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The Molecular Basis of the Rous Sarcoma Virus Capsid Tubular Assembly Probed by ssNMR
Jeon, J.; Qiao, X.; Huang, D. (U. of Central Florida, Physics); Hung, I.; Gor’kov, P.L.; Gan, Z.H. (NHMFL); Zhu, F. (Indiana U. Purdue U. of Indianapolis, Physics) and Chen, B. (U. of Central Florida, Physics)
Introduction

The capsid (CA) proteins of the Rous Sarcoma Virus (RSV) can form polymorphic self-assemblies in a variety of morphologies, including tubes and spheres. Presumably, they are constructed from the hexameric lattice of the protein following the fullerene motif, yet the mechanism is not clear at the molecular level, which is critical to use the protein as the template of versatile tunable biocompatible vehicles, and help in the design of antiviral drugs. Here we demonstrated the nearly complete assignments (99%) of the 237-reside RSV CA protein in its tubular assembly by solid state NMR (ssNMR). Based on this, site-specific structural arrangements upon the assembly were elucidated. 
Experimental 

Multidimensional NMR spectra of the tubular RSV CA assembly were acquired on 600 MHz and 900 MHz magnets at the National High Magnetic Field Laboratory (NHMFL). Combining sparsely labeling and selective residue labeling, we sequentially assigned 234 residues out of the 237-residue RSV CA protein, shown in Fig.1A. Site-specific dynamics and secondary structural constraints (Fig.1C) were derived with TalosN based on our assignments. Subsequently, the pseudo-atomic structural model of the hexameric assembly was established by simulated annealing simulations, incorporating the tertiary and quaternary constraints embedded in PDB 3TIR, shown in Fig.1B.   
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Fig. 1. Site-specific dynamics and secondary structure of the RSV CA protein in the tubular assembl determined by ssNMR. (A). 2D *N-"C
correlation spectrum with sequentially assigned N-Ca correlations. Cross-peaks at the right edge arise from Cb correlation with amide
nitrogen, and they are not labeled for clarity. (B). Tentative atomistic structural model of the RSV CA hexameric assembly obtained by
incorporating our secondary structural constraints with tertiary and quaternary constraints in 3TIR.pdb. Each monomer in the hexamer is
shown in ribbon representation and colored distinctively. Site-specific contacts at NTD-NTD interfaces are shown in stick-representation.
(C).The dynamics and secondary structure of the RSV CA protein in the tubular assembly derived from the CS in our assignments by
TALOS-N*. Blue: B-strand; green: random-coil; red: a-helix elix. Higher y-axis values mean more rigid. (D) Comparison between NMR CS of
the RSV CA protein in soluble state® and in tubular assembly shows that the large structural changes are concentrated around helices at the
interfaces. Unpublished results.



Results and Discussion


The nearly complete assignments   allow site-specific analysis of the structural re-arrangements of the RSV CA protein upon assembly. The protein largely retains its structure as shown by well-conserved chemical shifts (CS) in comparison with the soluble state (Fig.1A). The residues at the inter-molecular interfaces exhibit large CS change (Fig.1D), indicative of structural re-arrangements. Specifically, the 310 helix at the N-terminus of the C-terminal domain (CTD) adopts a more helical conformation in the assembly. Our modeling incorporating the long-distance constraints from 3TIR suggests that the N-terminal -hairpins of adjacent subunits in the hexamer participate in the intermolecular interactions between N-terminal domains (NTD), distinct from those in similar assemblies formed by the HIV CA proteins
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. Additional site-specific intermolecular contacts were resolved in our pseudo atomic model of the assembly.    

Conclusions







   

This work demonstrates the exceptional capability of ssNMR to characterize at atomistic resolution the large protein polymorphic assemblies combining sophisticated isotopic labeling strategies and high field measurements at NHMFL. Our results will provide critical structural basis at the molecular level to elucidate the mechanism of assembly polymorphism and curvature control of retroviral capsids.     
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