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We used cryo-electron microscopy and single-particle methods to solve the long-existing ambiguity 
in the packing geometry of F-pilin subunits.  Two subunit packing schemes were identified: one has 
stacked rings of four subunits axially spaced by ∼ 12.8 Å, while the other has a one-start helical 
symmetry with an axial rise of ∼ 3.5 Å per subunit and a pitch of ∼ 12.2 Å. Both structures have a 
central lumen of ∼ 30 Å diameter that is more than large enough to allow for the passage of single-
stranded DNA. Remarkably, both schemes appear to coexist within the same filaments, in contrast to 
filamentous phages that have been described as belonging to one of two possible symmetry classes. 
For the segments composed of rings, the twist between adjacent rings is quite variable, while the 
segments having a one start helix are in multiple states of both twist and extension. Some other pili 
structures will also be compared and discussed. 
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