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Protein cages nano-compartments: Protein structure and dynamics from an integrative 

structural biology approach 
 
The protein cages are huge macromolecular assemblies that provide routes of cellular 
compartmentalization. In addition, the protein cages offer alternative paths for enzymes encapsulation 
in order to control the catalytic activity in living organisms (e.g. the reaction pathways can be restricted 
to specific compartment, creating in that way a physical barrier between the enzymes and the 
surrounding environment). There are plenty of examples in the nature, as the carboxysomes, 
encapsulins, ferritins and so on.  
Hence, our goals rely to understand the basis 
underlying the mechanism path for the cage self-
assembly, shed light over the atomistic details of the 
capsid stability and understand their inherent dynamic 
properties at different scales (protein dynamics, 
flexibility and plasticity). 
Our interest is to work under an integrative structural 
biology approach, combining solid state NMR, 
biochemical and biophysical assays and computational 
simulations. We are also interested to developed new methods on the frontier between the experimental 
structural biology and the computational biology that contribute to tackle down the challenging structural 
biological question that motivated our research.  
 
M2 position goals 
In our lab we have started to perform the recombinant encapsulins protein expression and purification 
in enriched medium (LB), Molecular Dynamics simulations of the full encapsulin system and In-Silico 
virtual screening docking calculations on reduced capsids representations to find drug-like compounds 
that can interact on key functional regions of the encapsulins protein cages. 
 
Hence, depending on the applicant interests, the specific goals can be framed into the following items: 

 Improved the protein production yield in order to produce the capsids in minimum medium (M9). 

In this way, the final goal will be to produce a NMR sample (magnetically visible) to perform 

solid state NMR measurements. 

 In complement with biophysical assays, perform Molecular Dynamics simulations on the full 

capsids for different systems in order to find the key pattern of interactions that are modulating 

the protein cage structure and stability.  

 Improve the InSilico drug screening calculations with the objective to find drug-like compounds 

that could interact on the protein-protein interface, stabilizing in this way those intermediate 

capsid states that can interfere with the encapsulation mechanism. 

Considering that we are a team on integrative structural biology, the presented objectives are not 

horizontal rigid frames and depending on the emerging scientific question, they can be crossing 

between them. 

Scientific enviroment 
The position will take place at the at the structural biology and chemistry laboratory, Institute de Chimie 
des Substances Naturelles (ICSN), Gif-sur-Yvette, France. The laboratory has all the equipment for the 
recombinant protein production, purification and characterization. We will have also access to different 
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NMR high field spectrometers that are all part of the National “IR (Infrastructure de Recherche)” NMR 
platform, the national high-performance computing center (e.g. GENCI) and also to complementary 
equipment (e.g. high-field EPR, synchrotron SOLEIL and biophysical platforms) 
In addition, the ICSN and more in general, the Paris-Saclay region, will bring interesting opportunities 
to meet with chemists, structural biologist and biologist to promote fruitful discussions and 
collaborations. 

For any further question or interest in the position, feel free to informally contact Diego Gauto 
(diego.gauto@cnrs.fr). 
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