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Naturally fluorescent biomolecules

aminoacids:

cofactors:

oxidized form fluorescent
Ex. 450 nm, Em. 525 nm

reduced form fluorescent
Ex. 340 nm, Em. 460 nm

Ex. 280, 296 nm, Em. 330-350 nm Ex. 275 nm, Em. 305 nm



Fundus autofluorescence imaging:

 Used for eye diagnostics 

 Understanding the pathophysiological 

mechanisms

 Example: atrophy of the retinal pigment 

epithelial layer caused by neovascularization 

(formation of tangle of blood vessels)

A2E (N-retinyl-N-retinylidene

ethanolamine) ~ component 

of retinal pigment

neovascularization 



Fluorescent dyes

Important 
parameters:

• colour

• compatibility with 
light sources

• Stokes shift

• extinction coeff.

• hydrophobicity

• spectral width

• photostability

• environmental 
sensitivity



Dye families span the light spectrum
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Everything is determined by chemical structure

Fluorescein (460:515)
pH sensitive

Pyrene (345:395/480)
forms excimers

Dansyl (340:510-560)
Environment sensitive

DAPI (360:460)
Emission upon dsDNA binding

Cy5 (590:610)
distinct isomers



Fluorescent labelling of proteins

Pros

• covalent linkage

• low MW probes

• brightness, exc. in visible range

• attachment at specific location

• fluorescent antibodies

Cons

• in vivo applications are limited

• Sometimes difficult to achieve 
specificity of labelling

• biological activity may be impaired



Labelling chemistries

Amine modification 
(Lys, N-term.)

Thiol modification
(Cys)

+

+

+ +

+



Examples of Specific Labelling in vivo
Labeling

method
Fluorescent label(s) Acceptor

Acceptor 

size (aa)
Enzyme

HaloTag TMR, fluorescein Halogenase 210
Halogen

ase

Biarsenical Fluorescein (FlAsH), resorufin (ReAsH) …CCPGCC… 6 NA

NTA*-His Ni2+-NTA-I, NTA-II, NTA-’lysine’+dye, Oligohistidine 6 NA

Zhang et al., Chem. Soc. Rev., 2018, 47, 9106

FlAsH

*Nitrilotriacetic acid

Cl

Dehalogenase



Fluorescent proteins

pUG35

6231 bp

CEN6/ARSH4

yGFP

MET25

URA3

AmpR

ori

CYC1

AvaI (3034)

BamHI (3040)

ClaI (3005)

EcoRI (3022)

HindIII (3010)

SmaI (3036)

XmaI (3034)

KpnI (2009)

SacI (3444)

Swa I (5688) PstI (400)

PstI (3032)

ApaLI (178)

ApaLI (4152)

ApaLI (5398) NcoI (623)

NcoI (2294)

NcoI (2818)

Thr65-Tyr66-Gly67

R. Tsien, http://nobelprize.org/nobel_prizes/chemistry/laureates/2008/tsien-slides.pdf.



Fluorescent labelling of DNA/RNA

ChromaTide BODIPY FL-14-dUTP 

aha-dCTP

Covalent labellingStaining (non-covalent)

Intercalators: EthBr, Acridine Orange

Minor groove-binding: DAPI, Hoechst

Ethidium bromide

Hoechst 33342

Ready-labelled nucleotides

Amine-modified nucleotides 



Labelling lipid membranes

• Phospholipids, 
sphingolipids, FAs, 
TAGs, sterols

• Inter-membrane 
transfer

• Depth in the bilayer

• Membrane potential

• Tracing, fusion

• Fluorogenic 
substrates

DPH

NBD-PC

bis-pyrene-
-PC

DiI

cis-parinaric
acid

BODIPY-C4

N-Rh-PE

DiA

C12-
-fluorescein



Multicolor labelling experiments

Colocalization   Correlation   Tracing   FRET

Cytoskeleton (tubulin antibody-

Alexa647)

Mitochondria (streptavidin-Alexa488)

Nucleus (Hoechst-DNA intercalator)



Quantum dots

 Semiconductor nanocrystalls

 Multicolour

 Extremely stable, but blinking

 High extinction coeff.

 Conjugated to streptavidin, 
antibodies, etc.



Cayuela A., Chem. Commun., 2016, 52, 1311-1326.

Semiconductor 

Quantum Dots

Graphene

Quantum 

Dots

Carbon

Quantum 

Dots

Carbon 

Nanodots



Nanodiamonds, Silicon Nanoparticles

 Nitrogen-vacancy (NV, or N-V-N) in 
nanodiamonds (dimensions: ~ tens of 
nm)

 Nanodiamonds are cytocompatible

 Non-bleaching and non-blinking

 Dimmer than organic fluorophores

 NDs can be derivatized

 Similar behavior as nanodiamonds – silica 
nanoparticles (SiNPs)

 Dimensions: 2 – tens of nanometers




