


Aequoria Victoria 



!   Discovered 1962 as companion ���
to aequorin



!   Cloned 1992, expression 1994



!   238 Aminoacids



!   27-30 kDa



!   Fluorophore made by 3 
aminoacids (65-67) ”protected” 
in a cylinder







GFPs



– Blue BFP



– Cyan CFP



– Green GFP



– Yellow YFP



– Red DsRed���
HcRed



!   GFP timer
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Fluorescence Resonance Energy Transfer (FRET)





L’efficienza di FRET dipende da molti fattori���

E = kET
k f + kET + ki∑

in cui 
kET =rate of energy transfer
kf =radiative decay rate
ki = rate constants of any other de-excitation pathways

E =1− F 'D
FD

   or     E =1− τ 'D
τ D

FD  e F'D  fluorescence intensity of donor in the absence or presence of acceptor 
τD  e τ 'D  fluorescence lifetime of donor in the absence or presence of acceptor  

The FRET efficiency is the quantum yield 
of the energy transfer transition, i.e. the 

fraction of energy transfer event 
occurring per donor excitation event









E = 1

1+ ( r
R0

)6
         

r = distance between donor and acceptor
R0

6 = Forster distance=8.8*1023k2n−4Q0J

k2 = dipole orientation factor
Q0 = fluorescence quantum yield of the donor 
in the absence of the acceptor

n=refractive index
J=spectral overlap

J = fD (λ)εA (λ)λ 4 dλ∫
fD = donor emission spectrum normalized
εA = acceptor molar extinction coefficient



€ 

Fluorescence lifetime 
Average time at which a molecule stays in excited state before photon emission 

S1[ ] = S1[ ]0
−Γt

Γ =
1

fluorescence lifetime
= decay rate

Γtot = Γrad + Γnonrad



More FRET, shorter donor fluorescence lifetime





No need to measure fluorescence
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S1 = S0
−τt      in cui    τ =

1
emivita

E =
kET

kf + kET + ki∑

in cui 
kET = velocità di trasferimento di energia
kf = velocità di decadimento
ki =  costanti di velocità di tutte le altre vie di de- eccitazione

E = 1− F'D
FD

  o anche     E = 1− τ 'D
τD

in cui FD e F'D  sono l'intensità di fluorescenza del donatore in assenza e presenza dell'accettore e
τD e τ 'D  sono l'emivita di fluorescenza del donatore in assenza e presenza dell'accettore e

E =
1

1+ ( r
R0

)6
         in cui r è la distanza tra accettore e donatore

R0
6 = 8.8*1023k2n−4Q0J

J = fD(λ)εA(λ)λ4dλ∫

D = w2

4t1
2

Fluorescence lifetime imaging (FLIM-FRET)





FRET allows to follow protein-protein interaction in vivo



ProteinA CFP 

ProteinB YFP 

< 5-10 nm 

Excitation  
430-450 nm 

Emission 
>570 nm 

Donor 

Acceptor 

Emission 
475 nm 









FRET between proteins on 
different membranes









Intramolecular FRET : calcium sensors





camgaroo



pericam







Different strategies to monitor cAMP























High throughput use of 
FRET:



 biosensors/chips to test 
enzymatic activity






