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Introduction

The world iz rapidly and drastically changing toward the
Iknowledze-bazed society with accelerated globalization, where
intenzive efforts have been concentrated on creating new lknowledge
specifically through science and technology. It is recognized that the
interdependency of different science and technology disciplines is
effective on emerging innovative lknowledze, In a last decade, there
haz been encrmous nanotechnology initiatives promoted throughout
the world It i noted that nanotechnology has made it possible to
extplore the biological information world in nanometer scale, Either
Bio-Manotechnology or Mano-Eiotechnolozy has thus been evaolved
through this acience and technology melding process of biotechnology
and nanotechnology, New lnowledge derived from the bio-
nanotechnology challenges on the biological information world
continues to emerge, which seema to have a great concern with the
achievement of aafe and high quality living,

Bio-nanotechnology has made a profomd progress on detecting,
fracking and manipulating single biomolecules In an ambient
environment, and vimalizing the desp insight of a living cell which
containg gophisticated biological Information networks A cell
regponds to either inmer or oufer stimuli by processing the inform ation
through the molecular information networks involving the signal
fransduction  cascades and gene information processes. Blo-
nanotechnolozy meantrements reveal that the intracellular information
processing is conducted through the nane-structiural changes of signal
transduction moleculss, It iz amazing that a whole cell as well as the
infracellular molecular assemblies behave i an intelligent manner
even though the vy hase no brain,

Intelligent materials are modeled on such cellular and molecular
rezponges to stimulation. The bionanotechnology-bazed mechanismes
may provide us with a possible design concept of intellizent materials
in which the sensing, information processing and actuating fimections
are implemented. Intelligent materials may behave in an intelligent
manner, feahwing exfremely high performances such as human
friendliness, self-diaghosis, selfrepair, self-control, adaptive, learning
and other intelligent characteristics, In fabricating ntellizent materials,
the gensing, information processing and actuating functionz should be
integrated in such a fashion as to be inferactive in nano-scale. The
dezigt coneept of intelligent materials iz schematically illustrated in
Figure 1.

Promizing bio-nanotechnology challenges have been emerging in
dezigning various intelligent materials that are strongly supported by
bio-nanotechnology  progress  including not  only nano-scale
measrement bt nano-scale control and manipulation. Unique
intelligent molecular intellicent biomaterials have been dewveloped by
bio-nanotechnology challenges, which involve nano-probes for
molecular imaging, and nano-particles for mRNA replication.

Bio-nanotechnology iz quite effactive on enhancing intelligence of
a living cell. Animal cells may respond to chemical stimuli through
the receptors on the membrane surface. Cn the other hand, they are
found responsive to such physical stimuli as electric and mechanical
straszes. Since these stimuli modulate the gene exprassion processes,
gome physically responsive promoters have been screened out, Gene
enginearing males it possible to enhance intallicence of animal cells
to reapond the electric signal in such a way as modulating the gene
expression,

Challenges of bio-nanotechnology have also been emerging in
developing either nano-scale or micro-scale biodevices for diagnostics,
therapentics, validating safety of chemicals, and drmug dizcovery.
Marked progress has been accomplished on developing nano-scale
biodevices for ntellizent drug delivery, which iz capable of aelective
incorporation of a drug into a targeted cell. It iz stressed that a variety
of cellular bio-dewvices have bean under mwestigation for both
therapeutic and diagnostics. These feature cellular bio-dewvices for
pancreas alternative, on-demand dmg delivery, and safety checle of
chemicals as animal test alternative.

78

2A5-IL-037

The carrent aspects and perspectives of bio-nanotechnology
challenges for intellizent materials and systems are overviewed with
ongoing researches and developments.

Capable of sensing appropriate environment stimuli,
processing the information arising from the stinuli, and
actuating in an appropriaie manner and time frame.

Input QOutput
Sensing Information Actuating

Processing

Self-diagnosis, Self-repair, Self-control, Adaptive,
Learning, Human friendliness, Extremely high performance
with intelligence

Figure 1. Concept of Intellizent Materials

Bio-Nanotechnology Challenges (1)
Intelligent Molecular Biomaterials : Nano-probes for Molecular
Imaging

Recently molecular imaging In nano-scale has gained an
increasing attention becanse of itz powerful approaches to the real
world of ndividual biomoeleculss in an ambient environment and even
in a living cell. Molecular imaging iz mostly bazed on optical,
electrical and mechanical force meamrements. Several categorias of
molecular imaging have intensively been investicate d az listed below.

Single Molecular Imaging
- Vilro, iR vive
Intra-cellular Molecular Imaging
-Digtribution of ndividual molecules
-Concentration of ndividual molscules
-Dymamic molecular interaction
Inter-cellular Moleeular Imaging
-Information processing in newro-networls

Molecular imaging is carried out with or without probe, A lthough
non-probe measurament is preferable, probe iz required in most cases
for enhancing szensitivity. Blo-laminescent enzyme and fluoraszcent
protein are widely used as probe for molecular imaging, Intelligent
nato-probes have been developed by gene and protein engineering,

Fusion protein of firefly luciferase and Protein 4 iz a unique nanoe-
probe which has a catalytic fumction of bio-luminescence at an end
and a specific binding fimetion at the other. The gene of the nano-
probe iz first synthesized by lygating lciferaze and Protein A genes,
which iz followed by expressing it in bacterial cells. The nano-probe
finds an application in various highly sensitive analyses. Kobatale et
al show that the nano-probe of firefly luciferase and Protein 4 is
effective on detecting local dynamic flow of ATP at the cellular
membrane suface. The nano-probe iz specifically anchored at
immunoglobulin on the membrane swrface and generatss bio-
luminescence from luciferine in presence of ATP. Bio-luminescence
intensity reflects the local concentration of ATP.

Gene probe of firefly luciferase or grean fluorescant protein (GFP)
is alzo a unique nano-probe, which iz expressed in a living cell The
zene of firefly luciferaze or GFP i# inserted in adjacent prototer
which iz sensitive to be activated in gene expression,

Protein & GFP Gene

Promoter

Luciferaze

Figure 2 Two types of nano-probes
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Bio-Nanotechnology Challenges (2)
Engineered Cells for Enhancing Intelligence

A living cell behaves in an infellizent manmer, when it iz
stimulated by either exterior or interior stress. The cellular response is
rezulted from the information processing through the intracellular
information networlcs, It was found that such a promoter az hep70 iz
regponsive to not only electric but also hydrostatic pressure stresses. A
small wvoltage and low frequency of electric stimulation activates
hap70 to trigger transcription of the corresponding gene, The promoter
is alzo activated by extremely high hydrostatic pressure. These
findings lead us to design engineered cells which enhance intellizence
with electric or mechanical direction.

A gene of target and a promoter of hap70 are inzerted into a
plasmid, which is followed by transforming a cell of interest to
erthance intellizence. The engineerad cell may respond in such a way
az expressing the gene of target with a direction of electric or
mechanical stimulation. Schematic concept of such an intelligent cell
iz illnstrated in Figure 3.

An example of the intelligent cell is a pancreas alternative cell
that excretes human nslin with electric direction. An animal cell of
candidate iz selectad for a pancreas alternative cell. The candidate cell
is not required to produce human insulin, indicating that cells without
human insulin gene may be selected & fibroblast cell iz, for instance,
used for further research. The cell iz fransformed with a gene of
human insulin and hsp70 promotar. Production of human insulin is
awitched ON and OFF by eleciric stimulation. Figure 3 illastrates the
acherme of the electrically directed insulin production and excretion.

Engineered Cell

) S5

Inzulin gene with hap70 promoter
Electric stimulation
CN and OFF

Insulin production
OM and OFF

Figur e 3 Electrically directed insulin production and excration

Bio-Nanotechnology Challenges (3)
Biodevices for Diagnoesis and Prevention

Biodevices are intelligent devices that molecular or cellular bio-
components are implemented, although they may involve intelligent
dewvices that biological function is installed with artificially designed
ayatems, Research and development of biodewveices for diaonosiz and
prevention have made an enormons progress in these decades, starting
with an engyme sensor for blood glucose, Extensive rasearch has been
exttended over the wider range of community, resalting in biosensor
innovation specifically for diagnosis and prevention,

In the early 1990%s, DNA chips with incredibly huge
simultaneons analysiz appeared on market, which was followed by
rapid and wide expansion o { application. It iz noted that DNA chips
have successfully been developed with a unique combination of
nanotechnology fabrication of gene probe on matrix and information
technology of extramely huge data processing,

A success of DMNA chips has encouraged many scientiste and
engineers who are involved in research and development of
biodevices including biosensors, micro-fluidics, and bio-MEMS.
Zince bio-nanotechnology has openad a door to develop intelligent
molecular and  cellular materialy, challenging research and
development of biodewvices for diagnosis and prevention become
emerging,

There have baer developed two types of biodevices, which might
be clawified into moelscular and cellular biodevices, Such molecular
nano-siruchres as nucleotides, saccharides, enzymes, antibodies and
proteing are implementsd in molecular biodevices for high
performance of gelectivity and sensitivity, Molecular biodevices are
fabricated to form either single mode or multi-array mode. On the
other hand, cellular biodewvices contain living cells that inwolve a
whole get of biological iInformation networlcs with genome.

A gpecial attention should be pald on cwrent development of
biodevices with living cells. Cellular biodevices are effective on
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biclogical evaluation of chemicals. It might be assessad, with cellular
biodevices, if a specific compound is biologically hazar dous.

The bagic idea of the cellllar biodevice iz bazed on the total
implementation of a whole set of biological information networles in a
cell. The biological effects of chemicals may thus be evaluated with
auch a cellular response after exposure to chemicals The effects may
appear, in some cases, In enhancing or inhibiting a specific gene
expression, which results in immediate monitoring theze changes.

The perspectives of biodevices for diagnosis and prevention are
listed as below,

Chemicals

iyl
Sy(=D

Responze of the biological
information networlts in a
cell to chemicals.

Substrate

Figure 4 Cellular biodevice for biological evaluation of chemicals

Biodevices for health care
Diagnosatics for gens, infection, and stress
Personal care for prevention

Biodevices for zafety care
Bafety azsessment of chemicals and foods
Security checlcs

Biodewvices for drug discovery
Sereening drug candidates
Animal test alternative

Bio-Nanotechnology Challenges (4)
Biodevices for Therapeutics and Prevention

Bio-nanotechnology challenges become obviously active in
regearch and dewvelopment of biodevices for therapeutice and
prevention,

A variety of nano-struchred biodevices for drug delivery have
been under nvestization by many research groups. Kataoka, et al,
hawe been promoting JST Program of Virtmal Laboratory in
MNanotechnology, Multi-fimctional Nano-structured Devices for Non-
viral Gene Delivery, in which polymeric micellar nano-structured
dewvices and envelope type nano-struchiwed devices are under
investigation,

Other bio-nanotechnology challenges are exemplified by cell
sheet and cellular biodewvices for therapeutics and prevention. Clano
and his colleagues are succeszfiul in dewelopment of cell sheet that i
culfured cells on athermo-responsive polymer sheet,

The perapectives of biodevices for therapeutics and prevention
are presented as follows

Intelligent cellular bio-materials for regenerative medicine
Regenerative tizme
Cell therapy

Biodevices with living cells
Tizaue alternative
Cellular biodevices

Eiodevices with nano-struchires
Mano-structured biodevices for drug delivery
Nano-structured biodevices for gene delivery

Conclusion

Bio-nanotechnology  challenzges have been emerging in
dewelopment of molecular and cellular intellicent bio-materials,
engineered calla for enhancing intelligence, biodevices for diaghosis
and prevention, and biodevices for therapeutics and prevention. The
perspectives of bio-nanotechnology challenges are overviewed.
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