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reinforced by two high-calibre facilities:
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reverse engineering development of an anti-
iInflfammatory cheese ?
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Propionibacteria, multipurpose bacteria
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Gram + P, freudenreichii

pleiomorphic
anaerobic to microaérophilic
non motiles et non sporulated

GC Rich : 67%

Phylogenetic tree of the class Actinobacteria
based on 16S rDNA

Microbacterium lacticum

ErOCOeElls jenensis
Micrococcus kristinae
Arthrobacter globiformis
Dermabacter hominis
Brachybacterium alimentarium

ureobacterium liquefaciens

Curtobacteritm luteum
Rathayibacter rathavi

Clavibacter insidiosum

Brevibacterium linens

Brevibacterium casei

Bifidobacterium lactis

Brevibacterium mcbrellneri

Myvcobacterium paratuberculosis

Nocardia amarae

Corynebacterium / !
variabilis

| Escherichia coli
Corynebacterium®  Propionibacterium
ammoniagenes [freudenreichii

Bacillus cereus

High G+C 1
— Staphylococcus aureus

: : Low G+C
Actinobacteria \ \
Lactobacillus acidophilus subsp. johnso

E Higendasiacha T echn dwche H ochachula Lactococcus lactis

« dairy »:
P. freudenreichii

P.jensenii - P. thoenii -
P. acidipropionici

INRA

SCIENCE & IMPACT




Sewage plants

gut

soll

fodder

cheese

silage

rumen

milk

SCIENCE & IMPACT



Propionibacterium
freudenreichii
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*

= Vitamin producer [
B9, B12 &

=» Probiotics

= Food bio-preservative

Short Chain Fatty Acids
(SCFA)
Known effect on health

= Ripening starter
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Propionibacteria, a peculiar cell wall architecture
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Propionibacteria against inflammation of the gut?
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Promising Immunomodulatory Effects of Selected Strains of Dairy
Propionibacteria as Evidenced In Vitro and In Vivo™t
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Immunemadulatery properties of 10 dairy propionibacteria, analyzed on human peripheral blood mononu-
clear cells (PBMCs), revealed a highly strain-dependent induction of anti-inflammatory cytokine interleukin
10 (IL-10). Two selected strains of Propionibacterivm freudenreichii showed a protective effect against two
maodels of colitis in mice, suggesting a probiotic potential predicted by immune-based selection criteria for
these cheese starter bacieria.
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Figure 1 _Anti-i y prafile of dairy chil strains assessed on human peripheral blood mononuclear cell

(PBMCs). Comparative IL-10 release {in pg/ml) of human PBMC for 3 reference benchmark probiotic strains {Lacrabacillus acidophilus NCFM,
L salivarius 1533 and Bifidobacterium longum BBS3E) and for 23 propionibacteria strains (CIRM-BIA, INRA, Rennes, France). Immunocompetent cells
were stimulated at multiplicity of infection of 10 for 24 h and supernatants analysed by ELISA. Detailed methodology was previously published.”

Tracking the microbiome functionality:
focus on Propionibacterium species

Benoit Foligné, Jéréme Breton, Denis Mater, et al.

Gut 2013 62: 1227-1228 originally published online February 6, 2013
doi: 10.1136/gutjnl-2012-304393
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Guanidine extract
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Guanidine treated

66
45

30
20

14

Inactivation of SlpB
suppresses IL-10
induction

Table 1- Propionibacterium freudenreichii proteins identified by nano-LC-MS/MS after guanidine hydrochl

(shaving column) or in-situ fluorescence labeling (CyDye column).

Locus Tag Description Gene Function
PFCIRM129 12735 Internalin A inlA Miscellaneous
PFCIRM129 05460 Surface protein with SLH domain slpE Cell wall
FCIRM129 09350  Surface layer protein A slpA Cell wall
PFCIEM120 00700 Surface layer protein B glpB Cell wall
PFCI RM129 11445 Large surface protein A lepA Cell wall

SCIENCE & IMPACT



>
a

JOURNAL OF PROTEOMICS 112 (2015) 447 -481
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Available online at www.sciencedirect.com —r—
" PROTEOMICS
ScienceDirect I N

www.elsevier.com/locate/jprot e
Surface proteins of Propionibacterium freudenreichii
are involved in its anti-inflammatory properties @Cmm

Caroline Le Maréchal®?, Vincent Peton®?, Coline PI&, Christophe Vroland®®, Julien Jardin®?,
Valérie Briard-Bion™?, Gaél Durant®?, Victoria Chuat®?9, Valentin Loux®, Benoit Foligné‘,
Stéphanie-Marie Deutsch™®, Héléne Falentin®??, Gwénaél Jan™P*1

*INRA, UMR1253 STLO, Science et Technologie du Lait et de I'(Euf, F-35042 Rennes, France

PAGROCAMPUS OUEST, UMR1253 STLO, F-35042 Rennes, France

“Lactic Acid Bacteria & Mucosal Immunity, Center for Infection and Immunity of Lille, Institut Pasteur de Lille, U 10185,
UMRE204 Université Lille Nord de France, 1 rue du Pr Calmette, BP 245, F-59019 Lille, France

9INRA, UMR1253 STLO, CIRM-BLA, F-35042 Rennes, France

fINRA, UR MIG, F-78352 Jouy-en-Josas, France
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Cheese against inflammation of the gut?
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Impact of Pf single-strain cheese on TNBS-induced colitis

NO2
i i Pf cheese —p  risoss _@_NOZ —
' NO2

Healthy: n=5
TNBS groups: n=1(

Acute colitis, diarrhea, | * P<0.05: vs CTL

5 days 2,4,6-TriNitroBenzene Sulfonic
10° CFU/days acid (TNBS) bleeding, weight loss # p<0.05: vs MTX
- 1
Availlable online at www scisncedirect.com A
ScienceDirect
o
S ar Py
journal homepage: www.elseviar.com/locate/|ff F : ¥
Single-strain starter experimental cheese @ .

reveals anti-inflammatory effect of
Propionibacterium freudenreichii CIRM BIA 129 in

TNBS-colitis model

Coline Ple =, Romain Richoux ®, Julien Jardin =%, Marine Nurdin °,
Valérie Eriard-EBion =%, Sandrine Parayre -, Stéphanie Ferreira *,
Bruno Pot °, Guillaume Bouguen 2, Stéphanie-Marie Deutsch 4,
Héléne Falentin =, Benoit Foligné *', Gwénaél Jan =%*!
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Cheese is not a single strain product
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Emmental cheese: 3 starters

FRLIED AND Envinonsinral. Micromovooy, Dec. 2000, p. 22508254
CO-2240010/F1 200 dod: 100 128/ AEM 0197610
wpyrighe @ 2000, American Socery for Microbiology. All Righis Beserved.

Vol. 76, No. 24

Promising Immunomodulatory Effects of Selected Strains of Dairy

Propionibacteria as Evidenced In Vitro and In Vivo"t

Benoit Foligné,' 234 Siéphanie-Marie Deutsch,™* Jérdme Breton,™*** Fabien J. Cousin,*®’

Joélle Dewulf,"*** Michel Samson,* Bruno Pot,"*** and Gwénaél Jan™"*

Streptococcus thermophilus

OPEN @ ACCESS Freely available online @PLOS | ONE

Local and Systemic Immune Mechanisms Underlying the
Anti-Colitis Effects of the Dairy Bacterium Lactobacillus
delbrueckii

Clarissa Santos Rocha*% Ana Cristina Gomes-Santos?, Thais Garcias Moreira®, Marcela de Azevedo',

Tessalia Diniz Luerce', Mahendra Mariadassou®, Ana Paula Longaray Delamare®, Philippe Langella®?,
Emmanuelle Maguin®“, Vasco Azevedo', Ana Maria Caetano de Faria®, Anderson Miyoshi'®,
Maarten van de Guchte®*®
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Cheese protects at the organism level
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Blood inflammation markers
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Cheese protects at the organ level
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Cheese protects at the tissue level

Colonic inflammatory markers
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Cheese protects at the cell level

Nagaoka, Nature Communications, 2012

Colonic epithelial cell markers
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B AEM Immunomodulatory properties identified in other dairy bacteria

S-Layer Protein Mediates the Stimulatory Effect of Lactobacillus PRy —T—— p—
helveticus MIMLh5 on Innate Immunity The Joumal ot Tensletonal lnmunelooy

Valentina Taverniti,* Milda Stuknyte,* Mario Minuzzo,® Stefania Arioli, lvano De Noni? Christian Scabiosi,® Zuzet Martinez Cordova,”  [ESUIGGIEUICESGEUUCUCIRIMUTIEIY  ORIGINAL ARTICLE doi:10.1111/1.1365-2249.2011.04408.

~ Lactobacillus rhamnosus GG and Streptococcus thermophilus induce
armipere, Firland Fimiab : : sty ertal Enginsern e ooy, SUppPressor of cytokine signalling 3 (SOCS3) gene expression

et directly and indirectly via interleukin-10 in human

primary macrophages

S. Latvala,* M. Miettinen,' Summary
R. A. Kekkonen,’ R. Korpela* and

L Julk N In the present study we have characterized T helper type 2 (Th2) [interleukin
. Julkunen

(IL)-10]/Th1 (IL-12) cytokine expression balance in human primary mac-

*Department of Vaccination and Immune K ! ) R o N
rophages stimulated with multiple non-pathogenic Gram-positive bacteria

e
. (@ o ONE Protection, National Institute for Health and
0PEN8ACC555 Freely available online hx PL s | Welfare (THL), 'Valio Ltd R&-D, Meijeritie, and used in the food industry and as probiotic substances. Bacteria representing

*Institute of Biomedicine, Pharmacology, Lactobacillus, Bifidobacterium, Lactococcus, Leuconostoc, Propionibacterium

Lactabacillus helveticus SBTZ ‘I 7 ‘I In hi bits Lym phocyte University of Helsinki, Helsinki, Finland and Streptococcus species induced anti-inflammatory IL-10 production,
Proliferation by Regulation of the JNK Signaling Pathway Open e o g 8501

@

www.nature.comiich
Tomohiro Hosoya'”, Fumihiko Sakai'®, Maya Yamashita', Takuya Shiozaki?, Tsutomu Endo?,
Ken Ukibe', Hiroshi Uenishi’, Yukio Kadooka', Tomohiro Moriya', Hisako Nakagawa?, SHORT COMMUNICATION
Yosuke Nakayama?, Tadaaki Miyazaki®*

1Milk Science Research Institute, Megmilk Snow Brand Co. LTD., Saitama, Japan, 2 Department of Probiotics Immunology, Institute for Genetic Medicine, Hokkaido
University, Hokkaido, Japan, 3 Division of Molecular Immunology, Institute for Genetic Medicine, Hokkaido University, Hokkaido, Japan

Lactobacillus bulgaricus OLL1181 activates the aryl
hydrocarbon receptor pathway and inhibits colitis

Takeyuki Takamura', Daisuke Harama', Suguru Fukumoto!, Yuki Nakamura'!, Naomi Shimokawa',
Kayoko Ishimaru', Shuji Ikegami?, Seiya Makino?, Masanori Kitamura® and Atsuhito Nakao'

OPEN & ACCESS Freely available online B PLOS | o

L. plantarum, L. salivarius, and L. /lactis Attenuate Th2
Responses and Increase Treg Frequencies in Healthy
Mice in a Strain Dependent Manner

Maaike J. Smelt"?, Bart J. de Haan? Peter A. Bron"*, Iris van Swam"3, Marjolein Meijerink*,
Jerry M. Wells'*, Marijke M. Faas?, Paul de Vos'?*
1Top Institute Food and Nutrition, Wageningen, The Netherlands, 2 Department of Pathology and Medical Biology, University Medical Center Groningen and University of

InSti tl.lt Groningen, Groningen, The Netherands, 3 NIZO Food Research, Ede, The Netherands, 4 Department of Host-Microbe Interactomics, Wageningen University, Wageningen,
The Netherlands, 5Kluyver Centre for Fermentation and Genomics, Delft, The Netherands
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Reverse engineering of cheese?

Molecular Nutrition

Mol. Nutr. Food Res. 2018, 80, 935-948 DOI 10.1002/mnfr.201500580 935
RESEARCH ARTICLE

Combining selected immunomodulatory
Propionibacterium freudenreichii and Lactobacillus
delbrueckii strains: Reverse engineering development
of an anti-inflammatory cheese

Coline Plé’, Jéréme Breton', Romain Richoux?, Marine Nurdin?, Stéphanie-Marie Deutsch?*,
Hélene Falentin®?, Christophe Hervé®, Victoria Chuat®*¢€, Riwanon Lemeée®,
Emmanuelle Maguin’8, Gwénaél Jan®“, Maarten Van de Guchte’® and Benoit Foligné'
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Conclusion:

\ Fermented dairy products: a source of bioactive bacteria

v Molecules and strains involved are being identified

Perspectives :

v Preclinical and clinical studies with fermented products

v Fermented food for specific populations
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A maijor source of bacteria : 10° to 10° per gram

A huge variety of bacteria

;E' Thamnk

UNANIEZH EUROPA

UNION EUROPEENNE F ‘ a&&@ﬁﬂ@[ﬁ]

L'Europes'engage [, . . .. .ocen
en Bretagne [ cesemispoement regionol

Den’t ask
tough
questions

BRETAGNE

benoit.foligne@univ-lille2.fr Agence Nationsle de Ia Rocher R
|DZSa'1te

nel NDavalanment of the Health Sac o BRETACKE



http://www.saveurs-mots.fr/wp-content/uploads/2011/08/saumon.jpg
http://www.saveurs-mots.fr/wp-content/uploads/2011/08/saumon.jpg

