ,
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13C/15N E2 NMR
E2 SUMO1 15N

E2 SUMO1 1H-15N HSQC
E2 SUMO1 2

fast exchange limit 1 ( 1 ) 2
SUMO1 2 ( 2 ) 2

E2 N 1
Arg14 Lys15 Arg18 Lys19 E2 SUMO Cys94

2 Lys75 Ser90 Thr92 Gln131 Tyr135
(Fig. 1) 1

1) 2 E2
1 2 2

E2 [K75A/S90A/T92A] 1
E2 [R18A/K19A] NMR 1

2 Kd1 = 2.6 M Kd2

E2 Ubl Ubl E2

slow exchange limit NMR

Ubl
E2 SUMO1 1

E2 1
E2 [R18A/K19A]

Ubl SUMO1
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E2 SUMO1 Ubl

SUMO1 Ubl
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= 840 
M

NMR
E2 2 SUMO1

1 Cys94
SUMO1 Ubl 1 Ubl

ITC X
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1) M. H. Tatham et al., Biochemistry, 42, 9959-9969 (2003).

Fig. 1 Mapping of the residues on E2 that 
showed large chemical shift perturbation upon 
complex formation with SUMO.
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Structural Elucidation of the Sequential Signal Transduction Mechanism in 
Bacterial Chemotaxis 

Yuichi Minato1, Asako Machiyama1, Takumi Ueda1, and Ichio Shimada1, 2

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

The autophosphorylation of the P1 domain by the P4 domain in CheA, and the subsequent 
phosphotransfer from the P1 domain to CheY bound to CheA on the P2 domain, are important 
for the rapid signal transduction in bacterial chemotaxis.  Here, to clarify the mechanism 
underlying the rapid sequential signalling, we performed cross-saturation (CS) experiments on 
the full-length CheA-CheY complex.  The resonances from residues located around the 
catalytic residues of the P1 domain and CheY were significantly affected by the irradiation, in 
addition to those on the binding surface in the crystal structure of the P2 domain-CheY complex.  
These results suggest that the P1 domain and CheY interact with each other on their catalytic 
sites. The intensity reduction of the P1 domain caused by CS was about half of that of the P2 
domain, suggesting that the P1 domain is under equilibrium between the CheY-bound state and 
unbound state, in the full-length CheA-CheY complex.  This equilibrium might be important 
for the P1 domain to interact with both CheY and the P4 domain. 

ATP
CheA P4 P1

H48
H48 P2 CheY

D57

 

Fig.1 Schematic diagram of the domain structure of CheA and its phosphorylation reactions. 
The P4 domain binds to ATP, and donates an phosphate to H48 in the P1 domain 
(autophosphorylation).  CheY binds to the P2 domain, and accept an phosphate from the 
phosphorylated P1 domain (phosphotransfer).   
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Fig. 2  Results of the affected residues in the CS experiments. 
(A) Mapping of the affected residues in the CheY-observed CS experiments.  
(B)(C) Mapping of the affected residues in the CheA-observed CS experiments. (B) and 
(C) are the mapping of the P2 and P1 domains, respectively. 
The darker color indicates stronger reduction of signal intensity for corresponding 
residues.  The strongly affected residues are labeled. 
In (A) and (B), the ribbon diagrams represent CheY and the P2 domain, respectively.  
The residues surrounded by the squares (D57 in (A) and H48 in (C)) are the catalytic 
residues of CheY and the P1 domain, respectively. 
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Fig,3
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Fig.3  Proposed CheA-CheY interaction model. 
We propose that the P1 domain is under equilibrium between the CheY-bound state and 
unbound state in the full-length CheA-CheY complex, and about half of the P1 domain 
is under the CheY-bound state (Keq ~1). 
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Structural characterization of A-quartet formed in all-parallel 
G-quadruplex DNA 

Yusuke Nakano, Hulin Tai, Shigenori Nagatomo, and Yasuhiko Yamamoto 
Dept. of Chem., Univ. of Tsukuba 

 A G-quadruplex DNA is composed of stacked G-quartets, each of which involves the planar 
association of four guanine bases. In the center of each G-quartet, electrostatic repulsions 
among four closely-spaced carbonyl groups are reduced by a nearby cation. Similarly to the 
case of G-quartet, four adenine bases have been shown to be associated to form A-quartets in 
G-quadruplex DNAs. We have characterized the molecular structures of G-quadruplex DNAs 
formed from various DNA sequences such as d(TTAGGG), d(TTGAGG), and d(TTGAGGT), 
in order to elucidate the effects of the sequence on the G-quadruplex DNA structure 
possessing an A-quartet. In addition, NMR chracterization using 15NH4

+ revealed the cation 
binding sites in the G-quadruplex DNAs. 

 Hoogsteen
G-quartet(FFig. 1) G-quartet

3’ G-
3’ G-quartet

1 G-quartet

d(TTAGGG)  d(TTGAGG) d(TTGAGGT)
A-quartet(FFig. 1)

15NH4+

A-quartet
 

 
G-quartet, A-quartet, stacking 
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A4

G6

5

3

T1

T2

G3

G5

A4

G6

5

3
Fig. 1. Schematic drawings of G-quadruplex DNA (left), molecular 
structure of G-quartet (center), and A-quartet (right). 
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Fig. 2. 1H NMR spectra of G-quadruplex 
DNAs formed from d(TTAGGG) (top), 
d(TTGAGG) (middle), and d(TTGAGGT) 
(bottom) at pH 6.80 and 25  (top and 
middle), and 5  (bottom), respectively. 

Fig. 3. 1H NMR spectra of (d(TTGAGG))4

in 200 mM 15NH4Cl at pH 6.30 and 5 .

Fig. 4. Schematic drawings of the G3-G6 
region of (d(TTGAGG))4 and NH4

+ binding 
sites. Two different binding patterns were 
determined.
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Structural studies of the regulation of microtubule dynamics by EB1 
Teppei Kanaba1, Tomoyuki Mori2, Ryoko Maesaki2, Yutaka Ito1, Toshio Hakoshima2 and 

Masaki Mishima1

1Department of Science and Engineering, Tokyo Metropolitan University  
2Department of Information Science, Nara Institute of Science and Technology  

End-binding 1(EB1) is a key molecule in the regulation of microtubule(MT) dynamics. EB1 
binds to MT with its N-terminal CH domain. Further, EB1 is thought to lead MTs to cell 
peripherals by interactions between its C-terminal domain and other plus-end tracking 
proteins, APC and CLIPs and cytoskeletal proteins that locate cell membrane.  

We have attempted to reveal the molecular basis of MT-regulating mechanisms by EB1 
using NMR. Chemical shift perturbation experiments of CH domain with tubulin, we found 
that CH domain bound to only polymerized tubulin specifically in solution. To identify the 
binding interface of EB1 CH domain with tubulin, we conducted the transferred-cross 
saturation measurements. In addition, we performed chemical shift perturbation experiments 
of EB1 C-terminal domain with APC C-terminal region and identified their binding regions. 

EB1 (+TIPs)
EB1 N CH

EB1 A
(1)

EB1 C APC CLIP +TIPs

( ) EB1

EB1
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(1)Sandblad, L., et al. (2006). Cell 127, 1415-1424 
(2)Takahashi, H., et al. (2000). Nat. Struct. Biol. 1,53-58 
(3)Hayashi, I. and Ikura, M. (2003). J. Biol. Chem. 278, 36430-36434 
(4)Slep, K. C. and Vale, R. D. (2007). Mol. Cell 27, 976-991 

Fig.1 transferred-cross saturation 
experiment 
(top)1H-15N HSQC spectra of CH domain 
with irradiation (right) and without 
irradiation (left). (bottom) The plot of signal 
intensity ratio.  
Intensity ratio = Isaturation / Ireference

Fig.2 3D structures of CH domain
Crystal structure of EB1 CH domain(3).
The binding regions are dark. 
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Structural studies of the MBF1/Jun/Fos/DNA transcription factor complex 
by solution NMR 

Kumiko Kawasaki1,Yoshitaka Nagai1, Susumu Hirose2, Masahiro Shirakawa3, Yutaka Ito1

and Masaki Mishima1

1Graduated School of Science and Engineering, Tokyo Metropolitan University, Hachioji, 
Japan.
2National Institute of genetics, Mishima, Japan. 
3Graduated School of Engineering, Kyoto University, Kyoto, Japan. 

Transcriptional coactivator MBF1 interacts with bZIP-type transcription factor and general 
transcription factor TBP. From recent studies, it is revealed that mbf1-null Drosophila mutants 
became shorter lifetime under conditions of oxidative stress. 

In the present study, we performed structural studies of Drosophila MBF1/Jun/Fos/DNA 
quaternary complex. Our purpose is to reveal how MBF1 protects Jun from oxidation and 
interacts with Jun/fos/DNA and TBP. At present, we have succeeded to reconstruct the 
Jun/Fos/DNA complex and obtain its NMR spectra. We will discuss investigation of 
preparation quaternary complex sample, and MBF1 interaction with Jun/Fos/DNA and with 
TBP by NMR. 
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Fig. 2  1H-15N HSQC 
black:0.025 mM 15N-labeled MBF1. 
gray:0.025 mM 15N-labeled MBF1 with 
TBP/DNA (1:1). 

Fig. 1  1H-15N TROSY  
0.05 mM D,15N-labeled Jun/Fos/CRE
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Method upon Ligand Binding 
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Dynamics Study of Aromatic Rings by the SAIL-NMR Method upon 
Ligand Binding 

Chun-Jiun Yang1, Mitsuhiro Takeda2, JunGoo Jee1, Akira Mei Ono3, Tsutomu Terauchi3,
and Masatsune Kainosho1,2

1Graduate School of Science and Engineering, Tokyo Metropolitan University. 2Graduate 
School of Science, University of Nagoya. 3SAIL Technologies. 

Abstract 
SAIL (Stereo-Array Isotope Labeling) provides new opportunities for studies of 

biomolecules by NMR.  For instance, considerable information can be obtained by studying 
aromatic side-chains.  Besides simplifying the signals, SAIL can suppress unwanted tight 
couplings, which are difficult to avoid with conventional labeling.  The resultant superb 
qualities facilitate the characterization of the ring flipping in Phe and Tyr.  Here, we report 
the application of the SAIL method to study protein-ligand interactions.  Using proteins 
labeled by various SAIL-Phe and SAIL-Tyr residues, we observed the changes of the NMR 
signals upon ligand binding.  The underlying dynamics will also be discussed. 

An intimate relationship exists between the dynamics 
and the biological functions of proteins. NMR is an 
excellent tool for studying protein dynamics. NMR 
experiments can detect site-specific motions over a large 
timescale, ranging from picoseconds to seconds, with the 
aid of isotope labeling. However, studies of aromatic 
side-chain dynamics by NMR have been difficult, 
although non-covalent interactions through aromatic 
side-chains are crucial for structural stability and 
protein-ligand recognition. Insufficient chemical shift 
dispersion hampers the analysis or even the assignment of chemical shifts with conventional 
uniformly-labeled samples. The existence of tight couplings further hinders unambiguous 
interpretation. SAIL (Stereo-Array Isotope Labeling), which is well-known as an optimal 
isotope labeling strategy for protein structure determination by NMR, provides excellent 
probes to study protein motion.  In the case of aromatic amino acids, the alternative 2H,
13C-labeling patterns (Fig. 1) lead to not only NMR signal simplification, but also superb  

Keywords: SAIL, Protein-ligand interaction

 

Fig. 1 -SAIL Tyr (left) and -SAIL 
Tyr (right)
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spectral qualities, by removing the tight couplings. By taking full advantage of SAIL-Phe and 
SAIL-Tyr, we have studied aromatic motions upon ligand binding. We analyzed 
FK506-binding protein 12.6 (FKBP12.6) in this study. FKBP12.6 is a member of the FKBP 
family, and it also exhibits peptidyl-prolyl isomerase activity. It shares 83% sequence identity 
to FKBP12, has a nearly identical structure, and binds to the same immunosuppressive drugs 
(e.g. FK506 and rapamycin) with comparable affinities. Samples labeled with various types of 
SAIL-Phe or SAIL-Tyr were prepared, and we monitored the signal changes upon binding to 
two ligands, FK506 and rapamycin. Interestingly, the two ligands caused different changes in 
the aromatic flipping rates of a Tyr residue, although they showed almost identical binding 
modes in the crystal structures with FKBP12 (Fig. 2). Even though we observed line 
broadening in the case of rapamycin, FK506 generated separated peaks in 
1H 1-13C 1/1H 2-13C 2 and 1H 1-13C 1/1H 2-13C 2 spectra, even at ambient temperature, 
suggesting a slower flipping rate. On the other hand, both ligands considerably reduced the 
hydroxyl proton exchange rates in all of the Tyr residues (Fig. 3). The complexes in H2O/D2O 
(1:1) caused splitting in the 13C  chemical shifts, originating from the two-bond isotope effect, 
which was not averaged due to the slow H-D exchange. We will discuss the relationship 
between the motions of the aromatic side-chains and the ligand binding. 
 

Fig. 2 1H-13C HSQC spectra of 
FKBP12.6, labeled with -SAIL 
Tyr, binding to FK506 (left panel) 
or rapamycin (right panel). The 
flipping of one tyrosine became 
slow enough to observe two 
distinct peaks at room temperature 
after binding to FK506; a single 
peak still remained upon 
rapamycin binding.  
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1. Kainosho, M. et al. (2006) Nature, 440, 52-57. 
2. Takeda, M., Ono, A. M., Terauchi, T. & Kainosho, M. (2009) J Biomol NMR, 46, 45-49. 
3. Takeda, M., Jee, J., Ono, A. M., Terauchi, T. & Kainosho, M. (2009) J Am Chem Soc, 131, 18556-18562. 

Fig. 3 1H-13C HSQC spectra of FKBP12.6 labeled with -SAIL Tyr in an H2O/D2O (1:1) solution, at 30 

degrees.  Cross peaks indicate correlations through long-range coupling between 1H  and 13C Left and 
right panels represent free and FK506-complexed FKBP12.6, respectively. 

－243－



2

3

Structural analysis of Tachyplesin-LPS complex 
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3 Graduate School of Science, Kyushu University, Fukuoka, Japan.  

Tachyplesin (TP) is an antimicrobial peptide found in hemocytes of the horseshoe crab 
Tachypleus tridentatus. TP is a 17-residue peptide containing six cationic residues and two 
dislfide bonds, amidated its C termini. It has been reported that TP binds to 
lipopolysaccharide (LPS), a major component of Gram-negative bacteria. LPS-binding 
antimicrobial peptides can neutralize LPS-induced toxicity and thus are potentially useful for 
treatment of septic shock. To gain a better understanding of the LPS recognition of TP, we 
performed the structural analysis of TP in the presence of LPS. 

In this study, we performed CD, fluorescence and NMR spectroscopies for TP with LPS. 
Based on these results, the model structure of TP-LPS complex was proposed by docking 
simulation. 

(LPS)

LPS

LPS
I (TP) (Fig. 1) LPS

 Fig. 1 Primary structure of tachyplesin I  
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 Fig. 2 NOESY spectra for TP and TP-LPS. 

 Fig. 3 Model structure of TP-LPS complex. 

－245－



NMR ESP4

1 1 2 2

1

1 2

Structure and specific ligand-receptor recognition mechanism of mouse 
peptide ESP4 based on NMR analyses 

Masahiro Taniguchi1, Sosuke Yoshinaga1, Sachiko Haga2, Kazushige Touhara2,
 Hiroaki Terasawa1
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Pheromones are defined as chemical substances that convey information about social 
and reproductive behaviours in the same species.  Recently, we identified a male-specific 7 
kDa peptide from the extraorbital lacrimal gland (ELG) and named the peptide exocrine 
gland-secreting peptide 1 (ESP1).  ESP1 is a member of a new multigene family, which 
consists of 38 genes2).  ESP4 is expressed in ELG, Harderian gland and submaxillary gland 
of both male and female.  The aim of this study is to elucidate a ligand-receptor recognition 
mechanism of the ESP family based on structural analyses. We found that distribution of 
electrostatic surface potential of ESP4 is quite different from that of ESP1, which is important 
for the VSNs-stimulating activity of ESP1. We discuss about structure-activity relationship 
of ESP4 and ESP1 based on NMR analyses.

1)

ESP exocrine gland-secreting peptide 1
ESP

2) ESP4
ESP1 ESP4 ESP1

ESP
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Structural study for oligomerization of pyroglutamyl-amyloid beta peptides 
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Terasawa1 
1Facul. of Life Sci., Kumamoto Univ., 2RIKEN BSI, 3Mitsubishi Kagaku Inst., Life Sciences 

 Amyloid beta peptides (A ) are thought to be neurotoxic polypeptide in 
Alzheimer’s disease (AD), one of the most common pathology of late-onset dementia.  
Previously, it was said that neurotoxicity of AD was caused by amyloid fibrils.  However, 
recent physiological studies indicate that A  oligomers, intermediates in the formation of 
amyloid fibrils, may be potent neurotoxins in AD patients.  N-terminal pyroglutamyl-A  
peptides (A  (3pE)) have been reported to be resistant to degradation and prone to 
aggregation.  Moreover, A  (3pE) predominantly comprises senile plaques in AD patients.  
In order to elucidate the role of A  (3pE) on the formation of A  oligomers, we performed 
solution NMR analyses of A  (3pE) and A .  Our results indicate that A  (3pE) may play a 
critical role in the formation of A  oligomers by forming a -sheet at the N-terminal regions. 
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Solution structure of Mal TIR domain. 
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Toll / interleukin-1 receptor (TIR) domain is a key mediator in the Toll-like receptor (TLR) 
signaling. The adaptor protein MyD88 adapter-like (Mal) is involved in the 
MyD88-dependent pathway downstream of TLR2 and TLR4. It acts as a bridging adapter 
between the receptor and the sorting adapter MyD88. The homo- and hetero-oligomerization 
of the TIR domains of these receptors and adaptors brings about the activation of NF- B and 
IRF-3, which regulate the synthesis of pro-inflammatory cytokines and IFN- , respectively. 
Here, we solved the solution structure of the homo-oligomerization defective mutant of TIR 
domain of Mal, and will discuss the TIR-TIR interaction of the TLRs and adaptor proteins. 
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Fig. Solution structures of Mal TIR domain. (A; 20 ensemble, B; ribbon diagram) 
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Structural analysis of Calmodulin N-terminal domain in living cells by 
in-cell NMR spectroscopy 
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Institute of Technology 

Recently we showed the structure of the putative heavy-metal binding protein 
TTHA1718 from Thermus thermophilus HB8 overexpressed in Escherichia coli cells, which 
is the world first 3D protein structure calculated exclusively on the basis of information 
obtained in living cells.  In this presentation, as one of the examples of the application of our 
strategies, we report our recent in-cell NMR studies of the N-terminal domain of rat 
Calmodulin (CaM-N) overexpressed in E. coli cells.  Rapid data collection using nonlinear 
sampling with maximum entropy processing was employed for the measurement of 3D 
triple-resonance NMR spectra.  Approximately 70% of backbone resonances of CaM-N 
were assigned exclusively from the data obtained in living E. coli cells.  Side-chain 
resonance assignment and the analysis of 3D NOESY spectra of CaM-N in E. coli cells are in 
progress. 
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a                                            b

a. 2D 1H-15N HSQC spectrum of the 13C/15N-labelled CaM-N in living E.coli cells.  Cross 
peaks are labelled with their corresponding backbone assignments. 
b. 1HN-1H cross-sections of the 3D 15N-separated NOESY-HSQC spectrum corresponding 
to the 15N frequencies of residues from Glu6 to Ile9.  Sequential HN-HN NOEs are 
represented by lines. 
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19F NMR spectroscopy of proteins in human cells 
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In-cell NMR is an isotope-aided NMR technique that enables observations of 
conformations and functions of proteins in living cells at the atomic level. So far, the 
method has relied on 2D 1H-15N correlation spectra of uniformly 15N-labeled proteins in 
cells. However, by employing site-specifically labeled proteins, in-cell spectra are 
expected to be greatly simplified, and thus the analysis will be facilitated. Shorter 
measurement time is also expected as 1D NMR is enough to resolve all NMR signals in 
such systems. To this end, in this study, we examine in-cell 19F 1D NMR spectroscopy 
for proteins that are labeled with 19F. We employed FKBP12, a target protein of various 
immunosuppressants, and its in-cell 19F NMR successfully demonstrated the formation 
of specific complexes between the protein and extracellularly administered 
immunosuppressants. Moreover, it was suggested by the in-cell experiments that the 
FKBP12-rapamycin complex interacted with endogenous proteins, which was not seen 
for the FKBP12-FK506 complex in the cells.  

μ
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Fig.1. in vitro 19F NMR spectrum of 
19F-labeled FKBP12  
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