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Bacterial	Taxonomy
Kingdom Bacteria ממלכה

Phylum Firmicutes Proteobacteria Bacteroidetes מערכה

Class Bacilli Gamma	Proteobacteria Bacteroidetes מחלקה

Order Lactobacillales Enterobacteriales Bacteroidales סדרה

Family Lactobacillaceae Enterobacteriaceae Bacteroidaceae משפחה

Genus Lactobacillus Escherichia Bacteroides סוג

Species L.	rhamnosus E.	coli B.	fragilis מין



Bad	guys?



Who’s	good	and	who’s	bad?







!אנחנו לא לבד



Little	Friends	

• More	microbial	cells	than	
human	cells	on	the	human	
body

• Majority	in	large	intestine

• Provide	enhanced	
nutrition	and	protection	
against	pathogens



Dysbiosis	- Shifts	in	the	Microbiome	

Neuman and	Koren,	In	press







In	press



100	Trillion	Little	Friends

• 10	times	more	microbial	
cells	than human	cells	on	
the	human	body

• Majority	in	large	intestine

• Provide	enhanced	
nutrition	and	protection	
against	pathogens



Each	body	site	has	a	unique	microbiota

Koren	et	al,	2013,	PLoS Comp	Biol



A	healthy	adult	microbiota	at	the	
phylum	level

HMP,	2012,	Nature



Do	we	all	have	the	same	bacteria

De	Filippo,	2010

Burkina	Faso Florence,	Italy



Do	we	all	have	the	same	bacteria

De	Filippo,	2010



Yatsunenko,	2012



Sommer,	2013



Our	diet	is	changing



Our	diet	is	changing





OBESITY IN THE US
BRSFF, 1985

(*BMI ≥30, or ~ 30 lbs. overweight for 5’ 4” person)

No Data       <10%        10%–14%



OBESITY IN THE US
BRSFF, 1986

(*BMI ≥30, or ~ 30 lbs. overweight for 5’ 4” person)

No Data       <10%        10%–14%



OBESITY IN THE US
BRSFF, 1987

(*BMI ≥30, or ~ 30 lbs. overweight for 5’ 4”
person)

No Data       <10%        10%–14%



OBESITY IN THE US
BRSFF, 1988

(*BMI ≥30, or ~ 30 lbs. overweight for 5’ 4” person)

No Data       <10%        10%–14%



OBESITY IN THE US
BRSFF, 1989

(*BMI ≥30, or ~ 30 lbs. overweight for 5’ 4” person)

No Data       <10%        10%–14%



OBESITY IN THE US
BRSFF, 1990

(*BMI ≥30, or ~ 30 lbs. overweight for 5’ 4” person)

No Data       <10%        10%–14%



OBESITY IN THE US
BRSFF, 1991

(*BMI ≥30, or ~ 30 lbs. overweight for 5’ 4” person)

No Data        <10%        10%–14           15%–19% 



OBESITY IN THE US
BRSFF, 1992

(*BMI ≥30, or ~ 30 lbs. overweight for 5’ 4” person)

No Data        <10%        10%–14           15%–19% 



OBESITY IN THE US
BRSFF, 1993

(*BMI ≥30, or ~ 30 lbs. overweight for 5’ 4” person)

No Data        <10%        10%–14           15%–19% 



OBESITY IN THE US
BRSFF, 1994

(*BMI ≥30, or ~ 30 lbs. overweight for 5’ 4” person)

No Data        <10%        10%–14           15%–19% 



OBESITY IN THE US
BRSFF, 1995

(*BMI ≥30, or ~ 30 lbs. overweight for 5’ 4” person)

No Data        <10%        10%–14           15%–19% 



OBESITY IN THE US
BRSFF, 1996

(*BMI ≥30, or ~ 30 lbs. overweight for 5’ 4” person)

No Data        <10%        10%–14           15%–19% 



ההשמנה בארצות הברית
BRSFF, 1997

(*BMI ≥30, or ~ 30 lbs. overweight for 5’ 4” person)

No Data        <10%        10%–14 15%–19%        ≥20%



ההשמנה בארצות הברית
BRSFF, 1998

(*BMI ≥30, or ~ 30 lbs. overweight for 5’ 4” person)

No Data        <10%        10%–14 15%–19%        ≥20%



OBESITY IN THE US
BRSFF, 1999

(*BMI ≥30, or ~ 30 lbs. overweight for 5’ 4” person)

No Data        <10%        10%–14 15%–19%        ≥20%



OBESITY IN THE US
BRSFF, 2000

(*BMI ≥30, or ~ 30 lbs. overweight for 5’ 4” person)

No Data        <10%        10%–14 15%–19%        ≥20%



OBESITY IN THE US
BRSFF, 2001

(*BMI ≥30, or ~ 30 lbs. overweight for 5’ 4” person)

No Data        <10%        10%–14%        15%–19%        20%–24%       ≥25%



(*BMI ≥30, or ~ 30 lbs. overweight for 5’ 4” person)

No Data        <10%        10%–14%        15%–19%        20%–24%       ≥25%

OBESITY IN THE US
BRSFF, 2002



OBESITY IN THE US
BRSFF, 2003

(*BMI ≥30, or ~ 30 lbs. overweight for 5’ 4” person)

No Data        <10%        10%–14%        15%–19%        20%–24%       ≥25%



OBESITY IN THE US
BRSFF, 2004

(*BMI ≥30, or ~ 30 lbs. overweight for 5’ 4” person)

No Data        <10%        10%–14%        15%–19%        20%–24%       ≥25%



OBESITY IN THE US
BRSFF, 2005

(*BMI ≥30, or ~ 30 lbs. overweight for 5’ 4” person)

No Data        <10%        10%–14%        15%–19%        20%–24%        25%–29%        ≥30%



OBESITY IN THE US
BRSFF, 2006

(*BMI ≥30, or ~ 30 lbs. overweight for 5’ 4” person)

No Data        <10%        10%–14%        15%–19%        20%–24%        25%–29%        ≥30%



OBESITY IN THE US
BRSFF, 2007

(*BMI ≥30, or ~ 30 lbs. overweight for 5’ 4” person)

No Data        <10%        10%–14%        15%–19%        20%–24%        25%–29%        ≥30%



OBESITY IN THE US
BRSFF, 2008

(*BMI ≥30, or ~ 30 lbs. overweight for 5’ 4” person)

No Data        <10%        10%–14%        15%–19%        20%–24%        25%–29%        ≥30%



Obesity Trends* Among U.S. Adults
BRFSS, 2009

(*BMI ≥30, or ~ 30 lbs. overweight for 5’ 4” person)

No Data        <10%        10%–14%        15%–19%        20%–24%        25%–29%        ≥30%



Obesity Trends* Among U.S. Adults
BRFSS, 2010

(*BMI ≥30, or ~ 30 lbs. overweight for 5’ 4” person)

No Data        <10%        10%–14%        15%–19%        20%–24%        25%–29%        ≥30%



2014



1999

BRFSS, 1990, 1999, 2008
(*BMI ³30, or about 30 lbs. overweight for 5’4” person)

2008

1990

BACTERIA	AND	OBESITY?

No Data        <10%        10%–14%        15%–19%        20%–24%        25%–29%        ≥30%



Mouse	Models	Help	Us	Learn	More

Leptin:	A	hormone,	produced	by	adipose	tissue,	that	
plays	a	key	role	in	regulating	appetite	and	metabolism

mutantnormal
(without	leptin)(with	leptin)





Altered	gut	microbiome	in	leptin-deficient	mice

Firmicutes

Bacteroidetes
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Ley et	al.,	PNAS	102:	11070-5	(2005)

mutantnormal

mutantnormal
(without	leptin)(with	leptin)



Microbiome	Transplants	– a	Powerful	Tool



Microbiota transplantation	experiments

mutantnormal
Conventionally	raised	
donors

Germ-
free	
normal
recipients

Donor

Turnbaugh et	al.,	Nature	444:	1027-1031	(2006)



Metabolic	syndrome	phenotype	
transferredGerm-free

Vijay-Kumar	et	al.	Science



An	altered	microbiome	in	obesity

12	HUMANS

1-year	(4	time	points)
Ley,	2006



Twins





Bacteria	may	help	keep	you	lean

Goodrich	et	al.	Cell,	2014



Neuman and	Koren,	In	press



Phenotype	Effect:	Microbiota	Transfer





Phenotype	Effect:	Microbiota	Transfer



What	about	the	kids?

Adapted	from	Fischer	et	al.	2012





We	are	inoculated	at	birth









We	are	inoculated	at	birth



Koren,	2012





Days	old

Breast	milk

Timeline	of	gut	colonization	by	microbes

Spor*,	Koren*	and	Ley.	2011.	NRM



Days	old

Breast	milk Rice	cereal

Timeline	of	gut	colonization	by	microbes

Spor*,	Koren*	and	Ley.	2011.	NRM



Days	old

Breast	milk Rice	cereal Table	foods

Timeline	of	gut	colonization	by	microbes

Spor*,	Koren*	and	Ley.	2011.	NRM



Days	old

Breast	milk Rice	cereal Table	foods Adult	diet

Timeline	of	gut	colonization	by	microbes

Spor*,	Koren*	and	Ley.	2011.	NRM





Dr.	Henry	Cotton



The	microbiome	alters	behavior

Science,	2012









Psychobiotics and	the	gut–brain	axis:	
in	the	pursuit	of	happiness	

Dinan et	al,	BPS	2013





Early History of FMT
• 4th Century:  

– Oral human fecal suspension (“yellow soup”) for 
severe diarrheal illnesses

• 17th Century: Veterinary medicine
– Fecal transfer for horses with diarrhea

• 1958:  FMT enema
– Eismann, et al. 4 patients with pseudomembranous colitis
– “Dramatic” response within 48 hours



Coprophagy
• Many	vertebrates	have	specific	behaviors	that	direct	
the	assembly	of	the	gut	microbiota.	For	instance,	the	
juveniles	of	some	animals	(such	as	horses	and	iguanas)	
consume	the	feces	of	the	adults,	ensuring	that	the	guts	
of	the	young	are	colonized	by	appropriate	
microorganisms.	

• In	other	animals,	mothers	deliberately	feed	feces	to	
their	offspring:	koalas	inoculate	their	young	directly	
with	a	special	faecal	pellet	(a	pap)	to	colonize	the	
infant	gut	with	bacteria	that	can	detoxify	secondary	
compounds	of	eucalyptus





Thanks


