
Studying dynamic processes and interactions
in living cell by fluorescence microscopy
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What is fluorescence?

A dye is excited with a short wavelength and emits at a 
longer wavelength (in an isotropic fashion)



emission (fluorescence)                  
non-radiative decay (heat)
intersystem crossing (to triplet)
resonance energy transfer (FRET)
photobleaching
    irreversible (loss)
    reversible (photochromism)
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After absorption of a photon, the 
fluorophore spends some time in 
the electronically excited state 
S*, characterized by an 
exponential decay
law (lifetime t):

I(t) = Io exp(-t/τ)
τ -1  = Σk = (kf+knr+kisc+kt+kb)
Q   = quantum yield =
   # emitted photons/
   # absorbed photons
      = kf τ

Singlet (S*)

Ground state

vibrational levels

vibrational levels

decay

Excited state dynamics of a fluorophore

abs



A fluorophore is a photophysical “enzyme”
(Tom Jovin, MPI Göttingen)
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Fluorescence

Stokes Shift
is the energy difference between the lowest energy peak of
absorbance and the highest energy of emission

495 nm 520 nm

Stokes Shift is 25 nm
Fluorescein
molecule
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Parameters that characterize fluorophore

• Extinction and emission wavelength
• Stability toward bleaching

• Extinction Coefficient ε
–  ε  refers to a single wavelength (usually the absorption maximum) 

• Quantum Yield φ
φ is a measure of the integrated photon emission over the fluorophore spectral band

• At sub-saturation excitation rates, fluorescence intensity or brightness is 

proportional to the product of ε and φ
 

Number of emitted photons
Number of absorbed photonsφ=

I = const ·  ε · φ



Wide field microscope setup
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Fluorescence microscope setup
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Confocal microscope setup

detector

laser

dichroic mirror

filters

objective

rotating scan
mirror

fluorescent probe
reconstruction of the spatial 

fluorescence distribution

synchronized beam scanning 
and signal acquisition



Confocal microscope setup
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Optical sectioning with the pinhole

Resolution in all three dimensions, fluorescence from „wrong“
axial positions is blocked



Instrument setup for confocal fluorescence microscopy

Laser

Dichroitic
mirror

Dichroitic
mirror
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Mirror excitation volume 
200-300 nm (x,y)
600-700 nm (z)





DNA staining with Hoechst

Hoechst 33258: most common, minor groove binder, ex 350 nm, em: 461 nm 

Hoechst 33342: very similar but 10 x higher cell permeability, live cell staining

DAPI: = half of Hoechst, very similar spectra, works well with fixed cells 

DAPIHoechst



• Xanthene

– Fluorescein
– Rhodamine

• Rhodamine B, 110, 123, 6G
• ROX, TAMRA, Texas Red
• Alexa 488, 514, 532, 546, 568, 594, 610
• ATTO 488, 514, 520, 532, 565, 590

Some popular small molecule dyes derived from xanthene

NH2OH2N

Alexa Fluor 488

SO3
- SO3

-

O

∗ OH

O

H
NOH

N

Alexa Fluor 532

SO3
- SO3

-

O

∗

NH2OH2N

ATTO 488

SO3
- SO3

-

N
H

O

O

∗

O

Alexa Fluor 610

SO3
- SO3

-

O

∗

O

∗

NN

SO3
--O3S



Broad range of fluorescent proteins for many applications

Crivat & Taraska. Trends Biotechnol 30, 8–16 (2012).

Desired features of fluorescent tag: right color, bright, stable, monomeric, pH insensitive, 
fast formation of fluorescent state (GFP 30 min maturation time)
Checks for artefacts: N- vs. C-terminal tag, intracellular localization in comparison to 
immunostaining, complex composition (GFP pull down), in vitro activity test, stable cell lines

http://www.microscopyu.com/articles/livecellimaging/fpintro.html

for more proteins (60 total) see:

http://www.microscopyu.com/articles/livecellimaging/fpintro.html
http://www.microscopyu.com/articles/livecellimaging/fpintro.html




Autofluorescent proteins

http://www.microscopyu.com/articles/livecellimaging/fpintro.html

http://www.microscopyu.com/articles/livecellimaging/fpintro.html
http://www.microscopyu.com/articles/livecellimaging/fpintro.html
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Intramolecular conformation
changes of GFP

EGFP has 2 nonfluorescent states due to an internal and a 
pH-dependent external protonation of the chromophore:

time constant for blinking 300 µs (pH 7) and 45 µs (pH 5)

⇒ EGFP can be used as an intracellular pH indicator

F(t)

t
G(τ)

log τ

⇒ fast decay of the correlation function due to blinking



                                                                                                                                     added kDa   target
Visible fluorescent proteins from jelly fish and corals (VFPs)                                                27        —

         spectral variants (Tsien, Miyawaki, etc.)

         “cameleon” dual-VFP constructs for sensing ions, pH, covalent modification,…

         photoactivatable, photoconvertible, photochromic VFPs 

         bimolecular complementation (half VFP molecules)                                                 2x 27/2

CCxxCC motifs [bisarsenicals FlAsH, ReAsH; biotin, photochromic derivativesl]             0.7-1.3    cys4

N-terminal cysteine (from protein cleavage) [thioester-coupled probesl]                                –       cys

acyl and peptidyl carrier protein (ACP, PCP) [CoA-linked probes]                                         9        ser

DNA alkyltransferase (SNAP-tag, CLIP-tag) [para-substituted benzylguanines]                   20       cys

mutant dehalogenase (HaloTag) [probe-substituted haloalkanes]                                         33       asp    

biotin ligase acceptor protein (AP)                                                                                         0.9       lys

oligohistidine and cys-his-Zn finger [NTA-linked biotin or probes]                                         0.7       his4-6

biotin-mimetic peptide (Nano-tags) [avidin, streptavidin, anti-biotin linked probes]              1-1.7      –

Expression systems based on protein fusions


