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Scientific Context : 

Integrated optical waveguide sensor prototypes based on plasmonics are ultra-sensitive, allowing to detect  
traces of a given analyte from a real sample in a specific manner [1]. In these biosensors, target molecules  
bind on the sensor’s surface to immobilized probe molecules (e.g. proteins, antibodies) pre-deposited on the  
surface by a chemical functionalization technique. The real sensitivity of the biosensor corresponds to the  
minimal concentration of target molecules the instrument is capable to immobilize and detect. It is an essential  
characteristic of the biosensor and is resulting from various factors, including the optical bulk sensitivity, the  
affinity constant between the probe and the target, and also the quantity of target molecules that interact with  
the sensor’s surface area. This quantity depends of the 3D distribution of the target analyte inside the flowing  
liquid. In ICB, we develop microfluidics modules to transport the analyte solution in a controlled way at the  
sensor’s  location.  The  design  of  the  microfluidics  (MF)  plays  an  important  role  in  improving  the  real  
sensitivity. One of our objective is to compare different MF designs by studying the binding kinetics of a 
given biomolecular surface interaction. As in MF systems the flow is usually laminar, only a very small  
fraction of the targeted molecules actually can be found in the effective surface detection area,  thus is  a  
limiting factor for sensitivity. This is why, to increase the sensitivity, we want to modify the distribution of the  
particles in the MF channel by a localized turbulence of the fluid as close as possible from the detection area.

 

Objectives and content of the internship:

The main objective of the internship is to fabricate a few microfluidic modules with internal stirring structures  
and  compare  their  performance  in  terms  of  binding  kinetics.  The  experiments  will  be  performed  on  a  
fluorescence microscopy setup combined with microfluidics (see pic below). Molecular binding experiments 
are performed at the surface of glass with a flow of fluorescent micro or nano-particles (targets). Qualitative  
and quantitative estimations can be obtained by analyzing the images and particles-counting. 

The microfluidics modules will be fabricated either by PDMS molding from a master mold, which can be  
prepared by optical lithography (maskless) of SU8 resist, or directly in SU8 resist. Additional 3D stirring  
microstructure  may  be  added  inside  the  microchannels  by  two-photon  polymerization  in  a  3D 
microlithography  equipment  (Nanoscribe)  by  the  engineers  of  platform  Smartlight.  Surface  chemical 
functionalization protocols will have to be applied to prepare the surfaces before the binding experiments.

Main activities of the student:

Fluoresence microscopy microfluidics combined experiment -  Microfluidics fabrication – Surface chemical  
functionalization. Nota bene : The internship can be prolonged in JULY.

Additional  note:  On the same scientific  theme, another  M1 internship is  also proposed,  but  dedicated to  
numerical simulation of the microfluidic flow.



 
Examples of Microfluidic modules and Microscopy setup combined with microfluidics

SU8 master mold after lithography
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Type of project (theory/experiment): experimental

Required skills: methodic – experimental ease -  multidisciplinary skills


