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Humans are home to trillions of microbes

ÅBacteria, archaea, microscopic fungi, parasites, and 
viruses (the microbiota)

ÅColonize multiple body habitats: gut, skin, mouth

ÅCombined, the microbiomehas >100X more genes 
than the human genome

Image credit: Suzy Parker, USA Today
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The microbiotaǊŀǇƛŘƭȅ άƳŀǘǳǊŜǎέ ƛƴ ǘƘŜ ŦƛǊǎǘ о ȅŜŀǊǎ 
of life

Yatsunenkoet al. Nature 2012;486:222-27.
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Most bacterial strains can stably colonize the adult 
GI tract for years

Faith et al. Science 2013.
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The microbiotais a unique fingerprint

Fiereret al. PNAS. 2010;107:6477-81.
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Rapid changes in abundance are possible

David et al. Genome Biology 2014;15:R89.
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The microbiotais not a passive bystander

Definitions: 

ÅGnotobioticҐ άƪƴƻǿƴ ƭƛŦŜέ

ÅGerm-free = no microbes

ÅConventionalized = GF mice colonized with donor microbiome

ÅConventional = colonized from birth

Have implicated the microbiome in many areas of science 
typically considered to be independent of microbes:

1. Host metabolism, immunity, behavior, development

2. Disease etiology

3. Treatment outcomes
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Links to obesity
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Germ-free mice have decreased body fat

Backhedet al. PNAS 2004;101:15718-23.

ÅMales and females have similar response

ÅFound across multiple mouse strains

ÅRuns counter to traditional energy balance 
equation (more caloric intake and less
expenditure)
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Obese mice have an altered gut microbiota

Ley et al. PNAS 2005;102:11070-75.

ob/ob mice are genetically deficient for 
leptin (they overeat)
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Fecal MicrobiotaTransplantations (FMT) for mice

+/+

All C57BL/6J
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wŜŎƛǇƛŜƴǘǎ ƻŦ άƻōŜǎŜέ microbiotagain twice as 
much body fat

Turnbaugh et al. Nature 2006;444:1027-31.

Mice colonized with a microbiota from a lean donor

Mice colonized with a microbiota from an obese donor

No significant difference in chow 

consumption, initial body fat, or initial 

weight 
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Gut microbes increase dietary energy harvest

Turnbaughet al. Nature 2006;444:1027-31.
Carmodyand Turnbaugh, Cell Host Microbe 2012;12:259-61.
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Multiple indirect mechanisms have been proposed

1. Microbial metabolites signal to the host to increase fat storage (Backhed
et al. PNAS 2004; Samuel et al. PNAS 2008)

2. Microbial products άƭŜŀƪέ ƛƴǘƻ ŎƛǊŎǳƭŀǘƛƻƴ inducing an inflammatory 
immune response (Caniet al. Diabetes 2008; Feiand Zhao. ISME J 2012)

3. Microbial products signal to the immune system to prevent the 
άōǊƻǿƴƛƴƎέ of white adipose tissue (Suarez-Zamoranoet al. Nature Medicine 2015)
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Adiposity can be transmitted from humans to mice

Mice are rescued by 
ŜȄǇƻǎǳǊŜ ǘƻ ǘƘŜ άƭŜŀƴέ 

gut microbiota

Discordant human twins 
can transmit phenotype 
to germ-free mice

Ridauraet al. Science 2013.
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Lƴƛǘƛŀƭ Ca¢ǎ ƛƴ ƘǳƳŀƴǎ ƘŀǾŜ ōŜŜƴ ǳƴǎǳŎŎŜǎǎŦǳƭΧ

Vriezeet al. Gastroenterology 2012;143:913-16.


