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Director’s message

We aim to solve one of the biggest black boxes
of today’s neuroscience

Our discovery of the neuropeptide orexin and its prominent role in sleep/wake regulation
has generated a highly active research field in neurobiology of sleep. However, the
fundamental governing principle for the regulation of sleep pressure, e.g., the question of (D
what the neural substrate for “sleepiness” is, (2) why we have to sleep, remains a mystery.
Indeed, this is one of the biggest mysteries in today’s neuroscience.

Based on my own 24-year experience as a PI in the US, and by learning from the merits
of US academia while retaining the merits of Japanese traditions, I1IS provides a scientific
culture and environment that strongly encourage all members, regardless of career stage, to
initiate and continue truly groundbreaking studies.

Director
Masashi Yanagisawa




World-class institute for sleep medicine, aiming to
solve the mechanism of sleep/wakefulness
by conducting basic to translational research

About IIIS

We spend nearly one-third of our lives asleep. However,
the regulation and function of sleep remain unclear. The
importance of sleep is very clear because the loss of sound
sleep lowers daytime performance and increases the risk of
physical and mental disorders. Deficiencies of sleep cause a
huge economic loss, burdening the Japanese society about
1.5 billion yen per year. IIIS approaches this social problem
through interdisciplinary sleep science, consisting of basic
neurobiology, pharmaceutical science, and experimental
medicine.

IIIS is the world’s premier institute aiming to elucidate the
fundamental principles of sleep/wake biology, develop new
strategies to diagnose, prevent, and treat sleep disorders, and
contribute to promote human health through research activities.

Based on Yanagisawa’'s 20-plus-year experience as a PI at
the University of Texas Southwestern Medical Center, IIIS
has been established as the best and unique sleep research
center in Japan, by learning from the merits of the U.S.-
style academic “department.” IIIS has created a free and
vigorous atmosphere emphasizing: () flexible and timely
appointments of independent PIs regardless of their age and
career stage, with a necessary startup package (e.g., funding,
personnel and space); (i) a flexible and dynamic allocation
of floor space for each laboratory to facilitate free and
open communications; and (i) sharing of major facilities
and capital equipments among laboratories. IIIS manages
the organization so that all researchers and students can
vigorously communicate and maximize their potentials.

Feature of the Institute

To uncover the mystery of sleep, and to solve sleep-related social problems

Our missions B

«ssio, To elucidate the function of sleep and
the fundamental mechanisms
of sleep/wake regulation

ASS/ . .
$~Y To elucidate molecular pathogenesis

of sleep disorders and related diseases

&ssio,  To develop preventive measures,
diagnostic methods,
and treatments for sleep disorders

To accomplish the missions above, IIIS has established a highly
ambitious and novel research field, “sleep science,” by integrating basic
neurobiology, experimental medicine, and pharmaceutical science.
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About Labs

There are nine core labs including fifteen PIs and eight collaborative or
satellite labs in IIIS, covering various research fields e.g., molecular genetics,
neuroscience, medicinal chemistry, human sleep physiology, etc. Those labs
collaborate with each other to drive forward innovative sleep research.
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Members

Gl Aiming to uncover the reciprocal linkage between
¥/ intracellular events and sleep/wakeful behavior

Our lab has been conducting a forward genetic research on sleep/wakefulness
using randomly mutagenized mice. Luckily, we succeeded in identify a protein
kinase, SIK3 and a non-selective cation channel, NALCN as novel molecules
regulating non-REM sleep and REM sleep, respectively.

Sik3-mutant mice (Sleepy mutant mice) that lack a well-conserved phosphorylated
site, show a long total non-REM sleep time. These findings suggest that SIK3 may
constitute an intracellular signaling pathway which regulates sleep need. To unravel
an enigmatic molecular mechanism for sleep need, we employ a variety of research
techniques including quantitative phosphoproteomics and gene-modified mice using
CRISPR/Cas9 system. In addition, the long sleeper phenotype of Sleepy mutant mice
provides us a unique opportunity to examine the benefit of long total sleep time in
aging and other phenotypes relevant to human health and diseases. In fact, Sleepy
mutant mice exhibit altered anxiety-like and depression-like behaviors as well as
altered energy and glucose metabolism.

Nalen-mutant mice (Dreamless mutant mice) show a short total REM sleep and short
duration of REM sleep episode. We aim to understand how REM sleep episode is
maintained and how total REM sleep time is homeostatically regulated through our
research focusing on NALCN.

Importantly, we continue the forward genetic screening to discover novel genes
regulating sleep/wakefulness.

Hiromasa Funato
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@, Just enjoy the journey of research!
¥/ ~There is always something beyond our expectation

Takeshi Sakurai

manipulate synaptic transmissions or neuronal excitability in a
cell or pathway specific manner to characterize the consequences
of those manipulations on the behavior and other physiological

responses.

These techniques allow us to study the physiological function of
neuronal pathways and substances in the regulatory mechanisms
of our behavior. Sleep/wakefulness behavior, emotion, circadian

A brain is the device that processes huge amount of information via nerve cells called
neurons. How does the animal brain interpret information from the external world and
trigger appropriate behaviors along with autonomic/neuroendocrine responses? Our group
combines optogenetics/pharmacogenetics and cutting-edge genetics in mice to address
this question at a high level of precision.
We try to identify substances, neurons
and neuronal pathways that are
involved in eliciting particular behaviors
by means of various histological
and physiological techniques applied
in genetically-modified mice. We

rhythm and social behaviors are our current interests. Along We examine function of neuronal pathways and

with its academic values,

neurotransimitters in the regulation of sleep/wakefulness

the elucidation of mechanisms of these states and behavior, by means of optogenetics, which

functions may lead to treatments of various diseases. enables us to manipulate particular neuronal circuits.

&, To elucidate the mechanism
¥/ of memory consolidation during sleep

In mammals, sleep is subdivided to REM sleep and non-REM sleep. The function of
each sleep stage in memory consolidation has been revealed mainly by depriving sleep,
exposing to learning-related stimulus, or manipulating neuronal oscillatory activities.
These research suggested different roles of each sleep stage in memory consolidation.

However, the mechanism of memory consolidation during sleep is still largely :
unknown. For that, we instrumented miniaturized microscope to image the activities of -
neurons in naturally sleeping mice and optogenetics to manipulate them. In addition,

we combined artificial intelligence based real-time sleep intervention, synaptic structural

analysis using 3D reconstruction, and metabolomics/transcriptome analysis. Masanori Sakaguchi

By integrating these innovative technologies, we have found that a rejuvenating neuronal
circuit in

the adult hippocampus plays critical

Miniaturized microscope

Mini-microscope on the hand and

full-scale microscope (behind) Target Neurons

roles for consolidating memory
during sleep. We hope that our
research will contribute establishing
new therapeutic strategies for
treating neurodegenerative disease
in the future.



&y, To think different, make original discoveries,
¥/ and better the world

Although sleep exists ubiquitously from invertebrates to mammals, the precise

function and regulatory mechanism of sleep remain unknown. We are interested in
understanding the molecular mechanisms of homeostatic and circadian sleep regulation
and identifying the molecular substrates of sleep need (sleepiness).

We performed quantitative proteomic and phosphoproteomic analysis of whole mouse
brains from Sleepy (Sik3) mutant and sleep-deprived models of increased sleep need.
We identified 80 mostly synaptic Sleep Need Index Phosphoproteins (SNIPPs), whose
phosphorylation state changes in accordance with

Qinghua Liu sleep need in bgth models. Our stu@ies implicate

a phosphorylation/dephosphorylation cycle of Wake i

SNIPPs as a major regulatory mechanism that aeab
underlies synaptic homeostasis and sleep homeostasis. We hope to identify P -
the regulators and substrates of Sleepy (SIK3) kinase, a member of the g >'
AMP-activated protein kinase (AMPK) family, and characterize effector s v L
functions of SNIPPs in the regulation of synaptic plasticity and sleep
homeostasis. D | B
Furthermore, using a highly robust odor-evoked innate fear assay, we o) T ”
recently established the first forward genetic screen to identify “fearful”
and “fearless” mutants from randomly mutagenized mice. This unbiased b |
fear screen has uncovered a novel Trpal-dependent chemosensory inhibition Sleep

pathway for predator odor-induced innate fear behaviors.

> What does the cortex do during slow wave sleep?
¥/ ~to elucidate its mechanisms and functions

We are interested in cortical activity during deep, so-called non-
REM or slow wave sleep, and during waking. Slow wave sleep
restores brain function from the reduced state after long waking to
the refreshed state after waking up. It also improves memory and has

(1)Drawing of an Experiment (2)Microscope to
measure brain activity
Recording ——

Stimulation

l
(A

Expression. .

(DSchematic of a brain with the postiton of the light stimulus
and the electrodes that record the response. With this
experiment we can stimulate the brain in all states waking and
sleeping and can measure the response. We have found that the
responses are larger in sleep than in waking.

(2)With this microscope we can look into the brain of a living
mouse. We examine special mice, which express a protein in
their brain that changes its visibility, depending on how active
the nerve cells in the brain are. We want to understand how the
activity in a sleeping brain differs from waking.

many other beneficial
effects. How slow wave -
sleep does these things  Robert Greene ~ Kaspar Vogt

is currently not known.

The cortex is the outermost part of the brain; higher functions
such as perception, consciousness and learning and memory
depend on it. We record electrical signals from individual neurons
or groups of them in freely behaving mice and also use in vivo
imaging to study the activity of these neurons. In slow wave sleep
cortical neurons show distinct rhythmic activity, different from
waking. The more an animal needs to sleep, the stronger this
rhythm becomes.

We want to understand what controls and creates this rhythm and
how it changes the ways in which neurons interact. For this we
develop new algorithms to analyze the activity of neurons and use
molecular tools to activate or silence certain types of neurons with
high precision.
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@D Why do we fall asleep when bored?
#/ ~The gating of sleep by motivated behavior

The investigative focus of our laboratory is the cellular and synaptic basis by which
the brain regulates sleep and wakefulness. Our experiments seek to link the activity of
defined sets of neurons with neurobehavioral and electroencephalographic outcomes
in behaving animals by using innovative genetically or chemically engineered systems
(optogenetics, chemogenetics or optopharmacology)
in conjunction with recording of the electrical activity
produced by the brain or in vive imaging (fiber-optic
endomicroscopy).

For example, we investigate the control of sleep and 5 LN
wakefulness by the mesolimbic pathway comprising —,
the ventral tegmental area and nucleus accumbens. As
the mesolimbic pathway is implicated in motivational and cognitive behaviors,
changes in vigilant states are likely associated with the motivational and

Motivation is
a sleep-regulating factor

Michael Lazarus

cognitive responses in animals. Moreover, our laboratory is exploring novel E;fﬂsens
agents for the treatment of insomnia by targeting mesolimbic cell populations (GABA)

that have the ability to produce sleep.
We are also interested in the link between sleep loss and the desire to consume
unhealthy foods, i.e. junk foods. Experiments in mice from our lab revealed

that the loss of REM sleep leads to increased consumption of sucrose and fat — In the absence of motivational stimuli, a
and that inhibiting neurons in the medial prefrontal cortex reverses the effect of ~ onic sleep drive by the NAc may allow
the brain to fall asleep by depressing

REM sleep loss on sucrose consumption. arousal circuits in the basal forebrain.

&, To elucidate the necessity of sleep with mice like
¥/ “short sleepers”

People spend approximately one-third of their life sleeping. Why sleep is compulsory
for human life and cannot be avoided, however, remains unclear. It is important to
understand why sleep is necessary and how sleep is controlled — not only to elucidate
physiologic behavior but also to enhance our quality of life.
The slow progress in sleep research has been due largely to the lack of suitable model
animals. Recently, in the course of analyzing sleep-wake regulation by the reward
system, we inadvertently created mice that require an extremely low amount of sleep. §
Surprisingly, these mice do not show an increase in a sleepiness marker. Therefore, the A
behavior is very similar to that of so-called “short sleepers” — people that can function Yo Qjshi
for long periods of time on
little sleep without exhibiting
excessive sleepiness. Using multiple “short sleep” models,
Wakefulness including this novel mouse model, we study the effect
47% of short sleep on other physiologic functions in the
body to understand the necessity of sleep.
We also study the neural mechanisms of short
sleep to clarify the control mechanisms of sleep. In
close collaboration with Prof. Lazarus, we use many
neurobehavioral and biochemical techniques to perform
this research.

Normal
Mouse

“Short sleeper” | "1 o
mouse 13% 2% 85%

Amount of sleep and wakefulness of normal and “short sleeper” mice
during 1day. “Short sleeper” mice exhibit lower amount of sleep.



Addressing the functional roles and
evolutionary origin of sleep

4&1?@

Sleep is indispensable. However, the function of sleep remains largely unknown.
During sleep, the level of consciousness is lowered and the risk of being attacked by
predators increases. Yet most animals undergo sleep, suggesting that sleep plays some
conserved vital roles.

Our goal is to elucidate what the function of sleep is. To address this large mystery,
we focus on two animal species, the roundworm Caenorhabditis elegans and mouse.
The nervous system of C. elegans consists of merely 302 neurons. We previously
obtained evidence suggesting that sleep in this simple animal and mammalian sleep

Yu Hayashi are evolutionarily
conserved. Furthermore,
in mice, we successfully REM sleep manipulation based on identification of REM sleep-regulating cells 10 min.
identified neurons that are crucial for the A Gontrol mouse wiemm | | mEE | o1
. . NREM
regulation of REM sleep, the major source of REM 1 [ [ N |
vivid dreams, and established mice where REM B. REM-infibited mouse Wt NN (TR T T -
sleep could be efficiently inhibited. Using these Rem
. g q C. REM-i d ke
two model animals, we aim to elucidate the roles moressedmetse vy e 8 by o o I ' N
) REM I Im e imimm i,
of sleep at multiple levels from molecular and

cellular to individual levels. Moreover, we aim to
apply the obtained knowledge to understand and
develop treatments for neurological disorders such
as dementia.

Shﬂf‘ tcrr:n REM sleep mp What effect on memories and emotion?
manipulation

Long term REM sleep What effect on brain development or aging
manipulation or neural diseases?

, How to generate mice who never sleep
¥/ ~to fully understand and regulate sleep

We are interested in homeostatic sleep/wake regulation in behavioral vigilance states
(e.g., mice sleep longer after when they stayed awake longer) and in cortical neural
activity (e.g., a cortical region sleeps deeper when the region has been active during
prior waking).

It is becoming clearer that brain regions contribute to sleep/wake regulation to a
different extent. Several wake, and non-REM sleep and REM sleep-promoting or
-inhibiting areas have been identified. To understand the nature of the homeostatic
regulation, using mice, we investigate what kind of changes the critical sleep/wake

regulating centers  Gikiko Hon_joh
undergo during

The brain The brain persistent waking
of non-sleepy mouse of sleepy mouse and subsequent sleep.
Prolonged As for the cortical activity, we focus on slow
[\ awakening wave, a hallmark of non-REM sleep EEG
Sleep Sleep £ (Electroencephalogram). Though it is the
A Wake - o "W?ke best marker for sleep need so far and it plays

- .»' /
L ik important roles in sleep-dependent memory
consolidation, the underlying neural circuits
Xt . %, ain Iz .
* #4% Investigate the changes of neurons . */s-,  '¢main largely unknown. Currently we
. % T investigate the role of thalamic matrix cells in

slow wave generation.
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Release innovative drugs
=@ to the market from university

Hiroshi Nagase

Our main work is drug discovery and development in the academic field. Main
drug targets are G-protein coupled receptors (GPCR). The goal of our research is to
create and develop novel chemotherapeutic agents for the treatment of psycho and
neurological diseases such as narcolepsy, pain, drug addiction, depression, and anxiety.
In collaboration with the Yanagisawa lab, we are putting particular emphasis on the
development of orexin receptor agonists. Since our discovery of the first selective
orexin 2 receptor (OX:R) agonist YNT-185 in 2015, we have shown the potential of
OX:R agonists such as wake-inducing activity and anti-narcolepsy activity in mice
model. In the near future, we will
grow the compound to a silver-bullet
(first-in-class drug) to cure narcolepsy

REXIN LIGANDS IN 11IS

and related sleep disorders. We have also created the orexin
1 receptor specific (extremely high selective) antagonists with OX:R agonist OX:R antagonist
morphinan skeleton for the treatment of drug addiction. We

have been studying opioid (morphine-like compounds) without
drug addiction. Recently, we released the first x opioid receptor
agonist nalfurafine as a non-addictive nor aversive antipruritic
drug for kidney dialysis patients.

Additionally, many projects to develop the drugs for many
diseases such as depression, anxiety, cancer, antimicrobial,
immune-regulation, and adiposity are ongoing at our lab.

®

~-&  Bringing light

into people’s sleep through science

For maintaining and improving health, it's essential to have sufficient sleep both in quality
and quantity. However, many Japanese have problems of sleep including severe sleep
deprivation. Short sleep and sleep disorders increase the risk of lifestyle diseases such
as obesity, high blood pressure, diabetes, cardiovascular disease and the risk of death.

To contribute to disease prevention and health promotion, we conduct a wide
variety of sleep research in human environmental physiology in collaboration with
Tokuyama group and Abe group. For example, we measure energy metabolism and
evaluate biological rhythm to examine
how bedroom environment or lifestyle
affects sleep. Through various approaches
such as EEG (Electroencephalogram)

based on genetic factors.

We investigate how bedroom environment, such as

the change in the color of lighting, affects sleep. patients of various severity.

Makoto Satoh

measurements during sleep in laboratory, assessment of sleep at
home, and human genetic studies to identify genes which regulate
sleep, we aim to propose sleep style suitable for each individual

In addition, we have been developing a new treatment device for
sleep apnea syndrome. Its mechanism is so simple, just inserting a
tube from nose to throat to secure the airway while sleeping, and
it's easy to handle and less discomfort while using. Currently, some
global clinical studies are conducted to confirm its effectiveness on



Sleep and metabolism
%’% ~ A surprise box of human metabolism research

Kumpei Tokuyama

to increase prior to awakening despite a prolonged fasting, 3)
time course of sleeping metabolism differ between male and
female, suggesting that circadian clock of female during sleep
is 1-2 h advanced compared to males. Precison
Focusing on energy metabolism makes us a little bit out of
place in IIIS, but a symbolic molecule of our institute (orexin)
shows that control mechanisms of energy metabolism (feeding)
and sleep are closely related.

We measure 24-hour energy metabolism of human subjects using a whole room
indirect calorimetry, which is a small airtight chamber furnished with a bed,
desk, chair, washbasin, and toilet and food is delivered through pass box without
interrupting a measurement. Gas concentration of the room is continuously monitored
by online process mass spectrometer. With our original noise reduction algorithm, time
resolution of our system is currently the best in the world.

If we can improve time resolution and/or sensitivity of our experimental tool, we
would come across an unexpected tindings. Last 15 years of our efforts revealed that
D rate of substrate oxidation and

energy expenditure differ between
sleep stages, 2) the time course of
sleeping metabolic rate is not simply the result of prolonged Air
fasting. Energy expenditure and carbohydrate oxidation begin i FsaE

mass spectrometer

Human calorimeter

This facility measures a participant's energy metabolism

0;: 0.0016%
CO,: 0.0011%.

Without interruptions of the measurements.

=8 Be Careful! ~How sleep loss causes
'%‘ neurobehavioral performance deficits

Our research goal is to understand and mitigate neurobehavioral performance deficits
from sleep loss in order to prevent sleepiness-related accidents associated with
sleep loss. This topic has been studied for many decades, but there is still need for
fundamental solutions to achieve this goal.

We aim to establish a novel method that evaluates and predicts neurobehavioral
responses to sleep loss based on an accurate and unobtrusive measure of alertness.
In order to achieve this, we need to
find novel biomarkers and understand
fundamental principles of neurobehavioral
responses to sleep loss by conducting
basic research using humans as subjects.

new biomarkers using Bayesian inference.

“Psychomotor Vigilance Test” is the most widely used assay

of vigilant attention. However, it cannot be performed

during safety-sensitive activities, such as driving. performance deficits from sleep loss.

Takashi Abe

In addition, we need translational research which bridges the gap
between basic findings and social impact. So far, we have found
novel biomarkers measuring vigilant attention and developed a
new algorithm detecting multilevel vigilance by integrating these

This research is ready to contribute to industrial applications. We
will improve the accuracy of our new algorithm and apply it to
several settings by conducting feasibility studies. In addition, we
will apply it to a new method to predict future neurobehavioral
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About WPI

The World Premier International Research Center Initiative (WP was launched in 2007 by
the Japanese Government’s Ministry of Education, Culture, Sports, Science and Technology
(MEXT) with the aim of building globally visible research centers with high research
standards and excellent research environments to accommodate globally prominent
researchers. The International Institute for Integrative Sleep Medicine (WPI-IIIS) was
established on December 1, 2012, following the FY 2012 selection round of its application
for the WPI. The initiative seeks to create a vibrant environment where frontline

researchers, regardless of nationality, are invited from around the world to ﬁ

engage in research where they are accompanied by an administrative support WPT
system that allows these scientists to fully devote themselves to their research. R

......................................... FOUI' Missions O'F WPI

1 2 3

|

Establishing

Advancing ) } Reforming Creating

. international . I
leading edge research interdisciplinary

research . . I
research . organizations domains
environments
{ Tohoku University
B .,A[MR Advanced Institute for Materials Research (AIMR)

Selected in 2007. WPI Academy @IIIO

Kanazawa University

O;'NBHOLS’ Nano Life Science Institute (NanoLSI) UniverSity of Tsukuba

International Institute for Integrative
Sleep Medicine (l11S)

Selected in 2012

Selected in 2017

Kyoto University
Institute for Integrated Cell-Material Sciences
(iCeMS)

Selected in 2007. WPI Academy

The University of Tokyo

Kavli Institute for the Physics and
Mathematics of the Universe (Kavli IPMU)
Selected in 2007. WPl Academy

Osaka University
H . National Institute for Materials Science
| Immunology Frontier Research Center (IFReC)

: @ International Center for Materials
Selected in 2007. WPI Academy \ \ eere Nanoarchitectonics (MANA)

Selected in 2007. WPl Academy

Kyushu University

A &ER International Institute for Carbon-Neutral i The University of Tokyo
N Energy Research (I’CNER) ﬁ{}ll LCN International Research Center for
Selected in 2010 S Neurointelligence (IRCN)

Selected in 2017

= gm@%\ Tokyo Institute of Technology
. ww Earth-Life Science Institute (ELSI)

Selected in 2012

*WPI Academy: WPI centers that have
achieved “world-premier status”. M, Nagoya Uni .
ya anerSlty

QU ITeM o8

Vot |nstitute of Transformative Bio-Molecules (ITbM)

Selected in 2012
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Glossary

Non-REM Sleep/REM Sleep
(REM; Rapid Eye Movement)

Our sleep can be divided into two stages by brain wave, non-REM sleep and REM sleep. Just after
falling asleep, a shallow non-REM sleep begins and it gradually becomes deeper as time passes. As
brain activity decreases compared with that during arousal, non-REM sleep is often expressed as
"sleep of the brain". Additionally, during deep non-REM sleep, a characteristic brain wave called “slow
wave” is observed. This is caused by the synchronization of neuronal activity in the brain. After about
90 minutes of non-REM sleep, REM sleep happens. During REM sleep, muscles in the whole body
relax while the brain activity increases, and vivid dreams are typically experienced. It is often said
that non-REM sleep is a deep sleep and that REM sleep is a shallow sleep, but this is not true. These
two sleep stages are considerably different. In overnight sleep, we regularly repeat this cycle of non-

REM sleep and REM sleep, eventually leading to wakefulness.

falling asleep
0‘ 1 2 3 4 5 6
1 1 1

Hours

Wake

REM Sleep

Non-

Sleep Stage

——)

about 90 minutes

Orexin

Orexin is a substance in the brain (neuropeptide) that regulates sleep and
arousal, discovered in 1998 by Dr. Masashi Yanagisawa and Dr. Takeshi
Sakurai. Tt is secreted from neurons in the hypothalamus and functions
to keep the arousal state. It is known that orexin deficiency causes
narcolepsy, patients of which experience excessive daytime sleepiness,
uncontrollable sleep attacks, and sudden loss of muscle tone triggered by
intense emotions such as surprise and amusement.

Orexin interacts with proteins called “receptors” on the surface of cells.
There are two types of orexin receptors, 1 and 2, and these receptors are
also research and development targets for pharmaceuticals. “Antagonists”
which compete with orexin to bind to receptors and inhibit its effect have
been used in medicines such as Suvorexant for insomnia. Conversely,
“Agonists” which bind to the orexin receptors and cause the same effect
as orexin are expected to be applied to treatment for narcolepsy. Several
compounds have been found already, and some non-clinical studies have
been conducted to confirm the effectiveness and safety.

Orexin has two types, orexin A (left)
and orexin B (right). Both interact
with orexin 1 receptor and orexin 2
receptor, but the affinity with the
orexin 1 receptor and the distribution
in the brain are different .

e,
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Forward Genetics

Forward Genetics is a research method for exploring
the genetic basis responsible for a certain inherited
characteristic (phenotype). For example, IIIS researchers
are searching for novel genes involved in sleep/wake
regulation by using this method as follows.

1. Using a certain chemical, create enormous numbers of
animals that have random mutations in their genome.

2. Observe behaviors of all of those individuals, and find
mutants with some abnormalities in sleep/wake state.

. The sleep measurement facility for mice in llIS. For forward
3. Analyze the genome of those mutants and find out genetics research, a large-scale facility is necessary.

what kind of gene mutation causes such abnormalities.

Although obtaining expected mutants is determined by chance and there are difficulties analyzing a
large number of subjects, researchers can be free from the hypothesis and concentrate on the facts
at hand. This advantage sometimes leads to discovery of new functions of unexpected genes. IIIS
researchers continue to explore novel genes involved in sleep/wake regulation and innate fear behavior.

Optogenetics -

Brain ]

OFF

Optoge.net{cs is a t.echnology that enables option
neuroscientists to quickly manipulate targeted Coronal Fiber Coronal

- . e . Section Section
neuron activity using specific wavelength light. TURN ON! ,
On the surface of the cell membrane, there are o ‘o
“gates” for certain ions, which are composed of
proteins. The activation state of neurons can be VM*matrixcells  Non-REM Arousal
regulated by the change of the ion concentration — “erwemsdsiwsmences  Sleep
[hrough the gates. Interestingly, some An example of research using optogenetics. Activation of the
microorganisms have special gates which work thalamic matrix cells of mice during non-REM sleep by light
. . . ] . . . stimulation increases cortical activity and promotes arousal.
n response to llght stimulation. By dellVCrlng 1its (conducted by Sakiko Honjoh, an assistant professor at I11S)

gene into the target neuron, that special gates

can be expressed on the surface of that neuron. This means that researchers can manipulate the
activity of the neuron by using artificial light stimulation. Through the development of this technology,
research to investigate functions of the neural circuits has greatly advanced.

Proteomics

This method comprehensively examines the structure and
function of the proteins in a certain cell or tissue using a
mass spectrometer. Every life phenomenon is supported
by functions of various proteins. For the appropriate
function of proteins, the process called “Post-translational
modification” plays a quite important role. For example,
through “phosphorylation,” which is one of the states of
post-translational modification adding phosphate groups : i ;
to the protein, the activation of the protein can be turned assspvectrometerr;orproteomics

on or off. In “phosphorylated proteome analysis,” it is

possible to comprehensively examine the phosphorylated protein in the sample.

Although the genetic information is basically the same in every cell in the body, the expression of the
proteins can be different depending on the type of cells, the time and the environment, even in the
same individual. Proteome analysis and phosphorylated proteome analysis enable researchers to obtain
more detailed and complex information on the molecular mechanisms of biological phenomena.
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Access from Tsukuba Center

0]

From Tsukuba Station on Tsukuba Express Line, find the No. 6 Bus Stop and take
“University Loop-line On-campus Bus [Tsukuba Daigaku Junkan Bus]"running
clockwise, or “Tsukuba Daigaku Chuo” bus to “Oikoshi Gakusei Shukusha-mae.”
Proceed into the pathway on the same side as the exit of the bus, past the parking
lot entrance gate. 1S Building is located on the right side.
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Take Gakuen-Nishi Odori Avenue northward
and turn right at the “University Hospital W.”
intersection. Make another right turn to

enter a parking lot for I11S Building.
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