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FLUORESCENCEFLUORESCENCE

MICROSCOPYMICROSCOPY
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TOPICS

•• PRINCIPLES OF FLUORESCENCE PRINCIPLES OF FLUORESCENCE

•• FLUOROPHORES / DYES FLUOROPHORES / DYES

•• THE FLUORESCENCE MICROSCOPE THE FLUORESCENCE MICROSCOPE

•• FILTERS FILTERS
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“Energy Level
Quantisation”
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Processes leading to fluorescence
in fluorescent dyes

1. Absorption of a photon by a Dye Molecule

2. Dye Molecule relaxes

3.   Dye Molecule emits a photon
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Longer wavelength = lower energy

Shorter wavelength = higher energy

Visible

Ultraviolet

Infrared
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ABSORPTION OF LIGHT

– Absorption of microwaves causes molecular rotations,

– Absorption in the infra red causes molecular bond
vibrations,

– Absorption of UV/visible light causes electrons to
jump to higher energy “orbitals”.

All molecules absorb light
different molecules - different wavelengths
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Energy Level Diagram

Dye Molecule
Electron “orbitals”

Vibrational energy levels
S1 
LUMO

S0 
HOMO
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Fluorescence Absorption / Emission

Emission
photon
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Absorption = Excitation Emission = Fluorescence

Emission has lower energy                     Longer wavelength

Wavelength (nm)

Stokes Shift of Alexa 488
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Alexa 488 Alexa 568

Multiple colour/dye imaging…

Wavelength (nm)



__________________________________________________________________
                    Light Microscopy Facility  MPI-CBG. 2008

Alexa 488 Alexa 568

Cross talk (wrong excitation)             Bleed through (wrong emission)

Beware !    Crosstalk  and  Bleed Through

Wavelength (nm)



__________________________________________________________________
                    Light Microscopy Facility  MPI-CBG. 2008



__________________________________________________________________
                    Light Microscopy Facility  MPI-CBG. 2008



__________________________________________________________________
                    Light Microscopy Facility  MPI-CBG. 2008

Wavelength (nm)

LightLight
sourcessources

forfor
fluorescencefluorescence

Wavelength (nm)

Spectrum of a Mercury Lamp

Spectrum of a Xenon Lamp

(Modified from: http://www.cairn-research.co.uk)



__________________________________________________________________
                    Light Microscopy Facility  MPI-CBG. 2008

    
    

Mercury LampMercury Lamp

MirrorMirror

Collimating LensCollimating Lens

Heat FilterHeat Filter

Excitation FilterExcitation Filter

    Emission FilterEmission Filter

    Dichromatic MirrorDichromatic Mirror
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Excitation radiation

Excitation Filter
Dichromatic
             Mirror (450)

Radiation above 450

Radiation           bellow 450

Objective = Condenser
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Radiation bellow 450

Dichromatic
             Mirror (450)

Radiation above 450

Emission filter (LP 480)

Radiation above 480
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Bandpass Filter

Transmits only this Transmits only this 
““bandband””of wavelengthsof wavelengths
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Absorbs orAbsorbs or
reflects longreflects long
wavelengthwavelength

TransmitsTransmits short short
wavelengthwavelength

Short Wave Pass Filter (SWP)
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Exciter: D470/40x
Dichroic 500DCLP
Emitter: OG515LP
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Exciter: D360/40x
Dichroic: 400DCLP
Emitter: D460/50m
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X:     470/40
M:     525/50
BS:   495 LP

(http://www.ahf.de)

X:    470/40
M:    525/50
BS:  495 LP
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Exciter: 61000v2x   Dichroic 61000v2bs   Emitter 61000v2m
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HC-CFP/YFP/mRFP-Filterset

F66-417
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WhatWhat  is an is an ImageImage  anyway..?anyway..?

An image is a representation of reality (not real)
• Image of a point is not a point (Point Spread Function)

• Pixelated by detector (CCD or point scanner)

A digital image of ???

Image Analysis
(Brain or
Computer)

A stick man?
How do I know?
How can computer know? - algorithm?
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WhatWhat  is an is an ImageImage  anyway..?anyway..?

Images contain information (not just pretty pictures)

• Manipulate Image = Changed Info

(Brightness / Contrast - Extreme Caution!!!)

• Image data can be quantified / measured / analysed

• You cant add lost info back.

• Meta data (What, Where, When, How)

A digital image
How many objects?
How “bright” is it?
How big is it?
What is it?
etc.
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Image Data? Image Data? What is it?What is it?
• Intensity is related to what? Something

physical?
• Dye concentration Or is it? Why not?

• Noisy Images? Averaging? Pixel Time?

• Comparison of 2 colours/dyes -
Biology / BioChemistry / Interaction ?

• Shapes, Movement, Structure?

A digital image
With 2 channels / colours

What can you say here?
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Photographer or Photographer or SpectroscopistSpectroscopist??

• We can show you how to take pretty pictures (Art)
• We can teach you to get useful information (Science)
• You have to choose which you want to be! (Both is OK)

This 

Is simply a way to
“Visualise”

This
10001
01010
00100
11111
00100
00100
01010
00100
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Quantitative Image Analysis?Quantitative Image Analysis?
……what does that mean?what does that mean?

• Pretty pictures are great for journal covers...

• Movies are great for visual presentation of images...

• Interactive 3D visualisation, data exploration...

• But for meaningful biological conclusions...

• Scientists need numerical results from image data

• Need to measure many objects

• Need statistics from many images

• Computers become useful!
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Quantitative Microscopy - First Think...Quantitative Microscopy - First Think...

• Choosing experimental and image processing
methods:

• What BIOLOGY am I trying to see or measure?

• Do I need 3D information? Resolution? Object size?

• Choose / Optimise microscope system to use!

• Statistics? How many images / data points /
experiments?

• Controls!!!
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•• SignalsSignals within the range of the detector? within the range of the detector?
• Your eyes lie! You can’t see low intensities close to

black! Use Range Indicator / HiLo / OU and spectrum
CLUTs

• Adjust so brightest part is within detector range.
• Remember to check z dir. also.
• Don’t over expose the image! Why not? Lost Info!

x

pixel
intensity

0

255
Bye Bye Data!

clipped
overexposed

saturated

in range
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Image HistogramsImage Histograms  
are your friends!are your friends!

Use them!Use them!

intensity0 255

log
no. of 
pixels

OK!

Lost
Info!

intensity 2550

log
no. of 
pixelsClipped!
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•• Signal within the range of detector?Signal within the range of detector?
• Offset / Zero Background  - Set properly.

• Why? “background” » zero, but keep low intensity info

• What is “Background”? You decide!

• Range indicator / HiLo CLUT

background black and blue ~50:50

• (0 = BlueBlue, 1 = BlackBlack, 254 = WWhitehite, 255 = RReedd)

correcttoo high too low
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Pixel Pixel SSize / ize / RResolutionesolution
• “Correct” image size? (64x64, 512x512,

2048x2048)?
• Get all information microscope can resolve, but files not too

big
• Proper spatial sampling (Nyquist sampling theory)
• 2.3-3 pixels over optical resolution distance. (x, y and z)
• Adjust zoom and image size.
• Auto Pinhole or 1 Airy unit

over sampled correct sampling

1 Airy unit

under sampled
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over sampled correct sampling

1 Airy unit

under sampled

Pixel Pixel SSize / ize / RResolutionesolution
• “Correct” image size? (64x64, 512x512,  2048x2048)?

• Get all information microscope can resolve, but files not
too big

• Proper spatial sampling (Nyquist sampling theory)
• 2.3-3 pixels over optical resolution distance. (x, y and z)
• Adjust zoom and image size.
• Auto Pinhole or 1 Airy unit


