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One-stroke drawing and the Moebius strip
Akari KAMEDA (Hiroshima University High School 3rd Grade)
Akira KUBO,Shunichi KIMURA (Hiroshima University)

1.Purpose of study

In this research, we study if the edge of the Moebius strip (a twisted strip) can be traced in one
stroke, explained in terms of the number of the intersections of the projection of the edge onto
a two-dimensional screen. So I anticipate that this study arouse children's interests in
mathematics by combining two enjoyable topics, one-stroke drawing and the Moebius strip.
2.Research method experiment

We call the strip whose edge can be traced in one stroke as “one-strokable strip”. We
experimented the one-strokability and the number of intersections for a lot of twisted strips to
make a conjecture, and gave a proof. We also generalized the Moebius strips to connected
Moebius strips. To count the intersection, we project the strips onto two-dimensional screen,
trace the edge, and count the intersections very carefully. There are 4 subtle cases, and we
have found how to take care of them to give a correct counting.

3.Result and discussion Table 1 the number of twist - intersections and one-stroke drawing

One-strokable strips are twisted odd
times and have odd numbers of
intersections (table 1).

In addition, when we cut the strip,
we get one child strip if and only if

x

the strip is one-strokable. .
. . . X consider twisting one time as 180°
For the connected Moebius strips, if

Table 2 to cut strips and to connect some strips

oo mEREN

the number of intersections is odd,
then the connected strip is one-

strokable, but the converse does not

hold (we found this just before T - ~ : r -
N :
submitting this summary). -y T _‘ ~<)/ E N : .

Also the relation with the twisting

numbers is not clear (table 2). . . . S

¥ The strip before cutting : parent strip, after cutting: child strip
From this study, we can predict the

number of child strips of Moebius strips without actually cutting them. In the future study I
would like to clarify the relation between the one-strokeness and the twisting numbers of
connected strips.

4.Acknowledgement
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Scissors Congruence of Polyhedra
Taiyo Shin (Kanazawa University Senior High school 2nd grade)

Hideki Miyachi (Institute of Science and Engineering, Kanazawa University)

1. Purpose of the study

When you dissect polyhedron A into finitely many polyhedra, and you can make
polyhedron B from these polyhedra, we say A and B are scissors congruent. Dehn’s Theorem
shows that the tetrahedron and the hexahedron are not scissors congruent. Then, I thought,
“How about other regular polyhedra?’ Therefore, the purpose of this research is to study
whether two regular polyhedra are scissors congruent or not. It is expected that the

properties of regular polyhedra will turn out more.

2. Method
I looked for the size of the dihedral angles of polyhedra, and looked into the potential
whether two polyhedra are scissors congruent or not by applying Hadwiger’s theorem to two

polyhedra.

3. Result and discussion (Pictures and tables)

I found out:
Any two among the regular tetrahedron, the regular hexahedron, and the regular octahedron
are not scissors congruent. The regular tetrahedron and the regular dodecahedron are not
scissors congruent. The truncated tetrahedron and the regular tetrahedron and the
truncated hexahedron and the regular hexahedron are not scissors congruent respectively. In
general, two tetrahedra, two hexahedra, and two octahedra are not scissors congruent
respectively.

As aresult, I saw that 4 combinations of regular polyhedra are not scissors congruent.
I also derive more general properties of polyhedra by using regular polyhedra, truncated

polyhedra, and other kinds of polyhedra.

4. Acknowledgement
I would like to thank Dr. Miyachi for his pertinent and stimulating advices and
thorough guidance. I am also grateful to staff in Kanazawa University GSC secretariat for

providing a valuable opportunity like this.
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The novel approach for enhancement of thermoelectric voltage
Momoka Sakamoto (Chikushigaoka High School 2rd grade)
Shinji Munetoh (Department of Materials Science and Engineering Kyushu University)

1. Purpose

In the Seebeck effect, the electric voltage can be generated by charge separation because of
the diffusion of excited carriers form high temperature side to low temperature side. Many
researches of thermoelectric materials for exhaust heat recovery have been performed.V
However, the rediffusion of carriers from low temperature side to high temperature side occurs
by Coulomb force caused by the charge separation. This rediffusion of carriers is considered to
be the major cause of the decrease of electric voltage. The inhibition of the rediffusion of
carriers is one of the most effectual method for enhancement of thermoelectric voltage. In this
study, we combined two p-type semiconductors with different fermi level for enhancement of
thermoelectric voltage by inhibition of the rediffusion of carriers by internal electric field.
2. Experimental Method

Two p-type semiconductors, 6.5%X101° cm3 and 1.1x10!° cm™3 boron doped silicons, was
crushed to around 1 micrometer powder. The powders were sintered by using Spark Plasma
Sintering for synthesis of bulk ingot including interface of two-layer. Two monolayer samples
and a sample including interface of two-layer were cut from bulk ingot. The chemical
composition, structural analysis and electrical properties was measured for each sample.
3. Results and discussion

As the results of the structural analysis of two monolayer samples, these two layers have
diamond structure. Fig. 1 shows the mapping image of Seebeck coefficient in the sample
including interface of two-layer by using thermal prove method. The interface can be clearly
observed. It is suggested that the sample including interface of two-layer with different fermi
level was successfully synthesized. Fig. 2 shows the temperature dependence of thermoelectric
voltage for each sample. The voltage of the sample including interface of two-layer is larger
than the value of average of two monolayer samples. In the high temperature region, higher
voltage can be observed than low boron doped Si sample. These results suggested that the
enhancement of thermoelectric voltage caused by inhibition of the rediffusion of carriers by

internal electric field.

10
(a) (b) I - 150 4 V/K Two-layers sample
8
1 s .
] - p-type £ 6 Low B doped Si
X 2
¥ ; -0 ko
g el 1 § ! /
n-type
v 2 \
I L 150 41 V/K . High B doped Si
Fig. 1 (a) photograph of two-layers sample and 0 100 200 300 400 500 600
(b) Seebeck coefficient mapping image Temperature (‘C)

Fig. 2 Temperature dependence of
thermoelectric voltage
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Improving Performance of Mg-Air Battery by Activation of Charcoal for Positive
Electrode ~Toward the Development of an Emergency Power Battery~

Koki Nochi (Saijo High School 3rd grade)
Supervisor : Yohji Misaki (Ehime University)

1. Purpose of the research

An emergency power supply is a key component in the preparation for possible disasters, such as
the Nankai Trough earthquake, and the Mg-air battery is considered to be one potential candidate
because of its simple composition and easy handling. This battery uses seawater as an aqueous
electrolyte solution, and the reaction of Mg and oxygen in the air proceeds on each electrode plate
as shown below.

Negative electrode : Mg — Mg2*+ 2e
Positive electrode : O2 +2H20 + 4e0 — 40H"

Previous studies demonstrated that the main cause of decline in its performance is the
accumulation of insoluble Mg(OH) 2 on the Mg surface of the negative electrode?. Tanizaki, et al,
suggested that surface precipitation could be suppressed by adding EDTA to the aqueous electrolyte
solution?. However, a voltage drop and low voltage are still disadvantages in improving the
performance of the Mg-air battery. In this study, I focused on the positive electrode and studied the
suitable materials, their pre-treatment and conditions.

2. Method
(1) Structure of Mg air battery?

The structure of the battery used was a negative electrode Mg plate, filter paper impregnated with
5 mL of 0.03 mol/LL EDTA solution, and 10 mL of ammonia buffer solution adjusted to pH10, a tea
bag, 10 g of granular activated carbon, and a carbon sheet.

(2) Experimental method

The activation temperatures of palm shell activation carbon and bamboo charcoal were 700 °C,
800 °C, 900 °C, and no activation. Carbon dioxide was used for the activation. The activation time
was 1 hour, and the activation flow rate was 20 mL/min. The current and voltage were monitored
every 10 minutes with a voltmeter and ammeter, and the internal resistance was kept constant
with a variable low resistor.

3. Results and discussion v T +700C
(1) Activation of palm shell activation carbon and its analysis :

Figure 1 shows the time transition of the voltage for +800°C
activation of palm shell activated carbon. When the activation &

temperature was 800 C, the high voltage could be maintained ' 900
and the voltage drop could be suppressed. Next, the [ i
measurement result of the specific surface area is shown in T o
Table 1. The specific surface area increased by about 17% at i & B 8 W W

the activation temperature of 800 ‘C. From this, it is minutes

considered that the highest voltage at the activation Fig.1 Changes of voltage loss by
temperature of 800 ‘C isrelated to the increase in the amount activation at different temperature
of oxygen adsorbed and in the specific surface area by Lo | 2o ool (M
implementing the activation. - Som Dy Visn
(2) Application to bamboo charcoal S e
It was clarified that the battery performance was improved |"eactivaton| 1245 .77 | 0551
when the activation temperature was 800 °C. In addition, riiaiida

since bamboo charcoal is locally produced for local 700°C 1224, o, 1.72 0.525
consumption, it is easy to procure and is economically activated at

advantageous. However, compared with palm shell activated 200 i L6 BiAs
carbon, it became clear that improvement is necessary because | actvatedat| o 175 0.599
the battery performance is inferior when bamboo charcoal is e = =

Table 1 Difference in surface area due to

used as a substitute for palm shell activated carbon. e 3
activation of palm shell activated carbon

4. Acknowledgments
I would like to express my deep gratitude to Professor Yohji Misaki, Professor Hidenori Yahiro,

Assistant Professor Hiroyuki Yamaura, and members in the laboratory for their guidance and

advice.
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Sleep contributes to preference for novel food odors in Drosophila
Fuminori Tanizawa (Kaisei High School, Senior)

Hiroyuki Takemoto (Shizuoka University)

1. Purpose of the study

Sleep has various functions. For example, when we have less sleep, we may feel the
change of taste and physical sensation. Previous studies in the Drosophila have shown
that sleep deprivation affects odor memory. However, the effect of sleep deprivation on
actual foraging behavior remains elusive. To clarify the function of sleep in the
organism's senses and behavior, we investigated the relationship between sleep and
odor preference. For further understanding of ecological significance of the change in
preference, we tested a hypothesis that sleep deprivation leads to a greater preference
for the odor of the rearing environment.

2. Method

Sleep deprivation was conducted by periodic physical stimulation
with rotation. We built a sleep-disturbing device (Fig. 1) by
modifying an electric fan, and an olfaction testing device (Fig. 2)
by modifying a 500 ml plastic box. Two odor sources, apple cider
vinegar (ACV) and broth, were placed in the experimental box,
and 50 flies were allowed to select for 16 hours, then the number Fig.1 Sleep-disturbing
of flies trapped with each odor and the number of flies not in  device

either were recorded.

3. Results and Discussion

Flies whose sleep was disturbed by nighttime rotation preferred
ACV to broth. The response to ACV alone was increased and that
to broth alone was decreased in the sleep-deprived flies. These
results indicate that sleep functions in odor preference of
Drosophila at the behavioral level. Flies grown on medium
supplemented with ACV showed a greater preference for ACV
and flies grown on medium supplemented with broth showed a
greater preference for broth when rotated at night (Fig. 3 and 4).
These results suggest that sleep deprivation led to a greater
preference for the odor of the rearing environment. Flies may stay
in the growth environment to avoid risk. The future challenge is _ __rotation

. . R . Fig.3 Responses of flies grown on
to find a common neural basis for this novel stimulus preference ,cy.medium
in humans and Drosophila, which provides insights into the
development of treatments for neuronal disorders such as
Alzheimer's disease through sleep interventions.

Fig.2 Olfaction testing
device

1.0

Proportion of flies
ACV/(ACV+broth)
0.2 06

No rotation  Night-time

e
—

Proportion of flies
ACV/(ACV+broth)
0.6
|
i’

0.2
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Neuron, 91:155-167; Li X. et al. (2009) Sleep deprivation specifically impairs short-term
olfactory memory in Drosophila. Sleep 32:1417-1424; Jaenike J (1983) Induction of host
preference in Drosophila melanogaster. Oecologia 58:320-325.
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Analysis of cell behavior under hypoxic conditions in Paramecium bursaria
Aoi Hasegawa (Kaimei High School, 2rd Grade)
Supervisors: Kenichi Ikeda (Graduate School of Agricultural Sciences, Kobe University)
Hedeyuki Iriko ( Graduate School of Health Sciences, Kobe University)
1. Purpose of the study
The mechanism of the hypoxic response is well known in multicellular animals and plants,
but it is not yet clear in unicellular protists. Since protists and multicellular organisms
diverged early in the eukaryotic evolution, investigating the hypoxic response in protists may
help us to understand the origin of the hypoxic response mechanism in the eukaryotic lineage.
P, bursaria is a unicellular protist, with Chlorella living symbiotically within its cytoplasm.
Since Chlorella supplies oxygen to the host cells under light conditions, various oxygen
concentration conditions could be set for the host P. bursaria by changing the light intensity.
The effect of hypoxia was assessed by measuring the swimming speed of P. bursaria cells.
2. Method
P, bursaria was cultured in an incubator with light sources at 20°C. Video recordings were
made using a home-made microscope using an USB camera and a computer. The swimming
trajectory of P bursaria was extracted and

analyzed by Imaged software.

3. Result and discussion 3 5
When P. bursaria was placed in the dark and % g
under hypoxia for 1 hour, the swimming speed § %
temporarily increased. The cells then stopped § f
swimming after 24 hours (Fig. 1). These results ¥ 5 10 15 20 25

Incubation time (hour)

suggest that the increased swimming speed can be
interpreted as a cellular response to escape from  Fig. 1 Swimming motion changes of P. bursaria in
hypoxic conditions and that the ciliary movement hypoxic and light {open circles) or dark (close circles)
ceased as the energy supply was gradually depleted. In contrast, there was no significant
change in swimming speed under hypoxic and light condition. This suggests that the symbiotic
Chlorella provided the oxygen and energy needed to maintain the swimming activity of P,
bursaria under bright conditions. In other words, these results indicate that the symbiotic
Chlorella in P. bursaria may play an important role in the cell's adaptive response to hypoxic
stress. In the future, I would like to compare the mechanism of the hypoxic response of P,
bursaria with the molecular mechanisms known in multicellular animals and plants (1).
4. Acknowledgement
I would like to express my deepest gratitude to Prof. Toshinobu Suzaki and Dr. Masashi
M. Hayakawa for their advice and support in conducting this study.
5. Reference
(1) Tanabe H., Shiozaki K., Evolutionary Conservation of the Components in the TOR
Signaling Pathways. Biomolecules (2017) 7, 77-94.
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Relation between the distribution of Oikopleura dioica in Seto
Inland Sea and concentration of hydrogen sulfide
Sakura Isegami (Sumagakuen High School, Grade 3)
Advisors: Mitsuru Hayashi (Kobe University), Takeshi Onuma (Osaka University)

1. Purpose of the study

The purpose of this study is to investigate the habitat condition of Oikopleura dioica in the
Seto Inland Sea, focusing on the differences in hydrogen sulfide concentrations. Oikopleura
dioica is animal plankton in the sea, which is classified lower level producer. And they are
known as a microbial loop that connect lower and higher level producers. Therefor we think
that the data will become important to understand ecology in the sea.
2. Method
2-1. Field survey

Seawater was collected at 5 points in the Seto Inland Sea (Figure 1) \'%; N
in August 23rd and 24th, 2020. Surface water was sampled by a -"i;
bucket, and phosphate, total nitrogen, hydrogen sulfide concentrations  / iy
were measured. Vertical distributions of temperature, salinity ORP,
turbidity, chlorophyll, DO, pH and photon. The surface seawater was F;k** **
sampled by a bucket, and phosphate and total nitrogen were measured ’ )
with test kit and hydrogen sulfide was measured with detector tube. o
2-2. Gulture experiment Figure 1 Sampling points

2L of seawater collected at each point in 2-1 were used to raise Oikopleura dioica. Numbers

of produced houses were used as an indicator of growth because old house is abandoned in the

sea.
3. Result and discussion 150

The number of produced houses in western sampling 8
areas, i.e., Sakakoshi and Himeji, were more than 2- é 100
fold than those in the eastern area, Fukae (Figure 2). tC:’ 50
Similar results were obtained by two independent 'é) I I
seawater samples collected at different days (data not z : . oo e e
shown), suggesting that growth of O. dioica is X %&? «2'»*@6\ Y&‘é\@cﬁ@&i\ ¥
dependent on seawater components. This possibility & @ e e

will be verified in the filed survey in future.
4. Acknowledgement

Figure 2 Number of houses per 12

I would like to express my gratitude to Prof. Mitsuru Hayashi and Takeo Onuma. This
research was partially supported by the GSC ROOT program.
5. Reference
(1) Graduate school of science, and Faculty of science Osaka University Nishida’s Laboratory HP
(www.bio.sci.osaka-u.ac.jp/bio_web/lab_page/nishida/otamaboya/1.html)
(2) Marumo, K., and Yokota, M., Review on Aoshio and Biological Effects of Hydrogen Sulfide,
Rep. Mar. Ecol. Res. Inst., 15, 23-40, 2012
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populations of wild radish, Raphanus sativus var. hortensis f. raphanistroides (Brassicaceae).

Genes Genet. Syst. 76: 15-23
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Diversity of self-incompatibility genes of wild radish populations in Yakushima
Tohko Kanomata (Sendai First High School, 2nd grade)
Kazuki Fukushima, Masao Watanabe (Tohoku University)

1. Purpose of study
Pollens are carried by insects, wind, and birds, and pollination
occurs at the tip of the pistil. Some species have separate male and
female flowers, and most of species have both stamens and pistils
in one flower, hermaphrodite. Radish is a hermaphrodite, a

member of the Brassicaceae family, which has both stamens and

pistils in one flower.

In general, cruciferous plants, including radish, have self- and compatibility (B)
incompatibility, a system to prevent self-fertilization. If pollens of
one's own flower are applied to the tip of the pistil, the pollen tubes do not penetrate (Fig. 1A). However, if
a pollen of another individual is applied, the pollen tubes can penetrate and elongate (Fig. 1B).

Focusing on this mechanism allows us to understand what kind of crossing occurs in the wild
population of radish. The genetic diversity of the wild population remains to be elucidated in the view of
self-incompatibility gene. We chose Yakushima, a world heritage site with rich nature, as our research
target.

2. Method

Experiment I: Seeds of wild radish sampled at two beaches, Haruta and % Tashiro
Tashiro (Fig. 2), were grown in our laboratory and examined for

germination rate and flowering days. Haruta
Experiment II: We extracted DNA from leaves of fully-grown individuals 10 km

used Experiment I and of individuals growing on the beaches in 2020. Fig.2 Map of Yakushima
Subsequently, we amplified SRK sequences by PCR. The nucleotide

sequences of the PCR products were determined using direct sequencing. S alleles were identified based
on the SRK sequences.

3. Result and discussion

Experiment I: A large variation in the number of days of flowering was observed at both Haruta and
Tashiro areas. This result suggested that the genetic diversity was being maintained on the island.
Experiment II: (1) Comparison of the two areas showed that there were more Salleles at Tashiro than at
Haruta in both years. This result suggested that the genetic diversity of Tashiro population was higher
than that of Haruta. (2) S5 allele, classified as class IT, was found to be present at a high frequency (>40%)
at the two areas and years. S alleles classified as class I is dominant over class II. Therefore, we
hypothesized that this result was responsible for the lack of phenotypic appearance of S% in the S
heterozygous individuals.

4. Acknowledgement

Our works are partially supported by a grant from EGGS, Tohoku University.
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Searching for suitable rice cultivars for production of useful proteins under
dark condition
Sasaki Karin (Renaissance High School, 2rd grade)
Takahashi Noa (Sakata East High School, 2nd grade)

1. Purpose and significance of research
Production of various useful proteins using plants (molecular farming) is expected.
Advantages of protein production in plants include low cost, safety, and long-term storage
at room temperature. When protein is produced in a plant, it is cultivated in a plant
growth facility that uses a great amount of electricity for lightning and air conditioning, which
prevents taking an advantage of low cost for protein production. Therefore, we examined
plant cultivation in darkness. Previous studies showed that a similar amount of total
proteins is produced under dark condition compared to light condition. In this study we
examined the amount of total soluble proteins in various rice cultivars to identify a suitable
cultivar for protein production under dark condition.

2. Materials and methods
Surface-sterilized seeds of Yamadanishiki, Nipponbare, Hitomebore, IR64, Kinnoibuki,
Taichung 65, Kusayutaka, Tsugaruroman, Kasalath were germinated and grown for
indicated days in light and dark conditions with three different nutrition conditions, water,
MS medium, and MS medium and 3% sucrose. Seedlings were homogenised with a motor
and pestle in 1 mL of TBS buffer, and protein concentration was measured with Bradford
method using BSA as a standard.

3. Results and discussions

25
When we grew Yamadanishiki, MS+Suc

Nipponbare, Kusayutaka and Kasalath 2 2 j

under dark condition for 12 days, the §T§ 1.5 % !
amount of protein per individual was 0.44 g% . } f : }

mg for Yamadanishiki, 0.99 mg for §§ o5 v [
Nipponbare, 1.02 mg for Kusayutaka and '

1.13 mg for Kasalath. This showed no 0 ; 1 16 20days

light/Yamadanishiki light/Nipponbare light/Kusayutaka light/Kasalath

Correlatlon between the graln size and the dark/Yamadanishiki dark/Nipponbare dark/Kusayutaka dark/Kasalath

protein amount produced. In addition,

Yamadanishiki had the highest amount of protein when grown for 16 days, and
Nipponbare, Kusayutaka, and Kasalath had the highest amount of protein when grown
for 20 days. In addition, it was found that the amount of proteins increased when they
were grown in MS medium in all cultivars examined. Furthermore, in most cultivars,
the addition of sucrose to MS medium further increased the amount of proteins. These
results suggest that the amount of total soluble proteins produced under dark condition

was different between cultivars, but it was not correlated with the grain size.
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(https://amaru. me/trivia/ant—pen/)

[BH LABE] 28285 LT27 UEHALIADDHEEDV

(https://sorayori. com/youtube_aritomahonopen/)

+ 22 Natural Ant Repellent Options to Solve Your Ant
Problem(https://morningchores. com/natural—-ant—-repellent/)

- Best Ant Repellent Indoor And Outdoor 2020 - Consumer Reports

(https://bestrepellers. com/best—ant—-repellent/)
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Research for the effective and sustainable ant repellent
Suzuko Niizeki (Shyouwa High School)

Toshiyuki Satoh (Tokyo University of Agriculture and Technology)
1. Purpose of the study
The objective of the study is to find out what prevents the invasion of ants to the households.
When I searched ant repellent on the internet, I found that they couldn’t get out when
surrounded by the line written by oil-based pens. I wanted to apply it and I investigated
further when I was in the third year of junior high school. From that it was found that the
alcohol component of the oil-based pen exerted a repellent effect. In recent years, the types
of disinfectants are increasing. From the results of my research in junior high school, I
wondered that available disinfectant could be used not only as a disinfectant for humans
but also as a repellent for ants (Formica Japonicus).
2. Method
Affordable organic hand gel, medicated hand gel, and tilted bison gel. Three ant (Formica
Japonicus) nests were found, and one type of disinfectant gel was sprinkled at the entrance
of each nest to observe the behavior of the ants.
3. Result and discussion (Pictures and tables)

Organic hand gel | Medicated hand gel Tiltive bison gel
Repellent effect | No effect Effective Effective
Ant behavior No change At first, ants have At first, ants have
gathered gathered
Odor Not much Smell of alcohol Smell of alcohol
Persistence Not persistence Nest entry and exit It remained on the
resumed after 5 minutes. | leaves even after 1 hour

I thought the organic hand gel was unnoticed by ants because it smelled light. In the other
two, I noticed something changed about the ants around me because of the strong smell.
The medicinal hand gel resumed entry and exit to the nest after about five minutes, however,
there was a nest on the stairs, and I went in and out of the stairs where the disinfectant
wasn’t sufficiently applied. After that, the ants came out of the nest, but at first they passed
through the dry place without hesitation, probably because they chased the pheromones of
the returning ants. So, it was found that the disinfectant can enter and exit through a
narrow dry road even if it is surrounded by the disinfectant. One hour later, Tiltive Bison
Gel penetrated the surface of the sand, but remained on the leaves, which the ants avoided.
From the experimental results, it was considered that Tiltive Bison Gel is the most suitable
as a repellent for ants among the three types. Tiltive Bison Gel is a tube type. So anyone
can easily sprinkle on the ant entrance. And, this time it penetrated because it was
sprinkled on sand, but when each disinfectant was sprinkled on a plastic plate, it didn’t
volatilize or solidify overnight. Therefore, by placing a plastic plate at the entrance of the
ant's nest and applying a disinfectant to the plate, it is expected that the sustainability of

the repellent effect will be enhanced.
4. Acknowledgements
I would like to thank Professor T. Satoh and Professor N. Ito for many advices.
5. References

+ Ants can’t go through the oil-based pen line, termites walk along the ballpoint pen line
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[Interesting video] Why? why? A magic pen that traps ants
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Separation of Photosynthetic pigments contained in cyanobacteria
Hina Ishibashi (Hiroshima Kokutaiji High School)
Tsuyoshi Tanaka * Atsushi Arakaki
(Tokyo University of Agriculture and Technology)

1. Purpose of the study
Phycoerythrin or phycocyanin are types of photosynthetic pigment. It is widely used. For
example, nutrition supplements, reagent and coloring agent. In addition, the way of
extracting phycoerythrin is established, however it’s a little complicated for students’
experiment. Thus, in this study, we set a goal about separating it in an easier and more
efficient way from Nostoc.

2. Materials
acid * alkaline solution: HClaq(2.7mol/L),NaOHaq(2.5mol/L),
HNOsaq(1.5mol/L)
salt solution: NaCl(10g/L), CaCl2(100g/L)
Method
(1) rinse the cyanobacteria and dry them for the whole day.
(2) immerse them in each solution then observe color change.
(3) use a spectrophotometer once a week to measure absorption spectrum.

3. Result and Discussion
(1) Phycoerythrin: Only NaClag, the color changed to light red. In addition, the absorption
rate was around 560nm, so we can assume that phycoerythrin was extracted.
(2) Phycocyanin: The absorption rate was around 640nm, so we can assume that

phycocyanin was exeracted.

4. Acknowledgements
I would like to express my sincere gratitude to Professor Tsuyoshi Tanaka, and associate
professor Atsushi Arakaki in Biomolecular Engineering and Marine Biotechnology Lab at
the Tokyo University of Agriculture and Technology. Thank you from the bottom of my
heart.
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IZEETHD. TFE, v v Y3 (Manihot esculenta) OFEE CTHLELEEL Lizad oX4
PEEMNEH SN TV, v v P AR L L THW a4 nXoEL, BB #HE02
EDRHEIN TS (Miech et al., 2016) . L2L, Fv v I T ALEHOY F~ Y
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Miech et al. J. Insects as Food Feed 2, 285-292, 2016

Hahn. Outlook Agric. 18, 110-118, 1989

Idowu et al. Int. J. Trop. Insect Sci. 29, 229-235, 2009

Gullan and Cranston. The Insects: An Outline of Entomology, 4th Edition. 2010
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Safety of insect diets: toxic substances in cricket food and
Analysis of the gut bacteria that detoxify it

Seki Okubo (Tokyo Denki University High School)
Takeshi Suzuki (Tokyo University of Agriculture and Technology)

1. Purpose of the study

In the near future, protein production will not be able to keep up with the demand due to the
rapid growth of the world's population, which is called as “protein crisis”. To cope with the
crisis, insects have been attracting attention as an alternative protein source. Crickets, in
particular, are one of the most promising insects for the sustainable protein source because of
the high efficiency of feed conversion and low environmental impact in their production. There
are many cricket farmers in Southeast Asia and they have traditionally produced edible
crickets. However, poultry feed containing fish meal, a conventional protein source, is used to
produce crickets, and the feed cost accounts for 60% of the production cost. Therefore, it is
important to develop sustainable and low-cost cricket feed. Recently, cassava leaves, an
agricultural residue, have been used as the alternative feed for cricket production. And growth
of crickets fed on cassava leaves have been reported to be comparable to that fed on poultry
feed (Miech et al., 2016). Cassava contains the cyanide linamarin, which is unsuitable for
human consumption in a fresh diet (Hahn, 1989). However, symbiotic bacteria that produce
the enzyme linamarase, which degrades linamarin, have been found in a grasshopper
(Zonocerus variegatus) that feed on cassava leaves (Idowu et al., 2009), and we will investigate
whether crickets have a similar detoxification mechanism. This study is expected to contribute
to safe and sustainable cricket production using cassava leaves.

2. Methods

We plan to dissect the cricket and extract the brain, digestive tract, fat body, hind leg femoral
muscle, and ovary and isolate genomic DNA (gDNA) from each organ. So far we have conducted
gDNA isolation from the digestive tract. A bacterial 16S rRNA fragment will be PCR amplified
using the universal primers and gDNA as a template, and metagenomic analysis will be
performed on each organ to comprehensively investigate the composition of the symbiotic
bacterial flora. We will also quantify linamarin in cassava leaves and the crickets fed with
them. In addition, crickets that have been treated with antibiotics to lose symbiotic bacteria
will be fed cassava leaves and their growth will be evaluated in comparison to the target area.

3. Results and discussion

We dissected crickets that had been fasted for several days and anesthetized with carbon
dioxide. Although it was difficult to distinguish the organs of the dissected cricket at first, we
were gradually able to identify them according to Gullan and Cranston (2010). We extracted
32.3-ng/uL gDNA from the digestive tract and ovaries from the dissected crickets. This will be
followed by the PCR amplification. We plan to examine whether the DNA contains symbiotic
bacteria that produce the enzyme linamarase.

4. Acknowledgements

I received guidance from Associate Professor Takeshi Suzuki of Tokyo University of
Agriculture and Technology (TUAT) on my research topic and how to proceed. I am grateful to
Mr. Shota Hayakawa (2nd year of the Interdisciplinary Doctoral Program at the School of
Science and Engineering, Waseda University) and Mr. Kohyoh Murata (4th year of the Faculty
of Agriculture, TUAT) for their guidance on cricket breeding systems and experimental
techniques. I would like to thank them the bottom of my heart.
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2) Duncan A. Greenhalgh, et al. Hydrophobic Amino Acids in the Retinal-binding Pocket of
Bacteriorhodopsin. The Journal of Biological Chemistry, 1993, vol. 268, No. 27.
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Identification of amino acid residues involved in the color regulation of proteorhodopsin
Sota Imaizumi (Yawatahama High School 2nd grade)
Superviser: Jun Tamogami (Matsuyama University)

1. Purpose of the study

By absorbing light, rhodopsin undergoes an isomerization of retinal, which is a
chromophore, and conformational changes of proteins?. As a result of recent metagenomic
analysis, many microbial rhodopsins with new functions and colors have been discovered,
and their diversity has been clarified. Although these rhodopsins have similar protein
structures, their colors (absorption maximum wavelengths) are different. The factors
causing the different colors among them is not fully understood. Therefore, I examined the
amino acid residue(s) associated with color tuning of microbial rhodopsin.
2. Method

In this study, I focused on proteorhodopsin (PR) and bacteriorhodopsin (BR), which have
many common properties but different colors. First, the amino acid sequences around retinal
that absorbs light? were compared between PR and BR, and “the serine (S) residue located at
the 131st position of PR (S131)” was selected as the portion where the sequences differ
between the two proteins. Next, primers to substitute S131 of PR with “the aspartic acid (D)
corresponding to BR” were prepared and PCR (QuikChange Method) was performed. Then,
sequence analysis was performed to confirm the introduced mutation, and then transformation,
induction of protein expression in E. coli membrane, and purification of proteins were
performed. Using a spectrophotometer, the absorption spectra of wild-type PR, mutant PR,
and BR were measured. In addition, the rise and decay of intermediates formed after
photoexcitation were measured by flash photolysis experiments.
3. Result and discussion

From the absorption spectra obtained using a spectrophotometer, the maximum absorption
wavelengths in the unphotolyzed state were wild-type PR:528 nm, mutant PR:534.5 nm, and BR:563
nm, and the maximum absorption wavelength of the mutant PR was slightly red-shifted toward

BR(Fig.1). From the above results, “S131 of PR” is considered to be one
e wiid-tv‘Pe PR 528nm
(PR-WT) P

of the residues responsible for the difference in color between PR and '
BR. Moreover, the results of the flash photolysis revealed the ot / X
alteration of the formation and decay rate of photoproducts in mutant R —

PR, and the overall behavior became somewhat closer to that of BR. In
particular, the decay rate of the M intermediate was slower than that o] PREISID) 534'5”—"‘j
of the wild-type. Therefore, it is predicted that S131 of PR is not only
related to the color difference between PR and BR, but also one of the

amino acid residues involved in the difference in the formation and

Absorbance

decay of intermediates during the photoreaction. aeff| BR /-5'-"’—3"-"—rrl 1
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Molecular study of steroid biosynthesis in relation to the
reproductive activity in stony corals

Kenshiro Taira (Okinawa Prefectural Naha Kokusai Senior High School, 2rd Grade)
Akihiro Takemura (Department of Chemistry, Biology and Marine Science, University of

the Ryukyus)

1. Purpose of the stud

Corals are proximal cnidarians which compose coral reefs and play an important role in
providing habitat for other marine organisms. Unfortunately, corals are facing mass
bleaching due increased ocean temperatures driven by carbon pollution. The only way to
preserve corals and prevent their extinction is to stimulate maturation and spawning
artificially. However, to date little is known about the reproduction of corals. It is unclear
whether coral reproduction is endogenously regulated. The goal of this study was to clarify
the importance of sex steroids in the sexual maturation of Acropora tenuis, a common stony
coral in Okinawa. The specific objectives were to assess: (1) whether corals are capable of
synthesizing sex steroids; and (2) whether sex steroids are involved in the sexual

maturation of corals.

2. Method

We focused on three genes which code for enzymes
[steroidogenic acute regulatory protein (StAR protein), 3B-
hydroxysteroid dehydrogenase (38-HSD), and 17a-
hydroxylase (17a-OH/17,20 Iyase)l involved in the
biosynthesis of steroid hormones. The genes coding for
StAR protein, 38-HSD, and 17a-OH/17,20 lyase were
searched using the genome database of A. tenuis.
Phylogenetic analysis of gene expression was performed in
invertebrates and vertebrates, and a phylogenetic tree was
created based on these genes.

Colonies of A. tenuis (n = 5) in coral reefs around Sesoko
Island, Okinawa, were tagged. Branches from tagged
colonies were collected every month around full moon
(during egg development) from April to September 2020.
Following total RNA extraction and cDNA synthesis, gene
expression levels were measured using qPCR.

3. Results and discussion

Search in the genome database showed that A. tenuis
expresses StAR protein, 36-HSD, and 17a-OH/17,20 lyase,
which are clustered into cnidarians. Vitellogenic colonies
showed higher gene expression than non-vitellogenic
colonies (Fig. 1). This result suggests that A. tenuis can
synthesize steroid hormones, and that these hormones are
related to oogenesis.

4. Acknowledgements
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Fig. 1. Expression levels of StAR
protein (A), 38-HSD (B), and 17a-
OH/17,20 Iyase (C) in fragments
of A. tenuis with and without
vitellogenic oocytes. Asterisk
shows statistical difference at P<
0.001.
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Meat goat grazing in the Okinawan subtropical region — Overcoming parasitic infection in meat goats
Mio Kinjo (Okinawa Shogaku Senior High School)

Purpose and significance

Why are goats not grazing in the Okinawa area? Parasitic infections are a common problem in breeding
meat goats in subtropical areas such as Okinawa. Defeating parasitic infection is essential to ensure the

domestic production of safe and edible goat meat (achievement of sustainable development goals).

Methodology

1) This study was carried out in Subtropical Field Science Center, University of the Ryukyus.

2) Twelve breeding goats was supplied for anthelmintic (levemisole) by feed additive each month.

3) | collected feces of goat, measured the number of parasitic eggs used by sucrose gradient centrifugation,
and determined the variation in the number of parasitic eggs after antiparasitic.

4) Next examination, | take a blood sample of goats, evaluate the relationships between nutritive condition
of goat with parasite infection disease rate, blood components, and body weight.

5) Eventually, | will indicate the limit value of parasitic infection disease rate for the maintain living body
functions and livestock production.

Results and discussion

The number of eggs per gram (EPG) decreased markedly after the fifth antiparasitic (Table 1). This result
shows that levamisole is an effective anthelmintic in meat goats. | am planning to examine other goats in
farmer and to check the change of the parasitic infectious disease all year long rather than during a single

season.

Table 1. Eggs per gram (EPG) variation in the stools of parasite-infected meat goats.

Feces collection day Treatment EPG (eggs/g)
7 April 2020 Before antiparasitic 782
21 August 2020 Before 5" antiparasitic 104
21 August 2020 After 5% antiparasitic 50.4

Acknowledgements

| would like to thank the professors at the Science Education Academy of the Ryukyus for their remote
guidance while | was unable to attend university due to coronavirus pandemic. Thanks to this research, | got
closer to my goal of getting a job related to animals.
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An undescribed species of earthworms collected in Tochigi Prefecture
Hayato Endo (Oyama High School)
Yukiko Minamiya (Tochigi Prefectural Museum)
Masaru Matsuda (Utsunomiya University)

1. Objective of this study

Currently, 183 species of earthworms from Japan are known. However, taxonomic studies on
earthworms have been delayed. This is due to the limited identification traits of earthworms,
large individual and geographical variations, and incompleteness of past descriptions. Since
earthworms are extremely important animals for protecting the richness of land, to achieve
"Protect the richness of land" that is one of the 17 Sustainable
Development Goals (SDGs), taxonomic studies of earthworms are
important. In 2019, we discovered a likely new species of earthworm
in Nikko. Here, in order to describe this population as a new species,

AR IS SLERERAL

we performed detailed morphological measurements and molecular i i
hvl t lvsis Fig. 1 Schematic diagram of
phylogenetic analysis. sexual characteristics of head

2. Materials and Methods part of earthworm

We measured the morphology of 6 individuals collected in Nikko

City in August 2019 and 12 individuals collected in August 2020, a total of 18 individuals that
are considered as a new species. Seven of them were type-holotype specimens, so only the
external morphology was observed, and the remaining 11 individuals were sketched by
observing the external and internal morphology. In addition, we extracted DNA from 12 of the
18 individuals. We also extracted DNA from 22 specimens stored in the Tochigi Prefectural
Museum Immersion Specimen. From these DNAs, a part of the nucleotide sequence of
cytochrome c oxidase subunit I(COI) of mitochondrial DNA was — Ginda Yo
determined. At this time, the nucleotide sequence of 1 of the 12 '
samples could not be obtained. Next, the phylogenetic tree was

created by the NJ method using MEGAX by adding the partial
sequences of COI for 15 individuals already collected last year

and 19 sequences of the DNA data bank.

3. Results and Discussion |
In the sample which the external morphology was observed
morphologically, there was a difference in the presence or
absence of the external sexual characteristic and the entity
segment (Fig. 1), but other traits were most similar to those of
the earthworm. In the molecular phylogenetic analysis, the COI
sequences were divided into 19 clades (Fig. 2). All the samples,
whose morphological traits were observed, were clustered in
one clade (Clade 1). Some of the museum immersion specimen
samples formed clades similar to those of known species, while
others formed clades different from those of known species.
Clade 1 consisted of the present Nikko samples and became a
monophyletic group. This Clade 1 formed a monophyletic group
as well as Clade 2, 3, 4, 5, and 6. Although the samples analyzed
morphologically belonged to clade 1, they were morphologically
similar to species belong to clade 9 whose COI sequences of
mitochondrial DNA were classified into clade 9. From these
results, it is considered that the samples whose morphology was
analyzed this time deserve to be described as a new species, and
we would like to proceed with further research and describe it
as a new species.
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Identification of a novel gene responsible for albino medaka emerged from a
wild population
Kyoka Matsumoto (Tochigi Girl’s High School)
Norimasa Iwanami, Masaru Matsuda (Utsunomiya University)

1. Objective of this study
We have found a new albino-medaka from a wild population of
Oryzias latipes (Fig. 1). When we crossed this individual with
Himedaka or Hi3 (albino inbred medaka), all the offspring became
black (wild type), so the resposivle gene of this albino is different
from the resposible gene of Himedaka (b) or albino (i3). In this
study, we clarified the position of the resposible gene of this albino

on the chromosome, and finally tried to identify this gene. Fig. 1 Phenotype of albino medaka
An albino (upper) and wild type
(lower).

2. Materials and Methods

(Experiment 1) To clarify the genetic pattern of the responsible gene for this albino phenotype,
we sib-mated F:1 individuals obtained from albino x wild type mating. Then, we checked
phenotypes of these offspring.

(Experiment 2) We obtained offspring by backcrossing F1 obtained from crossing an albino
with an inbred strain derived from O. sakaizumii with albino. The phenotype of these offspring
1s albino or black. We extracted DNA from each individual, and pooled DNA from 35 albino
individuals, and from 39 black individuals, respectively. These pooled DNA were used as
templates for PCR amplification with M-Marker 2009 for genotyping.

3. Results and Discussion

(Experiment 1) 1704 offspring from sib-mating of heterozygous hatched and their phenotypes
were 376 for albino and 1328 for wild type. Since the expected ratio is 1: 3, the value of X2 was
7.82 (x2 0.995 (1) = 7.88). Although the number of albino types was smaller than that of 1/3 of
wild types, the segregation ratio was approximately 1: 3. This indicates that the responsible
gene of this albino is regulated by one gene locus.

(Experiment 2) In the gel image analyzed using MultiNA, there was a difference between the
band patterns of pool-PCR amplicons of wild-type and those of the albino-type in the DNA
marker of LG (chromosome) 15. Conversely, there was no difference with other markers. These
facts suggested that the responsible gene of albino was linked to LG15 (Fig2).
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Fig. 2 Gel image of MultiNA
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Suda T. Bone research in space, Bone, 22(5): 73-78. 1998.
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The development of hatching eggs under microgravity
Yudai KAWAKAMI (Hiroshima Gakuin High School 2rd Grade)
Masahide NISHIBORI (Hiroshima University)

1.Purpose of study
The goal of this research is to succeed in hatching eggs under microgravity. Our species may
live in the environment except the earth. One of the most serious issues is food problem. This
research is significant in that if we discover how the gravity affects the development of the
embryo and how to hatch eggs under microgravity, we could breed chickens in space and solve
the food shortage.
2.Research method experiment
We hatched eggs of White Leghorn at 38 Celsius in
the 55-65 percent. In order to create zero gravity, 1G uG
we used the device called “GRAVITE”, which can
create 1073 gravity. Previous study revealed that

Figl. the position of yolk

. . . . under 1G and pG
chicken embryos die under microgravity for 24 hours

after day4, but did not discover how to survive the embryo. Described in the right figure, on
the earth (1G), the specific gravity of albumen is heavier than that of the yolk. So the yolk
floats on the albumen and touches the eggshell, and can get oxygen. However, under
microgravity, the yolk stays in the center of the albumen and is pressed by the albumen. It is
assumed that the cause of death from day4 to day5 is this press. After we hatch six eggs in the
incubator from dayO to day4 under 1G, we extract 10g of albumen from them, and throw them
into GRAVITE for 24 hours, and observe the embryos. As the control experiment, we observe

the embryos of the eggs which are hatched under 1G for 5 days and extracted 10g of albumen

in day4.
3.Result and discussion

The result is shown at Table 1. (Table 1) embryos without 10g of albumen
It is successful to survive embryos alive dead unfertilized
under microgravity by extracting 10g e 2/6 3/6 1/6

of albumen. Three dead embryos were at
stages of days 4-4.5. On the other hand,

no embryo cannot survive under 1G without 10g of albumen. It is assumed that the reason two

1G 0/14 10/14 4/14

embryos are alive is that under microgravity albumen prevents the embryo from developing.
The cause of death under uG may be that we may extract not only albumen but the necessary
substances such as the yolk and chalaza. Under 1G albumen is considered important for the
embryo. And it is assumed that the cause of death in control experiment is also that we may
extract something besides albumen.
4.Acknowledgement

I would like to thank Mr. Nishibori, Takuma Shimokawa, his office members, who supervised
me.
5.References
Okada T, Developmental Biology of Vertebrates, Baifukan, Tokyo, 1989.
Suda T. Bone research in space, Bone, 22(5): 73-78. 1998.

36



D—19 IN=W =2

FE#EIZ & A4 H Caenorhabditis elegans DERERBFDOREL
R 82 UREFBEEEFIR 24)
B ET (AERFERFGR A A mEL R

1. AEOEMEER
2015 4RI SUIN R D ISR © D35 . Caenorhabditis elegans % FINT= 8172 72705 AKRE2 N-NOSE %
RRL, AHRPBABZOTIED =225 LW S TS, LrL N-NOSE TIZHMINA %
KA TEX DN, DAOFEEE TIXFFE TE R, 2T, C elegans \IZFFED DA DENWE R 2 &
. TOREE EYIRAR S5 2 ERHRNE, BAOFEEDFRRE R A 7o BT
LOTIEIRWINEZ X T2, Celegans IIHFEIRFT 5 Z LN TE, BHAEFEH LAV D LRLEZ K
SHDLILNTE D, I TADIZETITERE R bRclE a2 hff LFET 2 D2 WEE LT,

2. HROF&

R 1 R 2R L REOERE O

FFIATHIZE LRI 3RS L CO R W OFRIRTFE ER A T o 70, i Y O 3IFHADIEIRE D
T L— b EHOWTEREAT 21T 72, ZO%, WICHT 2 ETE2 MG L, (bR ClL iM%
AR L7, RIS, ST Lo 2 5B IR L7 T v B A 2T 5 FEBRE1T o7,

FER 2 AR AR L BREE DN Y T LT B R(BA) DB W DEEE

FEATHFZE 22D . B L Cniauni iz W THRElIic B W OB SN 5 RYIR 2R L E
T DR AT D EREZIT 7=, FIKELIFIR Y TAT B RBA)ETE F LIS
7 L— M E BB OIFZ AdL, 24 FEEGE L2 b8 WEZ I frEfAE Lo, Aibhz v
TEWIZKRT 2 BT 2 R LB IR MIEZFH L7z, BA Stk LKEMED M EDOETH
L0 IAFFEE NN Z FHE LT, WIS, S fHT U= 2 50 B RS L%, R4 <IcA

D FEERZIT > T, g

3. BELEE BES) - |

FER 1 C. elegans | TRIR 28R L T2 BREE D 0.4 . . % )
AT L S SND 2 L SHERE e ., T T {"

Ko (R D). —J7 i Lo, 0| e S

B TIRBE HESPT v A 27275 0 - . .

o Too BN 22O BB R L 7= 7= b [alfE o4 & @g @(&: %@v %@@“
TERPOIEFZZTOD, M1 OERLOE CIEE1IC K2 EE 2 ORE. LLE

EBR2 HOORYIABEAT RO ECEEHREOHICHESI S, SRS VIEE KA
B BA RIS 8l Shueat L gy TR EELE S sEn L R SR
FTATHFRIZHE AT o /&y (M2), F

TR L EIRIC B0 T BA ICHS S, LIMEIZ S DI/ S WREDEIZR 572, Wb T
YA BOBUWORENRES T EOMIFFEISNENNS LS RoTZLEZZTND, SHBEVER
EaE LR ZED 5,

4. BiFE

WHIEZEAT D IZH TV . BINREY) « BiE 2 W EWeH TR S A URERY) . U E—1d -t -

B AT SO L RORRY) (DD KD SN2 LR

5. EXH

K unitomo et al. (2013) Nature communications. 4, 2210.
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Memory Retention of Caenorhabditis elegans by Freezing
Yunosuke FUJINAWA (Hiroshima Gakuin High School 2nd Grade)
Misako OKUMURA (Hiroshima University)

1.Purpose of study

In 2015, Professor Hirotsu in Kyushu University announced a new cancer screening N-NOSE

using the nematode Caenorhabditis elegans, which may become one of the most powerful

cancer screening methods in the future. N-NOSE can find early cancer, but not the types of

cancer. If we could make C. elegans remember the smell of particular cancer and hold the

memory for a long time, we can use C. elegans to identify the types of cancer. C. elegans can

be stored by cryopreservation, and associative learning can be used to form specific memories.

Here, we tried to verify whether worms continue to hold the memory after freezing and

thawing.

2.Research method experiment

Experiment1: Memory of salt concentration in an environment that worms have experienced

satiety

First, I conducted a salt learning experiment as previously descrived!. Worms were conditioned

on plates of three salt concentrations with food. I performed a chemotaxis assay to the salt and

calculated Chemical Index (C.1.). Next, the conditioned C. elegans were frozen for several days

and the chemotaxis assay was performed immediately after thawing.

Experiment2: Memory of the smell of benzaldehyde during the larval stage with food

I tried olfactory imprinting, a long-lasting memory which is only formed early larval stage as

previously reported2. About 100 eggs of C. elegans and food were placed on the conditioning

plates with a lid on which a drop of water or benzaldehyde (BA) was placed for 24 hours. After

removing the odor, worms were raised until adult. The odorant attraction assay was performed,

and the Migration Index (M.I.) and the Imprinting Index (I.I.), a difference of M.I between

imprinted and naive worms were calculated. Next, the conditioned C. elegans were frozen for

several days and the odorant attraction assay was performed after

thawing the worms.

3.Results and discussion

Experimentl: Intact C. elegans remembered the salt concentration < o0 o . O

of the cultured environment and attracted to the higher salt 02 _E?_ %

concentration (Figure 1). On the other hand, after thawing and o ° :." .

thawing, worms did not move in a short time and it was impossible & & \@6‘@

to perform the assay. Worms could not recover because they were o

thawed on plates without food. Figure 1 Chemotaxis index after
conditioning with three salt

Experiment2: Imprinted worms were relatively strongly attracted —concentration. Larger values
to benzaldehyde, but the I.I. was much smaller than those of the ndicate stronger attraction.

Iy

previous study? (Figure 2). The LI. of the frozen worms was even 27

smaller but became a positive value. I suppose the odorant o
concentration for the assay was too high to assess the difference f
between naive and imprinted worms. I will improve the assay by = °1™" "{' """
reducing the odor concentration in the future. A,
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Interaction between Tricholoma matsutake and Mycorrhizobacteria
Ryoya Kuge (Saitama Prefectural Matsuyama High School 3" grade)

Norihisa Matsushita (Graduate School of Agricultural and Life Sciences, University of Tokyo)

1. Purpose of study
In July 2020, Tricholoma matsutake (Matsutake mushroom) which has been a rare ingredient
in Japan for a long time, was designated as an endangered species 2 on the I[UCN Red List.
However, there are still many unclear points about Matsutake mushrooms. For example,
mushrooms do not form unless they are in a specific environment.

Therefore, we planned a study aimed at establishing artificial cultivation technology and
preserving Matsutake mushrooms.

2. Method

Actinomycetes that produce aminoglycoside antibiotics, which are
antibacterial (Streptomyces genus), are specifically present in the
mycorrhizal roots (Shiro) of pine that coexist with Matsutake
mushrooms.

Therefore, the microorganisms in the mycorrhizosphere of pine and

the microorganisms that are harmful to Matsutake mushrooms are

confronted on an agar medium, and the antibacterial activity is
examined from the presence and size of the Zone of inhibition. Fig.1 Shiro of Tricholoma
Then, the microorganisms is identified by genetic analysis. Matsutake

I want to do the further clarify the causal relationship

between Rhizobacteria and Matsutake mushrooms.

3. Results and discussion

Specialized research equipment is required to carry out this
research, it was difficult to go the university now, so sufficient
experiments could not be conducted.

However, past studies have shown that different strains of
actinomycetes have significantly different burdens on Matsutake.
And Bacillus bacteria, which have broad antibacterial activity

against soil pathogens in highly prone plants. It existed in the

rhizosphere of the plant. In addition, the reason for the decrease in

Fig.2 Zone of inhibition

Matsutake mushrooms is due to the fertility of the soil in the forest. gainst soil pathogens.
Then we must remove the elements that have an adverse effect on

Matsutake mushrooms, or replace the microorganisms in the rhizosphere (Shiro) with
another one to create a better environment and try artificial cultivation.

4. Acknowledgement
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Bacteria in the intestine of yellowback seabream,Dentex tumifrons
Hiroya Nakazaki (Meisei high school 2nd grade)

1.Purpose of the study

To discover '"bacteria in the intestine of fish" that produce a substance (antibacterial substance)
inactivating pathogens in fish, and identify the substance for drug development to cure the fish
disease, and use them for culture and breeding of fish.

2.Methods

(Isolation of bacteria in the intestine of yellowback seabream)

I took out the gastrointestinal tract of yellowback seabream, and diluted gastrointestinal contents
in the ZoBell liquid medium.Then, I spread the gastrointestinal content to ZoBell agar medium
with a disposable loop, cultured it in an incubator at 30 degrees Celsius. ZoBell medium is a
commonly used non-selective medium when marine bacteria are cultured.

When I was able to confirm a colony, I distinguished different kinds of bacteria from color and
shape of the colony by viewing. I identified the kind with the nucleotide sequences of the 16S
rDNA domain.

(Bacterial battle)

Bacterial battle is a mixed culture method that we devised. Two kinds of bacteria were applied
on the same medium, and the bacterium that occupy more than half the area of the overlapped
part wins.

Bacterial battle was carried out with three kinds of bacteria isolated from yellowback seabream.

3.Results and discussion

(Isolation of bacteria in the intestine of yellowback seabream)

Three kinds of colonies ; orange * round, yellow * round, and white * round, could be confirmed
with eyes. From a result of 3 gene analysis, as for the bacteria of the colony of round shape with
orange were Brevibacterium sp., the ones of the colony of round shape with yellow were
Brachybacterium sp., and the ones of the colony of round shape with white were Microbacterium
sp.

(Bacteria battle)

Brevibacterium sp. tended to win than other two bacteria. Furthermore, the number of the
victories increased as orange color got darker. From these things, it is thought that the orange
pigment that Brevibacterium sp. composes is more likely to be an antibacterial substance.

4.Acknowledgements
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hasegawa laboratory perform the isolated enterobacterial gene analysis from Dentex tumifrons.

5.References

* Eun Ju Choi et al. 2009 6-Hydroxymethyl-1-phenazine-carboxamide and 1,6-
phenazinedimethanol from a marine bacterium, Brevibacterium sp. KMD 003, associated with
marine purple vase sponge (The Journal of Antibiotics)

* Vennam Srilekha et al. 2017 Antibacterial and anti-inflammatory activities of marine
Brevibacterium sp. (Research in Pharmaceutical Sciences)

42



D—22 BEXE

NAFIARBISET 2AMDEHEOHER
BB (R ERSZERESESR 3 4F)
TR (B ERFR T T2 5ER))
1. BIROBHEER
RO ERZ & S>NTIZ, FHROFANRR SN TORNZ EARERERMELE 72> T
%.’) HENZHR SN THE SN THHA S TOWRWEERFHRERNS AARICIETHY . Zhidd )
AL TR LW E BT, AWPTEIE, BEANOES EEI AT L2 BXDDIZEREH
RGNz DX RGBT, KOMBRGET A A ) —VEERT L L2 AN ET
Do MR EITRD IR RNF = E DR VHIERIHS TE 2MEOHh T, LV HRNIZT L=
— AR TE OMB 2 BET D7D REIT > T,

2. HROFE

77U, BF, AX, YUT THY, T, BT A, PR 7 XFO 10 FEED
AMEY A TERENUHRIRIZL T, ZRENEBRE AN, A4 e T X roOrkE e —h

—IZ A, %’Zm%ﬂﬂfﬂf%%ﬂbﬁbto%@K@@%T%ﬁf%ﬂb%f%ﬁ@kb
7oo ZOBFRIMHRZMARIZ LIEAM O AN - 2R BRE I AL, RE DL 10725 K 5 IR
%, FEEAE A RRIER S, AMOEB L —2 525 LT, mOSBEC)NT, Z v a— ARG
EFhd ERAERIL, KEKEERE 7 o~ 777 40— TLO T, figEREx S5 &
THZBRH Lz, 72, ThEh, B2 R CREESE, KB LT-OLIZKkEDT T,

3. HRLEE
A=t S e AN =i o
N B /% 6L ThH<Y . . @

2 o7 THAL HUT

3N AF 8L ¥ §5g§§§§2;§$2§
2 DU 1. > i
AL T 9L 7 XX 3 ¥ T >
]

57 7Y 1047 > A S
K1, HEse<t297 4 —0fER £

B XN LTy ) — A PRET 2058 L, ZOMIETAAS AL ) — L RERS
NIz L aMERTER, b/ FRERBFEERHOBMOAM THL Z LML TWNDLDT, DA
WZHRTANT T TRHEZE TSNS WWEEZZ TV, LirL, 7 RUOREITE /) $TRD
BoTl, TORRIEL, MORKERTOIWENVR LT —BIZL D 'L —AD)iE
EHELRWVWI EZ2RBL WD, 2, a7 Robid, ERICEHA SRR OE X
D HIT DD 7N LK DOW T, T, B/ FTHIFE A EDB/L e — ARSI TV
RNZ L EBEWT D, S AT H )= VEFEDOTDIZL YL OT RUukias512iE, BEEO
W E AR ORI R VNETH D, ED7, WENIH T T 2 7 7p EORMIGFIE & A ORiAL
BlAR L CTAV,

4. BiE
K2 HT=0 © AU EEE . /IR a3 DEERE . #5E K5 HiGEPS Ok A 1Z U, %<
DI 2T IEBY £ Lz, ZO%HEBMEY LTLEVEILE L EFET,

5. BEXM
S A A5 ) = VEGERAT AEREANT v a— U iaiE T A 2 (2007)

43



D—22 SAITAMA UNIVERSITY

Study on Type of wood suitable for biomass power generation
Soma Uetake (Toyooka High School 3™ grade)
Toshihisa Kotake (Saitama University)

1. Purpose of the study

Due to recent typhoons, lack of forest maintenance has been recognized as a major social
problem. Japan has abundant forest resources that have not been properly utilized. I wanted
to make use of them somehow. The purpose of this study is to find a way to produce bioethanol
from the forest in a simple way far away from the power plant, avoiding the enormous cost
and effort of conversion and transportation. As the first step for local consumption of such
wood materials as bioenergy, an experiment was conducted to select wood materials that can
efficiently be converted to glucose.

2. Methods

Ten types of wood materials, kuri, hinoki (Chamaecyparis obtusa), sugi, sawara, akamatu,
shide, sakura, shii, keyaki, and kunugi (these materials are shown below in this order), were
pulverized into powder with a file. To extract cellulases, Oohiratake (Pleurotus ostreatus)
hyphae were suspended in water. The aqueous solution was filtered through a non-woven
fabric to obtain an enzyme solution. Wood powder was mixed with the enzyme solution in a
test tube and incubated for 24 hours. After centrifugation, the supernatant including glucose
was subjected to thin layer chromatography (TLC). Glucose was detected with sulfuric acid.
Ethanol was synthesized from the reaction solution by yeast and '
concentrated by distillation. —

3. Results and discussions

Ranking of detected glucose amount. 1.' .

1st Hinoki(9) 6th Akamatu (5) Wl . B
2nd  Sakura(7) 7th Sawara (4) |

3rd  Sugi(3) 8th Keyaki (2) i trereet e

4th Shide (6) 9th Kunugi(10)
5th Kuri (1) 10th Shii (8)

I observed that the concentrated ethanol burned, confirming that bioethanol was

TLC results

synthesized in this study. I had assumed that hinoki cellulose cannot easily be degraded by
bacterial enzymes compared with other wood, because hinoki is known to have substances
with strong bactericidal effect. However, the amount of glucose was the highest in hinoki. This
result suggests that substances causing strong odor in trees do not necessarily inhibit
degradation of cellulose by cellulases. I also realized that detected glucose was much less than
the amount of wood powder used for the experiment. This means that most of cellulose
remained undegraded even in hinoki. To obtain more glucose for bioethanol production,
Improvements in enzyme source and pre-treatment of wood powder are necessary. Therefore,
next time I would like to try this experiment with another wood-rotting fungus such as
Trametes versicolor and pre-treatment of wood materials.

4. Acknowledgments The research is supported by HIGEPS in Saitama University. I
thank lab members in Prof. T. Kotake's lab for assistance with my experiments.

5. References Illustrated bioethanol production technology Social Corporation Alcohol

Association Industrial Research Committee [2007].
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Analysis of Nutritional Components of Green Tea Extract and
Used Tea Leaves, and Investigation of Utilization of Used Tea Leaves
Marii Yamada (Shizuoka Futaba high school 2rd Grade)

Supervisor: Takashi IKKA (Faculty of Agriculture, Shizuoka University)

1. Purpose of the study

Tea is known as a healthy beverage because it has functional components such as catechins,
caffeine, and theanine. The amount of used tea leaves is also increasing with the consumption
of tea is increasing all over the world. Therefore, it is necessary to consider the effective
utilization of used tea leaves. Major tea manufacturers are trying to use tea shells as compost,
but in some cases, they have been discarded. To establish an effective utilization method, for
example, reuse as food will contribute to the achievement of a resource-recycling society.
Previous studies have shown that most of the catechins, which are functional compounds,
remain in the tea leaves. In this study, we focused on catechins to improve the efficiency of
their elution from tea leaves and to establish an effective method for their utilization.
2. Method
The chemical composition of the eluate and the use of tea leaves of deep-steamed tea made
from Shizuoka was investigated. To clarify the changes in the extracts of catechins, the
contents of seven catechins in the eluates obtained by different elution methods were
determined by high-performance liquid chromatography. Next, ethanol was used as the
extraction solvent, and the catechins in the eluate were determined as described above by
changing the concentration of ethanol and extraction time. To determine the influence of
different drying methods on the catechin content, the catechin content of the samples with four
drying methods (freeze-drying, sun-drying, shade-drying, and dry-roasting) were analyzed.
3. Results and discussion
Although the amount of catechins eluted increased with increasing elution temperature, the
total amount of catechins eluted by the second infusion was almost the same regardless of the
elution temperature of the first infusion. In ethanol extraction, although the amount of
catechins eluted increased over a long period of time, there was no difference in the amount of
catechins extracted depending on the extraction concentration. Dry roasting reduced the
catechin content compared to freeze-drying, sun-drying, and shade-drying, suggesting that the
unheated drying method might be suitable for the protection of catechins.
4. Acknowledgement

Thank Assoc. Prof. Takashi IKKA, from Shizuoka University for received guidance. Thank
TAs in a Plant Functional Physiology Lab. and FSS secretariat for supporting this research.
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Search for substances that inhibit mutations
Ayami Sato (Akita High School 3rd grade), Rio Shibata (Akita High School 2nd grade)
Supervising Teacher: Kingo Endo

1.Purpose of the study

In Akita prefecture, where we live, it has been a troubling problem that the cancer
mortality rates are high in Japan?V. Cancer is a disease that originates from the occurrence
of excessive cell proliferation by abnormal cell cycle, and one of the causes is the
accumulation of mutated proto-oncogenes and mutated tumor suppressor genes. Mutations
are classified into two groups; (1) gene mutation including base substitution, deletion of
base, and insertion of base, and (2) chromosomal mutation, which is the change in its
structure or the number of chromosomes. We have been conducting research to search for
substances that inhibit those mutations. Regarding the gene mutation, we discovered citral,
which is a perfume derived from lemongrass, and which CH H
suppresses gene mutations due to oxidative stress?. In ’
this study, we aimed to reveal the structures and the C Cg_,;
mechanism of citral that provide this effect and to search (CH.),C = CHCH,CH. “ono
for substances that inhibit changes in numbers among '
chromosomal mutations. Fig.1: structural formula of

citral (cis- and trans- mixture)
2.Method

We use haploid budding yeasts (Saccharomyces cerevisiae) for detecting gene mutations,
while we use diploid budding yeasts for detecting chromosome mutations. Mutagens such
as hydrogen peroxide®, nocodazole, and candidates for anti-mutagen materials are added
to liquid-cultured budding yeasts, and these culture media are cultivated for 3 hours at
30 C. After that, each of them is plated on a medium containing canavanine that inhibits
the growth of budding yeasts. Two or three days later, we calculate mutation frequencies
by observing that only budding yeasts with mutations in canavanine resistance grew on the
plates®.

3.Result and discussion (A) i (B) ci. i (C) cHicH: H

Regarding gene mutations, in c=¢ c—c¢ c=c¢
substances having a structure common ki chib
to citral trans-crotonaldehyde inhibits

gene mutations caused by oxidative (D) CHOH=GHOR M (E) Q
"
C:C/
/N

H CHO H CHO

stress, but acrolein, trans-2-pentenal, c—c
trans,cis-2,6-nonadienal, trans- H/ \CH o
cinnamaldehyde do not inhibit.

Therefore, it was clarified that the 3- Fig.2(A): structural formula of acrolein
position methyl group of citral is also (B): structural formula of trans-crotonaldehyde
necessary to suppress gene mutations (C): structural formula of trans-2-pentenal

caused by oxidative stress. Regarding  (D): structural formula of trans,cis-2,6-nonadienal
chromosomal mutations, when (E): structural formula of trans-cinnamaldehyde
nocodazole, which inhibits the

formation of spindle fiber, was treated with 3 hr at 15 ug/mL, chromosomal loss, which is
one of the changes in the number of chromosomes, could be detected efficiently. In future,
we will search substances that inhibit the effects of nocodazole.

CHO
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Phylogeny-based Transmission Dynamics of HLA-associated Amino Acid
Variants in HIV-1 Infected Individuals in Ghana
Kate Kurotani (Tokyo Metropolitan Kokusai High School, 314 grade)
Teiichiro Shiino (National Institute of Infectious Diseases)

1. Purpose of the Study

Suppressive pressure exerted by cytotoxic T lymphocytes (CTLs) leads to viral escape
mutations, which are associated with human leukocyte antigen (HLA) variants. As the HLA
haplotype of each person differs during an HIV transmission lineage, the virus must adapt, at
a cost. In West Africa, where the 90-90-90 target is yet to be met, we could obtain many cases
of virus-CTL interactions that were not affected by anti-retrovirus treatment (ART). In a
previous study, we reported HLA-associated CRF02_AG variants in our Ghana cohort at 13
sites in the gag gene.The phylogenetic-based transmission analysis combined with HLA
genotyping of HIV-1 CRF02_AG infected persons may help assess the effectiveness of CTL-
based vaccines in the future.

2. Method

From 2013-2015, plasma samples were obtained from 281 females, 108 males and 1
unknown of ART-naive individuals through voluntary counseling and testing at the Koforidua
Regional Hospital, Ghana. HLA-A, -B, and -C genotypes were determined by next generation
sequencing with long-range PCR amplification. Nucleotide sequences of the gag and vif genes
were obtained from plasma viral RNA. Phylogenetic inference and other evolutionary analyses
were conducted by maximum likelihood and Bayesian Marcov chain Monte Carlo methods
using MAGA10 and BEAST1, respectively.

3. Result and Discussion

The gag and vif phylogenies of the patients revealed that 316 (81.0%) were infected with
CRF02_AG, followed by subtypes A1l (10.0%), CRF06_cpx (4.6%), and G (1.5%). We identified
27 and 5 phylogenetic-based transmission clusters in Ghanaian CRF02_AG and subtype Al,
respectively. During the transmission links in the clusters, HLA-associated amino acid
variants in 19 gag and 13 vif sites detected in our previous study were primarily selected
according to the HLA genotype of the newly infected host. However, a cluster consisting of
acute phase individuals showed no associated amino acid site responses to CTLs except for
gag-R91K and G357S.

Our results demonstrated that HIV mostly acquires a CTL epitope adapted to the host
HLA genotypes sometime after transmission. The quicker response of some HIV sites in the
epitopes may indicate that HLA-associated sites may have priority in the context of CTL
escape. Understanding the details of the selection landscape of HLA-viral gene site
interactions is necessary for the development of an effective CTL-based vaccine.

4. Acknowledgment
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Astrocytic involvement in resilience to chronic mild stress
Mako Mitsunushi (Oin senior high school, 2rd grade)
Mentor: Hiromu Monai (Ochanomizu University)

Purpose of the study

Astrocytes, a type of brain cell, play an important role in maintaining the brain
environment, to protect and support healthy brain functions. On the other hand, stress
induces mood disorders such as depression, by disturbing the brain environment. Some

literature has suggested the astrocytic involvement in depression-like behaviors in mice
(ref. 1-3), but it has not been fully understood how astrocytes contribute to the stress

resistivity and resilience. In this study, we tried to elucidate astrocytic involvement in

resilience to chronic mild stress by genetically manipulating astrocytic functions of mice.

It has been expected that astrocytes will be a potential therapeutic target since they

directly contact cerebral blood vessels vasculature.

Method

The conventional animal models of depression were exposed
to inescapable restraint stress for a long time, and their
motor functions often irreversibly damaged.
Alternatively, we applied recoverable mild stress to mice
and monitored their recovery processes after returning to
the stress-free environment. To apply chronic mild stress,
we utilized an earthquake model, under which cages for
mice are periodically shaken with unpredictable timing
(Fig. 1a). Furthermore, to shed light on astrocytic
involvement in the spontaneous recovery, we employed a
transgenic mouse, designed to have compromised astrocytic
functions (IPs receptor type 2 knock-out mice). We put mice
on a tail-suspension test and quantitatively evaluated their
stress-related behaviors using the Deep Learning algorithm
by artificial intelligence.

Result and discussion

We compared immobility time between wild-type mice and
IPsR2KO mice (Fig. 1b). The immobility time was prolonged
after stress application in both groups and increased
significantly in IPsR2KO mice (Day7: 106 + 6 s vs. 169 + 11
s). Moreover, the immobility time in wild type mice
returned to the baseline level after a 2-week recovery,
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Fig. 1 Astrocytic involvement
in recovery from chronic stress.
(@) Schematic diagram of the
experiment (b) Comparison of
the immobility time during the
tail-suspension test between
WT mice and IPsR2 KO mice.

whereas it was less recovered in IPsR2KO mice (Day 28: 72 + 3 s vs. 161 + 19 s). These
results strongly suggest that astrocytes play an essential role in resistivity and resilience

to chronic stress.
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The effect of using a tablet in class on cognitive function

Ayane Imamura (Grade-2, Chikushi Jogakuen High School)

Keiji Iramina (School of Interdisciplinary Science and Innovation, Kyusyu university)

1.The purpose of this research

The purpose of this study is to clarify the effect of the use of tablet devices in class on
cognitive function. I felt that cognitive function such as concentration decreased as the
frequency of use of a tablet device increased, so I focused on cognitive function. In recent years,
people are often discussing online classes at universities, so this research is to contribute to
the improvement and development of ICT education in the future.
2.Method

The survey was conducted in 3 classes, with a total of 8 lessons. In each lesson, half of the
students used paper prints and the others used tablet devices. Students worked on cognitive
tasks before and after class. Three apps were implemented on tablet devices as cognitive tasks:
(O FHM flicker test®,@ What color is the character?,® Dokosco. O evaluates brain fatigue,
@ evaluates attention, and @ evaluates concentration. After the class, they performed self-
evaluation on a 5-point scale regarding drowsiness, concentration, and comprehension by
questionnaire.
3.Result and discussion (Pictures and tables)

Table 1 Difference between post-class and pre-class in each task Table 1 shows the difference in grade before and
Za::: Z:vbll:et after class. We performed t-test for each medium

Average 0.31 0.27

What color is the character? (score) | Standard used, but no significant difference was found for
3.51 2.72

deviation

Average -0.18 0.37

any of the tasks.

Dokosco (score) :“‘fdf”d a6z | as7 But the result of the survey of 90-minute lessons
eviation
Average | 014 | 013 | of university students by the same method, a
Flicker test(Hz) Standard L68 Lot X . . . . .
deviation| : significant difference was found in the difference in

grades. So I think the reason why no significant difference was found in this study was that
the class duration was as short as 40 minutes. If we can provide a long time class about 90
minutes and each material can be used intensively, this method could be an easy and useful
method for measuring changes in cognitive function. We conducted the research at our high
school because we could not research at the university due to the spread of infectious diseases,
but in the future we will focus on online lessons at universities with longer class hours.
4.Acknowledgement
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cooperation in the survey, and Ayumi Tahara, a graduate student of SLS Kyushu University,
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The relationships between sleep quality and memory function

Marina Shodai (Chikushigaoka High School 2nd grade)

Keiji Iramina (School of Interdisciplinary Science and Innovation, Kyushu University)

1. Purpose of the study

In recent years, lack of sleep, such as sleep time and sleep quality, has become a social
problem. As some survey results show that the average sleep time of Japanese people is the
worst in the world, there is concern about the impact of sleep deprivation on social activities.
In this study, we focus on high school students who will be responsible for the future of
society, and investigate the relationship between memorization ability and sleep quality and
length in order to know how sleep should be in order to obtain higher performance.
2. Method

The experiment was conducted on 14 high school students. Work on memorizing English
words for 20 minutes before going to bed, and take a total of 8 questions about 10 hours after
memorizing task. In addition, as a condition without sleep, a memory task was performed
during the day, and about 10 hours later, a total of 8 questions were taken to investigate. This
was done twice on weekdays and holidays, and the results were compared. At the same time,
the subjects were asked to self-evaluate the length and quality of sleep.
3. Result and discussion

Tablel Changes in memory performance between with sleep and
Table 1 shows the results withoutsleep (N=13)

between the case with sleep and Week day (No. of people) |Holiday (No. of people)
without sleep. As a result, many Increase |7 (average 2.0 point) 8 (averahe 2.4 point)
No change |4 3

people show better performance - -
Decrese |2 (average -1.0 point) |2 (average -1.5 point)

with sleep whether on weekdays
or on holidays. However, for 2 out of 13 people, the results were worse with sleep, regardless
of weekdays or holidays. Those who showed improvement in their scores responded to the
questionnaire that their sleep quality improved, but the quality of sleep and the score of the
English word test varied greatly among individuals. There was no significant correlation
between quality and length of sleep and memorization performance. In this experiment, the
number of subjects is still small and statistical processing has not been completed, so it is
necessary to increase the number of subjects in the future. We are preparing to measure EEG
to evaluate sleep quality, and we plan to evaluate sleep quality by EEG measurement at the
same time.
4. Acknowledgement
I would like to thank to Chikushigaoka high school student for cooperation in my experiment
and Mr. Sho Ageno for analyzing data.
5. References
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Too Much of a Good Thing: Appropriate Medication Studied by Investigating
the Effects of Arachidonic Acid on Brain Activity
Yuki Kajiwara (Uwajima East High School 2rd grade)
Supervisor : Masaki Mogi (Ehime University)

1. Purpose of the study

I would like to investigate arachidonic acid (ARA) which induces allergies, a disease of my interest.
ARA is one of the polyunsaturated fatty acids and is usually taken in with the diet because we cannot
synthesize it by ourselves. In previous studies, ARA was shown to prevents mental illness by promoting
neurogenesis while its overdose intake increased cancer and inflammation; too much of a good thing.
How much is an appropriate dosage of ARA? The purpose of this study is to analyze the cognitive
function to clarify the appropriate concentration of ARA in the brain function.
2. Method

According to the optimum intake of ARA in Japanese (100-200 mg/day), we set up four groups of mice
considering the weight of mouse (average 25 g) as follows: (1) non-administration group (Con) (0
mg/mouse), (2) appropriate dose administration group (AD) (0.04 mg/mouse), (3) overdose
administration group (OD) (0.4 mg/mouse), and (4) excessive dose administration group (ED) (4
mg/mouse). Since ARA is lipophilic, it was dissolved in ethanol (final concentration was 20%) and 200
pL was orally administered in each. We conducted a Y-maze test on the 10th day of administration.
Cognitive function (alternation rate (%)) and locomotor activity (number of entries) were investigated.

3 Result and discussion
R 1
%}23 |
B2 |
o
20 |
19 L

[X]
E=]
]
-

nwrage body weightig)
of mice with weight of 22g or less(mouse)

@

S
p
w

a
of 22q or less

Alternation behavior rate (%}
o

Locomotor activity (times)
2
(-]

o - »N [*] S w [
Number of mice with weight

1k

o

Omg 0.04 mg 0.4 mg 4 mg Elmg Oodmg D4mg 0 mg 0.04 mg 0.4 mg
Dose of Arachidonic acid  mgimouse ) Dose of Arachidonic acid ( mg/| Dose of Arachidonic acid (
Figure 1. Average vaue of voluntery Fioure 2. Locomotor activi . !
altametion — igure 2. ty Figure 3. Average body weight and number of mice

The alternation rate increased in AD and decreased in OD and ED compared with that in Con as
shown in Figure 1. The higher the ARA concentration, the lower the locomotor activity as shown in
Figure 2. Moreover, the higher the ARA concentration, the lower the average weight of mice and the
more mice with a weight of 22 g or less, as shown in Figure 3. The number of deaths in mice increased
in the higher ARA administration groups. These results show that, ARA affects brain function in
accordance with its concentration. AD showed an improvement, while OD or ED showed an
impairment of cognitive function. In addition, ARA-treated mice showed age-related phenomena such
as sclerodermia, hair loss, and eye mucus. Because of the high concentration of ethanol as a solvent, we
expected an increase in ferocity, but we did not see it in mice with higher doses of ARA. We considered
that higher doses of ARA reduced activities and lowered appetite in OD and ED compared to Con or
AD. In the future, we will investigate the mRNA expression of inflammatory cytokines or oxidative
stress in the hippocampus in each group using real-time polymerase chain reaction methods.
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Effects and Mechanisms of Mesenchymal Stem Cells on Angiogenesis
Koharu Alicia Senda ( Hiroogakuen High School, 3rd Grade )
Supervisors: Yukiko Matsunaga ( Institute of Industrial Science, The University of Tokyo )

1. Purpose of the study

In a super-aging society, it is very important to explore new ways to contribute to the
treatment of age-related vascular diseases and regenerative medicine, such as transplanting
biological tissue, by investigating angiogenesis of microvessels whose shapes are thought to
reflect human health conditions. I aim to assess effects of mesenchymal stem cells (MSCs) on
endothelial cells (ECs) by co-culturing them on a micro-vessel-on-a-chip platform which mimics
sprouting angiogenesis events, and also to propose a mechanism of the angiogenic effects.
2. Methods
® Big data analysis of gene expressions :

A public RNA-sequence dataset? from MSC-EC co culture experiments was subjected to

analysis in this study. Differentially upregulated genes that are involved in “angiogenesis”

or “cell junction” were selected statistically.
® Experiments using a micro-vessel-on-a-chip :

ECs were cultured for 5 days with or without MSCs in collagen matrix on a micro-vessel-

on-a-chip platform?. Overall morphological changes of microvessels were observed using

an optical coherence tomography. Local structures of angiogenic sprouts were visualized

by immunofluorescence using a confocal laser scan microscope (CLSM) system.
3. Results and discussion

A differential expression analysis of the upregulated genes proved that cell junction-
related genes were upregulated during the co-culture (Fig.1,2). Furthermore, the 3D images of
the sprouts showed that the binding of ECs to each other along the sprouts looked more
strengthened under the co-culture condition than mono-culture (Fig.3). Taken together, it is
suggested that MSCs can help enhance the connection between ECs. Further study to
elucidate the molecular mechanisms of the cell junction enhancement is necessary.
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[1] Toward universal donor blood: Enzymatic conversion of A and B to O type
%47: J. Biol. Chem. 2020, 295, 325-334. 7 : Peter Rahfeld and Stephen G. Withers
(2] 7 Wi AEB R T
Pt RIRKRFERFBE R0 A0 B2 FATE RSt 737 a (2003 42258 1))
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Possibility of blood type conversion by glycan cleavage using enzyme
Kazuha Tsuruta (Tezukayama Senior High School, 1st Grade)
Koichi Fukase (Faculty of Science, Osaka University)

1. Purpose of the study
In recent years, the number of blood donors has been decreasing in Japan. I thought that a blood
supply system is needed that can respond to unprecedented emergencies such as the Nankai
Trough giant earthquake, and planned to make a "universal" blood product that can be transfused
to anyone. Therefore, I focused on sugar chains, which are differences in ABO blood type, and
explored the possibility of blood type conversion by separating N-Acetylgalactosamine and
galactose from AB type erythrocytes.
2. Method
(1)Type A sugar chain (1x103M) 2 u¢. BSA 2 110, PBS 2 110, a- N-Acetylgalactosaminidase (NAGase)
(2)Type A sugar chain (1x103M) 2 ¢, BSA2 ¢, PBS 2 ¢, a-Galactosidase (Gase)
(3)Type B sugar chain (1x103M) 2 ¢, BSA 2 ¢, PBS 2 110 a- N-Acetylgalactosaminidase (NAGase)
(4)Type B sugar chain (1x103M) 2w/, BSA2 ¢, PBS 2 1. a-Galactosidase (Gase)
After storing (1) to (4) at 37 °C for 23 hours, they were stored at 95 °C for 5 minutes, and the
presence or absence of ABO-type sugar chains in each test tube was examined using LCMS.
3. Result and discussion
The molecular weight of the ABO-type sugar chain is as follows.

Type O [M+Nal+ = 349.12 Type A [M+H]* = 530.20 Type B [M+NH4]* = 506.20
[M+Nal*+ = 552.20 [M+Nal]*=511.18
Vi B 2 Figiise & Although impurities were found in all the
MU .  WleSmsle - gamples, O-type sugar chains  were
confirmed in (1) and (4) after enzymatic
| reaction, whereas A-type sugar chains in (2),
mm [ H | and B-type sugar chains in (3) remained
= : unchanged.
(3 LOMS xesults & Louis wuile From this study, it was found that A-type

sugar chains can be completely converted to
O-type sugar chains by wusing oN-
| ‘ Acetylgalactosaminidase, whereas B-type

'ln_ Ll
[ -

O-type sugar chains by using a-Galactosidase.

7 | VOO b sugar chains can be completely converted to

This time, the experiment was conducted only with chemically synthesized sugar chains, but
since blood group sugar chains are adhered to the surface of red blood cells, I would like to carry
out experiments using red blood cells in the future.

4. Acknowledgements

In this research, I received guidance from Professor Koichi Fukase and Assistant Professor
Yoshiyuki Manabe of the Laboratory For Natural Product Chemistry, Faculty of Science, Osaka
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[1] Del Genio and Rossow (1982) Icarus, 51, p391-415, [2] Sugimoto et al. (2017)
Scientific Reports, 7, 9321, 9pp, [3] Sugimoto, Fujisawa, Shirasaka et al., J.
Atmos., to be submitted, [4] Kouyama et al. (2015) Icarus, 248, p560-568.
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Observing system simulation experiments
to reproduce planetary-scale wave in the Venus atmosphere
Mimo Shirasaka (Seisen Senior High School, 2nd grade)
Norihiko Sugimoto (Keio University)

1. Purpose of the study

Venus atmosphere has strong easterly wind called “super rotation” which flows 60 times
faster than its rotation of the solid part, and it has been an enormous enigma in the planetary
sciences. From cloud-top observation (around at 70 km) of the equatorial region, equatorial
Kelvin waves with 4-day periodicity are found!, and might have a possibility of contribution to
generation and maintenance of the super rotation (Figure 1). However, the equatorial Kelvin
waves have not been fully reproduced in any Venus atmospheric general circulation model

(VGCM), and few observations have captured them. Thus, our team attempted to reproduce

equatorial Kelvin-like waves by observing system
simulation experiments (OSSE), using the first
Venus data assimilation system in the world2.

2. Method

150 00 Lo 400 450

For OSSE, we prepared an idealized observation Fig. 1. Cloud im;g;“(};‘;‘;;j;;‘:; etal, 2012)

data and assimilated it into VGCM. We used wind velocity data created by Dr. Yamamoto

(Kyushu University), in which equatorial Kelvin waves are forced. Assuming cameras with

types), reaching 42 observations in total for the data

assimilation. The validity of the observations was examined

Latitude (degree)
p -

from the improvement of assimilated data comparing with

2

results without data assimilation.

i

3. Results and discussion : a0

on
Lengitude (degree)

Reproduction of equatorial Kelvin waves is shown in Fo 2 Coreate ol 2o pind
Figure 2. In order to extract the wave structure, composite analysis; a method where several
data are averaged after being shifted and combined, was adopted. By comparing
reproducibility of each observation, we uncovered that the waves are reproduced explicit when
observing at altitude 70 km. This was remarkable when observing within latitude 0° -15°
N(S). This study was presented at 3 international conferences, and will be concluded in an
original paper3. We are planning to explore the effect of wind velocity on the equatorial Kelvin
waves, by adopting a new data* which is close to our model with weak mid-latitude jets.
4. Acknowledgement

I sincerely would like to thank all the collaborators who kindly supported this study.
5. References
[1] Del Genio and Rossow (1982) Icarus, 51, p. 391-415, [2] Sugimoto et al. (2017) Scientific
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Kouyama et al. (2015) Icarus, 248, p. 560-568.
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- JAMES O.FALOW et.al, FEMORAL DIMENSIONS AND BODY SIZE OF ALLIGATOR
MISSISSIPPIENSIS:ESTIMATING THE SIZE OF EXTINCT MESOEUCROCODYLIANS.
Journal of Vertebrate Paleontology, 25(2):354-369, June 2005.

* Gordon Grigg and David Kirshner. BIOLOGY and EVOLUTION of CROCODYLIANS.

Comstock Publishing Associates a division of Cornell University Press, 2015.

65



F—33 UNIVERSITY OF TSUKUBA

How to estimate body length from bones of the extremities in two types of
crocodylians and its application to fossil species
Takumi Tanaka (Gifu prefectural Kani Senior High School, 2nd grade)
Yoshimi Ojima (University of Tsukuba)
1. Purpose of the study
Most crocodylians fossils aren’t found as complete skeletons. Estimation of total length
from a partial bone will provide insight into ecological characteristics and
paleoenvironmental inference. Crocodylians have retained a similar body plan since
Mesozoic. In this study, I devised a method to estimate total body length using modern
crocodylians, and applied it to fossil species. 700 P
2. Method
I used 26 individuals representing 9 species of modern \% /"‘ *
crocodylians with known total length. I measured 54 sites of Type L| /4
bones of the extremities using digital venire calipers, ruler, g ‘T |
M Type W
é |

o
o
o

3]
o
o

IN
o
S

w
o
o

N
o
o

and tape measure, and kept photographic records. From this
data I identified the bone sites that had a high correlational
relationship with total length. I calculated regression lines
between bone sites and total length, then substituted
measurement values of fossil bones into the regression

Cranium maximum length (mm)

[N
o
o

o

0 100 200 300
Humerus maximum length (mm)

Figure1 The relationship between

equation to estimate total length of the fossil species. cranium and humerus
3. Result and discussion 3500
I found that modern crocodylians are divided into 2 groups 3000 |y = 26.652%:+ 1/4‘5 f

according to the ratio of the cranium ( maximum length /
maximum breadth ) , and the ratio of total length to
bones of the extremities are different in each group.
Therefore I named one group “ type L (long) ” in which the
aspect ratio of the cranium is more than or equal to 2.2,
and the other group “ type W (wide) ” in which the

aspect ratio of the cranium is less than 2.2. Naturally both °
groups should be treated separately in estimation of total Ulna maximum length (mm)
length. I correlated total length with 54 sites of bones of the Figure2 Regression lines between ulna
extremities in 4 type L and 9 type W crocodylians. I maximum length and total length
calculated regression equations between bone sites and total length, and substituted
measured value into them. It enables to estimate of total length from each 54 points of
bones in type L and type W. Then I measured possible points of bones in fossil species,
Diplocynodon sp. (type W), Toyotamaphimeia machikanensis (type L), Kishiwada-wani
(Type L), and estimated the total length of each.

The method of this study enables the estimation of total length from a partial bone fossil
like Kishiwada-wani. Although estimating from multiple points of bones reach multiple
estimated total lengths, the reliability of estimation is improved by it. The reason why
estimate values aren’t equal to each other is measurement error of modern species and
fossil species, but it is possible to enhance reliability of regression lines by increasing the
number of specimens. The difference of cranium between two groups, and the difference in
ratio between total length and maximum length of bones of the extremities is due to type
L crocodylians more taste for fish and are more aquatic than type W crocodylians.

4. Acknowledgement
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+ Gordon Grigg and David Kirshner. BIOLOGY and EVOLUTION of CROCODYLIANS.
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Research on the distance and proper motion of star clusters by photometric
observation
Ryo Kishikawa (Matsuyama high school, Saitama, 3"grade)
Yumiko Oasa (Faculty of Education/The graduate school of science and engineering, Saitama
university, Japan)

1. Purpose of the study

The purpose of this study is to identify cluster distance and proper motion. A various
method is used to determine the distance of the cluster depending on the distance. This study
is used annual parallax to pinpoint the distance. We also found the number of celestial bodies
in the cluster by these data we acquired.
Method
We observed M16, M67, NGC188, M71, M23 with the SaCRA telescope in Saitama
university, and MuSaSHI (polarimeter). The observed band(wavelength) is r(550~680nm),
1(700~810nm), z(820~1000nm).

en

@ We performed the photometry of observed star cluster.
@ We identified photo-measured celestial bodies.
@ We performed grade correction by using archive data of Pan-STARRS.
® We identified Gaia (space observatory)’s data and photometric data, and create a graph.
3. Results and discussion : !
The protrusion in the T120 H 10
Figurel represents that there , \ 0
are many celestial bodies @ 80

located at that distance, and » Celestial bodies in the star cluster

per motion{declination) (msec/yr)
[
()

Number of celestial bodies

. 20
that dlstance was taken as 40 Range of proper motion
the distance of the celestial 30
i i i | I I I g '
bodies. Dense points in the T R Ty o Bao—

Figure2 I‘epresent the Distance to the star clusters Proper motion(right ascension) (msec/yr)
magnitude of proper motion. Figurel. Distance frequency distribution of M67  Figure2. proper motion of M67

Tablel. The result of the star cluster data(M71:Globular cluster Others:Open cluster)

Star cluster M67 M34 NGC188 M23 M16 M71 Hyades
Distance (pc) 875+100 525+50 1950+150 725+50 - - -
Proper motion -11.4~-10.4 0.0~1.2 -3.0~-1.3 -2.0~2.0 -0.35~-0.55 -3.7~-3.2 B

(msec/yr) -4.0~-2.0 -6.4~-5.0 -1.56~-0.5 -4.0~0.0 -1.8~-1.2 -2.85~2.40

We couldn’t obtain some meaningful data from M16, M71, and Hyades.

M16: There were many errors in the observed data of Gaia because molecular cloud

surrounding the star cluster observed light from the star cluster.

MT71: This cluster located farther than 2000pc which is confidence limit of Gaia.

Hyades: Gaia and Pan-STARRS have not been able to make highly accurate observations
because the luminosity was too high. The
celestial bodies other than those belonging
to the star cluster were also included.

We defined the celestial bodies that distance and
proper motion of the obtained cluster (Tablel) satisfied both values, and identified number of
celestial bodies in the cluster.

4. Acknowledgment
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Table2. The number of celestial bodies in the cluster
Star cluster | M67 M34 NGC188 | M23
The number | 232 91 165 112
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Development of Shelter Navigation avoiding 3Cs in the corona age
Hiroto Nakada (Hyogo Prefectural Himeji Nishi High School, 2nd Grade)

Supervisor: Masahide Nakamura (Kobe University)

Purpose of the study

My goal is to develop “Shelter Navi”, shelter navigate application. This application
gives citizens support to achieve safe and smooth evacuation avoiding 3Cs in shelters
by self-help effort of citizens.

Many disasters happen in Japan every year and it is important for citizens to
evacuate safer and smoother when disaster happens. However, many citizens were
harmed because of lack of awareness for risk and preparedness. In addition to this,
spreading of COVID-19 has been making things worse. For example, citizens hesitate
to evacuate, and local governments limit the capacity of shelters to avoid 3Cs.
Nichinan City in Miyazaki Prefecture delivers congestion information of shelters
online as new policy (U, but the government’s staff has to visually check the situation
of shelters and manually update the status of shelters on site. Citizens relying on
supports of local governments like this. This adds heavy workload to the staff. The

author thinks development of “Shelter Navi” has a great significance as a step to solve

T iShefterNavi BMFRE Frosiy TIRNE  HEAN-

such problems.
Method

Shelter Navi is a smartphone-based navigation app. ——"
Cloud sever manages location and status of shelters and )
measures automatically shelter congestion. Citizens can , o  mann =

. . . . o © v 9.
check the information with the map in advance. When o . ©; _
citizens move to the shelter and presses “Check-In” é° Og" 0 ° . +
button, the system records the check-in and updates the N mas _,\a _‘ b =
status of the shelter. The system measures shelter . e Ce T ;4;
congestion by using calculation formula, “CheckIn(S) / ' e e
Capacity(S)”. Furthermore, local government staff can S :‘

confirm safety information about citizens.
Result and discussion

Figure1. The screen of
search shelter function

This application can measure shelter congestion automatically, and citizens can find

vacant shelters by themselves. On the other hands, there are some limitations such

that the system needs strict data management and that it may not be easy for people

unfamiliar with smartphones operations to use this application. In addition,

cooperation by local governments is necessary to do experimental evaluation in real

settings.
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by the GSC ROOT program.
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Tourist Spot Evaluation System
Kaede Sugano (Waseda jitsugyo High School)
Yuki Arase (Osaka University)

1. Purpose of the study

The value of a trip depends on what you see and experience in every place you visit. However,
conventional tourist spot evaluations are often based on ambiguous criteria such as popularity polls
and the researcher's subjective opinions of. Often there are many inconsistencies between the image of
the tourist and the actual tourist attractions. Currently, there are many travel information websites,
but their main functions are ranking, booking, and reviewing; there are very few services to judge the
true value of travel. Therefore, I have worked on evaluating tourist spots based on objective criteria in

order to make travel more attractive.
2. Method

I set up three axes for evaluating reviews: (x) Sentiment (emotional polarity) (y) Novelty (unknown) (z)
Physical ability (fatigue). Human judgments are based on the interaction of unconscious, intuitive
feeling and conscious, logical thinking. I believe the three elements, which are these two elements plus
a physical ability that indicates fatigue, are appropriate as evaluation criteria. In this project, I
categorized tourist spots into 18 genres and obtained a total of 108,000 reviews from travel information
websites. Each review was labelled by crowdsourcing and a tourist spot evaluation model was created
using natural language processing with deep learning. By having the “image of a tourist spot” that is
inferred from reviews, rather than evaluating the review itself, it is possible to evaluate a tourist
attraction based on an objective and unified standard, which is distinct from the conventional

evaluation as described above.
3. Results and discussion

The evaluation values in 3D space is plotted (shown in Figure 1). Since
human judgments were more general than expected and the accuracy
of the quintuple value evaluation was low, I decided to reconstruct the
model by changing it to a tri-level evaluation. Based on this model, I

created an evaluation model for all tourist destinations visited by

overseas tours sold by Japanese travel agencies. I am currently
developing a tour recommendation system that incorporates the [Fieurel:A visualization of data obtained]
tourist spot evaluation function through this research. It will be possible to create a new value for
travellers not only as a source of travel information, but also as a source of travel suggestions tailored
to them. The human race has grown through travel, broadening horizons and seeing things from new
perspectives. I hope this research will help many people who are currently stuck in their homes due to

COVID-19 to travel again.
4. Acknowledgement

I would like to thank Dr. Yuki Arase of Osaka University for her advice on research methods of natural

language processing.
5. References

Travel Annual Report 2018 (Japan Transport Corporation, 2018)
Daniel Kahneman, “Thinking, Fast and Slow” (Hayakawa Publishing, 2014)
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2. ARDOFE

AHFGECTIE, SAT Z KBRS T =7 7 F X [1IICEB L, SHICWET L TFEEREL
T2o [11TIE, BEHIAES O T A —_ROEHFET AT XA ERBEZET-, WHEHRAZGE LT 5
AmoebaSAT tWH T/ IV X L&KL L TW5D, AHFZEIL. AmoebaSAT H DFE V) 3R % | 1H
THNRTA—H ¢ DIEORTETEERBTHZ LT, MERONREELZXD, [1] T, KR
AN RO T2 [E B ¢ Z5%E LTV, ARIFIE CIIEOEBRI (B OEEREE) 2T
FloEwEs, BRI, MBEREZBEBLCTIERIMRENOH LT 7572012710 =%
Zak L, RIS IZEEHOLZTERELZLE LRV K 912 ¢ DEZBEIGHICHET S, W
OO SAT B E HWT, MIEROKERE (A X Lv—a ) OREEFHHIL,

3. BREER

AmoebaSAT [T ELEL THIHIREZIET 5720, 100 BT A MEROYEH ZE 1 I1TRT,
TANFr—240 flat BEL D test IX, TNENT 7 7 OREARMBEB LG V—T 14 > 7 DR
BMThb, A XL — 30 ERIZ100 FlEE L, "Not found” 1% ERE CIZEAZIRHRTE 2
Mol-Z bamd, 1LIORTHEY, KFRFIETIFEAEDODT A N r—22hETE, /7
THARBEO —>Th 5 flat75-75 TIE 28.6% & IR I K& i EE EHL L=,

1 BWREE O g

Testcase SAT Complexity Original [1] Proposal Improvement (%)
Variables# | Clauses#

flat50-1 150 545 3,034 2,562 15.6
flat50-820 150 545 7,462 5,981 19.8
flat75-10 225 840 6,485 5,252 19.0
flat75-75 225 840 6,619 4,729 28.6
flat100-100 300 1,117 19,132 16,029 16.2
test24_5_5_5 216 457 301 298 1.0
test24_5_5_6 271 605 3,186 3,261 -2.4
test33_5 6_6 266 620 Not found Not found --
test34_5_5_5 377 854 295 235 20.3
test44_6_4_4 221 466 221 217 1.8
4. BHitF

WHIEDES W22V FRBFDEANT v Y= 7 MOE#HH L B E7,

5. Bk

[1] A. Nguyen, M. Masashi, and Y. Hara-Azumi, “FPGA-Based Hardware/Software Co-Design
of a Bio-Inspired SAT Solver,” IEEE Access, vol.8, pp.49053-49065, Mar. 2020.
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Acceleration of the AmoebaSAT Algorithm
Minoru Suzuki (Kisarazu high-school in Chiba 3rd grade)
Yuko Hara-Azumi (Tokyo Institute of Technology)

1. Purpose of the study

Nowadays the growth rate of semi-conductor integration following the Moore’s Law is
being saturated, and the diversity of applications’ problems are increasing in the Internet
of Things (IoT) era. Thus, it is becoming further essential to design architectures that
apply suitable computing approaches to each application from both hardware and software.

Satisfiability problem (SAT) is NP-complete and can be flexibly transformed to other
combinatorial optimization problems (e.g. the packet rooting in 5G network). A variety of
IoT problems can be resolved by realizing architectures that accelerate SAT computation.
2. Method

This work proposed a further acceleration method for a SAT architecture [1], where
AmoebaSAT (an amoeba-inspired SAT algorithm) is employed. This work attempts to
accelerate the solution search by tuning a parameter & that controls erroneous behavior in
AmoebaSAT. Contrary to a constant value & empirically set in [1], the proposed method
adjusts & according to the solution search statues (i.e., the frequency of variable flips) -- ¢
encourages more errors to get out of local optima at the early iterations, but gradually
discourages errors when it is getting closer to a solution. The effectiveness of this work was
evaluated on several SAT-defined problems in terms of the iterations.
3. Result and discussion

Since AmoebaSAT initializes variables at random, an average result over 100 trials for
each problem is shown in Table 1. The testcase names “flat” and “test” represent
graph-coloring and 5G routing problems, respectively. “Not found” indicates that no
solution was found until the upper limit (1 million iterations). This work successfully
accelerated for almost all testcases and achieved the maximum improvement of 28.6%.

Table 1 Comparison in terms of the number of iterations

Testcase SAT Complexity Original [1] Proposal Improvement (%)
Variables# | Clauses#
flat50-1 150 545 3,034 2,562 15.6
flat50-820 150 545 7,462 5,981 19.8
flat75-10 225 840 6,485 5,252 19.0
flat75-75 225 840 6,619 4,729 28.6
flat100-100 300 1,117 19,132 16,029 16.2
test24_5_5_5 216 457 301 298 1.0
test24_5_5_6 271 605 3,186 3,261 -2.4
test33_5 6_6 266 620 Not found Not found --
test34_5_5_5 377 854 295 235 20.3
test44_6_4_4 221 466 221 217 1.8

4. Acknowledgement

This work was supported by “From epsilon to infinite - Establishing elite training system.”
5.Reference

[1] A. Nguyen, M. Masashi, and Y. Hara-Azumi, “FPGA-Based Hardware/Software Co-Design
of a Bio-Inspired SAT Solver,” IEEE Access, vol.8, pp.49053-49065, Mar. 2020.

14




I—38 €RXKZE

PEICETABHHE- OV I TV UNBRICAESNASIITAOVLICEZSEE

P sEik CRMERZMB G @57 2 )
HEEE Rk B (@RRT RAKBEERENE L 7 —)

1. IROENEES

KExTTa v, [EHCuiiy, PM25 72 8 2 & itk TIRME ORI TH D1, B
PM25 2 DWW IR EDRIN & 72 27207 T <  HERER(LORIE L L EREICEDL 720
UHAEER &N D KREKIBYEME TH 5, PM2.5 1 E 5 RIS ®OT§<E$K%EﬁMétb\
B R & U CHAEE L L7- 2013 RN HAEEE L 72 > TW 5, % LT 2020 4EIC
il g L R JRGE ORGP R OB T, PIEO EER AR AR EA - H/?&?
/ﬁﬁbhtoWﬁ%@®@ﬁﬁ%5iZW#~“%®%@ﬁﬁTi BEH S D KR&T59%

BV TREBLZRIILI-EEZDL D, £ 2T, AFETIX PM2.5 2 X 5 BEE55 T

%PT FEOHTHEHE oy 7 X7 ODEENS T 90k, M ETOEEEBHINSHL

WA EHEE LT,

2@%%&

KIFJE T, ARRFRBRE A — S A ayoxs

NOTOGRO (N37°45, E137°36) (= CEHil &ii7= BC s oas 58

(MAAP5012, Thermo Scientific) % il 7z, AHFFETIE %
2010 42 6 J1 7> 5 2020 4 5 (L S BCIIEF — 5

S &FNT, BED Ly RROGUERBEHOBRE &bl

L. o2 80 OFBEW MY 5, i /wx\
3. HRLER Gous
E%%&FV/%MﬁﬁE EB TR SN D BCHE S |||
BEX, EFEOREICKT D KRG RERKB)L T P

10 F[H T 42% W LT D, 0.00

1A 2H 3H 4A 5H 6A 7TH 8H 9%9H 10HA11H12H

=]
o

° WJ—EE%%‘%@H@%@ £ N Eﬁiﬁ(ﬁ%@ﬁéi 1);J -—2019 ==2020 —OiEMrhR(E
N5 ORI 72 5(X 1), E1 BCREED 2019 £ & 2020 £ D Lhik
- LinL, A% 20204 1 A6 3 H D BCIRE T, - 18 i 28
BISAIC R b LY BRSO THENDED S o e wibe LTIy
40% b O KIEZ2 D e o7 (K1, 2), ? ¥ *MN§ oo
Zh o ORI &K & fi#dT L7 (Zeng et al., 2013) h S e
R, 20206 1A 55 3 A ICEE TR S L 20 % o *
KEFRRRIERORIERE TR, REOEERHO g 0 T A
0y 7B UNERRRZET2EFZ 26N 5, " -40%\ . Y [ el

UL EDFERIT, $40% &V 9@ H THIIE 10 4E)> v i
TR0 LT B £ D 72 KB BEEE R DA, b 82 #A0w AROuREL
THRBMICEE CWEZ EE2ERLTRY, Fila
B F 0 4 )V A EGE DREGYLRIAE S FEOEHEHE - vy 7 XU N BARICEHESND T
TR IVDOEIZWVINCREREEL 52 TV LN o7,

4. BE

KD DIZHZ, THEE - ZXBEWVWEEEE LEERRFEOMAKE LA, ALRHK

HIK, GSCHEROE S E, HFRKEGIEOLAEFICZOHG M/ T, 7= LET,

5. BEXM

Zeng et al., Linking carbon dioxide variability at Hateruma Station to East Asia emissions
by Bayesian Inversion, Lagrangian Modeling of the Atmosphere, Geophysical Monograph
200, 163-172, 2013.

15



I—38 KANAZAWA UNIVERSITY

Impact of Chinese Urban Lockdown on the Aerosols Transported to Japan

Ryota Yanagisawa (Tokai University Suwa High School, 2nd grade)
Atsushi Matsuki (Institute of Nature and Environmental Technology, Kanazawa
University)

1. Purpose of the study

Atmospheric aerosol is a generic term for suspended particulate matters in the air, that
includes pollen, Asian dust and PM2.5. The air pollution caused by PM2.5 has a large impact
both on our health and on global/regional climate. Since PM2.5 can be transported long-
ranges by wind e.g. from China to Japan, the general public has been increasingly concerned
on the related transboundary air pollution. In 2020, to prevent the further spread of the
coronavirus disease 2019 (COVID-19), Chinese major cities were locked down and its
borders were closed to limit transport. The rapid drop in energy consumption due to the
economic slowdown is thought to have had a substantial impact on the emission. The
purpose of this study is to investigate the impact of Chinese urban lockdown on the
particulate transboundary pollution based on the direct observation on the ground.
2. Method

In this study, black carbon (BC) concentrations (MAAP5012, Thermo Scientific) measured
from June 2010 to May 2020 at the Noto atmospheric supersite NOTOGRO (N37°45,
E137°36), Kanazawa University, were analyzed. The BC concentrations affected by the
periods of the Chinese lockdown were compared against the

observed long-term trend. Lackdown
3. Result and discussion it -'.-:.’;

* The BC concentration is decreasing at a rate of 42% per "
decade, reflecting the recent air pollution control policies in

China. i
- Transboundary pollution is particularly evident during the gox N/
January-May period due to the influence of atmospheric 2o
pressure patterns and westerly winds (Fig. 1). 5 | | | |
+ However, BC concentration was 40% lower than it was 30:
predicted for the January-March period in 2020 (Figs. 1 B R
and 2) Fig.1 Comp-ai?;i)n:fz;zé c:;z:r:;;“;t‘}l:ls
Based on these observations and analysis of airflow (Zeng between 2019 and 2020

et al., 2013), significant drop in particulate air pollution
observed in Noto during January to March 2020 is most
likely due to the lockdown in Chinese major cities

This study revealed that a significant improvement in
particulate transboundary pollution (by about 40%) took
place in a rather short period. This range of improvement
would normally take a decade to occur, and highlights how
the urban lockdown in China associated with the COVID-19
pandemic had a significant impact on the amount of
aerosols transported to Japan.
4. Acknowledgement

We would like to acknowledge Dr. Atsushi Matsuki and Mr. Seiji Kubota of Kanazawa
University, the GSC secretariat, and the teachers at Tokai University Suwa High School for
their guidance and support.
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Zeng et al., Linking carbon dioxide variability at Hateruma Station to East Asia emissions
by Bayesian Inversion, Lagrangian Modeling of the Atmosphere, Geophysical Monograph
200, 163-172, 2013.
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1) Y.L. Pang, et al.,, Review on sonochemical methods in the presence of catalysts and
chemical additives for treatment of organic pollutants in wastewater, Desalination. 277
(2011) 1-14.

2) K. Yasui, et al., Mysteries of bulk nanobubbles (ultrafine bubbles); stability and radical
formation, Ultrason. Sonochem. 48 (2018) 259—266.
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Disinfection of cyanobacteria
by ultrasound irradiation in the presence of ultrafine bubbles

Amane Kozuka (Hokuriku Gakuin High School 2nd grade)
Kazuaki Ninomiya (Institute for Frontier Science Initiative, Kanazawa University)

1. Purpose of the study

When ultrasonic waves are irradiated into a liquid, positive and negative pressures are
alternately applied to the gas molecules in the liquid, causing the bubbles to repeatedly
compress and expand to a few microns to 100 microns. That causes the microbubble bubbles
to burst and disappear at the limit of the high pressure during compression, creating a
shock wave and a localized high temperature and pressure field. This is called as ultrasonic
cavitation. This ultrasonic cavitation involves “physical effects of the shock wave” and
“chemical effects of OH radicals produced by the thermal decomposition of water in a
localized high-temperature, high-pressure field”, which have been applied to disinfection
and decomposition of pollutants in water.

On the other hand, in recent years, great attention has been paid to ultrafine bubbles,
which are bubbles in the size range of 10 nm to 100 nm. Unlike microbubbles larger than 1
pm in size, ultrafine bubbles are slow to rise to the surface and remain stable in water for
1 to several weeks. We have developed a working hypothesis that these ultrafine bubbles
may be the core of the ultrasonic cavitation generation.

In this study, disinfection of cyanobacteria is conducted by the combination of ultrafine
bubbles and ultrasonic waves. We expect that the combination synergistically increases the
"physical effects of shock waves" and "chemical effects of OH radicals generated by the
thermal decomposition of water in a localized high-temperature and high-pressure field",
which results in an efficient and environmentally friendly disinfection method.

2. Methods

Ultrasound irradiation was performed using a 38 kHz sonoreactor. The ultrasonic
irradiation intensity was set to 0.65 W using the calorimetric method. A swirling liquid
outflow nanobubble production system was used to adjust the ultrafine bubble water. The
particle size distribution and concentration of ultrafine bubbles were measured by the Nano
Tracking Analysis system. For disinfection test, cyanobacteria were used and evaluated by
microscopic observation and absorbance.

3. Results and discussion

The combination of ultrafine bubbles and ultrasound was found to synergistically increase
the bactericidal effect of cyanobacteria compared to the conditions of ultrafine bubbles alone
or ultrasound irradiation alone. This is because the combination of ultrafine bubbles and
ultrasound waves synergistically increased the "physical effects of shock waves" and
"chemical effects of OH radicals generated by the thermal decomposition of water in a
localized high-temperature and high-pressure field" during ultrasonic cavitation.

4. Acknowledgements
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Campus and the people of Kanazawa University.
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Estimating COD (dissolved organic matter) runoff from peatlands in Kahayan River
basin, Indonesia using satellite remote sensing
Asako Kitai
(Tennoji Senior High School attached to Osaka Kyoiku University, 3rd grade)
Yukihiro Takahashi

Purpose of the study

It is estimated that more than 40% of CO, emissions to the environment in Indonesia come from
peatlands. In particular, elucidation of the outflow of dissolved organic carbon (COD), which accounts
for amajor proportion of dissolved organic matter (DOM) such asrivers, isimportant for estimating the
carbon cycle of peatlands, and CO, emissions to the environment. Previous studies have been conducted
in the Arctic region, which are the world's major peatlands, but Indonesia, another major peatland area
with over 20 million hectares, is till unknown. Indonesiais expected to have different COD outflowsto
rivers than the Arctic region due to the high rainfall. Since the amount of aerosol in the atmosphere is
aso different from that in the Arctic region, the image analysis cannot be applied asit is. In Indonesia,
which has adry and arainy season, COD outflow is expected to vary depending on the season.

The purpose of this study is to estimate the annual river runoff of COD in the Indonesian region by
satellite image analysis. First, we propose a methodology that minimizes the effect of seasonaly

changing aerosols on satellite image analysis. Next, we estimate the annual COD runoff for the Kahayan

River, which flows through the southern part of Kalimantan Island. "
Method Upstraam of

main river

Using the wavelength-dependent reflectivity of cDOM (Colored Dissolved
Organic Material), which can indicate DOC, we performed atmospheric

corrections on the data taken by Band 2 and 3 of the Landsat 7 satellite from
2004 to 2007, and then measured cDOM (400), COD concentrations were ~ Figure 1 research area

estimated. Flow rates were then calculated using H-Q curves from Amount of COD[ke/s]
. i . —Upstream of main river
contemporaneous water levels measured during the hydrologic survey to . —Down stream

determine the amount of COD flowing in the body condition area and to

examine annual and seasonal changes. i « ' = |
Result and discussion .i‘?iglllre 2 selasolnal éhanlgéﬁs of.
We found that the downstream COD concentration is lower than that of ~ COD amount

the upstream, which is appeared in satellite images. In addition, as a new investigation, it became clear
that the outflow of COD concentration varies from year to year more than expectation. From November
to March, which is the rainy season, there was not enough data to analyze because the area was covered
with clouds, so we will respond by increasing the number of target yearsin the future.
Acknowledgement

This work was supported by Hokkaido University Super Scientist Program (SSP) of Globa Science
Campus (GSC), Japan Science and Technology Agency (JST).
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Influence of Honeycomb Shape and Humidity on Impact Energy Absorption of
Paper Honeycomb for Helmet Application
Tomoka Uesugi (Seiryo High School 2nd year)
Yoshinobu Shimamura (Shizuoka University)

1. Background and objective

The final purpose of this study is to extend the use of paper helmets using honeycomb
structure in order to prevent accidents for the elderly. In Japan, the ratio of falling accident
is the highest among accidents of the elderly. By putting paper helmets into practical use,
I would like to reduce the number of elderly’s accidents. Honeycomb structures are known
for their excellent strength, and thus are used in airplane wings, and fall prevention doors
on station platforms. Since paper honeycomb which is used in this research, is made of
paper, it is inexpensive. In addition, it has excellent heat retention, hygroscopicity and
flexibility, and is low-weight and can be stored compactly. Compared to metals and other
materials, it is an eco-friendly product. However, at present, paper honeycomb is not
widely used, and previous research has been rarely seen. In this research, I would like to
clarify the effect of honeycomb shape and humidity on impact characteristics of paper
honeycomb.

2. Method

A weight was dropped on a paper honeycomb from a given height
(Fig.1), and the crushed depth was measured with a height
gauge. The impact energy absorption for various honeycomb
shapes was measured from the potential energy of the weight
and the collapsed volume. In addition, the impact energy
absorption for different humidity conditions was measured, and

compared with that of Styrofoam for commercial helmets.

Fig. 1 Drop weight test.
3. Results and discussion

Honeycomb shape dependence: When the cell area was maximized, the energy absorption
was at the maximum. In addition, the strength as a paper honeycomb was almost
independent of the area. The results imply that the weight reduction by expanding the cell
area was compensated with the increase in the strength of a cell Humidity dependence: It
was found that the paper honeycomb had enough strength up to a humidity of 78% RH.

4 . Acknowledgements
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University, Mr. Watanabe in Seiryo high school. The paper honeycomb was kindly
provided by NAGOYA CORE CO., LTD.
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Development of EMG-Based Controller: Toward an Improvement of QOLSs
for People with Physical Disabilities of the Extremities

Shinnosuke Takara, 2nd Grade, Konan High School
Hiroki Higa, University of the Ryukyus

1. Purpose of the Study

It is difficult for people with physical disabilities of the extremities who live out of wheelchairs
to pick up things off the floor. They are forced to live an inconvenient life. The final purpose of this
study is to develop an EMG-based controller to control a robotic arm for improving their qualities
of lives (QOLs). We have developed the controller having the function of machine learning.

2. Method

Two surface electrodes were attached to an able-bodied subject’s forearm, the extensor carpi
radialis longus (ECRL) muscle and the flexor carpi ulnaris (FCU) muscle. The EMG signals were
recorded twice when he performed six movements of the wrist joint and hand: palmar flexion (PF),
dorsal flexion (DF), radial flexion (RF), ulnar flexion (UF), extension (Efs) and flexion (Ffs) of all
the fingers. After SVM- and LSTM-based classifiers were learned by the first EMG data, we
measured their classification accuracies (CAs) using the second EMG data (Fig. 1).

3. Result and Discussion

feature e g & - . - I
extraction - . 70

classified AJXSVINVIIESEY
classifier

Fig.1 Block diagram of EMG-based controller. Fig. 2 Results of the SVM-based classifier.

Table 1 Classification accuracies (CAs) of SVM- and LSTM-based classifiers.

SVM (support vector machine) LSTM (long short-term memory)
right forearm left forearm right forearm | left forearm

87.8 79.4 83.9 80.0

classification
accuracy [%]

From the experimental results, Fig. 2 and Table 1, we found that we obtained the classifiers
which have classification accuracy (CA) of about 80%. The classifiers incorrectly classified DF as
RF, and UF as Efs, respectively. I think this is because we use ECRL muscle when performing DF
and RF, and FCU muscle when performing UF and Efs. Compared to CAs of the left and right
forearm, the CA of the right, which is my dominant hand, is slightly higher than that of the left.
4. Acknowledgement

The authors would like to thank S. Takahashi, S. Gushi, and I. Uehara for their valuable and warm helps
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Research on Bio-inspired Salamander Robot for Uneven Terrains
Momoka Ishizono (Utsunomiya Girls’ High School)
Koichi Ozaki (Utsunomiya University)

1.Purpose of study

The problem of sea pollution caused by microplastics has become serious in recent years, so we
decided to create a robot that can collect garbage in order to reduce plastic garbage in the sea. Plastic
garbage exists on land and the sea. Therefore, the robot needs to be able to go back and forth between
the sand and the sea. Therefore, I focused on a Salamander, an amphibian that travels between land
and water.

In this research, we created a salamander robot with simple structure that can move along the
seashore.

2.Method

1. Design a salamander robot with CAD and create it with a 3D printer:

Number of motors: 9 (5 for body, 1 for each leg)

For robots operating outdoors, having a small degree of freedom is important in terms of maintenance
and price. In order to realize walking over steps with the simplest possible structure, we created a
leg mechanism with knee joints using springs (Fig. 1).

2. Create programming and control behavior:

Operation: It is operated periodically in the following three patterns.

Fig.1 Three patterns of walking movement of salamander

3. Walk on a laboratory table assuming a waterside to check its usefulness:

On an uneven course assuming a seaside (Fig.2) with pebbles as the actual application destination
of the Salamander robot, walk for 1 minute with legs made by springs (Fig. 3a) and legs without
springs (Fig. 3b) to see if the robot can run. Let me verify.

Fig.2 Laboratory table assuming a waterside Fig. 3 Legs Fig. 4

3. Results and discussion

From the walking results (Fig. 4: [1] used the Fig. 3a leg and [2] used the Fig. 3b leg), the movement
of the legs required to overcome the step assuming the seashore was found. For this experiment, I
was able to overcome the expected steps, so next I would like to study the movements required to go
from the actual seashore to the sea and how to fix the legs when swimming in the sea.

4. Acknowledgments
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Suppression of motion sickness by visual pre-presentation of acceleration
information
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1. Introduction

Motion sickness (car sickness) is an essential issue to be solved with the development of
self-driving. The purpose of the study is to examine the effectiveness to show the
information of the acceleration prior to movement. In patents(2](3], the information of
the acceleration was proposed to be presented to the drivers in real time, however it
was not shown to be so effective, while the studyl4] proposed to show the information
prior to movement, based on the sensory conflict theoryl[il.

2. Method

Two programs showing the information of the acceleration, (a) by the slope and (b) by
dots moving, were pﬁ_pa_red _1_1sing OpenCV in C++ via a monitor, as shown in Fig. 1.

o \\ As reproducing the back seat, only left
i P — SO and right screen appear. Fix the interface

in front of the subiect and experiment DS.

Figl. The pictures of HMI (a), (b). Fig2. The outline of the experiment.

Driving simulator experiments which reproduced the situation of the back seat were
performed. Four subjects were evaluated by the questionnaires including;
SSQ(Simulation Sickness Questionnaires)(s]). The conditions are shown in Fig. 3s.

3. Result and Discussion

According to the result of SSQ, the T'S (Total Score), which shows the general trend, and
three low order evaluation indexes: D (Disorientation), O (Oculomotor), N (Nausea)
were calculated, as shown in Fig. 3. The result indicates that it is effective to show
before movement and showing by the slope is more effective than by dots moving.

TS: Total Score D: Disorientation 0: Oculomotor N: Nausea
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Fig3. The graphs of the result of the experiment. The horizontal axis is the index of the condition. The vertical axis
is evaluated values. The higher these values are, the more carsick they got. The index of the condition means:
A: No Interface, B: slope / real time, C: slope / before a second, D: dots / real time, E: dots / before a second

Reducing the burden to watch the interface, showing the backward and forward
acceleration in (a) and how early to show the information are the issues that needed to
be considered. Using the transmission display or the hologram may reduce the burden
to watch the interface. Bending the body against the direction for the curve causes the
motion sickness which occurred this time. It should be examined which is more effective,
to make the body bent for the direction of the curve to reduce the motion sickness by
reversing the direction that the interface shows, or informing the direction of the curve.
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