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2 NP awardedover 
the past10 years

2 NP awardedover 
the past10 years

Adapted from:Adapted from:
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MarwinMinsky: confocal
scanning microscope (1957)
MarwinMinsky: confocal

scanning microscope (1957)!!!!!!
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The GREEN revolution: GFP& variantsThe GREEN revolution: GFP& variants
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GFP transgenicorganismsGFP transgenicorganisms
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1- Localization1- Localization
(co-localization, structure,
large image, 3D, super-resolution…)
(co-localization, structure,
large image, 3D, super-resolution…)

2- Isolation/ ablation2- Isolation/ ablation
(laser microdissection)(laser microdissection)

3-Dynamics3-Dynamics
(time-lapse, FRAP/ photoactivation,
tracking, Ca2+ imaging/ ratiometric
Imaging…)

(time-lapse, FRAP/ photoactivation,
tracking, Ca2+ imaging/ ratiometric
Imaging…)

4- Interactions4- Interactions
(FRET, FLIM, FC(CS)…)(FRET, FLIM, FC(CS)…)

Main applications in light microscopyMain applications in light microscopy



Anatomyof an epi-fluorescence microscopeAnatomyof an epi-fluorescence microscope

samplesample

Dichroic mirrorDichroic mirror

Emission filterEmission filter

Excitation filterExcitation filterobjectiveobjective

Light sourceLight source

Detector/ sensorDetector/ sensor



Widefield illumination coneVS 
point scanning of specimens

Widefield illumination coneVS 
point scanning of specimens

• Widefieldmicroscope: entire depth of the specimen
over a wide area is illuminated

• Confocal microscope: the sample is scannedwith a 
finely focuse spot of illumination centered in the focal
plane.

• Widefieldmicroscope: entire depth of the specimen
over a wide area is illuminated

• Confocal microscope: the sample is scannedwith a 
finely focuse spot of illumination centered in the focal
plane.
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3D reconstruction3D reconstruction

Optical sectionningOptical sectionning



A section of mouse intestine imaged
with both confocal and non‐confocal
microscopy

• Ability to control depth of 
field
• Elimination or reduction of 
background information 
away from the focal plane
• Capability to collect serial 
optical sections from thick 
specimens

• Ability to control depth of 
field
• Elimination or reduction of 
background information 
away from the focal plane
• Capability to collect serial 
optical sections from thick 
specimens

Advantagesof confocalmicroscopeAdvantagesof confocalmicroscope



Main applications in CLSMMain applications in CLSM

3D rendering3D renderingColocalizationColocalization

Multi-dimensionalMulti-dimensional F-techniquesF-techniques
acquisitionsacquisitions (FRAP, FRET, 

photo-conversion)
(FRAP, FRET, 

photo-conversion)(x,y,z,t , λ…)(x,y,z,t , λ…)

(Z- stacking)(Z- stacking)



Emission
filter
Emission
filter

Dichroic 
mirror
Dichroic 
mirror

samplesample

objectiveobjective Excitation filterExcitation filterExcitation filter

Light sourceLight source

Detector/ sensorDetector/ sensor

Epiaxial confocalmicroscope for fluorescenceEpiaxial confocalmicroscope for fluorescence

Focal pointFocal point
ZZ

④ Same objective for illumination 
& detection

PhotoMultiplier Tube (PMT)PhotoMultiplier Tube (PMT)

barrier filterbarrier filter

⑦ PMT behind the pinhole to make 
photon counting for each focal point

XY scannerscanner

② Galvanometric mirrors to XY 
scan the field of view

⑤ Stepping motor in the Z 
direction to make optical slices in 
the sample 

Laser SourceLaser Source

① Different laser lines as sources 
of excitation

pinholepinhole

⑥ Pinhole to reject photons 
coming from the planes out of the 
focal plane

③ Acousto-optically activated 
crystals are used to separate the 
excitation & emission signals



Pinholeand optical sectionningPinholeand optical sectionning

Role: rejection of photons from out-of-focus-light  The 
pinhole directly influences the thickness of optical slices.  
Role: rejection of photons from out-of-focus-light  The 
pinhole directly influences the thickness of optical slices.  



Excitation 
beam

Excitation 
beam

Create image by scanning laser point-by-point over 
sample and recording intensity at each spot

Create image by scanning laser point-by-point over 
sample and recording intensity at each spot

CLSM: one single beamscanningCLSM: one single beamscanning

Laser spotLaser spot

Excitation must be focused to a diffraction limited spot.
Laser= perfectly collimated and high power
Excitation must be focused to a diffraction limited spot.
Laser= perfectly collimated and high power

FluorophoresFluorophores

Detected 
fluorescence
Detected 
fluorescence



Incident 
light

Incident 
light

Gain varies with the voltage across the dynodes and the 
total number of dynodes : with typically 9 dynodes, gain 
of 4x106 can be achieved 

Gain varies with the voltage across the dynodes and the 
total number of dynodes : with typically 9 dynodes, gain 
of 4x106 can be achieved 

PhotoMultiplier Tubes (PMT)PhotoMultiplier Tubes (PMT)

http://www.hi.helsinki.fi/amu/AMU%20Cf_tut/cf_tut_part1‐7.htm

analog‐to‐digital converter



New generationof confocaldetectorsNew generationof confocaldetectors
PMTPMT

• Next generation of detectors are significantly more 
sensitive.

• Particularly useful with photon limited samples & high 
speed imaging (ex. Live cell confocal with a resonant 
scanner)

• Next generation of detectors are significantly more 
sensitive.

• Particularly useful with photon limited samples & high 
speed imaging (ex. Live cell confocal with a resonant 
scanner)

HyD
(Hybrid Detector)

HyD
(Hybrid Detector)

GaAsp: Gallium arsenide phosphideGaAsp: Gallium arsenide phosphide



Confocal Laser Scanning MicroscopyConfocal Laser Scanning Microscopy

Pros:Pros:
(+) Very thin optical sectioning
(+) Multi-dimensional acquisitions, (+) Multi-labelings
(+) F-techniques

(+) Very thin optical sectioning
(+) Multi-dimensional acquisitions, (+) Multi-labelings
(+) F-techniques

Cons:Cons:
(-) Small pinhole: large fluo. rejection, requires a strong
signal of fluorescence

(-) Strong photobleaching, photo-cytotoxicity
(-) Slow acquisition
(-) Limited number of lasers (ex.)...
Now there is a solution:White laser (but expensive)

(-) Small pinhole: large fluo. rejection, requires a strong
signal of fluorescence

(-) Strong photobleaching, photo-cytotoxicity
(-) Slow acquisition
(-) Limited number of lasers (ex.)...
Now there is a solution:White laser (but expensive)



Multiple beam scanning : the Nipkow diskMultiple beam scanning : the Nipkow disk

Disk rotationDisk rotation One way to increase the 
scanning speed is to increase 
the  number of scanning 
spots.

The spinning disk with 
pinholes was introduced 
into a microscope by Mojmir
Petran in 1968.

One way to increase the 
scanning speed is to increase 
the  number of scanning 
spots.

The spinning disk with 
pinholes was introduced 
into a microscope by Mojmir
Petran in 1968.

only strong 
signals could be 
imaged

only strong 
signals could be 
imaged

Otherbeamscanning techniquesOtherbeamscanning techniques



The spinning disk fills the spaces between the 
holes to create a real-time confocal image
The spinning disk fills the spaces between the 
holes to create a real-time confocal image

Scanning with the NipkowdiskScanning with the Nipkowdisk



Scanning with the NipkowdiskScanning with the Nipkowdisk

Pros:Pros:
(+) Fast-live cell imaging (high frame rates)
(+) Increased illumination time per pixel
(+) Low photobleaching/ photodamage

(+) Fast-live cell imaging (high frame rates)
(+) Increased illumination time per pixel
(+) Low photobleaching/ photodamage

Cons:Cons:

(-) Fixed pinholes’size ( fixed optical section.)
(-) No optical zoom
(-) Fixed pinholes’size ( fixed optical section.)
(-) No optical zoom



14:00‐15:20 15:20‐15:30 15:30‐17:00

Group 1
(Jessica, David, 
Manon, Olga)

Video time‐lapse
(Olivier) Break LSM800

(François) 

Group 2
(Axel, Marina, 
Karolina, Alix)

LSM800
(François) Break Video time‐lapse

(Olivier)

Hands-on sessionHands-on session



Deconvolution (definition)Deconvolution (definition)

Many different devolution algorithms available.
( Richardson-Lucy,...)

Many different devolution algorithms available.
( Richardson-Lucy,...)

 A mathematical processing technique for improving the 
contrast and resolution of digital images captured in the
microscope.

 A mathematical processing technique for improving the 
contrast and resolution of digital images captured in the
microscope.

BeforeBefore AfterAfter

Blue: DNA, White: MTs, Green: kinetochores, Red: centrosomal protein. 

(Images courtesy of  A. Ferrand, University of Dundee, UK.)(Images courtesy of  A. Ferrand, University of Dundee, UK.)



Principleof deconvolutionPrincipleof deconvolution

In a perfect world...In a perfect world...

Sub-
resolution
fluorescent
bead

Sub-
resolution
fluorescent
bead

Z-stackZ-stack

XX

ZZ

YY

...in real life !...in real life !

Z-stackZ-stack

Sub-
resolution
fluorescent
bead

Sub-
resolution
fluorescent
bead

=



Measuring the PSFMeasuring the PSF

Out-of-focus light is essential for deconvolution !!Out-of-focus light is essential for deconvolution !!
Don’t crop PSF and image it in X, Y, Z, intensity
(saturation)
Don’t crop PSF and image it in X, Y, Z, intensity
(saturation)



Measuring the PSFMeasuring the PSF

Needed information:
 Imaging mode (widefield, confocal, …)
 Magnification
 Numerical aperture
 Pixel dimensions (X,Y,Z)
 Refractive index immersion oil
 Refractive index mountingmedium
 Thickness coverslip (water objectives)
 Emission wavelength
 Distance from coverslip

Needed information:
 Imaging mode (widefield, confocal, …)
 Magnification
 Numerical aperture
 Pixel dimensions (X,Y,Z)
 Refractive index immersion oil
 Refractive index mountingmedium
 Thickness coverslip (water objectives)
 Emission wavelength
 Distance from coverslip



Rules for PSF and sampleRules for PSF and sample
❶Clean sample, high-quality coverslips

❷ Z-spacing
 See online Nyquist calculator

❸ Choice of objective
Water: least problemswith refractive indexmismatch
Oil: least affected by uneven coverslip thickness

❹ Immersion oil

❺ Avoid/ correct imaging aberrations
Uneven illumination/ camera sensitivity, sample movement, unstable
light)

❻ Don’t crop image and out-of-focus light in X, Y, Z, intensity

❶ Clean sample, high-quality coverslips

❷ Z-spacing
 See online Nyquist calculator

❸ Choice of objective
Water: least problemswith refractive indexmismatch
Oil: least affected by uneven coverslip thickness

❹ Immersion oil

❺ Avoid/ correct imaging aberrations
Uneven illumination/ camera sensitivity, sample movement, unstable
light)

❻ Don’t crop image and out-of-focus light in X, Y, Z, intensity


