
             
 

Open Fully Funded PhD Position 

Reading biomolecules with a tiny key hole 

Optical single molecule characterization of natural and 

synthetic polymers through nanopores 

Supervisors : 

Fabien Montel (fabien.montel@ens-lyon.fr). Laboratoire de Physique ENS de Lyon / CNRS.   
Arnaud Favier (arnaud.favier@univ-lyon1.fr). Université Lyon 1. Ingénierie des Matériaux Polymères  

Synthesis and characterization of natural polymers at the monomer level is routinely performed in living cells 

by a broad range of biological enzyme like DNA and RNA polymerases, ribosomes and glycosyltransferases. 

The same characterization remains a challenge for synthetic polymers even if several promising approaches 

based on single molecule manipulation and characterization techniques has been used in the past years. 

Biological and artificial nanopore [1] are now widely used to sequence at the base pair level DNA, RNA and 

even oligopeptides molecules. Despite some recent results and their high sensitivity existing nanopore 

methods based on electrical detection are limited by their adaptability to the studied polymer and their rate 

of measurements.  

 
Figure 1 : Optical setup for the characterization of the polymer chains. Polymer chains are pulled through the nanopores by 

hydrodynamic injection. When one polymer block reaches the end of the pore (reaching the level of the gold layer) it is illuminated and 

read by our Zero Mode Wave guide setup. 

In a collaboration started between Fabien Montel (LPENSL UMR 5672, Lyon) and Arnaud Favier (IMP UMR 

5223, Villeurbanne) we have proposed a method based on the optical detection of single polymer molecules 

during their translocation through nanopores. Our goal is to build a versatile and high throughput tool that can 

be used on various type of natural and synthetic polymers. 

Following a proof of principle established with a funding from Labex iMust [2] we propose in this PhD project 

to extend the Zero Mode waveguide for nanopores previously developed by the LPENSL group [3-6].  We will 

achieve high frequency detection and characterization of natural and synthetic polymer by improving the same 

device. This will benefit from the precision polymer synthesis tools developed in the IMP group (collaboration 

with a PhD student in polymer chemistry). The nanopore measurements will be compared to a, unique in 

France, high throughput optical tweezers + confocal system that will enable to build a single molecule ground 

truth measurement. 
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