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CONTEXT
Propionibacterium freudenreichii is widely used in Swiss-type 

cheese manufacture and especially in Emmental cheese.

In France: 

� Emmental cheese production > 253 000 tones (in 2010)

→ 76% of the production of cow milk hard-cooked cheeses
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Emmental cheese ripening is based on different combinations of time and 

temperature, according to manufacturer’s practices.

In France, the legal ripening time of Emmental cheese is a minimum 

of 6 weeks. But, it can be extended to months, like for example 

Emmental PDO cheese from Switzerland.

→ 76% of the production of cow milk hard-cooked cheeses

→ 37% of the total production of cheeses

� Consumption: 4 kg of Emmental cheese/person/year



CONTEXT

Emmental cheese ripening

Ripening for 2-3 

weeks at 10-14°C

Ripening at 20-25°C 

(warm room)

Long storage at 2-4°C

(cold room)
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Formation of “eyes” and

flavor during the ripening

in the warm room

weeks at 10-14°C (warm room)

P. freudenreichii

(cold room)

Aroma compounds are 

still produced

P. freudenreichii adaptation 

at low temperatures?



OBJECTIVE
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How P. freudenreichii copes with the cold-induced stress and

remains active when cheeses are transferred to the cold room?



STRATEGY:
An approach combining transcriptomics, proteomics and metabolomics

� The sequenced strain CIRM-BIA1T
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Cultures in triplicate

� The medium had a composition in complex 

nitrogen sources and carbon (lactate) close to 

Swiss cheese aqueous phase
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→ Nutritional conditions mimicking cheese environment



STRATEGY:
An approach combining transcriptomics, proteomics and metabolomics
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RESULTS: General slowing down of cell machinery
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Reference time
� Many metabolic functions  were 

down-regulated in the cold
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Cell wall

Cytosol

Ribosome
Protein

Decreased of protein synthesis: down-regulation

of genes coding for ribosomal proteins

Outer 
medium

RESULTS: General slowing down of cell machinery
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DNA

Membrane

RNA

Ribosome
Protein

Decreased of energetic metabolism: down-

regulation of genes coding for the electron

transport chain and ATP synthases

Electron 
transport chain

Down-regulation of genes

coding for DNA metabolism

PolyP



� These results were also confirmed by 

proteomic data 
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RESULTS: General slowing down of cell machinery
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RESULTS: Cell adaptation and survival in the cold
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Reference time
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Up-regulation of 2 genes coding for cold-

shock proteins → to act as chaperones

RESULTS: Cell adaptation and survival in the cold
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Up-regulation of transcriptional 

regulator proteins → to maintain 

transcription

Up-regulation of DEAD-Box 

RNA helicases → to maintain 

protein synthesis

Up-regulation of polyP hydrolases 

→ to get new energetic supplies

DNA
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RNA

Ribosome
Protein

Electron 
transport chain

PolyP

Transcriptional regulators



RESULTS: Cell adaptation and survival in the cold
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� These results were also confirmed by 

proteomic data 

20h 3 days 6 days 9 days
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RESULTS: Long-term survival strategies
lactate  
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RESULTS: Production of aroma compounds

Propionate production decreased 

by a factor of 25 at 4°C

■ At 30°C
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RESULTS: Production of aroma compounds

P. freudenreichii is also known to produce:
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The expression of these genes remained unchanged at 4°C

o Free fatty acids and esters

o Methylbutanoic acids
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Methylbutanoic acids (µM)

RESULTS: Production of aroma compounds

The production of methylbutanoic acids 

decreased by a factor of only 3 at 4°C

COOH
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(isovaleric acid)
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COOH +
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30°C 4°C

decreased by a factor of only 3 at 4°C

■ At 30°C
■ At 4°C 76%

→ P. freudenreichii continued to 

produce aroma compounds at 4°C

F1



Diapositive 17

F1 Echelle de temps : 20h et 3, 6 eet 9 days ?

Couleurs ? Pas de bleu et de vert ?
Fabien, 11/10/2011



CONCLUSIONS

� Its metabolic activity was slowed down

� This is the first transcriptomic study for a P. freudenreichii strain

� It brings new insights into the physiology of this bacterium in the cold
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� These results could explain the contribution of P. freudenreichii to cheese 

ripening even during cold storage

� Its metabolic activity was slowed down

� Its carbon metabolism was re-routed to accumulate glycogen

� Its production of aroma compounds remained unchanged



PROSPECTS

� Other P. freudenreichii strains are currently tested using the same -omic

approach
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� This work will help in getting global insights into the physiology and the 

metabolic adaptation of the species during cheese ripening

This work could lead to a better selection of strains 

and an optimization of Swiss cheese ripening
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