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http://wwwe6.rennes.inra.fr/stlo

A multidisciplinary and multiscale approach,
reinforced by two high-calibre facilities:

Dairy Platform
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O Structuration / destructuration mechanisms of food matrix:

from structural characterisation to digestion

O Dairy processing and cheese making:
toward sustainable dairy systems

O Microbial interaction:
food matrix and host cell
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> Propionibacterium freudenreichii:
Who'’s that bug?
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> Emmental and other cheeses with holes: a long story

Elavour- Propionate

Acetate
Co,

...Esters

Lactic fermentation Propionic fermentation

[ Cold room |l _ Warm rpom]

Log UFC / g cheese

=» The Fitz equation (1878)

3 Lactate > 2 propionate + 1 acetate + 1CO,

= The isolation of dairy propionibacteria by von Freudenreich and Orla-Jensen (1907)
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> Propionibacteria, in a few words

Phyla Actinobacteria
Order Actinomycetales
Sub-order

Propionibacterineae ===» Propionibactetriaceae w3 Propionibacterium —

"A. jensenii
A. thoenii
A. acidipropionici,

~ Acidipropionibacterium ==~ A microaerophilum,

A. damnosum
A. olivae

P. freudenreichii
P. acidifaciens

P. Cyclohexanicum
P. australianse

) Pseudopropionibacterium = —E’ propionicum

C. avidum

Phylogenetic tree of the class Actinobacteria

based on 16S rDNA

Micrococcus kristinae

Arthrobacter globiformis

Dermabacter hominis
Brachybacterium alimentarium

Brevibacterium linens

Brevibacterium casei

S jenensis

Mierobacterium lacticum

ureobacterium liquefaciens

Curtebacterium luteum
Rathayibacter rathayi

Clavibacter insidiosum

Brevibacterium mcbrellneri

Myvcobacterium paratuberculosis

Nocardia amarae

Bifidobacterium lactis

Corynebacterium /
variabilis
ammoniagenes

Corynebactenuml Propionibacterium

freudenreichii

Escherichia coli

=

I Actinobacteria |

E fdgendssieche T echnische H ochachule

9 Cutibacterium _) c gmm‘osuT
C. humerusii C. acnes acnes
C. GCNES sy —  C. acCneS defendens
C. acnes elongatum
Family Genus Species Sub-species

Gram +

pleiomorphic

anaerobic to microaérophilic
non motiles et non sporulated
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Bacillus cereus

Staphylococcus aureus

i\
Low G+C

Lactobacillus acidophilus subsp. johnso
Lactococcus lactis
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> Propionibacterium freudenreichii:
An inducer of anti-inflammatory cytokines
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> Cytokine stimulation on human PBMCs (mononucleated leucocytes

from donors)

IL-10 (pg/ml)

Benoit Foligné

The best anti-inflammatory strains

The less anti-inflammatory strains
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> Cytokine stimulation: surface layer proteins (SLP) involved

Guanidine Chloride

rail N e

g

S-layer Lipoteichoic acid protein polysaccharide Teichoic acid g gg g
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> A key role of surface proteins

Guanidine Chloride \ *

97
66
30
| 2
14
Untreated - Guanidine treated
2500- IL-10
2000 2 °
o'de
15004 ° 333«

R SR R X R
Q)Q) C,;\' Q:b' '\6 Q- %)
D S 0,&\ 52
(O

CIRM129 Guanidine extract
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> Propionibacterium freudenreichii:
Anti-colitis effects demonstrated in vivo
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> Propionibacteria: prevention of TNBS-induced colitis in mice

NO2 : Af
,{@‘”ﬁ } { Macroscopic -
HSO3S NO2 ey & 1 % p 4cm )
= T, score (Wallace) I
q A A ‘
2,4,6-ThNftroBenzene Sulfonic acid (TNBS)  Acute colitis o 1 2 3 4 5 U8

Intragastric
BALB/c mice 4

S
N [—-*L] -3 [ -1] 1][ r:n] +1][+2][+3] Days

(n=10) V ~en

Necrops
Healthy — e—— P s— psy
CTL + TNBS PBS — Read-outs
Milk + TNBS e @ —_— Body weight
é Inflammatory scoring:
Milk + Ld + TNBS —_—

I Blood SAA & IL-6
Benoit Foligné macroscopic evaluation (colon)
MTX + TNBS @ = histological analysis (colon)

— m—  transcriptional signature {colon)
P+ Ld+TNBS @ bacterial community profiling (fecal)
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> Propionibacteria: prevention of TNBS-induced colitis in mice

= 110~ @% % -0 Healthy
= 105+ *x _5-——3 =-* CTL
[ Live = - 2
o 5 100- @ - MTX| 2
o © - Pf *
S < 095-
> 4=
< o 90
= 2 85
S 80
o
C || || | | m 5 || || || I
HealthyCTL MTX Pf DO D1 D2 D3
+ TNBS
Survival Body weight
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> Propionibacteria: prevention of TNBS-induced colitis in mice
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> Propionibacteria: prevention of TNBS-induced colitis in mice

, Hdd
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Propionibacteria: prevention of TNBS-induced colitis in mice

Blood inflammation markers

4000- . 50000- _
- 30004 ‘ “;I . 40000 a
£ - £ 30000
(@) o = o
£ 2000 =
@ < 20000
= 1000- e 2 G *#
&Y *# 100004 <~
* ||
e 0
Healthy CTL MTX  Pf Healthy CTL MTX Pf
+ TNBS 4 @ +TNBS , .
(=] - f]
Interleukin 6 Serum Amyloid A
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> Propionibacteria: prevention of TNBS-induced colitis in mice

Colonic mflammatory markers

12- f 1250~ 2001
104 o 0 i n
~ o g 1000 T 1501
) 8+ .I L L
< < 2 7501 <8
O 64 Z 7 Z 2 100+
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0 0 - i 0 i.
Healthy CTL MTX Healthy CTL MTX Pf Healthy CTL MTX Pf
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Colonic oxidative stress markers
50~ " 80 50+
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> How does it work?
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> Comparative proteomics related to IL-10 induction
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Looking for correlations U 1\

against Inflammation of the Gut
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The surface proteomic approach

=
s
[~ &3

Bacteria grown in a T
fermented dairy product E - %Iw
- @ L S
gy . » 9%
S
5 & Trypsin @/(Lf_ B x‘@
Surface proteins guanidine @ £ c§ Surface proteins CyDye fluorescent
extraction

s s |abe|||ng
Surface proteins trypsin Shaving

!

Grey: Trypsin + cells
= Black: trypsin + supernatant
100

Dialysis

80

60

40 |

mAU 214 nm

/
12 20 - Nhr\!
== /,»N”’Nw - :
- o — .
<jE »
N 20 40 60 80
time (min)

I 7

Released peptides

1D Electrophoresis 2D Electrophoresis
1: whole cell SDS extract ; 2: Guanidium extract

1 Spot picking & trypsinolysis
Band picking & trypsinolysis \

Mass spectrometry:
NanoLC-ESI-MS/MS on
ABSciex Q-Star XL

Database of predicted
proteins
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Starter Surface

Agence Nationale de la Recherche

against Inflammation of the Gut

P. freudenreichii
genome sequence

AGM TAL

Annotation on the

Agmial platform
http://genome.jouy.inra.fr/agmial/

Localization prediction
using SurfG+

Proteomics 9:61-73 (2009)
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Sec

PSE

Shaving

C

CyDye Surface Labelling

mC

HSec
PSE

M

Sec

PSE

Cc

Sec

PSE

:516
527

Guanidium Chloride

@ STLO

Diversity of Propionibacterium freudenreichii
surface proteome, distribution into in silico
predicted localisations.

(A) Guanidine hydrochloride-extracted proteins,

analysed by SDS PAGE, evidenced variability among the Pf strains. (B,C). An
inventory of the surface proteins

of 12 Pf strains was further made by combining the three surface proteomic
methods and produced a total of

509 proteomic identifications representing 174 different proteins. (B) Global
distribution of in silico predicted

localisations of the 174 different proteins identified. (C) Number and
predicted localisations of the proteins

identified using each analytical method: shaving, cyDye surface labelling and
guanidine hydrochloride

extraction (Le Maréchal et al.19). The localisations were predicted by SurfG
+ software, as described by Barinov

et al.20 and the categories were as follows: (C) cytoplasmic protein, PSE:
Protein surface exposed, M: membrane

protein, SEC: secreted protein.
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Sequence & annotation
25 génomes

8 draft
genomes
27511
predicted
proteins
for 12
straing 3823 clusters of

orthologous or
strain-specific
proteins

Candidate genes
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Treating correlations : statistics
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Transcriptomic:
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> Treating correlations : statistics

Mahendra.Mariadassou@jouy.inra.fr

» Surface Layer Proteins

> A total of 45 genes inactivated
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> Mutational inactivation of surface layer protein genes
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> Impact on IL-10 induction

Integrative pUCIS-emR
plasmids (suicide vectors)

Gene disruption by single
cross-over plasmid

——" insertion
Target gene chromosome
——ESE e WSO — Mutant

T - 24 h
2 ed IL-10

IFNy

¢ .[H VIYTO Y= :. 12 1Nk
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>

Histopathological scores

2 Impact on anti-inflammatory effect

159

104

Integrative pUCIS-emR
plasmids (suicide vectors)

Target gene

Wild type
chromosome

— GSE - em ST — Muant

I * ok k ok |

Healthy lleum

Gene disruption by single
cross-over plasmid
insertion

YEL Control

Ad libitum BALB/c . .
CB 129 WT 6th — 8th week =%
(Culture media) 4%
s g &
9@ s < \\‘9 \‘5@
¥ Sl \at
3 '5 =
‘ CB 129 WT pre-treatment ‘ &7 ‘
' Day 1 ‘Day11 Day 14

YEL Control

» Mutation of SIpB suppresses protection
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> Heterologous expression of slpB gene
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2 Impact on anti-inflammatory effect

C57BL6
8th week age

5thDay 12th Day

EcoRl,

\ 1st Day

repC . 3% (w/v) DSS solution
ol | Intragastric gavage > (36-50 25 kDa)

Gavage 500 pL
goomgcneesern | ICENSRESER
500 uL PBS pH 7.4)

sipB

pXYSEC: sIpB Beginning Euthanasia
Nsi — 4.227 bp
SP yspes '
repA
DSyseq
o $_
Cm
Fillipe Luiz Carmo
fillipelrc@gmail.com
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2 Impact on anti-inflammatory effect

C57BL6
. 8th week age
A;- B o (o . i
% 6 “*:ttt . . ‘t‘:u: . ‘\
£ & . T g: | 1st Day 5th Day 12th Day
. £ £, — : 3% (w/v) DSS solution
& é : |l| 2, ntragastric gavage (36-50 25 kDa)
A omanoey”  © T R :E 3 2 Gavage 500 pL
s Pl -1 goomgcneesern | GOSN
Poemonn o SR B, e 500 pL PBS pH 7.4)
E Beginning Euthanasia
% %k %k %k
% %k %k |
e
% % % Xk
| % %k %k %k * % | * . ° ° °
= > SlpB expression provides L. lactis with
! enhanced anti-inflammatory properties
: z
I
£~ 3
DSS

Fillipe Luiz Carmo
fillipelrc@gmail.com

L. Lactis WT + DSS
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> What about Evs ?
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> Propionibacteria produce EVs ..

66.0

30.0

SDS solubilisation —> SDS PAGE

B 1.4x10°
1201 Barely run In-gel trypsin
ST, 1.0x10° . .
BE o SDS PAGE digestion
gé 6.0x 108
8 & 40«10 &H B A
2.0x10° W \a e

0 50 100 150 200 250 300
Diameter (nm) =
ms? T Ms? stepped HCD

Intensity

= Nano-LC-MS/MS

Q Exactive
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> Propionibacteria Evs contain (surface) proteins

A M WP EVs B Cc
= INFORMATION STORAGE
o e AND PROCESSING
97.0 Membrane (51)
3 CELLULAR PROCESSES
cLl ‘ AND SIGNALING
45.0 .
Extracellular (29)
30.0 3
v
’ POORLY
METABOLISM CHARACTERIZED

Cytoplasmic (239)

O
m

12:4
™ (34) >_, CspA
10 A
Lipo (22) > — SodA
8 -t
GrolL2
Sec (22) 6 1\ — SIpB

—Cys2, AhpC, Mdh
a4 / —YfmC, FabF, GroEL1, SufC, Enol

Protein abundance index (PAIl)

Other (241)

T T T T T T
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INRAZ

Y And the biological activity of these Evs?

Wait for Juliana Laguna

“Health benefits of EVs derived from the probiotic bacterium
Propionibacterium freudenreichii”

 \ )
we

§ - - AndforMarine Mantel
“Inhibitor function of bacterial EVs in the epithelial breakdown I &%
induced by inflammation: could it be used to treat IBD?” r ; '
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