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Acinetobacter lwoffii ATCC 15309T Bacillus subtilis 168 Lactococcus lactis
subsp. Lactis GTC00232 Pseudomonas putida ATCC 12633 Staphylococcus epidermidis IFO 3762
L. lactis 10 ml GAM 37
A. lwoffii B. subtilis P. putida S.epidermidis 10ml LB 37

A. lwoffii  B. subtilis P. puitida S. epidermidis  ISS

4)

L. lactis 1.0x10" cells  ISS

[Japan Aerospace Exploration Agency: JAXA]



5 cmx5 cm TX761 Texwipe

a
b I cm 1
c I cm
d I cm 1
e I cm
f I cm

6 Fig. 1

10 ml a

=

Fig. 1. Six swabbing techniques examined in this study.
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1 Fig. 1[d] 10 ml

3 3
A. Iwoffii B. subtilis S. epidermidis 1.0x107 cells 1SS
5 cmX5 cm
I cm 1 Fig. 1[d] 10 ml
I cm 1 Fig. 1[d]
10 ml
7.5 cm® 25 cm’
A. lwoffii  B. subtilis P putida S. epidermidis 1.0x10° cells 1.0x10% cells
ISS
cmx5 cm
1 cm 1

Fig. 1[d] 80 12



4 8 12 10 ml

10 ml
Advantec

[w/v]NaCl 0.5 mM EDTA

Sigma-Aldrich 150 pg/ml
3 3 ml
Olympus
uv
0.2 pm
DAPI 3 3 ml
10 ml
37 7
DNA
0.2 pm
DNA
1.8 ¢ 0.1 mm

pH8.0 60ul  10%SDS 750 pl

EDTA [pH&.0] MINI-BEADBEATER

0.2 pm

0.1 M phosphate buffer [pH 8.5] 5%

4',6-diamidino-2-phenylindole = DAPI;

6-carboxyfluorescein diacetate 6CFDA; Sigma-Aldrich

1 pg/ml
uv
500 pl 3 SCD
Advantec
2 ml
BioSpec Products 350 ul

TE buffer 10 mM Tris-HCI [pH8.0] 1 mM

4,800 tpm 90



5 19,000xg 5
PCI
[pHS.0] =25: 24: 1 3
19,000xg 5
DNA 650 pl
TE buffer 1/10 3M
pHS5.2 2.5 100% 80 1
19,000xg 30 200 ul  70%
19,000xg 30 10
DNA 50ul  TE buffer TE buffer DNA
80
PCR
16S rRNA EUB 933 EUBr1387
? DGGE EUB f933 5’ GC ?
Table 1
PCR 50 ul 1><PCR buffer IT 3.0 mM MgCl, 0.2 mM dNTPs
0.4 uM EUB 1933-GC-clamp EUB r1387 1.25 U Ampli TaqGold
Applied Biosystems 0.1 mg/ml Bovine serum albumin PCR
0.5
95 9 94 1 denaturation 66 56
0.5 1 primer annealing 72 3 primer extention 20
94 1 denaturation 56 1  primer annealing 72 3 primer extention
10 72 7 final extention



DGGE

PCR 40% 70% 6.5%
55 100V 14 100% 40% ™
SYBR Gold Invitrogen 30 GelDoc
XR BIO-RAD
Table 1. Positions and sequences of primers used in this study

Primer aggr;%oe;i%g:* Sequence (5°-3”) Reference
EUB 933 16S rRNA, 933-955 GCA CAA GCG GTG GAG CAT GTG G 9)
EUB r1387 16S rRNA, 1387-1368  GCC CGG GAA CGT ATT CAC CG )
GC-clamp CGC CCG CCG CGC GCG GCG GGC GGG GCG ©)

GGG GCACGG GGG G

* Escherichia coli numbering system

MEPHAS

http://www.gen-info.osaka-u.ac.jp/testdocs/tomocom/

Student t

Texwipe



70 a d e f

P>0.05 d

Table 2. Bacterial recovery rates by six swabbing techniques

Swabbing Number of recovered cells (cells) Bacterial recovery rate (%)
a (7.1£1.3)*x10° 71+13
b (5.9+1.0)x10° 59+10
c (5.0+1.0)x10° 5049.9
d (6.9+1.1)x10° 6911
e (7.2+1.5)x10° 72415
f (7.1£1.4)x10° 71£14

n=10, * Mean+S.D

ISS

Table 3 P> 0.01



Table 3. Bacterial recovery rate by different operators

Operator Number of recovered cells (cells) Bacterial recovery rate (%)

A (5.4+1.2)*x10° 54+12

B (6.4£1.6)x10° 64£16

C (6.7+0.9)x10° 67+9.1
n=11, * MeantSD
L. lactis ISS A. lwoffii
subtilis S. epidermidis

Fig. 1[d]
Table4 4 P>0.05
ISS

Table 4. Recovery rates of four bacterial strains

Bacterial strain

Number of recovered cells (cells)

Bacterial recovery rate (%)

L. lactis?
A. lwoffii®
B. subtilis®

S. epidermidis”

(6.9£1.1)°x10°
(7.3+2.0)x10°
(7.0+£1.3)x10°

(6.1£1.0)x10°

69+11

73+£20

70£13

61£10

4 1=10, ® n=11,° Mean+SD




Table 5

10* 10
cells/cm’ 25 cm® 10> 10° cells
4.0x10° cells/25 cm?
4.0x10° cells/25 cm’ ISS
A. lwoffii  P. putida S. epidemidis
B. subtilis
Table 5. Bacterial numbers on interior surfaces in research facility
Sampling point Total bacterial cells (cells/cm®)  Esterase-active cells (cells/cm®)
Upper part of locker < 1.7x10* < 1.7x10*
Handrail (8.4£6.9)*x10* <1.7x10*
Elevator button (1.440.7)x10° <5.6x10*
Air-conditioner facility (diffuser) (4.7+0.2)x10* <1.7x10*
n=3, *Mean+SD
Fig. 2 Fig. 3 4.0><10° cells/25cm’

-80
4.0><10% cells/25¢cm”

—80

P<0.05
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Fig. 2. Bacterial number after storage (initial bacterial number: 4.0x10° cells/25 cm?*; n=8).
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Fig. 3. Bacterial number after storage (initial bacterial number: 4.0x10® cells/25 cm?; n=7).
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Lane 1: A. lwoffii ATCC 15309

Lane 2: B. subtilis 168

Lane 3: P. putida ATCC 12633

Lane 4: S. epidermidis IFO 3762

Lane 5: Mixture of template DNA of four bacterial strains
Lane 6 8: Sample (spread 1.0x10* cells/25 cm?)

Lane 9 11: Sample (spread 1.0x10° cells/25 cm?)

Lane 12 14: Sample (spread 1.0x10° cells/25 cm?)
Lane 15 17: Sample (spread 1.0x107 cells/25 cm?)

Lane 18 20: Sample (spread 1.0x10° cells/25 cm?)

Fig. 4. DGGE profiles of 16S rRNA gene fragment of each bacterial strains and mixture.



Storage period (week)

Fig. 5. DGGE profiles of 16S rRNA gene fragment obtained from samples following swabbing

bacterial cells (4.0x10® cells/25 cm?).
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JAXA 2008 6 ISS
2009 2012 3

"Microbe": http://iss.jaxa.jp/kiboexp/theme/second/microbe/

ISS
2009 9 5 Microbe-I 2011
2 27 Microbe-II 2012 10 16 Microbe-III 3 Table 6
10 2010 10 29
Microbe-II
Table 6. Schedules and astronauts of “Microbe”
Microbe-I Microbe-I1 Microbe-III
Launch 29 Aug. 2009 15 May 2010 22 Jan. 2011 21 Jul. 2012
(Transfer vehicle) (Discovery) (Atlantis) (HTV2) (HTV3)
Sampling date 5 Sep. 2009 29 Oct. 2010 27 Feb. 2011 16 Oct. 2012
Sampling devise swab adhesive sheet swab swab
Astronaut Frank de Winne  Shanonn Walker Scott Kelly Akihiko Hoshide
Return 13 Sep. 2009 14 May 2011 9 Mar. 2011 28 Oct. 2012

(Transfer vehicle) (Discovery) (Endeavour) (Discovery) (Dragon)




Microbe-1

Fig. 6[B] Fig. 6[C]
Fig. 6[D] 3 Microbe-II
Microbe-I11 3
Fig. 6[E]
Fig. 6[F] 2
21 cm? 4 25 cm’
6.25 cm’

Fig. 6. Scene and sampling points in the Kibo; (A)scene in the Kibo; (B)surface of Cell Biology
Experiment Facility(CBEF); (C)handrail; (D)diffuser; (E)inside of CBEF; (F)air intake. (Courtesy of
JAXA; http://jda.jaxa.jp/index.php)



MELFI

Minus Eighty degree Celsius Laboratory Freezer for ISS 80
MELFI 80 80
10 ml
1 ml 5 ml 13 mm’ Advantec  KGS-04
0.2 uym 1><SYBR Green
Invitrogen 15 3ml 2
S mm
<5 mm 1><SYBR
Green II
DNA
DNA 15 ml lysis solution 15
mg/ml 150 mM NaCl 100 mM EDTA 1 ml 37 30
extraction buffer 100 mM NaCl 500 mM Tris-HCI [pH 8.0] 10% SDS
3 65 3
3 ml PCI 65 5
1,500xg 20 1.2 ml 75ml  10% SDS 2 ml

PCI 1,500xg 20

1 ml



CIAA 1,500xg 20

1 ml 1/10 3M
20 1 4 19,000xg 20
1 ml 70% 4
19,000xg 10 15 50 ul  TE buffer
TE buffer DNA 80
DNA FastDNA Spin Kit for Soil MP Biomedicals
PCR
LightCycler DNA Master SYBR Green I Roche Diagnostic 16S rRNA
" pCR 10 pl LightCycler DNA Master SYBR Green1 4
mM MgCl, 0.5 uM EUB 1933 EUB r1387 4.5 ng/ul 8-methoxypsoralen
LightCycler Fast Start DNA Master SYBR Green I DNA PCR 5
uv PCR 95 15 denaturation 60 10 annealing 72
30 extension 86 5 signal detection 45 DNA
DNA luciferase luc PCR
PCR DNA DNA luc
LightCycler LightCycler Fast Start DNA Mater Hybridization
Probe Roche Diagnostic PCR 10 pl PCR LightCycler
Fast Start DNA Master Hybridization Probe 4 mM MgCl, 0.5 uM pgl1908F
luc175r 0.2 uM 3’-FITC n-LucHP1 5’-LCRed640 n-LucHP2
Table 7 PCR 95 10 95 15 60
10 72 15 40 DNA DNA luc

16S rRNA 4 copies/cell



PCR version 3.5 version 4.1

Roche Diagnostic

Table 7. Primers and probes used in this study

Target gene

Primer and position® Sequence (5°-3”) Reference
pgl1908f luc gene, 1908-1927° AGG AAG CTT TCC ATG GAA GA (12)
luc175r luc gene, 2063-2082° CAG CGT AAG TGA TGT CCA CC (12)
n-LucHP1? luc gene, 2008-2029° TGA AGA GAT ACG CCC TGG TTC C (12)
n-LucHP2" luc gene, 2030-2058° ggﬁ éif? :TT GCTTTTACA GAT (12)
EUB 8f 16S rRNA gene, 8-27 AGA GTT TGATCC TGG CTC AG (13)
EUB 518r 16S rRNA gene, 534-518  ATT ACC GCG GCT GCT GG (14)
EUB 517f 16S rRNA gene, 517-532  GCC AGC AGC CGC GGT AA (14)
EUB 926r 16S rRNA gene, 926-907  CCG TCAATT CCT TTR AGT TT (15)
EUB 1492r  16S rRNA gene,1510-1492 TAC CTT GTTACGACT T (13)
MI13-F GTT TTC CCA GTC ACG AG
M13-R CAG GAAACA GCTATG AC

a3’ FITC labeled; ® 5° LightCyler Red640 labeled; ¢ Escherichia coli numbering system;
¢ Numbering bases of pGeneGRIP-Luc.

nested PCR-DGGE

DNA 16S rRNA nested PCR
PCR 50 ul 1><PCR buffer I 0.2 mM dNTPs 2.5
mM MgCl, 04 mM EUB 8f EUB 1492r 25 pg/ml
8-methoxypsoralen 1.25 U Ampli Taq Gold 95 10 95 1
denaturation 54 1 annealing 72 2 extension 30 72 10
final extension PCR Wizard SV Gel and PCR Clean-Up System Promega

PCR PCR 100 pl



1><PCR buffer I 0.2 mM dNTPs 3 mM MgCl, 0.4 mM EUB 1933-GC
clamp EUB r1387 25 pg/ml 8-methoxypsoralen 2.5 U Ampli Taq Gold
95 9 94 1 denaturation 65 55.5
0.5 1 primer annealing 72 3 primer extention
20 94 1 denaturation 55 1 primer annealing 72 3
primer extention 10 727 final extention DGGE
DGGE 100 pl

4 DNA

10 ml 500 pl 3
R2A 37 25 7
7
EUB 8f EUB 1492r PCR PCR
100 pl IxPCR buffer L MgCl, 1.5 mM dNTPs 0.25 mM
0.5puM 2.5 U Ampli Taq Gold 95 9 80

1 denaturation 40 1 primer annealing 72 3 primer extention
95 1 denaturation 40 1 primer annealing 72 3 primer extention 34

72 7 final extention PCR MinElute PCR Purification

kit QIAGEN

PCR pGEM-T Easy Vector System Promega
IM109 50 pg/ml LB
isopropyl-p-D-1-thiogalactopyranoside 100 mM 100 pl N, N’-dimethyl formamide

5-bromo-4-chloro-3-indolyl-B-D-galactoside 50 mg/ml 20 ul 37



PCR
7 PCR

dNTP 0.2 mM

primer annealing

M13-F M13-R
Table
150 pl IxPCR buffer I MgCl,3.0 mM
0.4 pM  Ampli Taq Gold 1.25 U Bovine serum albumin 0.2 mg/ml
95 9 94 1 denaturation 55 1

72 1 primer extention 25 72 7 final

extention MinElute PCR Purification kit
PCR CEQ DTCS Quick Start Kit BECKMAN COULTER

16S rRNA EUB 8f EUB 517f EUB f933 EUB 518+ EUB

926r EUB 1492r  V6-V8 EUB 933 EUB r1387

CEQ8000 BECKMAN COULTER Codoncode

Aligner Codoncode Corporation 16S rRNA

BLAST  http://blast.ddbj.nig.ac.jp/top-j.html

ISS

70%



Table 8

cells/cm?

PCR

812 %

PCR

Microbe-I

PCR

DNA

colony forming unit: CFU

10° cells/cm?

PCR 10° cells/cm?

Microbe-II

Microbe-II1

10* cells/cm?

10° cells/cm?

ISS

16, 17)

PCR
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10°



Table 8. Bacterial abundance on the interior surfaces in the Kibo, determined with fluorescent staining and quantitative PCR

Bacterial number (cells or CFUs/em?)

Microbe-I Microbe-11 Microbe-111
Eallﬂ::;ng swab sheet swab swab
CFU CFU CFU
FM® qPCR” FM gPCR FM qPCR FM gPCR
Nutrient R2A Mutrient R2A Mutrient R2A
Surface of + + 0 0 - —_ * - 0 0 - —_ 0 0
incubator (2<10%) (410 (<2x10%  (<1%10% 2=10% (< 1=10%) (<2108 (= 1=10%)
Inside of - n = =
incubatar N NT 0 ¢ NT NT (<2x109  (1x10%) 0 9 (€26107) (< 1x10%) 9 0
. - & - el = - * =
Handrail o102 (sx109) 0 4 (€2x10% (< 1x10%) (<2109 (1%10%) 0 0 @109 (<1109 o ”
. = + * +* + -
Diffiser (g 10%  (2¢10%) ¢ ) T NE (11069 (3%10% 9 9 . 0
e Mot + — + + —
Air intake NT NT 0 ¢ countable  (2x10%) (<2%10)  (1x10%) 0 0 (3107 (<1x10%) v !

—, below quantification limit (2 = 10 cells/cm” [fluorescent microscopy, swab], 1 * 107 cells/cm® [quantitative PCR, swab,], 2 = 10" cells/cm” [fluorescent microscopy, sheet],
and 1 = 10* cells'em’ [quantitative PCR, sheet]);

+, same order of magnitude as quantification limit; +, positive

? fluorescent microscopy
" quantitative PCR; bacterial number was calculated as 4 copies of 165 rRNA gene/cell.

“ Not tested



16S rRNA V6-V8 DGGE
nested PCR
Firmicutes Proteobacteria

Actinobacteria Firmicutes Proteobacteria

Table 9

18)

DNA nested PCR

Fig. 7 Microbe-I DNA
Microbe-1I Microbe-I11

Actinobacteria Bacteroidetes

Microbe-II Micrbe-I11

BLAST



Micrabel|_swab_d#fuserd l Firmicutes
200 Microbe-il_sheet_incubaten.3
—‘ Membe-||_sheet_handmil 13
Tm{m:wu_m_mwu
Microte-1|_swab_diffuser-3

| I
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Lo Microbe-1|_swab_handrail.2 I Proteobacteria

Firmicutes

a4  Microbe-i_shest_incubator.2
L] €130 Microbe-H1_sheat_incubator-4
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oog | Microbe-l|_sheet_handrail-15
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744 Microbe-l|_shoot_handrads
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T
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=i
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Fig. 7. Neighbor-joining tree of 16S rRNA gene sequences received from bacteria collected in the

Kibo. Bootstrap values of 1,000 replicates are shown above the branches.



Table 9. Phylogenetic aftiliation of DGGE bands originating from bacteria collected from the interior

surfaces in the Kibo

Sampling date Sample Similarity(%) Most closely related species
incubator-1 100 Escherichia coli
incubator-2 99 Staphylococcus warneri
incubator-3 96 Ralstonia solanacearum
incubator-4 99 Staphylococcus warneri
handrail-1 97 Carnobacterium maltaromaticum
handrail-2 99 Propionibacterium acnes
handrail-3 99 Propionibacterium acnes
handrail-4 99 Micrococcus luteus
handrail-5 99 Rothia mucilaginosa
handrail-6 96 Tsukamurella paurometabola
handrail-7 99 Propionibacterium acnes

29 Oct. 2010 handrail-8 99 Propiohibacte-riur-n acnes
handrail-9 99 Rothia mucilaginosa

(Microbe-II) ) . _—
handrail-10 100 Rothia mucilaginosa
handrail-11 100 Propionibacterium acnes
handrail-12 99 Neisseria meningitides
handrail-13 99 Neisseria meningitides
handrail-14 100 Escherichia coli
handrail-15 98 Bacillus megaterium
handrail-16 95 Bacillus megaterium
handrail-17 98 Bacillus megaterium
handrail-18 97 Bacillus pseudofirmus
air_intake-1 97 Erwinia pyrifoliae
air_intake-2 100 Staphylococcus aureus
air_intake-3 99 Staphylococcus epidermidis

inside_of incubator-1 92 Mesorhizobium australicum

inside_of incubator-2 98 Streptococcus pneumoniae
handrail-1 92 Lactobacillus sakei
handrail-2 87 Moraxella catarrhalis

27 Feb. 2011 handrail-3 91 Carnobacterium maltaromaticum

(Microbe-IT) handrail-4 97 Propionibacterium acnes
handrail-5 86 Propionibacterium acnes
handrail-6 97 Carnobacterium maltaromaticum
diffuser-1 81 Marinomonas posidonica
diffuser-2 93 Enterobacter asburiae



diffuser-3 97 Campylobacter curvus
diffuser-4 90 Eubacterium rectale
diffuser-5 89 Streptococcus gordonii

27 Feb. 2011 diffuser-6 90 Enterobacter asburiae

(Microbe-IT) diffuser-7 92 Streptococcus gordonii

air_intake-1 94 Propionibacterium acnes
air_intake-2 98 Haemophilus parainfluenzae
air_intake-3 90 Streptococcus suis
inside_of incubator-1 82 Desulfatibacillum alkenivorans
inside_of incubator-2 83 Anaeromyxobacter dehalogenans
handrail-1 97 Propionibacterium acnes
handrail-2 79 Pirellula staleyi
diffuser-1 89 Capnocytophaga ochracea

16 Oct. 2012 )

(Microbe-II) diffuser-2 83 Capnocytophaga ochrac-ea
diffuser-3 92 Streptococcus pneumoniae
diffuser-4 88 Streptococcus pyogenes

air_intake-1 90 Ketogulonigenium vulgarum
air_intake-2 81 Haemophilus parainfluenzae
air_intake-3 96 Haemophilus parainfluenzae




Microbe-I II III 1

3
16S rRNA
Table 10 Microbe-I Acinetobacter ~ Brevundimonas  Paracoccus
Microbe-II Bacillus Microbe-II1 Brevibacillus
Acinetobacter Bacillus
Pseudomonas ISS 9 Brevundimonas
Pseudomonas Brevibacillus Bacillus ISS

Table 10. Phylogenetic affiliation of colony-forming bacteria isolated from Kibo

Sampling ) ] ] o Most closely related
Sampling point Media  Similarity(%) )
date species
99 Acinetobacter sp.
5 Sep. 2009 Surface of ]
] ) R2A 99 Brevundimonas sp.
(Microbe-I) incubator
98 Paracoccus sp.
27 Feb. 2011 o . .
_ Air intake Nutrient 99 Bacillus sp.
(Microbe-II)
16 Oct. 2012 o . o
Air intake Nutrient 99 Brevibacillus sp.

(Microbe-III)
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