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FUNCTIONAL AND NANOSTRUCTURED CONDUCTING POLYMERS

FOR CELL ENGINEERING

Hsiao-hua Yu

Yu Initiative Research Unit, RIKEN Advanced Science Institute
2-1 Hirosawa, Wako, Saitama 351-0198, JAPAN

Email: bruceyu@riken.jp

Interfacing materials with cells through specific ligand/receptor interactions, matching 

mechanical properties, and matching nanostructures are very critical in biomedical technologies.

Recently, conducting polymers have emerged for various related applications, ranging from 

biosensing to medical bionics. Many features of conducting polymers, including simplicity for

nanostructure fabrication, tailored functional groups for bioconjugation, intrinsic electrical 

conductivity, and softer mechanical characteristics than metals, provide advantages as materials 

for cell-related diagnostic and therapeutic platforms as well as controlled cell engineering. The 

research of Yu Initiative Research Unit focus on the development of independent and 

multidisciplinary research program though the triangle of chemistry, electronic materials, and 

biomedical/biological investigations based on molecular and nano-assembled building blocks of 

conducting polymers. The organic conductive biomaterials we developed, unlike traditional 

polymers or inorganic metals/ceramics, provides a unique toolkit which integrates electrical 

control with all the known molecular and biomolecular building blocks required for 

bioengineering. Ultimately, it would provide a platform which can combine biochemical control, 

spatial arrangement, and matching mechanical characteristics with electrical stimulation or 

signaling.
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Nanostructures of conjugated materials have become one of the most important research topics in 

the research because of the nanostructure’s influence on the materials performance. Up to date, most 

research focus on the nanostructures and material properties of unfunctionalized -conjugated materials

and limited studies on nanostructures of functionalized ones. Because of the molecular advantageous 

features of dioxythiophenes, we are particularly interested to develop general approaches for their 

polymeric nanostructures with various functional groups. We first enlarged the dioxythiophene-based 

monomer library with a variety of molecular building blocks. The monomers can be classified as two 

groups. Material modulation monomers are synthesized to manipulate the material properties, ranging 

from highly hydrophobic to highly hydrophilic, and create desired assemblies. The side chains included 

alkyl groups, perfluorinated groups, oligoethylene glycol groups, and especially zwitterionic 

phosphorylcholine and betain groups. Our research represents the first example in linking these 

biomimetic zwitterionic side-chains in conjugated materials to create enzyme/cell resistant conductive 

surface. The other group of monomers is the ones provide target function. For the biomaterials research, 

they provide the site for bioconjugation (-COOH, -NH2, -maleimide, -N3). The library now consists of >50 

monomers with different linkers and functional groups. Mixing the monomers from two groups, we would 

achieve -conjugated materials with desired functions and material characteristics. For example, we 

combined the maleimide- and phophorylcholine-functionalized dioxythiophenes to construct conductive 

membranes. Upon bioconjugation with neuron-targeting IKVAV ligand, the membrane selective binds 

PC12 cells with zero binding to the control NIH3T3 cells.

Moreover, we also developed several approaches on the efficient syntheses of -conjugated 

material nanostructures. The main goal is to develop a universal approach to create these 

nanostructures from various functionalized monomers. We successfully built nanocapsules,1

nanodots,2 nanowire networks,3 nanotubes,4 and nanorod arrays5 with a variety of monomers.

These materials allow us to differentiate the origins of the material functions. It is important to 

utilize the molecular and nanostructural design principles and synthetic approaches we developed to 

investigate the plausible applications of these functional -conjugated nanomaterials. One specific area we 

are working on is efficient capturing of cells, particular the cells with diagnostic and therapeutic 

applications. For example, circulating tumor cells is an important index for cancer metathesis. However, 

their extremely low concentration has hampered the study and use for diagnostic routinely. Using the 

carboxylic acid group functionalized conjugated polymer nanodots previously described in Figure 6, we 

have demonstrated enhanced tumor cell capturing by the synergistic effect of nanostructures and 

capturing agents as shown in Figure 8. Antibody grafted nanodots displayed 4~5 times capturing 

efficiency comparing to smooth films. ����



In summary, we synthesized a variety of monomers which provide the target functions and modulate 

material properties. We also developed several methodologies to control the nano-assembly process 

during polymerization. With the ability to control molecular structure and nanostructures, we 

demonstrated the applications of these materials in cell capturing and engineering.
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Strategy and surface design for biotransistors
(Tokyo Medical and Dental Univ.) Matsumoto, Akira; Goda Tatsuro; Maeda Yasuhiro; Miyahara,
Yuji
Abstract: A field effect transistor (FET) represents a label-free molecular detection platform, in 
which intrinsic molecular charges immobilized on the gate surface can directly be transduced into 
electrical signals.  Molecular events of interest involving charge density changes can be detected 
as a mode of modified characteristics of the FET synchronized with electrostatic interactions 
between the intrinsic molecular charges and the thin-insulator-segregated silicon electrons.  The 
principle has been applied to many types of label-free biosensors.  We provide an overview of 
our recent progress in the field and some aspects of new approaches to broaden the extent of the 
application.
Keywords: Field Effect Transistor; Sialic Acid; Bornic Acid; Debye Length; Smart Gel
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Figure 1 Illustration of poly(NIPAAm-co-NTA) (PIN) modified surface 
having controlled primary structure. (Ligand position; (a) random: R, (b) 
proximal end : P, (c) distal end: D) 
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Figure 2 Adsorbed amount of FITC-BSA 
for PNIPAAm or PIN modified capillary. 
(a) PNIPAAm 6 h, (b) PIN 6 h-R, (c) 
PIN-Ni2+ 6 h-R, (d) PIN-Ni2+ 3 h-R, (e) 
PIN-Ni2+ 6 h-P and (f) PIN-Ni2+ 9 h-P. 

(f)

Figure 3 Adsorption behavior between PIN-Ni2+ modified surface and 
FITC-BSA. ����
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Fig. 1  PNIPAAm modified monolithic silica surface in capillary 
via SI-ATRP. 
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Fig. 2  SEM image of  monolithic silica in 
f u s e d -s i l i c a  c a p i l l a ry.  ( i . d . : 1 0 0  m)  

Fig. 3 Temperature-dependent change in 
retention factor for testosterone on PNIPAAm 
grafted monolithic silica capillary (10 cm, open 
circle plot) and PNIPAAm grafted hollow silica 
capillary (100 cm, closed circle plot). Reaction 
time: 3h. Monomer concentration: 1 M.  

a b

����



1 2 1

1 2

[1,2]

RGD RGD

(FN) FN COOH-SAM

( : 82%) PDMS

FN

(65%)

(FN) RGD (RGD GRGDSP)

PDMS ����



(Ads)

(SAM) Cy3 (BSA)

1.

FN RGD

FN RGD

RGD

.

FN

FN(65%) SAM-FN

(82%)

[3]

SAM

SAM

40~100%

[1] Kumar, G., et al. Advanced Materials 22000077,, 19, 1084-1090.; [2] Mahmud, G.,

et al. Nature Physics 22000099,, 5, 606-612.; Brock, A. et al. Langmuir 22000033, 19, 1611-1617.

Ads(A) SAM(B)

FN PEG

Pluronic

RGD FN Ads SAM

SAM

Ads

(A)

(B)

FN

Ads SAM

����



1) 1) 1) 1), 2) ,3)*

1), 

2). 

3). NIMS,MANA

1

Figure 1. Novel PEGylation Chemistry for proteins modifications����
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Figure 2. Synthetic route of a novel PEG derivative possessing glutaraldehyde moiety

Figure 3. SDS-PAGE analysis of
unmodified lysozyme (Lane 2) 
a n d mo n o -P E G - l y s o z y me
conjuga te s  (PEG-GALD : 
10kDa) (Lane 3) along with 
protein markers  (Lane 1) .

Figure 4. Enzymatic activities 
of PEGylated lysozyme. (a) 
mono-PEG-lysozyme conjugates 
( P E G - N H S : 5 k D a ) ,  ( b ) 
mono-PEG-lysozyme conjugates 
( P E G - G A L D 1 0 k D a ) .����
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Fig. 2 ‘Pickering-type’ emulsion stabilized with 
Au-silica Janus particles.

Fig. 1 Optical microscopy 
images of Au-silica Janus 
particles dispersed in 
aqueous medium.

����



HHeeaadd--ttoo--HHeeaadd HHeeaadd--ttoo--TTaaiill

  

 

  

DNA
DNA RNA

[1]

RNA

[2]

DNA

(PLA)

-L- (PLLA) -D- (PDLA)
(sc) PLLA(2a) PDLA(2b)

head-to-head(HH) (4a) head-to-tail(HT) (4b) PLA 
(sbPLA) DSC
HH HT PLAsc [3]

 

1a-e (Scheme 1) PLLA(1a)
PDLA(1c) Grubbs catalyst 1st generation CH2Cl2

[4] SEC 1H NMR MALDI-TOF MS
3000 PLLA (2a) PDLA (2b)

PLLA(1b) PDLA(1d, 1e)

Scheme 1. Synthetic Scheme of Cyclic homo-PLAs and Cyclic 
Stereoblock PLAs with the HH and HT Linking Orientations of the 

Enantiomeric Segments 

����



HH (3a) HT (3b)
sbPLA 3a 3b

PLA 6000
HH HT sbPLA4a 4b

PLA

DSC PLLA
4°C (1a: 151°C 2a:147°C, Figures 1a and 1b)

PLLA/PDLA(1a/1c)
sc 60°C

(1a/1c: 214°C, Figure 1c)
PLLA/PDLA(2a/2b) 180°C
(Figure 1d) PLA (1a/1c)
SC 30°C
PLLA/ PDLA(1a/2b) 187°C

(Figure 1e) sc
sc

sc

sbPLA DSC HH sbPLA
15°C (2a: 206°C

3a: 211°C) HT 5°C (2a: 213°C 3a:
208°C) HH sbPLA3a PLLA

PDLA
parallel sc HT

sbPLA3b PLLA PDLA
antiparallel

sc

[1] Tang, X.; Su, M.; Yu, L.; Lv, C.; Wang, J.; Li, Z. 
Nucleic Acids Res. 2010, 38, 3848-3855. 
[2] Yamazoe, S.; Shestopalov, I. A.; Provost, E.; Leach, S. 
D.; Chen, J.K. Angew. Chem. Int. Ed. 2012, 51, ASAP. 
[3] Sugai. N.; Yamamoto, T.; Tezuka, Y. ACS Macro Lett.
2012, 1, in press. 
[4] Tezuka, Y.; Komiya, R. Macromolecules 2002, 35,
8667-8669. 

Figure 1. DSC thermograms of individual 
homopolymers (1a and 2a) and blends 

(1a/1c, 2a/2b and 1a/2b) during 1st heating 
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Figure 1. Chemical structure for star-shaped 
diblock copolymer and schematic 
illustration of association behavior of 
polymer-RCA120 complexes.

Figure 2. Hydrodynamic radius (Rh) for (a) 

4-P(MPC-MLA), (b) 4-P(MPC-MLA)/RCA120

complexes, and (c) 4-P(MPC-MLA)/RCA120

complexes in the presence of galactose in PBS 

buffer solutions.  ����
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高密度グラフト膜を表面に形成させた金ナノ粒子によるタンパク質検出 
 

折坂雅樹 1・岩﨑泰彦 1,2・川崎英也 1,2・遊佐真一 3 

関西大院工 1・関西大化生工 2・兵庫県立大院工 3 

【緒言】 本研究では還元性と生体適合性

を併せ持つブロックコポリマーを新たに

合成し，このポリマーを利用して，分散性

に優れた金ナノ粒子の調製した。粒径が数

nm~数十nmのナノ粒子は量子サイズ効果

によってバルク体では持ち得なかった特

徴を示すようになる。特に，金や銀ナノ粒

子は表面プラズモン共鳴(SPR)による発色

があり，

組織の染色，妊娠判定キットや糖尿病検査キット

などのプローブとしても使用されている。一方，金属ナノ粒子はそれ単体で凝集しやすく，

保護剤を添加し分散安定性を向上させる必要がある。また，金属ナノ粒子の調製方法として

は一般的に強力な還元剤を用いるが，近年では環境に配慮して生体分子を還元剤に用いた研

究も盛んに行われている1,2。本研究では，還元剤と保護剤の機能を兼ね備えた新たな両親媒

性ブロックコポリマーを合成し，ポリマー以外の還元剤を使用しない金ナノ粒子の調製を試

みた(Fig.1)。合成したブロックコポリマーは還元剤として機能する疎水性セグメントと両性

イオンを持つ親水性セグメントからなり，水中で会合体を形成する。この会合体の中心部で

金ナノ粒子の前駆体が還元され，その結果，親水性高分子グラフト膜を纏った金ナノ粒子が

得られた。この金ナノ粒子の物性を評価するとともに，金ナノ粒子を用いた溶存タンパク質

の検出も試みたので報告する。

【実験】 所定量の4-シアノ吉草酸ジチオベンゾエート，4-4’-アゾビス(4-シアノ吉草酸)，

MPCを純水に溶かし，アルゴンで脱気した後75℃で3時間加熱し，可逆的付加開裂型連鎖移

動(RAFT)重合により2-メタクリロイルオキシエチルホスホリルコリン(MPC)ホモポリマー

(PMPC)を合成した。これをマクロ連鎖移動剤とし，N-メタクリロイル-(L)-チロシンメチル

エステル (MAT)をエタノール中でRAFT重合 (70℃ , 15時間 )し，ブロックコポリマー

(PMPC-b-PMAT)を得た。次いでPMPC-b-PMATをメタノールに溶解し，エタノールアミン

を反応させることにより，末端にチオール基を持つブロックコポリマー(PMPC-b-PMAT-SH，

Fig.2)を得た。PMPC-b-PMAT-SH水溶液に塩化金(III)酸(四水和物)水溶液を加え60℃で2分

間攪拌した後NaOH 水溶液を加え，さらに攪拌した。調製した金ナノ粒子の形態観察を透過

Fig.1 Schematic representation of gold 

nanoparticle prepared in this study.
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型電子顕微鏡(TEM)により行った。また，

動的光散乱(DLS)測定により金ナノ粒子

のサイズを測定するとともに，粒子の分

散性と媒体のイオン強度の関係も調べた。

 タンパク質検出ではグラフト膜にロー

ダミン 123 含浸させた金ナノ粒子を調製

し，これを所定濃度のタンパク質溶液に

添加した。

【結果･考察】 合成したPMPC-b-PMAT

の 分 子 量 は Mn=1.60×104 (g/mol)

(Mw/Mn=1.08)であり，1H NMRよりMPC

とMATの組成比は 9:1(モル分率)だった。

エタノールアミン処理前後のブロックコ

ポリマーの分子量に変化はなかった。調

製した金ナノ粒子は紫外・可視分光光度

計測定より SPR由来の吸収ピークが 523 

nm に検出され，DLS 測定よりその粒径

は 60 nm 程度であった。金ナノ粒子の

TEM画像を Fig.3に示す。この写真から

も数十 nm の直径を持つ金ナノ粒子の形

成が確認できた。また，ポリマーブラシ

膜で被覆された金ナノ粒子は，生理的条

件に比べおよそ 100 倍のイオン強度の水

溶液中においても良好な分散性を示した。

 ポリマーブラシ膜にローダミン 123 を

含浸させた金ナノ粒子では励起光を照射

してもローダミン 123 由来の蛍光が確認

できなかったのに対し（Fig.4(a)），タン

パク質を接触させると, ローダミン 123

由来の蛍光が認められた（Fig.4(b)）。

【参考文献】

1 J. Xie et al., J. Am. Chem. Soc., 2009, 131, 888-889.

2 M. A. H. Muhammed et al., Chem. Eur. J., 2009, 15, 10110–10120.

Fig.2 Structure of PMPC-b-PMAT-SH.
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Fig.3 TEM micrograph of gold nanoparticle 
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Fig.4 Optical and fluorescence images of 
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2012 11 2
6

http://www.bio.keio.ac.jp/labs/sato/tatou_no_mirai6

March 20-22 2013 Tsukuba

2nd Inter International Conference on Biomaterials Science in Tsukuba (ICBS2013)

http://www.ims.tsukuba.ac.jp/~nagasaki_lab/nagasaki/icbs/icbs2013/index.html
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(2012 4 7 )

DNA

NEWS 2012VOL. 1

2011.10.24
NNT2011, Best Poster
Awards

Sensitive Fluorescence Microscopic

Observation of Neurons Cultured on

a Plasmonic Chip

Nanoimprint and

Nanoprint

Technology

(NNT2011)

2012.03.29

2012.03.30

2012.5.14
Akira Matsumoto, Kazunori

Kataoka, Yuji Miyahara
Transistor

Materials

Society)

2012.05.24

2012.6.12

2012.6.23

Kei Asai, Sindhu Thangavel,

Magdalena Bednarowicz,

Krzyminiewski, Yukio

Nagasaki

nanoparticles as potential magnetic

drug delivery system

2nd

Nanosymposium

on

Nanomaterials

Organizational

Poznan, Poland

2012.6.25

2012.07.13
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