
Principles of Fluorescence
Rujapope Sutiwisesak MD, PhD

rujapope.sut@mahidol.ac.th

1Resources courtesy from Dr.Santiponse Chatchavalvanich

mailto:Rujapope.sut@mahidol.ac.th


CLO

1. Explain the following aspects of experimental methods used in 
physiological research: Principles, Methods, Interpretation, 
Advantages and Disadvantages

2. Apply the knowledge to choose appropriate methods in 
experimental designs and appraise the choice of methods 
employed in literatures

3. Participate in discussion of designing or appraising physiological 
experiments in literatures
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Objectives 

• Describe principles of fluorescence
• Select appropriate fluorochromes
• Select suitable fluorescent applications
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What is fluorescence?
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Quantum physics



Electron energy level

• At atomic level, electrons move around the nucleus in orbits/shells
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Electron energy level

• Each orbit has its own specific energy level
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Electron energy level

• Electrons can move between orbits by receiving or releasing energy
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What is fluorescence?

= Energy output emission from electrons movement in a form of “LIGHT”
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Why fluorescence?

1. Light-based detection system
• Machine for light detection is 

well developed
• CCD camera
• Filters

• Examples

2. Specificity 
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• Colorimetric (Color absorbance)
• Luminescence
• Fluorescence 



Light-based detection method
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https://www.bio-rad.com/en-th/applications-technologies/detection-methods?ID=LUSQ6KKG4



Fluorochromes/Fluorophores

• Materials with fluorescent property

• Proteins
• GFP, YFP, CFP, RFP, Td-Tomato, …

• Non-proteins
• Fluorescein, Rhodamine, Texas Red, Alexa Fluoro, …
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Fluorochromes/Fluorophores
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Fluorochomes/Fluorophores
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Quantum dots
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What should we do if we want to 
work with fluorescence?
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Example: 

• Protein detection in tissue samples using fluorescence dyes

• Immunohistochemistry / Immunofluorescent staining
• (Lecture 12: Principles of histological and imaging studies)

• Solution: 
• Microscope  Fluorescent microscope
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Example 

• Protein detection in tissue samples using fluorescence dyes

• Fluorescent microscope
• Which fluorophore should be used?
• Check the microscope specs!!
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Example 

• Protein detection in tissue samples using fluorescence dyes

• Fluorescent microscope
• Which fluorophore should be used?
• Check the microscope specs!!
• Fluorescent system(s) equipped with the microscope
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https://www.miltenyibiotec.com/LU-en/products/macs-antibodies/vio-dye-fluorophores.html 26
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Example 

• Protein detection in tissue samples using fluorescence dyes

• Fluorescent microscope
• Which fluorophore should be used?
• Fluorescent system(s) equipped with the microscope

• Choose fluorophores that their spectra are compatible 
with the microscope
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What should be concerned when 
working with fluorescence?
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2 most common problems

1. Autofluorescence
2. Bleaching / Fading
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Autofluorescence
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Bleaching/Fading

Images 
taken at
2 minutes
interval
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Applications
Have you used/seen fluorescence in any experiments?
What did you use/see?
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Lighting

Fluorescent lamp/light bulb Quantum dots
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• Direct labeling

Biomedical research

Staining

Flow cytometry/FACS – Fluorescent Activated Cell Sorting 36



Biomedical research
• Multiphoton microscopy

Helmchen & Denk, 2005 37



Biomedical research
• FRET: Fluorescent Resonance Energy Transfer

Broussard et al, 2013 38



Biomedical research
• FRET: Fluorescent Resonance Energy Transfer

https://www.creative-biostructure.com/coronavirus/fluorescence-resonance-energy-transfer-fret-assay-p37.htm 39



Questions?
rujapope.sut@mahidol.ac.th
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