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Abstract

The nuclear envelope is the hallmark of all eukaryotic

cells, separating the nucleoplasm from the cytoplasm.

At the same time, the nuclear envelope allows for the

controlled exchange of macromolecules between the

two compartments through nuclear pores and presents

a surface for anchoring and organizing cytoskeletal

components and chromatin. Although our molecular

understanding of the nuclear envelope in higher plants

is only just beginning, fundamental differences from

the animal nuclear envelope have already been found.

This review provides an updated investigation of these

differences with respect to nuclear pore complexes,

targeting of Ran signalling to the nuclear envelope,

inner nuclear envelope proteins, and the role and fate

of the nuclear envelope during mitosis.
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Introduction

The nuclear envelope (NE) is the hallmark of all eukaryotic
cells, separating the nucleoplasm from the cytoplasm
during interphase and allowing for the controlled exchange
of macromolecules between the two compartments. Nu-
clear pores are large multiprotein complexes of 8-fold
symmetry that span the inner and outer nuclear membranes.
The outer nuclear membrane (ONM) is continuous with the
endoplasmic reticulum, while the inner nuclear membrane
(INM) contains a number of INM-specific integral and
peripheral membrane proteins and is lined by the nuclear
lamina in metazoan cells (reviewed by Holaska et al.,
2002). While the protein composition of the NE has been
studied in detail in animal cells, present knowledge of the

components of the plant NE is still at an early stage.
Recently, putative plant nucleoporins (Nups) have been
identified through specific mutant phenotypes related to
plant–microbe interactions.Most components of nucleocyto-
plasmic trafficking have been identified in plants. Their
over- and underexpression reveals surprising connections
to known plant regulatory pathways.

Plant nuclear envelope composition

The inner nuclear envelope

A number of specific proteins are associated with the INM,
either by direct interaction with the membrane or by
protein–protein interactions with membrane-associated
proteins. The lamins, a subgroup of the intermediate-
filament proteins, form the protein meshwork of the nuclear
lamina in animal cells. They are involved in attaching
chromatin to the inner surface of the NE and in a number of
additional functions such as NE assembly, DNA synthesis,
transcription, and apoptosis (Goldman et al., 2002; Holaska
et al., 2002). Mutations in A-type lamins or associated
proteins have been linked to at least six different inherited
diseases in humans affecting skeletal and cardiac muscle
and/or the loss and redistribution of white fat (Mounkes
et al., 2003), demonstrating the importance of NE function
in certain types of animal cells.

Electron microscopy (EM) studies revealed that a struc-
ture similar to the vertebrate nuclear lamina is also found in
the nuclei of higher plant cells (Galcheva-Gargova et al.,
1988; Moreno Dı́az de la Espina et al., 1991). However,
there is no evidence for the existence of bona fide lamins in
plants. Immunohistochemical studies suggested the exis-
tence of lamin-like proteins in plant nuclei (Li and Roux,
1992; McNulty and Saunders, 1992; Mı́nguez and Moreno
Dı́az de la Espina, 1993), but no sequence information from
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the antigens detected in these studies is available, and no
lamin-coding genes seem to be present in the fully
sequenced Arabidopsis and rice genomes. This might
indicate that plants, like yeast, do not have this group of
nuclear coiled-coil proteins. The question remains, which
components make up the structures detected by EM and
which plant proteins are detected by the anti-lamin antisera.

NMCP1 is a 134 kDa carrot nuclear matrix protein found
exclusively at the periphery of the nucleus during in-
terphase and is associated with the spindle during mitosis
(Masuda et al., 1997, 1999). Using BLAST sequence
similarity searches, four NMCP1-like proteins have been
identified in the Arabidopsis genome (Fig. 1). Like lamins,
they have a central coiled-coil domain flanked by a non-
helical short head and a larger tail domain and a pI of 5.6–
5.8. Although they are roughly twice the size of lamins,
they are currently the best candidate for lamin-like proteins
in plants. Their investigation by immunolocalization and
loss-of function analysis will indicate if they are indeed
functional plant inner nuclear envelope proteins.

Another class of plant proteins with a possible role as
nuclear envelope structural proteins are the filament-like
plant proteins (FPP1–FPP7; Gindullis et al., 2002). Like
lamins and the NMCP1-related proteins, they contain
extended coiled-coil domains. Two indirect lines of evi-
dence connect them to the nuclear envelope. First, the
tomato homologue LeFPP was identified as a yeast-two
hybrid interactor of LeMAF1, a NE-associated protein
(Gindullis et al., 1999, 2002). Second, a pea protein was
identified with an antibody against lamin B which has
similarity to AtFPP3 (Blumenthal et al., 2004). Interest-
ingly, the AtFPP family stands out as a plant-specific family
of long coiled-coil proteins in a cluster analysis of long
coiled-coil proteins of 22 genomes (Rose et al., 2005) and is
characterized by four highly conserved sequence motifs of
unknown function (Gindullis et al., 2002). The subcellular
location of the Arabidopsis proteins is currently not known.

To date, no integral membrane proteins of the NE have
been cloned in plants. However, an N-terminal domain

of the mammalian lamin B receptor (LBR) was targeted
successfully to the NE in tobacco cells, consistent with its
animal cell localization pattern (Irons et al., 2003). LBR is
an integral membrane protein of the INM, and protein and
DNA database analysis showed no evidence for LBR
homologues in plants. The N-terminal portion of LBR
comprises the nucleoplasmic domain containing a bipartite
NLS and a transmembrane domain. This domain is
sufficient to anchor the protein in the INM (Smith and
Blobel, 1993; Soullam andWorman, 1993) and can be used
as an NE marker in mammalian cells (Ellenberg et al.,
1997). LBR not only targets to the NE in mammalian and
plant cells, but also in yeast (Smith and Blobel, 1994),
indicating the existence of a common mechanism for the
targeting of INM proteins in eukaryotic cells.

The outer nuclear envelope

Spectrin-related proteins of the a-actinin superfamily have
been known to be associated with the plasma membrane,
but have recently been found associated with the nuclear
envelope, as well (reviewed in Worman and Gundersen,
2006). Spectrin-repeat-containing nuclear envelope pro-
teins have been named nesprins. Nesprin-1 in the INM
interacts with the lamina components lamin A and emerin
(Mislow et al., 2002). Nesprin-2, also called NUANCE,
is a 796 kDa protein located at the ONM, where it might
function in connecting the nucleus with the cytoskeleton
through its interaction with actin (Zhen et al., 2002).
Attachment of nesprin-2 and nesprin-1 to the ONM and
INM, respectively, is achieved by the presence of a C-
terminal transmembrane domain (Zhang et al., 2001; Zhen
et al., 2002). An antiserum directed against chicken
spectrin detects an antigenic component at the plant NE,
the only current evidence that this class of proteins might
exist in plants (de Ruijter et al., 2000). In vertebrates, there
is evidence for a role of nesprins in positioning the nucleus
within the cell (Mosley-Bishop et al., 1999; Apel et al.,
2000; Worman and Gundersen, 2006). In this context, it is
worthwhile to recall earlier evidence for the regulated,
actin-dependent rapid migration of plant nuclei to the site of
fungal infection (Gross et al., 1993), which is mechanis-
tically still not understood (Schmelzer, 2002). Nesprins,
which are actin-binding proteins located on the ONM,
could be prime candidates for anchoring the plant nucleus
to a signal-perceiving apparatus at the plasma membrane.
The next step here will be to identify plant equivalents
of nesprins and to test (e.g. by loss-of-function approaches)
if they affect plant nuclear migration.

Microtubule organizing centres

During nuclear division, the genetic material inside the
nucleus is distributed into two daughter nuclei by the action
of the microtubular spindle apparatus. The microtubule

Fig. 1. Comparison of localization and structural organization of human
lamin B and Arabidopsis nuclear matrix constituent proteins (NMCPs).
While almost twice the size of lamins, NMCPs have a comparable
domain organization of short head, coiled-coil centre, and longer tail
domain. The gene identifiers of the four Arabidopsis homologues of
DcNMCP1 are shown.
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organizing centres (MTOCs) of spindle microtubules are
the cytoplasmic centrosomes in animal cells and the NE-
embedded spindle pole bodies in yeast cells. Higher plant
cells appear to lack well-defined centrosomes or spindle
pole bodies. Instead, the plant NE acts as the main site for
plant microtubule nucleation. Stoppin et al. (1994) showed
that isolated maize nuclei are capable of nucleating micro-
tubules in vitro. While not the only site for microtubule
nucleation, the nuclear surface is especially active in the G2

phase, before NE breakdown (Schmit et al., 1994, 1996;
Canaday et al., 2000), suggesting cell-cycle control for its
microtubule-nucleating activity. Microtubule-associated
proteins (MAPs) modulate the nucleating activity of the
plant nuclear surface (Stoppin et al., 1996). Microtubule
nucleation in plant cells depends on the presence of both c-
tubulin and the homologue of the yeast spindle pole
proteins Spc98p (Erhardt et al., 2002). GFP-labelled plant
Spc98p localizes within the nucleus, at the NE and close to
the plasma membrane, suggesting its involvement in the
multiple MTOCs in plant cells (Seltzer et al., 2003).
Recently, c-tubulin has also been found associated with
the nuclear envelope during microsporogenesis in Ginkgo
biloba (Brown and Lemmon, 2005) and mitosis in two
liverworts, Marchantia polymorpha (Brown et al., 2004)
and Conocephalum japonicum (Shimamura et al., 2003),
suggesting conservation of the nuclear envelope’s role as
cell-cycle-dependent MTOC in land plants.

The nuclear pore

The physical barrier of the NE needs to be permeable to
a variety of macromolecules and signals in order for the cell
to function. The only known gateways for the transport
of macromolecules across the NE are the nuclear pore
complexes (NPCs). The NPC is a 125 MDa multiprotein
complex with a 9 nm aqueous pore through which
molecules smaller than 30 kDa can readily diffuse (Stoffler
et al., 1999; Gasiorowski and Dean, 2003). The proteins
forming the NPCs are called nucleoporins (Nups). Signifi-
cant progress in the identification of animal and yeast Nups
has been made recently by the use of proteomics (Allen
et al., 2001; Cronshaw et al., 2002). It was assumed that the
animal NPC would contain a larger number of distinct
subunits than the yeast NPC because of its larger size.
However, the proteomic analysis of mammalian NPC
composition showed that it contains only 30 different
nucleoporins, similar to the results from yeast and less
complex than expected (Cronshaw et al., 2002).

The composition of the plant NPC is largely unknown.
With a few exceptions, homologues to most animal and
yeast Nups cannot be identified in plants using sequence
homology searches. A putative 215 kDa orthologue of
gp210, one of the integral membrane proteins of the NPC,
has been identified in Arabidopsis and is predicted to

contain a transmembrane domain at its C-terminus, consis-
tent with its animal counterpart (Cohen et al., 2001). A
number of yeast and vertebrate Nups have FG repeats
(FXFG in vertebrates and GLFG in yeast), which are
thought to provide transient, low-affinity binding sites for
transport receptors (Mattaj and Englmeier, 1998). A
nucleoporin-like FG-repeat-containing protein can be iden-
tified by sequence similarity searches with human Nup98
in the Arabidopsis database. Its FG repeats appear to be
conserved with its animal Nup counterpart, indicating
a possible role for this motif also in plant NPCs (Rose
et al., 2004).

Interestingly, two putative nucleoporins and a component
of the nuclear transport machinery (see below) have been
identified very recently as mutants in plant–bacterial
interactions. snc1 (suppressor of npr1-1, constitutive 1) is
a mutation in a TOLL Interleucine 1 receptor (TIR)-like
protein with a C-terminal leucine-rich repeat (LRR). The
mutant is a gain-of function, leading to constitutive PR
expression. The mutation is located in the spacer between
the N-terminal TIR domain and the LRR of SNC1,
presumably disrupting the interaction with an unknown
negative regulator of SNC1 (Zhang and Li, 2005). In
a mutant screen for a suppressor of scn1, a mutant was
uncovered which abolishes the constitutive expression of
PR genes and leads to increased pathogen susceptibility.
This mutation, mos3-1, was now found to be a loss-of-
function allele of putative Arabidopsis nucleoporin Nup96.
Another mutant derived from this suppressor screen is
mos6. MOS6 was found to be one of the eight copies of
Arabidopsis importin alpha, impa3 (Palma et al., 2005).
Together the two reports indicate a connection between
nucleo-cytoplasmic trafficking and plant R-mediated and
basal disease resistance. It remains to be seen whether
Nup96 and importin a3 have a specific function in the
investigated pathways, or whether an overall reduction
of protein import or RNA export lead to the observed
suppressor phenotypes.

In genetic screens using the model legume Lotus
japonicus, six loci have been defined that are required for
mycorrhizal colocalization and rhizobial root nodule de-
velopment. One of the nodule-deficient mutants was now
identified by map-based cloning and is a truncation of the
reading frame of a protein with similarity to the human
nucleoporin Nup133 (Kanamori et al., 2006). Interestingly,
this nucleoporin is located in the same nuclear pore sub-
complex as Nup96.

While it is astonishing that both a plant–pathogen
interaction and a nodulation mutant affect a nucleoporin,
it is even more astonishing that these mutations do not lead
to much more severe phenotypes. In the mammalian and
yeast nuclear pore, Nup133 and Nup96 and their yeast
equivalents are components of the conserved Nup107–160
complex (Walther et al., 2003b). Partial in vivo depletion of
Nup133 has been shown to lead to nuclei with a reduced
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number of nuclear pores, and complete depletion of the
Nup107–160 complex leads to nuclei entirely lacking pores
(Walther et al., 2003b). The molecular architecture of the
yeast equivalent yNup84 complex has been determined by
modelling of protein folds (Devos et al., 2004). The data
are consistent with it having a ‘scaffolding’ function
sandwiched between the membrane-associated Nups and
the FG-repeat Nups that line the pore channel (Devos et al.,
2006). Thus, combined current evidence suggests a struc-
tural role in nuclear pore assembly for the Nup107–160
complex. It might be enlightening to investigate the NPC
appearance and abundance in the putative Nup133 and
Nup96 mutants (e.g. by SEM or AFM studies of isolated
nuclei), and to design experiments targeting the degree of
specificity of the mutant phenotypes.

Nuclear import and export receptors

The NPC allows passive diffusion of molecules up to about
60 kDa, molecules over 50 kDa at a very slow rate. Most
proteins transported across the nuclear envelope contain
a nuclear localization signal (NLS). The NLS is recognized
by a nuclear import complex, enabling active transport to
the nucleus. Even the transport of small proteins that can
diffuse through the nuclear pore is increased by an NLS
(Gasiorowski and Dean, 2003). Proteins trafficking back
and forth between nucleus and cytoplasm often also contain
a nuclear export signal (NES). Animal and yeast NLS and
NES sequences are functional in plants (Smith et al., 1997;
Ward and Lasarowitz, 1999; Merkle, 2001). Likewise,
endogenous NLS and NES motifs have been identified on
a variety of plant proteins such as the movement protein
BR1 of the squash leaf curl virus, which contains one NES
and two NLSs (Ward and Lazarowitz, 1999). The NES on
AtRanBP1a is functionally indistinguishable from the NES
on the HIV-1 Rev protein (Haasen et al., 1999).

NLS sequences are recognized by the import receptor
importin a, a member of the karyopherin family. Several
importin a variants have been characterized in plants
(Smith et al., 1997; Jiang et al., 1998a, 2001; Shoji
et al., 1998; Hübner et al., 1999). Plant importin a appears
to be strongly associated with the NE (Hicks et al., 1996;
Smith et al., 1997). In contrast to animal systems where the
importin a-mediated import is dependent on importin b,
Arabidopsis importin At-IMPa is capable in vitro of
mediating nuclear import in the absence of importin b
(Hübner et al., 1999). The multiple isoforms of importin a
typically found in plants could play an important role in
plant signal transduction if specific importin a-substrate
interactions could be verified. While evidence of such
specificity is sparse, at least a few examples point in this
direction. Rice importin a1b selectively binds to a number
of plant NLSs and is differentially expressed in different
tissues and in response to light (Jiang et al., 2001). It is

involved in the nuclear import of constitutive photomor-
phogenic 1 (COP1), a repressor of photomorphogenesis
(Jiang et al., 2001). The above-mentioned mutant in an
Arabidopsis impa with specific effects on plant defence
also indicates a yet to be discovered functional specificity of
the plant adaptor importins.

Another member of the karyopherin family that plays an
important role in nuclear import is importin b. It facilitates
the interaction of the importin/cargo complex with FG
repeat components of the NPC (Bayliss et al., 2002). Plant
importin b homologues were isolated in rice by Jiang et al.
(1998b) and are involved in NE docking of NLS-containing
proteins and their subsequent nuclear localization. The
Arabidopsis genome encodes at least 17 predicted importin
b-like proteins (Bollman et al., 2003).

NES sequences interact with another member of the
karyopherin family, the nuclear export receptor CRM1/
exportin 1. An Arabidopsis homologue of exportin 1,
AtXPO1, has been identified and functionally characterized
(Haasen et al., 1999). Similar to the animal exportin 1, it is
inhibited by the antifungal antibiotic leptomycin B (Haasen
et al., 1999). The Arabidopsis homologue of exportin 5
(involved in double-stranded RNA export), HASTY, has
also been identified (Bollman et al., 2003). HASTY protein
is located at the nuclear periphery and interacts with the
Ran GTPase. Its loss causes a variety of developmental
phenotypes (Bollman et al., 2003). PAUSED, the Arabi-
dopsis homologue of exportin T (involved in tRNA export),
is able to rescue a tRNA export defective yeast mutant,
indicating conservation of its function in plants (Hunter
et al., 2003). Like HASTY, mutants of PAUSED have
pleiotropic effects in plant development (Hunter et al.,
2003; Li and Chen, 2003).

The Ran cycle

The small GTPase Ran (Ras related nuclear protein) is
required for nucleocytoplasmic transport. Ran exists in two
forms, Ran-GTP and Ran-GDP, which are transformed into
each other by the action of accessory proteins of the Ran
cycle. The low intrinsic GTPase activity of Ran is enhanced
by the cofactors Ran GTPase Activating Protein (RanGAP)
and Ran Binding Proteins (RanBPs) on the cytoplasmic
side of the NE, which leads to the transformation of
RanGTP to RanGDP outside the nucleus. In the nucleus,
the chromatin-bound Ran nucleotide exchange factor
RCC1 (regulator of chromosome condensation 1) converts
RanGDP to RanGTP. Thus, a RanGDP versus RanGTP
gradient over the NE is established by the spatial seques-
tering of the Ran accessory proteins, which is involved in
maintaining the directionality of nucleocytoplasmic trans-
port. The association of RanGTP with karyopherins inside
the nucleus causes import cargos to be released and export
cargos to be bound. By contrast, RanGTP hydrolysis in the
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cytoplasm triggers the release of Ran from the karyopherins
and thereby dissociates export cargo complexes (for more
specific reviews see Merkle, 2001; Gasiorowski and Dean,
2003). During the cell cycle, the Ran cycle plays a critical
role in the regulation of spindle and NE assembly (for
review see Quimby and Dasso, 2003). In addition, Ran is
implied in altering the conformation of NPCs (Goldberg
et al., 2000) and in NPC assembly (Walther et al., 2003a).

Most components of the Ran cycle have now been
identified in plants. Ran has been found in a variety of plant
species (Ach and Gruissem, 1994; Merkle et al., 1994;
Saalbach and Christov, 1994) and is encoded by a family of
three genes in Arabidopsis (Haizel et al., 1997). RanGAP
also has been identified (Meier, 2000) and can complement
a temperature-sensitive mutant of the yeast RanGAP
homologue rna1p (Pay et al., 2002). Arabidopsis RanGAP
is concentrated at the plant NE during interphase (Rose and
Meier, 2001; Pay et al., 2002), consistent with the NE
localization of its mammalian homologue, and is associated
with spindle and phragmoplast microtubules during mitosis
(Pay et al., 2002) and the cell plate during cytokinesis
(Jeong et al., 2005). These findings indicate a role for the
Ran cycle in plant cell division that might differ from the
roles reported for animal Ran (Jeong et al., 2005).

Plant RanGAP contains an N-terminal domain termed
WPP-domain, after a conserved tryptophan-proline-proline
motif that appears to be unique to plants (Meier, 2000; Rose
and Meier, 2001). Mutation of the conserved WPP motif
within this domain abolishes NE targeting (Rose andMeier,
2001) and cell-plate association (Jeong et al., 2005).
Vertebrate RanGAPs lack the WPP-domain, but possess
a C-terminal domain required for targeting mammalian
RanGAP to the nuclear pore. The small ubiquitin-like
modifier SUMO is attached to this domain, and the
SUMOylated C-terminus of mammalian RanGAP binds
to the nucleoporin RanBP2/Nup358 (Matunis et al., 1998).
This domain is not present on plant RanGAPs, and no
homologues of RanBP2/Nup358 appear to be encoded by
the Arabidopsis genome. Interestingly, human RanGAP1
does not localize to the NE in tobacco and Arabidopsis cells
and Arabidopsis RanGAP1 does not localize to the NE in
HeLa cells (Jeong et al., 2005). This suggests that plant and
mammalian RanGAP not only have different targeting
domains, but also utilize different binding partners for
retention at the NE.

Haizel et al. (1997) isolated genes encoding RanBPs
(AtRanBP1a and AtRanBP1b) from Arabidopsis. Kim and
Roux (2003) cloned RanBP1c and showed that suppression
of its expression resulted in altered root development and
hypersensitivity to auxin. They hypothesized that
AtRanBP1c, by maintaining the RanGDP/RanGTP cycle,
is involved in the control of proteins that regulate auxin
sensitivity. AtRanBP1c stabilizes the RanGTP conforma-
tion and is a co-activator of RanGAP. Localization studies
indicated that it is present in the cytoplasm and the nucleus,

suggesting a possible role for plant RanBP1 inside the
nucleus (Kim and Roux, 2003). More recently, over-
expression of wheat Ran in transgenic rice and Arabidopsis
has also been shown to alter sensitivity to auxin, as well as
meristem size and mitotic index (Wang et al., 2006). As for
the mutations in importin a and nucleoporins discussed
above, it remains to be shown whether these effects are
indeed ‘regulatory’, or rather indirect by affecting a general
aspect of nucleocytoplasmic transport that leads to a mod-
ulation of the abundance of one or more critical compo-
nents of the observed pathways.

Some components of the Ran cycle still await charac-
terization in plants. Recently, two functional homologues
of the Ran nuclear import factor NTF2 were identified in
Arabidopsis (Zhao et al., 2006). They appear structurally
and functionally highly similar to NTF2 from humans and
yeast. By contrast, the Ran-specific guanine nucleotide
exchange factor RCC1 appears to be significantly more
diverged and has escaped identification by sequence
similarity searches. Assuming functional conservation of
such a crucial component of the Ran cycle, a yeast
complementation screen might lead to the identification
of plant RCC1.

Outlook: theme and variations

Similarities as well as deviations are found in the compo-
sition and possibly function of the nuclear envelope and
nuclear pore in plants, compared with other eukaryotes.
One of the most striking differences is the apparent absence
of plant equivalents of any of the currently identified inner
nuclear envelope proteins. To ask for the relevance of this
finding means to ask for the function of the INM proteins in
metazoans. In the past few years, a striking number of
human diseases have been found to be associated with
mutations in INM and lamina components (Burke and
Stewart, 2002; Worman and Courvalin, 2004). The two
current models for this connection are (i) that the mutations
lead to an increase in ‘fragility’ of the nucleus, and (ii) that
they affect an aspect of gene expression ultimately leading
to the disease phenotype (Hetzer et al., 2005). Evidence for
the former model comes from studies comparing nuclear
envelope integrity between the wild type and the lamin
mutants associated with muscular dystrophy (Sullivan
et al., 1999) and from the finding that the nuclear lamina
has elasticity and compressibility compatible with features
of a ‘molecular shock absorber’ (Dahl et al., 2004). If
indeed the INM proteins are mainly involved in protecting
the nucleus from physical forces, for example, in muscle
tissue, it is quite conceivable that plants lack the entire
complement of proteins involved in this function.

However, equal or even stronger evidence exists for the
second model. It has been known for several years that
actively transcribed genes are rarely associated with the
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nuclear periphery, which is preferentially occupied by
gene-poor areas of chromatin (Taddei et al., 2004). Several
interactions between lamins, INM proteins and chromatin,
gene-regulatory and signalling proteins have been identi-
fied (reviewed by Zastrow et al., 2004). If INM proteins are
indeed involved in the spatial organization of chromatin
and gene expression, it is unlikely that plants entirely lack
an equivalent mechanism. In this case, it is postulated that
equivalents of the known INM proteins exist in plants, but
that they have diverged too far from their animal counter-
parts to be recognizable by the currently available compu-
tational methods. The NMCPs and FPPs discussed above
are, in this case, probably the most promising starting point
to identify plant proteins involved in chromatin–NE
interactions.

An area that is clearly under-investigated in plants is the
nuclear pore. While hampered in the past by a lack of
obvious sequence similarity of yeast and mammalian
nucleoporins with sequences in plant databases, proteomic
approaches should now allow for an unbiased investigation
of the Arabidopsis NPC. The recent identification of
nucleoporin mutations as the cause of specific phenotypes
will probably create more interest in this field in plants. It
will be crucial to investigate whether the identified proteins
indeed have a ‘regulatory’ role, or whether a general feature
of the nuclear pore has been disturbed that leads to shifts in
the abundance of components involved in the observed
pathways.

While the Ran cycle in plants appears to utilize the same
components as in animals, their physical tethering is not
conserved. Specifically, the association of RanGAP with
the nuclear envelope is established by different means in
plants and animals. This finding draws additional relevance
from the emerging picture that nuclear pore components
and nucleocytoplasmic trafficking factors play important
additional roles during mitosis (Fahrenkrog et al., 2004).
RanGAP in both kingdoms migrates between an interphase
and a mitotic location. While there is increasing molecular
evidence for the specific mitotic functions of the Ran cycle
in animal mitosis, the association of plant RanGAP with the
growing cell plate implies an additional, possibly plant-
specific function of the Ran cycle during cytokinesis.

If plant RanGAP uses a nuclear envelope protein as an
‘anchor’ for this migration, then the available data imply
that this anchor has evolved differently in plants and
animals. It is important to recall in this context that the
plantNE comprises anMTOC in higher plant cells, a striking
difference to the organization of microtubule nucleation in
other eukaryotic cells. The identity of the plant anchor of
RanGAP, and its functions both in mitotic RanGAP
trafficking and beyond RanGAP binding, might enlighten
us both about nucleocytoplasmic trafficking and about the
still enigmatic process of open mitosis in higher plants.

In summary, the investigation of the plant nuclear
envelope and nuclear pore appears by no means simply to

recapitulate findings from other systems. Even with the
limited knowledge currently at hand, there are already
a striking number of differences in organization and
function of the plant nuclear periphery. There is much to
do now to investigate all the aspects of plant nuclear
envelope biology that are currently so actively researched
in other model systems, such as the composition of the
inner nuclear envelope, its function in chromatin associa-
tion and gene regulation, the function of the Ran cycle in
mitosis and cytokinesis, and the role of the nuclear
envelope as a MTOC. These examples are probably only
the tip of an iceberg of highly rewarding investigation into
plants’ version of one of the most important landmarks
of a eukaryotic cell, its semi-permeable barrier between
chromatin and cytoplasm.
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