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Analysis of Morphology and Aerosol Diffusion Behavior of Microcapsules in
fabric Softeners
Chiharu HAYASHI (Kanazawa University Senior Highschool 2d grade)
Takafumi SETO (Kanazawa University)

1. Purpose of the research
In recent years, plastic microcapsules (MCs) have been used in some products such as
synthetic detergents, fabric softeners, and agricultural chemicals, etc. There are still many
unknown points in MCs are effective in slow dissipation of encapsulated drugs and in
sustaining fragrance, but their kinetics in the environment and their diffusion into gases.
In this study, we evaluated the physical properties of MCs contained in commercial fabric
softeners for clothing and further analyzed their behavior as aerosols.

2. Materials and Methods

First, 10 pd of the three softeners (A, B, and C) were dropped onto a glass substrate, heated
at 50°C, and the morphology was observed under an optical microscope. Next, to verify
whether these MCs existed as aerosols, the particle size distribution of aerosols generated
by spray drying was measured by an optical particle counter (OPS).

The experimental system for evaluating the diffusion characteristics of the softener is
shown in Fig. 1. A cloth (polyester) impregnated with a
fabric softener was placed in a bag with a glove (about 50 L),
filled with clean air, and then the cloth was vibrated 20

times to generate aerosols. Aerosols with and without fabric

Glove bag
(50L)

softener, as well as aerosols with three different fabric Optical Particle

' 1 ] Filtered Air Sizer (OPS)
softeners, were aspirated by OPS. Finally, a micro-Raman

spectrometer was used to investigate for detecting MC. Fig.1 Experimental setup.

3. Results and Discussion

Observation of the fabric softener with an optical microscope revealed spherical particles of
1 to 50 pm in size, which may contain fragrance inside. When a suspension of fabric softener
A diluted with pure water was spray-dried, aerosol generation was observed in the range of
0.3 to 2 pm in particle size (o in Fig. 2). The aerosol particle size was measured to be smaller

than that of the microscope, because only the outer shell was

detected as an aerosol probably due to the evaporation. § 12: 70‘0 Sf;“”i;ﬁ*;y dw ‘ |
Particle size distribution of the aerosol generated by friction g otL ©p, Loemicn]
of a cloth placed inside the bag is shown in e in Fig. 2. The § 103',. %o i
figure shows that aerosols of 2 pm or larger were clearly § 102 F *e®esfe, .
generated. These may be aerosols formed by microcapsules é 10'F o te
adhering to fabric fibers. The results of the measurement otk e‘é‘1‘ PR e‘é:;
using micro-Raman scattering spectroscopy to analyze the Diameter [um]

chemical composition will be presented.
4. Acknowledgments

Fig, 2 Size distribution.
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Autonomous Intravenous Drip Stand
Hinano Konta (Hyogo Prefectural Miki Senior High School, Grade 3)
Keizo Miyahara (Kwansei Gakuin University)

1. Purpose of the research "
marker
Hospitalized patients suffer from a variety of stresses v ™

. 2 omnidirectional
through the unfamiliar life in medical institutions. A\d“p b()ty camerd
Especially for pediatric patients, Venous drip Stands o

(IVS) is an inconvenient object that is heavy and pediatric patients moving part
difficult to move. Aiming to free pediatric patients from  Fig.1 Autonomous Intravenous
IVS handling, this study proposes an autonomous Drip Stand.

mobile IVS system (Fig.1). A prototype is developed to demonstrate the feasibility of the

proposed system.

2. Materials and Methods
Figure 2 shows the schematic diagram for prototype /marker

@

. . — . L. Omnidirectional
configuration. An omni-directional camera is installed on < 2 1 camera
. . . arip stanc
a mobile platform to measure the patient motion. The

acquired data is used to control the platform. A target platform platform
(target side) (stand side)

recognition subsystem is developed with OpenCV and Fig.2 System prototype.

Python environment. Applying complex vector notation

for the relative position and orientation between the target and the platform, the control
set point can be formulated in a straightforward manner. In addition, the target velocity
vector is estimated using the second order backward method with the acquired data to
achieve better tracking performance.

3. Results and Discussion camera
After confirming the operation of each subsystem (camera, target- drip stand
recognition, and mobile platform), the system parameters for more

agile motion were examined by a series of test run (Fig.3). Although p?a(t:form

some parameters need to be adjusted for field application, the

prototype demonstrated the feasibility of the proposed IVS Fig.3 Developed

system (Fig.1). To achieve an IVS with new functions, future autonomous mobile.

studies should investigate 1) the development of safety devices, 2) the improvement of
motion estimation methods, 3) the addition of QOL-enhancement function, and 4) the
support of medical treatment with this system. Furthermore, this system can be applied to

adults and elderly patients, as well as childcare and nursing care.
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Staff and Hyogo Prefectural Children's Hospital Staff.
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How to increase the extraction efficiency of water from the air?
Takanori Koizumi(Shizuoka Highschool Sophomore)
Prof. Masaru Shimomura (Shizuoka University)

1. Purpose of the research

This research aims to develop a device which collects water from the air, based on my
water repellency studies since elementary school. This research has the significance of
contributing to the social problem of water shortage and dehumidification with low power
consumption. In this research, a unique layered stainless-steel mesh structure was
examined. Water droplets form easily on hydrophilic surfaces, but their collecting
efficiency was poor on them. Therefore, the three-dimensional structure was used in the
device to prevent evaporation and enhance droplet size, which improves the collecting

efficiency.

’
i

2. Materials and Methods =
The device by multiple-layered stainless-steel mesh / /f" / - / :
was constructed. Firstly, the relationship between mesh / 7 / /"/'
fineness and surface characteristics on power to collect Fig.1 Device three-dimensional
water. The device equips 8 different meshes, which have structure proposal
four different fineness and two different surfaces (i.e., hydrophilic and hydrophilic). Then,
utilizing the difference in the force of suctioning water droplets due to the fineness and
the surface characteristics of the mesh, relationship between the property of mesh (1) and

(2) in Fig.1 and the collection of water droplets by the device was studied.

3. Results and Discussion 604 0038

0.036

Fig 2 shows the relationship between the

fineness of the mesh and the force that sucks

water droplets. There is a tendency that the finer
the mesh, the greater the suctioning force, but the

Amount of water drawn by mesh (g)
=4
8
&

size of the water droplets on the outermost mesh is 1oomesh - 200mesh - 300mesh - s00mesh

===hydrophilic mesh  ====hydrophobic mesh

another key factor.

The data revealed only mesh ) in Fig. 1 Fig.2 Relationship between mesh fineness

extracted water. And hydrophilic mesh extracted and power to draw water droplets
better, this is also based on the fact that condensation nucleus is likely to form on a
hydrophilic surface [1]. (2) in Fig.1 has the role of enhance suctioning efficiency, and
gradually decreasing the mesh size from the top, the collection efficiency was increased.

Also, the influence of (2) on sliding was more critical than surface properties of (1).

4. Acknowledgment
I would like to thank the Shizuoka University FSS staff for their support, and all the
people who supported my research.
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A comparative study on elastic deformation limit of alloy plates with
special shapes
Otoha Uchida (Matsue Minami High School, Shimane Prefecture, 3rd Year)
Kiichiro Sawada (Professor, Shimane University)
1. Purpose of the research
There are several studies on ‘Large Deformable Elastic Plates’ which can
expand elastic deformation limit by special shape. However, they were previously
limited to steel materials. Here, it is shown from experiments that the elastic limit
deformation can be expanded by using alloys for the plates.
2. Materials and Methods
We used steel, Al Alloys, and Ti Alloy plates as experimental specimens. Based on
previous research 5, we processed them into special shapes and conducted compression
experiments. We defined materials as Material A, focusing on increasing elastic
deformation limit, and Material B, prioritizing an increase in elastic load limit,
respectively.
3. Results and Discussion
It has been confirmed that the elastic deformation limit is extended by using alloys.
The expansion of the elastic load limit corresponds to the ratio of yield strength for
each alloy V4 and the expansion of the elastic deformation limit corresponds to the
ratio of yield strength to Young's modulus for each alloy V'4). Considering both
performance and economical aspects, Al alloys are effective.
4. Acknowledgments
As part of the Shimane University Global Science Campus initiative, we received
support from JST. We would also like to express our gratitude to Mr. Yui Kageyama,
Mr. Keigo Kajitani, Mr. Yoshiki Hiroyama, and Ms. Nguyen Tran Thi Hong Nhung of
the Department of Architecture and Design at Shimane University, as well as Mr.
Kazuhiro Sakamoto, a technical specialist, for their invaluable cooperation.
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Alloys," Dental Materials & Instruments, Vol. 2, No. 6, 765-771, 1983.4) Takeuchi et
al., "Experimental Formulas for the Temperature Dependence of Elastic Moduli of
Various Special Steels and Aluminum Alloys," Materials, Vol. 26, No. 282, p. 210-214,
1977.5) Sawada, K. et al., "A Study on Multi-Objective Optimization of Large
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Study on Rendezvous Docking Technology of a
Satellite Capture and Transport System Using a Tethered Climber
Yusei Alex Sato (Shibuya Senior High School, Grade 3)
Shinichi Nakasuka (The University of Tokyo)

1. Purpose of the research

The recent rise of the private sector in the space industry has led to a need for orbital
platforms that provide on-orbit services, such as component replacement for satellites. The
sustainable provision of such services requires a Rendezvous Docking (RVD) system that is not
overly reliant on the frequently used reaction control system (RCS), which reduces satellite
lifespan due to propellant consumption, rendering them unsuitable for long-term services. As
an alternative RVD technology, this research proposes the use of tethers and magnets. The
purpose of research is to design and validate a novel satellite capture and transport system
that utilizes tethers, a climber satellite [1], magnets, and RCS to reduce propellant

consumption and enable the sustainable provision of on-orbit services through simulations.

(DLong-range rendezvous (@Close-range rendezvous (3Docking
- /-\
2. Materials and Methods - Docking
. . \
The RVD system that utilizes tethers, magnets, Eramese Finatppproset . it
Tether B~ r ::> — J
and RCS is designed and categorized into five Pendulum e
Maneuver — Target
phases. The system dynamics of each phase are - N
formulated into models and their control laws are (Ghasen | @Return %
o1 s7e . Depl nt —
developed. Subsequently, the system’s feasibility is TeterA \x pament <7 T o
. . ®Relocation Retrioval | TG l.
evaluated in terms of tracking performance, l‘*‘:ll
[ omiwbaom | Orbial Plaform |

elapsed time, and propellant consumption through
simulations in Simulink. Based on the simulation Fig. 1 Overview of the RVD system

results, the satellite design is revised, and the operational region of RVD is studied.
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3. Results and Discussion
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in consumption) and an Orbits

elapsed time of 39 hours, the Fig. 2 Simulation Results

RVD mission is successful. Overall, the simulations validate the RVD system’s feasibility.
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Data Structuring for Deeper Feature Extraction in Human Activity Recognition”
Sensors 21, no. 8: 2814. https://doi.org/10.3390/s21082814
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Body posture recognition using wearable sensors and deep learning and
its application
Mana Tsukamoto (Ehime Prefectural Matsuyama Minami High School)
Jae Hoon LEE (Ehime University Graduate School of Science and Technology)

1. Purpose of the research

One of the important factors causing lower back pain in individuals aged 20 to 40 years
is their “posture”. When a habitual bad posture lasts in a long time, the symptom worsens.
In this research, a technology to recognize human lower back posture using wearable
sensor and deep learning [1] is developed, and a novel method to guide a wearer is
proposed to correct his posture by informing the bad pose. A sitting posture of desk
worker aged 20 to 40 years were focused, a recognition algorithm was developed with the
sensor data collected from subjects.

2. Methodology

IMU sensors were attached to waist and neck region to collect data from five postures:
correct posture, upper body hunched, warped back, sacral sitting, and crossed-legs.
Acceleration and angular velocity data were extracted from the collected data. Data
losses due to random error in wireless communication were interpolated. Then three
datasets were created: “Waist Sensor Dataset”, “Neck Sensor Dataset”, and “Combined
Sensor Dataset of both sensors”. Each dataset was labeled as follows: (1) correct posture,
(2) upper body hunched, (3) warped back, (4) sacral sitting, and (5) crossed legs. The

neural network was trained using these three datasets.

3. Results and Discussion

Training and Validation Accuracy Trainig and Validation Loss

= Training Loss
Validation Loss

The validation accuracy of | *| o
“Combined Sensor Dataset of both {

sensors” was very high at 97.8% as /

o [

displayed in Figure 1. The accuracy 1

for “Waist Sensor Dataset” was | ,,| ) " \
74.6%, while “Neck Sensor Dataset” ’ ° &
had an accuracy of 86.1%. | ] | “ \
Therefore, “Neck Sensor Data” | .. “

demonstrated a higher accuracy,

—— Training Accuracy “
Validation Accuracy 0.0

0 20 40 60 80 o 20 40 60 80

suggesting that placing the sensor Figure 1. Accuracy and loss change when

at neck region would be more

trained using “Combined Sensor Dataset”

accurate if only one sensor is used.
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lon property measurement in ion engines with argon propellant
using a Thomson parabola
Chikushigaoka high school second-year Hazuki Shibata
Naoji Yamamoto

1. Purpose of the research

In recent years, planetary exploration has become increasingly important for the exploration of outer space, the protection of the global
environment, and the development of mankind and civilization. However, few Japanese private companies have embarked on planetary
exploration. Cost is thought to be a major barrier for private companies. Electric propulsion and chemical propulsion are two types of
satellite propulsion, but electric propulsion is two to ten times superior to chemical propulsion in terms of critical thrust, which means
fuel efficiency. As a result, satellites can be made smaller and lighter, and launch costs can be reduced. For this reason, we focused on
ion engines, which have particularly excellent critical thrust (fuel efficiency) among electric propulsion systems. We also considered the
possibility of reducing the cost of propellant. Currently, xenon is the main propellant used in ion engines. Although it boasts high
thrust, it is scarce and costly because it exists at only 0.087 ppm in the air. Therefore, we thought that it would be possible to reduce
costs if argon, which has high critical thrust (high fuel efficiency) and is present at 9340 ppm in the air, could be substituted as a
propellant while maintaining the performance of the ion engine. If argon were recognized for its usefulness as an alternative
propellant, it would lower the hurdle to civilian planetary exploration. However, it is said that using argon as a propellant causes
lonization into monovalent and divalent forms, resulting in a reduction in propulsive performance. We would like to conduct
experiments to determine whether ionization really reduces propulsive performance and to confirm the usefulness of argon.

2, Materials and Methods

A Thomson parahola was used to observe trajectories that varied with valence. The fluorescent plate of the detector was imaged with a
camera, and the data was used for visualization and analysis of the abundance ratios.

3. Results and Discussion

The presence of divalent ions was 2.1% at 12W and 2.9% at 27TW

The ratio of divalent ions was only 2.1% at 12W and 2.9% at 27W. Therefore, it can be said that the usefulness of argon was confirmed

without the need to consider performance degradation.
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An attempt to collect atmospheric vapor by spider Silk
Satoshi Uyama (Shimane Prefectural Matsue Minami senior high school, third grade)
Tatsuyuki Yamamoto (Shimane University)

1. Purpose of the research
In arid regions such as South America, where there is little rain throughout year, they

use a tool called a fog trap, to collect atmospheric water for domestic use. However, this
uses petroleum-derived substances, which consumes limited resources in the world.
Therefore, we thought that using bio-based materials could reduce oil consumption. This
time, I decided to perform an experiment using spider silk. Many people may have seen
a spider web with large amounts of water droplets, as shown in the photo. I thought that if
spider silk could collect a lot of water, it could be used in place of a conventional fog trap.
In this study, I compared the collection efficiency of spider silk with other strings as
sewing thread and fishing line from the viewpoint of spider silk's components and
properties.
2. Materials and Methods

A fog trap model (hereinafter referred to as the model) is created by wrapping three
types of thread (spider silk (traction thread), sewing thread, and fishing line) around a
Styrofoam frame with a certain number of times. Steam from a humidifier was applied to
the model installed inside a plastic case, and changes in the weight of the model were

measured using an electronic balance to obtain the net weight of the collected water.

3. Results and Discussion
The Weight of water collected by the Calculated weight of water per unit surface area of strings
model wrapped with each thread was
reduced by the unit surface area of
each thread. The calculated data is
shown in the Figure 1. It turns out that Five times larger

spider silk is five times more efficient

A

Spider web string Sewing thread Fishing line

(nylon). I speculate that the efficient Name of sample

Weight of water per unit surface area / mm?

at capturing water than fishing line

collection is due to the protein (fibroin)

in spider silk formlng hydrogen bond Fig.1 Calculated weight of water per unit surface area of strings
with water molecules, and we are

conducting measurements using Raman spectroscopy.
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Effect of abandonment on nitrogen mineralization potential
of soil compared to a cultivated field.
Kanata Kamijo (Matsumoto fukashi senior high, 3¢ grade)
Chie Hayakawa (School of Agriculture, Utsunomiya University)

1. Purpose of the research

Abandoned farmland areas in Japan has been increasing in recent years. Abandoned
farmland is often overgrown with weeds and bushes, causing various problems such as
damages to crop plants by wild animals. On the other side, the increase of wild plant
biomass means to increase the amount of organic matter returned to the soil in the
abandoned field. Looking from a different perspective, this can be considered as rough fallow.
Therefore, reinterpreting the abandonment of cultivation as rough fallow in this study, we
aimed to investigate the increase of organic nitrogen in the soil and nitrogen mineralization

reactions due to abandonment, compared to the continuously cultivated field.

2. Materials and Methods

Soil samples were collected from the abandoned field and nearby cultivated field in
Matsumoto City, Nagano Prefecture. After sieving, soil samples were used for physico-
chemical analyses (soil EC, soil pH, and total nitrogen (N) concentration in soil) and the
incubation experiment for available N. The amount of available N was determined as the
release of inorganic N (ammonium and nitrate N) from organic N in soil for 28 days
incubation. The concentrations of ammonium and nitrate N extracted from soil were
measured by a modified indophenol method and ion chromatography, respectively. In
addition, the amounts of bacterial 16S rRNA gene for total bacterial biomass and the amoA

gene for ammonia-oxidizing bacteria (AOB) were measured using quantitative PCR.

3. Results and Discussion

The amounts of total N considered as the source of inorganic N in the soil were similar
between the cultivated and abandoned fields. This may be due to the organic fertilizer
applied every year to the cultivated field. On the other side, the amount of available
nitrogen was 1.6 times higher in the abandoned field than in the cultivated field. The
amount of total bacteria was significantly higher in the abandoned field than in the
cultivated field. The amount of AOB was higher in the cultivated field, but not significant
due to the large measurement error. These results suggest that the abandonment of
cultivation may have maintained or increased the N availability in the soil compared to
the cultivated field.
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Analyzing the Accuracy of a Taekwondo Anomalous Kick Discrimination
Algorithm with Inertial Sensor Data
LIU XIMAN (Hyogo Prefecture Kobe High School Grade 2)
Tsutomu Terada (Kobe University)

1. Purpose of the research

To improve the accuracy and quickness of judgement in Taekwondo, measuring contact and force by
electronic body protectors have been used since 2008. However, the current system can misjudge
illegal kicks, such as the Monkey Kick. Therefore, the presence of electronic protective gear was an
inducement to the use of illegal kicks. This study proposes a new method to detect monkey kick using
machine learning based on accelerometer and gyroscope sensor data. We also investigate the optimal
number and placement of sensors for cost-effective, wearable systems.

2. Materials and Methods

Monkey kick and 11 types of official kicks were measured 20 times each by attaching 6-axis
accelerometer and gyroscope sensors to the torso, pelvis, and ankle joints, with three Taekwondo
players. The average and variance of sensor values along each axis were calculated for feature
extraction. We used two classification methods, Random Forest and IBk, which performed the
classification of 12 types of kicks and the binary discrimination of whether a kick was illegal or not.
Identification accuracy was assessed both within subjects (trained with the player’s data only) and
between subjects (trained with the other players’ data) with all combinations of the sensor
placement (15 variations).

3. Results and Discussion

In intra-subject identification, 100% accuracy was achieved even with one sensor on pelvis,
suggesting the feasibility of a single-sensor system in competition if personal data are pre-collected.
However, the highest accuracy rate was only 64.2% in inter-subject identification. Waveform
analysis revealed that misjudgment between a "Halfmoon Kick" (a formal kick), which is
characterized by changes in x-axis accelerometer and gyroscope data 0.25 seconds before the foot
hits the protective gear, and a variation of the Monkey Kick, which has a slow change in
acceleration (Fig. 1b, ¢). However, it is expected that time-series considerations in machine learning
would significantly enhance identification accuracy in inter-subject identification in the future

study.
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Fig. 1 (a)Monkey kick (b) Halfmoon kick (c) Monkey kick classified as Halfmoon kick
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Development of Prompting to Utilize Generative Al as a Self-Study tool
Miyahira Ryusuke (Syuri High School, Okinawa 3rd grade)
Kato Tsukasa (Graduate School of Education, University of the Ryukyus)

1. Purpose of the research
One of the issues in the current educational field is the inequality of educational
opportunities, as some students are unable to go to school due to economic reasons.
Generative Al has the advantage that its free version is available to anyone, and there
are few restrictions on time and place. However, due to the problem of reliability of the
answers provided by the Al it is difficult to say that its use in education has
progressed to the present. In this study, we will investigate the applicability of
generative Al in the field of high school mathematics, and develop and evaluate a new
prompting method that leads to its use as an independent learning tool. It is expected
that the results of this study will enable students who are unable to attend cram school
due to economic reasons or time constraints such as club activities to learn in a
homogeneous manner using generative Al, thereby eliminating the problem of
inequalities in educational opportunities.
2. Materials and Methods
The version GPT-3.5 of OpenAl's ChatGPT series was selected as the target of the
applicability evaluation in view of its price and its proven use in Japanese. In order to
accommodate students who do not need a second test in mathematics for university
entrance examinations, we focused on the National Center for University Entrance
Examination (hereafter, DNC examinations). A pre-experiment was conducted to
evaluate the applicability of the Al generated by the conventional prompting method. In
addition to a simple correct response rate, we defined an unknown rate related to the
applicability of the generative Al as an evaluation measure for the pre-experiment.
Based on the results of the pre-experiment, we discussed problems in the application of
the generative Al to common tests and proposed a new prompting method. The
effectiveness of the proposed method and the conventional method was evaluated by
comparing them in multiple settings.
3. Results and Discussion
Previous prompts resulted in a low percentage of correct responses and a high percentage
of unclear responses. A new prompt was developed with the goal of solving the
problem.The new prompts were designed to learn the answer format of DNC
examinations, which greatly reduced the number of ambiguous answers.
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Creation of a Study Plan Suggestion Tool That Takes into Account
Differences in the Concentration of Study Subjects at Different Times of Day
Chiho Imoto (Senzoku Gakuen Senior High School 2rd Grade)

Yasushi Kawase (The University of Tokyo, Graduate School of Information Science and
Technology), Saku Sugawara (National Institute of Informatics, Content Science Research
Division)

1. Purpose of the research

The process of creating a study plan, which is essential for independent study outside of
class, 1s important for students. The aim of this study plan is to maintain a high level of
concentration in order to study more efficiently. The purpose of this study is to develop a
study plan proposal tool that takes into account the relationship between the time of day
and the subject matter studied, in addition to the factors identified in previous studies
that can affect an individual’s ability to concentrate. The development of this tool will
support more efficient learning enabling each individual to obtain a study plan based on
the characteristics of his or her own concentration.
2. Materials and Methods

Using JINS MEME concentration measurement glasses and a web-based concentration
measurement tool, concentration data was collected for approximately three months, with
thirty minutes as one unit, recording the time period studied, subjects, concentration
measurement results, exercise, and sleeping time. Based on the results, coding was done
using scikit-learning, adding the collected data to the explanatory function. The actual
proposed plans were incorporated into the study and the results were analyzed by
measuring the level of concentration for a period of about one month.

3. Results and Discussion ——

The regression model used was Lasso il
regression. The average difference in
concentration was analyzed and summarized 2
only for the data that had at least seven I I
measurements before and after the tool was
used, in which the time of day, subject, S S ST
exercise, and sleep duration were all the
same. The figure shows that the
improvement in concentration was observed
especially Math and English, which are the
most frequently studied subjects. In particular,
the establishment of a study pattern through
the incorporation of tools in the morning hours
was clearly evident in the improvement in
concentration. In addition, overall concentration improved from 48.7 to 59.1 on average.
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Interaction between Hallucination and Word Prediction Distributions:
Proposal of New Confidence Parameters
Tatsuhiko Akiyama The First High School, Tokyo University of Agriculture 1st grade
Kaito Fuji National Institute of Informatics, Yuki Uranishi at Osaka University

1. Purpose of the research
The competence of Large Language Models (LLMs) has grown significantly in recent
years. At first glance, LLMs appear to generate higher-quality text. However, new
challenges have emerged. Among them, the phenomenon of hallucination stands out,
where generated text can be inaccurate, unrelated, or inconsistent. [1]
It's imperative that LLMs provide accurate information. The equation for a Language
Model is given by:

n+1

P(s) = l_[P(wi | Wo = Wij_1 )Wy =< 8§ >, Wy =<5 >

i=1
Where wy =< s> indicates the start of a sentence and w,,; =<s > indicates the end.
This formula represents text generation based on next-word prediction distributions. In
this work, we explore the interaction between hallucination and word prediction
distributions and propose a new parameter termed "confidence".
2. Materials and Methods

Figure 1 depicts a density estimation of the entropy of the word prediction distribution
produced by the model. Hallucination exhibits greater variance compared to the correct
answer within the prediction distribution. This graph illustrates that the phenomenon of
hallucination results in substantial variability in the prediction distribution. Future

research will focus on developing a confidence parameter based on this.

3. Results and Discussion
Figure 1 is graph of density estimation of entropy of word prediction distribution by the
model. Hallucination has more dispersion than corrected answer on prediction
distribution.
This graph show phenomenon of hallucination has much dispersion on prediction

Eiropy of Word Prsiction Diekibuton by e Modal distribution.

3 Hallucinated

= comineee 10 the Future research, I'm going to develop

confidence parameter on it.
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Understanding of Linguistic Instructions Considering Previous Them and
Generation of Robot Arm Behavior by Deep Learning
Tanaka Reo(Nanyo High School,2nd Grade)
Hiroshi Kajino(IBM Japan,Ltd),Hirokatsu Kataoka(National Institute of Advanced

Industrial Science and Technology)

1. Purpose of the research

There have been many studies on integrated learning of robot actions and language using
deep learning. Among them, Yamada et al. in their study [1] analyze the representation in
models of not only words that have direct grounding to the real world, but also logical
words that themselves have no direct grounding. Since referring expressions, like logical
words, do not have their own grounding but are related to the meaning of the sentence, it
1s meaningful to analyze referring expressions as well. In this study, we confirm whether
the model can appropriately generate actions using sentences that include forward
referential expressions such as "tap that thing you just lifted up" as input.

2. Materials and Methods

In this study, the robot arm is asked to perform a task on a simulator.

1.Two cubes are placed in front of the robot arm. One cube is red and the other is blue.
2.Linguistic instructions are given to the model. Specifically, it is given in the form of an
action + object. The word in the action part is either "Hit" or "Point," and the word in the
target part is either "Red," "Blue," or "That".

3. The model judges that it has finished receiving the instruction and starts the action.

4. After the action is completed, the model returns to the same position as before.

This task is performed twice in succession. "That" may be given as a linguistic instruction
for the second task, in which case the model performs the action on the object specified in
the previous instruction.

In actual motion generation, low-dimensional features are obtained from the images by
CAE , and then the MTRNN receives the image features, motor status, and language
information as input to generate the subsequent motion. The internal representation of

the model is examined by principal component analysis.

3. Results and Discussion

I am currently in the process of training the model.

As soon as I finish training CAE, MTRNN, I will confirm the generation of the correct
behavior and use principal component analysis to examine the representation of the

language in the model.
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Estimation of food volume from still images considering plate
Mayu Arino (Senri International School Of Kwansei Gakuin Grade 2)
Sei Ikeda, Osamu Oshiro
1. Purpose of the research
Patients need to record their food intake during treatment of diet-related diseases. The
goal of this study is to enable patients themselves to easily record and estimate the
amount of food they eat every day using a smartphone in order to easily and accurately
estimate the amount of food eaten from pre- and post-meal food photographs
Previous studies used expensive smartphones or did not measure the actual amount of
food eaten, which is not fit for purpose.
2. Materials and Methods
I obtained depth from images of food on plates taken with a monocular camera,
estimated depth of dishes hidden by food, estimated the volume of food from the
difference. I took pictures above the food with a monocular camera and estimated depth
using the existing program "Boosting Monocular Depth Estimation with Lightweight 3D
Point Fusion". The food hid the dish so, I separated the food and dish, and averaged the
surrounding pixels from the outermost, pixel by pixel, until all the depths were known.
Estimated the food volume from the difference of dish depth and food depth.

3. Results and Discussion

I tested the accuracy using food samples. The volume measured by submerged in water
was 133 cm3, but the estimated value was 526 cm3, and error margin was 394%. Although
the error was large, the order was correct. Landscape images are used to train depth
estimation programs, if nearby objects and foods are used, the error between the
estimated depth and the actual depth will be reduced. If the depth estimation of tableware
were averaged with wider range, and averaged when there is more than two pixels that
the depth is known it would be better.

v

Fig.1 Food volume estimation (from left: photo, overall depth, estimated tableware depth, and food volume)
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The information amounts of Panda's Japanese sign language

Kururi Mori (Grade-2, Oita Uenogaoka High School)
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1. Purpose of the research

The purpose of this research is to clarify the difference in information between fingers, arms,
and facial expressions, which are sign language (SL) elements, using the sign language of the
costumed Panda. Because of COVID-19, people began to wear masks, and communication in
sign language that needed to read the sign language from facial expressions became difficult.
In order to quantify information transfer in sign language, we quantitatively investigated the
amount of information using the sign language of a costumed Panda, which restricted the
movement of the fingertips and facial expressions and studied important elements of
information transfer in sign language.

2. Materials and methods

Videos of a costumed Panda’s sign language to 12 deaf people who use sign language in their
daily lives were presented. They transcribed the sentences shown in the video on the answer
sheet and did it in a test format to check their level of understanding. There are 4 kinds of
videos, 1. A human with a clear whole body, (2) A costume Panda with an unclear whole body,
(3) A face-out Panda with only the head of the costume removed, (4) A hand-out Panda with
only the hands of the costume removed. The amount of information for each of the fingertips,
arms and facial expressions were checked. The amount of information was calculated by
quantifying the score of sign language reading. In addition, eye tracking to find the movement
of the line of sight during watching videos was used.

3. Results and Discussion

Table 1 shows the 4 types of information ratios in the video, and Table 2 shows the information
ratio divided into fingertips, arms, and facial expressions. The costumed panda that can't be
seen the face and hand, will transmit about half of the information compared to when it can
be seen. The amount of information at the fingertips is higher than the facial expression.
Figure 1 shows the result of the movement of the line of sight in each video. When a human

face can be seen, pay attention to the mouth, Table 1 Difference in information transfer rate between

and in pandas who can't see the mouth, pay  costume panda and human sign language

attention to the movement of the hands in Costume Face-out Hand-out
Panda Panda Panda

front of the face, and if the fingertips can’t be
seen, they are trying to read it with the whole
arm. From these results, we can see that sign
language looks at the mouth, catches
information centered on the
movement of the mouth and facial Table 2: Percentage increase in individual information in the
expressions, and reads information  case of hand-out and face out Panda.

fmgermformatlon information information

and arms in the surrounding field of TE—— S5 o T

view. Face-out Panda 11% 11% 18%
Akira Ichikawa Yuji Nagashima Mina

Terauchi (2005) Information

Processing Society Research Report M @ 3) @)

ComPUteI' Vision and Image Fig. 1 Tracking of sight (1)Human (2)Panda (3)Face-out Panda (4)Hand-
Information (CVIM), No. 18, pp. 67-72  out Panda
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A Study of the Anxiety of People with Disabilities during Disasters
Miyu Koshimizu (Yachiyo Shoin senior high school 2rd grade)
Lim Yongjae(Chiba University Faculty of Education)

1. Purpose of the research

In the Great East Japan Earthquake, the death rate of people with disabilities exceeded that
of people without disabilities. In Kamaishi City, many students and residents were able to
evacuate near Kamaishi Higashi Junior High School due to citizens' voices, but many students
died at an elementary school in the neighboring town of Otsuchi. Many dlsabled people take
medication on a daily basis. Although disaster countermeasures focus on evacuation routes, it
1s necessary to strengthen disaster countermeasures related to medicines that are necessary
for survival. Based on the above three points, the purpose of this study is mainly to investigate
the current status of disaster preparedness and social connection of medicines.

2. Materials and Methods

Interviews were conducted with six men and women, each lasting about 10 minutes, who
regularly attend rehabilitation at a welfare facility for persons with disabilities that was
introduced to us by a city official. Because other commuters were present, notes were taken of
the interviews and transcribed after they were completed. Each subject was interviewed after
agreeing to be used only for the research of this study. This was a qualitative study.

3. Results and Discussion

Table Demographic characteristics of participants Those in D will

Gender|Physical characteristics |House Features Roommates iilsslg;n ds t};ilﬁ
@ |Female |Cerebral infarction Detached house Husband, Daughter daughters. Those
@ |Female|High blood pressure Detached house X in @ will evacuate
® |Female|Chronic physical ailments |Apartment house X in the event of a
@ [Male |Post-spinal Cord Surgery |Detached house Wife(with dementia)| disaster. Evacuate
®) |Female|With pacemaker Multi-unit apartments X With' 3}11 prescribed
® |Male |Limp Detached house Wife medicines. She

lives on a plateau
where there is less damage from earthquakes. Person (3 does not interact with neighbors and
does not want to rely on family. She will not evacuate. Person @ has difficulty walking due to
a limp. Relatives living nearby are assisting him. He is registered on the city's contact list, but
it is not working. Person (® attends meetings at the housing complex and interacts with others.
Person (® lives in a wheelchair. They do not evacuate. These results indicate that most of the
disabled people rely on their family members, and there are few people in the community they
can rely on there. Since they feel guilty about relying on their families, it is necessary to form
a society in which it is taken for granted that the community will help them with the taxes
they pay. It is also necessary to devise ways to minimize damage in the event of a disaster.
Consideration should also be given to including this in the approval criteria for municipal
facilities. Few people take measures regarding daily medication. It is difficult to evacuate with
a large number of medicines at once, so it is necessary to take measures considering the actual
evacuation situation. Methods of cooperation with universities and community pharmacies
should also be considered.
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Internal observation of trees using cosmic-ray imaging
Riko Tsurumi(Taki High School)
Kunihiro Morishima(Nagoya University), Toshiyuki Nakano(Nagoya University)

1. Purpose of the research

Tree diagnosis 1s essential to prevention of falling trees. However, every conventional
diagnostic method has disadvantages such as, hurting trees' bodies, difficult to diagnose
large trees, use expensive instruments, use large tools. Cosmic-ray imaging could be

utilized for preventing falling trees, while solving all the conventional problems above.

2. Materials and Method

Cosmic-ray imaging is a fully non-destructive inspection technique, by using cosmic-ray
muons that come from the Earth’s upper atmosphere consistently. Muon has high energy,
so they can penetrate up to several kilometers thick, and have a broad energy distribution.
As detectors, we used nuclear emulsion films, which are compact and do not require electric
power. We chose a big sacred tree of Obune shrine called Benkei cedar in Gifu to observe.
Since the top of the tree had already fallen, we expected there is a hollow. We created the
3D models of the tree and did some simulations to compare with the result. We set different
size of hollows in each simulation, Om, 2.0m, 0.5m and 0.25m (as a diameter).

2000

1800 T

3. Results and Discussion 60 FALE S

The right graph is the comparison of the real data (the red line) , the 100

simulation with no hollow (the blue line) , and the simulation with £
2.0m diameter hollow (the green line) . Since the real data matches gzzz !
with the green simulation very well, we can say that Benkei cedar has 4, r-the real data

a hollow about 2.0m diameter big, which needs a follow-up examination 4o} S nohollowlsim)

200 2.0m diameter hollow(sim) *

less than one year. On the other hand, the simulation results show

08706 04 "0z O 6204 05 08 1
that it is possible to detect hollow bigger than 0.5m diameter. It is "
proven that cosmic-ray imaging technique has enough potential to be used in trees diagnosis

and fallen trees prevention, because this hollow rate requires follow-up for only 2-3years.
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First Principles Studies on
Mg and Si Impurities Incorporation into GaN during MOVPE Growth
Lisa Mizuno (Nanzan Girl’s Senior H.S. 2rd Grade) Takashi Kuroda (Gifu H.S. 2rd Grade)
supervisor: Kenji Shiraishi (Nagoya University)

1. Purpose of the research

Mg atoms are known to act as acceptors and play a very important role in GaN devices.
However, there is no theoretical knowledge about whether adsorbed Mg impurities
segregate to the surface or not during epitaxial growth. In this study, we investigated the
impurity incorporation process by the first principles calculations. As a comparison, We
also studied Si atoms, which are known to act as donors in GaN.
2. Materials and Methods

The calculations were performed using the VASP, which is based on density functional
theory [1]. GaN surfaces are modeled by the 16 atomic layer slab models with (2 x 2)
surface unit cells. As for the surface reconstruction, three surface Ga atoms are
terminated by hydrogen atoms in the (2 x 2) surface unit cell which contain four Ga
atoms, according to the report by Kusaba et al. [2]. To investigate how Mg impurities were
incorporated from the surface, we placed Mg impurities on the surface, the second, the
third, and the fourth layers from of the GalN slab models, and compare the total energies.
Moreover, since it has been reported that Mg impurities forms Mg-H complexes with
hydrogen atoms [3], we also consider the incorporation of Mg-H complexes from the

surface. The same method was used for Si atoms. - o =
: ®
s
3. Results and Discussion = 04 °
> o
As for the surface adsorption site, there are two 5 . '.M .
& g atom
types. One is the surface site on the Ga-H bond and @ Mg-H complex
0.0
the other is on the Ga dangling bond. The calculated 1 2 3 :

) . Mg position from the surface
results show that Mg atoms, Mg-H complexes, Si i 1 b otal enerinas &
atoms, and Si-H complexes tend to adsorb at the functions of Mg position from the surface.
surface site on Ga dangling bond. Finally, we plotted :: . ® Siatom
relative total energy as a function of Mg atoms and Mg-H gna sompe

>
complexes position from the surface (Fig. 1). Further, we g:j & . e .
plotted relative total energy as a function of Si atoms and ™z .
Si-H complexes position from the surface (Fig. 2). As e 2 3 a 5
. . . Si position from the surface
shown in Fig.1 and Fig. 2, the most stable structures are Fig.2: System total energies as a
that Mg atoms, Mg-H complexes, Si atoms, and Si-H functions of Si position from the surface.

complexes are located on the surface. One notable result is that the formation of Mg-H
complexes on the surface is less likely to be incorporated into GaN than Mg atoms. In
addition, Si impurities tend to segregate more easily on the surface than Mg impurities.
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Phase change of the BZ reaction in the connecting tube
Nana Saito (Yaita-Higashi High School, Gr. 11)

Toru Oba (Utsunomiya University)

1. Purpose of the research

Phase dynamics of coupled oscillators have been studied extensively using Belousov—
Zhabotinsky (BZ) reaction. While thin tubes are used to connect the oscillators in general,
it is supposed that phase conditions for synchronization can be visualized actually in
sufficiently thick connecting tubes. To our knowledge, no study has been attempted to
visualize the phase equation directly. In this study, we analyzed the phase behaviors

observed in a connecting tube between the two BZ reaction vessels.

2. Materials and Methods

We used a reactor composed of two glass containers (3
cm in diameter and 10 cm in height) connected by a glass tube
(6 cm in length and 1 cm in inner diameter, Fig. 1). Five
solutions (3 M H2S04, 20 mL; 1 M malonic acid, 10 mL; 2 M
NaBrOs, 8 mL; 20 mM NaBr, 1 mL; 20 mM Ru(bpy)s, 0.2 mL)

were mixed and poured into the reactor. The mixture was

Fig. 1. The reactor.
Circles and numbers
denote the position that

stirred for about 10 minutes at room temperature until periodic

oscillations were observed. Then the reaction was recorded by

a video camera without stirring the solution. Luminance of the luminance was extracted.
six positions in each frame was analyzed using Imaged (NIH).
Numerical simulations were also examined (Excel, Microsoft). 0 N : /i\ ! / /i\\\\ i
3. Results and Discussion /:\ i S AR i
Fig.2 shows the temporal changes of luminance 1w i ‘: ’E s //i !
(during ca. 10 sec) observed at the 6 positions in the reactor 5. /;f\ i/}”’i‘\\ i /
(Fig. 1). The periods of the two vessels (positions-0 and 5) were SRRV (NN VSN 7S
the same (ca. 4 sec), and the phase difference between them 3 i//i\\ i ’/’_,45«\\\ i /‘i
was ca. 2n/3. The waves of the positions-0 and 1 were nearly i 5 : i/ ! i’ I
matched, and the waves of the positions-3, 4, and 5 were also 4_,::. i/ i\ “ i//ik\\\ i /
nearly matched. It is noted that the first peak of the wave | /i o [~
observed at the position-2 was relatively near to those of the 5-:. i :R\,\ i /T\*\ \ i /
positions-0 and 1, while the second peak matches those of the ' F1g'2 The oi)sefzféa/

temporal changes of
luminance at each
positions.

positions-3, 4, and 5. The rate of phase change at the position-
2 was faster than those at the other positions.
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1. Peter Godart, Jason Fischman, Kelsey Seto, Douglas Hart, Hydrogen production from
aluminum-water reactions subject to varied pressures and temperatures, International
Journal of Hydrogen Energy, Volume 44, Issue 23, 2019, Pages 11448-11458, ISSN 0360-
3199, https://doi.org/10.1016/j.ijhydene.2019.03.140.

2. Amberchan, Gabriella, et al. “Aluminum Nanoparticles from a Ga-Al Composite for
Water Splitting and Hydrogen Generation." ACS Applied Nano Materials, vol. 5, no. 2,
2022, pp. 2636-2643., https://doi.org/10.1021/acsanm.1004331.
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Hydrogen Production from Water Reaction of Al-Ga Composite Subject to
Varied Water Temperatures
Yuna Otsuki (Shibuya Makuhari High School 3rd Grade)
Hideko Hayashi (Chiba University Faculty of Education)

1. Purpose of the research

Aluminum (Al) is a commonly used metal with a high energy density that produces
hydrogen gas with a water splitting reaction'. However, a stable oxide layer is formed on Al
by an immediate surface oxidation, which makes it difficult for the reaction to occur. A
recent study found that liquid Gallium (Ga) can activate Al by permeating through the Al
grains, in which a 1:3 Aluminum: Gallium (Al: Ga) mol ratio is optimal?®. In this study, This
provides primary data for the efficiency of hydrogen production as a green energy source.
2. Materials and Methods

This research examines the production rate of hydrogen gas using 1:3 Al-Ga composite and
analyzes its byproducts under different water temperature conditions ranging from 20°C to
60°C. Al and Ga were mixed inside a polyethylene bag to create the composite. Water was
added to the composite, and the amount of hydrogen gas produced was measured every 10
seconds for 15 minutes using the water displacement method. This was repeated under
different water temperatures. After the reaction, Ga was retrieved, and by-products were
analyzed using X-Ray Diffraction (XRD).

3. Results and Discussion

The increase in water temperature led to a d

higher production rate of hydrogen gas and an L

increase in amount of Ga retrieved after the

Hydrogen Yield (%)

reaction. XRD results found that the main by-
products were Al (OH)3, but GaO (OH) and o

inactive pieces of composite were also observed.

0 + + 1
0 5 10 15

The reaction is thought to have happened at the S

interface where liquid Ga permeates through Al Fig.1 Hydrogen Yield Rate by Water Temperature
grains, suggesting that higher temperatures prevent the reformation of an oxide layer on the
surface of the composite by keeping Ga in a liquid state. Because this reaction is safe and require

little added energy, it is a potential method for effective hydrogen gas production.
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pH-dependent structural changes in Phycocyanin protein
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1. Purpose of the research

Phycocyanin is a kind of protein. We set our goal to examine the structure of Phycocyanin,
which is necessary to study the role of Phycocyanin in photosynthesis, based on results of
X-ray crystallography and spectrum analysis at various pH.

2. Materials and Methods

The change in light absorption of phycocyanin with pH change was investigated by
measuring the absorption spectra of four solution samples prepared by mixing phycocyanin
protein with buffer solutions of pH 4 to 7. Next, the conditions for crystallization of
phycocyanin protein were searched, and phycocyanin protein crystal samples at pH 4 and 7
were prepared. The crystals were then subjected to X-ray crystallography and the
relationship between the change in light absorption and the changes of structures were

investigated from the data obtained.

3. Results and Discussion

Measurement of the absorption spectrum showed a relative decrease in absorbance and a
shift a peak position around 630 nm. Although it was clear that the ability to absorb light,
which 1s essential for photosynthesis, was weaken but, it was not clear which specific
structure had changed. For this reason, we next performed crystallization screening and
X-ray crystallography. For crystallization screening, we made 192 conditions by using
screening kits. The results showed that polyethylene glycol (PEG) and magnesium
chloride, good single crystals were obtained. To perform X-ray crystallography, six
different types of crystals were prepared at pH 3 to pH 7, PEG concentration of 12 mol/L
and 14mol/L, for a total of 12 types. The crystals of pH4 and pH7 were extracted and
performed by X-ray crystallography. However, we asked our teachers to perform X-ray
crystallography because we were not qualified to handle X-rays. As a result, structural
changes were found in two of the three molecules of phycocyanobilin (PCB). Therefore, we
considered that the reason why the spectra changed with pH was these structures
deviated from the original structure, and we thought that the effect of pH could be

reduced by preventing these conformational changes from occurring.
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1. Purpose of the research

Copper and copper-alloy surfaces have been proven to have antimicrobial properties against
bacteria, fungi, and other microbes via contact-killing (Arendsen et al. 2019). However,
Bleichert et al. (2022) showed that microbial mutants with upregulated redox-associated
genes showed less susceptibility to contact-killing by copper. In this study, therefore, we aimed
at evaluating the effect of hydrogen peroxide-induced oxidative stress on the survivability of
medically important Candida species on copper surface.

2. Materials and Methods

In the first experiment, five Candida species (C. albicans, C. krusei, C. glabrata, C. tropicalis,
C. palapsilosis) were grown on YPD (yeast-extract peptone dextrose) medium containing 0~4
mM hydrogen peroxide (H202) for induction of oxidative stress. Each fungal culture was
diluted to ODsoo = 0.6, 0.06. 0.006, applied to YPD plates and incubated. Relative sizes of
emergent colonies were evaluated.

In the second experiment, the five Candida species were diluted to ODsoo= 0.5 and applied
to copper or parafilm (control) surfaces for 15 or 60 mins. The cultures were then washed off
the surfaces using PBS + tween solution and plated on YPD agar medium. The number of
emergent fungal colonies were counted.

3. Results and Discussion

H202-induced oxidative stress caused a decrease in the size of the fungal colonies with
increased levels of H202 suppressing colony sizes the most. The oxidative stress effect was
more pronounced at lower dilutions of the Candida species. C. palapsilosis appeared to be
more susceptible to H202-induced oxidative stress compared to the other fungal species.

Contact-killing of the fungal species by copper was evident at both 15- and 60-mins
incubation times but slightly higher after 60 mins exposure. C. krusei, C. tropicalis and C.
glabrata showed more susceptible to contact-killing by copper compared to the other Candida
species.

Subsequent experiments will investigate how exposure to copper affects the Candida species
after oxidative stress has been applied.
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Temperature resistance of myxomycetes (slime molds)
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1. Purpose of the research

Physarum polycephalum show negative taxis when they expose to stresses such as sodium
chloride or light [1]. They also have ability to find the shortest path to connect food to food in
mazes [2]. These characteristics made them possible to eat diet efficiently and avoid these stimuli
for survival. However, it is not well documented how they responses unavoidable environmental
stimuli, such as change of temperature. In this research, we subjected P. polycephalum cells to
temperature stress and analyzed their growth. This study is aim to find out how P. polycephalum
react and survive to temperature stresses.

2. Materials and Methods

Physarum polycephalum was grown on the agar plate of LP medium (0.1% Lactose, 0.1%
Peptone, 0.2% KH,PO,, 0.1% Na.HPO,-12H20, 1.5% Agar) with addition of oat meal. Then
the well grown cells were cut out into 1 ecm X 1 ¢cm, and inoculated onto the center of fresh
agar plates. Immediately after inoculation or after sufficient growth at the optimum
temperature (28°C) for 2 days, incubation temperature was shifted to 4°C, 20°C, 28°C, 30°C,
or 40°C and the state of growth was observed. We call that the culture with temperature
shifts immediately after inoculation "stress without growth", and the culture with
temperature shifts grown after the optimum temperature "stress after growth". Pictures of
the growth process were taken and trimmed into squares at pixel size 800 X 800. Polygon
selections of Imaged was used to calculate the ratio of the cell and the rest of area.

3. Results and Discussion

Under stress without growth, P. polycephalum showed similar growth at 28°C and 20°C. On
the other hand, they survived longest at 4°C but died at 40°C within a day. Under stress
after growth, only the cells under 20°C showed extensive growth. At 40°C, cells died within
a day, and they died faster than stress without growth at 4°C and 30°C.

From these results, it was concluded that they have three modes of sensitivity to
temperature: 1) Temperature they can grow well, 2) Temperature they can survive for a long
time but does not grow, and 3) Temperature they cannot adapt. It was also found that the
cells well grown at the optimum temperature are sensitive to temperature shift, but the
cells under growth are more susceptible to stress caused by temperature. In other words, at
least the mechanism for temperature adaptation is more active in the cell under growth.
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Reactivity of freshwater prawn to chemicals and moving objects
Misaki Yamakawa (Hamamatsu Gakugei High School 2rd grade)
Hiro-aki Takeuchi (Shizuoka University)

1. Purpose of the research

The freshwater prawn (Macrobrachium nipponense) has rarely been reported in
physiological or behavioral experiments. In this study, I focused on the chemical sense and
aimed to elucidate the active chemical exploration behavior underwater.

[1] Clarifying the reactivity of prawn to chemicals

[2] Clarifying whether prawn have learning and memory abilities regarding food rewards
[3] Clarifying the response behavior of prawn to moving objects

2. Materials and Methods

[1] Tea bags were prepared containing taste substance (0.01 mol) of sodium chloride (salty
taste), monosodium glutamate (umami taste), citric acid (sour taste) or sucose (sweet taste).
These were placed on one of the branches in a Y-shaped tank. Video cameras were used to
track which direction the prawn went from the starting point in the Y-shaped tank.

[2] One prawn was placed at the starting point of the maze in the aquarium, and 2g of
commercially available prawn food was placed at the final point. The same maze was
repeated several times, and the time and number of times reaching the goal was measured.
[3] One prawn was placed in the aquarium and an agar block (1.0 cm square) was passed
back and forth at 20cm/sec twice from the 20cm opposite pole. A video camera was used to
record the reactions of the prawn when the agar color and height were changed.

3. Results and Discussion

[1] Umami had the highest positive selectivity at 70%, salty at 50%, sweet at 40%, and sour
at the lowest positive selectivity of 10% (negative selectivity of 10%). From this, I thought
that the effect was due to the amino acids contained in the prawn's food and pH, which differ
from the growth environment.

[2] Even after repeating the maze experiment several times, the time taken to reach the
goal was not shortened in prawn. Furthermore, the achievement rate became lower as the
distance from the starting point increased. Based on this, I considered that the learning
and memory abilities of the prawn are not very high.

[3] Prawn showed a clear repellent reaction to agar block. This suggests that the prawn
may recognize agar block as a predator. For any type of agar, there was a tendency for the
repellent response to become stronger as the height of the agar increased, suggesting that
the higher agar was recognized as a larger-bodied predator.
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Banana Skipper: Approaching Its Mysterious Natural History [Part4]
~Search for a Wax Secretory Pathway~
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Instructor : Joji M. Otaki, Mentor : Yugo Nakazato

1. Purpose of the research

The cuticular surface on insect bodies is generally covered with a thin wax layer, but some
kinds of insects exaggerate the wax layer. One of them is the banana skipper Erionota torus
(Lepidoptera: Hesperiidae) in tropical regions. It has a unique natural history among
Hesperiidae. The skin of the larvae is covered with white wax powder. There is no powder
immediately after molting, but it reappears on the surface of the body while eating banana
leaves. In the previous “diet replacement experiment,” I observed reflective liquid on the
body surface of the larvae with little powder. Here, in this research, I aimed to identify the
wax secretory glands to reveal the mechanisms of powder production in large quantities.
2. Materials and Methods

(1) Skin surface structure (the opening of wax secretory glands)

Using a Keyence digital microscope, I compared the body surfaces of three species of
larvae (banana skipper larvae that were fed banana leaves, banana skipper larvae that
were fed Strelitzia, and larvae of a different skipper Udaspes folus).

(2) Reverse side of the larval epidermis for the wax secretory glands or storage

To examine the wax secretory gland or storage, the larval epidermis was surgically cut
and lifted, and its reverse side was stained with three fluorescent probes (Hoechst for
nuclei, MitoRed for mitochondria, and BODIPY for lipids). The reverse side of the live
epidermis was observed in real-time in vivo using a Nikon confocal microscope.

(3) Wax secretory glands throughout the body (injection method)

To reveal the wax secretory glands on the larval body surface, BODIPY was injected
into the body. The larval body was irradiated with excitation light (blue), and green
fluorescent parts were observed.

3. Results and Discussion

(1) Udaspes folus larvae had no powder on the body surface. The banana skipper larvae
(banana leaves) had powder around the pores in a caldera shape but no powder in the center
of the pores. This is probably because wax is kept in a liquid state inside the larva's body
and becomes solid when secreted. Strelitzia larvae had no reflective liquid.

(2) Sac-like structures containing lipids were observed under the skin. These structures
may be a part of storage tissue. The structures may be similar to those of the human
sebaceous glands.

(3) Lipids were present on the body surface. The reflective liquid substance previously
found in the grooves of the Strelitzia larva was not liquid wax but was actually the
larva's hemolymph (body fluid) that was visible through the skin.

Although the secretory glands were not conclusively identified, its structural and
functional identification will be expected by increasing the number of individuals,
increasing resolution in image analyses, and using fixed specimens in the future.
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The diversity and universality of vitamin C accumulation in flower petals
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1. Purpose of the research
High ascorbic acid (ASC) concentrations are accumulated in leaves, where photosynthesis
is active, to protect cells from reactive oxygen species. On the other hand, previous studies
have shown that petals also contain ascorbic acid, but the amount of information is very
limited. Wondering why ASC accumulates in petals, which generally do not undergo
photosynthesis, we analyzed ASC content, metabolism, and biosynthetic capacity in
petals.

2. Materials and Methods

A total of eight seedlings were purchased from a gardening store, petals, and leaves were
collected, and ASC was quantified. Next, petals and leaves were collected from the canopy
and shaded lower canopy of azalea trees at Shimane University, respectively, and ASC levels
were quantified. gPCR was also used to analyze the transcript levels of ASC biosynthesis
genes. The effect of ASC precursor treatment was then examined.

3. Results and Discussion

Petal ASC levels varied among species, but possible that petals themselves synthesize
all species exceeded the lower leaf limit of ASCs.

2 umol/gFW. A correlation was observed
between leaf and petal ASC levels, with
species with higher leaf ASC levels tending

ALTILOMQEMER =075 o
Pl <0.001

y=06018x+ 35955 | @ TULS

3 3 B

to accumulate more ASC in petals. Unlike
leaves, ASC levels in petals did not differ

between sun and shade. ASC levels were e T
not affected by light intensity; ASC ) sasnaarn
biosynthesis genes were also expressed in ’

ROR7ZILE SRR (umolg' FW)

petals, and ASC levels increased with
precursor treatment. This suggests that

the regulatory mechanism of ASCs in

petals differs from that in leaves. It is also
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1. Purpose of the research

Multidrug-resistant bacteria are increasingly problematic in livestock due to excessive
antibiotic use. This study explores cost-effective production of antimicrobial proteins from
darkroom-grown plants, using rice etiolated sprouts to identify an optimal nitrogen source

for increased protein yield.

2. Materials and Methods

Rice cultivars Nipponbare and Kusayutaka were used in this study. The media used were
water, MS, N6, AA, and jellyfish solution. In the jellyfish solution, only Nipponbare was
used and diluted in water and MS, respectively. Comparisons were also made with sodium
chloride solutions to determine the impact of salt damage. Four main conditions were used
for the comparison: cultivar, medium, number of days, and light or dark. For the jellyfish
solution, concentration was also added as a condition. First, rice seeds were sown and
grown for a specified. The seedlings were then ground and the total soluble protein
content was determined by the Bradford method.

3. Results and Discussion

In MS, N6, and AA media, soluble protein content was highest in the order of MS > N6 >
AA. When diluting jellyfish suspensions with water, there was a noticeable impact up to a
20% concentration, and beyond 60%, protein content significantly decreased. Diluting with
MS medium had no significant difference in the first experiment, but in the second, a
reduction in protein content occurred when the suspension exceeded 80%.
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1. Purpose of the research
Some microbes have the ability to produce polyhydroxyalkanoate (PHA), which is a beneficial
polymer with biodegradability, from on sugars and oils as their substrates. On the other
hand, cheap and cost-effective PHA production has not yet been achieved because of the cost
of raw material as their substrates. Therefore, we focused on the utilization of crab shells,
which is an unused bioresource and is discarded in large amounts on land in Toyooka City.
Therefore, the purpose of this study is to isolate PHA-producing microorganisms from crab
shell dumping site, and candidates can utilize crab shells as a sole carbon source. A goal of
this study is to provide a brief idea of the industrial scale of PHA production from crab shell
wastes for further application in the future.

2. Materials and Methods

Soil environment where the crab shells dumping site was expected to survive many
microorganisms which decompose crab shells and utilize as the sole carbon source to grow.
Based on this hypothesis, we tried to isolate PHA-producing bacteria from this soil sample
first. After the evaluation of the PHA accumulation from candidates by GCMS analysis,
which is one of main components in crab shells, we then further evaluated whether these
candidates could utilize chitin and crab shells as sole carbon source to grow. In addition, the
presence of known enzyme genes was identified by PCR analysis.

3. Results and Discussion

After the isolation of several microorganisms which showed PHA accumulation by Nile-Red
as indicator to proof of accumulation of PHA from glucose, we then further confirmed by GC
MS analysis of the accumulation of PHA. We also tried to identify the known genes for the
PHA biosynthesis gene clusters by PCR analysis. Interestingly, we found that one of the
isolates could accumulate PHA from glucose, and this isolate did not harbor any known
genes for PHA biosynthesis. Furthermore, this isolate could grow on chitin, one of main
components of crab shells, and utilized pretreated crab shells as sole carbon source to grow.
These results strongly suggested that one of isolates has the ability to convert PHA from crab
shell waste for further application in the future, and these microorganisms could belong to
new microorganisms for PHA biosynthesis.
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Effects of low oxygen conditions during embryogenesis
on growth in zebrafish
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1. Purpose of the research

Decreases in Oz concentrations associated with global warming cause fish to become smaller,
affecting marine environments and fisheries [l However, this argument applies to post-
hatching fish; the pre-hatching changes induced by variations in Oz concentration and their
effects on fish growth remain unclear. Therefore, this study aimed to elucidate the effects
of hypoxic exposure during embryogenesis on the growth and organogenesis of zebrafish,
whose embryogenesis is completed in 72 hours.

Table 1 Effects of hypoxia on hatching rate, EL and h rate
Control Group Hyp

2. Materials and Methods
Zebrafish eggs were divided into a control (20.9% O2) and

hypoxic group (3% Os; group H) and maintained for 77 h post-
fertilization (hpf). Then, the following seven parameters were
compared between the groups: hatching rate, embryo length
(EL), heart rate, pharyngeal arch formation, ability to
synthesize hemoglobin, apoptotic cell deaths, and spinal
column formation. Furthermore, the anatomical structures of
the brain, heart, and eyes and optokinetic and optomotor

responses in adults were compared between the two groups.

3. Results and Discussion

At 77 hpf, hatching rate, EL, and heart rate were significantly
suppressed in group H (Tablel). Pharyngeal arch formation
(Fig.1) and hemoglobin staining (Fig.2) were clearly observed
in the control group, but not in group H. At 4 d post-
fertilization (dpf), some apoptotic cells were observed around
the heart in the control group, whereas they were detected
throughout the body in group H (Fig.3). Unlike the individuals
in group H, at 6 dpf, 75% of those in the control group showed  “fig. spinal column Formation (6 dof, Arizarin Reds)

spine formation (Fig.4). There were no differences in the anatomy of the heart, brain, eyes,
optokinetic responses, or optomotor responses of adult fish between the two groups.

These results suggest that hypoxic exposure during embryogenesis induces apoptosis
throughout the body, decreasing Oz-carrying capacity due to defective hemoglobin synthesis.
This may have caused a temporary delay in the growth of the juvenile fish and a delay in

organogenesis. However, these delays and abnormalities recovered with growth.
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5. SEXH

[1] Klein, M., Reichelt, M., Gershenzon, J., and Papenbrock, J. (2006) The three
desulfoglucosinolate sulfotransferase proteins in Arabidopsis have different
substrate specificities and are differentially expressed. The FEBS Journal. 273,
122-136

[2] Iwamoto, Y., Saito, S., Teramoto, T., Maruyama-Nakashita, A., and Kakuta, V.
(2023) Crystal structure of Arabidopsis thaliana sulfotransferase SOT16 involved
in glucosinolate biosynthesis. Biochem Biophys Res Commun. 677, 149-154
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Crystal structure of Arabidopsis thaliana sulfotransferase SOT16 involved in
glucosinolate biosynthesis
Seira Saito ( Meizen High School , 2nd grade )
Supervisor : Yoshimitsu Kakuta ( Kyushu University )

1. Purpose of the research

Glucosinolates are secondary metabolites with diverse biological functions found in
Brassicaceae plants, contribute to plant defense. Understanding the biosynthetic pathways
and enzymes involved in glucosinolate production is crucial for agricultural advancements
[1]. In this research, we performed crystal structure analysis to investigate the catalytic
mechanism and substrate specificity of Arabidopsis thaliana sulfotransferase AtSOT16
involved in the final stage of glucosinolate biosynthesis.
2. Materials and Methods

The AtSOT16 was expressed in the E. coli. The protein was purified using several columns.
Crystals of the AtSOT16- 3'-phosphoadenosine-5'-phosphate (PAP) complexes were obtained
using the hanging drop vapor diffusion method. X-ray diffraction data were collected using
SPring-8 beamline. A refined structure was obtained using phenix program. Molecular
models of complexes involving AtSOT16-PAP-GSL precursors were constructed using MOE
software (2023; Chemical Computing Group Inc., Montreal, Canada).

3. Results and Discussion
We determined the crystal structure of the AtSOT16-PAP complex at a i~

resolution of 1.8 A. AtSOT16 comprises a single a/8 domain with a five- W;\, r}(f w

stranded parallel B-sheet surrounded by a-helices. AV XY
The active site structure and comparison with other SULTSs revealed the \ \?‘J‘f*

catalytic mechanism of AtSOT16. Specifically, Lys81 strongly suggests a A

role as a general acid catalyst, whereas His143 has been suggested to act ' p;\, F}'fﬂ

as a general base catalyst. L,ﬁ‘:\ﬁ
The docking models showed a strong correlation between the substrates ALY,

with high predicted binding affinities and those experimentally reported
—~

to exhibit high activity [2]. These findings provide valuable insights into 7 V. i3>y

the substrate specificity of GSL biosynthesis. The information obtained in ; "{t,?f;\*

this study may contribute to the development of novel strategies for AN,
manipulating GSL synthesis pathways in Brassica plants and has b\
potential agricultural applications. ) AN
7" LS
’*_. Lo~ ,)l\l
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4. HiEE

AKWFERHED DIZH T2V | BPRKRFE IR AEMT FEIIE 7R M8 53 1 AW 57 02 D LA 2 L
., REENBICITRGAEY2ELHY, ELTEIEEL LS s Z L IEH0EL
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5. BEXM

YA T RRBESESH AT 0 7 M-hub  (https://m—hub. jp/biology/4434/321)

* Genaro PG, Simén MV, Rotstein NP, Politi LE. Retinoic acid promotes apoptosis and differentiation

in photoreceptors by activating the P38 MAP kinase pathway. Invest Ophthalmol Vis Sci 54.
3143-3156 (2003)
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Can skin care cosmetics protect against UV-induced skin damage?
Funon Watanabe (Tajiminishi High School Grade 3)
Yasuhiko Yamamoto (Kanazawa University)
1. Purpose of the research
Retinol is an ingredient contained in lots of cosmetics products. The purpose of this
study is to investigate whether retinol could inhibit UV-induced skin damage.
2. Materials and Methods
Retinol is a type of vitamin A and is known to be converted to retinal by the enzyme
and finally to retinoic acid in vivo. In this study, I employed retinoic acid in all the
experiments. The number of viable cells was analyzed by MTT [3-(4,5-Dimethyl-2-
thiazolyl)-2,5-diphenyltetrazolium Bromide] assay after 24 hours with or without an
addition of 10 pM retinoic acid (RA) to the culture media of normal human dermal
fibroblasts NHDF). In case of irradiation exposure, 10 to 100 mdJ/cm? of ultraviolet rays
(UV) was used. To examine the cell death, I used an assay of apoptosis, a type of cell

death, using a caspase-3 positive cell staining probe.

3. Results and Discussion 100 *
RA was found to increase < 0 =
viable cell number in RA-treated ;; 32 —
NHDF cells (RA cells), when 3 o
compared to that in non- treated- % 50
NHDF (NO cells). Next, I found fg” 40
that when the NHDF cells were § Zz
irradiated with 10 md/cm? of UV, 0
viable cell number was 0 o _RT o "
significantly reduced in NO cells, . v

but not in RA cells.
I investigated how RA could

Figure 1. Percentage of cell death

protect NHDF cells from UV, focusing on cell death, especially apoptosis. Apoptosis was
induced by UV-irradiation at 10 mJ/cm? (Figure 1). However, RA-treatment significantly
inhibited and protected UV-induced cell death in NHDF cells (Figure. 1).

These findings suggest that RA-treatment could maintain cell viability of the skin and
prevent UV-induced skin damage.
4. Acknowledgments
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32 0.5%) ZFNEN9EITR T, SEFWEITH S S @6, EEEE (CD) %
PIFORTHEM U, b EM 250 L,
Cl = (IAA fEAR%E-FtOH (A %) / (R MEEE-F = U 7K %)

|MExEE C1% Mo.5%|

3. MRLER ey

M 2 O IR O R, (KIEFE 0. 5%OHAIEED 2 o6
%Tiﬁﬁfﬁﬁot#\ﬁﬁx%fﬁgfxﬁﬁﬁ ® 04
(P=0.028) MR BN, SEIEIC t BEZ AL, %%

Bonferroni £ CTHIIE L7z, Z OfEE., KRR iﬁ?%?ﬁ%’ -0.2 .
SRRINo T, Eh. EHEHE WORI AT oA, BE Y mes e

%k££%®ﬁuﬁﬁ%iﬁEn&#ot#\ﬂﬁé&f% X 2 PRAERI DR RERE
ERTHEEENMEGONT- (F(1,34)=6.725, P=0.017), 2N 5DOEENS, HIF-1 ¢« OFET
72 BRBIRE O % OFBIAITENC R E A 5 2 B AlgetE R S vz,

4. B
AIFFED ZHEHE N2 2N R R FE ORI A . RIS A ROOT DEERICIE# R L EiF £,

5. &
Pamela A. Padilla et al., (2002). Molecular Biology of the Cell Vol.13, 1473-1483
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Effects of hypoxic conditions during the embryonic period on cognitive
behavior in C. elegans
Furuta Ibuki (Kyoto City Tonan High School 3rd grade)
Qiumei Akiyama, Taku Ozaki (Kyoto University), Hidayuki Iriko (Kobe University)

1. Purpose of the research
Developmental disabilities are mental disorders, characterized by the disorder in thinking
and behavior from birth. Although its mechanisms is still unclear, biased brain function is
thought to be one of an important factor. In humans, oxygen environment during fetus and
neonate is crucial for brain development. In the cell of any organism, including humans, the
HIF-1a protein is activated under hypoxic conditions. This research focused on the hypoxic
environment during fetal development, and investigated the mechanisms of developmental
disorders using nematode (C. elegans) as a model organism. To clarify the effects of HIF-1a
activation on cognitive behavior after development, chemotaxis test was performed with a
HIF-1a mutant as well as a wild type.

' .
2. Materials and Methods Kfk [ \ R
Oxygen levels were regulated by using an oxygen absorber and B sy | A--":-'-':E-.v_‘
an oxygen meter. Then 500 nematode eggs were collected and A f; g’ .] "
o )
treated with hypoxia for 1 hr, starting 4 hrs after egg deposition. (o (s LTV |

Then, eggs were retracted from the pouch and incubated under |

\area area | area

normal oxygen for 3 days. And prepared the plates to do the -
chemotaxis test (Fig.1). Chemotaxis tests were performed nine Fig.1 Running test plate

times for each pattern (wild strain, HIF-1 mutant, normal [MNomal [11% M0.5%]

oxygen, 1% and 0.5% hypoxia) using x1000 isoamyl alcohol
(IAA), an attractant, and ethanol (EtOH) as a control. The
chemotaxis index (CI) was calculated as follows:

CI = (TAA-EtOH)/(ALL-Center area)

chemotaxis index (cl)

3. Results and Discussion 04 \ildstrain  HIF-1a mutant

Two-way ANOVA showed that hypoxia 0.5% wasn't Fig.2 Oxygen level by types

significant for the main effect. However, an interaction (P=0.028) was obtained for strain

and oxygen concentration, so t-test was used for multiple comparisons and corrected by the
Bonferroni method, but no significant difference was obtained between the groups. In
addition, when 1% hypoxia was applied, significant difference wasn't obtained between wild
and mutant plants, but it was obtained between the different oxygen concentrations (F(1,34)
=6.725, P=0.017) (Fig.2). These results indicate changes in oxygen levels, not the presence
but absence of HIF-1a may affect cognitive behavior after growth.
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5. BEXM

[1] Mikiko Inaki, Hatori R, Nakazawa N, Okumura T, Ishibashi T, Kikuta J, et al. Chiral cell
sliding drives left-right asymmetric organ twisting. eLife. 2018;7:e32506.

[2] Ray P, Chin AS, Worley KE, Fan J, Kaur G, Wu M, et al. Intrinsic cellular chirality regulates
left—right symmetry breaking during cardiac looping. Proceedings of the National Academy of
Sciences. 2018;115(50):E11568-E11577.
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The Morphological Analysis of Cellular and Tissue Chirality
Rei Kuwabara (Tokyo Metropolitan Kokusai High School Grade 3)
Koichi Matsuo (Keio University School of Medicine)

1. Purpose of the research

Studies show that left (L)-right (R) symmetry and asymmetry in the anatomy of organisms
arise from cell chirality (L- or R- handedness), the L-R intrinsic polarization of cells [1,2].
Disturbance in the cell chirality of cells within an organism can result in laterality disorders
such as Situs inversus totalis, the complete inversion of visceral organs. This experimental
study aims to determine if cell chirality can be defined by cell alignment on micropattern in
vitro, and intracellular positioning of organelles both in vitro and in vivo. Thus, we aim to
deepen the understanding of symmetrical skeletons based on this cell chirality analysis.
This study focuses on the relationship between cell chirality and anatomical (a)symmetry,
ultimately aiming to answer the question: Is cell chirality also inversed in situs inversus?

2. Materials and Methods

MC3T3-E1 preosteoblast cell line, a chiral clone ml2, was cultured, and
immunocytochemistry was used to fluorescently stain the nucleus, the centrosome, the
Golgi body, and the actin filament. The intracellular organelle positioning, with cells
undergoing migration in scratch assay, was observed under a confocal laser microscope
(FV3000, Evident), and calculated using Cellpose software, IMARIS cell imaging software,
and in-house Python code (written by Q. Weng).

To further apply this method to primary cells, osteoblasts were extracted from the L-R sides
of the calvaria of newborn mice and were cultured on a micropattern dish, fixed at
confluency. After fluorescence staining, the angle of cell alignment and the intracellular
organelle-positioning were calculated using the Imaged software and Python code. For in
vivo experiments, Situs inversus totalis mice (FVB/N-Invsinv) are being bred.

3. Results and Discussion

We have successfully established a method of determining the
MC3T3-E1 cell chirality based on intracellular-organelle
positioning, using the angle between the nucleus-long axis and the
nucleus-Golgi body axis. We have also developed another in-vitro
method to determine the cell chirality based on actin filament. For
the primary cells from mouse calvaria seeded on the micropattern,
the results showed a tendency for the actin filament to be aligned
in the positive direction (i.e., R-handed) for both L-R sides of the
calvaria. From this data, we can establish a working hypothesis
that the symmetrical structure of organisms arises from
homochiral cells. We are still working on relating the actin
filament direction and the organelle positioning on the ! -
micropattern and applying it to the Inv mouse in the future. Fig. 1 Segmented MC3E3-E1 Cells

using Cellpose Software.
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[1] Kshler S, Winkler U, Hirrlinger J. Heterogeneity of Astrocytes in Grey and
White Matter. Neurochem Res. 2021;46(1):3-14.

[2] Voigt T. Development of glial cells in the cerebral wall of ferrets: direct
tracing of their transformation from radial glia into astrocytes. J Comp Neurol.
1989;289 (1) : 74-88.

[3] Di Bella DJ, Habibi E, Stickels RR, et al. Molecular logic of cellular
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Identification of candidate genes involved in the differentiation of gray matter
and white matter astrocytes
Yuta Inai (Keio Senior High School 2rd grade)
Michio Miyajima, Kazunori Nakajima

1. Purpose of the research

The human brain is composed of a variety of cells, including neurons and glia. Astrocytes,
one of the major glial cell types, have functions like support of neural transmission and are
classified into gray matter and white matter astrocytes [U[2] but the mechanisms by which
they differentiate into their respective types and the molecules that regulate their
differentiation remain largely unknown. In this study we try to identify genes involved in
the differentiation of astrocytes.

2. Materials and Methods

In this study, we performed a secondary analysis using the published open data of the single
cell (sc) RNA-seq analysis of the developing cerebral cortex [31. We classified cells in the
astrocyte lineage into clusters and extracted differentially expressed genes between clusters
speculated as white matter and gray matter astrocytes. Candidate genes that may be
involved in the differentiation of the two groups were then identified. These genes were
then analyzed using Core Analysis of the Ingenuity Pathway Analysis (IPA) to identify
potential upstream regulators.

3. Results and Discussion

By representing known astrocyte marker genes on the UMAP plot of the astrocyte lineage
cells, clusters that contain white matter and gray matter astrocytes were identified. Based
on this information, we predicted the branch point at which astrocytes differentiate into the
two types from common progenitors. We compared the clusters containing the gray matter
and white matter astrocytes with the cluster at the point of differentiation and extracted
numerous differentially expressed genes. IPA analysis on these genes showed candidate
genes involved in the differentiating point of the astrocytes. This was further confirmed by
showing the distribution of the cells that express the candidate genes on the UMAP plot.
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5. SEXH

« Vigano et al [transplantation reveals regional differences in oligodendrocyte
differentiation in the adult brain| -Nature Neuroscience - September 2013

- Spitzer et al [0ligodendrocyte Progenitor Cells Become Regionally Diverse and
Heterogeneous with Age] —Neuron 101, 459-471 February 2019

+ Zhenxiang Gong et al [Dysfunction of the oligodendrocytes in amyotrophic lateral

sclerosis] —The Journal of Biomedical Research, 2022 36(5): 336-342
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Regional heterogeneity of oligodendrocyte progenitor cell morphology in mice
faEE% () RSB R R &SRR 248)
HMEE Bk

1. Purpose of the research

The objective of my research is to uncover clues that can help elucidate the mechanisms of
neurodegenerative disorders such as amyotrophic lateral sclerosis (ALS) by employing
morphological approaches on oligodendrocyte precursor cells (OPCs). This study serves as a
crucial step toward achieving this goal.
2. Materials and Methods

NG2K-tTA mice were crossed with tetO-GFP mice to obtain a transgenic mouse, NG2K-
tTA::tetO-GFP. This enabled artificial expression of green fluorescent protein (GFP) in OPCs,

and immunohistochemistry was performed using an antibody against GFP.
2. Results and Discussion

(Figure) OPCs in visual cortex, internal capsule, striatum, and cortex in order.

Although local differences in shape and distribution were identified, these results alone do
not provide statistically significant difference to confirm the existence of region-specificity in
OPCs, so the next step in the research will be to quantify and analyze the distribution and
morphology of OPCs and collect statistical data for each region.
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Sci. Rep., 8: 8970, 2018; Front. Mol. Biosci., 5, 105, 2018; Sci. Rep., 10: 17894, 2020;
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Generation of rbm20 mutant zebrafish mimicking human dilated
cardiomyopathy
An Shimamura (The Junior and Senior High School Affiliated to Showa Pharmaceutical
University 3rd grade)
Hidetsugu Torihara (University of the Ryukyus Graduate School of Medicine)

1. Purpose of the research

Dilated cardiomyopathy (DCM) is an intractable heart disease characterized by decreased
myocardial contractility and dilatation of the left ventricle. Although various genetic
mutations have been reported in DCM patients, the pathogenic mechanism is still unknown.
The most frequently mutated gene in DCM cases is TTN, encoding the sarcomere protein
titin. The TTN gene undergoes cardiac-specific alternative splicing controlled by an RNA-
binding protein RBM20. Interestingly, familial mutations in the RBM20 gene have been
identified in some of the DCM patients, implying a potential role for aberrant TTN splicing
in the pathogenesis of DCM. In addition, the splicing control of the TTN gene by RBM20
occurs in a myocardial-specific and developmental stage-dependent manner. Therefore,
RBMZ20 is considered to play important roles in normal cardiac development and function,
although a detailed study has not been conducted. Zebrafish has two ttn genes as a result
of gene duplication, and ¢tn.2 has already been reported to be required for heart
development. In this study, we are trying to address the following three questions by
creating rbm20 gene knockout and DCM mutation knock-in zebrafish models that would be
useful for analysis at developmental stages. (1) Is the splicing regulation of ¢ttn by RBM20
evolutionarily conserved in vertebrates? (2) What is the role for the splicing regulation of
ttn by RBM20 in cardiac development and function? (3) Do DCM-like phenotypes appear in
fish by introducing the same single amino acid substitution as in vertebrates?

2. Materials and Methods

Previous research in our laboratory revealed that the Rbm20 S637A mutation in the mouse
causes abnormal splicing of the Ttn gene, leading to severe DCM pathology and the
formation of intracellular granules. In order to generate the rbm20 S576A mutant in
zebrafish, we designed a guide RNA and a donor sequence for the CRISPR-Cas9 system that
corresponds to the mouse Rbm20 S637A mutation. To confirm the effectiveness of CRISPR-
Cas9 for zebrafish rbm20, genomic DNA was extracted from the tail of wild-type zebrafish
and an rbm20 fragment was amplified by PCR and was incubated with CRISPR-Cas9 and
the guide RNA in vitro. For mutagenesis, we microinjected CRISPR-Cas9 into zebrafish
eggs at the one-cell stage. Genomic DNAs were extracted from the embryos 24 hours post-
fertilization, and mutations were searched for by using the T7E1 assay, which detects
deletions and insertions of two or more bases, and Sanger sequencing.

3. ReSUItsand DiSCUSSion WT GATCGACTGATGG:GACTGCGGG:ATCGAGCA
After confirming the cleavage capability of ‘ TN Hiﬁ T
CRISPR-Cas9 designed for zebrafish rbm20, we i “\ I “ ‘\ I \ﬂ‘ {\
\ | 11 [ M
\ \ ‘\!\\ ﬁ“v i

actually injected a small amount into fertilized “ } Il
fish eggs, and as a result, we obtained several RANRRATANE BB 0 BR 7 AAZ NN

I ) ,L\J;‘\\L/J ‘LL JNAL
3 . Crisparant AGATCGACTGATGGATCGAGCACGCTCTGGC
types of cutting patterns. We are planning to . S
conduct the analyses described in 1. (1)-(3) as | G

soon as we obtain knock-out and DCM mutant knock-in zebrafish for the rbm20 gene.
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Staphylococcus aureus. Antimicrobial Agents and Chemotherapy 45(6) :1737-1742.

75



[-139 TOHOKU UNIV. IWATE UNIV.,MIYAGI UNIV.OF EDUCATION

Catechin and its analogs and antibiotics
Yukiko Fujii (Akita High School Grade 2), Rana Murata (Akita High School Grade 2)
Kanae Hirano (Akita High School Grade 1), Kingo Endo (Supervising Teacher)

1. Purpose of the research

The spread of drug-resistant bacterial infections has been a global problem, but the
development of new antibiotics has stagnated?, and effective use of existing antibiotics is
needed. We focused on catechins. It is known that (-)-epicatechin gallate has a synergistic
effect with various B -lactam antibiotics against methicillin-resistant Staphylococcus
aureus??®. On the other hand, taking medicine with green tea is generally not recommended.
Therefore, the purpose of this study was to collect basic data about catechins and their
analogues that show synergistic effects with antibiotics or inhibit antibacterial effects by
quantitatively evaluating their antibacterial activity, and to consider and send information
about the effective use of antibiotics.
2. Materials and Methods

(-)-Epicatechin (Ec) (Fig. 1A), a catechin, or (+)-taxifolin (Tx) (Fig. A oH
1B), an analog of catechin, with antibiotics ampicillin (Ap) or its or
kanamycin (Km) were added separately to the bacterial solution of E. o 0w
coli strain AB1157, and incubated at 37°C for 3 hours. This bacterial \QU o

solution was diluted appropriately and plated on LB agar. It was i
incubated at 37°C for 20 hours. The number of colonies was counted and oH
obtain the number of bacteria, and the survival rate of each B oH
experimental area was calculated by the formula (1). b O
. o] — the number of bacteria in each experimental area
suvival rate[ A)] the number of bacteria in untreated area x 100 (1) o o o

Multiple comparisons were made using the Kruskal-Wallis test .

. g . Fig.1 Samples
at a significance level of 5%, and where differences were found, | qin this study.
comparisons between the two groups were made using the Mann- Ais(-)-Ec, Bis
Whitney U test, also at a significance level of 5%. In addition, a two-  ()-Tx Structural
way analysis of variance was performed at the 5% level of significance ~ o*™ula
to examine the interaction between antibiotics and green tea derived substances.
3. Results and Discussion A

()-Ec and (+H)-Tx showed ', 113000
antimicrobial effects alone. Negative
interactions were indicated between
(-)-Ec and Ap, (-)-Ec and Km, (+)-Tx
and Ap, (+)-Tx and Km (Fig. 2A, Fig.
2B). It was suggested that the
common structure of (-)-Ec and (+)- ol ol
Tx is involved. These results suggest 00 05 10 15 20 00 05 10 15 20
that we Should be Careful When (-)-Ec concentration [mM] (+)-Tx concentration [mM]

: : : : Fig.2 Survival rate of E. coli AB1157 strain
;?llélgittj}l;?ogjocglblnatlon of catechins A is survival rate when (-)-Ec is combined with antibiotics.

B is survival rate when (+)-Tx is combined with antibiotics.
Error bars are standard errors.

o+H,0

100 &~

00 ‘j*--o-_-_ =10 M Kn

i SRk (I uM Ap

survival rate [%]
survival rate [%]

*p < 0.05
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Identification of nutrient sources of bivalves spawned by Tanakia Tanago
using metagenomic analysis
Hideyuki Hayashide (Utsunomiya Higashi High School 1st grade)
Tomohiro Suzuki (Center for Bioscience Research and Education, Utsunomiya University)

1. Purpose of the research

Tanakia Tanago is an endangered species, and the cause of its decline is attributed to
a decrease in the number of the bivalves spawned by Tanakia Tanago, such as Pronodularia
japanensis. The purpose of this research is to identify diatom species which is nutrient
sources of these bivalves by the metagenomic analysis and to gain novel insight into

artificial propagation of bivalves.

2. Materials and Methods

To establish a method for diatom metagenomics, we selected four DNA regions
(ribosomal RNA region in nuclear rRNA gene: 18S rRNA, internal transcribed spacer region
in nuclear rRNA gene: ITS, cytochrome C oxidase subunit 1 region in mitochondrial gene:
cox] and ribulose-1,5-bisphosphate carboxylase region in chloroplast gene: rbcL) with
reference to previous studies and performed PCRY. The obtained PCR products were further
applied to next generation sequencer. Furthermore, using the DNA regions selected in the
above study, 1: extraction DNA from diatoms sampled in some ponds and examination
difference of distribution of diatom, 2: metagenomic analysis of the DNA samples extracted

from diatoms sampled from surface of stone in habitat of Tanakia Tanago, was performed.

3. Results and Discussion
The results of electrophoresis after performing PCR for the four
DNA regions showed that coxl region and rbcL region were

o . . I
successfully amplified. With these two DNA regions, we extracted cox

DNAs from diatoms sampled in some ponds and identified using next
generation sequencer. The results of metagenomic analysis suggested
that coxI region can identify more wide variety of diatom species than

rbcL
rbeL region (Fig. 1). After extracting DNA from diatoms collected from

Tanaqua tanago habitats, PCR are currently being performed to
create a library for a next-generation sequencer. We plan to attempt Fig. 1. Result of
metagenomic analysis and identification of nutrient sources of metagenomic analysis

bivalves in the future.
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Allosteric Regulation of Lactate Dehydrogenase
Ema Iwai (Ikeda Senior High School Attached to Osaka Kyoiku University, Grade 2)
Seiki Kuramitsu and Ai Higashiyama (SEEDS, Osaka University)

1. Purpose of the research

In the future, I would like to create a universal blood that can be transfused to anyone.
Human-hemoglobin is often used in current artificial blood, and the allosteric regulation
mechanism of hemoglobin plays an important role. Allosteric regulation is present in
hemoglobin and many enzymes (Changeux, 2013; Voet et al., 2016). In the present study of
a microbial lactate dehydrogenase (LDH) known as an allosteric enzyme (Fig. 1), it was
found that a metabolic intermediate molecule, fructose-1,6-bisphosphate (FBP), thought to
contribute to activation is also involved in the inhibition reaction, catalyzing a complex
metabolic regulatory reaction. CHy-CO-COO + NADH + H* dmmmp  CH,-CH.COO" + NAD*

. pyruvate OH
2. Materials and Methods L-lactate

Lactate dehydrogenase (LDH) acts on
pyruvate and reduced nicotinic amide adenine
dinucleotide (NADH) and produces lactate and
oxidized nicotinic amide adenine dinucleotide
(NAD*) (Fig. 1). The reaction was measured at
pH 7.0 and 25°C using a spectrophotometer.
Allosteric regulation of fructose-1,6-bisphosphat:
(FBP) to the enzyme activity was analyzed.

Fig. 1 Enzyme reaction and structure of LDH

3. Results and Discussion

Activation by FBP --- As shown in Fig. 1, the catalytic efficiency (kcat/ Km) increased about
300-fold and reached to 1 x 106 M-1s'1 (Fig. 2). This catalytic efficiency was close to the
maximum activity of the enzyme molecule (Radzicka and Wolfenden, 1995).

Complex allosteric regulation of substrate pyruvate with FBP --- FBP increased the affinity
(1/Km) of substrate pyruvate, but complex allosteric regulation was observed at higher
concentrations (Fig. 2). Similar results were observed when the pyruvate concentration
was fixed and the concentration of FBP was varied (Fig. 3).

N B 1s ~FBP !

= ) n_ —-F = i :15 Q; .

2 10 - . o T ‘.’ 2 i

b _ 5 b /7 + FBP a b 10 }AA A

3 Kum10s S Tém = . ol

s S K, =0.01 mM S 51/ = S 5‘r1 G ‘
S mM pyruvate

o Koot | Ky = 1106 M s * byt [ 1 1 1

0 ‘ ‘ o 0
0 0.1 0.2 0.3 04 . 0 5 10 15 20 0 5 10 15 20
[pyruvate] (mM) [pyruvate] (mM) [FBP] (mM)
Tig. 2 [pyruvate] dependence at fixed [FBP] Fig. 3 [FBP] dependence

at fixed [pyruvate]
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Effects of Inhibition of Palmitoylation on Autophagy
Mioko Nishi (Kobe Hight School Gr.2)
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1. Purpose of the research

Autophagy is an intracellular degradation system. Autophagy is classified into two types:
one is nonselective autophagy, which is strongly enhanced during starvation; another is
selective autophagy, which selectively degrades specific substrates. In this study, I focused
on the selective autophagy targeting damaged lysosomes, called “lysophagy”.

Palmitoylation is the covalent binding of fatty acids to amino acids of membrane proteins,
altering the subcellular localization of the proteins. Previous study has shown that
starvation-induced autophagy was suppressed by the palmitoylation of ULK1, which is
involved in the initiation of autophagy. However, it is still unknown whether palmitoylation
also affects lysophagy, thus I tried to investigate the effects of palmitoylation on lysophagy.
2. Materials and Methods

Cells expressing autophagy-related proteins fluorescently labeled with mNeonGreen or
GFP were starved or lysosomes damaged, and protein accumulation was compared with
and without 2BP, a palmitoylation inhibitor. We then measured the removal activity of
damaged lysosomes using GFP-tagged Galectin3 (Gal3), which is the marker protein of
damaged lysosomes. Lysosomal damage was induced, and the amount of damaged

lysosomes with and without palmitoylation inhibitor was compared in autophagy-deficient

and normal cells, respectively. 407
(Fig 1) § -
3. Results and Discussion 3
No accumulation of autophagy-related proteins (ATGs), such as {,\- 207
LC3, was observed in high-glucose medium (DMEM). Conversely, 2 10
lysosomal damage induced the accumulation of ATGs, and this was = 5l

canceled by palmitoylation inhibitor, suggesting that palmitoylation

plays some roles in the recruitment of ATGs during lysophagy (Fig 1). %
On the other hand, palmitoylation inhibitor induced cell death under starvation
conditions.

In autophagy-deficient cells (ATG9 KO), more Gal3 signals were accumulated 6 hours
after lysosomal damage compared to control cells. In both normal and autophagy-deficient
cells, there was no significant difference in the accumulation of Gal3 (Fiiz) 08
in the presence or absence of palmitoylation inhibitors, indicating
that palmitoylation is involved in the removal of damaged lysosomes

via autophagic pathway. (Fig 2).

Gal3 area/ Cellbody are:
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Improvement effect of Kawachibankan (Citrus kawachiensis) on neuronal
dysfunction
Chikako Miyoshi (Minamiuwa High School 3rd grade)
Yoshiaki Amakura, Satoshi Okuyama (Matsuyama University)

1. Purpose of the research

The presenter is a member of the Minamiuwa High School Regional Promotion Research Club,
which promotes the region’s attractions both within and beyond the town through the sale of local
products and the organization of various contests. In these activities, we often deal with
Kawachibankan (brand name: Ainan-gold) (Fig. 1), and I learned that this

peel contains components that affect brain function, such as auraptene L
and heptamethoxyflavone (HMF). Therefore, to increase the scientific b
value of Kawachibankan citrus fruit and to obtain information beneficial

to producers, I initiated this research using Kawachibankan as a research
material, with the hope of further revitalizing the Nanyo region. Fig. 1. Kawachibankan
2. Materials and Methods

As an experiment on the brain function-improving effect of Kawachibankan peel, I attempted to
conduct a component analysis of Kawachinbankan peel powder for use in pharmacological testing
and to analyze the spontaneous behavior of MK-801-induced schizophrenia positive symptom
model mice, which have not yet been examined as a pharmacological test.

3. Results and Discussion

As a result of the component analysis of Kawachibankan fruit peel powder, functional components
such as auraptene and HMF were confirmed to be the same as in the previous study, and this
powder was used for pharmacological testing. Mice treated with pericarp powder for 5 d
demonstrated a 23% decrease in activity compared to the MK-801 administration group (Fig. 2
(D). Administration of the peel powder on a single day, did not produce a significant difference
from the MK-801 group (Fig. 2 @), suggesting that continuous intake is necessary. It is also
possible that the effect may be even greater if the administration period is extended. Previous
studies have demonstrated that HMF suppresses MK-801 activity. However, because this

experiment used peel powder, the effect was
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observed with a lower HMF content compared to
the previous study (HMF contained in the peel

used in this study was 0.8 mg/kg, compared to 50
mg/kg in the previous study). In light of these
finding, the contributions of not only HMF but

also other compounds in Kawachibankan peel, as
well as the possibility of interactions between Fig. 2. Open Field Test
these compounds, were also taken into account.
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