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A droplet microfluidic platform for nanoliter multi-steps bioassays 
Medical diagnosis currently requires the development of original methods dedicated to biomarker 
analysis in low concentration as well as to multimarker signature. The aim of this project is to 
contribute to the development of a fully integrated device able to perform multimodal biomarker 
analysis at ultrasensitive levels towards an early diagnosis of Alzheimer disease..  
Droplet microfluidics offers unique capabilities for the development of high throughput analytical 
systems. It allows aliquoting of fluids in volumes in the nanoliter or picoliter range, and transport of 
the corresponding aliquots over arbitrary distances without dispersion or cross-contamination. We 
demonstrated recently the possibility to perform complex operations using a strategy based on droplet 
handling with magnetic tweezers. A microfluidic platform combining sub-100nL droplets and 
magnetic particles was implemented to perform all the steps required in an immunoassay, i.e. capture, 
incubation, mixing and rinsing. The method was applied to the diagnosis of congenital hypothyroidism 
with a potential analysis throughput of 120 assays per hour.  

 
All experiments performed until now were done in perfluorinated tubings that provides a simple but 
limited platform. The aim of this project is to develop and optimize an integrated microfluidic device 
to overcome several bottlenecks regarding i) the enhancement of the mixing efficiency within droplets 
(using curved and microstructured channel shapes) ii) the influence of surfactants on the droplet 
stability and assay sensitivity iii) the coupling of the droplet platform to a pre-concentration module 
based on a fluidized bed device.  
 
This project is mainly experimental: it will include a technological development for the fabrication of 
fluorinated based thermoplastic devices, a study of the hydrodynamic and wetting phenomena. 
Simulations regarding the magnetic particle handling will be eventually addressed (COMSOL). 
Finally, the interest of such platform for bioamarker analysis will be investigated. Indeed this project 
is part of the Nadine European project and will aim at validating our approach to the early detection of 
biomarkers for neurodegenerative diseases. Follow-up in PhD is anticipated, with financing. 
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