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Fluorescence: it’s better to see once, than to 
hear thousand times

Fluorescence
and       chemiluminescence





DIC                      vs             fluorescence



High specificity, sensitivity and versatility

In vivo imaging/probing  in real time

High and super-resolution imaging up to several 
nanometers scale

Not only imaging, but probing 
(pH, Ca2+, electric potential, mechanical force) 

Indirect measurements 



1. 

∆E=hν=hc/λ



∆E=hν=hc/λ



Rhodamine 6B
absorption and 
emission 
(fluorescence) 
spectra



What are the basic features of fluorescence?

1. Fluorescence intensity linearly increases with intensity of excitation light

2. Occurs within the nanosecond - timescale after incoming photon absorption

3.    Normally emission occurs in all possible directions

4.    Both efficieny of fluorescence and emission spectrum depend on molecular             
environment 

5.    Single fluorophore may be prone to blinking (reversible switching “on” and 
“off”  ) and irreversible switching to the “dark” (“off” ) state – process called 
photobleaching



Classics: epifluorescence microscopy





Inverted microscope 





Basic types of illumination

• Widefield

(epifluorescence)

• Focused (confocal, multiphoton)

• Total internal reflection – based 
illumination (TIRF microscope)



Light Sheet Microscopy 





Mepacrine accumulation in dense granules



Конфокальные 
срезы и сечения







DNA-protein interaction: TIRF insight 





GFP-tag

• https://www.researchgate.net/figure/Fluorescence-labeling-using-the-GFP-
tags-the-most-common-genetic-method-increasing-the_fig3_286220224

https://www.researchgate.net/figure/Fluorescence-labeling-using-the-GFP-tags-the-most-common-genetic-method-increasing-the_fig3_286220224


SNAP & CLIP-tags

• https://international.neb.com/tools-and-resources/feature-
articles/snap-tag-technologies-novel-tools-to-study-protein-function

https://international.neb.com/tools-and-resources/feature-articles/snap-tag-technologies-novel-tools-to-study-protein-function


The most important characteristics of 
fluorophores

• Spectral ( absorption max, emission max )

• Brightness = efficiency of absorption * quantum yield

• Photostability (mean number of excitation cycles before photobleaching)

• Fluorescence lifetime  



Stability: a number of cycles before photobleaching



10 µ

Flow

Annexin V – AlexaFluor647  

T ~ 2 min



СD42b – FITC  



СD42b – FITC  

10 μ

Flow

Annexin V – AlexaFluor647  

T ~ 2 minutes



Synthetic fluorophores 



GFP: CFP, YFP etc



Aequorin



Measuring Ca2+ in single cells in vitro

Fura RED



Spectra of of wtGFP and S65T mutant





GFP: nobel prize, 2008



Gather, M.C. and Yun, S.H., 2011. Single-cell biological lasers. Nature Photonics, 5(7), p.406.

• GFP laser within the single cell



FRAP, FLIM, FRET

*Fluorescence Recovery After Photobleaching

= FRAP

*Fluorescence Lifetime Imaging Microscopy

= FLIM

*Förster Resonance Energy Transfer

= FRET



FRAP: bleaching and measuring recovery rate 





FLIM



FRET



FRET features: 

• Strong dependence on the 
distance between the molecules 

( eff ~ 1/ R6 )

• Depends on the spectral overlap 
for donor emission and 
acceptor absorption spectra

• Depends on relative oriention of 
the pair

• Non-radiative transfer!



Main registration types

• FLIM-FRET

• Acceptor photobleaching

• Direct measurement of FRET using acceptor fluorescence



Acceptor photobleaching

• Measuring fluorescence in the donor channel

• Acceptor photobleaching using the appropriate pulse of light

• Repeat fluorescence measurement in the donor channel

Drawbacks: photodamage, presence of FRAP, presense of acceptor signal



Measuring FRET using the acceptor channel



Popular FRET pair



TIRF + FRET: HIV reverse transcriptase 
dynamics during interaction with template



Abbondanzieri, E.A., Bokinsky, G., Rausch, J.W., Zhang, J.X., Le Grice, S.F. and Zhuang, X., 2008. Dynamic binding orientations 
direct activity of HIV reverse transcriptase. Nature, 453(7192), p.184.









When FRET and bioengineering are combined





FRET-based force sensor 





Thank you!


