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Fluorescence Microscopy: 

• What is fluorescence? 

• Why fluorescence? 

• Principle and components of the fluorescence microscope 

• Fluorescent light sources for basic wide field 

• Fluorescence PSFs and OTFs                               

• Fixation for light microscopy 
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What is Fluorescence?

“Fluorescence is the emission of light by a substance that has absorbed light”
https://en.wikipedia.org/wiki/Fluorescence



hν
480

Fluorescein

hν
550

FA

3

What is Fluorescence?

“Fluorescence is the emission of light by a substance that has absorbed light”
https://en.wikipedia.org/wiki/Fluorescence



3

What is Fluorescence?

“Fluorescence is the emission of light by a substance that has absorbed light”
https://en.wikipedia.org/wiki/Fluorescence
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Fluorescein

emission at longer wavelengths 
         = lower energy
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What is Fluorescence?
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Dye Spectral Characteristics



4

What is Fluorescence?
Fluorescein

wavelength (nm)

EX maxima 
480

EM maxima 
550

Dye Spectral Characteristics
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Fluorescent labels for microscopy (Lecture 5)

• Autofluorescence (~background) 

• Selective vital stains 

• Fluorescent protein tags (GFP’s etc) 

• Inorganic fluorescent reporters                               

• Fluorescence labeled antibodies  

https://www.thermofisher.com/uk/en/home/references/molecular-probes-the-handbook.html

The definitive guide:
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Why Fluorescence?
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Why Fluorescence?

Chris Teren: https://www.youtube.com/watch?v=PhclTQ3g0s8
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Why Fluorescence?

CONTRAST
Chris Teren: https://www.youtube.com/watch?v=PhclTQ3g0s8
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• Even weak signal against a dark background is easy to measure 

• High signal to background 

Why Fluorescence?
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• Even weak signal against a dark background is easy to measure 

• High signal to background 

Why Fluorescence?

•bright field (DIC) •fluorescence
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• Even weak signal against a dark background is easy to measure 

• High signal to background                               

• Selective labeling   

• Ease of multiplexing  

Why Fluorescence?
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Microtubules
Microtubule Plus ends
Nucleus

• Even weak signal against a dark background is easy to measure 

• High signal to background                               

• Selective labeling   

• Ease of multiplexing  

Why Fluorescence?
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Principle and components of the fluorescence microscope 

http://api.gehealthcare.com/api/deltavision.asp

Epi-Fluorescence





Widefield 
deconvolution

Confocal
TIRF

dSTORM
PALM

Multi-photon
STED

3D-SIM

FCS



The Epi-Fluorescence Microscope
Transmitted light (e.g. BF) Epi-Fluorescence
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The Epi-Fluorescence Microscope
Transmitted light (e.g. BF) Epi-Fluorescence
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The Epi-Fluorescence Light Path (upright)

http://www.olympusmicro.com/
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http://www.olympusmicro.com/


The Epi-Fluorescence Light Path (upright)

http://www.olympusmicro.com/
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http://www.olympusmicro.com/


The Epi-Fluorescence Light Path (inverted)

http://www.olympusmicro.com/
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http://www.olympusmicro.com/


The Epi-Fluorescence Light Path (inverted)

http://www.olympusmicro.com/
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http://www.olympusmicro.com/


The Epi-Fluorescence Light Path (upright) 16



The Epi-Fluorescence Light Path (upright)

http://www.olympusmicro.com/
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http://www.olympusmicro.com/


The Epi-Fluorescence Light Path - excitation 17



The Epi-Fluorescence Light Path - excitation 17

Fluorescence Arc Lamp
(Wide field)
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The Epi-Fluorescence Light Path - excitation 17

Fluorescence Arc Lamp
(Wide field)

Uneven Spectral Output!
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18The Epi-Fluorescence Light Path - excitation



lines
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Only discrete lines!
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(Confocal / Wide Field)

18The Epi-Fluorescence Light Path - excitation
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* Solid State Lasers

Alexa dye
405
430
488
514
568
633

440
540
515
540
605
645

lines
405
440
488
514
561
633

Only discrete lines!

Lasers
(Confocal / Wide Field)

18The Epi-Fluorescence Light Path - excitation



http://www.coolled.com/product-detail/led-wavelengths/

Diodes - Wide range of lines available!
(Wide field)

The Epi-Fluorescence Light Path - excitation
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The fluorescence filter set

http://www.olympusmicro.com/primer/techniques/fluorescence/filters.html
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The fluorescence filter set

http://www.olympusmicro.com/

http://www.olympusmicro.com/primer/techniques/fluorescence/filters.html
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The Dichroic mirror - at the heart of epifluorescence
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The Dichroic mirror - at the heart of epifluorescence
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Reflects 
Excitation 
Short λ 

Transmits 
Emission 
Long λ 

Separates Excitation from Emission



The Dichroic mirror - at the heart of epifluorescence
Typical Dichroic

Ex 440



The Dichroic mirror - at the heart of epifluorescence
Typical Dichroic

Also Polychroic!

Ex 480 EX 633 EX 735EX 405

Ex 440
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……..Relate to dye spectrum
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……..Relate to dye spectrum

Choosing / configuring a fluorescence filter set 23

http://olympus.magnet.fsu.edu/primer/java/fluorescence/matchingfilters/index.html

EX filter EM filter Dichroic



……..Relate to dye spectrum

Choosing / configuring a fluorescence filter set 23

optimise signal and separation!



24Identify your dye:

http://olympus.magnet.fsu.edu/primer/java/fluorescence/matchingfilters/index.html

http://olympus.magnet.fsu.edu/primer/java/fluorescence/matchingfilters/index.html


25Identify your excitation:

http://olympus.magnet.fsu.edu/primer/java/fluorescence/matchingfilters/index.html

http://olympus.magnet.fsu.edu/primer/java/fluorescence/matchingfilters/index.html


26Identify your Dichroic:

http://olympus.magnet.fsu.edu/primer/java/fluorescence/matchingfilters/index.html

http://olympus.magnet.fsu.edu/primer/java/fluorescence/matchingfilters/index.html


27Identify your emission:

http://olympus.magnet.fsu.edu/primer/java/fluorescence/matchingfilters/index.html

http://olympus.magnet.fsu.edu/primer/java/fluorescence/matchingfilters/index.html


28Assess your optimisation:

http://olympus.magnet.fsu.edu/primer/java/fluorescence/matchingfilters/index.html

http://olympus.magnet.fsu.edu/primer/java/fluorescence/matchingfilters/index.html


29Consider alternatives:

http://olympus.magnet.fsu.edu/primer/java/fluorescence/matchingfilters/index.html

http://olympus.magnet.fsu.edu/primer/java/fluorescence/matchingfilters/index.html
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Effective Multiplexing
….know your dyes!
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Effective Multiplexing
….know your dyes!

….test your dyes!



PSF / OTF In fluorescence
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PSF / OTF In fluorescence:
Fluorescent Bead
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PSF / OTF In fluorescence:
Fluorescent Bead

Imaging a point-source of light
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PSF / OTF In fluorescence:
Fluorescent Bead

x

z

PSF = Point Spread Function
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PSF / OTF In fluorescence:
Fluorescent Bead

x

z

PSF = Point Spread Function

Fourier Transform

OTF = Optical Transfer Function



Basics of fluorescence 
Labeling

Mayo Clinic

33



34

Labeling Fixed Material  

1. Why work with fixed material? 
2. Fixation procedures 
3. Labeling
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Why work with fixed material? 

1. Convenience / Throughput 
2. Widely applicable molecular labeling: 

Immunofluorescence 
FISH 

3. Ease of multiplexing bright stable labels
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Fixation procedures - important considerations 

1. Preserve structural features 
2. Preserve antigenicity (Immuno) 
3. Enable penetration 
4. Reduce background fluorescence 
5. Preserve endogenous labels (e.g.GFP)
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Basic sample prep
Many protocols exist covering most samples and situations! 
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Basic sample prep
Many protocols exist covering most samples and situations! 

Most are variants of the following basic steps:
1. Fixation e.g. PFA 
2. Permeabilisation e.g. detergent 
3. Washes e.g. PBS 
4. Blocking e.g. serum 
5. 10 antibody 
6. Washes 
7. 20 antibody 
8. Washes 
9. Mounting e.g. Vectashield 
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Fixation procedures - important considerations 

1. Preserve structural features
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Fixation procedures - important considerations 

1. Preserve structural features
….As life!

Jupiter::GFP live (MT) PFA fixed / Anti-Tubulin
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Fixation procedures - important considerations 

2.  Preserve antigenicity (for immuno)
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Fixation procedures - important considerations 

2.  Preserve antigenicity (for immuno)

….Trial and error  
 Ab specific!
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Fixation procedures - important considerations 

2.  Preserve antigenicity (for immuno)

….Trial and error  
 Ab specific!

Concentrations of PFA / Glutaraldehyde
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Fixation procedures - important considerations 

3.  Enable Penetration
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Fixation procedures - important considerations 

3.  Enable Penetration

Detergents / Protease treatment
Small probes
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Fixation procedures - important considerations 

4.  Reduce Background
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Fixation procedures - important considerations 

4.  Reduce Background

reduce Glutaraldehyde

blocking steps 

thorough rinses and washes
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Widely applicable labeling: immunlabelling
probe for proteins of interest
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10 antibody e.g. mouse anti-tubulin
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Widely applicable labeling: immunlabelling
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Widely applicable labeling: immunlabelling

20 antibody (Camelid or FAB fragment)
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20 antibody - dye conjugated
e.g. goat anti-mouse, Alexa 546

probe for proteins of interest
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Widely applicable labeling: immunlabelling

20 antibody (Camelid or FAB fragment)

protein of interest

10 antibody e.g. mouse anti-tubulin

20 antibody - dye conjugated
e.g. goat anti-mouse, Alexa 546

probe for proteins of interest
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Widely applicable labeling: smFISH
probe for DNA or RNA
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Widely applicable labeling: smFISH

1. Fixation  
2. Permeabilisation 
3. Unfolding (Hybe/Temp) 
4. Annealing 
5. Other labelling (e.g. immuno) 
6. Mounting e.g. Vectashield

probe for DNA or RNA
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Widely applicable labeling: smFISH

(unfolded) DNA or RNA target

ACGACC…..TACGATA

nx distinct nucleic acid  
20-mer probes

TGCTGG…..ATGCAT

1. Fixation  
2. Permeabilisation 
3. Unfolding (Hybe/Temp) 
4. Annealing 
5. Other labelling (e.g. immuno) 
6. Mounting e.g. Vectashield

TGCTGG…..ATGCAT

probe for DNA or RNA

Famine et al., 1998- Science 
Raj et al., 2008- Nature Methods 
Little et al., 2011- PLoS Biology  
Trcek et al., 2015- Nature Comm 
Abbaszadeh & Gavis, 2016- Methods
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END
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Technical Tips
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Reference Material

http://www.olympusmicro.com/ 
Very comprehensive and well written

http://micro.magnet.fsu.edu/primer/anatomy/anatomy.html
Very comprehensive

Immunocytochemistry a practical guide for biomedical research
Richard W. Burry, Springer 2010
http://www.jacksonimmuno.com/technical

Molecular Biology of the Cell, fifth edition.
Alberts et al.  Chapter 9: Visualizing cells, page 579-616
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http://www.olympusmicro.com/
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