


The research field of “nanoarchitectonics” now extends to the human body.

Nanoarchitectonics is a technological system that creates innovative new functions by organizing nano-sized materials with 

novel functions and utilizing the interactions between those materials. The MANA Nano-bio Field is investigating how 

nanoarchitectonics can be used in the living body and cells, and how materials can contribute to advanced bioengineering, 

for example, in artificial bone, drug delivery, biointerface, and other areas. We’re continuing our research work based on 

concepts that are only possible in the MANA Nano-bio Field.
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Gd@C82/Polymer

Fullerene/Polymer complex

Fig. 1   Fabrication of gadolinium fullerene-encapsulated particle 
(Gd-fullerene polymer complex).

F i g .  2    Ac cumu l a t i o n  o f  
Gd-fullerene polymer complex 
nanoparticles in a tumor.

Fig. 3   Neutron capture therapy (NCT) test using 
Gd-fullerene polymer complex nanoparticles, showing 
that growth of the cancer was strongly suppressed.

Nano-Linker - Saving the Lives of 
the World’s Children

  Of the world’s 7 billion people, it is said that 
roughly 5 billion live on less than $2 a day. Each 
year, more than 10 million children die before 
the age of 5. In virtually all cases, the main 
cause of death is an epidemic disease (malaria, 
tuberculosis, influenza, etc.) that could be 
treated with appropriate early diagnosis and 
care. In other words, improvement of medical 
technology in the developing countries is a 
challenge that must be addressed globally as 
“the medical mission with the greatest potential 
to save lives.” In Japan as well, the Great East 
Japan Earthquake of March 2011 resulted in 
many “medical refugees.”
  We are working to develop an early diagnosis 
system that is inexpensive, simple, and speedy 
using “smart polymers,” which are driven by 
energy sources (sunlight, f r ic tional heat 
generated by rubbing finger) that can be 
secured in environments with inadequate 

infrastructure, for example, in areas with low 
rates of electrification. Concretely, we designed a 
“nano-linker” that joins antibodies and enzymes 
using a smart polymer only 10 nm in length. 
After antibodies capture antigens (biomarkers) 
which exist in minute quantities in blood, 
antigens can be concentrated and refined by 
structural modification of these nano-linkers by 
external stimuli. Early diagnosis is also possible by 
amplifying those signals several 10 or even 
several 100 times by an enzyme reaction. In the 

future, detection of cancer markers, etc. from 
sweat, urine, and tear is also expected to be 
possible using these nano-linkers.

Mitsuhiro Ebara  Ph.D. (Eng.) Completed the doctoral 
course at the Waseda University Graduate School of Science 
and Engineering in 2004. Prior to joining NIMS, he was a 
doctoral researcher in the Department of Bioengineering at 
the University of Washington in the United States and 
do c tora l  researcher  at  the B i l l  and Mel inda Gates 
Foundation. Appointed to Special Assistant Professor of the 
Osaka University Hospital in 2007. Present position as a 
MANA Scientist since 2009.

Advanced Medicine Promoted by 
Nanotechnology 

  Although thermal neutrons have only an 
extremely small direct effect on the human 
body, elements such as boron, gadolinium, 
etc. absorb neutrons and emit energy. High 
expectations are placed on neutron capture 
therapy (NCT), which utilizes the nuclear 
reaction caused by these thermal neutrons, as 
a new cancer therapy with minimal side 
effects. However, various problems exist with 
the boron compounds that are currently used 
in  c l in ica l  medic ine:  1)  Due to the low 
accumulation of these boron compounds in 

tumors, the effect on normal tissue cannot be 
ignored, and 2) because boron compounds 
metabolize rapidly, administration of a large 
volume of the boron agent continues until just 
before irradiation, making it extremely difficult 
to measure the concentration in a tumor 
accurately. 3) Furthermore, since neutron 
irradiation in nuclear reactors is accompanying 
by beta rays, the patient ’s recuperation is 
reduced, for example, by cicatrization due to 
secondary inflammation after irradiation, etc. 
Gadolinium is one of other candidates for 
high performance NCT.  However, it has not 
been employed so far due to the extremely 
h i g h  t o x i c i t y .  W e  h a v e  f o c u s e d  o n  
gadolinium-containing fullerene for NCT.  
Gd-fullerene was dissolved in water by our 
o r i g i n a l  p o l y m e r ,  w h i c h  p o s s e s s e s  
anti-inflammatory character.  The Gd-fullerene 

containing nanopar t ic le thus prepared 
accumulate in tumor effectively, which was 
confirmed by MRI, and these gadolinium 
ful lerene - containing nanopar t ic les are 
c o n s i d e r e d  t o  b e  a  p r o m i s i n g  n e w  
nanomater ia l  which enables ex tremely 
effective suppression of the grow of cancers 
by thermal neutron irradiation. 

Yukio Nagasaki  Ph.D. (Eng.) Completed the master’ s 
course in chemical engineering at the Tokyo University of 
Science Graduate School of Engineering. After serving as 
Associate Professor and Professor of the Tokyo University of 
Science, Faculty of Industrial Science and Technology, he 
was appointed Professor of the University of Tsukuba 
Graduate School of Pure and Applied Sciences in 2004. 
A ls o h e l d a  co n cur rent  p os t  as  a  M ANA Pr in c ip a l  
I nv e s t i g a t o r  s i n ce  2 0 07.  A p p o i n t e d  t o  R e s e a r c h  
Representative of the University of Tsukuba Organization 
for the Support and Development of Strategic Initiatives in 
2011.

Smart Biomaterials Group, Biomaterials Unit, 
MANA Nano-Bio Field

Mitsuhiro Ebara
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Figure  Design of “nano-linker” using a smart polymer. Because the driving force for this nano-linker is 
provided by “available energy” such as sunlight or frictional heat generating by rubbing with a fingers, early 
diagnosis is possible even in areas with limited infrastructure.

Satellite Principal Investigator, MANA Nano-Bio Field, 
University of Tsukuba

Yukio Nagasaki
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Fig.1  Structure and Selected Properties of Phosphorylcholine-grafted Chitosans
Fig.2  Analysis of collective cell 
migration on a photoactivatable 
substratediameter.
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Figure  Left: Environment-responsive nano-capsule after oral administration (a) The structure is maintained in a 
low pH environment (stomach), and the drug is protected. (b) In the small intestine, the nano-capsule 
penetrates into the mucosa, and the outer shell breaks down, exposing the drug. (c) The drug is released near 
the digestive tract wall. (d) The capsule material breaks down and dissolves, and is excreted from the body. 
Right: Profile of griseofulvin plasma concentration after oral administration to a rat.
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Drug Delivery System Using 
Environment-Responsive 
Nanocapsule  

  Various methods are used to introduce drugs 
into the body, including oral administration and 
injection, but this does not mean that all of the 
drug is utilized effectively. Depending on the 
drug, the delivery efficiency to the target site can 
be poor, and in some cases, this may also lead to 
serious side effects. Drug delivery systems are a 
technology for delivering the desired amount of 
drug to the target site at the desired timing in 
order to use drug compounds as effectively as 
possible while also minimizing side effects.
  In general, “nanoparticle” refers to materials 
which are smaller than 100 nm. However, in the 
field of pharmaceuticals, somewhat larger 
particles are also considered nanoparticles. One 
main reason for this is the fact that many drug 
particles which demonstrate excellent effects in 
the body have sizes on the order of several 100 
nm. We design nano-capsules to hold drugs 
having particle diameters of approximately from 

100 nm to 2 μm.
  For example, fenofibrate, which is a drug for 
improving hyperlipidemia, the fungicide 
griseofulvin, and other drugs are enclosed in 
nano-capsules that dissolve in the intestinal tract. 
In all cases, the efficiency (utilization ratio) of the 
drug when taken orally was more than double 
that when intact crystals were administered.
  Recently, a study of oral formulation of 
biopharmaceuticals was carried out using this 
capsule. The anti-diabetic drug insulin is a 
representative biopharmaceutical. However, 

because biopharmaceuticals cannot currently be 
taken orally, insulin is administered by injections, 
which places a large burden on the patient. If 
practical application of this capsule is possible, the 
day will come when patients can simply take a 
drug orally that now must be injected every day.

Kohsaku Kawakami  Ph.D. (Eng.) Completed the master 
course at the Kyoto University Graduate School of Engineering 
in 1994. Prior to assuming his present position in 2006, he was 
employed by Shionogi & Co. , Ltd. ,  the Universit y of 
Connecticut in the United States, and Banyu Pharmaceutical 
Co. (Merck & Co.), Ltd. 

Unravelling and controlling cellular 
mechanisms through  functional 
nanoparticles  and interfaces for 
therapeutic applications 

  Characteristics and applications of membrane-
mimetic soft materials: Over the last few years, 
our group has designed various new means to 
control  on the nanoscale the architecture of 
interfaces and particles, in order to trigger their 
biofunctionality,i such as drug delivery,ii in-vitro 
and in-vivo imaging using semi-conductor 
nanocrystalsiii or gold nanoparticles,iv differentiation 
of endothelial progenitor cells, v and the 
immunocamouflage of red blood cells.vi  The 
strategy often relies on the use of a family of 
modified polysaccharides (CH-PC), consisting of a 
fully deacetylated chitosan (CH) backbone grafted 
with phosphorylcholine (PC) moieties.  The 
membrane-mimetic PC groups provide solubility 
of chitosan in physiological conditions. Moreover, 
CH-PC thin films as well as polyelectrolyte 
multilayers of CH-PC and polyanions such as 
hyaluronan or alginate,  possess unique 
physicochemical and biological characteristics 
that have been exploited in the applications listed 
above and are illustrated in Fig. 1. 

  Cell migration on photoactivable interfaces: 
Also we have pioneered the use of photoactivable 
interfaces to understand, and eventually control, 
cell adhesion and migration.  For instance, 
collective cell migration plays pivotal roles in 
physiological and pathological processes, but 
there is no consensus on what are the dominant 
external factors controlling the collective behavior. 
To address this issue, we have developed a 
method, based on photoactivable substrates, that 
allows one to achieve geometrical confinement of 
cells and induce their migration. We are now 
developing nano-structured materials with the 
s ame feature, in order to explore cellular 
nanoarchitectonics in collective migration vii. 

Françoise M. Winnik:  Ph.D.  Earned a Diplôme d’ Ingénieur 
chimiste of the Ecole Nationale Supérieure de Chimie de 
Mulhouse (France), obtained a PhD degree in organic chemistry 
and photochemistry from the University of Toronto (Canada), and 
pursued post-doctoral studies in medical genetics in the same 
university; worked as a research scientist in the Xerox Research 
Center of Canada before becoming an associate professor in 

McMaster University (Canada) from 1993-2000. Currently holds a 
joint position as professor of the Université de Montréal, and a 
Principal Investigator in the WPI MANA. Executive Editor of 
Langmuir, the ACS journal of surface and colloid science.
Jun Nakanishi   Ph.D. Obtained a Ph.D in Science from the 
University of Tokyo in 2001. Became Special Postdoctoral 
Researcher at RIKEN in 2002 and JST PRESTO Researcher in 2005. 
Joined NIMS in 2006 and became Independent Scientist in 2007.

Smart Biomaterials Group, Biomaterials Unit, 
MANA Nano-Bio Field

Kohsaku Kawakami
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MANA Principal Investigator, MANA

Françoise M.Winnik

 Independent Scientist, MANA

Jun Nakanishi

Observation of colony formation after 
7 and 14days on fibronectin an on CH-PC
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Figure  Fabrication method of the biomimetic scaffolds.

Figure  Interaction of titanium dioxide nanoparticles and sensor cells. We prepared two sizes of titanium 
dioxide nanoparticle aggregates (approx. 160nm and 590nm) and a type of titanium dioxide nanoparticle 
modified with polyethylene glycol (PEG), and studied their interactions with cells (IL-6 genetic expression).

Cell seeding in “template” mesh

Cells template mesh

Cell culture
Cell proliferation and 
production of 
extracellular matrices

Cultured cell-derived matrices

Removal of 
cells and template

Group Leader, Cell-Materials Interaction Group, 
Biomaterials Unit, MANA Nano-Bio Field

Akiyoshi Taniguchi

Fabrication of Biomimetic Scaffolds 
with Nano/Micro Structures  

  T issue engine er ing and re generat ive  
medicine has been developed as a promising 
approach to treat diseases and defects that 
have been difficult to be treated by the 
conventional methods. In this approach, cells 
are cultured in porous scaffolds to regenerate 
new tissues and organs. Artificial scaffolds play 
a key role in tissue regeneration by providing 
cells with a temporary support for controlling 
cell functions such as adhesion, proliferation, 
differentiation, etc. To achieve a successful 
regeneration of functional tissues and organs, 
scaffolds that mimic the in vivo extracellular 
matrices (ECM) surrounding cells are desirable.
  We have developed such biomimetic scaffolds 
(Fig. 1) by combining 3D cell culture in a polymer 
template that can be selectively removed after 

the cells deposit their extracellular matrices and 
decellularization techniques. First, cells were 
cultured in a polymer mesh that was used as a 
template to allow the cells to deposit enough 
amount of ECM. Next, the polymer template 
mesh and cellular components were selectively 
removed to obtain the cultured cell-derived ECM 
scaffolds. The ECM scaffolds showed a porous 
structure that was composed of microscale and 
nanoscale ECM fibers. 
  The composition and structure of in vivo ECM 
change during osteogenic and adipogenic 
differentiation of stem cells. Focusing on this, we 
also succeeded in developing “stepwise tissue 
d e ve l o p m ent- mimick in g  m at r i ce s ”  by  
controll ing the stepwise osteogenic and 

adipogenic differentiation of stem cells. The 
development-mimicking matrices will be useful 
for tissue regeneration and elucidation of the 
ECM function on stem cells differentiation.

Gouping Chen  Ph.D. (Eng.) Before joining NIMS as a 
Senior Researcher in 2004, he was Researcher and Senior 
Researcher at the National Institute of Advanced Industrial 
Science and Technology (AIST ). Appointed to Group 
Leader in 2007 and has been MANA PI since 2011. 
Naoki Kawazoe  Ph.D. (Eng.) Completed the doctoral 
course at the Kyoto Universi t y Graduate School of 
Engineering in 1999. Prior to joining NIMS in 2007, he 
served as an Assitant Professor at Tokushima University. 
Appointed to Senior Researcher in 2010 and MANA 
Scientist in 2011.

Research on Interaction of Cells 
and Nanoparticles  

  N a n o p a r t i c l e s  a r e  e x p e c t e d  t o  fi n d  
applicat ions in a  wide var iet y of  fields ,  
including pharmaceuticals and medical 
products, cosmetics, foods, sensors, paints, 
and others. Recently, however, the problem of 
safety has been pointed out, as nanoparticles 
are easily uptaken into cells. Therefore, we are 
carrying out research on the interaction 
between cells and nanoparticles in order to 
design and develop safe nanoparticles.
  Concretely, we are conducting studies by 
causing nanoparticles of titanium dioxide to 
interac t with cells  and sensoriz ing that 
response using sensor cells. These sensor cells 
are cells in which the cell response can be 
visualized, whereas the nanopar ticles of 
t i tan ium diox ide have the prop er t y  of  
cohering under biological conditions. We 
prepared t wo sizes of  t i tanium dioxide 
nanopar t ic le  aggregates and a t ype of  
titanium dioxide nanoparticle modified with 
polyethylene glycol (PEG), and studied their 
interactions with cells. As a result, we found 
that cytotoxicity and response were reduced 
with the PEG-modified nanopar ticles in 
compar ison with  the t i tan ium diox ide 

nanoparticle aggregates. In particular, this 
study revealed that expression of the gene 
related to the inflammation referred to as IL-6 
is reduced. 
  Thus, this research showed that cytotoxicity 
and other problems can be alleviated by 
improving the conventional nanoparticles, 
and as a result, this is considered to provide 
beneficial information for the design and 
development of safe nanoparticles. In other 
work, we are also carrying out research on the 
acceptors which are involved in introduction 
of nanoparticles into cells, and comprehensive 

research on the interactions between cells and 
nanopar ticles, for example, the effect of 
nanoparticles on genetic mutations.

Akiyoshi Taniguchi  Ph.D. (Pharmacology) Before joining 
NIMS as Senior Researcher in 2002, he was an Associate 
Professor in the Department of Pharmacology at Toho 
University. Appointed to his present position in 2006. He is 
also a Professor of the NIMS-University of Tsukuba Joint 
Graduate School and Professor of the NIMS-Waseda 
University Joint Graduate School.

Unit Director, Tissue Regeneration Materials Unit, 
MANA Nano-Bio Field

Gouping Chen

MANA Scientist, Tissue Regeneration Materials Unit, 
MANA Nano-Bio Field

Naoki Kawazoe

Titanium dioxide 
nanoparticle aggregates PEG-modified titanium dioxide
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Titanium dioxide 
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Injectable HAp/Col immediately after mixing. Injectable HAp/Col 24 hours after mixing. The material has undergone plastic deformation like clay.
 (The material hardens within 48 hours.)

Development of Nano-Carrier for 
Delivery of DNA Vaccine into 
Immune Cells  

  DNA vaccines have attracted attention as drugs 
based on the new concept of treating cancers 
(tumors), infectious diseases, and allergies by 
activating immune cells. Because DNA vaccines 
which are administered in the body are easily 
decomposed by deoxyribonuclease (DNase) in 
the blood, DNA vaccines with a modified DNA 
backbone have been developed. However, it 
has been pointed out that this modification 
triggers various types of side effects.
  We developed natural DNA vaccines that can 
be protected from DNase. Immune cells can 
b e  a c t i v a t e d  e ffi c i e n t l y ,  b y  u t i l i z i n g  
nanoparticles as a carrier for the unmodified 
natural DNA vaccines. We also found that the 
v a c c i n e  c a n  b e  m a d e  t o  a c t  o n l y  o n  
designated immune cells, depending on the 
binding mode of the DNA vaccine on the 
nanoparticle surface.
  Many current allergy remedies improve 

symptoms such as sneezing, runny nose, etc, 
but  are  not  effe c t ive  in  improv ing the 
a l l e r g y  i t s e l f .  W i t h  D N A  v a c c i n e s ,  
improvement of the allergy as such can be 
expected. This research is considered to be 
useful in the treatment of allergic conditions 
such as pollen allergies.

Nobutaka Hanagata  Ph.D. (Eng.) Prior to joining NIMS in 
2005, he worked for Mitsui Engineering and Shipbuilding 
Co., Ltd., the University of Tokyo Research Center for 
Advanced Science and Technology (RCAST), and Tokyo 
University of Technology. He’ s been MANA Scientist since 
2011, and has also held a concurrent position as Professor 
of the Hokkaido University Graduate School of Life Science 
since 2008.

Nanoarchitectonics for
Artificial Bone  

  Life activities of living organisms are owing to 
functional nanostructures composed of various 
substances. Bone, of course, has a functional 
nanostructure in which nanocr ystals of 
hydroxyapatite (HAp), an inorganic substance,  are 
arranged along type-I collagen (Col) fibers, an 
organic substance.
  We succeeded in synthesizing a composite 
(HAp/Col) having a nanostructure and chemical 
composition similar to those of bone by a very 
simple and mass-productive method by utilizing 

the interfacial interaction of the Ca in HAp and 
the carboxy group of Col in accordance with the 
concept of nanoarchitectonics. However, in order 
to regenerate living tissue with a required size, 
m i c r o  to  m a c r o  s c a l e  s t r u c t u r e s  o f  a  
nanostructured material have to be controlled. 
We succeeded in forming the HAp/Col in 
sponge-like porous material, unidirectional 
porous material, sheets, injectable material, etc., 
and clarified that the HAp/Col is metabolized in 
the body in the same manner as the transplanted 
autologous bone. The porous material is now in 
the final stage leading to practical application.
  As we also found that HAp/Col affects the 
expression of the cell osteogenic functions, we 
have been performing joint research with the 
National Institute of Advanced Industrial Science 

and Technology (AIST) on the formation of 
nano-interfaces that can deliver cytokines and 
genes in order to further improve this function. 
We are also engaged in joint work with the 
Korean Institute of Materials Science (KIMS) to 
form materials by rapid prototyping using the 
injectable HAp/Col, and are working to have this 
adopted as an international standard material.

Masanori Kikuchi  Ph.D. (Eng.) Completed the doctoral 
course at the Waseda University Graduate School in 1995 and 
worked as priority research support staff member at the 
National Institute for Research in Inorganic Materials (NIRIM; a 
predecessor of NIMS) before joining NIRIM in 1997. He has 
been a Visiting Professor of the NIMS-Hokkaido University Joint 
Graduate School from 2011.

Group Leader, Bioceramics Group, Biomaterials Unit, 
MANA Nano-Bio Field

Masanori Kikuchi

Group Leader, Biosystem Control Group, 
Biomaterials Unit, MANA Nano-Bio Field

Nobutaka Hanagata

Fig.1  Nano-carrier of DNA vaccine. This carrier 
consists of mesoporous silica nanoparticles.

Fig.2  DNA vaccine (green) delivered into cells by 
the nano-carrier.
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Fig.1  (a)Comparison of peeling strength of hydrophobic gelatin and other 
adhesives with blood vessel media. (b)Cross-sectional structure after peel test

Fig.2  Mechanism of adhesion with conventional gelatin adhesive and 
hydrophobically-modified gelatin adhesive.

Figure  Image of cells (human osteoblastoma, stained with dark blue dye) after the incubation of 7 days on (a) 
uncoated and (b) bioabsorbable polymer coated pure Mg.

（a） （b）

(a) （b）

Group Leader, Biometals Group, Biomaterials Unit, 
MANA Nano-Bio Field

Akiko Yamamoto

Adhesive that Permeates to the 
Nano-Interface of Living Tissue 

  Dissecting aortic aneurysm is a disease which is 
caused by rupture of the media of blood vessels. At 
present, adhesives consisting of biopolymers and 
aldehyde crosslinking agents are used in surgery for 
this disease, but issues remain in satisfying both 
adhesive strength and biocompatibility. Therefore, 
we developed an adhesive which is made up of a 
tartaric acid-basedcrosslinking agent and 
hydrophobically-modified gelatin, which gives the 
gelatin tissue penetration ability. As shown in Fig. 

1a), when the hydrophobically-modified gelatin 
is used, the peeling strength of the media of a 
pig blood vessel is more than 4 times greater, 
and is sufficiently high in comparison even in 
comparison with the commercial adhesive. As 
show n in  F ig .  1b),  a t  th e  b l o o d vess e l  
media/adhesive interface after the peeling test 
using the conventional gelatin adhesive and 
commercial adhesive, virtually no adhesive 
remained, indicating the peeling had occurred at 
the interface between the blood vessel media 
and the adhesive. On the other hand, in the case 
of the hydrophobically-modified gelatin, 
remaining adhesive can be observed, confirming 
that peeling occurred by destruction (cohesive 
failure) of the adhesive itself. Fig. 2 shows the 

difference in the mechanism of adhesion with 
the media. With the conventional gelatin 
adhesive, adhesion involves only covalent 
b onding with  the me dia ,  but  with  the 
hydrophobically-modified gelatin, it can be 
considered that, in addition to covalent bonding, 
penetration of the adhesive to the cell/tissue 
nano-interface also contributes to increase 
peeling strength. As this research also clarified 
the fact that the obtained adhesive displays 
excellent biocompatibility, development to 
medical applications is expected in the future.

Tetsushi Taguchi  Ph.D. (Eng.) Joined NIMS in 2002. 
Appointed Associate Professor of the University of Tsukuba 
Joint Graduate School in 2008. Present position as MANA 
Scientist since 2011.

Aiming at Construction of 
Biointerfaces of Bioabsorbable 
Metal Materials 

  When a material is implanted in the human 
body, various proteins in the body fluid adsorb 
on its surface, and then, cells adhere onto 
adsorbed proteins. The adhering cell types 
and responses depend on the k ind and 
conformation of the adsorbed proteins on the 
material surface. For this reason, it is important 
f o r  i m p l a nt  m ate r i a l s  to  co ns t r u c t  a n  
appropriate biointerface, which is an interfacial 
structure between its surface and living tissue.
  In recent years, medical applications of 
magnesium (Mg) and its alloys as bioabsorbable 
metals are highly anticipated. However, cell 
viability and growth on Mg are relatively low.  
Therefore, we are studying construction of 
biointerfaces on Mg surface to improve its 
c y to co m p a t i b i l i t y  w h i l e  r e t a i n i n g  i t s  
degradability. Our research has already revealed 
that a thin film of medical bioabsorbable 
polymer (approx. 300 nm in thickness) fabricated 
on pure Mg surface drastically improved cellular 

viability and growth on it. It also suggests that 
c h e m i c a l  s t r u c t u r e s  a n d  t h e  p h a s e s  
(semicrystalline/amorphous) of the polymers 
control binding strength of the film to the Mg 
substrate and the diffusion rate of water 
molecules within the film, which results in the 
different degradation rate of Mg substrate. 
Furthermore, preparation of an organic molecule 
layer with a thickness of several 10 nm on a Mg 
alloy containing aluminum and zinc successfully 
increases adsorption of cell-adhesive proteins on 
the alloy surface and improves cytocompatibility 
without changing its degradation property. As 

this research demonstrates, controlling the 
molecular structures of the material surface 
enables us to construct biointerfaces on Mg and 
its alloys which improve their cytocompatibility 
while maintaining their bioabsorbability.

Akiko Yamamoto  Ph.D. (Eng.) Awarded the master’ s degree 
in natural sciences from the International Christian University 
in 1993, and joined the National Research Institute for Metals 
(NRIM, a predecessor of NIMS) in the same year. Awarded the 
doctoral degree in engineering from Kyoto University in 1998. 
Appointed NIMS Senior Researcher in 2001. Present position 
since 2007. She is also an Associate Professor of the University 
of Tsukuba Joint Graduate School and Visiting Professor of 
Warsaw University of Technology.

Smart Biomaterials Group, Biomaterials Unit, 
MANA Nano-Bio Field

Tetsushi Taguchi
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Creation of Nano-Micro Short Fiber 
Material that Achieves Efficient Cell 
Recognition and Accelerates 
Formation of High Order Structure 
by Cells  

  Using limited types of molecules, such as amino 
acids, sugars, fats, etc., organism produces various 
proteins, polysaccharides, and other macro- 
molecules which are primary structures having 
nanosized fiber and particle shapes. A complex 
living system, also called a microcosm, is created 
by high order structuring using these as raw materials. 
This is considered to be an extremely efficient 
system with excellent environmental compatibility, 
which was acquired at the end of repeated 
selection in the process of organism evolution.
  Our group is engaged in research (nano- 
bio-architectonics) aimed at realizing high 
functionality in biomaterials by mimicking this 
concept of construction of a hierarchical structure 
and utilizing structural control systems. At present, 
we are developing technologies for forming 
diverse high order structures from various types of 
nanofibers using the electrospinning method, and 
are attempting to create scaffolds for regenerative 
medicine, bioreactor carriers, high performance 

filter materials, materials for high performance 
therapeutic devices, and other types of materials.
  This article introduces our research on an artificial 
extracellular matrix (ECM) model with a structure 
similar to proteoglycan. We created short fibers (ECM 
nanostructures) having a dense brush structure of a 
water soluble electrolyte with a thickness of 8-10 nm 
on a surface, and studied the application of this 
material as a new cell carrier material. As shown in Fig. 
1, in a 3D structure of functionalized nano short 
fibers, a large 3D structure in which cells can 
allocated as far as the interior region was formed by a 

repeated process of moderate adhesion and 
proliferation of cells. This result suggests the 
possibility of use as a new scaffold material for 
regenerative medicine and as a bioreactor carrier.

Hisatoshi Kobayashi  Ph.D. (Eng.) Acquired a thesis doctorate 
from Kyoto University in 1992. Prior to joining NIMS in 2002, he 
was engaged in research and development at 3M Health Care 
Ltd. His fields of research include medical devices, scaffold 
materials for regenerative medicine, etc.
Chiaki Yoshikawa  Ph.D. (Eng.) After completing the doctoral 
course at Kyoto University in 2006, she joined NIMS in 2007, and 
was a MANA Independent Scientist before present position. 
Her field of research is application of dense polymer brushes to 
biointerfaces.

Figure  Substrate-supported lipid membrane using a detergent

Placement of Lipid Membrane 
Nanostructure on Solid Surface 

  Cells and cell organelles are surrounded by 
membranes consisting mainly of lipids and 
proteins. These membranes are not simple 
barriers that partition tissues. The molecules 
diffuse whithin the membrane structure, the 
chemical composition of the membrane is not 
uniform, and the entire structure changes 
dynamically. Many of the mechanisms related to 
this complex nature of the membranes remain 
to be elucidated.
  If it is possible to place a biomembrane on s a 
solid surface in a controlled manner at the nano 
level, it will be possible to elucidate the dynamics 
of biomembranes in the nano region using 
sur face analytical techniques. Membrane 
proteins that exist in membranes manifest their 
functions only when properly folded in a lipid 
membrane. This means that it is necessary to 
design an experimental system which enables 

skillful inclusion of the membrane protein.
  To realize this, we conducted research on a 
membrane fixing technology using a detergent. i) 
In this technique, first, a polymer having a lipid 
molecule at its terminus is bonded on a solid 
surface, a lipid/detergent mixture is then dripped 
on the polymer, and finally, the detergent is 
removed (Fig.) In general, membrane proteins 
are purified in a detergent solution, and the 
membrane protein is reconstituted in the lipid 

membrane by removing the detergent from a 
protein/detergent/lipid mixture. We applied this 
method directly to solid surfaces. If membrane 
proteins can be fixed easily, this may also lead to 
the development of new biosensors. ii)

Chiho Kataoka  Ph.D. (Sci) Completed the doctoral course at 
the Osaka University Graduate School in 2003. Prior to joining 
NIMS in 2007, she was at Texas A&M University and RIKEN.

Group Leader, Biofunctional Materials Group, 
Biomaterials Unit, MANA Nano-Bio Field

Hisatoshi Kobayashi

Biofunctional Materials Group, Biomaterials Unit, 
MANA Nano-Bio Field

Chiaki Yoshikawa

Smart Biomaterials Group, Biomaterials Unit, 
MANA Nano-Bio Field

Chiho Kataoka

i.   C. Kataoka-Hamai, et al., Langmuir 26 (2010) 14600.

ii.  C. Kataoka-Hamai, et al., IEEE Sens. J. 11 (2011) 3153.

Macromolecule synthesis

Production of short fibers from non-woven mat of nanofibers  
*Patent application 2010-197279

Fluorescent microscope image of a short fiber-cell aggregate:
 Cells have adhered and grafted in the 3D structure of short fibers.

*Uniform cell grafting to the interior was confirmed  by staining tissue sections.
*Short fiber-cell aggregate production method: Patent application 2011-102759

Fabrication of electrospun nanofibers Construction of dense polymer brush nanosurface
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-As the leader of the Nano-Bio Field, 
what are the issues that concern you right 
now?

Aoyagi(A):  In comparison with ordinary 
industrial materials, nano-bio materials span 
an extremely wide range. Although cells are 
the smallest unit of living beings, the cell 
membranes and proteins that make up cells 
have diverse compositions, and the amino 
acids, which are the basis of those materials, 
have var ious connections of atoms and 
molecules. Since the biological reactions 
produced by these materials also cover an 
immense range, it is extremely hard to know 
which really has leading-edge potential.

-  Considering this, how are you taking 
advantage of the distinctive features of 
MANA?

A: The concept of MANA proposed by Prof. 
Aono has several elements, but when we think 
about which of these can contribute in the 
Nano-Bio Field, it’s difficult to cover them all. 
Thinking about realistic themes l ike cell  
assembly is certainly important, but I believe 
it’s also necessary to think about much more 
visionary, extravagant ideas that jump 2 or 
even 3 steps ahead. Like creating artificial 
l i fe - forms at  NIMS,  for  example.  I  mean 
so-called “grand challenges.”
  The role of MANA is to leap over basic 
research, such as study of materials that 
prevent blood from coagulating. In other 
words, our role is leading research at the world 
level.

-Even so,  isn’t  basic research also 
important, especially because you’re 
dealing with biotechnology?

A: Yes, it is. The materials of the living body 
and their functions still conceal many secrets, 
and we haven’t reached the point where we 
perfectly understand and can adequately 
utilize the phenomena of life. For this reason, 

w e  w i l l  c o n t i n u e  t o  m a k e  m a n y  n e w  
discoveries. In that sense, basic research 
definitely can’t be neglected.

-What kind of research are you doing 
yourself?

A: My work is based on polymer chemistry, 
which makes it possible to design various 
structures. Taking advantage of this strength, 
I’m doing research on the design of various 
materials such as particles, rods, networks, 
fibers,  membranes,  and so on. Since it ’s  
p oss ib le  to  create  any numb er  of  new 
materials, my aim is to come up with new 
concepts based on those materials. Ultimately, 
I hope this will lead to the establishment of 
material therapy.
  I would like to find out if there are really any 
limits to materials or not. If this is possible, we 
might be able to create systems that go 
beyond those of today, which can only be 
used to treat certain designated patients, and 
enable simple treatment of any patient.

-What are your impressions of today’s 
young researchers?

A: They give their best, they’re very active, and 
they function well. As I just commented, in 
bioresearch, both basic research and big ideas 
are necessary, and it’s important to strike a 
balance between the two. Functioning well 
means keeping good balance in that aspect.

-Finally, could you describe your image 
of MANA 5 years from now?

A: I see us establishing new, original Japanese 
concepts at the world level.  Japan has 2 
world-leading projects, which are research on 
regenerative medicine and research on DDS. I 
very much hope that NIMS can produce a 
third pillar of bioresearch on the same level. I 
hope we can establish new material-based 
concepts. By all means, let ’s make that a 
reality.

What’s Necessary in Nano-Bio at MANA: 
Grand Challenges
Takao Aoyagi,
MANA Coordinator, MANA Nano-Bio Field

Takao Aoyagi   Ph.D. (Eng). Completed his studies at the 
Waseda Universit y Graduate School of Science and 
Engineering in 1985 and joined Lion Corporation in the 
same year. Previous positions include Sagami Chemical 
Research Institute (1986-1995), assistant professor at the 
Institute of Biomedical Engineering, Tokyo Women’ s 
Medical University (1995-2001), Associate Professor of the 
Institute of Advanced BioMedical Science and Engineering, 
at same university (2001-2002), and Professor of the 
Department of NanoStructure and Advanced Materials, 
Graduate School of Science and Engineering, Kagoshima 
University (2002-2009). Joined NIMS as Coordinator of the 
Biomaterials Research Area in 2009 and was appointed to a 
concurrent post as Director of the Biomaterials Center in 
2010. Present position since 2011.

In bioresearch, a balance between basic research and big ideas is important. 
And because MANA is expected to play a leading role at the world level, 
we need to work on “grand challenges,” says Dr. Aoyagi, who is Coordinator of the Nano-Bio Field at MANA. 
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Conversation with Prof. Ei-ichi Negishi, Noble Laureate in Chemistry, 2010
On March 1, 2012 Prof. Negishi, who came to Japan at the invitation of MANA, also visited NIMS, where he spoke with 
Prof. Sukekatsu Ushioda, President of NIMS.  Both of them having Ph. D. from the University of Pennsylvania, 
they share their interest in the research environments in Japan and the United States.  Also they discussed the role of scientists 
in response to the recent earthquake and tsunami disasters.

N: In America, the national government has 
sometimes led research, but scientific 
societies have always had close ties with 
industries.  However, I think that is a product 
of past history, when the societies worked 
hard to build the academic system.  Now I 

also think those societies have been operating 
under extremely idealistic philosophies, and 
where knowledge is concerned, I feel that 
they were purer in the past.
U: I have the sense that scientists think 
about the good of the country in America.  

Ushioda (hereinafter U): I would like 
to thank you for speaking at the MANA 
Symposium.  Since this is your first visit 
to NIMS, could I ask you about your 
impressions? 
Negishi (hereinafter N): First, let me 
thank you for inviting me.  I am glad I 
came.  I can see that you are doing very 
high-level advanced research.  In fact, you 
may well be one of the world’s top research 
centers.  That was one strong impression.  
What I’ve seen here is really wonderful.

U: Thank you very much.  MANA is one of 
the WPI projects [WPI: World Premier 
International Research Center Initiative] 
launched by Japan’s Ministry of Education, 
Culture, Sports, Science and Technology 
(MEXT) in 2007.  MANA does research on 
materials science and engineering using 
nanotechnology.  The key to their work is 
using nanostructuring to create materials 
with designed functions.  Dr. Aono, who is 
the Director of MANA, coined the term 
“nanoarchitectonics” and is working to 
advance this approach.  The basic goal of 
MANA is to focus on one area and realize a 
very high level of excellence in that area.  In 
other words, rather than trying at once to 
achieve excellence in the whole spectrum of 
research at NIMS, we try to achieve 
excellence by creating MANA as a focused 
center on nanotechnology, and then attempt 
to spread the standard of excellence to the 
whole Institute.
N: It’s similar to the idea of “top pull-up” that 
I’ve talked about at various places recently.
U: Yes. Incidentally, you and I are both 
alumni of the University of Pennsylvania.  
When were you there?
N: From 1960 to 1963. 
U: I received my doctorate in ’69, so there is 
a difference of about 6 years.  I did my 
undergraduate work at Dartmouth College, 
and then went to graduate school at the 
University of Pennsylvania in ’64.
N: I entered the graduate school at U. Penn.  

While I was there, I felt that the curriculum 
was truly excellent.  Regardless of the field of 
specialization, all first year students needed a 
one-semester class of quantum chemistry, 
and the text for this class was a famous book 
by Coulson, which was also used in the class 
at University of Tokyo a few years earlier. 
The professor was a specialist in quantum 
chemistry, and his teaching was meticulous. 
In that field most of the equations are very 
abstract and quite difficult at first, but he was 
particularly careful in explaining them. He 
went into many details that were not covered 
in the text. This profession may have been 
exceptionally good. But, as a result, I 
understood the subject for the first time in my 
life.  It makes you feel happy when you truly 
grasp something very important but difficult. 
As years went by, I began feeling and 
thinking that the education at the University 
of Pennsylvania really provided me with the 
solid foundation of what I have since been 
doing in research.
U: I went to the U. S., because I wanted to 
go to university overseas.  I thought it would 
be interesting. As you just said, education in 
the United States has well organized 
curricula and solid teaching, at both 
undergraduate and graduate levels.  I came 
back to Tohoku University and taught there, 
but in that sense, in Japan, people seem 
satisfied with halfway measures.  There’s 
absolutely no quality control in lectures by 
Japanese professors.  The differences 
between Japan and other countries are 
particularly apparent in universities, as you 
know.  What differences do you feel in 
national policy and science policy?



NIMS NOW International  2012 May 11

E
i-ichi N

eg
ishi ×

 S
ukekatsu U

shio
d

a
S

p
e

c
ia

l D
ia

lo
g

u
e

Ei-ichi Negishi
(Ph.D.) Nobel Laureate in chemistry and Purdue University 
Professor. After Graduating from the University of Tokyo in 
1958, he joined a chemical company, Teijin.  Obtained Ph.D. 
from University of Pennsylvania in 1963.  He joined Prof. H.C. 
Brown’ s Lab at Purdue University as a Postdoctoral Associate 
in 1966.  After serving as Assistant Professor and Associate 
Professor at Syracuse University from 1972, he was invited 
back to Purdue University as Full Professor in 1979.  And in 
1999, he was appointed H.C. Brown Distinguished Professor 
of Chemistry.  He was awarded the 2010 Nobel Prize in 
Chemistry for “Palladium catalyzed cross couplings in 
organic synthesis. ”

In Japan, on the other hand, I’m afraid 
politicians and scientists have suspicion about 
each other (Laughter).  Japanese politicians 
don’t want to hear what the Science Council 
of Japan is saying.  In other words, what 
scientists are saying.  That’s not the case in 
America, but quite the opposite; politicians 
promote what scientists said.  On the 
contrary, however, in America the ties 
between scientists and political leaders and 
policy-makers are close.  Even now, Steven 
Chu, who is a Nobel Laureate, is Secretary of 
the Department of Energy.  I wonder if that 
would happen in Japan.
N: What you just ment ioned about 
cooperation, or close ties between researchers 
and politicians, may be related to money, 
since a very large number of former 
researchers work in governmental funding 
agencies in America.  What’s more, unlike in 
Japan, research would be impossible in 
America without external funding.  In Japan, 
professors enjoy lifetime employment.  In 
America, when we were completing our 
doctorates 40 years ago, the probability of 
getting tenure was roughly 50%, and the 
term of employment was only up to 5 years.  
Even professors can’t continue their research 
if they don’t obtain research funds, and at the 
same time, universities demand more 

teaching and administrative work.  That’s 
now the same everywhere, without 
exception.  From that viewpoint, for doing 
research in academia, funding is important to 
the extent that is inconceivable in Japan.
U: That may help explaining why American 
researchers move so frequently.  In America, 
human resources are traded in a market.  As I 
often say, if you don’t buy and sell stocks, if 
you don’t trade, the ¥100 face value won’t 
change.  Because you trade, the value can rise 
to 1000s of yen.  The same is true of people.  
If you don’t move, you can’t expect change.  
In that sense, movement reveals the true 
value of the individual.  If you stay in one 
place, your value might rise along a straight 
line, or it might not rise at all.  Whether it’s to 
use a new funding support program or to 
move to a company, researchers in America 
are always on the move.
N: I myself have received some very nice 
outside offers soon after I won the Nobel 
Prize.  When that happened, the President of 
the university came to me with the Dean of 
School of Science.  They said they’d give me 
a 50% raise in salary and I wouldn’t have to 
teach classes.   They wanted me to 
concentrate on research.  They offered better 
conditions than I could expect if I moved to 
another institution (Laughter).  They even 

created a research institute for me. It’s called 
the Negishi-Brown Catalytic Organometallic 
Research Institute.  I was happy about that.  
To explain why I haven’t retired even though 
I’m past the age of 70 now, it’s simply 
because I like and still do research.

U: Since the Great East Japan Earthquake 
last year, both the national government and 
research institutes have felt a sense of 
crisis, and this is also apparent in research.  
NIMS is no exception.  Beginning with the 
new fiscal year, we have launched projects 
that respond to disaster-related issues.
N:  It made me think about that, too.  In that 
context, one issue that we absolutely must 
address is energy.  Carbon dioxide and water 
are the raw materials for organic substances, 
but some grossly mistaken ideas about 
carbon dioxide are now widespread.  At 
present, the most serious deficiency lies in 
recycling carbon dioxide.  If recycled 
properly, necessities of various kinds can be 
regenerated from carbon dioxide, together 
with water.  Foods, clothing, construction 
materials, and energy, can be obtained. 
Although I hadn’t thought about it before, this 
is an important mission for researchers.
U: Recently NIMS has put great effort into 
research on carbon dioxide.  We also have 

young researchers who are working in that 
area.
N:  I always tell young people to give back 
to society, through their work, more than 
what they receive in their paycheck.  If 
everyone would think about that kind of 
society, and work in that spirit, we would 
have a wonderful society.  Two conditions 
are necessary for embracing this goal.  
One is basic learning; it is necessary for 
one to do well.  The number of young 
people with that kind of ambition, who 
maste r  t he  f u ndament a l  academic 
capabilit ies before graduating f rom 
top-level universit ies and consider 
becoming that kind of professionals, might 
be estimated at one in a thousand.  And if 
they also like their chosen field, they 
hopefully will consider that as the line of 
their life-long work.  Approximately 10 
billion (1010) people lived during the 
previous century, and nearly 1000 (103) 
won the Nobel Prize.  That works out to be 

one in 10 million (107). So, I you may be 
considered as a one-in-thousand kind of 
intellect, your chance of winning a Nobel 
Prize might be estimated to be one in ten 
thousand (10 4 ).  I f  so,  you a re wel l  
qualified for going after a Nobel Prize, 
and I strongly urge you to do so, as I 
indeed did about fifty years ago. Although 
there are some genius who have done it 
before turning 30 or 35, some without any 
higher professional training, I urge highly 
qualified young people to consider 1) Ph. 
D-level education, 2) Postdoctoral training 
under truly top-level researcher-mentors, 
regardless of their nationalities, and 3) 
further pursuit of your own research and 
lofty dreams with eternal optimism!



Dear NIMS NOW readers,
  I came to Japan about one year ago as a 
PhD student, and the reason that brought 

m e  t o  t h i s  
country is still 
unclear to me 
too, but I am 
ver y happy 
a b o u t  t h i s  
chance.  It all 

started from some friends’ suggestion: “why 
don’t you apply for a PhD in Japan?”. Japan 
was not totally unknown to me, since my 
best friends spent a few months in Japan to 
improve their Japanese and came back to 
Italy with a bag full of nice impressions, 
astonishing stor ies to tel l  and funny 
souvenirs.  Anyway I decided to follow their 
suggestion…and here I am! During this first 
year, I had the opportunity to travel around 
Japan a little, especially when my family 
came to visit me last October.  In conclusion, I 
need to thank NIMS for giving me the 
opportunity to come to Japan,  have some 
wonderful experiences, and finally come to 

  On March 19, Nano Characterization Unit of 
Advanced Key Technologies Division in NIMS 
and the State Key Laboratory of Silicon 
Materials, Zhejiang University agreed to a 
Memorandum of Understanding (MOU) on 
the research and development in the field of 
novel low-dimensional nanomaterials. The 
Laboratory is engaged in the basic and 
applied research on silicon materials and other 
semiconductor materials in the following 

areas: 1. the growth of silicon crystals with 
large diameters, defects and impurities in the 
s i l i c o n  m a t e r i a l s ,  2 .  p r e p a r a t i o n s ,  
characterizations, and applications of 
silicon-based thin films, 3. composite 
semiconductor optoelectronic materials, and 
4. composite functional materials.  NIMS and 
Zhejiang University are expecting a further 
development of novel low-dimensional 
nanomaterials research based on the MOU.

  On April 18, the Department of Materials 
Science and Engineering of Taiwan’s 
National Tsing Hua University and the NIMS 
High Temperature Materials Unit concluded 
MOU on “Development of High Entropy 
Alloys for High Temperature Applications.”
  The National Tsing Hua University is 
particularly strong in the science and 
engineering field and has produced 3 Nobel 

Prize Laureates. At present, the Department 
of Materials Science and Engineering is 
among the University’s largest departments, 
with approximately 1000 students, and has a 
large number of excellent staff.
  With the conclusion of this MOU, the 
National Tsing Hua University and NIMS are 
expected to carry out a number of joint 
research projects.

  On April 22, Mr. Hirofumi Hirano, Japan’s 
Minister of Education, Culture, Sports, Science 
and Technology (MEXT), visited NIMS Sengen 
Site. After NIMS Vice President Eiji Muromachi 
gave brief explanation of NIMS, Dr. Tadakatsu 
Ohkubo, Group Leader of the Nanostructure 
Analysis Group, Magnetic Materials Unit, 
introduced the development of neodymium 
magnets without use of dysprosium, which is 

a rare element, noting that how to create 
power ful  magnets  at  low cost  is  an 
extremely interesting scientific problem. Dr. 
Kazuhiro Kimura, Unit Director of the 
Materials Reliability Unit, also explained the 
creep test, which is used to investigate the 
durabil it y of steam tubing and other 
materials of thermal power plants when 
exposed to high temperature conditions 
over extended periods of time.
  The Minister then dropped in on a special 
event for young people, which was being 

held as par t of the NIMS Science and 
Technology Week Open Lab, and watched 
with strong interest as a number of family 
groups took on the challenge of making 
medals using metal materials. 

Francesca Pincella (Italian)
May 2011-present
NIMS Junior Researcher, Polymer Materials 
Unit, Functional Heterointerface Group

terms with the bicycle, which I loathed 
before (and now I cannot wait for the next 
sunny weekend to travel around by bike)!

From left: Dr. An-Chou Yeh, Assistant Professor (Tsing 
Hua), Dr. Hideyuki Murakami, Group Leader of the 
Surface Kinetics Group, High Temperature Materials 
Unit (NIMS), Prof. Shangjr Gwo, Vice President for 
Research and Development (Tsing Hua), and Prof. 
Jien-Wei Yeh (Tsing Hua).

Mr. Hirano 
shaking hands 
with middle 
school 
students.

From left: Prof. Mingsheng Xu (Zhejiang), Prof. Deren 
Yang, Director of the State Key Laboratory of Silicon 
Materials (Zhejiang), and Dr. Daisuke Fujita, Director 
of the Advanced Technology Division (NIMS)

Me, my mother and my brother relaxing in a Japanese-style 
room during our stay in Kyoto.

My mother and me at 
Kiyomizu-dera.


