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3 Figure1, 1,
2, 3

SAM

A 1-42

10 nm, 1-2 m 2
200-500nm 3

Figure 2 A
SPR 1: 1.46×10-2,
2:1.16×10-5 , 33: 1.89×10-5Figure 1  6-Sulfo-N-acetyl-glucosamine dendritic 

compounds; monovalent (11), divalent (22) and trivalent (33)

for immobilization. 12
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(Figure 3)

2

PAMAM
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Au-S PAMAM

90 AFM
SAM
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G1 G4 G4 G1 1/10

PAMAM SAM

PAMAM SAM

SAM
3

PAMAM SAM
0

(Figure 4) SAM
10

30

SPR

Figure 2 Morphologies observation of A by D-AFM (top) and 

aggregate model (bottom) on the monovalent (11) (a), the divalent (22)

(b), and the trivalent (33) (c).

Figure 3 Cytotoxicity of A (1 42) to HeLa cells on (a) 11, (b)
22, (c) 33; by MTT assay.

Figure 4. The values and pictures of water contact angles 

on (a) SA-G4, (b) SA-G1, (c) A-G4, (d) MUA and (e) MPA 
immobilized gold substrate.
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Design of Soft Interface with Bioconjugate Dendrimers
Yoshiko Miura

Department of Chemical Engineering,
Faculty of Engineering, Kyushu University,

744 Motooka, Nishi-ku, Fukuoka 819-0395, Japan
TEL +81-92-802-2749, FAX+81-92-802-2800, E-mail miuray@chem-eng.kyushu-u.ac.jp

The biological phenomena are strongly related to the biomolecular recognition at the interface such 
as cell adhesion and pathogen invasion. The biomolecular recognition is controlled by the 
well-ordered display of the biosignal molecules at the cell surfaces.  In other words, the artificial 
interface with the controlled biosignal display can provide the biomaterials and biodevices with the 
remarkable functionality.  We investigated the fabrication of biological interface with the 
dendrimers.
First, the mechanism of amyloidosis of amyloid (1 42) (A (1 42)) was investigated by the 

well-defined glyco-cluster interface. We prepared monovalent, divalent and trivalent 
6-sulfo-N-acetyl-D-glucosamine (6S-GlcNAc) immobilized substrates. The morphology and secondary 
structure of A (1 42) aggregates on the substrates were investigated by dynamic mode AFM and 
FTIR-RAS. A (1 42) interactions with multivalent sugars were evaluated by surface plasmon 
resonance, and the cytotoxicity of A (1 42) to HeLa cells was evaluated by MTT assay.
Morphological images showed, interestingly, that A (1 42) aggregates had a tendency to form 
globules rather than fibrils as the valency of 6S-GlcNAc on the substrate was increased. The SPR 
measurements indicated that this morphological change of A (1 42) was related to the change of 
binding mode, and the binding mode was dependent on the multivalency of the sugar. Globular A
(1 42) was more toxic than fibrillar A (1 42) to HeLa cells. The results suggested that the 
multivalency of sugars for the amyloidosis of A (1 42) was significant in its morphology and 
aggregation effects at the surface of the cell membrane mimic.

Then, we also investigated the fabrication and the properties of self-assembled monolayers of 
polyamidoamine dendrimers (PAMAM). The amine-terminated PAMAM formed the densely packed 
SAM on the gold substrate via Au-N bond.  The protein adsorptions were investigated with SPR at 
pH 7.4.  The protein adsorption was measured with three proteins of lysozyme, bovine serum 
albumin (BSA) and fibrinogen.  Even though the different pI and molecular weight of proteins, the 
all proteins showed the decrease of adsorption onto the higher generation of dendrimers.  

The wettability of the PAMAM dendrimer SAM was also investigated. The PAMAM dendrimer 
SAM provide the densely packed functional group with 3D structure, and so the surface energy of the 
PAMAM dendrimer SAM was amplified. In case of PAMAM dendrimer SAM with thiol core showed 
the superhydrophilicity. The dendrimer interface exhibited protein inert surface property based on 
the hydrophilicity 

We prepared the dendrimer interfaces with fine glycoclusters and PAMAM dendrimers in 2009.  
The dendrimer interface showed the unique biological properties on molecular recognition and 
protein adsorption.  We will investigate the biofunctionality of these dendrimer interfaces.
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Effective Lectin Recognition using Densified Carbohydrate –Tri(ethylene glycol) 

Alkanethiol Hybrid Monolayer

Yukari Sato, Osamu Niwa and Kyoko Yoshioka

National Institute of Advanced Industrial Science and Technology (AIST),

Central 6, 1-1-1, Higashi, Tsukuba, Ibaraki 305-8566, Japan 

Tel: 029-861-6158, Fax: 029-861-6177, E-mail : yukari-sato@aist.go.jp

Antifouling is an important factor in the construction of artificial biological interfaces such as sensing membranes, 

bio/medical sensing devices, and artificial organs. Important new technologies and knowledge have been accumulated 

with a view to reducing the non-specific binding of biomolecules. For example, poly (ethylene glycol) (PEG) has been of 

great interest as regards the prevention of non-specific adsorption. In particular, the PEG brush conformation has often 

been adopted to prevent the non-specific adsorption of proteins. Oligo(ethylene glycol) (OEG) alkanethiols are also 

commonly used as passivation materials for creating inert surfaces in arrays including DNA, protein, and cell.
5-10

 The 

mechanism that prevents non-specific protein adsorption on PEG (OEG) layers has also been studied by using 

spectroscopic measurements (infrared spectroscopy, X-ray photoelectron spectroscopy) and other methods including an 

electric charge technique, hydrophilicity/hydrophobicity, and the bulkiness of terminating groups. The hydrophilicity and 

flexiblity of PEG (OEG) structures are largely responsible for its repellency. Although large OEG units are more 

effective in preventing non-specific adsorption with longer alkanethiols (R-(CH2)11SH; R: ethylene glycol units), the 

di-(ethylene glycol) unit is known to be the shortest unit capable of repelling protein adsorption. 

We synthesized tri(ethylene glycol) (TEG) terminated short alkanethiol molecules (TEGCnSH, n=2, 4, 6, and 8) to 

obtain the smallest molecules for an ultra thin protein-resistant monolayer on a gold surface. TEGCnSH was a smart 

amphoteric modifier that consisted of a flexible and hydrophilic arm and an alkylchain tail for close packing in a 

monolayer. In our previous report, we showed that maltoside ligands (MalC12SH) and TEGCnSH hybrid monolayers 

had excellent properties for recognizing the lectin, Concanavalin A (Con A). When TEGCnSH with a long alkylchain 

was used, the ability to detect Con A was improved significantly because TEGCnSH with a longer alkylchain effectively 

reduced the noise responses (non specific adsorption). We showed previously that a hybrid monolayer using TEGCnSH 

was suitable for detecting 10 �M Con A with a good signal to noise (S/N) ratio. 

   We confirm the sensing ability of this hybrid monolayer for the detection of Con A. Lower concentrations of Con 

A (~50 nM) can be detected with a satisfactory S/N ratio. To determine the reason for the excellent sensing ability of the 

MalC12SH-TEGCnSH hybrid monolayer, we confirmed the properties of each TEGCnSH monolayer. The packing 

density, homogeneity, and interaction of TEGCnSH molecular layers were evaluated by employing electrochemical 

measurements. When TEGCnSH with a longer alkylchain was used, the affinities between the TEGCnSH molecules and 

the gold substrate became stronger, and the interaction between the attached TEGCnSH species became larger. The total 

amounts of TEGCnSH species adsorbed on the gold substrate also increased. These electrochemical findings agreed with 

the fact that TEGCnSH monolayers with longer alkylchains were capable of preventing the non-specific adsorption of 

proteins/peptides over a wide range of molecular weights.
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Adhesion of Soft Interfaces Exploiting Interlocked Structure

Yasuhito Koyama, Takayuki Arai, Kasuko Nakazono, Yasuhiro Kohsaka, Keumhee Jang, and

Toshikazu Takata

Department of Organic and Polymeric Materials, Tokyo Institute of Technology

2-12-1 (H-126), Ookayama, Meguro-ku, Tokyo 152-8552, Japan

Tel: +81-3-5734-3260, Fax: +81-3-5734-2888, E-mail: ykoyama@polymer.titech.ac.jp

Highly sophisticated biological materials work cooperatively on the basis of the highly ordered assemblies

of various cells. Therefore, if the elaborated assembly between soft materials with various functions was

successfully achieved, bio-mimetic architectures with versatile functions would be provided. However, the

assembly and/or adhesion of soft materials themselves is difficult, because (i) the ideal assembly needs chemical

adhesion without sacrificing the inherent properties of soft materials and (ii) the characteristic property of chemical

bonds in the interface is more or less attributable to the properties of resulting material. The strong bond between

soft interfaces such as a covalent bond enables the strong connection although the inherent property of soft

materials would be considerably lost. On the other hand, the multipoint interactions based on weak interactions

such as hydrogen bonds could overcome such problems, although the control of adhesion position and mechanical

property would be difficult. Recognizing such issues, we became intrigued by the potential usefulness of

interlocked bonds as a new adhesion method between soft interfaces, enabling a mild connection of soft interfaces

without a lack of the chemical structure and property of the starting materials, which would provide promising

architectures with versatile functions such as a stimuli-responsive system.

Polyrotaxane networks (PRNs) having the rotaxane structure on the cross-linking points are the most

interesting class of cross-linked polymers, which are characterized in terms of both the unique structure and

specific properties based on their movable cross-links. The movable cross-linking points in network polymer

allow an equalization of tension for external stimuli or stress to afford highly swelling ability for several solvents,

high elasticity, and high stress-releasing ability, although there have remained several problems on polymer

versatility to lead to some limitations to applications. For the development of simple preparative method of PRN,

we planned the utilization of macrocyclic cavities of an oligocyclodextrin or poly(crown ether) as the cross-linking

points. The use of macrocyclic cavities could require no pre-synthesis of polyrotaxane, providing an efficient

adhesion method without sacrificing the inherent properties of starting soft materials, along with hybridization

method of special properties of PRNs toward various polymers.

Along this line, we needed the development of easy synthetic approach of versatile trunk polymers

possessing macrocyclic cavities as the key materials. As a result, we became intrigued by exploiting a kinetically

stabilized homoditopic nitrile N-oxide. Because [2 + 3]cycloaddition of nitrile N-oxide efficiently proceeds with

not only alkynes but also alkenes and nitriles to selectively produce the corresponding nitrogen-containing

heterocycles, the use of homoditopic nitrile N-oxide could allow a fruitful polymerization system. However,

nitrile N-oxide is extremely reactive to give a furoxane, leading to some limitations to use of multitopic nitrile

N-oxides. Therefore, we have undertaken the use of kinetically-stabilized nitrile N-oxide. The kinetically

stabilized homoditopic nitrile N-oxide, however, has not been extensively employed in polymer chemistry, because

most of sterically protected bisaldehydes as the precursor are not commercially available. Thus, we developed the

synthesis and polymerization system of kinetically stabilized homoditopic nitrile N-oxides in addition to the

polymer transformation using the resulting isoxazole skeleton, in fact, which enabled the efficient synthesis of

versatile trunk polymers with macrocyclic cavities.

Having the versatile trunk polymers in hand, we designed a novel recyclable system of network polymers,

in which termini of axle components are displaced with end-capping groups having complementary size to the

cavities. In this structure, only when the terminal group takes some conformations, it behaves as the stopper for

rotaxane. The steric restriction of such ‘temporary stopper’ could serve as a controller of activated energy barrier

for dissociation, which stabilizes the rotaxane skeleton. As a result, the PRN would have not only good stability

but also chemial recyclability without injuring the trunk polymer to be triggered by specific external stimulus.

The gel 4a with cyclohexyl group as the temporary stopper was unstable in polar solvents, while 4b and 4c

with tert-butyl and 4-tert-butylphenyl group were maintained their network structures in polar solvents. These

network polymers showed characteristic properties of PRN such as highly swelling property to organic solvents and

so on. On the other hand, treatment of polyrotaxane networks with TBAF allowed a smooth decross-linking

reaction via counter anion exchange reaction based on our recently developed protocol, which allowed a

quantitative chemical recycle of the trunk polymer in a good consistence with our expectation.
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単一分子検出による界面/薄膜における高分子鎖の物性解析

研究代表者：京大先端医工・青木裕之
研究協力者：京大院工・辨天宏明

1 緒言

高分子材料は代表的なソフトマテリアルの一つであり、これによって構成された界面は大きな自由度
を持ち、動的な性質を示す。このような “ソフトな界面”はユニークな機能を発現するため、このよう
な場での分子の構造や運動性を制御することができれば新しい機能材料の創成につながるものと期待さ
れる。そのためには界面における分子の状態を精確に評価することが不可欠となる。しかし、高分子化
合物は非常に大きな内部自由度を有しているため複雑な形態をとり、またその運動の時間スケールもピ
コ・ナノ秒から分・時間までの広い時間スケールにわたっているため、その本質をとらえるのは容易で
はない。そこで、高分子鎖一本一本のすがたを直接観察し、その動態までを追跡することが可能となれ
ば、ソフトマテリアルの界面物性を理解する上で強力な情報となるものと考えられる。本研究は単一高
分子鎖を直接観察可能な手段を開発することで、界面・薄膜における高分子鎖一本一本の構造とダイナ
ミクスを評価することを目的としている。
高分子の単一分子観察を行うには蛍光ラベル法が有効である。観察対象となる一本の高分子鎖に微量

の蛍光色素分子を結合し、その蛍光を検出することでバルク内部や界面に局在する鎖など任意の場所に
おいて一本の鎖を観察することができる。しかしながら従来の蛍光顕微鏡においては、その空間分解能
は回折限界によって制限されており、分子一個を観察しても光の波長の半分程度（およそ 200 nm）に広
がった円形の輝点にしか観察されず、分子の位置のみしか知ることができない。このような制限を超え
るため、これまで近接場光学顕微鏡が用いられてきたが、従来の光学顕微鏡をもってしても検出光学系
の工夫および画像解析によって単に位置だけなく様々な情報を引き出すことが可能となる。本年度では
このような従来の限界を超える計測を可能にする顕微鏡の開発を行った。

2 研究経過
2.1 デフォーカス計測による単一高分子鎖セグメントの配向評価

Figure 1. Chemical structure of center-
labeled poly(alkyl methacrylate). The gray
double-headed arrow indicates the transition
dipole of the PDI moiety.

単一蛍光分子の顕微鏡観察において焦点の合った状
態から、対物レンズを 1 μm程度シフトさせると（デ
フォーカス条件）、分子の配向方向に依存したパター
ンが観測される。これを理論と比較することで極座標
系における極角 θおよび配向角 ϕを同時に取得するこ
とができ、分子の三次元配向を一枚の蛍光顕微鏡画像
から見積もることが可能になる。そこで図 1に示すよ
うな主鎖中央にペリレンジイミド（PDI）分子を導入
したメタクリレート系高分子を合成した。ここで PDIの遷移モーメントは主鎖の方向に一致しており、
これをデフォーカス観察することで高分子鎖一本一本のセグメント配向を評価することが可能となる。
単分子膜中における高分子鎖の配向を評価するため、ラベル鎖を微量分散したPMMA（R = CH3）を水

面上に展開して単分子膜を形成し、Langmuir-Blodgett法によって垂直浸漬法にてガラス基板上に一層の
み転写した。図 2はPMMAの主鎖中央セグメントの基板法線に対する極角 (θ)および方位角 (ϕ)の配向分
布である。図中の点線は三次元でのランダム配向分布を表しているが、単分子膜中では三次元ランダム分
布に対する理論曲線と異なり、θ = 90◦に鋭いピークを示している。これによりセグメントが基板に対して
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Figure 2. Histogram of the polar (θ) and az-
imuthal (ϕ) angles for the PDI moiety at the
chain center. The dashed curves indicate the
distribution function for the random orienta-
tion in three dimensions.

平行に配向していることが分かる。これは PMMA単
分子膜においては主鎖が基板平面内に束縛され、擬二
次元平面内に拘束された形態をとっていることを示し
ている。一方、膜面内の配向 ϕについては ϕ = 90◦

において分布が方向に弱く配向していることが分かる
（図 2下）。この方向は、垂直浸漬法による基板上への
単分子膜の転写の際の浸漬方向に一致している。基板
を水中に浸漬する際に水面に流動が誘起された結果、
水面上の高分子鎖が配向したものと考えられる。
デフォーカス顕微鏡では分子の三次元配向を一枚の

画像から計測できるため、逐次画像取得を行うことで
分子一個の回転運動をリアルタイムで評価することが
可能となる。本年度ではポリペンチルメタクリレート
（PPMA, R = C5H11）およびポリブチルメタクリレー
ト（PBMA, R = C4H9）の分子運動性を検討した。
PPMAのガラス転移温度（Tg）は 7 ℃であり、室温
近傍の測定ではTg以上での分子運動を評価できる。20–30℃の範囲で温度制御してデフォーカス観察を
行ったところ、分子によって回転緩和速度定数が異なり、23℃においては 0.2 sec−1にピークを持つ分
布を示すことが分かった。個々の高分子鎖の速度定数は昇温とともに一様に増加し、分子運動が活性化
されることが分かった。次に Tg近傍での分子運動を評価するため、PBMA（Tg = 20℃）について評
価を行った。PBMAでは個々の分子が一定時間ランダムな回転を続けた後に運動を停止し、その後静止
状態を一定時間継続した後に再び運動を始めるという間欠的な運動を示していることが分かった。温度
依存性について検討したところ、すべての分子を平均的した回転速度定数は昇温とともに上昇したが、
個々の分子について回転状態における分子鎖の回転速度定数を調べたところ、その値は昇温にも関わら
ずほぼ一定であることが分かった。一方、静止状態の継続時間は昇温とともに減少し、相対的に運動状
態の時間が増加していることが分かり、これが平均の速度定数の温度依存性に寄与していることが明ら
かとなった。

2.2 超解像光学顕微鏡の開発

蛍光顕微鏡画像において分子一個は回折限界によって 200 nm程度のサイズに観察されるが、視野内にた
だ一つの分子が存在する条件では、その位置を数 nmの精度で決定することが可能である（Fluorescence

Imaging in One-Nanometer Accuracy: FIONA）。本研究ではFIONAを利用した超解像検出技術により、
< 20 nmの空間分解能での蛍光画像観察を実現する。FIONAにおいて必須となる “蛍光顕微鏡画像内に
おいて分子一個”という観察条件を可能にする蛍光色素としてスピロピラン系分子（1-(2-hydroxyethyl)-

3,3-dimethylindolino-6’-nitrobenzopyrylospiran: SP）を用いる。SPは可視域においては無色であるが、
紫外光照射によってメロシアニン型へ異性化し蛍光を発する。非蛍光性である SPでラベルされた試料
に対して、照射位置・強度を制御して照射することで一つの SP分子のみの異性化を行い、その蛍光画像
観察によって位置を決定した後、再び非蛍光性の SPに戻す。次いで別の SP分子について同様のプロセ
スを繰り返すことで、系内の全ての SP分子の位置を決定することができ、この情報を用いて画像再構
成を行うことで、高い分解能での蛍光画像を得ることができる。本年度では顕微鏡システムの構築と SP

を用いた動作原理の検証を行い、上記の動作原理によって高分解能の画像が得られることを確認できた。
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Properties of Polymer Chain at Interface and Thin FilmStudied by

Single Molecule Detection Technique

Hiroyuki Aoki1 and Hiroaki Benten2

1Advanced Biomedical Engineering Research Unit and
2Department of Polymer Chemistry, Kyoto University

Kyoto-Daigaku-Katsura, Nishikyo, Kyoto 615-8510, Japan
Phone: +81-75-383-2613, Fax: +81-75-383-2617, E-mail: aoki@photo.polym.kyoto-u.ac.jp

Introduction
Polymer materials show unique properties at surface/interface. In order to discuss such the prop-

erties at the interface, the direct observation of individual polymer chains would provide a lot of
information on the structure and dynamics of the single chain. The fluorescence label method is the
most effective to observe single chains. However, the spatial resolution of conventional optical tech-
niques is limited to a few hundered nanometers by the diffraction limit. Therefore, it has been difficult
to directly obtain the information on the structure of the single polymer chain. In the current study,
novel optical microscoppy techniques beyond the diffraction limit are developed and the interface
properties of polymer materials at the interface is dicussed in terms of the direct information from the
single chain. In this year, we developed (1) defocus fluorescence microscopy and (2) super-resolution
microscopy, which enable to observe the orientation of a single segment and the chain conformation
of a single chain, respectively.

1 Segmental orientation studied by defocus fluorescence imaging
In a fluorescence image with a conventional microscopy, a single dye molecule is observed as a circular

spot with a diameter of 200 nm. By shifting the microscope objective from the the focal position, a
characteristic defocus pattern is obrained. Such the pattern is dependent on the three-dimensional
molecular orientation; therefore, the image analysis of the defocus pattern provides the information
on the orientation of a single molecule. In this study, the orientation of a single segment on a polymer
chain is discussed by the defocus imaging of a single perylene diimide (PDI) molecule was introduced
in the ceter of a poly(alkyl methacrylate) chain. With such the labeled polymer, we discussed the
static segmental orientation in a Langmuir-Blodgett (LB) film. The defocus imaing of the monolayer
of the center-labeled poly(methyl methacrylate) revealed that the chain segment showed the parallel
orientation to the film plane, indicating the quasi-two-dimensional chain conformation in an LB film.
In this method, the three-dimensional orientation is determined from a single image; therefore, the
dynamics of the single chain segment can be directly observed by the sequential acquisition of the
defocus images. Here we examined the sengmental dynamics of poly(butyl methacrylate) (PBMA).
Near the glass transition temperature, the intermittent rotation was observed.

2 Development of super-resolution optical microscopy
A single dye molecule is observed as a blurred spot; therefore, the two objects separated by < 200

nm is observed as a single circular spot. However, when only a single dye molecule is observed in a
fluorescence image, its centroid can be determined with the accuracy of a few nanometers. According
to this strategy, the fluorescence image with nanometric resolution is available by the reconstruction
from the position coordinates of each dye molecule. In this method, the dye molecule must be observed
individually. For this purpose, we used a photochromic dye, 1-(2-hydroxyethyl)-3,3-dimethylindolino-
6’-nitrobenzopyrylospiran (SP). Non-fluorescent SP can be converted to a fluorescent merocyanine
form by a UV irradiation. Therefore, under the UV illumination at an appropriate power, a sin-
gle molecule of SP can be selectively converted to a fluorescent form detectable with a microscope.
We developed a microscope setup and a data analysis system to observe individual molecules under
the repeated UV pulse irradiation for the photo-activation and -deactivation. With this setup, the
fluorescence image with the resolution beyond the diffraction limit was demonstrated.
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Development of Functional Hybrid-Tissues by Control of Cellular Interface
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The creation of artificial three- dimensional (3D) tissues possessing a similar structure and functions as natural

tissue is a key challenge for implantable tissues in tissue engineering, and for model tissues in pharmaceutical assay.

The cells are surrounded by extracellular matrix (ECM) fibers, typically composed of collagen and fibronectin (FN),

and the fibrous meshwork of the ECM controls a dynamic cellular interface for cell adhesion, differentiation,

morphology, proliferation, and viability. Recently, the topological control of biodegradable porous scaffolds,

especially nanofiber scaffolds have attracted attention due to their high porosity and the controlled alignment of the

fibers to control cellular function and develop the 3D-engineered tissues. However, the 3D-engineered tissues

which precisely controlled cell type, cell alignment, and cell-cell interactions in three-dimensions have not been

developed yet. A conventional approach using biodegradable matrices seems to have a limitation to satisfy above

requests. A novel bottom-up approach using multiple cell types as pieces of tissues is expected to solve the

problem.

Recently, we have developed simple and unique bottom-up approach, “hierarchical cell manipulation using

nanofilms”, which applies the use of nanometer-sized FN-gelatin (G) films as a nano-ECM. The FN-G nanofilms

on cell surfaces control the cellular interfaces to provide cell-cell attachment in lengthwise direction. We have

discovered that at least approximately 6 nm thick FN-G films are required as a stable adhesive surface for second

cell adhesion. We successfully developed hierarchical cellular multilayers composed of various types of cells.

In this project, we aim i) Structural and functional control of cellular interface using varied nanofilms and ii)

Development of functional hybrid tissues possessing controlled structures and functions similar to a natural tissues.

By controlling cellular interface at nanometer level, an innovative material-cell hybrid will be constructed. The

interactive hybrid tissues can be useful for tissue engineering. Here, we would like to report i) Elucidation of

mechanism on the fibril formation of nanofilms prepared on cell surface and ii) The effect of nanofilms on cell

functions such as adhesion, growth, and morphology. Furthermore, fabrication of blood vessel constructs and their

blood compatibility are also reported.

The fibronectin-based nanofilms (FN films) on the cell surface showed high cell viability, although

polyelectrolyte (PE) nanofilms showed cytotoxicity depending on their thickness. The cytotoxicity of the PE films

may be influenced by condensation of cationic components onto cell membrane because it is well known that

cationic polymers have cytotoxicity due to interaction with membrane proteins or polysaccharides. The FN films

changed their morphology from a homogeneous film to a nano-meshwork due to reorganization of the actin

skeleton. The artificial nano-ECM meshworks, which function as a scaffold for cell adhesion of second layer,

would be useful for in vitro construction of 3D-engineered tissues.

One of the valuable points of this bottom-up approach is the creation of 3D-layered tissues consisting of

multiple cell types. 3D-hierarchical constructs like a blood vessel with varied layers composed of human umbilical

artery smooth muscle cells (SMC) and human umbilical vascular endothelial cells (EC) were successfully

fabricated. Histological analyses suggested that the layered structure and cell characteristics of the five layers were

analogous to a natural rat artery. Immunostaining revealed the presence of EC as the outermost layer and the

smooth muscle phenotype in the SMC layers. To evaluate the functionality of the blood vessel constructs, their

blood compatibility was analyzed using human platelet-rich-plasma (PRP). When ECs were absent, the platelets

adhered on the surface of SMC layer and activated networks of the platelets were observed. On the other hand, the

tightly contacted EC layer completely inhibited platelet adhesion. This result supports the possibility of these

layered constructs as engineered blood vessels, and detailed analyses such as contraction or relaxation of the

engineered blood vessels are now in progress.
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