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CONTEXT: The Mononegavirales order encompasses a group of non-segmented, negative-strand RNA viruses, 
including significant human pathogens such as respiratory syncytial virus and measles virus, as well as emerging 
viruses like Ebola and Nipah virus (NiV). While NiV primarily infects bats, it can also be transmitted to humans, 
causing deadly epidemics1. With no approved treatments available, the World Health Organization (WHO) has 
included NiV in its Blueprint list of priority pathogens.  
Mononegaviruses share a highly sophisticated RNA synthesis 
machinery (Figure 1)2. The viral genome is enwrapped into a 
non-covalent homopolymer of nucleoproteins (N), forming a 
nucleocapsid that serves as a template for the polymerase 
complex (PolC). This complex, composed of the large protein 
(L) and its cofactor, the phosphoprotein (P), plays a central 
role in both viral transcription and replication. To date, 
structural information on how PolC mediates its activities 
remains limited to structures of the PolC either in apo 
conformation or in complex with naked RNAs3,4,5. Since the 
PolC is not processive on non-encapsidated RNAs, these 
structures fail to provide information on critical questions 
such as how the PolC adds the cap and the poly(A) tail to viral 
mRNAs, how it accesses the template RNA embedded within 
the nucleocapsid, or how the nucleocapsid supports PolC processivity.  
AIM AND METHODOLOGY: The primary objective of this PhD project is to address these fundamental 
questions by solving the first structure of a mononegaviral PolC transcribing a bona fide nucleocapsid 
template by cryo-electron microscopy (cryo-EM). The project will proceed in three phases: (1) In vitro 
assembly of the complexes, followed by validation of their functionality using in vitro transcription assays (1st 
and 2nd years), (2) Optimization of cryo-EM grid freezing conditions (2nd year), (3) High-resolution imaging and 
structure determination by Single Particle Analysis (3rd year). To ensure project success, complexes from two 
distinct viruses will be produced: NiV and vesicular stomatitis virus (VSV), a prototypical mononegavirus. 
Should the formation of the full complex prove challenging, the project will focus on solving the structure of 
PolC transcribing a naked RNA template at different stages of RNA synthesis. 
By leveraging state-of-the-art technologies, this cutting-edge project will provide the first structural insights 
into a mononegavirus PolC on its native template, offering critical mechanistic details about its functions. 
SUPERVISION AND ENVIRONMENT: The student will be supervised by the Principal Investigator (PI) and work 
closely with other team members. The PI has experience in protein purification and cryo-EM structure 
determination using Single Particle Analysis. This work will further benefit from the support of Christiane 
Riedel, a specialist in cryo-EM tomography, and Christophe Combet, a bioinformatician specialist in protein 
biology. The laboratory is fully equipped for protein production and purification (protein expression systems, 
ÄKTA pure™) and in vitro nucleocapsid assembly. The cryo-EM grids will be prepared with the cryo-freezer 
located at the ENS, while grid screening and data acquisition will be conducted either on the new cryo-EM 
platform at the ENS (opening in 2027) or the ESRF platform in Grenoble, already used by the PI. 
SKILLS REQUIRED: A master’s degree in Biochemistry, Structural Biology, Cell Biology, Microbiology, or a 
related field. While prior experience in protein purification, cryo-EM, or in vitro functional assays is 
advantageous, it is not mandatory. Motivation, rigor, teamwork, and scientific curiosity are essential. 
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Figure 1. Schematic representation of the Nucleocapsid, the
Polymerase Complex, and the Transcription Complex of VSV
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