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Ni2+. Adsorption at 4°C (left) and 37°C (middle)
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Preparation of Thermoresponsive Interfaces for Modulation of Biomolecular

Interactions
Akihiko KIKUCHI

Department of Materials Science and Technology, Tokyo University of Science

2641 Yamazaki, Noda, Chiba 278-8510, Japan
Tel. 04-7122-9686, Fax04-7122-1499, E-mail: kikuchia@rs. noda. tus. ac. jp

Poly (#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 100um. 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
bul/min, separation of adenosine and cortisone is not sufficient. In addition, peak broadening
of testosterone was apparent. Thus flow rate was changed to 2.5ul/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
Ni% chelated P (NIPAAm—co-1DA), 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
Figure 1. Graphical representation of the PVA nanofiber

with an increase in the degree of elongation, while the .
and the molecular aggregation structure.

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 1 pm

10,000z 1005 Wiz 8.7em  ZKN 7011/05/30 21:34:58 5

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 Figure 2. SEM observation and two dimensional SR-SAXS
20th order peaks (Figure 2). These spots were not  diffraction pattern, a) NIL_PLA, b) PS/NIL_PLA.
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.
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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 SiO, substrate and
silica-porous materials. Both of the glycopolymer and glycodendrimer carrying a-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/m?’, 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.col/i 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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Study on Correlation of the Function of Polymer Brushes
with the Dynamic Properties of Vicinal Water

Hiromi Kitano and Makoto Gemmei-Ide
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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 mbutylmethacrylate
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 w#% 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.

(1) 2D phase separation of PMMA/PLA blend
monolayer by spinodal decomposition mechanism
Control of the lateral morphology of polymer
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 _ :
1?ﬁmodal rings by the 'Fourler transform 1nd}cated Fig.1 AFM of a PMM A/PLA(5 0/50 wt/wt)

at the phase separation proceeded by the spinodal
monolayer deposited on mica after phase

decomposition ~mechanism. Detailed analysis geparated at 2 (upper) and 5 mN/m (lower).
indicated that the phase separations at 2 and 5 Insect: Fourier transform.

mN/m corresponded to the early and late stage of M oveese P
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.
(2) AFM investigation of vapor phase radical polymerization

on a substrate I s
Thermal cleavage of a radical initiator under a monomer AlEH fmica

vapor resulted in polymerization of the monomer at the

Fig.2 (1)VDP apparatus. (22MMA
VPD polymerized, then solubilized
by benzene on the substrate.

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.
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Soft Interfaces with Immobilized Biofunctional Molecules
Studied by Surface Forces Measurements
Kazue Kurihara and Masashi Mizukami
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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 SpoOF. We investigated the interactions between KinA and SpoOF using a
colloidal probe AFM. The adhesion force between Kina-SpoOF increased by the addition of ATP, while no
increase was observed for surfaces between KinA-KinA as well as SpoOF-SpoOF, indicating the interaction
between phosphorylated KinA (KinA-P) and SpoOF.
(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

Yukari Sato, Kyoko Yoshioka, and Mutsuo Tanaka
National Institute of Advanced Industrial Science and Technology (AIST),
Central 6, 1-1-1, Higashi, Tsukuba, Ibaraki 305-8566, Japan
Tel: 029-861-6158, Fax: 029-861-6177, E-mail : yukari-sato@aist.go.jp

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 ~10° 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 (MalC,,SH) and OH
terminated filling molecules (HOC,SH) formed on a gold substrate. When the height difference between the
carbohydrate group and OH terminated filling molecules was increased (> (CH;)¢), significant Con A adsorption
was achieved because appropriate recognition occurred, in which the association rate constant (k,) became larger
and the dissociation constant (Kp) 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
3-D-maltoside (MalC,SH) and HOC,SH 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 uM (and 20 pM) were used for the adsorption assay of a
mixed SAM consisting of MalC,SH and HOC,SH (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 (> (CH;)¢) 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% MalC,,SH 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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Correlation between Nanostructure and Functionality
in Polyelectrolyte Brush Soft Interface
Hideki Matsuoka
Department of Polymer Chemistry, Kyoto University

Katsura, Kyoto 615-8510, JAPAN
Tel: +81-75-383-2619, Fax: +81-75-383-2475

Recently, we have investigated the nanostructures of poly(styrene sulfonate) (PSS) brush
and poly(acrylic acid) (PAA) brush in the monolayer on the water surface by XR, and have found
different behavior for these strongly ionic and weakly ionic brushes. For both, we observed

“carpet—only” structure and “carpet+brush” structure, and transition between these structures
by the change of brush density (Fig.1). However, quite "

different behavior was observed for salt concentration e

s ‘&E | caomons

concentration (csc), where no structural change was ' v o

Carpet + Brush Water

dependence. For PSS brush, the critical salt

observed, was found to be about 0. 12 chain/nm?, but for
PAA brush, the brush thickness increased by salt addition
and then decreased. From these observations, the brush

Fig.1 “Carpet+Brush” and “Carpet-Only” structure

of polyelectrolyte brush at the air/water interface.

formation mechanism has been thought to be different, at leaset for weakly and strongly anionic
polymer brushes. Also, it was found that csc for PSS brush depends on the species of added ions;
the order was Li"<{Na'<K", which is the same as well-known Hoffmeister series. In addition, similar
behavior was observed also for cationic brush. In this study, we have performed a systematical
investigation on “zwitter ionic” polyelectrolyte brush using amphiphilic diblock copolymer
having caryboxybetaine (Fig.2) and m—A and X-ray reflectivity(XR) techniques.

By XR measurements, the transition from carpet—only S (| \ ©N
structure to carpet+ brush transition was also confirmed for this C“_"/’\‘S""ﬂ_ ';TL'-H"'\;_E,_*"""' '\g'DH
zwitterionic brush. However, quite different behavior was o o’\
observed for salt concentration dependence; by XR analysis shown {a
in Fig. 3, betaine brush was extended with increasing added salt . _{-N_
concentration in water subphase. This is quite opposite behavior D}=o

to anionic and cationic brushes, which were shrunk by salt Fig.2 Zwitterionic amphiphilic diblock

addition. This observation means that betaine brush is totally  copolymer, poly(EHA-b-GLBT)
neutral in pure water system, but it becomes ionic, probably

totally cationic, in salt systems. To confirm this explanation, 1 E-01 A water
ion species dependence of added salt was examined by using NaCl, gg;: ::E:
KC1, LiCl, NaBr, NaF etc as an added salt. Anion species of salt = k) T 010M Netd
was insensitive to m—A isotherm and XR profiles. However, -“'_‘;!E'Oﬁ i
cation species of added salt had large effect on betaine brush éiE—O?
nanostructure. Csc was found in the order of Li*Na’<K’. In other &
words, stronger structure maker ion has stronger effect to b
change the nanostructure of betaine brush. Probably, the LE-1
0 0.1 0.2 03 04

correlation between COO— in betaine and salt cation is stronger a0tk

than that bet N+ in betai d salt ion. Thi ight
an tha . 'e ween 11"'1 etaine and sa an1o'n . is m1g‘ Fig.3 XR profiles for poly(EHA-b-GLBT)
be the origin that betaine brush behave as nonionic brush in monolayer on watrer surface at different

pure water while as cation brush in salt subphase. salt concentrations.
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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 50um, and photo-mask 2 has non-cell adhesive gap of 100um. The cell adhesive area of
two photo-masks has the same of 50um. The cell micro-patterning preparing from the photo-mask 1 denotes as
50 um narrow-gap, and it preparing from the photo-mask 2 denotes as 100 pm wide-gap, respectively. Finally,
the cell-to-material interaction is evaluated by looking at the Df plots (plots of the frequency difference ( d f) vs.
dissipation difference (6 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 wum 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 6D indicates a material
viscoelasticity change on the sensor, so negative slope represents that the cell membrane/cytoskeleton becomes
hard. The Df plots of 100 pm wide-gap was completely different to that of 50 pm 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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— LT S ARE AR L, BEREICE Y SN RER R E O E HiE T,

2. WrZERER

<EBR>PEG-b-R U [A X7 U 2~V AFNT 2/ =F /L) ] (PEG-b-PAVA) % 7 =4 > EHAIEIZ THK
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BT T A% —BOAMELEN 3.3° L XRBIZIH SNz, frrbrbt=Id 22—k (T/E
) #FHfi L7 & 2 A, 2000 nMIZ 3T TBA [E E DA DFKHE Tl 3. 2 TH - 7= DI % L T TBA/PEG-b-PAMA
HETEOEMTIL 6.0 & KtgIZm EL7z, 29 LzZ &b, PEG-b-PAMA (2 X B & v /X7 OIERFF) 72
WA INHh % SAW & o —IC K> THIO THERT 5 Z LN T& 7o, A% 1%, K1l D PEG-b-PAMA DK,
TBA D A=Y —DE I ZEOMFT 21TV, TBAN ha B U2 T& picil e 2 Mmat LT T
ETHD,

[ 3CK]
1) Nimjee, S. M.; Rusconi, C. P.; Sullenger, B. A., Annu. Rev. Med. 2005, 56, 555-583.
2) Padmanabhan, K.; Padmanabhan, K. P.; Ferrara, J. D.; Sadler, J. E.; Tulinsky, A., the Journal of Biological
Chemistry 1993, 268, 17651-17654.
3) Yoshimoto, K.; Matsumoto, S.; Asakawa, R.; Uchida, K.; Ishii, T.; Nagasaki, Y., Chem. Lett. 2007, 36
1444-1445.



PEG-b-PAMA/Aptamer Co-Immobilized Surface for High Efficacy of Immunoassay System

Yukichi Horiguchi', Keitaro Yoshimoto® and Yukio Nagasaki'~"

1) Department of Materials Science, Graduate School of Pure and Applied Sciences, University of Tsukuba, 2)
Department of Life Sciences, Graduate School of Arts and Sciences, The University of Tokyo, 3) Master’s
School of Medical Sciences, University of Tsukuba, 4) Satellite Laboratory of International Center for
Materials Nanoarchitectonics (WPI-MANA), National Institute of Materials Science (NIMS) , University of
Tsukuba, Tennoudai 1-1-1, Tsukuba, Ibaraki, 305-8573, Japan),

Tel: +81-29-853-5749, e-mail: yukio@ims.tsukuba.ac.jp

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 surface'. 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 polymerization’. 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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ss-0.08 39.1 29.4 0.75 142

BT 5 LR T REE GEZAEREEE) 22, 55-0.34 23.1 12.0 0.52 22
HPROGIHEFFOMIKERAR T v v v (Baxter T 05 372 239 0.64 103

V) EAGE LT, R OREEMIEEZ T Lz, WTho
AEHZFBWNTH, DNA BAAWCIA—N"—F v 7 L7
NDOHRLFNEELTWDA I Enbrolz, & HIZ, ki1 ds-0.26 243 14.4 0.59 42
MOFISIEZ DNA O T 7 NEEL WS L0 iLie LARL  ds-034 18.9 11.8 0.62 19
F OV A KNZRAKF L TWD Z EDNRENTo, FEZRHE The values in10 mM PB (pH 7.4) containing 0.1 M NaNO;
RIEREE 7S DNA —EHBEORRNZ2FES Lo ThHz a4 C

° R, and N,y are estimated from the best-fit parameters in

% éifb“(b\ébﬁ“ﬂiiﬁb‘k%”ﬁéﬂf:o Guinier analysis

ds-0.20 33.1 20.3 0.61 69




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

Code R (m)  Lge(nm) Ry (nm) APsven / APeore (st ; ”(;Sj;mz)
$5-0.08 272 4.0 31.2 0.40 0.043
$5-0.20 219 3.9 258 0.53 0.072
$5-0.26 13.9 4.8 18.7 0.33 0.17
$5-0.34 12.7 4.8 17.6 0.05 0.077
ds-0.08 224 2.5 249 0.51 0.046
ds-0.20 19.5 23 218 0.68 0.069
ds-0.26 13.9 2.8 16.7 0.40 0.12
ds-0.34 11.6 35 15.1 0.10 0.16

“The values in 10 mM PB (pH 7.4) containing 0.1 M NaNO; at 40 °C.

® I'hna is the number of DNA strand per surface area of core particle (4.7[R,,,2). Note that the values are
calculated on the basis of DNA graft number per copolymer chain, N,,, and R;, irrespective of
hybridization.

(2) PNIPAAm-block-DNA DIEHE BEA & Wit

WEEICH & &, T HEOay ha—iax, fx oo rEkK AL I 7 T —28) 2#F
9% PNIPAAmM-b-DNA OIEHEEAE %A T\ 5D, RIFEFEITRFIZ T R R & & DOREEIZ DWW T,
FLER SOy B # DB 72 E A RBICHRAE Lz, 9IRS ONT 15 o “FfHD A4 Y 4 DNA %
MW7z, PNIPAAm-g-DNA D& L1380 7 a v 7 WEARN G5 T 2 kI3 I9EF 2k 7e
&EEZ /AL TND Z ENghoiz, LizEns 7y 7 EEKNSR DT RO SAXS 7’1
Ty ANERT, RifIEaT - o UiEETH D, PNIPAAmM B 7 A FEDHRKE & LI, 6%
ERIFHARXPRER LTz, X7 b7 —280%, BIEOEE LD L, RENB/ NI DOEBEED
KNI END, 2O HICAMEAZIRINT 2 L IEREREELZE L D8, 27 77—
MO IR DI INHCTEET D2 Z ENH L, BELORICHMNS 5 & Bbihvd B3 45%

ZORKREHGMNIL T PETH D,

Table 3  Structural characteristics of micelles

o 1P, tss, formed from PNIPAAm-b-ssDNA conjugates”
o 1P, 1ssDy
2 4P_ -1ssD,
10° < wz:rns.n?s a Ry Reore Lgnen Peore
3 e N > Code (nm) Noce (nm) (nm)  (gem®)
2 .
= 10
G 1Py51-1ssDo 13.5 101 13.8 4.4 0.26
10} 1Paso-155Do 17.2 137 16.8 4.4 0.36
] 1P390-155Ds 20.4 187 20.8 43 0.37
Gl - 7o - ;
g (nm™) g (hm’) 1P300-155D) 5 21.2 76 19.1 6.8 0.19
Figure 1 SAXS profiles of linear and miktoarm star 3Pis-1ssDy 8.6 21 6.7 32 0.38

PNIPAAm-b-ssDNA conjugates in 10mM PB (pH 7.4) at 3Pyer-15sDs 1.1 67 10.4 37 0.67
60 °C. The concentration of conjugate was 2.0 g/L. For

clarity, the data are shifted vertically with an increment Pyp-lssDy 162 126 151 3.8 0.61
factor. The solid lines indicate the fitting curve. The 3P10-188D1s 15.7 5 11.0 6.3 0.65

arrows indicate the positions of the form factor minima.
“The values in 10 mM PB (pH 7.4) at 60 °C.



Elucidation and application of sequence-specific phenomena of DNA-grafted nanoparticles

Mizuo Maeda, Tohru Takarada, and Masahiro Fujita
Bioengineering Laboratory, RIKEN
Hirosawa 2-1, Wako-shi, Saitama 351-0198
Phone: 048-467-9312, Fax: 048-462-4658, e-mail: mizuo@riken.jp

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 PNIPAAmM/DNA bioconjugates with
various molecular lengths and architectures, i.e., PNIPAAmM/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 AH
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-5-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, Reore, and aggregation number, N,g, 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, Ocore, and smaller Nue,, as compared to their linear
analogues with the similar composition. The increase of ssDNA length brought about the increase of particle size,
whereas N,q, 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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1.
FxizonFEc, ERDE T P A K (Field Effect Transistor, FET) JRFRICAZHI L 7=FE % DX
A AP —BARICIRYMATEZ, UL, P arRHEHOBMBEN T — MR O BRI
BThHMWEIZHESX, F— Mkl LT A 220 T8RS 2 1The, ARG+l o 51 E i O
AT T 5D TH D, T FET EIE, o A OENRZ BEHEOBRHRG: &3 254 < OIHREFHI
ETHY, VTNATA LGFHANRERZ &, L= =R RN ARETH L= D/MULR RS TH D 2
& BRI TEARIC X 2B E - BISUERNES AT DR EDRKENH Y, A AL—T > K
VAT IMUICBW TSRO N D B2 L = — 7 RBREIETH D, Fex X2k Tlo, FET JFi#E %
FIA U728 FBLSIAENT OB A 1 BURAT B i 2t FU SEBR I CTHR S » SEREL T 7,
—J7. FETIEORROFEO—2I2, EOmWRIEERERIRS 2 Hivd, Bz X, JU - Fuko X 572
ER1. £72. 40 DL OGRS O DNA 2 fixis & L5812, 2o EENE LLT
T 5, ZAUTIIAEK 7 — MEBERmOEK —EEOWE (731 E) BEKRLTWS, silks ol
BIF 72K & XK 10nm TH D DIZx L, AFFERERET COT A RIX ImBETH D, Lieho
T, Pilkz 7 — MiERmEICEER LZ5E, WRPOFRITER —EHEO/THR BT 52 &
R0 ZORER, BUROEM I A A NS L0 MRS 4, FET 12 X 2 HITREERRICREE L 72 5,
Fx D7 N—7TiE, ERO XS T AL RICE D BRHEBEORIRZ R L, 00 1% @RENOE
BT 57200 [EEEH-nER 1) 72281 RaoOAIHIZEY e,
Wik 23 RN, Lo F - MR AR AR L2 & o7 B 7L FET & AT AESRICIRD AT, o
- )V REABE LTHEOLVESR L, a3 A (ConA) FINC X 0 IG5 = & &
B L7z, 207V TERM L7z FET ZH 2 Con A BRI FIRETH 5 Z & 36 KL OME 5 DR K
S R U7z, Con A VX HPEIR C OB BE DMK < SR OB i A FET A TR REETH Y | AR
FEEMA T =X LOFIMEZRTHER L 725 TV D,
2. WFFRRR

RO HHEEEERIR 2 TR L7 A2 fTRE & 5 720, MEBnEH ) & LCodnr  Rumoflt
IZERV A TWD, BRI, TR~— 7L LIEEN DS E M &5y 17 )V & FET 77— | bl
L CTEEERE LTS, 20D, ¥ - Aa U@k, FEHE- Ao @B L7 F o - BEOHURPURRES &
W o T AR FRIFEEAER 2688 ) & L TR 2 2L T 2 @0 77 LV ORGEHC A B L OME B A HE T
E L TCOYHFEHn 21T > T\ 5D,

VI FUISEBRNRE N T DA Z OS> (FEMNILFEZE © =)

Lo T o-pE (8H) MOMBEIERIID TRERARERG TR AT LAO—2THYD | 7 4 LA
B D RYAEREC Y 7T IARIERIE /2 E~BFET 5 Z ERREENTWDS, TOEH L7 FUEOFITIE
i~ —H— L LTHIRHENRTWD DL H 0, FiFEOR AL L [RIRFIZZ OFESHBIFIME 2 FHI 92 FiE O
BARNHIFF S TS, — 7. ZO/NSWVEREEDTZO X /R GO FET T — eI IR#ETH 5,
ZOMEERRT DD L 7 F UISE TNV OERE X OO F NV CER LTz FET 12X 5 L7 F i
BiRAlz, VT O—FTHD Con A [FEFLEM CUEMREEZK L. 4 SO L OEAIKRETEK
T4, BHOIZZOMWEIZEH L, ZLa F-Con A BEKEYHLEES L LTET AL EESR L.
ST LT 7 v 2 — A2 X D EARIRBEC LD T 5 Z L 28 LT\ 5, AT, #is, &
S 1IEE (B 1285 Con A Ml 38 L UMERZERG R LI K D UG DO ATREMEICBI L TRGET L. 24 FET
2L % ConA R B EHE 1L L USHT 2 2 & ailAiz,
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Design of Semiconductor/Biology Nano—Interface for Development of Genetic Transistor
Yuji Miyahara, Akira Matsumoto, Tatsuro Goda

Tokyo Medical and Detal University

2-3-10 Kanda-Surugadai, Chiyoda, Tokyo 101-0062, JAPAN
Tel & Fax: +81-3-5280-8095, E-mail: miyahara. bsr@tmd. ac. jp

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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Evaluation and Application of Dynamic Motion on Soft Interface
Between Immobilized Ligands and Cell Surface
Atsushi Mahara and Tetsuji Yamaoka
Department of Biomedical Engineering

National Cerebral and Cardiovascular Center Research Institute

5=7-1 Fujishirodai, Suita, Osaka 565-8565
Tel: 06-6833-5012 (ext2637), Fax: 06-6835-5476, E-mail: yamtet@ri.ncvc. go. jp

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/m® 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 100400 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 (fprg) leads to the formation of more
complex structures like bicontinuous porous structures, while micelles and vesicles forms in higher fprg region.
Variation in polymer concentration did not affect the morphology of PICs at high and low fprg. However, in the
case of the middle fpgg 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 (f.,;) and fprg 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 f.,, with relatively lower fpgg resulted in the formation of
Nano-PICsomes. In contrast, polymer combinations having higher fpgg with relatively lower f, 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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THEHOMHELDY ATy 7 TEAL, BEYZ 7O LV #{#E2 DNA T A~ DB AJE DR
ZHIE LT,

2.1. DNA F /& DRE
DNA origami HEIZ LV . 9 DO = LM ARICW A TZH LT
WA oD DNA T/ KEER (DNA waffle) ZE%EFL7- (Figure 1) .

3 : I #4 #7

Z @ DNA waffle D K DOEF#IL, Scaffold strand DZE3 Y 1T Fill === . P
strand (indicated as pink or blue strands in Figure 1) %0
RBHZETY =DV A ARAETHS 2L ThY 43R = o =

O THRERREIICTDHIENTE D, /Ny av = /VEEIIC Figure 1. Folding pathway of the scaffold in
2 OBHMIT DI LT, 2MlifiaTH oV EERADZLANTE,  thewaffledike DNA origami.
SHIZY = VDBIMNI Y N EREEIRSND T2, BEIZS

NIBEEREETDHILNTE D,

2.2. T VYA R LB U RT GO AHRSIRDORER

FPRONC, ¥ T EREAE M/ Ny T-& LT Biotin & Fluorescein Z AV, SA & 1gG D 2 DD X L%
IERFNENT LALT AL 2R LT, 20 2 DOX LRI EREENT D DOIEER Y = /LOH
A REWRETHT-O, DNA YA 2, 3, 4 X— DR EHY A XD = )L% Stripe /3% — 2T DNA
waffle PICZIERL L, &5V = /b ~D X 2 X7 B OREGEE T (Figure 2) ,SA D 1 431~ Z v (Figure
2a,¢c) ITIX2 X —UNIKET, 34—, A X —2 T2 VDOY A ANKEL RDHITHENT, V=/LOH
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4b, DIZHONTIT 2 =0 T = LB RT3 i
B—r 2L T8E, A X— T2 LTT | i
BNOE Y IALNER T > 72, 16 OPUFTE f

AL O FEREIT 4nm-12nm FREEE TV L | .
X7 INZENL 72, Fluorescein [H] DR " Zms | Mms  4ums
BENRFEL o TH, 1 DDY = /VIZ 255+

SERE)

i =

EERE

nolgG

| u1xlgG
] u2xigG
2ums Jtums

Mums

Figure 2. a) The yields of SA incorporation onto size-tunable wells. The

Nl N4 b4 7 naHZ X fcﬁ < N %/E]\jj 75*1& sections from the top indicate the percentage of the well with no protein,
TLE e -fkj”)/) o en J?’C% 2 one protein and two proteins, respectively. b) The yields of IgG
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incorporation.

EEZLND,

2.3. DNA waffle ETO X U RIE~T T LA DIERL

2H—r Uz E 3 X—r Uz LHNEIE LTZ DNA waffle #3784 LT, X
IRE—=2TD SA & 1g6 D~TaT LA EZ/ERL, ARMIZ X > TA~T a7 L
A E MR LT (Figure 3),

2.4, BERA~T 1T VA OERRE X OBERIEME TS

Horseradish peroxidase (HRP) & Alkaline phosphatase (AP) D 2 D™
EELZRIFFZT LA L LT, BERE SA BLO 1g6 O a Y= — MK,
SA-HRP 36 L U8 1gG-AP % VN %, DNAwaffle |[ZE2E A2 Nz, Z/VIEEIC K -
TEBEDRESE & DNA waffle /0B L ., FERIEMEZHE LT (Figure 4), &
DES, LT D 4 o0% o FrzlE L, BREEZ R Lz, BERDO~T 1
TLAM | FRTEREGME NG FEEAL TRV DNA waffle & F#ER
DIREWIR (N) . BEFE DO H OV (En) & Blank I8 E CTH D, EHLOLDEEED
IEHEIZOWT S, HBR B EWIEMEZR L, N, En, Blank [ZIFIFED L0
JEPEL 720 . DNA waffle RIZZENEAERGFHEY OMHAIEMZI LTSRN
EESINTWNWDZ DR TE T,
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Figure 3. Protein nanoarray
on X patterned origami motif.
SA and IgG heteroarray on
origami with biotin
modification at the #2, #4, #6,
#8 wells and fluorescein
modification at the #1, #3, #5,
#7, #9 wells.

Figure 4. Assembly of enzyme heteroarray on waffle-like DNA scaffolds and their enzymatic activity. a) Schematic
illustration of the gel filtration purification. Assembly of the HRP and AP enzymes on the DNA waffle (abbreviated as H) or
mixture of HRP, AP and non-modified DNA waffle (abbreviated as N). b) Time-dependent fluorescence changes of
AmplexUltraRed by HRP activity. ¢) Time-dependent absorbance changes of pNPP by AP activity.
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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—1like 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, 6.8X12 X 2.0 nm well for SA and 6.8X12X2.0 nm or
10.2X12X2.0 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 I1gG 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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ERRE DL, SIS T HEMBIRE S 213 [h7ebl] OB OWENRRRD 2 ERMBETEY
LARAOBE L2 B T AERR % 72RF9E 23 Toiu T S [Kricheldorf, H. R. J. Polym. Sci., Part A: Polym. Chem.
2010, 48, 251-284], LinL., EBEDO L Z A, [=b] OEWNC L %00 (BlziX, k%
FIERIIIB L2 0.9 3B OO, ZOREOENMEEREMEL B OIS E L CTREMT 5D
T LWEEBZ LN TWE, E2AR—FH, BARMICHEZRD & [BRIR] OEnFREEIC RS ka7
BEREELOBFE TR DAL, 77 A I FDNA Z X U BRI Z LV BRIRT I m— AR ER . 20 [
7B IS FFRBRZRBET HZ NN TND, T, EEWENE—45 7 CTHEET S
D TIEZ AHFEAETERR L TWD Z & ITHkT 5,

For i, ARV & EIEI D — 580 BRI O TR 23 OFMIABICBRIROIEE 0 T2 AT 5 Z & Tl
JEK RO 72 EBUKEREE CAERTE 5 2 & [IWFENEZ FHAEDERT, 2000, 14, 332-340] 1258215,
TEEIEDESIR 7 v 7 IWHEAKRZERR(L L, BE#H - RENENO B AR IR DR & FliRE L
oo THLESIRETZ LI, BREDTFIBME, BEHO OO L EAATHIEREEE (25) 2HREN
I B8 (24°C — 74°C) + 52 & % RH L7 [Honda, S.; *Yamamoto, T.; *Tezuka, Y. Topology-Directed
Control on Thermal Stability: Micelles Formed from Linear and Cyclized Amphiphilic Block
Copolymers, J. Am. Chem. Soc. 2010, 132, 10251-10253.1, DF YV, HENLE~D hAo o —24H
IZE o T, @O TOMK - (EFBESL ) TEB IO BLORKRSOY A X—UIEE 5252 L7 <
BN EME N REEIZ A E LT T E TOHEIC LiUEE S0 ERIE5 CCRRE MRBR A T&H - 72753 [Nuopponen,
M.; Kalliom#ki, K.; Aseyev, V.; Tenhu, H. Macromolecules 2008, 41, 4881-4886]. RixRDOHWIZEIZI
WT 50 °C & DB EMDOBE L VI IEFIZEER [ MR O—2R] 29D TRE L, 61T, E#H
WK BIRE D TFORGHEIZLY, TORWHIFATO I BV OREREHREIC R LTz, 208G
XL D57 87 70> B R WVBLEE 3 FF 7= 4L, AR FRIICIZR UWE ZEH L TW A IZH 230 b3 IR T O AR
BURFERIEREREIX, IREISEMER T v 7T U AN =27 A (DDS) ZIL Lo &3 DA 7 bEREs BEBR %
(ZORM DA & U THEERNS BIEH I,

AWFEREIY, EROMEREE BRI TS TO [ebl (Fa1 haAeo—8%) LA CHRE
(#1167 OREICL D2HHEESTORELZ B L. ZOFRICESS GF AT LOIGH %
HTHHDTHD,

2. HrFERE

FI, AT A ML DMWMBEWER R A2 FHET 2 72O E IR polystyrene-b—poly (ethylene
oxide)-b—polystyrene (PS—-PEO-PS) I X OFRIkpolystyrene-b—poly (ethylene oxide) (PS-PEQ) Z&% L
77 ARSI RBAL T L XL A & D4 F 8 2000 DPEO~ 7 B A =3 =— & — (1) ZBAtEHI & LIm A F Lo
DATRPIZ L 0 | B B SR ABABIPS .—PEO 4 —PS, 7' 12 v 7 S B A4 (2) A H L 7= (Scheme 1), &I,
BFoilz 2 ORFRUCUNAVERGEZIUECT Z VHFETIZBWTT UV MY ATFLT T U BEH S
W7 Vb7 vy 7 ESEK 3 21572, 612, FIREFICBO T TRAZ BV ABR(ILEITD 2
EAT L B BRIRABIRIPS | (-PEO,, 7 1w 7 SLEAIK @) 2G5 LTz, RWT, 7 ey Z7HHEAK 3 B
L4 (10 mg) ZFNZEHNTHF (2 ml) TR L, #iK 10 mLE2 Do < D L F L7k, BIEEEICLY
THFZREL, EZ 10nLE 352 TLOng/nLd I BEK AR L7-, 3BL04 ITnnbB L
Z 20 nmfEEDERIRD 2 B UREE A TS D 2 & 28R PR (ARM) #1535 O, BhEEGEL (DLS)
HEICLVRENZ, EHIT, DD BRI DR N 2 585 -1 5 &2 W - BRI & &
DRDIZEZ A EHERT vy 7 LEAKRI L33 °C. BBk vy 7 ILEEIKR4 TiX 72°CL 725 7= (Figure



1D, ZOfER, A EIO MBS KPS-PE07 & v
7 HEEENOS B TH, BREEICE R
T4 FARa =R Lo T 40 °ClZ J Sl A
DO ENTREINT,

WA, TS 95 F AR e o —Zh R & 59
BTz, B Z TN E) 2 5 L 72,
ﬁk%b)?A%\tw@&_ﬁML\wawt
0 HENTIRE 2 Rl L7 & 2 A EEIR poly (butyl
acrylate) -b—poly (ethylene
oxide)-b—poly (butyl acrylate) (Linear) D>5H K
% L-micelle X 110 mg/mL ., — J5 TE IR
poly (butyl acrylate)—b—poly(ethylene oxide)
(Cyclic) 25725 C-micelle TiE 240 mg/mL T&H

Y (Scheme 2) . %m%hﬁﬁ’%ﬁéﬁﬁmﬁw

NRBOONT-, Thbb, [F"AReY—2hF] |
B9 SR 7 O 11 o A S 75>/Tézh
72o DLS HIEND LIERED EHIZENIELD
VAR FEIER O A R S v, UV HIE & —3
TAHRERNEG SN, /2. Linear KT Cyclic

RAIC K DM MO HIE 2 8t L=,

T, Linear (10 mg) 3 LW Cyclic (10 mg)
WZxt U CoREEME LS 7 T D fluorescein
sodlum salt KA (FSS, 1.0 mg/mL, 30 pL) Z N
Z. 80°C ITHEL TH—IZIR-ETHZ LITLb,
FSS oA INnN7-t Ra &L (L-gel, C-gel,
26wt%) ZE#L U7~ (Scheme 2), 567~ K bi
JLDIRH(30 °C) T 1T B FSS Mtz Eh 2 UV (2

DEHME L7 & 2 %\Eﬂ\i% BUNZ 1T L-gel Tl FSS
FH3R D 490 nm (233 1F 2 R AS RER O AR 12 AV 1S
mii=o Lﬂ'bx C-gel TITWIXDOEIMIZ

FEAER N> 7= (Figure 2),

Scheme 1. Synthesis and Self-assembly of
Amphiphilic Linear and Cyclic PS-PEO Block
Copolymers
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Figure 1. Turbidity measurements using a UV-vis
spectrophotometer.
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Development of Functional Micelles Formed from Cyclic Amphiphilic Block Copolymers
Takuya Yamamoto
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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—PEQ), 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 TiCl,. 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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RT3 7N R T 2 b bW iti (V7 M) Th oD, BUKMEFHEEERICL Y BRES L
T-HEE R OB =X —%, Ao X—LAEETH IO, REEE0w L INEEIN
5o HEEEIL, 3 O0RALL Y 7 MREKE (BEL 740V —0 56X EFEOLE, AL U EDHX)
WZEH L, BERNOGTFHEERZEN, 2oL X 28 bsEb L2 /RHL TS,

ABFFE T, 3 DR EHEEOMATIC X DM (BbE=R, #ak), FimaR7) EHEZ ML L, MlafE
FIREE DEBEICEDL IS A F I 7 AZHOWT, Mg A XV R Y — 2% THITT 5 & RFFZ,
Briz7okuett: Y 7 MR ORI L BT 5, 2FEOMEHIRNIC [1] BEX A T I 7 2 OHTFEDHE
S, (2] WA A 2 7 A0 IEEEAEIEL, [3] W & O BEAER LIS A F 2 7 ZEHTICBET D78 21T
W, B TREE A EOWE & O EAERIZE T A kL X —IRIEZEA LA MR L. HAE w] e 7o BERE M R
HDTHA L ~EBFTHELZEME Lz, 22Tk, 82 [1] BEX A I 7 AT RO, [2])
A A F X 7 AOIERERHIE (BT AR OV THRIET 5,

2. WrERR
[S4EEDBH] ML, MEONAZRTTNEET TR, =0 R A b= 20/ NNaER R &
ZERTHA T X v 7 RIEMEEERAZ > T, #HiE, s b, JEZR &, HEERMIIME S{RZICBEbh > Twn
Do AfEFRRED 10pm 27— O N THIFRHIE CH L VAR Y —LF, V7 MRrETHLZ b
BREOS UL, Me. SRR POBEREZRZTZERMONTEY, Fxld, BESEERCX A
T AT AT T D, IHICTFHRXIL, HEELET Y RUBUIREEZ VAR Y —AIZEAN L, Disc
JRAVERIT D Z & THA T I 7 ADONHER DR EIT-> TE iz, SHFEEIL, ZhODORF A FI 7 A
WL EMEOF M2, 3, B b &, &, A XL o I EMERRITIZ OV Cigia 7 2.

SR (BOUKMEMREMER) 1280 BEES LERERE ORI 2= ¥ —%, Ao —L
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Title: Control of membrane line tension and design of functional surface

School of Materials Science, Japan Advanced Institute of Science and Technology,
1-1 Asahidai Nomi Ishikawa 923-1292 JAPAN
+81-761-51-1650
Masahiro TAKAGI and Tsutomu HAMADA
(Introduction) Tt 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 10 pm are large enough to allow direct
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—HC1
(pH 7.4) at 37 °C. 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(y = 9.6X10-4[pN]) was smaller than that of cis membranes (v
= 1.8X10-2[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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1. Introduction

All of the living cells maintain their lives by using closed membranes with phospholipids, ranging
in size from 1 to 100 um. To gain insight into the effect of cell-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 actin DNA

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 10pm
of the environmental factor such as concentration of
maghesium 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 a
of the conformation and the localization.

-
(=
= |

Intensity

30 &0

L (um)

3. Acceleration of protein synthesis in smaller environment! Fig. 1 Segregation between actin and
We have examined the effect of confinement on the efficiency DNA in a cell-sized sphere covered by
of gene expression, by adapting aqueous droplets with the phospholipid, as  observed by
diameter of 100-10um coated by phospholipid in an oil phase. fluorescence microscopy.

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, 1i.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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Figure 1. (a) Chemical structures of diblock copolymers and (b) synthesis method of polymersome.
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Polymersomes are polymer particles having hollow core structure. It can be incorporated various kinds of
guest molecules into the hollow core. Polymersomes can be prepared using various methods such as
self-organization of amphiphilic polymers, emulsion polymerization, layer-by-layer methods. In this study, we tried
to prepare hollow particles using template polymer micelles. Furthermore, thermo-responsive properties were
introduced in the shell of the polymersome. It is known that poly(N-isopropylacrylamide) (pNIPAM) indicates the
lower critical solution temperature (LCST) in water. Therefore, the cross-linked pNIPAM was used as a shell of the
polymersome.

Firstly, the diblock copolymers were prepared via reversible addition-fragmentation chain transfer (RAFT)
controlled radical polymerization technique. Dithiobenzoate type chain transfer agent (CTA), methyl methacrylate,
AIBN were dissolved in dioxane. The solution was degassed by purging with argon gas, and heated at 60 degrees
for 18 h. The polymer was purified by reprecipitations to obtain poly(methyl methacrylate) (pMMA) macro-CTA.
The number-average molecular weight (M,) and molecular weight distribution (M,/M,) were summarized in Table
1. Acrylic acid was polymerized using pMMA macro-CTA to obtain amphiphilic diblock copolymer
(PMMA-pAAc) via RAFT radical polymerization.

Table 1. Number-Average Molecular Weight and Molecular Weight Distribution of the Polymers

M,x10™
Sample M, /M,
GPC NMR
PMMA; 0.58 0.48 1.02
pMMA43—pAAC51 0.79 0.83 1.09
PAMPS 3 2.13 1.71 1.27
PAMPS7;-p(NIPAM/HEA )g6 2.35 2.79 1.42
PAMPS73-p(NIPAM/CEA )gg 2.23 2.86 1.39

Trithiocarbonate type CTA, 2-acrylamido-2-methylpropane sulfonate (AMPS), radical initiator (V-501) were
dissolved in pH 7 aqueous solution, which was degassed by purging with argon gas and polymerized at 70 degrees
to obtain pAMPS macro-CTA. NIPAM, 2-hydroxyethyl acrylate (HEA), V-501 were dissolved in mixed solvent of
ethanol and water. The solution was degassed by purging with argon gas, and heated at 70 degrees. The polymer
was purified by dialysis against pure water to obtain pAMPS-p(NIPAM/HEA). pAMPS-p(NIPAM/HEA) and
cinnamoyl chloride were dissolved in DMSO, and the cinnamoyl groups were introduced into the pendant hydroxyl
groups in the diblock copolymer to obtain pAMPS-p(NIPAM/CEA). The reaction was completely proceeded
confirmed by UV-vis absorption and '"H NMR spectra.

The hydrodynamic radius (R,) of amphiphilic diblock copolymer, pMMA-pAAc in 0.1 M NaCl aqueous
solution at pH 3 was 19 nm, which indicates that the diblock copolymer formed core-shell type polymer micelles
composed of hydrophobic pMMA core and hydrophilic pAAc shells. The R}, value of pAMPS-p(NIPAM/CEA) was
6 nm, which indicates that the diblock copolymer dissolved in water as a unimer state. When the aqueous solutions
of pMMA-pAAc and pAMPS-p(NIPAM/CEA) were mixed, the R, value increased to be ca. 30 nm. This
observation indicated that pAMPS-p(NIPAM/CEA) was attached to the surface of the template pMMA-pAAc
polymer micelles to form core-shell-corona micelles, because of hydrogen bonding interactions between pNIPAM
and pAAc. We have already confirmed that pNIPAM and pAAc homopolymers in acidic water forms
multi-polymer aggregates, because the pendant amide groups in pNIPAM and the pendant carboxylic acid groups in
pAAc were interacted with hydrogen bonding. We plan to cross-link the shell of the core-shell-corona micelle by
UV-irradiation because of photodimerization of cinnamoyl groups in the shell layer. The template micelles can be
removed by dialysis against organic solvent to prepare polymersome having thermo-responsive shell.
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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 Llo 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 Llo 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 = 10'®). 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 Llo FePt nanoparticles (NPs)
have been synthesized by using a silica 1 2 @ 3 4
nano—reactor strategy. The coercivity % 3
field of the NPs was 16 kOe at room *%_%f?d@P% NHS, EDC
temperature, with a particle size of around > “03-";‘¢'c§§m o
5.19 nm. Biotin-coated Llo FePt NPs were FhEY " e
biocompatible in an aqueous environment and - ‘ 6
show site-specific interactions with A
avidin compounds that could potentially
yield a new magnetic material for S R D el o
biological applications, such as for
biomolecular recognition.
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Fig. 2 pH-Dependent behavior of foams
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Fig.3 SEM images of cross section of foams
stabilized with the PDEA(-PS latex particles
(5.0 wt%, 0.1 M NacCl) at (a) pH 6.0 and (b)
pH 9.0.
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It has been known that finely divided
Hydrophilic

particles can stabilize liquid foams by  fotonated Air-philic
. .. . PDEA hai Air non-protonated

adsorbing to gas-liquid interfaces. The air OH- PDEA hair
adsorption of particles at an air-water — Airé Air
interface is critically dependent on the " “-...g

. R . e 2E , Water| H '
hydrophobicity of the particle, which can :}g} ~;¢v ‘o‘ﬁ:? Y

: A e,
be quantified by the contact angle, 6 ﬁ 9/& M Water

(measured through aqueous phase). The Aqueous dispersion of stable particulate foam
angle 6 increases with an increase of the PDEA,,-PS particles

hydrophobicity of the particle. The energy
4G, required to remove a spherical
particle from an air-water interface is at a
maximum when 6 = 90°. For the
submicrometer-diameter particles used in the present study, 4G 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 (M,/M, < 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 pK, 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.

Scheme 1 Application of PS particles carrying PDEA hair as a
pH-responsive particulate foam stabilizer.
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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 7Thermococcus
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 (B -1.4 linked Macetylglucosamine) was compared to that onto cellulose (S
-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 (4,.) and effective
bond length (x,) on the basis of the Bell-Evans model. The 4, and x, 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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Fast Moisture Responsive Polymer Achieves High-Performance Diagnosis
for Miniature Diagnostic Devices
Junji WATANABE
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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 (#h = 5, 000), the surface altered
much faster in comparison with that of low molecular weight (#h = 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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Atsuhiro FUJIMORI

Graduate School of Science and Engineering, Saitama University,
255 Shimo-okubo, Sakura-ku, Saitama, 338-8570, Japan

fujimori@fms.saitama-u.ac.jp
Tel and Fax: +81-48-26-3503

We have newly constructed “multi-particle layered organization
(Fig.1)” of aromatic polyamides (poly-(N-alkylated benzamides), abbrev.
PABA, 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 PABA; form the periodic structure of 5-6 nm

along the c-axis. In addition, formation of a single (b)
particle layer having uniform height of 2.5-3.0 nm is 2500

confirmed by AFM. Namely, almost twice value of 2000} (59 A)
particle height corresponds to the long spacing estimated 2
by XRD. It is supposed that double particle layered 21500}
structure (Y-type) is formed by LB technique to the €1000-
amphiphilic particles at air/water interface. In addition, §

= 500¢

carbazole units and both hydrogenated and fluorinated oL

it is proposed that ternary comb copolymers with

1
b X

side-chains are canditates of newly typed “polymer 1 2 28 S 6

(c Paracrystal Analysis
o : g=di/Ad, =0.52
copolymers with high hydrophobic carbazole (g=Aa/|aj|=Aa/|ay|=Aa/|a3))
contents also formed single particle layer at g =0 : no distortion
( g =1 : distorted crystal

4
/ degree

N

nanosheet” material in the previous report. These

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 Figure 1. (a) AFM images of single particle layer
of PABA;. (b) Out-of-plnae XRD profile

of LB multi-partile layers of PABAs. (c)
Paracrystal  Analysis to the LB
multi-partile layers of PABAs and their

polymer nanosphere” and “polymer nanosheet” are
simultaneously formed by same component material.
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Operando Analysis of Condensation and Diffusion of Negatively—Adsorbing Chemical
Species in a Monolayer at the Air-Water Interface
Takeshi HASEGAWA

ICR, Kyoto University

Gokasho, Uji, Kyoto—fu 611-0011, Japan
Tel: +81 774 38 3070, Fax: +81 774 38 3070, E-mail: htakeshi@scl. kyoto—u. ac. jp

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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Figure 1: Principle of PALM observation.
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Properties of Polymer Chain at Interface and Thin FilmStudied by
Single Molecule Detection Technique

Hiroyuki Aoki

Advanced Biomedical Engineering Research Unit, Kyoto University

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

Introduction

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 x 20 x 40 nm.
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Synergetic effect on multilayer formation of fluorocarbon compounds

at the hexane/water interface
Takanori Takiue
Department of Chemistry, Faculty of Sciences, Kyushu University

Hakozaki 6-10-1, Higashi-ku, Fukuoka 812-8581, Japan
Tel: +81-92-642-2578, Fax: +81-92-642-2607, E-mail: t.takiue@chem.kyushu-univ.jp

The study on structure and property of soft interfaces including gas/liquid and liquid/liquid interfaces is
inevitable to understand structure-function relation of more complicated molecular organizing systems such as
biological membrane. Among our systematic studies on adsorbed films by interfacial tensiometry and X-ray
reflection (XR), in this study, we aim at discussing the spontaneous multilayer formation of FC compounds at

oil/water interface, which is very novel phenomenon at soft interfaces.

1H,1H,10H,10H-perfluorodecane-1,10-diol ~ (FC10diol), = 1H,1H,2H,2H-Perfluorododecanol  (FC120H),
1H-perfluorodecane (HFC10), and hexadecane-1,16-diol (C16diol) were employed as materials in this study. The
interfacial tension y of the hexane solution of single and mixed component against water was measured as a
function of temperature 7, pressure p, concentration m, and composition of the mixture X, by the pendant drop

method. XR was performed at BL37XU in SPring-8 as a function of scattering vector Q..

Pure FCl0diol system; The y vs. m curve of pure FC10diol system has break point T
due to phase transition in adsorbed film. The interfacial density 7™ below the "l ’ -
transition was expected for the condensed monolayer with parallel orientation, and that & ° / Z /A~

above the transition increased very steeply with a small increase in m. The film /

thickness determined by XR above the transition was larger than the molecular length

with all-trans conformation. These confirm that the molecules pile spontaneously to © 01 oz 03 04 05

form multilayer at the interface. Furthermore, it was suggested that the repulsive Figure [R/Rr vs. @, plot and

surface force between the upper and bottom boundaries of multilayer induces the electron density  profile
growth of the multilayer.

Mixed FC10diol — Clédiol system; Mixing of FC10diol and C16diol in the condensed monolayer with parallel
orientation was accompanied by negative excess Gibbsenergy in spite of weak FC — HC interaction. This is striking
contrast to the immiscible nature of fluorodecanol (FC100H) and icosanol (C200H) with normal orientation. The
fitting of X-ray reflectivity R/Rr vs. Q, plot showed that the condensed monolayer consists of the lower part with
electron density close to condensed FC10diol monolayer and the upper part with low one, suggesting that hydrogen
bonding could be formed between hydroxyl groups of different species due to flexible HC chain. The multilayer
formed by preferential piling of FC10diol was supposed to be inhomogeneous in thickness because of time
dependent fluctuation of R/Ry value.

Mixed FCI120H — HFC10 system; Multilayer formation was found in a limited X, range of the mixed FC120H
— HFC10 system, even though FC120H forms condensed monolayer at high m and HFC10 shows negative
adsorption at the interface. The two-dimensional phase diagram indicated that the mixing of HFC10 in the
condensed FC120H monolayer induces molecular piling. This is a synergism of FC compounds on multilayer
formation. The electron density profile showed that the multilayer consists of two layers; one of which has slightly
higher electron density than bulk hexane phase and piles on the lower layer with almost same electron density as

condensed FC120H monolayer.
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Simulation study of polymer chains at nano interface between polymer and liquid
Hiroshi Morita
Nanosystem Research Institute, National Institute of Advanced Industrial Science and

Technology (NRI, AIST)

Central2-1, 1-1-1, Umezono, Tsukuba, Ibaraki, Japan
Tel: +81-29-861-5103, Fax: +81-29-861-5375, E-mail: h.morita@aist. go. jp

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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Highly sensitive biomarker detection with a fluorescence enhanced on a plasmonic chip
modified with a soft interface

Keiko TAWA

Health research institute, AIST

Tkeda, Osaka 563-8577, Japan
+81-72-751-9243, tawa—keiko@aist. go. jp

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

2. 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)l-step reaction:
silane-PEG-Biotin.

3. Fluorescence measurement

The cyb—labeled streptavidin and the cyb—1labeled 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 cyb was measured against
the incident angle with photomultiplier tube set at normal direction to chip surface. As a result,
the fluorescence of (I1) 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.

4. 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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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: ie., (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

Yoshimune Nonomura,'! Hiroyuki Mayama?
IGraduate School of Engineering and Science, Yamagata University, Research Institute for
Electronic Science, Hokkaido University

4-3-16 Jonan, Yonezawa, Yamagata, 992-8510, Japan
Tel: +81-238-26-3164, Fax: +81-238-26-3414, E-mail: nonoy@yz.yamagata—u. ac. jp

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
an interface between two phases from one with lower +y to another with higher y. 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 l1-propanol aqueous solution on flat agar gel
surfaces. On the spreading on the flat surface, the power—law exponent x of 0 ,(t) o t*was 0.5-0.9
in the second step (t =300-1500 ms) for a 1-propanol concentration of 9-100 wt %, which is extremely
faster than that of water (x ~ 0.3), whereas it was ~0.3 for a concentration of 0-8 wt %. This
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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Molecular design of stimuli-responsive artificial proteins for control the interface
of magnetic particle
Tomoko Yoshino

Institute of Engineering Tokyo University of Agriculture and Technology

2-24-16, Naka—cho, Koganei, Tokyo 184-8588,
042-388-7021, 042-385-7713, y—tomoko@cc. tuat. ac. jp

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-) ,))
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 magnhetic 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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Model biological membranes on solid substrates provide a versatile platform for generating
bio—functional surfaces. We have developed micropatterned lipid bilayers composed of polymerized
and fluid lipid bilayers. The polymeric bilayer acts as a framework that supports embedded lipid
membranes with defined geometries. The embedded 1lipid membranes retain some important
characteristics of the biological membrane such as fluidity, and are used as a model system. The
fact that polymeric and fluid bilayers are integrated as a continuous bilayer membrane gives
various unique features, such as stabilization of fluid bilayers. In the present study, we
developed a methodology for chemically functionalize polymeric bilayers. By incorporating
chemically reactive headgroup, we could funcionalize the surface of micropatterned polymeric
bilayers, which enables coupling of the model membrane with various materials

Polymeric bilayers were generated from diacetylene—containing phospholipids (DiynePC and
DiynePE) by Langmuir-Blodget/ Langmuir—-Schafer (LB/LS) method. DiynePE has a chemically reactive
ethanol amine headgroup, whereas DiynePC is chemically inert. By mixing DiynePC and DiynePE, we
could form stable bilayers on hydrophilic glass surfaces. After the lithographic polymerization
of bilayer by UV illumination, DiynePE was modified with functional molecules (e.g.
NHS-PEG,~Biotin). Fluid bilayers composed of natural lipids were incorporated into the voids
between polymeric bilayers by vesicle fusion. We could form stable polymeric bilayers by mixing
DiynePE with DiynePC. The maximum content of DiynePE was ca. 40%. By incorporating DiynePE, we
could chemically functionalize the surface with biotin. Streptavidin could be attached onto the
membrane surface. If we changed the lipid compositions in two monolayers in the LB/LS fabrication
process (we constructed bilayers having DiynePE only in one side of the membrane), adsorption
of streptavidin onto the functionalized surface was observed only when DiynePE was present in
the monolayer facing the aqueous solution. Thus, we could control the orientation of the
functionalized membrane. We could immobilize proteins, cells, and 3D objects (e.g.
micro—fabricated elastomer) onto the surface of the model membrane by molecular recognition. This
technique enables to vertically extend the model membrane system, giving possibilities to

integrate model membranes and various analytical platforms.
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Figure 2. Phase contrast images of L1929 fibroblasts
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(b) 235k, respectively. Scale bars correspond to 50 u m.
(¢) M, dependence of the number of cells adhered on the
PS homolayer films.

— 137 —



75 k, 235k) TIIH T ARRETH D%

Figure2a 35 XUV 2b 1%, I F&EDOHE/ 5 PS & H
UWNTHERL L 72 PS BRI S a5 L 7= Ml O 57 FA 2558
MG CTH D, MRS, PS O T BITIKSF
HFIRT - TH o7 Figure 2¢), 725 PS
M R 36 1T 5 0 T SHENEBME O 22 581X i
PN E B2 0N E RNy Tz,

Figure 3afs LN 3bld, PSEOEIEN L 5
PS/P1 —JE 2 HaA5 L 7= MR DAL A ZE SRS 858 ©
HbH, ZTZTHWEPSIZTED TEETHY 2T
EIEIZBNWTH T ARETH D, LILENRG,
MRS, EEOPSEOEEICEIFE LTz, T
et TJERRIZIS W TPSIRIE DS 25 nmfEE K 0
7pd L, MRRBEEAESDRT L, F7-MmiafmEs
H2E LUK T L7z (Figure 3c), AR SES & (R
LOPSIRIEARAFIEIL, AR B METE XL v
K6 72 R M AT AR R (B7) O IR L 38 o
R EZ R L7, —05, PSHUERTIL, Al
BRI ZB S e o 7z,

PS HJE[R ¢ L < (X PS/PI —ERRICHE55 L 7= Hifia
DEZE% Figure 4 I[IR"9, 7 AT MENKE
AR L D i U, /b SUGHERR I LY R AE & e
FFLTWAZ LAZ/RLTWS, BHEBRIZBW T,
PS JEDORE XL 63, HERIIFERMM AR L
7Dzxt L (Figure 4a), JEIRETIL, BE2% 25 nm
X 0T 2 L HEROR IS B S HE N L
7= (Figure 4b), F7=, Hilggtks o IV ETHD
TIFU T AN—T R LT 2 A PS B
DIEIHY 25 nm LU TFO @R TIE, Mo F#IE
A S NA 0 Th DBl Sz, U
LoRERIE, MR, moTREIZBWT GPa
— X — TR FINZEAT 2 TP Rt 2 785k T &
HZEERLTVD,

KEEE) -~ A 7 135 2 (QOM) JEIC S =
PS/PI @RIk D4 R REETEEL
7= (Figure 5), b FMLJE7 /L7 2> (HSA)., thiE
ra7 G (Ig6) &bz, @O PS BOREX
DFERIZ LD & X7 EWFEBEOE WIS
Rinotz, Tihbb, XU BRI
EIFEZRY . ZEEO TRICH KT 2R E O
NFEIRZEEICITEREI N W ERbro T,

3R
1) A. J. Engler, S. Sen, H. L. Sweeney, and

D.E. Discher, Cell, 126, 677 (2006).

2) K. Tanaka, A. Takahara, and T. Kajiyama,
Macromolecules, 33, 7588 (2000).

3) N. Satomi, K. Tanaka, A. Takahara, and T.
Kajiyama, Macromolecules, 34, 6420 (2001).

c) . 200
(c) E :
® 150 l
8 [ r? 1 #
> 100 }?Y
3 :1+
S sof 1. ® N (PSIPI bilayer)
= [ 2. O N (PS monolayer)
: -
Z 0‘1nnnlnnlnlnxnllxnnnlnnln
0 50 100 150 200 250

dps / NM

Figure 3. Phase contrast images of 1929 fibroblasts
adhered on the PS/PI bilayer films with (a) 25 nm— and
(b) 200 nm—d,, respectively. Scale bars correspond to
50 pm. (c) Closed and open circles show the number of
cells (A) on the PS/PI bilayer and PS homolayer films,
respectively.
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Figure 4.

Abundance of cell aspect ratio of 1929

fibroblasts adhered on (a) PS homolayer and (b) PS/PI
bilayer films with different dg, respectively. When
the aspect ratio value was higher than 1.4, cells were
regarded as spread, when these values were lower than
1.4, cells remained round.
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Figure 5. Frequency shifts of the QCM due to protein
adsorption on the PS/PI bilayer films with (a) 25 nm— and
(b) 200 nm—dj, respectively. Concentrations of HSA or
TgG were 0.1 mg/mL in phosphate buffer solutions.
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Cells typically attach to a polymer scaffold, often called an extracellular matrix (ECM) and/or
interact with other cells in an animal tissue. The ECM plays an important role in providing support
and anchorage for cells, segregating tissues from one another, and regulating intercellular
communication. The elastic modulus of a typical ECM widely ranges from 0.1 to 100 kPa, and recent
studies have revealed that these differences in the elastic modulus of ECM cause changes in cellular
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 (d,) was
changed from 200 nm down to 17 nm. The number of cells on these films became smaller in the dpg
range smaller than approximately 25 nm. The surface £’ 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 £’. Although the modulus of the PS/PI bilayer films
were of the order of GPa, being higher than that of native ECM, it seems 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.
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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) 1ithography
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 la most effectively guided
the directional migration of hbmMSC. For 24 hours culture, 52% of the cells migrated over 70 pm
in the direction in which the V-shape opened (Figure 1b), and rest of 48% did not remarkably move
(less than 70 um) 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
Hiroshi AOKI
National Institute of Advanced Industrial Science and Technology (AIST)

16-1 Onogawa, Tsukuba, Ibaraki 305-8569, Japan
Tel: +81-29-861-8050, Fax: +81-29-861-8308, E-mail: aoki-h@aist.go.jp

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 1.4x10™"" 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 (B-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 H,0,. In this year, we
spectroscopically and electrochemically investigated the

¥
formation of the aptazyme as a signal-generating part of 5
the sensitive gene probe. The observed hyperchromicity of CN hybridization HleDz H,0
the Soret band of hemin at 404 nm showed intercalation of ' — 5
hemin into the G-quartet structure. Moreover, from the ’..% ) \6/9'
experiment based on ABTS (2,2’-azinobis(3-ethylbenzo- 7777777777777
thiozoline)-6-sulfonic acid), the G-quartet/hemin mediated

the electrochemistry of H,O, reduction. These results  Figure 1. Working principle of the sensor based on allosteric
indicate the formation of the aptazyme. electrochemical aptazyme.

"B\, Imidazole moiety
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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-microarray. In the method, the mixture of 1 pl of siRNA (140 pmol) or plasmid (1 pg), 2 ul of
Lipofectamine™ 2000 Transfection Reagent (Invitrogen) and 15.75ul of DMEM is incubated for 20 min at RT.
Five pl of fibronectin (4 mg/ml; Life Lab. Comp.) and 1.25 pl of 2% gelatin (Sigma) are added. The mixture, we
call RTF-mizx, 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
treatment. 0.08% Fibronectin in PBS, 0.01% typel 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. HelLa 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
of coating by low volume of ECM, such as 15 nl spot of 0.001% of type I collagen (coating volume of unit area is
0.354 ng/mm?), 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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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 GMl1 was prepared. However, the significant
affinity of GM1 for GMl1-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—Cl12N3 to MDCK cells. The neutral products
(Gal-Lac—C12N3 and 2HexNAc—-Gal-Lac—C12N3) and acid products (NeuAca2-3Lac—-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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