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  Fluorescence super-resolution techniques have revolutionized imaging due to their capacity 
to overcome the diffraction limit and access the sub-micrometer range. Most of these 
techniques rely almost entirely on measurements of the fluorophore’s emission intensity. 
However, organic fluorophores have additional extra information encoded on their 
fluorescence lifetime, strongly dependent on its local environment. For example, a 
fluorophore’s lifetime can be reduced due to energy transfer to other species such as other 
fluorophores, (fluorescence resonance energy transfer, FRET), metallic nanoparticles, 
metallic films and others 2D materials as graphene. In this way, lifetime measurements can 
be used to study the fluorophore’s vicinity. Indeed, techniques such as fluorescence lifetime 
imaging microscopy (FLIM) rely on this effect. FLIM is carried out in confocal laser scanning 
fluorescence microscopes and is of outmost relevance in medicine and biology as three-
dimensional images can be extracted using optical sectioning. However, the current 
implementation of FLIM does not allow for super-resolution imaging and thus FLIM images 
are diffraction limited. Recently, Thiele et al.1 have circumvented these limitations presenting 
super-resolution images obtained in a custom build FLIM microscope as a proof of concept.  
 
  We propose to combine the advantages of super-resolution imaging while at the same time 
also extracting fluorescence lifetime to study the fluorophore’s vicinity, in a standard 
commercial FLIM microscope. We present a technique using low background fluorogenic 
probes for DNA-PAINT2 (point accumulation for imaging in nanoscale topography) in 
combination with FRET. Such a combined approach will be exploited to synergistically merge 
2D super-resolution with FRET. While the former can routinely achieve resolutions up to 10 
nm, the combination with FRET could naturally bridge the sub-10 nm range.  
  We present results of this technique using custom built DNA origami specially designed to 
host acceptor dyes for FRET measurements (Fig. 1a). Our measurements show that 2D 
super-resolution can be combined with FRET measurements (Fig. 1b and c) We envision to 
use this technique not only for increasing the 2D in plane resolution, but also to explore the 
axial direction. 
 

 
Fig 1. (a) DNA origami sketch with the 3 super resolved spots for DNA PAINT and the dyes positions 
designed to act as acceptors (4x ATTO 647N). (b) Confocal two channel super resolution 
reconstructed images. (c) Lifetime color discriminated image. Scale bar 200 nm 
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