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FLUORESCENCEFLUORESCENCE

MICROSCOPYMICROSCOPY
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TOPICS

••  PRINCIPLES OF FLUORESCENCEPRINCIPLES OF FLUORESCENCE

•• FLUOROPHORES / DYES FLUOROPHORES / DYES

•• THE FLUORESCENCE MICROSCOPE THE FLUORESCENCE MICROSCOPE

•• FILTERS FILTERS
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ABSORPTION OF LIGHT

– Absorption of microwaves causes molecular rotations,

– Absorption in the infra red causes molecular bond vibrations,

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

All molecules absorb light
different molecules - different wavelengths
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“Energy Level
Quantisation”



LMF - Microscopy PhD course 2009

Processes leading to
fluorescence in dyes

1. Absorption of a photon by a Dye Molecule

2. Dye Molecule relaxes thermally

3.   Dye Molecule emits a photon
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Energy Level Diagram

Dye Molecule
Electron “orbitals”
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Fluorescence Absorption / Emission
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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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Longer wavelength = lower energy

Shorter wavelength = higher energy

Visible

Ultraviolet

Infrared
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Alexa 488 Alexa 568

Multiple colour/dye imaging…

Wavelength (nm)
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Alexa 488 Alexa 568

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

Beware !    Crosstalk  and  Bleed Through

Wavelength (nm)



LMF - Microscopy PhD course 2009



LMF - Microscopy PhD course 2009

YourYour

FluorescenceFluorescence

MicroscopeMicroscope
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Transmitted-light.  Bright-field
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Heat FilterHeat Filter

Excitation FilterExcitation Filter

    Dichromatic MirrorDichromatic Mirror

    

Mercury LampMercury Lamp

MirrorMirror

Collimating LensCollimating Lens

    Emission FilterEmission Filter
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INVERTEDINVERTED UPRIGHTUPRIGHT
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(From:http://micro.magnet.fsu.edu)
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You need to know You need to know ……

 Your light source

 Your filters

 Your objective

 Your detector
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Wavelength (nm)

Your LightYour Light
SourceSource

Wavelength (nm)

Spectrum of a Mercury Lamp

Spectrum of a Xenon Lamp

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

• Mercury lamp

• Xenon lamp

• Metal halide lamp

• Halogen lamp

• LED

• Laser
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Your Filter SystemYour Filter System



LMF - Microscopy PhD course 2009

Radiation above 450

Excitation

Excitation
Filter

(BP400-420)

Dichromatic
Mirror (450)

Radiation
below 450

Condenser

Modified from Humberto Ibarra A.

Radiation below 450

Radiation
above 450

Emission
filter
(LP 480)

Radiation
above 480

Dichromatic
Mirror (450)

Emission

=         Objective
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Reflects longReflects long
wavelengthwavelength

TransmitsTransmits short short
wavelengthwavelength
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Short Pass Filter (SP)Short Pass Filter (SP)
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Bandpass Bandpass Filter (BP)Filter (BP)

Transmits only this Transmits only this 
““bandband””of wavelengthsof wavelengths
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Exciter: 470/40x

Dichromatic
Mirror: 500DCLP

Emitter: 515LP

Exciter: 360/40x

Dichromatic
Mirror: 400DCLP

Emitter: 460/50m

(From:http:www.chroma.com)
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Exciter: 470/40

Dichromatic
Mirror: 495 LP

Emitter: 525/50

(From:http:www.ahf.de)
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And more And more ……
ET-Tripleband Filterset DAPI / FITC / Texas Red

Exciter

Dichromatic Mirror

 Emitter

Spectra Viewer
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(From:http://www.microscopyu.com)

Your ObjectiveYour Objective
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PLAPO60XO

UPLSAPO60XO

(From:http://microscope.olympus.com)

(From:https://www.micro-shop.zeiss.com)
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Fragile!!!Fragile!!!

Handle with care!!!Handle with care!!!
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FACTORS THAT INFLUENCE THE QUALITY
OF FLUORESCENCE IMAGES

 Fluorophores

 Choice of fluorophore

 Concentration
 Bleaching
 Sample - autofluorescence
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 Light source

 Excitation intensity

 Lamp/light alignment

FACTORS THAT INFLUENCE THE QUALITY
OF FLUORESCENCE IMAGES
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 Filters

 Excitation intensity

 Emission filter 

FACTORS THAT INFLUENCE THE QUALITY
OF FLUORESCENCE IMAGES
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 Filters

 NA of the objective

 Light transmittance (uv)

FACTORS THAT INFLUENCE THE QUALITY
OF FLUORESCENCE IMAGES

Radiation above 450

Condenser
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TAKE HOME MESSAGESTAKE HOME MESSAGES

 Know your light source!

 Know your filters!

 Know your objective!

 Know your detector!

 Know your fluorophores!
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http://microscope.olympus.com

https://www.micro-shop.zeiss.com
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Absorption    and fluorescence emission spectra of DAPI

Which filters would fit (ex, dm, em) ???



LMF - Microscopy PhD course 2009

Absorption    and fluorescence emission spectra of FITC

Which filters would fit (ex, dm, em) ???
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Absorption    and fluorescence emission spectra of Texas Red-X

Which filters would fit (ex, dm, em) ???


