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Fluorescence microscopy

ground truth

bright field




Fluorescence microscopy

* Advantages:
* Contrast
 Specificity
* Multiple colours
* Disadvantage
* Staining is necessary




Fluorescence
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Wikipedia: , Fluorescence is the emission of light by a substance that
has absorbed light or other electromagnetic radiation.”



Fluorescence spectrum
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Spectra viewers

‘Spectra Viewer — EGFP, R-phycoerythrin
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https://www.thermofisher.com/order/fluorescence-spectraviewer#!/
https://www.bdbiosciences.com/en-us/resources/bd-spectrum-viewer
https://www.biolegend.com/spectraanalyzer
https://www.chroma.com/spectra-viewer
https://www.fpbase.org/spectra/

General groups of labels

* Fluorescent proteins

* Small chemicals
* Very diverse group

e Labelled antibodies 7
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Live cells

* Genetically encoded markers

* Fluorescent proteins

* Brightness, maturation, monomer/oligomer, photostability
(quantum yield, extinction coeficient, fluorescence lifetime)
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Live cells

* Genetically encoded markers

* Fluorescent proteins
e Various colours
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Live cells

* Genetically encoded markers

* Fluorescent proteins
* Photoactivatable, photoconvertible, and photoswitchable




Live cells

Active/inactive conformation

Biosensor
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Live cells

* Genetically encoded markers
* Fluorescent proteins

* Timer
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Live cells

* Genetically encoded markers

* Fluorescent proteins
* BiFC — bimolecular fluorescence complementation




Live cells

* Genetically encoded markers

* Fusion fluorescent proteins
* Protein-fluorescent protein




Live cells

mitochondria

* Genetically encoded markers

* Fusion fluorescent proteins
* Small targetting tags
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Live cells

* Genetically encoded markers
e Other tags (Halo, SNAP, CLIP)

e Staining by external dyes
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Live cells

* Small molecules
* Organelle markers

phalloidin

SiR-DNA

29 min 43 min

&w

57 min 62 min 77 min 124 min

Live cell time lapse confocal imaging of the mitosis of a single Hela cell stained with SiR-DNA. Courtesy of
Daniel Gerlich and Claudia Blaukopf, Institute of Molecular Biotechnology, Vianna

lysotracker mitotracker




Live cells

Ca2+ concentration

 Small molecules
e Condition detectors

Membrane tension
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Sample preparation and acquisition

* Living cells in a dish
* Phototoxicity

* Speed — live cells move /\’\\




Fixed samples
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Fixed samples

* Antibodies
* Conjugated primary * Anti-protein
e Secondary e Anti-tag (His, FLAG,...)

* Beware cross-reactivity

Immunofluorescence

direct 5 indirect
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Fixed samples

* Nanobodies
e Super-resolution
* Tissues

Vanable
regions Vi
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Fixed samples

* Small molecules
e DAPI etc. — nucleic acids




Fixed samples

* Small molecules

* Oligos (FISH —
fluoresent in-situ
hybridisation)

BL1481



Fixed samples
* Tyramide signal C

Fluorophare

amplification | I

Secondary Antibody

* Amplifacation of rare
targets
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Fixed samples

* Small molecules .
* Click chemistry :

The Nobel Prize in Chemistry 2022 - Carolyn R. Bertozzi,
Morten Meldal and K. Barry Sharpless “for the development
of click chemistry and bioorthogonal chemistry”.
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Lipid peroxidation (modified lipids) (nucleotide analogue) puromycine derivate)



Fixed samples

* Proximity ligation assay




Fixed samples
* DNA-PAINT
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Sample preparation
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Sample preparation

* Fixation

* Permeabilisation R D
‘@ @

* Blocking ) 4 N

¢ Staining Unpermeabilized Digitonin Triton X-100

* Washing

e Staining by secondary Ab
e Washing

* Mounting



Sample preparation

* Fixation

e Permeabilisation
* Blocking

* Staining

* Washing
e Staining by secondary Ab
e Washing

* Mounting



Sample preparation

* Fixation
* Permeabilisation
* Blocking
* Staining

* Washing

 Staining by secondary Ab
e Washing

* Mounting



Sample preparation

 Fixation | B o

* Permeabilisation

Blocking

* Staining

* Washing
 Staining by secondary Ab
e Washing

* Mounting



Sample preparation

* Fixation
* Permeabilisation
* Blocking
e Staining

* Washing

 Staining by secondary Ab
e Washing

* Mounting



Sample preparation

 Fixation | B o

* Permeabilisation

Blocking

* Staining

* Washing
 Staining by secondary Ab
* Washing

* Mounting



Sample preparation

* Fixation

e Permeabilisation

* Blocking
* Staining
* Washing
 Staining by secondary Ab
* Washing
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Fluorophore selection

* First — select a microscope
* Filters

sssss



Fluorophore selection

e Number of channels




Fluorophore selection
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Fluorophore selection
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Fluorophore selection

® Custom470/40bp  ® Custom527/30bp 0 Custom00/40bp @ Custom700775bp @ 40%laser ) 438 laser Séllaser @ 633laser @ (eimaEM @ dieimaEX @ ESFPZEX @ EBFRIEM

380 580 600 720 0 7m0

® Custom470/40bp  ® Custom 5272 ® oxilser @ SiwsCFPEX @ SwiusGFP EM

350 360 380 a00 az0 640 650 680 700 720 0 780

© Custome00/doby @ Custom70075bp @ 40Slaser 468 laser

S61lser @ 633laser wfomamEX @ wdTomato EM

580 600 620 640 660 680 700 720 750

® Customa7o/dobp @ Cusom$27/30bp O Cusom600iOBp @ Custom700/7Sbp @ 40Skamer dssloser Stlser @ 633kser @ IRFPEIOEM @ RFPETOEX

540 560 580 600 620 640 660 680 700 720 0 750




Acquisition

* Time of acquisition

* Bleaching




Thank you for your attention!



