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            Abstract
Homomeric ring ATPases perform many vital and varied tasks in the cell, ranging from chromosome segregation to protein degradation. Here we report the direct observation of the intersubunit coordination and step size of such a ring ATPase, the double-stranded-DNA packaging motor in the bacteriophage Ï•29. Using high-resolution optical tweezers, we find that packaging occurs in increments of 10 base pairs (bp). Statistical analysis of the preceding dwell times reveals that multiple ATPs bind during each dwell, and application of high force reveals that these 10-bp increments are composed of four 2.5-bp steps. These results indicate that the hydrolysis cycles of the individual subunits are highly coordinated by means of a mechanism novel for ring ATPases. Furthermore, a step size that is a non-integer number of base pairs demands new models for motorâ€“DNA interactions.
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                    Figure 1: 
                        Bacteriophage Ï•29 packages DNA in bursts of 10â€‰bp.
                      [image: ]


Figure 2: 
                        Dwells before 10-bp bursts contain multiple kinetic events.
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Figure 3: 
                        The 10-bp bursts are composed of four 2.5-bp steps.
                      [image: ]


Figure 4: 
                        Intersubunit coordination in the ring ATPase of Ï•29.
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Figure 5: 
                        Packaging models that produce a non-integer step size.
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        Editorial Summary
ATPases ring the changes
Homomeric ring ATPases are found in all forms of life and are involved in many processes such as chromosome segregation, protein unfolding and ATP synthesis. This remarkable functional diversity is generated by a single, highly conserved, structural core, responsible for the binding and hydrolysis of ATP. How these enzymes coordinate ATP hydrolysis and mechanistic function is largely unknown. One such ring ATPase from a bacteriophage, Ï•29, helps load the dsDNA genome into the viral shell. Moffitt et al. show that this five-membered motor packages the DNA in 10-base-pair bursts, each consisting of four individual 2.5-bp steps corresponding to the hydrolysis of a single ATP. Such a non-integral step size is unprecedented, and raises intriguing mechanistic questions about ATP hydrolysis within rings, and the interactions of the ring with DNA.
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