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Abstract

We researched the efficiency of water wheels to use them in a mountainous region.
We used three kinds of water shot wheels and changed the angles of water streams to
determine their efficiency. For each water wheel type we checked the relationship

between the water wheel angle 6 and the angular speed © g of the wheel.
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Abstract

We researched the points that are crucial in order to make a more effective
megaphone. Therefore, considering the sound of a megaphone, we prepared some
variables and tested them. E.g. we tested various distances between speaker and
megaphone or several size and angles of the megaphone mouth opening. Based on our
results, the standing wave didn’t rise with the megaphone, and an angle understood

that time of 50 degrees came to have a biggest sound.
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Abstract

A carbon battery is a secondary cell that uses hard charcoals as electrodes and ammonium chloride
as electrolytes. Because it doesn’t need any metals, it is environment friendly. However, the character
of the carbon battery has not become clear yet. Therefore, to make clear the nature and mechanism of
the carbon battery, we researched the voltage across terminals, the property of charge and discharge,

and the internal resistance, of the carbon battery.
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Abstract

The dye sensitized solar cell which uses titanium oxide is one of the solar cells which
attract public attention because it can be produced at a low cost and doesn’t discharge
any harmful waste. We researched the effects of the materials absorbed into titanium
oxide to the properties of these solar cells. Interestingly, although ascorbic acid and
gallic acid - both organic acids which have strong reducibility - are colorless, the color of
titanium oxide which absorbed them turned yellowish-brown. The cells which contain

this titanium oxide also showed the ability of the dye sensitized solar cell.
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1. HEOHE

We researched the copper (I) oxide photocell. To begin with, we created copper oxide and examined
its electromotive force by flashing it. In the next place, we experimented by changing the
concentration and temperature of the electrolytic solution and the surface area of the copper (I) oxide.
We found that the photocell is a typical physical cell, however unfortunately its electromotive force is
limited, and that means it is difficult to apply it to a circuit that requires a large electric power.
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Abstract

We were interested in the news that water was polluted by metal ions. We researched materials
that absorb Cu2+ (Copper ion) and Co2* (Cobalt ion) in aqueous solutions. We evaluated the ability of
various material samples to absorb the ions using test papers the colors of which change depending on
the ion density. We examined the samples that could absorb the ions and tried to elucidate which
sample components actually absorb the ions. As a result, we found that it were the dietary fivers

which have this ability.
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Relation between Phototaxis and Photosynthesis of Euglena

Researcher : Nozomi Okuda, Anna Terasaka, Chiharu Shimoyama
Instructor : Ryota Miyawaki

Abstract

We researched the relation between phototaxis and photosynthesis of euglena. We
investigated its movement when the light is shining on it. We found that euglena shows
phototaxis toward the blue light. We thought that this result relates to the efficiency of
photosynthesis. We measured the absorption spectrum of euglena in a visible region as well

as the photosynthetic rates. Our finding is a relation of phototaxis and photosynthesis.

1. Purpose (Result)
We pay attention to phototaxis of euglena Euglena shows phototaxis toward blue
and investigate in which color of light it light.

shows phototaxis better because we
are interested in its ability to sense light. [Figurel] Inverted microscope
In order to confirm whether phototaxis

relates to photosynthesis, we calculate its
photosynthetic rate from the amount of "ﬂ )
dissolved oxygen after each color of LED
- 7
L —

light is shone on it. Then, we compare the
result of phototaxis with that of

photosynthesis.

[Figure2] Result of experiment I

2. Material and Methods
(Experiment 1: Phototaxis)
(Hypothesis)

Euglena shows phototaxis toward the red

and blue light.
(Method) (Experiment 2: TLC)
1) Put cellophane on cover glasses (Hypothesis)
2) Observe the movement of euglena with Euglena contains chlorophyll a and

an inverted microscope chlorophyll b as photosynthetic pigments.



(Method)

1) Melt its cell membrane in a mixture of
ethanol and acetone in relation 3:1.

2) Put the mixture on silica gel plates.

3) Detect its pigments by soaking the plate
in a mixture of petroleum benzine,
petroleum ether and acetone in relation
4:1:1.

4) Compare the Rf value of euglena with
that of objective pigments (chlorophyll a,
b).

(Result)

Some kinds of pigments were found.
However, we could find only chlorophyll a
so far. We are going to try to detect

chlorophyll b from now on.

Object Euglena Chlorophyll a

Rf value 0.05 0.05

[Figure3] Thin layer chromatography

B T

‘ Chlorophyll a

‘ Euglena ‘

(Experiment 3: Absorption spectrum)
(Hypothesis)
Euglena absorbs red and blue lights more.

(Method)

1) Measure the absorption spectrum of
euglena in visible region
(380nm~780nm) with an absorbance

meter.

(Result)

The absorption spectrum of euglena
shows two absorption peaks (430nm,
675nm).

[ Figure4] Absorption spectrum of euglena
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(Experiment 4: Photosynthetic rate)
(Hypothesis)
Euglena photosynthesizes best under the
blue light.

(Method)

1) Create a device (Figure7) so that the
other lights aren’t shone.

2) Measure transition of the amount of
dissolved oxygen with a dissolved
oxygen meter after each color of LED
light which is the same illumination (each
wave length —red : 625nm, blue : 470nm,
green : 525nm) is shone on euglena for
thirty minutes.

3) Calculate the average of the amount of
dissolved oxygen.

4) Measure transition of the amount of
dissolved oxygen with a dissolved
oxygen meter after light isn’t shone on it.

5) Calculate its respiration rate in that
density and temperature from the amount
of dissolved oxygen.

6) Calculate its photosynthetic rate under

each color of light from 2) and 5).

(Result)

Euglena shows the highest photosynthetic
rate under the blue light (470nm). And we
found that under the red light (625nm) is
lower than that under the blue light and that
it hardly photosynthesizes under the green
light (525nm).

[Figure6] Dissolved oxygen meter

[Figure7] Device to measure the

amount of dissolved oxygen

Dissolved oxygen

Electric power supply device

[Figure8] Photosynthetic rate of euglena
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3. Conclusion

We could confirm that euglena can
photosynthesize by the result of our
experiment 2 which it contains chlorophyll a
as a photosynthetic pigment.

From its absorption spectrum and its
photosynthetic rate under each color of
light, we found there is a proportional
relation between the absorbance of
euglena and its photosynthetic rate. We
consider it shows phototaxis toward the
blue light because its absorbance is higher,
compared with each color of transmitted
light.

Therefore, it is conceivable that euglena
shows phototaxis toward the light which it
can photosynthesize efficiently.

From now on, we are going to confirm the
reproducibility of the experiment to
measure its photosynthetic rate and
whether chlorophyll b exists or not, and
investigate its photophobic response.
Moreover, we are going to investigate its
phototaxis toward lights of various
wavelengths because we found the
absorbance of euglena under ultraviolet

rays is larger than that in visible region.

[Figure8] Transmitted light
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Study of cellulose decomposition

ability of physarum

Researcher Ren Matsushita, Shingo Washida , Ayumi Kouno

Teacher Takashi Yamamoto

Abstract

Physarum lives on decayed trees. We conjectured that it might secrete cellulase and decided to research on this
topic. We investigated to determine if physarum decomposes cellulose that is contained in the CMC medium,
where physarum had grown and moved. And then, we examined up to which stage physarum decomposes
cellulose with TLC and determined the amount of reducing sugar with the Somogyi-Nelson method.

As a result, we found that it decomposes cellulose into cellobiose.

Introduction of our research

These days, producing bio-ethanol from crops such as corn and rice plant is carried out. However, there are
some problems for this method. For instance, it makes these price rises. Therefore we turned our attention to
the habitant of physarum.

Physarum lives on decayed trees or fallen leaves. From this fact, we conceived that physarum produces
cellulase and decomposes cellulose into glucose. In addition, if this expectation is true, we conceived that we
will be able to produce bio-ethanol with physarum from woody biomass without using foods. That’s why we
researched on this topic.

Introduction of physarum

Slime mold is classified as acellular slime mold or cellular slime mold. In our experiments, we used acellular
slime mold called physarum that is the state of deformable body. Deformable body is a lump of cytoplasm which
takes amoeboid movement. Physarum is well known for the slime mold which takes the shortest route and we
can grow easily on nutrient agar.

=
Bio-
e Glucose 4
ethanol
_—
%

[Fig.1 the method to produce ethanol]

[Pic.1 physarum]



Experiment 1
Dyeing with Congo Red solution

<Purpose>
To verify whether or not physarum produces
cellulase and releases it.

<Hypothesis>

Physarum secretes cellulase. So, the color of the
CMC medium where physarum used to be is lost,

similar to marketed cellulase.

20 % cellulase

Dye with Congo

Red solution
N @
Bleach with

saline solution

[Fig2 control experiment]

<Procedure>

1.) Make a 2% carboxy methyl cellulose (CMC)
medium. The CMC medium contains Carboxy
Methyl Cellulose Sodium, water and Citric Acid-
sodium Citrate buffer (pH 5.0).

2.) Culture physarum on the CMC medium in an
incubator at 10 degrees Celsius for a day

in order to make physarum move.

3.) The following day, add 0.1% CMC and 1%
agar on the original CMC medium, and then,
raise activity of cellulase in an incubator

at 40 degrees Celsius for a day.

4.) After dyeing the medium with Congo Red
solution for an hour, bleach it with 1mol/L salt
solution.

<Result>

[Pic.3 control
(20% cellulase)]

[Pic.2 physarum]

The spots where physarum used to be lost color.
(end of book : Pic.2 and Pic.3)

<Consideration>

Judging from the fact that the spots where
physarum used to be lost color similar to 20%
cellulase, we found physarum produces
cellulase and releases it.

Experiment 11
Thin Layer Chromatography (TLC)

<Purpose>
To see up to which stage physarum decomposes
cellulose.

cellulose

cellooligosacchride

Reducing
sugar

cellobiose

-6 06 06

glucose

® e e & &

[Fig.3 the stage of cellulose decomposition]

-6

<Hypothesis>
Physarum can decompose cellulose into glucose.



<Procedure>

1.) Prepare the following solutions of D to .
(D cellobiose (1% solution)
@ glucose (1% solution)
(@ CMC medium + cellulase
@ CMC medium + physarum
(® CMC medium

Leave 3 to (® materials in an incubator at 40

degrees Celsius for a day. Then add 10ml water

into @ to ® materials and filter them.

2.) Drop these solutions onto a TLC plate.

3.) Soak the plate in the developing liquid
(acetone : water =3 : 1) for 90 minutes .

TLC plate

<Fig.4 procedure of 1 to 3>

4.) Dry the plate naturally for a day.

5.) Spray orcinol sulfuric acid on the plate.

6.) Scorch the plate in an oven at 100 degrees
Celsius for 6 minutes.

7.) Measure RF value.
(RF value means the stage of the cellulose
decomposition in this experiment.)

<Result>
[Table.1 RF value of TLC ]

RF value [Value2/Value1
0.925 13.60/14.70
0.904 13.25/14.65
0.925 13.50/14.60
0.925 13.50/14.60
0.952 | 13.90/14.60 |icm)

Table.1 is the result.
RF value of D, 3 and @) are the same.

DB

<Consideration>
Judging from this result, it can be said that

physarum decomposes cellulose into cellobiose.

Experiment III
The Somogyi-Nelson method

<Purpose>
To visualize the formation of the reducing sugar
and determine the amount of it.

<Hypothesis>
Physarum decomposes cellulose into reducing
sugar.

<Procedure>

1.) Make a 2% CMC medium (pH 5.0).

2.) Culture physarum on the CMC medium in an

incubator at 10 degrees Celsius for a day in

order to make physarum move.

3.) Raise activity of cellulase in an incubator at

40 degrees Celsius for a day.

4.) Dip the medium of <2.> and dissolve the

saccharide on it in water.

5.) Add 1ml Somogyi solution and <4.> or

glucose used for creating a calibration curve and

then heating the test tubes for 10 minutes in

boiling water.

6.) Cool with running water.

7.) Add 1ml Nelson solution and 10ml pure

water. And then leave them for 15 minutes.

8.) Measure the absorbance (660 nm).
(Concentration of glucose used for the
calibration curve is 0, 25, 50, 75, 100 pg/1ml)

Somogyi
solution fEE
mol Nelson solutin
sample Heat in water
(O~®) boiling
water

[Fig.5 procedure]
<Reaction >

2Cu’ "+ reducing sugar —Cu:0

Cu:0 +H:S0s —2Cu”

2Cu” +MO+* + SO.°"

—2Cu’ "+molybdenum blue



<Result>
The absorbance of products that physarum
decomposed is 0.578.

<Consideration>

We could confirm the formation of reducing
sugar. Then, judging from the color of the
solution and the calibration curve, we can
estimate that physarum produced reducing
sugar about 5 to 6pg /2g cellulose in this case.

Experiment IV
The Barford method

<Purpose>
To judge that the decomposition products are
glucose or cellobiose

<Hypothesis>

We predict the decomposition products are
reducing sugar with the “Somogyi-Nelson
method”, so copper will go down quickly or
within an hour.

<Procedure>
1.) Put barford solution (Copper( II ) acetate 34g
+ 8.5%Lactic acid 25ml) and decomposition
products in the test tubes.
2.) Heat them in boiling water.
3.) Measure the time until copper goes down
while heating the test tubes.

* If they contain glucose, copper goes down
quickly.

* If they contain cellobiose, it takes copper
about an hour to go down.

* If they don’t contain either, copper doesn’t go
down at all.

<Reaction>
2Cu’*+H:0+2e” — Cu:0+2H*

<Result>
Copper didn’t go down.

<Consideration>

With the “Somogyi-Nelson method”,

physarum produces reducing sugar.

But copper didn’t go down.

Therefore we thought that the concentration of
glucose or cellobiose is too low.

Experiment V
High Performance Liquid
Chromatography (HPLC)

<Purpose>

Determine the amount of glucose with High
Performance Liquid Chromatography by asking
the Japan Food Research Laboratories.

<Result>
[Table.2 the result of HPLC]
sample glucose
physarum 0.00168
physarum 0.00151
physarum 0.00161

medium only 0.00074 . (g/100g)

Table.2 is the result.
This is lower than the detection limit, so we
conclude that glucose wasn’t detected.

<Consideration>

We can’t say that Physarum decomposed
cellulose into glucose from this table.

So, from these experiments , we conclude that
the decomposition product is cellobiose.



Conclusion

Physarum produces cellulase and releases it.
Physarum decomposes cellulose into cellobiose
by using the cellulase.

In the future, we hope to be able to produce
bio-ethanol only through the abilities of nature.
We think about the process to produce
bio-ethanol as follows.

First, we use physarum to decompose cellulose
into cellobiose.

Second, we use the yeast that has cellobiase to
decompose cellobiose into glucose.

At last, we use yeast to produce ethanol from
glucose.

This is how we think that we can produce
bio-ethanol from woody biomass.

Cellulose wpCellobiose = Glucose mpBio-ethanol

physarum yeast  yeast
(has cellobiase)

<Fig.6 the procedure to produce bio-ethanol>
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We were interested in materials in surroundings on which it is difficult for mold to grow. We

thought that the prevention mechanism may lie in the nature of the materials. We decided to select,

among several possible candidates, Cibol bulbs, which are easily available. Our investigation revealed

that the bulbs contain a fat-soluble material that has antimycotic action.
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1. Abstract

We researched the layers of the Tertiary Neogene Period (about 16 million years ago)
and basalt in Tsuyama. We collected and analyzed the soil by examining the pH value
and the electric conductivity, and we simulated the water level of the former Tsuyama

Sea by Kashimir3D. This way we found that there must have been marine regressions

in the Ayabe region.
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Abstract

We continued the research that the second graders started three years ago. We did some
experiments on Hiroto Wind with a landform figure of Chugoku Mountains in 2013.

We researched the relationship between the Hiroto wind and various meteorological data. We
compared days, when the Hiroto wind as well as the typhoon blew with other days when only the
typhoon passed. We research the differences in these two patterns and tried to find the cause for the
blowing of the Hiroto wind. As a result, we found some specific data especially concerning the wind

direction. But we could not find the cause for the Hiroto wind itself.
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Abstract

The IZAYOI pond in our school is dirty with the sludge which collected on the bottom, so we thought we
cleaned the pond by aeration. There has been an air pump but obviously it’s not effective. So first we
looked for the best setting place of the pump so that an effective circulation of the pond water can take
place. With help of computer simulations we found out the best placement of three air pumps, the most

efficient filter form and opening diameter in order to spread clean water back into the pond.
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[Figure8] Photosynthetic rate of euglena [Figure8] Transmitted light
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