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Cdc48 (also known as p97 or VCP) is an essential and abundant AAA+ ATPase. It acts to separate proteins
from a variety of contexts, including organelle membranes, ribosomes, protein complexes, and

chromatin®. This “segregase” activity is best described for unfolding proteins that are presented to the
proteasome for degradation. Inhibition of human Cdc48 is an emerging therapeutic strategy for cancer

treatment! and mutations in the human homolog of Cdc48 are linked to diseases such as multisystem
proteinopathyz.

Cdc48 has a general structure of two ATPase domains capped by an N-terminal domain. Six Cdc48
subunits bind together in order to form a hexamer that has a central pore with pore loops from each subunit
reaching into the pore. The N-terminal domain that sits atop Cdc48 is responsible for the binding of most

adaptor proteins of Cdc48®. Until recently, all published structures show Cdc48 in a six-fold symmetric
conformation with no substrate bound. This is true regardless of the nucleotide state of these structures”

_50 However, these symmetrical structures most likely do not represent the active state of Cdc48.

The targeting of Cdc48 to substrates is directed by many adaptor proteins. Shpl is an adaptor protein of
Cdc48 that interacts with the N-terminal domain. It is known to be important for cell cycle progression,
and recent studies indicate this is due to direct interactions between Cdc48-Shpl and protein phosphatase

1 (PP1) complexes6. By focusing on Shp1l as a substrate recruiting cofactor of Cdc48 recently we were

able to visualize a 3.7 A resolution structure of Cdc48 actively translocating substrate”. Interestingly we
were able to visualize Cdc48 using rapid purifications of endogenous Shp1 to then recover substrate bound
Cdc48.

Our work and the investigation by other groups on related AAA+ ATPases has shown that the complexes
form an asymmetric, spiral staircase structure in which five of the subunits wrap around the substrate in

the central pore with one subunit disengaged7'8. These structures strongly suggest a hand-over-hand
mechanism of substrate translocation in which ATP hydrolysis leads to subunit disengagement at the

bottom of the staircase, while ATP binding leads to subunit reengagement at the top of the staircase’ ™8,

Interestingly, although the core hexamer of Cdc48 is generally well resolved in our structure, Shpl which
is the target of our purifications was unresolved, aside from one domain which we have been able to fit as
bound to the N-terminal domain. By reprocessing our current data and collecting more data we have been
able to resolve density sitting on top of Cdc48 that we had not previously observed (figure 1B-C). This
feature is in contact with the N-terminal domain and could likely belong to that of a cofactor bound to the
N-terminal domain of Cdc48, such as Shpl. | am currently working towards resolving this density to a
resolution that would allow us to accurately assign an identity to this density.
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Figure 1. Resolving extra density bound to Cdc48(A) Representative 2D classifications for particles used
in our refinement of the Cdc48 hexamer to 3.7 A but with no extra density apparent (7). Scale bar is 20
nm. (B) 2D classes with larger box size of representative classes possessing additional density (red
arrows). Scale bar is 20 nm. (C) Low resolution 3D reconstruction of Cdc48 with additional density,
additional density including the N-terminal domain of Subunit A is in purple whereas the rest of the core
particle is in grey
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