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Summary
Septins are conserved GTP-binding proteins that associate
with cellular membranes and the actin and microtubule
cytoskeletons. They polymerize to form filamentous
structures that act as diffusion barriers between different
membrane domains and as molecular scaffolds for
membrane- and cytoskeleton-binding proteins. In yeast,
septins are central to the spatio-temporal coordination of
membrane polarity and cell division, but the roles of their
mammalian counterparts have remained poorly
understood. However, recent findings have shed light on the
dynamics and regulation of mammalian septin assembly
and our understanding of septin functions in cytoskeleton

In the beginning: septins in budding yeast
In Saccharomyces cerevisiae, septins, a conserved family of
GTP-binding proteins, are central to the spatio-temporal
coordination of membrane polarity and cell division.
Originally identified as the targets of a group of mutations that
cause cell cycle arrest and aberrant bud growth, septins are
recruited to the incipient site of bud growth, where they
polymerize to form a network of highly ordered filaments
(septin rings, also referred to as the septin collar in budded
cells) (Byers and Goetsch, 1976; Hartwell, 1971; Longtine et
al., 1996). Septin assembly is temporally linked to G1-specific
cell cycle signals and is regulated by the Ras-like Cdc42
signaling module (Cid et al., 2001; Gladfelter et al., 2002;
Longtine and Bi, 2003). At the mother-bud neck, the septin
collar persists throughout the yeast cell cycle, acting as a
spatial landmark for the proper localization of many proteins
required for polarized membrane growth, spindle positioning,
cytokinesis, cell wall synthesis, and the selection of a new site
of bud growth after cell division (Faty et al., 2002; Gladfelter
et al., 2001; Kusch et al., 2002).
In addition, septins ensure that progression through the cell
cycle is coupled to bud growth and chromosome inheritance.
The membrane-bound septin collar serves as a scaffold for
protein kinases that cause the gradual degradation of Swe1p, an
inhibitor of cyclin-dependent kinase 1 (Cdk1), which in turn
promotes entry into mitosis (Sakchaisri et al., 2004). Mitotic exit
is also linked to the assembly of the septin collar. Here, septins
function as a diffusion barrier restricting the mitotic exit activator
Lte1p to the growing bud (Castillon et al., 2003). This ensures
exit from mitosis only when the mitotic spindle has positioned
one of its poles in the bud, which is crucial for the inheritance
of an equal number of chromosomes by the two daughter cells.

and membrane organization. The mammalian septins
appear to form a novel network of hetero-polymers that are
multi-functional,
inter-changeable
and
respond
dynamically to signals that coordinate events at the
interface between cytoskeleton and membrane biology.
Hence, studies of these molecules might provide new
insights not only into how cells coordinate their functions,
but also into the pathogenesis of cancer and other diseases
in which septins are abnormally expressed.
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The molecular details of septin functions in higher
eukaryotes are poorly understood. Septins are essential for the
development of adult flies and worms (Adam et al., 2000;
Finger et al., 2003; Neufeld and Rubin, 1994; Nguyen et al.,
2000; White et al., 1982). In mice, deletion of septin genes
results in physiological abnormalities [unregulated platelet
secretion in Sept5-null mice (Dent et al., 2002)] and
morphogenetic defects [deformed and immotile spermatozoa
in Sept4-null mice (Ihara et al., 2005; Kissel et al., 2005)], and
in some instances embryonic development is fatally impaired
(Sept9-null mice; E. M. Fuechtbauer, Aarhus University,
Aarhus, Denmark, personal communication). In humans,
growing evidence has linked abnormalities in septin expression
to cancer and a variety of other diseases (reviewed by Hall and
Russell, 2004).
Thus, similar to their yeast homologs, mammalian septins
play key roles in promoting tissue biogenesis and maintenance.
Indeed, new reports link mammalian septins to signaling
pathways and mechanisms that regulate membrane and
cytoskeleton organization and function. Here, we review these
findings and discuss how septins might coordinate intracellular
organization in response to cell signaling. The assembly,
regulation and function of yeast septins are extensively
reviewed elsewhere (Longtine and Bi, 2003; Versele and
Thorner, 2005); here, we refer to recent studies in yeast as a
framework for considering the functions of mammalian
septins.
Assembly and regulation of septin polymers
The biological functions of septins stem from their intrinsic
ability to assemble into polymers that compartmentalize cell
membranes (diffusion barriers) and form scaffolds for
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Fig. 1. Mammalian septins localize to the plasma
membrane and with the actin and microtubule
cytoskeletons. (A,B) SEPT2 localizes to the cell
cortex, the microtubule spindle apparatus and the
midbody of mammalian cells (MDCKs) in mitosis.
(C) SEPT2 (red) localizes to membranes (green)
labeled with gpiYFP (glycosylphosphatidylinositol
linked to yellow fluorescence protein) in
interphase MDCK cells. The outlined area shows a
region of cell-cell contact in which SEPT2
elements are closely apposed to the plasma
membrane. (D) SEPT2 elements (green) colocalize
with the microtubule (blue; arrow heads) and actin
(red; arrows) cytoskeletons in interphase MDCK
cells. All images represent ~1 m optical sections
obtained by confocal microscopy. Bars, ~10 m.

interacting proteins at specific intracellular locations (Fig. 1).
Humans have thirteen septin genes (SEPT1-SEPT13), whose
RNAs contain multiple translation initiation sites and are
alternatively spliced to yield an even greater number of septin
proteins, some of which are tissue specific (Hall et al., 2005).
Analyses of their amino acid sequence similarity indicate that
mammalian septins contain highly conserved polybasic and
GTP-binding domains and allow them to be classified into four
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Fig. 2. (A) Septin structure. All mammalian septins consist of a
polybasic region and a GTP-binding domain of the P-loop
superfamily of GTPases. Their N- and C-terminal regions vary in
length and amino acid composition, and contain proline-rich (red)
and ␣-helical coiled-coil (green) domains. (B) Assembly and
classification of mammalian septins based on amino acid similarity
(Kartmann and Roth, 2001; Kinoshita, 2003; Hall et al., 2005).
Septins are classified into four groups: SEPT3 (SEPT3, SEPT9 and
SEPT12), SEPT2 (SEPT2, SEPT1, SEPT4 and SEPT5), SEPT7
(SEPT7 and SEPT13) and SEPT6 (SEPT6, SEPT8, SEPT10 and
SEPT11). Note that proteins of the SEPT7 group were recently
classified under the SEPT2 group (Hall et al., 2005). Proteins of the
SEPT3 group lack C-terminal coiled-coil domains, and the SEPT2
group contains a shorter coiled-coil region than SEPT6. Septins bind
one another through their coiled-coil domains to form heterooligomers and hetero-polymers (Sheffield et al., 2003). SEPT9
isoforms (SEPT3 group) associate with other septins through their Nterminal domain (Nagata et al., 2004).

groups (SEPT2, SEPT3, SEPT6 and SEPT7; Fig. 2A,B)
(Kartmann and Roth, 2001; Kinoshita, 2003). [Note that, with
the discovery of SEPT13, SEPT7 has been classified under
SEPT2 (Hall et al., 2005).] Whether mammalian septins
function as monomers is unclear, but some monomeric septins
are unstable in vivo and form insoluble aggregates in vitro
(Kinoshita et al., 2002; Sheffield et al., 2003). Recombinant
septins form stable heterodimers in vitro and the basic unit of
a septin polymer appears to be a heterotrimeric complex in
which three different homodimers associate in equimolar ratios
to form a hexamer of 2:2:2 stoichiometry (Joberty et al., 2001;
Kinoshita et al., 2002; Sheffield et al., 2003). Although little is
known about the exact composition of septin complexes in
vivo, SEPT7 is thought to be a unique and perhaps
irreplaceable subunit that binds proteins of the SEPT2 (SEPT1,
SEPT4, SEPT5) and SEPT6 (SEPT8, SEPT10, SEPT11)
groups, which differ in the length of their C-terminal coiledcoil regions, these being conserved domains that mediate most
septin interactions (Kinoshita, 2003; Versele and Thorner,
2005). SEPT9 isoforms of the SEPT3 group, which lack a Cterminal coiled-coil domain, might associate with SEPT7
heterodimers through their variable N-terminal sequences, as
demonstrated for SEPT9_v3␣ (also known as SEPT9b) in the
assembly of a SEPT7–SEPT11–SEPT9_v3␣ complex (Nagata
et al., 2004).
Real-time dynamics of septin assembly into oligomeric
complexes and highly ordered polymers have been probed only
recently. Septin rings in unbudded (G1) yeast cells dynamically
exchange their subunits with an unassembled pool of proteins
(Caviston et al., 2003; Dobbelaere et al., 2003). In later stages
(G2/M) of the yeast cell cycle, when septins serve as diffusion
barriers for the compartmentalization of the cell membrane,
septin rings become more stable and little exchange of septin
proteins is observed (Caviston et al., 2003; Dobbelaere et al.,
2003). This change is genetically linked to protein kinases and
phosphatases, which indicates that the phosphorylation state of
septins might regulate their polymerization into highly ordered
structures (Dobbelaere et al., 2003). In mammalian cells,
SEPT2-containing filaments and rings are also highly dynamic
structures that exhibit rapid exchange of cytoplasmic SEPT2
molecules in and out of their respective polymers (Schmidt
and Nichols, 2004b) (E.T.S. and W.J.N., unpublished
observations). Hence, septin polymers appear to be in a dynamic
equilibrium with unbound oligomers and, importantly, this
dynamic exchange is sensitive to cell-cycle-specific transitions.
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In budding yeast, septin polymer dynamics and
assembly/disassembly are regulated by post-translational
modifications and effectors of Cdc42 (reviewed by Longtine
and Bi, 2003; Versele and Thorner, 2005). Septins contain a
highly conserved GTP-binding domain that is distantly related
to that of the Ras/EF-Tu family of small GTPases, but their
intrinsic GTPase activity is not thought to play a regulatory role
in the assembly of septin hetero-oligomers beyond the initial
folding and dimerization of septin monomers (Mitchison and
Field, 2002; Sheffield et al., 2003). Mammalian septin
polymers have little or no GTPase activity in vitro and the same
is observed for their yeast counterparts in vivo (Kinoshita et
al., 2002; Sheffield et al., 2003; Vrabioiu et al., 2004).
Although GTPase activity is dispensable for the assembly of
the yeast septin collar, GTP binding is required for the
establishment of highly ordered polymers (Versele and
Thorner,
2004).
In
fact,
regulation
of
septin
assembly/disassembly depends on protein partners that might
induce conformational changes by direct binding, GTP loading
or covalent addition/removal of phosphate and small ubiquitinlike modifier (SUMO) residues (see below).
Macara and coworkers have demonstrated direct binding of
mammalian septin complexes (SEPT2-SEPT6-SEPT7) to a
downstream effector of Cdc42 called Borg3, which contains a
Cdc42/Rac-interaction binding (CRIB) motif (Joberty et al.,
2001). Overexpression of Borg3 disrupts assembly of septins
into fibrillar structures, and the effect is ameliorated by
expression of a constitutively active mutant of Cdc42, which
inhibits the Borg3-septin interaction (Joberty et al., 2001). New
studies also link Rho signaling to the regulation of septin
assembly. Expression of constitutively active Rho disrupts the
filamentous organization of SEPT9_v3␣ (SEPT9b) and Ito et
al. have identified Rhotekin as the downstream effector that
controls its assembly into filaments that colocalize with actin
stress fibers (Ito et al., 2005). Moreover, Rhotekin accompanies
SEPT9_v3␣ during its assembly and disassembly on actin
stress fibers in response to activation of G-protein-coupled
receptors and Rho signaling (Ito et al., 2005). In contrast to
Rhotekin, which does not bind directly to SEPT9_v3␣, a
septin-associated RhoGEF (SA-RhoGEF) has now been shown
to be a direct SEPT9_v3␣-binding partner whose
overexpression leads to disruption of SEPT9_v3␣ polymers
(Nagata and Inagaki, 2005).
How effectors of Cdc42 and Rho regulate mammalian septin
polymerization is currently unknown. In budding yeast,
phosphorylation and sumoylation of septins as a direct
consequence of binding to upstream effectors might cause
conformational changes that alter the dynamics of septin
polymerization. Phosphorylation of the yeast septin Cdc10p is
observed upon its binding to Cla4p, an ortholog of mammalian
p21-activated protein kinases (PAKs) that contains a CRIB
domain and is a downstream effector of Cdc42 (Versele and
Thorner, 2004). Similarly, two-hybrid interactions have been
found between Drosophila septins and the ubiquitin-activating
(E1) and -conjugating (E2) enzymes Dmuba2 and Dmubc9,
which catalyze the conjugation of the SUMO1-like protein
Smt3 (Shih et al., 2002). Notably, yeast septins are abundantly
sumoylated in G2/M-arrested cells, and the ubiquitin-protein
ligase (E3) Siz1p is required for septin sumoylation both in
vivo and in vitro (Johnson and Blobel, 1999; Johnson and
Gupta, 2001). To date, sumoylation of mammalian septins has

not been reported. Recent studies have shown that mammalian
septins (e.g. SEPT2 and SEPT3) contain multiple
phosphorylation sites and are phosphorylated by Ser/Thr
kinases such as protein kinase C (PKC) and cGMP-dependent
protein kinase I (PKG-I) in post-mitotic neurons (She et al.,
2004; Xue et al., 2004a; Xue et al., 2004b; Xue et al., 2000)
and by Aurora-B kinase in mitotic cells (e.g. SEPT1) (Qi et al.,
2005). Thus, sumoylation and phosphorylation of septins
might act as conformational switches that alter their
polymerization and thereby functions.
Septins in cytoskeleton organization and function
In marked contrast to yeast septins, which polymerize mainly
at cortical sites of the mother-bud neck, mammalian septins
localize not only to the plasma membrane but also throughout
the cytoplasm with the microtubule and actin cytoskeletons
(Fig. 1). Recent studies suggest that mammalian septins
function in cytoskeleton organization by acting as scaffolds for
cytoskeleton-binding proteins. Hence, mammalian septins
appear to have conserved the scaffolding function of their yeast
counterparts while adapting it to a range of molecular
mechanisms distal to the plasma membrane.
Two reports have independently implicated mammalian
septins in microtubule-dependent functions by showing
colocalization and copurification of ␣-tubulin with isoforms of
SEPT9 in interphase and mitotic cells (Nagata et al., 2003;
Surka et al., 2002). Recent work has extended these studies to
SEPT6 and SEPT2; the latter forms a novel network of fibrillar
structures at the mitotic midplane of epithelial cells (Spiliotis
et al., 2005). Unexpectedly, SEPT2 is required for proper
localization of centromere-associated protein E (CENP-E), a
mitotic checkpoint and microtubule motor protein required for
stable kinetochore attachment to the depolymerizing ends of
spindle microtubules. In SEPT2-depleted cells, chromosomes
not only fail to align properly but do not segregate, owing to a
lack of spindle elongation during anaphase (Spiliotis et al.,
2005). Because CENP-E does not account entirely for the
range of microtubule-based defects seen after SEPT2
depletion, septin polymers might also act as scaffolds for other
microtubule motors and/or microtubule-associated proteins.
Recombinant SEPT2-SEPT6-SEPT7 binds directly to
microtubule-associated protein 4 (MAP4). This inhibits
binding to and bundling of microtubules by MAP4 in vitro
(Kremer et al., 2005). Furthermore, septin depletion results in
marked stabilization of microtubules and mitotic defects in
vivo (Kremer et al., 2005). Note that MAP4 and CENP-E are
phosphorylated by kinases of the MARK/Par-1 and ERK
families, respectively (Drewes et al., 1998; Zecevic et al.,
1998). Hence, similar to yeast septins, which scaffold kinases
for the regulation of Swe1p, mammalian septins might act as
scaffolds for kinases that regulate binding of MAPs and motors
to the microtubule cytoskeleton in interphase and mitotic cells.
In various cell types, actin stress fibers colocalize with
fibrillar septin polymers and both networks are structurally
interdependent; actin depolymerization results in loss of septin
fibers, and septin depletion in turn leads to loss of actin bundles
(Kinoshita et al., 2002). The functional interdependence of
septins and actin has been difficult to dissect. Kinoshita et al.
found that reconstitution of filamentous septin assembly
requires F-actin bundles and anillin, an actin-bundling protein
that links septins to actin (Kinoshita et al., 2002). Because
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anillin is mainly sequestered to the nucleus during interphase,
Rhotekin and/or SA-RhoGEF could be involved in septin
assembly on actin bundles (Ito et al., 2005), but the exact
mechanism is unknown. Conversely, binding of SEPT9_v3␣ to
SA-RhoGEF, an activator of Rho, inhibits Rho activation,
which implicates septins in feedback regulation of actin
assembly (Nagata and Inagaki, 2005). Indeed, excessive actin
protrusions are observed upon overexpression of SEPT9_v4, a
SEPT9 isoform that exhibits altered expression in breast and
ovarian cancer (Chacko et al., 2005).
Cytoplasmic pools of particular septin isoforms (e.g.
SEPT2; see Fig. 1D) often colocalize with actin filaments and
microtubules, and Drosophila septins purified by F-actin
affinity column chromatography rebind microtubules in vitro
(Sisson et al., 2000). The involvement of septins in both
microtubule and actin cytoskeleton organization and function
raises the question of whether they participate in the cross-talk
between these two cytoskeleton systems. In light of recent
evidence showing that polarization of migrating cells requires
actin flow and microtubule capture at the leading edge (Gomes
et al., 2005), both of which are mediated by two distinct
branches of the Cdc42 signaling pathway (Cau and Hall, 2005;
Gomes et al., 2005), septins might coordinate the two
cytoskeletons through their interaction with effectors of
Cdc42/Rho signaling pathways. The finding that expression of
GTP-binding mutants of SEPT9_v4 results in loss of
directional cell migration and cytoskeletal polarization in
wound-healing assays is consistent with this possibility
(Chacko et al., 2005).
Septins in membrane organization and vesicle
targeting
Yeast and mammalian septins associate with biological
membranes through a highly conserved polybasic region at the
N-terminus of the GTP-binding domain (Fig. 2A). Through
this region, recombinant yeast septins associate preferentially
with phosphatidylinositol (4)-phosphate [PtdIns(4)P] and
phosphatidylinositol (5)-phosphate [PtdIns(5)P], whereas
recombinant SEPT4 specifically binds phosphatidylinositol
(4,5)-bisphosphate [PtdIns(4,5)P2] and phosphatidylinositol
(3,4,5)-trisphosphate [PtdIns(3,4,5)P3] (Casamayor and
Snyder, 2003; Zhang et al., 1999). In yeast cells that exhibit
defective PtdIns(4)P synthesis, septins fail to assemble
properly at the mother-bud neck (Casamayor and Snyder,
2003). In mammalian cells, sequestration of PtdIns(4,5)P2 and
reduction of its overall level at the membrane leads to the loss
of SEPT4 filaments (Zhang et al., 1999), and lipid-based
signaling events and PtdIns(4,5)P2-mediated regulation of the
actin cytoskeleton might indirectly influence septin
polymerization. Alternatively, septins might bind membranes
through adaptor proteins such as anillin, which contains an
inositol-binding pleckstrin-homology (PH) domain. [Note that,
in Drosophila, anillin mutations disrupt septin localization,
resulting in the collapse of newly formed plasma membranes
during cellularization (Field et al., 2005).]
Association of septins with phospholipids is crucial to the
formation and maintenance of membrane domains. Barral and
colleagues demonstrated that septins compartmentalize yeast
cell membranes (e.g. the plasma membrane and endoplasmic
reticulum membrane) during interphase and mitosis (Barral et
al., 2000; Dobbelaere and Barral, 2004; Luedeke et al., 2005).

7

In interphase cells, during isotropic bud growth, disruption of
the septin collar results in passive diffusion of bud-restricted
membrane proteins into the mother cell (Barral et al., 2000).
In the bud cortex, actin patches, presumed to be sites of
endocytosis, become unstable, which indicates that there are
also changes in membrane organization (Barral et al., 2000).
In wild-type cells, the septin collar splits into two rings,
demarcating a distinct membrane compartment at the plane of
cytokinesis during cell division. Therein, septins act as
diffusion barriers for the concentration of cortical factors that
mediate actomyosin contraction, and membrane growth and
abscission at the mother-bud neck (Dobbelaere and Barral,
2004).
Lateral diffusion measurements suggest that the plasma
membrane might be similarly compartmentalized during
mammalian cytokinesis. In contrast to proteins bound to the
outer-leaflet membrane, which freely diffuse in the cortical
continuum of a dividing cell, transmembrane and inner-leafletbound proteins do not diffuse across the plane of cytokinesis
(Schmidt and Nichols, 2004a). On the cytoplasmic side of the
cleavage furrow, septins and/or other proteins might therefore
corral the plasma membrane, blocking diffusional exchange of
membrane proteins. Remarkably, transmembrane and innerleaflet-bound proteins are also excluded from the centre of the
midbody, where septins are particularly enriched (Schmidt and
Nichols, 2004a). These observations raise the possibility either
that mammalian septins are bona fide components of the
plasma membrane skeleton that contribute to the formation of
distinct membrane domains, or that their function is coupled
to other aspects of membrane organization such as vesicle
targeting and fusion.
These two possibilities might not be mutually exclusive. For
example, in spermatozoa from male Sept4-knockout mice, both
cortical organization and intraflagellar transport are disrupted
(Ihara et al., 2005; Kissel et al., 2005). Here, the distribution
of kinesin motor proteins is significantly altered, which is
reminiscent of the role of septins in the proper localization of
MAP4 and CENP-E described above. Interestingly, the
presence of MAP4 on microtubules could affect organelle
transport independently of its role in microtubule stabilization
(Bulinski et al., 1997). Moreover, the presence of SEPT4 on
both synaptic vesicles and presynaptic plasma membranes
suggests that the function of septins in membrane organization
might be reinforced by their involvement in vesicle transport
and fusion (Caltagarone et al., 1998).
Among the few interactions reported for mammalian septins
is their physical association with components of the machinery
for vesicle docking and fusion. Septins copurify and coimmunoprecipitate with the mammalian exocyst complex and
soluble N-ethylmaleimide-sensitive fusion (NSF) protein
attachment protein (SNARE) receptors, which mediate vesicle
docking and fusion, respectively (Beites et al., 1999; Hsu et al.,
1998; Vega and Hsu, 2003). Recent evidence suggests that
SNARE complexes associate with SEPT5, which competes for
binding with the NSF protein and its attachment receptor
(SNAP); the latter are known to mediate dissociation of
SNARE complexes following membrane fusion (Beites et al.,
2005). Hence, septins might regulate the availability of
SNAREs for membrane fusion. This would be consistent with
data showing inhibition of exocytosis upon overexpression of
SEPT5 in insulin-secreting cells and upregulated release of
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serotonin in platelets from Sept5-knockout mice
(Beites et al., 1999; Dent et al., 2002). It is unclear
how this specialized SEPT5 role can be reconciled
with the ability of septins to bind the exocyst
complex, delineate distinct membrane domains and
form large cytoplasmic polymers. However,
localization of septins to the midbody, a putative
region of focused exocytic activity during abscission
(Joo et al., 2005), adds weight to the idea that septins
perform all of these functions to coordinate
membrane targeting and fusion during abscission.
This degree of multi-functionality may indeed be
achievable within a dynamic network of septin
hetero-oligomers and hetero-polymers.
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Septin polymers coordinate intracellular
organization and functions
Septins are clearly essential for the spatio-temporal
Membrane domains
Vesicle transport and fusion
coordination of many crucial events in cell division.
Yeast septins demarcate membrane domains for the
Fig. 3. Septins at the interface between cell signaling, and membrane and
spatial coordination of cytokinesis and this function
cytoskeleton biology. Mammalian septins assemble into hetero-polymers under
is integrated with the molecular machinery that
the influence of the Rho and Cdc42 signaling modules. Phosphorylation of
confers temporal control of cell division. Similarly,
mammalian septins by protein kinases in neurons suggests that postmammalian septins, in addition to their putative role
translational modifications (e.g. phosphorylation and sumoylation) might
in membrane organization during cytokinesis, form
further modulate the dynamics of their assembly. Hence, septins can
scaffolds for microtubule motor and mitotic
dynamically rearrange under the guidance of signaling pathways to support
checkpoint proteins, which couple microtubulevarious intracellular functions, including organization and function of the actin
chromosome interactions with entry into anaphase.
and microtubule (MT) cytoskeletons, formation and maintenance of plasma
membrane domains, and vesicle transport and fusion.
The role of septins in cell division provides a
paradigm for how these proteins might coordinate
intracellular membrane traffic and the cytoskeleton
responsiveness – assembly of septin hetero-oligomers is
during interphase in mammalian cells. As noted above, septins
dynamic and highly responsive to signaling modules.
associate with both actin and microtubule cytoskeletons, and
regulate the localization of cytoskeleton-binding and motor
In the future: septins in mammalian cells and human
proteins, and bind target membranes and intracellular vesicles.
disease
Hence, septins might spatially influence the directionality of
Clearly, more work is required if we are to understand the
vesicle movement and/or catalyze membrane fission and
functions of all mammalian septins and their concerted
fusion. This might be significant in polarized epithelia and
operation as a network of polymers that coordinate many
neurons, in which vesicles must be targeted to specific
intracellular processes. This will not be trivial because different
domains. In this context, abnormalities in septin expression are
septin isoforms are expressed in different cell types (e.g.
common in neurological diseases and carcinomas (Hall and
neurons, epithelia, immune cells) and some septins might be
Russell, 2004), in which loss of cell polarity, increased cell
present in both the cytoplasm and the nucleus (Hall et al.,
motility and defects in cell division are central to tumor
2005). Although mammalian septins seem largely to have
progression and metastasis.
conserved the functions of their yeast counterparts, we have
If septins indeed coordinate many aspects of intracellular
made several assumptions. For example, there is still no formal
organization, how do they achieve such a multi-faceted task?
evidence for rapid changes in mammalian septin dynamics in
Mammalian septins represent a cytoplasmic network of
response to signaling modules. Furthermore, the
polymers that dynamically rearranges under the guidance of
conformational transitions and morphogenetic properties of
signaling modules (e.g. Cdc42 and Rho) to support various
mammalian septins are largely unknown. Dissecting septin
intracellular functions (Fig. 3). In recent years, it has become
properties and functions remains a challenging task.
evident that, in contrast to polymeric GTP-binding proteins
Identification of septin-binding partners has been slow, owing
(e.g. tubulin) and monomeric GTPases (e.g. Rabs), septins are
to insolubility issues and perturbed affinities; biochemical
novel GTPases that combine both structural and regulatory
approaches either disrupt or fail to recapitulate affinities
properties. Thereby, septins form a unique network of
between native septin complexes and their binding partners.
polymers characterized by three principles: (1) multiInterpretation of results from overexpression, gene ablation
functionality – septin scaffolds and diffusion barriers serve a
and silencing approaches has been hindered by pleiotropic
variety of roles that regulate membrane and cytoskeleton
phenotypes as a result of the diverse functions of septins, which
functions; (2) inter-changeability – different septin proteins
are often hard to interpret. Imaging septin interactions in situ
(>13) bind one another in a combinatorial fashion to form
and probing their dynamics of assembly in real time using
hetero-oligomers, which in turn assemble into polymeric
fluorescence-based approaches [e.g. fluorescence resonance
structures of various size and composition; and (3) dynamic
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energy transfer (FRET) and fluorescence recovery after
photobleaching (FRAP)] could be helpful to identify new
septin interactions and at the same time aiding our
understanding of their morphogenetic properties. The
development of chemical inhibitors that specifically interfere
with septin assembly might overcome some of these
limitations. For example, forchlorfenuron, a synthetic plant
cytokinin, was recently found to disrupt yeast septin
organization in a specific and reversible manner; however, this
drug has yet to be tested in mammalian cells (Iwase et al.,
2004). In future studies, the challenge is to understand how
septins coordinate intracellular organization through an
intricate network of hetero-oligomers and hetero-polymers.
With the rise of computational biology and in silico modeling,
we can begin to model the septin network and test some
complex hypotheses in virtual reality. Finally, understanding
how septins are linked to the pathogenesis of cancer and other
diseases in which they are abnormally expressed remains the
final frontier.
We apologize to our colleagues for having to omit, owing to space
limitations, many references that detail the studies reported in this
commentary. We thank E.-M. Fuechtbauer, I. G. Macara, P. A. Hall
and J. Thorner for sharing unpublished observations and manuscripts,
and all our colleagues at the 1st International Septin Workshop for
stimulating discussions. Work in the Nelson laboratory is supported
by National Institutes of Health grant GM35527 to W.J.N. E.T.S. was
supported by a postdoctoral fellowship from the Jane Coffin Childs
Memorial Fund for Medical Research.
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