
 

 
 
 

Title of the PhD project: 
CryoACTINOX - Structural characterization of activated NADPH oxidase complex by CryoEM 
 

PhD supervisor:  
Pr. Franck Fieschi (Membrane & Pathogen Group) & Dr. Félix Weis (Methods in Electron Microscopy group) 
 
Host laboratory: Institut de Biologie Structurale  
Groups: Membrane & Pathogens / Microscopie Electronique et Methodes 
Contact: franck.fieschi@ibs.fr 
 
Project summary: 
The NOX family of NADPH oxidases is an important family of membrane enzyme complexes, which are 
involved, through the generation of reactive oxygen species (ROS), in innate immunity but also in functions 
such as vascular tone regulation, hormone synthesis, etc. The 7 human isoforms have a homologous 
transmembrane component, NOX, containing 2 hemes and a FAD (NOX1 to 5 and 2 DUOX). Beyond that, they 
differ in their activation mechanism and the subunits associated with the NOX component. NOX1 to 4 
require co-expression with a common membrane subunit, p22phox, to form a functional heterodimer. These 
4 isoforms then differ in the soluble subunits required for their activation and the nature of the ROS 
produced. With the development of efficient expression systems for membrane proteins, we are reaching a 
stage where the structural study of these enzyme complexes become possible and highly competitive. A 
new expression system validated for NOX2/p22phox heterodimer co-expression in our lab, will be adapted 
for other membranous heterodimers (p22phox with NOX isoforms). These different NOX/p22phox 
heterodimer isoforms will be inserted into nanodiscs and assembled with corresponding soluble factors. 
After stability and activity test, the recombinant activated complex of the isoform identified as the best 
candidate for structural studies will be used for structure resolution by CryoEM. This project will allow us to 
characterize at the molecular level the activation process of NADPH oxidases (with potential isoforms 
specificities) as well as, possibly the mechanisms leading to the production of different ROS. These 
structural data will be essential to promote drug design strategy on this family of membrane enzyme 
reluctant up to now to the identification of specific inhibitors. 
 
Preferred skills: Biochemistry (eukaryotic and bacterial cell culture, recombinant protein purification, 
activity test), an affinity for biophysical studies (sample analysis) and structural biology (electron 
microscopy). 
 
Student role: The student will be involved in the sample production (cell culture & purification), sample 
characterization/validation (activity test and complex formation) and structural characterization using 
Electron Microscopy (CryoEM). The goal in the end is to train a PhD student to become a Cryo-EM Structural 
biologist autonomous from the sample production to the structure resolution, but also with some 
knowledge on the functional analysis of his system (managing enzymatic assays, …). 
 
Keywords: integral membrane protein, Cryo-Electron Microscopy, assembly and activation of macro-
molecular complex, innate immunity, reactive oxygen species, redox biochemistry, microbicidal activity 
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