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environment

« Research — microbes on the surfaces and In
the air of the ISS

e Conclusions



20t 1998

Low Earth Orbit (LEO) —
altitude between 330 —
435 km (205 — 270 mi)
The brightest object on

the sky

Size of a football field
Orbits Earth at 5 miles per
second

Full crew: 6 people




icrogravity

2. Extreme conditions:
a) Vacuum
b) Atomic oxygen
c) Ultraviolet radiation

d) Particulate or ionizing radiation
e) Plasma

f) Temperature extremes



ollle JUIUac
that constitute bacteria,
archaea, fungi, viruses,
protozoa, algae

« Ubiquitous and abundant in
the environment

 Have a variety of essential -
functions

 Very often adapted to
specific environmental
niches, e.g. those that
iInhabit the boiling water
springs in Yellowstone

ational Park




“Most types of microbes remain unknown. It is
estimated that we know fewer than 1% of the
microbial species on Earth. Yet microbes
surround us everywhere - air, water, soil. An
average gram of soil contains one billion
(1,000,000,000) microbes representing probably
several thousand species.” International Society
of Microbial Ecology



1. Enumeration — growth on the Petri dishes plate in
solidified medium
2. ldentification based on the morphology

Culture plates Microscopic

techniques




DNA denaturation

AN

Primer extension

99% match to
Bacillus subtilis

Temperature (°C)

Cycle time

DNA Polymgrase . Database
extraction Sl SEG DAL search
Reaction (PCR)
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Escherichia coli
168 ribosomal RNA

Cyanobacteria

B-proteobacteria

y-proteobacteria
a-proteobacteria

Myxosarcina PCC7312
Pseudanabaena PCC7403
Synechococcus WH8101
Prochlorococcus MIT9312
Synechococcus PCC6307
Cyanothece PCC7418
Oscillatoria neglecta
Leptolyngbya PCC7375
Symploca VP377
Microcoleus PCC7420
Synechococcus PCC7002
Chamaesiphon PCC7430
Gloeothece SK40
Prochlorothrix hollandica
Trichodesmium NIBB1067
Prochloron

Synechocystis PCC6803
Chroococcidiopsis PCC7203
Nostoc PCC7120
Leptolyngbya PCC73110
Spirulina PCC6313
Chlorogloeopsis PCC7518
8Synechococcus IR11
Microcystis PCC7941
Arthrospira PCC8005
Synechococcus PCC6301
Gloeobacter PCC7421
Strain CCMEE 5410

A. marina MBIC-11017
Bordetella 61717
Alcaligenes LMG-5906
Alcaligenes defragrans
Alcaligenes faecalis
Nitrobacter cryotolerans
Achromobacter xylosoxidans
Bordetella pertussis
Escherichia coli
Rhodobacter sphaeroides

(8 N

GCTGGCGGTATGCCTAACACATGCAN
GCTGGCGGTATGCTTAACACATGCAN
GCTGGCGGCGTGCTTAACACATGCAN
GCTGGCGGCGTGCTTAACACATGCAN
GCTGGCGGCGTGCTTAACACATGCAN
GCTGGCGGOGTGCTTAACACATGCAN
GCTGGCGGCGTGCTTAACACATGCAN
GCTGGCGGCGTGCTTAACACATGCAN
GCTGGCGGTATGCTTAACACATGCAN
GCTGGCGGTCTGCTTAACACATGCAN
GCTGGCGGTATGCCTAACACATGCAN
GCTGGCGGTATGCCTAACACATGCAN
GCTGGCGGTATGCTTAACACATGCAN
GCTGGCGGCGTGCTTAACACATGCAN
GCTGGCGGTCTGCTTAACACATGCAN
GCTGGCGGTATGCTTAACACATGCAN
GCTGGCGGTATGCCTAACACATGCAN
GCTGGCGGTATGCTTAACACATGCAN
GCTGGCGGTATGCTTAACACATGCAN
GCTGGCGGTATGCTTAACACATGCAN
GCTGGCGGTATGCT-AACACATGCAN
GCTGGCGGTATGCATAACACATGCAN
GCTGGCGGCGTGCTTAACACATGCAN
GCTGGCGGCGTGCCTAACACATGCAN
GCTGGCGGTCTGCTTAACACATGCAN
GCTGGCGGCGTGCTTAACACATGCAN
GCTGGCGE TGCTTAACGCATGCAN
GC TYNACACATGCA

(GTCGAACGAA--AT-C---
GTCGAACGGA--AT-C--
GTCGAACG-A--AC-C--
GTCGAACG-A--AC-C--
GTCGAACG-A--GC-C--
STCGAACGAA--GC-C-~-~-~
CTCGAACGGA--CC-C-- -~ --G--GTT--AGTGG(
-G~ -GGTG-AGTGG(]
STCGAACGCA--CC-T~-~~~
CTCGAACGCA--AC-C== =~
(STCGAACGAA--GC-C-~
CTCGAACGGA--AC-C--
GTCGAACGAA--GT-C- -
CTCGAACGAA--GT-C- -
GTCGAACGGA--CT-C--
GTCGAACGAA--CT-C--
GTCGAACGGA--GTTC--
GTCGAACGGA--GCTT- -
GTCGAACGGT--CT-C--
GTCGAACGGT--CT-C----
GTCGAACGGT--CT-C--~--
STCGAACGGT--CT-G- -
STCGAACGGG--TG-C= =~~~
STCGAACGGG~ -AATC- - -~
GTCGAACGGG=--CT-C- -
CTCGAACGGG--CT-C- -

-G--AGTT-AGTGG(
-G-AACTT-AGTGG(]
-G-AGCTT-AGTGGC
-G--AGAT-AGTGG(
-G--AGAT-AGTGG(
--G--AGAT-AGTGG(
-C--AGAC-AGTGG(]
= =G~ ~CACT - AGTGG(]

GTCGAACGAG--AT-C- -

' TCGAACGGCAGCA - CGAG-GAGCTTGCTC - CTTGG-TGGC

CACATGCAN
TACACATGCA.

ls TGCT

IGTCGAACGGCAGCA -CGAG-GAGCTTGCTC-CTTGG - TGGC

TCGAACGGCAGCA - CGAG-GAGCTTGCTC - CTTGG-TGGC

C T
GCTABCGEGATGCTITACACATGCAN
GCTAGCGGGATGCTTTACACATGCAN
GCTAGCGGGATGCTTTACACATGCAN
GCTGGCGGCATGCTTTACACATGCAN
GCTAGCGGGATGCCTTACACATGCAN
GCTGGCGGGATGCTTTACACATGCAN
GCTGGCGGCAGGCCTAACACATGCAN
GCTGGCGGCAGGCCTAACACATGCAN

GTCGAACGGCAGCA - CGAG-GAGCTTGCTC-CTTGG - TGGCGAGTGGC
GTCGAACGGCAGCA - CGAA -GAGCTTGCTC - TTTGG - TGGCGAGTGGC)
(GTCGAACGGCAGCA - CGAGAGAGCTTGCTCTCTTGG - TGGCGAGTGGC)
GTCGAACGGCAGCA-CG-G-GAGCTTGCTC - C - TGG - TGGCGAGTGG()
{3TCGAACGGCAGCA-CG-G-AC-TTCG-GT-C-TGG-TGGCGAGTGGCE.
STCGGACGGCAGCA-CG-G-GC-TTCG-GC~-C~TGG - TGGCGAGTGG(
STCGAACGGTAACAGGAAG-AAGCTTGCTT - CTTTGCTGACGAGTGG(]
GTCGAGCGAA--GT-C G- -ACTT-AGCGG(
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Live cell Dead cell
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Active Cells

HO S N_ _COOH
74
\@Nf sj + ATP + 0,

D-Luciferin
=
Firefly / f750
Luciferase "
+ Mg2+
”

N S. N O https:
ps://nhmu.utah.edu
C[NH/SI + PPi + AMP +

Oxyluciferin



« Multi-personnel « Crew of 6 people

« Gowning (“bunny suit”, « Casual clothes; short-
masks, gloves) sleeved shirts, shorts

« Gravity * Microgravity

« Radiation  Elevated radiation

« Activities limited to work  Work and everyday
(assembly of spacecrafts activities (working, eating,
and instruments sleeplng exermsmg and
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Detailed Sample Characteristics

Sample name

ISS HEPA

Location

ISS Node 2

HEPA filter
element

Specifications

HEPA rated, retains
99.97% particles >0.3
pm; 20-mesh inlet
screen has 841 pm
sieve openings

Duration

40 months

Part no. SV810010-1,
Serial no. 0049;
HEPA media
supplied by Flanders
Filters, Inc.; Nomex
inlet screen

Mission activities

Returned aboard
STS-134/ULF6 in May|
2011

ISS Debris

ISS Vacuum
Cleaner bag
dust

Surface

Vacuum bag retains
particles >6 um;
HEPA rated filter

retains particles >0.3

pm

International Space
Station vacuum
cleaner

Expedition 31;
returned aboard
Soyuz flight 29S in
July 2012

JPL-SAF
Debris

JPL - SAF
Cleanroom
Class 10K

Vacuum
cleaner bag
dust

Surface

HEPA rated filter
retains 99.7%
particles >0.3 um

Nilfisk GM80,
81620000

Used for robotic
missions

JPL-103
Debris

JPL - 103
Cleanroom
Class 1K

Vacuum
cleaner bag
dust

Surface

HEPA rated filter
retains 99.7%
particles >0.3 um

>180 days

Nilfisk GM80,
81620000

Sub-assembly of
robotic missions

Checinska, A., A. J. Probst, P. Vaishampayan, J. R. White, D. Kumar, V.G. Stepanov, G.E. Fox, H.R.
Nilsson, D.L. Pierson, J. Perry, K. Venkateswaran. 2015. Microbiomes of the dust particles collected from
the International Space Station and Spacecraft Assembly Facilities. Microbiome 3(1):50.
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Source: ISS HEPA filter
Characteristics:

Rod, spore-former

Ada | -Lys-5-Glu peptidoglycan

MK-6, MK-7 and MK-8 isoprenoid
quinones

polar lipid profile contained
diphosphatidylglycerol,
phosphatidylglycerol,
phosphatidylethanolamine,
phosphatidylserine, and one
unknown phospholipid

Name: ka.lam.i.i., N.L. gen. n

kalamii referring to Abdul Kalam, a
well-known scientist who advanced
space research in India

Checinska, A., R. M. Kumar, D. Pal, S. Mayilraj, K
Venkateswaran. 2016. Solibacillus kalamii sp. nov.,
isolated from a high-efficiency particulate arrestance
(HEPA) filter element used in the International Space
Station. Submitted to IJSEM for a review.




Other_taxa

Flavobacteria

Fusobacteria

M Firmicutes_Other

~ Negativicutes
Deinococci

“ Gemmatimonadetes

i Bacteroidia

& Sphingobacteria

i Clostridia

i Betaproteobacteria
Gammaproteobacteria
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& Bacilli

& Alphaproteobacteria

i Actinobacteria
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ISS HEPA ISS HEPA ISS Debris ISS Debris JPL-SAF  JPL-SAF JPL-103 JPL-103
Total Viable Total Viable Total Viable Total Viable




ISS ISS ISS

ISS

JPL-  JPL- JPL- JPL-

Debris HEPA HEPA Debris SAF  SAF 103 103

Viable Viable Total

Total

Viable Total Viable Total

log10(proportion)

T
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g__Corynebacterium
g__Propionibacterium
g__Staphylococcus

g__ Clostridium

o__ Clostridiales;Other
g__Streptococcus
g__Lactobacillus
g__Faecalibacterium
g__Pseudobutyrivibrio
g__Prevotella
g__Belnapia
g__Spirosoma

g__Orbus
g__Methylobacterium
f__Geodermatophilaceae;Other
f__Acetobacteraceae;Other
g__Pseudomonas
g__Brevundimonas
o__Actinomycetales;Other
g__Arthrobacter
g__Sphingobium
g__Bacillus
f__Oxalobacteraceae;Other
f__Microbacteriaceae,;Other
g__Rubellimicrobium
g__Deinococcus
g__Azospirillum
g__Paracoccus
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ISS HEPA  ISS HEPA ISS Debris ISS Debris JPL-SAF JPL-SAF JPL-103 JPL-103
Total Viable Total Viable Total Viable Total Viable




PC2 (18%)

‘ JPL-SAF Total
‘ JPL-SAF Viable

p _ISS Debris Viable
8 SS Debris Total

fiSS HEPA Total
SS HEPA Viable

PC1 (46%)

‘JPL-1 03 Total

JPL-103 Viable

| pc3 (14%)




* First study to utilize next-generation sequencing (state-
of-the-art methodology) on the samples from the
International Space Station

« Bacterial diversity based on the sequencing is much
more diversified from culture plates.

* The composition of the ISS samples from the HEPA
filter (air) and vacuum cleaner (debris) was different but
still more similar to each other than to clean room
samples

* Propidium monoazide treatment distinguished between
dead and viable bacterial species.



« Environmental monitoring using rapid microbia
detection and identification assay development

 Current results help develop more advanced
mitigation strategies for prolonged space travel
(e.g. mission to Mars)
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