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Contribution of the gut microbiome to human disease phenome?
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/_( Supraorganism }\

Microorganisms
> ~100 trillion cells
~3 million genes

Health status

Health

Bioactive substances produced by gut bacteria can

impact host immunity and metabolism

Human
= ~10 trillion cells
~23,000 genes

Disease

Genome + Exposome = Phenome X

(Genome + Microbiome) + Exposome = Phenome\/



Who are there? Who does What? With Whom? and How?

» Microbial ecologists primarily

focus on two areas of study:

= Diversities of microorganisms in
nature and how different guilds
interact in microbial
communities

- MEMIHIZHEFE

= Activities of microorganisms in
nature and monitor their effects
on ecosystems

= MEYIRYENME




Bacterial functions are strain-specific

» EFKStrain
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Not all species are created equal
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Loss of foundation species: consequences
for the structure and dynamics of forested
ecosystems
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Toco Toucan

Rain Forest Population

Community

Woolly Spider

Monkey Population
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Emerald Tree Boa
Population

Jaguar
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Kapok Tree
Population

Functional grouping of bacterial species in gut ecosystems=guilds




How can we find out who does what in a microbial community?

» Structures vs. Functions

- Diversities of microorganisms in
nature and how different guilds
interact in microbial
communities

= MEYIHIZHEFE

= Activities of microorganisms in
nature and monitor their effects
on ecosystems

= MEYIRYEME

Metagenomics-metabolomics integrated approach




Urine metabolites-gut bacteria correlation analysis

RiEAH S ImE A EAY KBRS

A B
D male Family samples
I GG (feces and urine) —
{twice sampling, one month interval)
O female
I @ GM 33Yr | GF l, +
] - )
| Clone library DGGE -—> NMR
I ] analysis analysis analysis
1 18yr | uc 30yr | FA @ MO
l
Chemometrics
" @ BE analysis
C D
L 0.5 A BB .
L 0.4l i
i m Fusobacteria 0.3 T
B W Yerrucomicrobia 02k 1
L W Actinobacteria = GM
[ Protecbacteria i o1l A |
- m Firmicutes - I?GG ?
) o
B Bacteroidetes A
i s GFAUC * S8
MO
- 01k 4
I 02t g
‘C ‘,E' &5
All GG GM GF UC FA MO BB 0.3 - .
1 1 1 1 1 1 1
BMI 222 213 256 222 237 165 0.2 0.1 0 0.1 0.2 0.3 0.4 ——

PC1 19.8%



PNAS

Symbiotic gut microbes modulate human
mEtabOIic phenOtypes PMAS | February 12, 2008 | vol. 105 | no.6 | 2117-2122
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Statistical spectroscopic linkage of microbial genomics and
speciation data with metabolic profiles
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Urine metabolites-gut bacteria correlation analysis
RIS mEMERAXKER D

Nearest Neighbor Correlation Metabolite linkage

Phylogenetic = DGGE Band

grouping and Variable
4-deoxyerythronate
Bacteroides thetaiotaomicron

o BAC-b16 citrate
- varo7 AY895191, 100%
] 2,3-dihydroxybutyrat
) BAC-b31 Bacteroides uniformis ihydroxybutyrate
& var176 AB215084, 100% hippurate
s -
- e V3-b6 Bacteroides coprocola / il

var25 AB200225, 100% S dihydrothymine

P go i ’ s B 4-hydroxyphenylacetylglycine

V3-b24 seudobutyrivibrio ruminis ’ ¢

var88s X95893, 100% "/ 7 3-aminoisobutyrate
o e O L oBAR bacterium mpn-isolate group25 / . ' wnne
§ var89 AF357573, 99% 3,5-hydroxybenzoate
i . CL-b8 Ruminococcus bromii dimethylamine
o var77 X85099, 100% lactate

CL-b16 Faecalibacterium prausnitzii 2-hydroxyisobutyrate

var128 ATCC27768, AJ413954, 97% . glycine
" V3-b34 Faecalibacterium prausnitzii 1-88 , glycolate
S var134 AY 169430, 99% 4-hydroxyphenylacetate
§ CL-b14 Subdoligranulum variable Bl-114 2-amino-3-hydroxyl-3-methylbutyrate
Q el AJ518869, 97% 4-cresol sulfate
% e V3-b52 Bifidobacterium pseudocatenulatum guanodinoacetate

010 var211 D86187, 100%

phenylacetylglutamine

PMAS | February 12, 2008 | wol. 105 | ne.6 | 2117-2122



SHANGHALI JIAO TONG UNIVERSITY

@) X EXALE

RISVl MICROBIOLOGY

Research Highlight

Nature Reviews Microbiology 6, 256-257 (April 2008) | doi:10.1038/nrmicrol 880

Symbiosis: Who does what in the
microbiome?

Susan Jones

Recent studies have shown that the complement of gut
bacteria varies among individuals, but specific data linking
the bacteria present to their functions in human physiology
have been lacking. In a recent report, Min Li and colleagues
describe a multidisciplinary approach to link the functions of
the trillions of microbial gut bacteria — the human
microbiome — to host metabolic phenotypes.



Interventional Clinical Study-based MiWAS
BTl R P i A= Y 2 O R 0

Interventional Study, time series sampling

§ 13131311111}

Interventional studies can lead to high quality

associations with smaller sample size
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adapted from Human Genome Project and The Metagenomics Group at CBS



Eat for Health, Food as medicine

-FpEBER . Simiao Sun

> SFJiERZA

» Gut is the foundation for
health, which is acquired
after birth.

> -TCM tenet
> "FEREEANIR | EfEEE
N7
> “Let essence of plant
nutrition get into your
lower gut, not the animal
nutrition”




What are the key food ingredient

-Traditional Chinese Medicinal Food list (MOH)

» Dietary fibers-complex » Natural, wholesome
carbohydrates grains, processed in a
way to have low
bioavailability of
carbohydrates to human
and high availability to
gut microbiota for
promoting production of
short chain fatty acids.




What are the key food ingredient

-Traditional Chinese Medicinal Food list (MOH)

» Phytochemicals, which are » Phytochemicals
not absorbed into blood - Bitter compounds
stream nor metabolized by
gut bacteria, can modulate
gut microbiota in a way to
promote SCFAs producers
and reduce endotoxin
producers.

Berberis Berberine

Bitter melon



{7#1) Dietary modulation of gut microbiota for obesity control

A BBEE & A R R B EE ST

> “Feed me, feed my bacteria”

Whole grains, traditional Chinese medicine and prebiotics (WTP diet)
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Prader-Willi syndrome (PWS)
- a genetic defect disease
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Prader-Willi syndrome is due to absence of paternally expressed imprinted genes at 15q11.2-q13.

Paternal No. 15 chromosome

P13

+ Paternal deletion of this region (65-75%)
+ Maternal uniparental disomy 15 (20-30%)
+ An imprinting defect (1-3%)
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Hypotonia
(decreased
muscle tone)

+ Hypotonia
+ Hypogonadism
+ Feeding difficulties

Prader-Willi syndrome (PWS)

Childhood
o]

+ Hyperphagia (feel constant hunger and
continuous food-seeking)
=> Morbid obesity
+ Cognitive disability
+ Behavioral problems

Adulthood
C

+ Weight control
=>life quality
improvement
=>life expectancy
prolongation




Y ERAAS Method for PWS Weight Control

10 1896 5
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Anorexigenic Low-calorie diets
Surgery

Somatostatin / Octreotide

Gastric banding y
Gastric bypass
‘0&» ‘ yp

Topiramate

Not effectively suppress appetite High disability and mortality rate Difficult to follow by PWS
Not reduce body weight High incidence of post-operation complications with hyperphagia

There is no particularly effective and safe medical methods to control

PWS-associated obesity and hyperphagia
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» Subjects: Obese PWS Children
» Dietary intervention
» In hospital

Whole grains, traditional Chinese medicine and prebiotics (WTP diet)




One of the PWS children (GDO02) in our clinical study

Weight
BMI
Height

14 years old male

Before 285 day of
intervention intervention
140.1kg 83.6kg
60.6 kg.cm™ 35.7 kg.cm™?
152cm 153cm

Body weight (kg)

BMI (kg.cm™)

0od 285d 430d

In Hospital At home
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The PWS (n=17) and Simple obesity(SO, n=21) cohorts

‘ ‘ ‘ | day 30 da

0 day 30 day 60 day 90 day
m-
_Number | Disease | Gender | _Age _ GDO5  obese female

GDO02 ws —— GDO0O6 obese female 4

GDO08 obese female 6
GDO3 PWS male 16 GD10 obese male 3
GD04 PWS male 5 GD11 obese female 4
GD12 PWS female 8.5 GD13 obese female 12
GD15 PWS male 13 GD17 obese female 4
GD18 PWS male 7 GD20 obese male 16
GD39 PWS male 6 GD21 obese male 14
GD40 PWS male 15 GD23 obese female 8
GD41 PWS male 6 gg;: "Eese fem‘i“e 155

obese male

= Sl male S GD28 obese male 16
GD43 PWS male 8 GD29 obese female 8
GD47 PWS female 12 GD31 obese female 15
GD50 PWS male 5 GD32 obese male 14
GD51 PWS female 8 GD33 obese male 14
GD52 PWS female 12 GD35 obese female 9
GD58 PWS male 8 GD36 obese female 15
GDS9 PWS male 9 GD54 obese male 16

GD56 obese female 13



By) X A X \'fl,)f % Dietary intervention improved Body weight and BMI

\mes suanonni o Towg o in PWS and SO children
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Dietary intervention improved plasma glucose
homeostasis in PWS and obese children
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Dietary intervention improved plasma lipid
homeostasis in PWS and obese children
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) YHEXEA é‘? Dietary intervention improved hepatic functio

B suanonat o Ton Universiry markers in PWS and obese children
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TN YHELL )6 + Dietary intervention improved inflammation related
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@) XY FAdL & Transplanted with PWS gut microbiota
€/ SHANGHALI JIAO TONG UNIVERSITY E ﬁg *IE

PWS Fecal bacteria
before intervention

PWS Fecal bacteria at
the end of intervention




Impaired metabolism of gnotobiotic mice transplanted with
PWS gut microbiota
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NMR-based metabolomic profiling of fecal water samples
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The increase of non-digestible carbohydrates and decrease of

aromatic amino acids and bacterial metabolites

OPLS-DA back-transformed loadings (a.u.)

OPLS-DA back-transformed loadings (a.u.)
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NMR-based metabolomic profiling of urine samples
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Changes of urine metabolites during intervention
in PWS and SO
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Significantly changed urine metabolites during intervention

ZTENRBREY

PWSdO0 vs PWSd30
SOdO0 vs SOd30
7.0 w_ [l SOd0 8.0— B PWSdO
E s0d30 o] B Pwsd30
~ 6.0 -~
5 =2
LU; ek & LU;
= | = 6_0— *kk
o 5.0 A @
E *kk E
8 o A 8 *k
g 4.0 i P " A
§ _Rkx g 4 0_ A
E 3 0" *kk e E * *k
QE) *** g A * k% A
f‘é) 2.0 g " s " (o] . A X A A A Skk
"('U‘ R "a 2.0 *kk O o A [e]
2 104 * * K o * ° 0 ° *
| |I| 4 -x- ﬁ** 2 g H“ﬁ% CH
0.0 0.0 * * *
\% é é e. @ e .9 @ * T T T T T T T T T T T T T
. s . \%
?‘0"}@0 t"fb\\(\ @*‘»0\0 6\0@ d"}é\ ¢ 9“@ Q? c,\& §\\\> \\\0 : w e\".’\o erg\\ﬂ‘@\*é’\o"‘ 00,5@ @ @ QPO '6"3’\6 W N
O W & 0+‘\\ & \K\Q’ AR RO 3’ & O
W@ o ¢ & ¢ & ° $
& N N &€ ©

***p <0.001
*P<0.05, **P<0.01, ***P <0.001



Host-bacteria co-metabolites
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Co-metabolism of choline to TMAO by host liver and gut bacteria

G - fiE3 1tﬁ§1vﬂﬂﬂ&§§%?9_ﬁﬁgﬂ&¥tw% ( TMAO )

TMADO is generated when TMA, produced by bacterial fermentation of dietary fat-derived
choline in the gut, enters the bloodstream and is metabolized by the human liver.

Heart attack

Stroke

Death

Fatty acid Choline
Fatty acid
O CH3 Hg
Hepatlc
O- P O = Choline —» HO—-CH2—CHz—- N CH H-— Ha FMOs e e i £ & Lo N CHg3

O ; CH3 CH3
Phosphatidylcholine Choline Tnmethyl amine Trimethylamine N-oxide
(dietary) (TMA) (TMAO)

Choline TMA-lyase

. ] . Wang et al. 2011,Nature
Choline TMA-lyase-activating enzyme




Metagenomic sequencing

o EE AN

Simple Simple
Groups Obesity Obesity
(0 day) (30 day)

PWS PWS PWS PWS
(0 day) (30 day) (60 day) (90 day)

No. of

21 20 17 17 17 17
Samples

e High-quality reads: 76.0 £ 18.0 million

e Non-redundant genes: 2,077,766

Canopy-based algorithm

|dentification and assembly of genomes and genetic
elements in complex metagenomic samples without
using reference genomes

H Bjorn Nielsen!-232, Mathieu Almeida3->32, Agnieszka Sierakowska Juncker!-2, Simon Rasmussen!, Junhua Li®-8,

Received 12 February; accepted 22 May; published online 6 July 2014; doi:10.1038/nbt.2939
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De Novo assembly of high quality genomes from
the metagenomic datasets

BESEEHRIIRA

» Canopy-based algorithm

= Co-abundance gene group (CAG)-genes encoded in the same genetic elements
» 20,956 (CAGs)

= CAGs with more than 700 genes are potentially bacterial genomes
» 376(CAGs)

= CAGs present in more than 20% of the samples are “prevalent genomes”
» 161 (CAGs)

- CAGs with genome assembled
» 118 high quality draft genomes
» 5 of 6 criteria of the HMP reference genomes



High quality draft genome assembled from the
metagenomic datasets

Bifidobacterium pseudocatenulatum DSM 20438

Bifidobacterium adolescentis ATCC 15703

Bifidobacterium animalis subsp. lactis ADO11

Bifidobacterium longum subsp. infantis
ATCC 15697

<0O>Corynebacteriales{67/131}

<F>Acidothermacae ... <T>Acidothermus_cellulolyticus_11B_uid58501{1}
<0O>Sphaerobacterales ... <T>Sphaerobacter_thermophilus_DSM_20745_uid41997{1}
<F>Trueperaceae ... <T>Truepera_radiovictrix_DSM_17093_uid49533{1}
<F>Alicyclobacillaceae{2/7}

<0O>Rubrobacterales ... <T>Rubrobacter_xylanophilus_DSM_9941_uid58057{1}
<O>Myxococcales{11/12}

<0O>Solirubrobacterales ... <T>Conexibacter_woesei_DSM_14684_uid43467{1}

Percent protein sequence ic <C>Phycisphaerae ... <T>Phycisphaera_mikurensis_NBRC_102666_uid157331{1}

<C>Actinobacteria{106/276}

Bidirectional best hit 100 99.999.8 99.5 99 98 95 90 80 70 60 <G>Acidimicrobium ... <T>Acidimicrobium_ferrooxidans_DSM_10331_uid59215{1}

<C>Deinococci{19/20}

Unidirectional best hit 100 99.999.8 995 99 98 95 90 80 70 60 <P>Rhodothermaceae ... <F>Rhodothermaceae{4}
<S>Bifidobacterium_dentium<T>Bifidobacterium_dentium_Bd1_uid43091{1}
<S>Bifidobacterium_adolescentis<T>Bifidobacterium_adolescentis_ATCC_15703_uid58559{1}

[— <T>CAGO0184_73#R2nd-contig[1/4}
<T>Bifidobacterium_pseudocatenulatum_DSM_20438_2{1/4}

— <T>Bifidobacterium_pseudocatenulatum_DSM_20438{1/4}

— <T>Bifidobacterium pseudocatenulatum |IPLA36007{1/4
<G>Bifidobacterium{15/31}
<S>Bifidobacterium_thermophilum<T>Bifidobacterium_thermophilum_RBL67_uid193770{1}
<S>Bifidobacterium_animalis{12}
<S>Bifidobacterium_asteroides<T>Bifidobacterium_asteroides_PRL2011_uid176921{1}




Correlation between CAGs and key urine metabolites
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Bacterial genomes encoding TMA-producing genes
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Heart attack

Stroke

Death

Fatty acid
Fatty acid ; S
0 CH3 CH3 . CHg
i . L ly Hepatic Iy
O‘Fl’ =0 =Choline —» HO-CHQ'CHQ‘I;J-CH —fl‘l—CHg —W HO 'fl‘l =-CH3
0" CHs CHy CHg

Phosphatidylcholine Choline Trimethyl amine  Trimethylamine N-oxide
(diomm\ TAAAN (TMAO)

Choline TMA-lyase

Choline TMA-lyase-activating enzyme
Wang et al. 2011,Nature

TMAO

TMAQO is generated, when TMA,
produced by bacterial fermentation of
dietary fat-derived choline in the gut,

enters the bloodstream and is
metabolized by the human liver.




Delineating genome interaction groups (GIGs)
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Co-occurrence network analysis to define
Genome Interaction Groups (GIGs) EEAHBB{EMLE

C G I G3 Eubacte@\elégé;is
Eubacte eligens G I G1 2

Bacteroi @- lebeius

. Clostridia bacterium
Bifidobacter dolescen [ cteroiBBblebeius S - GlG (¥4
N s@ . inb
GIG4 ei . Marvinbryan a =

CAGO0)s7 \
Clostridia

GIG11
CA “

( 4 /
Faecalibact: snitzii
CA Clostrid b
CA Q
7 Al

39 Cop

variabile

A( h 26
GIG18 // J
Eubacter| entrios
: Alistip el
Burkholde "

0366

N CAGO
\ 365
G auin us sp
~— Eubactefjun).rectale '

e _Eubact rectale

. GIG10

A
Dorea fo enerans
sp.
CA 62

Ruminoc

Roseburid
>

C

GIG17
1
\

&'§ \

butyrate-pro! j
GlG 1 Lachnospir
butyrate-prol g bacter] Closti

Lachnospir

Collinse ofaciens E CA 2
Collinsel ofaciens : ,.\.‘ ¢ cad@By 46— CAGEBPO1
Bifidg Gt succiBiBlions <A@ :
a 2 i = € (VSN I I
pSEUd W, . ) \'@ . S& - Klebsiel umoniae

GIGY9

Bifidobac longum

GIG3

* GIG8

i bolteae

Lachnospird B bacterium



¢ . Correlation between GIGs and disease phenotypes
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Foundation species and functional groups (guilds) of
bacterial populations in the gut ecosystem
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Loss of foundation species: consequences
for the structure and dynamics of forested
ecosystems

Aaron M Ellison"", Michael S Bank', Barton D Clinton?, Elizabeth A Colburn', Katherine Elliott?,



LPS endotoxin from gut microbiota can induce obesity
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# Lipogenesis
# Inflammation
~ Steatosis

b Coll-wall organization

High-fat diet
Low fibres

w J Modulation of
= @gut microbiota

LPS | Iipopoysace handes
Qmco1a BDNRE #LPS

Gut epithelium Blood

P.Cani, 2007




Dietary modulation of gut microbiota for obesity control

BB EE 795 R AR B EE ST T

Lost 51.4kg
over 23 weeks
2 Dietary intervention
23 weeks
Weight 174.9 kg _
BMI 58.8 WTP Diet BMI 41.5

S

Whole grains, Traditional Chinese medicine food and Prebiotics (WTP diet)



7)) X # x4 % Recovery of metabolic health over time
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/' SHANGHAI JIAO TONG UNIVERSITY

Parameter( Baselinel 9iveek 23@veekD Medical b
referenceiangel
Bodyiveight{kg) 174.90 144.801 123.50E /B
Bodyiveightlioss{kg) onm 30.1@ 51.40 /@
Fastingzlycaemia@mmol /L) 8.950 4.76[ 5.4 3.6-6.10
FastingAnsulinemia{uIU/mL)[2 58.70 25.80 23.0m 3.0-25m@
Bloodpressure {mmHg) 100/1500 80/1200m 75/12008 80/1200m
Total@holesterol{mmeol/1)2 5.530@ 4.440 4.780 3-5.17@
Triglyceridesmmol /1) 2.680 1.720 1.18[ 0-1.7@
Aspartate@minotransferase{U/L) 122 51 31 10-47
C-reactiveproteinmg/L) 14.1E 9.4 9.51m 0-10[ l
IL-6[{pg/mL){ 6.560 4.390 2.720 /0
Adiponectin{ng/mL)[ 1839.410 1925.630 4145.380 /0 E—
LBP{ug/mL){ 8.130 2.440 5.760 /B l

HbAL1C $EILAER : 7.58% —5.44%—4.52%(3.8-5.8%)



Decline of endotoxin-producing populations
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Reduction of the pathogenic population

35%
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Enterobacter
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LIPOPOLYSACCHARIDE BIOSYNTHESIS

RNBERSKE

Metagenomic sequencing analysis at 0, 9 and 23 weeks

Reduction of genes of LPS synthetic pathway
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nucleotide sugar - — Upld X Relative abundance (%)
metabolism
y Waan Waan 0 0.01 0.02 0.04
KDO-lipid IV(A) KDO-lipid IV(A) __KdtA Lipid IV(A) ! L S/ /1 1
Lipid A disaccharide
Others W—'
Lauroyl-ACP
- . ) — C_Jod
o o D-Arabinose-5P Citrobacter v 9w
-Deoxy-D- -Deoxy-D-
Lauroyl-KDO2- manno- manno- - 23w
» " lipid IV(A) octulosonate octulosonate-8P
Myristoyl-ACP: ;
pam Hac Gmha Hdda Gmha oroteobacteria
MsBE  sdayer & _ _ o¢— K15669 K07031
ACP:0 glycoprotein D-Glycero-D- D-Glycero- D-Glycero- ]
KDO-lipid(A) manno- alpha-D-manno- alpha-D-manno-
heptose-1P heptose 1,7-PP heptose 7P
GmhD GmhC GmhB GmhC -
HIdE YaeD HIdE
ADP-L-glycero-D- ADP-D-glycero-D- D-Glycero-D- D-Glycero-D- D-Glycero-D- Sedoheptulose — 2
hep hep manno- manno- manno- Parabacteroides
— N heptose-1P heptose 1,7-PP heptose 7P Bacfe/'OIdefes i
K02848 | Bacteroides ©rrrzzzzzzzzzzzzzz77727 @—‘
WaaC
PEtN-P / o Waal
— Rfal
lepa
WaaY 7 \ 4Nepﬂl / k03279 PEANCP.
02850 ——» NHepuf‘\ WaaF Hepal__ ~
3 7 3Hepal
o/ | Ko2843 Mnepal/ AN
Galal-6Glcal Galat— 5 KDOa2-6lipid(A)
e 2K00a2 Giid(a) P e KEGG Orthology 04 9w 23w  GENE
\ GlcNAcal-2Glcal-2Galal KDOa2~" 4KDOuZ
Tkoowz T K00677 IpxA; UDP-N-acety acyltrar
K02840 1 e K02535 IpxC; UDP-3-O-{3-hydroxy il N-acety
WaaB KDOaZ K02536 IpxD; UDP-3-O-{3-hy N-acy
i YN Waaa K03280 Rfai
Waal K03269 IpxH; UDP-2, Mnacylglucosamme hydrolase
WoaG - :I'aKK KO00748 IpxB:; lipid-A-disaccharide synthase
. an K00912 IpxK; tetraacyldisaccharide 4'-kinase
Abe2Acal Glcal K01627 kdsA; 2-dehydro-3-deoxyphosphooctonate aldolase (KDO 8-P synthase)
|3 L K03270 kdsC; 3-deoxy-D-manno-octulosonate 8-phosphale phosphatase (KDO 8-P phosphatase)
K02847 Waal -2[ Mana1-4Rhaal-3Gal ]R1- K00979 kdsB; 3-d no-octt cy (CMP-KDO synthetase)
l K02527 kdtA, waaA; 3-deoxy-D-manno-octulosonic-acid transferase
WaaR froRey K02517 htrB; lipid A biosy lauroyl
K03276 < K02560 msbB: lipid A biosynthesis (KDO)2-(lauroyl)-lipid iva acyltransferase
PEtN-P__ Mature lipopolysaccharide K03271 gmhA, IpcA; D-sedoheptulose 7-phosphate isomerase
Nepuk Hepa (Salmonella typhimuriumLT2) K03273 gmhB; D-glycero-D-manno-heptose 1,7-bisphosphate phosphatase
p.4Hepn/ 5 K03272 gmhC, hidE, waaE, rfaE; D-beta-D-heptose 7-phosphate kinase / D-beta-D-heptose 1-phosphate adenosyltransferase
Galat— 6, 3 pen ‘xnouinpmm K03274 gmhD, rfaD; ADP-L-glycero-D-manno-heptose 6-epimerase
oot s / K02849 waaQ, rfaQ; heptosyltransferase IlI
GlcNAcal-2Glcal-2Galal P )t K02848 waaP, rfaP; (1) phospt
T K02841 waaC, rfaC; heptosylitransferase |
T K03275 K02850 waay, rfaY; heptose (Il) phosphotransferase
K03277 K02843 waaF, rfaF; heptosyltransferase Il
— K02840 waaB, rfaB; UDP-D-galactose:(glucosyl)LPS alpha-1,6-D-galactosyltransferase
WaaU K02844 waaG, rfaG; UDP-glucose:(heptosyl)LPS alpha-1,3-glucosyltransferase
G"I‘“ K03279 waal, rfaJ; UDP-glucose:(galactosyl)LPS alpha-1,2-glucosyltransferase
6 K03276 waaR, waaT, rfaJ; UDP-glucose/galactose:(glucosyl)LPS alpha-1,2-glucosyl/galactosyltransferase
K02847 waal -2[ GalB1-6Glcal-3Rha2Acal-3GlcNAc Jal- K03280 waak, rfaK; UDP-N-: ine: )LPS alpha-1,2-N-acetylglucosaminyltransferase
K03275 waaO, rfal; UDP-glucose:(glucosyl)LPS alpha-1,3-glucosylitransferase
K02847 waal, rfal; O-antigen ligase

O-antigen

Mature lipopolysaccharide
(Escherichia coliK-12)

0% 0.005% 0.01% 0.015%



Y HRAA Sequence-guided isolation of the putative agent
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Disease reproduction in germfree mice
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Gnotobiotic model of obesity
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BY) ¥ # A d ,5%‘12 Disease reproduction in germfree mice
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4 ,5;«’2 Disease reproduction in germfree mice
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2y X FXd ,5%‘12 Disease reproduction in germfree mice
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B Y FAALE Local inflammation in liver and fat pad
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YFEXALY Disrupted lipometabolism
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Body weight (g)
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Its not “Any” bacteria

REIENEE, AmEUREE

*% *%

HFD+LB

HFD+B29 HFD+Bifido

Bifidobacterium sp. did not promote obesity when mono-associated
with germfree mice under high fat feeding



7y) Endotoxin from the gut under B29 with high fat feeding
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SHORT COMMUNICATION

An opportunistic pathogen isolated from the gut of
an obese human causes obesity in germfree mice

Na Fei' and Liping Zhao"?

'State Key Laboratory of Microbial Metabolism and School of Life Sciences and Biotechnology, Shanghai Jiao
Tong University, Shanghai, China and *Shanghai Centre for Systems Biomedicine, Shanghai Jiao Tong
University, Shanghai, China

Lipopolysaccharide endotoxin is the only known bacterial product which, when subcutaneously
infused into mice in its purified form, can induce obesity and insulin resistance via an inflammation-
mediated pathway. Here we show that one endotoxin-producing bacterium isolated from a morbidly
obese human’s gut induced obesity and insulin resistance in germfree mice. The endotoxin-
producing Enterobacter decreased in relative abundance from 35% of the volunteer’s gut bacteria to
non-detectable, during which time the volunteer lost 51.4 kg of 174.8 kg initial weight and recovered
from hyperglycemia and hypertension after 23 weeks on a diet of whole grains, traditional Chinese
medicinal foods and prebiotics. A decreased abundance of endotoxin biosynthetic genes in the

One endotoxin-producing
opportunistic pathogen isolated
from an obese human gut caused
obesity when mono-associated
with germfree mice.
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Is LPS endotoxin the major factor for

B29 to induce obesity?

Unpublished study in collaboration with INRA



Suicide vector strategy for B29-Ips-mutant Strain

1. SOE PCR:splicing by overlap extension 2. Constructing recombinated Plasmid PKNG101
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Body weight (g)

The E. cloacae B29 LPS-mutation lost the capacity
to induce the germfree mice obesity under HFD feeding
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Integration of genome medicine with microbiome medicine&
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> ~100 trillion cells
~3 million genes
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e ~10 trillion cells
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From Genome Medicine to Microbiome Medicine




Eat Right, Keep Fit, Live Long, Die Quick
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