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What is fluorescence?

I. Introduction to fluorescence

It’s the property of some compounds, once hit by a light radiation, 

to emit the absorbed light (in the form of photons) 

at a lower frequency and, consequently, at a longer wavelength



Advantages of fluorescence

I. Introduction to fluorescence



I. Introduction to fluorescence

1933-2008: 175 years of fluorescence

2008 Nobel prize in chemistry to 

O.SHIMOMURA, M. CHALFIE, and R.Y. TSIEN for 
the discovery and development of the green 
fluorescent protein, GFP

http://almaz.com/nobel/chemistry/2008a.html
http://almaz.com/nobel/chemistry/2008b.html
http://almaz.com/nobel/chemistry/2008c.html


Fluorescence applications in biology

I. Introduction to fluorescence



Excitation: 1 photon with energy hvEX excite

the electrons of the fluorochrome that from

S0 jump to excited singlet S1 o S2. The excited

state exist for a definite time (nanoseconds)

in which the fluorochrome undergoes into

conformational changes and interact with

the molecular environment.

http://www.olympus-lifescience.com/en/microscope-
r es o u r ce / p r i me r / jav a/ jab l o n s k i/ l i g h tan d co l o r /

Jablonski energy diagram
Fluorescence is a property of particular compounds to emit light absorbed at lower frequency as 

compared with absorption radiation

hvEM < hvEX

I. Introduction to fluorescence

http://www.olympus-lifescience.com/en/microscope-resource/primer/java/jablonski/lightandcolor/
http://www.olympus-lifescience.com/en/microscope-resource/primer/java/jablonski/lightandcolor/


The excited electron in a high state if

vibrational energy has the tendency rapidly

go back to the lower vibrational energy level

of the excited state S1=0 dissipating part of

the energy in heating Internal conversion

http://www.olympus-lifescience.com/en/microscope-
r es o u r ce / p r i me r / jav a/ jab l o n s k i/ l i g h tan d co l o r /

Jablonski energy diagram
Fluorescence is a property of particular compounds to emit light absorbed at lower frequency as 

compared with absorption radiation

hvEM < hvEX

I. Introduction to fluorescence

http://www.olympus-lifescience.com/en/microscope-resource/primer/java/jablonski/lightandcolor/
http://www.olympus-lifescience.com/en/microscope-resource/primer/java/jablonski/lightandcolor/


Emission. If the excited fluorochrome return

to S0 from S1 emitting photons, the process is

called fluorescence. Due to the energy

dissipation during the internal conversion,

the emission energy hvEM will be lower as

compared with hvEX.

http://www.olympus-lifescience.com/en/microscope-
r es o u r ce / p r i me r / jav a/ jab l o n s k i/ l i g h tan d co l o r /

Jablonski energy diagram
Fluorescence is a property of particular compounds to emit light absorbed at lower frequency as 

compared with absorption radiation

hvEM < hvEX

I. Introduction to fluorescence

http://www.olympus-lifescience.com/en/microscope-resource/primer/java/jablonski/lightandcolor/
http://www.olympus-lifescience.com/en/microscope-resource/primer/java/jablonski/lightandcolor/


Not all the molecules initially excited by absorption return

to the ground state (S0) by fluorescence emission.

Other processes such as intersystem crossing, collisional

quenching, fluorescence resonance energy transfer

(FRET) may also depopulate S1.

The fluorescence quantum yield, which is the ratio of the

number of fluorescence photons emitted to the number

of photons absorbed, is a measure of the relative extent

to which these processes occur.

Number of photons emitted

Number of photons absorbed

I. Introduction to fluorescence



ISC

Intersystem crossing: phosphorescence and 
delayed fluorescence

Intersystem crossing (ISC): molecule relaxation to the lowest triplet state that ultimately results either in emission of a photon 

through phosphorescence, a transition back to the excited singlet state that yields delayed fluorescence or in photochemical 

reaction with molecular oxygen.

Type I photochemistry:
Electron/hydrogen transfer

Type II photochemistry:
Energy transfer 

(to molecular oxygen)

Photochemical reaction

I. Introduction to fluorescence



Collisional quenching

Fluorescence quenching can be defined as a

bimolecular process that reduces the fluorescence

quantum yield without changing the fluorescence

emission spectrum; it can result from transient

excited-state interactions (collisional quenching) or

from formation of non fluorescent ground-state

species. Self-quenching is the quenching of one

fluorophore by another; it therefore tends to occur

when high loading concentrations or labeling

densities are used

I. Introduction to fluorescence



FRET: Föster Resonance Energy Transfer

FRET is a quantum-mechanical phenomenon that occurs

when two fluorochromes are in molecular proximity. It

describes an energy transfer mechanism between two

chromophores.

A donor chromophore in its excited state can transfer

energy by a non radiative, long-range dipole-dipole

coupling mechanism to an acceptor chromophore in

close proximity (typically < 10 nm). This energy transfer

mechanism is termed "Föster resonance energy transfer"

(FRET), named after the German scientist: Theodor Föster.
http://www.invitrogen.com/site/us/en/home/References/Molecular-Probes-The-
Handbook/Technical-Notes-and-Product-Highlights/Fluorescence-Resonance-
Energy-Transfer-FRET.html

I. Introduction to fluorescence



FRET is well-suited to the study of protein-protein interactions, which occur on a similar
spatial scale.

FRET: Föster Resonance Energy Transfer

I. Introduction to fluorescence



Photobleaching

Photobleaching is the photochemical destruction of a

fluorophore.

Photobleaching occurs when a fluorophore permanently

loses its ability to fluoresce due to photon-induced

chemical damage and covalent modification.



Properties of the fluorescence spectra

• For polyatomic molecules, single electron transition are represented by energy spectra 
called excitation and emission SPECTRA

• Due mainly to internal conversion:  

• Stoke shift is expressed as the wavelength difference between the maxima of S0-->S1 and 
S1—>S0 transitions

EEM < EEX

I. Introduction to fluorescence

λEM - λEX



Properties of the fluorescence spectra

• Due to rapid internal conversion from higher electronic and vibrational states
(completed much before emission), emission occurs solely from the lowest
vibrational level of S1, so….

• Kasha’s rule: emission spectra and em max are independent of excitation
wavelength. The intensity of fluorescence emission depends from ex

• Q = I0 (2.3 εbc) Φ

I. Introduction to fluorescence



Fluorescence microscope

I. Introduction to fluorescence
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Fluorochromes

II. Fluorochromes

A. Burns et al., Chem. Rev. Soc., 35 (2006) 1028-1042

➢ INORGANIC

➢ PROTEIN-BASED

➢ ORGANIC



Semiconductors nanocrystals: QDOTS

❑ Strong light absorbance

❑ Bright fluorescence

❑ Narrow symmetric emission bands

❑ High photostability

Nanocrystals composed of a core of a semiconductor
material (CdSe), enclosed within a shell of another
semiconductor (ZnS) that has a larger spectral band gap.

Typical diameter: 2-10 nm

II. Fluorochromes



Semiconductors nanocrystals: QDOTS

❑ Size tunable emission = predictable relationship between the size of QD 
and its emission wavelength

II. Fluorochromes



Semiconductors nanocrystals: QDOTS

❑ Excellent stability of optical properties upon conjugation to biomaterials

II. Fluorochromes



Semiconductors nanocrystals: QDOTS

Wagner et al., Acta Biomaterialia 94 (2019) 44–63

II. Fluorochromes



Organic fluorescent dyes

II. Fluorochromes



Organic fluorescent dyes

II. Fluorochromes

XANTHENE-BASED

fluoresceine family rhodamine family



Organic fluorescent dyes

II. Fluorochromes

POLYMETHINIC BRIDGE-BASED

• 1. Excellent optical properties (high ε and φ)
• 2. High structural versatility 
• 3. Tunable spectral properties
• 4. Wide application fields



Organic fluorescent dyes

II. Fluorochromes

• Wide pool of molecules

• Huge amount of reference data in 

literature on their photophysical 

behaviour

• Versatility for bioconjugation

• Concentration quenching

• Limited photostability

• Limited control in cell targeting



Protein-based indicators

II. Fluorochromes

• Synthetized from cell itself
• They can be designed to respond to a great

variety of biological events and signals
• Allow to target different subcellular

compartments and to easily detect and trace
protein

• They can be introduced into a wider variety of
tissues and intact organisms

• They very rarely cause photodynamic toxicity



Aequorin and GFP from Aequoria Victoria 

II. Fluorochromes

Upon binding calcium, aequorin
generates an electronically excited product that
undergoes radiationless energy transfer (blue
arrow) to the GFP fluorescent state, which emits
the green light (509 nm)

BIOLUMINESCENCE



GFP-derived proteins



GFP-derived proteins

Tsien, Integr. Biol., 2 2010 77-93



GFP-derived proteins



GFP-derived proteins

Why GFP?

• GFP is a fairly small protein. This is important because a small protein attached to the

protein of interest is less likely to hinder its proper function. Its small size would also

allow it to follow the fused protein, especially in organelles like the nucleus, whereas

the diffusion of large proteins would be difficult.

• Once GFP is made in the jellyfish, it is fluorescent. Most other bioluminescent molecules require

the addition of other substances before they glow. For example, aequorin will glow only if calcium

ions and coelenterazine have been added, and firefly luciferase requires ATP, magnesium, and

luciferin before it luminesces. This would make GFP a much more versatile tracer than either

aequorin or firefly luciferase, which were being used as tracers.



GFP-derived proteins
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+ additional mutations

+ additional mutations
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 ↑ useful

 ↑ bleach-
resistant

↑ greater performance

Trp66 No fluorescence



GFP-derived proteins

Next goal was for Tsien to create a GFP excited by blue light.

Mutation of Ser65 improve excitation 
spectra



GFP-derived proteins

In a random screen for optimal mutations of residues 55 to 74, Cormack et al. confirmed the

value of S65T and added another mutation, F64L, which permits folding at warmer

temperatures. The resulting double mutant, ‘‘enhanced GFP’’, was aggressively marketed by

Clontech, a molecular biology supply company, and became the basis for most subsequent

applications of GFP, even when these two mutations are not explicitly acknowledged.



GFP S65T structure

1996



GFP-derived proteins

Thr203 Tyr203 YFP



GFP-derived proteins

Roger Tsien is responsible for much of our
understanding of how GFP works and for
developing new techniques and mutants of GFP. His
group has developed mutants that start fluorescing
fast than wild type GFP, that are brighter and have
different colors (see below, the E stands for
enhanced versions of GFP, m are monomeric
proteins and tdTomato is a head-to-tail dimer).





Thank you


	Slide 1: Cellular and Molecular Biophysics 
	Slide 2: Fluorescence
	Slide 3: Fluorescence
	Slide 4: What is fluorescence?
	Slide 5: Advantages of fluorescence
	Slide 6: 1933-2008: 175 years of fluorescence
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12: Intersystem crossing: phosphorescence and delayed fluorescence
	Slide 13: Collisional quenching
	Slide 14: FRET: Föster Resonance Energy Transfer 
	Slide 15
	Slide 16: Photobleaching
	Slide 17: Properties of the fluorescence spectra
	Slide 18: Properties of the fluorescence spectra
	Slide 19: Fluorescence microscope
	Slide 20: Fluorescence
	Slide 21: Fluorochromes
	Slide 22: Semiconductors nanocrystals: QDOTS 
	Slide 23: Semiconductors nanocrystals: QDOTS 
	Slide 24: Semiconductors nanocrystals: QDOTS 
	Slide 25: Semiconductors nanocrystals: QDOTS 
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31: Aequorin and GFP from Aequoria Victoria  
	Slide 32: GFP-derived proteins
	Slide 33: GFP-derived proteins
	Slide 34: GFP-derived proteins
	Slide 35: GFP-derived proteins
	Slide 36: GFP-derived proteins
	Slide 37: GFP-derived proteins
	Slide 38: GFP-derived proteins
	Slide 39: GFP S65T structure
	Slide 40: GFP-derived proteins
	Slide 41: GFP-derived proteins
	Slide 42
	Slide 43

