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An expression sequence tag identified in a screen for
enes upregulated by retinoic acid induced neuronal
ifferentiation of the human teratocarcinoma cell line
tera2/D1 was found in close genomic proximity to a

egion of high sequence homology to the septin sub-
amily of GTPase genes. We could show that the tag
orresponds to the 3* untranslated region of this novel
ene named septin 3 and cloned three isoforms A (2191
p), B (4378 bp), and C (1896 bp) from human
tera2/D1 cDNA. We present the genomic localization
nd organization on chromosome 22q13.2, a chromo-
omal hot spot for translocations implicated in leuke-
ia. Interestingly, MSF the closest paralog of septin 3

s a fusion partner in a therapy-related acute myeloid
eukemia. Quantitative PCR confirmed the upregula-
ion of the putative septin by neuronal differentiation
nd northern blotting showed only one band corre-
ponding to sep3B with a neurospecific expression
attern in adult human tissues. © 2001 Academic Press

Key Words: Ntera2cl.D/1 (NT2) cells; neuronal differ-
ntiation; septin; leukemia.

Neurons and glia derive from pluripotent precursor
ells and differentiate in response to environmental
nd intrinsic factors. This process can be studied in
itro by retinoic acid (RA) induced differentiation of the
uman teratocarcinoma cell line NTera-2/D1 (NT2).
T2 cells remain as undifferentiated mitotic precursor

ells, when maintained under defined tissue culture
onditions. Upon exposure to RA and the use of differ-
ntial adhesion matrices and mitotic inhibitors, the
ells develop the morphological and cytoskeletal char-
cteristics of postmitotic central nervous system (CNS)
eurons (1). This seems to model the in vivo situation,
s high concentrations of RA have been detected in the
mbryonic CNS and the developing spinal cord (2–4).
A binding proteins and its receptors are present in
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eurogenesis (5–8).
A screen for genes regulated by RA-induced differ-

ntiation of NT2 cells generated I-U#19, an expressed
equence tag (EST) with no homology to known genes
9). The progress of the human genome project as-
igned this EST to human chromosome 22q13.2 in
lose genomic proximity to a region of high sequence
omology to the septin subfamily of GTPase genes.
his putative gene shares strong similarity to the
ouse neuronal-specific septin 3 (10) and rat brain-

pecific G-septin (11). The septins are a family of 40–50
Da GTPases that were first identified in Saccharomy-
es cerevesiae as proteins required for the completion of
he cell cycle (12). These proteins share several char-
cteristics, e.g., a P-loop nucleotide-binding consensus
equence for GTP binding near the N terminus (13),
nd most are predicted to have a coiled-coil domain at
he C terminus. Mutations of yeast septins lead to the
isruption of a characteristic set of filaments associ-
ted with the plasma membrane and result in cell cycle
rrest and defective cytokinesis (14). Yeast septins
orm hetero-oligomeric filaments that contribute to bud
ite selection and neck stability (reviewed in (15)). Sep-
in proteins from Drosophila also assemble into hetero-
ligomeric filaments (16) and are required for cytoki-
esis (17). The mammalian septin NEDD5 localizes
ear the contractile ring during cytokinesis in HeLa
ells, and microinjection of anti-NEDD5 antibodies
nto dividing cells results in binucleated cells, suggest-
ng that NEDD5 plays an essential role during cytoki-
esis (18). New roles for neuronal septins are emerging

n synaptic transmission neurons (19). Other septin
enes known in mammalian tissues are mouse DIFF6
20), mouse PNUTL2/H5 (21), human CDC10 (22), hu-

an CDCrel-1/PNUTL1 (23, 24), human SEP2-like
25), human SEPTIN 6 (26), human MSF/mouse
INT1 (27, 28).
In this study, we used the sequence information from

-U#19 to clone a novel human septin with high homol-
gy to mouse neuronal-specific septin 3 and rat



G-septin from cDNA derived from RA-induced NT2
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ells. We could determine its genomic location and
tructure, and show that this gene is upregulated by
A-induced neuronal differentiation of NT2 cells, and

hat its expression is neurospecific in adult human
issues.

ATERIALS AND METHODS

Cell culture. NT2 cells were cultured and differentiated as pre-
iously described (9, 29). Briefly, cells were maintained in OptiMEM
Life Technologies) supplemented with 5% fetal calf serum (FCS,
inaris), 500 IU/ml penicillin and 500 mg/ml streptomycin (P/S). For
ggregation, cells were dislodged by trypsinization and 106 cells/ml
lated into 140-mm bacteriological grade petri dishes in 50 ml
MEM-HG (high glucose) with 10% FCS and P/S. After overnight

ncubation at 37°C in a 5% CO2 incubator the aggregates were
reated with 1 mM all trans-RA. Medium and culture dish were
eplaced every three days. After 21 days of RA treatment, the aggre-
ates were plated onto tissue culture grade petri dishes or coverslips,
recoated with 10 mg/ml poly-D-lysine (Sigma) and 10 mg/ml mouse
aminin (Sigma) in DMEM-HG with 10% FCS and P/S supplemented
ith 10 mg/ml cytosin-D-arabinofuranosid (Sigma) und 1 mg/ml uri-
ine (Sigma) for 7 days. Medium was replaced once after 4 days.
ells were harvested after an additional day without cytosin-D-
rabinofuranosid and used for RNA preparation and further charac-
erization by immunocytochemistry.

Immunocytochemistry. We performed immunocytochemistry on
ifferentiated and undifferentiated NT2 cultures using a monoclonal
abbit anti-human neurofilament H (NF-H) IgG antibody (Serotec,
:1000), a monoclonal rabbit anti-human glial fibrillary acidic pro-
ein (GFAP) IgG antibody (Boehringer, 1:500) and a monoclonal
ouse anti-human highly phosphorylated NF-M IgG antibody

Zymed, 1:200). Secondary antibodies were a polyclonal alkaline
hosphatase (AP)-conjugated goat anti-mouse IgG (Sigma, 1:7000)
nd a polyclonal AP-conjugated goat anti-rabbit IgG (Promega,
:7000). The cultures were plated on coverslips and fixed with a
olution containing 4% formaldehyde, 7% acetic acid, and 7% glycerol
n H2O for 1 h and washed twice for 10 min with 0.05% Triton 100 in
hosphate buffered saline. The coverslips were then incubated with
he primary antibodies followed by AP-conjugated secondary anti-
odies and the AP-substrates 133 mg/ml 5-bromo-4-chloro-3-
ndolylphosphat and 266 mg/ml nitrobluetetrazolium. The reaction
as stopped with 25 mM Tris–HCl pH 8.0 and 10 mM EDTA pH 8.0.
fter drying the coverslips were mounted in glycerol.

mRNA isolation and cDNA synthesis. Approximately 2 3 108

ifferentiated and undifferentiated cells were used for total RNA
xtraction using the TRIzol reagent (GibcoBRL) and poly-(A)1 RNA
urified with two rounds of DynaBeads (Dynal). Approximately 1 mg
oly-(A)1 RNA was reverse transcribed with MMLV reverse tran-
criptase (Promega) and oligo-(dT)15 primers.

Isolation of transcript sequences and analysis of genomic se-
uences. The sequence information derived from I-U#19 (9) was
sed to assemble all publicly available EST sequences into a virtual
ranscript (http://www.ncbi.nlm.nih.gov/BLAST/thcblast.html). This
equence THC365960 was compared to the genomic subset of Gen-
ank by Advanced Blast 2.0 (http://www.ncbi.nlm.nih.gov/cgi-bin/
LAST/) (30) and identified a human DNA sequence from clone
TA-250D10 on chromosome 22 (Accession No. z99716) downstream

rom a gene similar to mouse neuronal-specific septin 3. PCR primer
1 (59-AAGAGCGTGTTGACCAGCGTTGAT-39) was constructed

rom the genomic sequence corresponding to the 59 end of the trans-
ated sequence and used with the vector-specific primer m13 forward
59-GCTATTACGCCAGCTGGCGAAAGGGGGATGTG-39) to amplify
he missing 59 end from a human GeneFinder cDNA pool containing
00832 clones from caudate nucleus, thymus, pericardium, pituitary
49
he German Resource Center (http://www.rzpd.de). Conditions were
4°C 10 s, 57°C 30 s, and elongation at 72°C 90 s for 40 cycles. An
liquot of the PCR reaction was cloned into the pCR2.1-TOPO vector
Invitrogen) and transformed into DH5a competent cells. Ninety-six
lones were dot-blotted onto a nylon membrane (Porablot, Machery
nd Nagel) and hybridized to the end-labeled oligonucleotide F2
59-AGAGTGGACTGGGCAAATC-39) located immediately upstream
rom R1 to identify specific products. The blot was washed under
igh stringency conditions and exposed to a phosphoimaging system
Fujix) for 30 min. Four hybridizing clones containing inserts be-
ween 238 and 260 bp were sequenced by the dideoxy chain termi-
ation method using an Applied Biosystems automated DNA se-
uencer. PCR primer F1 (59-CGGGACAAAGGAGGATTC-39) was
onstructed from the 59 end of the longest insert and used with R3
59-TCACCGTAAGATTGGCTGGGACTG-39) from I-U#19 to amplify
he presumed gene by PCR from cDNA derived from differentiated
T2-cells. Conditions were 94°C 10 s, 57°C 30 s, and elongation at
2°C 4 min for 10 cycles and 94°C 10 s, 57°C 30 s, and 72°C 4 min
110 s per cycle) for additional 25 cycles. An aliquot was run on a 2%
garose gel (SeaKerm LE Agarose, FMC BioProducts), alkaline blot-
ed onto a nylon membrane (Porablot, Machery & Nagel) and hybrid-
zed to the end-labeled oligonucleotide R2 (59-GTGGGGCAGTGG-
AGTCAACATT-39) from I-U#19 to identify specific amplification
roducts. The blot was washed under high stringency conditions and
xposed to a phosphoimaging system (Fujix) for 30 min. Hybridizing
ands were excized, cloned into the pCR2.1-TOPO vector (Invitro-
en) and sequenced. Exonic sequences were determined by aligning
he cDNA with the genomic sequences. Exon/Intron boundaries were
efined according to the consensus sequences given by Horowitz and
rainer (31).

Phylogenetic analysis. Amino acid sequences of all available
ammalian septins were aligned with CLUSTALW 1.81 (32) using

he protein weight matrix BLOSUM 30 with a gap open penalty of 10
nd a gap extension penalty of 0.1. This parameters allow a slow, but
ccurate alignment. In cases where the human ortholog was not yet
dentified, the murine counterpart was used. Sequences used were
uman peanut-like protein 1 (Accession No. Q99719; alternative
ame; CDCREL-1), human peanut-like protein 2 (Accession No.
43236; alternative name, brain protein H5), human CDC10 protein
omolog (Accession No. Q16181), human MLL septin-like fusion
rotein MSF-A (Accession No. AAF23374), human septin 2-like cell
ivision control protein (Accession No. AAF67469), mouse DIFF6
Accession No. P42209), mouse neural precursor cell expressed, de-
elopmentally down-regulated gene 5 (NEDD5, Accession No.
P_035021 and mouse septin6 (Accession No. BAA82838). A phylo-
enetic tree was inferred from the multiple sequence alignment by
alculating maximum likelihood distances with Puzzle 5.0 (33)
http://www.tree-puzzle.de). The distances were corrected by the JTT
ubstitution frequency matrix (34) with the amino acid usage and
he shape parameter estimated from the data and the site-to-site
ate variation modeled on a gamma distribution with eight rate
ategories plus invariant sites. Quartet puzzling trees were con-
tructed using the described settings and 1000 puzzling steps to
btain support values for each internal branch.

Quantitative (RT)-PCR. Quantitative RT-PCR using the F3 (59-
TCCTACCCCCAACCCCCTTCC-39) and the R3 primer was per-

ormed on cDNA from differentiated and undifferentiated NT2-cells
o confirm the induction of I-U#19 by retinoic acid. The cDNA was
ormalized for glyceraldehyde 3-phosphate dehydrogenase (gapdh)
xpression by PCR using forward primer (59-ACCACAGTCCAT-
CCATCAC-39) and reverse primer (59-TCCACCACCCTGTTGC-
GTA-39). In order to roughly determine the exponential phase of
mplification, aliquots of the PCR-reaction were removed after 15,
0, 25, 30, 35, and 40 cycles and checked on ethidium bromide
tained agarose gels. PCR reactions were performed with either
apdh- or I-U#19-specific primer pairs alone or together in a multi-
lex reaction for both templates. All results were reproduced three
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imes. Aliquots were removed every other round of amplification
tarting at the previously estimated cycle number of the start of
inear amplification. Aliquots were run on a 2% agarose gel (SeaKem
E Agarose, FMC BioProducts) and alkaline blotted onto a nylon
embrane (Porablot, Machery & Nagel). A gapdh-specific oligonu-

leotide (59-GGATGACCTTGCCCACAGC-39) and R2 were end-
abeled and hybridized with the membranes overnight at 42°C. Spe-
ific activity was .107 cpm/pmol oligonucleotide. Membranes were
ashed under high-stringency conditions and exposed to a phospho-

maging system (Fujix) for various exposure times.
Autoradiographies were analysed using Tina Version 2.10 h (Ray-

est). A density profile (not shown) was created for each lane in the
utoradiography (e.g., Fig. 5A). The baseline was estimated and
ubtracted from all values. The area under the curve for each band
as determined and plotted on a semi-logarithmic scale against the

ycle number for each reaction (Figs. 5B and 5C). All values were
resumed to be valid when compared curves were parallel at a given
ycle number, indicating both reactions still being in the exponential
hase of amplification. Valid data were normalized to corresponding
apdh optical density. The mean, standard deviation and standard
rror of ratios of normalized optical density of amplification products
rom differentiated compared to undifferentiated templates was cal-
ulated and Student’s ratio paired t-test performed to determine the
ignificance.

Northern analysis. A human multiple tissue Northern blot was
urchased from Clontech laboratories. A specific I-U#19 probe was
enerated by linear PCR in the presence of a-32P dATP (50 mCi)
sing the R2 primer and 25 ng I-U#19 template. Cycle parameters
ere 94°C 2 min, 57°C 2 min and 72°C 5 min for 30 cycles. Specific
ctivity was .107 cpm/mg DNA. The blots were hybridized overnight
n UltraHyb (Ambion) solution at 42°C and washed twice in 23 SSC
nd 0.1% sodium dodecyl sulfate (SDS) at 42°C for 10 min, and twice
n 0.13 SSC and 0.1% SDS at 42°C for 15 min. Autoradiography was
erformed using a phosphoimaging system (Fujix) for 4 h.

FIG. 2. Structural characteristics of mammalian septin 3 homol
-SEPTIN A. Identical residues are shaded in black, similar residues
inding motif for SH3 domain-containing proteins indicated by asteri
he consensus sequence motifs for GTP binding at amino acids 55–63
transcripts. The open reading frame is shown by an open box and s

osition of a highly repetitive tar-1-element, which seems to be tran
eading frame. (C) Approximate position of primers and probes. The a
nd reverse primers R1–3) is shown in relation to sep 3A.

FIG. 1. Retinoic acid induced morphological and cytoskeletal chan
ate neuronal marker neurofilament H. Scale bar represents 100 mm.
B) Induced cells possess a conical cell body with long and thin interco
re stained by antibodies against neurofilament H. (C) Aggregates o
xons protruding directly from the aggregates all heavily stained by
50
ESULTS AND DISCUSSION

nduction of NT2 Cells

NT2 cells were induced by a method combining cell
ggregation and induction by retinoic acid (29). Our
nduced NT2 cultures consist of the cell aggregates and
ostmitotic CNS-like neurons as judged by their mor-
hology and the expression of late neuronal markers
ike phosphorylated neurofilaments M and H (Fig. 1).
n antibody against glial fibrillary acidic protein did
ot stain the induced NT2 cultures suggesting the ab-
ence or at least underrepresentation of glial-like cells
not shown). The importance of cell aggregation in ini-
iating neuronal differentiation has been reported in
ther cell types, such as embryonic stem cells and P19
ells (35, 36). We therefore did not separate the aggre-
ates from migrated neuronal cells, assuming that
ells with altered expression would probably also re-
ide in these cell aggregates and used the cells to
repare mRNA and cDNA.

loning of Human Septin 3

The progress of the human genome project assigned
-U#19, a cDNA found by a screen for RA-induced genes,
o a human DNA sequence from clone CTA-250D10 on
hromosome 22 (GenBank Accession No. z99716) in the
resumed 39 untranslated region of a gene similar to

. (A) Alignement of human SEP3A, B, and C, mouse SEP3 and rat
rey. Possible translational start sites are numbered and a conserved

. The GTPase domain (amino acids 55–324) is marked by arrows and
2–115, and 194–197 by lines. (B) Structure of variant human septin

uences corresponding to expressed sequence tags are indicated. The
ed in mouse sep3 is shown in relationship with the presumed open

roximate position of primers and probes used (forward primers F1–3

of NT2 cells. Bright-field photomicrographs of cells stained with the
) Uninduced NT2 cells show no visible staining for neurofilament H.
cted extensions. The cell bodies and most extensions of induced cells
duced cells at day 8 after replating show migrated cell clusters and
tibodies against neurofilament H.
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ouse neuronal-specific septin 3 (10) and rat brain-
pecific G-septin (11). The gene was named human septin

(sep3) in accordance with the HUGO Nomenclature
ommittee (www.gene.ucl.ac.uk/nomenclature). The pre-
umed translated 59 region of sep3 was identified by
omology to the putative murine orthologs and the se-
uence information used to amplify the missing 59 end
rom a human GeneFinder cDNA pool. The presumed full
ength sequence information was then used to amplify
hree specific PCR products of 1896 bp (sep 3C, GenBank
ccession No. AF285108), 2191 bp (sep 3A, AF285107),
nd 4378 bp (sep 3B, AF285109) containing I-U#19 from
DNA derived from differentiated NT2 cells.

rediction of Protein Structure and Function

The first 217 bp are identical in all three isoforms
nd include an start-ATG not preceded by a stop codon
nd six in frame ATGs within the first 210 bp. Only
TG #7 (Fig. 2A) resides in an appropriate context for

ranslation initiation (37), but the sequence from ATG
2 downstream is conserved in man, mouse and rat,
uggesting that the cloned sequence corresponds to the
ull length sequence. The 13 amino acids found up-
tream of ATG#2 in the rat homolog and in SEP3 do
ot show any homology to other septins, therefore we

FIG. 3. Phylogenetic analysis of mammalian septins. Amino ac
hylogenetic tree inferred by calculating maximum likelihood dista
ammalian sequences were available. All branch points were suppo

rotein 1 (hPNL1, alternative name: CDCREL-1), human peanut-like
rotein homolog, human MLL septin-like fusion protein (hMSF-A), h
IFF6, mouse neural precursor cell expressed, developmentally dow
52
hose the conserved ATG #2 as start methionine. The
pen reading frame downstream from ATG #2 has 1037
ases (sep 3A), 1013 bases (sep 3B), and 212 bases (sep
C) encoding polypeptides of 345, 337, and 71 amino
cids, respectively. Sep 3A and Sep 3B differ in their
-terminal part and Sep 3C shares only the first 54
mino acids with the other isoforms (Fig. 2B). A data
ase search revealed that SEP3 is the probable human
rtholog of rat G-SEPTIN and mouse neuronal-specific
EP3 with almost 100% sequence identity and that it
hares similarities with other yeast, mammalian, and
rosophila septins. Like other septins, SEP3A and
EP3B contain a set of consensus sequence motifs for
TP binding at amino acids 55–63, 112–115, and 194–
97 (Fig. 2A). These regions are highly conserved in the
eptin family of proteins, but are not found in other
TPase subfamilies (38) and are absent from SEP3C,
hich makes SEP3C an atypical member of this family
r possibly a splicing artefact (see below). In contrast to
ost other mammalian septins, SEP3 does not contain
predicted coiled-coil domain at the C terminus.

EP3A and B contain two predicted phosphorylation
ites for PKG (39) Thr42 and Ser78 as described for
-septin (11) and a conserved binding motif for SH3
omain-containing proteins. The mouse SEP3 contains

sequences of all available mammalian septins were aligned and a
s with Puzzle 5.0. The human ortholog was chosen where several
d with a 100% reliability. Sequences used were human peanut-like
otein 2 (hPNL2, alternative name: brain protein H5), human CDC10
an septin 2-like cell division control protein (hSEP2-LIKE), mouse
egulated gene 5 (mNEDD5) and mouse septin6.
id
nce
rte
pr
um
n-r
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highly hydrophobic domain at its C terminus distinct
rom other septins, which stems from the translation of

repetitive sequence also present, but not translated
n human sep3B. In contrast to the mouse isoform this
equence is terminated in sep3B by a stop codon after
3 amino acids making the mouse protein unique
mong the three known mammalian SEP3 orthologs.
he amino acid sequence of SEP3A and B was aligned
ith all known mammalian septins and an unrooted
hylogenetic tree inferred from this alignment to elu-
idate their evolutionary relationship (Fig. 3). This
nalysis indicated that the nine mammalian septins
all into four groups comprising (i) hMSF-A and
SEP3; (ii) hSEP2-like and mSEPTIN6; (iii) hPNL1,
PNL2, mDIFF6, mNEDD5; and (iv) hCDC10-
omolog. Human MSF (MLL septin-like fusion) is the
ost related septin with 71% amino acid identity. MSF
as identified as a fusion partner of the MLL gene in a

herapy-related acute myeloid leukemia (27). MLL is
ocated on chromosome 11q23 and is frequently rear-
anged by chromosome translocations in de novo leu-

FIG. 4. Chromosomal organization of septin 3. Genes are indicat
actor 2; NAGA, a-N-acetylgalactosaminidase) and exons by boxes. Th
he consensus expressed sequence tag THC365960. The location of I-U
ep3B and sep3C are shown on the right side and the size of the pr
53
emias and in therapy-related leukemias. Of the 19
artner genes identified to date another septin, human
eanut-like protein 1 (alternative name CDCrel-1),
as found to be fused to MLL in infant twins suffering

rom leukemia (40).

etermination of Genomic Localization and
Organization of Septin 3 on Chromosome 22q13.2

The genomic clone Z99716 harboring human sep3
aps to chromosome 22q13.2. The gene for sep3 is situ-

ted between the genes for sterol regulatory element
inding transcription factor 2 towards the centromer and
-N-acetylgalactosaminidase towards the telomer of the
hromosome. Interestingly, 125 chromosomal abbera-
ions involving chromosome 22q13 and acute or chronic
eukemias have been described to date (http://
gap.nci.nih.gov/Chromosomes/Mitelman) (41), making
he investigation of a possible involvement of SEP3 in
hese cases worthwhile. Sequence comparison of sep3A-C
ith z99716 identified twelve exons ranging from 25 to

y arrows (SREBF2, sterol regulatory element binding transcription
pen box corresponds to presumed transcribed sequence derived from
9 is shown. The splicing events leading to the three isoforms sep3A,

med exons is indicated.
ed b
e o
#1

esu
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187 bp (Fig. 4). All intron junction sequences contained
he highly conserved splice donor GT and splice acceptor
G dinucleotides (42). Sep3A and B differ only in the
plicing of exon 11. The omission of exon 11 in sep3A
eads to translation of 21 different C-terminal amino ac-
ds from exon 12. Exon 11 contains coding sequence for
hirteen alternative amino acids in SEP3B, a tar1 repet-
tive element and part of the 59 untranslated region.
ep3C differs substantially from the other two isoforms.
xons three and four are spliced out, which leads to a

rame shift in exon five and a stop after 84 amino acids.

FIG. 5. Expression analysis of sep 3. (A) Quantitative PCR of se
ontaining either sep3 primers, gapdh primers as controls or both (m
liquots of each reaction were removed at the indicated cycle nu
nd-labeled oligonucleotides specific for sep3 and gapdh, washed un
ystem. Expected sizes of PCR products are indicated. (B) Control (g
density profile was created for each lane in Fig. 2A. The optical dens

nd plotted on a semi-logarithmic scale against the cycle number of ea
ine, cDNA from uninduced NT2 cells (U); circle and dashed line,
xpression in human tissues. A human multiple tissue northern was
ashed under high stringency conditions.
54
se of a cryptic splice donor site 59-AAG_GTTGTG-39 in
xon 6b, where the underlined sequence does not comply
ith the consensus sequence (42) and a different splice
cceptor site in exon 7b leads to smaller exons without
oding information. Exon 11 is spliced out in sep3C as in
ep3A.

eptin 3 Is Specific for Neuronal Tissues

Sep3 was found by quantitative PCR to be upregu-
ated two-fold (Figs. 5A and 5B) in cDNA from induced

n cDNA from induced and uninduced NT2 cells. Quantitative PCR
iplex PCR) on cDNA from induced (I) and uninduced (U) NT2 cells.
ers and blotted after electrophoresis. Blots were hybridized with

high stringency conditions and analyzed using a phosphoimaging
h) and sep3 reactions are in the exponential phase of amplification.
of each band was determined by calculating the area under the curve
aliquot. Closed symbols, gapdh; open symbols, sep3; square and solid

A from induced NT2 cells (I). (C) Northern blot analysis of sep3
rchased from Clontech, hybridized with a specific I-U#19 probe and
p3 o
ult
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nalysis was performed to determine the tissue distri-
ution of mRNA encoding septin 3. A transcript of 5 kb
as detected only in adult brain (Fig. 5C), but not in
ther tissues such as adult human heart, skeletal mus-
le, colon, thymus, spleen, kidney, liver, small intes-
ine, placenta, lung, and leukocytes. Therefore, from
he size we deduce, that the sep3B transcript seems to
e the predominant isoform, at least in the tissues
xamined. The brain-specific expression confirms the
esults from induced NT2 cells. It is tempting to spec-
late that the relative small difference in expression
ound by the quantitative PCR experiments might be
ue to the fact, that the induced NT2 cells are not pure
ostmitotic neurons, but a mixture of neuronal cells
nd uncharacterized cells residing in the aggregates.
A number of other septins are also found in postmi-

otic neurons. High levels of Drosophila SEP1 were
ound in central and peripheral nervous tissue (43),
nd PNUT was also observed in Drosophila neural
issue (17). CDCrel-1 is brain-specific in rats; SEPTIN
/G-SEPTIN, CDC10, H5, and NEDD5 are abundant
n brain. NEDD5, H5, DIFF6 were identified in neuro-
brillary tangles in brains affected by Alzheimer’s dis-
ase (44) and also in fine fibrillar deposits in neuronal
oma, which are considered the earliest detectable
tages of neurofibrillary tangle formation. These find-
ngs suggest that septins may have a function in the
tiology of neuronal disease. Neuronal septins proba-
ly do not play a role in cytokinesis since neurons in
dult brain generally do not divide. New roles for neu-
onal septins are emerging in synaptic transmission.
our septins have been identified in a protein complex
hat can interact with the SEC6-SEC8 complex in rat
rain and that can assemble as filaments. Since the
EC6-SEC8 complex is a cluster of molecules essential

or exocytosis, septins may have a role that links the
ecretory machinery to the actin-based cytoskeleton
eneath the plasma membrane (45). The brain-specific
uman peanut-like protein 1 (CDCrel-1) and the more
idely expressed NEDD5 proteins have been shown to
e essential for exocytosis in neurons (19). Both pro-
eins immunoprecipitated with the N-ethylmaleimide-
ensitive factor attachment protein receptor (SNARE)
rotein syntaxin, and transfection of wild-type or
ominant-negative mutants of human CDCrel-1 inhib-
ted or enhanced, respectively, exocytosis from cul-
ured neuroendocrine cells. The possible role of SEP3
n neurons can in part be deducted from the studies

ade in the murine homologs. Mouse neuronal-specific
eptin 3 was found to be upregulated in neuronal tissue
uring development (10) and the highly homologous
at G-SEPTIN has been implicated in the modulation
f neuronal function by specific phosphorylation in-
olving type I cGMP-dependent protein kinase (11).
he human model system for neuronal differentiation
sed in this study, RA induced differentiation of the
55
ool to examine the role of septin 3 in human tissues.
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