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  of	
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  One-­‐year	
  Mission	
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The	
  Microbiome	
  and	
  Health

• Disruption	
  in	
  the	
  microbiota	
  (dysbiosis)	
  has	
  been	
  
associated	
  with:	
  
• Obesity
• Type	
  2	
  Diabetes
• Inflammatory	
  Bowel	
  Disease
• Stress
• Depression	
  and	
  Anxiety
• Autism
• Parkinson’s	
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Background:	
  The	
  Gut	
  Microbiota

• Latest	
  Estimate:

38	
  trillion	
  microbial	
  cells	
  vs.	
  
30	
  trillion	
  human	
  cells	
  

(Sender	
  et	
  al.	
  2016)

Source:	
  Sender	
  et	
  al.	
  2016.	
  PLOS	
  BIOLOGY.

~3.8·∙1013	
  Bacterial	
  Cells	
  
(~0.2	
  kg)

vs

~3.0·∙1013	
  Human	
  Cells
(~70	
  kg)
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Environmental	
  Disruption
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Genetic	
  Disruption

Wild	
  Type Clock
Mutant

0.0

0.5

1.0

1.5

2.0

2.5 ***

%
	
  S
uc
ra
lo
se
	
  E
xc
re
tio

n
O
ra
l	
  D

os
e

Environmental	
  and	
  genetic	
  circadian	
  rhythm	
  disruption	
  increases	
  gut	
  permeability	
  
in	
  response	
  to	
  chronic	
  alcohol	
  

Gut	
  Leakiness
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ClockD19 reduces	
  microbiome	
  diversity	
  
and	
  evenness

Voigt,	
  Summa,	
  Forsyth,	
  Green,	
  Engen,	
  Naqib,	
  Vitaterna,	
  Turek,	
  Keshavarzian In	
  Press,	
  ACER
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Sampling	
  Before,	
  During	
  &	
  After
One	
  Year	
  in	
  Space	
  or	
  On	
  Ground

Pre-­‐Launch

Flight	
  

Return

Ground

#	
  1 #	
  2 #	
  3 #	
  4

#	
  5#	
  3 #	
  4

# 2

# 1

#	
  6

#	
  8 #	
  9#	
  6

#	
  7

#	
  8

#	
  9

#	
  5 #	
  7
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Analysis	
  of	
  Metagenomic
Sequence	
  Data

Identification	
  of	
  
sequences

Who’s	
  there?

Relative	
  abundance	
  
of	
  phyla,	
  classes,	
  

etc.

Diversity	
  of	
  taxa	
  
present	
  

What	
  can	
  they	
  do?

Relative	
  abundance	
  
of	
  gene	
  functions	
  

present

Presence/absence	
  
of	
  gene	
  functions
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Flight At	
  the	
  taxonomic	
  level	
  of	
  “species”	
  –

>7,000	
  Bacteria
>300	
  Archaea
>150	
  Fungi
>200	
  Viruses

• No	
  significant	
  diversity	
  
differences	
  between	
  subjects.

• No	
  significant	
  diversity	
  
differences	
  between	
  flight	
  and	
  
ground	
  samples	
  in	
  the	
  flight	
  
subject.

• Communities	
  of	
  two	
  subjects	
  are	
  
always	
  significantly different

Ground	
  Subject Flight	
  Subject
1	
  	
  	
  2	
  	
  3	
  	
  	
  4	
  	
  	
  5	
  	
  	
  6	
  	
  7	
  	
  	
  8	
  	
  	
  9 1	
  	
  	
  2	
  	
  3	
  	
  	
  4	
  	
  	
  5	
  	
  	
  6	
  	
  7	
  	
  	
  8	
  	
  	
  9

Who	
  is	
  there?
High	
  taxonomic	
  diversity	
  of	
  microorganisms	
  present	
  in	
  both	
  twins.
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Taxonomic	
  Composition	
  of	
  Flight	
  Samples	
  is	
  
Significantly	
  Different	
  From	
  Ground	
  Samples	
  in	
  
Flight	
  Subject*
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Analysis	
  of	
  similarity	
  (ANOSIM)	
  indicated	
  that	
  flight	
  samples	
  were	
  
significantly	
  different	
  from	
  ground	
  samples	
  (R=0.525;	
  p=0.032;	
  126	
  
permutations).	
   *	
  Taxonomic	
  level	
  of	
  phylum.
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Spaceflight	
  period

Ground	
  subject Flight	
  subject

Change	
  in	
  Firmicutes-­‐Bacteroidetes Ratio
Firmicutes and	
  Bacteroidetes are	
  the	
  two	
  dominant	
  phyla	
  of	
  bacteria	
  in	
  the	
  human	
  GI	
  tract.
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ANOSIM	
  R=0.519	
  
p-­‐value=0.016

ANOSIM	
  R=-­‐0.088
p-­‐value=0.683

Ordination	
  (nMDS)	
  plot:	
  Similarity	
  of	
  gene	
  pathway	
  content	
  between	
  samples

Gene	
  Function	
  of	
  Flight	
  Samples	
  is	
  Significantly	
  
Different	
  From	
  Ground	
  Samples	
  In	
  Flight	
  
Subject
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What	
  can	
  they	
  do?
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Changes	
  in	
  Microbial	
  Gene	
  Functions	
  Content	
  
Correlated*	
  with	
  Flight	
  in	
  Flight	
  Subject

• Categories	
  Increased during	
  
Spaceflight

• Stress	
  Response
• Iron	
  acquisition	
  and	
  metabolism
• Central	
  Metabolism
• DNA	
  Metabolism
• Phosphorus	
  Metabolism
• Cell	
  Division	
  and	
  Cell	
  Cycle
• Protein	
  Metabolism
• Fatty	
  Acids,	
  Lipids,	
  Isoprenoids
• Cofactors,	
  Vitamins,	
  Prosthetic	
  

Groups,	
  Pigments
• Phages,	
  Prophages,	
  Transposable	
  

elements
• Dormancy	
  and	
  Sporulation

• Categories	
  Decreased during	
  
Spaceflight

• Phages,	
  Prophages,	
  Transposable	
  
Elements,	
  Plasmids

• Carbohydrates
• Secondary	
  Metabolism
• Membrane	
  Transport
• Virulence
• Sulfur	
  Metabolism
• Cell	
  Wall	
  and	
  Capsule
• Photosynthesis

*Pearson’s	
  correlation	
  coefficient	
  
>0.9
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Summary
• Both	
  subjects	
  had	
  highly	
  diverse	
  GI	
  microbiota	
  at	
  all	
  
sample	
  times	
  – high	
  diversity	
  associated	
  with	
  good	
  
health.

• For	
  the	
  bacteriome,	
  virome,	
  (and	
  fungal	
  mycobiome),	
  
differences	
  between	
  the	
  two	
  subjects	
  were	
  
pronounced	
  at	
  all	
  time	
  points.

• Within	
  the	
  FLIGHT	
  subject,	
  differences	
  in	
  taxonomic	
  
composition	
  and	
  functional	
  gene	
  composition	
  were	
  
observed	
  between	
  flight	
  and	
  ground	
  samples.

• Spaceflight-­‐associated	
  microbiota	
  changes	
  did	
  not	
  
appear	
  to	
  persist	
  post-­‐return	
  (i.e.,	
  effects	
  not	
  
permanent). 16



Conclusions

• Spaceflight-­‐associated	
  changes	
  in	
  GI	
  microbiota	
  
composition	
  and	
  functional	
  gene	
  composition	
  were	
  
observed.

• However,	
  it	
  is	
  not	
  clear	
  what	
  the	
  changes	
  in	
  gut	
  
microbes	
  associated	
  with	
  spaceflight	
  mean.

• Further	
  study	
  is	
  needed	
  to	
  determine	
  what	
  
countermeasures	
  should	
  be	
  utilized	
  to	
  protect	
  
astronaut	
  health	
  for	
  long-­‐term	
  spaceflight.
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Newly	
  selected
Project:	
  

“Effects	
  of	
  Spaceflight	
  on	
  
Gastrointestinal	
  
Microbiota	
  in	
  Mice:	
  
Mechanisms	
  and	
  Impact	
  
on	
  Multi-­‐System	
  
Physiology”
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