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Eeature Story

Overcoming a major obstacle to the practical application of regenerative
medicine: Paving the way for the mass production of iPS Cells

Rika Numano

There are high hopes that the innovative approach of using iPS cells for regenerative medicine will be capable of radically transforming the treatment of diseases.
However, there are many barriers to its practical application. One of the major problems is that mass production of iPS cells with homogeneous properties cannot be ef-
ficiently achieved. Associate Professor Dr. Rika Numano has developed a water-in-oil droplet electroporation as a novel method of overcoming this obstacle, and is now
working to achieve the mass production of iPS cells. When voltage is applied to an aqueous droplet containing cells and Yamanaka factors (reprogramming genes), tiny
pores are formed on the surface of the cells. The genes can then be introduced into the cells through these transient pores in the cell membranes. This new technique
has several advantages over conventional transfection techniques, in that it can be performed relatively easily using fewer cells, and in that it has a lower chance of
inducing cancer. As a result there is growing interest in the potential of this method to realize the development of mass-produced implantable iPS cells in the future

Interview and report by Madoka Tainaka

Creating iPS cells conveniently

without using viruses
Professor Shinya Yamanaka of Kyoto Uni-
versity was awarded the 2012 Nobel Prize
in Physiology or Medicine for his famous
discovery that mature somatic cells such as
skin or blood cells can be reprogrammed to
become pluripotent iPS cells by introducing
four transcriptional factors. Regenerative
medicine is an innovative field of medicine
which utilises iPS cells. It can potentially
restore or replace damaged or lost physi-
cal functions as well as completely curing
diseases or healing injuries.

A lot of clinical research has been conducted
in the field of iPS cells, but there are some
obstacles to its practical use, namely the
difficulty in generating iPS cells that display
consistent characteristics, and a very low
production rate (about 1%).

Conventionally, the generation of iPS cells
utilized viruses to introduce Yamanaka
factors into cells, but these factors are also
capable of inducing cancer in cells and
creating tumors. Concerns have also been
raised about the risk of parts of the viruses’
gene sequence remaining in cells. Currently,
there are various methods being developed
for generating iPS cells without using viruses,
but all of these methods have demonstrated
even poorer rates of production efficiency. In
addition, the generation and culturing of iPS
cells can only be done by trained experts,
and these activities require specialized
conditions in facilities in order to prevent
contamination.

Dr. Numano explains, “We have developed
a novel method of generating iPS cells by
using water-in-oil droplet electroporation.
Cell membranes are made of layers of oils.

The problem of regenerative medicine using iPS cells
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We have found that by momentarily apply-
ing several kilovolts to cells, with about the
same voltage as static electricity, the cell
membrane loosens and forms transient
pores through which the Yamanaka factors
can pass. This technique does not require
the use of viruses.

However, commercially available electro-
poration equipment requires a costly pulse
generator and sends out high-voltage
pulses that kill more than half of the cells.
Therefore, rather than implement a method
using commercial electroporation equipment,
we decided to develop a machine that uses
direct-current electric fields to generate iPS
cells in a more cell-friendly, convenient and
efficient way.”

Aiming for chip-based mass

production of iPS cells
The procedure for this novel technique is to
take an aqueous droplet several microliters
in volume containing cells and four Yamanaka
factors, put this droplet inside insulating oil,
and then apply a direct current from a metal
electrode. When the aqueous droplet is ex-
posed to an electric field between a pair of
electrodes, the droplet moves back and forth
in a rapid bouncing motion between the posi-
tive and negative electrodes several hundred
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times in a minute.

“This technique uses the basic physical
property that oil does not mix with water.
When the electric field is first applied, the
droplet might move to the negative electrode,

for example. However, the machine switches
the polarity after the droplet contacts with
this electrode, and so the droplet is repelled
by the negative electrode and moves toward
the positive electrode. This cycle is repeated
many times, making the droplet move in a
bouncing motion. This creates a minute elec-
tric current that loosens the cell membranes,
allowing for the Yamanaka factors to be
introduced into the cells.

Although this reactor is extremely small in
size — a water droplet just a few microliters
in volume — the droplet contains about ten
thousand cells as well as the four types of
genes known as Yamanaka factors. This
arrangement allows for these genes to be ef-
ficiently introduced into the cells. The droplet
is insulated by the oil surrounding it, and so
there is no risk of contamination in the reac-
tor,” explains Dr. Numano.

One of the most striking points of this new
method is that despite a high voltage being
used to move the droplet, the electric current
in the droplet is very small, and has little influ-
ence on the cells.

“We think that if we can conduct the same
process in an even smaller reactor, such as
picoliter-scale droplets in the micro-channels
of a chip, we could further improve the diffu-
sion efficiency of genes, allowing for better
introduction of the genes into the cells.

Micro-channels are a completely closed
system, with no danger of contamination.
They also allow for Yamanaka factors to be
introduced into the same cells, enabling a
large number of iPS cells to be produced in
a short period of time,” she says.

This water-in-oil droplet electroporation was
developed in a joint research project with
Professor Takayuki Shibata and Assistant
Professor Hirofumi Kurita from Toyohashi
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University of Technology. Professor Takayuki
Shibata is a bio-MEMS (Micro Electro Me-
chanical System) researcher working on
microneedle arrays for cells, and Assistant
Professor Hirofumi Kurita is working on
applications of electrostatic forces in life sci-
ence. A patent has already been obtained for
the device, and work is underway together
with the electroporator manufacturer Nepa
Gene Co., Ltd., in order to realize a practical
implementation.

Dr. Numano adds, “Researchers at Juntendo
University are conducting clinical research in
regenerative medicine using iPS cells to treat
Parkinson’s Disease. We have requested
Professor Wado Akamatsu, from the Center
for Genomic and Regenerative Medicine in
Juntendo University, to investigate the char-
acteristics of functional differentiation in the
iPS cells that we have generated.

Apart from Juntendo University, many clinical
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studies are currently being conducted at
Kyoto University, Osaka University, Keio Uni-
versity, and other institutions in order to seek
treatments for neurodegenerative diseases
that are considered difficult to cure. We also
hope to accelerate our research on mass
production methods for iPS cells in order to
make the fruits of our research publicly avail-
able as soon as possible.”

Utilizing this technology to
treat diseases by manipulating
many cells at once
Before she switched to working with iPS cells,
the main focus of Dr. Numano's research was
on circadian rhythms in mammals.

“All animals on the earth have a circadian
rhythm, which is an internal clock that works
in 24-hour cycles. The circadian rhythm is
regulated by some 20 types of genes known
as clock genes. These clock genes work
together within the brains of mammals over
24-hour cycles. This is a very robust system,
and is not easily disturbed by minor genetic
mutations. If we want to control clock genes,
we need to manipulate multiple genes at the
same time,” Dr. Numano says.

For example, when flying from Japan to the

Introducing genes within
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US, our eyes are stimulated by light from the
outside, which influences the clock genes
in our brain in order to make adjustments to
follow local time. However, it is difficult to shift
the entire human biological clock by many
hours in an instant. As a result, we become
jet-lagged because it takes longer for the tis-
sues outside of the nervous system to adjust
to the local time.

‘| have been working on analyzing the
mechanism of the circadian rhythm. | have
thought a lot about finding ways to adjust the
circadian rhythm instantly. This would allow
us to control physiological processes, such
as to cure jet lag instantly, or to discover
treatments for diseases that are related to the
circadian rhythm.”

In her research, she came across the elec-
troporation method, which can manipulate
many genes at once. This method may allow
genes to be introduced into CAR (Chimeric
antigen receptor) T cells—a type of white
blood cell that specifically attacks cancer
cells—to improve their abilities, meaning
that this method could also be employed for
cancer treatment.

“In addition to iPS cells, this electroporation
method can be applied to many other types
of genetic manipulation. | would like to
conduct further research to refine several as-
pects of the method, such as identifying how
many more genes we can introduce in total,
and the types of cells that can be regulated
with the method,” said Dr. Numano about the
future prospects of her research.

[Reporter’s Note]

Dr. Numano grew up in a family with many physicians:
her father was a cardiologist and her mother was a
pediatrician. She recalls her father's disappointment
when he came home from his university hospital if one
of his patients had died that day.

She says, “I thought of becoming a physician as well.
However, through witnessing my parents’ experiences,
| decided to go into basic research where | could work
on ways to fundamentally treat or prevent diseases.”

The Human Genome Project commenced when
she was a student, and many other research efforts
made progress in treating disease preventatively or
at early stages. She obtained her doctorate degree
while working in the laboratory of our previous Dean
Yoshiyuki Sakaki, a prominent Japanese researcher
who took a leading role in the Human Genome Project.
After graduating, she came to Toyohashi University
of Technology, and she has worked over a decade in
collaboration with many researchers and companies in
order to achieve her dream. Her bright, graceful smile
offers the reassurance of an expert physician. We look
forward to witnessing further successes in her career.
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Researcher Profile
Dr. Rika Numano

Technology.

Dr. Rika Numano received her M.S. degree in engineering and PhD degree in doctor
in 1997 and 2001 respectively from University of Tokyo, Japan. Since she started
her career at Toyohashi University of Technology, had been involved in the chronobio-
logy, molecular biology, and neuroscience. She is currently an associate professor
at the Department of Applied Chemistry and Life Science, Toyohashi University of

Reporter Profile

Madoka Tainaka is a freelance editor, writer
and interpreter. She graduated in Law from
Chuo University, Japan. She served as a
chief editor of “Nature Interface” magazine,
a committee for the promotion of Information
and Science Technology at MEXT (Ministry of
Education, Culture, Sports, Science and Technology).
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Research HighlightH

Wireless power transfer in fresh water using
capacitive coupling

Using underwater inspection robots to detect the early-stage deterioration of structures

By Masaya Tamura

A research team led by Associate Professor Masaya Tamura of

the Department of Electrical and Electronic Information Engineer-
ing at Toyohashi University of Technology successfully achieved
wireless power transfer in fresh water using capacitive coupling.
In the field of wireless power transfer, it had been considered diffi-
cult to realize wireless power transfer in fresh water using capaci-
tive coupling because fresh water behaves as a dielectric mate-
rial with extremely high dielectric loss. In this research, the team
elucidated the high-frequency properties of fresh water through
experiments. The team also discovered the frequency band that
enables power transfer with high efficiency using an electric field
and an electrode structure that can realize this high efficiency.

Wireless power transfer has attracted atten-
tion within a wide range of fields, ranging
from mobile terminals to automobiles. Previ-
ously, research was mainly done in dry-land
environments, though expectations are high for
studies in underwater environments as the next
target of research. For example, with regard to
structural health monitoring systems for pipes,
cooling towers or dam walls, there is an urgent
need to develop underwater inspection robots
that can move freely and perform inspection,
even in the event of a disaster. Because these
robots are battery-powered, with conventional
technology it is necessary to pull them out of the
water, charge them, and have them dive back
into the water repeatedly. The development of
technology to transfer power and information
wirelessly in water, therefore, (Figure1) will be
key in improving the efficiency of this work.

Underwater inspection robot
(Underwater drone)

Fig.1 The underwater inspection robot parks on top of the
power supply station, charges its battery and com-
municates information such as its collected data.

As a solution, the research team led by As-
sociate Professor Masaya Tamura developed
a capacitive coupler that can supply power
wirelessly in fresh water with high efficiency.

The efficiency of wireless power transfer de-
pends on the kQ product, which is the product
of the coupling coefficient k of the coupler and
the Q-factor of the coupler loss including the
influence of the surrounding environment. The
higher the kQ product, the better the transfer
efficiency. Since the influence of water sur-

https://www.tut.ac.jp/english/newsletter/

rounding the coupler is dominant over the
coupler itself in an underwater environment, the
study focused on the high-frequency properties
of fresh water. The team made its own cell for
measurements and clarified the relationship
between frequency and the Q-factor of fresh
water.
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Fig.2 The calculated values and the experimental result
values were in close agreement. The research
team achieved a transfer efficiency of at least 90%
at a distance of 2cm and at least 80% at 5cm.

Based on these results, the team used electro-
magnetic field analysis to find the frequency of
power transfer and the structure of the coupler
where the value of the kQ product in fresh water
is at a maximum. The team achieved a power
transfer efficiency of at least 90% at a transfer
distance of 2cm and at least 80% at 5¢cm. The
team also succeeded in activating a sensor
module via wireless power transfer to conduct
infrared data communication. Power transfer ef-
ficiency was maintained at 90% or higher over a
distance of 2cm, even when transferring 400W
of power. Considering that the robot will park on
top of the power supply station, this technology
is suitable for practical use.

The result of this study will allow for robots that
inspect the pipes and cooling towers of power
plants or dam walls to communicate information
and charge their batteries within the areas of
inspection. The research team believes the
technology will contribute to drastic improve-
ments in user safety as well as in the operational

N‘ S

Coupler (to transfer power) F

; o e R
Fig.3 The sensor module was activated by wireless
power transfer in fresh water to conduct infra-

red data communication in this experiment.

efficiency of the robots. The coupler newly de-
veloped by the team is simple and lightweight,
and therefore the impact on the total weight of
the underwater inspection robot is kept to a
minimum. Use of this lightweight coupler can
also eliminate the need for an extensive rede-
sign of the buoyancy system. The team seek to
soon achieve the communication of information
with electric field coupling in fresh water, as
well as highly efficient wireless power transfer
in seawater. Their ultimate goal is to realize
the wireless transfer of power and information
transfer in both fresh water and sea water.

This research was supported by REFEC: Research
Foundation for the Electrotechnology of Chubu
and Japan Society for the Promotion of Science,
Grant-in-Aid for Scientific Research (C)
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Expression of Stop Bands in Forward Volume Spin

Waves

Contribution to the realization of super low-power spin wave integrated circuits

By Taichi Goto

A research group led by assistant Professor Taichi Goto at Toyohashi Univer-
sity of Technology have, for the first time in the world, demonstrated “stop
bands” that prevent propagation of specific frequency components of “for-
ward volume spin waves.” Forward volume spin waves are transmitted through
magnetic insulators without the flow of current, and are expected to be applied
to the next generation of integrated circuits (ICs). Furthermore, among the spin
waves that have been confirmed, forward volume spin waves are the most suit-
able for information transmission in IC chips, and there are high expectations
for their application. However, until now, noise in forward volume spin waves
was large, and the stop bands, which are one of the basic physical phenom-
ena, could not be observed. In this demonstration, a magnetic insulator was
combined with metal to suppress the noise in forward volume spin waves, and
the expression of stop bands was confirmed experimentally.

In recent years, electronic devices using
semiconductor materials have had difficulty
in responding to the demands of the rap-
idly growing information society. For example,
due to increases in energy density due to
increased integration, chip temperatures
have become high, causing defects. There-
fore, the development of spin wave IC chips
which can process information not by moving
electrons themselves but by transmitting spin
only, greatly reducing the generation of heat,
is attracting attention.

Spin wave

Output port

Yttrium iron gamet.

Input port

Fig.1 A model of a spin wave device realized by com-
bining yttrium iron garnet, gold and copper.

Specifically, spin waves traveling through
magnetic insulators have the advantage of low
energy loss and long-distance transmission.
Furthermore, among the spin waves whose
existence has been confirmed, forward vol-
ume spin waves that transmit in all directions
are said to be most suited
for ICs because they
can be wired diagonally
or in curved shapes as
well as linearly. On the
other hand, these for-
ward volume spin waves
are noisy, and several
fundamental spin wave
phenomena have not
yet been demonstrated.
Demonstration of these
fundamental  principles

Fig.2 Photograph of the
fabricated  spin
wave device.
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is indispensable for the development of IC
chips and has become an important issue.

Now a research group led by Taichi Goto,
of Toyohashi University of Technology, has
successfully combined an Yttrium iron garnet
(YIG) - an oxide single crystal well known as
a magnetic insulator — with two metals (gold
and copper) to suppress noise. Through this
approach the research team was able to
confirm the expres-
sion of stop bands
in forward volume
spin waves experi-
mentally for the first
time in the world.
In this research,
firstly, a system
that could simulate
the  propagation
of spin waves was
prepared using a
three-dimensional
model (Figure 1)

with the same scale
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Fig.3 Transmission
characteristics of the
fabricated spin wave
device.

as real spin waves.
Using this system, a sample structure was
determined where noise was small and the
“stop bands,” which are one of the fundamen-
tal spin wave phenomena, was confirmed. A
stop band is a phenomenon that does not
allow spin wave components of a specific
frequency to pass through, and stop bands
are also expressed in other waves such as
electromagnetic waves including light.

Next, samples were made to be as close as
possible to the simulation. Figure 2 shows a
sample prepared using materials from Shin-
Etsu Chemical Co., Ltd. Both ends of the
yttrium-iron garnet (which was processed into
a wire shape) were covered with gold film to
suppress noise generation, and by arranging
a copper film in stripes like a pedestrian
crossing, the research team tried to hinder

the propagation of specific frequencies. Spin
waves of various frequencies were passed
through this sample and the transmission
characteristics were measured.

As a result, the “stop bands” were confirmed
as shown in Figure 3. By comparing these
with the characteristics of samples without
stripe-arranged copper, it can be seen that
the expression of stop bands is due to the
stripe-arranged copper. Also, the experimen-
tal results and the calculation results are in
good agreement. From this, the results can
be predicted by simulation before experi-
ment, leading to the potential for efficient spin
wave IC development.

The promising results of this research can
be used for applications such as spin wave
filters in spin wave IC chips in the future. In
addition, they can also be used to slow down
the transmission speed of spin waves and to
control the direction of travel, contributing to
the development of smaller chips capable of
more dense information processing.

This research was jointly conducted by As-
sistant Professor Taichi Goto, PhD student
Kei Shimada, Associate Professor Yuichi
Nakamura, Professor Hironaga Uchida, and
Professor Mitsuteru Inoue of the Toyohashi
University of Technology. Additionally, the
samples used for the experiment were pre-
pared under a joint research initiative with
Shin-Etsu Chemical Co., Ltd.

This research was supported by JST PRESTO
Number JP JPR 1524 and JSPS KAKENHI
Nos. 17K19029, 16H04329, 26220902.

Reference

Taichi Goto, Kei Shimada, Yuichi Nakamura, Hironaga
Uchida and Mitsuteru Inoue (2019). One-dimensional
magnonic crystal with Cu stripes for forward volume
spin waves, Physical Review Applied.
https://link.aps.org/doi/10.1103/PhysRevApplied.11.014033

https://www.tut.ac.jp/english/newsletter/



Research Highlight

Structure of Electrolyte Controls Battery Performance

Toward implementation of calcium-ion batteries

By Yoshiaki Murata

A research team at the Department of Electrical and Electronic
Information Engineering, Toyohashi University of Technology
has revealed that adding water into electrolyte improves the
function of vanadium oxide, which is one of positive electrode
materials used in calcium-ion batteries. Although water in
electrolytes is known to produce many negative effects, it has
now been found to bring about a phenomenon that speeds up
the conventionally slow reaction of calcium-ion batteries. The
results of the present study indicate that this phenomenon is
caused by changes in the electrolyte structure. It is believed
that this discovery will greatly benefit the development of electrolytes
for implementing calcium-ion batteries in the future.

Secondary batteries are valuable resources
that support various industries. Nowadays,
secondary batteries are required to be even
more powerful to cope with increased use of
reusable energy and electric vehicles. Lithium-
ion secondary batteries are already widely
used as powerful secondary batteries. How-
ever, in recent years, the safety of secondary
batteries has been brought into question with
countless reports citing combustion. Going
forward, the need for batteries in our current
society is expected to increase exponentially
along with the rise in electric vehicles. This
means a higher demand for lithium, which in
turn is expected to cause problems such as
higher prices and potential resource depletion.
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Fig.1 Changes in charge/discharge characteristics due to

water addition.

Calcium-ion batteries are a type of next-
generation secondary battery that do not
use lithium and can achieve a battery
voltage that rivals that of lithium-ion bat-
teries. Compared to lithium-ion batteries,
calcium-ion batteries are safer, cheaper
to produce and their resources are much
more plentiful. While calcium-ion batter-
ies are currently attracting attention for
these reasons, they are still subject to a
number of issues. One such issue is that
they operate at a speed much lower than
that of lithium-ion batteries. In this study,
Toyohashi University reported that the slow
operating speed of calcium-ion batteries
could be improved by adding water into the
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electrolyte. The graphs of the test results
show that overvoltage that occurs during
charge/discharge greatly decreases as the
amount of added water increases and that
reaction proceeds without any problems.
As a result of various tests, it was proved
that this phenomenon is caused by the fact
that the structure of the electrolyte is greatly
changed by the addition of water.

Yoshiaki Murata, PhD student and first
author of the study explains that, “The elec-
trolyte is made up of positive ions (calcium
ions), negative ions and solvent molecules,
and the state around the calcium ion
greatly changes when water is added.
What that means is that, in order to improve
the performance of a calcium-ion battery,
preferably no negative ion is attached to
the calcium ion in the electrolyte and a
solvent molecule that easily separates is
attached to the calcium ion. While we still
need to discover an electrolyte with these
characteristics that does not include water
in order to achieve calcium-ion batteries,
the discovery of this phenomenon will
surely help with future electrolyte develop-
ment.

The result of the present study was actually
a secondary result obtained while study-
ing new electrolytes. Electrolytes need to
be sufficiently dehydrated when they are
developed, but this dehydration process
is difficult. The present study arose when
it was noticed that the characteristics of a
battery which had an insufficiently-dehy-
drated electrolyte actually improved during
tests. Although there have been reports of
a phenomenon in which the performance of
magnesium-ion batteries for example had
improved after the addition of water, the

Yoshiaki Murata (left) with his adviser, Prof. Yoji Sakurai.
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Fig.2 Adding water causes the organic solvent around
the calcium ion to decrease and water to increase.
Water also causes an important structural change in
that the negative ion separates from the calcium ion.
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mechanism behind this was not clearly under-
stood. It was surprising that the same phenom-
enon could be seen in calcium-ion batteries,
and we believe that elucidating the mecha-
nism behind this behavior will prove useful for
the future development of electrolytes.

Our research team is looking to develop
and assess new electrolytes based on this
newly discovered electrolyte structure that
improves the performance of calcium-ion
batteries. Further, we have not been the
only ones to study this; there has been
rapid increase in the number of studies
of calcium-ion batteries in recent years.
Ultimately, we would like to develop a
calcium-ion battery that has the capability
to rival or overtake lithium-ion batteries.

This work was partly supported by JSPS
KAKENHI Grant Numbers JP24360109,
JP18H01427 from the Japan Society for the
Promotion of Science (JSPS).
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Chirality of vitamin-D derivative affects the protonation
states of its receptor protein

Ab initio molecular orbital calculations with K Computer for development of novel and potent drugs.

By Noriyuki Kurita

A team of researchers lead by Noriyuki Kurita at Toyohashi Uni-
versity of Technology, in cooperation with researchers at Teijin
Pharma Ltd. and Teikyo University, have highlighted the possibility
that chirality of vitamin-D derivatives can affect the protonation
states of histidine residues in the vitamin-D receptor protein via
ab initio molecular simulations and biomedical analyses. This
finding emphasizes that protonation states should be consid-
ered more precisely in molecular simulations, when investigat-
ing specific interactions between candidate drugs and target
proteins related to disease pathogenesis.

Vitamin-D is understood to play many im-
portant roles in the onset of immunological
diseases, as well as the regulation of cal-
cium level in the blood. These physiologi-
cal actions caused by active vitamin-D are
triggered by the specific interaction of ac-
tive vitamin-D with the vitamin-D receptor
(VDR); many types of vitamin-D derivatives
have been developed as potent ligands
against VDR. The binding affinity between
human VDR and vitamin-D derivatives has
been reported to depend significantly on
the chirality of the derivative.

However, the reason for the dependence
has not been clarified, which makes it a
bottleneck in the development of novel
and potent drugs against immunological
diseases, whose onset is related to the
activation of VDR.

Now, researchers at the Department of
Computer Science and Engineering at
Toyohashi University of Technology and
at Teijin Pharma Ltd. and Teikyo Univer-
sity have demonstrated the potential of the
chirality of vitamin-D derivative to affect
the protonation states of histidine residues
in the VDR protein based on the results
evaluated by state-of-the art molecular
simulations and the K computer of RIKEN.

Researchers have observed the specific
interactions between VDR and some vita-
min-D derivatives with different chiralities
using ab initio fragment molecular orbital
(FMO) calculations. The FMO results re-
veal that two histidine residues in the VDR
contribute significantly to the binding of
the VDR with the derivatives and that the
protonation states of these residues can
affect the specific interactions.
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Associate Prof. Kurita's student, Rie Suzuki and Sousuke Suzuki (from left)

Therefore, the researchers considered the
other possible protonation states of these
histidine residues and determined the
most stable states using the ab initio FMO
calculations. The results illustrated, for the
first time, the possibility that the difference
in the chiralities of vitamin-D derivatives
can induce changes in protonation states
of the histidine residues in the VDR that ex-
ists near the derivative. Due to this change
in the protonation state, the derivatives can
bind more strongly to the VDR and can thus
produce more stable complexes with it.

This finding provides an important and
essential warning for the molecular simula-
tions to consider protonation states of his-
tidine residues in proteins more precisely
while investigating the specific interactions
between proteins and ligands.

“We have used sophisticated molecular
simulations and the K computer to find
that the protonation states of the histidine
residues in the VDR change significantly
with alterations in the chirality of ligand”,
explains Associate Professor Noriyuki
Kurita, “Since histidine residues exist in
many proteins involved in the pathogen-
esis of diseases, we should consider their
protonation states more precisely via in
silico drug design based on molecular
simulations.”

The first author, graduate student Yuta
Terauchi, said, “Our final goal is to develop
novel and potent drugs capable of activat-
ing VDR based on our ab initio molecular
simulations, as well as on the basis of
biomedical studies performed by our col-
laborators.”

The authors are participating in an in silico
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drug design consortium - the fragment
molecular orbital drug design (FMODD)
consortium — in which various researchers
from universities, drug companies, and
national institutes are investigating the spe-
cific interactions between disease-related
proteins and many types of candidate
drugs using ab initio molecular simula-
tions based on the FMO method and the
K computer. Similar molecular simulations
are underway now for a huge number of
vitamin-D derivatives in order to propose
novel ligands for VDR, which can act as
candidates for potent new drugs against
immunological diseases, such as cancer.

A part of this research was undertaken dur-
ing activities of the FMODD consortium. A
part of the results was obtained using the
K computer (project ID: hp170183 and
hp180147).

Reference

Yuta Terauchi, Rie Suzuki, Ryosuke Takeda,
lttetsu Kobayashi, Atsushi Kittaka, Midori
Takimoto-Kamimura and Noriyuki Kurita (2018).
Ligand chirality can affect histidine protonation
of vitamin-D receptor: ab initic molecular
orbital calculations in water. Journal of Steroid
Biochemistry and Molecular Biology, in press.
https://doi.org/10.1016/j.jsbmb.2018.09.020

https://www.tut.ac.jp/english/newsletter/



I ERESTKPEIRENDG

KRR

KASBORY TEENDS L ENER{ vy F

Research Highlightg

B &t

SH/RMMUFKRE BB

BRIFR ANETEHERSOMAF LA ERKE
RTIFRKISFHEBICBEDARSLFEBRELTIDI DD ERKE

BZRNVCRKPTOERBENEXICHIN LI HEFENTEDIE
BICLDKPTOEBREBENEEIIABLESNTEI L. SERKDERR T

ZRRICKVIBONICL. ERTELBMRICCETELEARYTE EBMREZRBEIIERBEZHRLE L

EIRBHERIIENAIVERD D BEEZTIRA
WABTEEZBUCNWET.INETITRELRE
TOMADVETLENIRDY—4y &L TKA
RIBMBEEINTOE LA BECSHE. 5
LDRRERBEBENNZAEZYI T ORT A
ICBNWTIE. BERICBE TE. KERTLABNY

BESKARRORY NDOREENRHLLEOTNE
FZOOMRY MI/NY T UEREN D=6 FFED =D
ICEDSIE LIS BUBMIED LV DFEEER
DRI BENHUET.CDXDBIEEICKLDER
MEODBETEZREI DT HBERT—23aVEN
LTcKATOREGENBREE (K1) ORAMBIFE
ME—ERIET,

ZI T HNETEHIRSDMRF —LIIRKHRT
HLEMRICERCRECSOERBEHRZMALE
LT BB N GEEICHS T DBNREMRIIEER
EEHDEOBERBKEBDREOEEL S

HBERDEBEERZRTQUENE THDHKQEITHKEFL
FIKQENB NI ERENEE[ ELETRPT
3G ERL biEGE 2R EKDZENERN
THDIENSARFTITRKDOEERFMEISE
BU.BEOREILZRBWTHEZT AR
EHRKDUEDRBFRZRS ML E LT

ZDRERER W TEH R BTN S MR TKQRED
BAREZTIENCEAREEEGHRBEZRES
MCLE Lo TNICKWEBERE2cmTI0% MU
£.5cmT80% MU EDEATEMRZRRLEL
oo RBISRKEN LI BRBAGR TRV ED
1—)VERRB L FMRICE DT —YBEICHRI
LELTzo X /o 400WDEN Z X BIEEE2cm TiX
BLTHLBNGEMNRION U LZHIFTETLE
FABAT—VAVICERIDILZEADER
RICTHASDMREEZONET,

I 5PEFERBRE RO MY TN ROFIRAET

BIEHEBE DR REBRIIEEIR ICSHt

MREF —LIS EARHRICK) REFRDEE DS
HEE. 9’A0)i%1$¥72£0)7k¢'ﬁ1‘§l]7ﬁ‘yl\LCi{TJl/\
REREATODERE RENTREELU EAED
Z2MPORY bOEMIHRORENG L ICEB
TEDEBATCVE I MRLIESHRIIFREICT
VTN D BETHDIH KARRORY FD#H
BEBICSADREER/NRICHAFAIRTLD
KENULBBRITEABIIADIENBHEINE
T F e BRBEICEDRKATOEIREEBE
KA TOEBENCENRLSHRENRATCE
THIBERIOICITRK-BRKDESSTEHERE
NBEREEERRLINEBEZTNET,

BB K—

LRRMBZRZDEBER— BIEOE. [REFERE R OFEDERBMADEREHIT DAY TNURIZRIEL U ERER E VRIS E

RERSTICHERRAFEZEHDIEND

SRR OEBEEANDGANBFENTOE T F BRINTNDIEVROFTERRIRETF Y TRDIE

HREECRLBELTHUICANREFENTNDEDTT LA L. ChETEEREREVRD /A XIKE BENEYBRRD 1 DTHD ANV T
NYRDERTETOEEATL . SEIDRETIE BB A SR EEAZE D AERBIEVRD /A ZEMEIL 2 My TN RORBZFBTHE

RBLELI

EEDFEHRHMHERBLILBF TR 5%
BILICE DT RILF —BEDBMICHENFVTD
BENS<HBU AREEZELDBELTBERT
DIERILUENODERICEZDZENHLLLD
TETNE T ZI T BFERRIBBETREV
&L AD I ETRBLEET O ADREN KR
IIRH TR R £V IREREEE 7Y TOBENE
HZ&EHTNET,

ZOHRTH BB AERZEHDRAEVRIG. T
RIVF—DBEINS CRIBBHRIED A BEE VD
MRER OTNE LI FENERINTD
AEVROATEH. HOWPDHMEICEHDEIERE
AEV RIS BERRDEFRIZ TE L RO DR
DEIRN TR e RO EBEEICETDEED
NCTWEFEI,ZD—HT . ZOREREREVRKIT/
AZNRENKDEDEFN B RAERDER
NERIESNTNEEBATLIE. DL D BERRE
DFEFEE ERBERETFY TOREICISRERATRT
HUEBBRELLOTNE L.

SELEBRMMERZDEREA—DII BILWT
BWMEEAEE L THERLEERDOA YN DL

https://www.tut.ac.jp/english/newsletter/

Fi—=Fw K (Yttrium iron garnet, YIG) E2DDERE
(ZLiR) ZHAEHE. /A ZXZMFEIL . BIERTE
ZEVEDZANY TN ROREBERBTHRBLE
LIz AR TIE B REEBLZAT—ILD=
REETIV(E) ZBNWT REVEOEHRN I
L—23YTEDIRTLEEZF LIZ.CNZERAN
T/AZDNEL BERNBIE D RDIRRO—D
THDIZANYTNURINER T DEIEEERE
LELIo ANV TN REIIHEDERBHMDRE Y
BADZBSENRRTHI AZBTERREE
thDRICDNTERNDEDTT,

RS DIl —2arvE TEDRUBLEK
EERUILE2AEMIEZTEMRAZHN DS
MHREZRITERUIAMTHUBRICIIU
oAV NIDLBA—2Y bR ZZRTEDSZ
ET/AXREZMA FHORZEMSEDEL SIS
[FERELY D L THREDRARBDTIHZL TS
KDL& LT,

ZOEM SESIBERBDAEVRZRL B
BEEEAELLEIB H3DESIC A MY TN
VDB LE U BRI LA R O E B D

BHEERDE MY TN RORBENEEBES!
LIEBICE DB THD I ENNMIE T Fe R
BEREHEBRIL-HLEIL.ZDZED
5 EBEITDEICIIL— IV TRRMNTA
TEMENRRLE VREBRIEFERICENDEH
GIS-EER

E/ONIERRITIROREREBEIET Y
TOHRTIF ZEVED IS —EELTESZE
NTEETAMICE REVRDEHDEEZELL
U ECHEEIMO—-ILLIEWT DI EICEE
SIENTELWNET SBRECTIERLIEZITS
FUTDREICESLET,

AT E/RMBZRZDOREN— B EH
B BIaiiiRies P EHIR BB
RFALNKE HEOSHPHRBETIT O ED T &/,
FERICAW M EREZTEGAZHEOH
BHADL LRI NI,

TUT Research No. 17 May 2019

9



Hesearch Highlights

TSI A7 BDERIRIC@ET T

BRADBENENDMEZREL T D

HE FH

SRBEMHFAZER B

BRLZROARF — LI SN TLAT VERDEBM D —DTH DB/ NF O ILDMREN BRERIKEFNT D

ETELETDIEZAOMNICLELBRRICEIND KIS BFLLBEEEZRIIIZENMONTNE T A RERIERBITREIE DNV DLA7 B
DREDVEERCENDERNRHENEZL/.SEIOMTRREN O CORRITBEROBEDELICEOTIISRIENTNDIENBELOMERI L
oo SR AN DLAA VERRBD-HDERBRFEICAT CERGERZE5A5LEAONIT,

TREMII BEAREIINF—DFAERP.E
[EBEDERZXADEZLRMELT ELD
MREDE LA BET I MEEDR I REME LT,
DFOLATVEBDBRICA<ERLTNET. ZD
— A CORERNERORSIIEZ T RERD
ZEMIIHE[ELLTOI TS . Innonit
SCEBNDORRISEIEHEDOEREHITER
BICIEMISEFESN. INICEOTELDUF
PINOEZE:3 -y I NI V= DRIl il 1= 50 =
RCERINE[ETT,

NIV D LAT VEMBIS U F D LZRNELRIE
RIOREBD—DTI NI LIIRERIRE
ORTEFICUFILAAVERICHITDE
MEEERRAETHI. UFOL(AVEBELL
BLCZ2ENES BERELEECTHEIXNTH
IENDEBEEHTNE L LALAED S AL
OLAT VEIIRIZZLDEEERATNET,
ZD—DNUFILAF U ELBLTHIV D LA
FUDEENFEBIEELETT,

METIS BERICKZRINTDIET TDENE
TEUEITDILERELELEBRERORD
5B REFICEETDBEBEENKFMCLD
TRESHP L RISH A L—=ZITEITLTND I &
DR ETHRAGIREF DR CDORKNERR

] O TUT Research No. 17 May 2019

DIBEN KDFMICEDOTARELE(LLTNND I E
HRELHOTCEIERISNTNDIENHELNE
BE U .

[BERIE. T SRAF V(NI DLATF ) XA
FTRATVIBRDFTHEESINT S KEFML
FEBICIZ TN D LA 2 DEY DIRENKEL
ZLE I BEMICIS DIV DLA7 U EBDME
BEZE LS DI BRERDHRTHIVS ILAF
VNIXATZAA VAT E ST S SITIFRD
NPTV BESFHAENTNDIENFILINT
T DLAT VBN ERIETDOICIE KE
BETICINODHMEBIOERRERRTDT
ENREBETIH INODEREERTELIEE
INNSDERRBEICEBITRIDIET T,
CEREECTHOBTRIPRIFONAFSRIIERA
LET,

SEIDO/M R U ERROREI R ICEIRIICE
SNIEMRTIBRBRDBREDKRICIT. ERRE
TRCBRKTDREN B FTBKSENHLL,
BUKD R+ D IERRED BB R Z AR L /RIS Bt
DFMENE LELIEDNZDOMRDIRE) T K%
AMUEBICE RO MR ETDENSRRIE.
NI ILAA VBB ETIIRESNTEL
oD\ RIEZORBHERICISBEIBEN TN E A,

DIV DLAF VBB TERARODBERAEI O/,
EWDEBELHIC.CORKMEET DHEEHR
TNE. Ihh o DERERIC/RIDEEZFL
feo

MAF LIS SERRTENIVIDILAFVE
BOMEEB LS EOEMRBEZ L EICH
BRRZERE FMLLWEBZTNE L&
RD|FRLITTIIBLIIBETHIVILAF
BHOHAFRFIIZREICIEMLDODHY LT mAEH
I FOLAT VERICEE. HDMTFIL
A7 EME LR MREEF DI D LAY
BOREETOCNELNEBATNET,

https://www.tut.ac.jp/english/newsletter/



Pick UH

Pick Up

B TEDxToyohashiUT - The first TEDx event held in Toyohashi University of Technology

TEDx is a program of local, self-organized events that bring people together in the spirit of hearing ideas worth spreading,
in other words to share a TED-like experience.

TEDx ToyohashiUT (Toyohashi University of Technology) executive committee was voluntarily established in early 2018 by
an enthusiastic group of TUT students who had been impressed by TED Talks.

The goal of hosting TEDx ToyohashiUT is to stimulate fresh thinking at TUT which, allied with our technological knowhow will
help us to develop novel and unique ideas. We will share these ideas with the world, while always retaining our curiosity to
learn more.

“SURF THE FUTURE” - Ride the wave of the times, and spread your ideas as wide as the ocean

Under this theme, the first TEDxToyohashiUT was held on March 17th 2019, and several guest speakers were invited
to talk. 120 audience participated (includes partners, staff and other speakers)
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SURF THE FUTURE
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