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Major habitats : Total bacterial and Minor habitats

archaeal cell numbers = Groundwater: 5% 10°7

on Earth: = Phyllosphere: 2 =10
=1x10" = Cattle: 410

= Termites: Bx 107"

» Pigs: 710

= Humans: 4105

= Sea surface layer: 7 x10™
= Atmosphere: 5x 107

= Ftc.

Deep continental subsurface: 3 x 10

Deep oceanic subsurface: 4 x 10

Flemming and Wuertz, 2019



Biofilm on the rocks

<

Photo: Wenatchee River, Washington
SEM image: ©T. Couasnon
Schema: created in BioRender

Biofilms are 3D gel-like structures

Scale bar 1 pm
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Phyllosphere

Total bacterial and Minor habitats

archaeal cell numbers = Groundwater: 5
on Earth: + Phyllosphere: 2
~1x10" = Cattle: 4x10™
= Termites; b x 10
= Pigs: Tx 107"

* Humans: 4% 10
= Sea surface laygn

= Atmosphere: S§°
= Ere.

Deep oceanic subsurface: 4 x 10°*

How do they interact with their environment? Especially with metals?
< biogeochemical cycles

Adapted from Flemming and Wuertz, 2019



Microorganisms interact with metals

(] Polyphosphate Needle-like
body fibril

; Active site :gf Ligand

© @

Direct Indirect
reduction (i) rEduction
Fe(, H,Ss  e-
@ Fe(m), S0,2-

Bioaccumulation

Bioprecipitation

Renslow, 2017



The response to the metals under investigation is related to O,

Sunlight

(] Polyphosphate Needle-like -
body fibril

,9‘ Active site :’ )

Direct
reduction

Renslow, 2017

C. Hansel and J.M. Diaz, 2021
Learman et al, 2011

ROS: Reactive Oxygen Species = key but cryptic process



ROS in biofilms: a dual challenge

o Highly reactive o Spectro(photo)metry,
chemi-luminescence,
o Transient (us-min) fluorescent probes,
—  chromatography,

genetic assay

Biofilms o Hydrated o Conventional imaging
not suitable: TEM,
o 3D living structure — SEM, light microscopy,

2D epifluorescence

o 3D imaging

created in BioRender



ROS in biofilms: a dual challenge

o Highly reactive o Spectro(photo)metry,
chemi-luminescence,
o Transient (us-min) fluorescent probes,
—  chromatography,

genetic assay

Confocal Laser Scanning

Microscopy (CLSM)
Biofilms o Hydrated o Conventional imaging
not suitable: TEM,
o 3D living structure — SEM, light microscopy,

2D epifluorescence

o 3D imaging

created in BioRender



Confocal Laser Scanning Microscopy

Staining Imaging Image analysis

20

15
live & dead
staining N

y A Qup
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Blue Green lasers
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ROS
(extracellular)

@

Matrix

Case study: ROS in biofilms
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ROS
(extracellular)

Case study: ROS in biofilms
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Case study: ROS in biofilms

ROS
(extracellular)

EPS

<
Z
0

» Local ROS production

» Statistical analysis with machine learning

» Comparison with metal stressed biofilms

12



Thank you & bon appétit!



ROS
(extracellular)

Case study: ROS in biofilms

1/26 (Image0003_C002Z001); 211.97x211.97 um (1024x1024); 8-bit, 26MB

DNA ROS

1125 (imags0003_CO012001), 211.97:211.97 pm (1024x1024) 8-bit 26U 1125 (imags0003_C0022001): 211.97:211.97 um (1024x1024).8-bit 26M8

1/26 (Image0003_C003Z2001); 211.97x211.97 pym (1024x1024); 8-bit; 26MB

EPS

1726 (Mage0003_C0032001):211.97:211.97 ym (1024x1024) 8-0it 26M8
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Scale bars 10 pm
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