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P22 (family Podoviridae) is a model system for studying particle assembly and DNA packaging in 
bacteriophage. Mature virions contain nine structural proteins with 415 copies of the major capsid 
protein, gp5, assembling into a nearly icosahedral, T=7 laevo, quasi-symmetric head.  A 12-fold 
symmetric dodecamer of gp1 (“portal”) occupies one of the vertices of the icosahedron and forms an 
axial channel through which the dsDNA genome enters and exits the head.  The portal also serves as 
the attachment site for the tail machine, formed by gp4, gp9, gp10, and gp26, each of which is an 
oligomer with respective subunit stoichiometries in a 12:18:6:3 ratio. Three ejection proteins (gp7, 
gp16, and gp20) are packaged inside the head and assist DNA release during infection of the host 
bacterium (Salmonella).  Earlier cryo-reconstructions of the whole (asymmetric) virions at 17-20 Å 
resolution [1, 2] revealed the overall morphology of the phage and the symmetry-mismatch between 
the head and tail components.

Careful reanalysis of CCD images of ~22,000 mature P22 virions (FIG 1A) has enabled us to
compute a markedly improved asymmetric reconstruction at 7.8-Å resolution (FIG 1B,C). The 
atomic model for the full-length (725 a.a.) portal [3] closely fits the virion density map, especially 
for the core part of the portal (a.a. 1-601) (FIG 1C,D).  The 150-Å long, coiled-coil, barrel structure 
redefines the scabbard-like tube of density (previously interpreted as ejection proteins [2]) that 
extends from the portal core to near the center of the head (FIG 1C,D).  This barrel adopts a 
distinctly different conformation in the virion compared to that in crystals.  In the virion, the bundle 
of twelve alpha-helices that form the barrel is twisted and compressed slightly inwards towards the 
axis of the barrel near its base. This concerted rearrangement shifts the distal end of the barrel ~10 Å 
towards the portal core.  Such rearrangements in the barrel structure are likely induced by increased 
pressure exerted by the DNA as it fills the head during packaging, and this may enable the barrel to 
act as a valve to entrap the DNA until the tail machine assembles.

The X-ray model of the core-gp4 complex [3] also nicely fit the virion density map and revealed the 
presence of an unexpected interaction among the extended C-terminus of gp4 (a.a. 130-150) and the 
portal and capsid proteins (FIG 1E).  This stretch of gp4 residues lies wedged between the capsid 
and portal and serves to anchor gp4 and the rest of tail machine securely to the head [4].
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FIG 1. P22 virion structure. (A) CCD image of purified suspension of P22 virions (Scale bar = 50 
nm). Many tails can be seen in side (black arrows) and end on (white arrows) views. (B) Stereo view 
of a segmented and color-coded 3D density map of the virion (Scale bar = 10 nm; color coding 
identified in next panel). (C) Planar cross-section (~6-nm thick) through the center of the virion 
shown in (B) highlighting individual components: gp1 (red), gp4 (pink), gp5 (color-cued radially 
from inner (blue) to outer (white) radii), gp9 (dark yellow), gp10 (cyan), gp26 (yellow), and DNA 
plus pilot proteins (green). Scale bar = 10 nm. (D) Close-up view of a thin slab of the virion density 
map highlighting the portal/gp4 complex (grey mesh) wedged inside the capsid (blue, solid density), 
the DNA (green, solid density) contained within the portal channel, and a ribbon model of the 
portal/gp4 crystal structure (gp1 and gp4 in red and magenta, respectively) fitted into density 
attributed to portal/gp4. The base (proximal end) of the barrel portion of the gp1 crystal structure 
clearly veers outside the density (black arrow).  Scale bar = 5 nm. (E) Side view of the portal density 
(red) and the fitted gp4 crystal structure (magenta ribbon model). The C-terminal loop portion of gp4 
(a.a. 122-150) is highlighted in green and extends up along the outer surface of the portal core and 
lies wedged between portal and capsid subunits (solid blue density). Scale bar = 5 nm.
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