
Elasto-plastic properties of tissues probed with  

biomimetic emulsions 

 

During development, biological tissues undergo intense remodeling in order to give rise to 

future organs shape and function. To understand this phenomenon from a physical point of view 

we study the mechanical response of tissues under perturbations such as those encountered 

during development. In particular, we focus on the role of adhesion for the modulation of the 

tissue response. To do so, we use a synthetic system of so-called biomimetic emulsions in which 

oil droplets adhere to each other through specific interactions and can be tailored to 

mechanically mimic packings of cells in tissues [Pontani et al., 2012, PNAS]. The binding 

energy between the droplets can be tuned through the choice of binders such as 

thermoreversible DNA complementary single strands, or quasi-permanent biotin-streptavidin 

bonds. We apply a mechanical perturbation to such adhesive emulsions by flowing them inside 

microfluidic devices and study their elastoplastic response through confocal microscopy 

[Golovkova et al., 2020, Soft Matter].  

The first goal of this internship will be to tune the topology of the microfluidic devices in order 

to control the periodicity and intensity of the applied stresses. Indeed, the geometry of the 

constriction directly controls the stress field applied to the emulsion. Moreover, one can also 

use multiple constrictions, thus applying a periodical perturbation to the emulsion. The second 

axis of the internship will consist in tuning the adhesion energy between the droplets by tuning 

the binders grafted on the droplets surface. In particular, we will focus on DNA binders for 

which binding energy can be straightforwardly controlled by the length of the sequence, while 

still maintaining specificity. Altogether these experiments will help map out a phase diagram 

of tissue behavior as a function of adhesion and shear stress.  
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