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In mid-November 2006, Peking
University (PKU), the China Center
of Advanced Science and Technology
(CCAST) and RIKEN cooperated to
hold a joint symposium in Beijing.
This was made possible thanks to the
efforts of Tsung-Dao Lee, Director
Emeritus of the RIKEN Brookhaven
National Laboratory (BNL) Research
Center (RBRC), University Professor
at Columbia University, Director of
CCAST, and a Nobel Prize laureate.
Over the years, RIKEN has actively
promoted collaborative research projects
in a range of science-related fields. The
latest symposium was aimed at further
strengthening joint efforts of researchers
in China and Japan and was timed to
take advantage of Lee’s China visit.

About 400 people eagerly took part in
the event, including physics, chemistry
and biology majors of PKU as well as
graduate students, researchers from
such institutes as CCAST involved in the
symposium and officials of the Chinese
Academy of Sciences.

The symposium kicked off with a
speech from Xu Zhihong, President of
PKU and was followed by lectures by
Lin Jianhua, Executive Vice President of
PKU, Ma Linying, Deputy Director of the
Department of International Cooperation

of the Ministry of Science and Technology
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of China, and Kenji Takeda, the Executive
Director of RIKEN. Then Lee gave a
keynote speech, and offered the following
history and outline of RBRC.

RIKEN made major contribution to a
Relativistic Heavy Ion Collider (RHIC) at
the US-based world-class scientific facility,
BNL, and concluded an agreement with
BNL. RIKEN then started to construct
a special structured electric magnet
known as the ‘Siberian snake” used for
investigating spin physics. In 1997,
RIKEN established RBRC to promote
both theoretical and experimental
research in physics at RHIC. Five years
later, in 2002, RIKEN concluded an
agreement with Columbia University,
and succeeded in developing QCDOC, a

computer capable of quantum chromo-
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dynamics computations. The QCDOC is
an advanced version of RBRC’s QCDSP,
which was a winner of the IEEE Gordon
Bell Prize, and has a computational
capability of 10 teraflops. Meanwhile,
an IBM CPU chip developed by RBRC
was improved, and later used in IBM
BlueGENE processors. Following on
from such technologies, RBRC started
research based on a new vision of study
based on the spin properties of gluons
that constitute nuclear particles, and has
achieved very important results including
the fact that a quark-gluon plasma, or
the initial state of the universe, is a liquid
state of low viscosity. “These results
could not be achieved without assistance
from RIKEN and the efforts of young

researchers trained at RBRC,” Lee noted.

From Left: Lin Jianhua, Provost & Executive Vice President of PKU; Tsung-Dao Lee, Director of CCAST,
Kenji Takeda, Executive Director of RIKEN; Xu Zhihong, President of PKU.
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The RBRC logo is the brainchild of
Lee. The blue and white pattern stands
for the ‘Tai Chi’ concept of Lao Tzu's
philosophy, symbolizing the dualism
(for example, yin and yang) inherent to
all matter in the universe. Furthermore,
the logo embodies the spirit of the
union of the blue and white Tai Chi
and together with the third element
represented by the red circle the three
symbolize a trinity that drives endless

creation, in line with RBRC’s philosophy

Message from T.D. Lee

It is a great pleasure that RIKEN and three
Chinese institutions (PKU, NSE, CCAST)
concluded an agreement in the field of
nuclear physics. The agreement was
successfully carried out on the basis of
more detailed insight, thanks to substantial
discussions that continued through to the
conclusion of the agreement to bridge
differences between the three institutions.

Ryoji Noyori, President of RIKEN,
noted that “the collaboration between
Japan and China is very important”—
a point with which I agree with
wholeheartedly. Today, the world faces
crisis after crisis on various fronts
and I am sure that Japan and China
can contribute to a peaceful future for
humankind not only in Asia, but also in
the world, by joining hands to tackle these
crises. The best joint activities should
be based on science because 1) science,
which explores the profoundness of
nature, can benefit human beings
immeasurably, and 2) business-oriented
activity can lead to a narrowly focused
competition. Science is rooted in nature.
Thus, even scientific competition tends to
be constructive and unifying.

The RIKEN BNL Research Center
(RBRC) is a good example of this ideal of
international research collaboration.

In 1996, following discussions with

RBRC Logo

of continuous development of new
physics. The red circle in the center and
the blue and white designs also convey
an image of the national flags of Japan
and the United States, signifying the two
countries’ collaborative research efforts.
During the afternoon of the
symposium, parallel sessions on physics,
chemistry and biology sessions were
held. The physics session included a
ceremony in which the RIKEN Nishina

Center for Accelerator-Based Science

Akito Arima, former President of RIKEN, I

agreed to the establishment of joint research

facilities for high-energy nuclear physics
experiments at BNL.

I struggled to find an idealized vision of
this new research institute, and remembered
the story of Yoshio Nishina, an exemplary
RIKEN physicist and Oskar Klein, a famous
Swedish theoretical physicist.

After achieving a satisfactory level of
success as an experimental scientist, Nishina
decided to pursue research in the field of
theory, and visited the Niels Bohr Institute
in Denmark in the 1920s. There, he met
Klein, and they agreed to take different
approaches to advance theoretical research
of Compton scattering of x-rays. The

research required very intricate calculations.
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and the Chinese Nuclear Physics
Society signed a research collaboration
agreement in the field of nuclear
physics. The chemistry and life science
sessions, meanwhile, drew a lively
exchange of opinions centering on
catalytic chemistry and nanoscience, and
functional genomics of plants and bio-
resources, respectively. It is expected
that the symposium will trigger further
research exchange promotion between

China and Japan in the future. ]

Although they worked separately they
checked each other’s calculation results
twice a week. Thus, through friendly
competition as rivals they succeeded
in deriving the Klein-Nishina formula
that gives the cross-section and angular
distribution of Compton scattering. In those
days, the Niels Bohr Institute had many
highly capable researchers that flourished
through such friendly competition and
had a unique and worldwide effect on
the advancement of science. Taking these
facts into consideration, I finally decided
to establish an institute like the Niels Bohr
Institute, where young researchers can
develop and flourish.

I feel a strong bond with RIKEN due to
my relationship with Hideki Yukawa—in
1953, I became a professor at Columbia
University, succeeding to Yukawa’s position.
Since then, I have continued research at
his desk in the room he once used. I am
particularly proud that RBRC, founded upon
the above-mentioned principle, has fostered
capable young researchers and has grown
over the past 10 years to become a globally
influential research institute. Based on
collaboration between two major nations of
the world—Japan and China—I would very
much like to contribute to the establishment
of further vehicles such as RBRC to assist

international relations in Asia. |

RIKEN

BER &



HIGHLIGHT OF THE MONTH

VOL.2 | NUMBER1 | JANUARY 2007

Catalyst plays multiple roles

A new asymmetric reaction that is both specific and catalytic has

been developed

A new reaction has been developed
that allows the specific addition of a
small molecule to nitrogen containing
organic ring compounds. The small
di-ester molecule, malonate, was added
to a simple bi-cyclic molecule, known
as dihydroisoquinoline (DHIQ).
Although examples of reactions to one
end of a carbon-oxygen double bond are
known, the number of catalytic reactions
to the corresponding carbon-nitrogen
double bond, imine, is limited because of
highly coordinating and basic characters
of nitrogen which can deactivate catalysts.

This latest development relies on a
catalyst’s unique characteristics. The
work, performed by Mikiko Sodeoka and
colleagues from the RIKEN Discovery
Research Institute, Wako, uses a palladium-
based catalyst to make the core found in
many biologically active compounds’.

The addition reaction between the
DHIQ and malonate was efficient.
The product of the reaction is a
more complex molecule, known as a
tetrahydroisoquinoline (THIQ), where
the added ester is attached to the carbon
next to the nitrogen atom, which could
find many applications of interest to

medicinal chemists.

Forming mirror-image
compounds
During the reaction it is possible to
form two mirror-image compounds,
enantiomers, of the THIQ and it is
this ability to select between the two
compounds, enantioselection, that
interests researchers. Enantioselection
can be very important in the preparation
of biologically active pharmaceuticals.
For most medications, one enantiomer of
a compound is more active than the other
and produces the desired therapeutic effect.

For example, a popular over-the-counter
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Mirror image

Chiral Tetrahydroisoquinolines

Figure 1: Catalyst (Pd>*) takes on different roles and ensures effective reactions that produce mirror images

of synthesized chiral tetrahydroisoquinolines.

anti-inflammatory medication, naproxen,
one of the enantiomers (S-enantiomer)
is twenty-eight times more biologically
active than the other (R-enantiomer),
and is prescribed in an optically pure
form as required by the Food and Drug
Administration (FDA) in the US.

To demonstrate that the reaction
could be used as a general procedure,
Sodeoka and colleagues used a range
of starting compounds and differing
reaction conditions. Each starting
compound had the same central carbon
framework with two ring structures.
Some of the best results obtained were
in just two hours with over 90 per cent
conversion rates. What's more, the
reactions produced more of the target
than the other possible mirror-image
compound (Fig. 1).

When one form of a mirror-
image compound exists in a greater
proportion to the other, the difference
is measured as the enantiomeric excess.
The reactions carried out by Sodeoka
and her team had enantiomeric

excesses up to 97%.

© 2007 RIKEN

How things work

The complex palladium catalyst used
by Sodeoka forms as a bright yellow
compound (Fig. 2). Usually the nitrogen on
the starting material hinders the reaction
by binding to the catalyst. However, as
this unique catalyst acts as both base and
acid it avoids this problem by leading to
stepwise activation of both substrates to
give the product. In this reaction the imine
is protected before the palladium catalyst
activates it, as an acid, to form a highly
reactive intermediate. The palladium
catalyst also activates the malonate, as a
base, to form its active intermediate.

Sodeoka is very motivated and
passionate about the work that she
does. “I was interested in and started
research on the chemistry of chiral
palladium enolates more than 10 years
ago,” she says. “We prepared the critical
palladium catalysts and developed many
enantioselective reactions”

Sodeoka and colleagues have plenty
of expertise in this area of research and
published several research papers along
the way. “Actually, we found this unique

www.rikenresearch.riken.jp
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Figure 2: A schematic of the chiral Pd(Il) complex.
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feature of our catalyst about five years
ago, and have shown that our catalysts are
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useful for the other types of reactions,” says
Sodeoka, although she admits that forming
THIQs was challenging. In addition to
the problems encountered working with a
compound containing nitrogen, it was also
difficult to achieve high enantioselectivity
due to its cyclic shape.

“We had problems at first,” Sodoeka points
out, “but when the timing of [the] addition
of the [protecting] Boc reagent was changed,
we were pleased to find that the reaction
proceeds” The team later went on to work out
the mechanism of the underlying reaction to
understand their finding. They now know
that the formation of an intermediate, an
N,O-acetal group, and its activation by acid
to generate another highly reactive group, an
iminium ion, in the reaction flask is critical.
In fact, this is the first time that this N,O-
acetal group has been used in a catalytic
asymmetric reaction and this discovery is
likely to be of use to other chemists.

These latest results from Sodeoka
and team are noteworthy since Sodeoka
moved to RIKEN from a university just
two years ago; she has organized her
laboratory quickly and obtained good
results in a short period of time.

www.rikenresearch.riken.jp

Results in context
The importance of being able to synthesize
enantiomers to science was recognized by
the Nobel Prize awarded in 2001 to Ryoji
Noyori, current president of RIKEN,
K. Barry Sharpless of The Scripps Research
Institute and William S. Knowles formerly
of Monsanto. The prize acknowledged the
outstanding work of these scientists for their
work on chirally catalyzed hydrogenation
reactions in which the net result is the
addition of hydrogen to the product.
Enantiomers are critical to the preparation
of biologically active molecules such as
pharmaceutical drugs and perfumes.
Sodeoka and colleagues now plan to
synthesize biologically active molecules,
natural products known as alkaloids,
and continue developing various other
reactions based around this chemistry
using their catalyst. The team also
wants to develop various new types of
reactions based on similar palladium

enolate chemistry. ]

1. Sasamoto, N., Dubs, C., Hamashima,
Y. & Sodeoka, M. Pd(l)-catalyzed
asymmetric addition of malonates to
dihydroisoquinolines. Journal of the American

Chemical Society 128, 14010-14011 (2006).

© 2007 RIKEN

About the researcher

Mikiko Sodeoka received her BSc (1981),
MSc (1983) and PhD (1989) degrees
from Chiba University (Pharmaceutical
Sciences). After working at Sagami
Chemical Research Center (1983-1986),
she joined the Faculty of Pharmaceutical
Sciences, Hokkaido University as a
research associate. After working

as a post-doctoral fellow at Harvard
University, she moved to the University
of Tokyo (1992). She became a group
leader at Sagami Chemical Research
Center in 1996 and an associate
professor of the University of Tokyo in
1999. In 2000, she moved to Tohoku
University as a full professor. Since
2004 she has been the chief scientist
and director of the Synthetic Organic
Chemistry Laboratory at RIKEN.
Sodeoka has received several awards
for her work in synthetic organic
chemistry and chemical biology: the
‘Encouraging Award of Pharmaceutical
Society of Japan’ (1993), the Takeda
Chemical Industry Award in Synthetic
Organic Chemistry (Japan, 1999), and
the Chemical Society of Japan Award for

Creative Work (2003).
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Organic conductors on the road to

recovery

No end in sight for organic conductors that can be recycled with a simple

chemical reaction

When ordered

arrangements in a crystal lattice, some

packed into

small organic molecules can show
metallic conductivity of electricity.
Organic conductors are often comprised
of molecules that have a delocalized
system of m-electrons. These flat
molecules stack on top of one another
in a crystal resulting in significant
overlap between their electron clouds
and conduction can occur through these
one-dimensional columns.

Crystals of organic conductors are
often grown under conditions where
electrons are removed from some
of the neutral molecules to generate
positive (cationic) species. This means
that positive ‘holes’ are shared between
adjacent molecules in the stacks and
electrical conduction is possible.
Controlling the organization of an
organic conductor in a crystal may make
it possible to fine-tune its properties.

Now, Tatsuro Imakubo from RIKEN’s
Frontier Research System in Wako and
co-workers, have tailored the solid-
state packing of an organic conductor
by using the strong and directional
interaction between iodine and nitrogen
atoms, the so-called ‘iodine bond’ A
common structural motif found in
organic conductors comprises a carbon
framework containing four selenium
atoms and is called tetraselenafulvalene.
Imakubo modified this compound by
joining two iodine atoms to one end and
a ring containing two nitrogen atoms to
the other to form a substance referred to
by the acronym ‘DIPS¢’

X-ray analysis of crystals grown from
DIPSe by electrochemical oxidation (in
which electrons are removed) revealed
that the molecules form a hexagonal
lattice and stack together to form

5 | RIKEN RESEARCH

Figure 1: A space-filling representation of the hexagonal lattice structure formed in crystals of DIPSe
grown by electrochemical oxidation.

channels running through the structure.
The results are reported in the Journal
of Materials Chemistry'. A range of
structures were prepared in which the
anionic (negatively-charged) counterpart
of the cation was varied, and all of them
displayed metallic conductivity at room
temperature.

Significantly, Imakubo and co-workers
were able to recover the neutral DIPSe
molecules by simply reacting the crystals
with water. This is unusual because
cation molecules contain unpaired
electrons and are very reactive species,
known as radicals. Although stable
in the crystal form, often a complex
mixture of decomposed products is
obtained if treated with water.

The unique channel structure of this

© 2007 RIKEN

organic conductor is thought to play
an important role. “The characteristic
channels, which allow water molecules
to access the cation radicals deep in
the crystal, are essential for the smooth
progress of the recovery process,
points out Imakubo. “Our initial results
have provided the first example of the
recyclability of organic conductors and
it will stimulate new research in to the
utilization of them. ]

1. Imakubo, T., Kibune, M., Yoshino, H.,
Shirahata, T. & Yoza, K. Hexagonal
supramolecular organic conductors based
on diiodo(pyrazino)tetraselenafulvalene:
high yield recovery of the neutral m-donor
by a simple chemical reaction. Journal of
Materials Chemistry 16, 4110—4116 (2006).

www.rikenresearch.riken.jp
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Finer fine-structure constant

One of the fundamental numbers that defines our Universe has been

measured more accurately than ever before

The most precise measurement yet of
the force that underlies the colors we
see and the textures we feel has been
unveiled by physicists.

Of the four fundamental forces,
which include gravity, electromagnetism
is the one that dominates our everyday
lives. The fine-structure constant (a)
describes the strength of this force,
which keeps electrons in place within
atoms and molecules, and governs the
interaction between light and matter.
This constant is approximately 1/137,
and is determined by factors such as the
charge on an electron, the speed of light
and Planck’s constant, which controls
the microscopic world.

Physicists have been measuring a
with ever-greater accuracy for more
than 80 years, in order to test and
refine the theories—such as quantum
electrodynamics (QED)—that describe
how electromagnetism works. The
latest determination shows that the
inverse of the fine-structure constant is
137.035999710, with an uncertainty of
0.7 parts per billion. This uncertainty
is 10 times smaller than in any previous
methods’.

The new measurement depended on
collaboration between experimental
physicists at Harvard University, US,
led by Gerald Gabrielse, and a team
of theoretical physicists that included
Makiko Nio, from RIKEN's Nishina
Center for Accelerator-Based Science
in Wako.

Gabrielse and colleagues spent 20
years refining their measurement of
a single electron’s magnetism (Fig. 1),
and ultimately derived a value that had
an uncertainty nearly six times smaller
than previous measurements>.

Meanwhile, Nio worked with Toichiro

www.rikenresearch.riken.jp
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Figure 1: Measuring the movement of a single electron inside a Penning trap has helped to pin down the

relationship between light and matter.

Kinoshita of Cornell University in New
York, to develop an improved QED
calculation® that predicted the electron’s
magnetism based on a. Kinoshita
worked at RIKEN from 2002 to 2004 as
a visiting eminent scientist.

Kinoshita and Nio
supercomputers—including RIKEN's
Super Combined Cluster (RSCC)
system—to interpret 891 Feynman
which describe the
interactions of fundamental particles.

relied on

diagrams,

“It greatly helped us to improve the

precision of the calculation,” says Nio.

So why is it important to determine
a with such precision? “If our current
understanding of physics is correct,
all values of a should coincide,” Nio
says. “If the test uncovers disagreement
among different a's, it would have a
profound impact on the foundation of
quantum physics”

The Harvard group will now repeat
their measurement, and hope to reduce

© 2007 RIKEN

their uncertainty by a factor of three
within a few years. And RIKEN theorists
are currently adding 12,672 more
Feynman diagrams to their calculations.
Combining the two results should allow
the team to determine one more digit in
the fine-structure constant, says Nio. W

1. Gabrielse, G., Hanneke, D., Kinoshita, T.,
Nio, M. & Odom B. New determination

of the fine structure constant from the
electron g value and QED. Physical Review
Letters 97, 030802 (2006).

Odom, B., Hanneke, D., D’Urso, B. &

Gabrielse, G. New measurement of the

N

electron magnetic moment using a one-
electron quantum cyclotron. Physical
Review Letters 97, 030801 (2006).

Kinoshita, T. & Nio, M. Improved a“ term

w

of the electron anomalous magnetic
moment. Physical Review D 73, 013003
(2006).
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All the world’'s power in your laboratory

Noble gases compress laser pulses to achieve extreme powers

Exciting new physics can be discovered
when looking at materials on extremely
short timescales or with very high laser
powers. However, no laser in itself can
produce such short, intense pulses of
light. Instead, the laser beams need to be
manipulated externally.

For this task, physicists employ
the direct relationship between the
wavelengths contained in the laser pulse
and its duration. Typically, the so-called
self-phase modulation effect is used,
which is based on a complex interaction
of intense light and matter that leads to
a broadened laser spectrum necessary
for pulse shortening. Argon is one
of the ideal candidates for self-phase
modulation, as only noble gases are able
to withstand the extreme experimental
conditions. Other matter would simply
be destroyed by the high intensity of the
laser beam.

There are different experimental
designs to guide light through argon.
Common to all approaches is that
light is allowed to travel through the
gas within a confined space. However,
a team from the RIKEN Discovery
Research Institute, Wako, with
researchers from Tokai University,
Hiratsuka, and Brawijaya University,
Indonesia, has now uncovered a way
to significantly improve on earlier
methods. “Light is only confined in one
direction perpendicular to the beam,
but is free to spread itself in the other,
explains Akira Suda from the RIKEN
team. In previous designs such as hollow
optical fibers (Fig. 1), light was confined
in all directions. However, in the new
design, which is rectangular, light is less
confined so more spread out allowing
significantly higher laser powers across
the structure.
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Figure 1: An intense laser beam traveling through a conventional hollow optical fiber. As the laser propagates, the
color changes from red to white, evidencing the broadening of the optical spectrum.

The team recently published their new
approach in the journal Physical Review
Letters'. Solving complicated equations
describing the propagation of the laser
beam through the gas, the researchers are
able to quantify the significant advantage
of their approach. “In our design, the
peak power a laser pulse can achieve
exceeds 100 terawatts, about 100 times
the average electric power consumption
in the whole world,” says Suda. Of course,
all this is restricted to an extremely short
period of time. The researchers calculate
that the pulse lengths of the laser can be
as short as 4 fs—a mere four billionths of
one millionth of a second.

© 2007 RIKEN

The theoretical computations and
predictions are very encouraging and as
the structure is relatively straightforward
to build, the RIKEN team is now
attempting to realize the concept
experimentally. ]

1. Nurhuda, M., Suda, A., Bohman, S.,
Yamaguchi, S. & Midorikawa, K. Optical
pulse compression of ultrashort
laser pulses in an argon-filled planar
waveguide. Physical Review Letters 97,

153902 (2006).
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All aboard the pulse train

Short bursts of light could track electrons moving around atoms

Incredibly brief pulses of laser light have
been made to beat in perfect harmony
by RIKEN scientists.

The research could help to probe
the fast-moving quantum world inside
atoms. Just as photographers can use
fleeting flashes of light to freeze bullets
in mid-flight, laser scientists can use
much shorter bursts of light to watch
even faster processes.

In the last few years, laser pulses have
become short enough to measure in
attoseconds, or billionths of a billionth
of a second (10'%s). One attosecond is
to one second what one second is to the
age of the universe, and such timescales
are brief enough to track the movement
of electrons within atoms.

But these flashes are difficult to
achieve directly with a conventional
laser, because each pulse cannot be
shorter than the period (a single cycle)
of the optical wave. Instead, longer laser
pulses are used to rip electrons away
from a diffuse gas. As the electrons
are tugged around by the peaks and
troughs of the light wave, they produce
much shorter pulses of electromagnetic
radiation, at higher frequencies than the
original laser.

Yasuo Nabekawa and colleagues at
RIKEN’s Discovery Research Institute,
Wako, and at the University of Tokyo,
have now shown that a series of such
pulses—known as an attosecond pulse
train (APT)—can be ‘phase locked’, so
that their electromagnetic fields all rise
and fall in perfect synchrony'. Nabekawa
says that these pulses could be used to
investigate the quantum properties of
matter. “We have a strong possibility of
controlling the wave functions of atoms
or molecules with a phase-locked pulse
train,” he suggests.

Their experiment used laser pulses
that lasted for 4x 10! seconds (or
40,000 attoseconds) to smash electrons

away from a stream of nitrogen gas
molecules. A mass spectrometer then
sifted through the debris for positively-
charged nitrogen atoms (N*) arriving
at a detector in distinct waves. These
characteristic patterns matched
theoretical predictions expected for
a phase-locked ATP, and the team
calculates that the ionisation produced
extreme ultraviolet pulses lasting just
320 attoseconds.

Nabekawa says he now hopes to
produce single attosecond pulses that
are not part of a train, which should

© 2007 RIKEN

make it easier to take snapshots of
atoms in action. “We will try to improve
our laser system in order to produce
an isolated attosecond pulse with the
highest intensity and the finest temporal
resolution in the world,” he says. [ ]

1. Nabekawa, Y., Shimizu, T., Okino, T.,
Furusawa, K., Hasegawa, H., Yamanouchi,
K. & Midorikawa, K. Interferometric
autocorrelation of an attosecond pulse
train in the single-cycle regime. Physical

Review Letters 97, 153904 (2006).
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Shedding light on reactions in living cells

Researchers use single fluorescent molecules to reveal the details of biological

interactions

A team led by a molecular biologist
from RIKEN’s Discovery Research
Institute has used a technique of tracking
of single fluorescent molecules to
unravel details of a key reaction in the
control of proliferation, differentiation
and migration of cells. The work
demonstrated the application of such
single-molecule visualisation and analysis
to biological reactions in living cells.

The reaction the researchers studied—
the binding of epidermal growth factor
(EGF) with its receptor (EGFR) on the
external cellular membrane—sets off a
cascade of molecular events inside the
cell. These events are important to the
development of organs and tissues, but
can initiate cancer. Until now, just how
the reaction takes place has been unclear.

Cells sensitive to EGF usually have
tens of thousands of EGFRs on their
external membrane, yet measurable
responses can occur when less than one
per cent of these receptors are bound to
EGF molecules. Recent crystallographic
studies showed that the EGFR occurs
in two forms—one of them folded up
or ‘tethered, the other stretched out or
‘extended’ (Fig. 1). It is known that EGF
only triggers cellular activity only when
it forms a complex of two EGF molecules
and two EGFRs joined together. Two
EGFRs can join together independently
to form the basis of this complex.

The researchers added EGF
molecules with attached rhodamine
dye to sensitive cells. Fluorescent spots
appeared on the cell surface where these
molecules bound to EGFRs. Some of
the fluorescent spots later increased
in intensity by about twofold. After
emitting constant light for a time, the
spots then disappeared. Some spots
disappeared in a two-stage process.
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Figure 1: A graphic representation of the tethered and extended forms of the EGFR, the predimer complex
(top), and the binding of the two EGF molecules involving the formation of an intermediate (bottom).

From their observations, which are
reported in The EMBO Journal', the
researchers were able to calculate the
rates of binding of EGF molecules to
their receptors. These were tested against
mathematical predictions arising from
different binding reaction mechanisms.
The closest fit was with the mechanism
graphically represented in Figure 1,
whereby two receptors in the extended
conformation interact to form a single
‘predimer’ complex capable of binding
two EGF molecules. After the first EGF
molecule binds, the complex rearranges
its shape to facilitate the binding of the
second molecule. This intermediate
form was predicted by the faster rate at
which the second molecule binds.

“We are now using single molecule
visualization to analyse the reactions
inside cells downstream of the EGFR;’

© 2007 RIKEN

says project leader Yasushi Sako. “In
future, this technique can be used in
diagnosis and drug screening” [ ]

1. Teramura, Y., Ichinose, J., Takagi, H.,
Nishida K., Yanagida, T. & Sako, Y. Single-
molecule analysis of epidermal growth
factor binding on the surface of living
cells. The EMBO Journal 25, 4215—4222
(2006).

www.rikenresearch.riken.jp



VOL.2 | NUMBER1 | JANUARY 2007

RESEARCH HIGHLIGHTS

Blood, with less sweat and tears

A new strategy for red blood cell production could prove a valuable

resource for clinics worldwide

The body of a healthy human being is
continuously producing new red blood
cells (RBCs), which originate from
hematopoietic stem cells in the bone
marrow. However, RBCs can dwindle in
patients who are suffering from blood
disorders like anemia or undergoing
chemotherapy treatments that affect
the marrow. In these cases, transfusion
of RBCs from a donor may become
necessary. But this solution is not always
feasible. “The supply of transfusable
red blood cells is not sufficient in many
countries,” explains Yukio Nakamura,
of the RIKEN BioResource Center in
Tsukuba. This issue isn’t restricted to
nations with limited clinical resources,
as specific blood subtypes might be
scarce within any given population.

Methods have been developed for the
production of transfusion-ready RBCs
in the laboratory, via the culture of
hematopoietic stem cells. However, these
methods can be relatively complicated,
requiring that stem cells be cultured
atop a layer of stromal ‘feeder’ cells to
ensure proper maturation. Hoping to
simplify the in vitro production process,
Nakamura and his colleagues set out to
develop a feeder-free culture system for
RBC production, which they recently
described in Nature Biotechnology'.

They began with stem cells isolated
from human umbilical cord blood,
which were grown in culture medium
containing a variety of soluble cell
signaling and growth factors. For one
subset of the stem cell cultures, these
included VEGF and IGF-II, two growth
factors that Nakamura and his colleagues
had previously shown to significantly
enhance production of mature blood
cells from hematopoietic stem cells?.

A final stage in the maturation of RBCs

www.rikenresearch.riken.jp

Figure 1: Red blood cells produced by the in vitro method of Miharada et al. Nearly 80% of these cells are
mature, enucleated red blood cells.

involves the loss of the nucleus, a process
known as enucleation. After two weeks
of culture, Nakamura’s team transferred
their cells to culture conditions specially
designed to encourage enucleation. High
levels of mature RBCs were observed in
both sets of cultures, but the cells that
were initially cultured with VEGF and
IGF-II showed considerably enhanced
differentiation relative to untreated cells,
with nearly 80% of the cells exhibiting the
mature, enucleated phenotype (Fig. 1).
According to Nakamura, this
technique is essentially ready for the
clinic. “The technology has been
established,” he says. “The remaining
problem will be the cost of production
on a large scale” In the meantime, he
and his colleagues are focusing on the

© 2007 RIKEN

search for cell lines that could offer an
even more productive alternative to
umbilical cord blood. “We are currently
trying to establish human erythroid cell
lines that can produce enucleated RBCs
abundantly in vitro,” he says. ]

1. Miharada, K., Hiroyama, T., Sudo, K.,
Nagasawa, T. & Nakamura, Y. Efficient
enucleation of erythroblasts differentiated
in vitro from hematopoietic stem and
progenitor cells. Nature Biotechnology 24,
1255-1256 (2006).

Hiroyama, T., Miharada, K., Aoki, N.,

N

Fujioka, T., Sudo, K., Danjo, I., Nagasawa,
T. & Nakamura, Y. Long-lastingin vitro
hematopoiesis derived from primate
embryonic stem cells. Experimental

Hematology 34, 760-769 (2006).
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3-D protein models make grand debut

A database containing approximately 6 million predicted protein structures

promises to boost biological and pharmaceutical research

On September 28 of this year, the RIKEN
Genomic Sciences Center announced
the release of FAMSBASE, the largest
database ever of predicted protein
structures. This launch culminates
a five-year effort carried out under
the auspices of Japans ‘Protein 3000
Project’ and promises to open a new era
of protein-related research. Accurate
structure predictions are crucial to a
better understanding of protein-protein
and protein-drug interactions and
protein function in general.

A team led by Hideaki Umeyama has
assembled a collection of approximately
6 million protein structure predictions
obtained through homology modeling
(Fig. 1). Umeyama is a protein chemist
at the Genomic Sciences Center in
Yokohama and a professor at the School
of Pharmaceutical Sciences, Kitasato
University.

The researchers constructed 3-D models
of unknown proteins by mimicking the
structures of sequence-homologous
proteins. The 3-D structures were
determined previously using nuclear
magnetic resonance (NMR) or x-ray
crystallography. Modeling was done using
an algorithm, FAMS (Full Automatic
Modeling System), that was developed by
Umeyama and his colleagues'.

While
structure by NMR spectroscopy or

determining a 3-D

x-ray crystallography is still the best
approach to understand the molecular
mechanisms underlying a protein’s
function, these methods are complex to
implement and not always applicable.
As a result, the structures of only about
39,000 proteins had been deposited
in the Protein Data Bank (PDB) as
of September 2006. This highlights
the need to develop good modeling

11 | RIKEN RESEARCH

Figure 1: Six million protein structure predictions—such as this model of a human oncogene (Brk tyrosine
kinase)—should aid the scientific community in the search for new biological insights and better leads to

new drugs.

tools to predict the 3-D structures of
the thousands of proteins for which
a sequence is available but no 3-D
structure has yet been solved.

In a pilot study completed about a year
ago, Umeyama and colleagues tested
their approach by developing a database
of 1,603 models of neuraminidases,
enzymes that play an essential role in
the life cycle of all influenza viruses®.

The current version of FAMSBASE
contains 793,612 newly predicted human
protein models, 505,628 protein models of
systems important for drug research such
as mouse and rat models and 3,368,709
protein models for other species whose
genome sequences have been determined.
“This database should serve as a boon

© 2007 RIKEN

to scientists working on basic protein
science as well as to those trying to design
new or improved drugs,” says Umeyama.
The RIKEN FAMSBASE is freely available
http://famshelp.gsc.riken.jp/famsbase
and will be updated automatically as new
structures become available. ]

1. Ogata, K. & Umeyama, H. An automatic
homology modeling method consisting
of database searches and simulated
annealing. Journal of Molecular Graphics
and Modelling 18, 258-272 (2000).

2. Takeda-Shitaka, M., Terashi, G., Takaya,
D., Kanou, K., Iwadate, M. & Umeyama,
H. Protein structure prediction in CASP6
using CHIMERA and FAMS. Proteins 61
(Suppl 7), 122-127 (2005).

www.rikenresearch.riken.jp



VOL.2 | NUMBER1 | JANUARY 2007

RESEARCH HIGHLIGHTS

Smallest ever genome sequenced

Molecular biologists probe the minimum set of genes alive

A collaborative team of researchers from
RIKEN, other Japanese institutions, and
the University of Arizona in the US has
sequenced the smallest known genome—
the DNA of a bacterium that lives inside
the specially-tailored bacteriocyte cells
of a sap-feeding insect (Fig. 1).

As reported in the journal Science',
the genome of Carsonella ruddii, a
proteobacterium that lives inside the
insect— called a hackberry petiole gall
psyllid—contains fewer than 160,000
base pairs, which makes it about one-
third the size of the next largest genome
sequenced so far. The Carsonella genome
has only 182 protein-coding genes, and
is so compact that 164 of them overlap
each other. Less than three per cent of
the genome is non-coding DNA.

The study is an important step on
the way to determining the minimum
set of genes necessary for life. This, in
itself, has significance for constructing
synthetic genomes and building living
organisms. The work is also relevant
to understanding the evolution of the
specialized membranous structures
inside cells known as organelles.
Chloroplasts, where photosynthesis
takes place, and mitochondria, where
energy production occurs, are both
believed to have evolved from bacteria
trapped inside primitive cells.

On analyzing the gene complement of
Carsonella, the researchers discovered
that more than half the genes were
devoted to the production of proteins
and their components, amino acids.
But the genome entirely lacked genes
for making the lipids, membranes, and
genetic material essential for replication
and survival.

Hence, reason the researchers,
Carsonella is already involved in an

www.rikenresearch.riken.jp

Figure 1: A stained bacteriocyte of the hackberry petiole gall psyllid packed with tubular Carsonella cells
surrounding a central nucleus.

obligatory symbiotic relationship with
the gall psyllid, and well on the way to
becoming incorporated as an organelle.
The bacterium supplies the insect with
essential amino acids lacking in its diet
of plant sap, and the insect provides
the bacterium with the compounds
and molecular machinery to allow it to
survive and replicate.

It is possible that several ancestral
Carsonella genes were transferred to the
genome of the gall psyllid and are now
expressed by the nucleus of the cells in
which the bacteria live, says lead author
Atsushi Nakabachi from RIKEN’s

© 2007 RIKEN

Discovery Research Institute in Wako.
“We are testing that hypothesis by trying
to detect genes and gene products in
the bacteriocyte cells which are relevant
to Carsonella but are not found in the
Carsonella genome” [ ]

1. Nakabachi, A., Yamashita, A., Toh, H.,
Ishikawa, H., Dunbar, H., Moran, N. &
Hattori, M. The 160-kilobase genome of the
bacterial endosymbiont Carsonella. Science

314, 267 (2006).
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Challenging bipolar disorder

Head of the Laboratory for Molecular
Dynamics of Mental Disorders

Aging and Psychiatric Research Group
RIKEN Brain Science Institute

Bipolar disorder (manic depression)

is a brain disease in which the patient
periodically experiences elevated and
depressive mood states. It affects about
one out of every 100 people. Patients
with bipolar disorder often suffer
multiple relapses. Some spend almost
half of their lives in the depressive
state, and a large number commit
suicide. Conventional preventive drugs
for the disorder, such as lithium,
produce strong side effects, and are not
completely effective. The mechanism
causing bipolar disorder is not yet
understood. Tadafumi Kato, Head of the
Laboratory for Molecular Dynamics and
Mental Disorders at the RIKEN Brain
Science Institute, has been progressing
research into bipolar disorder, and
proposes that it is related to dysfunction
in the mitochondria—the energy
production centers of cells. In spring
this year, Kato’s group successfully
clarified that a mouse manipulated to
develop mitochondrial dysfunction,

in the brain only, exhibited abnormal
behavior that was very similar to bipolar
disorder. As an animal model for bipolar
disorder, this mouse is expected to
contribute significantly to the analysis
of the mechanism triggering bipolar
disorder and the development of

therapeutic agents.
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Cancer, heart disease, and cerebrovascular
disease are the leading causes of death
among the Japanese population. However,
it is not possible to treat a patient with
terminal cancer at the age of, say, 80
years in the same way as a patient who
has been unable to work for many years,
or is suicidal because they developed a
mental disorder at a young age. Thus, an
index called the Disability Adjusted Life
Year (DALY) was introduced in Japan, so
that the effects of age at death are taken
into consideration in the mortality rate.
Mental disorders such as depression,
schizophrenia, and bipolar disorder
account for a large proportion of DALY,
along with cancer and lifestyle-related
diseases such as cerebral infarction
(stroke) and diabetes.

Compared to cancer and lifestyle-
related diseases, investigations into the
causes of mental disorders, and the
development of diagnostic methods
and medical treatments, have been
significantly delayed.

Kato, who is also a psychiatrist,

indicates that social prejudice still

© 2007 RIKEN

remains against mental disorders.

“People with functional abnormalities
in the brain may suffer from mental
disorders in the same way as people with
heart problems develop heart disease,”
he says. “Thus, mental disorders are
diseases of a part of the body, the brain,
but they are generally considered ‘mental
problems,, or something very special. I
think elucidating the causes of mental
disorders in detail can contribute to
the development of better diagnostic
methods and medical treatments, thus
leading to the eradication of the prejudice
that surrounds mental disorders”

Kato has been investigating the causes
of bipolar disorder for many years.
Bipolar disorder is a disease in which the
patient periodically experiences elevated
and depressive states (Fig. 1). According
to statistics, about 15% of people contract
major depression (unipolar disorder)
once in their lifetime, but in many cases
the patient does not experience a relapse.
In contrast, 0.8% of people develop
bipolar I disorder that involves a severe
elevated state, and 2-3% of people develop
bipolar disorder, including bipolar I, that

involves a slightly elevated state. Bipolar

www.rikenresearch.riken.jp
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disorder requires long-term treatment

and places a heavy burden on the lives of
the patient and family due to the tendency
for multiple relapses.

Bipolar disorder is considered to
be caused by an unstable exchange of
neurotransmitters such as serotonin, but
the mechanism of how this develops is
not yet clearly understood. It is certain
that bipolar disorder has a profound
genetic component. If an identical twin
develops bipolar disorder, in 70-80% of
cases the other twin also develops the
disorder. However, bipolar disorder is not
a disease that is simply inherited, because
90% of the children of bipolar patients do
not develop the disorder.

“It is certain that more than one gene
is related to the development of bipolar
disorder, but whether the number is
around ten or several dozen is still
unclear;” says Kato. It may be that everyone
has up to five of the genes that lead to
the development of bipolar disorder,
and it is only when the number of genes
reaches 10 that a person develops bipolar
disorder, he suggests. Many people have
the genes that lead to the development of

bipolar disorder because the genes can

www.rikenresearch.riken.jp

Figure 1: Symptoms of bipolar disorder.
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Manic state

Feels depressed

Uninterested and cannot enjoy anything
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Very slow to understand

Loses appetite and weight

Insomnia
Suicidal idea

also benefit us in some way. “For example,
some people who have the genes that are
considered related to bipolar disorder are
said to have a good memory; Kato notes.

Mitochondrial hypothesis

At the end of the 1980s, as a practicing
psychiatrist, Kato treated a patient with
bipolar disorder, and this triggered his
investigation into the causes of bipolar
disorder. Reflecting on this turning
point, Kato says: “One patient who had
been feeling down, and wearing a painful
expression on her face up to the previous
day, suddenly became open and talkative.
She seemed to have become a completely
different person overnight. Thus it was
clear that bipolar disorder has nothing
to do with ‘mental problems’ and that
something is changing in the brain. I felt
that we would be able to elucidate such
a specific phenomenon with the help of
modern scientific technology”

Kato began to explore how material
changes take place in the brain of a patient
with bipolar disorder using the nuclear
magnetic resonance (NMR) method.
He successfully determined that one of

the body’s energy sources called creatine

© 2007 RIKEN

Feels elevated

Has too many ideas to concentrate
Full of confidence

Chats away for hours

Continues to be active without
eating

Spends large amounts of money
Continues to be active all night long
without sleeping

phosphate is reduced in the brain of the
patient. From the peer-reviewed literature,
Kato and colleagues found that reduced
levels of creatine phosphate could also be
observed in patients with mitochondrial
disease that involves symptoms such as
drooping eyelids. “Reminded of similar
symptoms exhibited by patients with
bipolar disorder, I began to think that
mitochondrial dysfunction is related to
bipolar disorder;,” explains Kato.

Mitochondria, which are minute
organs in a cell, produce energy and
control the calcium concentration that
is related to signaling. Separate from the
DNA in a cell nucleus, mitochondria
have their own DNA composed
of about 16,000 base pairs. A cell
generally contains a large number of
mitochondria, and mitochondrial disease
develops when something is wrong with
a part of its DNA. “It was also reported
that some patients with mitochondrial
disease exhibited symptoms that are
characteristic of patients with bipolar
disorder,” Kato notes.

Subsequently, Kato went to the US
to conduct research into molecular

genetics. There, he investigated
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the brains of patients who had died
suffering from bipolar disorder, and
discovered that some patients had a
mitochondrial DNA abnormality
in the brain. The abnormality he
discovered is called a ‘deletion’, in
which about 5,000 base pairs are
grossly lost from among 16,000 base
pairs, though this quantity is very
small.

This finding led Kato to propose that
mitochondrial dysfunction adversely
controls the calcium concentration that is
related to signaling, and eventually leads
to the development of bipolar disorder.

Kato, who established the Laboratory
for Molecular Dynamics of Mental
Disorders in 2001, proceeded with
research to verify his mitochondrial
hypothesis (Fig. 2). In April 2006,
Kato’s group succeeded in producing a
transgenic mouse with mitochondrial
DNA deletion in the brain. By mutating
synthetic enzyme genes in the nucleus
that produce mitochondrial DNA.

This mouse exhibited abnormal

behavior resembling insomnia and

periodic changes in activity levels, which
are symptoms commonly observed
among patients with bipolar disorder.

The administration of lithium, used
as a preventive drug for bipolar disorder,
to this mouse improved
its abnormal behavior
(Fig. 3). In contrast,
the administration of a
tricyclic antidepressant,
which is known to
aggravate the symptoms
of bipolar disorder, made
the abnormal behavior
more prominent. As
such, Kato’s group could
have produced the first mouse model for
bipolar disorder.

Kato thinks that mitochondrial
dysfunction is not the only cause of
bipolar disorder, but that it will cause
some phenomena common to bipolar
disorder, such as changes in signaling
in the neural circuits. The common
phenomena, however, are not
yet understood.

Using diabetes as an example, Kato
explains: “Type I diabetes is characterized
by the death of the insulin-producing

Many mitochondria (green) can be observed around the cell nucleus (blue). The Laboratory for
Molecular Dynamics of Mental Disorders studied individual differences in the mitochondrial DNA
sequences (polymorphism) and has found that the differences between individuals at base positions
8701 and 10398 are related to calcium concentration control. However, the relationship between the
two positions and bipolar disorder has not yet been clarified.
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beta cells in the pancreas, whereas Type
IT diabetes is due to reduced insulin
sensitivity of cells. Of course, many
reasons can be considered attributable to
each type, but both types have the terminal
pathway of development
in common; a relatively
small amount of insulin
secretion and raised blood
sugar levels. Thus, we test
for diabetes by measuring
blood sugar levels, and
treat patients with diabetes
by injecting insulin.
These days, research has
been carried out to probe
the molecular mechanism of why the
insulin-producing beta cells die, and why
the insulin sensitivity is reduced. This is
intended for thorough causal treatment.
However, as far as bipolar disorder is
concerned, we do not know the key factors
that correspond to insulin, blood sugar
levels, or the common terminal pathway
of diabetes. Thus, compared with diabetes,
research into bipolar disorder is still at the
level it was several decades ago”

At present, diagnostic techniques
for bipolar disorder are limited to what
patients tell us, and how they behave.
However, if the common terminal
pathway is understood, an objective
diagnostic method that serves to clearly
distinguish bipolar disorder from
other diseases can be developed. Thus
investigation into Kato’s mouse model
could help elucidate the common
terminal pathway. “It is very important to
pin down where in the brain of this mouse
the mitochondrial DNA abnormalities
are accumulated, or what portion of the
brain causes abnormal behavior,” says
Kato. It is known that mitochondrial
DNA abnormalities are related to
mitochondrial disease and various other
diseases. However, the changes that are
characteristic of bipolar disorder still
elude scientists. “Investigation into the
changes should help [researchers] find
the changes in the neural circuits that
are common to all patients with bipolar

disorder;” he continues.
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This mouse is also expected to contribute
significantly to drug discovery research.
All current bipolar disorder drugs were
used originally for the treatment of other
diseases and then found to relieve the
symptoms of bipolar disorder. However,
as Kato notes, this is a symptomatic rather
than a causal treatment. The development
of bipolar disorder drugs has been delayed
in part due to the lack of animal models
with bipolar disorder. According to Kato,
lithium worked well in his mouse model,
but caused strong side effects. Kato
thinks it is possible to develop highly
effective drugs with reduced side effects
by investigating how lithium improves the
abnormal behavior of the mouse.

It is also known that the deletion of
mitochondrial DNA causes changes in
signaling mediated by intracellular calcium.
Thus Kato and his colleagues want to find
the molecules playing a key role in these
signaling changes, and investigate whether
or not drugs that affect those molecules
can improve the abnormal behavior.

The mitochondrial hypothesis is
beginning to attract attention even in
the US, and a pharmaceutical company
is conducting clinical trials in which
therapeutic agents for mitochondrial
disease are administered to patients
with bipolar disorder. The results
of a small-scale preliminary trial
showed that the therapeutic agents
were effective. Thus, large-scale trials
are under consideration. If the large-
scale trials are successful, drugs for
bipolar disorder can be developed
and commercialized on the basis of
the mitochondrial hypothesis in the
decade ahead.

In the future, advances in research
into bipolar disorder may provide us
with new treatments such that people
with a natural tendency to develop
bipolar disorder can receive advice
about how to lead their life to prevent
the condition from developing. For
example, keeping regular sleeping hours

www.rikenresearch.riken.jp
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Effect of lithium administered to a mouse model for bipolar disorder.
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The fluctuations similar to elevated and depressive states disappear after lithium administration.

makes a difference. Even if a person
has already developed bipolar disorder,
proper treatment can commence
immediately as long as the condition
can be diagnosed objectively. When
someone is depressed, we can firstly
prescribe antidepressant drugs, whereas
we need to administer mood stabilizers
if the depression is caused by bipolar
disorder, Kato says. “I want to reach
the day when we can conduct causal
treatment immediately after the first
., thus
preventing recurrence of the disease”

development of the disorder ..

Recently, in addition to researching
bipolar disorder, the Laboratory for
Molecular Dynamics of Mental Disorders
began researching issues related to child-
abuse that have recently become a serious
social problem. The groupss first task is to
investigate why some animals raise their
young. “With mice, we are searching for
the neural circuits that have something
to do with raising young, and we are also
studying how the neural circuits develop
and why a neural circuit may fail to
develop properly,” explains Kato. “In the
future, we want to expand our research to
the study of humans.”

Brain scientists are now accepting
challenges that have conventionally been
considered ‘mental problems’ thereby
contributing to the improvement of our
lives and society.

Elucidating the sources of mental
disorders should lead to not only
the development of better diagnostic
methods and medical treatments,
but also the eradication of prejudice
against those diseases.
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. Press release on April 18th, 2006 (http://
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Rl beam facility is now ready for heavy-ion acceleration

In mid-December 2006, scientists at the Nishina
Center for Accelerator-BasedScience has
started accelerating aluminum beam up to 70%
oflight speed using the heavy-ion accelerators
in the recently completedRadioactive-Isotope
Beam Factory (RIBF).

The new RIBF consists of an existing
heavy-ion accelerator system plus three
new ring cyclotrons and a large radioactive-
isotope separator (BigRIPS). From April
2007, several more new instruments
are going to be constructed to explore
nuclear structures and their dynamics in
radioactive-isotopes exclusively.

The previous accelerator facility at RIKEN
has only been able to generate radioactive-
isotope beams of relatively light elements.

The RIBF will be the most powerful in the
world and will be able to generate beams
of heavy elements such as uranium at an
unprecedented level of power. As well as
nuclear fragmentation reactions, it will also be
capable of staging nuclear fission reactions.
It should therefore be able to produce about
4,000 species of nuclei—more than any other
facility in the world.

One of the new ring cyclotrons,
the Superconducting Ring Cyclotron
(SRQ), is the first ring-cyclotron to use
a superconducting magnet to generate
a strong magnetic field. This saves
electricity. The SRC is equipped with a
magnetic-shield of iron, which enables it
to work with less magnetomotive force

and block radiation.

Radioactive-isotope beam research using
the RIBF is expected to lead to new insights
into atomic nuclei, a better understanding
of how elements are created in supernovae,
and other major achievements in nuclear
physics. The RIBF will have applications
in the development of new materials
and treatments for cancer. It will also be
available for users outside RIKEN. From
October to December 2006, the Nishina
Center called for proposals from scientists
who wished to use it. An international
program advisory committee will be
scheduled in February 2007 to examine
the proposals, and to decide experimental
programs that will start in July. |

Tadashi Watanabe becomes the
first Japanese winner of the
Seymour Cray Award

The Seymour Cray Computer Science and
Engineering Award has been won by Tadashi
Watanabe in recognition of his design for
serving as lead designer of he NEC SX
series of supercomputers, and especially
for the design of the Earth Simulator, in his
previous position at NEC.

Seymour Cray designed and gave his name
to a series of famous supercomputers, and
this award is presented to individuals who
demonstrate the same creative spirit as him. &

Masao Ito awarded 2006
Neuroscience Prize by the Peter
Gruber Foundation

At the recent Society for Neuroscience
meeting in Atlanta, Georgia, the Peter Gruber
Foundation and the Society acknowledged
the contributions by Masao Ito, RIKEN Brain
Science Institute’s founder and special
advisor, to the field of neuroscience.

Ito shared the 2006 Neuroscience Prize
with Robert Nicholl of the University of
California, USA. The honour acknowledges
the dedication these two men had towards
understanding the molecular and cellular
bases of memory and learning in the brain as
well as their commitment to the development
of brain science around the world.

In 2000, the Peter Gruber Foundation
began awarding five international prizes
in appreciation of the contributions of
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remarkable individuals who made significant
advances in science, ethics, and human
rights that have shaped community and
cultural development. |

Peptide cohesion simulation wins
the Gordon Bell Prize

A team from the Genomic Sciences Center
and Intel has won the 2006 Gordon Bell
Prize in the peak performance category, for
a computer simulation of the aggregation
process of peptides in Sup3s, a prion-
like protein that is found in yeast. The
simulation ran on MD-GRAPE3, a computer
system specially designed for modeling
the dynamics of proteins and other
biomolecules. The system achieved a peak
performance equivalent to 185 teraflops
on a general-purpose supercomputer.
MD-GRAPE3 uses the newest dual-core
processors and has a theoretical peak
performance of one petaflops. |

Donald Keene and Kazan
Watanabe: the curiosity of an
artist

RIKEN president Ryoji Noyori initiated RIKEN
Culture Day as part of his mission to strengthen
the ties between society and science. On
December 13, Donald Keene, renowned
Japanologist from Columbia University, was
invited to this event to share with a standing-room
only crowd his research on Kazan Watanabe, a
late-Tokugawa era painter, scholar, and politician.
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Keene sees deeply into the heart of
the Japanese mind. At the event, Keene
introduced RIKEN’s scientists to one of their
intellectual ancestors, Kazan Watanabe,
whose curiosity for Western ideas was to be
his downfall.

Keene’s latest book, The Frog in the Well,
chronicles Kazan’s development from a painter
to administrator to victim of political intrigue.
He presents Watanabe as a man striving to see
the world realistically, rather than idealistically,
first in painting and later in his understanding
of the world. That same desire to present the
subjects of his paintings realistically, Keene
suggests, probably motivated Kazan’s interest
in the West. Yet, the Tokugawa government
was wary of such curiosity and punished the
artist for his daring. Disgraced, Kazan took his
own life in 1841.

By drawing a parallel to the analogy in
Keene’s book, we can say that devotion to
science often means long hours and isolation
from society-at-large—not unlike the Japanese
isolation from the world during the Tokugawa
regime, much like a frog that sits in ignorant
complacence at the bottom of a well. Yet,
smouldering underneath is a curiosity that
drives artist, intellectual and scientist to climb
out of the well to see what lies beyond.

Kazan Watanabe was a victim of his
intellectual curiosity and his social
environment during a time of an isolationist
foreign policy. The whole audience's
admiration for Kazan's outstanding
academic talent and profound and far-
sighted point of view was palpable. |
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Laying the foundation for Japans life
sciences research platform

RIKEN's first forays into life sciences research had a rocky beginning, but projects launched

during this period laid a solid foundation for its current competitiveness

At RIKEN, the history of life sciences research is much shorter
than that for physics and chemistry—it started on a full-
fledged basis only about 35 years ago. But some of the early
life sciences projects that commenced in the 1970s have
become some of RIKEN’s most competitive areas, particularly
genome and brain research. RIKEN also proved its strength by
overcoming difficulties associated with DNA research, which
triggered safety concerns among the public and required a
sophisticated experimental facility.

In 1971, Japans Council for Science and Technology
suggested the nation promote life sciences as an emerging and
important research field. Two years later, policymakers decided
to create a national life sciences research center. In preparation,
a promotional life science division was established temporarily
in 1974 at RIKEN.

Debates over how to establish the research center—whether
to make it part of RIKEN’s organization or an independent
body—became prolonged. So, without waiting for a formal
decision, the temporary division compiled detailed outlines
for projects and necessary facilities, and launched five 10-year
projects in 1977 by ‘outsourcing’ to external researchers, which
was unusual in Japan at that time. The Science and Technology
Agency finally approved the establishment of the center within
RIKEN in 1978. In 1980, a sixth project was added.

During the 1980s, these projects produced outstanding
research results. In a project on aging-control, researchers
unveiled the mechanism of aging through studies on immune
cells, while others found a correlation between a thyroid
hormone and the degree of dementia. A team working on
a bioreactor successfully developed efficient diagnostic
equipment and an automatic protein-synthesis device called a
‘polypeptide typewriter]

Researchers working on artificial intelligence created robotic
technologies such as a literature recognition machine. RIKEN
also paved the way for advanced DNA studies in a project
aiming to develop new technologies to utilize microbes.
In other projects, researchers studied artificial organs, and
investigated bioactive substances.

Research into DNA became increasingly important from the
late 1970s. Based on a newly-created guideline on the safety of
biohazards, the government in 1980 requested RIKEN build
a facility to support DNA recombination research by meeting
the most stringent physical containment level of P4.

The construction of the facility commenced in 1981 in
Tsukuba, a newly-emerging academic town north of Tokyo.

www.rikenresearch.riken.jp

Figure 1: Researchers proved the safety of gene-recombination experiments in
a laboratory custom-built to meet the strictest physical containment standard.

However, RIKEN immediately faced strong opposition from
local residents over safety concerns. But through dedicated
efforts to build trust, and the inclusion of local residents on
the safety committee, their fears were allayed. The DNA
recombination experiment facility opened in March 1984, and
seven months later the Tsukuba Life Sciences Research Center
was founded.

In 1987, RIKEN proposed Japan’s first P4-level experiments:
research to assess the safety of retrovirus vectors used to
introduce genes into human cells (Fig. 1). The experiment was
conducted for nine months from June in 1988, and the result
confirmed no production of secondary viruses. Consequently,
the researchers were able to recommend the process be used as
a future application for gene therapy.

The success of the P4 experiment led the new center to
progress in leaps and bounds, and the scope of life sciences
research conducted at the center has expanded unflaggingly. In
1986, the 10-year projects ended, but a new institute, called the
Frontier Research System (FRS), was established in the same
year and took over some of the research groups. At the FRS,
research into the mechanism of thinking and gene structure
greatly advanced, leading to the creation of the Brain Science
Institute in 1997 and the Genome Research Institute in 1998
respectively. Since 2000, RIKEN has set up five additional life
sciences-related centers, including the BioResource Center at
the Tsukuba Institute. u
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