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[ The biofilm as a microbial ci

Architecture, dynamics and life cycle



Experimental context of biofilm cycle

The processes illustrated take place within a region measuring just one-sixteenth of a square millimetre
in a biofilm grown in a laboratory flow cell channel
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...and beyond!

Marra et al. (2023)



The slime matrix

Y

-EPS= Extra Polymeric Substances

-Water, polysaccharides, proteins, eDNA, lipids...
-EPS cohesion by a network of week bonds
-EPS= the immediate environment of biofilm cells,
determine their local living conditions

(Flemming et Wingender, Nat. Rev. Microbial., 2010)



Worflow to analyse biofilm by microscopy



Diversity in biofilm spatial organisation

S. enterica L. monocytogenes E. coli P. aeruginosa  S. aureus E. faecalis

Biovolume (x10° pm3)

Modeling of diffusion in biofilm of various architecture
(A) Escherichia coli, (B) Pseudomonas putida, (C) Salmonella enterica.
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Bridier et al. J. Microbio. Methods, 2010



Hollow voids & localized cell death

S.aureus (strain 47) P.aeruginosa (strain 36) S.enterica (strain 2)

Expression of agr P3-gfp

Yarwood 2004 J.Bact



Diversification of cell types

Swarming model of Bacillus subtilis

B.subtilis Phag-GFP PtapA-mKate2
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B.subtilis Phag-GFP PtapA-mKate2



Diversification of cell types

Macrocolony model of Bacillus subtilis

B.subtilis Phag-GFP PtapA-mKate2



B.subtilis Phag-GFP PtapA-mKate2

Diversification
of cell types

Submerged biofilm
model of Bacillus
subtilis



Matrix gradients provide different localized habitats and physiological
heterogeneity

Flemming et al., Nature Reviews Microbijology, 201¢



A natural biofilm is a
microscopic jungle !



Bacillus thuringiensis swimming in Cylindroteca closterium biofilm

Trajectories at different time points :

Bt407-GFP Bt407-GFP
Control day 1 day 5

Control
day 1

day 1

Biofilm
day 3

Analysis of bacterial motility by
trajectory spreading:

day 5

Manceau et al. In preparatiol



Are biofilms cooperative communities or microbial battlefields?

Nadell et al., Nature Reviews Microbiology, 201



Quorum sensing and regulation of biofilm formation



Social interaction and dynamics remodling of biofilm comunity

Flemming et al., Nature Reviews Microbijology, 201¢



Biofilms & Spatially Organized Communities -

Diversification of cell types
-Patterns of gene expression,
single-cell physiology
-Heterogeneity of cell behaviors
(growth, survival, virulence, social
phenotypes)

>>Emerging community

functions
Heterogeneous

Microenvironments
-gradients (gas, nutrients, inhibitors, QS)
-substratum microdomains
-background microbiota & predators





