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Fluorocarbons (FCs) and F-alkylated moieties offer a unique combination of properties, 
including extreme hydrophobicity, lipophobic character, quasi-insolubility in water, yet 
spreadability on a water surface and high volatility relative to molecular weight [1,2]. F-alkylated 
surfactants provide an effective driving force for manipulating thin soft matter films self-assembled 
at the air/water interface. pH-Sensitive microbubbles with outstanding shell elasticity were 
obtained from F-alkyl phosphates [3]. The reinforcement of the interfacial film allowed grafting of 
magnetic nanoparticles [4], providing novel dual-mode MRI/ultrasound contrast agents. FC gases 
profoundly modify the formation, stability and behaviour of phospholipid interfacial films. The 
phospholipid adsorption kinetics at the air/water interface was strongly accelerated and the 
interfacial tension at equilibrium was strongly decreased by a FC gas [5]. The latter facilitates 
replacement of albumin by phospholipids, which has important fallout on the design of novel lung 
surfactant substitutes [6]. A FC gas allowed recruitment and immobilization of a fluorinated 
biomarker across an interfacial phospholipid film [7]. We will also present the spontaneous 
generation of ordered ensembles of liquid FC droplets that spontaneously undergo synchronous 
motion on water [8]. The droplets are ejected as linear surface jets and form quasi-hexagonal 
patterns. Such dynamic self-assemblies capable of collective motion may mimic the complex 
organization of living organisms. 
 
[1] M.P. Krafft and J. G. Riess, Chem. Rev. 109(2009)1714-92. 
[2] M.P. Krafft, Acc. Chem. Res. 45(2012)514-24. 
[3] A. Kovalenko, P. Polavarapu, G. Pourroy, G. Waton, M.P. Krafft, Langmuir 30(2014)6339–47. 
[4] P.N. Nguyen, G. Nikolova, P. Polavarapu, G. Waton, L.T. Phuoc, G. Pourroy, M.P. Krafft, RSC 

Adv. 3(2013)7743-46; A. Kovalenko, P. Polavarapu, M.P. Krafft, G. Waton, G. Pourroy, Soft 
Matter 10(2014)5147-56. 

[5] P. N. Nguyen, T. T. Trinh Dang, G. Waton, T. Vandamme, M. P. Krafft, ChemPhysChem 
12(2011)2646-52. 

[6] M.P. Krafft, Soft Matter 11(2015)5982-94; P.N. Nguyen, G. Waton, T. Vandamme, M.P. Krafft, 
Angew. Chem. Int. Ed. 52(2013)6404-08; P.N. Nguyen, G. Waton, T. Vandamme, M.P. Krafft, 
Soft Matter 9(2013)9972-76. 

[7] G. Yang, M. O'Duill, V. Gouverneur, M.P. Krafft, Angew. Chem. Int. Ed. 54(2015)8402-06. 
[8] D. Yamamoto, C. Nakajima, A. Shioi, M.P. Krafft, K. Yoshikawa, Nat. Commun. 6(2015) 

7189. 
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細胞間シグナル伝達分子の拡散過程の 

可視化を目指したプローブ開発 

人見 穣 

同志社大学理工学部機能分子•生命化学科 

E-mail address: yhitomi@mail.doshisha.ac.jp 

 

 学位を取得した1999年に、米国ノースウェスタン大学のO’Halloran研で博士研究員

として、DNA結合亜鉛センサー蛋白質 ZntRの機能解析とレシオ型亜鉛蛍光プローブ

の開発に携わる機会をえた[1]。細胞を用いた研究と有機合成をパラレルに推進する

新しい研究スタイルに惹かれ、以来、細胞内の小分子、特にシグナル伝達分子の可視

化に焦点を置いた研究を進めている。これまでに、レシオ型亜鉛蛍光プローブ[2]、可

逆的にエチレンガスを検出するプローブ分子[3]、高感度な過酸化水素蛍光プローブ

[4]、高感度なMRI造影剤となるマンガンポルフィリン被覆金ナノ粒子[5]の開発に成功

している。特に、エチレンガスと過酸化水素蛍光プローブは、金属酵素の反応メカニズ

ムに範をとったものであり、バイオインスパイアード型蛍光プローブと呼ぶことのできる

ユニークなプローブである。 

 エチレンガスは、食物ホルモンの一つであり、その受容体 ETR1 によってセンシング

されている。ETR1 は蛋白質の内部に銅(I)イオンを有しており、その銅(I)イオンへのエ

チレンガスの π配位が ETR1に可逆的な構造変化を誘起し、エチレンガスの存在を下

流に伝達しているとされている。我々は、エチレンと π 配位し、空気中で安定な銀(I)イ

オンに着目し、蛍光団アントラセン有する銀(I)錯体をデザインした。錯体の銀(I)イオン

はアントラセン部位と分子内で π配位しているが、エチレン存在下ではエチレンと π結

合を形成し、アントラセンと銀(I)イオンとの π 配位は解消される。この構造変化により、

エチレンガスの存在をアントラセンの吸収スペクトルおよび蛍光スペクトル変化として

読み出すことができる[3]。 

 過酸化水素蛍光プローブ MBFh（Metal-based Fluorescence Probe for Hydrogen 

Peroxide）は、ヘム依存型ペルオキシダーゼのメカニズムにヒントを得て設計した。ヘム

依存型ペルオキシダーゼは、過酸化水素と反応し、compound Iや compound IIと呼ば

れる酸化活性種を発生し、外部基質を１電子酸化する。この反応は微量の過酸化水

素を用いても高速で進行するために、高感度の検出が求められる免疫染色などに広く

利用されている。たとえば、西洋わさびペルオキシダーゼ（HRP）とプロ蛍光分子

AmplexRedを用いて、酵素反応により生じる微量の過酸化水素を高速に検出すること
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が可能である。我々は、この HRP/AmplexRed システムの機能を１分子で達成できる

蛍光プローブを作成することができれば細胞が情報伝達物質として放出する微量の

過酸化水素を高速、高感度に細胞内で検出できると考えた。問題は如何にして、西

洋わさびペルオキシダーゼの機能を再現できる人工分子を設計するかであった。単

純に鉄錯体と AmplexRedを繋いだMBFh1は、設計通りグルコースオキシダーゼが放

出する微量過酸化水素を検出することができるが、細胞が成長因子の刺激によって

細胞が産生する過酸化水素を検出することはできなかった[4a]。しかし、並行して行っ

ている選択的酸化触媒の研究開発の過程で[6]、水中でペルオキシダーゼを発現す

る単核鉄錯体を発見し、蛍光プローブ開発が進展した[6d]。開発した単核鉄錯体

Fe-mepaq を過酸化水素との反応点に有する分子を新たにデザインし、反応性を調べ

た結果、高選択的に過酸化水素と反応するだけでなく、μM オーダーの過酸化水素と

反応し赤色蛍光色素レゾルフィンを秒オーダーで生成することが分かった。このプロー

ブを A431 細胞の培養液に加え、上皮細胞成長因子 EGF の刺激した結果、A431 細

胞が産生する過酸化水素を細胞内で蛍光可視化することができた[4b]。 

本「細胞自在操作のための分子化学技術の開発拠点形成」プログラムでは、これま

でと同じく、錯体のユニーク反応性に着目し、一酸化窒素、一酸化炭素に次ぐ第３の

情報伝達ガス状分子として注目されている硫化水素に対して高感度、可逆的に反応

する蛍光プローブ分子の開発を進める計画である。既にその核となる化合物として、

Hong-Cai Zhou らによって開発された水中で安定な Metal-Organic Framework 

PCN-222の合成を既に終えている[7]。次年度にかけて、PCN-222をもとに合成した硫

化水素プローブ分子の細胞内導入、細胞膜固定化と基板固定化を行い、全反射蛍光

顕微鏡（本プログラムにより導入済み）を用いて、細胞が生産する硫化水素ガスの産

生過程、膜透過、細胞外への拡散過程を可視化する技術を確立する計画である。 
References 
[1] Y. Hitomi, C. E. Outten, T. V. O'Halloran, J. Am. Chem. Soc. 123, 8614 (2001). 
[2] Y. Hitomi et al. Peptide Science, 48, 319 (2011). 
[3] Y. Hitomi et al. Chem. Commun., 48, 10392 (2012). 
[4] a) Y. Hitomi et al. Anal. Chem., 83, 9213 (2011); b) Y. Hitomi et al. Chem. Commun., 49, 
9929 (2013); c) Y. Hitomi et al. Bull. Chem. Soc. Jpn., 87, 819 (2014). 
[5] a) Y. Hitomi et al. Chem. Lett., 12, 1901 (2014); b) Y. Hitomi et al. Bull. Chem. Soc. Jpn., 
83, 1392 (2010); c) Y. Hitomi et al. Chem. Commun., 6300 (2008). 
[6] a) Y. Hitomi et al. Chem. Commun., 50, 7485 (2014); b) Y. Hitomi et al. Chem. Eur. J., 43, 
14697 (2013); c) Y. Hitomi et al. Angew. Chem. Int. Ed., 51, 3448 (2012); d) Y. Hitomi et al. 
Dalton Trans., 42, 12878 (2013). 
[7] D. Feng, Z.-Y. Gu, J.-R. Li, H.-L. Jiang, Z. Wei, H.-C. Zhou, Angew. Chem. Int. Ed., 51, 
10307 (2012). 
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Kawaguchi, K. Kano, Angew. Chem. Int. Ed. 2010, 49, 1312–1315. (2) (a) H. Kitagishi, 
S. Hatada, T. Itakura, Y. Maki, Y. Maeda, K. Kano, Org. Biomol. Chem. 2013, 11, 
3203–3211; (b) H. Kitagishi, K. Minami, K. Kano, Chem. Lett. 2014, 43, 1095–1097. 
(3) H. Kitagishi, F. Chai, S. Negi, Y. Sugiura, K. Kano, Chem. Commun. 2015, 51, 
2421–2424. 
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私大戦略「細胞自在操作のための分子化学技術の開発拠点形成」 

スタートアップ講演会 

 
生物的な運動性を示すコロイド 

塩井章久 

同志社大学理工学部化学システム創成工学科 

ashioi@mail.doshisha.ac.jp 

 

 第 2 グループでは，細胞の部分的特徴を再現するモデル細胞を作製し，その

内部における分子，分子集合体ならびに分子集団の挙動を解明することを目指

している。細胞は生きている組織であり，強い非平衡性は細胞が備えている特

徴の中でも本質的なものの一つである。この非平衡性が顕著に表れるのが，自

己運動性や時空間パターン形成に見られる動的性質である。非平衡の化学系で

は，系とその外側の界面で進む物質移動により物理化学的過程が維持されるこ

とが多いが，細胞のようにコロイドスケールで比表面積の大きい系では，界面

近傍の動的プロセスが系全体の特徴を支配することになり，全体として生命ら

しさを感じさせるリズムや空間パターンが現れる。多細胞生物の特徴のいくつ

かは，このような基本単位が集合体をつくり，それらが物質の交換などを通じ

て相互作用した結果，発現しているとして理解できるかもしれない。 

この事実のため，生き物のように動くコロイドを簡単な物質から作り出すこ

とが可能である。このような系は，生命らしさを物理化学的な機構で理解する

ためのモデルを提供するとともに，能動輸送，化学走性，クオラムセンシング

などの生命的機能を単純な物質で模倣するための方法を示すであろう。 

本発表では，微粒子，油水界面，両親媒性分子集合体などのコロイド系を用

いて，生命的なダイナミクスを示す系を実際につくることができることを示す。

とくに，生命的な特徴を示す系に共通の性質である“自発的に不均一状態が形

成される”という点に着目し，酸化還元反応で自己運動する触媒粒子 1)，能動輸

送性を示す液滴 2)，化学物質を感知して運動状態を変える油水系 3)や微小な pH

変動を感知して動く両親媒性分子集合体 4)を紹介する。 

参考文献 
(1) Yamamoto et al., Nanoscale, 7, 13186, 2015; J. Chem. Phys. 139, 034705, 2013. 

(2) Goto et al., Sci. Rep., 5, No. 14348, 2015. 

(3) Yasui et al., Langmuir 31, 11005, 2015. 

(4) Nawa et al., Soft Matter, 9, 7832, 2013; Bull. Chem. Soc. Jpn, 

doi.org/10.1246/bcsj.20150190, 2015.  
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Fig. 1 (A) Chemical structure of 
peptide-polymer hybrid (1X) and schematic 
illustration of peptide network. (B) 
Multi-photon fluorescence microscopic 
image of cartilage cells after incubation for 2 
days in 128-hydrogel.  
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Table  Diameter of inhibition zone and distribution ratio  

ILs 
Diameter 

[cm] 

log PO/W 

[ - ] 

log PM/B 

[ - ] 

[Omim][Tf!N] 2.20  0.79 2.61 

[Hmim][Tf!N] 2.07  - 0.02 2.79 

[P4441][Tf2N] 2.07 0.41 2.66 

[N4441][Tf2N] 2.01 0.43 2.27 

[Mppyr][Tf2N] 2.10 -0.84 2.40 

[Emim][CH3SO3] 0.75 ≪ −3 ― 

[Emim][BF!] 0.85  ≪ −3 ― 

[Bmim][BF!] 0.73  ≪ −3 ― 

[Hmim][BF4] 0.92 ≪ −3 ― 

[Omim][BF4] 0.91 ≪ −3 ― 
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ka¿!�����0j!íÃ÷_ pH óz� DNA/ºÁÄ 
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§ÇÏ�"�µX�é�ë`/�� ���+�����+DO1:;8

QGFR(tacn)/LRARD{���b¿��Y«­ä/��m�+J3GSP

æ^/'�Y«mç^� 2,6-bis(1,4,7-triazacyclonon-1-ylmethyl)-4-methylphenol 

(Hbcmp)/¿��Y«ê(II)ë`[Cu2(µ-H2O)(bcmp)](ClO4)3 (1)/r����ë` 1

�µX�����+��/qÎhf�Ä·��) )� ���nÕ¢ X Ö­

äÝ¨�)�J3G7?ª°�181ª° (*Y«­ä���m�,�Cu•••Cu

îâñ�ORè<4=CPÕr 1�/ßà�+�����+Ò 3.1 ÅÍ���*�

minor groove  Õr�+�& �Û�U�£y�¦Ñ6B5R!­ä/¤��

�+���È�,��pH ¸�!Õ©�ë` 1 " pH 5%�!_ pHóz�DO

1:;8QGFR Y«ê�ç^��J3G7?èÓ�181ª°'���+

���.����ë` 1 (+ DNAlµhÝ¶�! pHc���"�10¡î!

p�� pH 5.5� 71%, pH 6.0� 81%!KN=MEDNA!T§ìi� (+ Form 

II����,��T��X�óz��+ pH 7.4, 8.0�" DNAi�"³�á�)

�����%� minor groove binder/¿�� DNA!lµhÝð�·��"�l

µhÝ����ð��,��ë` 1� DNA!Õr��" ITC!·��) pH 6.0

� 1.7 × 105 M-1��*�4RDQIS}m(ΔS)�²��+���), Âµ�ÅZ

a¿Ä (* DNA�Õr�+���Èw�,��%� DNA�!Õr���(

#�!lµhÝ¶� ���ë` 1 �ïå�+Y«êë`/´ã¬Þ����

-�Y«ê µh��ª°�+�� (* DNA lµhÝ¶�����tV��

%�½»1MR!ÐÓo� Õr�+µÓ!��~��+$� DNA �ë`�

!Õr�������+���.�����!���)�§ÇÏ�¿�� bcmp

ç^� (+Y«êë`! DNA lµhÝ "Y«ê ª°��µh���ò

��*�½»1MR!µÓ� DNA!ORè<4=CPÕr/µÓÕr (*¶

�m�+���Èw�,���!Õ©"�½»1MR/'�Y«êë`! DNA

lµhÝ±­ ï�+���ÆÜ/W
��§ë`"��0Ô×! DNA/ºÁ

Ä i���+ka¿!�����0j!íÃ ���+�¥��,+� 
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JNE/MPMOF�#�4NIPÙ �"Ú|03P%"ØY×Y.��,

JNE/MPÐzZ. ¤n��,Ú|�¥¢ÔZâmetal-organic framework, 

MOFã��,�MOF#qu�����+�5<h¸(^à._&��,£	 

�³¹À�{Ý�-�
,�� ��'JNE/MPMOF#JNE/MP¯�

"eÌ\hd�¶\�Îs¥Ç"�&!cÁ MOF.Ò�,¥Ç���� ,

����-�
,��¹À�#�²±�VR�wx JNE/MPMOF.³


��JNE/MPÚ|ÜZ!´��,²Z¥ÇßÕ¨�"¶°��)$��o

XÖ®Ñ.¡]"�&"GOQF���"`³.·���
,� 

�!�Hong-Cai Zhou*#�tetrakis(4-carboxyphenyl)porphyrinâTCPPã"ÛÜ

Z Fe-TCPP � ZrCl4 �*§­f���*-, ziriconium-porphyrin MOF

âPCN-222(Fe)ã���
 pH "§S!�
�wx��,����*!�«pÙ

S�24�Þwx��,��.oi��
,��!�*#�PCN-222(Fe)�²Z¥

ÇßÕ¨�" 1���,HN36:@Q>¨�.»���'ºÏ��
,[1]� 

 
�	#�Zhou*"oi[1]!�
�Fe-TCPP� Co-TCPP�*�-�-§­f�

!)+�PCN-222(Fe)�)$ PCN-222(Co).f����XRD©x!)+�PCN-222

¯�"48L£¢Ô.ºÏ��
,�PCN-222(Fe)�)$ PCN-222(Co)#�
�

-'Á§S�24 �Þwx��,��.ÓÏ�������MPÙÄÊ²±áp

§âphosphate buffered saline, PBSãS�#^Í��Fe-TCPP�,
# Co-TCPP

�ª�]���.Ë]���MPÙ�;M7B1K03P��k!Ãf�,�

&!�PCN-222(M)�ªÍ�,�Å��
,� 

[1] D. Feng, Z. Y. Gu, J. R. Li, H. L. Jiang, Z. Wei and H. C. Zhou, Angew. Chem., 
2012, 124, 10453–10456. 
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Figure 1. Thermo-responsive poly(NAAMe) brushes on 
glass surface. 
 

 
Figure 2. Temperature-dependences of poly(NAAMe) in 
pure water (A) and on glass surface (B). Turbidity was 
measured at 1 wt% during heating (1	/min) process. 
Contact angle was measured using captive bubble 
method. 
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Thermo-responsive polymer brushes from amino acid-derived vinyl 
 polymers and their applications in cell-sheet engineering 
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2��ËÓ�$)�3+$'6WLôÂª¸��Ô�NK\U[Va(öÇ5ï,#�

��À�26WLô(®î'/!# LCST �. UCST �'�Ô¯�5çæ$�2�%�
�0'Å&26WLôÒ(qõxv'/1ÊëÑ¸�5Û~'t�$�2�%5¥0

�'�� 1)�¨ËÓ$)ÖÙ%(â|�-§�$�26WLôÂªNK\U[Va5}

kßù'nú��¢��AVaHßù(éà5É��� (Fig. 1)� 
�'#�
	*��ATRP´'/1�N-6<
[ ^ 7 \ 6 Z K _ X E \ 8 A G \ 
(NAAMe)5YLVa%�#ßù=ZPHõ
x5Ý!��:ZAßù)�0��, 3-6
WLR^O\H[8H;@@Z_5Øx�

�(  2-Q^Y7CQE[\Q^WI5w
���#ö�òj5�p���¹�'³/X
DLa\ (v/v = 1/1)�ój�' PMDETA�
CuBr2�ñou'6A>\N_ô5À�# 
60 	$ 24 ¦÷Ý!�� ATR FT-IR AT
<H\'/1ßù=ZPHõx(ïÝ5Ì

è���+� poly(NAAMe) (¹·e%}k
ßùc$(¸��Ô�5±ì���Fig. 2(A) 
)y©h$éà�� poly(NAAMe)(³e$
(íð½5¸�'��#R^FH��-(

$�2�³e$( LCST ) 16 	$�2�
%�4�2�b£ Fig. 2(B) )�¬5³'¶
º���²µ( åä5¸�'��#R^F

H��-($�2�¸�5c¤��2% 
10 	�0 15 	'��#/1Æ³È&ßù
*(�v�ã��3�}kßùc'��#-

¥Ì&¸��Ô�5Í��%�4�!��Ç

ß¦')��(ßù5À��ÖÙ�û¼�'

"�#-�z�2� 
 
1) N. Higashi, R. Sonoda, T. Koga, RSC Adv., 

5, 67652 (2015). 
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� VâmµÉ(CO)!»_����¥¯�5<��*��»_g�!�ã��(
��¼»�+��)�»_g;8FRPD/2U@U���d����Á(+

��*������( CO »º¬Î�!§Ø£�ài��,&�{��gt�
CO  Y�¿»³!áÉLO36;9FU?(HO)�'*LO \ÜiØ��)�
� o� j¼·��� CO!JQMRD/T�ä03T�f�_g¼»�+*�
CO »º¬Î-Û#*�&�¿»³��*HO ß^~-HC7.1E�*�
!HC7A1T�*��LO\Ü�c®���$��CO¨© »º¬Î %-
Þ�À�Û#*�����������¨ÂÇ�!�»_g� CO %-Þ�À
����*p�mp· hemoCD -a���»_�¥�*gt� CO -	 HC
7A1T
¸�"�Ú���� �� »_go�-Û#*���'���CO
 »º¬ÎØ£�.KSUB��*�-Ù%�� 
� hemoCD-N1< ÐÏ��W�*��hemoCD �X" �±�×²�+��
�X hemoCD�! CO�Ëp�������(�hemoCD�!N1<_g��
v�*gt� CO -����_z"��h��*¬Î��*���i����
hemoCD �W�'��_g CO-V¤À�­Z���N1<ÌÑg�!�á
É HO-1 ¿¹���Ú��+��)�gt� CO ­Z�'���LO\Ü�
bÝ�+*���£(������V¢�wèÊÍ(HepG2 ÊÍ)-½��
hemoCD -�W�*�é-Ô
��Ëª�HO-1 Ú�!e�
Ö(+������ ���(�

hemoCD !l· _g�!

CO-Hb �( CO -}
���
'���u�Ã��'
�æ�

À�P4G=O� HO-1 -Ú
����* �!�����

²��� 

met-Hb

oxy-HbCO-Hb

oxy-hemoCD CO-hemoCD

HO-1

ALAS-1

CO  + biliverdin + Fe2+

hemin

intravascular oxidation 
induced by H2O2

dissociation

bilirubin

i.p. injection

H2O2

urinary excretion

reduction
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1p�",.§¬q��_ÛZi1¦�q�/�
�|w+�.�³z CD#µ
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Ì1âä�/�Þ�!���#((�$©ß�/}�ÆÈ~"ì-0��(��

��� »Á�$�CD"ÆÈÌâäÉ1^[��qu°1u����#°�Ø

c1Ô��� 

� β-CD #%��#ÂXÄ§ç{169A2S8HVMLBF�eð��

R8-CD��,&�i O-OBSqa��/ R8-CDMe1u����R8-CDMe$;?

El����§¬�NSK3RV1î�"��p���p�±�#((�ÆÈ

k'�t.à(0/¤��×«�0��j¯®ï�è",/ÆÈk?M9ES

×�",.�ÆÈk"t.à(0�NSK3RV$ R8-CDMe�#p�±�1d

��
/���¼y�0�� 

� ��"ÓªËëé(Blood Brain Barrier, BBB)

#âä1º��� CD#u�1Ù)��BBB"

$:S<W?EQV?NWAW(GLUT)���

¹³���.��0",.:S<W?$ÆÈ"

ÚÜ�0�Ëk'�o²,�t.à(0/�á

��:S<W?l�1A:����h��Òg

ÏÅ� BBB 1Xæâä��Ëk"må��/

���|w�0� 1)� »Á�$�fÔ»Á#

l�£ã1sÇ"���CD #ÂXÄ§ç{'

#:S<W?A:l�#�h1Ù)�� 
 

1) S. B. Park et al., Chem. Comm. 2014, 50, 9251-9254. 
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Fig.1 The left figure is time course of a vesicle shape change. 1 M NaOH aqueous solution diffuses from the left 
side of vesicle, and the initial pH of vesicle solution is approximately 8.0. The right figure is time course of the 
reversible extrusion of pseudopod-like structure. 100 mM NaOH aqueous solution diffuses from the left 
side of vesicle, and the initial pH of vesicle solution is approximately 8.4. 
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水面上でのフッ素系油の蒸発誘起型自発運動 
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１．緒言  近年、材料化学の分野において、物質の「自己組織化」に関する研究が盛んに
行なわれている。例えば、コロイド結晶、ラングミュア膜、自己集合膜、超分子
などの形成は自己組織化の例であるが、これらは構造論・平衡論に基づく静的な
自己組織化である。一方、BZ 反応などの化学的な振動反応、自然界では魚の群
泳など、自発的なリズムやパターンの形成などが時間とともに変化するような
非平衡系に現れる秩序構造を動的な「自己組織化」と呼ぶ。ここで、自然現象の
多くが非平衡的現象であるにも拘わらず、平衡系と比べて系が非常に複雑であ
るため詳細なメカニズムの解明が未だに進んでいないことが現代科学の一つの
課題となっている。本研究では新たな動的「自己組織化」の例を提示し、できる
限りシンプルな数理モデルを立てることを目的としている。今回、水面に滴下し
たフッ素系油の液滴の自律運動系に関して、興味深い非平衡現象が観察された
ので報告する。 
 
２．実験方法 
 ペトリ皿 (直径 91 mm) に超純水を 30 ml いれ、その上にフッ素系油である
perfluorooctylbromide (PFOB) または perfluorodecalin (PFD) を数 µl 滴下した時の
様子をマイクロスコープ (VW-6000/5000、Keyence) を用いて観察した。また、水
面に数 µl 滴下した炭化水素油 (リノール酸) または円形のアルミ箔の近傍に
PFD を数 µl 滴下した複合物体 (三相系) の観察も行った。 
 
３．結果と考察 
3.1 PFOB の自己組織化 
 PFOB を水面に 8 μl 滴下した後の様子を図 1 に示す。PFOB を水面に滴下す
ると一瞬にして水面全体に広がり薄膜 (厚み: ~1 μm) を形成し、図 1 (a) のよう
に PFOB が局所的に蒸発することで薄膜に水面が曝露した空孔が観察された。
空孔がある程度大きくなると PFOB/水の界面である薄膜の周縁部に隆起部が数
珠状に形成し、ミクロサイズの液滴として図 1 (b) のように PFOB 薄膜から空孔
に向かって連続的に放出された。ミクロ滴の放出は非常にリズミカルでおよそ
一定の周期で放射状に放出されていた。放射状に一次元配列したミクロ滴は集
団として伸縮を繰り返し、図 1 (c) のようにヘキサゴナル状に二次元配列した。
その後、約 10 秒程度で蒸発し、PFOB ミクロ滴はなくなった 1)。 
 
 
 
 
 
 
 

図 1 水面でのフッ素系油(PFOB)の滴群の 1D→2D パターンへの自発形成 
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3.2 PFD の自発変形と PFD 複合物体の規則運動 
 開放系において PFD を 10 μL 滴下した後の画像を図 2 に示す。PFD を水面に
滴下すると油滴表面が(a)のように少しずつ同心円状に拡がり、その後 (b)で示す
ようにフィンガリング現象に似た拡がり方が見られた。さらに、その先端部から
分裂し、(c)のように小さな油滴群を放出した。その油滴群は(d)のように、集団
として局所的な配置をとりながら、合一することなくお互いにぶつからない距
離で不規則な動きを繰り返した。ここで、PFOB の場合には水面全体に瞬時に拡
がり薄膜を形成し、そこからカスケード的な時空間パターンが生み出されるが、
この挙動の違いは、フッ素系油の蒸発速度および水表面への濡れ性のバランス
の違いに起因するものであると考えられる。 
また、リノール酸を滴下し、その近傍に PFD を滴下した PFD/リノール酸複合

物体の運動の様子を図 3 に示す。PFD を滴下後、二つの滴の接触が起こり、PFD
がリノール酸を牽引するような並進運動が観察された。さらに、これらの二滴は
ペトリ皿の壁に近づくと進行方向を変化させ、壁と一定距離を保ちながら時計
または反時計回りに周回運動を行い、決して壁に接触しなかった。次に、円形の
アルミ箔の近傍にPFDを滴下したPFD/Al複合物体の運動の様子を図 4に示す。
リノール酸を用いた時と同様に周回運動を示したが、興味深いことにリノール
酸では PFD がリノール酸を牽引しながら運動していたのに対し、アルミ箔を用
いると PFD がアルミ箔を押しながら周回運動を行うことがわかった。 

 
 
 
 
 
 
 
 
 
 
 
４．結言 
 フッ素系油を水面に滴下したシンプルな系で、自己組織化、自発変形・規則運
動などの新たな自発運動パターンを発現させることができた。 
 
参考文献 
[1] D. Yamamoto, C. Nakajima, A. Shioi, M. P. Krafft, and K. Yoshikawa, Nat. Commun., 
6, 7189 (2015) 
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図 2 水面での PDF の自己組織化 

図 3 (a) PFD/リノール酸複合物体の運動の軌跡 (15 min) 
(b) PFD/Al 複合物体の運動の軌跡 (15 min) 
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Protect effect of ascorbic acid against double-strand breaks in 
genome-sized DNA evaluated by single-molecule observation 
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E-mail address: emp1501@mail4.doshisha.ac.jp�
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The protective effect of ascorbic acid (AA) against double-strand breaks 

(DSBs) in DNA caused by various sources of radiation was evaluated by 

single-molecule observation of giant DNA (T4 DNA; 166kbp) through the use of 

fluorescence microscopy. Samples were exposed to three different forms of radiation: 

visible light, γ-ray and ultrasound. With regard to irradiation with visible light in the 

presence of a photo-sensitizer to induce active oxygen, 1 mM AA reduced the damage 

down to ca.30%. The same concentration of AA decreased the damage caused by γ-ray 

to ca.65%. In contrast, AA had almost no protective effect against the damage caused 

by ultrasound.  

Summarizing the results and discussion we may conclude as that: 1) The 

significant protective effect of AA against photo-induced damage may reflect the 

effective diminish of reactive oxygen species (ROS) by AA.  2) There exist the 

protective effect by AA but a little bit weaker than the case of photo irradiation. This 

may be due to the generation of plural number of ROS by single photon of γ-ray. 

Surviving oxygen species against the diminishment effect by AA may cause DSBs. 3) 

As for the DSBs by ultrasound, physical damage caused by the shockwave through the 

generation of cavitation dominates. Thus, the chemical effect of AA is considered to be 

negligible small for the protection of DSBs.  

�

���������������������������������������������

Figure 1: Representative images of 

single-molecule observation 
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Fig. 1  Biphasic change on the activity on gene-expression caused by 

polyamines. Luciferase assay was adapted for T7 phage DNA (4.3 kbp). 
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Many physical, chemical, and biological systems exhibit a cooperative 
or sigmoidal response with respect to the input. In biochemistry, such 
behavior is called an allosteric effect. Here, we demonstrate that a system 
with such properties can be used to discriminate the amplitude or frequency 
of an external periodic perturbation. Numerical simulations performed for a 
model sigmoidal kinetics [Figure 1] illustrate that there exists a narrow range 
of frequencies and amplitudes within which the system evolves toward 
significantly different states [Figure 2]. Therefore, observation of system 
evolution should provide information about the characteristics of the 
perturbation. The discrimination properties for periodic perturbation are 
generic. They can be observed in various dynamical systems [2] and for 
different types of periodic perturbation. （文献[1] Abstract より。註は発表者。） 

参考文献 
1. HU, T. Tsuruyama, B. Nowakowski, J. Gorecki, and K. Yoshikawa, Chaos 25, 103115 (2015).  

2. J. Gorecki, HU, and K. Yoshikawa et al., Sensing time dependent inflow parameters with an 

enzymatic reaction, 2016, submitted 

Figure 1: 上式、周期的非自律系のヌルクライ

ン。破線（1）は入力の振幅 A の値に従い周期的に

振動しながら、実線（2）と共に固定点を与える。 

Figure 2: この周期的非自律系の時間発展（A = 

0.12 に固定）。振動数 f の値に応じて、(III)～(II)

では緩やかに、他方(II)～(I)では鋭く転移する。 
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Synthesis of Cyclodextrins Bearing a Cell-Penetrating Peptide 
 

Hiroaki Kitagishi, Atsuki Nakagami, Naomi Hasegawa 
 

Department of Molecular Chemistry and Biochemistry, Faculty of Science and 

Engineering, Doshisha University, Kyotanabe, Kyoto 610-0321, Japan 
 
The use of cell-penetrating 
peptides (CPPs) for intracellular 
delivery of molecules across the 
cell membrane has been paid much 
attention because of their potentials 
for therapeutic applications. CPP is 
typically a short peptide consisting 
of less than 30 amino acids with a 
high basic amino acid density. 
Among CPPs, oligoarginine 
peptide is known to show high efficiency to translocate through the cell membranes. In 
this study, we show the oligoarginine-conjugated cyclodexrtrins (R8-CDs) as 
non-covalent intracellular delivery tools for guest molecules of CDs.  
 We first used a water-soluble porphyrin as a fluorescent guest molecule to 
demonstrate the non-covalent intracellular delivery. The UV-vis and NMR 
measurements revealed that R8-CDMe formed a stable 2:1 inclusion complex with TPPS 
in aqueous solution. The cellular uptake of R8-CDMe complexed with TPPS was studied 
using HeLa cells. The fluorescence confocal microscope and flow cytometry 
measurements revealed that the inclusion complex was taken by the cells and localized 
in the cytosol. The structure of the inclusion complex was studied using 
BODIPY-labeled R8-CDMe, which showed fluorescent energy transfer (FRET) between 
TPPS in the inclusion state in the solution. As a result, clear FRET phenomenon was 
observed in the living cells. The result suggests that the supramolecular complexation 
between R8-CDMe and TPPS also occurred in the living cells.  
 Then we used a fluorescent molecule having an adamantane tag as a guest 
molecule for the intracellular delivery by R8-CD or R8-CDMe. In this case, the 
adamantane tag was more preferably captured by R8-CD than by R8-CDMe. Therefore, 
the adamantane tagged fluorophore was effectively delivered into the cells by the 
complexation with R8-CD.  
  
Ref. H. Kitagishi, F. Chai, S. Negi, Y. Sugiura, K. Kano, Chem. Comm. 2015, 51, 2421. 
 

R8-CD

O

CH2OH

OH

OH
O

OH

OHO O

6

N N
H

NH

NH2+ TFA–H2N

NH2

O

O

8

NN

R8-CDMe

O

CH2OCH3

OCH3

OCH3

O

OCH3

OCH3O O

6

N N
H

NH

NH2+ TFA–H2N

NH2

O

O

8

NN

Figure 1. Structures of R8-CD and R8-CDMe. 



 

Regular motion of an oil/water interface depending on 

several kinds of cations 

 

Akihisa Shioi 

Department of Chemical Engineering & Materials Science, Doshisha University 

 

Moving colloids driven by chemical reactions can move in characteristic ways that resemble 
the movements of living matter. Typical examples of this are systems that exhibit chemotactic 
and stimulus-responsive behaviors. Self-moving colloids containing liquid droplets have 
recently been studied in depth, where the Marangoni effect plays a crucial role.  

An oil/water interface containing an oil-soluble anionic surfactant, bis(2-ethylhexyl) 
phosphate (DEHP), has been found to exhibit self-agitation1. Spontaneous motion and tension 
oscillation of this oil/water interface responds to specific cations. Ion exchange between the 
anionic surfactant and cation caused the instability. The results showed that the surfactant-
cation combination forms an oil-soluble complex with reduced surface activity. These 
molecules are aggregated at the oil/water interface. This aggregation retarded the desorption 
rate of the complex. We were able to generate ion-selective instability by imposing mechanical 
and electrochemical perturbations to the interface at equilibrium. The results from these efforts 
suggested that the aggregation is a type of thermodynamic transition and is required for the 
onset of instability. 

When a float was put at the interface, it exhibited back-and-forth, intermittent, or vibrational 
motion depending on the cation species present. Most forms of biological motion are sensitive 
to the presence of specific cations, such as Ca2+, Na+, and K+. These cations affect the 
macroscopic characteristics of the motion. If ionic (chemical) control of the macroscopic 
motion can be achieved without using biomolecules, then biomimetic motion can be used in 
numerous technologies using colloidal systems. Moreover, an understanding of how the 
macroscopic nature of spontaneous motion is produced depending on the cation species 
provides insight that could aid in the design of colloidal systems in which biomimetic motion 
occurs. In this study, interplay between microscopic desorption and the macroscopic flow 
provides a unique spatiotemporal pattern.  
 
Reference 
(1) Shioi et al., Langmuir, 16, 8383 (2000); ibid, 18, 5516 (2002); ibid, 27, 14131 (2011); ibid, 

31, 11005 (2015): Chaos, 22, 037111 (2012): Bull. Chem. Soc. Jpn, 79, 1696 (2006); ibid, 
87, 863 (2014): J .Chem. Eng. Jpn, 48, 80 (2015) 



Synthetically and Biologically Useful Molecules 
Based on Bioinspired Complexes 

 
Yutaka Hitomi 

 
Department of Applied Chemistry, Graduate School of Science and Engineering, Doshisha 

University, Tatara Miyakodani 1-3, Kyotanabe, Kyoto 610-0394, Japan. 
E-mail: yhitomi@mail.doshisha.ac.jp 

 
Our research interests have focused on two topics mainly; the first one is the development of 
synthetically and biologically useful molecules such as selective oxidation catalysts,1–4 
fluorescent probes for hydrogen peroxide,5–7 catalytic antioxidants,8,9 ethylene-gas probes,10 
photo-responsive NO donors11 and so on. All the molecules have been designed based on 
inspiration from metalloenzymes or metalloproteins. The second one is the development of 
biologically useful molecules with unique structures, which include membrane permeable 
reagents for photodynamic therapy,12 and gold nanoparticles covered with manganese 
porphyrins in a monolayer as non-gadolinium-based MRI contrast agents.13–16 In this 
presentation, I will introduce our recent research results concerning the reaction of iron 
complexes with hydrogen peroxide. 
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Divalent cation shrinks DNA but inhibits its compaction with 

trivalent cation  
 

T. Kenmotsu, C. Tongu, Y. Yoshikawa and K. Yoshikawa 
Faculty of Life and Medical Sciences, Doshisha University, Kyotanabe 610-0321, Japan 

 
We have performed single DNA observation on the higher order structure of giant DNA molecules in 

solution in the presence of cations with different valences by fluorescence microscope [1]. T4 phage DNA 
molecules (166kbp, contour length 57 μm) as a giant genomic DNA was adapted to evaluate the 
conformational change. Figure 1 shows long-axis length of T4 DNA molecules observed by fluorescence 
microscope as a function of concentration of Mg(2+) with 0 and 0.1 mM SPD(3+). As has been well 
established, spermidine, SPD(3+), causes compaction on the giant DNA, where the conformational change is 
induced as all-or-none first-order phase transition[2]. Whereas, divalent cations, such as Mg (2+) and Ca 
(2+) induces loose shrinkage, characterized as gradual change of the conformation. Interestingly, it is found 
that Mg(2+) induces unfolding of the compact DNA in the presence of SPD as indicated in the Fig. 1, 
suggesting the competitive, or antagonistic, effect on the condensation of DNA. Here, it is to be noted that, in 
general, shielding efficiency on electronically charged species has been usually interpreted as the summation 
of the effects from the surrounding counter ions with different valences: Debye length OD~ I-1/2 where ionic 
strength I~6ciZi

2. The discrepancy from the classical Debye picture is attributable to the correlation effect of 
negative charges along the double stranded DNA chain. Based on the argument of counter ion condensation 
on polyelectrolytes, we may expect the present of relatively large number of counter ions on highly charged 
DNA. Thus, it is essentially important to evaluate the effect on the ion-exchange between the intrinsic 
monovalent cations and multivalent cations, when multivalent cations are added to the solution. In the 
presentation we will show the semi-quantitative reproduction on the antagonistic effect with a simple theory 
by introducing the change of the net translational entropy of coexisting cations as shown in Fig.2 [2]. 
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Figure 1: Experimental: Long-axis length of T4 DNA 
molecule observed by fluorescence microscopy with 
MgCl2 in the solution of 0 and 0.1 mM SPD [1]. 

Figure 2: Theoretical: Normalized long-axis length of 
DNA with MgCl2 in the solution of 0 and 0.1 mM SPD 
[1]. 
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Chemo-sensitive liquid droplet: Attractive/Repulsive motion 

against gas stimuli 
 

Hiroki Sakuta 
Lab. of Life Physics, Grad. Sch. Life and Medical Sciences, Doshisha Univ. 

 
We report the chemotactic behavior of a liquid oil droplet, stimulated by a gas. We will show 

experimental verification on the formation of self-moving object with the ability of chemotactic response, by 
adapting floating oil droplets on a water surface.  

It is found, for example, that an acid droplet of oleic acid indicated the repulsive motion against 
ammonia vapor, negative chemotaxis against unfavorable gas. We observed the motion of cm-sized droplet 
of oleic acid in response to ammonium vapor as shown in Fig. 1. After ca. 1 sec on the administration of 
ammonia vapor, the droplet began to move toward the opposite direction of the stimulating gas, continued 
the motion for the length of several cm, and then finally stopped. From the analysis of the profile of the 
time-dependent motion, we evaluated the driving force on the initial stage of the escaping motion and got the 
value of several µN as the driving force. The mechanism such chemotactic behavior will be discussed in 
terms of the induction of spatial gradient of interfacial tension caused by the generation of surface-activity 
with ionized oleic acid. We have measured the flow profile to analyze the chemotactic motion in 
detail. It was confirmed that the flow on the two-dimensional surface play the most predominant 
role on the self-propelled motion after the exposure to the gas stimuli. 

On a similar system, we found the occurrence of positive chemotaxis, attractive motion, of aniline 
droplet to the hydrochloric acid vapor, as shown in Fig. 2. In this experiment, the interfacial tension close to 
the gas stimuli is expected to increase because the positively charged aniline complexed with hydrochloric 
acid tends to dissolve into the bulk aqueous layer, i.e., a gradient of interfacial tension is generated between 
the sides of the droplet. 
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Fig.1 Repulsive motion of oleic acid droplet against NH3 vapor.4  

(a) Snapshots of an oleic acid droplet moving away from vapor. 
(b) Spatio- temporal diagram of droplet motion 

Fig. 2 Attractive motion of aniline 

droplet toward HCl vapor.4 Super- 

imposed images of motion 
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INTRODUCTION�
     The green fluorescent protein (GFP) is recently used in various fields, especially in molecular biology 
field, because it shows fluorescence via intramolecular cyclization of β-barrel-surrounded 
Phe-Ser-Tyr-Gly-Val (FSYGV) peptide core.  The fluorescence emission mechanism of GFP has been 
actively investigated, however, there is no report on the accomplishment of GFP-like cyclization of the 
FSYGV peptide core by chemical approach.  To establish an artificial GFP model using peptide-polymer 
hybrids, various peptide-polymer hybrids inspired by GFP-high order structure were newly designed  
(Figure 1).  The strategy in this work is quite simple, namely GFP-based FSYGV oligopeptide is employed 
as core segment and amphiphilic block polymer is introduced at both N- and C-termini of the peptide as 
hydrophobic and hydrophilic segments instead of β-barrel structure of native GFP.  In this study, various 
hybrid polymers were synthesized and their fluorescence properties were examined in detail.

RESULTS AND DISCUSSION 
�    Objective peptide-polymer hybrids (1-5) were synthesized by combining a solid phase peptide 
synthesis using Fmoc chemistry with an atom transfer radical polymerization or a reversible 
addition-fragmentation chain transfer radical polymerization.  These hybrid polymers were characterized 
by 1H NMR and GPC analyses.  Water-soluble hybrid polymers 2-5, except for 1 that was insoluble to 
water, were subsequently subjected to the fluorescence study.  Interestingly, hybrid polymers 4 and 5, 
which have common PNIPAM as hydrophobic segments, showed green fluorescence with an emission 
maximum at 510 nm in water (λex = 472 nm), although 2 and 3 did not.  Furthermore, fluorescence 
intensity of hybrid polymer 4 with PAA as hydrophilic segments increased stepwise and drastically by 
repeating thermal cycle from 4 to 60˚C. Thermo-induced increment in hydrophobicity of PNIPAM 
segment, as well as their conformational change, seems to promote the transformation of linear FSYGV 
peptide core into fluorescent cyclic one. On the other hand, PDMAEMA-containing hybrid polymer 5 
showed similar thermal effect as of 4, but the fluorescence intensity was significantly lower than that of 
4. Thus, the fluorescence behavior of this peptide-polymer hybrid system depended on the character of 
both hydrophobic and hydrophilic segments. 

 
 

  Figure 1. Chemical structure of peptide-polymer hybrid and its structural model in solvent (Left). Polymer     
  species employed in this study as hydrophobic (R1) and hydrophilic (R2) blocks (Right). 

 

 



The physiological roles of endogenous CO  
revealed by its selective depletion in the blood 
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 Carbon monoxide (CO) is continuously produced in mammalian organisms. The major 
source of endogenous CO is the degradation reaction of heme by heme oxygenase (HO). The 
endogenous CO is bound to hemoglobin (Hb) in blood and circulates in the CO-Hb form. The 
functional mechanism of CO in biological systems have been 
extensively studied, but not fully understood due to the difficulty 
in preparing the loss-of-function phenotype of CO. 
 We previously synthesized a supramolecular complex, hemoCD, 
which is composed of Fe(II)porphyrin and per-O-methylated 
β-cyclodextrin dimer with a pyridine linker. It has been found that 
hemoCD is capable of capturing endogenously-produced CO in 
blood of rats (Figure 1)1).  
 
 In this study, we used hemoCD as a CO remover and the depleting effect of CO from the 
blood of mice was investigated. As a result, the gene expression level of heme oxygenase-1 
(HO-1) in the mice liver was temporarily but strongly enhanced as measured by quantitative 
real-time PCR. The result suggests that the biological feedback for the CO homeostasis was 
activated by the HO-1 induction (Figure 2)2). The concentration of hemin in the plasma of 
hemoCD-dosed mice was increased, indicating that the HO-1 induction can be caused by 
accumulation of free hemin. The removal of CO causes the formation of cell-free oxy-Hb, 
which is quickly oxidized to met-Hb by the reaction with reactive oxygen species such as 
H2O2 in blood. Cell-free met-Hb readily releases free hemin in blood that triggers the 
induction of HO-1. It is assumed that endogenous CO plays a crucial role in suppressing the 
autoxidation reaction of ferrous Hb to met-Hb through its ligation to the heme iron. These 
results suggest that the major role of endogenous CO in blood is to adjust the free hemin 
concentrations in the bloodstream. 
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Phase transition in a single giant DNA molecule: Differences between 
1-propanol and 2-propanol aqueous solutions 
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1. Introduction 

During the past couple of decades, it has been 
found that long DNA above the size of several 
tens kbp exhibits unique conformational 
characteristics, as has been demonstrated by 
single molecular observation in bulk solutions 
with high sensitive fluorescence microscopy. 1-3 

Here, we will report the effect of isopropanol 
isomers on the higher order structure of Ȝ'1$�
(48 kbp) through single-molecule by fluoresce 
microscopy. We performed the comparative 
study between 1- and 2-propanols. 2-Propanol is 
often used to isolate DNA molecules from cells 
through the generation of precipitation. 
1-propanol is used as a solvent in the 
pharmaceutical industry mainly for resins and 
cellulose esters. 
 
2. Methods 
2.1 Single-molecule observation of DNA 
molecules by fluorescence microscopy 
Ȝ'1$ (48 kbp) was dissolved in 

propanol-water solution with a final 
concentration of 30 ȝ0 in nucleotide units. The 
fluorescent dye YOYO-1 (final concentration: 
1 ȝ0� was added to the DNA solution, together 
with the antioxidant 4% (v/v) 2-ME. All 
observations were carried out at around 24 °C. 
2.2 Measurement of the long-axis length of 
single DNA molecules by fluorescence 
microscopy 
  Figure 1(a) exemplifies fluorescence images 
of DNA molecules in propanol-water solutions.  
The long-axis length, <L>, was evaluated as in 
the corresponding schematic representation of 
Figure 1(b). 
 
3. Results and Discussion 

As showed in Figure 2, for DNA molecules in 
different concentrations of 1-propanol solutions, 
two minima of average length appear at 60% 
(v/v) and 80% (v/v). In 2-propanol solutions, 
the average long-aixs length of DNA decreased 
and transited from elongated coil state to folded 
globule is generated around 70-75% (v/v). 

Figure 1. Fluorescent image of single DNA in 
50% and 10% 1-propanol solution, together with 
the schematics  
 
Above 75% (v/v), DNA maintained as folded 
globule and the average length of DNA 
molecules remains essentially the constant. The 
observed large difference of the effect of 
propanol isomers on the DNA conformation 
will be discussed in relation to the 
nano-structure of alcohol solution.3  
 

 
Figure 2. Average long-axis lengths of DNA, <L>, 
vs. the concentration of propanol isomers.  
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Iron(III) hydroperoxo species is the last detectable intermediate species prior to double strand 
DNA cleavage by the iron complex of a glycopeptide antitumor antibiotic, bleomycin.1 The 
DNA strand scission has been proved to be initiated via the abstraction of the C-4' hydrogen 
atom of the DNA deoxyribose sugar moiety; however, it is still of intense debate whether the 
iron(III) hydroperoxo species is directly responsible for the oxidation of DNA or is a 
precursor to generate another oxidants such as iron(IV)oxo species/OH radicals or iron(V)oxo 
species. Recently, the direct H-atom abstraction by iron(III) hydroperoxo species was 
experimentally and theoretically proposed by Solomon and co-workers.2 However, what 
controls the stability and reactivity of mononuclear nonheme iron(III) hydroperoxo species 
has not been clarified yet. For example, iron-bleomycin has a carboxamido ligand to the 
iron(III) center, but its role on the formation and reactivity of iron(III) hydroperoxo species 
has not been explored. 

Previously, we have reported the design and synthesis of an iron(III) complex with a 
nitrogen-based pentadentate ligand having one carboxamide functionality, FeIIIdpaq (dpaq: 2-
[bis(pyridine-2-ylmethyl)]amido-N-quinolin-8-yl-acetamide).3 In this study, we have prepared 
a series of iron complexes supported by dpaq ligands with a substituent group (R = OMe, H, 
Cl or NO2) on the 5 position of the quinolone moiety to explore the effect of the electron 
donor ability of the carboxamido ligand on the stability and reactivity of the corresponding 
iron(III) hydroperoxo species.4,5 

Prior to the generation of iron(III) hydroperoxo species of Fe(dpaqR), FeIIIdpaqR was 
converted to the corresponding methoxide complex, [FeIII(dpaqR)(OMe)]+, by treatment of 1 
equiv. of triethylamine in methanol, which was assigned by UV–Vis, EPR, and ESI-MS 
spectroscopies. Addition of H2O2 to the solution of the methoxoiron(III) complex at −40°C 
slowly generated a reddish purple 
specieswith a broad band at ca. 530 nm 
over 30 min. ESI-MS measurement 
suggests the formation of 
[FeIII(dpaqR)(OOH)]+. EPR spectrum of 
the reddish purple species showed 
signals at g = 2.28, 2.16, and 1.96 for R 
= H, similar to those of low-spin ABLM 
(g = 2.26, 2.17, and 1.94).  
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Single molecule imaging approach to reveal molecular motions and 
functions in cellular events. 
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Live cell fluorescence imaging, especially single molecule imaging, is a powerful technique 

to reveal molecular mechanisms of physiological functions through analysis of the dynamics of 

biomolecules in living cells. Single molecule imaging elicits variety of intracellular molecular 

motions such as directed movements, transient stalling of diffusion, and colocalization of 

molecules, which provide information to understand mechanisms of living systems. Despite its 

usefulness, single molecule imaging approach has not applied for endogenous RNAs. We show 

here a novel RNA labeling method in living cells, and single molecule imaging studies using this 

RNA labeling method to understand the function and mechanism of a non-coding RNA in living 

cells. 

Non-coding RNA (ncRNA) is a recent target of interest in its physiological roles and 

mechanism of its functions. In this study, telomeric-repeat containing RNA, TERRA, is selected 

as the target ncRNA. TERRA is a transcription product from telomeres, consisting of a 

subtelomere region and a telomeric repeat sequence of (UUAGGG)n. Several hypothetic roles of 

TERRA in telomere maintenance have been proposed such as transporting telomere-related 

proteins to telomere regions, stabilize RNA-protein complexes on telomeres, etc. However, which 

roles TERRA really takes is still unknown. Analysis of TERRA dynamics in living cells will 

provide clues to reveal the mechanisms of TERRA functions. 

We developed a fluorescent probe to visualize TERRA in living cells with using a sequence-

specific RNA-binding protein domain, PUM-HD, and reconstitution of fluorescent protein 

fragments. After binding the probe to a TERRA, a fluorescence protein reconstitutes on the 

TERRA to evoke fluorescence emission. Single molecule fluorescence imaging of TERRA in 

living cells using the present probe showed that the diffusion motion of TERRA was categorized 

into two modes: the free diffusive mode and the stationary mode. A noteworthy point is that some 

TERRA molecule around a telomere switched their diffusion modes between the two; some 

diffusing TERRAs were transiently confined around a telomere. This result suggests that TERRA 

takes a role to transport some telomere-related proteins rather than a stabilization factor of 

telomere complexes. 
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Complexes of surfactants with biopolyelectrolytes are a very interesting way of forming nanostructured 
hybrid materials, which typically have a high degree of biocompatibility. Of course, due to the large 
variability of different biopolyelectolytes (differing with respect to chain stiffness, charge density, 
location of the charge, ...) and surfactants (types of head groups and hydrophobic parts), an almost 
endless number of combinations, with a large variety of different structures is possible (see Fig. 1) [1].  

In our investigations we studied in a systematic fashion structure and properties of such complexes for 
different types of biopolyelectrolytes, in particular: cationically modified cellulose JR400, (modified) 
chitosan, and hyaluronic acid (HA). They became combined with oppositely charged surfactant and 
the formed structures were studied by means of light, x-ray and neutron scattering (SLS, SAXS, 
SANS). This mesoscopic structural information was then combined with the rheological properties 
observed, which can vary by many orders of magnitude for an otherwise identical composition (by 
mass/charges), depending on the choice of biopolyelectrolyte and surfactant.  

From our investigations we then can draw conclusions regarding how especially the molecular build-
up of the biopolyelectrolyte controls the mesoscopic structure and dynamics - and thereby the 
macroscopic properties of these systems. As an 
example, the high stiffness of the HA and its location 
of the charge close to the backbone render it a 
molecule that is only weakly interacting with 
oppositely charged surfactant. Accordingly its 
intrinsically high viscosity is little affected. Very much 
in contrast, JR400 with it much more flexible 
arrangement of the charges allows to have much 
stronger interactions with the surfactant and by 
forming extended mixed aggregates an enormous 
enhancement in viscosity is achieved [2]. Most of 
these systems are quite pH-sensitive. Therefore, 
especially when combining chitosan with carboxylic 
acid surfactants, one can achieve systems with 
extreme pH-dependence, which can be employed 
for selective sequestration purposes [3].  

These examples show how by appropriate choice of 
components from biopolyelectrolytes and surfactants 
and their smart combination one can achieve biofriendly hybrid materials with tailor-made properties 
for applications from the fields of drug delivery, 
viscosity control or sequestration.  
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In human history, bioactive small molecules have had three primary uses: as medicines, 

agrochemicals, and biological tools. Among them, we have been focusing on the discovery 
and use of biological tools. In addition to tool discovery, our laboratory has been interested in 
exploring another application of small molecules: small molecules for cell therapy. Although 
small molecule drugs will continue to be important, cell therapy will be a powerful approach 
to curing difficult diseases that small molecule drugs are unable to handle. Stable, completely 
defined molecules, which are usually amenable to cost-effective mass production, may be able 
to help the clinical application of cell therapy. 

This presentation provides a quick overview of the recent results we obtained regarding 
several unique molecules. These molecules were originally discovered by phenotypic cell-
based screenings of our in-house chemical libraries. Molecular understanding of their 
mechanisms of actions led to the design of mid-sized molecules that can be used both for basic 
cell biology research and for cell therapy applications. 
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The development of photo-caged generators of bioactive small molecules has been received 
attention because these compounds can allow the spatially and temporally controlled release 
of biologically relevant small molecules.1 Recently, we prepared a water-stable manganese 
nitrosyl complex that can release nitric oxide (NO) under light irradiation at 650 nm.2 The 
manganese nitrosyl complex showed strong cytotoxicity after light exposure (IC50 = 17 ± 1 
µM), although it showed no cytotoxicity for Hela cells under dark (IC50 > 100 µM). We found 
that the cell death is caused by a manganese(II) complex (UG1) generated from UG1NO 
through the photo-dissociation of NO, but not by NO released by manganese nitrosyl complex 
(UG1NO). In addition, we found that the manganese nitrosyl complex induces changes in cell 
morphology by photo-irradiation. Similar morphological changes were observed when Hela 
cells have been treated with H2O2. Mechanistic studies in vitro revealed that manganese(II) 
complex consumes dioxygen and catalytically produces hydrogen peroxide (H2O2) only in the 
presence of reducing agents such as ascorbic acid and glutathione in aqueous media. These 
results indicate that UG1NO is a photo-responsible NO donor but also a photo-caged catalytic 
generator of H2O2 (Figure 1).3 In this presentation, I will report the mechanism of the catalytic 
H2O2 generation by the manganese(II) complex. 
 

 
Figure 1. Photo-induced generation of H2O2 from a manganese complex (UG1) inside a cell. 
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Hydrogen peroxide (H2O2) has been known to be a harmful metabolic product, and a 
component of immune response to microbial invasion. Nowadays, it is also acknowledged as 
a messenger molecule related to cell proliferation, migration, and differentiation.1,2 H2O2 can 
be visualized using fluorescent probes with unique H2O2-responsive components. For 
example, Chang and coworkerds reported a series of fluorescent probes using oxidative 
conversion of an arylboronate ester to a phenol derivative by H2O2.3–5 Owing to the reliability 
of this methodogy, most of H2O2 fluorescent probes utilize the arylboronate ester as a reactive 
site. However, the arylboronate ester reacts with H2O2 slowly, taking several minutes to give a 
fluorophore. Therefore, the low reactivity of the arylboronate ester becomes a problem 
especially if researchers try to monitor intracellular H2O2 generation in real time. To 
overcome this issue, we have developed a mononuclear nonheme iron complex having O-
alkyl resorufin via a propane (C3) linker, MBFh2 (MBFhC3).6 MBFhC3 is capable of 
reacting with H2O2 to release a red-emitting fluorophore resorufin in seconds, which is 
apparently much faster than organic reaction-based fluorescence probes. With MBFhC3 in 
hand, we succeeded in visualizing intracellular H2O2 endogenously produced by A431 cells, 
which overexpress epidermal growth factor receptor (EGFR), upon stimulation of epidermal 
growth factor (EGF). 

In this study, we synthesized and characterized three derivatives of MBFhs, whose 
linker length is systematically varied from a chain of two to four atoms. MBFhC2 and 
MBFhC4 have ethylene (C2) and butane (C4) linkers between the iron complex and O-
alkylresorufin, respectively. We recently found that MBFhC2 showed much higher efficacy to 
release resorufin upon addition of H2O2 than MBFhC3 does. With the new efficient H2O2 
fluorescent probe, we found that intracellular generation of H2O2 can be monitored not only 
with A431 cells but also with HeLa cells, even though the latter cells express lesser amount of 
EGFR. 
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Reactive oxygen species (ROS) are produced via NADPH oxidases in immune response to 
bacterial invasion. In addition, ROS production at physiological levels are believed to be 
necessary in regulating diverse cellular processes such as cell migration, differentiation and 
proliferation.1 ROS are also generated during mitochondrial oxidative phosphorylation as well 
as during disulfide-bond formation in ER protein folding. When ROS are generated over the 
capacity of cellular antioxidant defense system, they cause damage of biomolecules (DNA, 
lipids, and proteins). Therefore, imbalanced metabolism or overproduction of ROS results 
into a range of disorders such as aging, cancer, and neural disorders (Alzheimer’s disease and 
Parkinson’s disease). In fact, elevated levels of ROS have been detected in almost all 
cancers.2 Therefore, it might be useful to develop prodrugs that can be transformed to active 
drugs under cancer cell environments with high levels of ROS. We have developed a 
mononuclear nonheme iron complex having O-alkyl resorufin via a propane linker as a 
fluorescence probe for hydrogen peroxide (MBFhC3).3 MBFhC3 reacts with hydrogen 
peroxide to release a red-emitting fluorophore resorufin in seconds via oxidative cleavage of 
the linker between the iron complex and resorufin. However, the conversion of MBFhC3 to 
free resorufin is not quantitative. To improve the efficacy, we focused on the oxidative C–O 
bond cleavage of benzylic groups, because Taki and Chang co-workers independently 
reported fluorescence probes for iron, cobalt and copper ions, which release a fluorophore via 
reductive dioxygen activation on the metal center followed by the oxidative C–O bond 
cleavage of benzylic groups.4-6 In this study, we have prepared three derivatives of O-alkyl 
resorufin having a metal chelator, and examined whether they can release resorufin in the 
presence of glutathione (GSH) upon addition of hydrogen peroxide or peroxynitrite (Scheme 
1). 

 
Scheme 1. O-alkyl resorufin derivatives studied here. 
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Abstract: We found that direct oxidation of benzene to phenol with H2O2 is rapidly and 

efficiently catalyzed by a dicopper(II) complex with 6-hpa ligand [Cu2(μ-OH)(6-hpa)](ClO4)3 

(1). The catalytic activity of 1 for the direct oxidation of benzene to phenol with H2O2 at 50°C 

in MeCN is extremely high where turnover frequency/1 h and total turnover number/30 h 

exceeded 1000 and 12000, respectively. Here, we report the high reactivity, high selectivity, 

and high efficiency of 1 for the catalysis of the conversion of benzene to phenol. 

 
Although particulate methane monooxygenases catalyze conversion of methane to methanol 

via O2-activation at the dicopper center,1 yet a bio-inspired dicopper complex that can oxidize 
low reactivity substrates, such as methane and benzene, has never been reported.  
Recently, Fukuzumi and Itoh reported that mononuclear copper(II)2 

and nickel(II)3 complexes, [Cu(MeCN)(tmpa)](ClO4)2 (2) and 
[Ni(OAc)(tepa)](BPh4) (3) catalyze direct oxidation of benzene to 
phenol with H2O2, where 3 showed the total turnover number (216 
h) of 749. We applied bio-inspired copper complexes to this reaction, 
and found extremely high activity. 
Here, we report the synthesis, structure, and high reactivity of 

dicopper(II) complex with 6-hpa [Cu2(μ-OH)(6-hpa)](ClO4)3 (1). 
The catalytic activity of 1 for the direct oxidation of benzene to 
phenol with H2O2 at 50°C in MeCN is extremely high where 
turnover frequency (h-1) and total turnover number (30 h) 
exceeded 1000 and 12000, respectively. The yield of 
oxidized product based on benzene consumed is 99%, 
where the relative yield of phenol and benzoquinone is 96 
and 4%, respectively. The H2O2 efficiency is at most 50%, 
dependent on the amount of benzene used. The KIE value 
for C6H6/C6D6 is 1.08. When H2

18O2 was used, 18O-atom 
incorporation rate in phenol is 95±2 %. On addition of 
H2

18O, 18O-atom was not incorporated into phenol. 
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In the last decades there has been a drastic rise of studies about gold nanoparticles’ (AuNPs)  
interaction with DNA. For example, a colorimetric method which quantifies the monomer-
AuNP interaction has been recently described.1 One of the most interesting applications of the 
interactions AuNPs-DNA lies in the ability of DNA to adsorb on the AuNP surface, giving the 
complex increased stability to salt-induced aggregation.2 This phenomenon allows to discern 
between single stranded DNA and double stranded DNA, since the rigidity of the latter 
minimizes interaction between the nucleobases and the gold surface, so it does not protect the 
colloid from aggregation. However, when anionic AuNPs were added in samples containing 
different dsDNA concentrations and a fixed amount of salt (NaCl), it was observed that 
aggregation did not happen after a certain DNA concentration. That fact, which was not 
expected, has allowed us to develop a colorimetric detection protocol for dsDNA strands in 
aqueous media. The main difference of our system with previous citrate capped AuNPs studies 
lies in the fact that these works were centered in the detection of short chain ssDNA,3 while we 
worked with calf thymus DNA (CT-DNA) (double-stranded, more than 10.000 bp). The method 
was also applied to fragmented CT-DNA (around 1500 bp) with no result changes observed in 
respect to those obtained with long CT-DNA. 

In order to explain those results, it is important to note that numerous works about the effect of 
the medium on DNA have been described up to date. For example, cationic gemini surfactants 
cause a compaction of the structures, although this effect reverts at higher concentrations of 
surfactant.4 In the case of anionic silica nanoparticles, compaction is followed by unstabilization 
of DNA at the higher particle concentrations.5 In our case, the observed effect allows DNA to 
accommodate cations and interact with AuNPs, in turn protecting the particles from the effects 
of the salt, and works for both single and double stranded DNA chains. Furthermore, viscosity 
and DLS studies show that anionic AuNPs, in ausence of salt, cause a bending effect over DNA 
molecules.  
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     Our motivation to develop templated materials in nano/micro scales is placed on 
manufacturing processing as engineering materials so as to break stereotype of materials 
science, which have achieved remarkable outcomes individually in all the fields classified by 
the kinds of substances but often faced fatal difficulty in their own processes upon integration 
with other materials and their technological transfer. Less care has been taken of applicability 
of their fabrication processes than their new structures and properties, since they are scarcely 
used as they are solely but often integrated with other known materials and technology. Most 
of new functional materials have been created by accidental finding and its optimization in 
time- and effort-consuming exploratory research. Development of their fabrication processes 
integrated with other known materials almost holds true. Here, I would like to propose the 
following process-directed materials harmoniously integrating plural required materials as 
innovative exploratory research. 
 
     Herein, I would like to introduce our recent research on function-integrated 
nano/micro-materials: The first is amphiphilic liquid crystalline block copolymer thin film 
which shows perpendicularly oriented hexagonal cylindrical nanostructures with high aspect 
ratio through liquid-crystal-induced microphase separation, which a wide variety of nanodot 
and nanorod arrays are fabricated as a universal template processes. The second is mass 
fabrication of one-handed metal microcoils biotemlated from coiled algae for chiral 
metamaterials in teraheltz electromagnetic wave.  The third is protein condensate 
stoichiometrically mixed with PEO-based detergents, segregated from water and preserving 
native activity.   
 
 
[1] Chemically Directed Self-Assembly of Perpendicularly Aligned Cylinders by Liquid 

Crystalline Block Copolymer, N. Yamashita S. Watanabe, K. Nagai, M. Komura, T. 
Iyoda, K. Aida, Y. Tada, H. Yoshida, J. Mater. Chem. C, 3, 2837-2847 (2015).  
Longitudinal and lateral integration of conducting polymer nanowire arrays via 
block-copolymer-templated electropolymerization, H. Komiyama, M. Komura, Y. 
Akimoto, K. Kamata, T. Iyoda, Chem. Mater., 27, 4972-4982 (2015). 

[2] Single molecule electroluminescence and photoluminescence of polyfluorene unveils the 
photophysics behind the green emission band, Y. Honmou, S. Hirata, H. Komiyama, J. 
Hiyoshi, S. Kawauchi, T. Iyoda, M. Vacha, Nat. Commun., 5, 4666 (2014). 

[3] Spirulina-templated metal microcoils with controlled helical structures for THz 
electromagnetic responses, K. Kamata, Z. Piao, S. Suzuki, T. Fujimori, W. Tajiri, K. 
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The dynamic self-assembly of locally interacting entities to form patterns with higher-
level structures and complexity plays an essential role in nature, science and 
technology. We will show that fluorocarbons (FCs) can provide highly effective self-
assembling entities, either in the form of individual molecules or as large molecular 
ensembles,1 owing to unique combination of properties, including extreme 
hydrophobicity, lipophobicity, spreadability on aqueous surfaces and high volatility 
relative to molecular weight.2 

We have recently established that attractive fluorine-fluorine interactions can arise 
between a FC gas, perfluorohexane, and a CnF2n+1-labelled compound across a 
phospholipid monolayer, allowing recruitment and immobilisation of the fluorinated 
compound in the phospholipid layer. This new phenomenon allowed preparation of 
microbubbles loaded with a C2F5-labelled hypoxia biomarker with potential applications 
in diagnosis.3 Further examples will show that controlling the kinetics of adsorption and 
the structural organization of a variety of compounds (proteins, polymers, biomarkers, 
etc.) and nanoparticles at interfaces self-assembled from phospholipids or other 
surfactants using FC gases has potential applications in microbubble-mediated drug 
delivery and ultrasound imaging,4 as well as for the design of more effective lung 
surfactant substitutes.5 
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The ability to control the structure and organization of molecular materials has emerged 
in the past decade as a major scientific objective that is mainly motivated by exciting 
foreseeable applications in nanoscience. Enormous technologic interests are indeed at 
stake in being able to devise molecular objects that could respond to external stimuli by 
changes in structure and function. These particular properties can lead to applications in 
various domains as (i) in molecular electronics, (ii) in analytic science, with switchable 
hosts allowing the controlled binding/release of pollutants or drugs, (iii) in materials 
science with the development of adaptive supramolecular polymers.  
In this lecture, the syntheses and detailed physico-chemical properties of a series of 
switchable molecular architectures whose movements are triggered by 
electrochemically driven self-assembly of organic radicals will be presented.1-4  
Particular emphasis will be given to porphyrin based molecular tweezers allowing 
redox-controlled binding/release of guest molecules or to control the organization 
within self-assembled coordination polymers.5-7 The dynamic properties of these redox-
responsive molecular architectures and molecular materials will mainly be discussed on 
the basis of electrochemical, spectroelectrochemical and ESR experiments supported by 
quantum chemical calculations.  
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ABSTRACT 

 
Among the various strategies encountered in the supramolecular chemistry of 
metalloporphyrins, axial ligation of an exogenous ligand to the metal cation bound in 
the porphyrin N core is the most popular.1 Very little attention, if any, has been paid to 
the dynamic binding of metal cations (translocation) to the N core. In this context, we 
have initially described the formation of a Pb(II) bimetallic porphyrin complex 
according to a translocation-coupled transmetallation process:2 translocation of a lead 
cation (Pb1) from the N-core of a 
porphyrin to a hanging carboxylate 
group is coupled to a transmetallation 
process with a second lead cation 
(Pb2). A novel hanging-atop 
coordination mode in the dinuclear 
species is responsible for the dynamic 
and stereocontrolled binding of lead 
to the porphyrin core.  
We have extended these findings to Pb(II), Bi(III), Cd(II) and Tl(III/I) bimetallic 
complexes of a bis-strapped porphyrin ligand with an overhanging COOH group on 
each side of the macrocycle.3,4 In the presence of acetate anions, these complexes 
exhibit a unique intraligand coupled migration process of the two metal ions, that 
resembles the motion of spheres in a Newtow’s cradle device. The process is under 
allosteric and/or acid-base control, and can be classified either as compartimentalized or 
non compartimentalized translocations.5 
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Viologens undergo two reductions at a low redox potential and with a high degree of 
reversibility. Three stable redox states are thus accessible, among which the radical cation is of 
particular interest for its ability to form π-dimers under appropriate conditions.1 These properties make 
viologens the perfect candidate for the design of effective redox responsive materials. During the past 
decade, viologens have been widely exploited as a key component in redox responsive molecular 
machines2 and materials, such as liquid crystals,3 with potential applications in optoelectronics, 
conductive materials, and information storage. To be fully effective, the π-dimerization of viologens 
requires a confined environment. Therefore, to favor π-dimerization, the choice of substituents on the 
viologen is crucial. Our aim is to use the π-dimerization of viologens as the driving force for the 
construction of molecular assemblies or as redox-triggered expandable and shrinkable structures and 
to investigate the electrochemical responsiveness of discrete species of bis-viologens cyclophanes on 
surfaces. Our latest results will be presented, including the preparation of bis-viologen cyclophanes.  
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The fabrication of functional hybrid materials that preserves and combines the properties of 
their building blocks is a central issue of nanosciences. Among the different classes of 
nanomaterials, carbon nanotubes are promising for electronics, catalysis and composite 
applications. Within the context of sustainable development and renewable energy, we and 
others envisioned the use of functionalized or doped carbon nanotubes in electrocatalytic 
systems.1,2 In such systems, the catalytic sites need to be supported on conducting materials. 
Carbon nanotubes, thanks to their electrical conductivity and their high surface area appear as 
the ideal material for that purpose. 
In actual proton exchange membrane fuel cell devices (PEMFC), the reactions at the 
electrodes and in particular the reduction of oxygen is performed by platinum nanoparticles. 
The cost of platinum encourages the development of new catalysts based on non-noble metals. 
In nature, the reduction of oxygen is performed by iron porphyrins in the active center of 
enzymes. Thus bio-inspired catalysts based on cobalt or iron macrocycles have been 
extensively studied for oxygen reduction reaction (ORR).3,4 
Here, we describe the formation of a covalent network of porphyrins around MWNTs. Our 
approach is based on adsorption of ethynylporphyrins followed by the dimerization of the 
triple bonds. The nanotube acts as a template for the formation of the polymeric layer. The 
nanotube hybrids were characterized and tested for the ORR in a series of electrochemical 
measurements in acidic conditions. Compared to similar systems in which monomeric 
porphyrins are simply physisorbed, the nanotube hybrib showed a higher activity, a higher 
current density, a lower overpotential and a four electrons reaction pathway.5 

 
Figure. Representation of a MWNT with cobalt porphyrins polymerized at its surface for oxygen 
reduction reaction. 
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Electrolysers and Fuel cells are important devices for the development of sustainable energy 
conversion and storage and have the potential to revolutionize the way we power our Society, offering 
cleaner, more efficient alternatives to the combustion of gasoline and other fossil fuels. However, the 
viability of an economy based on hydrogen is related to the development of catalysts without scarce, 
expensive noble platinum group metals catalysts ((PGM) Pt, Ir and Ru) as presently used. Thus one of 
the first objectives of the LICSEN group with collaborators is to develop new, cheap, efficient and 
stable catalysts based on carbon nanotubes for cathodes and anodes of fuel cells and electrolysers. 
Thus, the catalytic activity for both the production and the uptake of hydrogen of nickel-based bio-
inspired catalysts covalently bound on carbon nanotubes1,2 will be presented. This extremely stable 
material operates in highly acidic environment and is compatible with the Nafion® membranes. 
Moreover, they are highly selective with the substrate unlike platinum nanoparticles which are 
irreversibly polluted by gases or organic traces. Similarly, new materials for oxygen reduction reaction 
(ORR)3 still based on modified carbon nanotubes will be discussed. These catalysts were synthesized 
by heat treatment of a mixture of carbon nanotubes, a nitrogen precursor and with or without a non-
noble metal catalyst.4,5 ORR activities studied by electrochemistry show really good performances for 
N-enriched carbon nanotubes in basic condition but in acidic condition, catalysts present still a high 
overpotential with a number of electrons involved below four. Recently, nickel molecular H2 oxidation 
catalysts and noble metal-free O2-reducing materials were combined, to fabricate a noble metal-free 
PEMFC, with an 0.74 V open circuit voltage and a 23 μW cm−2 output power under technologically 
relevant conditions.6 In a second part of the talk, Photoelectrochemical (PEC) cells for solar hydrogen 
production will be discussed. PECs are studied in many configurations and photoelectrodes are mainly 
constructed with crystalline semiconductors and/or rare materials. With the objective of producing 
hydrogen at a lower cost than fossil fuels, organic semiconductors (P3HT:PCBM bulk heterojunction) 
have been coupled to a noble metal-free low-cost catalyst (MoS3) for proton reduction. Tested in a 
three-electrode configuration this photocathode performed the hydrogen evolution reaction (HER) at 
the reversible hydrogen electrode (RHE) potential with 50 µA cm–2. 180 µA cm–2 were obtained when 
MoS3 was mixed with TiO2 to enhance electronic transfer between P3HT:PCBM and MoS3.7 To 
further improve the performances, we sought to increase this charge transfer between P3HT:PCBM 
and MoS3 with different interfacial layers. With an organic layer the performances were greatly 
enhanced: 1.8 mA cm–2 at RHE potential were obtained. A metallic interfacial layer made the 
photocurrent increase to 8 mA cm–2 with an anodic shift of the HER onset potential of 0.6 V, close to 
the Voc of the P3HT:PCBM solar cell.8 Recently, the performance and stability of 
P3HT:PCBM\MoS3-based photocathodes were considerably improved by changing the hole-
extracting layer (HEL).9 
 
References: 
1. A. Le Goff, V. Artero, B. Jousselme, P.D. Tran, N. Guillet, R. Metaye, A. Fihri, S. Palacin and M. Fontecave. Science, 326 1384- 

1387 (2009). 
2. P.D. Tran, A. Le Goff, J. Heidkamp, B. Jousselme, N. Guillet, S. Palacin, H. Dau, M. Fontecave, and V. Artero. Angew. Chem., Int. 

Ed. 50, 1371- 1374 (2011). 
3  A. Morozan, B. Jousselme and S. Palacin Energy Environ. Sci., 4, 1238-1254 (2011). 
4. A. Morozan, P. Jegou, M. Pinault, S. Campidelli, B. Jousselme, and S. Palacin Chemsuschem 5 647-651 (2012). 
5 A. Morozan, P. Jegou, B. Jousselme, and S. Palacin, Phys. Chem. Chem. Phys., 13, 21600- 21607 (2011). 
6.  P.D. Tran, A. Morozan, S. Archambault, J. Heidkamp, P. Chenevier, H. Dau, M. Fontecave, A. Martinent, B. Jousselme and V. 

Artero. Chem. Sci. 6, 2050-2053 (2015). 
7.  T. Bourgeteau, D. Tondelier, B. Geffroy, R. Brisse, C. Laberty-Robert, S. Campidelli, R. de Bettignies, V. Artero, S. Palacin, B. 

Jousselme Energy Environ. Sci. 2013, 6, 2706-2713.  
8. T. Bourgeteau, D. Tondelier, B. Geffroy, R. Brisse, R. Cornut, V. Artero, B. Jousselme ACS Apl. Mater. Inter. 2015, 7, 16395–16403.  
9. T. Bourgeteau, D. Tondelier, B. Geffroy, R. Brisse, S. Campidelli, R. Cornut, B. Jousselme J. Mater. Chem. A 2016, 4, 4831-4839. 
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1. DNA�ƞ�Ń�ÿ*~ƕ�(mĕƢƣy�Ʀł 

� źƃ�Ĝbŋn�ĜbƟčŒ¹bÂÀúr 

2. G-quadruplex DNA�ƚìŃ�ŝ¢�(mĕƢƣy�Ʀł 

� ƻŲ� Ĝbźƃ�ĜbÂÀúr 

3. Ɨƞ�ġŚ*Ę��(ų�S`cR�ƸåÕ�  

 ¿®qĂbrŸ� ŏ 

4. ŀ�(ư¹Ĺæ*ć�(Ơƣy�%(ĦáƞŚ�Ī�	%�ļé�ƞ�ƛ�ưw��

Ņƨ  

 ÆĊ�ĞbrŸ� ŏ 

5. +XMƞĿĎPK^V]WcǅLCST �Ū­�Þ�śţƊ±Č�ƀŶ 

 ď  �ŵbÐľŞűb�ƇĆj 

6. pHƸƓàŕ¯USDIbN-I`9^�ƀŶ���ĸá 

� �ƇĆjbµŁâ·bď �ŵ 

7. W.=Ŵh CO�ƚìŃƩ��%(y�ąŽ]>Y³� 

 ÈÇÛ´b�Ç¼q 

8. ŦĸŀŃ14<=G`c^ 24S-hydroxycholesterol�%(śţĠZ2K>Y�Żđ 

 ĨƟĤũ 

9. oơQ,a3cBaO6ƈ�ļy�_IE6=?a:cĝŤ� Ťá 

� ĖĉįbƹŸ� �b�Ɵŭ�bċĨÒƬ 

10. µŧŮŨŜé*#�]aťƈT<6^��-1aīy��Ɲ 

� s�āř¹bĐĊƘă 

11. ù½Ï pH�Ɲ*ul�³÷�(�¹Ʈ¢y 

 ¥©ä�ƵbhÃ�řb²nŒi 

12. ćĝķþ*¦"ġĮīh� Ptż¸ŗ¹�Ʈ¬Ɩ� 

 i��ƭļbnÃŊýbÄĊµ§ 

13. QEŚ¦ć n¯	�ÜŘV]Wc�_IE6=ĸá�ŬƵĀ+Xa?a<a7ĝŤ 

� ƟĳªmbÙľĆdbeĢû�bŰn ņÖbMatthew BirdbJohn R. Miller 

14. ƌy$&
�ƲŠÚC-JX6=ǅąƧ�ƎÁŌá�ň)�ž} 

 ƶ±�
'bƺ�çbƅ�ĩdĈb�ðƆØb£ÊŇd 

15. ĦáƞŚ�×�Ɖ�� DNAmĊƤ�ÿ� PEG�%(ë��Ē 

 ūnůşb£ÊŊ¹bƅ�ĩdĈb�ðƆØb£ÊŇd 

 



16. ŝ¢��ƲŠÚ�ò�¹�%(ƋƯőƧ�Ƃ� 

 �ľŊƏbƅ�ĩdĈb�ðƆØb£ÊŇd 

17. Ƴƴ��­�(ąƧ�ƎÁŌá�ň)ã°í���ſ! 

 ďÄî¡bfƟ� ĥbƅ�ĩdĈb�ðƆØb£ÊŇd 

18. ĵöĴńħ¯W-6`[cBc�ĚŖ�ſ! –ưęƝŢ�%(Ɩ���Þ– 

 Åľ©kbƅ�ĩdĈb�ðƆØb£ÊŇd 

19. V]+Xa�%(9MY DNA�ƸĞĚƔƎōǅĬÕ|ºá 

 ŷÃ¶ßb£ÊŊ¹bƅ�ĩdĈb�ðƆØb£ÊŇd 

20. �śţ����śţƧƝ�êģ�-AlbuminĮīh��_c;c�%(ƙƫøz- 

 ÄÉ�Óbƅ�ĩdĈb�ðƆØb£ÊŇd 

21. ġ/ġX6`Ņ�ƯĺƄ*ĦĽ��śţƮ¬�ŪÌŜš� 

� Ä¥âƏbƅ�ĩdĈb�ðƆØb£ÊŇd 

22. Smart response of self-motile droplet: Energy transduction from chemical to mechanical motion 

under isothermal conditionƾwŢ*åņ�(ŪłƖ�īİǅŔĬ���»�Ɩ�0L^5

c³÷Ř[H^c 

� xŲßÍbzľĩƐb£ÊŇd 

23. _c;c�%( DNAƸĞĚƔøz�ſ! 

� ēĜŊƏb£ÊŊ¹bƅ�ĩdĈb�ðƆØb£ÊŇd 

24. `.A6�ķĶ�%(ò�ĺƄ 

� œĉƱƜbƺ�çbƅ�ĩdĈb�ðƆØb£ÊŇd 

25. Nanocrystal self-assembly driven self-organization in nematic liquid crystal 

� Kaustabh Dan, Kenichi Yoshikawa 
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京京のの台台所所  月月のの蔵蔵人人  
〒612-8047 京都府京都市伏見区上油掛町185-1
TEL：050-5789-1516

【利用条件】 御予約時にお申し出下さい / 他サービスとの併用不可 / 他クーポン
との併用不可

【利用条件】 前日まで要予約（同時にメッセージをお伺い致します） / お誕生月の
お客様がご一緒にご来店されている / 他のクーポンとの併用は不可
/ ランチタイムのみ可

【有効期限】 2016年4月30日まで

【利用条件】 前日まで要予約（同時にメッセージをお伺い致します） / お誕生月の
お客様がご一緒にご来店されている / 他のクーポンとの併用不可 /
ディナータイムのみ可

【有効期限】 2016年4月30日まで

【利用条件】 御予約時にお申し出下さい / 大皿（月）ｺｰｽと（蔵出）飲み放題
（5,000円ﾊﾟｯｸ）限定 / 他クーポンとの併用不可 / 他サービスとの
併用不可

【有効期限】 2016年4月30日まで

【利用条件】 御予約時にお申し出下さい / 宴会、会席等コースメニューとの併用
不可 / 他クーポンとの併用不可 / 串の内容は指定できませんので
ご了承下さい / ディナータイムのみ可

【有効期限】 2016年4月30日まで

おお客客様様ごご記記入入欄欄 ※ご記入いただいた情報は、当店からのメルマガ配信、各種ご案内・ご連絡（メール・DM等）、顧客管理、データ分析のために利用させていただきます。
�業務委託先または同意を取得した者以外に開示することはございません。

京京のの台台所所  月月のの蔵蔵人人  
〒612-8047 京都府京都市伏見区上油掛町185-1
TEL：050-5789-1516

アアククセセスス
京阪本線 伏見桃山駅 徒歩5分
近鉄京都線 桃山御陵前駅 徒歩5分

営営業業時時間間

月〜日
ランチ�11:00〜16:00
ディナー�16:00〜23:00
（L.O.22:00、ドリンクL.O.22:30）

定定休休日日
元日・大晦日（年末年始は通常営業時間と異なりますので予めご連絡に
てご確認下さい。）

駐駐車車場場
有： 専用無料 10台 （月桂冠本社駐車場は当店の駐車場ではございま
せん。（18時以降のみ可））

地図データ ©2016 Google, ZENRIN

ランチクーポン
月月桂桂冠冠のの酒酒粕粕をを使使用用ししたた『『酒酒粕粕アアイイスス』』をを人人数数分分ププレレゼゼンントト！！

ランチクーポン
おお誕誕生生日日のの方方へへ！！デデザザーートトににメメッッセセーージジをを添添ええててササププラライイズズ提提
供供♪♪

ぐるなびクーポン
おお誕誕生生日日のの方方へへ！！メメッッセセーージジ付付デデザザーートトププレレーートトををササププラライイズズ
提提供供♪♪

ぐるなびクーポン
宴宴会会限限定定ククーーポポンン※※大大皿皿【【月月】】ココーースス【【蔵蔵出出】】飲飲みみ放放題題パパッックク
限限定定『『酒酒粕粕アアイイスス』』がが人人数数分分ﾌﾌ゚ ﾚ゚ﾚｾｾ゙ ﾝ゙ﾝﾄﾄ

ぐるなびクーポン
料料理理長長オオススススメメ【【串串のの盛盛りり合合わわせせ（（55本本入入））】】ををププレレゼゼンントト！！

ぐるなび - 京の台所 月の蔵人 地図・クーポン印刷 http://r.gnavi.co.jp/c692700/print/

1 / 1 2016/03/08 8:42
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Ref 1. H. Maeda, T. Kowada, J. Kikuta, M. Furuya, M. Shirazaki, S. Mizukami, M. Ishii & K. Kikuchi, 

“Real-time Intravital Imaging of pH Variation Associated with Osteoclast Activity”, Nat. Chem. Biol., 12, 

579-585 (2016). 

Ref 2. S. Hirayama, Y. Hori, Z. Benedek, T. Suzuki & K. Kikuchi, “Fluorogenic Probes Reveal a Role of 

GLUT4 N-Glycosylation in Intracellular Trafficking”, Nat. Chem. Biol., 12, 853-859 (2016). 
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[1] E. Yamaguchi et al., Angew. Chem. Int. Ed., 54, 4539-4543 (2015).  
[2] C. Wang et al., Angew. Chem. Int. Ed., 54, 15213-15217 (2015). 
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�#%.0òÉÍn±�æÇÅ(ROS)&YRX%ª�$�î3x)��#1§/

0#$ �ó 

�¥·
 
1) H. Kitagishi, S. Negi, A. Kiriyama, A. Honbo, Y. Sugiura, A. T. Kawaguchi, K. Kano, Angew. Chem. 

Int. Ed., 49, 1312–1315 (2010). 

2) H. Kitagishi, S. Minegishi, A. Yumura, S. Negi, S. Taketani, Y. Amagase, Y. Mizukawa, T. 

Urushidani, Y. Sugiura, K. Kano, J. Am. Chem. Soc., 138, 5417–5425 (2016). 

3) S. Minegishi, A. Yumura, H. Miyoshi, S. Negi, S. Taketani, R. Motterlini, R. Foresti, K. Kano, H. 

Kitagishi, J. Am. Chem. Soc., ASAP (2017). 
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� 9<Zµb"FZO>ä$#&Âbk�&Ü{�%�
 �æ��2&ÉÐ

�$�3 
2�e�(?VL:U=H<Z"VZí^±Ó8L<Z�0$2

9<Zµb ([Ch][DHP])%�î&±5¶w� !02±{9<Zµb

(Hy[CH][DHP])'�FZO>ä5/2»ß���0%�&´�5ï¨ñh 62

"
�ÉÐÖ­��y�3 
2[1]��&/�%9<Zµb�Âbk�"Ü{

���2�"5�6�+��	&ÉÐ�!'9<Zµb&ó�$lÃ5È¡�

 ��ÞÇ$8SY[H5è, 
2� 

� ê¹|�®�kj³'�X[A[OWD5_��� k�5på62�"%

/1�j&�¸OF[Z%�� påk�5Â����&�&r�t�.k�

&éq5SY[Rj&|���ôTGivõ&¨ñ�r%/� Ýº62�³!

�2�iv&¨ñ�r�0't�ç�.k�&�¤�¥�àf!0�iv&�

��0't�¾.r�t�%"-$�bÏ�r�àf!02��	'�*�9

<Zµb\!& TGiv&����î!02BDJU&ðÆ%u1Õ+�Lkm

EW"ÎqDJ[C5lÃ62�"!�9<Zµb\!Òs$jßòt�&t

�;ZFWP[5²�62�"%�n���°%�9<Zµb\!&FZO>

äG9KT>D&º�&��,"� �jEZ@[FZO>ä!�2 PYP& TG

º�5á+��PYP'}%Ê6/�$j@9>W5Ê���& TGiv%' pG

¿�" pB¿�&�¤%Ä¬62iv�À32�NIQ7[±»µ\&FZO>

ä%[CH][DHP]5·o� 
2"��¤iv&����2$� 
2�"�k�

����&Ö­' pG¿�" pB¿�&�¤g¥�æ2$� 
2�"5Û� 


2�pB¿�" pG¿�&�¤g¥&ë
5-�0�

 
2&'ªÑ)VI>D&��%/2-&"
��

"�4�� �1�PYP %�� '[CH][DHP]'��

cÃ5-�06�"�k����`�'FZO>ä&

¢015àf62�"!�9<Zµb\!&»�¿�

&âÔ5§0�%� 
2]�!�2� 

[1] Fujita and Ohno, Biopolymers. 93, 1093-1099 
(2010). 
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H2EUQ#ª	 k}·Û"m�� -äÒ Xéa��7MS¯ �!*

,»¼0.�
-�7MS¯#�ìîí¶¿�"7MSGBRJQ46;B/

Ê½1�ìïín�¢[��ã�Të²�ºxÚÐ�ë��ìðíH2EUQ

"o¸# 5%�_
 �"¬µ��,�IS>S"Á�ãk!*-H2EUQ»
¼¯"è¿� &.�
-�H2O2!*-IS>S�+

H2EUQ%"Á�ãk/Ô{2-WuVÔ{�wr

0.�
-��«©Ó��ê1��p¹À Ô{ÖÕ

��� 
��Ý�\¤+#DA8Qça"uVÔ{

� 1�Ä`+#l§æça(2)2 (Fig. 1)/M?KUO<;
P50QLC!��1�Ô{� H2O2 !*-IS>S

"H2EUQ%"Á�ãk!�j1��1�1�turnover 
number (TON)#iÌ� 60°C� 749 (200 h)��Ì��²�
4320 (118 h)�turnover frequency (TOF h-1)#�.�. 4�33
��,�Ô{°�#_
�°�X�!Y§æ)Y§å/�

�M@SNE46;9CU>(pMMO, sMMO)#M@S)
IS>S �"ëê�ãkvÛ/M@EUQ)H2EU

Q!y�2-���+��.!}$ë°�ãkÔ{"è¿

�¡�0.-��	#�³±X�Y§©

ß/~�k2- 6-hpa â^|"Y§æç
a(1)/p�1�(Fig. 2)�ça 1# H2O2!

*-IS>S"H2EUQ%"Á�ãk

/Ô{1�50°C� TOF h-1� 1010�TON
� 12000 (40 h)�ë°���H2EUQà
��# 95%6���TOF #�£c*,(
250�30dz���TON# 1 � 2 " 5d
z�
(Fig. 3)�&� C6H6/C6D6" KIEe�
ª	 Ë�v/��IS>S×�a"n

��"­Ü�n�Xéa"hf}À¨g�

Þ�ØÀÓ¥�DFT ÕÈ ��+�Y§
æça!*-H2O2"°�k�IS>S®

ãk"«©/��1�� 
 
Reference 
(1) Y. Morimoto, S. Bunno, N. Fujieda, H. Sugimto, S. Itoh, S. J. Am. Chem. Soc. 2015, 137, 5867-5870. 
(2) M. Yamada, K. D. Karlin, S. Fukuzumi, Chem. Sci. 2016, 7, 2856-2863. 
 

             

    
Fig. 3 Time courses of phenol production in the 
reaction of benzene (60 mmol) with H2O2 (120 
mmol) catalyzed by 1 (1 µmol) (red) and 2 (2 
µmol) (blue) in the presence of Et3N (5 and 10 
µmol for 1 and 2) in MeCN (20 mL) at 50°C. 

 
Fig. 1 Structure of 2. 

 
Fig. 2 Structure of 1. 
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�Ñß
JMÓçÔzÒöJE;NH÷(õbuG4L5K$�g×l(�º

l"����ÛPi©!G4L����,��	$�-*#·�/ÏÒ§["

)+c�6,� /À¿ ��ÃÊ��1���å´�$�öA÷¢*�2|r

�(6�JE;NH%ÏÒô¤¦#5KÖÔ/UQ6,ÃÊ �öB÷õbuG

4L5K#��/Ô")+qt��,�Þ�®"���pk6,� 

 

�Ð 
öA÷ê�@AF?J0K 

��¯À�-��, DNA "y��

�Âí (Sticky-end)/�Ë"'�

DNA /âà��ön 1÷�� DNA $

²°R�5K�Íu/¥Ì6,�æ

"~ñ6, DNA 5K�Íu/ª"

~ñ6,ÓçöDOTAP÷�Ü.-�

­R¬³"`e6, �òñÁSX

º")+ DNA 5K$Ôê\"{o

�Ú��5K¥ì/Õ¾¿"��

�-�ön 2÷��#­R¬³/JE

;NH% s�6,� ��DNA

5Kô¤/]��JE;NH �

��Ô�d/±w��Ð �DNA#2M<KCN"»�6,�dO�0Åã

�1�öKurokawa, et al., in revision÷� 

öB÷Oá#­R¬³`"�DNA 5K#V.+":I=M²°/_-, �G

4L5K/�,� 0a�,�618#½!,G4L5K"y���Ùó#�

�¸/±w��Ð �G4L5K#��$618#ë�"«Y��O���h

�0Î 60 µm�$BK45K#��¸#Î 7Z#Ä�/��� /Ýa���

�-$�ÓçÔ05K#¡¨¥ì/X,DJ>47¥ì��/äè6,� /

Æm���,öSakai, et al., submitted÷� 

 

� 1  Y ���� DNA
 
  

 
 
 


 

� 2  DNA�������	� 32µm��
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DNA	�
�	�����������	�
�

ÏÒ�[¥J»O�\¥JØ �¿wJ~|��P�

i�ºuyuyà¯�y¸¾½� �±ey}��
E-mail address: duq0716@mail4.doshisha.ac.jp�
�

���ÃÑ�

� f¢µÙ(II)ÜV#
4 cisplatine0 oxaliplatin&%) DNA'�2Âh�"�
(ÍÌ7ßz��08ÁÆ(r§7v�4	�52)¤
&08'd¡7¹�

�.��08b$�"�2É�`±65"1�0�¦�ÁÆ'/W±��lj�

È¨��Ç©&%(«a&cW±7¹�	

��#�
)cW±(�&���&�0

8b(Ý´7¶���Fig. 1'¹�¤
&
N¢eÖTw7Ý´�"1�	,��08

ÁÆ)¦�ÁÆ$)³&3�(1) U×ÀJ
â H2O2�(2) Û0Ú&%(¬Ä&%(®�
7�!	��# H2O2'14 DNA(×e^
�7ZÕ�4Ù�ÜV7Ý´#15*�c

W±(�&��08b(Ý´'!&04

$Å�254	Qm��Î9HCoN¢e

ÖTw Hbcamide7h����(N¢ÛÜ
V0 H2O2xnM�â� DNA×e^�ª�
7¹��(#qk�4	 
 
2. Â¡.1+Å{  

Fig. 1(Hbcmp, HMe4bcmp, Hbcc&%(9HIoN¢eÖTw(N¢ÛÜV)
H2O2'14 DNA^�ª�0U2��5,#'t2qk65"�4X$i¤'�
�52(ÜV0H2O2$g��4�$'13×e]Ð�"�4$Å��	��#�

�¸¾#)GIAIBp79HCÂh#Âh6��N¢eÖTw7��'Ý´

��	�(N¢ÛÜV) H2O2$g��"/]Ð���â� DNA^�ª�7¹
��	�(ÜV) H2O2.1+ÜV(¬�'Yx�" DNA(^�ª�0se�
4�$0_���	�( DNA×e^
�'14 Form II°�Ó�( H2O2¬

�Yx�7 Fig. 2'¹�	60]$�
�á�'·��Þ# DNA( Form II
0 90%RL°���120]# Form III
0°��4�$/�2�'& �	

�52(�$�2��(N¢ÛÜV

)08ÁÆ'xn�4 H2O2$g�

��$1'(-'ª�7¹���!

á�'â� DNA×e^�ª�7�
�4�$06�3�cW±(�&�

�08b'!&04$��654	 

 
 
Fig. 1� N¢eÖTw(ey£Ô 

 
Fig. 2� bcamide (N¢ÛÜV(xnM
'.�4 DNA ×e^�'14 Form II
°�Ó�( H2O2¬�Yx� 
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���ÅÒ�
� Ù����.d"ºÀ!��� G-quadruplex DNA �§¸�,��+	
G-quaruplex DNA#<KG/êp!wo���.ßYv"¶°Ö�!çR���
+FKHN:Nêp�'s1wo�+2 �rm�,��+	�2�Þ�·!
G-quadruplex DNA Äj�+fj®Ç"æ¶�Ü&),��+	$�Ý¿ä�
å[# DNA-e¥aÐ$�#âf!(��b��+i�-]Ü�+T�¹)
,��+	�
#2,$�!�¯µ·! DNA-b��+2 ��0+U�å[
-æ¶��0�	�ºÀ�#�G-quadruplex DNA-Þ�·!Õ×�+2 !(
* G-quadruplex DNA!|�+Þ��-lP�6��.ÃÉ" DNA-¯µ·!
b��+U�å["æ¶-¸���	Wn#�dibenzoimidazolylphenyl Û-�
� G-quadruplex DNA"¯µ·Õ×áZ-U�å[!~`�+T-¸· ��f
j® 1 (Fig. 1)"j�-Ô%�"�rm�+	 
 
2. yì�  

dimethyl 5-hydroxyisophthalate-g� ��fj® 3-ð£é"i��j��
�	¢! 2-hydroxyethylpiperazine-g� ��ï£é"i��fj® 7-j��
�	�)! Scheme 1!¼�i�!����3 7-Æj�6��)!2,-Á
¤âf�+2 !(*¸·"fj® 1"cë[�
+�Îfj® 9-j���	 
 
3. Ä� Èz�  

Fig. 1!¼�fj® 1-j��+�&!s£é"j�yì-Ì��	$� Fig. 
2!¼�fj® 2#�¹"�¦!���j���	fj® 1"cë[�
+fj
® 9#fj® 3 fj® 7"Æj!(*j���(Scheme 1h¬)	22�#�f
j® 3, 7, 9"j�!���ÓÚ�+	 
fj® 3"j�ñ 5-hydroxyisophthalic acid Ñuã"ª»â-MeOH!e�
�e­�+ G;J18<J 4�²���	2,- propagyl bromide i��6�
¥âq-FKD4Jf�� 5 -��	5 - THF!©.��LiAlH4�à_��7
E?K36[�
+ 6 -��	6 - CH2Cl2S�PCC�âf��7/J=E?[
�
+ 3-��	 
fj® 7"j�ñ1-(2-hydroxyethyl)piperazine 5-chloro-2-nitroaniline- K2CO3
"woQ�DMFS�110°C�O�i��6+ A>K/AIL[ 8�²���	
8- EtOH!©.��Pd/C-e��¥Â¨e�� 7-��	 
fj® 9"j�ñ 3 7- EtOH!e��Na2S2O5woQ�Á¤Q�i��6
+ ¸·"fj® 9��),�	 

 
 
 
 
�  

Figure 2. Chemical structure of 2. 
 
 
 
 
 

Scheme 1. Synthetic scheme of 9. 
Figure 1. Chemical structure of 1. 
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��Ï·³ÙROS, Reactive Oxygen SpeciesÚ"§Za�I5OE.Q9&xS

¥�v�!D5@L/-�Â�*6$ NADPH 348?Q< '��§¨2

+*�Û�!U! ROS"§Za!Í_e '���*�"Ï·!Í_j�!f

§�¢���¬§� DNA�^&¸½�-��É1��¼
(+��6ÜÊ�1

+( g
�ÛI5OE.Q9&xS¥Vv!Ë�!¸½�YNHM! H2O2-

¸½!ci&�Ó Õ,*86BMXÌ¢Ç���§¨�ÛLPÏiÎ·��

-��i�*1���(� 2+�®-Ö$��*(S. G. Rhee, Science, 2006, 

312, 1882). 

��"Û1!86BMXÌ¢Ç���§

¨2+* H2O2!Ã`1JQ9P6-®�

�ÛÏiÎ·�¾KAMÑZ-d©�6Ð

�ÑZs H2O2Ã`GOQF��* MBFh

Ù Metal Based Fluorescent Probe for 

Hydrogen PeroxideÚ-um���6ÙAnal. Chem., 2011; Chem. Commun., 2013; Bull. 

Chem. Soc. Jpn., 2014)Ü£ ÛMBFh2ÙMBFhC3Ú"¸½tØ�S�%{|��

)ÛR­¸½�Óoy! g ') A431 ¸½�¨§�* H2O2-Ã`�b�*

1����*Ü 

�¯´�"ÛÏiÎ·�¾K

AMÑZ�GOÃ`pÙO-/M

4MN=ME0PÚ�-»0/

M4MÒÓ!«�*×ºZ

ÙMBFhC2�'#MBFhC4Ú-

�6 k��ÛH2O2 Ã`�µ

-Æ\�6Ü�!¹�Û

MBFhC2" 0.5 µM!H2O2 �

��%h¤À�ÈÁÃ`¢ÇN=ME0P-§����!h¤"�u!MBFhC3

ÙMBFh2Ú!¶ 9]��*1�-Åb�6Ü�
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� ��Æµ± O±�	(6NAN/13-<+>/MH50J(O2
−·)!ÐU�

F;2M<I+ ÍsXÃ´
'c¤���0�¤�0Ð¶º�Æf6;K6

*S�(���«')�
(Ñ� O2
−·*��ÂÆf�µ�Rnf1(6NAN

/14<:,6G9N8(SOD)��*�1(`s!Ð¶º_ Æf6;K6*À

�1(��
'Ð�Æfb�0� �¥����)�
(Ñ�)#��Ð�¬

²x�!Ð0JE13F<+>/MÅY*�1(ÈÉ[�&"� ¿y[�

SOD ��*�1(��*qk0�
(Ñ#�Ð� ��!ÆfÄ^ÍY���

4C;1(��
jP1(���a�0�[1]Ñ0
0ÐÁ} SOD��*�1(

ÇzÉ[�Ä^btmQÐÆµ*Ä^0Ð��Æµ±*¤�1(���¶º�

Æf6;K6*S�(���qk�)�
([2]Ñ���ÐSOD��*�1(§

�(Ís �*�6� 4 ± ÈÉ[*¥
ÐÄ^b�	(+62JBMÆtm

QÐÆµ Ä^��*¾]0�·�Ð�¸�[��%Ï
��*­1DJo 

ªË��')�ÑVP ·�
'Ð�¬²�¥
� 138–226 mV vs. NHE ³l

 ÆfÄ^ÍY*�1(ÈÉ[�!ÐÈ 2] ��vw�	(>;L¸�[�Ð

SOD���Ï�ÐT�ÐÄ^btmQ��
�%��Æµ*¤�0�
�$�Ð

¶º_ ��Æµ�~*�%d¢©�ZQ�2(������)(Ñ�¨½�

!ÐÓ± ÈÉ[ SOD���&"Æµ Ä^�������ÐpÎ¶º_ 

��Æµ�g����
�%qk1(Ñ 

 
h¹�¡ 

1. Y. Hitomi et al., Chem. Commun., 2015, 51, 8702-8704. 

2. I. Batinic-Haberle et al., Inorg. Chem., 2014, 53, 11467-11483. 
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æû��

���4+!%7RJĈÍ«LIXPWQ[1À��Þ�6×��"6÷j6 

2�	+��Ë�37RJĈ&±ą%0� LCST |/ UCST |%�Þ²�6
þü!23�"��1%Ï$37RJĈÜ&hĉsp%02ÔĄÛÀ�6ìz

%m�!23�"6¦10%6�	�
'�&à6Â½01yaõč%�Ċ6�

£6�CQ[Gõč&Ăö6Ó�6�	iaÒ%'�õčĊ� ATRP º%02
7RJĈÍ«LIXPWQ[6eď�3¤º�(Fig. 1) 6�Ë6��&À��Þ
�&°ý$1(%áê}Đ~ª)&�Ë6Ā,�	�


ã®"é���

� <VCõč%7VIY�0(?WBYÍ«LIXSJQ[(NAAMe�NAGMe) 
6õčĊ� ATRP %02?VMG�3�"!À��Þ�&ÑÈ6Ç��	ĉs
&Ćò'�ATR FT-IR CO>GX02Öā6�	Ê�6�đk�NVB&=T
V>FWE[BUY'�1NMRCO>GX$1(% GPC%02ò��	+��
¹Â½&Ä�Á�%02� LCST '�4�4 PNAAMe ! 17 °C�
poly(NAAMe0.70-co-NAGMe0.30) '�22 °C �poly(NAAMe0.66-co-NAGMe0.34) 
'�25 °C!�3�"1502�?WBY&�g!đÀf)BMG6�	�
� ´%đk�eďõč&À��Þ�6½]¸»º%03 úùÁ�%02ÿc

6�	#&â�&~­.À�\¥%`�  úù1���$2�õč1Ð¹Ò

p�3LCST |&À��Þ�o6×6
�	ív¾��"%�õč?VMGP

WQ[%�� .?WBY&â�·1

�2�$3*#ĄÛÀ�1\¥6�¹

]!&LCST "��6 �3	�&0
�%�hĉs%0� õč&�ÞÀ�

1�ßx%m�!23�"150��	

´%�41~­\!Q9CÍ«èåï

áê6}Đ6�	Êµ¯î&ã®�Ê

áê1��ø��4��"01��&

~­'áê¶�6©6 �$�"l¢

6�	�1%�@9Bñ¿g2&}{

]!24 §ċ}Đ6��%4 °C &çô� ��
½%~­6¼Ã��3"áê'B[G�

Æ%nČ6�(Fig. 1) 	+��PWQ[
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Fig. 1 Molecular structure of 
polymer brushes and cell-sheet 
detachment by phase transition. 
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Figure 1. Schematic illustration for the synthesis of 
pH-responsive peptide-hydrogels with self- 
assembling network frame. 
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2002, 75, 2385. 
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T. Urushidani, Y. Sugiura, K. Kano, J. Am. Chem. Soc. 2016, 138, 5417. 
3) S. Minegishi, A. Yumura, H. Miyoshi, S. Negi, S. Taketani, R. Motterlini, R. Foresti, K. Kano,  

H. Kitagishi, J. Am. Chem. Soc. 2017, ASAP. 

Figure 2. The mRNA levels for the clock gene (Per1) 
in the mice liver.
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!& CD%03 ÉÂ��ÙÕ3P9U=W_&ÎjËb�i�0( DNA¸p
»% �!�4�4�Ã��	 

 
�¸��0(¹�
 

Sp1 7©�! H2O2 %03Îjm�% �!�Ã7¿��	F1 "'DESP
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x& S0Îj�4ESQ>CwÎj_.¨�63�#0�1�#$��	*��
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� 68XÁb'�\§Ó��ēË��Ê���0Ě�$#&g3�Í��0Ï

�Āx}Æ�"� ¿Õ�3 �20�Ï�]%ªj�3��&ÐÌôß�Ð

��Ô�Ę'qk%ü®�3 �$�	��!±×à!'�òb!
2�îò

%¿Õ���îòïç¡4.�TXíĂK>;U4Ñ� �68XÁb&K>

;U)&kċº·4ü®62�"4ÕÔ"��K>;U/¼ÆÁä&kċd«4

Å���	�0%�DSC 4Ñ� 68XÁb%/2K>;U&ÖąÝÄ�&�

p4¶þ��	 

2.�ę¬½  
2.1 DPPGK>;U(IUV) ÇÁ&Āú 

íĂÈ�0 10 mM%$2/�%TXíĂ DPPG% NaClÆÁ4n� K>;

U ÇÁ4Āú��	40 �_Ć!Ąė¾iÎ�MUED;?P:=Z! 5 min

©¥����¤�j�½%/1 IUV ÇÁ4Āú��	 

2.2 DPPE/DPPGÂsK>;U(IUV) ÇÁ&Āú 

� TXíĂ DPPE" DPPG4Čč» 4:1%$2/�%Üč��30 vol%&RBH

ZU4v,;WWLUQ%Æü���7INVZBZ4Ñ� 70 �!óÓ��

�	�03�ã°/1 2.1"t¸%� IUV ÇÁ4Āú��	 

2.3 68XÁb&K>;U)&kċč&Å� 

� 2.1 �/( 2.2 !Āú��K>;U ÇÁ"`�&È�&68XÁb4 30 �

&�Ä¹! 48 ¯đ�÷ć³4õ��	�÷��¼Ö4=XJTX<�ÿ�ès

JS@Ok³ùê(ICP)4Ñ� �÷ć³l�&68XÁbÈ�4Å���	K

>;U/¼ÆÁäkċd«(log!!/! )4�(1)/1âj��	��!�!!"#�/(
!!"#$%&"''�3�3�÷�&K>;Uhr(¼ÆÁ]&68XÁbÈ�!
2	 

log!!/! = log !!"#
!!"#$%&"'

      � � � (1)�

2.4 ÖąÝÄ�&Å� 

� 2.3&K>;U ÇÁÖ4Ø�ăµÊčÅ�z(DSC)!Å���	 
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Fig.1 Difference in phase transition temperature between vesicle and vesicle 

with ionic liquid (a)DPPG (b)DPPE/DPPG 
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$68XÁb%�� log!!/!&Å�è´4 Table 1 %Ø6	5G8X4

{�62"�9C8X&5U:UĎ0ď�*#log!!/!0��2$2	�3'�
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C8X4{�62"�5G8X&·Ĉ0�1�¬0kċč'�2$2	�3'�

K>;U&øĖ0ā%�Ĕ� �1�5G8X&Ĕñ��0�1�"ĕĔcÑ

0�1��-�kċč0Ã���"ë�032	 

� +��Þ
&68XÁbkċl�&ÖąÝÄ��%�� �Fig.1 %Ø��	

5G8X4{�� ë�2"�68XÁb&·Ĉ0�1�*#K>;U&Öą

ÝÄ��'Ã���	�3'�9C8X&5U:UĎ0ď�*#K>;U&À

o�0�����-!
2"ë�032	 

4.èý  

� kċd«'68XÁb&9C8X'·Ĉ&�1��5G8X'Ĕñ��0�

Ę� �2"Øy�3�	�0%�ÖąÝÄ��'9C8X&5U:UĎ0ď

�*#��2$2fu0û03�	 

Table 1� log!!/!� of ionic liquids 

Ionic liquid 
� log!!/!�

DPPG DPPE/DPPG 

emim BF! � 2.41 2.49 

hmim BF! � 2.38 2.45 

omim BF! � 2.36 2.37 
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ďòďÇ)<�1 1M * NaOH ØáÜ�3�Zû) pH8.40 * Bicine ĆēÜ<Ĝ

ĉ��ÛĠt) pH12.416 pH8.40* pH~Ī05- New Coccine*~Ī<«¸

6�ĸFig.1Ĺ�r�ĳ°ĭ<ì�$PEBV*Ĩ}& New Coccineģªw¦<Ė

�� 	/ �Na+& New Coccine*ÀÄnÅ2Ö'�;6(�&f��$�New 
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� Ė�� PEBV*t�8 �e[�ËĨ}<Ė�%� 3*)#�$�ćĢ

<�ġĦª05-�ġĦª*¨�o�ÓĢ< pH��pH�PEBV*ñ­&� 

CTO<k¸� 	�9< Fig.3 )õ�	�ġĦª��ġĦª&3)�pH ) 

�8þăï(m�µ+ĕ69(1" 2��pH*�|)h��|�$�8	�
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[1] E. Nawa et al., Soft Matter, 2013, 9, 7832 

Fig.3 Results of average of reversal and 
rotational speeds against pH, � pH and 
diameter of vesicle. Fig.2 Rhythmic shape change of vesicle. 

Fig.1 A device to form steady pH gradient. 



�ÍĖ­²TV	W=@G=?kJēĜLkMl�

Ę­Òċ
ĤıĲ¥Üz+!1+�°�²Óĵ+ŝčÔÿÆÑ��

�	�� ÁÃ� Ñê¨ t�

 
�����
������ �	 ���
������

p|�� šćŭrº� ėáŭ»è�­��

�ÍĖ­²Ć½²ēĜę� ÎĈ�²¹Ý�

E-mail address: dyamamot@mail.doshisha.ac.jp 
�

1. Īľ  
Ţ¢Ŕ�,ćĀĊ*0�%åŕĎ*Ĺ58%06
Ū+įŦ3ũ+į÷)(
2�+m{&�7�mã&WDPg;
aSgbH)(+íő2�Ģ)�Ĥı
ćĀ&��
Ţ¢+©�FjUl'�%Ē587Ây²XMlk:ÆÑ:7�
èēĜµ&,
6+4�)ĲčŔ�Ġ:�²HJPb*Ħ/Ō06'&[jL
J+ĲĉÃ2ŦŊĎ*n27'İ�%06
Hk[h)´ŧĠ&Ţ¢Ŕ�:�
ą�
�+Ŕ�:čą:7!1+ïí:ŐĜ:76':ďĎ'�%�7�èē
Ĝµ&,68.&*
Ŗř�òģ3;hFlh:�0òýùo& PtĽ¯ğ°2

Ö�ĎŔ�:ĕ:6':Ĺ��%�7[1][2]��6&èēĜ&,
þ�) Ptğ°G
J]kHek:Ĉ�%
�Îýùo+ Ptğ°+×�:Ļ·�!� 
2. ´ŧãô  
� .�
�ÎĀŅ:�0þ�) Ptğ°+GJ]kHek(300 mg/L):Ńķ�!�
66&�ÎĀŅþÃ2 1.0 vol%ū?MVlhŭcMVlhŭ;LR;hQYSò
ýùŬ
5×10−4 wt%ūH2O2òýùŬ')74�þÃ:Ńß�!�6+ýù 300 µL
:Ù��
BfJ\lJQ<OHd+�~+^lhūĐÈŰ12 mmŭú�Ű2 mmŬ
*ö��!ū¤ 1-aŬ�.!
^lh+¡6*HlgkE�:ªÀ�%0�
ö
�É*AWlBfJ&ĳ:�
^lh:¶Ŝ�!�Ļ·ãô'�%,
`Dj
ikKū¾ĺĎĻ·Ŭ'�²ťËŚūËĺĎĻ·Ŭ:Ĉ�%
ŒĩÛÇ�!�
.!
Micro Electro Mechanical Systems (MEMS)&�½�!_gIcNhHjC
Gk(PDMS)§é:Ĉ�%
�şĝŞ*0�7 Ptğ°+Ţ¢Ŕ�:ëĿ�!�B
fJ\lJQ<OHd+^lh*�Æ+üūĐÈŰ1 mmŬ:æ:7 PDMS§é
:ŀĮ�
nŏ+�ěGJ]kHek: 2.00 mL ö��!ū¤ 1-bŬ�6+�Æ
ü�+ Ptğ°+Ŕ�:
�²ťËŚ:Ĉ�%Ļ·�!� 
 
 
 
 
 
 
 
 
 
3�� 

��	�

1.0 vol%?MVlhòýùo&+BfJ\lJQ<Hd+^lh�*0�7
Ptğ°+Ţ¢Ŕ�+î°:¤ 2*ĕ:�¤ 2-a,^lh�x:��!¾ĺĎĻ·
+Ĩê&�7�ýùö�ĐÉ, Ptğ°2¦m*�À�%�72
äŞ2ħ$*
$8% Pt DfJMl2ÆÑ�ū30 �ÉŬ
�m:76'&Ñś:7ū60-240 �
ÉŬ��+É¼«:7î°2Ĕł&�!ū300�ÉŬ�6+mŒ+î°:46ŁĤ
*ëĿ:7!1*
ËĺĎĻ·:Ĵ#!ū¤ 2-bŬ�ýùö�15 1 �É&,

Ptğ°2¦m*�À�%�72
�+É PtDfJMl2ÆÑ�®1ū21�ÉŬ

Ñś:7î°2Ļ·&�!ū32-61 �ÉŬ��+É
��*äŞ2ħŖ:7'

DfJMl:ÆÑ:7ğ°,Ê)*ļÞ�®1
�+4�*¦m*�Þ:7×
�2Ĺ58!ū92-180�ÉŬ�cMVlhòýùo';LR;hQYSòýùo
&,
?MVlh&´ŧ�!'�'�î* Ptğ°+Ţ¢Ŕ�2Ļ·�8!2

ŇĢò�7�, H2O2òýù:Ĉ�!©�
6+4�) Ptğ°+āÌĎ)Ţ¢Ŕ
�,Ĺ58)1#!�66&
6+Ţ¢Ŕ�+cAUKb:İ·:7�Pt ğ°
�x,ĶŤsō+ý±řģ'+đqzĈ�*4#%
ý±řģþÃ+w�ã�

¤ 1�´ŧìĸ�

Pt ğ°GJ]kHe
k  
(300 µL) 

HlgkE�  

AWlBfJ  

BfJ\l
J�

Q<OHd�

ĐÈ��1 mm 
ú�: 10 µm 

PDMS§é  Pt ğ°GJ]kHek(2 mL) 

(b) (a) 

PŮů  



�ÍĖ­²TV	W=@G=?kJēĜLkMl�

Ę­Òċ
ĤıĲ¥Üz+!1+�°�²Óĵ+ŝčÔÿÆÑ��

�	�� ÁÃ� Ñê¨ t�

 
*Ŕ�:76'291#%�7[2]�;hFlh3;hQYS:�0òýùo&,

�Î2œĴ�řģ2øń�87'ōňţ*�7ğ°Ş&Ä�2ć�
DfJM
l:ÆÑ:7�6+DfJMl,­�4)7-(¡£+řģ:øń�3:4

46Å�Ä�:Ä�ņ6:�68*46
¡£+ Ptğ°3DfJMl:���

DfJMl2Ñś�%�4'İ�587���%��*äŞ2ħŖ:7'
¡
£+ý±řģ2øń�8$4�þÃ�Ř2)4)6
Pt ğ°+Ŕ�2Zf>k
Ŕ�*)6
DfJMl2¼«:7'İ�587�.! H2O2òýùo&,
Pt
ğ°ō�&řģ2ćÑ�87!1
ğ°Ş*,â�2�46'&
DfJMl
:ÆÑ�)�'İ�587� 
 
 
 
 
 
 
 
 
 
 
ð* 1.0 vol%?MVlhòýùo&+�Æ+�şĝŞ*0�7 Ptğ°+Ţ¢
Ŕ�+î°:
�²ťËŚ&ÛÇ�!2+:¤ 3*ĕ:�¤ 3, Ptğ°GJ]
kHek:ö��%15ġ 5 �É+�Æü+�x¤
¤ 3-a
b ,�8 8¤ 3
+ĂÐ15
60 sñ
15 sñ+Õ­¤:ĕ�%�7�ýùö�ĐÉ,
Ptğ°,
¦m*�Þ�%�72
ðĞ*�Æü+¡īŗ*Ţ.7�6+'�¤ 3-a*ĕ:
4�*¡īŗ*,
ğ°þÃ2Ũ�¶)ŗ�ūDfJMlŬ'Č+ŗ�2¡ç
Ď*ĭ6Ŏ�874�)äĝŞXMlk2ÆÑ�!��5*6+DfJMl:
Ļ·:7'
¤ 3-a*ĕ:4�*�Æü¡īŗ:�¡ã�*ó#!œĴõ&�7
6'2Ĕł&�!�6+'�
œĴõ+ĥÿsō& Ptğ°2û.#%�46'
,)1#!ū¤ 3-bŬ�6+œĴõ:ÆÑ:7m$m$+ Ptğ°+Ŕ�:Ĺ7!
1*�5*Ũ}Ą&Ļ·:Ĵ#!�ýùö�É
ġ 3 �ħŖÉ+Õ­¤'
�
7 1 $+ğ°+äŞ*¸:7 y ã�+¬v'œĴõ+äĝŞ[jOR:¤ 4 *
ĕ:�¤ 3-a15
Ptğ°,œĴõ*ó#%Ě��%�74�*Ĺ�72
¤ 4
*ĕ:4�*m$m$+ğ°,�+©&œĴõã�*Ø��%06
Ĭõ+Č
¶õ+āÌ:æ�%�76'291#!�:)9"
ýùö�ĐÉ,
Pt ğ°
,¦m*�Þ�%�72
ðĞ*�Æü+¡īŗ*Ţ.6
¶+ŗ�'Č+ŗ
�:ĭ6Ŏ�!XMlk:ÆÑ:7�6+'�
Pt ğ°2Ø�Ŕ��
Š6�
�ğ°+Ø�+vđ¿2m³*�876'&¶+ŗ�2œĴõ'�%uÚ:7
'İ�587�.!
cMVlh';LR;hQYS&´ŧ:Ĵ#!Ĩê
?
MVlh&Ĵ#!'�'�î+äĝŞXMlk2Ļ·�8!2
H202 òýù3
ŇĢò:Ĉ�!©�,6+4�)XMlk2Ļ·�8)1#!�4#%Ŕ�Ï
Ëğ°&�#%2āÌĎ)Ţ¢XMlk:ÆÑ:7',ş5�
ā³+�Îï
í&+/Ţ¢Ŕ�::7+&,)�1'İ�587�  

 
 

 
 
 
 
 
 
 
 
 
� .� �İàă  
[1] D.Yamamoto et al., J. Chem. Phys., 139, 034705 (2013) 
[2] D.Yamamoto et al., Nanoscale, 7, 13186-13190 (2015� 

1 min 30 min 60 min 

120 min 240 min 

5 mm 

300 min 

(a) 

1 min 

61 min 92 min 180 min 

21 min 32 min 41 min 

46 min 200 µm 

(b) 

¤ 2 1.0 vol%?MVlhòýùo+ Ptğ°+Ţ¢Ŕ�(a)¾ĺĎĻ·ŭ(b)ËĺĎĻ· 

200 µm 

15 s 30 s 

100 µm 

(b) 0 s 

(a) 0 s 60 s 120 s 

200 µm 

¤4� ?MVlhòýùo+Ptğ°+Ø�Ŕ�+ŋŉ' 
Ptğ°+ y¬v'œĴõ+äĝŞ[jOR 

� 3 ������ Pt������������ 
(a)œĴõ+Õ­¤
(b)ĥÿsō+Õ­¤ 

0 s 9.5 s 

16.0 s 

�
�
�
�
�
	
�

30.0 s 

20 µm 0 30 45 
time [s] 

y 
[µ

m
] 

15 



}�½��rW�XCFgCEeMºÁNelf�

¾��·=ÄÇÉ��p6.86u�y��Ì6Ù¸�±��!�

���( ��� �§��l�

 
41des�h#Flc8;V@E=31+/[P'fkT):?

M?J?,XeBiwIC �CCN\rA �CBvoE �Cga�]M ���,2==��"�

�7���C�����.��,7������

�/�	
.
�-�N\hj`tSS>.*+OnCR<1+TR?gb^andi_ ��

E-mail address: nose.k.aa@m.titech.ac.jp�

�

�t�ÂÞu�7�

-6sÛ�³�Av

¶*1�y�³Ô:µ

o³Ô6NeKee

¥�P*1�¶C£

�)?1#>�h2V�

]aBafceEP

sceÜßæäåçà

7�Ës6­sAv¶*.NeKee¥�P*1���'¶#<?1#>�¤

ºÁ27�ÊÝ B^eP¹kp¶+>ÖmP*1Rp`[bFdBce_s

QpAiØh5¢+>æäåç��á	AÑÏ*�-6×yÕrÛmPÊÝ B

^eP6¹kp¶50#1¨Ð*.�� �

ZI¿Û�ÆvbMAge\b°®5²�*�¸µ*.�Óu�6BsFe

`LdbP{²u�P6Û�Àx�Í´�A��),>�¬5;=�ÕrÛm

A«�*.PE@��â5%#1¡Vn'��40/�)����

�.�6��
1�
1�2 P«�

)?.�E6q7�]a[dFcel
����	�

A�����1!��
��
���m;=Vzu5Û�©

j�PÎA>�-E2�Trfu�P*1

��[DsceLB^eA��	 ª°®5

¯w*.PE@ËsC­s)?>EPA

»Ò*.��â	�g��]a[bFce6

Ës7�ÊÝ B^e5;/1­s*4#�

E?<6Å§7�~[QÃæäåçC��

¦6 3 ��t�ÂÞu�27�Ú4Tr

f�u�6NeKeeC|È2">EP

A¼�*1#>��

 
Figure 1. Chemical structures of p-conjugated polymers 
investigated in this study. 
 

 

Figure 2. Fluorescence spectra of æ

ã  with addition of 
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Fig.1 Electronic circuit 

Fig.2 Experimental Setup. Fig.4 Phase diagram 

Fig.3 Lighting rhythm due to the distance 
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Fig. 2� Examples of Time-delay map of a  
Fig. 2� sound with woodbase: τ = 1.1ms  
 

 

Fig.. 1  Scheme of the analysis of degree of symmetry breaking of time-translation, as exemplified on  
Fig.. 1  the case of sawtooth wave pattern: (a)Time profile,(b)Time delay map. 
 

Fig. 3� Time-reversal symmetry-breaking  
Fig. 3� as depicted by histogramÕ. 
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Fig. 1 Experimental setup 

 
Fig. 3 Rotational motion under 150V steady DC electric voltage :  

(a) time successive snapshot interval 0.33 s, (b) time successive 

snapshot interval 0.33 s  

 

Fig. 2 Arrangement of 

electrodes 

(a) (b) 

500µm 500µm 
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� � Fig.1 Cell-manipulation by laser tweezers.  �  �   
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�1�S.Hashimoto, et al., Chem.Phys.Lett.(2016). 

�2� S.Asakura,et.al., J.Polym.Sci.(1958).�

Fig.2 Experimental example on 

the formation of cell-cell contact 

by laser. 
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Fig.1 Laser experimental system                     Fig.2 Photograph of PEG-rich phase 

 

 

 

 

 

Fig.3 photograph of dextran-rich phase         Fig.4 Lases induced rearrangement of cell 
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RBC�micro droplet�
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¶/Y¨���	"mT3<2K�Wo/¨��U¼��� DNA $­�IL
7L?G=E�� mT3<2K¡z/QN��� �¦k&Õ�Ä�Î/Â�
�������ÎZ�$ DNA$�R\p¬a~/Æ¸��DNA$×��Ïl
_/rÐ¬#ÇT6-2!#*,�×��Ï$qr�#���$¯·/Â��

$ id6-��

�sÖ
�Figure2#sÖ$�{g/±6�T4DNA(166kbp)/SPD(spermidine)�
MgCl2�'�, Figure3#±6>?G:0@��«Ñ(�ØÒR/¨��U¼��
� DNA/�Ó 1.06µm$ YAGIL7L/¨��IL7L?G=E��×j¡

z¦kN&Õ�Ä�Î/Â����

�º�!½u
��R\p¬a~¸Vº�/ Table Ⅰ #±6�SPD U¼���

DNA%�ÎZ� �R¥p¬a~��+�#n01"���-2!�°È 0

��'�, 5-H-Y U¼��� DNA! MgCl2 U¼��� DNA$�R\p¬

a~%?G=E�ÎZ� n0"l_�"�!��º���+.��5-H-Y %
2 T$Ñw02K!c�1Mr$U¼¤�/±�, ×j¡z�O )¿U¼/
Ë2�"�2!�X����2.+$2!�+��sÖ��%Á£#*- DNA
×��Ïl_#v6-qr�$ÇT#�] �-2!�±f�.�� 

�

�
Figure2. Schematic diagram of experiment�Figure1. Fluorescence images of (a) the coil 

state and (b) globule state of the T4 DNA 

observed by fluorescence microscopy. Scale bar 

is 5µm.� Table Ⅰ. Hydrodynamic radius of T4DNA�
Before transportation(µm) After transportation(µm)

SPD 0.28±0.09 0.50±0.17

5-H-Y 0.84±0.28 0.82±0.27

MgCl2 0.76±0.25 0.80±0.27Figure3. Chemical formula of 

tetrazolato-bridged dinuclear 
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�^½�¦�H. Kitahata,et al J.Phys. Chem.A 113, 8164-8168(2009). 
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Fig.2 image showing the 

oscillation 

Fig.1 Schematic diagram�

Fig.3 correlation maps 

(left: in a vessel right: without vessel) 
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We report one step, eco-friendly and green synthesis of noble metal nanocrystals such 

as Au and Ag using nematic liquid crystalline molecule MBBA 

(N-(4-methoxybenzylidene)-4-butyalniline) as template as well as reducing agent. A 

detailed time evolution study on the growth of nanocrystals were carried out through 

scanning electron microscopy (SEM) and transmission electron microscopy (TEM) 

which reveals simultaneous co-existence of both equilibrium faceted and 

non-equilibrium dendritic or tree like structures which is unique because of the 

involvement of two different kinetic processes in a single reaction environment. This 

complex growth protocol of the dendritic or tree like morphologies is believed to follow 

a diffusion limited aggregation mode where nanoparticles cluster formation occurs by 

sticking of particles together with random path to a selected seed in contact allowing the 

particles to form a growing structure. The surfactant provides significant control over 

the nucleation and directional aggregation which gives rise to a non-equilibrium system 

thereby favouring the formation of dendritic structure. Combined analysis from grazing 

incidence X-ray diffraction (GIXRD) and selected area electron diffraction (SAED) 

indicates that the nanocrystals are in fcc cubic phase and they are polycrystalline in 

nature. The optical properties of the nanocrystals were investigated through UV-Visible 

(UV-Vis) spectroscopy which exhibits shift of the characteristic plasmon resonance 

peaks of Au and Ag towards longer wavelength with increasing time and precursor 

concentration indicating increase in the particle size in the solution. During nanocrystal 

assembly, a distinct change in the optical texture from nematic to smectic is observed 

accompanied by considerable increase in the Nemeatic-Isotropic transition temperature 

and associated enthalpy indicating self-organization of the liquid crystalline phase. The 

molecular basis of the macroscopic self-organization of MBBA is investigated through 

fourier transform infrared (FTIR) and UV-Vis spectroscopy.   
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