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Communication via computers, and their application to
architectural design

Akihiro Mizutani

e SR

Associate Prof. Akihiro Mizutani (left) and his students

The use of computers in architectural design and urban development, starting with 3D-Computer-aided Design (CAD)
and Building Information Modeling (BIM), is already common, and dates back to the Sixties, right at the dawn of the
computer era. Associate Prof. Mizutani has been looking into the potential of computers as thinking tools by delving into
the history of computer use in architectural design, and reassessing its significance. In addition to theoretical research,
he is also working on implementation design, pursuing the optimal ways to combine our strengths with those of
computers, or existing systems and computers, while working on implementation design.

Interview and report by Madoka Tainaka

I Current Significance of Computer Application at the Tange Laboratory

Kenzo Tange is renowned as the architect who designed the Yoyogi National Stadium and Hiroshima Peace Memorial Park.
Although considered a great master who laid the foundations for modern Japanese architecture and nurtured many protégées,
including Arata Isozaki and Kisho Kurokawa, it is not widely appreciated that the Kenzo Tange Laboratory at the University of
Tokyo was an early adopter of computers from around 1960. Associate Prof. Mizutani studied under Hajime Yatsuka, an
architectural student of Kenzo Tange, while a graduate student at the Shibaura Institute of Technology. He was engaged in
preparations for the "Metabolism Exhibition™ planned by Mr. Yatsuka (hosted by Mori Art Museum from September 2011 to
January 2012), and researched the history behind the Tange Laboratory’s use of computers, which sparked an abiding interest in
the subject.

Associate Prof. Mizutani explained, "In those days, there was already a trend towards applying computers to architectural
construction and planning, but in terms of urban planning, the Kenzo Tange Laboratory at the University of Tokyo led the way.
Professors Manabu Yamada and Yoshio Tsukio were primarily responsible for this, and their "Survey into the flow of
employees and visitors through the Tokyo Metropolitan Government Building" in 1963 was reputedly a first. This gave rise to
the development of a computer language specifically for urban design, known as URTRAN, and the means to simulate crowd
flows for the 1970 Osaka Expo, etc."
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An interesting side-note is that the Tange Laboratory’s interest in computers was triggered by a thesis entitled "The Use of
Diagrams in Highway Route Location" by C. Alexander and M.L. Manheim. The paper patterned each of the 26 determinants of
highway construction (cost of land work, comfort and safety, development potential of the area...), and by painting the best areas
black, the area with the darkest colour when these patterns were superimposed was shown as the best route.

"This method is interesting because by prioritizing the determining factors and adjusting the overlapping layers, we can freely
select or discard different factors. Although Alexander et al. did not use computers, the Tange Laboratory had the foresight to
consider that computers could be applied here to simulate macro urban design."

These efforts of the Tange Laboratory were held up by various factors. To begin with, student protests that rocked academia in
the late Sixties, rendering the campus’s mainframe computer unusable for two years. There were also some teething troubles for
the early computers. Finally — triggered by Expo 70 — Arata Isozaki started considering architecture separately from cities
related to governmental power (the so-called, "Withdrawal from the City" declaration), leading architects who sympathized with
him to lose interest in cities.

"Having said that, this initiative by the Tange Laboratory was groundbreaking in terms of using computers, not only for efficiency,
but also to clarify the designers’ thought and design processes, and bolster the logic of the actual plans. This still holds true
today, thanks to the massive development of modern computers, and has become a primary motivation for me to theorize about
the role of computers in architectural design."

*Metabolism Exhibition

This exhibition reviewed an architectural movement that sprang up around 1960 led by young architects, such as Kisho Kurokawa, Kiyonori Kikutake,
and Fumihiko Maki. As per its name — Metabolism - it reflects changes in society and demographics, and proposed an image of cities and
architecture that grow organically.

1 Exploring the Potential of Digital Technology

While developing design tools, Associate Prof. Mizutani promotes research into how computers actually affect design in tandem
with theorizing about computational design in architecture. One such initiative is a workshop on the digital fabrication of chairs
(using software to support manufacturing).

He said, "In this workshop, we developed a support tool that presents a 3D image of a chair on the display simply by inputting
three lines and specifying each component’s dimensions, etc. We also developed a tool that enables input on a tablet just like
drawing a picture with a pen and paper. These have enabled anyone — even elementary school students — to design original
chairs of their own simply by applying designs for the sides of the chair, with the flexibility to adjust the pitch of the seat panel.

Elementary school children trying to make their original chairs using our developed tool.
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In addition, Associate Prof. Mizutani proactively uses visual programming and other design tools to conduct structural analyses,
such as gravity-induced deflection, while studying the model on the screen. Head-mounted VR displays also help them to draft
design proposals and form a consensus.

He added, "When drawing a design on paper, you need to redraw the whole thing whenever you want to make a small change to
the shape, don't you? However, digital technology enables you to simply amend the draft design by changing some parameters,
or visualise and communicate our images to each other during collaborative work. In other words, the time needed for drawing
and communication can be significantly reduced. As a result, we can concentrate purely on the creative elements, such as
design. | believe that such "appropriate" use of computers like this leads to better design."

I Creating Better Architecture is the Goal

On the other hand, Associate Prof. Mizutani does not consider computers as indispensable to modern architectural design. He
reiterated, "Models are still relevant in architectural design, and | also sometimes design without resorting to a computer. Our
objective is simply to create good architecture, and computers are purely a means to that end. Actually, regarding the work
selected for the SD Review sponsored by Kajima Institute Publishing Co., Ltd. in 2022, although we used computers for some
environmental simulations, etc., most of the basic design derived from hand-built models. While it depends on the architectural
scale, | often come up with better ideas by starting out with a hand-drawn sketch. For that reason, | think it is important to use
computers appropriately by playing to their strengths."

On the other hand, he also feels that we have some way to go before
we can claim to be fully utilizing the strengths afforded by computers
and applying our knowledge of informatics to modern architectural
design. Prof. Mizutani concluded by saying, "Whether or not we use a
computer will affect how a design is expressed. However, it is too soon
to say that digital technology is capable of creating unique advanced
architecture. Why is this? Is it due to limitations of the tools, or just how
they are used? | personally believe that computers will be used to
create even better architectural designs in the future, so | want to
continue exploring how best to use computers to produce better
architecture.”

The work selected for the SD Review sponsored by Kajima Institute
Publishing Co., Ltd. in 2022

| Reporter's Note

Associate Prof. Mizutani first became interested in architecture while at junior high school — in part because his father was
engaged in an architectural job. A visit to the Kisho Kurokawa Retrospective when he was at senior high school set the course
for his future.

Associate Prof. Mizutani said, "l was incredibly impressed at the time by the model of the Project for a Helix City for Tokyo (1961)
inspired by the double-helix structure of DNA. Later, in what seemed like fate to me, | re-encountered this model at the
Metabolism Exhibition." After graduating from university, he joined Kengo Kuma & Associates as he had decided to work as an
architect, but unable to give up his passion for research, he returned to university to pursue his doctorate. Subsequently, he opted
for an interdisciplinary approach as a "professor architect" which allowed him to engage in both research and practical work. |
am confident that he will continue to pioneer new architectural approaches in this digital era through both theoretical research
and practice.
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AkihiroMizutani received PhD degree in 2013 from Shibaura Institute of Technology, Tokyo, Japan. He started
his career at Kengo kuma and Associates. Since he started his career at Toyohashi University of Technology
as an assistant professor in 2014, has been engaged in architectural design, architectural planning, and
urban design. He is currently an associate professor at Department of Architecture and Civil Engineering of
Toyohashi University of Technology.

Madoka Tainaka

Editor and writer. Former committee member on the Ministry of Education, Culture, Sports, Science and
Technology Council for Science and Technology, Information Science Technology Committee and editor at NIl
Today, a publication from the National Institute of Informatics. She interviews researchers at universities and
businesses, produces content for executives, and also plans, edits, and writes books.
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Virtual co-embodiment of a joint body with left and right limbs
controlled by two people

Knowing the intention behind limb movements of a partner increases senses of
ownership and agency towards that limb during virtual co-embodiment

Harin Hapuarachchi

PogalITITTIE LISy
CEakibbisaaniieg
* . iligad ddd il

What factors influence the embodiment felt towards parts of our bodies controlled by others? Using a new "joint avatar"
whose left and right limbs are controlled by two people simultaneously, researchers have revealed that the visual
information necessary to predict the partner’s intentions behind limb movements can significantly enhance the sense of
embodiment towards partner-controlled limbs during virtual co-embodiment. This finding may contribute to enhancing
the sense of embodiment towards autonomous prosthetic limbs.

Participant 1 Joint avatar

Virtual reality can enable us to be co-embodied with others in a single
avatar to collaboratively perform various tasks. A previously
published study about a "shared avatar" that was moved by the
average movements of two individuals has shown that the
movements of the shared avatar were smoother and straighter than
the movements of the individuals (Hagiwara et a/, iScience 2020).
Thus, such avatars are more suitable for precision tasks. However,
when it comes to users with disabilities in certain limbs, getting them
partners to fully control the corresponding limbs of their virtual
avatars can be an option.

Participant 2

Here, Ph.D. candidate Harin Hapuarachchi and Professor Michiteru Kitazaki from Toyohashi University of Technology developed
a "Joint Avatar" whose left and right limbs are fully controlled by two different persons, and investigated the factors affecting
embodiment towards limbs controlled by a partner.
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Researchers measured the senses of agency and ownership towards the two
arms of the joint avatar and changes in skin conductance levels in response to
visual stimuli threatening the two virtual arms. Participants in the experiment
were paired and asked to collaboratively reach one or two target objects
appearing at random positions with the two arms of the joint avatar. The
sense of agency, ownership, and skin conductance of participants was
significantly higher towards the virtual arm under their control compared to
the virtual arm controlled by their partner. Furthermore, the senses of agency
and ownership towards the arm controlled by the partner were significantly
higher when the participants shared a common intention to reach a single
s ceel e, target with both hands or when they were allowed to see their partner's target
Ay A G while reaching different targets with the two virtual hands, compared to when
the partner’s target was invisible (while having two different targets).

B. Different visible targets.
C. Different invisible target.

These results show that while embodiment towards partner-controlled limbs is lower compared to limbs under one's own
control, visual information necessary to predict the partner’s intentions can positively affect embodiment towards partner-
controlled limbs during virtual co-embodiment.

The lead author, Harin Hapuarachchi, said, "The Joint avatar concept can provide a research platform for virtually studying how
different factors — such as various haptic, visual, and auditory feedbacks — affect embodiment towards autonomous prosthetic
limbs in the future. Amputees wearing smart prosthetics may feel some discomfort when those prosthetic limbs move
autonomously without their intention. However, our findings suggest that if the target of the prosthetic limb or the intention
behind movements is conveyed to the user through visual cues, they may feel less discomfort related to lack of embodiment.

Furthermore, Professor Michiteru Kitazaki added, "The senses of ownership and agency towards the non-controlled arm were
still weak and the physiological responses were not significantly different among the target conditions. Thus, our findings are
limited, and the research is ongoing."

The concept of this joint avatar can be applied to combining the strengths of two or more people to increase overall efficiency in
multi-tasking, and may also contribute to designing autonomous prosthetic limbs with a higher sense of embodiment in the
future.

This study was published in Scientific Reports on July 26, 2022.

This research was supported by JST ERATO Grant Number JPMJER1701 (Inami JIZAI Body Project), and JSPS KAKENHI Grant
Number JP20H04489.
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Al-powered autonomous driving vehicle

Artificial Intelligence (Al) model that handles multiple perception and control tasks
simultaneously in driving a vehicle safely in diverse environments

Jun Miura and Oskar Natan

Prof. Jun Miura (Right) and Oskar Natan (Left)

A research team consisting of Oskar Natan, a Ph.D. student, and his supervisor, Professor Jun Miura, who are affiliated
with the Active Intelligent System Laboratory (AISL), Department of Computer Science and Engineering, Toyohashi
University of Technology, has developed an Al model that can handle perception and control simultaneously for an
autonomous driving vehicle. The Al model perceives the environment by completing several vision tasks while driving
the vehicle following a sequence of route points. Moreover, the Al model can drive the vehicle safely in diverse
environmental conditions under various scenarios. Evaluated under point-to-point navigation tasks, the Al model
outperformed its rivals in this field in terms of drivability in a standard simulation environment.

Autonomous driving generally entails a complex system consisting of several subsystems that handle multiple perception and
control tasks. However, deploying multiple task-specific modules is costly and inefficient, as numerous configurations are still
needed to form an integrated modular system. Furthermore, the integration process can lead to information loss as many
parameters are adjusted manually. With rapid deep learning research, this issue can be tackled by training a single Al model with
end-to-end and multi-task learning techniques. Thus, the model can provide navigational controls solely based on the
observations provided by a set of sensors. As manual configuration is no longer needed, the model can manage the information
all by itself.

Input: RGB Semantic Segmentation

GPS
Speedometer

Input: Depth Semantic Depth Cloud

Steering
Throttle
Brake

Mapping

The Al model architecture is composed of the perception module (blue) and the controller module (green). The
perception module is responsible for perceiving the environment based on the observation data provided by an

RGBD camera. Meanwhile, the controller module is responsible for decoding the extracted information to
estimate the degree of steering, throttle, and braking.
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The challenge that remains for an end-to-end model is how to extract useful information so that the controller can estimate the
navigational controls properly. This can be solved by providing a lot of data to the perception module so that the ambient
environment recognition part of the model can learn sufficiently. In addition, a sensor fusion technique can be used to enhance
performance as it fuses different sensors to capture various data aspects. However, a number of problems in model design and
training need to be solved, including the increased computational complexity of handling large amounts of data, the need to
design data preprocessing to combine different forms of information, and the need to balance the learning of multiple tasks.

In order to answer those challenges, the team proposed an Al model trained with end-to-end and multi-task manners. The model
is made of two main modules, namely perception and controller modules. The perception phase begins by processing RGB
images and depth maps provided by a single RGBD camera. Then, the information extracted from the perception module along
with vehicle speed measurement and route point coordinates are decoded by the controller module to estimate the navigational
controls. So as to ensure that all tasks can be performed equally, the team employs an algorithm called modified gradient
normalization (MGN) to balance the learning signal during the training process. The team considers imitation learning as it
allows the model to learn from a large-scale dataset to match a near-human standard. Furthermore, the team designed the
model to use a smaller number of parameters than others to reduce the computational load and accelerate the inference on a
device with limited resources.

Based on the experimental result in a standard autonomous driving simulator, CARLA, it is revealed that fusing RGB images and
depth maps to form a birds-eye-view (BEV) semantic map can boost the overall performance. As the perception module has
better overall understanding of the scene, the controller module can leverage useful information to estimate the navigational
controls properly. Furthermore, the team states that the proposed model is preferable for deployment as it achieves better
drivability with fewer parameters than other models.

Segmentation Control

Steering 5%
Throttle 0%
Brake 100%

Speed 3.8m/s

Steering 15%
Throttle 74%
Brake 0%

Speed 3.3m/s
Steering 0%

Throttle 75%
Brake 0%
Speed 6.2m/s

Some driving records made by the Al model. Columns (from left to right): color image, depth image,
semantic segmentation result, birds-eye-view (BEV) map, control command. The weather and time for
each scene are as follows: (1) clear noon, (2) cloudy sunset, (3) mid rainy noon, (4) hard rain sunset, (5)
wet sunset.

The team is currently working on modifications and improvements to the model so as to tackle several issues when driving in
poor light, such as at night, in heavy rain, etc. As a hypothesis, the team believes that adding a sensor that is unaffected by
changes in brightness or illumination, such as LiDAR, will improve the model's scene understanding and result in better
drivability. Another future task is to apply the proposed model to autonomous driving in the real world.
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Jakarta's River Plastic Content Revealed!
Fact-finding Survey through Joint Research

Takanobu Inoue

:i

Prof. Takanobu Inoue of Toyohashi University of Technology conducted a joint research project with his research team
entitled "Estimation of amount of release of plastics to the ocean in Indonesia’ (2019 - 2022) under the Japan Society for
the Promotion of Science Bilateral Exchange Program. In Jakarta (Indonesia), waste being carried downstream is
trapped by a floating contraption involving floats attached to the top of fence posts across the river. The collected
garbage was sorted to clarify how much plastic was in the waste. As a result, some 78% was deemed to be plastic,
equating to an estimated daily discharge rate into the ocean of 7.7 - 12.6g/person/day.

Marine pollution caused by microplastics has become a global environmental
issue, with ever more plastics being detected in the bodies of marine and
avian wildlife. Indonesia is the world's second largest emitter of plastics into
the ocean, while Southeast Asian countries in general also lag behind in
creating and managing plastic waste. Away from urban areas, waste is not
generally collected, with domestic waste typically being thrown away behind
houses or along rivers. Although the proportion of plastic in such waste has
recently increased, there has not been any change in how it is being disposed
of, while the actual volume of garbage disposed is also increasing due to
economic growth. Such waste is carried downstream to the ocean via rivers,
especially when currents surge after heavy rainfall. In order to clarify the true
situation, Prof. Inoue’s research team initiated a study using a variety of
methods to estimate how much plastic is being discharged into the ocean.

Garbage collection equipment across a river

(floating booms).

As this research was the first study into waste runoff conducted by this team, they began by assessing the best way to collect
data. Various methods were tried, including having students line up across the river and collect floating garbage for 10 minutes,
or by using nets to collect the trash. However, while assessing some rivers in Jakarta, it was observed that floating waste was
being trapped as it flowed downstream by floating booms installed on fence posts across rivers. A hydraulic shovel was set up
on the riverbank to remove the accumulated waste, which was then loaded onto trucks to be transported to a waste disposal
site. The research team sampled this collected waste, and after sorting, determined that the average ratio of plastics in this
waste was 78%; of which, PET bottles and store-issued plastic bags accounted for more than half. However, the proportion of
straws — currently considered problematic in Japan — was small.

Based on the amount recovered, we estimated that the daily amount that would be discharged into the ocean if there were no
collection equipment would be in the range 7.7 to 12.6g/person/day. The most widely used estimate at the moment for the daily
amount of plastic discharged into the ocean from Indonesia is 18.9g/person/day. Although this is a lower value, it nonetheless
indicates that a vast amount of plastic is being discharged into the ocean via river systems.

These research results have been published in the Marine Pollution Bulletin (Issue 182) — an international journal.
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This research team has been conducting a "Survey into Plastic Volume
Discharged via Rivers in Indonesia" as Grant-in-Aid for Scientific
Research since this fiscal year. The research targets rivers in cities
and nearby rural areas in Indonesia — from which waste is not
collected directly. A similar survey is also to be conducted in Japan,
and by comparing the results, we intend to clarify more accurately how
much plastic is discharged across Indonesia, while also discussing
measures with Indonesian researchers to reduce plastic discharge
into the ocean.

Garbage collectio m surface water of rivers in Jakarta.

Furthermore, through this research, we also strive to bolster the skills of environmental engineering researchers by teaching
basic research methodology for environmental engineering to young Indonesian researchers with environmental engineering
credentials.

This research was supported by JSPS (JPJSBP 120198104).
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Discovery of a cyanobacterium regulating photosynthetic
antennas with dual photosensors

A sophisticated mechanism for efficient photosynthesis

Yuu Hirose
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Cyanobacteria are photosynthetic prokaryotes that regulate the components of light-harvesting protein complexes,
phycobilisomes, in response to green and red light. This ability is called chromatic acclimation (CA) and is known to be
regulated by a single photosensor that perceives green and red light. A research group led by Yuu Hirose, Associate
Professor at the Department of Applied Chemistry and Life Science, Toyohashi University of Technology, discovered a
unigue cyanobacterium that regulates CA with dual photosensors based on genome information. They investigated the
responses of this cyanobacterium to green and red light in detail, and demonstrated that the dual photosensors regulate
the morphology and absorption wavelength of the phycobilisomes, respectively. The discovery of the "hybrid type" of CA
with dual photosensors provides new insights into how cyanobacteria can flexibly combine multiple photosensors to
acclimate to light environments. The results also contribute to the development of the photoswitching system with
multiple photosensors in optogenetics.

Cyanobacteria are prokaryotes that perform oxygenic photosynthesis. They are found in almost every environment on earth and
have a significant impact on global ecosystems. To survive in these diverse light environments, they have evolved the ability to
alter their photosynthetic apparatus. In particular, they have a light-harvesting protein supercomplex called "phycobilisome" that
captures the light energy and transfers it to the photosynthetic reaction center complex. Some cyanobacteria can regulate the
structure and absorption wavelengths of the phycobilisomes in response to the change of the ambient light colors, which is a
process called chromatic acclimation (CA).

Recently, various types of CA responding to different light colors have been discovered. A CA-type responding to green and red
light was reported over a century ago. This type of CA is also called complementary CA, as the cell color changes
complementary to the color of the illuminated light. This type of CA is regulated by RcaE or Cca$S, which are a type of
phytochrome-related photosensor protein called cyanobacteriochromes. Rcak and Cca$S bind a bilin chromophore and sense
green and red light to induce the gene expression of phycobilisome. RcaE induces the phycobilisome components under red
light, whereas CcaS induces the different phycobilisome components under green light (the figure below). Cyanobacteria that
perform CA using "either" RcaE or Ccas are already known; however, cyanobacteria that have both photoreceptors had not
previously been reported (the figure below).
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Strain with no photosentor  Strain with green light-activated  Strain with red light-activated Strain with Gca$ and ReaE
Cca$ photosensor RoaE photosensor phutosensers
Conventional eyanobacteria strains Pleurocapsa sp. PCC 7319

The uniqueness of CA in Pleurocapsa sp. PCC 7319.

The research group, including master course student Takuto Otsu, Professor Toshihiko Eki, and Associate Professor Yuu Hirose
of the Department of Applied Chemistry and Life Science, Toyohashi University of Technology, explored the genome information
of cyanobacteria accumulated in the database and discovered that a cyanobacterium Pleurocapsa sp. PCC 7319 has both RcaE
and CcaS photosensors (the figure above). The color of green-acclimated cells of strain PCC 7319 became red, whereas that of
red-acclimated cells became green. This is the typical response of the CA (A in the figure below). The research group
investigated the composition of phycobilisome genes and found that the strain PCC 7319 has genes for phycocyanin and
phycoerythrin, which absorbs red and green light, respectively, in the rod part of the phycobilisome. They also found that strain
PCC 7319 has genes for two different types of phycobilisomes; hemidiscoidal phycobilisomes and rod-shaped phycobilisomes.
They isolated phycobilisomes from the green- and red-light acclimated cells (B in the figure below) and confirmed through
absorption and low-temperature fluorescence spectral analyses and LC-MS/MS analysis that the response at the transcriptional
level is reflected in the regulation of phycobilisome components (C in the figure below).

Green light-acclimated cells Red light=acclimated cells B
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A: Microphotographs of Pleurocapsa sp. PCC 7319 performing CA. Scale bar: 10 pm.
B: Photographs of phycobilisome fractions isolated by sucrose density-gradient ultracentrifugation.

C: Absorption and low-temperature fluorescence spectra of the isolated phycobilisome fractions.

The research group revealed by RNA-Seq and promoter motif analyses that CcaS induces rod-shaped phycobilisome gene under
green light, and Rcak induces the synthesis of phycocyanin gene clusters under red light (the figure below). These results
showed that RcaE optimizes the composition of phycoerythrin and phycocyanin to maximize light absorption under green and
red light. On the other hand, Cca$S produces the rod-shaped phycobilisome that is predicted to be attached to PSI under green
light, where the excitation of photosystem | is insufficient. These findings demonstrated that strain PCC 7319 performs a "hybrid
type" of CA which regulates the absorption wavelength and the morphology of the phycobilisomes via dual photosensors. How
strain PCC 7319 acquired these dual photosensors has not been revealed in detail; however, it could have acquired such an
ability by a mechanism whereby the genes are exchanged between cyanobacteria (horizontal gene transfer). In addition, the
RNA-Seq analysis suggested that a third photosensor other than Rcak and CcaS may induce the expression of phycoerythrin
genes under green light.
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Model of molecular process of CA in Pleurocapsa sp. PCC 7319.

The structural changes in the hemidiscoidal and rod-shaped phycobilisomes will be elucidated using cryo-electron microscopy in
future research. In addition, it is also important to identify the third photosensor involved in the induction of phycoerythrin genes
under green light. The elucidation of the complex photosensing mechanism in cyanobacteria is expected to have a ripple effect
on a wide variety of research, ranging from the understanding of the fundamental mechanisms of photosynthesis to the
optogenetic control of living organisms with illumination of colorful light.

This work was supported by MEXT KAKENHI Grant Number 19K06707 "Analysis of diverse structural changes in the
phycobilisome during chromatic acclimation (Principal Investigator: Yuu Hirose)." This work was also supported by research
grants from JGC-S Scholarship Foundation and the Foundation for the Promotion of lon Engineering.
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Agreement on Comprehensive Collaboration Signed with Toyohashi Rail Road Co., Ltd.

I Agreement on Comprehensive Collaboration Signed with Toyohashi Rail Road Co.,
Ltd.

Toyohashi University of Technology has signed an Agreement on
Comprehensive Collaboration with Toyohashi Rail Road Co., Ltd., under which
the parties will cooperate with each other in their respective fields and work
toward solving regional issues.

At the agreement ceremony held on Tuesday, October 25, 2022 at the
Toyohashi Railway City Line Ekimae stop, representatives from each
organization signed the agreement, including Kazuhiko Terashima, President of
Toyohashi University of Technology, and Toshihiko Ogasawara, President and
CEOQ of Toyohashi Rail Road Co.,, Ltd.

The main points in the collaboration and cooperation are as follows:

1. Matters concerning education

2. Matters concerning research

3. Internships and other matters concerning mutual human resource
development

v __.".'- J = " 3 .'_.‘- X
Agreement ceremony at the Toyohashi Railway City Line
Ekimae stop.

Based on the agreement, the parties plan to undertake extensive collaborative cooperation including, for example, the analysis
and evaluation of the state of public transportation and its various values. They will also pursue initiatives with "sustainable
development of public transportation and town development" as the theme.

As a community-based university, Toyohashi University of Technology will continue to engage in activities in cooperation with the
local community.
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