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Members of the Unit for Molecular Neurobiology of Learning and Memory

Unit for Molecular Neurobiology of Learning and Memory
Principal Investigator: Dr. Shogo Endo (center)
The Unit for Molecular Neurobiology of Learning and Memory, headed by Dr. Shogo Endo, was launched in September 2004 in
Uruma City. Although Dr. Endo experienced difficulty recruiting staff at the beginning, the unit has now grown into a team of
12. Originally from Japan's northernmost island of Hokkaido, Dr. Endo is also interested in teaching and has given a number of
public lectures. In the most recent one that took place last November at Okinawa Prefectural Miyako High School on Miyako
Island, he spoke about the secrets of memory to the entire school of about 1,000 students. Now with about 18 months
remaining until the end of his five-year research project, Dr. Endo spoke about his unit and its research goals.

   

 

As a youth, I wanted to study a medicine-related subject
because I was a weak child. After studying about the brain at
Hokkaido University, however, I became interested in learning
what makes us human. Although almost all genes are identical
in any one individual, we each have a personality formed by
experience. The experiences stored as memory shape our
personality and control our daily behaviors. Memory is also
the basis for the higher brain function including thought,
language, and emotion. I was keen to explore the molecular
mechanisms underlying learning and memory.

structure called the synapse. Each neuron's functions and
signaling process are mediated by molecules including
DNA, RNA and proteins. It is amazing to imagine these
biochemical reactions take place in our neurons, which

        
 
1. Neuronal plasticity

Neurons communicate each other through a specialized

Dr. Endo at his office in Uruma City
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further lead to the increase or decrease of synaptic
transmission efficiency. Integration of these biochemical
reactions in neurons supports our daily behaviors. If the
signaling patterns were fixed based on our gene, our
behaviors would always be the same. But we have a
flexibility of the brain, called neuronal plasticity. Neuronal
plasticity makes it possible to adapt to the ever-changing
environment by compensating for the limited information
available from our genes. In this unit, we are studying
neuronal plasticity and memory.
2. Roles of the amygdala, cerebellum and hippocampus
in memory

A neuron contains tens of thousands of varieties of
proteins. One of our goals is to examine the effect of oneprotein manipulation on memory using genetically
modified mice. We are studying three parts of the brain,
amygdala, cerebellum and hippocampus.
One of the memory classifications is based on contents of
information. Declarative
memory, which can be
stated, requires conscious
recall. This type of
memory, involving the
hippocampus, can be
tested by asking "What is
the prefectural capital of
Okinawa?" In contrast,
non-declarative memory Dr. Tomoko Arasaki prepares for
cannot be described by protein analysis
words and includes skills such as riding a bicycle. The
cerebellum plays a role in non-declarative memory. The
amygdala plays an important role in emotional memories,
such as likes and dislikes, happiness and sadness, as well as
fear and anxiety.
Another memory classification is based on the duration of
memory retention. Short-term memory lasts for minutes
and long-term memory often lasts for the lifetime of the
animal. One of the two physiologically different processes
assumed for the formation of long-term memory is the
conversion of short-term memory to long-term memory,
while the other notion is the consolidation of long-term
memory independent of short-term memory. Long-term
memory formation requires new protein synthesis via gene
expression. In gene expression, mRNA is transcribed from
template DNA in our gene and mRNA is translated into
proteins, functional units in neurons. The first step, called
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transcription, is a complicated and accurately-controlled
process by transcription factors that respond to
extracellular stimuli. One of our targets, MAP kinase is
involved in the transcriptional regulation.
3. Cerebellum - the small but amazing brain

Although the size of the cerebellum is just 10% of the
cerebral cortex, both have an almost equal number of
neurons. Our research has found that G-substrate, a protein
expressed exclusively in large neurons called cerebellar
Purkinje cells, plays an important role in eye movement
called optokinetic response (OKR). OKR can be observed
by monitoring synchronization of the eye movements to the
screen movement shuttling left-to-right around a mouse.
When the head of the mouse turns while the screen remains
steady, the eyes move the same amount in opposite
direction. This is called vestibulo-ocular reflex (VOR). The
OKR and VOR are also observed in humans, and they are
critical for seeing the outside environment clearly. These
two types of compensatory reflex eye movement rely
heavily on the cerebellum, which regulates smooth,
accurate and rapid extension and contraction of paired
muscles. Thus, patients with cerebellar dysfunction often
experience abnormalities in their eye and body movement.
We have discovered the
genetically modified
mice for G-substrate,
MAP kinase and
transcription factor ICER
have impaired long-term
memory with intact
short-term memory. With
at a human brain model from
these findings, we hope Looking
below. The two parts in brown are the
Underneath the cerebellum
to identify a cascade of cerebellum.
is the cerebral cortex
gene expression events
during long-term memory formation. Moreover, we plan to
look into the functions of the hippocampus and the
amygdala, as our research has discovered the involvement
of MAP kinases and ICER in fear memory as well as in
spatial memory tasks.

      

Neuroscience research in Japan has made remarkable
progress in the past decade. During my post-doctoral
research in the United States, I worked on 
   a 20-30 cm marine mollusk for studies of
memory. The George H.W. Bush administration proclaimed
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the 1990s as the Decade of the Brain to highlight the
exciting work in this emerging field. Inspired by the
Decade, I shifted my own research target to the mammal
hippocampus. I began studying the cerebellum after
returning to Japan in 1997 at the RIKEN Brain Research
Institute.
Currently, there are 12 members in our unit, including four
post-doctoral researchers from Russia, France, the UK and
Japan. We have five technicians who have special skills for
the generation of genetically modified mice. I feel fortunate
to work with such excellent staff, and I am always
particularly impressed with the perseverance of the women
in our research group. One of the benefits of being at OIST
is its research environment. While our research requires
good facilities and funding, OIST has allowed us to use
state-of-the-art equipment, including what we need for
genetically modified mice.
In addition to the research, I would like to continue
promoting science to the next generation. Unlike clinical
scientists, we, basic researchers, are invisible in the society.
I feel it is our responsibility to advocate science to all ages.
Okinawa is a compact island, so I hope we can raise local
interest in OIST and science through our modest efforts.
The brain, often referred to as the last frontier in biology,
has such complex structure and function that we cannot
achieve understanding of its performance overnight. Recent
medical advances can extend our life span significantly and
treat the sick and the victims of accidents. However, aging
and brain damage often cause memory problems. Memory
works like a glue to adhere an individual to oneself, family
and society. Loss of memory has a great impact not only on
the individuals but on their family and society. Therefore,
basic researchers are working hard to slow down or delay
memory loss by the discovery of proteins crucial for
memory. Knowledge of these proteins will determine a way
to develop treatments or drugs for memory impairment.
Understanding the mechanism underlying memory is
essential to understanding cognitive impairment in adults.

Dr. Endo gives a lecture at Okinawa Prefectural Miyako High School

A Promising Star
Dr. Gilyana Borlikova

Dr. Borlikova is one of the four postdoctoral researchers in the Unit for
Molecular Neurobiology of Learning and
Memory. Originally from Kalmikiya, a
republic in the Russian Federation, Dr.
Borikova studied behavioral psychology
and neuroscience at Moscow State
University and conducted post-doctoral
research on rat behavior at the Russian
Academy of Medical Sciences in Moscow.
She was also a research fellow at the
University of Sussex in the UK for four
years. Dr. Borlikova spoke about her
research background, ongoing projects
and goals, and the culture shock she
experienced when she first came to Japan.

I heard about OIST from my friends, who showed me a
position announcement while I was still working in the UK.
Until then, I only knew about Okinawa as the site of the
2000 G8 summit meeting. After learning about the
objectives of OIST and actually visiting it for an interview,
I knew I wanted to join this institution. In addition to the
research emphasis of the unit and the facilities available in
the lab, I was excited by the possibility of working on a
project which combined complicated behavior with
molecular analysis using mutant mice. I arrived in Okinawa
in March 2006. Although I was aware of the potential
difficulties awaiting me in a country whose language I did
not speak, the reality was far more frustrating. I felt myself
suddenly illiterate, and unable to conduct the simplest of
tasks by myself, like finding directions on a map. However,
thanks to the support of my colleagues and the
administrative staff, I became used to the new life quite
quickly.
I am currently studying the role of transcription factor
ICER in operant-conditioned learning. In the course of
operant conditioning, an animal learns to perform certain
actions in order to receive a reward, such as food treat, or
avoid punishment. We have already found out that ICER
plays an important role in the formation of long-term fear
memory and now I want to look into its role in reward
learning. I am interested in studying reward learning
because I personally believe that humans learn the majority
of things through positive factors, including satisfaction
from discoveries, acknowledgment, or actual rewards like a
favorite food.
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The past several months have seen great progress at OIST,
and we are approaching the end of fiscal year 2007. We
now have 17 Principal Investigators (PIs) installed and
working, at the site in Uruma City and at the Seaside House
in Onna Village. In addition, we have two new PIs, Dr.
Noriyuki Satoh from Kyoto University and Dr. Jonathan
Miller from Baylor College of Medicine, starting on April
1. Nine of the 17 current PIs are international, and of the
120 members of OIST working in the research laboratories,
32 are international, representing 18 different countries.
The 5th Board of Governors
meeting was held on
January 25 in Tokyo. Mr.
Fumio Kishida, the State
Minister for Okinawa and
Northern Territories Affairs,
Science and Technology
Policy, delivered an address
reporting that the Japanese       
government has proposed a substantial budget increase for
OIST in fiscal year 2008. Several important resolutions
were passed. The Board encouraged the consideration of
environmental sciences as the next area of scientific focus
for OIST. This is a scientific field well suited to the
multidisciplinary approach at OIST. The Board also
strongly reaffirmed the importance of constructing the new
campus as an integrated facility with some housing
completed with the initial phase of laboratory construction,
in order to provide the kind of community that will make
the new campus a vital center of research and training. The
Board endorsed the creation of two new academic positions
at OIST: Independent New Investigator appointments and
Graduate Studentships.
Construction of the new campus in Onna Village is moving
forward steadily. Essentially all of the site preparation work
is now complete, and the construction of Laboratory 1 and
the Center Building will be the next stage. Extensive
planning is underway to coordinate the move of the
research laboratories and the researchers and their families
to Onna Village. Plans are under discussion for building
housing in the Village Zone.
The first science and technology ministerial-level meeting,
which has ever been held as part of the Group of Eight
(G8) summit meeting, will be held in Okinawa in June,
2008. OIST is coordinating with the Cabinet Office (CAO)
Bureau of Science and Technology Policy and Innovation,
as well as the Okinawa Prefecture, to support satellite
activities associated with the ministerial meeting. This
meeting is an expansion of the sphere of G8 interactions at



    

a time when the impact of science and technology is
becoming increasingly significant, and it is important for
OIST to support this effort. The Board fully endorsed our
participation in the Science and Technology ministerial.
The G8 summit itself will be held in Hokkaido in July.
As the research program grows, we have made changes in
the administrative structure of OIST. The Officers of OIST
are the President, Dr. Sydney Brenner, and the Executive
Director, myself. We have established two divisions that
reflect the mission of OIST to establish a world-class
research program in science and technology and to prepare
for the establishment of the graduate university. These are
the Research Operations Division, with Mr. Ferry Toya as
Director, and the University Planning Division, with Mr.
Katsuhisa Sagisaka as Director. In addition, Mr. Toya is
Executive Assistant to the President for operations issues,
and Mr. Kensuke Katsuno has been appointed as Executive
Assistant to the President for compliance issues. Mr.
Katsuno, who has extensive experience in the CAO, is
independent of the line management and advises the
President and Executive Director on contract compliance
and regulations. To handle the increasing scale of our
international scientific effort, we have added new personnel
in high performance computing and IT and in several other
areas. As we look forward to the coming fiscal year, an
especially important activity now is planning for the
exciting challenge of moving to the new campus in Onna
Village.
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ADHD Lecture

Dr. Joseph Sergeant, Professor in the Department of Clinical Neuropsychology at the Free University (Vrije Universiteit) in
Amsterdam, presented a lecture on February 7 at the Okinawa Prefectural Nanbu Medical Center and ChildrenÕs Medical
Center in Haebaru Town. Dr. Sergeant is a leading authority on Attention Deficit Hyperactivity Disorder (ADHD), the primary
research focus of the Human Developmental Neurobiology Unit at OIST, led by Dr. Gail Tripp. The lecture, focusing on the
validity and treatment of ADHD, was jointly hosted by the Nanbu Medical Centers and OIST.
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About 200 people including hospital
staff filled the lecture hall
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Dr. Gail Tripp of the Human Developmental
Neurobiology Unit (left) asks a question
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December 3 Seminar at the Research Laboratory
$%        "     & 
'    $
Speaker: Dr. Peter Thomas, Case Western Reserve University
Organizer: Dr. Klaus Stiefel, OIST

December 6 Seminar at the Research Laboratory
$(            ) $

Speaker: Professor Yuzuru Ikeda, The University of the Ryukyus
Organizer: Dr. Klaus Stiefel, OIST

December 12 Seminar

at the Research Laboratory
"Simple neural network model of cue-action-reward tasks based on salience gated
working memory and dopamine modulated 3-way balanced Hebbian learning"

Speaker: Dr. Adam Ponzi, RIKEN Brain Science Institute
Organizer: Dr. Jeff Wickens, OIST

December 20 Seminar at the Research Laboratory
$%              
           + -   
  -  %   $
Speaker: Dr. Keiko Ito, Stanford University
Organizer: Dr. Gail Tripp, OIST

2008

January HFSP International Workshop on Neural Control of
7-8 Attention, Perception and Learning at the Seaside House
One of the Lecturers: Dr. Kenji Doya, OIST

January 10 Seminar at the Research Laboratory
$*      +  ,      
    $
Speaker: Dr. Vladimir Meshcheryakov, RIKEN Harima Institute SPring-8 Center
Organizer: Dr. Fadel Samatey, OIST
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HPC Workshop

A workshop on high-performance computing (HPC) for biological sciences, entitled ÒHardware and Software for Large-Scale Biological
Computing in the Next Decade,Ó took place at the Seaside House in Onna Village on December 11-14, 2007. The goal of the workshop
was to collect input from experts in the field for the development of scientific computing facilities at the OIST new campus, starting
with the HPC center that is expected to open in 2009. Twelve speakers were invited, including researchers from Japan, the U.K. U.S.A.,
and the Blue Brain project in Switzerland. OIST News asked the participants about their impression of the HPC project and their
advice for the new facility. The program of the workshop, organized by Drs. Kenji Doya, Klaus Stiefel and Erik De Schutter of OIST,
and abstracts of presentations by the participants can be seen on our Website. http://www.irp.oist.jp/hpc-workshop/abstracts.html
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Team Leader, National Energy Research Scientific Computing Center
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Project Leader, RIKEN Next-Generation Supercomputer R&D Center
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January 15 Seminar at the Research Laboratory

Co-organizer, Dr. Erik De Schutter of
the Computational Neuroscience Unit,
delivers a welcome speech

Participants
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February 5 Seminar at the Research Laboratory
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Speaker: Dr. Keiko Tanaka of Duke University Medical Center
Organizer: Dr. Erik De Schutter, OIST

#     
  "   
Speaker: Dr. Gunnar Wilken, Westfaelische Wilhelms-Universitaet
Muenster, Germany
Organizer: Dr. Robert Sinclair, OIST

at the OITC
&  
       
Speaker: Dr. Doris Tsao, University of Bremen
Organizer: OIST

at the Research Laboratory
"    !     
Speaker: Dr. Kouichi Iwasaki, Northwestern University
Organizer: Dr. Ichiro Maruyama, OIST

January 28 Seminar

 

January 28- SBGN Super-Hackathon Workshop
February 2 at the Seaside House
Co-organizer: Dr. Hiroaki Kitano, OIST

February 1 Seminar at the Research Laboratory

  $!
!    !
!    
Speaker: Professor Hideo Yamasaki, the University of the Ryukyus
Organizer: Dr. Klaus Stiefel, OIST

February 5 Seminar

at the OITC
  
          
Speaker: Dr. Winrich Freiwald, University of Bremen
Organizer: OIST

February 6 Seminar

February 18 Seminar at the Seaside House

  
  
  
Speaker: Dr. Marylka Uusisaari, RIKEN Brain Science Institute
Organizer: Dr. Erik De Schutter, OIST

February 27 Seminar

at the OITC
          !   
        !      !
 
Speaker: Dr. Joanne Yew, Harvard Medical School
Organizer: Dr. Robert Sinclair, OIST
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BOG co-chair Dr. Akito Arima
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Children conduct a scientific experiment
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Experts engage in a panel discussion
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CCI members from OkinawaÕs
northern region were briefed
by OIST staff on the main
campus construction

Housing at the Seaside Center (CG-image)
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