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New and Notable
Packaging Models versus
Modeling Packaging

Paul J. Jardine1,*
1Department of Diagnostic and Biological
Sciences, University of Minnesota,
Minneapolis, Minnesota
FIGURE 1 Crystal structure of the bacterio-

phage f29 connector. DNA is modeled for

perspective. Reproduced with permission of the

International Union of Crystallography (12). To

see this figure in color, go online.
For over 50 years, bacteriophage have
stood as some of the most informa-
tive systems used to investigate the
fundamental aspects of macromolec-
ular interaction and allostery, yielding
insight into how complex structures
form. The tractable nature of these
systems presents both the simplicity
needed to rapidly adopt and develop
new experimental technologies and a
level of complexity valued in revealing
insights that reside at the leading
edge of our understanding of biolog-
ical molecular processes. Of the events
that comprise phage assembly, the
DNA packaging step that occurs in
the dsDNA phages remains one of the
most dramatic and complex. During
packaging, phage DNA is translocated
into a preformed capsid, or prohead, to
crystalline density and the molecular
machine that drives this process is
necessarily one of the most powerful
described (1). Fueled by ATP binding
and hydrolysis, packaging is catalyzed
by a transiently attached pentameric
ring-ATPase docked to an elegant do-
decameric portal connector structure
(Fig. 1) embedded in the capsid shell.

Studies of themechanismof theDNA
translocation process have bothmatured
and diverged over the past decade. With
advanced genetic, structural, biophysi-
cal, and modeling approaches have
come specific observations and interpre-
tations as to how the energy of ATP
binding and hydrolysis is harnessed to
move DNA. Recent work on bacterio-
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phage f29 indicated the mechanism
of translocation is complex: rather than
a simple ratchet, with each ATPase
subunit pushing DNA incrementally
through the connector into the head,
packaging entails a highly coordinated
dwell-burst structure where the ATPase
pentamer functions in a completely
asymmetric fashion (2). A role for the
connector in driving or regulating this
process has been discussed for decades,
with models ranging from those that
presume the connector is a passive chan-
nel (3) to ones where the connector is
active, dynamic, and even capable of
generating the force required to move
DNA (4).

The work of Kumar and Grubmüller
(5) that appears in this issue addresses
the connector question in a new and
valuable way. Here the authors begin
to rein in some of the models of DNA
packaging by subjecting them to a
feasibility study based on the inherent
physical structure of the connector it-
self. Using advanced and detailed
modeling and simulation, these authors
take a different tack: rather than asking
what role the connector plays during
DNA packaging, they ask what role
it can play based on the connector’s
structure and dynamics.

This in silico litmus test for
packaging models suggests that the
connector does, indeed, present the
possibility of conformational change
that both responds to the DNA and
might regulate the ATPase catalyst
that powers the process. Mechanisms
where the charged channel loops that
line the lumen of the connector interact
with DNA and restrain it enable a
valvelike mechanism to survive such
scrutiny (6). There are limits to the
models of connector action, however,
and the experiments of Kumar and
Grubmüller reveal that some of the
more speculative models exceed what
the connector appears to be capable
of doing. The role of the connector
in the push-roll (7) or revolution-
without-rotation (8) models is not sup-
ported. The simulations that entail
whether the connector helps in either
rotating or rotationally restraining the
DNA as it passes through the channel
indicate that these roles are beyond
what the connector structure can sup-
port. The revolution-without-rotation
model, in particular, was advanced
without experimental support (9) and
appears to have been dispatched by
a more sophisticated analysis of
what the connector can do based on
a dynamic analysis of its structure.
Lastly, the observation that DNA ro-
tates slightly to continually align the
ATPase ring with the DNA during
translocation is tolerated, demanding
that the check-valve interaction and
this rotation event be considered
together in future studies.

Finally, a most interesting prediction
is that the DNA in the channel is itself
deformed by its interaction with the
connector. The idea that DNA is an
active participant in its own packaging,
whether through a recently proposed
scrunching mechanism (10) or through
the deformation induced by the pro-
tein components of a motor crunching
mechanism (11), is intriguing. This
supports the idea that in this, and other
complex macromolecular systems, all
components should be considered dy-
namic, responsive to change, regulatory,
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and perhaps active participants in the
mechanical process underway. Adding
a new active player to the game makes
this more complex, but in the end il-
lustrates an elegance of evolutionary
design worthy of continued investiga-
tion and marvel.
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