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Research Proposal Abstract/Présentation du sujet: 
Living cells are continuously in interaction with their environment. They sample changes in their vicinity in a 
dynamic way and adapt accordingly their behavior. These interactions are fundamental in all aspects of an 
organism (development, life, regeneration) as they trigger specific cell responses (adhesion, migration, 
proliferation, differentiation). The project aims to develop an innovative polymer platform that enables 
reversible and spatiotemporally controlled modulation of cell-substrate adhesion. In this context, 
thermoresponsive polymers have been extensively used to regulate these interactions. Our project aims at 
developing new polymer coatings based on UCST (Upper Critical Solution Temperature) polymers which, in 
contrast to the widely used poly(N-isopropylacrylamide) (PNIPAM), dissolve in water upon temperature 
increase. These newly synthesized polymers, synthesized by RAFT polymerization, will be covalently grafted 
onto poly(L-Lysine) backbones to form surface-anchored copolymers in which the dense polymer brush can 
reversibly expose or hide adhesive ligands. To achieve local actuation, we plan to trigger the swelling of the 
brush upon temperature increase induced using thermoplasmonic properties of gold nanodots deposited on the 
glass slide by block-copolymer micellar nanolithography. Using light to locally trigger the swelling/collapsing 
of our polymer brushes, we will dynamically modulate ligand accessibility with high spatiotemporal precision. 
As a proof of concept, we will track the early events occurring during EMT and its reversal (MET). By 
combining this platform with FRET-based tension biosensors in cell adhesion proteins, live-cell imaging, and 
molecular assays, we will map how dynamic adhesion cues regulate mechanical signaling and transcriptional 
programs during EMT. 
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Figure 1: Overall overview of the 
PHOTOCOAT project: a 
thermosensitive UCST polymer brush 
(on green) embedding adhesive 
ligands (in purple) , will be deposited 
on a substrate decorated with golds 
colloids (®)4 that will be used as 
nanoheaters to locally induce the 
swelling of the brush upon light 
illumination. Upon swelling of the 
polymer, cells will (partially) detach 
from the substrate.  

Our project thus combines expertise in polymer synthesis, physical chemistry of polymer, thermoplasmonics 
and surface chemistry, and will deliver a powerful interdisciplinary tool to explore the physical regulation of 
cellular plasticity.  
 
 
References: 
E. Marie and C. Tribet. Reverse Variation of Cloud Points of Light-responsive Assemblies of Azobenzene-modified Amphiphilic 
Polymers, Chemistry Letters 2012, 41(10), 1093-1095. 
S. F. M. van Dongen, P. Maiuri, E. Marie, C. Tribet, M. Piel, Triggering Cell Adhesion, Migration or Shape Change with a Dynamic 
Surface Coating, Adv. Mater., 2013, 25(12), 1687–1691.  
F. Dalier, F. Eghiaian, S. Scheuring, E. Marie, C.Tribet, Temperature-Switchable Control of Ligand Display on Adlayers of Mixed 
Poly(lysine)-g-(PEO) and Poly(lysine)-g-(ligand-modified poly-N-isopropylacrylamide), Biomacromolecules, 2016, 17(5), 1727-1736.  
F. Dalier, G. Dubacheva, M. Coniel, D. Zanchi, A. Galtayries, M. Piel, E. Marie, C. Tribet, Mixed Copolymer Adlayers Allowing 
Reversible Thermal Control of Single Cell Aspect Ratio, ACS Applied Materials & Interfaces, 2019, 10(3), 2253-2258 
F. Mohimont, J. Rieger, F. Stoffelbach, Synthesis of new glycine-based polymers and their thermoresponsive behavior in water, 
Macromol. Rapid Commun., 2024, 2400286.  
N. Audureau, F. Coumes, C. Veith, C. Guibert, J.-M. Guigner, F. Stoffelbach*, J. Rieger*, Synthesis and characterization of 
temperature-responsive N-cyanomethylacrylamide-containing diblock copolymer assemblies in water. Polymers, 2021, 13(24), 4424; 
F. Kundrat, G. Baffou, J. Polleux, Shaping and patterning gold nanoparticles via micelle templated photochemistry, Nanoscale, 2015, 
7, 15814–15821  
G. Baffou, P. Bon, J. Savatier, J Polleux, M. Zhu, M. Merlin, H. Rigneault, S. Monneret, Thermal Imaging of Nanostructures by 
Quantitative Optical Phase Analysis, ACS Nano 2012, 6, 2452-2458.  
H. M. L. Robert, J. Savatier, St. Vial, J. Verghese, B. Wattellier, H. Rigneault, S. Monneret, J. Polleux, G. Baffou, Photothermal 
Control of Heat-Shock Protein Expression at the Single Cell Level, Small, 2018, 14, 1801910 
 
Type of PhD: 
 
1.Full PhD 
 

• Joint PhD/cotutelle (leading to a double diploma) :   YES/NO  
• Regular PhD (leading to a single French diploma) :  YES/NO 

 
2. Visiting PhD (students enrolled at a Chinese institution  
who come to ENS for mobility period) :    YES/NO                                                                                           
 

Direction des Relations internationales : dri@ens.psl.eu 
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