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(nm m)
CDW

Spectroscopic Photoemission 
and Low-energy Eletron Microscope SPELEEM

50 nm
10 100 msec

In/Cu（001）表面の LEEM観察

Low-energy electron diffraction LEED

Low-energy electron microscope LEEM

1    a In/Cu 001 =0.5 ML LT LEED b c
LEEM a

d LT b ~360 K LEEM

分光型光電子・低エネルギー電子顕微鏡（SPELEEM）
による In/Cu（001）表面の相転移の実空間観察
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In/Cu 001 In 0.5 Cu 001
1 1 9 2 2 2 R45˚ LT

350 K ( 2 2 R45˚ HT

CDW 1 a LT LEED
LT

2
b c a 2

5 µm 2

300 nm
b

360 K d

LT

LT

SDEV
2

SDEV

357 K

10 K
SDEV

SDEV

LEED

CDW
2

SDEV LEEM LEED

CDW

SPELEEM

2    
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CrB2 NMR
Cr B

Cr
NMR

単結晶試料を用いた NMR測定
1 CrB2 CrB2

MgB2 Cr
CrB2 TN

88K 110 *-c*
NMR

CrB2

NMR
- (1/T1)

2 a

4
1    CrB2 Cr B

遍歴電子系 CrB2とその置換系 Cr1-xTxB2 (T=Mo, V)
における反強磁性量子臨界の研究及び超伝導探索
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2
2kOe

- -4.4kOe/ B 0.4 0.5 B

1/T1

Cr1-xTxB2 (T＝Mo and V)における量子臨界現象
Cr Mo Cr0.85Mo0.15B2 NMR

CrB2 SDW 3
V Cr0.7V0.3B2 NMR - 1/T1 Cr0.85Mo0.15B2

Cr0.85Mo0.15B2 TN 34K SDW

SCR
Cr0.7V0.3B2

SCR

Cr0.7V0.3B2 Cr0.85Mo0.15B2

Cr
NMR

 

      

2    CrB2
11B-NMR

3    Cr0.85Mo0.15B2 Cr0.7V0.3B2
11B-NMR

1/T1

SCR
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調和熱浴に結合した二重井戸モデル

1 s

2

水素結合における構造相関と同位体効果
 A-H B 3  

O-H O

半量子的時間依存ハートリー理論の開発と
プロトン移動反応・水素結合構造同位体効果への応用
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OH g = 1
g 1

1    

2    

3   A-H B
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多次元分子振動スペクトロスコピー
1

3
0 T1 T1 + T2

T1 + T2 + T3

モチベーション

A B

AB rAB

rAB fs ps

1

理論的枠組み

分子間振動の多次元赤外スペクトロスコピー－双極子相互
作用・分子振動の非調和性・双極子と分極率の非線形性－
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1 2 3 1 2 3

1
2 3

2
3

成　果

4
4

rAB fs ps

web

課　題

参考文献
Kim Hyeon-Deuk and Yoshitaka Tanimura, to be published in Journal of Chemical Physics Vol.123, 224310 
(2005).
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DsbB

DsbB

DsbB
DsbA

1 DsbB DsbB DsbA

DsbB
DsbB

1

DsbB Cys44
Cys44

Arg48 Ala

Arg48

Cys44

1    DsbB
Cys44

DsbBジスルフィド結合導入酵素による
ジスルフィド結合生成とキノン還元の分子機構
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2A DFT

MCQDPT

2B
O2

3 DsbB

S

主な研究成果外部報告
Critical role of a thiolate-quinone charge transfer complex and its adduct form in de novo disulfi de bond 

generation by DsbB , K. Inaba, Y. Takahashi, K. Ito, and S. Hayashi, Proc. Natl. Acad. Sci. USA, 103, 
287-292 (2006).

2   A B

3    
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量子効果を計算機シミュレーションに含めること

CPU
QM/MM

MD

OH

OH

OH
MD

MD OH
MD

0.6kcal/mol

MD
MD

第一原理的な量子反応速度理論の開発と
その酵素触媒反応への応用
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10kcal/mol

経路積分に基づく反応速度計算

MD

2

MD

i
ii

i
2

i Amber

ii

DHFR dihydrofolate reductase
Hammes-Schiffer

 

 DHFR
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1．アルキンのカルボメタル化反応
– –

Table 1   Arylmagnesiation of 4-Octyne Followed by Hydrolysis

entry Ar

amount mol conv.

% a

yield

% b E Zc
Fe acac 3 CuBr

1

2

3

4

5

6

3 5-Me2C6H3 1a

2-Me-1-Nap 1b

5

0

5

5

0

5

10

10

0

10

10

0

>99

<1

57

>99

<1

14

74

0

26

91

0

2c

95 5

87 13

98 2

>99 1

aDetermined by GC. bIsolated yield based on the alkyne. cDetermined by GC, GC-MS and 1H NMR.

 鉄－銅協同触媒作用を利用したアルキンの
カルボマグネシウム化反応
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2．協同触媒系の開発
Fe acac 3 5 mol CuBr 10 mol PBu3 40 mol 4- 2a
3 5- 1a 2 THF 60 24

cis/trans＝ 95/5 74
1 entry 1) 2a

entries 2–3) 2- -1- 1b
3b

91 entries 4–6

3．基質の適用範囲

2 90
95

   
   
   

  

Table 2   Hydroarylation of Alkynes Catalyzed by Iron–Copper

entry Ar R1 R2 time h yield % a E Zc

1

2

3

4

5

6

7

8

9

4-MeC6H4

3-MeC6H4

2-MeC6H4

3-MeOC6H4

3 5-Me2C6H3

3 5-Me2C6H3

2-Me-1-Nap

3 5-Me2C6H3

3 5-Me2C6H3

Pr

Pr

Pr

Pr

Bu

Hex

Me

H

Me

Pr

Pr

Pr

Pr

Bu

Ph

Ph

Ph

SiMe3

43

24

48

24

24

24

24

24

24

66

70

61

56

67

76

90

36

56

97 3

95 5

93 7

97 3

96 4

94 5 1

99 1

91 5 4

72 26 2
aIsolated yield based on the alkyne. bDetermined by GC, GC-MS and 1H NMR. The values in 
parenthesis show the ratio of a regioisomer to (E)- and (Z)-3.

4．基質の適用範囲
Grignard 1b 4- 2a

4 5 
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5．協同触媒の作用機構
 Fe acac 3 CuBr 2- -1- 1b 4-

2a

Fe acac 3 1b 6
2a 7 CuBr 1b
8

9 6 1b 9
8

10

 

 

  

主な研究成果外部報告
・論文発表等

1  Arylmagnesiation of Alkynes Catalyzed Cooperatively by Iron and Copper Complexes , Shirakawa, E.; 
Yamagami, T.; Kimura, T.; Yamaguchi, S.; Hayashi, T. J. Am. Chem. Soc., 2005, 127, 17164–17165.
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-

Scheme 1

1
2

-
3

 

ルテニウムを触媒とする末端アルキンのアクリル酸エステルへの共役付加反応
Ru3 CO 12 1 2a N-
NMP 100 3 3a 18

Scheme 2, Table 1, entry 1
LiCl

 entries 2 and 3
PPN Cl

80 90 60 95 3a entries 8 
and 9

 
 

 

  
  

  
    

 

ルテニウムを触媒とする末端アルキン類の
アクリル酸エステルへの共役付加反応
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2mol Ru3 CO 12 10mol PPN Cl NMP 60

3 Scheme 3

 

ルテニウムを触媒とする末端アルキンのビニルケトンへの共役付加反応
4

5 Scheme 4

1  (a) Nikishin, G. I.; Kovalev, I. P. Tetrahedron Lett. 1990, 31, 7063. (b) Picquet, M.; Bruneau, C.; 
Dixneuf, P. H. Tetrahedron 1999, 55, 3937. (c) Chang, S.; Na, Y.; Choi, E.; Kim, S. Org. Lett. 2001, 3, 
2089. (d) Chen, L.; Li, C.-J.; Chem. Commun. 2004, 2362.

2  (a) Mitsudo, T.; Nakagawa, Y.; Watanabe, Y.; Hori, Y.; Misawa, H.; Watanabe, H.; Watanabe, Y. J. Org. 
Chem. 1985, 50, 565. (b) Knopfel, T. F.; Carreira, E. M. J. Am. Chem. Soc. 2003, 125, 6054. 

3 Nishimura, T.; Washitake, Y.; Nishiguchi, Y.; Maeda, Y.; Uemura, S. Chem. Commun. 2004, 1312.
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DNA
DNA (Py) (Im)
Py Im

DNA

DNA

Py Im

DNA

Py N- -Im N-

Fmoc
Py-Im

（1）配列特異的アルキル化剤としての Py-Imポリアミドの確立
DNA - 1 2 9

9a-Tetrahydro-cyclopropa [c] benz [e] indol- 4-one CBI
DNA

Py-Im

10 Py-Im

特定遺伝子を制御する反応性ポリアミドの開発
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1   Py-Im CBI conjugates

（2）配列特異的アルキル化による生物活性評価
Py-Im mRNA

mRNA

2 Py-Im
DNA

Py-Im

Publications
1  T. Bando, A. Narita, A. Iwai, K. Kihara, H. Sugiyama, C-H to N Substitution Dramatically Alters the 

Sequence-Specifi c DNA Alkylation, Cytotoxicity, and Expression of Human Cancer Cell Lines. J. Am. 
Chem. Soc., 2004, 126, 3406-3407.

2  K. Shinohara, A. Narita, T. Oyoshi, T. Bando, H. Teraoka, H. Sugiyama, Sequence-Specific Gene 
Silencing in Mammalian Cells by Alkylating Pyrrole-imidazole Polyamides. J. Am. Chem. Soc., 2004, 
126, 5113-5118.

3  T. Bando, A. Narita, K. Asada, H. Ayame, H. Sugiyama, Enantioselective DNA Alkylation by a 
Pyrrole-Imidazole S-CBI Conjugate. J. Am. Chem. Soc., 2004, 126, 8948-8955.

4  T. Bando, A. Narita, S. Sasaki, H. Sugiyama, Specifi c Adenine Alkylation by Pyrrole-Imidazole CBI 
Conjugates, J. Am. Chem. Soc., 2005, 127, 13890-13895.

5  Y. -M. Lai, N. Fukuda, T. Ueno, H. Kishioka, H. Matsuda, S. Saito, K. Matsumoto, H. Ayame, T. 
Bando, H. Sugiyama, H. Mugishima, S. -J. Kim, Synthetic Pyrrole-Imidazole Polyamide Inhibits 
Expression of the Human Transforming Growth Factor- 1 Gene. J. Pharmacol. Exp. Ther. 2005, 315, 
571-575.

6  H. Matsuda, N. Fukuda, T. Ueno, Y. Tahira, H. Ayame, W. Zhang, T. Bando, H. Sugiyama, S. Saito, K. 
Matsumoto, H. Mugishima, K. Serie, Development of Gene Silencing Pyrrole-Imidazole Polyamide 
Targeting the TGF- 1 Promoter for Treatment of Progressive Renal Diseases. J. Am. Soc. Nephr. 
2005, in press.

7  T. Bando, K. Kino, H. Miyazawa, H. Sugiyama, The Possibility of Sequence-specifi c DNA Alkylation 
toward Therapeutic Drugs, Pharm. Regul. Sci, 2005, 36, 1-12. (Japanese Review)

8  , , DNA , , 2005, 63, 
1016-1027. (Japanese Review)
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X

Methanobacterium thermoautotrophicum
ODCase

ODCase
RNA

1A

ODCase 6-cyano UMP
6-CN-UMP 6-hydroxy UMP BMP

1B
3

1.45Å X
6-CN-UMP

BMP 2

ODCase 6-CN-UMP
ODCase 6-CN-UMP

3A 27694
peak 7 BMP ODCase

3B 27687 peak BMP ODCase
6-CN-UMP ODCase OMP UMP

BMP ODCase 6-CN-UMP
OMP UMP 7

1   ODCase
A  B 

正負両方の電荷を帯びた中間体を安定化する酵素の構造と機能解析
～反応中の酵素の構造変化を直接とらえることを目指して～
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4 6-CN-UMP BMP

X 6-CN-UMP OMP ODCase

1.0Å ODCase
ODCase

参考文献
Fujihashi, M. et al.  J. Am. Chem. Soc. (2005) 127 (43): 15048-50

2    ODCase BMP

3    ODCase

A ODCase
B 7

27344 27687 27694 peak
ODCase ODCase

BMP ODCase
cyanoUMP

7

4    

ODCase cyanoUMP
Incubation

cyanoUMP , ODCase
Incubation
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（1）ゲノム情報を利用した超好熱始原菌の水素発生代謝系の解析
Thermococcus kodakaraensis 

KOD1

H2 T. 
kodakaraensis

EM

Mbh

Hyh H2 NADPH
1

（2）カルシウム透過型陽イオンチャネルの機能解析と反応場の解析

Ca2+ 2mM 100nM
Ca2+

Ca2+ Ca2+ 10 M

1   T. kodakaraensis

遺伝子を用いたシステム生物化学－生物機能
の解明と新技術の開発に関する基礎的研究
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2 Ca2+ TRPC5
TRPC5

human embryonic kidney HEK TRPC5 fura-2 Ca2+

TRPC5 TRPC5
Ca2+ Na+ K+ P2Y

TRPC5
Ca2+ Ca2+/ myosine light chain kinase

（3）核酸構造応答性蛍光色素の開発

2
LE locally excited state ICT

intramolecular charge transfer state

1- 4-
-8- DNA

380nm 1 DNA
540nm ICT

2
ICT 440nm LE

Stevens-Ban 2
ICT

2

（4）ゲノムから直接転写可能な非修飾 RNAをもちいた遺伝子発現検出系の構築
DNA/RNA

RNA
cis-repressing

mRNA DNA/
RNA

2   
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主な研究成果外部報告
・学会報告等

1  T. Kanai, Physiological analysis of three NiFe-hydrogenase orthologues in the hyperthermophilic 
archaeon, Thermococcus kodakaraensis , 8th. International Conference on Thermophiles Research 
(Thermophiles 2005), 2005.9.18-22, Gold Coast, Australia (Poster)

2  A. Okamoto, Pyrene-labeled base-discriminating fluorescent DNA probes for homogeneous SNP 
typing , XX IUPAC Symposium on Photochemistry, 2004.7.17-22, Granada, Spain (Oral Contribution)

3  A. Okamoto, Sequence-selective 5-methylcytosine oxidation for epigenotyping , 4th International 
Symposium on Nucleic Acids Chemistry, 2005.9.20-22, Fukuoka, Japan (Oral Presentation)

・論文発表等
1  Continuous hydrogen production by the hyperthermophilic archaeon, Thermococcus kodakaraensis 

KOD1 , T. Kanai, H. Imanaka, A. Nakajima, K. Uwamori, Y. Omori, T. Fukui, H. Atomi, and T. 
Imanaka, J. Biotechnol., 116, 271-282 (2005).

2  Ca2+/calmodulin dependent myosin light chain kinase is essential for activation of TRPC5 channels 
expressed in HEK293 cells. S. Shimizu, T. Yoshida, M. Wakamori, M. Ishii, T. Okada, M. Takahashi, M. 
Seto, K. Sakurada, Y. Kiuchi, and Y. Mori, J Physiol (Lond), in press.

3  Monitoring DNA Structures by Dual Fluorescence of Pyrene Derivatives , A. Okamoto, K. Tainaka, 
K.-i. Nishiza, and I. Saito, J. Am. Chem. Soc., 127, 13128-13129 (2005).

4  Doubly Catalytic Sensing of HIV-1 Related CCR5 Sequence in Prokaryotic Cell-Free Translation 
System Using Riboregulator-Controlled Luciferase Activity , S. Sando, A. Narita, K. Abe, and Y. 
Aoyama, J. Am. Chem. Soc., 127, 5300-5301 (2005).


