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The Institut Fresnel is a research state laboratory based in Marseille / France, devoted to research and
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talented, enthusiastic young scientists who are highly motivated to boost their research career in the
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Optical tweezers offer a versatile approach to manipulate living cells and other micron-sized objects with
minimal invasiveness. However, due to the diffraction limit, objects with sizes below 100 nm are nearly
impossible to trap using conventional microscopes. To overcome this limitation, nanophotonics allows to
concentrate light well below the diffraction limit. The nano-optical tweezers enable efficient trapping of
nanoscale objects that would otherwise be too small or too transparent to be manipulated using
conventional optical tweezers. Although nanotweezers have achieved impressive results, several major
challenges remain open, notably (i) trapping of single proteins, (ii) monitoring the trap influence on the
protein conformation and (iii) integrating nano-optical tweezers on optical fibers to ease their
implementation with confocal microscopes.
The goal of this project is to advance the applicability of nano-optical tweezers towards single protein
manipulation. Our aim is to develop fiber-integrated plasmonic nanodevices allowing to take maximum
advantage of optical and thermal forces at the nanoscale in order to trap single proteins. Resonant
plasmonic nanoantennas will be integrated at the end of an elongated fiber tip, allowing for the key
advantages of (i) full 3D manipulation of the nanotrap and (ii) easy integration into any optical microscope
system without requiring complex compensation for chromatic aberrations or highly specific multiband
spectral filters. We will combine the fiber-based nano-optical tweezers with a dual-color microscope used
for single molecule Förster resonance energy transfer (smFRET). smFRET is the best approach to
investigate the protein conformational dynamics thanks to its sub-nanometer sensitivity to donor-

acceptor dye distance. This innovative approach will enable the exploration of a brand new territory of
optical tweezers down to the single molecule level. The outcomes of this project will further advance the
fields of nano-optical trapping, nanophotonics and single-molecule biophysics.
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