
modeled as a compact rod in the computer model and the
coat is space-filling with very small gaps, both in apparent con-
trast to results from crystallographic analyses. The exciting pos-
sibility of this combinatorial approach, however, is that it should
be possible to integrate currently available and forthcoming
high-resolution structures to further refine the model. To date,
crystal structures accounting for 23% of the mass of the NPC
scaffold are available. Integration of these data could potentially
reveal an NPC structure that would come fairly close to the
reality.

Blobel and coworkers have taken a different experimental
approach to address the subcomplex assembly problem. Their
rationale is that the subcomplexes assemble only at very high
protein concentrations as they are found in the assembled NPC
in the living cell. Such conditions are difficult to reproduce

in vitro, but they can potentially be mimicked in protein crystals
where the protein concentration is similarly very high. Thus,
crystal-packing interactions between dimeric subcomplex frag-
ments have been used to develop an assembly model for the
NPC (Debler et al., 2008; Hsia et al., 2007). Besides the overall
dimensions of the scaffold, the resulting model is drastically
different from the Alber model. Four instead of two eight-mem-
bered rings of Y-complexes are stacked on top of each other to
form a continuous membrane-proximal shell. The rings are con-
nected by alternating hetero-octameric poles of Nup145CdSec13
and Nup85dSeh1 (Figure 6A). The Nic96 complex is postulated to
form a second, inner shell within the NPC that connects to
the FG-network. Similar to the Alber model, the Y-complexes
are envisioned to directly contact the pore membrane via
membrane-inserting ALPS-motif containing amphipathic helices
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Figure 6. Assembly Models for the NPC
Three recently proposed models for the structural organization of the NPC are illustrated. The fence pole model (top row), computationally generated model
(middle row), and lattice model (bottom row) are compared in their prediction of protein interactions within one Y-complex (left column), Y-complex organization
within the NPC (middle column), and placement of Y-complexes relative to other NPC subcomplexes (right column). In the fence pole model, hetero-octameric
poles of Nup145CdSec13 and Nup85dSeh1 observed in crystal structures organize four rings of 8 Y-complexes each. These four rings form a cylinder adjacent to
the transmembrane Nups on the membrane side and layers of adaptor Nups followed by channel Nups toward the transport channel (Hsia et al., 2007; Debler
et al., 2008). The computationally generated model provides localization volumes for each Nup and shows eight Y-complexes arranged into two separate rings,
one toward the nucleocytoplasmic and the other the cytoplasmic side of the NPC. The other Nups are arranged into membrane rings, inner rings, linkers between
rings, and FG nucleoporins (Alber et al., 2007b). The lattice model is based on structural homology of ACE1 proteins in the NPC and COPII vesicle coat (Brohawn
et al., 2008). ACE1 proteins are colored by module, with tails green, trunks orange, and crowns blue. A model of a single Y-complex incorporates the demon-
strated specific interactions between domains of the seven proteins. Eight Y-complexes are assumed to form a nucleoplasmic and cytoplasmic ring, which
may or may not be connected by additional lattice elements such as Nic96 and Nup157/170 in an inner ring. The illustration is meant to emphasize the predicted
open, lattice-like organization of the NPC structural scaffold and is not meant to imply specific interactions between complexes. Although it seems likely that the
NPC lattice will be composed of ACE1-containing edge elements and vertex elements made from b-propeller interactions, as observed in the COPII vesicle coat,
the exact nature of the vertex elements in the NPC lattice remains to be seen (Brohawn et al., 2008).
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