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|. Planetary protection: let’s not
find life that we put there






Collect samples ‘I‘ .
Vertex

LS T i (m: ; ‘ Sterile Sealed-Edge Wipers
Rl / v
Transport to JPL =2 =
I S
v “ CJ i ®.§i’% 5 ('19£223 4154
Suspend in buffer e A
! o -
Split into 2 parts ’ Adhesive tapes  Air sampler device
Spread onto media
l Split into 3 parts for the following assays
Incubate | / \ |
v \ Promega
- , Next- F t Archi
Pick colonies R | J A J NS J
\ 16SrRNA
)"
Deposit in culture |
collection h 4
v
Identify by 16S lllumina Meta- Store at
17155 seqguence genomics -80°C
Deliverables 1.5-kb seq 400-bp seq

S9

v v v

%, 1ISS-MO database for mining phylogenetic, metabolic,
' Immunogenic, and antibiotic resistance pathways




Deliverables
S9

1
X o e
A R 3¢
. \ = )
2 o 2 AL M (8
LS ¥ . \//\\ y
Y X L Y TS ‘::—”il R
N i v S i)
T V.v e P
%

|
[¢

e .
A Re

Collect samples ‘I

//4 !

Vertex

Sterile Sealed-Edge Wipers

“

Spread onto media

!

Split into 3 parts for the following assays

Incubate \
/ 4 \
: . _ "
Pick colonies R J it J oA J
\ 16SrRNA
)’
Deposit in culture |
collection h 4
v
Identify by 16S lllumina Meta- Store at
fy y seqguence genomics =80°C
1.5-kb seq 400-bp seq

v v .4
U&5 >, ISS-MO database for mining phylogenetic, metabolic,
.~ immunogenic, and antibiotic resistance pathways

Transport to JPL .
= OPSITE® FLEXIGRID®
+ s ISR
Suspend in buffer — N
v B G
Split into 2 parts ’ Adhesive tapes  Air sampler device

Promega




=

Deliverables
S9

b 1711

Collect samples ‘I

v

Transport to JPL
|

v
Suspend in buffer

00
6cm x 7cm
23/sin. X 2%/4in.

v

®A

m knowlm le"\vt

(NS

223 1015402“>

Split into 2 parts Adhesive tapes

“

Spread onto media

!

Incubate |

Split into 3 parts for the following assays

Air sampler device

NN

Fragment
DNA

Archive
DNA

Next-gen
PCR
16SrRNA

A4

Pick colonies | \
)™

Deposit in cultu
collection

v

|dentify by 16S | Meta-

genomics

Store at
-80°C

lllumina
sequence

Promega




Mars 2020 JPL SAF assoclated microbiome (a shotgun
metagenome approach)

A bird eye view of SAF
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Mars 2020 spacecraft assembly facility microbiome

Minich JJ, Zhu Q, Janssen S, Hendrickson R, Amir A, Vetter R, Hyde J, Doty MM, Stillwell K, Benardini J, Kim, J. H., Allen, E. E., Venkateswaran, K.,
Knight, R.: KatharoSeq Enables High-Throughput Microbiome Analysis from Low-Biomass Samples. mSystems 2018, 3(3).
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JPL-SAF
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Knight, R.: KatharoSeq Enables High-Throughput Microbiome Analysis from Low-Biomass Samples. mSystems 2018, 3(3).
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« Among the built environments of IPLSAF
neonatal ICU and JPL-SAF cleanrooms, the ’. "\
alpha diversity measured by microbial

taxon richness was highest in the NICU
than the JPL-SAF cleanroom floors.
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Mars 2020 spacecraft assembly facility microbiome

« Among the built environments of IPLSAF
neonatal ICU and JPL-SAF cleanrooms, the .. "\
alpha diversity measured by microbial

taxon richness was highest in the NICU
than the JPL-SAF cleanroom floors.

&
. . @
« Human exposure was associated with o
microbial taxon richness, although some
of the details differed among the

environments.

e Klebsiella and Staphylococcus with NICU

e Acinetobacter baumannii, Acinetobacter equi,
and Acinetobacter johnsonii in JPL-SAF floors

Abalone facility PC1 (

Minich JJ, Zhu Q, Janssen S, Hendrickson R, Amir A, Vetter R, Hyde J, Doty MM, Stillwell K, Benardini J, Kim, J. H., Allen, E. E., Venkateswaran, K.,
Knight, R.: KatharoSeq Enables High-Throughput Microbiome Analysis from Low-Biomass Samples. mSystems 2018, 3(3).
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2. Creating a healthy built
environment on the moon
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microBEnet

microbiology of the Bullt Environment netwaork

The National Acadenies of

SCIENCES + ENGINEERING + MEDICINE

Sloan Program on Microbiology of the Built
Environment

microBEnet is funded by a grant from the Alfred P. Sloan Foundation as part of their program on M | C r O b | O m e S ]c th
the Microbiology of the Buiit Environment. O e

A RESEARCH AGENDA FOR INDOOR MICROBIOLOGY,
What is the Foundation’s program on the Microbiology of the Built Environment? HUMAN HEALTH, AND BUILDINGS

b
A conversation with Paula Olsiewski, program director, Alfred P. Sloan Foundation program on the B U I
Microbiology of the Built Environment

The Alfred P. Sloan Foundation is funding an emerging field of scientific inquiry — the microbiology 2
of the built environment. Science knows a lot about microbiology in the natural environment, but
we know next to nothing about the complex microbial ecosystems found in the built environment.

The Sloan Foundation is funding basic science to better understand the trillions of life forms
invisible to the naked eye in our homes and workplaces, hospitals and schools — any form of built
environment — office buildings, airplanes, subways systems, you name it.

Why study the built environment?

People spend more than 90% of their time indoors, where we breathe in and come in contact with
trillions of microorganisms - life forms invisible to the naked eye. These tiny creatures live inside
and have probably been there from the beginning of construction. But they also come in through
windows and mechanical systems such as heating and air-conditioning systems, and are brought
inside by humans and other creatures, which are constantly shedding microbes.

Our homes and workplaces, hospitals and schools are quite literally complex ecosystems filled with
a variety of microbes. Given the amount of time we spend indoors it's important to understand
what is living in these environments, how these microorganisms interact, what the potential
implications are for human health, both positive and negative. We may also learn things that could

influence building construction practices and inform other industrial processes.



Core microbiome of ISS
metagenome sequencing

Kasthuri Venkateswaran, JPL



Core microbiome of ISS e The ISS microbiome is unique to a
particular subsystem but also some
microbial species are common (core
microbiome; 17 species).
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e The ISS microbiome is unique to a
particular subsystem but also some
microbial species are common (core
microbiome; 17 species).

Core microbiome of ISS
(metagenome sequencing)

» Dominant ISS core microbiome:

e Fungi (P. brasilianum, P. chrysogenum, P.
digitatum, P. expansum, P. freii, P. griseofulvum,
P. roqueforti, P. rubens, A. calidoustus, and A.
niger).

o Bacteria (E. cloacae, E. coli, P. ananatis, S.
enterica, S. aureus, and S. epidermidis).
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e The ISS microbiome is unique to a
particular subsystem but also some
microbial species are common (core
microbiome; 17 species).

Core microbiome of ISS
(metagenome sequencing)

» Dominant ISS core microbiome:
‘v‘ ISS-HEPA o Fungi (P. brasilianum, P. chrysogenum, P.

Flight 2 [l “\ 547 digitatum, P. expansum, P. freii, P. griseofulvum,
68 \ P. roqueforti, P. rubens, A. calidoustus, and A.
niger).

o Bacteria (E. cloacae, E. coli, P. ananatis, S.
enterica, S. aureus, and S. epidermidis).

NS, » Compare with other microbiome studies:
& 1SS-Dust e The ISS microbiome represents a "'minimal
L core’”’ human model in which all the human

subjects shared few microbial species, large
overlaps were found in subsets but a very little
was common between all the sets.
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Growing up on an Amish farm protects
children against asthma by reprogramming
Immune cells

August 3, 2016

Written By
John Easton

Share

f ¥ in

Topics

Biological Sciences iy
Research —
Pediatrics —

Research and

Discoveries —
News —

. , By probing the differences between two farming communities -- the
Microbiome -

Amish of Indiana and the Hutterites of South Dakota -- an
John Easton e Interdisciplinary team of researchers found that specific aspects of the
Amish environment are associated with changes to immune cells that

All d : :
Sy appear to protect children from developing asthma.

Immunoloayv e



3. Precision medicine and nutrition
for lunar explorers
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Reproducibility in
academic research

Seasonal cycling in the gut
microbiome of the Hadza
hunter-gatherers of Tanzania
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global microbial biodiversity crisis?




A global microbial biodiversity crisis?
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global microbial biodiversity crisis?
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Figure 1. Inverse Relation between the Incidence of Prototypical Infectious Diseases (Panel A) and the Incidence of
Immune Disorders (Panel B) from 1950 to 2000.

In Panel A, data concerning infectious diseases are derived from reports of the Centers for Disease Control and Pre-
vention, except for the data on hepatitis A, which are derived from Joussemet et al.'? In Panel B, data on immune dis-
orders are derived from Swarbrick et al.,' Dubois et al.,’* Tuomilehto et al.," and Pugliatti et al.'s
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Personalized Nutrition by Prediction of Glycemic

Responses

Graphical Abstract

Measure personal
features for 800 people

Predict personal
glycemic responses

Microbiome | o
%)

Blood tests 5&0

Questionnaires

Personalized Nutrition
Predictor

ibd

Design personalized diet
to lower glycemic responses

Anthropometrics | %

Food diary @
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David Zeevi, Tal Korem, Niv Zmora, ...,
Zamir Halpern, Eran Elinav, Eran Segal

Correspondence

eran.elinav@weizmann.ac.il (E.E.),
eran.segal@weizmann.ac.il (E.S.)

In Brief

People eating identical meals present
high variability in post-meal blood
glucose response. Personalized diets
created with the help of an accurate
predictor of blood glucose response that
integrates parameters such as dietary
habits, physical activity, and gut
microbiota may successfully lower post-
meal blood glucose and its long-term
metabolic consequences.
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