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Respiratory syncytial virus (RSV) is the leading cause of bronchitis in infants and a significant cause of 

respiratory illness in adults [1]. Though a prophylactic treatment with monoclonal antibodies against the 

fusion protein (F) is protective in at-risk infants, there is currently no approved cure or vaccine for RSV. 

RSV is a member of the Paramyxoviridae family including measles virus, parainfluenza virus, and other 

clinically relevant negative-strand RNA viruses. RSV is an enveloped filamentous virus that ranges in 

length from ~1 μm to >10 μm and varies in diameter with an average of ~130 nm. The filaments are 

studded with the viral glycoproteins, predominantly F [2]. RSV matrix (M) is localized immediately 

interior to, and peripherally associated with, the viral membrane [2, 3]. Though there are several other 

structural proteins, expression of M and F along with viral phosphoprotein (P) is sufficient for formation 

of filamentous virus-like particles demonstrating the important role of M and F in determining virus 

structure [4]. 

Visualizing the organization of RSV M is challenging for a number of reasons including its small size 

(~28 kD), association with the membrane, and sensitivity to mechanical stress during purification [5]. To 

overcome these challenges, we used whole cell cryo-electron tomography (cryo-ET) to image RSV 

released from human airway epithelial cells that have been cultured directly on EM grids. Using this 

technique, we are able to resolve a lattice-like density in the expected location of RSV M (Figure 1A-C). 

The lattice is present throughout the majority of the virion, though irregular or incomplete in places, 

including gaps in regions of high curvature. Work is ongoing to further characterize this lattice. 

Preliminary analysis indicates an approximately 5.2 nm spacing of the lattice consistent with the spacing 

of M in related viruses and the unit cell size of a crystallized RSV M dimer [6, 7, 8]. 

To further investigate the structure and function of this M lattice, we examined virions from recombinant 

RSV containing a mutation of M amino acid threonine 205 to alanine (MT205A), previously shown to 

impact viral fitness and thought to regulate high-order M oligomerization [9]. As in wild-type, the matrix 

lattice was present in these mutant virions with the same ~5.2 nm spacing. However, relative to wild-type, 

we observed a greater number of irregular virions with an extension of the M layer into the virion, with 

no apparent association with viral membrane.  Additionally, several virions appeared to be only sparsely 

covered with glycoproteins. These data suggest that M-T205 is important for M-lipid and M-F 

interactions. Analysis of additional mutants, including mutations at the M dimer interface, is underway to 

further characterize the function of essential M interactions. A better understanding of the determinants 

of RSV viral structure will aid in the development of attenuated vaccine strains and therapeutics [10]. 
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Figure 1. Cryo-ET of RSV reveals the lattice-like density of the M protein layer. A) Average Z-projection 

of three X,Y slices (2.7 nm thick) from a tomogram of RSV. B) Image from A with densities above 

threshold and within the virus shown in red to better visualize the lattice-like organization of the M layer. 

The viral membrane is segmented in green. (C) Average Y-projection of ten X,Z slices (8.9 nm thick) 

from the region in A. The viral membrane and M layer are partially segmented in green and red 

respectively. The Z-layer projected in A & B is indicated by black bars. (D,E,F) As in (A,B,C) with an 

RSV virion containing the MT205A mutation. 

 
Figure 2. Aberrant M-like densities can be seen in cryo-EM micrographs of RSV virions with the 

MT205A mutation. 
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