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Fig. S1. Purified sample of P68 contains native virions, particles in process of genome 

release, and empty particles; attachment of P68 virions to S. aureus cell walls; and 

interactions of P68 virions with liposomes. (a) Electron micrograph of P68 showing native 

virions (black arrows), particles in process of genome release (white arrows), and empty 

particles (black arrowheads). Scale bar 50 nm. (b to g) Reference-free two-dimensional class 

averages of native virions with complete tails (b); genome release intermediates with 

complete (c) and shortened tails (d); and empty particles with complete (e) and shortened 

tails (fg). (h) Attachment of P68 to fragments of S. aureus cell wall. At the stage of initial 

attachment the tail axis of P68 is not perpendicular to the surface of the cell wall. Scale bar 

200 nm, scale bar in inset 100 nm. (i to p) P68 particles do not bind to liposomes. P68 virions 

were mixed with liposomes with lipid composition that mimics that of S. aureus membrane 

at neutral (i) and acidic (j) pH. (k to m) Liposomes in mixture with P68 at acidic pH are 

distorted. (n-p) P68 particles aggregate with each other by interactions of their tails at acidic 

pH. Scale bars 200 nm in (ij) and 50 nm in (k-p). 

  



 
Fig. S2. – continues on next page. 
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Fig. S2. Resolution and interpretability of cryo-EM reconstructions. (ab) Local resolution 

maps of cryo-EM reconstructions described in manuscript. (c) Representative cryo-EM 

density maps with the P68 virion proteins shown in stick representations. (d) FSC curves of 

cryo-EM reconstructions.  



 
  



Fig. S3. Details of P68 head. (a to e) Insertion and peripheral domains of major capsid 

protein form cleft that binds extended loop of neighboring capsid protein within pentamer 

or hexamer. (a) Overview of capsid protein interactions in P68 head. The major capsid 

proteins are shown in cartoon representation in grey, with insertion domains highlighted in 

blue, peripheral domains in green, and extended loops in yellow. Interactions of major 

capsid proteins in pentamers (b) and hexamers (c). Details of binding of extended loops by 

insertion and peripheral domains in pentamers (d) and hexamers (e). (f) Spacing of DNA 

layers in native P68 virions and genome release intermediate. The DNA of native virions is 

shown in red and that of genome release intermediates in blue. Phage proteins are shown in 

yellow. (gh) Comparison of structures of side chains of phe 259 of major capsid proteins in 

hexamers that form attachment sites for head fibers (a) and in hexamers that do not bind 

head fibers (b). Cryo-EM maps are shown as blue mesh. (ij) Inner core protein of P68 

contains predicted pore lining helix. Sequence analysis of inner core protein of P68 (gp22). 

The program PSIPRED predicts propensity of several of its sequences to form -helices (a). 

Longest -helix of inner core protein has properties of pore-lining helix (b), indicating that it 

may participate in forming the pore in the cytoplasmic membrane for genome delivery.  

  



 
  



Fig. S4. Incorporation of P68 portal complex into capsid and changes in the structure of 

P68 portal complex upon genome release. (ab) Comparison of structures of N-terminal 

arms of major capsid proteins that interact with pentamers of capsid proteins and portal 

complex. Portal proteins are shown in magenta, major capsid proteins in blue, N-terminal 

arms of capsid proteins interacting with pentamers of capsid proteins in green, and N-

terminal arms of capsid proteins interacting with portal complex in red. (a) If the N-terminal 

arm of major capsid protein binding to the portal complex had the same structure as in the 

vertices occupied by capsid proteins, the N-terminal arm would clash with the portal and tail 

fibers. (b) Side and top views of capsid-portal interactions. (cd) Differences between 

structures of portal complexes of native P68 virion (left halves of images and cartoon 

structures) and empty particle (right halves of images). Side-view of portal complex cut in 

half (a) and top view of portal complex (b). Cryo-EM densities of the portal complexes are 

shown as grey semi-transparent surfaces. 

  



 
  



Fig. S5. Structures of P68 tail fiber and tail spike. (a to d) Comparison of structures of 

platform domains of P68 solved by X-ray crystallography at 2.0 Å in blue (a) and phi11 in 

green (b). Residues conserved among the two viruses are shown in red in both of the 

structures. Residues that are involved in the receptor binding of phi11 and the 

corresponding residues of P68 are shown as sticks and indicated with labels. (c) 

Superposition of the two structures. (d) Structure-based sequence alignment of platform 

domains of P68 and phi11. Relative distances of the corresponding C atoms are indicated. 

Residues of phi11 involved in receptor binding are highlighted with a green background. 

Residues conserved among the two viruses are shown in red.  (e) X-ray crystallography 

structure solved at 2.0 Å resolution of the tail-fiber shows swapping between platform and 

tower domains of tail fiber proteins of P68 and phi11. (f to h) Asymmetric reconstruction of 

tail knob and tail spike complexes. (fg) The surface of the map is rainbow colored based on 

its distance from the tail axis. (h) Correlation coefficients of tail knob and tail spike parts of 

the reconstructions with rotated copies of themselves. The results indicate that the tail knob 

has sixfold symmetry and the tail spike has fivefold symmetry. 

  



 
Fig. S6. Schemes of cryo-EM reconstruction strategies. 

  



 
Fig. S6. Schemes of cryo-EM reconstruction strategies - continued. 

  



 
Fig. S6. Schemes of cryo-EM reconstruction strategies - continued. 

  



Supplementary tables: 
Table S1. Cryo-EM structure quality indicators. 

 

  



Table S2. List of P68 proteins. 

 



Table S3. HHpred searches for homologs of P68 tail fiber, head fiber, tail knob, and tail 

spike. 

 

 
  



Table S4. X-ray structure quality indicators. 
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