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Tracte gastrointestinal i microbiota

El sistema intestinal és el més colonitzat
(bacteris , fongs, virus, protozous)

I”

“Microbiota intestina

Espécies diferentes de bacteris
(500-1000)
Anaerobis, anaerobis facultatius

Gran capacitat metabolica i una
dotacio genica que excedeix 100
vegades la de I'hoste

La microbiota compleix importants
funcions. Es considerada un organ

| I I |

Oesophagus

104-108 CFU/ml

Streptococcus Stomach

Prevotella <104 CFU/ml

Veilonella Streptococcus
Lactobacillus

Duodenum e Staphylococcus

10%-104 CFU/ml
Similar as stomach

Helicobacter pylori

+ Veilonella Jejunum

+ yeasts 10%-10% CFU/m
Similar as duodenum

Colon

10'°-10"" CFU/m lleum

Bacteroides 107-10% CFU/ml

Bifidobacterium Bifidobacterium

Clostridium Bacteroides

Ruminococcus Veilonella

Peptostreptococcus Clostridium

Eubacterium Enterobacteriacea

Faecalibacterium

Streptococcus

Tiihonen et al Ageing Res. Rev. 9: 107-16. (2010) .




Funcions de la microbiota

Protective functions Structural functions Metabolic functions

Pathogen displacemeant Barmier fortification Control IEC differentiation Ferment non-digestible
Nutrient competition Induction of IgA and proliferation dietary residue and endo-
Metabolize dietary genous epithelial-derived

Receptor competition Apical tightening of carcinogens Mmucus

Production of anti-microbial Lr T s e vitam lon absorption

factors e, g., bacteriocins, Immune system ynthesize v ns

lactic acids development e.g., biotin, folate Salvage of energy
Short-chain Mag=+ Vitamin K
fatty acids Cas+ Biotin

Commensal bacteria Fa2+ Eolate

e

O’Hara & Shanahan (2006) EMBO reports, 7:688-693



Comunicacio microbiota-hoste
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Muniz, L. R., Knosp, C., and Yeretssian, G. Frontiers in Immunology, 3, 310. (2012).



Comunicacio microbiota-hoste
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Microorganismes probiotics

Saccharomyces boulardii

Efecte antagonic sobre

) . . Lactobacillus:
microorganismes patogens

- Lactobacillus GG (LGG)

Factors fitness

Inhibicié de la invasié - L. acidophilus LA-1

- L. casei

- L. plantarum

Efecte sobre
mucosa intestinal

- Probiotics - L. debrueckii bulgaricus

Bifidobacterium:
Sintesi de mucus - B. longum
Formacio de biofilms ) )
Tight Junctions - B. infantis
- B. termophilum
Modulacié de la - B. bifidum
resposta immunitaria Streptococcus:
Mutaflor®mite s salivari
Secrecio de citocines i defensines S ol R H - - sanvarius
oo ] hr o -
umtpesun| 2y [ a3 3 | 38 Escherichia coli:

senwe
P 9w

- E. coli Nissle 1917 (EcN)

&




Comunicacio entre la microbiota i I'epiteli intestinal

Capa Externa

Capa Interna

Johansson et al. Proc. Natl. Acad. Sci. U. S. A. 105: 15064-9. (2008)

Epiteli Intestinal:
- Superficie d’interacciéo amb els bacteris

Factors secretats pels bacteris :
- Proteines i altres factors secretats
- Vesicules de membrana externa (OMVs)




Vesicules de membrana externa

Bacteris Gram-negatius

500 nm

Kuehn, M. J., & Kesty, N. C. (2005). Genes Dev. 19, 2645-2655.

Actuen com vehicles d’alliberament a distancia:

* Proteines ialtres components de la membrana externa.
* Proteines de periplasma

* Algunes proteines citosoliques

* DNAIiRNA

*  Metabolits



Funcions de les vesicules

Bacteria-Bacteria Interactions 0\,\/ Bacteria-Host Interactions
— Antibiotic resistance ? ~ Promote inflammatory responses ——

* Beta-lactamase: AmpC, Bla * Lipoproteins

¢ Multi-drug efflux systems: Mex, * Lipopolysaccharides (LPS)
Mtr, TolC t « QOther virulence factors
. c .
— Nutrient acquisition c‘? ©p
+ Siderophore transport  FecA, oS oo — Adhesion to host cells
o : + Adhesins: Ata, BabA, SabA

FhuA, FhuE, FiuA, FptA :

* Porins: OmpA

* Amino acid transport: Artl, BraC,
FIIY, GInH, HisJ @ — Virulence factor delivery

* Fatty acid transport: FadL = . .
) » Toxins: Cif, ClyA, EItA, EItB, LixA,
Outer Membrane Vesicles y
— Killing competing bacteria ——— (OMVs) StxA, StxB
* Murein hydrolases: MItA, MItB * Digestive enzymes: LasB, PhoA,
* Endopeptidase L5: AlpB PlcH
OMVs commensal strains Contribute to intestinal health by

immunomodulating host responses

Lee, et al. Proteomics Clin. Appl. 2016 10:897-909



Aportacions sobre l'efecte de factors secretats per Escherichia coli
Nissle 1917 (EcN) i soques comensals sobre la barrera intestinal

EcN
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Reforg de les tight junctions (ECN) B 1
Modulacié de la resposta ‘

immunitaria
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Obtenciod de vesicules i factors secretats solubles

Cultiu EcN — EcoR63

LB- o DMEM - O/N

| Centrifugacié 10.000xg

\

sobrenadant -

(Lliure de cel-lules)

Filtracio

Concentracio del sobrenedant

10,000 NMWL

Q E— Comprovar esterilitat
Centrifugacié 150.000xg i
SN

separar sobrenedant i sediment

/ uantificacio

lliure d’OMVS. d’OMVs
(COF-SN)

Resuspensio en PBS

Guardar -20°C



Vesicules de membrana externa

EcN OMVs
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EcoR12 OMVs



Proteoma de la soca Nissle 1917

Classificacioé en

MS Identificacid grups funcionals i
de proteines prediccio in silico de
la funcio




Analisi proteomic de OMVs en DMEM
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Funcions de les vesicules a EcN

Bacteria-Bacteria Interactions

Proteccid a antibiotics, virus,
bacteris i d’altres

Resistencia: BtuB,,OmpF, OmpA
Estres oxidatiu: DsbC, TrxA, HslU

Adquisicié de nutrients

Receptors : Vitamina B12 (BtuB)
Captadors de ferro: |utA, IroN, FecA
Transportadors ABC de:

- Nutrients: BtuB, FadL
-lons inorganics: FhuA

-Aminoacids i sucres: GInH, MetQ, MalE

Bacteria-Host Interactions

Promouen respostes inflamatories
Lipopolisacarid: LPS

Proteases: Pic

Outer Membrane Vesicles
(OMVs)

Adhesio a la cel.lula hoste

Adhesid: Fim1C, OmpA, lha, Ag43
Flagel: FIiC, FIiD, FIgK, FIgE, FlgG
Porines: OmpA, OmpF, OmpC, OmpX

Metabolic enzymes: AsnB, Eno,GapA

Mort bacteriana

Murein hidrolases: MItA, MItB, EmtA

Factors immunomoduladors i de
virulencia
Proteines Metaboliques: CadA

(disminueix I'adhesio d’altres bacteris)

Altres: PpiA (evita reconeixement per macrofags)

Aguilera et al. Proteomics 2014 14(2-3):222-9.




Receptors que reconeixen patrons microbians (PRR)

7 NF-kB/IRF YN
( s
- ® o &
Nucleus

X000 dsRNA
X000k CPG DNA

#9 Proinflammatory cytokines & chemokines



Internalitzacio

Rodamina R-18

Quenching de la
fluorescencia

OMVs
EcN — EcoR12

FUSIO/ internalizacio amb Membrana plasmatica
la cél-lula hoste i Y

Emissio de - l
fluorescéncia o % ‘
‘ R-18

Emissio de
fluorescencia

MESURA DE LA FLUORESCENCIA
MICROSCOPIA CONFOCAL




Entrada d'OMVs a l'interior cel-lular

Vv

Cél-lules HT-29 a confluéncia

3.0 - EcN

—o—o¢—o—9

Fluorescence Intensity
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Fluorescence Intensity
(Fold Control)
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Internalitzacio

HT-29 Control ac >

OMVs EcN

90 min

37°C

. 5w
J A



Vies d’ internalitzacié d’'OMVs

Endocito:
mediada p
clatrina

Clorpromazin:

\ } Kactv ot al (7004) FMBQ J. 23:4538-4549
Y 0O'Donoghue and Krachler. Cell Microbiol. 2016 Nov; 18(11): 1508-1517.

INHIBIDORS E. coli enterohemorragica
Bielaszewska et al. (2013) PLoS Pathog. 12:€1003797



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5091637/

Internalitzacid per endocitosi
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Clathrin

15 min
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Cafias et al. (2016) PLoS One 11(8:e0160374. doi: 10.1371/journal.pone.0160374.



Vies de Senyalitzacid a través de receptors intracel-lulars NOD1 i NOD2

MDP
A
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Sakhon et al Front Microbiol. 2013; 4: 308.




Obtencid i caracteritzacio de T-84 Konckdown en NOD1 o NOD2

NOD-1 mRNA (Expresion

Relativa)

siRNA scramble
Cel.lules control
—_—

—

g [ X XD

1,4 -

1,2 A

0,38 -
06 -
0,4 -

0,2 -

siRNANOD1

Control Células

Control siRNA NOD-1

Scramble

NOD-2 mRNA (Expresion Relativa)

1,2

0,8

0,6

0,4

0,2

siRNA NOD2

Control Células Control Scramble siRNA NOD-2



Obtencid i caracteritzacio de T-84 Konckdown en NOD1 o NOD2

SIRNA scramble
Cel.lules control siRNA NOD1 siRNA NOD2

J/+ OMVs J/ + OMVs J/+ OMVs

SIRNA scramble
Cel.lules control siRNA NOD1 siRNA NOD2

o —
929000 k°°°©| (YA o

1) Cel-lules: Analisi de I'expressio del mMRNA de IL6 i IL8 per RT-qPCR

2) Sobrenedant: determinacio per ELISA de les proteines de IL-6i IL-8



Participacido de NOD1 en la senyalitzacié per OMVs

IL6 mRNA (Expresidn Relativa)
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IL8 mRNA (Expresion Relativa)
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ELISA
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La senyalitzacid en cel.lules T-84 per OMVs d’EcN i ECOR63 no depén de NOD2

IL6 mRNA (Expresion Relativa)

[
o

O B N W ~ U1 O N 0 ©O

@ Control Knockdown

RT-qPCR

NOD-2 Knockdown

Células control

OMVs EcN

OMVs ECOR12

IL8 mRNA (Expresion Relativa)
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Factors que incrementen la funcié de barrera de la mucosa intestinal

i RT-gPCR

MODEL EX VIVO:

TEIXIT COLONIC HUMA Produccié de mucus Secrecié de peptids

antimicrobians

B-defensina 2

=
L]

.’I'_

Lre]

*

j"' =

Ech ECORI2 Ech ECORI2
OMVs  Lysate

Globet Cells
productores de
Mucina

<]

hED=2 mRMNL
relative expression

L2

LI =1

Muniz et al. Frontiers in Immunology, 3, 310. (2012).

B-defensina 2 4

Fabrega et al. (2016).Front Microbiol. 11;7:705.



Funcio de Barrera

v'La formacio de tight junctions

v'Modulacid del sistema immunitari



Tight Junctions

Tight junction

I symplekin

Mhe}ens junction

Funcio tight junctions:
-eviten la difusié de substancies toxiques o la invasio per microorganismes.
-controlen el moviment de fluids i soluts a través de |'espai paracel-lular.



Tight Junctions

Claudines: 27 components

Cohesio: Claudina 1,3, 4,5, 18

Junctional adhesion Permeabilitat paracel.lular:Claudina 2,10,14, 15

EXTRACELLULAR molecule (JAM)
SPACE s
Senvyalitzacio per controlar I’ homeostasi
Occludin Claudin

Paracellular ion selectivity

|
Putative S-S bridge

Cytosol

Site of phosphorylation/
palmitoylation and interacting
COOH

]~ with signaling molecules

PDZ interacting domain



Tight Junctions

Tight

EcN regula la barrera intestinal
incrementant 'expressio de

Apical plasma membrane Junction

proteines de tight junctions

Occludin +

Junctional Adhesion

molecule TCpC
present en el sobrenedant
dels cultius

Basolateral plasma membrane




Tight Junctions
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Tight Junctions

Tight

Apical plasma membrane Junction

Occludin
+

Junctional Adhesion
molecule

TcpC
Esta present en el
sobrenedant dels cultius

Basolateral plasma membrane

Es regulen ZO1, Participa TcpC en

Z02 iClaudina 14

2o '
aquesta regulacio- Hi ha altres
per factors
secretats?

claudines regulades?




Funcio de TcpC sobre la barrera epitelial

TER= Resisténcia
Electrica Transepitelial

Sobrenedants de soques tcpC* i tcpC
Cel-lules epitelials T-84

diferenciades
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Funcio de factors secretats sobre la barrera epitelial en cél-lules T-84

EcN > EcN tcpC

EcoR63 ---> EcoR63 tcpC

Cultius en DMEM

R

COF-SN  OMVs

TER= Resisténcia Electrica
Transepitelial

Cel-lules epitelials T-84-
diferenciades

~—
-

TERR4hE(%Hrom intial value)
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25

_lm

o

EcN EcoR63
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EcoR63

COF-SN

OMVs



Analisi transcripcional de gens que codifiquen proteines de les Tight Junctions

RT-PCR

(A) T-84 cells

- b -
¢ — COF-SN 4

OoOMVs
3,5 1

3 A
2,5 4
2 4

1,5

1

RelativeBnRNAZRxpression®ver@ontrol

0,5 0,5 1 TT'-—::—
a a

o ] e o
20-2 Ocludin Claudin-l( Claudin-2 w 20-2 Ocludin Claudin-l

Alvarez CS et al. Front Microbiol 2016 17:1981.



Analisi de I'expressio de proteines de les Tight Junctions en cel-lules T-84

Band@ntensity
(relative to®B-actin)
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Analisi per microscopia confocal de fluorescéncia d’Ocludina i de Claudina-2

Control

ECOR12

ECOR63 EcNtcpC::kan EcN

ECOR63tcpC::kan

Occludin Claudin-2

COF-SN OMVs COF-SN OMVs

|||||||||||||||III| ||||||||||||||||||| ‘ ‘ -

4095

2048

L

Controls

EcN
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Efectes de les OMVs i COF-SN sobre proteines de les tight junctions

COF-SN

Tight l TcpC depenent

Junction

Apical plasma membrane

=
Z014
Claudina 14 4
Claudina 2 ¥
Ocludina =
Claudina 1=
Z02=

Junctional Adhesion
molecule

T TcpC independent

OMVs

Basolateral plasma membrane

Si els factors secretats COF-SN

i OMVS protegeixen del efectes
nocius d’EPEC?




Disseny experimental
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OMVs i COF-SN d’ EcN i ECOR63

® ©

EPEC disminueix un 50%TER
La presencia d’'OMVs i COF-SN eviten la seva disminucio

EPEC disminueix I'expressid a nivell de transcripcio de Z01, Z02, ocludina i Claudina 14

La presencia d’'OMVs i COF-SN eviten la disminucio produida per EPEC de la
expressio a nivell de mRNA de :

*Ocludina

*Claudina-14



Analisi per microscopia confocal de fluorescéncia d’Ocludina, ZO-1

Microscopia confocal

4085

2043

OMVs ’ COF-SN

ECOR63 EcN ECOR63

Ocludina

Z0-1




Modulacio sobre el sistema immunitari

R oo Teixit
Monocapa °° ° colonic
o 00 9 o o Caco-2
594 52 ¢ < PBMCs —>
(sist. Immunitari)
DEL E. :
MODEL DE BARRERA MODEL DE BARRERA TEI)I\(/II1C')COLC‘)I)\I(I‘2I:3MA
INTESTINAL DANYADA INTESTINAL

colon .
transverso
2 ‘)“

Ganglio linfatico

ascendente

o a

MODEL EXPERIMENTAL DE
COLITIS INDUIDA PER DSS EN
RATOLI

Fabrega et al. Front Microbiol. 2016 7:705



Resposta immunitaria

| o i I | ooo-w 0O © I
ogo‘govoo Og.O — -

MODEL DE BARRERA MODEL DE BARRERA MODEL EX VIVO:
INTESTINAL DANYADA INTESTINAL TEIXIT COLONIC HUMA

MESURA DE CITOCINES ALLIBERADES AL MEDI

QUANTIFICACIO D’RNAm PER RT-qPCR



Resposta immunitaria
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Resposta immunitaria
MODEL DE BARRERA INTESTINAL A_
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Resposta immunitaria
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MODEL EX VIVO: TEIXIT COLONICHUMA 1
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Resposta immunitaria. Analisi de I'expressio génica
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Efecte protector d’'OMVs en la colitis experimental induida per sulfat de dextra
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Efecte protector d’'OMVs en la colitis experimental induida per sulfat de dextra
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E. coli Nissle 1917

DAI score: animal body weigth, presence of gross blood in the faeces, stool consistence.

Histological score: Ulceration, infiltration, edema and the condition of crypts




GRUP D’ INVESTIGACIO Comunicacio entre la microbiota |
I'epiteli intestinal

g
7

=
® =

i
UNIVERSITAT e
BARCELONA

0->0=0-0

UNION EUROPEA
Fondo Europeo de
Desarrolio Regional

—

Una manera de hacer Europa

[ ]
( ** FDG
® Farmadiet
group

masterfarm
masterdiet
farmadiet
otc master




