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1 MICROBIOTA INTESTINAL
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Comunitatde microorganismewius que resideixenen un ninxol ecologicdeterminat
establintrelacionsgue condueixera un equilibridinamicentre ells,

Lamicrobiota humanaespot consideramun organmes ambfuncions
imprescindibleper mantenirla salut
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iGentre bacterii hoste

L'homeelsproporcionahabitati alimenti elsmicro-organismedi proporcionensalut

z

Simbiosi[ I @GARIF O2yeadzyil SyaGNB fF YAONROAZ2IG|

A ComensalUnade lespartsesbeneficia )  Hoste indiferent

A Mutualista; Esbeneficienmutuament

. We:,
meesss——) Hoste beneficiat :re"oz
L

A Patdogena Només una petita part dels
bacteris que conviuenamb_el ésserhuma -
séno podenarrivaraserpatogenes )  Hoste perjudicat
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Fins fa menys d'una década només el
30% de la microbiota Intestinal era
cultivable {mostres de femta o
biopsies intestinals}.

Actualment amb la introduccio de
diverses técnigues de biologia
molecular per identificar i caracteritzar
els bacteris no cultivables.

La sequénciaci6o de fragments del
Gen bacteria 16S de ARN ribosomal
permet la identificacio i la classificacio
taxonomica dels bacteris presents en
una mostra.
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La diversidad taxondmica de los microorganismos que conforman la microbiota autdctona

Dominio Reino Filo Clase Ejemplo
Archaea Archaea A_IL Euryarcheota Methanobacteria Metandgenos intestinales
Gammaproteobacteria  Escherichia (intestino grueso)

B.XIL. Proteobacteria

Epsilonproteobacteria

Helicobacter (estémago)

Lachnospira. Faecalibacterium, Roseburia

Clostridia SRy ;
ool (ntestno grueso)
B.XIII. Firmicutes > T :
Bacteria Bacteria Bacilli Lactobacillus (vagina, intestino delgado),
Sy Staphylococcus (piel), Streptococcus (boca)
Bifidobacterium (intestino grueso),
B .XIV. Acunobacteria  Actinobacteria Propionibacterium (piel, intestino grueso),
Corvnebacterium (piel), Gardnerella (vagina)
B. XX. Bacteroidetes  Bacteroidetes Bacteroides, Prevotella (intesting grueso)
) Rhizopoda Amebas comensales (boca, intestino)
Protista Protozoa ” E—
Mastigophora Giardia (duodeno)
Eukaryota Siaas Ascomycota Saccharomycetes Candida (vagina, boca, intestino grueso)
"ungl = 5= &
Basidiomycota Exobasidiomycetes Malassezia (piel)
Animalia Arthropoda Arachnida Demodex (dcaros de la piel)

ANutr Hosp 2015;31(Supl.1)8
A
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A Totes les parts del organisme

contenen bacteris, pero
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Simbiosis en la
microbiota

R Simbiosis en
" el budell
AN
\\

Microbioma

~

b — —

Metagenoma

-y
------n -———-_——

\.

notip individuz

s Malaltia
- intestinal

Disbiosisen
el budell

-

Microbiota intestinal

s

--=" Pediatric Researd2014)76, 2c10 (2014)
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V Hi han al voltant de 1000 espécies bacterianes.

V Combinacié tnica. No hi han 2 microbiotes iguals al budell.

VARIABILITAT MALALTIA

Edat Obesitat
Geografia Diabetes mellitus
Dieta Aterosclerosis

SAOS
Malaltia autoinmune

Malaltia inflamatoria

intestinal

Circulation. 2016;133:26635609
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Variabilitat seqgons geoqgrafia

A ,,

B

Africa Europa
Bacteroidetes : Firmicutes Bacteroidetes Firmicutes
B Prevotella [.Ace!ilomaculum ! BOtros BAlistipes I [-A:'ﬂilom.lculum ! BOtros
B Xylanibacter B Faecalibacterium W Bacteroides -Faefalibacteriunl o
W Subdoligranulum @ Roseburia

B Subdoligranulum
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Células de defensa

- intestinal
L}
.e s TOXinas,
Nutrientes -t microbios I Mucosa intestinal
.o e == \ @‘ @ Microbiota
- . @ \ y : intestinal
: v =576 ‘®
Células del
Intestino

Afavoreix la digestio: - Competicié amb patogens Desenvolupament del Maduracié del tub digestiu,
-CSNXSyil OAs R o9 ff f;\Zngéy GRQ quéi\ 5 Ugjstema immunitari manteniment de la mucosa
digeribles, - Producci6 de substancies  jytestinal intestinal, produccié de moc,
- Absorcié de nutrients antimicrobianes activitat enzimatica de la
(aminoacids, sucresijtam,..) - Manteniment de la mucosa.

- Sintesi de metabolits: (AGCC, homeostasi intestinal
vitamina K, VitaminaB12,..)
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@ |ntestinal location |

Stomach Duodenum Jejunum lleum Colon
Microbes/gram 1x10* 1x10° 1x104 1x107 1x10*?
Composition Lactobacillus Streptococcus Lactobacillus SFB Bacteroides
Helicobacter Lactococcus Streptococcus Enterobacteriaceae Clostridium
Veillonella Staphylococcus Enterococcus Bacteroides Lachnospiraceae
Clostridium Proteobacteria
Actinobacteria
Prevotellaceae
b
Host genetics? Delivery mode ‘ Feeding type Environmental

Prenatal

é comenca a haver
evidéncia

de que ja existeix
una

colonitzacié
intrauterina

Vaginal delivery
t Lactobacillus
+ Prevotella
t Sneathia

Caesarian-section

t Staphylococcus

t Corynebacterium
t+ Propionibacterium

b

Lactobacillus
Bifidobacterium

1)

- Q’
W

1 month

Enterobacteriaceae

1
(=1 @?@

6 months

Firmicutes

Bacteroidetes

exposures
Solid food

E. Coli
Proteobacteérig

t Diversity

Factors
influencing
colonization

2 years

Adult-like
microbiota

t Bacteroidetes
t Firmicutes

Nature Reviews | Gastroenterology & Hepatology
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Prenatal Naixament 6 mesos

Boca Vagina

Enterobacteris

Lactobacillus

Salut dental de la mare,

fQFrt AYSYdl OAs = : : : : : : : ]
lobesitat | Sy Ul OAs m=) | microbiomaintestinal fetal. P sistema immune final del nad6

I'Us d'antibiotics durant I'embaras

Kozyrskyandal.BirthdefectsRes &EmbryoToday
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Prenatal Naixement 6 mesos

Part vaginal

contacte amb la flora

Lactobacillusp. vaginal materna i perineal

Prevotellasp.

Bifidobacteriumsp. colonitzacidafavoridapel pH
gastricrelativamentelevati
la secrecidatenuadade bilis,
tipiquesdelsnounats

Staphylococcusp.

Coryneabacteriunsp. contacte amipell

Propionibacteriunsp.

NatRev Gastroenterdliepatol. 2015 Sep;12(9):4%B06
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Prenatal Naixament

6 mesos

Lactancia materna

“

. "‘
<

Lactancia artificial

Lactobacillus

Bifidobacterium

Enterobacteriaceae

NatRev Gastroenterdliepatol. 2015 Sep;12(9):4%B06
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Prenatal Naixament 6 mesos

Farinetes de fruita

<&
——

Puré de verdura

Sucres i polisacarids Firmicutes

Polisacarids complexos Bacteroidetes

NatRev Gastroenterdliepatol. 2015 Sep;12(9):4%B06
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Prenatal Naixement 6 mesos

E EXPOSICIONS AMBIENTALS

Menjar solid
EscherichiaColi

Proteobacteris

 Firmicutes
Adult-like
 Bacteroidetes|§  Microbiota

NatRev Gastroenterdliepatol. 2015 Sep;12(9):4%B06
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X
1Y

FETUS BEBES NENS ADULTS ANCIANS
Filosdominants
Practicament Lactanciamaterna Incrementen la @ Firmicutes
Estéril Espécieglominant diversitat Firmicutes @ bifidobacteris
bifidobacteria microbianasegons
Lactanciaartificial es vaintroduint Bacteroidetes i Bacteroidetes
Mésbacteroidetes solidsen la rpproteobacterias
menys alimentaci6 Actinobacteris
bifidobacteries
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La epidermis és facilment colonitzable. Es
seca, té un pH acid i segrega lactic.
La majoria dels microrganismes es troben en llocs
on hi ha més humitat i nutrients.:

A Glandules sebacies

A Glandules sudoripares

A fol-licles pilosos,

Actinobacteria(60% del totalcorinebacterig
propionibacteris)

Firmicutes  (25%:Staphyloepidermidis).
Fongs: Malassezidh O & LJ

[T Firmicutes

- Bacteroidetes

Mouth (56)

. Actinobacteria
. Proteobacteria

[C] other phyla
Skin (48)
QOesophagus (43)
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Mouth {56) D Firmicutes
- Bacteroidetes
. Actinobacteria
. Proteobacteria

[C] other phyla

Cesophagus (43)

multitud de bacteris,
protozous i llevats. Paper
mutualista (discutible);
SaAUNB LI 202043
altres problemes dentals

[t S@FGa T
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[ Firmicutes

- Bacteroidetes

Mouth (56)

. Actinobacteria
. Proteobacteria

[C] other phyla
Skin (48)

Sense colonitzaci6
permanent.

Conducte virtual, amb el
menjar arrossega tots els
microorganismes que intentin
establirse.

, Més frequents:
Vagina (5) . . .
Llevats / Bacterisrofaringis
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D Firmicutes
. Bacteroidetes

Mouth (56)

. Actinobacteria

. Proteobacteria

[ other phyla

Pocs micreorganismes,
fonamentalmentlactobacillus
(escassos). El pH acid una
barrera pels micro
organismes.

¢l YOS aQKA L2
Campylobactejejuni,
Helycobactepylori
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@ Firmicutes

Mouth (56)
- Bactercidetes

. Actinobacteria

. Proteobacteria

D Other phyla

Skin (48)

7 e Mo, SR 4.5 3545 6.7

MICROBIOTA Estarll Escaso Mixto lactobacillus  Lactobacillus Mixto
Lactobacilfus

Oesophagus (43)

Colen (195)

Nenesprepubers Mucosa seca i colonitzacio escassa.

Etapa fertil:.LactobacillugpH: 45). També es poden estahli
Gardnerellavaginalis Candidalbicansque poden convert
se en patogens si proliferen en exceés.

r

=l

a Sy 2 LI dattbb¥cill@s
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<10° UFC/mL

102-10? UFC/mL

10%-10"2 UFC/mL

Bacteria mas abundante

Lactobacilli

Enterococci
Lactobacilli

Enterobacteria
Enterococcus faecalis
Bacteroides
Bifidobacterium

Eubacterium B

Peptococcus
Peptostreptococcus
Ruminococcus
Clostridia
Lactobacilli

Esofago

Ano

@ Firmicutes

Mouth (56)

Organo Bacteroidetes
e Actinobacteria
. Protecbacteria
- Estomago [ other phylz
Skin (48)
|- buodeno
- Yeyuno

j‘ {leon

Vagina (5)

Colon
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Microbiota intestinal normal

\
FIRMICUTES $(-6(0 9%
1%
Euryarchacota 2%
PR e Verrucom icrobia
. /Lot ~
T - \‘ , ACTINOBACTERIS >10A’
. E 5;,,_ -+ Spirechactes
1 /o Fuwhockm/_,, ?"'!,l‘pi X .‘ Cyanobactena
I\ \
-Protecdac _
i /| BACTEROIDETES 20-40%
|
y-Proteobacteria S
S a2
£-Proteobactenia

1%

ArumugamM, Raes],PelletierE, LePaslieD, Yamadal,Mende DR, etal.Enterotypef the humangut microbiome Nature 2011
MHTNTOO:-
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Red meat,

some poultry,
liver

Ricw

.

I
Ho-c-cn_—(l;p-c-cn-rf- -CH, Camitine

OH CH

CH

H-C)-Q-O-CH—ber-*\'J'-CH. PC
o CH
CH

HO-CH—CH-.‘{I- ~CH_ Choline

— CH,
0]

o CH
|
HO~-C -CH—-\'J‘ ~-CH, Betaine~ -
CH

Gut lumen —

Gut epithelium —+

Liver
/‘-‘ﬁ\‘\
y = ?}JQ\
£ (M) o po=ni=CH, )
T A Y
CH, . /?"—J

Heart attack
Stroke

Death
Revascularization

N Engl J Me@013;368:15751584 .
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nature  _ 2
medicine

3

Article Published 07 Apnil 201

Intestinal microbiota metabolism of L—-
carnitine, a nutrient in red meat,
promotes atherosclerosis

Robert A Koeth, Zeneng Wang, Bruce S Levison, Jennifer ABuffa, Elin Org, Brendan T Sheehy, Earl B8
Britt, Xiaommmg Fu, Yupimnmg wu,Lin L, Jonathan D Smmaith, Joseph ADiIDonata, Jun Chen, Hongzhe Ly,
Gary D Wu, James D Lewis, Manya Warnmner, J Mark Brown, Ronald M Krauss, W H Wilson Tang,

Fredemnc D Bushman, Alcdons JLunis & Stanley L Hazen (=]

Ncature Medicine 19, 576-585 (2013) Download Citauon 4
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TMAO i ARTERIOSCLEROSI
Fosiatldllcollna

>=7 , Microbiota
!! s ' -8 ' ant

Acido graso
Acido graso
O (.:H.‘l ?H:c EMOs C"!"
O-pP -0~ Coina Ho—CH?-cHg-rlq‘—c:Ha e H—r;a'—cH et 0 = N CHg
o- CHJ C.‘:g — *ma CH3
Fosfatidilcolina Colina Trimetilamina Trimetilamina N-oxido
(dietaria) (TMA) (TMAO)

Nature Medicine mayo 2013
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4007 participantsamb MACno
254
agLIda . S'OtmeSOS a P<0.001 by log-rank test ARAN
coronariografia o Quartile 4
., . . E 20
Supresié de microbiota amb &
antibiotics §F s
Alimentatsamb colina(dosous E £ Quartile 3
durs 250 mgrs colina) i 250 =3 . Quartile 2
mgsfosfatidilcolina 5 3 = Quartile 1
Edatmitja: 63anys é s
5+ S
2/3 homes = y—
0+ 3 - .
0 | 2 3
Years
No. at Risk
Quartile 1 1001 933 869 827
Quartile 2 998 940 884 843
Quartile 3 1003 938 888 835
Quartile 4 1005 913 849 791
" Tutie 2. Risk of » Mafor Adverse Cardiavascular Event at 3 Years, According 1o Quartle of TMAD Level *
Risk of Event TMAQ Level
Quartie | Quartile 2 Quuartile 1 Quartile 4
hazard ratio hazard ratlo hazard rato
reference (95% 1) Pualue (9%% C1) P value (95% C1) P value
Unadusted harard raco L00 L24 (093166} 015 LSI (L1202 0003 254 [1.96.3.28) «0.00%
Adjussed hazard ratio
Model 17 L0 L14 (0.36-155} 0N 129 (0.98-1.71) 007 188 [Léd-2.44) <0001
Model 22 LOO 108 (0.79-1.45) 061 115 (085-1.56) 036 149 (110-203) 001
Maodel 3\ 100 106 10.77-145) 0.2 L1 (082-L.51) 050 143 [105-1M) o0

Dietary

phosphatidyicheline

Betaine

=

Trmethydamine Noude

Atherosclends

Stoke L Death

Heart sttack

Trmetiplamine

n engl j med 368;17:2013
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La formacio de TMAO a partir de

carnitina es alta en omnivors | minime
vegans

a b Urine TMAO C
50 8
3 250 2 e
> W= 5% s | Peoos —
> E —
Q328 >
s 3 =L Q
= = oL W : g al
g4 g 0.125 Vegan Omnivore - |
W
& £ Urine d3-TMAO £
. & I > o
S35 a
CE ol
L I =31
¢ 0 ZE Vegan/ Omnivore
0 2 24 0 12 24 gE vegetarian
Time (h) Time (h) 0 Visgmn: vanivom (n = 26) (n=51)

NatureMedicinevolume19,pages576585(2013)

Associacio del Bages i Bergueda per a I’Estudi dels Lipids. www.abbel.cat



Mecanismepelsqualsel microbioma
media ena malaltiavascular.

1. Diet high in
phosphatidylcholine

/| 4. TMAO = Vascular dysfunction
Atherosclerosis

Gut microbiome

Hepatocytes
| S |

FMO3
3. TMA=2TMAO

2. Choline 2 TMA

Circulation. 2016;133:2663609
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_v.’«’l

u%

4

Riboftavin
Niacin
Vitamin 86
Vitamin B12
Sodium

-
/“ﬁ "

)

laurine

Panax Ginsen

Energy Blend
L-Camitine,
Caffeine, Gu
Glucuronola

“Percent Daily V &
calorie dlet. T Daily Value not estadishe
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Microbiota intestinal i periodontitis :

Promotion -

of atherosclerosis g ()
Systemic bacterial /\ -

dissemination

Acute phase| Inflammation-induced
FESEONS0 pregnancy complications

Systemic inflammation / 4 Serum amyloid A

TNF, IL-1B, IL-6 - A '
"LIVER
Endotoxemia _
‘oo GUT
PERIODONTITIS )
(Inflamed/ulcerated gingiva Dysbiosis Y

and bone resorption)

Nat Rev ImmunolGener de 2015t5 (1): 3@44.
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