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Preferential domain orientation of a full length HMGB2 protein and the 
role of the linker region 

Jun-ichi Uewaki1, Naoko Utsunomiya-Tate2, and Shin-ichi Tate1, 3 
1

 Dept. Mathematical and Life Sciences, School of Science, Hiroshima University, 
 2 Research Institute of Pharmaceutical Sciences, Musashino University, 

 3 SENTAN/JST 
 
HMGB2 protein has two DNA binding domains that are connected by a ten-residue-long 
linker. We found that this short linker specifically interacts with N-terminal HMG-box 
(A-domain) without any apparent contact to the other HMG-box (B-domain). To analyze the 
interaction between the linker and the A-domain, with focusing on its functional significance, 
we made various HMGB2 linker mutants. Among them, only P80G/P81G mutant has shown 
significant spectral changes relative to the wild-type, and the observed signals were identical 
to those for the isolated A-domain. Using DIORITE analyses, we also found that the 
P80G/P81G mutant had different domain orientation from that for the wild-type; the 
difference was 46 degrees in hinge rotation angle. The present results may suggest the 
inter-domain linker, particularly the XPP conserved sequence, should have a role to define the 
relative domain orientation, which presumably facilitates HMGB2 binding to DNA. 
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Fig. 1: Comparison of the domain orientation between the wild-type and P80G/P81G 

mutant HMGB2s.  

Hinge rotation: 46 deg 
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Development of the low molecular weight inhibitor by NMR-based 
fragmentation and defragmentation strategy 

Katsuki Ono1,2, Hiroshi Ueda3, Kozue Kato-Takagaki1,3, Ryuji Tanimura3, 
Koh Takeuchi2, Ichio Shimada2,4, and Hideo Takahashi2,5 
1JBIC, 2Biomedicinal Information Research Center, AIST, 3Toray Branch Office of JBIC, 
4Grad. Sch. of Pharm. Sci., The Univ. of Tokyo, and 5Grad. Sch. of Nanobiosci., Yokohama City Univ. 
 
Development of a novel inhibitor of a protein-protein interaction (PPI) has been challenging 
in drug discovery. De novo design of synthetic molecules that target surface-exposed regions 
of a protein is currently difficult. Chemical structure libraries of drug-like compounds do not 
necessarily give high-affinity ligands in a high throughput screening of novel PPI inhibitors 
with high efficiency. In this study, we propose a novel “fragment-defragment” strategy for a 
development of PPI inhibitor. In this approach, one performs a rational fragmentation of 
drug-like compounds or peptide and integrates these fragments into a novel low molecular 
weight inhibitor in a structure-guided manner. We applied this approach to the GPVI-collagen 
interaction to improve the affinity of a “coincident” inhibitor, losartan, and successfully 
improved the affinity by introducing a binding fragment from a peptide inhibitor. 
 

 

NMR

GPVI-collagen
GPVI-collagen II

losartan[1]

12 (pep-10L)[2]
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[1] K. Ono et al. , J Med Chem 2010, 53, 2087-2093. 
[2] K. Kato-Takagaki et al., J Biol Chem 2009, 284, 10720-10727. 
 

Figure.  Expanded region of the 1H-1H NOESY spectra 
recorded for a mixture of 1.4 mM losartan and 25 M 
GPVI-Fc (A), 0.9 mM pep-10L and 25 M GPVI-Fc (B), 
and 1.4 mM losartan, 0.9 mM pep-10L, and 25 M 
GPVI-Fc (C).  Signals of orthogonally-crossed broken 
lines in panels A and B indicate intramolecular TrNOE 
peaks of losartan and pep-10L, respectively.  Signals in 
boxes in a panel C presented interligand TrNOE peaks 
mediated by the GPVI-Fc protons.  NMR data were 
collected at Avance 800 MHz with a cryogenically-cooled 
probe head with a mixing time ( m) of 200 ms, using 
buffed solutions with 20 mM NaPi (pH 6.5) in D2O. 
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Backbone dynamics of free and ligand-bound FABP4 studied by 15N relaxation 
Akira Morito1, Kohsuke Inomata1, Kosuke Morikawa2, Hidehito Tochio1 Masahiro Shirakawa1

1Grad. Sch. Eng., Kyoto Univ. 
2 Insti. Protein Research, Osaka Univ. 

Although there are many studies reported about protein dynamics, almost all of them have been 
carried out in vitro. Thus, little is known about protein dynamics in living cells. Setting our goal as 
studying their dynamics in living human cell using in-cell NMR spectroscopy, in this study, we 
have performed 15N relaxation experiments to characterize the backbone dynamics of free (apo-)
and ligand-bound (holo-) human FABP4 (Fatty Acid Binding Protein 4) in vitro. 15N T1 and T2

values, and {1H}- 15N heteronuclear NOEs of FABP4 were analyzed using model-free approach. As 
a result, apo FABP4 was found to have a mobile region whose time scale is in microseconds to 
milliseconds. The mobility was suppressed in the holo FABP4. As the region corresponds to the 
nuclear localization signal (NLS), binding of fatty acid to FABP4 is thought to induce stabilization 
of the helical structure of NLS.  

Fig.1 FABP4 (PDB: 2HNX  
The helix-loop-helix region 
is in a gray oval. 
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Fig.2 Rex values of (a)apo- and (b)holo- FABP4  

(a) 

(b) 
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ATPase activity and structure analysis for histidine kinase like domain of 
higher plant phytochrome 

Yuki Nishigaya1,2, JunGoo Jee3, Rikou Tanaka4, Toshiyuki Kohno4, Rie Kurata1, Yoichiro 
Fukao1, Etsuko Katoh5, 6 , Makoto Takano5, Toshimasa Yamazaki5 and Chojiro Kojima1,2

1 Grad. Sch. Biol. Sci., NAIST, 2Inst. Prot. Res. Osaka Univ., 3Center for Priority Areas, 
Tokyo Metro. Univ. 4MITILS, 5NIAS, 6Grad. Sch. Bioagric. Sci., Nagoya Univ. 

Phytochrome is the red/far-red photoreceptor and regulates many aspects of the life cycle in 
plants. The C-terminal histidine kinase like domain (HKLD) shows sequence homology to 
histidine kinases, but only Ser/Thr kinase activity is known in higher plant phytochromes. In 
order to investigate structure and function of the HKLD, the over expression and purification 
systems of HKLD were established for Oryza sativa (rice) phyB. Rice phyB HKLD displayed 
weak but significant ATPase activity. NMR assignments were performed employing the 
selective labeling and non-linear sampling methods. Model structure refined by NMR 
chemical shifts and torsion angle restraints suggested the structural similarity between HKLD 
and GHKL kinase/ATPase superfamily including histidine kinases. 
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Oryza sativa

Fig.1 1H-15N HSQC spectrum (ns=16, 2048x256 
pts, 1h18m) of 10 μM phyB HKLD (pH 7.5, 20 
mM Tris-HCl, 2 mM DTT) on a Bruker 800 MHz 
NMR equipped with a cryogenic probe. 

Fig.2 Perturbed residues by ATP
analog titration mapped on a refined 
model structure.
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バイセルに結合したマガイニン２の構造解析

○細田 和男1、向 瓏1、稲岡 斉彦1、河野 俊之2、若松 馨1

             (1群大工、2三菱化学生命研)

Structural analysis of magainin 2 bound to phospholipid bicelles

Kazuo Hosoda1, Long Xiang1, Yoshihiko Inaoka1, Toshiyuki Kohno2, Kaori Wakamatsu1

1Grad. Sch. Eng., Gunma Univ.,    2Mitsubishi Kagaku Inst. Life Sci.

     Magainin 2, a 23-residu peptide, isolated from skins of frog Xenopus laevis, exhibit 

antimicrobial activity through the perturbation of microbial plasma membranes. 

Although magainin 2 forms a monomeric -helix when bound to phospholipid micelles 

and in TFE solution, this peptide was shown to form an antiparallel coiled-coid dimer 

on binding to zwitterionic phospholipid vesicles by our TRNOE measurement. To 

analyze the membrane-bound structure more directly and in more detail, we started to 

analyze the structure of isotope-labeled magainin 2 bound to anionic phospholipid 

bicelles. First, by optimizing the kind of long-chain phospholipid and detergents as well 

as the peptide/phospholipid ratio, we successfully determined the conditions that give a 

well-resolved 1H-15N HSQC spectrum. Having assigned the backbone and side-chain 

resonances, we are now calculating the 3D structure of magainin 2 bound to the anionic 

phospholipid bicelles.

【はじめに】　アフリカツメカエルの皮膚に含まれる抗菌性ペプチド、マガイニン２
はアミノ酸23残基の短いペプチドで、細菌の細胞膜の透過性を高めることによって
その抗菌活性を発揮する。膜障害活性のより高いペプチドをデザインするために，
膜に結合した時の構造が解析されてきた。リン脂質のミセルに結合したマガイニン
２はモノマーのαヘリックスを形成する事がCDやNMRで示されていたが、酸性の脂
質二重膜に結合した時では、coiled-coilを形成する事がCDによって示唆されてい
た。実際に、重水素化したホスファチジルコリンのベシクルの存在下でTRNOEを測
定する事によりマガイニン２が逆平行のcoiled-coilを形成する事を我々は既に示して
いる。しかし、より生理的な条件である酸性リン脂質の存在下ではペプチドの解離
が極度に遅くなり、TRNOE測定は行なえなかった。そこで、酸性リン脂質の二重膜
に結合した時の構造を詳細に決定するために、酸性リン脂質を含むバイセルに結合
したマガイニン２の構造を直接解析することにした。

ペプチド、脂質、サンプル調製

○ほそだ　かずお、こう　りゅう、いなおか　よしひこ、こうの　としゆき、
わかまつ　かおり
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【結果】 　マガイニン２はユビキチンとの融合タンパク質としても細胞障害活性が
あるので、通常の大腸菌の発現系では全く発現しなかったが、発現制御の厳密なホ
ストと栄養価の高い培地を使用することにより、実用的に発現量させられるように
なった。
　バイセルの側面を構成する界面活性化剤としてはCHAPSOとDHPCが頻用され
る。DHPCを含むバイセルは低温で凝集する傾向があるので、低温でも安定な
CHAPSOでまずバイセルを調製したが、CHAPSOと酸性リン脂質（PS, PG）を含む
バイセルは、マガイニン２を加えると不安定になり凝集してしまう事がわかった。そ
こで、CHAPSOをDHPCに変更したところ安定なバイセルができ、特にPG存在下で
は高分解能のHSQCスペクトル（Fig. 1）を与えた。なお、coiled-coilの形成はCDで
確認してある。
　主鎖・側鎖のシグナルはHNCO/HNCOCA/HNCA/HNCACO/CBCACONH/
HNCACB/15N-NOESY/13C-NOESY測定等による定法にて帰属した。次に15N-
NOESYのシグナル帰属・解析を行ったが、αへリックス／βシート構造を強く示唆
するような特徴的なパターンは観測されなかった。より詳細な構造の情報を得るた
めに、構造計算を開始した。ダイマー形成を示唆するNOEも得られているが、まず
は主に残基内および隣接残基間に帰属されるNOEによる距離拘束を用いてモノマー
での計算を行った。計算にはTALOSにより得られた主鎖の二面角情報も用い、
XPOLRにて構造を計算した。ペプチド単体の構造である程度の収束がみられたの
で、現在、分子間NOEを示唆するシグナルについて、構造計算の結果との整合性の
確認を行いながら同定を行っている。

Fig. 1  1H-15N HSQC spectrum of magainin2 bound to PG/DHPC bicelles.
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Solution structure of Zc3h12a N-terminal domain 
Takashi Tsushima1, Yoshiaki Enokizono2, Wakana Adachi2, Masashi Yokochi2,

Osamu Takeuchi3,4, Shizuo Akira3,4, and Fuyuhiko Inagaki2

1Lab. Struct. Biol. Grad. Sch. Life Sci. Hokkaido Univ., 2Lab. Struct. Biol. Advanced Life 

Sci. Hokkaido Univ., 3Dept. Host Defense. Res. Inst. Microbiol. Dis. Osaka Univ.,  
4Lab. Host Defense. WPI-IFReC. Osaka Univ. 

 Zc3h12a is an RNase containing CCCH-type zinc-finger motif whose 

expression level is stimulated by lipopolysaccharide (LPS). Zc3h12a prevents 

autoimmune diseases by directly controlling the stability of a set of inflammatory genes: 

interleukin (IL)-6, IL-12p40. 

 Zc3h12a is comprised of an N-terminal domain, a PIN domain with RNase 

activity, a zinc-finger motif and a C-terminal domain. Electrophoretic mobility shift 

assays (EMSA) suggested that the N-terminal domain inhibits binding affinity between 

Zc3h12a and RNA. Here, we will show the solution structure of the Zc3h12a 

N-terminal domain, and discuss auto inhibition mechanism of RNA binding by the 

N-terminal domain. 
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Fig.2. Superimposed [1H-15N] HSQC 

spectra of 15N-labeled Zc3h12a N-terminal 

domain titrated by Zc3h12a PIN domain. 

With 0 (dark gray), 1.0 (light gray), 2.0 

(gray), 3.0 (black) eq Zc3h12a PIN domain. 

Fig.1. Solution structure of 

Zc3h12a N-terminal domain.  

Overlay of the ensemble of 20 

final energy-minimized CYANA 

structures.  N-term

C-term
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Structural Analysis of 15d-PGJ2 Recognition by Lipocalin-type 
Prostaglandin D Synthase 
○Nobuyuki Kato1, Shigeru Shimamoto1,2, Takuya Yoshida1, Shubin Qin1, Yuji Kobayashi3, 
Kosuke Aritake4, Yoshihiro Urade4, Tadayasu Ohkubo1 
1Graduate School of Pharmaceutical Science, Osaka University, 2JSPS Res. Fellow, 3Osaka 
University of Pharmaceutical Science, 4Department of Molecular Behavioral Biology, Osaka 
Bioscience Institute 
 

Lipocalin-type prostaglandin (PG) D synthase (L-PGDS) possesses dual functions as a 
PGD2-synthesizing enzyme and a transporter for lipophilic ligands. It catalyzes the 
isomerization of PGH2 to produce PGD2, an endogenous somnogen, in the brain. L-PGDS 
also has the ability to bind various lipophilic molecules such as retinoid, bilirubin and 
biliverdin. 15-deoxy- 12,14-PGJ2 (15d-PGJ2) is a downstream metabolite of PGD2 and 
produced by non-catalytic dehydration of PGD2. It is recognized as a potent apoptotic and 
growth inhibitory factor, and is well known as having a high affinity for PPAR . In this study, 
the interactions of L-PGDS and 15d-PGJ2 have been investigated. The result of NMR titration 
experiments with 15d-PGJ2 revealed that 15d-PGJ2 almost fully occupied the hydrophobic 
cavity of L-PGDS. 

(PG)D (L-PGDS)
PGH PGD

NMR
2 cavity

1) cavity EF-loop
H2-helix

D 15d- PGJ2 NMR
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PGD2

15-deoxy- 12,14-PGJ2 (15d-PGJ2) 
(Fig.1) 15d-PGJ2

PPARγ
15d-PGJ2

L-PGDS
PGD2

15d-PGJ2

NMR L-PGDS 15d-PGJ2

L-PGDS/15d-PGJ2

15N 13C,15N L-PGDS
Thrombin

GST 15d-PGJ2

Cayman Chemical NMR Varian INOVA 600MHz
L-PGDS 1H-15N HSQC 15d-PGJ2

L-PGDS 15D-PGJ2 1:1 3D HNCO, 
HNCA, CBCA(CO)NH NMR

3D HBHA(CO)NH, HCCH-TOCSY, CCH-TOCSY 13C-edited NOESY, 
15N-edited NOESY NMR

L-PGDS 15d-PGJ2
15N L-PGDS 15d-PGJ2

1H-15N HSQC NMR
CD-loop S45 H2-helix F55, E57, L62, Y63 EF-loop S109, 

H111 GH-loop D142 15d-PGJ2 L-PGDS cavity
PGH2

L-PGDS 15d-PGJ2

NMR  
13C,15N L-PGDS 15d-PGJ2 L-PGDS/15d-PGJ2

NMR NMR
167 150

NMR
L-PGDS/15d-PGJ2  

1)Shimamoto S. et al., J.Biol.Chem., 282, 31373-31379 (2007) 
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Attempt to determine three dimensional structure of an intact 
multi-domain protein by solution NMR 

Kensuke Miyazaki, Teppei Kanaba, Yutaka Ito and Masaki Mishima 
Dept. of chem., science and technology., Tokyo Metropolitan Univ. 

Acquisition of long-range distance information from Paramagnetic Relaxation Enhancement 
(PRE) using hetero-nuclear NMR has been reported in recent years. In this study, we aim to 
determine the conformation of domains in full-length multi-domain protein and investigate the 
regulation mechanism using PRE detected by solution hetero-nuclear NMR.  

Our target for this structural analysis is Protein kinase C alpha (PKC ). PKC  exists at 
cytoplasm in auto-inhibited state. When PKC  is activated by second messengers, Ca2+ and 
diacylglycerol (DAG), it is believed that a large conformation change occurs and localizes at 
plasma membrane, and thus phosphorylates cognate substrates. We are trying to detect direct 
interactions between the domains, a nd determine the conformation of domains by acquisition 
of long-range distance information from PREs. 

Introduction

Protein kinase C alpha (PKC )
PKC

PKC
Ca2+

DAG (Fig. 
1) 2 C1 C1A C1B (DAG

) C2 (Ca2+ )

NMR

Fig. 1 Regulation mechanism of PKC
It is believed that PKC  is activated by DAG and 

Ca2+ with large conformation change, and thus 
phosphorylates substrates.
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Strategy

(1) Sortase A
Sortase A 1)

Sortase A PKC

(2)PRE SAXS
NMR (PRE) X (SAXS)

Results and Discussion
PKC C1B

C1BC2 2D 1H-15N HSQC
C1B

(Fig. 3) C1B C2

Perspectives
PKC (C1A kinase) Sortase A

PRE
PKC

1) Kobashigawa, Y., et al., J. Biomol. NMR, 2009 

Fig. 3 2D 1H-15N HSQC spectrum
(a)spectra of C1B domain  

(region:91-161, length:71 a.a.) 
(b)spectra of C1BC2 domain 
  (region:93-306, length:236 a.a.)

The chemical shifts of C1B 
domain in each spectrum were 
significantly different. This result 
implied that some interactions 
present between C1B domain and 
C2 domain. 

Fig. 2 Strategy of this study
Full-length structure and domain conformation of most multi-domain proteins have not been reported. 

However, structure of domains has been often reported. In this study, full-length multi-domain protein is 
reconstructed from each domain which is expressed respectively, and its structure is determined by acquisition 
of structural information from PRE, SAXS, and so on. 

(a) (b)
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In-cell NMR  TTHA1718

15N NMR relaxation studies of TTHA1718 protein in living cells by in-cell 
NMR spectroscopy 

Jumpei Hamatsu1, Daniel Nietlispach2, Tomomi Hanashima1, Teppei Ikeya1, Saori Hosoya1,
Masaki Mishima1, Masahiro Shirakawa3 and Yutaka Ito1

1Department of Chemistry, Tokyo Metropolitan University; 2Department of Biochemistry, 
University of Cambridge; 3Department of Molecular Engineering, Kyoto University 

In living cells, proteins function in an environment where they interact specifically 
with other proteins, nucleic acids, co-factors and ligands and are subject to extreme molecular 
crowding that makes the cellular environment difficult to replicate in vitro. In-cell NMR is the 
only available method for investigating detailed structure and dynamics of proteins at work 
inside living cells. 
 In this presentation, we report our recent 15N-relaxation studies of T. thermophilus
HB8 TTHA1718 in E. coli cells aiming at identifying protein dynamics in living environment.  
In-cell 15N-relaxation data showed twice longer T1, much shorter T2 and thereby 
approximately 2-3 times larger rotational correlation time comparing to in vitro data, which is 
coincident with ~3 times higher viscosity inside cells. Chemical exchange contribution Rex

observed by TROSY-selected Hahn echo experiments will be also discussed. 
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Figure 1 
Plots of the 15N T1 (left) and T2 (right) relaxation parameters of TTHA1718 in living E. coli
cells (triangle) and in vitro (square) against the amino acid residue number. 

1) Fallow N A. et al. Biochemistry 33, 5984-6003(1994). 
2) Serber, Z. et al. J. Am. Chem. Soc. 123, 2446–2447 (2001). 
3) Ellis, R. J. Trends Biochem. Sci.. 26, 597-604 (2001) 
4) Sakakibara, D. et al. Nature. 458, 102-105 (2009) 
5) Wang, C. et al. J. Am. Chem. Soc. 125, 8968 - 8969 (2003)

6) Gautier, A. et al. Nat. Struct. Mol. Biol. 17, 768-774 (2010) 
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Structural and functional analyses of ubiquitin-binding Zn
2+

 domain in 

NF- B signaling pathway 

Takeshi Tenno
1
, Hiroya Ichikawa

1
, Takahisa Ikegami

3
, Hidekazu Hiroaki

1
 

1
Graduate School of Medicine, Kobe University, Hyogo, Japan.  

2
School of Medicine, Kobe University, Hyogo, Japan.  

3
Institute for Protein Research, Osaka University, Osaka, Japan. 

NEMO and Optineurin are homologous scaffold proteins of protein-protein interactions 

and regulate the NF- B signaling. They have Coiled-coil 1 and 2 (CC1 and CC2), a leucine 

zipper (LZ), and a C-terminal zinc finger (ZnF) domain. The regions from CC2 to LZ have 

been shown to interact K63-linked and/or linear polyubiquitin chains and have a critical role 

in the NF- B signaling. The role of the C-terminal ZnF domain of Optineurin remains 

unknown, although the ZnF domain of NEMO has been reported the solution structure and 

the interaction with ubiquitin. 

To elucidate the function of the ZnF domain of Optineurin, we determined the solution 

structures of NEMO and Optineurin and analyzed the interaction with ubiquitin and the 

intracellular localization. These data suggest that the ZnF domain of Optineurin has a distinct 

function from that of NEMO, despite the interaction with ubiquitin chains. 

NEMO (NF- B essential modulator) NF- B (nuclear factor B)
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IKK (I B 
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Fig. Solution structures of the ZnF domain of NEMO (left) and Optineurin (right) 
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Phospholyration-dependent intramolecular interaction revealed by NMR 
might regulate ER-Golgi shuttling of CERT 

Toshihiko Sugiki1, Hideo Takahashi2, 3, Koh Takeuchi2, Kentaro Hanada4, and Ichio 
Shimada2, 5 
1Japan Biological Informatics Consortium, Tokyo, Japan.  2BIRC, AIST, Tokyo, Japan.  
3Grad. Sch. Nanobiosci., Yokohama City Univ., Kanagawa, Japan.  4NIID, Tokyo, Japan.  
5Grad. Sch. Pharm. Sci., The Univ. of Tokyo, Tokyo, Japan. 

Intracellular ceramide trafficking protein (CERT) translocates from the endoplasmic 
reticulum to the Golgi utilizing specific interaction between the CERT PH domain and 
phosphatidylinositol 4-monophosphate (PtdIns(4)P), a landmark phospholipid in a Golgi 
apparatus. Recently, it is shown that the phosphorylation of the serine repeat (SR) motif 
located on the carboxyl terminal side of the CERT PH domain attenuate the CERT PH 
domain/Golgi interaction. 
   In this study, we revealed that the phosphorylated CERT SR motif interacts with the 
PtdIns(4)P-binding site of the CERT PH domain in an intramolecular manner. In addition, the 
intramolecular interaction competitively reduced the CERT PH domain/PtdIns(4)P binding in 
vitro. Thus, intramolecular interaction mediated by the phosphorylated SR motif might be one 
of the driving forces to accelerate dissociation of CERT from the Golgi. 
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Fig. 1 Expressed regions of CERT.

Fig. 2 (A) 1H-15N HSQC spectra.  (B) Overlaid 
1H-15N HSQC spectra.  (C) Mapping of the 
residues which shows significant chemical shift 
changes in the PHSR(10E). 

Fig. 3 (A) 1H-15N HSQC spectra. The chemical 
shift changes were observed when PtdIns(4)P was 
added (as denoted by arrows).  (B) Overlaid 
1H-15N HSQC spectra. 

Fig. 4 Functional model of CERT. Sufficient dissociation of the CERT
from the Golgi could be regulated by the competing interaction
between the CERT PH domain and the phosphorylated SR motif. 
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                                Effect of loop mutation on protein dynamics - A high  
                                pressure NMR study of E.coli DHFR 

             ○P.N. Sunilkumar1,2, Akihiro Maeno1,2, Yuji Wada3, Shin-ichi Tate3 and  
                                     Kazuyuki Akasaka1,2

1Grad. Sch. Biol and Sci, Kinki Univ., 2HPPRC, Kinki Univ., 3Grad. Sch. Sci, Hiroshima Univ. 

The presence of a less populated  (~10%) hidden equilibrium open conformation of folate bound 
E.coli DHFR, in addition to the basic folded occluded conformer, has been reported using 
variable pressure NMR technique (1). This open conformer is very crucial for the catalytic 
activity of DHFR. The purpose of this study is to find out how a single mutation at a site (Gly67) 
remote from the functional site affects the conformational fluctuations at the functional site of 
E.coli dihydrofolate reductase (DHFR). We have applied the variable pressure 1H/15N HSQC 
NMR technique (from 30 to 2000bar) to the Gly67Val mutant of E.coli DHFR. Here we report 
the changes in the conformational fluctuations at the NADPH binding site of folate bound E.coli 
DHFR and also the shift in the equilibrium between the basic folded occluded conformer and the 
open functional conformer by Gly67Val mutation. 

Introduction

Dihydrofolate reductase (DHFR) catalyses the reduction of 7,8-dihydrofolate (DHF) to 5,6,7,8-
tetrahydrofolate (THF) by hydride transfer from the NADPH cofactor, which is essential for 
purine and thymidylate synthesis and hence for cell growth and proliferation (1).  Gly67 residue 
is evolutionarily conserved in DHFR and occupies on a loop (residues 64-72) that is oriented 
away from the functional site. It has been reported that mutations at Gly67slightly changed the 
stability and function despite that the α-carbon at this site is 29.3 Å apart from catalytic residue 
Asp27 (2). The presence of a less populated  (~10%) hidden equilibrium open conformation of 
folate bound E.coli DHFR, in addition to the basic folded occluded conformer, has been reported 
using variable pressure NMR technique (1). This open conformer is very crucial for the catalytic 
activity of DHFR. This open functional conformer differs in the orientation of M20 loop and C & 
F helices from that of the occluded basic folded conformer (Figure 1).  
In this study we have applied the variable pressure NMR technique (from 30 to 2000bar) to the 
Gly67Val mutant of E.coli DHFR in order to understand how a single mutation at a site remote  

: DHFR,  NMR , loop mutation 
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from the functional site affects the conformational fluctuations at the functional site and also the 
nature and population of the open conformer of DHFR.  

Figure 1: Equilibrium between the open and occluded conformers of folate bound DHFR 

Materials and methods

Uniformly 15N-labeled DHFR Gly67Val mutant was obtained from the laboratory of Prof. Shin-
ichi Tate, Department of Mathematical and Life Sciences, Hiroshima University. The sample was 
prepared in 20 mM Tris buffer (pH 7.0) with a protein concentration of 1.2 mM and a folate 
concentration of 4.5 mM.  Variable pressure 15N/1HHSQC spectra were recorded at pressures 
between 30 and 2000 bar using a standard HSQC sequence with sensitivity improvement on a 
600 MHz Bruker AVANCE spectrometer. All the variable pressure spectra were recorded at 15°C. 
The temperature dependent spectra were recorded at temperatures from 15 to 35°C at an interval 
of 5. The 15N dimension was acquired with 128 increments and for the proton dimension 2048 
complex data points were collected. Data were processed using NMRPipe program and analyzed 
using CCPNMR program.  

The thermodynamic parameter changes between the two conformers, ∆G, ∆V, ∆H and ∆S, were 
obtained by fitting the following equations to the peak intensity change as a function of pressure 
and/or temperature. 

∆G = - RT ln K = ∆G0 – (p – p0) ∆V ……………………(1)

∆G = - RT ln K = ∆H - T∆S ……………………………(2)

Results

In this study, the cross-peaks corresponding to the residues Val13, Trp22 (both main chain and 
side-chain) Gly51 and Gly95 showed splitting with pressure (Figure 2). The intensity of the 
second peak was found to be increasing with pressure and that of the original peak decreasing 
(Figure 3). This intensity change showed the population change between the basic folded 
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occluded conformer and the open conformer.  

 
Figure 2: 15N/1H spectra of folate bound DHFR at 30 bar (blue) and 2000bar (red). The cross 

peaks that split into two at high pressure are encircled. 

The residues Val13 and Trp22 are located at both ends of the M20 loop and the residues Gly51 
and Gly95 are near the ends of C and F helices. Results showed that the open functional 
conformer of Gly67Val mutant differs in the orientation of M20 loop and C & F helices from that 
of the occluded basic folded conformer as in the case of WT DHFR. The determination of ∆Go

and ∆V values between the two conformers showed that the population and hydration of the 
second open conformer, at 1 bar, were slightly changed by mutation when compared to that of the 
WT. From the variable temperature HSQC spectra, at 2000 bar, we could estimate the ∆H and ∆S 
values between the two conformers. The ∆H and ∆S values also supported the above observation. 
It has been reported that mutations at Gly67site slightly changed the stability and function despite 
that the α-carbon at this site is 29.3 Å apart from the catalytic residue Asp27 (2). This slight 
difference, between the open conformers of the wild-type and mutant DHFRs, may be 
responsible for the slight change in function by mutation at Gly67 site.  

The analysis of the pressure dependent chemical shift and peak intensity changes was also done 
to obtain the difference in the site-specific conformational fluctuations between WT and G67V 
mutant DHFR. 
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Figure 3: Change in intensities of the peaks corresponding to the occluded and open 
conformers of folate bound E.coli DHFR 
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Self-assembly properties of amelogenin 
Yasuhiro Kumaki1, Tomoyasu Aizawa2, Masakatsu Kamiya2, Makoto 

Demura2 and Keiichi Kawano1,2

(1Graduate School of Science, Hokkaido University, 2Graduate School of 

Life Science, Hokkaido University)

Amelogenin is a major component of enamel matrix proteins. The self-assembly of the 

amelogenin is believed to play an essential role in regulating the growth and organization of 

enamel crystals during enamel formation. Recently, it was reported that the self-assembly of 

the amelogenin is sensitive to the temperature and pH. The elucidation of the amelogenin 

assembly process is indispensable for the understanding of the mechanisms of enamel 

formation. Assemblies of the amelogenin in themselves are not suitable for NMR 

measurement because of their apparent molecular size and pure solubility in water. Therefore, 

in order to obtain the structural information at the residue level, DMSO-quenched H/D 

exchange experiments were performed. 
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Figure 1H-15N HSQC spectra of 15N-labeled recombinant porcine amelogenin in DMSO-d6

at 300 K after H/D exchange period of 3 hours (left) and 12 hours (right). 2 mM amelogenin 
dissolved in H2O at pH 3.0 (in this pH, amelogenin molecules exist as monomers) were 
diluted with 10-fold D2O at pH 7.0 ( at this pH, amelogenin molecules occur self-assembly) 
and incubated at 283 K for H/D exchange. After H/D exchange period, the samples were 
frozen with liquid nitrogen and lyophilized. Lyophilized proteins were dissolved in 90 % 
DMSO-d6 (10% D2O) at pH 5.0 (adjusted with TCA) 

[1] Moradian-Oldak J, Leung W, Fincham AG. J. Struct. Biol. 122:320-327, 1998.  

[2] Petta V, Moradian-Oldak J, Yannopoulos SN, Bouropoulos N. Eur. J. Oral Sci. 114 (Suppl. 

1): 308-314, 2006. 

[3] Delak K, Harcup C, Lakshminarayanan R, Sun Z, Fan Y, Moradian-Oldak J, Evans JS. 

Biochemistry, 48, 2272-2281, 2009. 

[4] Hoshino M, Katou H, Hagihara Y, Hasegawa K, Naiki H, Goto Y, Nat. Struct. Biol. 9,
332-336, 2002. 
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Effect of mutation in the core on protein dynamics - A high pressure NMR 
study of staphylococcal nucleaseV66K. 
○Akihiro Maeno1,2, Kazumi Hata3, Ryo Kitahara4, Michael Chimenti5, Bertrand E. 
Garcia-Moreno5, Julien Roche6, Christian Roumestand6, Karine M. Guillen6, Catherine A. 
Royer6, Kazuyuki Akasaka2

1Grad. Sch. Biol and Sci, Kinki Univ., 2HPPRC, Kinki Univ., 3GIRO, Ritsumeikan Univ., 
4Pharm., Ritsumeikan Univ., 5Biophysic. Johns Hopkins Univ., 6CBS, INSERM.  

 Two-state global unfolding of V66K variant occurs cooperatively at high pressure without 
clear local unfolding, while the partial disordering is observed at turn region. The 
thermodynamic stability of native state ( G0) is quite different between V66K (~3 kcal/mol) 
and reference protein (~12 kcal/mol). Unusual pressure shifts (linear and/or non-linear) are 
observed on the widespread region ( -barrel, helix-1 and helix-3) of V66K variant, suggesting 
a presence of low-lying excited state characterized as the alternative native state with 
remarkable non-linear pressure shifts. These results indicate that the substitution of Val-66 
with Lys inside of core region affect the rapid conformational fluctuation (< ms) within native 
state ensemble, that may occur due to the water penetration into hydrophobic core. 

Staphylococcal nuclease SNase +PHS SNase WT 44-49
deletion 5 P117G, H124L, S128A, G50F, 

V15N pseudo wild type
hyperstable form SNase +PHS V66K

Lys pKa 5.7 pKa 10.4
+PHS V66K Lys-66

pH Lys-66
12Å

NMR, , Staphylococcal nuclease V66K 
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Fig.1 Tertiary structure of Snase V66K
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NMR structure of the CH domain of IQGAP1 and its implications for the 
actin recognition mode 

Ryo Umemoto1, 2, Noritaka Nishida1, Shinji Ogino1, 2, and Ichio Shimada1,3

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

IQ-domain GTPase-activating protein 1 (IQGAP1), a multi-domain protein with a 
molecular mass of 189 kDa, promotes actin crosslinking at the leading edge of cells, under the 
control of the small GTPases; Rac1 and Cdc42. Previous studies demonstrated that the direct 
interaction between actin filaments (F-actin) and IQGAP1 is essential for the promotion of 
cell migration. This interaction is mediated through an N-terminal actin-binding domain 
(ABD) (residues 1-210), which contains a calponin homology (CH) domain. In this 
presentation, as a first step toward understanding the mechanism of the actin-recognition by 
the single CH domain family, we solved the NMR structure of the actin binding domain of 
IQGAP1.  
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 Fig. 1 Solution structure and potential actin-binding site of ABD 
A  Stereoviews of the overlaid ensemble of the 20 final structures. The side chains in the 
structured region are shown. 
B  Ribbon diagram of ABD of IQGAP1, in which ABS2 and the extension are shown. 
Long range NOEs are observed between the residues in ABS2 and the extension. 
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NMR studies on the six domain of Six3 
Hideaki Shimojo1, Hideyasu Okamura1, Aritaka Nagadoi1, Keiko Ikeda2, Kiyoshi 

Kawakami2, and Yoshifumi Nishimura1

1 Department of Supramolecular Biology, Graduate School of Nanobioscience, Yokohama 
City University, Kanagawa, Japan.  
2 Division of Biology, Center of Molecular Medicine, Jichi Medical University, Tochigi, 
Japan.  

The first identified six gene family is sine oculis gene which is essential for the compound eye 
formation of Drosophila. The six family genes homologous to sine oculis gene have been 
found in many species. Their gene products, Six proteins contain a conserved Six domain 
(SD) consisting of 110 amino acids and a homeodomain (HD) consisting of 60 amino acids. 
Although several members of the six gene family interact with the eyes absent (Eya) gene 
family functioning as transcriptional activators, Six3 does not interact with any known 
member of the Eya family. Recently several reports suggested that mouse Six3 interact 
directly with two proteins: the mouse counterpart of the Drosophila transcriptional 
co-repressor, Groucho and the DNA replication inhibitor, geminin. The Six3 SD is important 
for interaction with Groucho and geminin. To understand the molecular basis of the Six3 SD, 
we determined the structure of the SD of mouse Six3 by using NMR 

Six
sine oculis (so) so

6 Six ( sine ocuils related homeobox )
Six1 Six6 Six 110
Six 60 Six
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Fig 1. 1H-15N HSQC spectrum of the Six3SD 

Six
Six 3

Six1/Six2 (sine oculis subfamily), Six3/Six6 (optix subfamily), Six4/Six5 (Dsix4 subfamily) 
Six3/Six6 Six Six

eyes absent (Eya)
Six3/Six6 Six3/Six6 2

Groucho DNA Geminin
Six Six3 Six

NMR  

15N 15N,13C Six
PreScission Protease GST

NMR NMRPipe, Olivia
CYANA  

 
(Fig.1) 15N 13C-NOESY

1H
TALOS+

Six3
Six 6 α

α
Six

Six
Six1 Six6 Six

Six3/Six6 Six
Groucho Geminin

Six  

－293－



P58

－294－



－295－



In tube transcription for NMR measurement of RNA 
Hiroyuki Saito1, Yuri Iyano1, Chisato Ushida2, Hidenori Kiyosawa3, Gota Kawai1
1Fac. Eng. Chiba Inst. Tech.,Chiba, 2Fac. Agri. Life Sci., Hirosaki Univ., Hirosaki, 3TRIC 
Natl. Inst. Genetics, Mishima, Japan.

Expressions of small RNAs, with 50-100 nt length, from the loci of the sense-antisense 
transcription in mouse genome were found and investigations of the function of such small 
RNAs are being conducted.  In order to characterize the structures of the small RNAs from 
mouse, a method of in tube transcription is now introduced.  Because the expression was 
monitored by the Northern hybridization with a DNA probe of 40 nt, the exact position of 
transcription in mouse cell was unknown.  In order to estimate the sequence of an 
transcribed RNA, we designed two RNAs for the expressed region and those were subjected 
to the analysis by the in tube transcription method.  It was found that one of the two 
constructs showed iminoproton signals of well structured RNA, suggesting that the 
corresponding RNA is expressed in mouse cell.  Also, this result indicates that the method 
proposed here is useful for rapid characterization of RNA structures. 

Fig. 1  800 MHz 13C-edited spectra 
A: Just after mixing of the reaction 
mixture.  B: After 40 h. 

A

B

Chemical shift (ppm)
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1) Okada, Y., et al., Comparative expression analysis uncovers novel features of endogenous 
antisense transcription, Hum. Mol. Genet. 17, 1631-1640 (2008). 
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Fig. 3 In tube transcription of S3-2 RNA 
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Fig. 2 In tube transcription of S3-1 RNA 
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Structural basis of Nox5 activation mechanism 
Toshio Inokuma1, Hiroyuki Kumeta2, Kazuya Honbou2, Hideki Sumimoto3, and Fuyuhiko

Inagaki1
1Lab.Struct.Biol.Grad.Sch.Life Sci.Hokkaido Univ.,Sapporo, Japan.  
2Lab.Struct.Biol.Advanced Life Sci.Hokkaido Univ.,Sapporo, Japan.  
3Grad.Sch.Med.Kyushu Univ.,Fukuoka, Japan.  

NADPH oxidases of the Nox family exist in eukaryotes but not in prokaryotes. Reactive 
oxygen species (ROS) produced by the NADPH oxidase play critical roles in a variety of 
biological processes, such as host defense, signal transduction, and hormone synthesis. 
NADPH oxidase 5 (Nox5) is a homologue of the gp91phox subunit of the phagocyte NADPH 
oxidase (Nox2) and is expressed in lymphoid organs and testis. Nox5 is distinct from other 
NADPH oxidases by its unique N terminus, which contains four canonical EF-hands, 
Ca2+-binding domains. It’s thought that Nox5 is activated by Ca2+-binding to the EF-hands 
and produce ROS, because Nox5 activation depend on Ca2+. 

In this study, we have analyzed the structure of the EF-hands region to reveal the molecular 
mechanism for regulation of Nox5 activity. 

Nox NADPH

Nox
C

ROS, NADPH oxidase, EF-hand 

        Fig. 1 Structural model of Nox (A; Nox1-4 B; Nox5) 

B A 
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Fig. 3 [1H-15N] HSQC spectra of free (gray) and Ca2+/ 
melittin-bound (black) states of Nox5 EF-hands 

Fig. 2 Solution structure of Nox5 EF-hands 
A: Superimposed structure   
B: Ribbon model of the most stable structure  

B A 
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