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1. 緒言  

 
ISS

NASA ISS
Microbial Observatory

ISS

 
ISS

NASA ESA RSA

 
 
 
2. 研究計画  
2.1 研究目標  

Microbe-III 1  
 

1. Microbe  
  

Minimum success 

 
Full success 

Microbe-I/II  
Particle Counter Air Sampler

 
Extra success 

 
 

Minimum success

NASA
Full success

296

2

This document is provided by JAXA.



平成２８年度 ＩＳＳ ・ きぼう利用ミッション科学成果評価 報告書 297

 3 

Microbe-I/II

PCR-clone

DNA
PCR

2009
2012  

 
2.2 体制  
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2.3 スケジュール 
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3. 実験準備・運用  
Microbe 2008 2 Microbe-I Microbe-II

Microbe-III
5 1  

Microbe-I JEM
1

Microbe-II PI
Microbe-II

NASA
Microbe-III

2A NASA 2B
NASA

2C NASA
Win-Win  

Microbe-II Run2

 
 

5. ISS  
 Microbe-I Microbe-II Run1 Microbe-II Run2 Microbe-III 

 29 Aug., 2009 
(Discovery) 

15 May, 2010 
(Atlantis) 

22 Jan., 2011 
(HTV2) 

21 Jul., 2012 
(HTV3) 

 5 Sep., 2009 29 Oct., 2010 27 Feb., 2011 16 Oct., 2012 

 Frank 
de Winne 

Shanonn 
Walker 

Scott 
Kelly 

Akihiko 
Hoshide 

 13 Sep., 2009 
(Discovery) 

14 May, 2011 
(Endeavor) 

9 Mar., 2011 
(Discovery) 

28 Oct., 2012 
(Dragon SpX-1) 

 

1. ISS Ichijo et al., npj microgravity, 2016  

Inside of incubator

(Copyright of all photos belongs to JAXA and NASA)

Outside of incubator

Diffuser

Air intake

PC palm rest

Handrail
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2. (A) 
JAXA (B) NASA (C) 

JAXA  
 
 

4. 実験結果および成果  
4.1 真菌  

Microbe-I II III Microbial 
Detection Sheet DNA clone

ISS MPC Multi-Protocol 
Converter clone CBEF

Microbe-III
 

4.1.1 Microbial Detection Sheet（MDS：サニ太くん）による培養発育試験  
ISS

 
6  

 
6 Microbe-I II III  

 Microbe-
I 

Microbe-
II 

Microbe-
III 

 Microbe-Ia  
Ground control 

Inside of incubator 
(Door) 

NTb ✔  ✔  Surface of 
facilities 

✔  

Diffuser (Fin) ✔  ✔  ✔  Door push plate ✔  
Air intake (Grill) NT ✔  ✔  Lab bench ✔  
Handrail ✔  ✔  ✔  Air conditioner ✔  
Outside of incubator 
(Rack) 

✔  ✔  ✔  swab (before use) ✔  

aSatoh et al., 2011 
bNot Tested. 

 

(A) (B)

(C)
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4.1.1.1 軌道上実験の結果・解説  
Microbe-I MDS

Microbe-II MDS 5
10 3 MDS

4 6

Penicillium expansum Aspergillus niger Rhodotorula minuta
Penicilliium

ISS 460 Microbe-I 1000
Microbe-II

 
1500 Microbe-III

MDS 36 4 7
7

Aspergillus sydowii Penicillium expansum Rhodotorula mucilaginosa
Eurotium Penicillium

 
 

 

3. Microbial Detection Sheet 
5 10  

 
 
 
 
 
 
 
 
 
 

4. Returen Grill Penicillium expansum  
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5. Aspergillus sydowii  

 
 

 

6. Air diffuser Rhodotorula mucilaginosa  
 
 

 
7. Microbial Detection Sheet 

4 36  
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7. MDS  
Mission (Year) Pre (2007)a I (2009) II (2010-2011) III (2012) 
Colony # 0 0 10 36 

Species # 0 0 5b 4c 
a  
bAspergillus sydowii Penicillium digitatum Penicillium echinulatum
Penicillium expansum Rhodotorula mucilaginosa 
c Eurotium herbariorum Penicillium cavernicola Penicillium corylophilum
Penicillium solitum 

 
 

 
4.1.2 スワブ検体抽出 DNA に対する clone 解析試験  

ISS
PCR-clone  
4.1.2.1 軌道上実験の結果・解説  

Microbe-I III 7 7 cm2 4.1.1 Microbial Detection Sheet MDS:
1 mL 0.05  

Tween 80 5 200 µL
80 200 µL 30 µL DNA 1 µL 0.33 cm2

PCR DNA
PCR

PCR rRNA ITS1 Aspergillus niger 
TIMM 0115  

DNA 8 10
Alternaria Cladosporium Cryptococcus

460 Microbe-I Malassezia
DNA

Surface of facilities Air conditioner Cladosporium Inonotus Penicillium

Malassezia Lab bench Surface of facilities
8  

900 1000 Microbe-II Run 2 Handrail
Malassezia Alternaria Aspergillus Rhodotorula

9  
1500 Microbe-III Door Grill Handrail Rack

Malassezia Fin Malassezia Rhodotorula
10 Microbe-II III Fin Rhodotorula

Microbe-I II III Malassezia
ISS
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8. Microbe-I DNA Satoh et al., Microbiol. Immunol., 
2011  
 

Alternaria Aspergillus Cladosporium Malassezia
Penicillium Rhodotorula Trichosporon

 
 

9. Microbe-II DNA  
 

 

(A)	KIBO (B)	Ground	control

Alternaria sp.
Aspergillus sp.
Candida sp.
Cladosporium spp.
Cryptococcus sp.
Epicoccum sp.
Eurotium spp.
Malassezia spp.
Trichosporon sp.
Others
Unknown

Alternaria sp.
Antrodiella sp.
Armillaria spp.
Bjerkandera sp.
Botryobasidium sp.
Candida sp.
Cladosporium spp.
Dothideomycete sp.
Eurotium spp.
Flavodon sp.
Hymenochaetaceae sp.
Hyphodontia spp.
Inonotus sp.
Junghuhnia sp.
Leptospora sp.
Malassezia spp.
Penicillium spp.
Peniophora sp.
Pezicula sp.
Pleosporales sp.
Rhodotorula spp.
Skeletocutis sp.
Toxicocladosporium sp.
Trametes spp.
Trichaptum sp.
Wallemia sp.
Others
Unknown

1.	Microbe-I DNA

 

Alternaria sp.	1
Alternaria sp.	2
Aspergillus sp.
Exobasidium sp.
Malassezia sp.
Pichia sp.
Rhodotorula sp.
Stereum sp.
Others
Unknown

2.	Microbe-II DNA
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10. Microbe-III DNA  
 

4.1.3 地上帰還機器内の真菌叢解析  
ISS MPC: Multi-Protocol Converter

PCR-clone
MPC

 
4.1.3.1 軌道上実験の結果・解説  

8
Microbe-I II III MDS

ISS

9

 
PCR-clone 11 4.1.2 

DNA clone
DNA 1 Aspergillus sydowii

Microbe-I II III PCR-clone

PCR-clone DNA

 

Alternaria sp.
Aspergillus spp.
Cladosporium spp.
Cryptococcus sp.
Davidiella sp.
Epicoccum spp.
Malassezia spp.
Penicillium spp.
Rhodotorula sp.
Sporobolomyces sp.
Others
Unknown

3.	Microbe-III	 DNA
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8. MPC Satoh et al., Microbiol. Immunol., 2016  

 
 

 
 
 
 
 

Table 1. Continued

Launching
date

Recovery
date

Sampling
date

Sampling
site

ISS/Space
shuttle Equipment Isolates (n) Strain No.

DDBJ/EMBL/GenBank
accession No. examples of
100% similarity (target)

Medical significance
for humans

Toxicocladosporium irritans (2) 1263,
1264

LN834443 (ITS),
EU040243 (D1/D2)

Skin irritation (31)

Leptosphaerulina chartarum (1) 1260 HQ607815 (ITS1),
LC071452 (D1/D2)†

Unknown

Sordariomycetes sp. (1) (34) 1266 LC120831 (ITS)†,
LC071453 (D1/D2)†

Unknown

ND ND 10 Jul
2011

TKSC ISS T-CBEF Penicillium chrysogenum (1) 1495 KT151602 (ITS),
JF922035 (D1/D2),
KT253242 (b-tubulin)

Central nervous system
infection (24)

Penicillium daleae (1) 1555 KM458834 (ITS),
LC071454 (D1/D2)†,
LC120833 (b-tubulin)†

Mycotoxin-producer (32)

Aspergillus sydowii (3) 1493,
1554,
1575

LC105690 (ITS),
AM883159 (D1/D2),
KC795921 (b-tubulin)

Aspergillosis (30)

Cladosporium cladosporioides (1) 1556 KP701913 (ITS1),
KC585410 (D1/D2)

Phaeohyphomycosis (27)

Phaeophleospora
hymenocallidicola (2)

1583,
1589

KR476739 (ITS),
LC071455 (D1/D2)†

Unknown

Paecilomyces variotii (1) 1496 JQ796880 (ITS),
FJ345354 (D1/D2)

Pneumonia (33)

Trametes elegans (1) 1494 LC120834 (ITS)†,
LN774884 (D1/D2)

Unknown

Sordariomycetes sp. (1) (34) 1588 LC127196 (ITS)†,
JQ761840 (D1/D2)

Unknown

15 May
2008

1 June
2011

20 Jan
2012

Meisei ISS Power
Supply

0

STS; Space Transportation System, ND; no data, D1/D2; D1/D2 region of 28S ribosomal RNA gene.
†this study.
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Table 1. Culture results

Launching
date

Recovery
date

Sampling
date

Sampling
site

ISS/Space
shuttle Equipment Isolates (n) Strain No.

DDBJ/EMBL/GenBank
accession No. examples of
100% similarity (target)

Medical significance
for humans

24 Oct
2007

12 Sep
2009

9 Nov
2009

TKSC ISS MPC 1 Penicillium chrysogenum (6) 958, 959, 960,
961, 962, 964

KT151602 (ITS),
JF922035 (D1/D2),
KT253242 (b-tubulin)

Central nervous system
infection (24)

Aspergillus cibarius (3) 963, 965, 966 FR848828 (ITS, D1/D2),
KJ528497 (b-tubulin)

Unknown

24 Oct
2007

27 Nov
2009

10 Feb
2010

TKSC ISS MPC 2 0

11 Ma,
2009

24 May
2009

7 Oct
2010

TKSC Space Shuttle
(STS-125, Atlantis)

MPC 3 Penicillium chrysogenum (1) 1253 KT151602 (ITS),
JF922035 (D1/D2),
KT253242 (b-tubulin)

Central nervous system
infection (24)

Penicillium corylophilum (1) 1256 AF034456 (ITS, D1/D2),
KJ775120 (b-tubulin)

Non-atopic asthma and upper
respiratory disease (25)

Alternaria tenuissima (1) 1267 KP267518 (ITS),
FJ755192 (D1/D2),
KP276098 (Tma22),
KP275923 (Pgs1),
KP276005 (Rev3)

Multifocal cutaneous
infection (26)

Cladosporium cladosporioides (2) 1252, 1257 KP701913 (ITS1),
KC585410 (D1/D2)

Phaeohyphomycosis (27)

ND ND 7 Oct
2010

TKSC ND (Used by
NASA mission)

MPC 4 Penicillium chrysogenum (1) 1254 KT151602 (ITS),
JF922035 (D1/D2),
KT253242 (b-tubulin)

Central nervous system
infection (24)

Penicillium corylophilum (3) 1255,
1258,
1259

AF034456 (ITS, D1/D2),
KJ775120 (b-tubulin)

Non-atopic asthma and upper
respiratory disease (25)

Penicillium paxilli (1) 1268 LC120832 (b-tubulin)(24),
JN617687 (ITS),
EU427293 (D1/D2)

Mycotoxin-producer (28)

Aspergillus penicillioides (1) 1289 EF652036 (ITS, D1/D2),
LC127195 (b-tubulin)†

Allergic rhinitis and
rhinosinusitis (29)

Aspergillus sydowii (1) 1261 LC105690 (ITS),
AM883159 (D1/D2),
KC795921 (b-tubulin)

Aspergillosis (30)

Cladosporium sphaerospermum (1) 1265 KT151594 (ITS),
KM458639 (D1/D2)

Hay fever (29)

continued
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9. MPC  
Satoh et al., Microbiol. Immunol., 2016  

 
 

11. MPC  
 
 
4.1.4 CBEF 加湿器廃水試験  

ISS CBEF PCR-
clone

 

Table 2. Antifungal susceptibilities of fungal isolates

MEC MIC

Name Strain No. Habitat Micafungin Amphotericin B Flucytosine Fluconazole Itraconazole Voriconazole Miconazole

Penicillium chrysogenum 958 MPC 1 <0.015 1 16 >64 0.25 0.25 1
Reference data (24) ND 2 0.125 8 1 0.1 ND

Penicillium corylophilum 1255 MPC 4 <0.015 0.12 4 >64 0.06 0.12 0.06

Penicillium daleae 1555 T-CBEF <0.015 1 2 >64 1 1 1

Penicillium paxilli 1268 MPC 4 <0.015 4 8 >64 2 >8 1

Aspergillus cibarius 966 MPC1 <0.015 0.25 4 4 0.06 0.12 0.25

Aspergillus penicillioides 1289 MPC 4 NG NG NG NG NG NG NG

Aspergillus sydowii 1261 MPC 4 <0.015 1 32 >64 0.25 0.12 4
Reference data (35) ND 1 ND ND 0.5 2 ND
Reference data (21) ND 4 ND >128 >128 ND ND

Cladosporium cladosporioides 1252 MPC 3 0.25 2 8 64 0.5 2 1
Reference data (36) ND 0.32 0.5 25.39 0.25 0.08 0.63

Cladosporium silenes 1556 T-CBEF <0.015 0.5 1 >64 0.25 1 0.5

Cladosporium sphaerospermum 1265 MPC 4 <0.015 1 32 >64 >8 1 >16

Toxicocladosporium irritans 1263 MPC 4 0.12 0.25 0.25 16 0.03 0.5 0.12

Phaeophleospora hymenocallidicola 1583 T-CBEF 0.3 2 8 >64 1 0.25 8

Alternaria tenuissima 1267 MPC 3 0.12 1 >64 32 2 4 2
Reference data (37) ND 1.54 256 58.6 0.7 ND 4

Paecilomyces variotii 1496 T-CBEF <0.015 0.12 <0.12 >64 0.12 8 4

Leptosphaerulina chartarum 1260 MPC 4 0.03 0.12 2 32 2 0.5 0.25

Trametes elegans 1494 T-CBEF 8 0.06 >64 >64 0.25 0.25 2

Sordariomycetes sp. 1588 T-CBEF 0.003 0.5 32 >64 2 2 2

Sordariomycetes sp. 1266 MPC 4 NG NG NG NG NG NG NG

Concentration: mg/mL [AMPH-B; mg(titer)/mL]. MEC, minimum effective concentration; MIC, minimum inhibitory concentration; NG, negative growth in RPMI medium; ND, no data.
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62% 
25% 

6% 
4% 

Aspergillus sp.

Sporidiobolales sp.

Malassezia sp.

Candida sp.

Rhizopus sp.

Phaeophyscia sp.

Cryptococcus sp.

307

1312

This document is provided by JAXA.



宇宙航空研究開発機構特別資料　JAXA-SP-17-007308

 14 

4.1.4.1 軌道上実験の結果・解説  
Paecilomyces 

variotii
PCR-clone

12 Aspergillus MPC
Paecilomyces variotii DNA  

 
 
 
 
 
 
 
 
 
 
 
 
 

12. IN OUT PCR-clone  
 
4.1.5 エアサンプラーおよびパーティク・カウンターによる空気環境試験  

 (ASD Air Sampling Device)

 
4.1.5.1 軌道上実験の結果・解説  
4.1.5.1.1 エアサンプラーによる回収検体に対する培養および PCR-clone 解析  

ASD
DG18 28 1

PCR-clone 10 9 DNA
13 DNA Malassezia

DNA

G
 

4.1.5.1.2 パーティクルカウンターによる気中粒子の解析  

14

2 10 µm
Cladosporium Penicillium Aspergillus

 

0% 

20% 

40% 

60% 

80% 

100% 

IN OUT

Fu
ng

al
 D

N
A

Aspergillus sp. 
Cladosporium sp.
Purpureocillium sp.
Torula sp.
Unidentified fungus

308

14

This document is provided by JAXA.



平成２８年度 ＩＳＳ ・ きぼう利用ミッション科学成果評価 報告書 309

15 

13. PCR-clone  

14. G  

NASA ISS
ISS 100 cfu/m3 1,000 cfu/m3

15 1500
10 1,000 0.5 µm

HEPA
 

1.5x106

1.0

0.5

0

Pa
rt

ic
le

s/
m

3

6004002000

CFU/m3

r = 0.73

2.0 - <5.0  mµ

1.0x106

0.8
0.6
0.4
0.2

0

Pa
rt

ic
le

s/
m

3

6004002000

CFU/m3

r = 0.75

5.0 - <10.0  mµ
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15. 2.832L  

10. Microbe-III  
µm  0.5  1.0  15  

/m3  23,000 11,000 6,700 
 3,000 1,500 400 

11. ISO 14644-1 JIS  

ISO 0.1 µm 0.5 µm
209E  

11 ISO
BCR 0.5 µm 209E 100 100 /ft3

Microbe-III 0.5 µm 1,000
35,200 5 µm

BCR 基準 
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10 2 29,300

 

 

4.1.6 まとめ 
1 	  
2 	  
3 	

 
4 	 PCR-clone

 
5 	

 
6 	 PCR-clone  
7 	

 

4.1.7 サクセスクライテリアに係る自己評価  
Minimum success  

 
Full success  

Microbe-I/II  
Particle Counter Air Sampler  

Extra success  
 

4.1.8 国際的位置付け、関連分野および社会生活への波及効果  

 

4.2 細菌  
4.2.1 Swab 法のプロトコールの決定  

swab
ISS swab

311
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ルを最適化した。なお本研究においては、swab の繊維か傾向顕微鏡観察等の鍾愛になることを防

ぐために、めんではなく、ポリエステル製の swab を用いた。

　まず、ISS 内の細胞ラックで用いられている金属版上に 1.0 × 107cells となるように、Lactococcus 
lactis subsp. Lactis GTC00323 を塗抹した。次に① swab と被検面との接触面を変えずに縦・横・斜め

に全面を拭う、② swab と被検面との接触面を変えずに１cm 間隔で横に１回ずつ拭う、③ swab と

被検面との接触面を変えずに１cm 間隔で横に往復で拭う、④ swab と被検査面との接触面を変えず

に１cm 間隔で横・縦に１回ずつ拭う、⑤ swab と被検面との接触面を変えずに１cm 間隔で横・縦

に往復で拭う、⑥ swab と被検面との接触面を一列毎に変えながら１cm 間隔で横・縦に往復で拭う 
の６手法を用いて金属板上から細菌を回収した（図 16）。回収した細菌をそれぞれ 10ml のろ過滅

菌水中に懸濁し、核酸結合性蛍光染色剤 SYBR Green Ⅱを用いた蛍光染色法により、各方法での細

菌回収率を測定した。

　その結果、表 12 に示したとおり、②、③では細菌回収率がおよそ 50 ～ 60％であったのに対し、①、

④、⑤、⑥では細菌回収率がおよそ 70％であった。①、④、⑤、⑥の細菌回収率の間には有意差は

無かったことから（P>0.05）、操作が最も簡便である④を採用することと決定した。

　次に、④のプロトコールにおける回収率の個人差を検討した。L. lactis subsp. Lactis GTC00323 を 1.0
× 107cells となるように、ISS 内の細胞ラックで用いられている金属板上に塗抹した。この試料に

対し、④のプロトコールを用いて３名がサンプリングを行い、細菌の回収率を比較した。その結果、

３名とも回収率は約 60 ～ 70％であり、有意差は見られなかった（P>0.01）。
　さらに、菌種による回収率の差が無いかを確認した。L. lactis subsp. Lactis GTC00323 および ISS
内でこれまでに検出された細菌と同種の３株（Acinetobacter lwoffi ATCC 15309, Bacillus subtilis 168, 
Staphylococcus epidermidis IFO 3762）を液体培養後、各々を 1.0 × 107cells となるように、ISS 内の

細胞ラックで用いられている金属板上に塗抹した。風乾後に swab 用いて各菌を回収し、核酸結合

性蛍光染色剤 SYBR Green Ⅱを用いた蛍光染色法により、検出を行った。その結果、表 13 に示し

たように菌種による回収率の違いは見られず、グラム陽性菌、グラム陰性菌ともに十分に回収でき

ることを確認した。

図 16.  検討したスワブの操作 (Yamaguchi et al., Eco-Engineeing, 2010)
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12. Yamaguchi et al., Eco-Engineering, 2010  
Swabbing Number of recovered cells (cells) Bacterial recovery rate (%) 

 (7.1±1.3)*×106 71±13 

 (5.9±1.0)×106 59±10 
 (5.0±1.0)×106 50±9.9 
 (6.9±1.1)×106 69±11 
 (7.2±1.5)×106 72±15 
 (7.1±1.4)×106 71±14 

n=10, * Mean±S.D 

13. Yamaguchi et al., Eco-Engineering, 2010  
Bacterial strain Recovered cells cells  Bacterial recovery rate  
L. lactis* (6.9 1.1) 106 69 11 
A. lwoffii** (7.3 2.0) 106 73 20 
B. subtilis** (7.0 1.3) 106 70 13 
S. epidermidis** (6.1 1.0) 106 61 10 
*n=10 **n=11

4.2.2 粘着集菌シートの作製およびサンプリングプロトコルの決定  
swab

17
 

17.  
Ichijo et al., Microbes Environ., 2013  

PET
7 cm 8.5 cm 25 mm 25 mm
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ISS

Ac. Lwoffi ATCC 15309, B. subtilis 168, Pseudomonas 
putida ATCC 12633, S. epidermidis IFO 3762 ISS

SYBR Green II 18A

18B 10 µm
 

 
 
 
 
 
 
 
 
 
 
 

18. Ichijo et al., Microbes Environ., 2013  
 

Swab ISS
Ac. lwoffi, B. subtilis, P. putida, S. epidermidis

ISS 1.0 107 cells
2.5 106 cells swab

SYBR Green II  
swab 69 11% 78 12%

n=10 P > 0.05  
ISS

ISS
Ac. lwoffi, B. subtilis, P. putida, S. epidermidis ISS

1.8 105 cells
4.5 104 cells 20

4 80 12
SYBR Green II
80 12

19  
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19. Ichijo et al., Microbes Environ., 2013  

4.2.3 Swab および粘着集菌シートからの細菌 DNA の回収法の決定  
ISS Ac. lwoffi, B. subtilis, P. putida, S. epidermidis

ISS swab
DNA DNA

PCR PCR
16S rRNA EUB f933 EUB r1387 swab

DNA DNA
Tsai beads beating

Tsai DNA  
DNA Tsai DNA FastDNA 

SPIN Kit for Soil MP-Biomedicals Tsai 50%
DNA 80%  

4.2.4 ISS「きぼう」における細菌現存量測定  
4.2.4.1 材料と方法  

 
RACK DOOR”D”

HANDRAIL FIN GRILL”H”
SSC15 negative control

negative control  
Microbe-I 2009 9 5 Microbe-II Run 1 2010 10 29

Microbe-II Run 2 2011 2 27 Microbe-III 2012 10 16
 

Microbe-II Run 1
ISS 2011 6 6 JAXA

7 Microbe-I Microbe-II Run 2 Microbe-III
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Swab swab 10 mL particle free water

swab particle free water 5 mL
500 µL R2A 500 µL

37 R2A 25  
 

swab 10 mL  5 mL 0.2 µm
13 mm2 SYBR Green 

II  
5 mm

DNA SYBR Green II
 

50 0.5 mm2

swab 2 102 cells/cm2 2
104 cells/cm2  

PCR  
swab Tsai DNA

 
FastDNA SPIN Kit for Soil

DNA  
DNA 16S rRNA PCR

16S rRNA EUB 
f933 EUB r1387  
4.2.4.2 結果  

 
Microbe-I R2A

0 16S rRNA
Acinetobacter sp. Brevundimonas sp. Paracoccus sp.  

Microbe-II Run 2
0 16S rRNA

Bacillus sp.  
Microbe-III

0 16S rRNA
Brevibacillus sp.  

Acinetobacter Bacillus Pseudomonas ISS
Brevundimonas Pseudomonas Brevibacillus Bacillus

ISS
 

 
 

swab PCR
14  
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14. Ichijo et al., npj Microgravity., 2016  
Microbe-I Microbe-II Run 2 Microbe-III 

TDC qPCR TDC qPCR TDC qPCR 
Outside of incubator 
(Rack) 

2×103 4×103 2×103 <1×102 2×102 <1×102 

Diffuser (Fin) 9×102 2×103 <2×102 3×102 <2×102 <1×102 
Handrail 7×102 5×102 <2×102 1×102 2×102 <1×102 
Air intake (Grill) NT NT <2×102 1×102 <2×102 <1×102 
Inside of incubator 
(Door) 

NT NT <2×102 1×102 <2×102 <1×102 

    Abbreviations: NT, not tested; qPCR, quantitative PCR; TDC, total direct counting 
    Unit: cells/cm2 

4.2.4.3 考察  
105 cells/cm2

ISS
107 cells/cm2 ISS

 
Microbe-II Run 2 Microbe-III

Microbe-I Microbe-II Run 
1 Microbe-II Run 2 Microbe-III ISS

Microbe-II Run 2
Microbe-III

 

4.2.5 ISS「きぼう」における細菌群集構造解析  
4.2.5.1 材料と方法  

 
4.2.4 ISS  

 
i) nested PCR-DGGE Denaturing Gradient Gel Electrophoresis

Microbe-II Run 1 DNA 16S rRNA
nested PCR-DGGE 16S rRNA

8f 1492r PCR 16S rRNA
EUB f933-GC clamp EUB r1387 PCR

DGGE DGGE
ii)

Microbe-I Microbe-II Run 2 Microbe-III swab
DNA 16S rRNA V6 - V8

968f 1401r PCR 968f Roche 454
1401r

GS FLX+ Roshe

317

2322

This document is provided by JAXA.



宇宙航空研究開発機構特別資料　JAXA-SP-17-007318

24 

Qiime 7,500 reads
 

4.2.5.2 結果と考察  
i) nested PCR-DGGE

Microbe-II Run 1 nested PCR-DGGE
20

Actinobacteria Firmicutes

20. ISS Ichijo et al., Microbes Environ., 2012  

ii)
Microbe-I Microbe-II Run 2 Microbe-III

21 22
nested-PCR DGGE Firmicutes Firmicutes

Firmicutes PCR

swab DNA
swab Tsai

beads beating DNA swab
Tsai

DNA
nested PCR-DGGE clone library

ISS
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21. ISS swab Ichijo et al., npj Microgravity., 
2016  
 

22. ISS  
Yamaguchi et al., ISTS 30th., 2015  
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4.2.6 まとめ 
1 	 ISS swab  
2 	 ISS

 
3 	 ISS

ISS
 

4 	
Actinobacteria Firmicutes

 
 
4.2.7 サクセスクライテリアに係る自己評価  

Minimum success
   

Full success
Microbe-I/II

   
Extra success  

 
 
4.2.8 国際的位置付け、関連分野および社会生活への波及効果  

NASA GeneLab https://genelab.nasa.gov
NASA microbial Tiger team
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5. 結語
1 	  
2 	  
3 	

 
4 	 PCR-clone

 
5 	

 
6 	 PCR-clone  
7 	

 
8 	 ISS swab  
9 	 ISS

 
10 	 ISS

 
11 	

Actinobacteria Firmicutes
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