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Doug Prasher

orignally cloned GFP gene 
from jellyfish 

(Woods Hole, MA)

Prasher, et al. Gene 1992, 229-233.
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1. Fluorescent proteins

Aequorea victoria green-fluorescent protein (jellyfish)

•  238 aa  (26.9 kDa) 
•  720 bp 

•  Excitation:  488 nm 
•  Emission:   509 nm 
•  Quantum yield:  ~0.79
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1. Fluorescent proteins

Formation (maturation) of GFP’s chromophore

Tsien  Annu. Rev. Biochem. 1998, 509–544
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1. Fluorescent proteins

Chemical environment of the chromophore is crucial fro:

•  wavelenght 
•  intensity (QY) 
•  stability (bleaching)

Tsien  Annu. Rev. Biochem. 1998, 509–544
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1. Fluorescent proteins

Entacmaea quadricolor red-fluorescent protein (sea anemone)

•  238 aa  (26.9 kDa) 
•  720 bp 

•  Excitation:  587 nm 
•  Emission:   610 nm 
•  Quantum yield:  ~0.79
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1. Fluorescent proteins

mCherrymOrangezsYellow

Chromophores of common FP mutants
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1. Fluorescent proteins

Chromophores of common FP mutants

EGFP is a humanized version of GFP
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1. Fluorescent proteins

Shaner, Steinbach, Tsien  Nature Methods. 2005, 2, 905-909
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1. Fluorescent proteins

Shaner, Steinbach, Tsien  Nature Methods. 2005, 2, 905-909
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1. Fluorescent proteins

where do we go from here?
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1. Fluorescent proteins

Could we use GFP as protein-protein interaction reporter?
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1. Fluorescent proteins

Could we use GFP assembly as proximity detection?

Kent, Childs, Boxer  J. Am. Chem. Soc. 2008, 9664-9665
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1. Fluorescent proteins

Campbell  Curr. Opin. Chem. Biol. 2015, 27, 10
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1. Fluorescent proteins

Campbell  Curr. Opin. Chem. Biol. 2015, 27, 10
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1. Fluorescent proteins

Campbell  Curr. Opin. Chem. Biol. 2015, 27, 10

Fluorescent protein exchange biosensing strategy (FPX) 
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2. FRET

Spectroscopic Ruler for measuring nm-scale distances

Förster resonance energy transfer – A spectroscopic nanoruler
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Fortser Resonance Energy Transfer

Spectral overlap between DONOR emission and ACCEPTOR absorption

2. FRET
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2. FRET

Fortser Resonance Energy Transfer

FRET efficiency, E, as a function of inter-dye distance (R).  
The Forster distance, R0, is the distance for 50% transfer (at R = R0, E = 0.5).
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2. FRET

Fortser Resonance Energy Transfer

FRET efficiency, E, as a function of inter-dye distance 
(R) for a R0 = 50 Å. Donor dye directly excited with 
incident laser either fluoresces or transfers energy to 
acceptor dye, depending upon its proximity. At R = R0, 
E = 0.5, but at smaller distances, it is >0.5 and vice 
versa, according to the function shown by the blue line. 
Notice the linearity of the E values adjacent to R0.
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2. FRET

FRET is useful because Ro (2-8 nm) is often ideal

Intramolecular studies

Intermolecular studies
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2. FRET

Common fluorescent protein FRET biosensor strategies

• Kinetics of activation

• Dissocation / proteolysis
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2. FRET

Requirements for a good FRET pair

•  Maximal overlap of donor emission and acceptor excitation

•  Minimal excitation of the acceptor at the excitation maximum of 
the donor
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2. FRET

Small molecules do it better
EYFP ECFP
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2. FRET

Förster Distance (R0)

A long R0 can cause a high FRET efficiency. Based on Förster's analysis, R0 is a function of 
quantum yield of the donor chromophore ΦD, spectral overlap of donor and acceptor J(λ), 
directional relationship of transition dipoles κ2 and the refractive index of the medium n.
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Orientation of transition dipole influence the transfer’s efficiency

2. FRET
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Unzipping mystery of helicases

2. FRET

Helicases separate (unzip) two DNA strands. Very fleeting transient intermediates can be 
measured during unzipping using single molecule techniques.

Bustamante et al. Nature 2006
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2. FRET

Functional domains of FRET-based kinase activity reporter

Zhang, Allen  Mol. Biosyst. 2007, 759
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Limitations of FRET

2. FRET

FRET provides an efficient way to measure the distance between a donor and an acceptor 
chromophore.  

The energy transfer efficiency is highly influenced by the ratio of R and R0 because of the 
exponent 6. Thus, by measuring the FRET efficiency, one can easily get the precise distance 
between the donor and the acceptor. If choosing the donor and acceptor properly, this 
experiment can also be carried out in vivo.  

FRET only gives the information about distances. If a dramatic conformational change 
happens, such as lengthening or kink, it is unable to know the exact movement of donor and the 
acceptor.  

Besides, attaching the chromophores to precise sites of a macromolecule is also important, 
both in quantity of chromophores and in position of a macromolecule, or the FRET might 
produce noise signals.
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