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Fluorescence Spectroscopy – Jablonski diagram 

 
property of a compound to absorb light of a certain energy and to rapidly re-emit light of lower energy 
through the radiative loss of energy 
 
 
 
 

electronic ground state 

1st electronically 
excited state 

(vibrational energy levels) 
 

absorbance (10-15 s) fluorescence (10-9 s) 

energy non-radiative relaxation to 
lowest vibrational level 



Fluorescence Spectroscopy 

 
 

organic fluorophores are planar systems with delocalised π-electrons 

excitation emission 



Fluorescent RNA aptamers mimicking 
green fluorescent protein 

RNA aptamer 
 
 
short strand of oligonucleotides 
 
fold into a well-defined three-dimensional structure 
 
high affinity and specificity for their target molecules 



Fluorescent RNA aptamers mimicking 
green fluorescent protein 

 
Frommer et al., Chem Soc Rev, 2009 

4-hydroxybenzlidene 
imidazolinone 

(HBI) 

phenol form 
(GFP) 

phenolate form 
(EGFP) 



 
conditional, specific activation of fluorophore 
 
non-cytotoxic, membrane permeable, non-interfering 
 
brightness, sensitivity and photostability 

Fluorescent RNA aptamers mimicking 
green fluorescent protein 



 
generation of RNA aptamers that bind fluorophores resembling the fluorophore in GFP 
 
 
 
 
 
1  fluorophore 
 
 
 
 
 
2  RNA aptamer  systematic evolution of ligands by exponential enrichment (SELEX) 



TECHNICAL NOTE 
Systematic Evolution of Ligands by EXponential enrichment 

SELEX 

production of oligonucleotides (single-stranded DNA or RNA) that specifically bind to a target ligand 
 
 
 
 
 

SELEX 

RNA/ssDNA 
library 

selection 
for target 

enriched RNA species 

partition bound 
from unbound 

enriched RNA 

cloning and sequencing 

mutation 



SELEX of  fluorescent RNA aptamers 

 
SELEX 

 
GFP-like RNA-fluorophore complexes spanning the visible spectrum 

 
Paige et al., Science, 2011 



spectral properties of  
RNA-fluorophore complexes 
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photophysical properties of  
24-2–DFHBI complex 
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24-2 selectively recognises the 
phenolate form of DFHBI 
 
–> EGFP-like 
 
 
negligible photobleaching 
 
 

 
Paige et al., Science, 2011 

 
EGFP-like fluorescent RNA 

24-2–DFHBI complex (“Spinach”) 
 

– OH – O - 



photophysical properties of  
24-2–DFHBI complex 

 
 
 
 
 
 
24-2 selectively recognises the 
phenolate form of DFHBI 
 
–> EGFP-like 
 
 
negligible photobleaching 
 
 

 development of EGFP-like fluorescent RNA: 24-2–DFHBI complex (“Spinach”) 



 
transformation of E. coli with plasmids expressing Spinach fused to RNA-stabilising element 
 
incubation with DFHBI 

Imaging of RNA in E. coli using Spinach fluorescence 
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RNA dynamics in living mammalian cells 
monitored with Spinach fluorescence 

 
fusion of Spinach to 5S 
 
transfection of construct into HEK293 T cells 
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development of Spinach, an EGFP mimicking fluorescent RNA aptamer 
 

 conditional, specific activation of fluorophore DFHBI 
  
 non-cytotoxic, membrane permeable, non-interfering 

 
 high photostability 

 
application: tracking of RNA dynamics 
 

  

conclusion 



 
real-time imaging of cellular metabolites using Spinach-based sensors  
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S-adenosyl methionine (SAM)   co-substrate molecule involved in methyl group transfers 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
SAM levels have not been studied on single cell level 

acceptor 
 

S-adenosyl methionine (SAM) 

SAM 

S-adenosyl methionine (SAM) S-adenosyl homocysteine (SAH) 

methylated 
acceptor 

 



sensor activation upon SAM addition  

 
 
 
20-fold increase in fluorescence upon 
SAM binding 
 
high level of discrimination against 
highly related molecules 
 
 
 
 
 
 
sensor activation and deactivation 
 
 
 
 
 
 
  

Paige et al., Science, 2012 



monitoring SAM metabolite dynamics 

 
 
 
Met-treatment of Met-depleted cells 
 
–> synthesis of SAM 
 
 
 
 
 
 
 
 
cell-to-cell variability in SAM biogenesis 
 
 
 
 
 
 
 

 
Paige et al., Science, 2012 



variability in SAM accumulation 

 
Paige et al., Science, 2012 



variability in SAM accumulation 

 
 
 
 
 
 
 
variability in SAM accumulation 
 
–> population becomes more diverse 
 
 
 
 
 
 

 
Paige et al., Science, 2012 



 
development of sensors that detect a variety of small molecules 
 

 imaging of dynamic changes in metabolites 
  
 monitor cell-to-cell variation in intracellular metabolite levels 
  

conclusion 



 
structure determination of Spinach RNA 
in the presence and absence of bound DFHBI fluorophore 
 
 
elongated structure containing two coaxially stacked helical stems 
 
internal bulge = platform for DFHBI binding 



Fluorophore binding site 

 
Huang et al., Nature Chem Biol, 2014 

two stacked G-quadruplexes     hydrophobic stacking platform for DFHBI binding 
 
fluorophore in planar conformation fits into binding pocket  –> fluorescence 



conclusions and outlook 

+  genetically encoded fluorophore with minimal background fluorescence 
 
+   high photostability 
 
+  small size, compactness  –>  reduced likelihood of interference with endogeneous RNA 
 
 
 
–  reduced brightness 

 
 

increase fluorophore stability and brightness 
 

expand palette of aptamers  –>  variety in colour 
simultaneous monitoring of several targets 



outlook 

 
visualisation of RNA dynamics and localisation   –>  elucidating RNA biology 
 
 
simultaneous monitoring of the intracellular dynamics of several target metabolites 
 
 
measurement of mRNA levels from engineered constructs in synthetic biology 
 


