
  
 

 

INTERNSHIP PROPOSAL:  
Molecular quantification of density and oligomerization 

 
Counting and characterizing molecules in their biological environment, whether it is in cells, extra-

cellular matrix or biomimetic systems, is an important challenge for our fundamental understanding of 
life but also for clinical prospects (regenerative medicine, etc.). Beside pure observation, quantification 
thus aims at providing reliable numbers, e.g. the number of molecules that are present in some given 
region of space, at some time. For in vitro cellular studies, well-established methods can be applied ex 
situ on a model support that differs from the surface where cells will be plated (substrate). There is 
therefore a demand for robust techniques working in situ to characterize the substrate just before cellular 
seeding. 
 Fluorescence Fluctuation Spectroscopy (FFS) is a family of techniques that takes benefit from the 
properties of statistical fluctuations. Thanks to the collaboration between LIPhy and CEA, BRM team, we 
were able to develop well controlled substrates for cellular studies and, by combining FFS with 
photobleaching, to provide reliable estimation of the number of molecules. In particular we developed a 
streptavidin (SAv) based platform on top of which different biotinylated molecules can be grafted. The 
SAv monolayer has been characterized with FFS but the remaining biotinylated molecules have not been 
quantified. 
 We now want to make a step further by addressing more complex biomaterials for cellular studies 
where knowing the amount of molecule is fundamental. The same technique (called pbFFS for 
photobleaching Fluctuation Fluorescence Spectroscopy) can also be applied to oligomerization, clustering 
or aggregation, which mediate a myriad of biochemical processes. For example, in cellular signalling, the 
same molecule can modulate its affinity to its partners and activate different cellular response depending 
on whether it is in monomeric or oligomeric states. 
 
 
 
 
 
 
 
 
   

 

 
 
 
 
 

We are looking for a student with a background in physics and a willing to work in a multi-
disciplinary environment involving optics, chemistry and biology. 
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Figure 1 : Left, scheme of the support previously characterized. The SAv is labeled with a tag and quantified by FFS. The other 
biotinylated molecules needed for cellular studies (such as glycosaminoglycans (GAGs) growth factors and peptides) have not 
being quantified with pbFFS, so far. Right, principle of the acquisition method for immobilized fluorescent entities: during the 
photobleaching course, the number of unbleached fluorescent labels (hence the brightness BFFS) decreases, as shown along 
the graded green central arrow; meanwhile the image intensity, F, also decreases; correspondingly, the number of entities 

measured by FFS, NFFS, decreases as can be seen by the increased amplitude of the spatial autocorrelation, G().  
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