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The gene gating hypothesis put forth by Blobel in 1985 was an alluring proposal outlining functions for the nuclear pore com-
plex (NPC) in transcription and nuclear architecture. Over the past several decades, collective studies have unveiled a full catalog
of nucleoporins (Nups) that comprise the NPC, structural arrangements of Nups in the nuclear pore, and mechanisms of nucleo-
cytoplasmic transport. With this foundation, investigations of the gene gating hypothesis have now become possible. Studies of
several model organisms provide credence for Nup functions in transcription, mRNA export, and genome organization. Surpris-
ingly, Nups are not only involved in transcriptional events that occur at the nuclear periphery, but there are also novel roles for
dynamic Nups within the nucleoplasmic compartment. Several tenants of the original gene gating hypothesis have yet to be ad-
dressed. Knowledge of whether the NPC impacts the organization of the genome to control subsets of genes is limited, and the
cooperating molecular machinery or specific genomic anchoring sequences are not fully resolved. This minireview summarizes
the current evidence for gene gating in Saccharomyces cerevisiae, Caenorhabditis elegans, Drosophila melanogaster, and mam-
malian model systems. These examples highlight new and unpredicted mechanisms for Nup impacts on transcription and ques-
tions that are left to be explored.

It is often said that all good things take time. Early observations of
eukaryotic nuclear structure sparked a long-standing curiosity

regarding the mechanisms that coordinate three-dimensional ge-
nome organization and potentially impact gene expression. In
1985, a provocative “gene gating hypothesis” was put forth by
Blobel (1). Key tenets focused on specific interactions between
nuclear pore complexes (NPCs) and transcriptionally active gene
loci, with the location of NPCs throughout the nuclear envelope
reflecting the organization of active versus inactive chromatin (1).
Such NPC-gene links were further speculated as inherent to di-
recting the export of transcripts from a given gene through a given
NPC. Furthermore, linking precise genomic regions to the NPC
was suggested to impact the transcriptional regulation and target-
ing of subsets of genes to NPCs during development and in the
establishment of cell polarity. Indeed, studies of chromatin orga-
nization identified interchromatin compartments (ICs), or nu-
clear subcompartments, where proteins necessary for RNA tran-
scription and splicing along with the DNA replication and repair
machinery reside (2, 3). These ICs were speculated to act as tracks
to direct mRNAs transcribed within the nuclear interior to select
NPCs. However, in the late 1980s, the protein composition of the
NPC was only beginning to be dissected. Armed now with both
the identification of NPC proteins (nucleoporins [Nups]) and
technological innovations in microscopy and molecular biology,
evidence for several aspects of the gene gating hypothesis has ac-
cumulated.

This minireview highlights recent progress made in testing the
gene gating hypothesis as gained from the Saccharomyces cerevi-
siae, Caenorhabditis elegans, Drosophila melanogaster, and mam-
malian model systems. Work with S. cerevisiae has yielded impor-
tant evidence for NPC interactions with the genome as well as
identifying additional factors that bridge and establish these inter-
actions. Several aspects are conserved in metazoan systems, al-
though distinct mechanisms have arisen likely due to the increas-
ing complexity of the genome as well as the transcriptional
programs required during development and differentiation.

Overall, there is now a deep appreciation of functional roles for
Nups in transcription and exciting opportunities for future dis-
coveries.

DEFINING THE NPC COMPOSITION AND ROLES IN RNA
EXPORT

Direct analysis of NPC roles in gene gating inherently required
first revealing the catalog of Nup composition in different model
organisms that would also allow robust transcriptional analysis. In
addition, critical information has come from understanding the
functional roles for Nups in nuclear import and export and the
substructural location of Nups in the NPC (4). Embedded in nu-
clear envelope pores, the 60- to 100-MDa NPCs are assembled
from �30 different Nups whose identities were revealed through
combined biochemical and genetic strategies. A subset of the
Nups are specifically pore membrane anchored and termed
“Poms,” whereas the majority are soluble peripheral proteins.
Based on the NPC apparent 8-fold rotational symmetry, each Nup
is present in at least eight copies per NPC (5–9). However, some
are exclusive to the cytoplasmic side of the NPC and contribute to
formation of cytoplasmic filaments. Others reside only on the nu-
clear NPC face and form basket-like structures. In general, the
majority of the Nups show structural conservation across species
with noted exceptions among the Poms and in the asymmetrically
localized cytoplasmic and nuclear Nups (10). In terms of gene
gating, the distinct Nups in the nuclear basket are positioned for
connections to intranuclear structures, transcriptional machin-
ery, and chromatin. Moreover, analysis of Nup dynamics in living
cells finds that some Nups transiently associate with the nuclear-
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envelope-embedded complex and thus also have potential in-
tranuclear residence (11, 12).

The clearest link for NPCs in facilitating gene expression is via
essential roles in RNA export. Transport from the nucleus to the
cytoplasm is critical for all RNAs, including tRNA and pre-mi-
croRNA (pre-miRNA) molecules as well as RNA-protein (RNP)
complexes for mRNA and the large- and small-ribosomal-sub-
unit-associated RNAs (4, 13). In regard to gene gating, the factors
mediating mRNA transcription and messenger RNP (mRNP) as-
sembly are of prime importance (14–17). During the nuclear syn-
thesis and maturation process, mRNP protein composition un-
dergoes changes with association and subsequent dissociation of
proteins that mediate pre-mRNA processing and the ultimate re-
cruitment of export receptors. Quality control mechanisms target
incompletely processed and incorrectly assembled mRNPs to the
nuclear exosome for decay (18, 19). Association of the export re-
ceptor(s) in the mRNP with specific Nups is the key determinant
for NPC targeting. A series of molecular events are required for
facilitating mRNP translocation through NPCs and executing di-
rectional release of mRNPs into the cytoplasm. Detailed reviews
have been published recently outlining the current understanding
of these mechanisms (4, 20–22). However, additional work has
been required to resolve whether Nup export functions are dis-
tinct from or connected with roles for Nups in transcription and
genome organization.

EVIDENCE OF TRANSCRIPTIONAL REGULATION BY Nups IN
S. CEREVISIAE

The nuclear periphery is both a repressive and permissive envi-
ronment for mRNA transcription. In S. cerevisiae, silenced regions
of the genome, including the rDNA locus, centrosome, and telo-
meres, are anchored to the periphery through associations with
inner-nuclear-envelope-associated proteins. Alternating between
these silent regions are the NPCs that are predicted to demarcate
active zones of gene expression. Interestingly, Nup2 in the nuclear
basket and Prp20 (the guanine nucleotide exchange factor [GEF]
for Ran in nuclear import/export) both exhibit boundary activity
and prevent the spread of silenced heterochromatin (23, 24).
These functions link to the NPC nuclear basket and suggest a role
for the NPC in establishing or distinguishing between alternating
zones of silent heterochromatin and transcriptionally active eu-
chromatin.

NPCs associate with transcriptionally active regions through
interactions with chromatin and components of the mRNA ex-
port machinery. Examples of inducible genes, including GAL1,
GAL2, HXK1, INO1, TSA2, HSP104, SUC2, and MFA2, relocalize
from the nucleoplasmic interior where they are inactive to the
periphery for proper expression (25–34). The integrity and func-
tion of the NPC are required for maximal transcriptional activity
of these inducible genes, and multiple Nups are necessary for their
proper positioning to the nuclear periphery. The peripheral posi-
tioning of GAL1, INO1, TSA2, and HSP104 also requires DNA
elements within their respective promoters (27, 35). Such gene
recruitment sequences (GRSs) are necessary and also sufficient for
peripheral nuclear positioning when placed at the ectopic URA3
locus (35). Peripheral recruitment of GRS-containing genes re-
quires the Snf1p-dependent SAGA (Spt-Ada-Gcn5-acetyltrans-
ferase) complex and mRNA export factors, indicating that the
NPC interactions occur as the promoter transitions to a transcrip-
tionally active state (26, 28, 29, 32). Most surprisingly, identical

GRSs found within the INO2 and TSA2 gene loci are positioned in
the same site at the nuclear periphery, thus occupying the same
gene territory (36). This gene clustering requires a specialized
transcription factor (36) which might target these GRS-contain-
ing genes to a designated NPC at the nuclear periphery (37). Al-
ternatively, Nups with DNA or RNA binding affinity could facili-
tate peripheral gene positioning (38, 39). In addition to GRS
elements, memory recruitment sequences (MRSs) maintain posi-
tioning at the periphery for several hours after the gene is inacti-
vated, and this peripheral positioning allows the gene to be reac-
tivated with faster kinetics (40). The transcriptional memory of
these MRS-containing genes specifically requires the histone vari-
ant H2A.Z and Nup100 (25, 40). This identification of DNA se-
quence elements that confer three-dimensional positioning in the
nucleus provides evidence for NPC functional roles in genome
organization.

Multiple cellular inputs likely contribute to the dynamics of
peripheral recruitment and release. The positioning of the INO1
and GAL1 loci changes in S phase to localization away from the
periphery in a mechanism involving Cdk1 phosphorylation of
Nup1 (41). It is currently unclear how environmental cues signal
and result in genome organization changes. Many of the gene-
positioning studies have also examined only one or two gene loci
at a time. Future experiments utilizing chromosome conforma-
tion capture (3C)-derived techniques will help to resolve whether
specific gene expression programs alter global nuclear architec-
ture and/or coordinate expression of coclustering genes (42). It is
also intriguing that a few Nups have reported roles in gene silenc-
ing. For example, Nup170 is required for peripheral tethering and
silencing of subtelomeric regions through cooperation with the
RSC chromatin-remodeling complex and Sir4 (43). Thus, the
NPC and Nups are potentially multifaceted regulators of tran-
scription, effectively extending the tenets of gene gating. Together,
these studies of S. cerevisiae have identified Nup transcriptional
roles that are exclusive to the nuclear periphery. With the wealth
of knowledge of this model system, the field is now poised to
address further outstanding questions, including whether mRNPs
show enhanced export through the NPC or distinct cytoplasmic
fates when transcribed from genes that are targeted to the nuclear
periphery.

GENE POSITIONING TO THE C. ELEGANS NPC

Nuclear architecture throughout development is highly dynamic;
however, converging evidence suggests that these dynamics are
nonrandom and correlate with important cell fate decisions. The
C. elegans model is well suited for visualizing differentiating cells
within a living organism and provides an ideal system to track
gene positioning throughout development. To visualize the posi-
tioning of gene promoters in C. elegans, the most robust strategy
available is the LacO array/GFP-LacI system. The LacO arrays
(based on repeats of LacO from bacteria) are inserted adjacent to
transgenes containing cell-type-specific promoters. This, in com-
bination, with the expression of a green fluorescent protein
(GFP)-LacI repressor allows for visualization of promoter loca-
tion in the embryo and throughout larval stages in development.
Importantly, for tracking genes with the LacO repeats inserted,
small arrays are used so as to not introduce potential chromatin
structure artifacts (e.g., the array acting as a silencer itself) (44),
and results are further validated by fluorescence in situ hybridiza-
tion (FISH). With the LacO system, both gut (pha-4)- and muscle
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(myo-3)-specific promoters are inactive and sequestered at the
nuclear periphery throughout early development; however, the
promoters are transcriptionally active and found in the nuclear
interior in differentiated gut and muscle cells, respectively (45).
Based on these results, the peripheral sequestration of genes de-
termining cell fate might limit expression until the cell reaches the
correct stage of development, during which the gene is reposi-
tioned to a transcriptionally active nucleoplasmic compartment.
In a C. elegans model for Emery-Dreifus muscular dystrophy, the
loss of nuclear organization specifically links to the muscular de-
fects observed in the diseased animals (46). A reduction in muscle-
specific gene expression correlates with the loss of interior nuclear
localization of the myo-3 promoter in differentiated muscle cells.
A recent genetic screening strategy has also identified histone H3
lysine 9 (H3K9) methylation as a key determinant for peripheral
tethering of silenced heterochromatin at the nuclear envelope
(47). Within this developmental context, it is unclear whether the
NPC and its stably associated Nups contribute to gene positioning
and silencing of peripheral heterochromatin regions; however,
dynamic Nups might play important roles in the activation of
developmental genes in the nucleoplasm.

Interestingly, the stress-induced hsp-16.2 gene shows distinct
positioning patterns upon transcriptional activation. Small inte-
grated LacO arrays containing the hsp-16.2 promoter normally
reside at the periphery in regions lacking NPCs, and under condi-
tions of heat shock, they reposition so that they directly associate
with NPCs (48). Superresolution microscopy studies confirm that
the NPC/hsp-16.2 association occurs at the periphery similar to
the events described above for S. cerevisiae when inducible genes
reposition to the periphery coincident with active transcription.
Overall, peripheral targeting of inducible genes in S. cerevisiae and
C. elegans has similar requirements for cis-promoter elements,
transcription factors, and factors associated with the SAGA his-
tone acetyltransferase and THO/TREX mRNA export complex
(48). These shared determinants might represent conserved gene
gating mechanisms for stress-responsive genes in eukaryotes.
Overall, in C. elegans, two classes of genes appear to exhibit dis-
tinct patterns of gene positioning upon transcriptional activation.
Stress-induced genes operate by mechanisms similar to induced
genes in S. cerevisiae, whereas developmentally induced genes be-
have oppositely and migrate from the periphery to the interior.
Thus, these distinct modes of gene regulation may potentially re-
veal distinct mechanisms for gene gating.

DROSOPHILA Nup ASSOCIATION WITH THE GENOME

Studies of D. melanogaster have provided convincing evidence for
specific, enriched interactions between chromatin regions and
Nups. Chromatin immunoprecipitation with microarray technol-
ogy (ChIP-chip) experiments show genomic regions spanning 5
to 500 kb that interact with nuclear basket Nups Nup153 and
Megator (49). These Nup-associated regions (NARs) are enriched
across the X chromosome in male flies, which require high levels
of transcription for dosage compensation. The NARs within the X
chromosome are positioned to the periphery and show decreased
expression and loss of peripheral localization upon depletion of
Nup153. Though other NARs do not preferentially position to the
periphery, the expression also decreases in the absence of Nup153.
Additional studies of D. melanogaster report the dynamic associ-
ation of Nup50, Nup62, Sec13, Nup98, and MAb414-positive
phenylalanine-glycine (FG)-containing Nups with both develop-

mental and stress-induced genes (50, 51). This association occurs
in both the nucleoplasmic compartment and at the nuclear pe-
riphery. These results suggest new roles for Nups in the organiza-
tion of the Drosophila genomic NARs. Importantly, the dynamic
association of Nups with transcriptionally active chromatin oc-
curs throughout the nucleoplasm irrespective of the steady-state
positioning of Nups within the NPC at the nuclear periphery. In
1985, Nup dynamics at the NPC and the existence of soluble Nups
within the nucleoplasm remained unexplored. As such, these new
studies provide evidence that effectively extends the gene gating
hypothesis to include novel functions for Nups in gene expression
within the nucleoplasmic compartment. Future studies are
needed to continue to dissect which subsets of Nups have direct
roles in the initiation and elongation phases of transcription and
which subsets are involved in establishing connections with the
genome to channel mRNPs from sites of transcription to NPCs for
export.

DYNAMIC MAMMALIAN Nups IMPACT GENE EXPRESSION

The original gene gating hypothesis proposed that the NPC par-
ticipates in organizing chromatin into interchromatin compart-
ments (ICs) which would provide channels between NPCs and
sites of transcription (1). Multiple lines of evidence suggest that
mRNPs exhibit a trajectory from the nucleoplasm to the nuclear
periphery and diffuse through ICs (52–55). Most recently, single
particle tracking of mRNPs from sites of transcription observed
several mRNPs traveling the same pathway through the nucleo-
plasm (55). Evidence in mice and in human cells supports a role
for the transmembrane Nup, Nup210, in the proper induction of
genes required for myogenesis and neurogenesis (56). The role of
Nup210 in the positioning and regulation of these developmen-
tally expressed genes is yet to be fully examined, though possibly
Nup210 or other nuclear-envelope/NPC-anchored Nups further
influence chromatin structure to establish a path for newly syn-
thesized mRNPs in channeling to the NPC.

Alternatively, soluble and dynamic Nups might participate di-
rectly in the synthesis of mRNPs at sites of transcription and in-
fluence the trafficking of an mRNP to the NPC. Similar to studies
of C. elegans, nuclear positioning of several developmentally reg-
ulated genes shifts from peripheral to nucleoplasmic in human
cell culture systems. This includes the Mash1 locus during neuro-
genesis, the GFAB locus during astrocyte differentiation, and the
�-globin locus during erythroid maturation (57–59). Similarly in
myogenesis, the MyoD gene remains at the nuclear periphery until
the myoblast transitions into a myotube upon which MyoD shifts
to the interior and colocalizes with the TATA box-binding pro-
tein-associated factor 3 (TAF3) transcription factor IID (TFIID)
subunit necessary for full expression (60). These examples indi-
cate that the active compartment for developmentally induced
genes is not the periphery, as it is in S. cerevisiae. However, this
does not exclude possible functions for Nups in gene gating. In
fact, accumulating evidence has also identified transcriptional
roles for Nup98 in the nucleoplasm (61–64). The dynamic shut-
tling of Nup98 between the NPC and nucleoplasm requires active
transcription (64). Moreover, Nup98 aids in preventing oncogen-
esis by regulating mRNA and protein levels of the p21 tumor sup-
pressor. The association of Nup98 with the 3= untranslated region
(3=UTR) of p21 mRNA protects p21 mRNA from degradation by
the exosome (63). Nup98 also performs functions in transcrip-
tional memory and contributes to faster reactivation of gamma
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interferon (IFN-�)-induced genes (65). This mechanism of tran-
scriptional memory is partially conserved between Nup98 and its
S. cerevisiae ortholog Nup100. Similarly, Nup98 associates with
the promoters of recently activated promoters and contributes to
epigenetic changes in H3K4 dimethylation. However, unlike in S.
cerevisiae where Nup100 transcriptional memory is associated
with the peripheral localization of the INO1 gene (40), IFN-�-
induced genes position to the nucleoplasmic interior and likely
require a dynamic pool of Nup98 (65). Continuing work is neces-
sary to resolve the mechanisms by which the dynamic Nup98 in-
fluences transcription and expression of developmentally regu-
lated and stress-induced genes.

CONCLUSIONS

From elegant work in diverse eukaryotic model organisms, the
mechanisms for the proposed gene gating functions of the NPC
are continuing to come to light (as summarized in Fig. 1). Roles
have been identified for Nups in enhancing transcription of genes
induced under environmental stress and during development. In-
ducible genes in S. cerevisiae are positioned to the nuclear periph-
ery and associate with Nups; thus, studies thus far strongly sup-
port gene expression roles for Nups at the NPC in S. cerevisiae.
Several examples of peripheral roles for Nups in C. elegans and

Drosophila have also been reported. What was most unexpected in
the 1980s is the now known presence of Nups not only at NPCs
but also within the nucleoplasm. Remarkably, in metazoans, dy-
namic Nups in the nucleoplasm function in transcription. In ad-
dition to enhancing the initial activation of gene transcription, the
human Nup98 and S. cerevisiae Nup100 share conserved roles in
subsequent rounds of reactivation and provide memory for pre-
vious transcriptional events (65). These dynamic Nups with clear
nucleoplasmic activities in transcription give an important addi-
tional twist to the original model.

Blobel’s gene gating hypothesis envisioned “a circumscribed
space subjacent to the nuclear pore complex and extending into
the interior of the nucleus in the form of channels” to serve as a
transcriptional and posttranscriptional compartment of the nu-
cleus (1). As noted above, single mRNP tracking from sites of
transcription to the NPC indicates that the mRNPs travel by chan-
neled diffusion through the interchromatin space. Whether Nups
or additional factors influence the particular route of travel to
select NPCs or whether all transcripts from a given gene target the
same NPC remains unknown.

In electron microscopy images of vertebrate cell nuclei, the
NPC is visibly associated with regions of active chromatin at the
nuclear periphery, whereas inactive heterochromatin occupies
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FIG 1 Shared and distinct roles for Nups in gene gating across different model systems. (A) In S. cerevisiae, Nups are required to recruit multiple genes to the
nuclear periphery for optimal gene expression. This mechanism requires specific DNA sequences in the promoters termed DNA zip codes. (B) The develop-
mentally induced myo-3 and pha-4 promoters in C. elegans are positioned in the nucleoplasmic interior when transcriptionally active, whereas the heat
shock-induced promoter hsp-16.2 is juxtaposed to the NPC, implying distinct gene gating mechanisms for different contexts of gene expression. (C) Drosophila
Nups, including Nup98, Sec13, Nup50, and Nup62, impact transcriptional events in nucleoplasm and at the NPC. NARs are defined regions of the genome that
interact with the Nup153 and Megator Nups. (D) The dynamic Nup98 regulates transcriptional memory of gamma interferon (IFN-�)-induced genes in human
cells. In mice, cell type-specific expression of the NE-anchored Nup210 regulates gene expression during myogenesis. Channeled diffusion of mRNPs from the
nuclear interior to NPCs occurs through interchromatin compartments. Active genes (green circles), inactive genes (red circles), euchromatin and interchro-
matin compartments (light pink), and heterochromatin (dark pink) are indicated. The figure is not drawn to scale.
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the non-NPC regions (Fig. 1). A NPC-associated protein Tpr
plays roles in establishing the heterochromatin exclusion zones at
NPCs (66). In S. cerevisiae and C. elegans, the localization of an
active gene to the periphery suggests that the gene is positioned to
a nuclear envelope (NE) region affiliated with NPCs, whereas an
inactive gene at the periphery is proposed to associate with si-
lenced heterochromatin regions at the NE (or C. elegans nuclear
lamina). These conclusions remain controversial, and additional
work is required to test whether gene positions that correlate with
NE regions (NPC and lamina) are functionally important. New
superresolution microscopy methods and approaches to bio-
chemically probe DNA-Nup interactions that occur exclusively at
the NPC are now available to determine whether this partitioning
of the nuclear periphery exists. Ultimately, these studies will aid in
the further understanding of the mechanisms required to establish
and maintain regions of active chromatin at the nuclear periphery.

Several implications of the gene gating hypothesis still extend
beyond our current understanding, and there are potential para-
digms to be further analyzed for NPC regulation of gene expres-
sion. One proposed function of the NPC is in regulating cell-
specific three-dimensional organizations of the genome. As
discussed above, cell-specific expression of Nups contributes to
differentiation of muscle cells (56). It is possible that distinct Nups
bind distinct regions of the genome and participate in specifica-
tion of additional cell types. Technological advances in global 3C
methods and single-cell approaches to track individual genes can
now begin to test which Nups influence genomic arrangements
required to specify cell fate (67–69). It will also be important to
tease out a detailed map of Nup-chromatin associations and
whether gene recruitment sequences (GRSs) identified in S. cerevi-
siae exist in metazoans. If so, a key goal will be to define the factors
that bridge the NPC-chromatin interactions and understand how
these interactions are affected by modifications to chromatin
and/or cellular signaling events.

Tremendous attention has been paid to mRNA gene gating. It
is well documented that tRNA and pre-miRNA nuclear processing
steps are coupled to export (13, 70). Moreover, the clustering of
rDNA loci and ribosomal biogenesis in the nucleolus is a hallmark
of genome organization. In S. cerevisiae, the nucleolus is juxta-
posed to a region of the nuclear envelope wherein the NPCs lack
the Mlp1 and Mlp2 Nups (71). Given the roles of Mlp1 and Mlp2
in monitoring mRNA export (72), this has suggested that some
NPCs are specialized for mRNA export, whereas others are com-
mitted to ribosome/rRNA export. The field is positioned to inves-
tigate whether these other classes of exporting RNA also obey the
same gene gating mechanisms.

Finally, another postulated function for the NPC is in gating
mRNAs to specific sites within the cytoplasm to promote cellular
asymmetry. Both cis and trans elements are known to target
mRNPs to distinct cellular locales, but whether NPCs directly in-
fluence cytoplasmic mRNA localization is unknown. The single-
celled alga Chlamydomonas reinhardtii provides an extreme exam-
ple for NPC positioning dictating cellular locale of a transcript
during flagellar generation (73). The C. reinhardtii NPCs are
asymmetrically positioned when transcription required for flagel-
lar biogenesis is dramatically upregulated. Export through these
NPCs effectively results in the localization of �2-tubulin mRNA to
cellular compartments enriched in polysomes (73). In S. cerevi-
siae, the nuclear basket Nup60 is required for the export and
proper localization of ASH1 mRNA to the bud tip (74). If select

Nups are required for the export of differentially localized
mRNPs, then the composition of NPC may dictate whether a tran-
script is targeted to a given cytoplasmic compartment. NPCs may
additionally determine whether transcripts are rapidly translated,
stored for later translation, or degraded. Further analysis of single
transcripts is needed to determine whether NPC composition dis-
tinguishes which “gate” a given transcript exits though and its
resulting cytoplasmic fate. If so, via gene gating, the NPC and
Nups will be involved in both nuclear and cytoplasmic events that
encompass the full cycle of gene expression.
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