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Our equipement

Sample preparation systems

* 3 ultramicrotomes

* 3 cryo-ultramicrotomes

e 2 cryo-substitution systems (AFS)

* 1 plunge freezer

* 1 High pressure freezer

* 1 Critical point dryer

* 2 Metal coaters (Pt, Au/Pd, C)

* 1 cryo-light microscope (Correlative applications)
. and Carbon coaters, evaporators

5 Electron microscopes

* 1 Scanning Electron Microscope (SEM)

1 FIB-SEM (3D applications)

. 1 Transmission Electron Microscope 120kV (TEM, T12)

. 1 Cryo-transmission Electron Microscope 120kV (TEM, T12)
. 1 Cryo-Transmission Electron Microscope 200kV (TEM, F20)

Transmission Electron Microscope

J
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Electron Microscopy on biological samples
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Correlative Microscopy / Cryo / 3D methods

Scanning Electron Microscopy Transmission Electron Microscopy )
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Our activities : The major research challenges

v Introduction : CLEM & 3D EM

v" 3D Electron microscopy
* ssTEM
 CLEM FIB-SEM
* Project highlighted : Sars-CoV-2

v" Structural Biology Application

v" Conclusion & Perspectives
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Correlative Light & Electron Microscopy

Confocal Scanning
Microscope Electron
_'_I 1 f?; Microscope
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Fonctional and dynamic analysis Structural information
& high resolution
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3D Electron Microscopy

SSTEM Electron tomography SBF-SEM FIB-SEM Array tomography
TEl TEI SE! SE
electron
D | | detectlonh |
g | | |
s ! electron \‘ E electron h
D i )tilting the detection \| ) > / detection |
PIE sample : - p— ,a” \
serial sections | P w;’? b ‘\
on conventional i n 't’ z N y \
grids v e “ e
fluorescent screen/ fluorescent screen/ ' section sequence with preselected
camera chip camera chip regions of interest

-

raw dataset of incremental z-planes

'post processing |

ﬁ dataset for analysis

3D analysis and reconstruction

Schneider, J. P., Hegermann, J. & Wrede, C. Volume electron microscopy: analyzing the lung. Histochem. Cell Biol. 155, 241-260 (2021) ﬂ
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3D CLEM with intracellular informations

Light microscopy Electron microscopy

SsSTEM Electron tomography SBF-SEM FIB-SEM Array tomography

TEM TEM SE SE SEM
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’ 4 ’ electron
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on conventional H H cutting direction e N
grids v v e

fluorescent screen/ fluorescent screen/ section sequence with preselected
camera chip camera chip regions of interest

raw dataset of incremental z-planes

|post processing |

ﬁ dataset for analysis

3D analysis and reconstruction

Schneider, J. P., Hegermann, J. & Wrede, C. Volume electron microscopy: analyzing the lung. Histochem. Cell Biol. 155, 241-260 (2021) ')
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Salmonella infections K%

Perrine Bomme

Collaboration: Jost Enninga, Léa Swistak

Ruffle
formation

i

S.Tm

T ytosolic S.Tm
@ e 4/ |2 Rapid growth
S
Small | Vacuolar S.Tm - =
intestine
ﬁ Intestinal
Cell-cell epithelium
junctions
Adapted from Hume 2017, LaRock 2015 by Lea Swistak )
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Salmonella infections {

o Perrine Bomme

% % Bacterial release

Re-infection

e e

‘‘‘‘‘

L» Systemic infection

Adapted from Hume 2017, LaRock 2015 by Lea Swistak )
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Multiplex fluorescent reporter of S.Tm intracellular niches ;Q
{

Intracellular localization
PssaG (SPI-2) PuhpT
TagBFP smURFP
Vacuolar / Cytosolic \
lifestyle lifestyle
! Adapted from Hume 2017, LaRock 2015 by Lea Swistak ')
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sSTEM : from preparation to observation o

4

Perrine Bomme
\9 . . i Q 70 nm sections '
« )\ MatTek dishes Osmium post-fixation

Dehydration
Epoxy-Resin Embedding
Polymerization

Sample mounting
Gold/palladium coating

TEM column

e-beam

— grid

phosphor
plate

CCD camera
array

Adapted from Briggman KL et al

/
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Find the region of interest (ROI)

4

Perrine Bomme

FLM-MatTeck TEM-section 70nm
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sSTEM : Results A

|

Perrine Bomme

FLM TEM

Section 2 /\|

Brightfield
er210, 580

PssaG Tim
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sSTEM : Results A

4

S eCtiOl’l# 1 Section#z S ection#3 Perrine Bomme

3 sections =2 70 nm
= 210nm

= Intracellular informations
ssTEM : Not in a large volume

Collaboration with Lea Swistak, Jost Enninga, Jakson Luk
(Cricks Institute) Jackson et al. Plos Path (2021)

Y
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3D CLEM with intracellular informations

Light microscopy Electron microscopy

SsSTEM Electron tomography SBF-SEM FIB-SEM Array tomography

TEM TEM SE SE SEM
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fluorescent screen/ fluorescent screen/ section sequence with preselected
camera chip camera chip regions of interest

raw dataset of incremental z-planes

|post processing |

ﬁ dataset for analysis

3D analysis and reconstruction

Schneider, J. P., Hegermann, J. & Wrede, C. Volume electron microscopy: analyzing the lung. Histochem. Cell Biol. 155, 241-260 (2021) ')
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Vascular colonization by Neisseria meningitidis

Collaboration: Guillaume Dumenil, Dorian Obino

Melican K. et al., 2012.

17| UBI |

Esthel Penard

N. meningitidis

X Dorian Obino

* Plasma membrane Reorganization
* No ultrastructural information
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Correlative Light & 3D Electron Microscopy

4 N 4 N

Confocal microscopy CLEM FIB-SEM
FIND A ROI

Focused ion Beam—
Scanning Electron Microscopy

. ) Dehydration
Cells in culture Tissue sample Epoxy-Resin Embedding

Polymerization
Luk CH et al (2021)

Ty Sample mounting
? Gold/palladium coating
Mostowy et al (2011)

Santos JC et al (2015)

3B[4B 5B

I |50
pisp

Low magnification Large Volume
Fluoresence Isotropic resolution
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1) Infected cells acquisition 1n correlative FIB-SEM

3B

4B

5B

3C

4C

5C

3D

40

5D
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HUVEC infected by Nm, fixed 2hpi.

Light microscopy

fl it
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FIB-SEM parameters

faisceau
d’électrons

= Pixel Avg

Y
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SEM parameters

FIB-

Cross section

Institut Pasteur
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FIB-SEM acquisition

Light microscopy FIB-SEM

Total Volume : 10,70um

HUVEC infected by Nm, fixed 2hpi. ) FIB/SEM

y[ " ke
3.4 pm/ 10.7 pm 3.7 ym/ 10.7 ym .)
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Correlative FIB-SEM on infected cells

Image extracted
from the stack

Bacteria
Plasma Membrane
Nucleus

‘e ©

Cytoplasm

Y
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Correlative FIB-SEM on infected cells

3D Reconstruction

Amira
3D Visualization & Analysis
Software For Life Sciences

Bacteria
Plasma Membrane
Nucleus

/
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Results : CLEM FIB-SEM on infected cells

-» Plasma membrane rearrangement
around bacteria : niche

-> Bacteria are not intracellular

What 1s the impact of wvascular
colonization by Neisseria

meningitidis on a  lISSUe
environment ?

Y
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2) Workflow : CLEM FIB-SEM on tissue samples

Biopsy Confocal Sample preparation Scanning Electron FIB-SEM &
Landmarks microscopy & Ultramicrotomy Microscopy : Map 3D analysis
Xenograft
I p biopsy
Infected =\
humanized

mouse

Localisation of region of interest, and 150nm thickness
check the presence of infected blood
vessels.

landmark / vessels

Y
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Correlative FIB-SEM on tissue sample

A B

Y
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Ultrastructure of infected blood vessel in CLEM FIB-SEM

Total volume =5 um Experiment from mice model infected by Aim, fixed 3hpi.

vessels

J
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Ultrastructure of infected blood vessel in CLEM FIB-SEM

> First 3D acquisition of the vascular colonization

500nm

X )
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Ultrastructure of infected blood vessel in CLEM FIB-SEM

Vascular colonization

Plasmic
membrane
rearrangement
around bacteria.

> cellular junction

)
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Structural Biology Applications

Negative staining on single particles

. Virus
. Proteins
. Complexes

- Small samples !
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drop the drop paper the Uranyless
(1 minute) drop
{1 minute)
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Drain on filter
paper
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Structural Biology Applications

Papillomavirus humain

I

TR
AR
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Structural Biology Applications

E.coli | Streptococcus |

2000w

Cryo _EIVI e Cryo TEM
Nanolmaging Core  Sub tomogram averaging
Facility .

Cryo FIB (Cryo lamella)
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Conclusion & Perspectives

3DEM: Sample preparation

= ssSTEM 1
: CLEM Mult1 scale
FIB-SEM Multi Information

A/F.Iali .
- Development of CLEM approaches |
- 3D
- Ultrastructural details N
—> Zciss Crossbeam laser FIB-SEM

Y
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