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Interest in the biology of mammalian septin proteins has
Undergone a birth in recent years. Originally identified as critical
for Yeast budding throughout the 1970s, the septin family is now
'écognized to extend from yeast to humans and is associated
With a variety of events ranging from cytokinesis to vesicle
trafficking. An emerging theme for septins is their presence at
Sites where active membrane or cytoplasmic partitioning is
°Ccurring. Here, we briefly review the mammalian septin protein
family and focus on a prototypic human and mouse septin,
termeq SEPTS5, that is expressed in the brain, heart, and
meQakaryocytes. Work from neurobiology laboratories has
linked SEPT5 to the exocytic complex of neurons, with
implications that SEPT5 regulates neurotransmitter release.
striking similarities exist between neurotransmitter release and
the platelet-release reaction, which is a critical step in platelet
Tesponse to vascular injury. Work from our laboratory has
Characterized the platelet phenotype from mice containing a
targeted deletion of SEPT5. Most strikingly, platelets from
SEPT5"" animals aggregate and release granular contents in
response to subthreshold levels of agonists. Thus, the charac-
terization of a SEPT5-deficient mouse has linked SEPTS5 to the
Platelet exocytic process and, as such, illustrates it as an
important protein for regulating platelet function. Recent data
Suggest that platelets contain a wide repertoire of different
Septin proteins and assemble to form macromolecuiar septin
Complexes. The mouse platelet provides an experimental frame-
Work to define septin function in hemostasis, with implications
for neurobiology and beyond. Exp Biol Med 229:1111-1119, 2004
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The Septins of Yeast

Septins are a family of cytoplasmic proteins originally
discovered in budding yeast (Saccharomyces cerevisiae) as
essential proteins of cytokinesis (1). The term septin was
chosen after it was observed that four related gene products
localize to the division plane in budding yeast and, if
mutated, block the budding process (Fig. 1). There was
speculation that septin proteins were actually yeast neck
filaments, which have been long recognized as necessary for
budding, because purified septins polymerize in vitro and
appear filamentous (2). However, the molecular mechanism
whereby septins contribute to the yeast-budding process has
remained elusive. Septins also play a major role in septation/
cytokinesis events in the fission yeast Schizosaccharomyces
pombe, although they are dispensable for cell viability. To
date, seven septins have been characterized in S. pombe
(four are found in the division plane and three participate in
the sporulation of meiotic cells; Ref. 3).

Recent studies suggest that yeast septins contribute to
the cytoskeletal architecture by creating diffusion barriers
within the dividing cytoplasm (2, 4-6). In addition to this
function, septins are related to many other important yeast
division processes such as bud-site selection, chitin deposi-
tion, and spindle orientation (7, 8). Thus, partitioning the
cytoplasm during the growth of the developing bud becomes
a controlled, and critical, process in the yeast life cycle.

Septin Genes in Higher Eukaryotic Cells

The presence of septins in higher eukaryotic cells was
dismissed for a number of years because asymmetric cell
division represents a process that is unique to yeast (9).
However, this changed in 1994 when Neufeld and Rubin
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Figure 1. Yeast budding. A septin ring forms near the cleavage
plane between budding mother and daughter yeast cells (arrow). The
formation of a septin ring signifies the commitment of the cell to
undergo asymmetric cell division with the cleavage plane identified
by the location of the septin ring. Uitimately, the septin ring separates
and remains after the completion of the division marking the
membrane region where cell division has occurred.

(10) identified a Drosophila protein, designated PNUT, that
was localized to the cleavage furrow in dividing cells and
displayed a sequence similar to yeast septins. Mutations in
pnut blocked cytokinesis and resulted in embryonic lethal-
ity. Gene databases have expanded since the character-
ization of pnut, and it is clear that a septin family, though
missing in plants, is found in most, if not all, animal cells
(9). Some investigators have speculated, on the basis of
similarities between mammalian septins and their yeast
counterparts, that these septins form a scaffolding matrix on
which other proteins assemble to perform unique jobs for
particular cell types (11).

In organisms with relatively complete genetic databases
(e.g., mice, humans), 12 septin genes have been identified
(12) and unifying nomenclature has been adopted (Table 1;
Ref. 13). An analysis of expressed sequence tags, along with
data from an increasing number of reports, shows a common
practice of alternative 5' mRNA processing in mammalian
septin genes (14-19). Thus, each single gene can express
multiple isoforms, a characteristic that expands the func-
tional diversity of septin proteins, although this possibility is
just beginning to be explored (18).

Our interest in septins was initiated by characterizing
the human locus containing the platelet receptor glycopro-
tein IbB gene (14). We identified an uncharacterized gene
residing 250 nucleotides 5" to the platelet glycoprotein Ibf
gene. This gene displayed a striking sequence similarity to
the Drosophila Pnut gene. We designated the gene cell
division control related-1 (CDCrel-1) in accordance with its
sequence similarity to yeast septins. We would later realize
that this nomenclature was less than perfect because we
observed the highest levels of CDCrel-1 mRNA in cells
(i.e., neurons, megakaryocytes) that were no longer under-
going active cytokinesis (20). Nevertheless, the identifica-
tion and chromosome localization of CDCrel-1
(chromosome 22q11.2) led to our identification of a second
human septin, CDCrel-2, which has a high degree of
sequence similarity to CDCrel-1 and resides on human

Table 1. Mammalian Septin Nomenclature®

Adopted septin nomenclature

Mouse (gene/protein)

Human (gene/protein)

Alternative names

Sept1/SEPT1
Sept2/SEPT2
Sept3/SEPT3_v1-2
Sept4/SEPT4_vi—6
Sept5/SEPTS
Sept6/SEPT6E
Sept7/SEPT7
Sepis/SEPTS
Septd/SEPTI_vi-5

Sept10/SEPT10
Sept11/SEPT11
Sept12/SEPT12

SEPT1/SEPTA
SEPT2/SEPT2
SEPT3/SEPT3_v1-3
SEPT4/SEPT4_vi-6
SEPT5/SEPTS
SEPT6/SEPT6_v1-6
SEPT7/SEPT7
SEPTS/SEPTS
SEPT9/SEPT9_vi-5

SEPT10/SEPT10_vi-2

SEPT11/SEPT11
SEPT12/SEPT12

Diff6, Pnuti3

Nedd5, mKIAA0158

Sep3, B530002E20Rik, SEP3, bK250D10.3

Bh5, PNUTL2, H5, ARTS, Bradeion, SEPT4, hcdcrer2

PNUTL1, CDCreF1, hederel-1

Sep6, 2810035H17Rik, SEP2, KIAA0128

Cdc10, E430034N22, Hcdc10

Sepl, mKIAA0202, SEP2, KIAA0202

Msf, MSF1, Sint1, PNUTL4, MSF1, SINT1, PNUTL4,
AF17¢25, KIAA0991

FLJ11619

FLJ10849

4933413b0SRik, FLJ25410

2 Adapted from Ref. 13. ARTS, apoptotic-related protein in the TGF-B signaling; CDCrel1, cell division control related-1.
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chromosome 17 (18). This characterization demonstrates
that human septin genes, like their yeast counterparts, are a
family of related gene sequences with differing tissue-
Specific expression patterns. A standardized nomenclature
for mammalian septin genes and proteins has recently been
adopted, with CDCrel-1 and CDCrel-2 now referred to as
SEPTS and SEPT4, respectively (13). Prior to the stand-
ardization of the nomenclature, alternative names for SEPT4
and SEPTS included H5, CDCrel-1, CDCrel-2, PNUTLI1,
P'NUTLZ, and apoptotic-related protein in the TGF-§
Signaling pathway (ARTS; Table 1).

Mammalian Septin Structure

The primary structure of most mammalian septins
Predicts an M, range of 40,000 to 60,000. The most striking
feature of the primary sequence is a central core domain
(:”300 amino acids) sharing a minimum of 35% sequence
Similarity to yeast septins (Fig. 2). Septins of a single
Species display a minimum of 75% sequence identity within
their central core domains (21). The sequence similarity
among central core domains is contrasted by the NH;
termini, which are unique to each septin and presumably
Contribute to the functional specificity of the protein. As
mentioned, alternative processing at the 5’ ends of septin
genes may also contribute to functional specificity with
translation of cell-specific NH, termini. The most common
€xample of this is the COOH-terminal domain, which
fjisplays features of a coiled-coil structure, suggesting some
Involvement in protein-protein interaction.

Most septins possess a P-loop motif, a characteristic of
GTP-/ATP-binding proteins, in their conserved central
domain (22). GTP binding and GTPase activity have been
demonstrated in vitro for some septins and, as such, the
septins represent a novel group of GTPases that are distinct
from the small ras-like GTPases or any of the other known
GTPase proteins (2, 11). In addition, some septins contain a
Conserved polybasic region that binds phosphatidylinositol
45 biphosphate [PtdIns(4,5)P;1 (23). The binding of
Ptdins(4,5)P, and GTP to septins is mutually exclusive,
Which implies that the binding of PtdIns(4,5)P, at a
membrane surface only occurs in the GDP-bound con-
formation, whereas the GTP-bound form is prevented from
lOcalizing to a plasma membrane (23). The presence of
guanine nucleotide and PidIns(4,5)P»-binding motifs pro-
vides septins with structural features that are capable of
regulating function.

Mammalian septins can be found in vivo as hetero-
oligomeric complexes assembled from different members of
the septin family, yet little is known about how these
filaments assemble or how their assembly is spatially and
temporally regulated. Septin heterotypic assembly has been
documented among different species where three to four
different septin polypeptides associate (10, 24, 25) and in
Vitro where heterotypic septin complexes polymerize into
filaments (2, 26). A recent report by Blaser ef al. (27) shows
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Conserved Core Domain ~300 aa

NH§ ~ — COOH

Lx,QVHRKSVKKGF Gx,GK[S/T] Dx,G
[polybasic sequence] [GDP/GTP exchange] [GTP hydrolysis]

Figure 2. Mammalian septin domain organization. Mammalian
septins range from 350 to 500 amino acids in length. Most septins
contain a conserved central core domain of ~300 residues. Within
the core conserved domain is a polybasic sequence proposed to
interact with phosphatidylinositol 4,5 biphosphate [PtdIns(4,5)P,] and
sequences comprising a P-loop motif characteristic of GTP-/ATP-
binding proteins. (Reprinted with permission from Ref. 39).

that human septin SEPT5 binds to septin SEPT8
(KIAA0202) with a remarkably high affinity. Our results
demonstrate that the heterotypic interaction between SEPT5
and SEPTS is a prerequisite for targeting both proteins to a
vesicle location in the cytosol (28). Indeed, SEPTS5
expression in the absence of SEPT8 results in SEPTS
having a diffuse localization throughout the cytoplasm of
transfected cells (Fig. 3). However, a concomitant expres-
sion of both SEPT5 and SEPTS causes a redistribution and
colocalization of both proteins to a vesicular location in the
cytoplasm (Fig. 3). Septin complexes immunoprecipitated
from mouse brain contain at least eight different septin
monomers, but the exact composition of a single complex
has yet to be defined (29). Thus, undersianding how the
formation of septin macromolecular complexes is tempo-
rally regulated during human septin assembly becomes an
important step in understanding septin function.

Based on sequence similarity, mammalian septins can
be classified into four groups (21) or, by phylogeny, into
four closely related subfamilies (Fig. 4; Refs. 12, 30). Data
suggest that septins from one group will interact preferen-
tially with members of a different group. Multiple reports
have shown that SEPT9 (Group 1), SEPT6 (Group 2),
SEPT2 (Group 3), and SEPT7 (Group 4) are co-immuno-
precipitated from NIH3T3 cell lysates (25) or HeLa cell
lysates (29, 31). Sheffield et al. (32) have further studied the
interaction between SEPT2, SEPT6, and SEPT7, and their
study reports that these three septins form a heterotrimer or,
if taken in pairs, heterodimers. In Drosophila, four septins
have been described: Pnut, Sepl, Sep2, and Sep5.
Drosophila Sep2 and Sep5 share sequence similarities with
members of the mammalian Group 2, Sepl shares
similarities with Group 3, and Pnut shares similarities with
Group 4 (21). Sepl, Sep2, and Pnut colocalize at the sites of
embryo cellularization. Future studies should be directed at
an understanding of how septin expression is regulated and
how the loss of expression of a single septin can be
compensated by the overexpression, or underexpression, of
a different septin (33). Perhaps septin loss in a specific cell
type can be counterbalanced by a different septin from the
same group. Indeed, additional studies are needed to
understand if this compensatory process occurs for all
septins or if it is unique to a few situations.



1114 MARTINEZ AND WARE

A SEFJ’rTSGFP
SEpTgXPress

" SEPT5CFP  SEPT8XPress

B.

SEPTS56FF  SEPT8XPress Merge

Transmission Merge

Figure 3. SEPT5 and SEPTS organized into macromolecular complexes around cytosolic vesicle-like organelles. (A) COS-7 cells were
transfected with SEPTS/pEGFP-N1 and/or SEPT8/pcDNA3.1-His cDNA. Transfection of a SEPT5 cDNA alone (a and b) revealed a diffuse
cytoplasmic location of SEPT5 protein as detected by a GFP tag. in these images, nuclei were stained with propidium iodide (red). Transfection
of a SEPT8 ¢DNA alone (¢ and d) revealed a similar diffuse cytoplasmic location as detected by the presence of a C-terminal Xpress epitope
and immunofluorescence produced by anti-Xpress antibodies (red). COS-7 cells were cotransfected with both SEPT5/pEGFP-N1 and SEPTS/
pcDNAS.1-His cDNA, nuclei were stained with propidium iodide, and SEPT5 was detected by green fluorescence (e and f). (B) COS-7 cells
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Mammalian Septin Function

The characterization of the Drosophila PNUT protein
Was followed shortly thereafter by the characterization of a
mouse septin, SEPT?2 (also referred to as Nedd5; Ref. 34).
SEPT2 is widely expressed and concentrates at the cleavage
furrow of dividing cells. Mutations or antibodies that
Prevent SEPT2 from binding GTP disrupts the fibrous
appearance of SEPT?2 and prevents cytokinesis, resulting in
the accumulation of polyploid cells.

Although the functional characterizations of PNUT and
SEPFZ reveal an interesting parallel to their yeast homologs,
It is becoming clear that septin function in mammalian cells
80es well beyond participation in cytokinesis (22, 35). As
Previously mentioned, the human septin SEPTS5 is the most
abundant in cells that are not undergoing cell division.
Several reports provide insights into the functions of SEPT4
and SEPT5 proteins. For example, Hsu et al. (36) purified
Protein(s) with the SEPT4 and/or SEPT5 sequences as part
of the brain sec6/sec8 complex, which is a critical complex
for neurotransmitter release. Whether the identity of the
Protein was SEPT4, SEPTS, or both, was impossible to
discern because the peptide sequence obtained from the
Purified protein was from the protein’s central core domain,
2 region where SEPT4 and SEPTS are almost identical.
Shonly thereafter, Caltagarone et al. (37) cofractionated
S_EPTS with SNAP25-labeled membranes and synaptophy-
Sin-marked synaptic vesicles from neurons. The link to
Neurotransmitter release became stronger when Beites ef al.
(38) demonstrated a direct interaction between SEPTS and
the protein syntaxin. Moreover, Beites et al. (38) suggest
that the interaction of SEPTS with syntaxins might inhibit
exocytosis in neurons and might be a regulatory step in the
control of neurotransmitter release (38).

Work from our laboratory characterized the platelet
Phenotype in a SEPT5™" animal (39). This work provided
Physiologic evidence linking SEPTS to the platelet exocytic
Process and suggested that SEPTS is a negative regulator of
the platelet-secretion response. Normal platelet function
Tequires the ability of platelets to secrete effector molecules
from storage granules (40). The physiologic relevance of
Platelet secretion is best exemplified in humans with
Congenital-release problems that result in a bleeding
Phenotype (41). Platelets contain three types of storage
granules: the unique o-granules, dense (or 8) granules, and
lysosomal granules. The coordinated release of storage-
granule components supports hemostasis, thrombosis, and
tissue repair at the site of vascular injury. Soluble adhesion
molecules, protease inhibitors, and growth factors are

1115
N-terminal Central Core Domain C-terminal
Group |
SEPT3 —{ TR NN
SEPTY ———
SEPT12 — T TR SO
Group I
SEPT6 — Y
SEPTS — N
SEPT11 — N,
SEPT10 —— Y 5 o ————
Group Il
SEPT1 —EE TP T
SEPT2 o ST A, SR TR o 11145 |
SEPT4 —
SEPTS — TR P
Group IV
SEPT7

!

Figure 4. Mammalian septin groups. Based on a ptimary sequence
similarity, the individual septins can be categorized into four different
groups. Evidence suggests that macromolecular septin complexes
are composed of a septin protein from each individual group (12, 21).

secreted by a-granules. Dense granules secrete small
molecule agonists such as ADP, calcium, and magnesium.
The role of SEPTS in this platelet secretion is based on (i)
the genetic and protein identity of platelet SEPTS5, (ii) the
demonstration of an interaction between SEPTS and
syntaxin 4, (iii) immunogold localization of SEPT5 to
membranous areas surrounding o-granules, and (iv) charac-
terization of the enhanced platelet-secretion response in the
platelets from SEPT5-deficient animals (39). The enhanced
platelet-secretory response was evident in the aggregation of
platelets using subthreshold levels of an agonist (e.g.,
fibrillar collagen; Fig. 5) that activate platelets, causing the
release of stored adhesive ligands and subsequent platelet
aggregation. An involvement of SEPTS in platelet secretion
parallels some of the molecular mechanisms that control
neurotransmitter release. In an unexpected finding, we
observed that the overexpression of SEPTS in mouse
platelets coincides with an increase in the size of platelet
a-granules, suggesting a related role for SEPTS in the
maintenance of normal o-granule morphology (42).

There is a growing appreciation for molecular sim-
ilarities between platelet secretion and the mechanisms that
control neurotransmitter release in neurons (40, 43, 44).
Platelet biologists are fortunate that the release of neuro-
transmitters is one of the most intensively studied aspects of
neurobiology (45, 46). From studies initiated on neurons, a
hallmark molecular mechanism among secretory cells was

-

Were cotransfected with both SEPTS/pEGFP-N1 and SEPT8/pcDNA3.1-His cDNA. SEPT5 and SEPTS were detected as previously described
and the images were merged to reveal colocalization. (C) COS-7 cells were cotransfected with both SEPTS/pEGFP-N1 and SEPTS8/pcDNAS.1-
His. SEPT5 was detected as previously described. Cells were observed by differential interference contrast microscopy and SEPT5
®pifiuorescence images were overlaid. Arrows indicate an example of colocalization between SEPT5/SEPT8 complexes and vesicle-like
Organelles. (D) Rat pheochromocytoma cells (PC12) were labeled with the anti-SEPTS monoclonal antibody LJ-33. The bound monoclonal was
detected with an Alexa Fluor 568 goat-anti-mouse polyclonal antibody. Bars = 20 um. (Reprinted with permission from Ref. 28).
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Figure 5. Hyperactivity of SEPT5™" platelets. Blood was drawn from
wild-type and SEPT5™ littermates generated from SEPT5+/- (x) and
SEPTS5+/~ (crosses). Stirred platelet-aggregation profiles using
insoluble fibrillar collagen (Type 1) or ADP at the indicated
concentrations are shown. Platelet aggregation is noted by an
increase in light transmittance. The results are representative of
aggregation experiments performed with mouse platelet-rich plasma
obtained from pooled blood that was isolated from littermates of the
same genotype. SEPT5™ platelets aggregate more than wild-type
platelets using subthreshold levels of agonists. (Reprinted with
permission from Ref. 39).

described: the soluble NSF attachment protein receptor
(SNARE) hypothesis. According to this hypothesis, SNARE
molecules form a vesicle-fusion apparatus that targets the
granule to the plasma membrane and facilitates vesicle
docking and fusion between the vesicle and target
membranes. Some proteins are associated with the vesicle
and are referred to as v-SNARE components. Proteins
associated with the target membrane are referred to as t-
SNARE components. Soluble cytoplasmic proteins presum-
ably modulate the process and are referred to as s-SNARE
components. A number of individual platelet proteins have
been identified in SNARE complexes (e.g., syntaxin 2,
syntaxin 4, SNAP-23, synaptobrevin, a platelet homolog of
the neuron Secl protein; Refs. 43, 47-50). Each of these
proteins has a role in neuron exocytosis as well, but there
are distinctive differences between neurotransmitter release
and platelet secretion (40). One major difference is the
triggering mechanism for secretion. For platelets, secretion
occurs after receptor activation or stimulation with a
chemical agonist. Neurons are triggered by membrane
depolarization and Ca®" influx. Also striking is the time of
release for platelets (2-5 secs) and neurons (within 200
psecs). Thus, the molecular basis of neurotransmitter and
platelet release shares common components (e.g., SEPTS,
syntaxins), but there must be distinctive features unique to
the specific cell type.

Platelets and Neuron Function

A wealth of literature exists associating variant platelet
phenotypes to differing forms of neuron dysfunction (51—
53). As previously discussed, there is a growing appreci-
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ation for the basic similarities and dissimilarities that exist
between neurotransmitter release and the platelet-release
reaction. Thus, as has been speculated for decades, the
platelet may be viewed as a circulating blood marker of
abnormal events occurring in the nervous system. As such,
platelet dysfunction does not directly contribute to neuronal
imbalance, but it is an easily assayed marker of events that
are also occurring during neurotransmitter release. The link
of SEPT5 to abnormalities in platelet function, and the
possibility that it links to an abnormal neural function, is
intriguing. Indeed, the SEPTS gene resides in a locus that is
recognized as containing genes associated with schizophre-
nia (i.e., 22q11.2; Ref. 54). Recent evidence has implicated
the relevance of SEPTS in the pathogenesis of schizophrenia
(55). In addition, gene profiling has revealed that levels of
SEPTS mRNA become undetectable in the cerebral cortex
following the treatment of mice with 3,4-methylenediox-
ymethamphetamine (i.e., Ecstasy; Ref. 56). Thus, the
potential exists to define the association between platelet
and abnormal-brain phenotypes at the molecular level. As
previously mentioned, the assembly of individual septins
into macromolecular complexes provides another level of
regulating in vivo septin function that may also contribute to
the reported results. Future studies should provide new
insights and directions for the clinical management of both
platelet and neuron dysfunction.

Mammalian Septin Function Beyond Platelets and
Neurons

As previously suggested, the role of septins is not
limited to cell division and cell secretion events. Septins
have been shown to be associated with different types of
cancer (16, 57, 58). In particular, four septins (i.e., SEPTS5,
SEPT6, SEPT9, SEPT11) have been identified as in-frame
fusions with the mixed lineage leukemia (MLL) proto-
oncogene in patients with acute myeloid leukemia (57, 59-
61). At first, these fusion proteins suggested a role of septins
and, in particular for SEPT9 (previously called MLL septin-
like fusion), in tumorigenesis. Montagna et al. (62) show
that SEPT9 is overexpressed in different mouse mammary
gland adenocarcinomas and in cell lines established from
human breast tumors. However, other studies (16, 63) show
that the SEPT9 gene, located on chromosome 17q25, maps
to a region commonly lost in ovarian and breast carcinomas,
which implies that it may act as a potential tumor repressor
and contradicts the Montagna et al. study. The tumor-
suppressor properties of SEPT9 also conflict with a recent
study that demonstrates that SEPT9 plays a decisive role in
cytokinesis through its association with microtubules (31).
Interestingly, SEPT9 levels are increased in brain tissue
from Down syndrome fetuses (64). Based on the pro-
tumorigenesis activity of SEPT9, the authors suggest that
SEPT9 levels may explain the fact that children with Down
syndrome have increased incidences of acute leukemia (64).
On the other hand, knowing whether SEPT9 acts as a tumor
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Tepressor could provide a better understanding of why
Patients with Down syndrome have lower incidences of
brain tumors, Future studies should focus on the role of
SEPT9, a topic that is complicated by the fact that SEPT9 is
filtematively spliced, which produces more than 15 different
1soforms (65).

. Septins have also been implicated in apoptosis. ARTS
IS an alternative transcript of the SEPT4 gene that relocates
' the nucleus on induction of apoptosis by TGF-B (66).
Studies have show that overexpression of ARTS increases
T(_}F‘B—induced apoptosis. Interestingly, and as it happens
With other apoptotic-regulating proteins such as Apaf-1 and
CED-4, the apoptotic function of ARTS is suppressed when
a4 mutation is introduced in its P-loop consensus sequence
(66). Recently, more insights about the apoptotic role of
ARTS have been provided by Gottfried et al. (67) and show
that ARTS interacts with an inhibitors of apoptosis protein
and induces a de-repression of caspases to promote
apoptosis, This work highlights the degree of specialization
that each alternative variant can display and raises several
Questions about the roles of the different domains of each
septin.

The protein encoded by a full-length SEPT4 mRNA has
been implicated in neurodegenerative diseases, detected in
Cytoplasmic inclusions and Lewy bodies, and associated
With a-synuclein, a protein that causes the development of
Parkinson’s disease when mutated (e.g., A53T, A30P; Refs.
68-70). Of the septins, only SEPT4 is found in Lewy
bodies, and its association with a-synuclein and o-
Synphilin-1 probably induces cell apoptosis by forming
toxic soluble complexes (68). Other reports show that
SEPT4 (and SEPTS) is a target of parkin, an E3 ubiquitin
Protein ligase (71, 72). The loss of parkin activity is the
cause of familial autosomal-recessive Parkinson’s disease.
Other neurodegenerative diseases have also been linked to
Septins, SEPTI, SEPT2, and SEPT4 are found in the
Deurofibrillary tangles and glial fibrils of Alzheimer’s
disease (73). Further studies are needed to clarify to what
eXxtent the accumulation of septins contributes to the
Pathology of Parkinsonism or Alzheimer’s disease.

Concluding Remarks

A plethora of different functions has been associated
With septin proteins since their first recognition in higher
Cukaryotes. A number of reports associate septins with
Cellular events where active membrane movement and
Cytoplasmic partitioning is occurring. Indeed, our work with
the SEPT5™" platelet established a direct link between
SEPTS and the platelet secretory response. For our studies,
We will use a platelet model of septin function to better
define the platelet-secretion process and other aspects of
megakaryocyte/platelet biology. Indeed, defining the role of
Platelet septins may also help in the understanding of
molecular interactions that are important in neuronal cells.
Similar, but not identical, roles of a given protein in
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different tissues may also illuminate why estimates on the
number of human genes consistently yields figures more
than 3-fold greater than the actual number found in the
genome.

As previously summarized, septins are also being
associated with a range of pathologic states from neuro-
degenerative diseases (e.g., synucleinopathies such as
Parkinsonism and Alzheimer’s disecase) and schizophrenia
to cancer. Given the impact and importance of these
diseases to public health, it will be of outstanding interest to
address the molecular mechanisms by which septins
participate in the development of these diseases. Individual
septin functions are being defined, but little is known about
the formation, regulation, and role of septin filaments.
Future studies on the biochemical properties of septin
filaments and their interactions with other proteins (e.g.,
SNARES, actin, o-synuclein) should provide the basic
science to appreciate the formation and function of macro-
molecular septin complexes.

1. Hartwell LH, Culotti J, Pringle JR, Reid BJ. Genetic control of the cell
division cycle in yeast. Science 183:46-51, 1974.

2. Frazier JA, Wong ML, Longtin MS, Pringle JR, Mann M, Mitchison
TJ, Field C. Polymerization of purified yeast septins: evidence that
organized filament arrays may not be required for septin function. J Cell
Biol 143:737-749, 1998.

3. Berlin A, Paoletti A, Chang F. Mid2p stabilizes septin rings during
cytokinesis in fission yeast. J Cell Biol 160:1083-1092, 2003.

4. Cooper JA, Kiehart DP. Septins may form a ubiquitous family of
cytoskeletal filaments. J Cell Biol 134:1345-1348, 1996.

5. Barral Y, Mermall V, Mooseker MS, Snyder M. Compartmentalization
of the cell cortex by septins is required for maintenance of cell polarity
in yeast. Mol Cell 5:841-851, 2000.

6. Takizawa PA, DeRisi JL, Wilhelm JE, Vale RD. Plasma membrane
compartmentalization in yeast by messenger RNA transport and a
septin diffusion barrier. Science 290:341-344, 2000.

7. Faty M, Fink M, Barral Y. Septins: a ring to part mother and daughter.
Curr Genet 41:123-131, 2002.

8. Longtine MS, Bi E. Regulation of septin organization and function in
yeast. Trends Cell Biol 13:403-409, 2003.

9. Chant J. Septin scaffolds and cleavage planes in Saccharomyces. Cell
84:187-190, 1996.

10. Neufeld TP, Rubin GM. The Drosophila peanut gene is required for
cytokinesis and encodes a protein similar to yeast putative bud neck
filament proteins. Cell 77:371-379, 1994,

1. Field CM, Kellogg D. Septins: cytoskeletal polymers or signalling
GTPases? Trends Cell Biol 9:387-394, 1999,

12. Kinoshita M. Assembly of mammalian septins. J Biochem (Tokyo)
134:491-496, 2003.

13. Macara IG, Baldarelli R, Field CM, Glotzer M, Hayashi Y, Hsu SC,
Kennedy MB, Kinoshita M, Longtine M, Low C, Maltais LJ,
McKenzie L, Mitchison TJ, Nishikawa T, Noda M, Petty EM, Peifer
M, Pringle IR, Robinson PJ, Roth D, Russell SE, Stuhlmann H, Tanaka
M, Tanaka T, Trimble WS, Ware J, Zeleznik L, Zieger B. Mammalian
septins nomenclature. Mol Biol Cell 13:4111-4113, 2002,

14. Zieger B, Hashimoto Y, Ware J. Alternative expression of platelet
glycoprotein b mRNA from an adjacent 5' gene with an imperfect
polyadenylation signal sequence. J Clin Invest 99:520-525, 1997.

15. Fung ET, Scheller RH. Identification of a novel alternatively spliced
septin. FEBS Lett 451:203-208, 1999.



1118

16.

17.

18.

19.

20.

21,

22,

23.

24.

25.

26.

27.

28.

29.

30.

3

—

32.

33.

34,

3s.

36.

Kalikin LM, Sims HL, Petty EM. Genomic and expression analyses of
alternatively spliced transcripts of the MLL septin-like fusion gene
(MSF ) that maps to a 17q25 region of loss in breast and ovarian tumors.
Genomics 63:165-172, 2000.

Toda S, Kajii Y, Sato M, Nishikawa T. Reciprocal expression of infant-
and adult-preferring transcripts of CDCrel-1 septin gene in the rat
neocortex. Biochem Biophys Res Commun 273:723-728, 2000.
Zieger B, Tran H, Hainmann 1, Wunderle D, Zgaga-Griesz A, Blaser S,
Ware J. Characterization and expression analysis of two human septin
genes, PNUTLI and PNUTLI. Gene 261:197-203, 2000.

Blaser 8, Jersch K, Hainmann I, Zieger W, Wunderle D, Busse A,
Zieger B. Isolation of new splice isoforms, characterization and
expression analysis of the human septin SEPT8 (KIAA0202). Gene
312:313-320, 2003.

Yagi M, Zieger B, Roth GJ, Ware J. Structure and expression of the
human septin gene HCDCREL-1. Gene 212:229-236, 1998.
Kartmann B, Roth D. Novel roles for mammalian septins: from vesicle
trafficking to oncogenesis. J Cell Sci 114:839-844, 2001.

Trimble WS. Septins: a highly conserved family of membrane-
associated GTPases with functions in cell division and beyond. J
Membr Biol 169:75-81, 1999.

Zhang J, Kong C, Xie H, McPherson PS, Grinstein S, Trimble WS.
Phosphatidylinositol polyphosphate binding to the mammalian septin
HS is modulated by GTP. Curr Biol 9:1458-1467, 1999.

Longtine MS, Fares H, Pringle JR. Role of the yeast Gindp protein
kinase in septin assembly and the relationship between septin assembly
and septin function. J Cell Biol 143:719-736, 1998.

Joberty G, Perlungher RR, Sheffield PJ, Kinoshita M, Noda M,
Haystead T, Macara IG. Borg proteins control septin organization and
are negatively regulated by Cdc42. Nat Cell Biol 3:861-866, 2001.
Field CM, al Awar O, Rosenblatt J, Wong ML, Alberts B, Mitchison
TJ. A purified Drosophila septin complex forms filaments and exhibits
GTPase activity. J Cell Biol 133:605-616, 1996.

Blaser S, Jersch K, Hainmann I, Wunderle D, Zgaga-Griesz A, Busse
A, Zieger B. Human septin-septin interaction: CDCrel-1 partners with
KIAA0202. FEBS Lett 519:169-172, 2002.

Martinez C, Sanjuan MA, Dent JA, Karlsson L, Ware J. Human septin-
septin interactions as a prerequisite for targeting septin complexes in
the cytosol. Biochem J 382:783-791, 2004,

Kinoshita M, Field CM, Coughlin ML, Straight AF, Mitchison TJ. Self-
and actin-templated assembly of mammalian septins. Dev Cell 3:791-
802, 2002.

Sui L, Zhang W, Liu Q, Chen T, Li N, Wan T, Yu M, Cao X. Cloning
and functional characterization of human septin 10, a novel member of
septin family cloned from dendritic cells. Biochem Biophys Res
Commun 304:393-398, 2003.

. Surka MC, Tsang CW, Trimble WS. The mammalian septin MSF

localizes with microtubules and is required for completion of
cytokinesis. Mol Biol Cell 13:3532-3545, 2002.

Sheffield PJ, Oliver CJ, Kremer BE, Sheng S, Shao Z, Macara IG.
Borg/septin interactions and the assembly of mammalian septin
heterodimers, trimers, and filaments. J Biol Chem 278:3483-3488,
2003.

Peng X-R, Jia Z, Ware J, Trimble WS. The septin CDCrel-1 is
dispensable for normal development and neurotransmitter release. Mol
Cell Biol 22:378-387, 2002.

Kinoshita M, Kumar S, Mizoguchi A, Ide C, Kinoshita A, Haraguchi T,
Hiraoka Y, Noda M. Nedd5, a mammalian septin, is a novel
cytoskeletal component interacting with actin-based structures. Genes
Dev 11:1535-1547, 1997.

Longtine MS, DeMarini DJ, Valencik ML, Al-Awar OS, Fares H, De
Virgilio C, Pringle JR. The septins: roles in cytokinesis and other
processes. Curr Opin Cell Biol 8:106-119, 1996.

Hsu SC, Hazuka CD, Roth R, Foletti DL, Heuser J, Scheller RH.
Subunit composition, protein interactions, and structures of the

3.

38.

39.

40.

41.

42,

43.

44.

45.

46,

47.

48.

49.

50.

51

52

53.

54.

55.

56.

57.

58.

MARTINEZ AND WARE

mammalian brain sec6/8 complex and septin filaments. Neuron
20:1111-1122, 1998.

Caltagarone J, Rhodes J, Honer WG, Bowser R, Localization of a novel
septin protein, hCDCrel-1, in neurons of human brain. Neuroreport
9:2907-2912, 1998.

Beites CL, Xie H, Bowser R, Trimble WS. The septin CDCrel-1 binds
syntaxin and inhibits exocytosis. Nat Neurosci 2:434-439, 1999.
Dent J, Kato K, Peng X-R, Martinez C, Cattaneo M, Poujol C, Nurden
P, Nurden AT, Trimble WS, Ware J. A prototypic platelet septin and its
participation in platelet secretion. Proc Natl Acad Sci U S A 99:3064—
3069, 2002.

Reed GL, Fitzgerald ML, Polgér J. Molecular mechanisms of platelet
exocytosis: insights into the "secrete" life of thrombocytes. Blood
96:3334-3342, 2000.

Rao AK. Congenital disorders of platelet function: disorders of signal
transduction and secretion. Am J Med Sci 316:69-76, 1998,

Kato K, Martinez C, Russell S, Nurden P, Nurden A, Fiering S, Ware J.
Genetic deletion of mouse platelet glycoprotein Ibf produces a
Bemard-Soulier phenotype with increased o-granule size. Blood
104:2339-2352, 2004.

Flaumenhaft R, Croce K, Chen E, Furie B, Furie BC. Proteins of the
exocytotic core complex mediate platelet alpha-granule secretion: roles
of vesicle-associated membrane protein, SNAP-23, and syntaxin 4. J
Biol Chem 274:2492-2501, 1999.

Flaumenhaft R. Molecular basis of platelet granule secretion.
Arterioscler Thromb Vasc Biol 23:1152-1160, 2003,

Sudhof TC. The synaptic vesicle cycle: a cascade of protein-protein
interactions. Nature 375:645-653, 1995.

Jahn R, Sudhof TC. Membrane fusion and exocytosis. Annu Rev
Biochem 68:863-911, 1999.

Chen D, Lemons PP, Schraw T, Whiteheart SW. Molecular
mechanisms of platelet exocytosis: role of SNAP-23 and syntaxin 2
and 4 in lysosome release. Blood 96:1782-1788, 2000.

Lemons PP, Chen D, Whiteheart SW. Molecular mechanisms of
platelet exocytosis: requirements for a-granule release. Biochem
Biophys Res Commun 267:875-880, 2000.

Reed GL, Houng AK, Fitzgerald ML. Human platelets contain SNARE
proteins and a Seclp homologue that interacts with syntaxin 4 and is
phosphorylated after thrombin activation: implications for platelet
secretion. Blood 93:2617-2626, 1999.

Lemons PP, Chen D, Bemstein AM, Bennett MK, Whiteheart SW.
Regulated secretion in platelets: identification of elements of the
platelet exocytosis machinery. Blood 90:1490-1500, 1997.

Pletscher A. Platelets as models for monoaminergic neurons. Essays
Neurochem Neuropharmacol 3:49-101, 1978.

Camacho A, Dimsdale JE. Platelets and psychiatry: lessons learned
from old and new studies. Psychosom Med 62:326-336, 2000.

Plein H, Berk M. The platelet as a peripheral marker in psychiatric
illness. Hum Psychopharmacol 16:229-236, 2001.

Murphy KC, Jones LA, Owen MJ. High rates of schizophrenia in adults
with velo-cardio-facial syndrome. Arch Gen Psychiatry 56:940-945,
1999.

Barr AM, Young CE, Sawada K, Trimble WS, Phillips AG, Honer
WG. Abnormalities of presynaptic protein CDCrel-1 in striatum of rats
reared in social isolation: relevance to neural connectivity in
schizophrenia. Eur J Neurosci 20:303-307, 2004.

Simantov R, Peng W. MDMA (Ecstasy) controls in concert a group of
genes involved in GABA neurotransmission. FEBS Lett 563:3-6, 2004.
Osaka M, Rowley JD, Zeleznik-Le NJ. MSF (MLL septin-like fusion),
a fusion partner gene of MLL, in a therapy-related acute myeloid
leukemia with a t(11;17)(q23:925). Proc Natl Acad Sci U S A 96:6428-
6433, 1999.

Sorensen AB, Lund AH, Ethelberg S, Copeland NG, Jenkins NA,
Pedersen FS. Sintl, a common integration site in SL3-3-induced T-cell



59,

60,

61,

62,

63

65,

66,

PROTOTYPIC PLATELET SEPTINS

lymphomas, harbors a putative proto-oncogene with homology to the
Septin gene family. J Virol 74:2161-2168, 2000.

Megonigal MD, Rappaport EF, Jones DH, Williams TM, Lovett BD,
Kelly KM, Lerou PH, Moulton T, Budarf ML, Felix CA.
‘(“;22)(q23;q11.2) in acute myeloid leukemia of infant twins fuses
MLL with hCDCrel, a cell division cycle gene in the genomic region of
deletion in DiGeorge and velocardiofacial syndromes. Proc Natl Acad
Sci U S A 95:6413-6418, 1998.

Borkhardt A, Teigler-Schlegel A, Fuchs U, Keller C, Konig M, Harbott
J, Haas OA. An ins(X;11)(q24;q23) fuses the MLL and the septin 6/
KIAA0128 gene in an infant with AML-M2. Genes Chromosomes
Cancer 32:32-88, 2001.

Kojima K, Sakai I, Hasegawa A, Niiya H, Azuma T, Matsuo Y, Fujii
N, Tanimoto M, Fujita S. FLJ10849, a septin family gene, fuses MLL
in a novel leukemia cell line CNLBCI derived from chronic
neutrophilic leukemia in transformation with t(4;11)(q21;923). Leuke-
mia 18:998-1005, 2004.

Montagna C, Lyu MS, Hunter K, Lukes L, Lowther W, Reppert T,
Hissong B, Weaver Z, Ried T. The septin 9 (MSF) gene is amplified
and overexpressed in mouse mammary gland adenocarcinomas and
human breast cancer cell lines. Cancer Res 63:2179-2187, 2003.

- Russell SEH, Mcllhatton MA, Burrows JF, Donaghy PG, Chanduloy S,

Petty EM, Kalikin LM, Church SW, Mcllroy S, Harkin DP, Keilty GW,
Cranston AN, Weissenbach J, Hickey I, Johnston PG. Isolation and
mapping of a human septin gene to a region on chromosome 17q,
commonly deleted in sporadic epithelial ovarian tumors. Cancer Res
60:4729-4734, 2000.

- Engidawork E, Gulesserian T, Fountoulakis M, Lubec G. Aberrant

Protein expression in cerebral cortex of fetus with Down syndrome.
Neuroscience 122:145-154, 2003,

Mcllhatton MA, Burrows JF, Donaghy PG, Chanduloy S, Johnston PG,
Russell SE. Genomic organization, complex splicing pattern and
expression of a human septin gene on chromosome 17q25.3. Oncogene
20:5930-5939, 2001.

Larisch S, Yi Y, Lotan R, Kemer H, Eimerl S, Parks WT, Gottfried Y,

67.

68.

69.

70.

71.

72.

73.

1119

Reffey SB, de Caestecker MP, Danielpour D, Book-Melamed N,
Timberg R, Duckett CS, Lechleider RJ, Steller H, Orly J, Kim S-J,
Roberts AB. A novel mitochondrial septin-like protein, ARTS,
mediates apoptosis dependent on its P-loop motif. Nat Cell Biol
2:915-921, 2000.

Gottfried Y, Rotem A, Lotan R, Steller H, Larisch S. The mitochondrial
ARTS protein promotes apoptosis through targeting XIAP. EMBO J
23:1627-1635, 2004.

Thara M, Tomimoto H, Kitayama H, Morioka Y, Akiguchi I, Shibasaki
H, Noda M, Kinoshita M. Association of the cytoskeletal GTP-binding
protein Sept4/H5 with cytoplasmic inclusions found in Parkinson’s
disease and other synucleinopathies. J Biol Chem 278:24095-24102,
2003.

Polymeropoulos MH, Lavedan C, Leroy E, Ide SE, Dehejia A, Dutra A,
Pike B, Root H, Rubenstein J, Boyer R, Stenroos ES, Chandrasekhar-
appa S, Athanassiadou A, Papapetropoulos T, Johnson WG, Lazzarini
AM, Duvoisin RC, Di Iorio G, Golbe LI, Nussbaum RL. Mutation in
the alpha-synuclein gene identified in families with Parkinson’s disease.
Science 276:2045-2047, 1997,

Kruger R, Kuhn W, Muller T, Woitalla D, Graeber M, Kosel S,
Przuntek H, Epplen JT, Schols L, Riess O. Ala30Pro mutation in the
gene encoding alpha-synuclein in Parkinson’s disease. Nat Genet
18:106-108, 1998,

Zhang Y, Gao J, Chung KK, Huang H, Dawson VL, Dawson TM.
Parkin functions as an E2-dependent ubiquitin-protein ligase and
promotes the degradation of the synaptic vesicle-associated protein,
CDCrel-1. Proc Natl Acad Sci U S A 97:13354-13359, 2000.

Choi P, Snyder H, Petrucelli L, Theisler C, Chong M, Zhang Y, Lim K,
Chung KK, Kehoe K, D’Adamio L, Lee ]M, Cochran E, Bowser R,
Dawson TM, Wolozin B. SEPT5_v2 is a parkin-binding protein. Brain
Res Mol Brain Res 117:179-189, 2003.

Kinoshita A, Kinoshita M, Akiyama H, Tomimoto H, Akiguchi I,
Kumar S, Noda M, Kimura J. Identification of septins in neurofibrillary
tangles in Alzheimer’s disease. Am J Pathol 153:1551-1560, 1998.



