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Poly(N-isopropylacrylamide) (PNIPAAm) is well-known thermoresponsive polymer; the PNIPAAm in the 

aqueous solution showed temperature dependent soluble/insoluble changes around 32 ° C.

Introduction of PNIPAAm to the solid surfaces induces aqueous wettability changes. Previously, 

we introduced PNIPAAm with regulated chain lengths to the solid surfaces by applying

surface-initiated atom transfer radical polymerization (SI-ATRP) to prepare thermoresponsive soft 

interfaces.  We have investigated the biomolecular interaction on PNIPAAm derivative brush 

grafted fused silica capillary as microcolumn matrixes.  This year, we investigated the effects 

of preparation condition of hydrophobized PNIPAAm-grafted soft interfaces and elution profiles 

of biomolecules were investigated. In addition, 

First, 2-(m,p-chloromethylphenyl)ethyltrichlorosilane was introduced to fused silica capillary 

with inner diameter of 100 m. Then, SI-ATRP was carried out in the presence of NIPAAm and butyl 

methacrylate (BMA) monomers with concentration of 1.0-3.0 M and BMA composition of 1mol%. These 

modified surfaces were used for measurement of temperature-dependent changes in the interaction 

with steroids. Adenosine was used as standard hydrophilic reference molecule. We also prepared 

thermoresponsive immobilized metal ion affinity column grafted with P(NIPAAm-co-iminodiacetic 

acid (IDA)). Nickel ions are chelated on IDA, and then interaction of bovine serum albumin (BSA) 

was monitored by means of microHPLC.

We investigated surface property alteration for thermoresponsive polymer modified fused silica 

capillary interfaces by observation of the steroids retention. Both monomer concentration and 

polymerization time have crucial influence on steroid retention; i.e., the more the monomer 

concentration or the longer the reaction time, the more pronounced interaction with steroid 

molecules occurred on the micro-column surfaces. We further investigated the elution profiles 

of mixture of steroids, testosterone and cortisone, and adenosine.  At 25°C and flow rate of 

5 L/min, separation of adenosine and cortisone is not sufficient. In addition, peak broadening 

of testosterone was apparent.  Thus flow rate was changed to 2.5 L/min and elution profile was 

investigated. Separation factor for adenosine and cortisone increased from 0.66 to 0.91. After 

elution of cortisone, column temperature was reduced to 4°C, so that the testosterone peak profile 

became narrow and sharp. Thus separation factor of cortisone and testosterone increased for up 

to 2.67 from 0.71. This is important feature of thermoresponsive surfaces.

In the second part, we introduced thermoresponse on immobilized metal ion affinity column. To 

obtain this character, P(NIPAAm-co-glycidyl methacrylate) onto the inner surface of fused silica 

capillary by SI-ATRP. Then, imminodiacetic acid (IDA) was introduced to epoxy side chains. By 

setting polymerization condition, temperature dependent protein adsorption was observed only on 

Ni2+ chelated P(NIPAAm-co-IDA), but not to PNIPAAm surfaces even at 37°C. Thus specific interaction 

can be modulated only with temperature modulation. We are now further investigating on the position 

of chelating groups on the thermoresponsive brushes.

In conclusion, we obtained unique properties of thermoresponsive polymer-modified surfaces.

We are trying to elucidate the characteristics of the thermoresponsive polymer brush surfaces.���
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Introduction
Surface properties of materials were excessively dominated to the profound hierarchical structure through 

nanometer (molecular level) to micron meter (artificial processing level) scales. An advanced material development 
with the hierarchical structure control of soft materials has been attracted tremendous interest for the past few years.
In this work, nanostructure controlled soft materials were fabricated by precise processing technique and the 
molecular aggregation structure was characterized through various spectroscopic and scattering measurements. 
Also, the physical properties and functionalities were evaluated.

Research Progress
Poly(vinyl alcohol) (PVA) nanofibers fabricated by the electrospinning method have attracted much attention 

due to potential applications in various fields including the electrical, environmental, and medical applications. The 
orientation states of the nanofiber and the crystallite during uniaxial stretching of the non-woven nanofiber mat 
were analyzed by simultaneous stress-strain/wide-angle X-ray diffraction (WAXD) and stress-strain/small-angle 
X-ray scattering (SAXS) measurements. Crystal orientation 
was also measured by the polarized FT-IR measurement, 
and fiber orientation was observed by scanning electron 
microscopy observation. On the uniaxial stretching process 
of PVA non-woven nanofiber mat, both the nanofiber and 
polymer chain were oriented at the beginning of the strain, 
and the PVA crystallite oriented to the elongation direction 
with an increase in the degree of elongation, while the 
degree of nanofiber orientation was saturated at the 
elongation of 50% Figure 1 .

Nano-imprint lithography (NIL) is a simple, low cost 
and high-resolution patterning method. The precise and 
nondestructive evaluation methods of nano-patterned 
polymer thin films have been required to scrutinize the thin 
films without causing damage. The characterization of 
surface and buried nano-structure fabricated by NIL was
carried out by microscopic observation and synchrotron 
radiation small angle X-ray scattering (SR-SAXS). The 
anisotropic diffraction spots were clearly observed on the 
diffraction patterns of the PS covered NIL_PLA up to the 
20th order peaks (Figure 2). These spots were not 
observed from flat PLA films, so these spots can be 
attributed by nano-structure. The estimated structure size of the PS covered NIL_PLA was in good agreement with 
the sizes of the molds. SR-SAXS could precisely and non-destructively characterize not only the surface, but also 
‘buried’ structures.

Catechol group has been widely known as an adhesive functional group due to its strong interaction with 
metal oxide. We synthesized adhesive anionic copolymer containing the catechol groups to modify a stainless steel 
(SUS) surface in order to adsorb sufficient amount of cationic nanoparticles (NP) on this surface by electrostatic 
interaction. The model multilayer for controlled drug release on SUS was characterized by various techniques.

Figure 2. SEM observation and two dimensional SR-SAXS 
diffraction pattern, a) NIL_PLA, b) PS/NIL_PLA.

Figure 1. Graphical representation of the PVA nanofiber 
and the molecular aggregation structure.
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The interface property plays important roles in the soft materials with polymers and biomolecules. The control of 
soft-interface enables the fabrication of novel functional materials and the regulation of biological molecular 
recognition. In order to fabricate the well-defined soft-interface, the soft interfaces with fine polymers have been 
developed, using polymers via living radical polymerization and dendrimers. Especially, dendrimers have uniform 
structures, and so the interfaces with dendrimer easily provide the fine and uniform soft-interface. In this 
investigation, we have prepared the soft-interface with dendritic molecules for bio-interface. The functional 
materials fabrication using saccharides are also investigated. 

(a) Protein Separation with glycopolymer immobilized porous materials
The glycopolymer with trimethoxysilane group and glycodendrimer were immobilized on the SiO2 substrate and 
silica-porous materials. Both of the glycopolymer and glycodendrimer carrying -mannose group, and showed the 
specific and strong interaction to concanavalin A (ConA) but not to BSA.  On the other hand, the efficacy of 
protein separation was strongly dependent on the kind of grafted polymer. In the case of glycopolymer with a linear 
shaped acrylamide derivative, the protein separation was successfully performed: ConA and BSA were adsorbed on 
the silica-porous materials about 34 and 4.2 nmol/m2, respectively. However, the selective protein separation was 
not accomplished with dendrimer interface, in spite of the strong protein binding on the flat substrate. The 
glycopolymer immobilized interface was utilized protein separation, but the function depended on the kind of 
polymer. 

(b) Bio-inert surface property of dendrimer interface
Bio-inert surface property is very important in the fabrication of biomaterials and biosensors. The bio-inert surface 

properties are strongly affected by the functional group and the molecular density on the interface. Dendrimer 
interface displays the well-defined surface with specific terminal group, and so it is a good model to investigate the 
design of bio-inert interface. 
We prepared polyamidoamide (PAMAM)-dendrimer with various terminal groups of methoxy triethyleneglycol, 

hydohyl triethylenglycol, carboxylic acid and amine group, and the self-assembled monolayers (SAMs) of the 
dendrimers were prepared. The protein adsorption on the SAMs was investigated by surface plasmon resonance 
using BSA, lysozyme and fibrinogen. The dendrimers with triethyleneglycol showed the strong bioinert-surface 
property to all of the proteins. The denderimers with carboxylic acid inhibited the binding of BSA and fibrinogen 
due to the electrostatic interaction, but adsorbed lysozyme. The dendrimers with amino terminal ihibited lysozyme
adsorption. Interestingly, the mixed dendrimer SAMS with amino- and carboxylic acid group showed the strong 
inhibition on protein adsorption. The amount of protein bound was much decreased from the SAMs of the 
functional group without dendrimer template. 

(c) Bacteria recognition of dendrimer interface
Mannose modified dendrimer interface showed strong and specific interaction to protein of ConA. The 

interaction with mannose recognition protein of E.coli ORN 178 was measured. E.coli ORN178 adsorbed on the 
mannose-modified interface, and the surface morphology was affected to the adsorption. E.coli ORN 178 adsorbed 
more to the flat mannose-modified substrate than to the dendrimer interface. The results suggested the bacteria 
recognized the morphology of the substrate.  ����
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Fig.. 1. SFG spectra in the OH stretching region of (a) bare, 

(b) BPE SAM, (c) PCMB (tDP = 20), (d) PCMB (tDP = 50) and (e)

PCMB (tDP = 100) brush-covered quartz prisms in contact with 

water vapor-saturated nitrogen (left) and liquid water 

(right).
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In 2011, a relationship between anti-biofouling properties of a zwitterionic polymer brush on 

a quartz prism and a water structure in the vicinity of the polymer brush was examined by

sum-frequency generation spectroscopy. In addition, the freezing/melting behavior of water sorbed 

into copolymers containing the zwitterionic moieties was examined by differential scanning 

calorimetry and temperature variable near infrared spectroscopy.   

1. Sum Frequency Generation Spectra of Water in the Vicinity of Polymer Brush

   A zwitterionic poly(carboxymethylbetaine) (PCMB) brush was prepared on a fused quartz prism 

by the surface-initiated atom transfer radical polymerization (SI-ATRP) of CMB monomer. The 

conformation of PCMB brush and the state of water at the surface of the brush were examined using 

sum frequency generation (SFG) technique. The C-H stretching band of the brush, indicating the

gauche defect of the brush, was affected by the contact medium such as dry nitrogen, water 

vapor-saturated nitrogen and liquid water. The water molecules at the PCMB-water interfaces were 

not largely oriented in comparison with the interfacial water of both bare and the 

ATRP-initiator-modified quartz prisms. The similar tendency was previously observed for water 

in the vicinity of water-soluble zwitterionic polymers and polymer thin films using Raman and 

attenuated total reflection (ATR) infrared spectroscopies, respectively. The electrical 

neutralization between neighboring positive and negative charges might diminish the electrostatic 

adsorption of water molecules to the vicinity of zwitterionic polymer brushes.

2. Freezing/Melting Behavior of Water Adsorbed to Polymer Chain   

   Change in the state of water sorbed into non-water soluble copolymers containing zwitterionic 

moieties by thermal perturbation was investigated by differential scanning calorimetory (DSC) 

and temperature variable near infrared spectroscopy (TV-NIR). Copolymers of n-butylmethacrylate 

and caryboxybetaine (p(CMB-BMA)) or sulfobetaine vinyl monomers (p(SPB-BMA)) were synthesized 

by a conventional free radial polymerization. The two copolymers have been revealed to have high 

biocompatibility. DSC heating curves of the two copolymers with equilibrium water content showed 

exothermic components at 245 K for p(SPB-BMA) and at 261 K for p(CMB-BMA). NIR spectral changes 

of water sorbed into the two copolymers revealed that the exothermic components observed in the 

DSC heating curve were attributed to crystallization of water during heating, that is, 

recrystallization of water. Recrystallization of water in the two polymers was first reported.

Based on the DSC analysis, the amounts of non-freezing water and recrystallization water were 

calculated to be 5 wt% and 33 wt% for p(SPB-BMA), respectively, and be 9 wt% and 71 wt% for p(CMB-BMA), 

respectively. At this moment, it is unclear whether this recrystallization water is generated 

from glassy water.      ����
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In order to understand the structures and functions of polymer interfaces, it should be helpful to 
study polymer monolayers as the ultimate two-dimensional (2D) structure of the interface. A polymer 
monolayer spread on a water surface is an ideal model of polymer chains in the 2D states, therefore, 
has been a subject of intense studies.  However, our understanding of the polymer monolayers is 
still limited.  We have been studying polymer monolayers using atomic force microscopy (AFM) and 
have shown that the method is a powerful tool to obtain molecular level information that cannot 
obtained by other methods.  In this project, (I) we studied melting behavior of a 2D folded-chain 
crystal of isotactic poly(methyl methacrylate) (it-PMMA) and found significant melting point 
depression ranged to 50 – 90 degrees from those of 3D samples.  (II) Also, we found that single chain 
conformation solubilized in a miscible polymer blend monolayer could be observed because of a
difference of the glass transition temperatures of the component polymers, and quantitatively 
evaluated the radius of gyration of the solubilized chains.  This year, we have found that (1) a 
PMMA/poly(lactide) (PLA) monolayer phase separated by the spinodal decomposition mechanism,
also (2) we have started observation of polymerization on a substrate by AFM, as mentioned below. 

((11)) 22DD  pphhaassee  sseeppaarraattiioonn  ooff  PPMMMMAA//PPLLAA  bblleenndd  
mmoonnoollaayyeerr  bbyy  ssppiinnooddaall  ddeeccoommppoossiittiioonn  mmeecchhaanniissmm

monolayers is one of the important issues of 
nanotechnology.  We found that a PMMA/PLA blend 
monolayer on a water surface phase separated with 
compression via the spinodal decomposition 
mechanism. Fig.1 shows AFM of the monolayers 
deposited on mica after phase separated on a water 
surface. Typical interconnected structures and
spinodal rings by the Fourier transform indicated 
that the phase separation proceeded by the spinodal 
decomposition mechanism. Detailed analysis 
indicated that the phase separations at 2 and 5 
mN/m corresponded to the early and late stage of
spinodal decomposition, respectively. The first 2D phase 
separation of a monolayer via spinodal decomposition shown 
here provides a new mythology for control the lateral 
structure of a monolayer.
((22)) AAFFMM  iinnvveessttiiggaattiioonn  ooff  vvaappoorr  pphhaassee  rraaddiiccaall  ppoollyymmeerriizzaattiioonn  

oonn  aa  ssuubbssttrraattee
Thermal cleavage of a radical initiator under a monomer 
vapor resulted in polymerization of the monomer at the 
initiator surface under a pseudo living polymerization 
mechanism (Vapor-phase deposition (VPD) polymerization).  
We studied VPD polymerization of MMA with an extremely 
small amount of radical initiator deposited on mica.  Unfortunately, MMA did not polymerize as a 
single chain adsorbed on the substrate, but aggregated to particles.  However, after solubilized on 
the substrate, isolated chains were successfully observed by AFM.  We evaluated the molecular 
weight of the chains and compared with bulk polymerized samples.

Fig.1 AFM of a PMMA/PLA(50/50 wt/wt) 
monolayer deposited on mica after phase 
separated at 2 (upper) and 5 mN/m (lower). 
Insect: Fourier transform.
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This research aims to elucidate the properties of biofunctional molecules using the surface forces measurement 

as a main tool, and contribute to the soft interface science in a frame of biofunctional chemistry. Molecular 

recognition is one of the most important specific interactions involved in biological reactions.  It is essential to 

distinguish (1) interacting protein pairs, (2) how they recognize each other, (3) locations and sequence of an 

interaction site, and (4) their functions. The direct forces measurement provides useful information for 

understanding the interactions between biological molecules.  For such studies, it is important to immobilize 

proteins on the substrate with known arrangement, in order to avoid the contribution of non-specific interactions.  

We have developed the method to immobilize the proteins in desired orientation using the poly-histidine tagged of 

proteins, and succeeded to study interaction involved in the complex formation between two enzyme subunits and a 

substrate, and a protein and a DNA.  In this study, we applied this method to investigate the interaction between 

biofunctional molecules.  We studied the properties of thiol-terminated poly (ethylene glycol) polymers (PEG) on 

a gold surface using twin-path surface forces apparatus.  

(1) Direct interaction forces measurement on the biofunctional molecules oriented immobilized on surfaces.

(a) Phosphorelay protein interactions studied by surface force measurement

The Bacillus subtilis KinA protein is a histidine protein kinase that controls sporulation in response to nutrient 

deprivation and several other conditions. In the first step of this series of phosphorylation reactions, KinA binds 

ATP and autophosphorylates at a histidine residue.  The phosphoryl moiety of KinA is then transferred to a 

single-domain response regulator Spo0F. We investigated the interactions between KinA and Spo0F using a 

colloidal probe AFM. The adhesion force between Kina-Spo0F increased by the addition of ATP, while no 

increase was observed for surfaces between KinA-KinA as well as Spo0F-Spo0F, indicating the interaction 

between phosphorylated KinA (KinA-P) and Spo0F.  

(b) Direct evaluation of the specific interaction between antigen and antibody

Elucidation of interaction between biomolecules is a quite important issue for the understanding of vital 

phenomena.  If the interaction can be elucidated based on the difference in one amino acid level, it should give 

useful knowledge for the proteome research.  This year we started to investigate the changes in the interactions 

between antigen and antibody upon single amino acid mutation using a colloidal probe atomic force microscopy (AFM). 

Studied interactions were those between hen egg-white Lysozyme (wild type) and HyHEL 10 scFv that is an antibody of 

wild type Lysozyme, and those between mutants of the Lysozyme and HyHEL10scFv.

(2) Characterization of thiol-terminated poly(ethylene glycol) (PEG) adsorbed on gold surfaces

We characterized the adsorption layer of thiol-terminated PEG of different molecular weights on a gold surface 

in pure water using twin-path surface force apparatus, quartz crystal microbalance with dissipation monitoring 

(QCM-D), and surface plasmon resonance. It was revealed that the shorter PEG polymers adsorbed as stretched 

polymer brushes whereas longer polymers adsorbed in a less stretched structure increasing the polymer surface area.

Besides, interestingly, it was found that the PEG brush layer thickness obtained from QCM-D was much smaller 

than those estimated from surface forces measurement.  This should be related to the properties of PEG layers and 

under further investigation. ����
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Design of Biomolecular Interface for Detecting Carbohydrate and Lectin Weak Interactions
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Carbohydrate-protein interactions are not strong but they are very important in terms of specific recognition in 
vital functions. When we attempt to employ these specific interactions for constructing an artificial recognition 
interface to allow us to understand biological events, we encounter certain serious problems. Many naturally 
occurring carbohydrates and glycoconjugates are multivalent, which results in their greatly increased affinity for 
lectins. Multivalent effects should be adopted if we are to detect and utilize species with lower affinities. They 
showed a significant enhancement in binding affinity of ~103 compared with the corresponding monovalent ligand. 
Although it is very easy for thick polyvalent layers to interact with target molecules, the thickness, bulkiness, and 
heterogeneity of the reaction layers pose serious problems in terms of quantitative analysis and realizing rapid 
reactions. It will be a challenge to form a thin layer with a polyvalent recognition ability. 

We investigated the processing of a nanostructured recognition site for sensing lectin, Concanavalin A (Con A),
by using self-assembled monolayers (SAMs) consisting of 12-mercaptododecyl b-maltoside (MalC12SH) and OH 
terminated filling molecules (HOCnSH) formed on a gold substrate. When the height difference between the 
carbohydrate group and OH terminated filling molecules was increased (> (CH2)6), significant Con A adsorption 
was achieved because appropriate recognition occurred, in which the association rate constant (ka) became larger 
and the dissociation constant (KD) became much smaller than that when there was a small height difference. We 
revealed that a multivalent effect could be achieved even in a monomolecular layer by maintaining a significant 
height difference and dispersing the recognition sites in the recognition monolayer.

The maltoside functionalized mixed SAMs were formed by applying a mixed solution of 12-mercaptododecyl 
ß-D-maltoside (MalC12SH) and HOCnSH in 20%(v/v) ethanol/water to the bare gold surface of the sensor chip. A
series of Con A concentrations of 0.1, 0.5, 1, 5 and 10 μM (and 20 μM) were used for the adsorption assay of a 
mixed SAM consisting of MalC12SH and HOCnSH (n=2, 4, 6, 8, 11). The kinetics parameters [association rate 
constant (ka) (1/Ms), dissociation rate constant (kd) (1/s) and dissociation constant (KD) (M)] were determined by 
curve fitting an appropriate model to the obtained response data using evaluation software.

The enhancement of the valency at the Con A and recognition interface can be controlled by maintaining a 
significant height difference (> (CH2)6) between the maltoside and the terminal of the filling molecules in the 
vertical interface direction. For the lateral direction in the monolayer, we observed a clearly distinguished 
recognition point at a 10% MalC12SH mixed monolayer. Our mixed SAM terminated with maltoside and OH 
groups represented multivalent binding for Con A when the maltoside terminated molecules were significantly 
diluted (~10%). From the electrochemical measurement, only one reductive peak was observed even though only 
5-10% of maltoside terminated molecules existed in the mixed layer. We can conclude that positioning 
carbohydrate sparsely in the Con A recognition interface is the best strategy for overcoming the problem of weak 
binding detection. ����
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Fig.1 “Carpet+Brush” and “Carpet-Only” structure 
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Figure 1. Schematic image of 
photo-mask for preparing the cell 
micro-patterning.
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Figure 2 Photographs of mouse fibroblast 
cell (L929) adhesive micro-pattern after 24 
hours cell culturing, seeding density is 2.0×
104cells/cm2. Scale of white bar is 100 m. 

Figure 3. Photograph of QCM-D flow 
chamber system attached with real-time 
microscope observation.

Figure 4.  Df plots of protein adsorption
(30min) and cell adhesion (3hours). A) Df 
plots of 50 m narrow gap, B) Df plots of 
100 m wide-gap. ����



Nano-fabrication of Molecular Recognition Biointerfaces and Application to Cell Analysis 
Micro-biodevices
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Control of cell-materials interactions is the most important issue in developing biomedical devices and scaffolds 
for regenerated medicine. To consider this, we should understand the initial cell adhesion behavior on the 
materials. The first phase of cell-material interactions is protein adsorption and after that cells start to attach, 
adhere and spread on the protein adsorption layer. Therefore, analyses of these processes continuously will 
provide novel knowledge for understanding cell-materials interaction. The aim of this study is the monitoring 
these processes on various surfaces in real time using quartz crystal microbalance with dissipation (QCM-D). 
QCM-D is one of the analytical tools for evaluating the adhesive strength, which is an index of the interaction 
between cell and materials and is characterized by real time monitoring .

The purpose of this study is analyzing adhesive strength of cells on the micro-patterned surfaces via the QCM-D, 
the cell-material interaction, measured as adhesive strength, can be analyzed for different conditions where the 
cell-cell distance is controlled. As for surfaces, polymer brush surfaces were prepared by surface-initiated atom 
transfer radical polymerization (SI-ATRP). The SI-ATRP is an excellent technique for preparing a 
nanometer-scaled and organized surfaces and control in the thicknesses of the polymer layer. 

Firstly, 2-methacryloyloxyethyl phosphorylcholine polymer brush (PMPC), which is suppressed protein/cell 
adhesion [2] is prepared on Au substrate of QCM-D sensor. Then a vacuum ultraviolet ray (VUV) irradiates the 
PMPC to prepare cell-adhesive micro-patterned area.  We design the 2 types of photo-mask. Photo-mask 1 has 
non-cell adhesive gap of 50 m, and photo-mask 2 has non-cell adhesive gap of 100 m. The cell adhesive area of 
two photo-masks has the same of 50 m. The cell micro-patterning preparing from the photo-mask 1 denotes as 
50 m narrow-gap, and it preparing from the photo-mask 2 denotes as 100 m wide-gap, respectively. Finally, 
the cell-to-material interaction is evaluated by looking at the Df plots (plots of the frequency difference ( f) vs.
dissipation difference ( D)) of QCM-D. The real time monitoring QCM-D system with microscope was 
developed by our group and the dynamic observation of cell adhesion behavior on the micro-patterned area can be 
evaluated by use of this system. The Df plots of 50 m narrow-gap has three different slops, first slop is protein 
adsorption, and second slope represents cell adhesion on the Au surface, and negative slope of the third slope 
supposes the cytoskeletal alteration or hardness change of cell membrane. The D indicates a material 
viscoelasticity change on the sensor, so negative slope represents that the cell membrane/cytoskeleton becomes 
hard. The Df plots of 100 m wide-gap was completely different to that of 50 m wide-gap even though the cell 
adhesion density and morphology are quite similar. It means that the cells are softly adhered on the protein 
adsorption layer in case where the distance of cell-to-cell is wide. 

In conclusion, the cell-material interaction as indicating the cell adhesion strength is strongly affects on the 
cell-cell distance. In future study, we will evaluate the cell function on different micro-patterning precisely 
considering the signal transport in gap spacing.  
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PEG-b-PAMA/Aptamer Co-Immobilized Surface for High Efficacy of Immunoassay System
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A protein detection system using a label-free immunosensor array is convenient method for an 
immunoassay.  Quarts crystal microbalance (QCM) and surface plasmon resonance (SPR) sensor are well 
known as label-free immunosensor systems.  Surface acoustic wave (SAW) sensor is an attractive analytical 
system to detect difference of oscillations on gold surfaces.  The SAW sensor is based on a wave delay 
(phase change) of surface acoustic wave on gold sensor chip, which is monitored by the corresponding 
physical quantity being measured such as adsorbed proteins.  Though the SAW sensor is theoretically high 
sensitivity, the sensor chip surface must be properly designed to obtain anticipated high-performance.  We 
have so far investigated orientation of oligonucleotides coupled with PEG-polyamine block copolymer on 
gold sensor surface1. In this research, we introduce this strategy to SAW sensor using thrombin binding 
aptamer (TBA), viz., construction of PEG/TBA surface on SAW sensor chip and its evaluation were 
performed.

Poly(ethylene glycol)-block-poly[(2-N,N-dimethylamino)ethyl methacrylate] (PEG-b-PAMA), was 
synthesized by anionic polymerization2.  The obtained PEG-b-PAMA was used for surface modification.  
The polyamine segment interacts with a gold surface via multipoint coordination by the tertiary amino groups, 
which helps attraction and orientation of the TBA on the surface.  In the evaluation, thrombin from human 
plasma (Sigma T6884) and elastase from porcine pancreas (Sigma E0127) were used as target protein and 
control protein, respectively.  Briefly, 0.05 mg/ml PEG-b-PAMA in PBS was applied onto a gold surface, 
followed by the modification of TBA in PBS via Au-S bond.  To evaluate the performance, thrombin or 
elastase in PBS was applied onto the PEG-b-PAMA/TBA co-immobilized gold surface.  The concentration of 
a series of protein solution were 5, 50, 500, 1000, 2000 nM.  Each application of a solution was followed by 
a PBS rinse. OJ9 (SAW sensor) was used in this experiment.

After construction of PEG/TBA hybrid surface, the performance was evaluated using two different 
proteins, thrombin and elastase.  When 50 nM of thrombin was applied, small but definite signal was 
observed by the SAW sensor, while elastase was not, indicating the constructed surface worked well.  Note 
that significant non-specific adsorption was observed without PEG-b-PAMA modification.  For example, 
when 2000 nM of elastase was applied to the hybrid SAW sensor surface without PEG (TBA), about 10.6° of 
change in the phase was observed, while it was 3.3° for the hybrid SAW sensor surface (PEG/TBA).  The 
selectivity ratio of change in the phase between thrombin and elastase (T/E ratio) was improved from 3.2 to 
6.0 by modifying PEG-b-PAMA.  The SAW sensor is confirmed as biosensing tool by appropriate surface 
modification using PEG-b-PAMA coupled with TBA.

1 Yoshimoto, et al., Chem. Lett 36, 1444-1445 (2007)
2 Wakebayashi, et al., Biomacromolecules 5, 2128-2136 (2004)
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PNIPAAm-g-DNA PNIPAAm/DNA
PNIPAAm-b-DNA
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PNIPAAm-g-DNA

X SAXS PNIPAAm-g-DNA
4 DNA 9 0.08—0.34 mol%

2.5 4.1 10-5 g/mol 1
LCST PNIPAAm DNA

DNA
DNA

2
DNA

Nagg

DNA

DNA

Baxter

DNA

DNA

DNA

Code Rh (nm) Rg
b (nm) Rg/Rh Nagg

b

ss-0.08 39.1 29.4 0.75 142

ss-0.20 33.0 24.3 0.74 81

ss-0.26 26.0 17.3 0.67 57

ss-0.34 23.1 12.0 0.52 22

ds-0.08 37.2 23.9 0.64 103

ds-0.20 33.1 20.3 0.61 69

ds-0.26 24.3 14.4 0.59 42

ds-0.34 18.9 11.8 0.62 19

Table 1 Hydrodynamic radius, radius of 
gyration, and micelle aggregation number a

a The values in10 mM PB (pH 7.4) containing 0.1 M NaNO3

at 40 ˚C.
b Rg and Nagg are estimated from the best-fit parameters in 
Guinier analysis����



PNIPAAm-block-DNA

PNIPAAm-b-DNA
9 15 DNA

PNIPAAm-g-DNA
1 SAXS

PNIPAAm

Code Rin (nm) Lshell (nm) Rout (nm) Δρshell / Δρcore
ΓDNA

b

(strands/nm2)

ss-0.08 27.2 4.0 31.2 0.40 0.043

ss-0.20 21.9 3.9 25.8 0.53 0.072

ss-0.26 13.9 4.8 18.7 0.33 0.17

ss-0.34 12.7 4.8 17.6 0.05 0.077

ds-0.08 22.4 2.5 24.9 0.51 0.046

ds-0.20 19.5 2.3 21.8 0.68 0.069

ds-0.26 13.9 2.8 16.7 0.40 0.12

ds-0.34 11.6 3.5 15.1 0.10 0.16

Codea Rg

(nm) Nagg
Rcore

(nm)
Lshell

(nm)
ρcore

(g cm-3)

1P151-1ssD9 13.5 101 13.8 4.4 0.26

1P280-1ssD9 17.2 137 16.8 4.4 0.36

1P399-1ssD9 20.4 187 20.8 4.3 0.37

1P399-1ssD15 21.2 76 19.1 6.8 0.19

3P119-1ssD9 8.6 21 6.7 3.2 0.38

3P252-1ssD9 11.1 67 10.4 3.7 0.67

3P370-1ssD9 16.2 126 15.1 3.8 0.61

3P370-1ssD15 15.7 52 11.0 6.3 0.65

Figure 1 SAXS profiles of linear and miktoarm star 
PNIPAAm-b-ssDNA conjugates in 10mM PB (pH 7.4) at 
60 °C. The concentration of conjugate was 2.0 g/L. For 
clarity, the data are shifted vertically with an increment 
factor. The solid lines indicate the fitting curve. The 
arrows indicate the positions of the form factor minima.
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Table 3 Structural characteristics of micelles 
formed from PNIPAAm-b-ssDNA conjugatesa

a The values in 10 mM PB (pH 7.4) at 60 ˚C.

Table 2 Structural parameters for PNIPAAm-g-DNA colloidal particles a

a The values in 10 mM PB (pH 7.4) containing 0.1 M NaNO3 at 40 ˚C.
bΓDNA is the number of DNA strand per surface area of core particle (4πRin

2).  Note that the values are 
calculated on the basis of DNA graft number per copolymer chain, Nagg, and Rin, irrespective of 
hybridization.
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Elucidation and application of sequence-specific phenomena of DNA-grafted nanoparticles
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We have designed and constructed colloidal nanoparticles functionalized with DNA through 
self-assembly of poly(N-isopropylacrylamide) (PNIPAAm)-graft-DNA copolymers.  The nanoparticles aggregate 
upon hybridization of surface-anchored DNA with full-match complementary DNA at high salt concentrations, 
while the colloidal dispersion of the nanoparticle is stable for hybridization with single-base mismatched one.  The 
reason of this stability, however, still remains unknown.  This research group aims to design well-defined DNA 
conjugated polymers, and clarify the origin of the colloidal stability responding to base pair at the distal end of 
DNA.  Furthermore, we will develop a new nano-biodevice by taking advantage of the peculiar properties.  In 
this year, we examined the micellization of PNIPAAm-g-DNA, and its non-crosslinking aggregation by small angle 
X-ray scattering (SAXS). In addition, we continued to synthesize the novel PNIPAAm/DNA bioconjugates with 
various molecular lengths and architectures, i.e., PNIPAAm/DNA diblock and star-shaped copolymers, via living 
radical polymerization such as atom transfer radical polymerization (ATRP), and characterize them.

Using synchrotron radiation SAXS, detailed structural insights of PNIPAAm-g-DNA colloidal particles
has been provided, leading to a better understanding of the interparticle aggregation mechanism. With increasing 
DNA fraction, the core size significantly decreased, whereas the shell thickness little changed.  The thickness of 
coronal layer was also found to be close to the theoretical length of DNA, and reduced slightly on hybridization 
with its complementary DNA.  These facts indicated that the coronal layer consists of mainly DNA component, 
which is a brush-like structure, surrounding the core formed by hydrophobic PNIPAAm segments. The colloidal 
particles with dsDNA aggregated at a high salt concentration. The SAXS analysis of the aggregated particles 
suggested that the colloidal particles overlap each other while the coronal layers interpenetrating.  The interactive 
forces between neighboring particles were also quantified.  It was found out that the attraction between the 
particles depends on the particle size without the influence of the graft density of DNA on the particles.

Furthermore, we have systematically investigated the micellization, and internal micelle structure of 
thermoresponsive PNIPAAm-b-DNA conjugates with different compositions and chain architectures generated by
ATRP and click chemistry. With the PNIPAAm content in conjugates increased, their LCST decreased and ΔH
increased. The conjugates formed a well-defined core-shell type micelle with a very narrow distribution in size 
above LCST. The effects of compositions and chain architectures on the internal structure of PNIPAAm-b-DNA
micelles were clarified.  Both the linear and miktoarm star-shaped conjugates self-assembled into well-defined 
core-shell type nanoparticles having a core composed of PNIPAAm and a coronal layer of DNA. The structural 
parameters of core size, Rcore, and aggregation number, Nagg, for the micelles formed from the linear 
PNIPAAm-b-ssDNA conjugates increased with the length of PNIPAAm block. The micelles formed from the 
miktoarm star conjugates had smaller size, larger density, ρcore, and smaller Nagg, as compared to their linear 
analogues with the similar composition. The increase of ssDNA length brought about the increase of particle size,
whereas Nagg decreased. The hybridization of DNA on the nanoparticles with fully-complementary one induced a 
non-crosslinking aggregation, while the nanoparticles remained disperse upon hybridization with one-base mutant 
DNA. The nanoparticle composed of miktoarm star copolymer showed a quicker DNA-hybridization response in 
this non-crosslinking aggregation compared to that of linear analogue.����
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Design of Semiconductor/Biology Nano-Interface for Development of Genetic Transistor
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Field effect transistor (FET) based technique provides an attractive detection platform, in which 

intrinsic molecular charges immobilized onto the FET gate surface can be transduced into electrical 

signals.  Any molecular events involving charge density changes, by arranging them onto the gates 

surface, can directly be detected as a mode of modified characteristics of the FET as a result 

of electrostatic interactions between intrinsic molecular charges and the 

thin-insulator-segregated silicon electrons.

The major shortcoming of the technique derives from its susceptibility to counterions.  In other 

words, FET-based charge detection is inherently permitted only within a short distance of the 

electrical double layer or “Debye length”, which could range up to several nanometers at most 

with minimized environmental ionic strength, causing an upper-limit of the molecular weight for 

which quantitative charge detection can be feasibly performed.  

We pursue exploitation of a stimulus responsive polymer gel enabling a FET-based, but nonetheless 

virtually “Debye length-free” universal molecular detection.  The FET gate has been modified 

with a stimulus responsive polymer gel that is called “smart gel”.  As a key property of the 

volume phase transition of the smart gels, the property changes commencing from the gel/outer 

aqueous media interface can geometrically propagate across a macroscopic thickness of the gel 

layer.  

In the course of the study, we found that the FET can also provide a format for visualizing changes 

in permittivity of a material introduced to the gate surface.  Such dual (charge density and 

permittivity) sensitivity was further utilized as a monolithic platform to visualize kinetics 

of multiple elemental reactions involved in a calcium-responsive gel based chemo-mechanical system.  

Noteworthy is that patterns of the electrical response could be actively designed by simply 

modulating the gel dimension.  The technique may offer important insights into more controlled 

ways of design and analysis of chemo-mechanical systems.  Furthermore, oscillatory electrical 

behavior achievable during chemically- or mechanically-unidirectional phenomenon may imply a new 

principle of creating electrically-chemically-mechanically interactive signal transduction 

systems.
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Figure 1 Synthesis of MPC-nBMA-NVFA

1

Zwitterionic telomere brush

Zwitterionic telomer 

brush

2-methacryloyloxyethyl 
phosphorylcholine (MPC) n- (nBMA) N-

(NVFA) ( )

MPC-nBMA-NVF

MPC BMA NVFA

AIBN

1% 80 4

2N

NVFA

GPC

( ) 28000 ����



Table 1 Molecular weight of synthesized polymer 
determined by GPC

Figure 2 Amount of I125-labeled 
antibody against the unmodified and 
modified glass surface 

Figure 3 Observation of cell rolling in microfluid
device on the MPC-BMA-NVF modified surface
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Evaluation and Application of Dynamic Motion on Soft Interface 

Between Immobilized Ligands and Cell Surface
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Some surface molecules of the cells are found as marker molecules for identifying the specific 

stem cells and their differentiation stage. Cellular transportation and homing is induced by the 

interaction between the surface molecules and the ligand. Leukocyte cell homing is famous 

phenomenon based on the cell rolling. Circulating leukocyte in the blood vessel is trapped on 

the expressed ligand of endotherial cells, and the cells roll on the surface and accumulate at 

the inflamed site. We focused on this mechanism for the cell separation.  

We have developed the ligand-immobilized surface for stem cell separation. Cell rolling is known 

as dynamic interaction between the cell surface and the immobilized ligands. Rolling velocity 

is controlled by the strength of the interaction between them, and the cells which have a various 

kinds of marker density can be fractionated on the column. Previously, anti CD34 

antibody-immobilized surface on poly(acrylic acid) were used for the cell separation. The 

mesenchymal stem cells isolated from the bone marrow were fractionated on this column, and the 

cell population which has high ability for the osteoblastic differentiation could be isolated. 

When we observed the cell rolling on high-speed camera, absorption of cells on the modified surface 

was frequently observed. This phenomenon would interrupt the continuous cell rolling and lead 

to a reduction of the separation ability. In the previous study, zwitterionic telomer brush surface 

have been developed for cell sparation. Inner surface of the glass capillary was modified with 

sulfopropyl betaine by ATRP reaction, and cell behaviors were observed. Cell rolling was observed 

only in the case of antibody-immobilized glass capillary. Non-specific absorption of cells was

scarcely observed. These results suggested that the telomer brush surface has attractive property 

for cell rolling column. In this year, random copolymers consisting of 2-methacryloyloxyethyl 

phosphorylcholine (MPC), butyl methacrylate, and N-vinyl formamide were synthesized for the 

surface modification. Surface modification with the copolymers and protein absorption on the glass 

were evaluated by x-ray photoelectron spectroscopy, contact angle measurement, and RI-labeled 

antibody adsorption analysis. Glass was washed with VU/ozone and immersed in a given concentration 

of the polymer solution. As the results, contact angle was largely changed and protein absorption

was effectively suppressed. It was also found that 8 mg/m2 antibody was immobilized on the glass 

surface very easily and stably. Cell rolling was evaluated by microscopy equipped with high-speed 

camera. When the stem cells isolated from bone marrow were injected into the microfluidic channel, 

the cells rolled on the surface in an antibody specific manner. Moreover, the adherent cells were 

scarcely observed. By developing this block copolymers, various stem cell separating devised made 

of various type of matrices can be easily modified with the antibodies. ����
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Development of dynamic interfaces obtained through the spontaneous formation of 
polymer self-assemblies in aqueous media

Akihiro KISHIMURA

Graduate School of Engineering, The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo, 113-8656, Japan.
Tel: +81-3-5841-7109, Fax: +81-3-5841-7139, E-mail: kishimura@bmw.t.u-tokyo.ac.jp 

Recently, there has been an increase in the number of studies devoted to the rational design of 
nanostructured materials in aqueous media particularly due to their potential utility for biomedical applications. 
Above all, block copolymers are one of powerful tools to produce biomedical nanomaterials using bottom-up 
techniques, because their structures and properties can be tuned and modified easily. However, more improvements 
have been required in terms of easy, low-cost, and non-toxic fabrication process. To overcome these issues, we 
have so far developed novel polyion complex (PIC) nano-architectures prepared by simple mixing of aqueous 
solutions of oppositely charged water-soluble polymers, mainly, block copolymers consisting of biocompatible 
poly(ethylene glycol) (PEG) and poly(amino acid)s. Recently, we established the preparation method of 
monodispersed unilamellar vesicles, Nano-PICsomes, which are characterized by facile tuning of vesicle diameters 
over the range between 100–400 nm. This year, we found that different nano-architectures of PICs including 
micelles, rod-like micelles, vesicles, porous structures can be selectively prepared in aqueous medium containing 
150 mM NaCl by simple mixing of a set of oppositely charged block copolymers and homo polymers. Careful 
tuning of PIC compositions reveals that decrease in PEG weight fraction (fPEG) leads to the formation of more 
complex structures like bicontinuous porous structures, while micelles and vesicles forms in higher fPEG region. 
Variation in polymer concentration did not affect the morphology of PICs at high and low fPEG. However, in the 
case of the middle fPEG region, 8.83%-9.95%, resulted PICs are sensitive to polymer concentration. The facile 
synthesis of nano-porous architectures covered by PEG palisade is potentially useful for biomaterials or 
non-fouling materials.

Only one example of Nano-PICsomes has been so far reported, which prepared from a specific set of 
homo polycatiomers and anionic block copolymers bearing PEG as a non-charged segment. To expand the design 
scope of chemical structures for vesicle formation and figure out the basic principle of PIC vesicle formation,
effects of chemical structures and chain length of ionic segments on morphologies of resulted PICs were carefully 
examined. Homocatiomer weight fraction (fcat) and fPEG were carefully controlled by chemical structure of side 
chains and length of ionic segments. Transmission electron microscope and dynamic light scattering analysis 
revealed that polymer combinations having higher fcat with relatively lower fPEG resulted in the formation of 
Nano-PICsomes. In contrast, polymer combinations having higher fPEG with relatively lower fcat gave 
monodispersed spherical micelles. In other cases, formation of mixture of rod-like and spherical micelles was found.
These insights can broaden the spectrum of Nano-PICsomes design, as well as other types of PICs design, for 
diverse applications.

In collaboration with Dr. Oana from U. Tokyo, a novel approach for preparation of giant unilamellar 
PICsomes were developed utilizing the unique response of coacervate-like PICs to the change of additive salt 
concentration. The microfluidic device consisting of a main channel bearing some side-pockets were designed for 
facilitating the preparation process in aqueous medium and real-time observation of morphological transformation 
of PIC micro-particles. Furthermore, detailed properties of PIC vesicle were investigated with the microfluidic 
chamber regarding salt-response property, loading guest molecules, and permeability of vesicle walls. Thus, helpful
information toward mass-production of PIC vesicles/micro-structures and fabrication of guest-loaded PIC vesicles 
is obtained. Such a microfluidic chambers that can control solution conditions with keeping targeted objects under 
the view field of the optical microscope is useful and powerful for micro-scale experiments.����
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Construction of Intelligent Soft Interface by Utilizing 

Programmed 2D Self-Assembly of DNA Strands

Akinori Kuzuya

Dept. of Chemistry and Materials Engineering, Kansai University

3-3-35 Yamate, Suita, Osaka 564-8680, JAPAN

Tel.:06-6368-0829, Fax:06-6368-0829, E-mail: kuzuya@kansai-u.ac.jp

A new waffle-like DNA origami assembly with nine nanometer-scale wells in 3x3 matrix 

pattern has been successfully constructed and used as a scaffold for the patterning of nanomaterial. 

The size of the wells can be independently tuned according to the guest nanoparticle such as a 

protein molecule. We demonstrated that two distinct proteins, streptavidin (SA) tetramer (d = 

5 nm) and anti-fluorescein antibody (IgG) (inter-paratope distance; ca. 14.0 nm), were selectively 

captured on the size-variable wells, 6.8×12×2.0 nm well for SA and 6.8×12×2.0 nm or 

10.2×12×2.0 nm well for IgG respectively, through the attachment of two biotins or two 

fluorescein molecules at the two edges of each well. This allowed formation of heterogeneous 

protein nanoarray of individual molecules. The position of SA or IgG capture can be fully controlled 

by placement of biotins or fluorescein in the nanoarray well. Moreover, construction of two kinds 

of enzyme hetero-nanoarray of horseradish peroxidase–labeled streptavidin (HRP-SA) and alkaline 

phosphatase-labeled anti-FITC antibody (AP-IgG) through selective attachment of biotin or 

fluorescein in any desired wells of such punched origami motifs is also successfully achieved. 

Construction of two-enzyme heteroarray was confirmed by the enzymatic activity analyses after 

purification of enzyme/DNA origami mixture.
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Development of Functional Micelles Formed from Cyclic Amphiphilic Block Copolymers

Takuya Yamamoto

Department of Organic and Polymeric Materials, Tokyo Institute of Technology

O-okayama, Meguro-ku, Tokyo 152-8552, JAPAN

Tel: +81-3-5734-2438, Fax: +81-3-5734-2876, E-mail: yamamoto.t.ay@m.titech.ac.jp

Cyclic polymers are gaining growing interests because they are distinctive from linear 

and branched counterparts by the absence of chain ends, and their unique properties often rely 

on the particular topologies. Furthermore, cyclic block copolymers constructed by the combination 

of incompatible segments provide novel properties and functions by self-assembly causing the 

"amplification" of topology effects.

We have developed an effective homo-unimolecular cyclization process by the ring-closing 

metathesis (RCM) of a symmetric telechelics having olefinic groups, which can be conveniently 

obtainable through the end-capping reaction of a variety of living polymers. By conjunction with 

ATRP, the quantitative conversion of the bromo end groups into allyl functionalities on 

poly(acrylate)s was achieved by a reaction with allyltributylstannane (Keck allylation). The 

allyl-telechelics were then subjected to RCM under dilution to produce an amphiphilic cyclic 

diblock copolymer, poly(butyl acrylate)-b-poly(ethylene oxide), effectively. Surprisingly, a 

micelle formed from the obtained cyclic amphiphile exhibits a significantly enhanced thermal 

stability in comparison with one from the linear counterpart. This finding is regarded as the 

first example of an amplified topology effect of a synthetic cyclic polymer upon self-assembly.

In order to promote further studies on the subject, the ATRP–RCM polymer cyclization process was 

to be modified to provide a variety of cyclic block copolymers having the programmed combination 

of segment components with narrow PDIs. In particular, amphiphilic block copolymers comprised 

of polystyrene components are important because self-assembled structures by linear PS-b-PEO 

copolymers have been extensively studied to show the formation of micelles, vesicles, and further 

complex aggregates. Therefore, relevant cyclic PS-b-PEO counterparts should provide unique 

opportunities to reveal novel topology effects upon self-assembly. However, our preliminary 

attempts by Keck allylation for the quantitative conversion of the bromobenzyl end groups of 

ATRP-based polystyrene into allyl groups were unsuccessful contrary to the case with bromoester 

end groups. Thus, we showed an alternative allylation process for the ATRP-based polystyrene 

precursor and the subsequent effective synthesis of cyclic PS-b-PEO copolymers.

A novel amphiphilic block copolymer, cyclic polystyrene-b-poly(ethylene oxide) (cyclic 

PS-b-PEO), was synthesized via ATRP followed by RCM. Thus, bromobenzyl-terminated PS-b-PEO-b-PS

was first prepared by ATRP of styrene using a PEO macroinitiator having 2-bromoisobutyryl groups.

The subsequent end-group conversion into allyl functionalities was quantitatively performed with 

allyltrimethylsilane (ATMS) in the presence of TiCl4. The obtained allyl-telechelic triblock 

copolymer PS-b-PEO-b-PS was subjected to cyclization by intramolecular metathesis with a Grubbs 

catalyst 2nd generation to produce amphiphilic cyclic PS-b-PEO.

Furthermore, linear amphiphilic poly(butyl acrylate)-b-poly(ethylene 

oxide)-b-poly(butyl acrylate) and corresponding cyclic poly(butyl acrylate)-b-poly(ethylene 

oxide) were synthesized, and hydrogels (L-gel, C-gel) were formed in the presence of a fluorescein 

sodium salt (FSS). The release of FSS from C-gel was remarkably suppressed in comparison with 

that of L-gel. ����
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Title: Control of membrane line tension and design of functional surface
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Masahiro TAKAGI and Tsutomu HAMADA

(Introduction) It is important to understand the physical mechanisms that govern the dynamic 

motions and properties of cell plasma membranes. Liposome or phospholipid vesicles, are 

self-assembled colloidal particles and also a kind of soft surface. Liposomes resemble actual 

cell membranes in their structure and composition. Generally, liposomes with about 100nm in

diameter have been used. However in that case, only indirect methods can be used for their 

characterization. Therefore, studies about membrane transformation can not be performed. On 

the other hand, giant vesicles with a diameter about 

and real-time microscopic observations. Thus, recently, many studies using giant vesicles 

have been conducted to analyze the stable membrane structure and/or its changes upon exposure 

to external stimuli. We succeeded in controlling the membrane to give sphere, cup, bowl, and 

disc shapes, by the photo-switching of membrane line tension using KAON12. Light is an 

efficient tool for manipulating soft matter. We investigated the mechanism behind these

interesting and dynamic membrane morphological changes.

(Materials and Methods) Photo-responsive membranes were prepared by the natural swelling method 

from dry lipid films. Lipid mixtures of KAON12 (reversible cis to trans photosensitive lipid)and 

DOPC dissolved in methanol/chloroform along with rho-PE in a glass test tube were dried under 

vacuum for 3 h to form thin lipid films. The films were then hydrated overnight with 10mM Tris-HCl 

(pH 7.4) at 37 . The final concentration was 0.4 mM of lipids (KAON12/DOPC) and 1mol% rho-PE.

We observed changes in membrane morphology with a fluorescent microscope. Radii were measured 

to analyze membrane fluctuation.

(Results and Discussion) The fluctuation of an edge line is related to the line energy of the 

membrane, because the line energy is proportional to the length of the exposed edge. We analyzed 

fluctuation of membrane from trans membrane and cis membrane on the cover glass. The disc membrane 

showed a marked difference in membrane edge fluctuation between isomers. Fluctuation of the 

trans-membrane edge was greater than that of cis-membrane edge, indicating that

photo-isomerization caused switching of the interfacial line tension of membranes. The calculated 

line tension of trans membranes( = 9.6×10-4[pN]) was smaller than that of cis membranes 

= 1.8×10-2[pN] .

We also examined size dependency of membrane shape transition. Through comparison between

the bending energy and line energy of membranes with different sizes, we concluded that small 

membranes tend to show a disc structure, whereas large membranes have a spherical shape.

We investigated controllable membrane structures, such as closing and opening of vesicles. 

Analysis about membrane fluctuation revealed that photo-isomerization caused switching of the 

interfacial line tension of membranes. We found that electrostatic interaction plays an important 

role in the formation of a disc structure. The dependency on membrane sizes can explained in terms 

of free energy of the membranes. 

These results should lead to a better understanding of the mechanism of mesoscopic 

structures of self-assembled membranes, and may contribute wider application, such as 

drug-delivery systems.

Design of molecules for self-assembled mesoscopic structures with specific functions is 

an important and interesting challenge that spans across disciplines such as nanosciences. A closed 

lipid membrane is a good example of a self-assembled mesostructure. In this study, we developed 

controllable membrane formation by making a subtle change at the molecular level.����
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Fig. 1 Segregation between actin and 
DNA in a cell-sized sphere covered by 
phospholipid, as observed by 
fluorescence microscopy.
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1. Introduction 

All of the living cells maintain their lives by using closed membranes with phospholipids, ranging 

-sized confinement, many studies 

have been performed to abstract the essential feature of living cells. However, it has been rather 

difficult to evaluate the confinement effect in a quantitative manner, due to the technical 

difficulties of encapsulating desired amounts of proteins, DNA and substrates within a size-sized 

space. In the present paper, we will describe recent advancement toward the understanding of 

physical and biological necessarily on the cell-sized space for the lives on the earth. 

2. Specific localization of genomic DNA accompanied by its 

structural transition

Fig. 1 exemplifies the segregation between DNA and actin in 

a crowded environment on the scale of living cells. We 

observe these proteins in an aqueous sphere covered by 

phospholipid membrane. It is found that DNA molecules are 

depressed onto the membrane surface by keeping elongated 

conformation.  It has also become clear that, by the change 

of the environmental factor such as concentration of 

magnesium ion, genomic DNA exhibits discrete conformational 

transition from compact state onto an elongated conformation

accompanied by its localization at the membrane interface. 

Interestingly, all-or-none switching of the transcriptional 

activity is generated through the above mentioned transition

of the conformation and the localization. 

3. Acceleration of protein synthesis in smaller environment1

We have examined the effect of confinement on the efficiency 

of gene expression, by adapting aqueous droplets with the 

diameter of 100-10 m coated by phospholipid in an oil phase. 

We monitored the GFP concentration produced through gene 

expression inside the droplets. It is found that the concentration of synthesized GFP is larger 

in smaller droplets. From systematic studies, we have confirmed that the rate of the GFP synthesis 

is inversely proportional to the diameter of the droplets.  

4. Real-world modeling of living cell 

We will discuss the future extension on the studies of cell-sized microspheres, i.e., 

micro-droplets and giant liposomes. It will be stressed that these micro-spheres serve as good 

model to understand the intrinsic features of living cells. ����
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Functional Magnetic Nanoparticles with Softinterfaces
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Magnetic nanoparticles (NPs) are of interest not only for their unique properties, but also 

for their possible applications in various fields such as data storage devices, catalyst materials, 

and biomedical materials. In biomedical and biotechnology applications, magnetic NPs have 

attracted many researchers because they display promising characteristics in terms of handling 

and manipulation by an external magnetic force. In particular, several magnetic materials have 

been used in biomedical research, such as magnetic resonance imaging, hyperthermia, bacterial 

detection, toxic decorporation, and drug delivery. However, almost all magnetic materials used 

in biomedical research are actually superparamagnetic materials.  Although higher performance 

for these applications are expected by using stable ferromagnetic NPs with bio-medical functions, 

so far, it has been difficult to synthesize them.  Furthermore, to be useful for applications 

in biomedical research, the NPs should have water-soluble properties. On the other hand, we have 

reported the observation of photo-tunable properties for ferromagnetic L1o FePt NPs at room 

temperature by the surface modification of photo-responsive molecules on NPs. This opens the 

possibility of carrying out additional surface modifications using appropriate molecules to make 

them water-dispersible and hence useful for application to biomedical research. Then, our 

motivation here is to modify the surface of magnetic NPs with organic functional groups.  

Ferromagnetic L1o FePt Nanoparticles Using Biotin-Avidin as Biomolecular Recognition Probes

Biotin moieties will improve the biocompatibility of magnetic NPs in an aqueous environment. 

One remarkable property of biotin compounds is their strong and site-specific interaction with 

avidin. Avidin is a protein molecule that binds very tightly to the small water-soluble molecule 

biotin (Ka = 1015). The specificity of biotin binding to avidin provides the basis for developing 

a bioassay system to detect or quantify analytes. Furthermore, the capability of both avidin and 

biotin to effectively conjugate to other proteins or various detection reagents without loss of 

their binding affinity is an important key that can be used in biomolecular recognition.

Here, water-dispersible 

biotin-modified biofunctional 

ferromagnetic L1o FePt nanoparticles (NPs) 

have been synthesized by using a silica 

nano-reactor strategy. The coercivity 

field of the NPs was 16 kOe at room 

temperature, with a particle size of around 

5.19 nm. Biotin-coated L1o FePt NPs were 

biocompatible in an aqueous environment and 

show site-specific interactions with 

avidin compounds that could potentially 

yield a new magnetic material for 

biological applications, such as for 

biomolecular recognition.
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pH-Responsive Aqueous Foams Stabilized by Hairy Latex Particles
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It has been known that finely divided 
particles can stabilize liquid foams by
adsorbing to gas-liquid interfaces. The 
adsorption of particles at an air-water 
interface is critically dependent on the 
hydrophobicity of the particle, which can 
be quantified by the contact angle, 
(measured through aqueous phase). The 
angle increases with an increase of the 
hydrophobicity of the particle. The energy 

, required to remove a spherical 
particle from an air-water interface is at a 
maximum when = 90 . For the 
submicrometer-diameter particles used in the present study, is several orders of magnitude greater than the 
thermal energy. Therefore, the particles are in effect irreversibly bound, in marked contrast to surfactant molecules 
that adsorb and desorb reversibly, and foams stabilized by particles of appropriate wettability at the air-water 
interface exhibit excellent long-term stability. On the other hand, the adsorption energy of particles at air-water 
interface with a contact angle near 0 is so low that the particles cannot form stable foams and aqueous particle 
dispersions are obtained.
Based on the findings shown above, we aimed to construct particulate foam systems, whose stability can be
controlled by external stimuli, such as pH and temperature. In order to accomplish such foam systems, latex 
particles carrying soft stimuli-responsive hair on their surfaces were utilized as foam stabilizer. Here, 
hydrophobicity of the particle surface can be controlled by external stimuli. The contact angle of the particles and 
consequently the energy required to remove particles from the air-water interface is modified in this way, leading to 
desorption. Thus, external stimuli led to the complete defoamation of air-in-water foams when using 
stimuli-responsive particulate foam stabilizers. 
In the first year of this project, we synthesized polystyrene (PS) latex particles carrying pH-responsive 
poly[2-(diethylamino)ethyl methacrylate] (PDEA) hair with narrow molecular distribution (Mw/Mn < 1.2) 
(PDEA-PS particles) as a model particulate foam stabilizer, and evaluate their ability as a pH-responsive particulate 
foam stabilizer and acid-induced defoaming agent (Scheme 1). Submicrometer-sized PDEA-PS particles were 
successfully synthesized by dispersion polymerization and it was confirmed that the number-average particle 
diameter and coefficient of variation were 413 nm and 14.1%, respectively. Elemental microanalysis indicated 
that the percentage mass of PDEA loading in the PDEA-PS particles was 2.78%. The aqueous electrophoresis and 
wet atomic force microscopy studies indicated that PDEA hair on the latex surface showed pH-responsive 
characters. The characterizations of the PDEA-PS particles were conducted with the aid of Prof. S. Yusa (Hyogo 
U.). The performance of PDEA-PS latex particles as a pH-dependent and pH-responsive particulate foam 
stabilizer was evaluated. The PDEA-PS particles can stabilize aqueous foams for at least 1 month, at and above pH 
8.0, whereas no foam was formed at and below pH 5.1 where the particles are colloidally stable and positively 
charged. At pH 6.1 and 7.1, relatively stable foams can be prepared that survive for at least 24 h. The critical 
minimum pH required for stable particle-stabilized foams correlates closely with the pKa value of 7.6 for PDEA 
chains. The particle-stabilized foams were stable and retained their three-dimensional structure even after drying. 
SEM examination of the dried foams suggested that flocculated PDEA-PS particles were adsorbed at the air-water 
interface for the foam prepared at pH 9.0. For the foam prepared at pH 6.1, well-defined particle bilayers were 
observed, which indicates the bubbles were stabilized with PDEA-PS particle monolayers adsorbed at the air-water 
interface.  Defoaming can be simply achieved by decreasing the pH of the system after foamation. 

Air

Air

Air

Water

Water

Air

+
+

+

+

++

+++
+
+

+ + +
+++

+
+

+ + +

+++
+
+

+ + +

+++
+
+

+ + +

PSPS

Hydrophilic
protonated
PDEA hair

Air-philic
non-protonated

PDEA hair

H+

OH-

Stable particulate foamAqueous dispersion of 
PDEA60-PS particles

Scheme 1 Application of PS particles carrying PDEA hair as a 
pH-responsive particulate foam stabilizer.

����



1) H. Hamasaki, N. Fukui, S. Fujii, S. Yusa, Y. Nakamura “Sterically stabilized polypyrrole-palladium 
nanocomposite particles synthesized by aqueous chemical oxidative dispersion polymerization” 
Colloid and Polymer Science (2012) DOI: 10.1007/s00396-012-2646-6

2) S. Fujii, K. Aono, M. Suzaki, S. Hamasaki, S. Yusa, Y. Nakamura “pH-Responsive hairy particles synthesized 
by dispersion polymerization with a macroinitiator as an inistab and their use as a gas-sensitive liquid marble 
stabilizer” Macromolecules 45 (6), 2863–2873 (2012)

3) S. Fujii, M. Mochizuki, K. Aono, S. Hamasaki, R. Murakami, Y. Nakamura “pH-Responsive aqueous foams 
stabilized by hairy latex particles” Langmuir 27(21), 12902-12909 (2011)

4) S. Fujii, M. Suzaki, S. P. Armes, D. Dupin, S. Hamasaki, K. Aono, Y. Nakamura “Liquid marbles prepared from 
pH-responsive sterically-stabilized latex particles” Langmuir 27(13), 8067-8074 (2011)

5) S. Fujii, M. Suzaki, Y. Kakigi, K. Aono, S. Yusa, Y. Nakamura, “Dispersion polymerization using 
hydroxy-functional macroazoinitiators as an inistab” 
Journal of Polymer Science Part A: Polymer Chemistry 49(7), 1633-1643 (2011)

6) M. Ito, R. Enomoto, K. Osawa, Y. Daiko, T. Yazawa, S. Fujii, Y. Yokoyama, Y. Miyanari, Y. Nakamura, A. Nakao, 
Y. Iwasaki, S. Yusa "pH-Responsive flocculation and dispersion behavior of Janus particles in water" 
Polymer Journal 44, 181-188 (2012)

1) 3 “ ”

2) “ ”
47(2), 67-76 (2011)

3) “ ”
48(2), 90-94 (2011)

1)
( ) 2012/1/19

2)
) 2011/11/30

3)
COE

2011/9/2
4) Aqueous Foams Stabilized by pH-responsive Hairy Latex Particles

12th International Symposium on Biomimetic Materials Processing 2012/1/25
(Nagoya U.), oral

5) -
92 48-

2012/3/25 2012/3/28
6) 

138
2011/12/10

7) 
60

2011/5/25 2011/5/27

“ ”
60 5 311-312 (2011 ����



AFM

QCM

SPR

QCM SPR

AFM Thermococcus kodakarensis KOD1

AFM

2 (CatDA CatDB) 3 (ChBD1 ChBD2 ChBD3) 5

3 ChBD 2 CatD

ChBD

AFM

ChBD1 ChBD2 AFM

N ChBD

AFM

ChBD AFM

FT-IRRAS

0.1M Tris-HCl pH=7.5

AFM

T. kodakarensis KOD1

AFM ����



AFM

AFM

ChBD1

ChBD2 AFM

100

2nN/s

ChBD1 60 pN ChBD2 90 pN

ChBD2

ChBD1 1.5

ChBD1 ChBD2

ChBD2

2nN/s

ChBD2

ChBD2

90 pN

ChBD2

90 pN

ChBD2

ChBD2

Bell-Evance

koff x

koff x ChBD2

ChBD2

(A) (B)ChBD2

2nN/s ChBD2

����



Bioetching of Biodegradable Polymers and Integrations of Functional Materials

Yoshihiro Kikkawa

Electronics and Photonics Research Institute, National Institute of Advanced 

Industrial Science and Technology (AIST)

Tsukuba Central 4, 1-1-1 Higashi, Tsukuba, Ibaraki 305-8562, Japan

Tel: +81-29-861-2955, Fax: +81-29-861-3029, E-mail: y.kikkawa@aist.go.jp

Controlled integrations and arrangements of functional molecular assemblies on a surface 

would provide the effective use of their nanofunctions. In this context, we are trying to develop 

the bioetching technique to fabricate nano-allay structures on a biodegradable polymeric surface, 

and to integrate functional nano-materials in a desired way. As for the accumulation of 

nanomaterials, substrate specificity and binding ability of enzyme is attractive. Therefore, 

analysis of binding force of enzyme is crucial for the realization of such assemblies on a polymeric 

surface through specific binding interaction. In this study, we focused on the chitinase binding 

onto the polysaccharide surface, and studied on the different types of chitin-binding domains 

(ChBD1 and ChBD2) of the multidomain chitinase from a hyperthermophilic archaeon Thermococcus 

kodakarensis KOD1. The interaction forces of individual ChBDs onto chitin surface were measured

by using atomic force microscopy (AFM) in a buffer solution. In addition, the binding force of 

ChBD2 onto chitin ( -1.4 linked N-acetylglucosamine) was compared to that onto cellulose (

-1,4 linked glucose) to further investigate the binding ability of ChBD2.

His-tagged ChBDs immobilized on a AFM tip through chemical modification using the ligand 

containing hexa(ethylene glycol) and nitrilotriacetic acid groups, and the binding forces of ChBDs 

onto chitin surface were determined by AFM force curve measurements in a buffer solution. As for 

the negative control experiment, force curve measurement with AFM tip terminated with NTA groups

were performed, and no significant signal was observed. In contrast, AFM tip functionalized with 

His-tagged ChBD1 or ChBD2 showed the multiple rupture events, and histogram analysis from < 300 

binding forces revealed that the binding forces of ChBD1 and ChBD2 were ca. 60 pN and 90 pN at 

the loading rate of 2 nN/s, respectively. This result suggests that ChBD1 and ChBD2 play different 

roles in binding onto chitin surface.

Subsequently, cellulose was selected as a binding substrate to further study the binding 

ability of ChBD2. AFM force curve measurement revealed that the binding force onto cellulose was 

almost identical to that onto chitin  (ca. 90 pN) at the same loading rate of 2 nN/s. This result 

indicates that the side chain groups of chitin and cellulose have less effect on the binding event 

of ChBD2, and that the hydrophobic interaction between the aligned aromatic residues in the enzyme 

and pyranose rings of polysaccharide is possibly the main interaction of ChBD2 binding onto 

cellulose/chitin surface.

Finally, the loading rate dependency on the binding force of ChBD2 was studied to explore 

the dynamics of the ChBD2 binding by calculating the dissociate rate constant (koff) and effective 

bond length (xb) on the basis of the Bell-Evans model. The koff and xb values for ChBD2 onto chitin 

were almost identical to those onto cellulose. This analysis suggests that the ChBD2 can bind 

onto chitin/cellulose in the similar manner.����
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Surface properties on polymer materials are fundamentally essential point to apply 

versatile biomedical fields.  In particular, polymer materials are capable of incorporation of 

surface property by chemical modification technique in comparison with metal and ceramics.  

Therefore, large number of surface modifications was reported.  The easiest way to modify surface 

property on the polymer materials is polymer coating technique.  Excellent bio- and 

blood-compatibility was reported by using a series of bioinspired polymers composed of 

2-methacryloyloxyethyl phosphorylcholine and n-butyl methacrylate [K. Ishihara et al., J. Biomed. 

Mater. Res., 39, 323 (1998).].  The polymer could improve surface property to reduce non-specific 

protein adsorption and cell adhesion.  However, the polymer coating is not universal technique.  

The time to reach complete surface hydrophilicity is not so fast, it sometimes takes roughly 24 

hours.  Therefore, preconditioning is required to alter the surface wettability, the 

polymer-coated devices require the soaking in the buffer solution or ultrapure water to enhance 

the alteration of surface wettability.  For improvement of hydrophilization, design of MPC monomer 

was examined; for example, flexible segment was incorporated into the phosphorylcholine side chain.  

And the surface wettability was much faster than that of original polymer using MPC monomer.  If 

the surface hydrophilization is achieved spontaneously and much faster than that of conventional 

polymer coating technique, it would be fundamental approach to regulate surface property.  In 

particular, surface property would be regulated by the surrounding condition, showing 

stimuli-responsive function.  

We have reported amorphous poly(trimethylene carbonate) (PTMC) with hydrophilic 

poly(ethylene glycol) monomethyl ether (mPEG).  The resulting mPEG–PTMC provided hydrophilic 

surface after the soaking in ultrapure water.  The time to reach complete hydrophilic surface 

was much faster than that of the conventional polymer coating technique, and the surface enrichment 

of the hydrophilic mPEG segment was well correlated with average molecular weight of the mPEG 

segment.  In the case of high molecular weight of mPEG segment (Mn = 5,000), the surface altered 

much faster in comparison with that of low molecular weight (Mn = 350).  Additionally, the mPEG 

segment-enriched surface allowed to be selectively loading organic dye molecule from the mixture.  

Therefore, the surface enrichment is of great important technique to form fine biointerface.  In 

this project, reflexive surface enrichment is reported in terms of static contact angle measurement.  

The hydrophilic segment was firstly embedded to reduce surface free energy, when the polymer 

membrane was formed by dip coating technique.  After the contacting water such as water droplet 

by static contact angle measurement, the surface enrichment of the hydrophilic segment was achieved.  

The time to reach complete surface enrichment depended on the molecular weight of the hydrophilic 

segment.  The dominant factor of the rearrangement was considered to be hydration effect of the 

hydrophilic segment. After the hydration, the hydrophilic mPEG segment could be free to move 

in the membrane to rearrange the segment, and the driving force would be excluded volume effect.  

The surface enrichment of hydrophilic segment was achieved by using higher molecular weight of 

the mPEG chain.  The dominant factor is considered to be hydration effect of the polymer chain.  

The strategy of the enrichment is quite new approach, and it would be capable of spontaneously 

forming surface modification by moisture sensitive manner.  The surfaces will be applied as fine 

substrate for high–performance diagnosis toward miniature diagnostic devices.����
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Figure 3. Out-of plane XRD profile of multi-layers
transferred at (a) 30 and (b) 5 mNm-1 of 
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    We have newly constructed “multi-particle layered organization 
(Fig.1)” of aromatic polyamides (poly-(N-alkylated benzamides), abbrev.
PABAn n : carbon number of side-chains) having both a rigid main-chain 
and a flexible side-chains by a Langmuir-Blodgett (LB) technique. This 
organization is composed of the build-up particle layers with highly 
regular arrangement along the c-axis.  The particle arrangement of this 
organization of polymer nanosphere was estimated by performing out-of 
plane X-ray diffraction (XRD), and atomic force microscopic (AFM)
observation.  From the result of out-of plane XRD, it is found that the 
multi-particle layers of PABA5 form the periodic structure of 5-6 nm 
along the c-axis. In addition, formation of a single 
particle layer having uniform height of 2.5-3.0 nm is 
confirmed by AFM.  Namely, almost twice value of 
particle height corresponds to the long spacing estimated 
by XRD.  It is supposed that double particle layered 
structure (Y-type) is formed by LB technique to the 
amphiphilic particles at air/water interface.  In addition, 
it is proposed that ternary comb copolymers with 
carbazole units and both hydrogenated and fluorinated 
side-chains are canditates of newly typed “polymer 
nanosheet” material in the previous report.  These 
copolymers with high hydrophobic carbazole 
contents also formed single particle layer at 
air/water interface and “multi-particle layered 
organization” by a LB technique.  In this case, 
single particle layered structure without a distinction 
between the top and bottom of particles in the view 
of electron density was constructed in LB 
multi-particle layers.  Therefore, it is possible to 
attain the control of formation of single and bouble 
particle layered strcture from these techniques.  
Further, it is found that “multi-particle layered organization of 
polymer nanosphere” and “polymer nanosheet” are 
simultaneously formed by same component material.
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The full cross-section image of a Langmuir (L) film (spread monolayer on water) across 

the air/water interface is difficult to illustrate based on experimental data. The molecular 

arrangement and orientation in the L film are determined by a balance of at least following factors: 

crystallization of the hydrophobic part, hydration about the hydrophilic part, and ionic 

interaction between the film compound and the ion involved in the subphase aqueous solution. The 

monolayer structure, however, cannot be determined by only the chemical constituents, but by 

physical parameters such as temperature and the surface pressure of the film. Another influential 

parameter that should be emphasized in this paper is the preparation technique of the L film. 

After the pioneering works by Pockels and Rayleigh, L films are usually prepared by using a 

compression bar (moving barrier) placed on the brim of the trough across the surface of the subphase 

solution, and the compressing (shrinking) the surface area of the film controls the molecular 

density and the surface pressure. During this compression process, molecules adsorbed at the water 

surface are rapidly arranged to be of two-dimensional crystallites keeping the monolayer 

thickness.

The molecular rearrangement after the Langmuir adsorption has, thus far, never been 

spectroscopically discussed in a cross-section picture. No significant difference is empirically 

expected between the compressed and un-compressed L films. If a very long period of time would 

be spent, the two films would attain a common thermodynamically stable structure. To investigate 

the role of the coordination and hydration structures about a cation cooperated with the 

hydrocarbon chain interaction, however, a total analysis across the cross section of the L film 

is necessary.

In the present study, molecular dynamic rearrangement in a Langmuir (L) film of zinc 

stearate in a cross section image has been analyzed by employing polarization modulation infrared 

reflection spectrometry (PM-IRRAS) and X-ray absorption fine structure (XAFS). The number of 

coordination on a zinc cation is evaluated by XAFS, and the coordination structure of the carboxylic 

group is revealed by the IR analysis. An L film prepared at a fixed area without using 

film-compression bar exhibits time-dependent change of the coordination structure about a zinc 

cation, and it attains a highly ordered structure in the carboxylic group region. On the other 

hand, an L film prepared by the Langmuir technique using a compression bar exhibited ignorable 

spectral changes in both IR and X-ray analyses. The hydrocarbon chains in the compressed L film 

are better ordered than the un-compressed film, but the disordered molecular arrangement of the 

carboxylic group is restricted to be rearranged, and it does not attain a stable structure in 

terms of coordination on the zinc cation. �����
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単一分子鎖の直接観察によって明らかにする高分子ソフト界面の物性

研究代表者：京大先端医工・青木裕之

1 緒言

高分子化合物は巨大な鎖状分子であるために大きな内部自由度を有しているため、形態・ダイナミク

スは外的要因によって影響を受け、その結果発現するマクロな物性も変化する。その効果は特に界面・

表面で顕著であり、動的に性質を変化させる “ソフト”界面を形成する。高分子特有の物性の起源は自由

度の大きな個々の鎖の振る舞いに帰着され、このような高分子材料の界面・表面物性を理解し、延いて

はこれを制御するためには、高分子鎖一本一本がどのような形態をとり、またそれがどのように運動す

るのかを理解することが最も重要な課題であると考えられる。その際、単一の鎖の形態を直接可視化す

ることが可能となれば高分子のソフト界面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

は新規な単一分子観察手法を開発し、これを利用した界面・薄膜における高分子鎖一本一本を直接観察

を通して高分子界面の物性を分子レベルで評価することを目的としている。

本研究では個々の高分子鎖の形態を直接観察する手段として、< 20 nmの空間分解能での蛍光イメー

ジングを実現する超解像光学顕微鏡 PALM (Photo-Activated Localizatio Microscopy)の開発を行って

きたが、本年度は高さ方向の超解像検出を実現することで、高分解能で高分子鎖のコンホメーションを

三次元計測することを試みた。

2 研究経過

Figure 1: Principle of PALM observation.

PALMでは、図 1に模式的に示すように試料に

導入された多数の蛍光色素分を一個ずつ逐次蛍光

画像する。得られた各分子の画像を二次元ガウス

関数でフィッティングすることで分子の位置座標

を< 20 nmの精度で決定することができる。全て

の分子の座標を一枚の平面上にプロットすること

で高分解能の画像を再構築することができる。通

常のPALMでは二次元平面内の (x, y)座標は高精

度で決定できるものの、高さ（z軸）方向に関して

は光学顕微鏡の焦点深度すなわち数 100 nm程度

に制限されている。そこで本年度では、シリンド

リカルレンズを顕微鏡光学系に挿入することで生

じる非点収差を利用することで z軸分解能を向上

することを試みた。

倒立型蛍光顕微鏡の蛍光フィルターブロック直下に焦点距離 10 mのシリンドリカルレンズを挿入し

た。これによって得られた単一ローダミンB分子の蛍光顕微鏡画像を図 2に示す。図の中央に示すよう

に顕微鏡の焦点を調整することでローダミン分子は円形の輝点として観察されるが、光学系に非点収差�����



Figure 2: Astigmatic imaging of a single rhodamine B molecule.

Figure 3: Relationship between the shape
parameter and z-coordinate of a rhodmaine
B molecule.

が存在する場合、焦点がずれる際に画像に歪みが生じる。

ピエゾ素子によって分子の位置を焦点位置からシフトさ

せると、図 2 に示すようにローダミン分子は楕円形に

観察され、わずか 100 nm程度のシフトでも形状が変化

することが分かる。焦点位置から下方にシフトすると縦

長に、上方にシフトすると横長の楕円形に観察されるた

め、楕円の方向から焦点位置からの上下どちらに分子が

存在しているのかを決定することが可能である。ここで

観察された分子の x軸と y軸方向の広がりをそれぞれ σx

および σy として、観察された分子の形状パラメーター

A = (σx − σy)/(σx + σy)を定義する。図 3は形状パラ

メーターAと分子の焦点位置からの z座標のシフト量の関係を示しており、非点収差を利用することで

分子の z座標を 40 nmの精度で決定できることが分かった。

Figure 4: Three-dimensional image of single
PBMA chains. The dashed lines indicate the
interfaces of the sample film.

高さ方向の超解像計測を実現することによって、20×
20 × 40 nmの空間分解能で三次元構造の観察が可能と

なった。この超解像顕微鏡を用いることで単一高分子鎖

の観察を行った。図 4は厚さ 210 nmの薄膜中に分散し

たポリブチルメタクリレート (PBMA)鎖の超解像顕微

鏡画像であり、xy-、yz-、および zx-平面への投影図を示

している。この結果から、個々の高分子鎖のコンホメー

ションが三次元空間で明瞭に観察されていることが分か

る。この計測から、図中 Aおよび Bの鎖は膜の表面近

傍に、また鎖 Cと Dは膜の下方の界面近傍に存在して

いることが分かる。

超解像顕微鏡の三次元化によって高分子鎖一本のコン

ホメーションを立体観察することが可能となった。この

顕微鏡技術は界面からバルク内部まで高分解能の実空間

観察を実現するため、界面での分子レベルの物性を研究する上で有力な手段となることが期待される。�����



Properties of Polymer Chain at Interface and Thin FilmStudied by

Single Molecule Detection Technique
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Introduction

It is known that the properties of polymer materials at surface/interface are different from those in a

bulk state. This is due to the reduced degree of freedom of the polymer chain in the spatial restriction

by the surface and interface. The direct observation of the structure and dynamics of individual

polymer chains would provides much information to discuss the properties of the soft interface of

polymeric materials. The objective of the current work is to develop a novel optical microscopy

technique for the direct observation of single polymer chains and to clarify the mechanism of the

unique surface properties of polymer materials at the single molecule level. In the previous study,

we developed a super-resolution optical microscopy technique, PALM (Photo-Activated Localization

Microscopy), which provides an optical image with a spatial resolution less than 20 nm. In this year,

we achieved the sure-resolution detection of a dye molecule in the height direction for the three-

dimensional observation of single chains.

Results and Discussion

In the PALM imaging, the dye molecules labeled at a specimen are individually observed and the

high-resolution image is reconstructed by the molecular position data analyzed from the fluorescence

image with the accuracy of < 20 nm. The previous position analysis system detects the xy-coordinate

with a nanometric resolution; however, the determination accuracy of the z-coordinate is limited by

the focal depth of the microscope, resulting in the resolution several hundred nanometers. In the

current study, the localization accuracy of a single molecule in the z-direction was enhanced by an

astigmatic effect. A cylindrical lens with a focal length of 10 m was inserted in the optical path

of the microscope. The astigmatism by the cylindrical lens distorts the fluorescence image of single

molecules, resulting in an ellipsoidal shape. The direction and legth of the long axis are dependent

on the distance between the focal plane and the molecule. By calibrating the relationship between

the observed shape and the distance from the focal plane, the z-coordinate of each dye molecule was

determined with an accuracy of 40 nm. By this mechanism, we enabled the direct observation of

the conformation of single poly(butyl methacrylate) chains in three dimensions with the resolution of

20 × 20 × 40 nm. �����
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Simulation study of polymer chains at nano interface between polymer and liquid
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Recently, the polymeric materials are sometimes used in the wet conditions such as the medical 

usage and it becomes important the analysis of the structure and the dynamics of an interface 

between liquid and polymer surface. Tanaka and co-workers in Kyushu University have studied the 

structure of the polymer thin film attached with water or alcohol by experiments. They observed 

very interesting swelling structures; in the case of alcohol, homogeneously swelling film in the 

direction of film thickness can be obtained, but in the case of water, the swelling nano-interfacial 

structure can be observed. To study these structures, we make the model of the interface between 

liquid and polymer and analyze the structure and the dynamics of the polymer chain at the interface. 

In this study, we proceeded two items listed below:

1) Making the models to represent the interface between liquid and polymer using coarse-grained 

technique.

2) Performing the simulations to realize the separated, swelling and dissolved structures using 

the previous models with changing the interaction parameters between liquid and polymer.

In this term, we have made two kinds of models for liquid interface. One is the mean field model 

with using Flory-Huggins free energy and another is the interfacial model using dissipative 

particle dynamics (DPD) method. In the former method, the liquid-polymer interfacial structure 

was represented as the interface described by the depth density profiles of polymer and liquid. 

Using this technique with changing Flory-Huggins interaction parameter, we can represent the 

separated, swelling and dissolved structures. This indicates that these structures can be 

represented as the stabilized structure if these are equilibrium structures. On the other hand, 

we also made the model using DPD method. In the DPD method, all the contents such as solvents

and polymers are presented by DPD particles. Solvent molecule was represented as one DPD particle, 

and single polymer chain was represented as several DPD particles chains connected by spring. 

The interaction between solvent and polymer was described by the non-bonding interaction between 

DPD particles like axx. Important interactions are solvent-polymer and solvent-solvent 

interactions. “axx” interaction parameter is the repulsive parameter and larger axx indicates 

the strong repulsive interaction. Therefore, in the case of smaller asp (solvent-polymer 

interaction), polymer can easily dissolve into the solvent, and in the case of smaller ass

(solvent-solvent interaction), strong cohesion force occurs in the solvent phase and polymer 

cannot dissolve into the solvent phase. From our series of simulations, we can represent the 

separated, swelling and dissolved structures, and we can obtain the phase boundary along the 

interaction parameters. 

We also consider that the collaborative study within the research area of soft interface is 

much important. In the H23 research term, we started examining the collaborative study with 

experiments, and selected several candidates for the collaborations between experiment and 

simulation. In the next term, we will try to make the model fitted to these experiments, and will 

analyze to clarify the effect of the soft interface. �����
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1. Introduction

Plasmonic chip is a metal coating grating with wavelength-scale periodic structure. The 

incident light irradiated at resonance angle provides the enhanced electric field and it was 

utilized as a excited field for fluorescent molecules. As a result, the enhanced fluorescence 

was observed and it can be applied to the biosensors.

In this study, the plasmonic chip surface was modified with soft interface in order to suppress 

the non-specific adsorption.  The plasmonic chip with high sensitive detection and suppressing 

non-specific adsorption was studied.

Plasmonic chip fabrication and surface modification

The replica was fabricated by uv-nanoimprint lithography using a mold (NTT-AT, Japan) and a 

vu-curable resin (PAK-02A, TOYO GOSEI, Japan) and it was coated with 35nm-thick-silver and

17nm-thick-zinc oxide films and 1nm-thick Cr layers (adhesive layers). The pitch and groove depth 

were 350 nm and 30 nm.

The ZnO surface was modified with two kinds of biotinylation using silan-coupling methods. (I) 

2-step reaction: 3-aminopropyltriethoxysilane and NHS-PEG-biotin, (II)1-step reaction: 

silane-PEG-Biotin. 

Fluorescence measurement

The cy5-labeled streptavidin and the cy5-labeled BSA were used for a marker specifically binding 

to biotin immobilized to the plasmonic chip and a protein for non-specific adsorption, respectively.

The fluorescence was measured as following way; The light source was He-Ne laser and incident 

light was irradiated from rear of chip panel. The fluorescence intensity of cy5 was measured against

the incident angle with photomultiplier tube set at normal direction to chip surface. As a result, 

the fluorescence of (II) was two-times larger than that of (I), although the fluorescence intensity 

of (II) for non-specific adsorption was also larger than that of (I). However, the ratio of 

non-specific adsorption to the specific binding was around 6 % in (II) system. Therefore, the 

plasmonic chip modified with (II) was found that it can provide higher sensitive detection and 

well suppressing non-specific adsorption in biosensing.

Application to sandwich assay 

In the bio-assay system we used, a marker protein was labeled, but in order to realize biosensing 

application, sandwich assay system is essential. It means that the marker is non-labeled and the

anti-marker antibody must be labeled. In this study, c-reactive protein (CRP) was used for a marker 

and sandwich assay was constructed on the plasmonic chip modified with PEG linker. The CRP marker 

was detected but the sensitivity was not high, because the non-specific adsorption was well not 

suppressed. In the next step, the blocking reagent and the kind of marker will be considered for 

well suppressing non-specific adsorption.    �����
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Supramolecular Photochirogenesis with 
Soft-interface of Biopolymers as Efficient Chiral Reaction Medias

Takehiko Wada
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Asymmetric synthesis is currently one of the most vital areas of chemistry with a variety of catalytic and 
enzymatic methodologies having been developed in the last three decades, although until recently the 
photochemical branch had not been very extensively or intensively explored. However, the photochemical 
approach to asymmetric synthesis possesses several unique advantages over the thermal ones; as photoprocesses
proceed through the electronically excited state, they often yield strained and/or thermally difficult-to-access 
products of unique structures in a single step. Furthermore, photochemical reactions, being free from the fetter of 
activation energy, are run over a wide range of temperatures without an accompanying retardation of the reaction 
rate at lower temperatures, or undesirable side reactions at elevated temperatures.

Photochemistry may also have some drawbacks, such as the excited-state interactions are weak and short-lived 
and are therefore difficult to control, also the detection/observation of transient species and the subsequent
elucidation of reaction mechanism are in general more difficult. Consequently, it has long been believed that the 
critical and precise control of asymmetric photoreactions is a hard task, and that the optical yields obtained therefrom 
are low. To overcome this two strategies have been developed in the evolution of asymmetric photochemistry, or 
photochirogenesis: i.e., (1) the introduction of a chiral handle to the photosubstrate (diastereodifferentiating 
photoreaction) and (2) entropic control by environmental factors (enantiodifferentiating photoreaction). More 
recently, a new strategy has been employed in photochirogenesis, where supramolecular interactions in the ground 
and/or excited state are employed in order to modify the original photoreactivity, so to trigger a hidden or forbidden 
photoreaction or enhance the intra/intermolecular contacts in confined media. Increasing attention has been directed 
towards the new methodology of photochirogenesis using various bio- and biorelated supramolecular systems, such 
as cyclodextrins, DNA, and proteins, and so on. In the confined space of a supramolecular system non-covalent weak 
interactions can be enhanced or modified to significantly influence the regio- and/or stereoselectivity of the 
photoreactions occurring in the confined media.

In this paper, we will concentrate on the bio- and biorelated supramolecular asymmetric photochirogenesis 
(SMAP) in confined media, which employ 1. proteins and 2. double stranded DNA (dsDNA).
2,3. Results and Discussion. 1. The biopolymers, especially proteins, possessing chiral binding pockets for 
guest, are of particular interest as potential chiral hosts for SMAP, although such an approach has not extensively 
been investigated. Bovine and Human serum albumin (BSA&HSA) binds exogenous aromatics in its hydrophobic 
pockets. We have proposed BSA&HSA-mediated supramolecular photochirogenesis, in which stereogenic centers 
are generated in photoproduct through the supramolecular interactions. 2-Anthracenecarboxylate (AC) was 
employed as a prochiral substrate. In this first supramolecular photochirogenesis using achiral substrate, we 
demonstrated: (1) BSA&HSA possesses four discrete AC-binding sites of different affinity, stoichiometry, and 
chiral environment, (2) BSA&HSA-mediated photodimerization of AC switches the original regioselectivity from 
head-to-tail (HT) to head-to-head (HH), and (3) affords optically active HT and HH dimers of up to 82% and 90% 
ee, respectively.
2.  Recently, with completion of the human genome project, chemistry of DNA has received much attention. 
Possessing both chromophoric nucleobase and chiral furanose moieties, DNA is expected to function as 
supramolecular chiral sensitizers, where the helical grooves of dsDNA provide the chiral environment for SMAP. 
Thus, we employed DNA and nucleosides as chiral (supra)molecular photosensitizer for enantiodifferentiating 
isomerization of (Z)-cyclooctene to chiral (E)-isomer. Pyrimidine nucleosides as chiral sensitizers gave (E)-isomer 
of up to 21% ee. Interestingly, photosensitization with calf thymus DNA gave (E)-isomer of up to 29% ee. Thus, 
we have demonstrated for the first time that nucleosides and dsDNA function as chiral photosensitizers.
1) Supramolecular Asymmetric Photoreactions, T. Wada and Y. Inoue, Organic Molecular Photochemistry;

Ramamurthy, V.; Inoue, Y. Ed.; Marcel Dekker: New York, 341 (2004).
2) Wada, T.; Nishijima, M.; Fujisawa, T.; Sugahara, N.; Mori, T.; Nakamura, A.; Inoue, Y. J. Am. Chem. Soc. 2003, 125, 7492.
3) Nishijima, M; Wada, T.; Mori, T.; Pace, C. S. T.; Bohne, C.; Inoue, Y., J. Am. Chem. Soc. 2007, 129, 3478..
4) Nishijima, M; Pace, C. S. T.; Nakamura, A.; Mori, T.; Wada, T.; Bohne, C.; Inoue, Y., J. Org. Chem. 2007, 72, 2707.�����
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Control of spreading dynamics on small intestine wall
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Wetting dynamics of liquids on gel surfaces is important for understanding mass transfer 

phenomena at biological interfaces because spreading processes contribute to effective 

nutritional absorption through the small-intestinal wall or to sensitization of the tongue surface.

On the other hand, to acquire a deep understanding of the spreading dynamics, it is crucial to 

not only observe the spreading but also to find experimental and theoretical strategies to control 

it. In general, the spreading dynamics of liquids depend on the interfacial tension and the 

viscosity of the liquid.

We focus herein on Marangoni flow (or the Marangoni effect) as the driving force behind water 

spreading over a gel surface. Marangoni flow is a well-known mechanism for mass transfer along 

we expected 

aqueous alcohol solutions on gel surfaces to exhibit anomalously fast spreading as a result of 

surface roughness and Marangoni flow, because both factors play significant roles in spreading. 

In the present study, we observed the spreading of some aqueous alcohol solutions on flat 

gel surfaces by using a high-speed camera to examine the effects of alcohol on the wetting dynamics. 

We also studied the spreading on fractal agar gel surfaces to investigate the effects of surface 

roughness. Furthermore, based on a simple model, we discussed the observed spreading dynamics

with Marangoni flow on flat and fractal agar gels.

We found an extremely fast spreading flow of 1-propanol aqueous solution on flat agar gel 

surfaces. On the spreading on the flat surface, the power- D(t) t x was

-propanol concentration o

faster than that of water (x 0.3), whereas it was 0.3 for a concentration

anomalous spreading is caused by Maragnoni flow, in which the surface tension gradient is induced 

by adsorption and evaporation of 1-propanol. However, on fractal gel surfaces, a different 

spreading was observed with x 0.5. These experimental results were explained theoretically by

analyzing the competition between the Marangoni flow and the pinning effect due to surface 

roughness.
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Magnetic particles are currently one of the most important materials in the industrial sector, 

where they have been widely used for biotechnological and biomedical applications. These particles 

are coated with polymers or proteins including functional groups or biomolecules for the 

recognition of targets. We have developed the artificial proteins to control the interactions

between the surface of magnetic particles and cells by designing of amino acid sequences of the

proteins. Previous reports had shown that the hydrophilicity or neutral charge of the particle 

surface was important for the reduction of nonspecific interactions between the particle and the 

cell surface. The polypeptide designed was composed of multiple units consisting of four 

asparagines (N) and one serine (S) residue and was referred to as the NS polypeptide. Surface 

modification of a magnetic particle with the NS polypeptide resulted in reduction of non-specific 

particle-particle and particle-cell interactions. Design of the artificial proteins has been 

brought about by the novel function onto magnetic particles.  

In this study, we aimed at the design of the stimuli-responsive polypeptide that mimics the 

stimuli-responsive polymer, which was displayed onto the magnetic particles. To develop an 

analytical system for conformational change of polypeptides for the screening of thermoresponsive 

polypeptides, the fluorescence resonance energy transfer (FRET) technique was employed on a 

magnetic particle surface. Elastin like polypeptide (ELP, sequence: (-Val-Pro-Gly-Val-Gly-) n)) 

which has the reversible temperature-driven conformational change property, was employed as

thermoresponsive polypeptide. Magnetospirillum magneticum AMB-1 was utilized to prepare the 

magnetic particle displaying proteins. The expression plasmid containing a fusion gene of YFP 

and CFP gene to the 5’ end or 3’ end of ELP gene respectively was constructed. To display the 

fusion proteins of CFP, ELP, and YFP (CFP-ELP-FFP) onto the magnetic particles, CFP-ELP-YFP

expression plasmid was transformed into a wild-type strain of AMB-1. Bacterial magnetic particles 

displaying CFP-ELP-YFP protein (CFP-ELP-YFP-BacMPs) was obtained from transformants harboring 

expression plasmid. To evaluate the FRET efficiency via conformational change of ELP on the 

magnetic particle surface, CFP-ELP-YFP-BacMPs were heated, and the fluorescence intensity of CFP 

and YFP was measured. In the case of heating, FRET efficiency was increased. It was suggested 

that ELP was assembled by heating. Furthermore, to control the conformational changes of ELP (phase 

transition temperature), ELP sequence (-Val-Pro-Gly-X-Gly-) n was mutated at the position X. Phase 

transition temperature was decreased by changing of the X residue of ELP to hydrophobic amino 

acid. In conclusion, it was suggested that the conformational change of stimuli-responsive 

artificial proteins on the magnetic particles by heating was evaluated by measuring of FRET 

efficiency. In addition, phase transition temperature could be controlled by introducing a 

mutation of ELP sequence.
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an important role in providing support 

and anchorage for cells, segregating tissues from one another, and regulating intercellular 

studies have revealed that

morphology and proliferation during cell growth process. Despite a growing literature on the effect 

of bulk stiffness of polymer scaffolds on cell-surface interactions, less is known about the effect 

of mechanical instability in the surface region of polymer materials on cell adhesion. In general, 

molecular motion at polymer surfaces is much more enhanced than that in the internal bulk region. 

Such an enhanced mobility is a function of the depth, from the outermost surface down to 

approximately 10 nm. Thus, it is important to discuss the behavior of cells adhered on polymer 

scaffolds in association with their surface mechanical properties. In this study, we investigate 

the effect of mechanical instability for polystyrene (PS) films on cell adhesion behaviors; PS 

is one of the general-purpose polymers commonly used for artificial culture substrates in 

biomedical fields.

Firstly, to clarify the effect of surface molecular motion on cell adhesion, the number of 

adhering cells and their morphology on the various PS scaffolds were evaluated by microscopic 

observations. The adhesion of fibroblast on PS homolayer films was not affected by the surface 

mechanical properties of the films, that is, the cell adhesion was insensitive to whether the 

top surface was in a glassy or rubbery state.

Secondly, glassy PS/rubbery PI bilayer films were used as scaffolds in order to gain access 

to the depth-dependence of the effects of mechanical instability on cell responses. Fixing the 

thickness of the underneath PI layer to be 200 nm, the thickness of the upper PS layer (dPS) was 

changed from 200 nm down to 17 nm. The number of cells on these films became smaller in the dPS

range smaller than approximately 25 nm. The surface E’ evaluated by scanning viscoelasticity 

microscopy for PS/PI bilayer films decreased with a decreasing thickness of the glassy PS layer, 

indicating that the surface became mechanically unstable with a decreasing PS layer thickness.  

Interestingly, the dPS dependence of cell adhesion on PS/PI bilayer films observed here appears 

to be coincident with that of the surface E'. Although the modulus of the PS/PI bilayer films 

s most likely that cells 

could sense a mechanical instability originating in the underlying PI layer at depth region of 

approximately 25 nm, even though cells could not directly contact this region.

F-actin filaments formed sufficiently in the cells that adhered to the mechanically stable 

surface with a thicker upper PS layer.  In contrast, this was not the case for the mechanically 

unstable surface with a thinner upper PS layer.

The adsorption amounts of serum proteins on the thicker and thinner PS/PI bilayers evaluated 

by using a quartz-crystal microbalance were almost the same. This means that, unlike the behavior 

of cells, the interaction between protein molecules and the PS/PI bilayer surfaces did not depend 

on the mechanical stability of the deeper region of the scaffolds. Generally, cells adhere to 

a surface via the preadsorption of proteins. However, the protein adsorption observed here was 

not affected by mechanical instability of the scaffolds. Thus, it is plausible that cells 

themselves could directly sense mechanical instability.�����



1)

2)

39 2012 5 .

3)

92 2012 3

4)

on Fibroblast Adhesion”, SIMS2012, Tsukuba, Japan, March 2012.

5) Shimomura, S.

Fibroblast Adhesion”, BMMP-12, Nagoya, Japan, January 2012.

6)

21 MRS 2011 12

7)

2011 12 .

8)

.

9)

47 2011 10 .

10)

Adhesion”, ASAM-3, Fukuoka, Japan, September 2011.

11)

63 2011 9

12) 23

2011 9

13)

48 2011 7 .

�����



V

hbmMSC

hbmMSC

[1] [2] 

[1]

Poly[1-chloro(methyl acrylate)-co-1-methylstyrene]

100 nm 100 nm

PluronicF108

1

V

1

hbmMSCs V

hbmMSCs

22. V20

hbmMSC .

11. V

.

�����



70 m

70 m

70 m

V

20 m 34.6 m 10 m V

V20 hbmMSC 

2 24

52% 0 42%

120 94.3% 5.7% 0

V20 Line

47.5% 35.0%

17.5% V20

[2] 

hbmMSC

V20 Line hbmMSC

3 Line 2.2 1.7

V20 3

qRT-PCR qRT-PCR house keeping

GAPDH Ct ALCAM Tuj1

nestin osteocalcin OCN

mRNA V20 Line

5

hbmMSC nestin

1.8

4

ALCAM

V20

Line V20

[3] 

qRT-PCR

TIRF

33. ( ) 3

hbmMSC ( > 100).

1

1 .

1.7

1.1

2.2

1.0
1.2
1.4
1.6
1.8
2.0
2.2
2.4
2.6
2.8

Flat V LineFlat V20 LineN
un

be
ro

ft
he

ce
lls

at
3

da
ys

cu
ltu

re
(a

ts
ee

di
ng

=
1)

0
0.2
0.4
0.6
0.8
1

1.2
1.4
1.6
1.8
2

ALCAM Nestin Tuj1 OCN

Ex
pr
es
si
on

 le
ve
l o
f m

RN
A 

(n
or

m
al
ize

d 
as

 F
la
t=
1)

Flat
V20
Line

44. V20 hbmMSC

(5 ). Line

.

�����



Regulating Directional Migration by the Micro/Nano-Topographic Surface and Its Effect 

on the Proliferation/Differentiation Behaviors of Mesenchymal Stem Cell

Naoya Takeda

Faculty of Science and Engineering, Waseda University

TWIns Bldg., 2-2 Wakamatsu-cho, Shinjuku-ku, Tokyo 162-8480

Tel&Fax: +81-3-5369-7323,  E-mail: ntakeda@waseda.jp

Cell migration is the dynamic process associating with the biointerface, so, it is largely 

modulated depending on the surrounded microenvironments including adjacent matrix, neighboring 

cells, and biosignaling factors in vivo. Moreover, during migration, cells generally take 

asymmetrical shape and regularly repeat expansion and contraction. These activities load 

mechanostress to the cell as well as accompanying the dynamic rearrangement of cytoskeleton. In 

this study, directional migration of the human bone marrow mesenchymal stem cell (hbmMSC) was 

guided in the individual single level by only using the micro patterned surface. In particular, 

asymmetrical patterns for aiming to induce cell migration were focused. Other biological factors 

of neighboring cell and biosignaling factor were excluded. Thus, it was examined how the 

mechanostress loaded by the directional migration on the limited space of micropatterns affected 

the cell behaviors, particularly, proliferation and differentiation.

The novel cell patterning system was developed by utilizing the electron beam (EB) lithography 

and the polymeric positive resists (ZEP520A/ZEP-A = 1/1 (v/v), Zeon, Tokyo, Japan), which were 

originally used as the mask material for semiconductor processing. Spin-coated on a cover glass 

in thickness of 100 nm, the positive resists were irradiated with EB to etch micro patterns. In 

particular, the asymmetrical V-shaped micropatterns of different sizes and shapes were focused, 

and these patterns were serially aligned at different pitch. Rest of the resist surface was modified 

with Pluronic F108, a copolymer containing hydrophilic PEG blocks, to prevent non-specific cell 

adhesion. The hbmMSC was seeded on the micropatterned surfaces without applying any extracellular 

matrix protein and biosignaling factor to promote cell adhesion on the patterns and migration. 

Dynamic behaviors of hbmMSC including migration and proliferation were observed with a time-lapse 

microscope. Differentiation of the hbmMSC into specific species, especially focusing neural cell, 

were also studied with both qRT-PCR and immunofluorescence staining.

The serially aligned V-shaped micropatterns as designed in Figure 1a most effectively guided 

the directional migration of hbmMSC. For 24 hours culture, 52% of the cells migrated over 70 m

in the direction in which the V-shape opened (Figure 1b), and rest of 48% did not remarkably move 

(less than 70 m) or halted. None of the cell went backward. Proliferation was notably suppressed 

and the cell division was scarcely observed. Moreover, in 5 days culture, expression of the neural 

marker, nestin, was detected by qRT-PCR analysis, even without applying any inducing factor. These 

results suggested that the guided directional migration on the limited space of micropatterns 

affected the hbmMSC behaviors of proliferation and differentiation. 

Precise investigation on the mechanism of these phenomena would be expected to produce a novel 

method for regulating behaviors of stem cells by the interface topography.�����
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Allosteric Electrochemical Aptazyme Based-Gene Sensors
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     Spectroscopic DNA detection is a commonly-employed technique based on fluorescence labeling of target 
DNAs. It is currently a standard technique for DNA detection, but requires time-consuming labeling of the target 
DNAs. In the search for simpler techniques, a number of electrochemical detection methods without labeling 
treatments have been developed. These include types based on electroactive diffusion species, intercalating or 
groove-binding species, ligation of nucleobases labeled with electroactive species, and methods based on more than 
one mediator (intercalators, groove binders, or nucleobases) and diffusion markers.
     The authors, in a previous report, achieved detection of target DNAs using a gold electrode modified with a 
probe peptide nucleic acid (PNA) possessing a ferrocene moiety as the signal part at one end and cysteine as an 
anchor part at the other (Fc-PNA). Sequence-specific hybridization induced an increase in the rigidity of the probe 
structure, that inhibited access of the terminal ferrocene moiety to the electrode surface and thus decreased the 
redox current of the ferrocene moiety. A decrease in the redox current specifically indicated the presence of the 
target DNA. This method was reported as a simplified detection method that dispensed with the need to label the 
target DNAs or to add external electroactive species, with a detection limit of 1.4×10–11 M. The detection limit was 
better than those in contemporary reports on similar detection mechanisms using DNA as probes, probably due to 
the advantages of the PNA’s structural flexibility and hybrid stability. Although having a rather lower detection 
limit, this sensing method utilizes the decrease in the redox reaction of the terminal ferrocene moiety when the 
distance between the moiety and the sensor surface is increased: namely, the detection mechanism is a function of 
the “signal-off” architecture. 
     With the aim of achieving more sensitive detection, we studied “signal-on” type probes emitting 
electrochemical signals that rise upon hybridization to enhance hybridization-amenable changes in probe flexibility.
The probe is designed to terminate with an electrochemical signal-generating (ferrocene) and signal-suppressing 
part ( -cyclodextrin) at opposite ends. In single-stranded form, the probe is so flexible that the terminal moieties 
form an intramolecular inclusion complex with each other, suppressing the redox reaction of the signal-generating 
part. Upon hybridization, however, the probe structure becomes more rigid and the complex is pulled apart, 
restoring the original activity of the signal-generating part (“signal-on”). However, the redox reaction of ferrocene 
is one-electron reaction, and the observed redox currents and the change in the current upon hybridization were
small (from 1.3 nA to 6.9 nA). The integration of sensors in a small space of one chip causes the size-reduction of 
sensor areas and the observed currents become concomitantly reduced. There was a possibility that the sensing 
mechanism based on one-electron reaction will become a bottleneck in fabrication of integrated sensor array chips
as a practical use.
     In this study, we aimed the development of more sensitive “signal-on” gene sensors based on redox enzyme 
conducting multi-electron reaction. The working principle of the sensor is depicted in Figure 1. The probe is 
designed to possess a terminal redox enzyme and its inhibitor. Before hybridization, the redox enzyme is 
inactivated by the inhibitor bound to the enzyme. After hybridization, the inhibitor removed from the enzyme due 
to the formation of rigid structure of dsDNA, and the redox activity of the enzyme is restored. This self-regulation 
of the redox activity upon external signals is called an “allosteric” character. In this probe, the redox enzyme is 
composed of hemin, a Fe coordinated porphyrin, and a hemin-targeting aptamer. The aptamer forms a stable 
G-quartet structure and hemin intercalates the G-quartet structure, yielding an enzymatic aptamer (aptazyme)
catalyzing reduction of H2O2. In this year, we 
spectroscopically and electrochemically investigated the 
formation of the aptazyme as a signal-generating part of 
the sensitive gene probe. The observed hyperchromicity of 
the Soret band of hemin at 404 nm showed intercalation of 
hemin into the G-quartet structure. Moreover, from the 
experiment based on ABTS (2,2’-azinobis(3-ethylbenzo-
thiozoline)-6-sulfonic acid), the G-quartet/hemin mediated 
the electrochemistry of H2O2 reduction. These results 
indicate the formation of the aptazyme.

Figure 1. Working principle of the sensor based on allosteric 
electrochemical aptazyme.�����
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Reverse Transfection to Adherent Cells on Cell-Microarray

with Functional Soft Interface
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Introduction: 
The development of methods for high-throughput screening for gene identification is important for the elucidation 

of the mechanisms of basic biological phenomena and disease processes.  Cell-microarray, which is one of such 
methods, is very useful for high throughput assays based on cell phenotypes.  
During the past decade, we and several groups have been developed localized reverse transfection method.  In 

the method, plasmid DNA or siRNA with transfection regents attached to the surface of, for example, a glass slide 
or a culture dish is reverse-transfected locally into adherent cells by contact.  Therefore, it allows the construction 
of cell-microarray with defined expression of cDNA or comprehensive “knockdown” of genes by siRNAs.  The 
novel type of reverse transfection on cell-microarray, we call transfection microarray (TMA), enabled the 
realization of (i) a high efficiency of DNA or siRNA transfection in various types of cells, (ii) a low toxicity to cell 
by transfection, (iii) a long-term stabilization of attached DNA or siRNA, (iv) one-step preparation of the surface 
for transfection and cell culture, and (v) reduction in cost and saving rare cell strain by miniaturization. 
In this report, we introduce our developed reverse transfection to adherent cells on polyethylene glycol (PEG) 

patterned cell-microarray in order to realize the functional soft interface and the highest densified TMA.  It is 
important to print pattern constructed by two area, that is cell-adherent area by extra-cellular matrix (ECM) and 
cell-nonadherent area by PEG, because of inhibition of cell migration to another cell-adhesion area.  It is very 
useful for high throughput assays of gene functions and is expected for the application to the field of drug screening 
and personalized medicine etc.

Materials and Methods: 
In general our method, localized reverse transfection from spots of plasmid or siRNA is mainly useful for 

exploitation of cell-

call RTF-mix, is spotted on glass slides (5-15 nl each).
In this study, we determined the condition for making the pattern by cell-adherent region by ECM and

cell-nonadherent region by PEG.  Glass-bottom cell culture dishes were coated by PEG after oxygen plasma gas 
collagen (Res. Inst. Fuct. Pep.) in PBS or RTF-mix was spotted 

on slide glasses and/or dishes by inkjet printer (KCS-mini, Kubota-comps) in order to make the area of 
cell-adhesion.

Results and Discussion: 
We evaluated PEG-coating glass and ECM including type I collagen and fibronectin spotted on glass.  HeLa and 

NBT-L2b cells were cultured on PEG patterned cell-microarray.  After 1 and 24h, we evaluated the adhesion of 
each cell on various volumes of ECM spots.  As a result, we optimized the spotting volume of each ECM in order 
to construct two fields of cell-adhesion by extra-cellular matrix (ECM) and cell-nonadhesion by PEG.  In the case 

0.354 ng/mm2), cells cannot adhere the region of ECM.   Finally, we optimized reverse transfection condition to 
HeLa and NBT-L2b cells on the pattern. �����
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Construction of biomembrane mimetic sugar chain/peptide nanoclusters

and development of detection devices for pathogens
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Introduction

   Sialylglycosphingolipids such as gangliosisdes are concerned with signal transduction, 

cellular communication, infection of pathogens and so on. Gangliosides are considered to exist 

in lipid microdomain. To investigate the distribution and recognizability of gangliosides in lipid 

membrane, we employed lipid planar membrane. In our previous study, it was demonstrated that 

formation of ganglioside cluster was observed in lipid membrane obtained from synaptosome of aged 

mice, and induced the formation of amyloid-beta oligomer. These results suggested that formation 

of gangliosides nanocluster are important for the carbohydrate recognition for biomolecules and 

pathogens.It is possible to improve the detection technology by analyzing the recognizability 

of pathogens for glycans. In this study, we carried out the development of detection device for 

biomolecules and pathogens using sugar/peptide nanoclusters. For example, AFM observation for 

surface topology and quantitative analyses for the interaction of glycans with lectin,antibody, 

and influenza virus(hemagglutinin) were carried out using lipid planar membrane and 

oligosaccharide-immobilized surface.

Results and Discussion

   Lipid composition in lipid raft largely influenced the affinity of glycan as receptor. However, 

the cooperative effect of plural kinds of lipids in lipid raft has not been clarified. Therefore, 

lipid composition of synaptosome of aged mice were analyzed by HPTLC and LC-MS, and interaction 

of the reconstituted and artificial lipid membrane with biomacromolecules were investigated. For 

the reconstituted lipid membrane, the binding of GM1-binding peptide and formation of amyloid-beta

oligomer were largely enhanced compared to the lipids obtained from non-synaptosome. Based on 

the analysis of lipid composition the artificial lipid membrane containing glycerophospholipid, 

sphingomyerin (SM), cholesterol and ganglioside GM1 was prepared. However, the significant 

affinity of GM1 for GM1-binding peptide and amyloid-bata was not observed. Next, carbohydrate 

recognition of GM3-containing artificial lipid membrane was investigated. When the content of 

GM3 in GM3/SM/cholesterol mixed lipid membrane was less than 10 mol%, the binding affinity of 

GM3 with wheat germ agglutinin (WGA) was low compared to the control membrane. However, 

incorporation of glucosylceramide in the GM3/SM/cholesterol membrane resulted in the increase 

of binding affinity.

   Besides glycosphingolipids, oligosaccharide library was employed to develop sugar array. In 

our study, oligosaccharide library was synthesized by original saccharide primer method. We have 

succeeded in developing saccharide primers to synthesize oligosaccharide involving ganglio series, 

globo series, neolacto series and O-glycan type. In this study, oligosaccharides were synthesize 

by administrating azide saccharide primer Lac-C12N3 to MDCK cells. The neutral products

(Gal-Lac-C12N3 and 2HexNAc-Gal-Lac-C12N3) and acid products (NeuAc 2-3Lac-C12N3 and sulfated 

Lac-C12N3) were obtained. Those products were immobilized on ELISA plates by click chemistry, 

and the specific binding of anti-GM3 antibody and influenza virus hemagglutinin to acidic products

were quantitatively observed. The selective binding were largely affected by the reaction 

condition of propargylamine and/or azide products.�����
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