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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: (0)4-7122-9686, Fax: (0)4-7122-1499, E-mail: kikuchia@rs. noda. tus. ac. jp

Poly (N-isopropylacrylamide) (PIPAAm) is well-known thermoresponsive polymer; the PIPAAm in the
aqueous solution showed temperature dependent soluble/insoluble changes around 32° C.
Introduction of PIPAAm to the solid surfaces induces aqueous wettability changes. Previously,
we introduced PIPAAm to the solid surfaces by using one—end functionalized PIPAAm. However, in
this procedure, surface density of the PIPAAm was relatively low and the surface functional groups
reacted with end-functional PIPAAm at the most of 60%. Thus to introduce PIPAAm at quite high
density, another method should be considered. To solve this problem, surface—initiated atom
transfer radical polymerization (ATRP) was applied to prepare thermoresponsive soft interfaces.
In this study, we investigated the preparation of PIPAAm—grafted soft interfaces by ATRP method
and temperature—dependent surface property alterations were examined in terms of the wettability
changes.

First, 2-(m, p—chloromethylphenyl)ethyltrichlorosilane was introduced to glass coverslips or
capillary tubings made from glass or fused silica. Then, known amount of IPAAm monomer, and
catalysts for ATRP was dissolved in N, N-dimethylformamide (DMF) and initiator—immobilized glass
coverslips were immersed to this solution. Then, reaction proceeded to a definite time at 25° C.
in the case of glass capillary or fused silica capillary, monomer solutions containing ATRP
catalysts were continuously injected using syringe pump. These modified surfaces were used for
measurement of temperature—dependent wettability changes as well as the interaction with
biomolecules; cortisone and testosterone as model hydrophobic molecules

Thremoresponsive wettability of PIPAAm—modified surfaces showed contact angle transition around
32° C regardless of the reaction time. In addition, water wettability at low temperature side
decreased with increasing reaction time for up to 18h. This was probably due to the increased
hydration of extended PIPAAm chains with increasing reaction time. Thus, IPAAm ATRP may be

controlled with reaction temperature. Then, surface—initiated IPAAm polymerization was
performed on inner surface of glass capillaries or fused silica capillary. Similar
temperature—dependent wettability changes was also observed for PIPAAm—modified glass
capillaries.

Next, we investigated surface property alteration for fused silica capillary interfaces by
observing the steroid retention. At low temperature where PIPAAm was hydrated, both cortisone
and testosterone eluted in one peak, while with increasing temperature, more hydrophobic
testosterone elution retarded. Although more detailed examination should be performed, surface
initiated ATRP is successful for PIPAAm introduction. We will continue to investigate the
properties of PIPAAm—modified surfaces.
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Precise Design of Soft Interfaces through Surface Nano-fabrication and Nano-graft Layer Formation

Atsushi Takahara, Motoyasu Kobayashi
Institute for Materials Chemistry and Engineering, Kyushu University

744 Motooka, Nishi-ku, Fukuoka 819-0395
TEL 092-802-2517, FAX 092 802-2518, E-mail:takahara@cstf.kyushu-u.ac.jp

In order to control the biological event at the surfaces and interfaces of soft materials, precise surface structure
design and property control are necessary. Purpose of this research project is to propose a method to fabricate soft
interfaces through surface nano-texture control and surface nano-graft layer formation.

In order to confirm the initiation of polymerization capability, surface-initiated atom transfer radical
polymerization (ATRP) of tert-butyl acrylate (fBA) and styrene were directly carried out from non-modified surface
of a poly(vinylidene fluoride-co-trifluoroetylene) [P(VDF-co-TrFE)]film. ATR-IR measurement of the resulting
films exhibited the infrared absorption peaks due to the carbonyl and C-H bonds from PtBA grafted film surface,
and peaks of C=C bonds in aromatic ring from polystyrene grafted film surface. The resulting grafted poly(rBA)
was converted to poly(acrylic acid sodium salt) by hydrolysis and neutralization. On the other hand, grafted
polystyrene was converted to poly(styrene sulfonic acid) by sulfonation. Water contact angle of P(VDF-co-TrFE)
film surface was drastically reduced from 91 to 15 degree by the effect of immobilization of hydrophilic polymer.

As mentioned above, a halogen-carbon bond in a polymer can act as an initiation site of ATRP to generate a graft
polymer, which can control the surface properties of the halogen-containing polymer materials. We prepared a
random copolymer having alkylbromide moiety by ATRP of methyl methacrylate (MMA) and 2-hydroxyethyl
methacrylate (HEMA). The unit ratio of MMA/HEMA in the copolymer was 98/8 (mol/mol). Each hydroxy group
of HEMA unit was converted 2-bromoisobutyloyl ester by the the additional reaction of 2-bromoisobutyloyl
bromide and the copolymer. The resulting copolymer is expected to form a nanofiber and to be covered with a
nano-graft layer prepared by surface-initiated ATRP from the alkylbromide sites on the fiber surface.

Preliminary experiment on electro spray deposition (ESD) of polymer was carried out for biodegradable
segmented poly(urethaneurea) (SPUU). SPUU with 75wt% polycaprolactone diol (PCL) was synthesized via a
standard two-step prepolymer method using lysine-based diisocyanete (LDI) and PCL with Mn=1250 as a soft
segment, LDI and 1,4-butanediamine (BDA) as a hard segment. In ESD experiment, morphological change of the
electrospray deposited microstructure is expected when the concentration of polymer solutions was changed. It
was shown that higher concentration of solution favored to form uniform fibers without beads-like structure. A
repeated deposition of nanofiber with transverse movement of substrate gives non-woven fabrics of SPU
nanofibers.
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Design of Soft Interface with Bioconjugate Dendrimers
Yoshiko Miura
Japan Advanced Institute of Science and Technology
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The biological phenomena are strongly related to the biomolecular recognition at the interface such
as cell adhesion and pathogen invasion. The biomolecular recognitions are controlled by the
well-ordered display of the biosignal molecules at the cell surfaces. It is important to control the
display of the biosignal molecules in the well-defined nano level. We tried to combine the biosignal
molecules to dendrimer to control the display. In this investigation, we studied the formation of
interface with dendrimer.

First, we synthesized the saccharide-conjugate dendrimer with a-Man, B-GlcNAc and B-Gal via
click chemistry, and the glycodendrimers were immobilized on the gold substrate, and the affinities
with sugar recognition proteins (lectins)were measured by surface plasmon resonance (SPR). The
glyco-dendrimer immobilized substrates showed specific lectins such as a-Man to ConA due to the
multivalent effects. The multivalent effects were dependant on the combination of saccharide and
lectins. For example, the interaction between o-Man and ConA was amplified by the higher
generation of dendrimers, but that between B-Gal and RCAi20 was not simply amplified by the
multivalency. The substrate with glycodendrimer became the tool to analyze the saccharide-protein
interactions.

Then, we prepared the substrate with multivalent sulfonated GlcNAc, and investigated the
interaction with amyloid b(Ab(1-42)) peptide with SPR, AFM and FTIR-RAS. The interaction of
AB(1-42) with sulfonated GlcNAc was amplified by multivalency, but the modest valency of
sulfonated GlcNAc showed the strongest interaction to AB(1-42). The morphology of AB(1-42) was
investigated with the substrates with various valency of sulfonated GlcNAc. AP(1-42) was
incubated with the substrates. The fibril formation was observed with the monovalent sulfonated
GlcNAc, and the round object formation was observed with higher valent sugars. The results
showed that the glyco-dendrimer substrates were the good model of the glyco-cluster on the cell
membrane to reveal the mechanism of the unknown biological phenomena including diseases.

We also prepared a novel dendrimer interface using polyamidoamine dendrimers (PAMAM
dendrimer) on the gold substrate, and investigated the biological properties of the dendrimer
interface. Since the dendrimer interface had the multiple amine groups, the dendrimer
immobilized substrate showed the proteins with negative net charge. But the protein affinities
were reduced with the higher generation of dendrimers. The condensed functional groups at the
dendrimer interface showed the specific properties to protein affinities.

We succeeded in the preparation of the dendrimer interface and investigated the basic properties
of the biological functions in 2008.
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Figure 1. Temperature dependences of IR spectra
of water sorbed into PMEA in a temperature
region of 298 K - 170 K at a cooling process (left)
and at a heating process (right). (A) cooling rate of
5.0 K'min™" and heating rate of 0.5 K'min™'; (B)
cooling rate of 0.5 K-min™' and heating rate of 0.5
K'min™".

cooling process heating process

370 3500 3250 3000 3750 3500 3250 | 3000
wavenumber / cm™ wavenumber / cm”

Figure 2. Temperature dependences of IR spectra
of water sorbed into PBA in a temperature region
of 298 K - 170 K at a cooling rate of 0.5 K-min™'
and at a heating rate of 0.5 K-min™".
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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
Graduate School of Science and Technology, University of Toyama
Gofuku 3190, Toyama 930-8555, Japan.

In the first year of this research project, both a construction of polymer brush having anti-biofouling properties and

an investigation of water structure sorbed into polymer thin films having blood compatibility were examined.

1. Anti-Biofouling Properties of a Telomer Brush with Pendent Glucosylurea Groups

A thiol group-carrying telomer with pendent D-glucosylurea groups (Poly(glucosylureaethyl methacrylate)-SH,
PolyGUMA-SH) was obtained by reversible addition-fragmentation chain transfer (RAFT) polymerization of
GUMA in the presence of 4,4’-azobis(4-cyanopentanoic acid) (initiator) and 4-cyanopentanoic acid dithiobenzoate
(chain transfer agent), and subsequent reduction with NaBH,4. The thiol-carrying telomer was accumulated on a
colloidal gold-immobilized glass substrate as proven by the increase in absorbance at 550 nm ascribable to
localized surface plasmon resonance (LSPR), respectively. The adsorption of various proteins to the surface of the
telomer brush was examined by the LSPR method, too. The PolyGUMA brush showed a significant resistance
against non-specific adsorption of proteins such as lysozyme, bovine serum albumin, immunoglobulin G and
fibrinogen. Furthermore, sugar binding proteins, concanavalin A (Con A, with an affinity for mannose and glucose)
and wheat germ agglutinin (WGA, with an affinity for N-acetylglucosamine), were not adsorbed to the
GUMA-carrying brush, which is in contrast with the prompt and distinct binding of these proteins to the telomer
brushes composed of 2-methacryloyloxyethyl D-glucopyranoside (Con A) and 1-O-(6’-methacrylamido)-
hexyl-2-N-acetoamido-2-deoxy-D-glucopyranoside residues (WGA). The glucosylurea group-carrying telomer

brush prepared here might be quite useful to provide a “bio-inert (anti-biofouling)” surface in bio-medical fields.

2. Recrystallization of Water in a Non-Water-Soluble Polymer Examined by Fourier Transform Infrared
Spectroscopy: Poly(2-methoxyethylacrylate) (PMEA) with Low Water Content

Crystallization of water occurs not only during cooling but also during heating: the latter is frequently called
“recrystallization” (or “cold crystallization™). Recrystallization temperature, 7r, of water (hyperquenched glassy
water, HQGW) has been reported to be ~150 K. Aqueous solutions are also recrystallizable and their 7gs are
usually higher than that of HQGW. In the case of a high concentration, recrystallization can be easily observed
without a special technique such as preparation of HQGW in various aqueous solutions such as glycerol, sucrose,
polyvinylpyrrolidone, and poly(ethylene glycol) aqueous solutions. The most cases reported are aqueous solutions,
i.e., binary systems composed of a water-soluble solute and water. Based on this knowledge, crystallization of
water during heating, so-called “recrystallization of water”, in PMEA was investigated by temperature-variable
Fourier transform infrared spectroscopy. Recrystallization in a polymerwater system is generally understood to be
phase transition from glassy water (condensed water) to crystalline water. However, infrared spectral changes of the
PMEAwater system with low water content indicated that the formation of ice , during heating occurred by a

vapor deposition process rather than by a crystallization process.
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Morphology and Structure Formation in the Monolayers Composed of Multicomponent
Polymer Systems

Jiro Kumaki
Department of Polymer Science and Technology, Graduate School of Science and
Engineering, Yamagata University
4-3-16, Yonezawa, Yamagata 992-8510, Japan.
Tel/Fax: 0238-26-3071, E-mail: kumaki@yz.yamagata-u.ac.jp

Polymer Langmuir monolayers spread on a water surface are an ideal model for polymer
chains in two dimensions. It should be helpful to study the polymer monolayers as the ultimate
thin structure of the polymer interfaces in order to understand them. However, our understanding
of the polymer monolayers is still very limited. In this study, we investigated the morphology and
phase separation behaviors of polymer blend monolayers using surface pressure—area isotherms
(r—A) and atomic force microscopy (AFM).

The first system we used was the poly(methyl methacrylate) (PMMA) and poly(nonyl
acrylate) blends. The mixed monolayer was miscible at a low 7, but reversibly phase separated into a
hierarchical phase separation at a high =, with the monolayer of a major component being spread on
the water surface, on which the minor component separated out, resulting in a hierarchical phase
separation. The phase separation grew with time, but upon reduction of the surface pressure into the
miscible region, the phase separation immediately disappeared, and subsequent increase in the
surface pressure caused growth of the phase separation similar to that from the miscible state,
indicating that the blend monolayer converted to the original miscible state immediately upon
reduction of the surface pressure. Thus, this system showed a reversible phase separation depending
on the surface pressure.

The second system was a mixture of isotactic and syndiotactic PMMAs (it-, st-PMMA), the
mixed monolayer of which is known to form a multi-stranded stereocomplex composed of it- and
st-PMMA helices upon compression. We found that the stereocomplexation was highly sensitive to
the compression rate of the monolayer. At a normal compression rate of 0.5 mm/s by the moving
barrier, the blend monolayer formed a clear phase separation of the it- and st-PMMA domains at 1
mN/m, and formed a PMMA stereocomplex only at the interface between the two domains at 10
mN/m. On the other hand, at the lower compression rate of 0.01 mm/s, the blend did not form a
clear phase separation at 1 mN/m, and quantitatively formed a stereocomplex at 10 mN/m.
It-PMMA and st-PMMA form expanded and condensed monolayers, respectively, thus, it-PMMA and
st-PMMA exist as isolated chains and condensed films in a dilute state on the water surface,
respectively. At the fast compression rate, the blended film kinetically formed the phase separation,
which caused insufficient stereocomplex formation. On the other hand, at the slower compression
rate, the blend formed a thermodynamically miscible phase, and as a result, the stereocomplex was
quantitatively formed. The present results showed that the compression rate dependence should be

carefully evaluated in order to determine the precise miscibility of the blended monolayers.
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We aim to elucidate the properties and functions such as molecular recognition of molecular
films at the solid-liquid interfaces using the surface forces measurement as a main tool, and
contribute to the soft interface science in a flame of biofunctional chemistry. Specific
interaction involved in biological reactions is one of the most important molecular recognitions.
Questions include (1)what protein pairs interact, (2)how do they recognize each other, (3)what
are the locations and the sequence of a binding site, and (4)what are 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 interaction
between the poly—histidine tag 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 year, we developed a new procedure for immobilizing proteins in a desired orientation
by employing affinity tags, glutathion—-S—transferase (GST) and maltose binding protein (MBP),
and investigated the interaction forces between proteins, i.e., SigB, a transcription factor,
and RsbW, an anti-SigB factor, using colloidal probe AFM. For the surface modification, the
ligands for GST and MBP, i.e. glutathione (GSH) and maltose, respectively, were introduced to
silica surfaces by a silanization reaction, and the tagged proteins, SigB-GST and RsbW-MBP, were
then adsorbed on the surfaces. The surface modification procedures were characterized by X-ray
photoelectron spectroscopy (XPS) and AFM. The interactions between SigB and RsbW were measured
in terms of the amino acid substitution for SigB as well as the heat treatment for appropriate
time of period.

(1) Interactions between two types of SigB and RsbW

Two types of SigB having three amino acid substitutions (VNK type and IDQ type) are found
in bacteria at different quantities. The effect of SigB amino acid substitutions on the
interactions between SigB and RsbW was examined. The adhesions were observed between both type
of SigB and RsbW, indicating the presence of the specific interactions between these proteins.
However, no significant differences in the interaction forces were seen using the two types of
SigB. The difference in the quantities of SigB in bacteria could be affected by the other factor
than the amino acid substitutions
(2) The effect of heat treatment on the interactions between SigB and RsbW

Under stressed circumstances, SigB plays an important role on posttranslational regulatory
network by dissociation from RsbW. The thermal stressed responses on the interaction between
SigB and RsbW were determined with the treatment time. When the heat treatment time was 0.5
min and 1 min, the adhesions between SigB and RsbW were smaller than those of untreated samples.
However, when the heat treatment time was further increased, the obtained adhesion was close
to the value of untreated samples. The changes in the interaction between SigB and RsbW could
occur in rather short time. FT-IR spectral measurements of SigB and RsbW indicated that the
structural changes in SigB can be the main cause of the changes in the interaction.
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Effective Protein Recognition on the Glycosylated Self-Assembled Monolayer

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

Weak interactions such as hydrogen bonding, hydrophobic interaction received great interest
in recent years relevant to molecular recognition for developing various biosensors or for
understanding biological system. Solid state surfaces modified with thin functional organic layers
has been often used to evaluate bimolecular interactions because the solid surface is suitable
for developing array based sensing devices combined with optical detection and imaging. Nano—level
controls of three dimensional structure of surface organic layers will show important roles for
the recognitions of weaker interactive biomolecules. We demonstrated that three dimensional
structure constructed from the long chain —carbohydrate molecules and short non—interactive
molecules can be realized perfectly recognition interface for detection of weak interactions.

12-Mercaptododecyl beta—D-maltoside (MalC12SH) was synthesized and used as the recognition
part for lectin, Concanavalin A (Con A). 4-Mercaptobutanol (HOC4SH) and Con A were used as received.
The interface was built up on the gold substrate. The interface structure and the number of adsorbed
Con A molecules were monitored by surface plasmon resonance (SPR) measurement (Biacore T-100
2000 and Handy SPR system). The ratio of adsorbed MalC12SH / HOC4SH molecules was evaluated by
electrochemical measurement

MalC12SH — HOC4SH mixed monolayers were conctructed on the gold surface. The number of adsorbed
Con A molecules and Con A adsorption were monitored by SPR measurements and converted into the
real adsorbed numbers of Con A molecules. In the case of 100 % ligand monolayer, the maximum
adsorption of Con A is 3.9 x 10° molecules / cm®. The value of maximal Con A adsorption increases
gradually with decreasing the ratio of MalCl2SH in the two components. The special point on
adsorption of Con A was corresponding to 29. 0 % MalC12SH in the real two—component monolayer surface.
The ratio of each component in the real molecular layer was decided by electrochemical reductive
desorption method. In this case, the number of adsorbed Con A molecules reached maximum, 1.8 x
10® molecules / cm’. This value is 45 times larger than that of 100% MalC12-SH monolayer.
Dissociation constant (K;) between the maltoside on the surface and Con A in solution became quite
smaller in the case of our 3D interface (8.9 x 10-7 (M)).

Our findings demonstrate that the precisely controlled organic 3D structure was key for
obtaining strong affinity between the carbohydrate and lectin. The relationship between the
surface layer structure and functions is also investigating.

We synthesized and used tri(ethylene glycol) terminated alkanethiols (TEGCnSH, n=2, 4, 6, 8,
11) as protein repelling modifiers. The signal to noise (S/N) ratio was improved significantly
when using longer EGC,SH molecules such as EGC;SH and EGC¢SH. Preventing non—specific molecular
adsorption and achieving a high S/N ratio were attributable to a densely packed MalC12SH / EGC,SH
monolayer. In particular, the EGC,SH packing density was the key to improving the ability to prevent
adsorption. The number of adsorbed EGC,SH monolayers on the gold surface was evaluated with the
electrochemical reductive desorption method.
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Correlation between Nanostructure and Functionality for
Polyelectrolyte Brush Soft Interface
Hideki Matsuoka
Department of Polymer Chemistry,

Kyoto University

Katsura, Nishikyo, Kyoto 615-8510, Japan
Tel: 075-383-2596, Fax: 075-383-2599, E-mail: matsuoka@star.polym. kyoto—u. ac. jp

Tonic amphiphilic diblock copolymers, which consist of hydrophobic and hydrophilic ionic
segments, show very unique character such as non—surface activity under suitable condition. Since
these polymers are amphiphilic, they form self-assemblies such as polymer micelle in aqueous
solution and polymer monolayer on the water surface. In these self-assemblies, the ionic chains
form polyelectrolyte brush. For micelle, it is 3D spherical brush, and for monolayer, it is 2D
brush. We have been investigating the nanostructure of polyelectrolyte brush in thse systems by
small-angle scattering, dynamic light scattering, X-ray reflectivity (XR) techniques

Recently, we have investigated the nanostructures of poly (styrene sulfonate) (PSS) brush
and poly(acrylic acid) (PAA) brush in the monolayer 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. However, quite different behavior was observed for salt concentration dependence. For
PSS brush, the critical salt concentraion, where no structural change was observed) were found,
but for PAA brush, the brush thickness increased by salt addition and then decreased. From these
observations, the brush formation mechanism has been thought to be different, at lease for weakly
and strongly anionic polymer brushes

In this study, as the first attempt, cationic polymer brush was investigated to clarify
the similarity and difference from anionic systems. The cationic amphiphilic diblock copolymer,
poly (isoprene) -b—poly (quarternized vinylpyridine) was synthesized by living anionic
polymerization followed by quarternization by methyl iodide. The degree of polymerization was
100 and 58 for hydrophobic and hydrophilic blocks, respectively. Mw/Mn was 1.09.

The XR profiles from the monolayer on the water surface showed clear Kiessig fringes,
which mean uniform monolayer formation. By model fitting, the nanostructure and its change of
the monolayer were evaluated. The transition between “carpet—only” and “carpet+brush”
structures by the change of brush density was observed also for this cationic polymer brush. Hence,
this transition is universal for ionic polymer brush systems. However, the critical brush density,
where this transition occurs, was about 0.4 chains/nm?, which is close to that for weakly ionic
PAA brush, but much smaller than that for strongly ionic PSS brush (about 0.1). Also, the critical
salt concentraion was not clearly observed for this cationic polymer brush. This observation might
be due to low degree of quarternization (0.58). Now, we are trying to synthesize fully quarternized
polymers by polymerization of quarternized monomers.
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Nano—fabication of Molecular Recognition Biointerfaces and
Application to Cell Analysis Microchip
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An understanding of cell-material interactions is significantly important for tissue
engineering and cellular biology. However, present studies treated large number of cells
approximately to confluent state and various effects including cell-cell interactions are
condensed. Therefore, it is necessary for accurate analysis of cell-material interactions to
the exclusion of cell-cell interactions on various nanostructured response interface. And for
quantitative understanding of these events, microfluidic bioreactors are expected opportunities
to study cells under simulated physiological microenvironments. Because microfluidic systems
enable spatial and temporal control of cell behavior by complex biochemistry. Inorder to evaluate
microenvironment of cell culture, it is necessary to integrate bioanalytical tools into the
microsystems. In this study, we investigate initial cell attachment behavior on response or
non-response surfaces constructed with nanoscale structure, and fabricate cell analysis
microchip.

At first, micropatterned biointerfaces especially on polymeric substrates were studied
for investigation of cell-surface interactions. To create such surface, the well-known
biocompatible cell-membrane—1like surface based on 2-methacryloyloxyethyl phosphorylcholine (MPC)
brush type and micropattered biorecoginition layer were constructed by living radical
polymerization wusing photoiniferter. The macrophotoiniferters comprised of 2-ethylhexyl
methacrylate (EHMA) and 4-vinylbenzyl N, Mdiethyldithiocarbamate (VBDC) were synthesized with various
of VBDC content from 10% to 40% (termed as PEV10, 20, 30, 40). In the presence of aqueous solution
of 0.3 M MPC monomer, the photoiniferter—coated substrates were irradiated with UV lamp (365 nm) at
room temperature and poly (MPC) brushes were created on the substrate. The density and length of the
poly(MPC) chains which are the very important factors in suppressing nonspecific protein
adsorption were controlled by composition of VBDC on the macrophotoiniferter and irradiation time,
respectively. We found that beside the hydrophilicity, moderate chain density, moderate chain
length, and smooth surfaces were the important factors to be considered for preparing nonbiofouling
surfaces. After finding the best condition for preparing the nonbiofouling poly(MPC)-modified
surfaces, cell-materials interaction was analyzed by quartz crystal microbalance with dissipation
(QCM-D) which has been widely used in biology and biotechnology, increasingly in biosensors fields.
Next step, we will evaluate the cell response on poly (MPC) and regulated-patterned biorecognition
interfaces.

Second topics is a fabrication of cell analysis microchip. A new microchip device for
real-time analysis of cellular respiratory activity on poly(dimethylsiloxane) (PDMS) membrane
with integration of carbon dioxide sensor based on pH-sensitive field-effect transistor (pH-FET)
was developed. Controlling the thickness of PDMS membrane, response curves of the CO, gas under
soda water flow and respiratory activity of HelLa cells on PDMS substrate were monitored as a
pH-shift. The pH-FET integrated microdevice having gas permselective PDMS membrane can
contribute to basic understanding of biological mechanisms in the field of tissue engineering.
In future, several sensors analysis of cellular behavior are integrated in the microchip systems.
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Recent progress in cell culture and microfabrication technologies has stimulated researches on
the integration of cell cultures and sensors on a chip. New high-throughput techniques based on cells
and tissues microarrays will not only contribute to understand fundamental cell biology but also
facilitate clinical and pharmaceutical analysis of molecular targets, because living cells can monitor
the targets through the physiological changes that are induced in them by exposure to drugs and
environmental perturbations, such as toxicants, pathogens or other agents. Primary hepatocyte are the
most useful candidates for constructing cell- and tissue-based biosensors, because hepatocyte plays
many roles in drug metabolism in vivo. However, primary hepatocytes rapidly lose their
liver-specific functions under conventional two-dimensional cell culture conditions.

Multicellular spheroids exhibit a characteristic in vivo-like morphology and cellular
environment that can be used to determine gene expression and the biological behavior of cells; this
is attributed to the retention of the 3-D architecture and establishment of important cell—cell contacts.
Thus, tumor spheroids have served as models for a variety of experimental studies. Alternatively,
cell-based bioassays that use primary hepatocyte act as attractive and important methods for studying
the specific functions of the liver. In this work, we revealed the new techniques for constructing
spheroid arrays, which were constructed by hepatic cancer cells and fetal mouse liver cells.

We present the novel technique for constructing inverted cell-adhesion patternes on PEG gel
modified glass surfaces by photoirradiation using same photomask and materials. The PEG gel
micropatterns were prepared by photolithographic technique using a photomask with 100 um aligned
cavities after spin-coating of a mixed solution of a-methoxy-w-methacryloyl-PEG (PEG-DMA) and
a photoinitiator on glass surfaces. When methanol was used as a casting solvent for the spin-coating
(Method A), the circular PEG gel domains with a diameter of 100 pm were fabricated on the surface,
and as would be predicted, seeded bovine aortic endothelial cells (BAECs) adhered to the glass area
on the constructed surface to form a BAECs sheet with 100 um aligned cavity. In contrast, it was
rather surprising for us that a complete inverted cell pattern was formed when the PEG gel pattern
surface was prepared using methanol/water co-solvent (Method B). Furthermore, when hepatoma
cancer cells were seeded on the constructed surface prepared by Method B, they formed a spherical
multicellular aggregate (spheroid) on the unmodified PEG gel domains without feeder cells. The
reason of the inverted spheroid cell array was investigated in detail in this study.

Among the hepatic cells, fetal mouse liver cells (FMLCs) have been studied as a new material
for growing artificial livers and for liver-cell implantation, because they are regarded as a suitable
cell source for implantation and regeneration due to their genetic normality and potentially
proliferative activity in vitro. Although some researchers have surveyed the hepatic activity of
FMLCs in monolayer cultures or 3-D cultures, such as gel encapsulation cultures and cultures in a
porous reticuated polyvinyl formal resin, the spheroid formation of FMLCs and the culturing of such
spheroids in a two-dimensional array have never been reported. We succeeded in constructing a
two-dimensional array of FMLC spheroids with uniform size and number on a PEG-gel
micropatterned surface. The FMLC spheroids on the constructed array showed long-term viability
and high hepatic activity. Especially, co-culturing with NPCs upregulated the hepatic activity of the
FMLC spheroids. This novel cell-chip technology and the findings in this study could provide an
interesting new approach to the construction of tissues and organs for regenerative medicine.
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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. 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 new nanobio-devices by taking advantage of the peculiar properties. In this year,
the aggregation of the nanoparticles was studied by synchrotron radiation small-angle X-ray scattering (SAXS).
Here, we used gold nanoparticles with DNA as a model sample, instead of the nanoparticles comprising
PNIPAAm—graft-DNA, in order to establish the methodology of SAXS experiments.

Gold nanoparticles with the diameter of 15 and 40 nm and DNA with 15, 30, and 45 bases were used.
The gold nanoparticles with DNA were suspended in 10 mM PBS buffer (pH = 7.0) including 0.1 M NaCl, and the
concentration of the particles was about 1.0 OD. The solution SAXS measurements were carried out in the
BL45XU beamline station of SPring-8 (wavelength: A= 0.09 nm). Camera length was about 2,200 mm. All 2-D
SAXS images were taken with a CCD camera at 25 °C. SAXS images of bared gold particles, gold particles with
single-strand DNA and with double-strand DNA were diffused scattering patterns. The circularly averaged 1D
profiles were well fitted with a theoretical scattering curve of polydispersed hard sphere, that is, the form factor of
gold particle. This means that the nanoparticles are dispersed in the buffer.

The gold nanoparticles with double-strand DNA at 1M NaCl gave SAXS pattern with intense concentric
rings. The scattering peaks arise from the interference between the particles, or aggregation. The information on
aggregation state, structure factor, was derived from the SAXS profiles of aggregation and dispersion states. The
structure factor was fitted with a theoretical curve by a paracrystal theory, assuming that the crystal lattice is
face-centered cubic. From the curve fitting, the nearest-neighbor distances, resulting in the distances between the
surfaces of gold nanoparticle, were estimated. It was found that the nearest-neighbor distance, the distance
between the surfaces of particles increases with the length of double-strand DNA.

If there is an attractive force between the distal ends of double-strand DNA, the distance between the
surfaces would be twice the length of the DNA. Assuming the double-strand DNA is B-form, the observed
distances for all samples were shorter than the double length of DNA, deducing that double-strand DNAs overlap
each other. Furthermore, the distance between the surfaces seems to depend on the graft density of DNA, and on
the size of gold nanoparticle.
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Field effect transistor (FET) based technique provides an attractive detection platform, in
which intrinsic molecular charges immobilized onto the FET gate surface can be transduced into
electrical signals. Any molecular events involving charge density changes, by arranging them
onto the gates surface, can directly be detected as a mode of modified characteristics of the
FET as a result of electrostatic interactions between intrinsic molecular charges and the
thin-insulator—segregated silicon electrons.

The major shortcoming of the technique derives from its susceptibility to counterions. In other
words, FET-based charge detection is inherently permitted only within a short distance of the
electrical double layer or “Debye length” , which could range up to several nanometers at most
with minimized environmental ionic strength, leading to an upper—limit of the molecular weight
for which quantitative charge detection can be feasibly performed

Here we developed a unique way of 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.

The FET gate surface was modified with a glucose—responsive polymer gel so to obtain a “Debye
length-free” glucose—sensitive FET. Phenylboronic acid based glucose—responsive polymer gel,
NB10, which is a thoroughly synthetic and well-characterized glucose—responsive material
originally developed by our group, was covalently introduced to the FET gate surface in the form
of 50 mm thickness layer. Remarkably, the signal propagation has taken place despite the
considerably large 50um gel thickness, a length several orders of magnitude larger than the
theoretical Debye length. Also importantly, the present gel transition—based system has provided
itself with an ability to detect an electrically neutral moiety such as glucose. Altered apparent
permittivity of the gel due to the change in the swelling degree or the water content during the
transition was identified experimentally as well as theoretically as a mode to modify electrical
property of the FET, accomplishing a “Debye length—-free” glucose detection.

Many other types of stimulus—responsive gels have been reported to which the present detection
scheme should be readily and universally applicable. For example, polymer gels can be designed
to perceive immunoreactions, tumor—specific biomarkers and DNA hybridizations. Further work is
currently underway to address these possibilities
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Evaluation and Application of Dynamic Motion on Soft Interface
Between Immobilized Ligand and Cell Surface
Atsushi Mahara and Tetsuji Yamaoka
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National Cardiovascular Center Research Institute

5-7-1 Fujishirodai, Suita, Osaka 565-8565
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Cell rolling is dynamic interaction between soft interfaces and cell surface. Accumulation of
leukocyte in inflammation response is derived from specific interaction between selectin on
endotherial cells and leukocyte surface. This process is called by leukocyte cell rolling. In
this project, dynamic motion of cell rolling process on soft interface was analyzed, and the
property was applied for novel biomaterials design. In recent study, we develop the
antibody—immobilized surface for the cell separation based on cell rolling process. AntiCD34
antibody—immobilized surface of silicone tube was constructed as soft interface and mesenchymal
stem cells (MSCs) was rolled on the surface. As the results, rolling cells on the surface was
dynamically interacted with the immobilized antibody, and specific cell populations were isolated.
Therefore, chemical structure and its density of immobilized ligand were largely affected with
the cell separation profile. Silane coated glass surface was investigated for the novel
ligand—immobilized surface, and elution profile of MSCs using this interface was evaluated

Silane coupling agents is used for the surface modification of glass surface, because functional
group is flexibly introduced on the glass surface as single layer. At first, galss surface was
treated with 3—aminopropyltriethoxysilane/MeOH solution. To investigate a chemical structure of
the surface, component of the surface elements were analyzed using X-ray photoelectron
spectroscopy (XPS). As the results, XPS signal of amine group was detected at 400 eV during the
16nm depth aria. Contact angle of silane coated glass surface was changed to 65 degrees form 35
degrees of non—coated glass surface. Next, fluorescence—-labeled antibody was immobilized on the
silane treated surface of glass, and its surface was monitored using fluorescence microscopy.
Fluorescence signal derived from the immobilized antibody was uniformly observed on the glass
surface. From these results, antibody—immobilized interface could be constructed on the glass
surface.

We apply this interface for the MSCs separation. Bone marrow was acquired from femur of C57BL6
mice, and adherent cells on plastic culture dish of bone marrow were isolated as crude MSCs
AntiCD34 antibody—immobilized glass tube was prepared as separation column for crude MSCs. The
crude MSCs was flushed into the column, and eluted cells suspension of 12.5u L form end of the
column were fractionated. After the separation, eluted cell number was counted. When crude MSCs
was flushed into unmodified column, a lot of cells were eluted in fraction 5 and 6. However, the
delayed cell population was observed when the cells injected into the antibody—immobilized column.
These results suggested that the cells in delayed fraction interacted with the immobilized antibody

of the surface.
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