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functions inside the nucleus in yeast (Lee and Aitchison, 1999; Pemberton et al., 1999;
Panse et al., 2003). As discussed in section 1.7.2, the ability of an import Kap to execute
various activities in this compartment is contingent upon the ability of a given Kap to
establish physical interactions that are resistant to RanGTP-mediated disassembly. What
remains an enigma are the underlying molecular mechanisms that allow Importin/cargo
complexes to bypass Ran-driven dissociation. The simplest molecular explanation for this
phenomenon is that cargo binding could function to sterically block the Ran binding
domain (positioned at the amino termini of -Kaps), which could simply function to
prevent RanGTP binding. Although cargo and Ran binding domains are positioned at the
opposite ends of all -Kaps, the inherent flexibility of these molecules through stacked
heat repeats (see section 1.5.1) could allow for a scenario in which the cargo-binding
domain is positioned in close proximity to the Ran-binding domain.

Ran-insensitivity could also be achieved by increasing the binding affinities
between Kap and cargo. There are two scenarios through which this could arise and these
including co-factor binding to a given Kap and post-translational modifications to either
Kap or cargo. The first scenario has been demonstrated in yeast with Kapl14.
Specifically, the physical association of Kapll4 with histones H2A and H2B is
modulated by the co-factor Nap1, which binds directly to Kap114, increasing the affinity
of this Kap for either protein (Mosammaparast et al., 2002). The augmented binding
affinity enables Kapl14 to bypass Ran-triggered dissociation, enabling this Kap to
interact with either histone protein within the nucleoplasm. This is part of a mechanism
that permits Kap114 to deposit both H2A and H2B at chromatin. In an analogous fashion,

it is plausible that post-translational modifications to either Kap or cargo could feasibly
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allow for RanGTP resistance. Consistent with this notion, as discussed in section 1.8.1,
Kap-cargo binding affinities can be enhanced through post-translational modifications.
Although there is a lack of documented examples where post-translational modifications
enable Ran-resistance, Kap121 appears to possess a predicted sumoylation site within its
sequence and there is preliminary evidence to suggest this protein is sumoylated in vivo
(Diego Lapetina and Richard Wozniak, University of Alberta, personal communication).
A nuclear specific modification such as sumoylation could be part of a mechanism where
Kap/cargo complexes entering the nucleus are sumoylated resulting in resistance to Ran-
GTP mediated dissociation. Although this possibility remains to be tested, it would be
interesting to evaluate directly whether disrupting Kap121 sumoylation affects its Ran-

GTP-insensitive interaction with either Duol or Ulpl in vivo.

5.6 Nups and chromosome segregation in yeast

By directly interfacing with the mitotic apparatus, Nup subcomplexes and
individual Nups confer paramount functional roles in regulating chromosome segregation
(Guttinger et al., 2007; Wozniak et al., 2010). As discussed in section 1.9, the functions
for Nups in regulating chromosome transmission have been best described in higher
eukaryotes that undergo NEBD, at which point Nup-subcomplexes bind mitotic
structures including KTs, centrosomes and the spindle (Guttinger et al., 2007; Hetzer,
2010). In yeast, outside of the role Nup53 and the KTIP exert in influencing chromosome
segregation by regulating nuclear import, there is a lack of evidence to suggest that Nups
can physically associate with the mitotic apparatus to influence chromosome segregation
in these organisms. The presumption is that because yeast undergoes closed mitosis, and

NPCs stay intact during M-phase, it is unlikely that individual Nups would associate with
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mitotic structures located within the nuclear interior. However, despite this, there is
accumulating evidence to suggest that the yeast core scaffold Nup, Nup170, may directly
contribute to regulating chromosome transmission. An initial clue to suggest that Nup170
may be functionally linked to chromosome segregation came from an analysis showing
that cells lacking Nupl170 display chromosomal segregation defects (Kerscher et al.,
2001). While the underlying molecular cause of these defects has not been clearly
established, defects in nucleocytoplasmic transport have been ruled out, as the loss of
Nup170 does not appear to impact active transport (Aitchison et al., 1995; Makio et al.,
2009). However, nup170A cells appear to specifically possess centromeric transcriptional
read-through defects, implying that the maintenance of heterochromatin structure at
centromeres is defective (Kerscher et al., 2001). A key regulator of heterochromatin
structure and nucleosome positioning at centromeres is Sthl, an essential catalytic
member of the remodel the structure of chromatin (RSC) chromatin-remodeling complex
(Cairns et al., 1996). Improper maintenance of heterochromatin at centromeres has been
directly linked to KT structural defects and a reduction in the fidelity of chromosome
transmission (Hsu et al., 2003; Verdaasdonk et al., 2012). Intriguingly, Nup170 interacts
physically with Sthl and the RSC chromatin-remodeling complex, and through this
interaction, influences the topology of specific chromatin domains including telomeric
and subtelomeric regions (Van de Vosse et al., 2013). Thus, from these observations, it is
tempting to consider that Nup170 may influence the topology of centromeric chromatin
through a functional relationship with Sth1. Consistent with this notion, Nup170 has been
shown to physically associate with centromeric DNA through ChIP analysis in a manner

that is Sthl-dependent (David Van de Vosse, University of Alberta, personal



189

communication). How Nup170 would function to promote proper chromatin structure at
centromeres on a molecular level is uncertain, although, it is possible that this Nup could
function to influence the activity, binding or assembly of Sth1 and the RSC complex at

centromeric chromatin.

5.7 Kaps and KT assembly

KT assembly is an orchestrated process whereby individual KT subcomplexes
come together in a temporally regulated manner to construct functional, higher order
assemblies. For instance, the vertebrate KT undergoes dynamic structural changes over
the course of the cell cycle as part of a mechanism required for KT assembly and
disassembly. Specifically, while inner KT complexes remain constitutively associated
with centromeric DNA sequence, the rest of the KT (>100 proteins) is built upon these
centromeric KT complexes at the onset of mitosis (Cheeseman, 2014). How assembly of
the outer KT is temporally restricted to mitosis remains poorly defined. However, it is
tempting to consider that certain Kaps may potentially play a role in regulating this
process in a manner that parallels their roles in spindle and NPC assembly. Consistent
with this concept, it was recently demonstrated that the outer KT component, Ndc80, is
specifically excluded from the nucleus during interphase and, upon the onset of mitosis,
this protein is delivered to KTs for proper incorporation into these assemblies (Gascoigne
and Cheeseman, 2014). What remains undefined is how both the nuclear exclusion and
KT targeting of this outer KT protein are regulated.

The regulation of the dynamic subcellular localization of Ndc80 could be

explained potentially by a functional relationship with a nuclear export factor such as
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Crml. In support of this idea, an inspection of the Ndc80 sequence reveals that it contains
a predicted leucine rich NES, possibly recognized by Crml to drive both its nuclear
exclusion and to regulate its KT targeting (La Cour et al., 2004). In addition to Ndc80,
the outer KT components ZW 10 and ROD also appear to contain predicted NESs (Robert
Scott, University of Alberta, personal communication). Further investigation is needed to
determine whether these NESs are functional, however, considering that Crml is
involved in the targeting of other regulatory factors to KTs, including RanBP2 and
RanGAP1, it is possible that this could be part of a general mechanism required for the

spatiotemporal control of outer KT assembly upon the onset of mitosis.
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Chapter VI: Appendix
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Presented within this Appendix are the results of experiments that have not been
published and are also not apart of any of the preceding results chapters contained within
this thesis. The data contained within this section consist of the localization of Kap121-
GFP in cells depleted of Cdc20 grown in the presence or absence of the MT-destabilizing

drug, nocodazole (Figure 7-1).
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Figure 7-1. Nuclear accumulation of Kapl21-GFP is inhibited in metaphase-
arrested cells treated with nocodazole.

Prers-CDC20 cells producing Kap121-GFP were grown overnight at 23°C in medium
lacking methionine (-Met). Methionine was added to the medium alone (+Met) or with
nocodazole (+Met +Noc), and the cultures were incubated for 2.5 h to deplete Cdc20 and
induce a metaphase arrest. The subcellular distribution of Kap121-GFP was followed

using an epifluorescence microscope.



