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This laboratory is working on a new frontier of research
that fuses biological science and engineering. Incorporat-
ing polymer chemistry, analytical chemistry, biochemistry,
and molecular biology, we study new materials comprised
of biological components and develop novel methodologies
for bioanalysis, medical diagnosis, and artificial systems
that regulate biological processes. Our work has been ap-
plied to research and developments in biomaterials science,
medical engineering, life sciences, environmental science
and micro/nanoscience. As an example, we newly prepared
DNA-vinyl polymer conjugates that were used in a DNA
biosensor, affinity electrophoresis, a SNPs-responsive di-
agnostic nanoparticle, a stimuli-responsive antisense drug,
and an artificial gene regulation system. Our work might
be more accurately called : DNA engineering.

1. DNA engineering

(1) Synthesis of DNA-vinyl polymer conjugate and its
applications

DNA-linked colloidal nanoparticles were prepared
through the phase transition of the amphiphilic copoly-
mer. This copolymer’s hydrophilic part was an
oligodeoxyribonucleotide and a thermo-responsive poly
(N-isopropylacrylamide) was the hydrophobic part. We
had already identified the point mutation using the spon-
taneous aggregation of nanoparticles, so we applied this
system to the turbidimetric detection of ATP using DNA
aptamer. In the absence of ATP, DNA-linked nanoparti-
cles aggregated. In the presence of ATP, however, DNA
aptamer recognized ATP and nanoparticles dispersed.

(2) Gene diagnosis using DNA-gold nanoparticles

Aggregation of DNA-modified gold nanoparticles in
a non-cross-linking configuration demonstrates extraordi-
nary selectivity against terminal mismatch of the surface-
bound duplex. We found that this utility can be used
to detect single-base substitutions by testing the genomic
DNA of five human tumor cell lines. Our findings were
verified using direct sequencing.

(3) Electrochemical DNA sensing

We developed a novel gene sensor using electrochemical
impedance spectroscopy. Thiol-modified oligonucleotide
was immobilized on a gold electrode surface as a probe
DNA. Hybridization of a complementary single-stranded
DNA (ssDNA) decreased charge-transfer resistance (Rcr)
of the redox maker Fe[(CN)g]®>~/%~, while that of a non-
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complementary (single-base mismatch) ssDNA increased
the Rcr. Remarkable structural and electrostatic differ-
ences of the DNA duplexes explained this phenomenon.

(4) Signaling aptamer based on the excimer fluores-
cence of 2-aminopurine in DNA helix

Using our new strategy to produce fluorescence-based
signaling aptamers, we demonstrated fluorometric detec-
tion of small molecules by aptamers. Using excimer fluo-
rescence of 2-aminopurine in a DNA duplex, we were able
to detect agmatine, a freshness biomarker in food prod-
ucts, fluorometric detection.

(5) Stimuli-responsive hydrogel containing DNA ap-
tamer

To investigate the property of a hydrogel conjugated
with DNA aptamer, we prepared an acrylamide gel with an
embedded thrombin aptamer. Immobilized by the throm-
bin aptamer, the hydrogel swelled in the buffer definite
after a set period of time. Swelling was not observed when
a non-immobilized hydrogel was. This indicates that the
interaction between aptamer and target protein takes place
in hydrogel.

2. Micro/nanotechnology-based analytical sys-
tems

(1) Detecting gene point mutations using affinity cap-
illary electrophoresis

Affinity capillary electrophoresis (ACE) is a sequence-
specific DNA separation method. It is based affinity dif-
ferences to ligand DNA that are combined with a polymer
matrix in the capillary. We investigated a novel ACE sys-
tem using DNA-poly (ethylene glycol) (PEG) conjugate.
Under the optimized conditions, mutants of CYP1B1 gene
were successfully detected. Because we can easily control
the molecular weight of DNA-PEG conjugate, this material
should be suitable for another original separation method:
probe-regulated simultaneous separation (PRESS).

(2) Affinity microchip electrophoresis

We have been developing a microchip with affinity for
capillary electrophoresis (ACE). This microchip would en-
able autonomous loading of a separation matrix and a
DNA sample solution into the microchannel. We success-
fully separated 60-mer single-stranded DNA and its point
mutant using a DNA-poly (dimethylacrylamide) conjugate
as a separation matrix. The 15-s separation process was
accompanied by 100-fold sample concentration enrichment
caused by the trapping effect of the conjugate. This mi-
crochip enhances the speed and sensitivity of ACE analy-
sis.

(3) Nanoparticle-based genetic analysis on a microchip

At high salt concentrations, gold nanoparticles carrying
fully-matched DNA duplexes are selectively deposited onto
a substrate. We have been developing a novel genetic anal-
ysis device that enables detection of this phenomenon by
combining microfluidics technology and surface plasmon
resonance. Preliminary experiments decrened a single-base
difference in 10-fmol DNA samples within 3 min. This
strategy is promising for rapid, sensitive, and reliable typ-
ing of human genetic variations.

3. Bioinformation science for ecomolecules

(1) Chemistry and engineering of functional proteins

To improve the hydrogen-producing ability of cyanobac-
teria or microalgae, we designed a hydrogenase-
photosystem I complex (Hy-PSI complex) composed of hy-
drogenase, photosystem I (PSI) and cytochrome cs (the
physiological electron transfer partner of hydrogenase). In
the Hy-PSI complex, hydrogenase is linked to the electron
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transfer site of PSI via cytochrome cs. It should accept
electrons from PSI efficiently. We purified hydrogenase, cy-
tochrome cs, PsaE (a subunit of PSI), and PsaE-less PSI.
Cytochrome c3 was then connected with PsaE covalently
using a cross-linking reagent. The sucrose-gradient ultra-
centrifuge and Western blotting analysis confirmed that
the cytochrome cs-PsaE complex can self-assemble with
PsaE-less PSI in vitro. The electron transfer between free
hydrogenase and the cytochrome c3-PSI complex is cur-
rently being investigated, and the Hy-PSI complex (the
triple complex of hydrogenase-cytochrome c3-PSI) also is
being prepared.

Molecular chaperone protein captures a protein in its
unfolded state and stabilizes it thereby preventing aggre-
gation. It recognizes hydrophobic surface that is exposed
when the protein is unfolded. In order to develop a novel
method to detect protein unfolding, we studied the mech-
anism of prefoldin, A molecular chaperone protein. Pre-
foldin is a jellyfish-shaped hexameric co-chaperone of chap-
eronin. We have found that the hydrophobic distal region
of prefoldin is important for the interaction with substrate
protein and chaperonin using SPR sensor analysis and sin-
gle molecule observation.

(2) Development of photoresponsive substrate for cell
culturing

Dynamic control of cell adhesion onto substrates is im-
portant for tissue engineering, cell-based drug screening,
and fundamental cellular studies. To achieve dynamic con-
trol, several functional substrates have been developed,
where cell adhesion can be controlled by external stimuli.
We developed a new method using regional substrate pho-
toactivation for cell adhesion under standard fluorescence
microscopes. A glass cover slip is immobilized with an
alkylsiloxane that has a photocleavable protecting group.
Multiple and single cell arrays of various designs could be
easily formed. We also successfully positioned single cells
that were in the same proximity as cultivating single cells.

(3) Development of bio-nano sensors based on HEMT
structure for cell activity measurements

To attain cell activity measurements based on bio-
informative molecules including proteins and ions, we pro-
posed a new bio-molecule detection system using HEMT
structure and photo-excitation. This system enable the
identification of the specific molecules by photo-excitation-
induced spectroscopic current measurement. We examined
the coating process of GaAs surface by cell-affinity mate-
rials and found that light-shielding during the incubation
process and DMEM selection are the important factors in
preventing the oxidation of GaAs surfaces. Electrochemi-
cal oxidation of HEMT structure was also observed when
the gate voltage was applied through electrolytes with
light. Modification of CdSe nanocrystals with DNA was
examined to see if detection of DNA through CdSe/Au
photoluminescence was possible.
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