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A—1 KANAZAWA UNIVERSITY

A structural design of the curved beam
by using the big jaw shape of the stag beetle
Satoru Nozeki (National Institute of Technology, Ishikawa College, 3rd year)
Jiro Sakamoto (Kanazawa University)
1. Purpose of the study

In recent years, without sticking to a conventional way of
manufacturing, research works which get new idea of
structural design from the structure of living things are J
expected. It is thought that the skeleton structure of living Fi] e ssitosth st Badtla
things is optimized to maximize the strength by the material

of the necessity minimum because of adaptation to the habitat environment. To utilize
skeleton structure of living things for structural design of industrial products is the
purpose of this study. The big jaw of the stag beetle was focused specifically, and its shape
was applied to the structural design of curved cantilever beam.

2. MethOd fEissssSisssisssisssd
The skeleton database developed by | ey e '%_

"research  of bio-innovative  design

technology" of Kanazawa University

e

i
ik it

provides 3D form data of the skeleton of

L 300 5 300

various living things based on CT images. e Unit: mm |

STL data of a big jaw shape of a male (a) Stag beetle big jaw model (b) Simple pipe model
Fig.2 Curved cantilever beam models

3
A

sawtooth stag beetle (Fig.1) was obtained
from the database, and a computational model of curved cantilever beam with 300 mm
length (Fig.2(a)) was made by using finite-element analysis (FEA) software, MSC.Marc
(MSC). A simple pipe model with the equal length and volume was made for comparison
(Fig.2(b)). Mechanical analyses are performed by the FEA to both of them and the
mechanical stress while giving the same load to two models was compared.

3. Result and discussion

The tensile principal stress

distribution in the models is shown in
Fig.3. The maximum tensile principal
stress occur both in the largest

curvature part, and the maximum

Side view

(a) Stag beetle big jaw model (b) Simple pipe model

stress value in the big jaw model is o
Fig.3 Distribution of tensile principal stress

40.8% of the pipe model's one. While

high stress is concentrating at a small area in the pipe model, lower stress is distributed
in the big jaw model. Therefore, it is considered that the shape of the stag beetle big jaw
is more advantageous to disperse force widely, and it is stronger to the bending load.

4. Acknowledgement

We would like to thank our coworkers Mr. Kazuto Kita (Graduate School of Kanazawa
University) for his contributions.
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E. Orowan: Discussion in the Symposium on Internal Stresses in Metals and Alloys, Inst. Metals (1948)
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Strengthening of martensitic steel by vanadium and copper addition
Zhuoyan Li (Keishin High School, 3rd Grade)
Mentor: Prof. Toshihiro Tsuchiyama (Kyushu University)

1. Introduction

As the demand for fuel efficiency and crashworthiness increases, researches on high-strength
steel sheets have been conducted to reduce the vehicle weight and increase its strength.
However, it 1s commonly understood that increased strength trades off with ductility and
limits press formability. Martensitic steels are hard and suitable for structural components
like pillars, yet brittle for application. In this study, a unique high strength martensitic steel
with sufficient ductility was produced by adding both hard vanadium carbide particles and
soft copper particles to a conventional low-alloyed martensitic steel. The microstructure and
mechanical properties of the developed steels were investigated and compared with those of
the conventional steel.

2. Method

The Fe-2Ni-1V-0.2C and Fe-2Ni-1V-2Cu-0.2C alloys were austenitized at 1373 K for 1.8 ks,
and then water-quenched to form full martensitic structure. The specimens obtained were
tempered at 873 K for varying durations of time. As a referential material, commercial
SNCM420 with the same heat treatment was also prepared. The microstructure of the alloys
was examined using a scanning electron microscope (SEM) and transmission electron
microscope (TEM), and mechanical properties were evaluated by Vickers hardness testing and
tensile testing.

3. Result and discussion
For changes in hardness during tempering as a _
function of tempering time, we observed that the iy Cu precip. hardening (+0.1GPa)

hardness of VC and VC-Cu steel increased, while ™
that of SNCM420 decreased over time. This is = mu Steel
— VC precip. hardenmg\

likely explained by the precipitation of vanadium TR (+0.3GPa) e

carbides and Cu, which provides resistance to /\
(™

softening during tempering. From the stress- s o A
strain curves of the tempered specimens (837K- o Yli:ét;:ss‘ — =
600s) as shown in Fig 1, the addition of V [Tensit strength]
increased yield stress by approx. 300MPa, and Cu SNCMQDE 0.40GPq
by 100M?a, and imprgvement ig both‘ strength * Vc_\gi zt;?{: ‘:%;gppz
and ductility was particularly evident in VC-Cu T T TR A T
steel. SEM observations for the microstructure s

revealed that coarse cementite (FesC) particles
were dispersed in the SNCM420, while fine VC carbide particles of 16nm in diameter were
uniformly distributed in the VC steel. Using Orowan's equation, the expected increase in yield
stress by the precipitation was 370MPa and nearly matched our experimental results. In the
VC-Cu steel, Cu particles further strengthens steel in addition to the VC effect without
reducing ductility due to the cutting mechanism characterized by the soft properties of Cu. In
conclusion, compound precipitation of fine VC and Cu precipitates is effective for increasing
strength without reducing ductility, and a development of a new steel suitable for automobile
application could be expected.

Slrass (GPa)
]

Fig Lo
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Carbothermic-hydrogen Reduction and Desulfurization of FeS during

Microwave Heating

Background

Carbonaceous materials have been used
for carburization, reduction, and heating
of raw materiasin theironmaking process
that cause global warming because of CO»
emission. To decrease CO. emission,
using hydrogen instead of carbonaceous
materials has suggested. Moreover,
employing microwave heating decreases
CO:2 emission because of advantages such
as rapid and selective heating, volumetric
heating, and possibility of using fine iron
orein the process.

Recently, the ratio of produced low grade
iron ore is increasing and treatment of
impurities such as sulfur is necessary. In
the present study, CaO was used as a good
desulfurizer.

Purpose

Desulfurization reaction can be presented
by Eqg. (1). Further progress in this
reaction requires reduction of FeO
according to Egs. (2) and/or (3).

FeS + CaO — FeO+CaS (1)
FeO + C — Fe + CO (2)
FeO + Hz — Fe + H,0 (3)

Previously, carbonaceous materials have
been used as reducing agent (Eqg. (2)). In
this study, hydrogen was used in addition
to carbonaceous materials to reduce
carbon consumption.

Experimental procedure

Tablet shape samples were prepared by
pressing dried powder mixtures with mole
ratios of FeS:CaO:C=1:1:2 and 1:1:1. The
tablet was heated via a microwave system
a 1050 W in 10vol% N2-90vol% H>
amosphere for 30 min. Finaly, treated

Momoka Miyazaki
Kasumigaoka High school

sample was cooled down in N2 by
switching off the microwave system.

Results

A higher temperature was attained in
sample with larger amount of carbon that
causes a higher weight change ratio.
Moreover, according to XRD pattern of
treated samples, CaS and Fe were detected.

Discussion

60

i 10vol %o N.-20vol%s H,
50 @O0,

aiig)

tredm

40
30
20 - %

10

TmaMwegial T1g)

Carbon consumption (%8)
_ Iatialweigh of C (323~ weadt of © afher

N

FeS:Ca0:C  Lil2

0

Fig. 1 Comparison of carbon consumption
(H°o in the presence and in the absence of
2

Comparing carbon consumption in the
presence and in the absence of hydrogen
during treatment indicated that carbon
consumption in Hz is half of that in Na.
The decrease in carbon consumptioninthe
presence of Hy is attributed to the partial-
reduction by hydrogen, instead of carbon.

Conclusions

Combination of microwave heating and
using H: as reducing agent reduces carbon
consumption during desulfurization and
reduction of FeS-CaO mixture.
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Study on Vibration Suppression Controller for Mechanical Systems
with Higher-Order Resonance
Kenta Yajima (Yokohama Science Frontier High School, Grade 3)

Seiichiro Katsura (Keio University)

1. Purpose of the study

A lot of mechanical systems like a gantry stage in Fig. 1
are used in many factories and plants. To improve the
productivity of these machines, high-speed motion is
necessary. However, vibration related to gears for obtaining
high torque and low rigidity along with weight reduction are

important problem. Thus control method considering more
higher-order resonance is necessary. Fig. 1 Gantry Stage.

This study proposes a vibration suppression controller for 3-mass resonant system. By
using the proposed method, it is possible to improve the production efficiency.

2. Method

A 3-mass resonant model is shown in Fig. 2. Whole of 3-

mass system is driven by motor. In general, 3-mass system motor -
has two resonant frequencies. Therefore, control system  Fig. 2 3-mass resonant model
considering both of them is necessary. In this study, the control system using estimated
reaction-force feedback ! and tip-position delayed feedback is proposed. The estimated
reaction-force feedback can decrease the stiffness of motor and can suppress the vibration.
This method is used in order to suppress the 1st-order resonance. Furthermore, tip-position
delayed feedback is integrated in order to suppress the 2nd-order resonance. This method
is based on wave model of resonant system and realizes the vibration suppression by phase
stabilization. By integrating above two methods, it is possible to design the vibration
suppression controller considering both 1st and 2nd-order resonances.

3. Result and discussion

The block diagram of the proposed method is shown in Fig. 3. The simulation results are
shown in Fig. 4. From Fig. 4, it turns out that position control without vibration is achieved.
Effectiveness of the proposed vibration suppression controller is confirmed through
numerical simulations.

oS — W~ S5~

Tip position delayed leedbacl P — = = = = = = = = — =

Time Delay

o R t plant

- esonant plan
'_’-0 jon
comimand Controller - (3-mass s_vslel'n) lip position

(=1

command
maotor

position [mm|

R o oo

load ——

Estimated reaction foree feedback 1
time [s]

Fig. 3 Block diagram Fig. 4 Simulation results

4. Acknowledgement
I sincerely thank Prof. Seiichiro Katsura, Prof. Hiroyoshi Inoue, and members of Katsura
laboratory, Keio University.
5. References
[1] K. Yuki et al., IEEJ Trans. Ind. Applicat., vol. 113-D, no. 10, pp. 1162-1169 (1993).



B—5 [LEXF

FANOBAROREEXTDELR
WA=z (REEETFK  3574F)
WHEEZ (KBRS KER TR

1. IRDBEMEESR

A DRI 72 MEWTIX D REE & BRI 3810 2 o BE PR ORI L T b, 2D Z &
D26 R ORERTIKI DFEIXREEI S 72 D220 Tl T IR IS SN TS SRR Z LT, FERR
V2 o TN D g OREWTI DS TR S 4L 5 EIR AT~ D, Z OFEERIZ Ko T D A B O[]
EEDOWRTEBER ZMEND D Z & D TEIUXS BN THFEIZB O THEARZICH LTI o
LA 5 Z Lo b,

2. AEDFiE

EOE X 180 cm, @S 90 cmy, & L CHRIEAY 10 emTH Y . Z o7 ZH0 T &5 KA H
BEL. B, R, £7-Z20RAETZ2FORICHEARLR., ik 4/s DR T E2FEN, —FEDKE
L. ZOWNOBEENE ©T Aekik b, TOFMERE 7T 7 L. AEOFEEZIHEID 5,

3. WREEE (HRH)

TFREL T hoEBE FRRICEEL LR RITIT R 69, ERROABL L o7, 7272 LRIEIZ K
STABRDOAHENELL TR, BEL2ME S LT NENRT THROZEN AT, Kk
Dk % 72 TR A FEALTO DI INTRIR DIENZ K > TARPRIET D

WY k W

4. HiEt

HIRBL 7 THREZTHE | AR Th o E e T 5 ETEREIR— 2 LT 7ES -
TEHNMEEEHERR., £o. KGHEZ 35 ETHICEIT TOo72W e BTt & ONF < IR
KPR LFFREOERIITEH ORI FHA, RYZHVRE D TSV ET

5. ZEXM



B—5 HIROSHIMA UNIVERSITY

A theory on how the gradients of rivers are determined
Conan Sakamoto (Takeda Senior High School 3rd Grade)

Tatsuhiko Uchida(Graduate School of Engineering,Hiroshima University)

1. Purpose of the study

The overall longitudinal profile of many rivers and the Brachistochrone curve are alike.
From this, I theorized that the longitudinal profile of river will resemble the Brochistochrone
curve overtime. By conducting various experiments, we will determine the cause of the curved
longitudinal profile of rivers. If we would determine the factor which determines the gradient
of rivers, this can lead to improved river development with less stir in the river’s flow.

2. Method

Set up a waterway which is 180c in length, 90cm in height and 10cm in width with a tank to
store water on the side. After filling it with either sand, gravel or a mix of both, using a pump
that can send water 4L/s, create a flow of water with a constant flow rate and record it on a
video tape. Afterwards, convert the results into a graph and observe its shape.

3. Result and discussion (Pictures and tables)

Instead of a curved longitudinal profile that we expect, the results were a linear line.
However, depending on the grain size, the gradient of the river had changed and when using a
mix of two different grain size, we could see a slight change in its gradient midstream. A river
with particle size distributions will have its gradient determined by its grain size.

Bat

WY ‘; W
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The Fukushima Daiichi Nuclear Power Plant and Environmental Radioactivity
Measurement of Artificial Radioactive Substances in Kasai Rinkai Park
Yuka Hasumoto (Toshimagaoka Joshi Gakuen Senior High School 1st Grade)
Hiroyoshi Inoue (Keio University School of Medicine)

1. Purpose of the Study

The meltdown at Fukushima Daiichi Nuclear Power Plant triggered by the Tohoku Pacific
Coast Earthquake on March 11, 2011 has caused many problems concerning radioactive
contamination in the air, sea, soil and crops. More than 7 years have passed since the meltdown,
and the effects of radiation are gradually decreasing. Yet, Cs-137, an artificial radio nuclide,
has been detected every year since the meltdown. In this study, we collected samples of soil
near Arakawa River, one of the largest rivers in Kanto region, to measure the level of nuclides
and compare the results with a study conducted three years ago. We hope that this study would
be helpful in thinking about the environmental impact of this unprecedented accident and the
future of energy.
2. Method

We collected soil samples at six different points in the Arakawa River Basin near Kasai
Rinkai Park. We measured the radiation rate with a GM survey meter (Hitachi Aloka) and the
dosimeter (Hitachi). Soil samples were collected in accordance with JISA1201. We
accumulated the data of vy -rays nuclides in soil samples for 12 hours with a Nal scintillation-
y -counter (Osprey, Canberra) and charted the results with a multichannel analyzer (Model
802, Canberra) to measure the radiation rate from the charted area.
3. Result and Discussion

The results show that the air dose rate was the same as the rate measured before the
accident. As shown in Fig.1, artificial radio nuclides
Cs-134 and Cs-137 were still detected in the collected

Figure 1. Example of Radioactivity Measurement (Point K1)

soil. Table 1 compares the radiation rate of 2018 with
that of 2015. Cs-134, with a half-life of 2 years, was
hardly detected in 2018, while Cs-137, with a half-life

of 30 years, did not decrease. We conducted this Table 1. Conparison of 2015 and 2018 in soil radicact ivity
study downstream of the Arakawa, so we would like AEEEEEEREEE
HD HD HD HD HD HD HD HD HD D
to continue studying the new deposits there. | O | o | 6 | 2D | 0B |0 |me | e | 06
22 HD HD 123 546 1.3 HD HD HD D
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The Effect of Social Interaction on Depression Model Mice
Megumi Fukuda (Kakogawa Higashi High School, 3¢ Grade)
Takatoshi Hikida, Takashi Yamaguchi (Laboratory for Advanced Brain Functions, Institute

for Protein Research, Osaka University)

1. Purpose of the study
Today, the first choice in treating depression is the administration of antidepressant drugs.
However, there are many side effects to antidepressant drugs. We carried out research to

investigate other possibilities in the treatment of depression. We focused on the effects of social

interaction, depending on the partner’s sex. 80-

2. Method

First, a depression model mouse was prepared by %m

administering a 6-minute forced swim (FS). After the FS, ':E, i —

the mouse was placed in a novel cage to interact with an ‘g’ 5 — JE
unfamiliar partner, either male or female. A group of mice = I

were interacted with an inanimate object as a control. After 3 : :

the social interaction, the mice were placed in an Open o t:ﬁﬂ ? TR 2

Field Test (OFT) to measure their locomotor ability. Lastly, Fig. 1 Immobile time of 21 FS

they were put in a 20d FS. The immobile time during the FS

was used as a measure of their tolerance of stress. The Lt

locomotion and the immobile time were compared with a __ 80,
group that was not administered the 1st F'S. E’B ool
3. Result and discussion 2

The immobile time for the 2rd FS was not dependent on E 1

the administration of the 1st FS for male mice (Fig. 1). 201

While for the female mice, the immobile time was longer

D- o S =
|“'°r3"-“_:5‘1 Female Male Object Female Male Object
—_—

in mice that was administered the 1st FS. This suggests e 5 o

that female mice are more sensitive to depression than

male mice. Fig. 2 Effect of Social Interaction in 2" FS
The partner’s sex did not influence the female’s locomotion in the OFT.

In contrast, the immobility time in the 2rd FS for the female depression model mice was
decreased after interacting with other female mice (Fig.2). The scatter plot suggests that the
female mice can be divided into 2 groups according to their sensitivity to stress.
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Histoligical study of the postoperative ileus in mice
Hana Ataka (Tsuruga Kehi H.S.), Marin Kise (Fujishima H.S.)
Shuto Nishi (Hokuriku H.S.), Nanae Nishikawa (Jin-ai Girls’ H.S.)

Supervisor: Satoshi Iino (University of Fukui)

1. Purpose of the Study

Postoperative Ileus (POI) is the disorder of intestinal movement which occurs following
abdominal surgery. POI causes several intestinal symptoms, and places an additional burden
on the patients. In this study, we studied the histological change in POI model mouse intestine.

To clarify the cell type that affects in POI may lead to new therapeutic strategy for POI.

2. Method

Male BALB/c mice were used. After a 24-hour fast, median laparotomy was performed
under anesthesia. Cecum and distal ileum was pulled out and intestinal manipulation (IM)
was performed by scrubbing the wall of terminal ileum for 5 cm from ileocecal junction using
a moist cotton applicator. Untreated mice were used as control. 24 hour after IM, ileum was
removed and cryosections were cut. Sections were stained by antibodies against several cell

markers. The tissues were examined with confocal laser microscope.

3. Result and Discussion

Immunohistological observation Control
(right figure) showed the lack of CD26 [&hZlEXenli]
(marker for serosa) reactivities at the
outermost layer in IM. It indicated the
exfoliation of serosa in IM. The CD45
(marker for leukocytes) -positive area
was increased in IM compared with
control. This result suggested that the
elicitation of inflammation in the
muscle layer of IM. Both interstitial
cells of Cajal (KIT positive) and
fibroblasts (PDGFRa positive) were

decresed in IM. Because these cells act -

P ——
- el T TS

PDGFRa + PGP9.5

as regulators in intestinal movement,
the decrease of these cells may cause
the motility disorder in POI. Both
smooth muscle cells (aSMA positive)

Figure 1. The results of immunohistochemistry in control

lef d IM (right).
and nerves (PGP 9.5 positive) showed (left) an (right)

no remarkable differences between IM
and control. In this study revealed the cellular changes in the muscle layer of IM ileum.
Further study on the recovery process from IM expects the development of new cell-specific

therapeutic strategies.
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excitatory synaptic transmission. Curr. Opin. Neurobiol. 45: 45-50. 2017.
2. Tabuchi et al., A neuroligin—-3 mutation implicated in autism increases inhibitory
synaptic transmission in Mice. Science 318: 71-76. 2007.
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Morphological anomalies of the synapse in an autism spectrum disorder
model mouse revealed by electron microscopy

Taito Sakurai (Kyoto Prefectural Rakuhoku High School, 2rd grade)
Yugo Fukazawa (University of Fukui, School of Medicine)

1. Purpose of the study

In recent years, the number of patients diagnosed as Autism Spectrum Disorder (ASD)
has been increasing, and thus, it is imperative to determine the pathology of ASD in order
to develop new drugs and therapeutic strategies for ASD patients.

A point mutation in genomic region encoding neuroligin-3 (NLG3), a synaptic adhesion
molecule, was identified among familial ASD patients (R451C substitution), and mutant
mouse mice carrying the same mutation in their genome was reported to show ASD-like
behavioral impairments (Ref. 1). The neuroligin-3 was reported to play pivotal roles not only
in the formation of synaptic adhesion structure but also in signal transmission at the
synapse (Ref. 2). Thus, in order to gain insights into the etiology of ASDs, we investigated
the structural anomaly of a synaptic contact in the NLG3-R451C mice last year and found
that the coordinated volume changes between pre- and post-synaptic structures were
missing in the mutant mice. Here, in order to deepen our insights into a cause of the anomaly,
we analyzed the synaptic structure in NLG3 knockout (NLG3-KO) mice.

2. Method R O AP |

We took advantages of a focused ion beam-scanning A Presynaptic |
electron microscope (FIB-SEM) for high-resolution
observation and quantification of fine structures of the
synapse (Figure A). Wild-type (WT) and NLG3-KO mice
were perfused with fixative under deep anaesthetization
and the fixed brains were further processed for electron
microscopy. Serial FIB-SEM images of whole synaptic
contacts in stratum radiatum of the hippocampal CAl
region were taken with 10-nm-interval and processed by
TrakEM2 software for 3-dimensional reconstruction of
the synapses (B). Morphological parameters of fine
structures of the synapse were quantified.

3. Result and discussion

The volumes of presynaptic varicosities, mitochondria, B
dendritic spines and smooth ERs, the number of synaptic
vesicles and the area of postsynaptic density in individual
synapses were quantified and correlations across these
parameters were assessed statistically. Previously, we
found a significant positive correlation between the
volume of presynaptic varicosity (VpreV) and the total CM_
volume of spine (Total Vsp) in WT but not in NLG3-R451C
mice. In this study, we found the significant correlation in
NLG3-KO mice (C), strengthening an idea that the
uncoordinated formation of the synapse between pre- and =
post-synapse may be a cause of the ASD. Rt
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Analysis of heme function in cell fate determination
Yoshika Asai (Second grade of Fujishima Senior High School), Kotoko Hirayama (2nd grade of
Kanazawa University High School)
Manabu Sugai

1. Purpose of the study

The signaling function of free-heme is a concept that has only emerged recently; however, its
relevance cannot be evaluated because a reliable free-heme sensor is not yet available. In this
project, we developed free-heme sensor to verify and examine the physiological role of free-heme
as a signaling molecule.

2. Method

We previously generated a retiometric fluorescent free-heme sensor, using heme-binding protein,
called HO-1. HO1-fused enhanced green fluorescent protein (EGFP)(EGFP-HO1) and enhanced
blue fluorescent protein (EBFP) were combined with a self-cleaving P2A peptide. Because heme
quenches the fluorescence of EGFP, EGFP’s fluorescence intensity is considered to be heme-
sensitive, whereas EBFP is considered to be heme-insensitive. To generate several other free-
heme sensors, having different affinities for heme, we introduced various point mutations into

HO-1 coding sequences. And their differential affinities for heme were evaluated in 293T cells.

3. Result and discussion
In the case of high affinity heme sensor, EGFP/EBFP fluorescence ratios in 293T cells decreased
when intracellular heme concentrations were augmented with heme or ALA supplementation,

whereas those were increased by supplementation with the heme biosynthesis inhibitor

High affinity X succinylacetone. In the case of the
= = 509 nm Fluorescence Intensity other heme sensors (heme sensor A,
8 8 B s B, C), having relatively weak
8. S ifx \ P affinity for heme, changes of
Low affinity 8 EGFP/EBFP fluorescence ratios
- | ’ 0 were different from that of high
§ -§ X= 440nm Fluorescence Intensity affinity one (Fig. 1). These data
. ] S 375nm indicated that heme sensors with
c \ different affinities are suitable for
§ e detecting different concentrations of

3 heme.
: Figure 1. Heme-dependent

fluorescence ratios of free-heme sensors in 293T cells
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A simulation study of red blood cell deformation and destruction
caused by mechanical effect
Taiyo Taniuchi (High School of University of Hyogo, 2nd grade)
Supervisors: Hitoshi Washizu (University of Hyogo), Yasuyuki Saito (Kobe University)

1. Purpose of the study

Prevalence of exercise-induced iron deficiency anemia is notably high in athletic populations,
particularly those with heavy training loads. Preceding studies have revealed the mechanical
properties of Red Blood Cell (RBC) in share flow, such as in artificial hearts. Here we study to
reveal the destruction process of the RBC by tank-treading motion, known as hemolysis, and

clarify the mechanism behind this process by using computer simulation.

2. Method

The membrane of RBC consists of the lipid bilayer membrane and spectrin network
structure. In order to simulate
the deformation and
destruction of the membrane,
we divided the membrane into

small triangular elements and

applied five kinds of strings as

shown in Figure 1. Figure 1: Spring network model of RBC.

3. Results and discussion

When we started the simulation with an P
initial volume of 1.7 times larger than the /' e S
natural state, we succeeded in reproducing | il ),1

a hexaconcave sphere. As time passes, the N

shape changes into biconcave sphere

(Figure2). Figure2: Changes in the shape of a swollen RBC
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Save patients with pancreatic cancer!

-Our analyses on DUSP6 as the promising candidate-

Miu Yamamoto (5th grade, Sendai Seiyo Secondary School), Asami Tateishi (2rd grade, Sendai
Nika High School) Professor Akira Horii, Associate Professor Yuriko Saiki (Department of
Molecular Pathology, Tohoku University School of Medicine, Sendai)

1. Purpose of this study
Pancreatic cancer shows the worst prognosis among all the cancer types. Most of the
pancreatic cancer patients are diagnosed at stage IV, the most advanced stage, partly
because of little symptoms. We focused on the DUSP6 gene (dual specificity phosphatase 6)
to seek for better clinical management of patients with pancreatic cancer.

2. Materials and Methods
Immunostaining with anti-DUSP6 antibody using primary resected specimens was
studied. Cultured pancreatic cancer cells PK8 and its derived gemcitabine (GEM) resistant
G100C10 cells were used for two studies; (1) nucleotide sequencing analyses to determine
the mutation statuses, and (2) siRNA (short interfering RNA) mediated knockdown to
suppress DUSP6 mRNA function followed by alamarBlue assay to check for cell viability.
The GL2 gene (firefly luciferase) was used as the internal control, and effects of DUSP6 on
GEM sensitivity was our main focus.

3. Results and Discussion
Immunostaining study revealed frequent upregulation of DUSP6 in premalignant lesions
whereas prominent downregulation in malignant lesions was observed. Mutation statuses
of TP531in PK8 and G100C10 were identical, homozygous Q167X. siRNA-mediated
knockdown against DUSP6 in demonstrated remarkable reduction of DUSP6in G100C10
only when siDUSP6 was added. Although knockdown in PK8 was not successful, we went
on to next analyses. A significant increase of GEM resistance after siDUSP6 treatment only
in G100C10 was observed; there is a possibility that the expression level of DUSP6
associates with GEM sensitivity. If this is the case, then DUSP6 may restore GEM
sensitivity which is promising for patients with pancreatic cancer.

4. Acknowledgements
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Shuto Hirota (all medical students and teaching assistants) for their mentorship. We are
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What impact could the 2011 Tohoku earthquake have had on the activity of
deep low frequency tremors in Nankai subduction zone?
Yoko Kono (Yokohama Science Frontier Highschool, Grade 2)

Yoshihiro Hiramatsu (Kanazawa University)

1. Purpose of the study

To understand the generation process of great earthquakes, we investigated the effects of
the 2011 Tohoku earthquake (M9.0), which has modulated the seismicity in Japan, to the slip
at the transition zone on the plate interface of the Nankai subduction zone.

2. Method

We examined the temporal variation in the seismic moment release rate in the periods
with no long—term slow slip events before and after the 2011 Tohoku earthquake for seven
areas in the Nankai subduction zone, the northern, central and southern Kii, the eastern,
central and western Shikoku, and the Tokai. We used the size of deep low frequency tremors
and the conversion rate to seismic moment reported by previous works? 2. We estimated the
seismic moment release rates before and after the 2011 Tohoku earthquake using the
nonparametric bootstrap method.

3. Results and discussion

We recognize no variations in the seismic moment release rate before and after the 2011
Tohoku earthquake for the northern Kii and the eastern, central and western Shikoku areas.
For the central and southern Kii areas, the seismic moment release rate decreases after the
earthquake. However, the decrease is also observed before the earthquake. We, therefore,
consider that the decrease does not relate to the earthquake.

From the results mentioned above, we conclude that the 2011 Tohoku earthquake does not
affect the seismic moment release rate at the transition zone, that is, the activity of the deep
low frequency tremors, in the Nankai subduction zone. This is coincident with the fact that
the stress change induced by the earthquake is too small to affect the seismicity in the
Nankai subduction zone®. On the other hand, we recognize that the decrease in the seismic
moment release rate has no relation to the earthquake, suggesting a possibility that the
frictional condition might change at the transition zone.
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Quantifying Nitrate Dynamics in a River Using Atmospheric Nitrate as a Tracer
Chiharu Motoyoshi (Asahigaoka High School) Misa Yamagishi (Meiwa High School)
Urumu Tsunogai (Nagoya University Graduate School of Environmental Studies)

1. Purpose of the study

Nitrate (NO ; 7) is an essential nutrient which controls
photosynthesis in aquatic environments. An increase in its 8770 (s vsmow)
amount causes severe environmental problems such as r O3 atm
eutrophication. In this study, we tried to clarify the behavior o t 7

of nitrate in rivers. In previous studies, it was difficult to _[] [t
differentiate the supply process of nitrate (nitrification) from ;

the removal processes of nitrate (assimilation and e
denitrification) without using artificial isotopic tracers such wl
as 1°N. In this study, we aimed to quantify the processes | . ) ) .
simultaneously using atmospheric nitrate as a new tracer. = Y ) W e

= 2 580 (% vsmow)
2. Method o

Nitrate in rivers consists of atmospheric nitrate which is
derived from atmosphere (its oxygen is derived from atmosphere), and remineralized
nitrate which is derived from biological activities (its oxygen is derived from organic
matters). Both are removed from water by assimilation and denitrification
simultaneously, but only remineralized nitrate is reproduced through nitrification, and
atmospheric nitrate is unreproducible.

In the new method, we traced the oxygen in atmospheric nitrate. Of three stable
isotopes of oxygen (8§10, 8170, §180), 8190 is the most abundant. There is a constant
relationship between the amount of §70 against §°0 and the amount of §80 against
810 in most oxygen containing molecules. The blue line on the graph shows the
relationship of most of the oxygen containing molecules such as surface water, oxygen,
and carbon dioxide. However ozone is not positioned on the line. Since ozone participates
in the production of atmospheric nitrate, atmospheric nitrate is also plotted away from
the line. Using this difference in oxygen isotope ratios, we can estimate the sources of
nitrate in water, and quantify the nitrate dynamics

We carried out our measurement at river Yasu, which is a major inflow of the Lake
Biwa, an important water resource of the Kinki area. Since we hypothesized that
periphyton (organisms attached on rocks) contributes to the nitrate dynamics, we
reconstructed the riverbed environment of the riverside and the central part of the river
by collecting rocks together with periphyton, and cultivated them under the same light
& temperature condition. Then we measured the changes in the amount of total nitrate

and atmospheric
Removal rate
Riverside 132 Central part

Removal rate

3. Results and Discussions

Each values in the figure is expressed in the
relative values with the value of the removal
rate at the central part of the river being 100.
The result indicates that each process happens
simultaneously at the riverbed (which supports
our hypothesis), and the reactions are more
active at the riverside. Therefore we concluded
that we succeeded in measuring supply and
removal rates of nitrate using a natural tracer;
atmospheric nitrate. This enables us to
understand the nitrate dynamics in water much easier than before.

We would like to quantify the seasonal changes in nitrate dynamics, and also verify if
it 1s possible to explain the actual changes in the concentration of nitrate from the data
we obtained through our own measurement. In addition to this, the measurement of
nitrification rate using atmospheric nitrate is the first attempt in the world, so we still
nee(il1 t(()jl improve the reliability of the method by measurements in parallel with previous
methods.

Supply rate

2.4

1.6

4. Acknowledgements
Prof. Urumu Tsunogai, Prof. Fumiko Nakagawa and the other lab members.
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BETEKROERFOR—) V7 7ICE I AYUEHEORREELOER
PR HAKN ERHE (HRARIEHASFFER 25)
R RE FREKRFEFRHIKEFR)

1. [FC®HIZ

BRI 7 7 oV (F i i~ AT 1) 1%, 7«0 Ve L— FOILZSAIIT LY, 6~8mm/
FEORE TILREL TV, U 1854 4 DL BUREHIEE TIIAY Im DFEE 2 & 72 (A1, 1984;
Kitamura & Kobayashi, 2014). 1970 4-4RIC, LZEORMEMER 6 120 FH b #E#E L TWDH O T,
VR, IFERRAET B & S, 20%OI%ETIE 1707 Fotkit IR
B> 1498 4RO WIS AT BRI b 9 7 A AR L 2D ariua s (R
NP, RECREHED X 5 22860 b5 7 iR & R S5 g Ok, 2B F
W) ORAEMRILKR L LTRATHD. 22T, ABFETIE, B e e
It U e ) T 975 /K X D - < 00 M R o0 b RT k> D 15 M SE T i O BRBE
ZlezET L, KEAMBOREZ MR L. WHEFE, EEH 4n
DL (X 1) IZVEE 1011 FFICETHNTED T, £ DRI IR
REVIHRIEGEA DD LV I RERSH S, R s
2. ik I BRFOME
Mt L — 5 — (2 kB AR A L 2 KOR—Y v 7 a7 B E WA L. =7 BREHT R
L, #EWEEAbAZEH L, MXMEEZHRE L, RRE X 2) #ER L. 73k oMM

W o> MCAEARIHNE A Beta Analytic #HIHHE L 7-. ﬁse Elevation Sitel 4.45m
S |a# Site2 3.80m e ]
3. MRLEER =lwrxa " o = (

M1, FALEL 0 IR ERVEEE (% & 8. 0~4. 9m), Lo i
ATIER 2 b OIR R 1 JH GBS 4.9~4.2m), Fopg  [Selem
BONRIZE 5. JREDESEHIXZ < O BAbanEHR L.
PRkt E, WA AR T DB H Unbonium moniliferum
(A ARFYD)ZPEL, FiHEHDORED MCAFERILTEE 398~
5AYAEE R L7z, M 21X, TALXVWE, KitE, Wik
Wi aE R T, KhEER (GRS 2.13~2.06m), WHEEO
EIZE 22 5. KA BEERFOED C FRULTEE 258~428 4F
o Lo, KRREERE IR MICHBEDNIEE A ER 0D
T, fIbER T RFEHESNS.

WA ICERT 28 2 ET 2T EARREEBOED o .
MO, TNENTENE 398~539 4E L TEJE 258~428 FE AR m2 2AOHKE -
T, L7eRn-o T, Bk U772, P 398 4 L JE 428 ORI D Al REME R EV. T DOFRFR
(LR PYE AR HEDO K FILE & TO 2RV O T, FBLIZHERBERA O EEREO E L 50 Th 5.
HBMEEE OSAICIE, BBRMBENEAELEZZLICHY, BEilE T 7 oS #EO i
DOVEE 684 F O HBEME LV H 280 . 5%, BRIEOKFEKNZY ST 572012, HEFEY
LHALEOREETTS & L bITHIEHIE D ORFEEH] & OB 21T > T 5.

4. B

AWFEIZH T2 > TS UL O ATHIERBREE N X 2 — U7 AEERRE R e A, 45 1 @i s
AT TR WEEEE L. SO TEH AR L LT ET.

5. SEXHR
FETLEE (1984) HIUAMIZE, 23, 1056-110; Kitamura & Kobayashi (2014) The Holocene,
24, 814-827 ; MJEE 1 (1989) HiPES~FFim, 62, A-2, 160-183.
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Reconstruction of Late Holocene environmental changes based on analysis of core sediments
from Kaicho Temple, Shimizu-ku, Shizuoka city, central Japan
Tomoya Ina, Daisuke Suzuki, Keito Tsutahara (Iwata Minami High School, 2" grade)
Akihisa Kitamura (Shizuoka University)

1. Introduction
We reconstruct environmental change and coseismic uplift during last 2000 years in the
western part of Suruga Bay, Japan, based on analysis of cored deposited from Kaicho
Temple located at an elevation of about 4 m on the Shimizu Plain in Shizuoka Prefecture.
2. Method : Elevation(m)
In Kaicho Temple, we investigated the e, j ‘ -
geological distribution by underground

kaicho—ji

radar and drilled two core samples. We
described deposits and fossils. We took
soft x-ray photographs, and make

columnar sections. A total of 7 radiocarbon igurel:Map of Kaicho-ji
age determinations on leaves and woods were made by Paleo Labo Co. Ltd. and Beta
Analytic Inc.

3. Result and discussion Elevation Sitel 4.45m
At site 1, deposits consist of the following facies, in ascending 4| 3 t¢2 3.80m

Im
stratigraphic order: gravelly sand, clay and gravel beds. W= wd® ok i
Gravelly sand bed yields many intertidal molluscs. Spiral o Y ap2se |

shell Umbonium moniliferum, which inhabits the intertidal

zone, was found from clay bed. ''C age of the leaves from the
clay bed represents AD 398 to 539.

At site 2, deposits consist of the following facies, in ascending
stratigraphic order: sand, clay, very well-sorted sand, pebble,
wood pieces, sandy gravel beds. Sand and clay beds yield

molluscs. The '“C age of the leaves of wood pieces bed
represent AD 258 to 428. Since wood pieces bed forms an

open frame, the bed was deposited during high wave events
and is positioned at the top of the storm berm. Figure2: Columnar sections
These findings imply that the emergence occurred in the area between AD 398 and AD
428. Since eustatic sea-level was stable during this period, the emergence was caused by
sedimentation or coseismic uplift. In case of coseismic uplift, this earthquake was 280
years older than the oldest historical earthquake (AD 684 Hakuho earthquake) along
Nankai Trough.

4. Acknowledgement
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research activities. We thank Daisuke Sugawara and Akira Aoshima for their advice.
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Molecular Mechanism of the Heat Stress
to Oxygen-evolving System in Photosynthesis
Ayaka Minematsu (Hamamatsukita High School), Yuna Sato (Asahigaoka High School)
Prof. Hiroyuki Mino (Nagoya University Graduate School of Science)

1. Introduction

Photosystem II (PSII) protein complex has a role of photosynthetic /Ca /0
oxygen production in plants. Manganese cluster is a structure which Mna_—O© e
evolves molecular oxygen in PSII. / 0 _|Junz
Manganese cluster is composed of four manganese, oxygen and o _Mn{_o 4

calcium (Fig.1). There are five redox states for manganese cluster, Fig.1: the model structure

denoted as Si (i=0~4). Absorbing photons, the redox state advances of manganese cluster

from Si to Si+1. In the transition from S4 to So states, molecular oxygen

is produced (Fig.2). The purpose of this study is to understand

deactivation mechanism of manganese cluster at high temperature. S5 us\lmuem, axygen |

2. Methods and Results
We prepared thylakoids membranes, heated them at various

t\s/ =

temperatures, and performed measurements using a Bruker E580 Fig.2: Schematlc model of
EPR spectrometer. Figure 3 shows ESR spectra of thylakoid | five redox states of
membranes incubated at 60°C. The lines are ascribed to Mn2* ions manganese cluster

released form thylakoid membranes.

The results show followings:
(1) Destruction of manganese cluster starts at 22°C.

(2) One manganese out of four was removed from the cluster. | !"i'f';l ’;‘L« AV":_“I
(3) Two different kinetics for the heat damage, the fast one (~5 min) _ —A\/\ ;’ A\ — —
and the slow one (~60min) were found at 60°C. But below 40°C, only | **  °* Fi:;G] d

the fast one was found. Fig.3: ESR spectra of

thylakoid ~ membranes

3. Discussion incubated at 60°C
The structure of manganese cluster shows that Mn4 is weakly

connected with other atoms (Fig.1). Therefore, the released manganese would be Mn4.
Manganese cluster has five different states (Fig.2). In the low states it is possible to be in So and S:
states. Different types of damage might be detected because of the difference of these states.

4. Prospects

It is clear that only small number of Mn2+* is released from manganese cluster. However, the
numbers of the manganese ions should be evaluated more precisely. In this work, we used thylakoid
membranes, but the use of isolated PS II would be preferable. Moreover, we are interested in the
difference of heat damage in other kinds of plants.

5. Acknowledgements

Prof. Hiroyuki Mino, Naotaka Terashima, Hiroyuki Tsukuno, and Ayaka Ohira
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[1] K. Blau and J. Halket, Handbook of Derivatives for Chromatography, 1993, Wiley, New York. (F5E{k1L)
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Trace Analysis of Acetic Acid in Rainwater
Riko Akehi (Osaka Prefectural TENNOJI High School, 39 grade)
Ikuya Shibata, Shinji Tsunoi, Itaru Suzuki (Osaka University)

1. Purpose of research

Polyester resins end up in decomposition into small molecules such as acetic acid in the environment. If the
amount of the acetic acid can be measured, the progress of environmental pollution would be monitored by
observing the change in some period.

2. Research method

H H o 2]sNBr (2.5 pmol) eat, o
Here, | report the reliable techniquesfor 0 e o ::
) cH )LOH " Br 0.6 M phosphate buffer CHy 0
analysis of extremely low concentrated §or 7 OTm)
Acetic acid . . MW irradiation Acetic acid with wing |
. ‘g . Wing” molecule {300 W, 153 "C}, 15 min . i
acetic acid in rainwater by GC-MS. IN |1 mgm aq. sotution 0L feste) .- ;;
0-0mL) i " . . i

order to analyze a trace amount of Specic caton. and partor hign resOHEn G 1S analyeis.

acetic acid, Shibata's group has

developed the method to convert acetic acid to a special compound (derivatization).l! Namely, acetic acid is
derivatized by a“wing” molecule which plays two important roles. First, the wing makes acetic acid easy to
vaporize by removing hydrogen bonds which interconnect the individual molecules. Second, the wing
includes an easily cleavable bond and generates specific cations selectively.l? These features are necessary
for high resolution analysisin GC-M S measurement.

3. Results and discussion

Calibration curvesfor formic acid, acetic acid

and propionic acid, were prepared by the Table. Results of Analysis of Rainwater in Osaka

above method, and all of them were found to | carboxylic Suita Fujii-dera | Hirakata
Conc. | RSD | Conc. | RSD | Conc. | RSD
po/mL | % | po/mL | % | pg/mL | %

show good linearity. In additionto this,amost | acig

al the acids were recovered from rainwater

_ _ _ _ HCOOH 091 | 65 - - 044 | 28

after they dissolved in the rainwater. Thus it
. . CHsCOOH 041 7.1 0.26 13 0.05 9.0

was possible to accurately detect the acids
C2HsCOOH 0.04 8.8 - - 0.004 | 56

even in rainwater containing some impurities.
| collected rainwater at Suita, Fujii-dera and
Hirakata Cities and measured the concentration of the carboxylic acids. In rainwater of Suita City, 0.91 ng/mL
of formic acid, 0.41 pg/mL of acetic acid and 0.04 pg/mL of propionic acid were detected with good
reproducibility. For the sample of Fujii-dera City, although propionic acid and formic acid could not be
detected, acetic acid could be detected at the concentration of 0.26 pg/mL. For the sample of Hirakata City,
three carboxylic acids were observed at very low concentration. Thisis probably because the rainwater was
taken during the torrential rain this July, which could be too diluted. In this way, we succeeded to analyze
accurately 4ppb-1ppm of carboxylic acids in rainwater.
4. Acknowledgement
| would like to thank research assistant Mr. Tomohiro Y asuhisa and members of Shibata |aboratory.
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Luminescent Properties of Boron Complexes with a Natural Product
Flavonols
Nanami lizuka (UrawaAkenohoshi Girls' Senior High School 2" grader)
Teacher : Takashi Fujihara (Saitama University)

1. Purpose of this study

The flavonol is one of the compounds
consgtituting flavonoids widely distributed in
the plant kingdom. Research on the properties
of flavonols may be useful for elucidating their
roles in living bodies and discovering new
functions and roles. Especially, the flavonol
complexes with boron are interesting from a
chemical and functional point of view, because
they emit light when irradiated with ultraviolet
rays. For these reasons, the significance and
purpose of this research is to develop

R1 =H(1), CH3(2), (CH3)3C(3), CgHs(4) (R, = H)
R1 = H(5) (R, = CHy)

Fig 1. Flavonols and their BF2 complexes.

chemistry of flavonol compounds by synthesizing various flavonols and their boron complexes and
clarifying the electronic states of the obtained compounds.

2. Method

The flavonols with various substituents were
synthesized (Fig. 1). The obtained flavonols were
reacted with  boron  trifluoride  using
dichloromethane as a solvent and the BF:
complexes were obtained. The absorption and
luminescence spectra in the solution and solid
state of the obtained BF, complexes were
compared with those of the flavonols themselves.
3. Result and discussion

It was found that the emission maximum of the
BF> complex were red-shifted in the order of 1, 2,
3 and 4 as shown in Fig 2. Furthermore, it was
found that the absorption maximum at the longest
wavelength were red-shifted in the order of 1, 2,
3 and 4. The absorption spectrum of 5 greatly
differs from 1-4 owing to the twisted structure
with the substituent at the 2’ position. As shown
in Fig. 3, the HOMO and LUMO giving an
important influence on the absorption and

130

100+

Int, |
S0

5
S
3
2
1

ot = = S
Al 500 BOD 700
Wavelength [nm]

Fig 2. Emission spectra of BF2 complexes.

vk ol

Fig 3. HOMO and LUMO of BF2 complex 1.

emission spectra were distributed in the whole molecule. It is found that the electron donating property
of the substituent at the 4’ position greatly influences the absorption and emission spectra.
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Ir 851K, [Ir(Rppy)sl<eIr(Rppy)2(L1)] (HRppy : 7 = =/L E
UV UREER L1 MBIENL 1) 1 XTRE A R T T O R OER
BHE L TOMENILLATONTWAO, L L, EAR
RE T Ir SERIX, 2 TIFE AAER R EDIRE CoME L7 &
XD RABEENZF LB RD0REMEN Z ENMBIATY
LR Z OREEEOBGEIL, BB ~DIS I LA AT
RTHDH, £Z T, KBTI, BEAEKIETORLHEDOHMN
ZAEIZ, 7 ==Y DUCEBIEZE AN UL I S5

([Ir(R1R2Meppy)z(acac)l. X 1) &AL, Z O & R CH,
Me% A LT, fa:RimMe Ryt
2. BHEEDOFE 1c:Ry=H,Ry=F
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Novel Luminescent Ir(III) Complexes for Light Emitting Material
Juna Shimizu (UrawaAkenohoshi Girls High School 2™ grade)
Keiji Ohno (Saitama University)

1. Purpose of the Study

Luminescent properties of cyclometalated iridium(III) complexes, such as [Ir(Rppy)s] and
[Ir(Rppy)2(L1]) (HRppy: phenylpyridine derivatives; Li1:
auxiliary ligand), have been widely studied due to their
application to organic light-emitting materials.[!] Generally,
most of Ir complexes in the solid state showed weak emission
intensities compared to those in diluted solution because of
non-radiative decay and strong intermolecular interactions in
the solid state.l2l The behavior is the factor that must be over-

come for their potential applications in molecular devices. In

this study, we synthesized novel iridium complexes bearing

substituents on ppy ([Ir(RiR:Meppy)s2(acac)l, Fig. 1), and discu- 1a:R, = Me, Ry=H
1b: R1 =CF3, R2=H

ssed relations between structures and luminescent properties. et Rl
cihg=H, Re=

2. Methods )
Ir(RiR2Meppy)2(acac) were synthesized by the reaction of Figure 1. Ir complexes.

corresponding [{Ir(RiRappy)2)2

-(u-C1)2] and Hacac in CH2Cls in the presence of BusNOH. The complexes were identified by

1H NMR, and their structures and luminescent properties were revealed by X-ray crystallo-

graphy and emission spectroscopy, respectively.

3. Results and discussion 12 =

=== 1a, solution

The emission spectra of 1la, 1b, and 1 4 = — 1a, solid
[Ir(ppy)2(acac)]8 in CH2Cle (dem = 365 nm) 5 -=- 1b, solution
displayed emission maxima at 547, 524, and 540 nm, £ 087 1b, solid
respectively (Fig. 2). The red- and blue-shifts in E 06 -
bands of 1la and 1b from one of [Ir(ppy):2(acac)] E os
originate from electronic properties of R1 and Re. In =
the solid state, the emission bands of 1a, 1b and 02 1
[Tr(ppy)z(acac)] were observed at 528, 498, and 516 a4 2 iy

400 500 600 700

nm, respectively, and respective wavelength A )
red-shifted as 20 nm from those of corresponding
complexes in solution. The quantum yields of la
and 1b being 3.7 and 7.8%, respectively, in the solid
state and 63 and 75%, respectively, in solution state showed high values compared to those
of [Ir(ppy)2(acac)] being 1.4 and 52% in the solution and the solid state, respectively. The

relation between structures and the luminescent properties are currently under

Figure 2. Emission spectra of 1a and
1b in CH2Cl2 and in the solid states.

consideration.
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3. A LBR
EMEPAGE (& D7V 7 BT vEA OfER, 250 Input A R HIEFTHRML, b
I AT o T2BRIC, R DALEIC AN A Sz, Input SHHO->Q@DIETHRMLIZ S D
2, @Q-ODIETHMULIZSD L0 SBEENMRNZ &b, BRI L@ 0 IREEER LT
WD EBEZBND, o, HIEBIEROREND G ZNEND 2 KABIZIE U T s8I
541, Input BHO—QDNETHIN LIZERIZ, IRIEEHD T0%BREET L, LD 4.5
BRE LA LTS Z EDMHETE, HE LTu /- DNA REEERTT /L ORI L
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DNA computing based on photo-triggered gate transition
Kanon Kitamura Kanazawa University High School 2™ Grade
Professor Kenzo Fujimoto
INTRODUCTION
Various miRNAs are involved in complex functions, including transcription and translation in
vivo. The P53 gene, a well-known oncogene, is regulated by various nucleic acids such as
miRNA 373, miRNA 21, and so on'. Elucidation of the regulation network of these nucleic acids
is useful not only for the detailed understanding of their biological functions, but also for
disease treatment. However, existing RNA analysis methods such as real-time PCR, microarray
analysis, and various gel electrophoresis techniques are applicable in vitro, and it is
difficult to gain information about nucleic acids in the living body at a desired time point.
Therefore, to clarify the order in which multiple miRNAs function in vivo, this study
involves the construction of a system that uses the DNA state transition model and stores the
state of input DNA as a model system. Furthermore, to memorize the input chain at a desired
time point, this study aims to build a model involving a DNA state transition with the
ability to be photo—triggered and store an input DNA at a desired time point in daily life
activities, by using a photoresponsive artificial nucleic acid?
MATERIALS AND METHODS
For the construction of a DNA gate transition model that stores the order of the input DNA by
photoirradiation, two input DNAs were added to the gate DNA in different orders; they were
then photoirradiated and analyzed by denaturing PAGE. In addition, a molecular beacon probe
was added. Then, quantitative analysis by fluorescence spectrum measurement and imaging were
carried out, assuming in vivo use.
RESULTS AND DISCUSSION
According to the results of the gel shift assay by denaturing PAGE, two input strands were
added in different orders, and bands were detected at different positions when
photoirradiation was performed. The mobility when the input DNAs were added in the order (D
— @ was lower than that for the order @ — (O, indicating that the DNA state transitions
were achieved as intended. These DNA gate transitions were confirmed only when light
irradiation was carried out by adding the sequence of interest; therefore, it can be said
that this is a photo—-triggered state transition model capable of recognizing the input DNA
sequence selectively. In addition, fluorescence observation results corresponding to each of
the two states were obtained, indicating the successful construction of the objective DNA
state transition model.
Acknow |l edgment
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Nakamura whose opinions and information have helped me very much throughout the
production of this study.
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Findings of new oscillations in BR reaction
Ayato Hakamada (Shizuoka Municipal High School 204 Grade)
Shigeko Totsuka (Shizuoka Municipal High School)
1. The purpose of the study
The Briggs Rauscher reaction (BR reaction), which is one of the oscillation reactions, produces
iodide ion and iodine repeatedly. Colorless and deep blue-violet solutions appear during the
reaction due to the “lodine test” reaction. In this work, we studied the effects of the present
redox active indicators on the oscillation behavior of the BR reaction, and found that addition
of potassium ferricyanide (K3 [Fe (CN) ¢]) extends the life-time of the oscillation reaction
remarkably.
2. Method
A redox active reagent (indicator) was added to the reaction mixture of KIO3, H2SO4,
H202,C3H404 , MnSO4, starch, which are used for the general BR reaction. Changes in color
and voltage of the reaction solution were recorded by a photosensor of the LEGO
MINDSTORMS and a voltmeter using Pt electrodes.
3. Result and Discussion

=

Under normal reaction condition, the )
reaction continued for about 5 minutes,

which involves 18 times of oscillations

Voltage(mV)
& 5] =
B
(epIgaTT

(Fig.1a). When an indicator such as

BTB, phenolphthalein, eriochrome

g

cyanin R was added to the general

- =3 s

| ’ AR Mo Al

fERAYIE FTHATTVe
AN AU BRVARNIAT
WEULW YNV Y

reaction solution, splits of the voltage

a.00

wave were observed. Moreover, we I s w A A S

. G 1 2 ZF A B B 11 12 13 14 min.
found that when K3 [Fe (CN) 6l, which Fig.1 Observed oscillations of the BR reaction

has high redox activity, was added in the  carried out under general condition (a) and the
condition in the presence of ferricyanide (b).

reaction solution, the reaction continued
about 3 times (14 min.) longer comparing to the normal reaction, and increased the number of
the oscillation more than 4 times (81 times). This result indicates that the oxidation-reduction
reaction by the added ferricyanate ion effectively promotes the oxidation and reduction of
iodine and iodide ion.
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Highly Efficient Perovskite Solar Cells with Tunable Structural Color (W. Zhang et al.,
Nano Lett., 15, 1698-1702)

Flexibility and Color Monitoring of Cellulose Nanocrystal Iridescent Solid Films Using
Anionic or Neutral Polymers (R. Bardet et al., ACS Appl. Meter. Interfaces, 7, 4010-
4018)
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Preparation of biodegradable structural color multi—layer films
composed of biopolymers using a cast method

Nagisa Mifune (2nd grade, Hyogo Prefectural Kakogawa-higashi Senior High School)
Kazuya Koumoto (Konan University), Yoshiko Aihara (Kobe University)

Purpose of the study

The aim of our research is to develop structurally colored multi-layer films composed of
biopolymers such as polysaccharides and polypeptides, which are biodegradable and less
harmful to our body.

Method

To produce thin layer of biopolymers, each 500 pL of solution of albumin, cellulose, dextran,
hemoglobin, and k -carrageenan were subjected to cast on 18mm X18mm cover glasses and
subsequently evaporated water at 60°C. The films thus prepared were observed visually

for transparency and measured thickness by Pt-coated scanning electron microscopic

observation.

Result and discussion <Single layer>

A single layer film of hemoglobin turned opaque but others turned D
transparent. Films of hemoglobin and x-carrageenan showed Duitin | Hamoskobin

unequal thickness. When second layers were overlapped, all the — <ooubieisyers:
combination with hemoglobin turned opaque. In addition, a film of

hemoglobin was difficult to deposit second layer on, due to BSA 1 Dextran

Dextran BSA
hydrophobicity. Double layer films of dextran and albumin were
Fig. 1 Cover glass samples

transparent. However, all other double layer films turned opaque, with coating

though the materials were transparent as a single layer film. When

dextran layers were deposited several times, weight of film  =WFeme=
Welght change of film of dextran
1611

increased proportionally. Flat and proportional layers were obtained

Wesght of film{mg)

by biopolymers using cast method. It was important to select
materials and the order of overlapping in order to keep e
transparency of the films. To obtain structural color, it should be Fige; jd tﬁ?ggﬁ;&iﬁiﬁzn)
needed to select biopolymers by considering refractive index.
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Preparation of a-Fe nanoparticles by reduction of iron oxide ones at lower
temperature to prevent their aggregation
Chisato Maruyama (Sendainika High School, 2rd grade), Yuki Anzai (Fukushima High
School, 2rd grade), and Kazuki Oi (Sendai Daini High School, 34 grade)
Atsushi Muramatsu (IMRAM, Tohoku University)

1. Purpose of the study

Metallic iron (a-Fe) nanoparticles are expected to use in sensor devices or medical
contrast agents for its high saturation magnetization, low toxicity and large recoverable
reserves. For that potential to come to fruition, size control is crucial because their magnetic
properties strongly depend on size. However, the oxidation resistant ability is necessary,
since they can be oxidized easily. As in previous researches, coating treatments of iron oxide
Fes04 nanoparticles with SiO2 were utilized to prevent nanoparticles from cohesion, but
magnetization becomes lower with the coating and treatment under high pH is needed to
remove the coating. So, our purpose of the research is to find the condition to get a-Fe phase
nanoparticles with preventing particles’ aggregation by changing deoxidization treatment

temperature for Fe3O4nanoparticles covered in high boiling point organic molecules.
2. Method

Fes04 nanoparticles were prepared by using iron acetylacetonate as iron precursor, adding
it into a mixture of oleic acid and oleyl amine, heating them at 130°C for 1 hour under
reduced atmosphere (100~200Pa) with vigorous stirring, and heating it three hours at
300°C under nitrogen atmosphere. The nanoparticles were deoxidized by heating in 300~
400°C under 100% hydrogen atmosphere in a circular furnace. After that, the nanoparticles
were treated at 300°C for 1 min with flowing 1% Ox balanced gas. We analyzed the as-
treated sample by transmission electron microscopy (TEM) and X-Ray diffraction (XRD).

3. Results and discussion

The TEM image shows that average diameter ﬁ oees .l
is about 18nm (Fig.1(a)). Distance between these » . 'qs® ‘: >
particles of 3nm indicates that organic molecules #° ga® @& »
with the depth of 1.5nm (oleyl amine, oleic acid) § ";: P , . o
cover the surface of particles. Although XRD -‘:’ E”-.."' ';?_ gf i od
pattern corresponding to FesOs phase was [## = %o 50nm l&m

observed, a-Fe phase couldn’t be appeared at i | TEM £ (2) FesO
300°C oxidization and deoxidization treatment. 1gure 1mage ot fa) resllanano
Whereas, when they were deoxidized at 350°C,

both a-Fe phase and FesO4 phase could be seen

particles, and (b) nanoparticles after
treatment in 350°C.

without particle sintering (Fig. 1(b)). Since deoxidization with 400°C in deoxidization
temperature results in particle cohesion, it turned out that the best temperature for
deoxidization is 350°C. The treated nanoparticles showed high saturation magnetization
even after 10 days in air and no change in XRD pattern was observed. It indicates that a
passive FesO4 layer on the a-Fe nanoparticles prevents their oxidation.

4. Reference M. Nakaya, R. Nishida, A. Muramatsu, Molecules 2014, 19, 11395.
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5. B ECER
Daud SM, et al.: Separators used in microbial electrochemical technologies: Current status
and future prospects. Bioresour Technol. 2015; 195: 170-179.
Hassanvand A, et al.: The Role of Ion Exchange Membranes in Membrane Capacitive
Deionisation. Membrane (Basel) 2017; 7(3):pii E54.
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Water pollution and Renewable Energy - Desalination by sunlight
KIM YOUNG CHAN (Tokyo Korea School 2nd Grade)
Takeshi Oishi (Keio University School of Medicine)

1. Purpose of the Study

Up to this date, about 748million people have not been supplied any drinking-water. According
to the research taken by UNDP, 1.8million people are dying from water shortage, and
2.2million people are dying from polluted-water. With the exponential growth of world
population, more access to the drinking water is highly demanded. 97.5% of water in the earth
1s sea water, and 90% of countries with a water shortage is bordered with the ocean. Thus, the
desalination of the seawater is the key technology to the stable supplication of water. Although,
reverse osmotic membrane (RO membrane) is being used for industrial desalination in recent
years, it requires a lot of electric power. Although it is traditional method, we used the ion
exchange membrane that does not require much electricity and does not necessitates
pretreatment of saliferous wastewater.

2. Method

In this experiment, the usual concentration aqueous system is used. 30x40cm solar panels
(16V (10W)) is used. All experiments were held in indoor laboratory, and the intensity of
sunlight was approximately 1400Lux. We used NEOCEPTA (ASTOM) cation ion exchange
membrane. 0.001mol/L of NaCl aqueous solution was always inserted to Phase 1. 0.1, 0.01, or
0.001mol/L of NaCl aqueous solution was set to Phase II.

3. Result and Discussion

We first measured the concentration of Phase I which move through positive ion exchange
membrane, then mark the total movement by per unit area of the net. (Fig. 1). In a result, Na
ion from Phase IT moved to Phase I perfectly only by 15 minutes from energizing in 0.0001M-
0.001M system. In 0.01M-0.001M system, 100 iR

600

we performed the exact same thing, and it 5 -
perfectly moved to solution Phase I after ‘%E -
only 30 minutes. In the experiment, by §§ i 0010 — 0.001M
utilizing negative ion exchange membrane %% w0 | A i
for the measurement continuously, we will 27 w0 vl = T T 0.001M
achieve our ultimate goal which is to make 2 e . . 10 15 20 25 30 35
the practical wuse of pure water Energization Time (min)

. Figure 1. Penetration of Na ion through cation exchange membrane in 0.1-
manufacture possible. 0.001M, 0.01-0.001M, and 0.001-0.001M systems.

4. References

5. Daud SM, et al.: Separators used in microbial electrochemical technologies: Current status
and future prospects. Bioresour Technol. 2015; 195: 170-179.

6. Hassanvand A, et al.: The Role of Ion Exchange Membranes in Membrane Capacitive
Deionisation. Membrane (Basel) 2017; 7(3):pii E54.
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Visualization of contractile force generated by cells
Yushi Tsubamoto(Koyo high school 2nd grade)
Sinji Deguchi, Tsubasa S. Matsui, Ryoki Yamanaka
1. Background
Cells generate contractile forces which play critical roles in maintenance, growth and differentiation
as well as migration. The aim of this study is to visualize the cellular contractile forces using the

unique instrument, and to make clear the association of homeostasis and the forces.

2. Materials and Method

By applying oxygen plasma to a silicone substrate, which was made of polydimethylsiloxane
(PDMS), a thin oxidizing layer was formed on the top surface of PDMS. As clothes crimple, when
external force is applied to the layer, then wrinkles form. The strength of the cellular force was
measured by the sum of each length of the wrinkles. The size of cells and the localization of the

myosin II regulator, myosin regulatory light chain (LC), were evaluated by fluorescent labeling.

3. Results and Discussion

We observed the localization of LC in nucleus. The percentage of intranuclear localization of LCs,
the size of the cells, and the force of the cells were measured as shown in Figure 1. Negative
correlation was found between the percentage of intranuclear localization of LCs and the size of the
cell. The force of the cell was maintained during observation, but its direction and location were
spatiotemporally changing. Therefore, the development of the different methods to evaluate the
force is necessary.

The roles of LC on nucleus was considered as following. Higher intensity of the LCs was observed
in the center of the nucleus, which implied that LCs might work in the nucleus. LCs colocalized with
Histone-H2B in the nucleus, but did not exist in nucleolus. From this point, we hypothesized that
LC regulates gene transcription. LC might play a role in adaptation of the cells to the extracellular
physical environment.

4000 30
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Figure 1 Correlation of the percentage of intranuclear LC(yellow),

the size of the cells(blue), and the force of the cells(black)
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Complete mitochondrial genome sequence of wild population of the Tokyo bitterling in
Tochigi prefecture
Chieri Nakano, Suzuka Iwata, Chihiro Miyagi (Utsunomiya Chuo Girls’ Senior High School)
Hiroyuki Takizawa (Utsunomiya Chuo Girls’ Senior High School),
Masaru Matsuda (Utsunomiya Univ.)

1. Purpose of the study

The Tokyo bitterling, Tanakia tanago, is a small fresh water fish native to Japan and is
proclaimed as a National Monument by the Japanese government. Therefore, we have to get
permission in advance from government to use invasive procedures that involve injuring of
the fish body or tissues. This includes injuring their body for DNA extraction. We have
developed a noninvasive method for the extraction of DNA from the Tokyo bitterling in 2016.
Although we could not amplify long DNA sequences, a short DNA fragment of approximately
300bp of the mtDNA could be amplified by the PCR method from the DNA extracted from
feces. In this study, we developed another noninvasive method for the extraction of
high-quality DNA from Tokyo bitterling, to analyze complete mitochondrial DNA sequences of
Tokyo bitterling from Tochigi prefecture.

2. Method

Total DNA were extracted from sperm, which was stored in 70% ethanol. There sperm was
dried and treated with SDS-proteinase solution. The DNA was purified by alcohol
precipitation after phenol extraction. The DNA quality was estimated by Nano-drop-one and
agarose gel electrophoresis. Then, the DNAs with high concentration and without shearing
were selected for next generation sequencer (NGS) analysis. Complete mitochondrial DNA
sequences were constructed from DNA sequence obtained by using NGS. However, there
included some gaps. These gaps were closed by DNA data obtained from the Sanger DNA
sequencing method of PCR products. These sequence data ware used for phylogenetic
analysis by using MEGAG.

3. Results and discussion

We could establish a method for extracting DNA, which was high quality and appropriate to
NGS analysis, from the sperm of Tokyo bitterling. This means that we have developed a
noninvasive method for the extraction of DNA for NGS analysis. We also constructed a
phylogenetic tree based on complete mitochondrial sequences derived from Tochigi prefecture.
These data will contribute to investigation of habitat and conservation of endangered Tokyo

bitterling using environmental DNA.

4. Acknowledgement
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[1] Briddon RW and Markham PG (1994) Universal primers for the PCR amplification of
dicot-infecting geminiviruses. Mol Biotech 1: 202-205
[2] Rojas MR, Gilbertson RL, Russell DR, Maxwell DP (1993) Use of degenerate primers in
the polymerase chain reaction to detect whitefly-transmitted geminiviruses. Plant Dis 77:
340-347
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Complete nucleotide sequence of a begomovirus isolated from luffa plants in Indonesia

Misaki Kaneko (Tochigi Shonan High School, 34 grade)
Mai Tagami (Sano High School, 34 grade)
Tomohide Natsuaki, Hisashi Nishigawa, Yutaro Neriya
(School of Agriculture, Utsunomiya University)

1. Purpose of the study

Begomoviruses (family: Geminiviridae, genus: Begomovirus) have a
single-stranded circular DNA genome. Begomoviruses give serious damage
to crop production around the world. In August 2017, we corrected samples
in Java, Indonesia, and found luffa leaves showing yellow symptoms
(Figure 1), typical symptom of begomoviruses, which temped us to detect
begomovirus from them.

2. Method

Total DNA was extracted from collected luffa, then a part of DNA-A Figure 1.
components of begomovirus genome were amplified by PCR using universal  Yellowing luffa
primers (UPV1, PAVc715) [1,2]. Some PCR primers were designed for detection of DNA-B and
sequencing of the complete nucleotide of the genome. For inoculation test, we used the infectious
clone of melon isolate, closely related to the luffa virus.

3. Result and discussion

Begomovirus-specific DNA fragments was amplified from symptomatic luffa leaves, indicating
that the luffa was infected with begomovirus. Using universal and designed primers, DNA
fragments covering complete nucleotide of the genome were amplified and sequenced. Homology
search analysis indicating that this virus was similar to Tomato leaf curl New Delhi virus
(ToLCNDV) isolates from Thailand, Taiwan and Bangladesh. Nucleotide identities of DNA-A,
DNA-B and the deduced amino acid sequence of coat protein were 99%, at least 88% and at least
98%, respectively. According to the species demarcation criteria in the genus, this virus was
classified as one of ToLCNDYV strain. It is first report of ToOLCNDYV isolate from luffa in
Indonesia.

To confirm infectivity to luffa, TOLCNDV melon isolate [3] was used for gene gun inoculation,
but the inoculated leaves showed no symptoms without infection. These results suggest that the
host range of melon isolate and luffa isolate is different.
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Analysis of sugars included in vegetables and mushrooms
Eri Sugiura (UrawaAkenohoshi Girls High School 2™ grade)
Toshihisa Kotake (Saitama University)

1. Purpose of the study

In plants, carbon assimilated by photosynthesis is converted to sugars, translocated and stored. Most plants
accumulate glucose, fructose, and sucrose, but the ratio of them differs depending on the plant species, tissues,
and environmental factors. In this research, | measured and compared these sugars in various plants and
mushrooms. | also tried identification of unknown sugars different from these sugars.
2. Method

From 16 plants and 2 mushrooms, | collected crude extracts by dicing or squeezing them. (a) To determine
the concentration of glucose, fructose, and sucrose, | applied the extract to high-performance anion-exchange
chromatography-pul sed amperometric detection (HPAEC-PAD). (b) To check glucose and fructose, | used
paper chromatography (PPC). For the extracts including unknown sugars different from these sugars, | also
applied alarge amount of extract to the PPC to purify the unknown sugars from the paper.
3. Result and Discussion

(a) | found that the ratio of three sugars in broccoli, celery, green pepper, and cucumber is different from
other plants (Fig. 1). Celery and cucumber had more fructose that is sweeter than other sugars. The
concentration and ratio of these sugars probably affect their tastes. (b) | observed strong spots for glucose and
fructose in many plants, but a mushroom, bunashimeji, had quite less fructose. In addition, bunashimeji and
carrot included two and one unknown sugars, respectively (Fig. 2). | have purified these sugars and am now
analyzing them by HPAEC-PAD and PPC for oligosaccharides.

Fig. 1. Ratio of sugars Fig. 2. Results of PPC
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Chicken Embryonic Development under Microgravity Environment

~Challenge to Space Agriculture~
Taichi ONISHI*? and Yudai SAKOGAWA '3

(*GSC Hiroshima, 2Hiroshima Gakuin Highschool, *Hiroshima Saijo Agricultural Highschool, “Hiroshima Univ.)
Sachi MINAMINOS, Yoshinori NAKAMURA?Z, and Masahide NISHIBORI'#

1. Purpose of the study

Do human beings livein space in the future? I chicken can be kept in space, it will be solution to

food issues. Since, it is difficult to do experiments in space. We examined whether chicken eggs can hatch

under microgravity environment. That why fertilized eggs were exposed to
“GRAVITE", which simulated microgravity at 103G environment on earth.
2. Materials and Methods

Fertilized eggs of White Leghorn chicken were used. All five experiments were

carried out at 37.9°C and 55~65% humidity. All eggs under 1G condition (1G) were

Fig.1.Eggs under(1G)

turned once every two hours. While the eggs placed in GRAVITE, did not turn every
two hours.

Experiment 1 : dayO~1 (1.1), day0~4 (1.2), day0~5 (1.3) incubated in GRAVITE, and after that the period,

it incubated under (1G)

2 : day 0~8 incubated under (1G), day9~ in GRAVITE and at day19 embryo was observed
: day 0~5 incubated under (1G) without turning eggs, and at day 6 embryo was observed

Results and discussion

1.1 Almost eggs showed to hatch at day21 (Fig.2a).

1.2 8/12: 8 hatched eggs out of 12 incubated eggs at day 21.

1.3 0/12: All eggs showed development failure (Fig.2c).

2 All eggs showed development failure.

W 1w

3. All eggs were alive but some of them showed delayed

) Fig.2. Embryo development, (a)
development (Fig.2b). incubate under 1G,day 5, (b) incubate
) . ) under (1G) without turning eggs, day 5,
From results 1.3 and 3, turning eggs® had nothing to do with (c)incubatein GRAVITE, day5

the failure of embryonic development. In microgravity

environment, yolk did not float on, so that embryo could not be supplied with Ca
and O; (Fig. 3). After ten days, embryonic ossification period starts in chick
embryo?. Therefore it is necessary to supply much more calcium. The reason

for failure of development in 2 may be due to lack of calcium. Fig.3. Egg under microgravity

All eggs showed completely developmental failure only in 1.3. However, at

day 5 chick, embryo did not need much more calcium. Therefore the developmenta failurein 1.2 may be

caused by oyher factors than the calcium.

Moreover, it is, absolutely, necessary to investigate the same experiments through real space situation.

4. Acknowledgements
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Battery charging with a organic waste
Hiroshima Gakuin high school Kosuke SATO
Prefectural University of Hiroshima Kazuyuki NISHIMURA

1, The purpose of study

At present, lack of the energy was worried in each country, and the development which the
continuation is possible was needed'’, so I thought if the energy may be made from
something much closer material? I began such experiment by electricity bacteria which
lives in the ground and to collect the electricity, made the "microorganism battery".

2, Method 0.7 < The relationships of 4 devices>

I laid mud for 1ecm (about 100 grams) in the b | mRaw gabage
' A Cow compost

0.5 7| eRice bran
S04 | ~<Seaweed

bottom of plastic container (about 11 cm of
diameter and 12 cm of height). I put a copper wire
and carbon fiber electrode (TGPH120-4005:
MOUBIC co.) which was attached by a bond with
silver (CR-2800: KAKEN TECH Co.) on the mud.
I putted stuffed organic matter and mud for 5 cm

o
Bo3
$0.2
0.1
0.0

(about 300 grams) with pushing. Put the same
(0.1)

10000 20000 30000

carbon. The electromotive force of the Time (min)

40000

"microorganism battery" was measured over time
with a voltage data logger (VR-71: T&D co.).

3, Result and discussion

In this experiment, Cow compost generated electricity about 3times more than other organic
matter. That reason could think like below the sentence. 1) Cow compost was distributed by
bacteria and became useful for microorganisms to utilize it to generate electricity. 2) Bacteria
which related to generate electricity had already existed in the Cow compost. For these
reasons stated above, I thought the amount of electricity Cow compost generated became
higher. Before doing this experiment, I took mud from 3 points and the respective amounts of
electric power generation were measured of the 0.3-0.8V. It shows that bacteria live at least in
Hiroshima, there is a possibility of the generation of electricity in various places, like in the

disaster.
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The correlation between the sperm length
and the volume of its mitochondria in Drosophila
Karin Nobata (Jishukan high school) and Rika Maeno (Nishiharu high school)
Professor Shin Sugiyama (Nagoya University Graduate School of Science)
1. Purpose of the study
(D Establish a new method to measure sperm length in the testis
@ Demonstrate the correlation between sperm length and mitochondria size
@ Verification of a new role for mitochondria in sexual evolution
2. Method
Hypothesis
The length of sperm in Drosophila is determined by the size of their mitochondria
New method to measure sperm length
(DTake a 3-D stack of photos of the whole testes with a confocal laser microscope.
(@Measure the sperm length by tracing the sperm using image analysis software.
Advantages
Takes time but is more accurate, and does not need the expertise required for dissection
How to measure the size of mitochondria
(D Capture 3D images of giant mitochondria after meiosis
@ Measure volume = X(Image area) x (Image interval)
3. Result and discussion
@ Our new method for measuring sperm length is reliable and useful.
@ Correlation between mitochondria size and sperm length within the same species was
weak and not significant.
® Correlation among 5 different species was strong and significant!

(We predict that correlation will be shown by improving the precision of our methods)
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Survey on spawning grounds and laboratory experiments of forest green tree frog
Nozomi Takeuchi (Shizuoka Prefectural Shizuoka Senior High School, 2nd grade)
Mentor: Hiro-aki Takeuchi (Shizuoka University)

1. Purpose of study

To estimate the environmental conditions suitable for spawning of forest green tree frog,
the relationship between the number of egg masses and environmental conditions such as
temperature, humidity and precipitation were analyzed. The environmental factors on
growth and body color of tadpoles were also examined by laboratory experiments.

2. Methods

The spawning behavior was observed and the spawning place, spawning date and number
of egg mass in the campus of Shizuoka University were recorded on May-July of 2011-2018.
The effects of feeding type, breeding density and background color on growth rate and body
color change in tadpoles and froglets were examined.

3. Results and Discussion

The analysis of the relationship between the spawning conditions and environmental
conditions suggested that the spawning was often seen at the time somewhat lower
temperature, higher humidity, higher precipitation, and the weather condition in preseason
also affected the spawning date and the number of egg mass (Fig.1). Field observations
suggested that the hatching rate and growth rate of tadpoles in the natural environment were
depended on the precipitation after spawning and the feeding condition.

Laboratory experiments confirmed that hatched tadpoles were somewhat slower than
artificial diet condition but could grow and metamorphose even if they ate only egg mass pieces
(Fig.2). When raising breeding density, not only the growth was delayed but also the body
color was darkened. It was suggested that tadpoles changed their body color brightness using
the melanophores, whereas froglets changed their body color using the several chromatophores
according to the background color and the surrounding brightness.
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Fig.1. Spawning date and environmental conditions Fig.2. Feeding condition and growth
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Effect of Substances Secreted from the Roots of the Mycoheterotrophic Plant
Gastrodia pubilabiata on the Growth of its Mycorrhizal Fungi
Ayana Chida (The High School of University of Hyogo, 2nd grade)
Kenji Suetsugu, Shintaro Taketomi (Kobe University)

1. Purpose of the study

Most land plants are associated with mycorrhizal fungi that help them to maintain water
and mineral nutrient supply and they supply the fungi with photosynthetic products.
Mycoheterotrophic plants, however, fully depend on their mycorrhizal fungi for their
carbon demands and never supply the fungi with any nutrients. It is considered that there
1s some chemical signal to develop this commensal or parasitic relationship, but the
mechanisms haven’t been clarified. Therefore, the effects of substances secreted from the
roots of the mycoheterotrophic plants on the hyphal growth of their mycorrhizal fungi were
examined.
2. Method

A mycoheterotrophic plant, Gastrodia pubilabiata, and its mycorrhizal fungi,
Marasmiellus sp. were used. The co-cultivation of the plant roots and the fungi, and the
cultivation of the fungi on the agar medium with the paper discs on which ethanol extracts
and acetone extracts of the roots were dropped were carried out. In addition, since it is
possible that root exudates contain some flavonoids (Myricetin, Quercetin, Rutin,
Kaempferol, and so on), the cultivation of the fungi on the agar medium to which ethanol
solution of these flavonoids were added was performed.
3. Results and discussion

In co-cultivation, the hyphal lengths toward the plant side were i
longer than those of the opposite side (Fig. 1). It was suggested that \ !
the plants produce chemical signals that orient hyphal elongation - :
toward the plants. In cultivation with the extracts, there were -
more hyphal bonds to the paper discs with the extracts

than control paper discs. It seems that ethanol extracts  Fig. 1 Hyphal growth in co-cultivation

and acetone extracts contain substances that have these plant - a place of fungal inoculation
effects and that have an influence on (cm)

co-cultivation. Plant hormones and secondary  |2.0 - " *

metabolites such as flavonoids could affect 164 3 = I =

them. In cultivation with flavonoids, the 1.2 - I

hyphal lengths on the medium to which each  |o g -
flavonoid was added were significantly longer |g 4 -

than control (Fig. 2). This implies that |j

Myricetin Quercetin Rutin Kaempferol Control
Fig. 2 Effect of flavonoids (5.0 X 10-®mol) on

hyphal growth 5 days after inoculation

flavonoids are related to the establishment of

mycorrhizal symbiosis of mycoheterotrophic
plants.
4. Acknowledgement

I would like to thank Prof. Kenji Suetsugu and Mr. Shintaro Taketomi from Kobe
University for their tremendous support.

* : there are significant differences against control.
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D. Yamashita, et al., Nature communications. 5: 4897 (2014).
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Bacterial extracellular proteins -Their roles, functions and structures-
Hisaki Seki (Sendainika High School, 2rd grade), Mizuki Ogino, (Fukushima High School,
3rd grade), Yuna Yahata (Ichinoseki Daiichi Senior High School, 3d grade)

Jun Kaneko (Dept. Microbial Biotechnology,

Graduate School of Agricultural Science, TOHOKU University)

1. Purpose of the study
Cell membranes can secrete protein, while cell membranes maintain the cell functions by
separating the vital substances from outside. Enzymes hydrolyze nutrients outside, and
“toxins” work as the weapons of pathogens. y-hemolysin of Staphylococcus aureus is the bi-
component pore-forming toxin that lyses red blood cells to get heme iron. In this study, we
focused on its function that two protein components, LukF & Hlg2, autonomously assemble on
the target cell membrane and form B-barrel “pore”. Using the structural information and
protein engineering techniques, we explored the residue(s) involved in the pore formation. This
study provides new information for prophylaxis and therapeutics of staphylococcal infection
and for designing biological nanomachine that open “nano-pore” on target cell.
2. Methods -
The target amino acid residues were estimated from the
structural information of the membrane pore, and mutant
plasmids were constructed based on the expression plasmid « s &

of Hlg2 by quick-change method. His-tagged Hlg2 mutants

were expressed in E. coli cells having mutant plasmids,
Fig. 11 Fig. 21 ©

1Fig;'.; 3 - Fige4|

15~

and were purified by affinity chromatography.
Hemolytic activity of Hlg2 mutants was assayed ‘ ‘
using human erythrocytes in combination with )
LukF, and their cell binding was analyzed by e &+ 4 > 4 % % «? %-,
western blotting using anti-hlg2 antiserum. '
3. Result and discussion

E. coli cells having mutant plasmids were (upper, Hlg2; lower, Hlg2 mutants1,2,3)
selected by direct PCR and agarose gel electrophoresis (Fig. 1), and purity of toxin components
were confirmed by SDS-polyacrylamide electrophoresis (Fig. 2). All mutants markedly lowered
their activity (Fig. 3) while they still have binding ability (Fig. 4), suggesting that these
mutations are involved in pore formation.
4. Acknowledgement
I would like to express my sincere gratitude to the office of EGGS who have given us the
opportunity of this research.

5. References D. Yamashita, er al, Nature communications. 5: 4897 (2014).
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EaR
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Crystallization of the protein RabX4

Syuyukan High School, Reo Shimatani

1. RabX4 is a protein that insects possess, it is said to control transformation, emergence,
nap as a specific property of insects, and it is predicted that it is involved in neuropeptide
hormone, but its details are unknown. The purpose of this research is to obtain the three-
dimensional structure of RabX4 by X-ray structural analysis after crystallizing RabX4. It is
expected that the detailed function of RabX 4 will be elucidated

2. The experimental method is as follows. First, the degree of purification of the solution of
RabX4 that had been produced was examined by SDS electrophoresis.

As a result of SDS electrophoresis, there were two types of contaminating proteins of high
molecular weight, but it was found that the protein was sufficiently pure for crystallization.
Next, using the crystallization solution kit, these samples were crystallized under the
condition of 288 by a sitting drop method.

3. The experimental results showed that the crystal grew under two conditions out of 288
conditions. However, it was not sufficient crystals to perform X-ray structural analysis.
Based on the two conditions for which crystallization was confirmed in this study, it is
expected that crystals can be produced with sufficiently large and high quality to carry out
X-ray structural analysis by setting finer conditions and crystallization . After that, the
structure of the protein is clarified by X-ray structural analysis and it is expected that it can

contribute to elucidation of the function of RabX4.

ondition ! (:\h}out 14 days
odium phosphate monobasic e
drate,
Potassium phosphate manobasic,
MES monohydrate pH6.5,
2.0M Sodium chloride
Crystals

condition

0.1 M HEPES pH7.5,
20M Ammonium formate

crystals

4.1 thank you for supporting many people.
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Do proteins in the body surface mucus of a clownfish adsorb magnesium ions?
Rara Shigematsu (Nagahama High School 3rd grade)

1. Purpose of the study

Living clownfish have symbiotic relationship with sea
anemones (Figure 1) (1). They keep high concentration of
Mg?2+ in the body surface mucus, protecting them from
anemone’s attack (2).

To confirm the mechanism that Mg?* is retained at high
concentrations in mucus, I made a hypothesis of adsorption
theory that "some certain proteins in the body surface mucus

of clownfish adsorb Mg?* from sea water and always

Fig.1 Clownfish living together with
Sea Anemone.

maintain high Mg?* concentration". It is clear that "jellyfish
sting-preventing sunscreen cream" has a preventive effect
against several jellyfish tentacles,

which high concentration of Mg?* solution is blended in. However, since it is known that Mg2*
flows out into the sea, the effect of cream cannot last long. If we can verify "adsorption theory",
determine "Mg?* adsorbing protein" and artificially synthesize it, By blending the protein in, we
may develop new-generation "jellyfish sting-preventing sunscreen cream" that will continuously
work in seawater.
2. Method

After collecting mucus from clownfish, dialysis was = er-a

carried out in PBS without Mg?* to remove Mg2* in
40% decease
) E2 1% seoesse
798
| | ‘

mucus. Next, the dialyzed mucus was divided into
Unheated Heated

there was a difference in concentration between the B vicss s g [l Voo e vt .

ramoval

H

§

§

two. One half was heated to inactivate the proteins
in mucus. Heated mucus and unheated mucus was
respectively dialyzed in PBS containing 1000 ppm of
Mg?+ to adsorb Mg?*. Finally, Mg2* in the mucus after
dialyzed by ICP-MS was measured to see whether

- E &8 8 8

Wuos afer Mg abopian

heated and unheated mucus.
3. Result and discussion
Part of the result is shown in Table 1. Slight difference in Mg2+ concentration in mucus after
Mg2+ adsorption (after second dialysis) was observed with and without heat treatment.
However, consistency has not been seen in the data of experiments repeated about 20 times so
far, suggesting that the "adsorption theory" is not correct. I want to review the experimental
method again.
As a mechanism to hold Mg?*, it is considered that Mg2+ is accumulated and secreted
together with mucus following a "secretion theory" in which anemone fish takes Mg2+ from
the sea water into the body during respiration.
4. Acknowledgement
This research was supported by many people. Professor Hiromi Takata, Shiniti Kitamura of
Ehime University, adviser Toru Uchiyama, Hiroshi Shigematsu, Governor of Ehime
Prefecture, Ehime Kobayashi Pharmaceutical, Mayor of Osu, JST, and Corporation ABS. I
thank all the people who supported me.
5. References
(1) Jack T. Moyer (2001) “Anemonefish guide book” TBS-Britannica, Hankyu Communications
(2) Team Nemo (2014) “Mg Ions in the Skin Mucus of Anemone Fish Block Nematocyst
Discharge of Sea Anemone to its Symbionts”

Fig.2 Mg?* concentration in mucus (1 mg/mL protein)
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Study on the ecology of horsehair worms
Mao Sogabe (Imabari-West High School, 1st grade)
Supervisor Kazunori Nakagawa (Imabari-West High School)

1. Purpose of the study

Horsehair worms are parasites living in some insects or
beetles. However, there are few previous studies and their
ecology remains almost unknown. I started this study to

reveal the mystery of this creature. Also, I think that the

result of this study can be utilized for medical care in future. : e
2. Methods Fig. 1 Horsehair w

) P

orms
(1) Induction of parasitizing the host insect: A previous study in France reported that crickets
parasitized by horsehair worms tend to go to water where light reflects on the surface, and
jump into it. To confirm that. I used a special device for waterside environmental examination,
put camel crickets instead of crickets in the device, and observed their behavior at night.
(2) Gender recognition: I made a model and observed the behavior of it to know how invisible
horsehair worms recognize gender.
(3) Some other relative experiments.
3. Results and Discussion
(1) Induction of parasitizing the host insect
“Result”
+ 9 out of 10 camel crickets fell out of the device at night, and died.
+ Small and immature horsehair worms were found in 2 camel crickets.
“Discussion”
The result implied that it may take more than a year for horsehair worms to parasitize camel
crickets.
(2) Gender recognition
“Result” Jliving body + ?living body — big reaction
4living body + Ymodel — big reaction
Aliving body + dmodel — small reaction
dmodel + Qliving body — small reaction
“Discussion”
Male may recognize gender by sensing chemical substances.
4. Acknowledgement
Mr. Takuya Sato, associate professor at Kobe University, taught us how to research
horsehair warms. Also, we took photographs using electronic microscope in Department of
Education at Ehime University.
5. References

Shoji Ozawa (2016) “Zombie * Parasite” Iwanami Science Library
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The origin of DNA polymerase family X of Mimiviruses

Yokohama Science Frontier High School, Junior Grade, Shusuke Terai
Tokyo University of Science, Masaharu Takemura

1. Purpose of the study
Tt has been known that Mimiviruses, one of the famous “giant viruses V,” have DNA polymerase
family X gene on their genomes. To explore the origin of DNA polymerase family X that almost
viruses do not possess, I have studied molecular evolution of DNA polymerase family X, and
identified the relationship between the viruses and cellular organisms.

2. Method
The analysis was performed using MEGA7 software ?. Amino acid sequences of DNA polymerase
family X were downloaded from NCBI database (URL: https://www.ncbi.nlm nih. gov). The
evolutionary distances were calculated and the molecular phylogenetic trees were
reconstructed, and finally I observed the 0TUs (operational taxonomic units) of giant viruses

3.Results and discussion

DNA polymerase family X (giant virus)
DNA polymerase beta (excavata)
Perkinsela sp. CCAP 1560/4

4 DNA polymerase beta (opisthokonta) DNA polymerase beta (opisthokonta)
4 DNA polymerase beta (amoebozoa)

Perkinsela sp. CCAP 1560/4

4 DNA polymerase beta (excavata)

DNA polymerase beta (amoebozoa)
Stylophora pistillata

salpingoeca rosetta

DNA polymerase sigma Emiliania huxleyi CCMP1516.
@ DNA polymerase family X (giant virus) DNA polymerase lambda (opisthokonta)
DNA polymerase lambda (plant) DNA polymerase lambda (plant)
@ DNA polymerase beta (fungi) - DNA polymerase beta (fung)
DNA polymerase sigma

DNA polymerase lambda (opisthokonta)

DNA sigma cerevisiae YIM789.

DNA pol; sigma

Thermus aquaticus

bacterium HLUCCO18
DNA family X (bacteria)
Candidatu: sp. T328-2

Thermus aquaticus

Halococcus thailandensis JCM 13552

4 DNA poly family X (bacteria)

Streptomyces malaysiensis

‘ %8

— 4 DNA polymerase family X (archaea) Methanoculleus bourgensis MS2

Halococcus thailandensis JCM 13552

11— @ DNA polymerase family X (bacteria)
18 Methanoculleus marisnigri

Fig. 1 Phylogenetic tree by Fig. 2 Phylogenetic tree by
neighbor joining method maximum likelihood method

From the results, DNA polymerase family X of Mimiviruses were similar with DNA polymerase
beta of Excavata because the same clade was found in both of the two phylogenetic trees
According to these data, it is suggested that the natural host of Mimiviruses is one of the
cellular organisms belonging to Excavata, from which DNA polymerase family X of Mimiviruses
have been derived

4. Acknowledgement
I would like to thank Professor Masaharu Takemura, a Tokyo University of Science who was keenly
instructed to advance this research. Also, I would like to thank the members of the Takemura
Laboratory who gave me many suggestions through discussions and the faculty members of
Yokohama Science Frontier High School.
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(1) Yamada T. (2007) Monophyletic origin and evolution of nucleo—cytoplasmic large DNA viruses
(NCLDV). Protein, Nucleic Acids, and Enzyme 52(5), 463-468.
(2) Kumar S. et al. (2016) MEGA7: molecular evolutionary genetics analysis version 7.0 for
bigger datasets. Mol. Biol. Evol. 33(7), 1870-1874.
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