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Bactérie = organisme
unicellulaire
microscopique
Pas observable a I'ceil nu
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Microbiote intestinal humain
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Microbiote intestinal
Des milliards de bactéries (1012 par gramme)

Microbiologiste moléculaire : étude de I'’ADN des bactéries
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Concentrat

Loutil de travail!

Figure 1: Répartition de la quantité¢ de bactéries le long du tractus digestif

https://www.museum.toulouse.fr/documents/10180/175320049/figurel+bact%C3%A9rie+et+tractus+intestinal/18caa6e3-125e-4404-b4f5-
€5636a2d961b?t=1456750997665




The gut microbiota and obesity:
from correlation to causality

Liping Zhao

Environment
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~100 trillion cells

~3 million genes
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Human
~10 trillion cells
~23,000 genes
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Fonctions du microbiote

Figure | Main beneficial functions of the human gut microbiota. Circles represent the three principal classes of functions performed by the bacteria that inhabit the gut.
Arrows represent causal relationships.
Abbreviation: SCFA, short chain fatty acid.



The gut microbiota — masters of host
development and physiology

Felix Sommer™? and Fredrik Béckhed'#3
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Culture Human Fecal Flora: The Normal Flora of 20

Japanese-Hawaiians
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There were 113 different kinds of organisms
detected among the 1,147 isolates examined
from the 20 people. In Table 3, the kinds of
organisms are listed in order of frequency of
their occurrence in this human population. The
113 kinds account for 94% of the viable cells (a
94% coverage) of the fecal flora of these individ-
uals as a population.

Preliminary statistical analyses of these and
additional data by 1. J. Good (personal com-
munication) indicate that the total number of
different kinds of bacteria in the intestinal tract
at any one time probably exceeds 400 or 500
species, but most of these are represented by
less than 10° cells per g of feces (less than
1/1,000 of the bacterial population).
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Echantillon & analyser

Conditions de
culture 1

v

13 bactéries

Conditions de
culture 2

7 colonies
54 % de bactéries cultivées

GE———

;

4 colonies
31 % de bactéries cultivées

Variabilité des pourcentages de bactéries cultivées
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Une large proportion du microbiote intestinal adulte
demeure “non-cultivée”

Références Fraction cultivée
Moore et Holdeman, 1974 37 - 464 %
Langendijk et al., 1995 14 - 37%

Wilson et Blitchington, 1996 58%

Suau et al., 1999 20 - 30%
Hayashi et al., 2002 38 %

e
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Identification moléculaire des bactéries

Identification des bactéries T
a I’ aide d’ une séquence d’ ADN :
Carte d’ identité de la bactérie

ADN

14
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. s i Diversité
Diversité detaillee par

. (o Gcula globale par
iInventaires moléculaires PCR-TTGE
(PCR, clonage et
séguencage)
’ Quantification par

PCR en temps
reel

chromosome

S
Q Q @ ADNr 16S

ribosome

ARNr 16@ Q

Quantification et
diversité avec des
puces a ADN

Quantification et
diversité par
hybridation in situ
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Inventaire moléculaire

Ligation @

<98% de similarité de séquence :
2 espéces moléculaires distinctes

Clone m >98% de similarité de séquence :
Bacteroides ovatus la méme espéce moléculaire
Bacteroides uniformis

Bacteroides rectale }

Clone n

Séquencage

et analyse 0 Transformation

N 0
o o o O o o h

p <
Etalement @)
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Electrophorese en gel d’agarose

19
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ADN matrice
Polymérase
Amorces (primers)
dNTP

MgCl,

Tampon 10X

PCR

Réaction de polymérisation en chaine
Polymerase chain reaction

Réplication d’ADN in vitro

Mastercycler | na
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Brin non-transcrit, sens, codant
5 3’>
ADN

<€

Brin matrice, transcrit, anti-sens, non-codant

ARN >
5 3’
5 Brin sens 3
S ACGTCEAGCATCTGETTGTT TCAGACCTTCTTCGATTTCGcscaGCGCGMTAC@GTGGTTTTATCGTTTTCTTW
3  Amorce reverse °
5 Amorce forward 3
LACGTCCAGEATCTGGTTGTTIGH> L eeeesssssssssesssssesesererees
TGCAGCTCC'IAGI—&CCAI—&CAAC'IAGTCTGGEAGRP.«GC'IEAI—&GCGCGTCGCGCTE&ATGTCACCEAI—&A'IAGCEAP:AGAI—&GGCEQ_%_?_G_Q'_T_@_G_QQ_I%Q@_@%};(_S_G_Qﬁr
3" Brin matrice )
Amorce forward identique a I'extrémité 5’ du brin sens Amorce reverse identique a I'extrémité 5’ du brin matrice
s’hybride au brin matrice s’hybride au brin sens
permet la synthese d’un brin sens permet la synthese d’un brin matrice

21



Schema de o o<, IO,
principe de lgm
la PCR ] .

RN RN EEEEE

Denaturation
Temperature is increased
to separate DNA strands

3 Annealing
: 3. g  Temperatureis decreased
lemplate g Primer Primer to allow primers to base
DNA strands TIT11 "~ pair to complementary
3 5 DNA template
l 68 to 72°C
'L}f TITTTTT1 ERERER Extension
T A 34*,!."%@.3-“'; bl 1] Polymerase extends
DNA strands< - T G primer to form nascent
T T ~T'3  DNAstrand
pLALLL11]) 1LsTs,
Y
Istcycle —» 2ndcycle — 3rdcycle —» 4thcycle ---------- » 30th cycle
¥ cy cy cy ¥
DI OO OO DO
TIOOOOONT — OOOOOOOT [OOOOOOOD [T 231 = 2 billion copies
: NI [OOOOOn IO
2*=4copies U [UUOIOOND IO
MM, I
2’=8copies I T
IO IO .
IO T Exponential
¥ 1€ Ghnies FHHHHH Amplification
i .
P T Process is repeated, and
OO the region of interest is
T amplified exponentially
T
FHE
FHH

2% = 32 copies
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Electrophoreses en gel d’agarose

Produit de PCR

ADN total
(ADNr 16S)
=

23
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lecham

Principe de construction d’ un arbre phylogénétique

Bactérie 1

Bactérie 2

Bactérie 3

Arbre phylogénétique

AACTGCGTA

AACAGCGTA

AACCGCATA

Alignement de séquences

25
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Qu’ est ce que |’ espéce moléculaire ?

Clones et souches bactériennes sont groupés
dans une espéce moléculaire ou OTU
(Operational Taxonomic Unit) quand la
similarité entre leurs séquences d ADNr 16S

est supérieure a 98%.



APPLIED AND ENVIRONMENTAL MICROBIOLOGY, Nov. 1999, p. 47994807 Vol. 63, No. 11

0099-2240/99/504.00+0
Copyright @ 1999, American Society for Microbiology. All Rights Reserved.

Direcct Analysis of Genes Encoding 16S rRNA from Complex
Communities Reveals Many Novel Molecular Species within the
Human Gut

ANTONIA SUAU,* REGIS BONNET,” MALENE SUTREN, JEAN-JACQUES GODON,?
GLENN R. GIBSON.> MATTHEW D. COLLINS,? anp JOEL DORE!

The human intestinal tract harbors a complex microbial ecosystem which plays a key role in nutrition and
health. Although this microbiota has been studied in great detail by culture techniques, microscopic counts on
human feces suggest that 60 to 80% of the observable bacteria cannot be cultivated. Using comparative analysis
of cloned 16S rRNA gene (rDNA) sequences, we have investigated the bacterial diversity (both cultivated and
noncultivated bacteria) within an adult-male fecal sample. The 284 clones obtained from 10-cycle PCR were
classified into 82 molecular species (at least 98% similarity). Three phylogenetic groups contained 95% of the
clones: the Bacteroides group, the Clostridium coccoides group, and the Clostridium leptum subgroup. The

Séguencage

237 -12 clones-
007 -1 clone-
LIB AQ3
UB A1D
353 -4 clonas-
218 -4 clones-
Fusobacterium prausnitzii
365 -8 clones-

wor- EUDACIErIUM siraeurm
B8 251 -3 clones-
remaining clones were distributed among a variety of phylogenetic clusters. Only 24% of the molecular species — & UH E. HCES

recovered corresponded to described organisms (those whose sequences were available in public databases),
and all of these were established members of the dominant human fecal flora (e.g., Bacteroides thetaiotaomicron, |
Fusobacterium prausnitzii, and Eubacterium rectale). However, the majority of generated rDNA sequences (76%) |
did not correspond to known organisms and clearly derived from hitherto unknown species within this human

gut microflora.

I\

—— e —— e - e — oy

100 150 200 230

Cumulative Number of OTUs
coB8888388

e

Number of Sequences

FIG. 4. Estimation of the biodiversity which was obtained by direct commu-
nity analysis of a fecal sample. The cumulative number of OTUs is given as a
function of the number of clones sequenced. Clones were randomly used.

324 1 clone-
. Clostridivm sporosphasroidas
ga ) 2:;5-2 cl?nes-
i -1 ¢lone-
| “__ Clostridium leptum
368 -1 clone-
101 -1 clone-
Ruminococcus flavefaciens 1
Ruminococcus flavefaciens 2
058 -2 clonas-
180 275 -1 clone-
_ 371 -1 clone-
oo~ Ruminococeus bromif
209 -8 clones-
269 -1 clone-
B4 Euvbacterium plauni
Clostridium viride
, Eubacferium desmolans
L2496 -1 clone-
- — Termitobacter aceticus
54 mﬂéﬂ%-ﬂltlﬂnEﬁ
g8 -3 clones-
_ 2% b 311 -1 clone

URB RFNT

100

10k

FIG. 3. Phylogenetic tree derived from partial 165 rDDMNA sequence data for
members of the Closwridium lepium subgroup. Bar represents 2% sequence di-
vergence. Designations of clones and the key organism used 0 name the group
are in boldface type. The tree was construcied with the SIMILARITY and
NEIGHBOR programs. Bootstrap values are based on 300 replications.
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Groupes phylogénétiques
de la microflore fécale humaine d’un
adulte sain

Famille Ruminococcaceae
43% clones, 31 “especes”, 8 décrites*

Famille Lachnospiraceae
21% clones, 20 “espéeces”, 3 décrites*

Genre Bifidobacterium aucun clone!

Phylum Bacteroidetes
31% clones, 20 “espéces”, 8 décrites *

* > 98% similarité avec 1 séquence connue

Suau et al., AEM, 1999

28



NGS :

Séquencage de nouvelle génération

Pas besoin de clonage
Beaucoup plus de séquences
Moins cher

Clone m >98% de similarité de séquence :
Bacteroides ovatus la méme espéce moléculaire
Bacteroides uniformis
Bacteroides rectale }

<98% de similarité de séquence :
Clone n

2 espéces moléculaires distinctes

Séquencage
et analyse

29



Structure de la communauté bactérienne au niveau des familles

L'abondance est présentée en termes de pourcentage de séquences bactériennes dans le microbiote des rats témoin, gavés avec la souche de
bifidobactérie ou traités au MTZ.

100%
m Other
90%
M Alcaligenaceae
1 Enterobacteriaceae
80% M Verrucomicrobiaceae
H Bifidobacteriaceae
20% W Bacteroidaceae
H Coriobacteriaceae
H Rikenellaceae
60% H Prevotellaceae
B Porphyromonadaceae
50% B Acidaminococcaceae
B Enterococcaceae
y M Staphylococcaceae
o W Family XIlI
M Lactobacillaceae
30% M Erysipelotrichaceae
B Gracilibacteraceae
20% M Peptostreptococcaceae
B Lachnospiraceae
B Ruminococcaceae
10%
0% 30

Control Bif MTZ



Phylogenetic tree of the Bacteroidetes phylum for the most abundant OTUs

190 Barnesiella intestinihominis
Barnesiella viscericola
cluster85

cluster88
cluster67
cluster104
clusterl3
cluster57
cluster21
cluster74
cluster68
cluster19
cluster87
S Octeras
100 cluster
cluster9

_|—

Bacteroides splanchnicus

Rikenella microfusus .

1ap —_ Bacteroides putredinis
cluster101

60 Alistipes timonensis
cluster44 .
Alistipes shahii

o

Alistipes finegoldii
cluster220 _ .
Chr\t/':seobactenum meningosepticum

—gm

){tophaga lytica
Cy oBhatga_marlnofla\_/a
Flavobacterium ferrugineum
. - Flexibacter filiformis
Marinilabilia salmonicolor
Saccharicrinis fermentans
190 _cluster86 . .

Parabacteroides distasonis

g

100

qo

Par%)acteroides merdae
_m%ster . o
arabacteroides goldsteinii

QL

3

2%

Tannerella forsythia
Porphyromonas macacae
—
1 Prevaotella bivia
cluster6l )
b _|_| Prevotella dentalis
Alloprevotella tannerae
_L],gp Alloprevotella rava
cluster7
) Paraprevotella clara
Bacteroides vulgatus ,
Bacterojdes barnesiae
revotella zoogleoformans
acteroides acidifaciens
cluster59
Bacteroides uniformis,
Bacteroides stercoris
Bacteroides caccae
Bacteroides thetaiotaomicron
Bacteroides ovatus
luster40

Prevotella oulora
Prevotella loescheli
clusterll o
_8¥—L0p— Paraprevotella xylaniphila
190 Prevotella he,oarinol){nca
P
Bacteroides eggerthii
Bacteroides fragilis
Bacteroides caecimuris



Microbiote intestinal analysé par la biologie moléculaire

clone adhufec94
Prevotella oulora

Bacteroides vulgatus
Bacteroides uniformis

‘{ Bacteroides ovatus

Bacteroides thetaiotaomicron

Groupe Bacteroides

|—Escherichia coli
LEKIebSiella oxytoca Famille Enterobacteriaceae
Enterobacter cloacae
Veillonella parvula 3 Famille Veillonellaceae
Eubacterium plautii Sous-groupe

Eubacterium siraeum Clostridium leptum

Clostridium leptum Clostridium cluster IV

Faecalibacterium prausnitzii

Ruminococcus flavefaciens
—Eubacterium cylindroides

Lachnospiraceae family

Classe Erysipelotrichi
L Fubacterium biforme }

Staphylococcus epidermidis
Streptococcus salivarius

3} Genre Staphylococcus

¥} Genre Streptococcus Classe Bacilli

Enterococcus faecalis
{ f , Genre Enterococcus
Enterococcus faecium

Clostridium difficile

Clostridium perfringens Genre Clostridium

__:Clostridium butyricum Clostridium clusters | et XI
Clostridium neonatale

Clostridium populeti
Coprococcus eutactus
Butyrivibrio fibrisolvens
Ruminococcus obeum
Clostridium coccoides
Eubacterium rectale
Roseburia cecicola

Groupe Clostridium coccoides
Clostridium cluster XIVa
Famille Ruminococcaceae

Atopobium parvulum

Collinsella aerofaciens } Famille Coriobacteriaceae

2%

Eggerthella lenta
— Bifidobacterium longum

— Bifidobacterium adolescentis
——Bifidobacterium pseudocatenulatum

} Genre Bifidobacterium

Phylum Bacteroidetes

Phylum Proteobacteria

> Phylum Firmicutes

" Phylum Actinobacteria
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Extraction d’ADN -

PCR en temps réel S
quantification %i;?%@ >
== ==
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Groupe
Bacteroides

Famille
Ruminococcaceae

Famille

Lachnospiraceae

Bacteria

Genre
Bifidobacterium

Analyse de la
composition du
microbiote intestinal
par gPCR

Entérobactéries

Genre
Staphylococcus

Genre
Enterococcus
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Projet Prémaflora
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Hybridation In Situ couplée a
I’'analyse d’images
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Hybridation in situ sur caecum de souris
avec la sonde genérale Bacteria

Coloration Dapi et Fluorescence Eub 338-Cy3
fluorescence Eub 338-Cy3
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Hybridation in situ sur caecum de souris avec la sonde
ciblant les Bifidobactéries

Observation coloration Dapi et _
fluorescence Bif 164-Cy3 Fluorescence Bif 164-Cy3
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Colon d’'un rat du Colon d’un rat
groupe controle tra|te au MTZ

Epaisseur de la couche de mucus
(coloration bleu alcian / acide
périodique/ réactif de Schiff)
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Hybridation in situ avec la
sonde Bacteria CY3

Marquage au DAPI

41



o Getting to know your gut microbiota
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Implantation du microbiote

Toddler

(<1 year)

Vaginal Cesarean Milk Solid food Full adult |
delivery delivery consumption introduction diet _

(1~3 years)

Sabena Tamburind® 4, Nan Shen'4, Han Chih Wu®3 & Jose C Clementa?-3

The microbiome in early life: implications Inf
for health outcomes it

Bifidobacterium . :
. Staphylococcus : Bacteroides Adult-like
Laciobaciius Propionibacterium Lactpbac;ﬂus Clostridiales microbiota
Veillonella
\/ =3
% W _— 725 —— ;-235%
. . \ Familial transmission
Bifidobacterium Environmental exposure
Microbiota Lactobacillus
/ depletion I ! Christensenellaceae \

/ = " \

?’_}z&
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P El & ~
[Gut microbiotaJ {Vaginal infection} [F’eriodontitis] [Amibiotics} [Breast-ieeding] [Host geneticsl [ Environment]

Maternal factors Postnatal factors

Figure 1 Factors shaping the neonatal microbiome. Maternal vaginal infections or periodontitis can result in bacteria invading the uterine environment. Gut
and oral microbiota could be transported through the bloodstream from the mother to the fetus. Delivery mode shapes the initial bacterial inoculum of the
newborn. Postnatal factors such as antibiotic use, diet (such as breast-feeding versus formula, and introduction of solid food), genetics of the infant and
environmental exposure further configure the microbiome during early life. As diet diversifies with age, the microbiome gradually shifts toward an adult-like
configuration, which is usually reached by age 3. Bacteria associated with the different processes are indicated.

Marina Corral Spence/Nature Publishing Group



The human gut microbiome in health: establishment
and resilience of microbiota over a lifetime

Kacy Greenhalgh,! Kristen M. Meyer,?

Kjersti M. Aagaard? and Paul Wilmes'*
Luxembourg Centre for Systems Biomedicine,
University of Luxembourg, Beivaux, Luxembourg.
2Department of Obstetrics and Gynecology, Division of
Maternal-Fetal Medicine, Baylor College of Medicine,
Houston, TX, USA.
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P Fig. 2. Factors which influence the
Geriatric gastrointestinal tract microbiome
according to different life stages.

Host factors
. External factors

The human gut microbiome in health: establishment Adolescent
and resilience of microbiota over a lifetime

Kaey Groemhalgh.' Kristen M. Meyer.!
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Emerging Technologies for
Modifications du microbiote intestinal Gut Microbiome Research

Jason W. Amold," Jeffrey Roach,® and
M. Andrea Azcarate-Peril*

Modulator Type Example Impact on Host Duration/rate Effects on the Microbiota
Promotes growth of
Prebiotics B,1-4 Galacto- Bifidobacterium and
oligosaccharide (GOS)  Beneficial Short-term/ Lactobacillus [121]
intermediate Inhibits growth of

Clostridium [122]
Increases recovery rate of
microbiota post-antibiotic
treatment [123]

Inhibits growth/colonization

Probiotics Lactobacillus Beneficial Short-term/ of pathogenic microbes
rhamnosus GG intermediate [90,124]

Promotes growth of

Bifidiobacterium sp. [125]

Modulates host gene

exprassion

[90]

Modify and/or eradicate
Bacteriophages 933 W coliphage Detrimental Short-term/rapid  populations of commensal
Escherichia coli [126]
Transmits endotoxin genes
to bacteria within
community [127]
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Antibiotics/drugs

Host immune
response

Diet

Transplantation

Pathogenic
bacteria

Chemotherapy

Toll-like receptor-
mediated gene
expression

High-fat vs.
low-fat diets

Fecal transplant

Salmonela sp.

Beneficial or
detrimental

Generally beneficial

Beneficial or
detrimental

Mostly beneficial

Detrimental

Short-term/rapid

Long-term/rapid

Long-term/slow

Long-termv/
immediate

Short-term/
intermediate

Culling of microbes to free
niche space [128]

Inhibits colonization of
certain microbes
Eliminates invading
pathogens from the
population [46]

Vitamin supplements
impact transcription and
microbial content [82,129]
High-fat diets promote
‘unhealthy’ microbiota [80]

Transplantation of healthy
microbiota can eliminate
Clostridium difficile
infection [97]

Qutcompetes other
microbes within the
microbial community,
reducing community
diversity [130]






