
Nico Stuurman
UCSF/HHMI

Fluorescence Microscopy

Why Fluorescence?

• High Contrast
Signal against dark 
background

• High Specificity, Multi-Color
Antibodies
Dyes 

• Live Cell Imaging
Fluorescent Proteins

• Quantitative

What is it?

Sir John Frederick William Herschel, 1854: 

“Though perfectly transparent and colorless 
when held between the eye and the light, it 
yet exhibits in certain aspects, and under 
certain incidences of the light, an extremely 
vivid and beautiful celestial blue colour.”
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Emission light is longer wavelength (lower energy)
than excitation light
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Brightness: determined by 
absorption coefficient and QE 
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Light Source

Excitation filter

Dichroic mirror

Emission filter

Fluorescence Microscope

• Break to show actual microscope with fluorescence cubes

Interference Filters

Incident
Light

Reflected:
Destructive 
Interference

Transmitted:
Constructive
Interference

Semi-reflective 
coatings

Transparent 
layer 



Filter Cube (after Ploem)

Matching Filters and Fluorophores

Matching Filters and Fluorophores



Light Source

Excitation 
filter wheel

Multi Band Pass 
Dichroic Mirror

Multi Band Pass 
Emission filter or 
2nd filter wheel

Faster Wavelength Selection
Multi Band Pass Filters & Filter Wheels

Light Source

Excitation 
filter wheel

Multi Band Pass 
Dichroic Mirror

Multi Band Pass 
Emission filter or 
2nd filter wheel

Faster Wavelength Selection
Multi Band Pass Filters & Filter Wheels

The Enemy: PhotoBleaching



What to do about PhotoBleaching?

• Select fade-resistant dyes

• Label densely 

• Decrease bleaching by anti-fade compounds

• Budget the photons you have
•Only expose when observing
•Minimize exposure time & excitation power

Fluorescein RhodamineCoumarin

554/573
QE 0.28

490/520
QE 0.71

332/456
QE 0.77

The Classics

•Systems of conjugated bonds that share electrons
•Larger system → longer wavelength

Organic Dyes

Organic Dyes



DAPI
Hoechst33258
Hoechst 33342

~20 fold enhancement

Mitotracker
Oxidized in mitochondria 

into fluorescent 
compound

From Dye to Probe
Small dyes that are Probes

Fluorescent labeling
Direct labeling (& microinjection)

of target molecules

Direct immunofluorescence:
labeled antibodies against target

Indirect immunofluorescence:
Unlabeled antibodies against target

Labeled antibodies against those antibodies

• Break to show multi-labeled slide at the microscope



Quantum Dots

nanometre-scale crystals composed of atoms of 
an inorganic semiconductor material

O. Shimomura
D.C. Prasher
M. Chalfie
R. Tsienhttp://www.conncoll.edu/ccacad/zimmer/GFP-ww/GFP2.htm

Fluorescent Proteins

GFP Structure



Fluorescent Proteins

Nathan Shaner, Lei Wang, Paul Steinbach, Roger Tsien

End at scope with live cells

Spectrum Viewers

http://probes.invitrogen.com/resources/spectraviewer/

http://fluorescence.nexus-solutions.net/frames6.htm

https://www.omegafilters.com/curvo2/index.php

http://www.mcb.arizona.edu/ipc/fret/


