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UVB-induced DNA damage and its repair mechanisms using light
Akari Sasaki (Hachinohe-kita High School)
Dr. Jun Hidema, Prof. Atsushi Higashitani (Tohoku University)

<{>Purpose of our experiment
DNA is damaged by UV exposure, but organisms have a mechanism that repairs damaged

DNA. This repair mechanism uses CPD-photolyase and visible light. In this study, we carried
out three experiments for examining relationship between wave-length of visible light and
DNA repair.
1. UVB-inducted DNA damage and its repair mechanisms using visible light.
2. Relationship between an organism without eyes and light.
3. An organism which uses UV light.

This research was carried out in UK-Japan young scientist workshop in which Global
Science Campus took part (August 2014 , in Tohoku university.) . We continued to make

modification to consideration of results partly.

{Materials and methods
[Materials]
Two strains of E.coli (CPD photolyase overexpression/no CPD photolyase)
Incubator / UV light / Germicidal lamp / Gilson pipette / Clean bench
[Methods]
UVB-inducted DNA damage and its repair mechanisms using light.
(1) Overnight culture of the two different strains of E. coli was dropped on each plate as a
spot. We made 14 plates in total.
(2) We irradiated UV light to each of these plates for following time.
Control: No light
UV treatment: 10, 20, 40, 50 or 60 seconds
(3) After UV treatment, the E. coli on the plate was irradiated to white, red or blue light for
12 h. White light consists of various wave-length light.
(4) The number of colonies on each plate was counted.

(5) C. elegans was exposed to various light and its movement was observed.

{OResults and discussion

[UVB-inducted DNA damage and its repair mechanisms using light.]

* Without UV exposure, no difference of the number of the colonies was observed in any of the
plates.

* The number of colonies was reduced in proportion to the UV-radiation time. However, at a
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any time, the CPD-photolyase-overexpressor produced more colonies than the strain

without CPD-photolyase.
* When UV was irradiated for 30 seconds, the number of colonies was increased in the
following order.

CPD photolyase + blue

CPD photolyase + white

CPD photolyase + red

CPD photolyase + no light

no CPD photolyase + white

no CPD photolyase + blu

no CPD photolyase + no light

No oA L

From these results, we concluded that CPD photolyase repairs DNA damage using blue light.

[Relationship of an organism without eyes, and light.]

C. elegans responded strongly to blue and UV light that is harmful for it. It fled to escape
from radiation of blue and UV light, but it did not avoid other light. This indicated that C.
elegans distinguished harmful light such as blue or UV light from other light.

{Prospects for the future

This research was carried out as part of revealing UV light effect on DNA and repairing
processes. Although the experiments were performed with UV, red, blue and white lights, I
would like to research more using various wavelength lights.

I would like to express my great gratitude to Mr. H.Sugisaki, Mr. R.Kida, Mr. N.Fukuchi, Mr.
F.Taha, Mr. D.Toor and Mr. T.Ahad for their fruitful discussion in UK-Japan workshop in
Tohoku University.

< Comment by the teacher who taught this research >

She was required to understand the principle of this research, conduct the experiments, and
hold discussions in English, collaborating with other Japanese and UK high school students.
She performed well in all aspects of their research. I highly appreciate the effort she has put
into their study.
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LEG PROPOSES, ANRTENNA DISPOSES
Antennae ultimately determine the turn direction of the pill bug
Yasuhito Hayashi (Takaoka High School, Toyama, Japan)
Dr.Youichi Kainou (University of Tsukuba)

<{Question or Problem being addressed.

Isopoda have a tendency to alternate turns (Kupfermann 1966; Hughes 1967), or to turn in the
opposite direction from their preceding turn. This behavior was well studied in Woodlice Porcellio
Scaber (Hughes 1967), and was believed to be caused by a bilaterally asymmetrical leg movements
(BALM) mechanism (Hughes 1985; Hughes 1989). Their antennae are very short and were not
considered to be important for their movement. In fact, the contribution of antenna was clearly
rejected by Hughes (1985).

However, in my observations, | have noticed that one antenna aways touches an obstruction just
before the bug turns. Consecutive T-junctions were previously used in the study of such alternate turn
behavior (Hughes 1967; Hughes 1985; Moriyama 1999). They were also used in my previous study, in
which | showed that pill bugs do not enter T-junctions from the front. Instead, they enter at an angle of
approximately 30 degrees. Since, such an angle causes contact unequal for antennae on either side of
the bug, a new setup was required for studying alternate turn behavior.

OHypotheses
To reveal the role of antennain alternate turn behavior by equalizing the frequency of right and left
antennal contact, | excised the antennae. Through this study, | believed the role of antennae in
aternation turns became apparent.

OMethods
Setup for behavioral assay )
Pill bug behavior was observed and recorded by video camera in the EV
following three setups. Bugs were collected from the backyard of my
house (Tonami City, Toyama Prefecture, Japan).
Setup 1. Conventional T-junction course.

7.5em

Setup 2. Novel T-junction course (Fig.1). Start point
Setup 3. Circular arena (F|92) Fig.1 Novel T-Junction course.
In this course the angle of the
Second branch is offset at
<OProcedures an angle of 30 degrees to
Experiment 1: Setups 1 and 2 were used. Bugs were released at the start """ "o *eproach anale
point, after which the turn directions at the second branch point was rF o
counted. By analyzing the resulting video sequences, the turn anglewas ~ / \ ¢
measured. ™
Experiment 2: Bugs, from which the left or right antenna has been excised, M——%ﬂa—————
will be released in the same process used for Setups 1 and 2, then | G L0 4
examined in the same manner as Experiment 1. \ ' A /J
Experiment 3: Bugs in three conditions (with both antennae, with one ol

antenna removed, and with both antennae removed) were prepared. g5 circuiar arena,
These bugs are to be released at the center of Setup 3 and recorded for  In this arena,pill bug will be
. . . . Released at the center of
three minutes. By analyzing the obtained video sequences, total travel,  setup 3 and record their
walking velocity, and movement range were measured. Then, the  Movementforthree minutes.

significance of antenna in alternate turn behavior was discussed.
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OResults
Experiment 1:We first examined a relationship between the occurrence of alternate turning and the
contact angle with a wall. 71.9% of bugs showed alternating turn ( N=57 ) in the conventional
T-junction course. However, In setup2, the number of pill bugs showing alternating turn decreased
to 44.6 % ( N=71). A scatter plot from these two data showed that the alternating turn undergoes
big influence in the contact angle ( Fig.3 ).

Experiment 2: Bugs excised either of antennae were released at the T-junctions used in
Experiment 1 (Fig.1). Pill bugs always turned to opposite side of removed antenna irrespective
of preceding turn direction. ( Number of sample 153) ( Fig.4 ). These results strongly suggest that
antenna determined the turn direction of pill bug.

Experiment 3: As aresult, average moving speed differed in each maze. About this result, | could not
ignore the effect of antenna cut. However, the difference of trajectory are clearly appears. |
observed the behavior of slanting to opposite sides from the preceding turn in all types of pill bug
(with both antennae; without both antennae). But in the pill bug without antennae, many
individuals loops and crossing their path. It seems that antennae has a role to expand the field they
can cover. It can be said in the location of alot of obstruction, it is optimized to be moved with less
momentum (Fig.5).

E

o Sesvgeseed o

A e . h=
= Userovor w9 &
2 ™ g & situation 1 i
@ @ : conventional mazs [e] = Q- situation 2 o,
& O novel maze T B L
Tz a 'g ; .
@ = /
B . s )
23 ° 2% ' o)
o E ze 4 /
£33 . . ' = 2 L —ae-0—ecostao & T T . . . .
80 60 a0 0 a0 &0 a0 o -6 -0 0 30 60 e Fig.5-A Pill bug Fig.5B Pill bug
Contact angle Contact ahgle with antennae without antennae
Fig.3 The percentage of alternating turns in Fig.4 The percentage of the alternating turns in
Experiment 2 was determined and converted to the Experiment 2 was determined and converted to a
scatter plot. Both setups show the alternating turn scatter plot.
rates at contact angles of around 0°. The contact angle at Situation 1 is larger that for

Situation 2 when the focus on the alternating turn
occurred.

<{Discussion
BALM makes body axis tilt. Antennae determine turn direction. Therefore BALM lead to
antennal contact and the contact is critical for turn alternation.

<OO0utlook
The behavior likely to be controlled by the antennal contact through a central nerve.
Therefore, as the next step, we need neurophysiological approach.
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LEG PROPOSES, ANRTENNA DISPOSES
Antennae ultimately determine the turn direction of the pill bug
oA (BIRSLE &S 3 4)
AE Ve

OMRDHEHM - ER

FHE ALV EITI LD ETHT T VLAY AIT, REERNED LSO EIZEAEAR R
235, MRS & W 9 {TENZ 7" d (Kupfermann 19665 Hughes 1967), Z OfTHENILEA
BOBRIC, IO ATTNIND Z LIk > TEZ 5L & (Hughes 1985; Hughes 1989
), fAIZEE LR e STz (Hughes 1989), LU, FAOBEOH T, g/
T PRI N T, X T LU RN HEANS, #2325 SCRHA O filif 23 il 2 & v
5z LIZRONWT, E. 5/2A/ﬂT%L%T2@EL®#5%\ﬁE(%i%%%
EHoTADLZ LIRS\, 22T, ZOMAEIZK DA O OEWNA T HF TN
¥ DORREMEERI G & 2 TRIA TR0 & B 2| [RGB X R fil /i o fili
FHIZEoTOEBZIEND, ) EWORIAZN T,

OHMEDAZE - FAatR
FAX. oG Ol OO BEE 2 ST 5 2 &I & o TR
FISIC R B OB Z R SN TE D L BRT, 22T, T8 J —
RIKEK 0 2 [0 B D4y I CBEH 4 30° LT (Fig.1), AW Z v T LUR 11
TX5RVEELEEINZSDONDLIIC LT, £o, FOXKEEHWT,
ik AW G o o%A L. FMIOADGETED L HICE & 20E H D) Fig 1 Nove! T-quncton course.
R, AHFE I LEFFAOFE WEFE T, B, BAR) OFEEE In his course he angle of the
TUE L7 b D& Ve, TBIOMIIEEFAH A Fic k- TiggkL,
SR 7 B Bfil 7= BRI O G EL A1) 0 B0 | Bl 5 £ E AR b 72, 2 SNY,
TR 1:2 JE B O OBERIN TR/ H O L | Fig.1 OXKE A Y, filf
23 7 & D EE THR D,
FBR 2:Fig.1 OEEE T, il 235 O B DAEE, 72D B DOEIKR TR~ S,
B 30T R A DT, Fig.2 07 4 —L K& FNT. i85 b M/
HAEROE X & il 72 g o8 X & T 5, Fig.2 Gircular Arena.

In this arena,pill bug will be

Start point

Released at the center of

Oﬁ% & %$ Setup 3 and record thgir

Movement for three minutes.
EER 1
FHE TN H T TR L, BT 545 Lk

= O8ee2se oe
RS L R WA L b 2 5 TL OSSR R L (& o
L TAKET), BER O R 22K (Figl) TR 3%, .
BT 4. 60 TS 572 (P T AKT) . ZoDF— B A
5 BRI LRSS & THORMIC Lz 8 25, 52 26
BPEITHA I L > CREARBEZITVNB LR » b om o e =
730 % (Fig-3). e 2 o detined and comvared o the

EER1 LY. 2EHDOREED 90° DGE ’B 30° £ i o o Anelaa sroaml by, 2 ermadng turn
AR EREEA S, EiT 540 0° (Bi‘ HAZ S5O0
o72) ERICHPRBEFRNEDHZ & 75’2}97\’))0710 ZDZENL, ERELLOMANREE
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fil 9~ 2 MR MUSICEE TH D L BEABILD,

SEER 2 4w 5 '3_:':...._90:-

F 7 Ofilifa % G L= A4 & 2 A % Fig.l D% | g /S S ]
BRICHE L, SRR IOE 2R T M OMANRVES 5 o

LB ORISR G A OBERT B LIRASOEE & 5] /o) [

B LI L, ZOfE, o TV B &I ot [/ [/

BI~OEFE RN BT (Fr 7 A 163) (Figd),  w o mn o %

EER D LY A AL A ORI I 2D o comactenge

TWD LT A RHMNE K SN, e e rotines o eamorion e
=i 3 She contact angle at Situation 1 is larger that for

Situation 2 when the focus on the alternating turn

Fig.3 D7 4 —/V ROHFRIT, {7 Dl H3 & % H occurred.
&, W OfAEZ YR LI ERE ZnER L, —E
B COBEBOKE T 284 L=, Fig5 I3ThThic
BB RF 32 LZbDTH D,

W7 Ol o DKL, SIS
. 74— FOSMANZIH - TEl> TW A AT S ¢
iz (Fig.5-A), F7=. M7 Ofihf 28Ik L 7= BRI, Fig.5-A Pill bug Fig.5-B Pill bug
— R COBBERES NS < S NEEFTICR S i anenmae et aniennes
ko@hx b DNEh -7z (Fig.5-B),

INHDOZEMNDL, AHE T AN EENCHN S T ERO DD, ik ThDH b
Dy Mmolr, EATEHEHENRKRE LS EDL D Z L b, it I8 R m s o K E < 57
HEEZDHZLENTED,

OSHRDOEERE
ASBEIOFER NS, X TLOHB Y FIZTHOWNTIL, il ORREHRIC L0 R
By bma— L L TNLEEIONDLTO, SRIITNE AL O E LA TR 72
77 a—F TR LT,
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Seeing Nanostructures Using FE-SEM
Haruka Komatsu (Miyagi First Senior High School)
Dr. Ryotaro Kumashiro, Dr. Yasufumi Nakamichi (Tohoku University AIMR)

{The aim and importance of this study

For energy efficiencies and miniaturization of various devices, it becomes important to develop
materials in nanoscale. In such a small scale world, the structure of material surface effects
seriously the property of materials. The aims of this study are to observe the micro structure of
the material surface with Scanning Electron Microcopy (SEM) and consider the relationship
between properties and structure of materials. This research was carried out in UK-Japan
young scientist workshop in which Global Science Campus took part (August 2014, in Tohoku
University). We continued to discuss the results after the workshop.

{Materials and Methods
[experiment 1] Estimate the number of slits on the grating

(Materials) (Fig. 1) The picture of
- red laser pointer (650nm) -+ green laser pointer (532nm)

- diffraction gratings A - diffraction gratings B - CD +DVD
(Methods)
@O We stuck section paper to the wall as the screen. The diffraction gratings were mounted

diffraction pattern. Brightest
spot is the Oth order peak.

parallel to the wall. By shining red or green laser light through a slit of each gratings, the
diffraction pattern was formed on the wall (Fig. 1). We measured the distance from the
grating to the wall (D), and the distance from the 0tk order peak y,and 1t order peak y, (Y).
This procedure was repeated three times and calculated the average values of Y. The slit
separation “d” was estimated by the equation, d = mM/sin 6 = mM/tan 0 = (Dm))/Y, where
“m” was the order of interference and “A” was the wavelength of the laser. The
approximation sin § = tan 0 is reasonable for small angles. The number of the slits per

1mm was calculated as the reciprocal of the value of “d”.

Diffraction Screen
Grating | Y

Measure the slit separation of each diffraction gratings
by using SEM and calculate the number of slits. P
y g Laser '—. - 1

D

Compare the results of (D and @ to the actual number

(Fig. 2) The diffraction of

light by diffraction grating
[Experiment 2] Structural color and Shell of Abalone

The abalone shell shows iridescent colors at the inner side. Such a color is called structural color,

because structural color is caused by the nanoscale periodic structure that diffracts light.

Diffracted lights interfere with one another and cause the structural color. The thick inner layer

of the shell is composed of nacre or mother-of-pearl, which is highly iridescent, giving rise to a

range of strong and changeable colors. We studied how abalone shell (mother-of-pearl) causes

structural color. Y

(Methods)

D Observe the structure of the inner surface of abalone shell using
SEM.

@ Measure the thickness of an inner layer of the abalone shell

using SEM. Measure ten times, adjust values in consideration of

| -l

gradient of layers, and average the adjusted values. ' e
(Fig. 3) Abalone shell
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@ Analyze the chemical composition of an inner layer using the Energy Dispersive Xray
Spectrometer.

{Results and Discussion (Table 1)

1 Mean Mean Slits/ per
[Experiment 1] . | -H

The estimated number of slits is shown In diaction 0150
grating A 650610%9 0440 oase 1 1.81x10%6

Table 1. There were differences between

diffraction 0121
. LW A
estimated, observed, and actual values (Table  sratingB ©0x10%9 0140 G20 1 0117 e || SR
. 0074
2). Especially for DVD, there were large M‘;E’m] 650x10°-9 0140 ooes 1 0.0673 1351006 740
QU060
differences among values. It is assumed that bvD . ods .
(sony) 532x10%-9 0.140 gi::g 1 0.146 5.10x10%-7 2000

a small measurement errors at the narrow

slit spacing materials can lead to larger differences of the (Table 2)
results than in diffraction gratings or CD. We should Ourcalculated | Siit separation | Actuatslit
measure the distance more accurately. A e e [
[ Experiment 2] dl;t::"aﬁl;n 352 B S
@D We found that the structure of abalone shell was d:::ircx:osn 1000 981 1000
formed by multilayer of hexagonal tiles, which was o 740 670 625
slanted. The layers make nanoscale periodic bvD 2000 1531 1351
(Table 3)

stripes on the inner surface of the abalone shell.

@ The average of layer thickness was 0.649 ym (Table 3). This Lo Gl
. tile NO. () thickness(tm)

value was within the range of the wavelength of visible light

. >t . 1 0342 0684
(0.380~0.750 um). This suggests that the iridescent color is 2 0.375 0.750
caused by the interference of reflected lights from each layer. 3 0.249 0.592

@ As a result of analyzing the chemical composition, the inner 4 0.403 0.806
layer consisted of carbon (37.04%), oxygen (53.92%), and 5 0315 0630
calcium (9.04%). This result indicates that main component is 6 0.253 0.506
calcium carbonate (CaCOs), and explains well hexagonal 7 0.319 0.638

. . 8 0.326 0.652

patterns of inner layer because a crystal structure of aragonite
. 9 0.351 0.702

(one of crystal forms of calcium carbonate) was also hexagonal
10 0.267 0.534

form. avarage  0.325 0.649
In conclusion, our results show that the splitting of visible light on

the surface of the abalone results in the iridescent colors.

{Prospects for the future

This research was carried out as part of the study on the relationship between the nanoscale
structure and optical properties of materials. This relationship can be seen in the nature. 1
could learn that to observe actual structure directly is the way to understand more detailed. T
want to research more phenomenon from now on. I could learn that it was important to
overcome wall of language and fuse each opinions and create something new. There were a lot
of things to learn, and I felt I could develop myself to be scientist in the future.

< Comment by the teacher who taught this research >

They were required to understand the principle of this research in English, conduct the
experiments, and hold discussions in English. They performed well in all aspects of their
research. We highly appreciate the effort they have put into their study.
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) @ pH &t ® I
ol L =
pH1 1.5% ik o
) )

PN = L (D) A7

f

®

®
(D AJHe :L )
T —'- - "20C U

E—4—
M1 EBRIFEOBH
HLTE0 RIEME L-. 20 LS TBmAIL 2V KIZTE oz, ZOHAEBIZEALYIUHE
WERESNE T, QDRIKRERIZEDBBETIRoT-1k, WMHRRTFEEITO & WIOKBNER SN
o, ZOBGAIEHONCI URICEDHWINA A ST, BEEEME ARSI D 3 v RIEEORME
ER 27T, WEEHEES T EAERSNL I VRRBENHRT LI LD,
AUk VT AORES 0.015%, HHIFFMZ 90 43 & Lz & ZKERO pH LA SN D I UHRR
EOMGER 3ITRT. EROITH DX IIRZ VA pH2~3 TEREN L I UHRBEERERERDLZ
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H—1 KRR AS (R

EWDND.

OER

Hid, BEY, —20CTHKRPRVE XTI TRPERSNARNI L LD, KN TEHILITLY
FOSHMERE SN D Z & 3D . L pH=2.3

FUSIHRENINE L, BUST % b 0 S ln Y B a 0015%
DWFENFEE EH <. = DERR s s

TIREIIRNOT, ST HHDOD % coco1d | P “a &
BERE Rolz EBELOND. KB i
g 9000 4 -

TEDLERBM- TS0, UK g ocoos | T wi

NI - = N 0.00006 | & L
?5¢)@75 ETA AT KO RIT n ooty L 7 i
B LT (M4), €I TORIEMO o000
S o - ~ . e - e —
RENEL 25, 2O XD BRSO I TS S S
WA & VLRGN S B & WA (5))
Ez b5, B2 AR & RSB 3 SR O BR
AR SIS T T FBREE DG ], 3 TR 90 %

> ARl SSIHE 77

?b%g?ﬁ%k?%%#é?%@ o SufkHY YL 0.015%
M2DrZ 7 3EMELDITTTH 20000 | .
5o LiL, M2 EOWMEEbITR & |
MOWEHEY FHE-CTExCTHH, 3y 8 -~
ROERHEER G TR BT B o | A o ~Sa_ ™
B LBbmE. ZRESIEORETE D ocom | % = v
Llcaven ) v asEESAT, " oo | # .
ZOENEAD L TN TdEEZL ot 1' = S iaaaihm R
N5, M3 L0 pHAENE X Xk Pro000s pH

NI OB IV IZ W I &b
5. —J5 pH2 LLUF Tl 4R < &
Ll TEROERENEDT L. @E, pHPMEWIEEMRIGHRZ VT WEEZLNDZD, Ih
K TCORISEDOFRIEEZEZ NS, pH DIRT & & HITKFIZED 7% S o KBRS 7> o a vk
HIV T LDORMENPEZVIZS K 2o TN 2D EEZLNDN, TOFEMIASHRMERL TV L
Wb 5.

OfEH

KPP TRIE SN DL FRISDBHENPD DT, FUAT Y T LDRMEPEZ > TNHHEEZ LI
H. 00 pHOE ZATHERIND I VROEITRERNERD ZEDRDNo>T, THUTKF TORIGIZ
BHEORbDOTHDL. 4%, KOMBD TEI L OBERR EHLFTHIZ.

B4 KOREREE & ISR
ks =¥ = i S % B 2 R T IR
1=

KD EDNE Y RAE
CEEE == I
KN TEDERIEDT THEEICIMEE SN D EWHI B LW ROIFRICERD fEE7-. NRIZS D8
Lo LIRWDR, KB TELEIEICLDBHERRA L W) ZEE2AFEZDNRR 4D L
I RA A=V EFESTHEELTINTZOT, KEWREZAFHML T NEELZTNS

3 KD pH LAK S D 3 U FRIREORER
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H—2 AMKE (GSC)

KDBITHEDEWIZDWLNTOHE
WA ORBE (LA RS TRl ES AR 1)
HYHE HPBC QU RS LEIE e ER)

OHMEDEW - BE&

MZADOE, R EAR—=Y R U7 ZERBHC AN T ORI MN AR =Y R 7
DFBRLEE T2 Z LIZKRBMfF e, & 2 THR 2HEADRHITOKOEET 7 OiE N & i BLITHFE L
7o AENTUROMEZ RS, L VIRVBREZIT 7,

KOWTHOENEISD Z LT, BHEAEICHZELDE Bbild,

OHEDAE - oA
I WRICEDENEFHRD

@ 6RO GRiEA, 10%EHA, 10%EiHA,
LO%RPHEAR, AR—Y KU 7 &R 23T
Al CIREIZT 5,

@ ﬁu<gm@k%é@m%ﬁﬁmﬁﬁbﬂmm%§f
b5 E CORRMEMT S, =

®  5OEICIRIKDIRIE % 3Hl L % 75,

ORRLEER

- —— /KIE /K == 10% B HIK == 10% 51K 10%IDHEIK e ATR— KU T e F G
C

13
12 60 : 54
11

= = u

—
o

N W s~ Ot O 9 o ©

0 5 10 15 20 25 30 35 40 45 50 55 60 (43)

MXIEARIEKAE T BDIZE L =B

B 2 EBRHER
FTHIDIT, 10%E AT RIS B2 D5 2 TR LA%REKISEEIT 5, X 2 X v iEikiz Xk
S OKBET D 2 E TOREM L IRIBOHEB R 72 o 7o, IR F e o 72K & LTI IC
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H—2 AMKE (GSC)

EHbDEEBZLND MEOFTH =T 3 =5t |
EWVIIBORD D, T v I =5HRITIRIR ORI E T D7
WL THELD LD Th D, RIKDORITEINTHEIR DU
RPN L > TEILT B, EDZ & ZREET A 72 DICHKIE
WEIR B AKGEK (78C, 46°C, 5C) T1HEEFENT
KRS OBE P~ T, ZOREE 78 C L 46 CDKIEK
TIX 1 HERENER P05 L, 5COKEATI
1HER 2HEFENATE, ZOZ b, WIRMEL 72 51F
EREBNDEL DT ENDND,
DlbEZEEZD L, RIKROBEZENDKE W ELEE
TIOEPFNREL 72D~ T TA=SHRPEAICEZ D |
FORIKNBETFHEZEZOND, LrL, ENETT
EER LY BIRIROBEEZENKE WD 10%BHAKIZONT
DFABDNRN, £ 2T, WEIZ K DEmK ) OmE
DENHIEAT-, EiREZ 17°CIC LT % & KEKIC
X1 HEMDENT o 7oh BRI 1 B Bk B 3
(I 2 4 1 FESEAAT, BE, kil < &k <) & 4 BHICLDEN
BEKDNEICRE R DR L120D, £ H7ed L, Bin FIXREAKICANTKDIZ D DSHPFEK
WCANTOKE D SR ET DITTEN, SENEZOERBIE N> T,

%D DT JERITDH D20~ T 2 =JHRITIRIEROIRE S WEIZ L > TRESEL, KOBTFH
WCBEBXDHDENZDTEAD,

OSHRNEE

SEIZEEICH D b DO THIEEEIT 12D T, KENREFHOWE 2518 LI T 2 M1
ETLFHICEFEIMEN S £ Y EMER S DO TR o7, AT 4% 3 HHIZ L TIFZEETT R
(T~ T v T =5l SRR DIREPIE & OBIFRMEDR G - LN 570 h LIv7ay,

Fio, AREH L7CRIELISN O b DT~ T > F =545 & ORI Z S BT E 20,

OEXESEXH
1) JAXA FHMZEMCHEEE [WERFIER Marangoni @ ~ 7 > = =it O FepfE gk
http://iss.jaxa.ip/kiboexp/theme/first/marangoni/kiso.html

2) HyperPhysics Concepts  [surface tension.]
http://hyperphysics.phy-astr.gsu.edu/hbase/hframe.html

<BEEISFEOIAV >

EIEOHRTHLND S SWREWIHZMIT T, ZOHEBEZHLNICLEI ELTHEIEARED
BT, T —~ &2 B LA LR T B WiFEE & LT, b EERFEEDO DO THY,
PP S LD . S5%IL, EROHEBE X 0SB B CTHREEL Tho THRL L.
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H—S8 EBEZEIKXE (GSC)

RKENAFARADNLIR/ —ILEEETEHEEBBEZRDT
HEHE HHdEzo (LK TFEEFREMBTYa—X 24)
HYHE LR

OMRDHEHM - ER
NAFTH ) =T, AR EDAERENI b2 LTIHEB SR TERY ., ZOFHNES
b TWnWad, —FH, ZOREIE DY FUXE, hyEra v KRR HEEEHEI THLT0,
BMANECTVWLREDR DD, EZTINETHHAMENRRWE SN TELRENS I~ A (BIAR
DIRERTH U R, (EEOMAMCHEB O T2 L) Z2FE LT ANt ) — L E&4E
PET D HIEDORENHIfF SN TWD, R TIR, RKENM A~ ANb 2 ) —VEAET LHDIT
FIACEX 2B EZRATHEVWIEOEBELHIE L,
PP AL RERF D B & N A A= ) — VO EFEIC ML EEIREE ] OfERE £ TlE SSH OB 5T D2 3
& GRE DAEMEROIEEY & LTIV, BLAIOFEHTIEI RS TIT o 7,

OHMEDAZE - At R

KENA A~ ADEMGE, B =205 L7 va—R), ~Ika—A(EHYT
HLEXTTUEMKGHRT X r—RA)THD, LR T, NA A X ) — )VAEPEIZFIH
T LEERHNIZ D STREOMBE 2 R T 2 NINDHDL ZENUETH D,

AWFFEClX, AR (ERERD) Z B L, NA A= ) — VOAFEICLERENE LT, T
JLa— LREEERE . Bl — RMRRE. T — ABALREDH IR N DREH DO S ZHE L.
D 3 ODREN HRRFCFR DB ARMELZ RO+ 2 2 HfE LT,

1. ##
Y OAEN HERE L T2 B A BERE

2. A&

MINAFTR)—ILOEEICHELRRENDHER

(7ILa— L REEODHEDOHER

AR FE2S 1 X 10l /ml (7 /b 22— R 10%% & de YPG WRIAREGH) I[CFABE L2k &, E5 Mo 7z
Ty X RV T F a—T ElBRE AN RGN A - TRE ERTUSRBEREN H D LW LT,
KT N A= NFERETHUTCO, B RET LD T F2—7I2C2BWMEDLDTEE EB->TL %,
(ZILa— L EEREOR S TAE]

Bt L7\ W T o 7o 7 v a— 20 &% FRETEE (REFS01) THEEE L L CHRIEL, 7 va—b
HEES O S EZRE LT,

[\ — 25 ffRe O A HORER

KIZEBETDHE I Lz —RAFERTH D A ILVERF v A F )Lk a— R (Carboxymethyl
cellulose; CMC) % & Tr#E RIZEERIR % b S B TR Z fi S ISR~ 5 LTI~ 7,
ayIFLy RCRELT, an=—0F0Ic7 V7Y =N TERLOMEND S &k L
776

(CLO—RRREENDE S THIE]

trmr—2 (OMC ZfEH) 1THMERH DD T, BERICL > THM ST ENME T35, K
PRTTRBREL, MO FTRHEZEEE LTHY . S om S 2 E Lz,

[ o —2EbhED A ]
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H—S8 EBEZEIKXE (GSC)

¥ — A SWIEREE B OB /IR A A L=, 30CT7 BRI L Can=—2HBlL
b, Fvu—2AGRENH D LW LT,

[ —2&iEDE S OHIE]

ARRAEEEAY 1X 10l /m]l (> m—R 5%IAEHK) ICHHFELKkEZ 5 AMBEEL., 2ok Lk
IR FRIEITEECHEE & L CHIE LT,

(2) ¥ EAERF (18SrDNA) D fFEHT

KW O DNA ZHH L 72, 754%— 18F 5-ATCTGGTTGATCCTGCCAGT -3'
18SrDNA % PCR ~CHIME L. & O ILE Y 18-R  5'- GATCCTTCCGCAGGTTCACC -3'
S, AEu Y — R TR & It PCR-Kit : TaKaRa EX HS
W L C R L7, PCR&#-: 94°c30% 63°C30% 68°C14 30444, LE20p |
ORRLER

HEEL 72 196 BRO 7 L a— LR, B Bl el 5 E H;é'i?g{"’

SIIREE. v u — AEALRE & TS R fra— zmw ey
N s N - N ] s
8 ODRN ERARCH SN EET 52 b7 [t SINERE

MR TE T,
IHIZ, 3PN E L D5 EKD S b+
Fag T - 4 BERIZHOW T, 18SrDNA ol
D EERH 2 il > TRE 2R T, FR, 2 f
(BEE+1 IR ICFE S ED 5 b —Fli
AER Y — %O R . Metschnikowia
pulcherrima & 100% — % L. & 9 1 f X
Saccharomyces cerevisiae & ITWETHD Z L3~ 7,

; Max  Total Query ; i Max  Total Query E i
Description score  score  cover value Ident  Accession | Description score score cover value ldent Accession
I-\lhmkm i pubchartima gan oo TS 1448 % o0 o0 ABSZIATLY ‘Sacsharomytes cersviis s ¥ IMTES

355 riboscmal FNA gena, axtgrmal T4l 141 L 11} s QTN )

P T il wanaceibod spacer 2. and 385 Asosceal

Ckmon-3 185 ribosomal RMA gere, parial 1443 1443 10, Lol SCULD i TINA for 183 riboscmal Rt A4a1 14E1 s %
saquancs

Ao oclrany CRS R340
mﬁmﬁmm; = 1436 1eon oo P AY 433053 1 mm-;nmgm?;‘mm 188 - s o
xﬁmw“m;u " s e 0% ¥y o= rtcsome ANA gene. pacsol 148 s ek ]
prcrorgeioporeinopie G CN o g LS IS0 s s o s
vuwam“mnmrﬁu 1380 1280 " o o R . e % e
Antpinten
N““Nm:@wwm 08 rhosal i i i L::"‘“ o3 ;m‘;"_’cuﬂ 1488 1485 9% Ba%
gena. angUEnCe
Mtochnuéa aubeti pand for 195 FRMA 1380 1380 oo " bl s i 00 oy
A el [FIE C& 7= Metschnikowia pulcherrima ([ZOWTIiL, Z DN TV a— AT T

7k — R & o TREEH ﬁ%ﬁo_&%\?wtﬁ~X%%/D—X%§M¢5bﬁ%%0_
ERFERENTNDEDT, NA AT H ) — )VAEIZBEICRATE 2R H D L EZ D
na,

<HFEHLFEDIA >

ENROAREZRERITTERONEERTH S, UZEDROMEEBZRAEDRELLERDOR
BITHEIFT LS ETHIHARECHERAATELOND, COEH, EQLIBRETHEERNEE
NEFL>TRYBATWS, T, B ERMEERFICLEEBERARFZR-TE LN, ABR
DRRETHIGESALHEBTOILEVLARETH D, KFRTIE, NMFTH/ —ILEEIC
MEMGHRBRICEA L CEGCHLGRITZEOTHEMNZT2THEY. TRELEL.
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HiE#MY 57 (REH)

BEEMEEZEYVD) YAV IILERIE
FFEH AR (RIRILST B S — & S g et 3 4F)
S - RIS (NPO ¥E A A SR 5 7)
OMENEM - BEEH
FAE, NFTHEAOENS BEMTICART HE X MIZONTHFEEZ L TWD, £ THh-o
722 E0F, BREEREIIARMZ T T, AT LS RBEELZRIF LTV H AT, Fl2iE, W)l
DIHENFIT L VKD DOEEMRAT 5, KEHRORELRFERDO— DK FREN B HHHEKT
Hb, < ITTFARKUHEBITHTES DN, FOFEEINTFHIVAALTHA G H 5, EL VAL
NDIEESFHTENT T HEKIRBRLE IERBRER EDTZDICH R BIFREMSCEZAD 3 RE
TREE, AL, HiEREHNOLOEEYZRY I, ETHLTED VA7 NI DTHD
BIULIZE D #lde = L2 L7z, F72, YRBRNOHWDEESCEM, IR, REICHE LE
MCEEF —ThHsHZ LITEE LT,
OMRDFE - FAER
L1 KRS OHENL -« 5308 : T F . AV —7 0, 7 2 ki, 431, ekl 4,
(D) BFEHEHAKDOCOD ({LFHFEHEE) M
(2) AT T VERR - - - ED X 5 2B E X <RI 2 Ak Bz 500 FHEL SV oih
2> < VB, EBRICHWZRMIIHER, Sy Frl—— H—F M) L,
(2D VA7V (BR) -+ YEfiF . T VR, bauk, ., o, F Sy ol
WEY J7- Ry 72 KR LAY 2 F LR IEIA LA FTHED . I3 —I12
MNTTRe Fe(ld 25 — FROTEHREKITENSNLV T 2EMCEES — BmY 7R
ST LR,
(2) FHMmFERER - - - FHROB| o9k 0 SRR 2 — @Y7k b 0 (FR) 2o, BEEw
R EERIRETEHABRSUINA L EOB LY OEEERLIKT D,
[S1AETIOHE (Ba) -+ Wil - AT A, L, FEAL, Xy bR My, IBERE,
W1EY S+ B CIBE > T-HEL PEOAETHEZE — FT R JEBR B 1~ER—L) (2T
TiATe — BFx 22K A& S THEIM L 2Rt LIRE A2 5,
(2) e Rk - - - R CAHMIBDEEICLZ DA T LRIBEORRBIEDEVETLEHET S,
[41BEHDD DF v v RVIERR (BoR) -« - e« BEIM . IMEEE R, & 255 88, 7L 2 A V%
(DAED J5 - H T ZRRCIFD AT IR D EEFE A 2 Va0 LiIAA TR T0°C OB 211 <, £ 72,
P D@k CREEA A2 VT EET e LTHRBR L7, WTFh b RELETL (5
4 vy art—=) OERMIC TR L, JI0%IT 1/ 3TRERIT 5,
(2) FHAMERBR - - - F ¥ o FAFEIET o A MITAAK LT, D=5, AT 2 8122,
[SIEMN DDV A 7 Vi AMERR (BR) --- W B, A ERL ik, Xud
(WFEY J5 « « « HiBRO@E AT AALE] TEE7- 500 (B IEAL FEERT U &7 A -
REWIEE 1 U 7 K55) Z T, BE (500g) B ERA T A Z1ES,
(2) Vet s h kB - - - KT DA T A & T, BB SIES T2 AT ADRERNE 5 e
FRANC L DENOWED B2 R L TR~ D,
OffRLEBR
EBR[1] (1) ~CODHERER (BN : ppm)

v ok (HSZTH) AETEHEK J& = K Mk
TR % A5 K
S D 0 5~10 5 5~10
JRHE ~0 20 13 20

ROV . AETEBEAKIZ EAKIZEE AR D IERL TV, ATEHER R ZF O F FW)INTHRIA A TV
% it~ AR GHSIN LB TH 5,
EBR[1] Q) DFERE (ZFHMOWNELY FEBR) Z2RT,

T4y a Ly b [ F v F VA I EaN s i th
= e P L R R 5 R H—t ()

TH B R D 9k FEALE
PRI 1/4 1.,/3 PN 3./ 4 1,/4 1.,/3 1/4 1.,/3
AL T R R 0.3— 0.2 - 855 | 065 | 03>
pomrar | 027140 | 0.2218@ | T La | %700 | s | s | L7

o1




H—9 HiE#MY 57 (REH)

FEMOES DAL RS KED ST —BEB IO o T HEHIC OV THEER L7,
=) H—+t peiGEdS (F5F - 558 BIMC L I — B ORISR b K&
— Motz A—EOMBHIEDHZ REFT 5 DICBIR
MOWR | 40-30GmL) | 40-39(l) | 2y, LitZeus,

EB([2]1~[5] OfER (BH) 27,

EB[3]1(1) 4 B0l

EBR[2]1Y 41 7 LD (EEIEIER L, s
Bl oM D A RERLE (it
HEETTRINASBRE 2 (i)
= EEA5] 1 4 2 A A DEE

e 7 — ~SUER T OWEE
R > ) . o

Vi (VWA ZIVEMATAN EREE L
(#+4) :>§ DR KX Do 72)

)
(FROBLY) T

5

EB[31(2) AU LKIBOA Z B
REAFE R (SR X o TIFE ZHOHEE
B2 RS D) 1

(ZITE5~6 BT »7-)

%%M]%H#%@%%%VREJ

@ (= HHERE D A1)
O (BZ=ERH+to&H) @ (LEATHHEE)  GER: HENMEE)

(BL) BEMIZIBDFE (KNA AT 4 —B/VRED DOIFREHZ b 72> TV 28, [N b 5 AL
WCRRENR R > TV D, —F, BlIZATASRCT Y FUICHLRZETTFRICV YA 7L TEDHT L
DM T=DT, —KFETHELT L0 TIEARWNEBGEESN D, Mo TEMEITERIC
HLREETH D0, ARNRWNED B OB EZIFRE LTV, O U A 7 AHINIES TH LN
oA MIEIEICRD GHEOFER), EZA LB TCH O TIEARL, HEIBICT D Z & TIRA L TT
KRETHAY, BUE, EEBIFAEZHOBER— /L aRA ML T\ 5,
OLBDBEE

PLEDEBRIFENS . WED/AEEDO TR TOIRDOKIEZFE L, W Ok ESITH D b
DOFR T I OEWFAL (VA 7)) BEEZBAE, FhE - I ToOx a5 14 7 0FEEZ kL
K&, R BEREICED> TWTUZ LW EEZTWD, £ LT, ITWERRAS L) 7
EOKERM EL, RENVHEET LI RBARERIZES Z L2 WFF L2,
OEESE I

(e BRL O B HAFSE  eco B (FiZE%HIR)

[=nchT&n MiEkE LSS 3R KMER (LAFRE (AR
IS L Lo X1 RN L I 7 v o £ B 3713 o R e 1 N
<FEEELZZEDOIAVF>

ARNZ, BFE UNFAEND) ORZVOERENIEZEL T, a2 BIcE0E S > TWET,
Alalt, ZFORBRZIED L CERBEDL PRI, BHoT7—~2EMMIC 22 L, vk
RRECT LT, 2 bilke L TR HINICE D 2 Z L 2R ATITIT A Z L 2R L £ 7,
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H—10 BRRF (RER)

HAERFZESLEHERICSOVWTORE

O AR AR WA LT SESEPE 2402 3 4F), OTE/KHER (s (L i SE3k v o 22452 3 4F), O B A (f

HIT 2 = He oAk 2 4F), PR RUIETECGR (L 2B 1L 22 2 4F), s & O LSz AR P e g 3

), BEE O ORI S ZHR P 3 4F), ABZR( Il LAk 2tk 2 47), BEFmEUe

W SEI0 PE 2R AR 2 4F), 13 (R (LT SZ AL 224 1 4F), Fn I ARA T (B0 K2 KA B B A 7E
B 1), REBBBEE AR AR v & —), KIEE L HEEER (R K FHE 75

MEE

2014 1%, Z Uil X RIS KD MEEIFRICEL T/ —VULEZZE L T2 L 100
EHOEBOHETH D, £ 2T, EHERSN, AELMFEESE EHIE L, M0 100 41
DRREZEIED DA Ry S 2 REHTIT > T D, Rk RGN RSB L ELD
nNaNnES2E, T2 LBROBFHICENTXMRICE D0 FHEEDORTEIT R TR B2
HLDOENSTHD, DNA O 2 BEEBFEIZSE O I kix?, =V, %3 Bl2, ~E/
Bl BieboAfm - EIEICEERMEEMOMEE B 2D L&, ST ORI e O
7R LITIXE R 215D Z LN TERY, T O DOIARR IS 2 3 2 FBeAY RS i X #i
EERAT 2D TH D, TDTD, FEMEEHRICET 2 ) —VEZEEIIBEE TIC 27 4
IZHDIED GG 2R T 5T, AARICEBW TS 100FRTOFHEZ 2 G & LT,
FICHRALHY, V—FLTEEaHETHDH, £IT, AREBITRETNE 2014 FL 054
12, HARNEICHAZ EDMEEOR R ONWTONRET 5 2 L 2EHE L=, BARRIZIT,
ikl X ST L 1IX DX 9 R bDRONTHONT, b 007 /L4 fE L TR
THZ &, ERICHEMITZIT) 2 L 2R EIE S LT,

ETILOEME
B L X ST OJFEFIZLL FO L 2R b D TH 5,
OX #EREEICHTT, ToRFTBEED (X 1), i
QOB LN EPHE A, Wik TEHE T, SRR Aoy XREEEE

% (9 2). e
E 7, WL X ERERT T, LT 0 S I 2 5, —
(D ELAE S & 13 2 SRR & Uz B L 7= 5
A O DD D,
DIERARIOD % B2 =10, i & b H S8 00 B 5 T Xofze
ECHD. T

()5 TR D K % < BArp 7 v N U8 L AT T
THAWD X BOBIER RS, il
22C, oM ~@EFHMRTE S Lo AEFAOME: H2 BRFHEORZH

S LT, EF AT OB S 5.
@HIZAZZWXBORDVICHICAZ D L—Y—KA X —%H\5,
(D) Db 1 (TS T % FIV B

THB AT, NS X EHERT OB A T 57 L 2 MIE LT,

RER - 2R

TR ENTWD 3O L —H—RA % —0GR 650 nm, ## 532 nm, %5 405 nm), 3 fE¥H
O EITHEF BRI 7.14 um, 2.00 um, 1.00u m)Z AT, BitxfTo7-, L—HF—=KRA
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H—10 BRRF (RER)

yH— LRS-, B EBRT R ) = TR 3 EDHEELZMANL T, £ LT, EET
27V —rOfERE%EZ Dlem), A7 U — B B0 L AL OEREA di, de & LT
(X 3 £)y L—F—HRA Z =D EHHEF TR S & TH LT BIEZ LU T OFRUTRAT
L, L= —DWELOmEERNICREST DI LENTE D,

(4 92) (cmy x #5-7 FHGGum)
x 1000
D(cm)

FERIZEL > TROTL L= =D EEZR 1ITRT, HIX3EIOREDOFLHEZ L, FHINA
TSR EZ R L TWD, ZOERRIZEY, LFORPHAL NIRRT,

DA Ok M2 1.00pm & 7.14 pm T, di, de OFEXEREEIL 10 51272 5,

@R CHEE T, BTHBEAHR 72D EHRENRE 2D,

BF Uk TR, BENEL 25 EMHREENNEL 2D,

WFEERLZEET D &, B THEA 7 um O & XE, EORETHHFEET NIV,
1 pmliZRD &, REFKITHEMFRENTIZREL o,

KLA(nm) =

A=

Lt 2

BT

I
g

3 EBREE®&E) ERHFEKE)

d, d,

. [ ; Py .
AORORMOEREND

x1 ERTROEL—F—DERE

L—H ot | EENETREE | 7.14 ym | 2.00 zm 1.00 u m
R 650 nm 658 (1.2%) | 713 (9.7%) | 883 (35.8%)
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Spectral changes of vegetation damaged by deer
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Spectral measurement of algae in polluted water area
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1) Nakanishi et al. (1969) Control of self-incompatibility by CO2 gas in Brassica. Plant Cell
Physiol. 10: 925-927.

2) Roggen et al. (1972) ‘Electric aided’ pollination: a method of breaking incompatibility in
Brassica oleracea. Euphytica 21: 181-184.

3) Hiroi et al. (2013) Time-lapse imaging of self- and cross-pollination in Brassica rapa.
Annals Bot. 112: 115-122.
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tomato: The role of ethylene and low oxygen] New Phytol. 76, 21-29.
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