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On the menu

• Part 1: Fluorescence microscopy
• Widefield vs. Confocal microscopy
• Spinning Disc Microscope and fun things to do with it
• FLIM (Fluorescence Lifetime Imaging)
• FRAP (Fluorescence Recovery After Photobleaching

• Part 2: Correlative Lightand Electron Microscopy (CLEM)



Fluorescence



Widefield vs Confocal. What‘s the difference?

leica-microsystems.com

photometrics.com



Common miscoception: Confocal microcopes 
are slow

0.264 µm pixel size, 1 second intervals



Confocal is fast, Spinning disc is faster!

Zeiss-campus





Case study 1: the recruitment of fluorescently 
tagged proteins to UV-laser induced sites of DSBs
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Case study 2: Interaction of fluorescently 
tagged proteins in response to DNA damage



Is there a more direct way to analyse interaction of 
proteins (at DNA damage sites, in live cells!)? Yes!



Fluorescence lifetime imaging (FLIM)

Donor (EGFP)  only Donor (EGFP) + acceptor (mcherry)

non-radiative 
Energy transfer 
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Actually, what is the lifetime?







Case study 3: interaction of ALC1 and XRCC1 



Analysing FRET by acceptor photobleaching



Analysing FRET by acceptor photobleaching
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Case study: the effect of drugs on sister 
chromatid cohesion measured in live cells



After Photobleaching (FRAP)

Fluorescence recovery after photobleaching is used to characterize the mobility
of cellular molecules a region of interest within the cytoplasm or cellular
structures within the cell can be monitored.

Photobleaching experiments can be conducted with confocal laser scanning
microscopes where the laser is used at high intensity for bleaching and low
intensity for image recording. It employs irradiation of a fluorophore in a living
sample with a short laser to erase fluorescence followed by time-resolved image
recording of the sample

Zaffagnini et al. 2018)



After Photobleaching (FRAP)

Three different image sequences: 

1. prebleach sequence with low laser power setting to have a reference value;
2. bleach sequence with high laser power inside the ROI;
3. postbleach setting with low laser power setting to examine the fluorescence recovery 



. In consequence there are three different image sequences: 
The prebleach sequence with low laser power setting to 
have a reference value, the bleach sequence with high laser 
power inside the ROI and the postbleach setting with low 
laser power setting to examine the recovery of fluorescence. 
All other bleaching methods are derived from this 
basic principle (Figure 1).

After Photobleaching (FRAP)
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After Photobleaching (FRAP)

CAVEAT AND PITFALL

The main advantage of FRAP is its straightforward and simple strategy, however
when it comes to a more quantitative evaluation of the FRAP, many subtle
problems arise.

driving force of the recovery;
stochastic diffusion, directed motion or binding events;

anomalous diffusion of diffusion on membranes

Fluorescence Correlation Spectroscopy (FCS)



Correlative Light and Electron Microscopy (CLEM)

IS TWO  BETTER THAN ONE

Presenter
Presentation Notes
The combination of the capabilities of light microscopical techniques with the power of resolution of electron microscopy along with technical advances has led to a gradual decline of the gap between classical light and electron microscopy. Correlative techniques are indispensable in cases in which the advantages of light microscopy are required to analyse processes in living cells, image fluorescence signals, identify on the other hand, the high resolution obtained in the electron microscope is necessary for detailed characterization of structures up to molecular dimensions, and the exact localization of molecules and cell and tissue functions.



Correlative Light and Electron Microscopy (CLEM)

Light microscopy permits the observation of dynamic events in living cells, but
the spatial resolution is limited to 200-300 nm.

Conversely, EM provides higher spatial resolution but affords only static images

Correlative Light and Electron Microscopy combine the advantages of classical
light and electron microscopy

Presenter
Presentation Notes
The combination of the capabilities of light microscopical techniques with the power of resolution of electron microscopy along with technical advances has led to a gradual decline of the gap between classical light and electron microscopy. Correlative techniques are indispensable in cases in which the advantages of light microscopy are required to analyse processes in living cells, image fluorescence signals, identify on the other hand, the high resolution obtained in the electron microscope is necessary for detailed characterization of structures up to molecular dimensions, and the exact localization of molecules and cell and tissue functions.



Markers for correlative microscopy have recently been divided in 3 categories

1. fluorescence photooxidation;

2. enzyme-based methods;

3. particle-based methods.

Sosinsky et al. (2007)

Correlative Light and Electron Microscopy (CLEM)

Presenter
Presentation Notes
Probes allowing the localization of molecules in both techniques hold a key position; Markers for correlative microscopy have recently been divided by Sosinsky et al. (2007) in categories, used in (1) fluorescence photooxidation, (2) enzyme-based methods and (3) particle-based methods.



Correlative Light and Electron Microscopy (CLEM)

NEED O₂
NEED DAB

PHOTO-OXIDATION

Presenter
Presentation Notes
Although both terms are often used side by side, photooxidation, the basic reaction principle in focus of this paper, and photoconversion, respectively, should be distinguished. Photooxidation, refers to the use of fluorescent dyes to oxidize the substrate DAB thus converting it into an electron-dense reaction product, making fluorescently labelled specimens suitable for electron microscopic examination (Maranto, 1982). The reaction requires intense illumination of fluorescent dyes in fixed specimens in the presence of oxygen. By the high energetic light the fluorescent signals are converted into stable, electron-dense DAB signals. 



O₂

Correlative Light and Electron Microscopy (CLEM)

Presenter
Presentation Notes
Photooxidized DAB deposits form at the site of the labelled proteins, thus staining the proteins directly; enclosed in intracellular compartments or attached to the luminal surfaces of limiting membranes thedeposits further permit reactive compartments to be followed throughout the entire section thickness and enable the study of the 3D architecture of these organelles (Ladinski et al., 1994;Mironov et al., 2000). Reactive oxygen species tend to react at sites very close to their generation; high spatial resolution was indicated by the eosin-based labelling of single microtubules (Deerincket al., 1994); such limited spread of reaction product should  provide a resolution of 5–10 nm The underlying photooxidation reaction takes advantage of free oxygen radicals that form upon illumination of the fluorescent dyes and lead to a gradual oxidation of DAB in situ (Sosinskyet al., 2007). Oxidized DAB in turn forms networks, which osmium stained, appear as fine granular precipitates at the sites of the former fluorescent signals. The reaction product is insoluble in water and alcohol and after standard preparation can be used to achieve differentiated subcellular localization of molecules with a high spatial resolution in the electron microscope (Fig. 1).



Correlative Light and Electron Microscopy

lack of permeabilization 
facilitate the quality of fine
structural preservation. 

stable fixation contributes to 
higher resolution of the 
reaction, however it might 
cause background 
fluorescence

DAB solutions freshly 
prepared containing 0.5–2 
mg/mL in saline buffer

higher magnification 
objectives and/or enriching 
the medium with oxygen



Correlative Light and Electron Microscopy (CLEM)
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Correlative Light and Electron Microscopy (CLEM)

C. Meisslitzer-Ruppitsch et al. 2019



THANK FOR YOUR ATTENTION
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