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1936 & Bk 1M1-12km /NS5 a2a— FTHETITH Bacillus sp. 0.14 m-3 Rogers, L. A.,
MEDOY LT UHESE Fungi Meier, F.C.
1966 fij Z° 3 km BAREBEOEIFUEBI4 Fungi 5-200 m-3 Fulton,J.D.
LA — Bacillus
Micrococcus
1967 & Bk 10-30km KRYH LA AT 4 )LA Micrococcus 0.8-0.02 m-3 Bruch, C.W.
— (2 & BATESDOREE B Alternaria
Cladosporium
1976 S R & B O4 48-58 km 7 4 )L L EDFEELEH Micrococcus 31 Imshenetsky, A.A.
W k Micobacterium Lysenko, S.V.,
Kazakov, G. A.,
Ramkova, N. V.
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Yang Y. Itahashi S., Yokobori S. and Yamagishi A. UV-resistant Bacteria isolated from

upper troposphere and lower stratosphere.
Biol.Sci.Space 22:18-25 (2008)
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Clone Altitude Related genus

ST 0316 10-12 Deinococcus

TR 0125 0.8-5.8 Deinococcus

TR 0126 4.6-10 Streptomyces
TR 1103-2 1.2-7.8 Bacillus

TR 1103-3 7.8-12.2 Paenibacillus

Yang Y. Itahashi S., Yokobori S. and Yamagishi A. UV-resistant Bacteria isolated
from upper troposphere and lower stratosphere.
Biol.Sci.Space 22:18-25 (2008)
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| [1Stratosphere
clone

A Troposphere
Clone

logyo (Survival)

@ Deinococcus
radiodurans

0 500 1000 1500 2000
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Yang Y. Itahashi S., Yokobori S. and Yamagishi A. Biol.Sci.Space 22:18-25 (2008)
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Micrococcus Iuteus

— Paenibacillus illinoisensis
98.5

BL521B (Isolate from 20-35 km altitude)
Paenibacillus cineris
Paenibacillus popilliae

Paenibacillus alkaliterrae

Bacillus pycnus
4.':! 9.1 Py

99.9 BL521A (Isolate from 20-35 km altitude)

Bacillus arvi
—Ig?.o
Bacillus arenosi

Bacillus sphaericus NP71 (20-km-altitude isolate)
5 gfncmus sphaericus DSM28

BL512 (Isolate from 12-18 km altitude)
66.2 . . .
] o ) Bacillus fusiformis

— Bacillus simplex
=181.5

Bacillus luciferensis NP1 (20-km-altitude isolate)

Bacillus subtilis
99.8

156.9 ' gsacmus aerophilus JCM13347T (40-km-altitude isolate)
Bé%acmus stratosphericus JCM13349T (40-km-altitude isolate)
100 Bacillus aerius JCM133487 (40-km-altitude isolate)
Bacillus altitudinis JCM13350T (40-km-altitude isolate)
9_I{i?»:l"_51 1 (Isolate from 12-18 km altitude)
Eg.gcmus pumilus SAFR032
Bacillus pumilus ATCC7061

0.05 substitution/site

Yang, Y. et al 2008
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1936 KBk 11~21 DHLTY L S Bacillus sp., Macrosporium sp. Rogers and Meier

1965 Bk 38~41 g 1 —zELTERER Penocillium sp Soffen
ERHBIZAY Ty FOEIEBRIC, .

1975 B4y b A8~TTRYIFLY Ry sihote  MHCOBACIONUmSD. yphonstuky et al
EEORBIEHEIREI L3, P-

/= RITEOE@MICERBD 7L —  Bacillus sp., Penicilliumsp. e

2003 RITH#E 20 FZ#IEZBBXHA Microbacteriaceae Griffin,
EBERIESN-R 712k - Deinococcus sp.,

2008  RITH#E 0.8~12T AT F3v74NZ—|C Streptomyces sp., Yang et al.
HWLTERZ5IL, Bacillus sp.Peanibacillus
BERIEES MR FICE-

2008 R[E 12~35T Av7TFv741RZ—IZBacillus sp., Paenaebacillussp. Yang et al.
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12-35 K& Bk ., Paenibacillus sp. [4]
20 AT Hk Micrococcaceae, Staphylococcus, Brevibacterium. [5]
41 KBk ., Staphylococcus sp., Engyotontium sp. [3]
48-77 R7vk Mycobacterium sp., Micrococcus sp. [6]

4

Deinococcus sp. [1] Aggrégated cells [3]
[1] Yang et al., 2008 [2] Smith et al., 2011 [3] Wainwright et al., 2004, [4] Yang et al.,
- 2008b [5] Griffin et al., 2008 [6] Imshenetsky et al., 1974




MEMZEEDEEKRFE

R R A

| I N N N A A I | I I N N (N A I | L L1 1™

100 400




BT £ R B %

S - EEE L L L L L L L

2 e

X ILRF[5] BT [6]

SubL 2
ARGEB 1] b= ='='2 == = —

A

[1] Smith, 2013, [2] Burcker and Horneck, [3] Dehel et al., 2008 [4] Smmith et al., 2011,
[5] Van Eaton et al., 2013 [6] Kring, 2000, [7] Wainwright et al., 2006
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The SEM image of aerogel
surface(Bar=100 nm)
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Kawaguchi, Y. et al. Ori. Life Evol.
Biospheres 44, 43-60, (2014)
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L7z, (Arrhenius 1908)
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D. aetheriu

D. radlodurans R1 D. aerius

Bar= 1 um (Nicholson, 2009) (Yang, 2008)
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(Yang 2008)

IREMEY ST
D. radiodurans R1 WMEYMDESITIREFELI-EFE,

DNA B8 1815 F D RiEHkK
D. rariodurans KH311 (ApprA)

D. radiodurans rec30 (ArecA)

D. aerius , D. aetherius  DNA R

R

D. radiodurans UVS78 (AmtcA, uvsE) DNA Tl




Microbes exposed

Nostoc sp. HK-01  Schizosccharomyces pombe JY3
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Exposure microbes Analysis

Nostoc sp. HK-01  Survivability, DNA damages

S. pombe JY3 Survivability, DNA damages




bt
Exposure experiment of organic compounds

uv v—Ray Heavy ion Temperature Total
Glycine 2x107° 100 100 100 2x107°
Isovaline 3x10°  >99 100 100 3x10°
Hydantoin 29 100 100 100 29
Ethylmethylhydantoin 712 > 99 100 100 72
Complex organics (CAW) 36 100 100 100 36

v'Cosmic rays will not affect for alteration of amino acids their precursors.
v'UV is the largest effective energy source for alteration of amino acids their
precursors. We are expecting higher survival of precursors of amino acids
than amino acids themselves.

Ultraviolet light: Xe-excimer lamp (172 nm ) & New SUBARU BL-6 ( > 130 nm)

y-rays: 60Co source at JAEA Takasaki; 200 kGy (> 1000 yr)
Heavy ion: Carbon ion (290 MeV) at HIMAC (NIRS); 16 kGy (ca. 160 yr)
Temperature: Max. 80°C

K. Kobayashi et al., Trans. Jpn. Soc. Aeronaut. Space Sci., 12, No. ists29 (2014).



.

FHEZERFHAR
T—v3> T
I7045)LZAEWNT
BEEI5
BRI 5



2015FFTH

‘|£E1§s 2L

7

=AIXIXETE e

EIF

FERFEHRAT—aVDBRELRICEELZRE
F 2. SERIZEEZTRVYIAD

FIVEBREY T ILEH EIZEHBIRS
— AR A Y ZE
— FRRIGAETCTFHEZEHE

— -

=D -

EFEEIRANS



-AIXIXEHE

b
201545 A 2016FE & 20174 & 2018 &
RREE
e 4
(73
B y
(73
BeltA )
(73
Gth
&2
b
(73
Gth |
E—MEAB E_[AH $£=[M[H
[ 4% [E] 4% [B] 4%



201554 A15H AXR—AX*TL,

>34 yhTiTB LT










~

| B[S E A F—ay
BREEED 14 PR BB IER

5F§§)J73‘F’n1

JAXA/NASA



<
V)
<
Z
<
X
<




TYHIRINLEZITOVIMSIHAS




L 1 ’J'&f
RN —LCRE) |

JAXA/NASA



INKLD—ILIZ
pm 4 L

l"

JAXA/NASA




.................................
NN N E E NN NN NN e muu Ny

JAXA/NASA



IT7A7IL:IHNTHODEKR, R IEHSR

IT7045)L W SR L

o I7OFIIEFHE/NRILIZLVDNAT, FEZERIZIRE
LT. FHEXHEET S,




i

L r s

20168 A Fimi=. 9 H20B = THWY

e IBE/\RJ)L 10A3BmEEZA
— AW A FEER
- Hikm- 20Tk
e HHE/NRIL
— FEISHT b oYY RinAhl+ RIEF
- SEXICHEEA
— S
— Y
— MEY




4, CNETORE

B (R £ ER AN D TAH Y




IR

& B

HOEIRODNERE 4,

ISSD N ERE

@ & &
B ———
"]
—
—
—

[—
._._..—l='-'._.-
e

[
—
[

VI YE AL
Y

L] = ] ] s - 180 i Tl FL ] 4] | 5] ix Ei ]
RA DK

%
Lo
=

4

D ISR AR T, e B LTLVET,
T eHoAFIEE L, TOEEDRTAREEINE EELTLIVET,
i AENBEFRNLEF O EFE oA RELTLEYT,




VA k- 4=

May 2015 1S5 Reference Trajectory Sun Beta Angle
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400 I ' 1 4 1 ! 1 ! I ' | !
A ® OSLD - A: Outside

300 k A RPLD - B: Outside |

_ O OSLD - A: Inside

) A RPLD - B: Inside
= 200 -

a 5 TS E

100 | é—-—-—._.%_._.________é§ 1

0 . 1 . i . 1 . i . 1 . | ;
0 1 2 3 4 5 6 7

: 2
BEHTEE2mmT (¥300mGy) L RICKNESS [g/cm”]
IRE SN T3g/cm? TIE IR )L F—HSTH R (LB R (150mGy)
ISS5 EEBA TILE R ZK7FL ALY (100mGy)
EFRIFEE MR REE
MAHREFHLEWRAR
TNp_z(}'ll-';igq %i :Hiﬂiﬁﬂ IJ\:FH,\' Wﬂﬁii 55
Yamagishi et al. 2018
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100 . ;
w:

§ 60 I

;gu 40: &1 A2Fla A2F1b
) g P,=(3.73x0.72)x 10/
gl J6Fcm?2

Irradiated photon number / 10'°

?Eﬁ z ?%ﬁb?é P160_1901yr‘3:\

ABZHEEE D 1 FRFEE Y2 Sig 1002 =1.517 MJI m20D0.47%,

wmIZBSHZNDTO0.5
AESEIIEAS RE0.315%0.315,

0.5x0.315x0.315=0.050 = 5%

=3 KB’%%/&/ \RILDE R Yamagishi et al. 2018
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Exposure conditions of environmental factors

uv (kJ/mz) Radiation | Vacuum | Tempureture | Humidity (%)
MgF,: 110-315nm | (mGy) (°C)
SiO,: 170-315nm
Front (UV-irradiated) 3.4x10° r
................ 31x10° | 250208 | 20%20° | Z0E 0
Bottom (dark cont.) — T
ISS(cont.) — 97-106 — 19~25 45~55
Ground(cont.) - 1.4 — 20 29~45
Y ishi et al. 2018
Front Window AmagiEh &t 8

#16

(UV-irradiated) r

N =

IS || s =
B Otto m R S
Dark control
( ) Space control panel 57
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6. _NETORE BBREYUTILG

MAEY Deinococcus radiodurans R1 0.5mmETHETRF ST2Mi
VS D. radiodurans UVS78 AmtcA ,AuvsE 1ImMmETERF ST2Mi
D. radiodurans rec30 ArecA 1.5mmETHETF ST2Mi
D. radiodurans KH311 ApprA 0.5mmETHETF ST2Mi
BEAREERL T/ NOTIT BFTCHER ST2Mi
D. aerius TR125 HEITh
D. aetherius  ST316 HEiTH
Schizosaccharomyces pombe HEITH
BHiEY T T ST3Mi
57 EXRAY AT ST3Mi
CAW(IRI EMYE RN ERERNY) %R ST3Mi
AN HITH

IFILAFILEF VY
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24515 A5hR -
ZRTIRIRAGROREFIEHI

F (False)

Bar Fiber Aerogel Fragment Block (irregularly shaped)

U (Undefined) T (True)

=>Additional info (e.g., material) needed

No clear entrance, surface only, Hypervelocity Impact
short length, no bursts/twists, Track/Burst/Feature
conchoidal fractures, etc.



Particle: >100 um (Big)
Density: high
Impact velocity: high
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HI2A=—RIVE EiEHl

1Z] =100 mm
(100 repeats
by 0.1 mm step)
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Mesarement of space debris %

« Crater on aluminum casings will be optically inspected.
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