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Section 2 – Project Information
	Project Title

	Structural and functional characterisation of the molecular architecture and
entry mechanisms of Yellow head virus using cryo-EM

	Project Summary 

	Yellow head virus (YHV) is one of the most destructive pathogens of penaeid shrimp and a major threat to global aquaculture1,2. Acute yellow head disease progresses rapidly, with severe outbreaks causing near-total crop losses within days and major economic damage3,4. Despite more than three decades of research, no effective antiviral treatment exists4 and the molecular architecture of the infectious YHV particle remains unknown.

YHV belongs to the Roniviridae within the Nidovirales, which also includes coronaviruses, but has evolved a markedly different architecture5. Its elongated enveloped virion contains surface glycoproteins gp116 and gp64 and a highly ordered helical ribonucleoprotein in which the ~26-kb positive-sense RNA genome is packaged by the small nucleoprotein p205,6,9. Conventional EM and biochemical studies have defined overall morphology and major components5,8, but how these components assemble, package the genome and mediate host-cell entry remains unresolved.

The project will define YHV molecular architecture and determine how its structural components coordinate genome packaging, host recognition and membrane entry. It combines aquatic-animal virology at CEFAS (CASE partner) with virus purification, protein/RNA biochemistry, negative-stain EM, molecular biology, cryo-EM, cryo-electron tomography (cryo-ET), helical reconstruction and structure-guided functional analysis at Leicester.

Aim 1: Define the architecture of the native YHV virion.
YHV will be propagated in susceptible shrimp within CEFAS biosecure facilities and purified from shrimp haemolymph at Leicester to establish a cryo-EM-grade purification pipeline. Virions will be assessed by viral RNA quantification, protein analysis and negative-stain EM. Cryo-ET will define envelope organisation, nucleocapsid–membrane relationships and spike distribution, while subtomogram averaging/classification will determine gp116/gp64 organisation.

Aim 2: Determine how p20 packages the YHV genome.
Native nucleocapsids will be analysed by cryo-EM helical reconstruction to define the p20 fold, RNA trajectory, p20–RNA contacts, p20–p20 interfaces and helical organisation. Recombinant p20 and structure-guided variants will then be tested using RNA-binding and in vitro assembly assays to identify interactions required for ordered ribonucleoprotein formation.

Aim 3: Determine how YHV recognises shrimp cells and activates membrane
entry.
Native, receptor-engaged and low-pH-activated virions will be compared to identify entry-associated structural transitions. Candidate receptors, including PmYRP657 or receptor-containing native membranes, will be tested biochemically, followed by cryo-ET and subtomogram classification. Focused single-particle cryo-EM will be used where homogeneous complexes permit
higher-resolution analysis.

Together, these studies will provide the first molecular framework for ronivirus assembly, genome packaging and host-cell entry, establishing a mechanistic basis for future diagnostics, surveillance and interventions against a major threat to sustainable shrimp aquaculture
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