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OUR MICROBIAL PLANET

Think microbes are bad guys? Think again.

The food microbial ecosystem https://microbialmodus.wordpress.com/tag/fungi/

INTRODUCTION
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The food ecosystem

Food matrix: nutrients
Ressources for microorganisms

Microbiota Environment Process:
temperature, pH,
gaz, additives, ...

Hurdle technology
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Food microbiota

‘Fermented

products
® Raw meat, fish, >10%/g

Ly fruits, vegetables
% 103 to 10°/g
® -
Dehydrated, AN
high sugar or SR £

r £§ very fatty foods ;
= 10%/g m»—

Cooked products, chilled
ready meals: 102 to 10%/g

Gut 10'Y/g

Soil 10%/g
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Microorganisms in food

Micro-organism
communities

- . Benefit
Risk —

lliness Spoilage Preservation Fermentation
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Which challenges?

Moderate complexity of food ecosystem (regarding gut and soil)
High stringent environment (fermentation/storage)

No functional resilience?

Which functionality to target ?

Fermentation ? Spoilage? Preservation? safety? Health benefit?

Microbial ecologist has to face to uncultivability of species and to
link single approach and community approach

Metagenomics
Culture independent
analysis of genetic
material of microbial
communities

* Characterizing products

* Looking for new functionalities
* Monitoring process

* Selecting strains
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Increasing reports in metagenomics
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But few food microbiota available

90%
80% i keyword SCOPUS 2014(1-7)
i microbiota characterisation (400 newest 2014)
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Which tools for which questions?

META(GEN)OMICS APPLICATIONS
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Metagenomics and ecosystem

From genes to communities

)
Genes £ f Organism
) ; )
Environment
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Metagenomics applications

* Who? What? How?
* Who is here?
 What do they do?
* Who makes what?
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How to identify microorganisms?

* How do they look like?
* What do they do, eat or produce? /[ awm
. &)
* Who are they: genetic background? | A |
* Alone, single cells ,
» All together (ecosystem) —
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Gram Negative Gram Positive

Microscopy (Gram staining, 1884)
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To detect, to identify, to count

Louis Pasteur, Robert Koch,
1822-1895 1843-1910

Julius Pétri, 1852-1921
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Culture-independent tools

« Looking large to learn more? »

3 g s . 3

DNA RNA Proteins All components

16S rDNA/Other genes  Random

Metagenetics* l Metatranscriptomics l Metabolomics || Maldi-TOFF

Metagenomics Metaproteomics

*Esposito and Kirschberg 2014, FEMS microbial lett 351 145-146
24th International ICFMH conference,
FOOD MICRO 2014, Nantes 3rd september 16
2014



Culture-independent tools
Sequencing
NGS

- ¥ . !

DNA RNA Proteins All components

16S rDNA/Other genes  Random

A 4 ¥ A 4 ¥

Metagenetics* Metatranscriptomics Metabolomics || Maldi-TOFF

« Looking large to learn more? »

Metagenomics Metaproteomics

*Esposito and Kirschberg 2014, fFEMS microbial lett 351 145-146
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Sequencing: a fast evolving technology

GS Junior (Roche) lon PGM (ion Torrent)  MiSeq (lllumina)

Output : 0,09 Gb 2Gb 15 Gb
Max length: 900 b 400 b 500 b
100.000 reads

5.000.000 reads

GS Junior

‘‘‘‘‘‘

25.000.000 reads
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Culture-independent tools

Sequencing
NGS

-~
DNA

rDNA/Other genes  Random

\

« Looking large

Proteins All c

Metagenetics*

to learn more? »

\

Metatranscriptomics

Metagenomics

Metaproteomics

-

¥ A 4

\Diversity

/(Unctionality

*Esposito and Kirschberg 2014, fFEMS microbial lett 351 145-146

Main
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applications of metagenetics,

omponents
Metabolomics || Maldi-TOFF
i Diversity

19

metagenomics, metatranscriptomics in food

Omics | Molecle ____|Data_______| Applicationsin food

Metagenetics

Metagenomics

Metatranscriptomics

16s rDNA Bacterial Structure of Food
composition microbiota
Phylogeny

Specific target genes  Strain monitoring

Genomic DNA Gene catalogs Population diversity
Functions in food
MRNA (cDNA) Gene expression Functions in food

Genbank, Aug 21th 2014
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CHARACTERIZING DIVERSITY

What for in food?

To know the origin of products

To identify bacteria responsible for food spoilage
To follow and control process/storage

To monitor strains



Fhylotyp

The best alternative for food microbiota

16S rDNA metagenetics in food

A universal, highly conserved bacterial genetic marker
16S rRNA Gene

1250 1500 bp
I

va ve

l Variable Reglon

characterization

* Many reports

* Microbiota characterization

* Fermented food (Asia), cheese, meat, sourdough, cocoa)
* Unsuspected diversity (species number)

* Unexpected groups (ex Archaebacteria)
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Characterizing microbiota of a traditional artisanal cheese

100.000
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A common core for raw and pasteurized cheeses

BELGIAN PROTECTED DESIGNATION OF ORIGIN HERVE CHEESE MICROBIOTA
Core phylotypes common to all groups

O Enterococcus_casseliflavus 04
O Bacillus_sp._runiD_cheeseAOP_OTU70 03
O pseudoalteromonas_sp.P58 o o &o
® Halomonas_DQ396185 &

B Lactobacillus_plantarum 01 Q

O Psy r_sp._runiD_ OP_OTU50
B vibrio_penaeicida

o r_sp._runiD_cheeseAOP_OTU26
® Psychroflexus_sp.WS4520

L 7]
® Brevibacterium_sp.EP11/linens
o 5_Sp._runiD_ OP_OTU14 04
LT _sp._runiD_ OP_OTU9 05
O Arcobacter_marinus Opagffurized milk - Rind
B Pseudoalteromonas_sp.DIT9/sp.E46a-6a
W Vagococcus_fluvialis 0.7
™ Arthrobacter_arilaitensis
O Vibrio_sp.sx2w6 05 04 03 02 01 0 01 02 03 04 05 06 07
= ji jus sub_sp. phil PC1 (42.1%)

B Vagococcus_salmoninarum
i 2

PC2 (24.6%)

®Raw mil - Heart

OPasteurfled milk - Heart

_psy
= Stap _eq sub_sp.eq
® Psychrobacter_sp. TSBY-37/celer

O Corynebacterium_casei ) Compa ring 22 Cheeses

LIF _lactis sub_sp.

Raw_milk_cheese_rind
Raw_milk_cheese_heart

Pasteurized_milk_cheese_rind

Pasteurized_milk_cheese_heart

Describing microbiota Diversity among raw milk cheese rinds

Delcenserie et al 2014, J Dairy Sci, 97: 1-11
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Following population dynamics in fresh sausage

Lactobacillus graminis (T)
~=— Weissella confusa (T)
Leuconostoc citreum KM20
0.1 Pseudomonas lini (T)
Lactobacillus gasseri ATCC 33323
Carnobacterium divergens (T)
\ Yersinia mollaretii (T)
0.01 N\ Buttiauxella brennerae (T)
———Serratia_OTU4
pseudomonas psychrophila (T)
Lactococcus lactis subsp. cremoris SK11
0.001 \ /\ Streptococcus suis 05ZYH33

Streptococcus minor (T)

Relative abundance

Acinetobacter junii SH205

Bifidobacterium_OTU1
0.0001 7z ——Citrobacter braakii (T)
Lactobacillus sakei subsp. sakei 23K
Acinetobacter sp. ATCC 27244
Streptococcus sp. M143
0.00001 Acinetobacter sp. 13TU RUH2624

——Streptococcus thermophilus LMG 18311

Time (days at 4°C)
A quite long shelf life, different phases of population changes

Benson AK et al., 2014, Appl Env Microbiol 80: 5178-94

The actors of spoilage

A \[]7 l l Sensory characteristics

9.00 6.2
8.00 6.1 Sour
__—
7.00 T Rancid
6.00 8 i
5.00 Putrid/Spoiled
4.00
—+—APC

3.00 —=— APC Psychrotroph

Bacterial counts (Log cfu/g)

2.00 —i— Enterobacteriaceae
Coliforms

ot ——E.coli

0.00 —e— Lactic Acid Bacteria
pH

B 1
Lactobacillus graminis (T)
0.1 Weissella confusa (T) . . .
o * Change in dominant species
$ om a correlated with sensory
=1
o Lactobacillus gasseri ATCC 33323 .
o degradation
$ o0.001 Camabacterium divergens 1)
.g:ﬁ Yersinia mollaretii (T)
o
o 0.0001 Buttiauxella brennerae (T)
Serratia_OTU4
0 00001 Pseudomonas psychrophila (T)

0 15 30 45 60 80
Time (days at 4°C)

Benson AK et al, 2014, Appl Env Microbiol 80: 5178-94
Fresh sausage



The actors of spoilage

e prive
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Benson AK et al, 2014, Appl Env Microbiol 80: 5178-94
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Origin of microbiota

Meat + spice blend
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Benson AK et al., 2014, Appl Env Microbiol 80: 5178-94

Spice blend : a source of dominant Lactobacillus
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A revisited vision of food spoilage?

unweighted
IniFrac Distance
s o o

* Spoiled animal food products:
fish and meat

* 15 to 60 species

* Putative new dominant spoiling
species for fish?

* Yet uncultured

. . [y
CS  core geheral core GBIGV BD PS

seafood core meat

CF

L ! m m LT W
GB/GV BD PS SF CF SF cs

Chaillou et al in revison ISME J.
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Beyond the species level: towards exploring strain
diversity in communities

* 16S rDNA too much conserved to discriminate strains of the same
species
* Find other approaches to discriminate strains within communities

* High selective pressure of fermentation process (cheese making)
* Reduced communities

* More robust performance of mixed strain starters

* High degree of genetic heterogeneity at the strain level rather
than the species level
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Following mixed starters

Undefined gouda starter (back slopping)

l, milk \

Total DNA Colony plating (MRS/M17/Reddy)
16S rDNA l
metagenetics
DNA

Lactococcus lactis

. Genome sequence
Leuconostoc mesenteroides

) * Lactococcus lactis : 5 genetic lineages
L. lactis pangenome s Lactococcus lactis subsp cremoris : 2 lineages
* Leuconostoc mesenteroides : 1 lineage

Erkus et al, 2013. ISME 7, 2126-2136
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Following mixed starters

« multifactorial diversity sustains microbial community stability »

1.0E+09
1.0E+08 \/
1.0E+07 4 )

% 1.0E+06 4 e | L1:L. actis lactis

~ | L2:L lactis lactis (diacetylactis)
g 1.0E+05 1 L3 : L. lactis lactis

é’ 1.0E+04 | L4:L lactis lactis (diacetylactis)
= = | L5:L.lactis cremoris

& 1.0E+03 | L6: L. lactis cremoris

L7 : L. lactis lactis
L8 : Le mesenteroides

1.0E+02
1.0E+01 4
1.0E+00

Starter O Point  After After24 After After2 After 6
Press  hrs  Brining weeks weeks
Relative abundance of genetic lineages during cheese manufacturing reveals:
- effect of dynamic of the community on cheese making
- better survival lineage 2 and 4 and 8 (citrate utilizing) enhanced flavor
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Lessons from pangenome

Towards functionality
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oxoglutarate
9 NAD(P)" NAD(P)H

Erkus et al, 2013. ISME 7, 2126-2136
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Metagenomics in food

Few studies
Fermented Puer tea
DNA pyrosequencing
Bacteria and Eucaryota (yeast and moulds)
Predicted metabolic profiles

# Amino Acid Metabolisia

¥ Biosynthesis of Other Secondary
Metabolites

W Carbohydrate Metabolisim

¥ Energy Metabolism

¥ Glyean Biosynthesis and Metabolism
¥ Lipid Metabolism

¥ Metabolisin of Cofactors aud
Vitamins

M Metabolism of Other Ammo Acids

4 Metabolism of Terpenoids and
Polyketides

U Nucleotide Metabolisn

M Xenobiotics Biodegradation and
Metabolism

Lyu et al 2013, J Sci Food Agri 93:3165-3174
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STARCH AND SUCROSE METABOLISM
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What do they do?

UNDERSTANDING FUNCTIONNALITY
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Fermented food

* Safe and sustainable

* Microbial communities moreless complex

* Generally low number of species for fermentation process
* Challenge: knowing and monitoring their interactions

* Starter selection
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Kimchi: a nice case of study

Spontaneous fermentation of vegetables (cabbage /radish)

# Unclassified Bacteria

~@— Glucose # Unclassified Proteobacteria

80 . -
== Fructose # Unclassified Xanthomonadaceae
—¥— Sucrase ® Unclassified Actinomycetales
~/— Mannitol

# Unclassified Firmicutes

~&- Lactate

Shewanella

® Comamaonas

w
=

a2 ® Unclassified Oceanospirillales
60 0 Acetate & = Und 'rldn:r 'b',‘ !
e < nelassified Deferribacterales
¢ a ¢ # Unclassified Leuconostocaceae
g # Unclassified Lactobacillales
§- ® Flavobacterinm
o < Vibrio
< Sphingomonas
%‘ Kluyvera
s
e
>
4

® Pediococcus

Concentration (mM)

» Enterococcus
® Lactococcus
® Weissella

® Lactobacillus

avi

® Lenconostoc

0 5 10 15 20 25 30

A community where LAB are prevalent

Park et al 2011 Appl. Environ. Microbiol. 77 : 2264-2274
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What do they express?

Is this LAB community described What is the metabolic potential
in databases? Six main LAB expressed by this LAB community?

A .
100 a0then Carbohydrate metabolism
90 DArcobacter marinus —

=3 i - Primary SEED functions

B @Sphingomonas adhaesiva

g 7 QVibrio gazogenes

5 60 ® Leuconostoc lactis.

g 50 & Weissella cibaria

v 40 8 Leuconsotoc carnosum

£ OLeuconsoe gelidum . .

£ Sl ik Six main LAB
10
0

JaJ7 a3 38 a5 929

B Number of hits
60000 80000

Importance of
subsystem c subsystem Lactate
z =iermentation

==t

Leuconostoc mesenteroides subsp. mesenteroides 13
Lactobacillus sakei subsp. sakei 23K

Weissella koreensis KACC 15510

Leuconostoc gelidum JB7

Leuconastoc gasicomitatum LMG 18811

uconostoc carnosum JB16

Leuconostoc citreum KM20

Leuconostoc sp. C2
Weissella cibaria KACC 11862
Lactobacillus fermentum 1FO 3956
Lactobacillus casei ATCC 334

Lactococeus lactis KF 147
Lactobacillus helveticus R0052

Lactobacillus brevis ATCC 367
i NRI

jung et al 2013 Int J food microbiol 163 :171-179
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Relative expression (%)

During fermentation
- decreased expression of Leuconostoc
- increased expression of L. sakei and Weissella

804

404

20

Which species exprimes what and
when?

e meseneroides || T saker || e koreemtc | |Ez gastcomtains]| e geidam || Le.caresare
8 Leuconostoc carnosum 37 Dis018025029| (37 o13D1sDashas| |37 Disois28Das| 07 [1shiszsizs (37 oi3otsh2shzs (37 Disotshas
0O Leuconostoc gelidum

8 Leuconostoc gasicomitatum
8 Weissella koreensis

B Lactobacillus sakel

B Leuconostoc mesenteroides

J7 013 18 125 29

Understanding dynamics of functional role of each species
Understanding dynamics of gene expression
Jung et al 2013 Int J food microbiol 163 :171-179
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NEXT EXIT A ,
R\

Dreaming

FUTURE
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Further exploration of food microbial consortia

Ecosystem dynamics
Expressed functions at strain level

Genetic/functional markers

N\
Modelling/prediction

Strain typing
Interactions between strains

Link with metabolomics @ >
_ Data mining Y, ”\?)

Culture conditions for uncultured ci‘/f
microorganisms
Signatures
Process monitoring (fermentation)
~ Storage monitoring (quality/safety)

'
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Al

CONCLUSIONS
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Take home message

* A new starting era for food microbiology
* Arevisited vision of food ecosytems
* Exciting and promising future tools

* BUT SOME LIMITS

Needs for:

* Alot of microbiota associated with the composition/history of the
food product in order to help to the interpretation

* Consolidated/validated databases
*  Widespread bioinformatics tools
* Time!
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SESSION 2 — DYNAMICS AND FUNCTIONS OF MICROBIAL CONSORTIA
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Thanks for your attention!
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