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Septins represent a family of phylogenetically con-
erved proteins required for cytokinesis. Their pres-
nce in pre- and postsynaptic neuronal membranes
uggests a general function as scaffolds for membrane
eorganization. The transcriptional regulation of all
eptins examined so far is complex, resulting in alter-
atively spliced variants. We focus here on the rat
omologue of the gene for the human septin MSF, a
runcated form of which, designated eseptin, had been
escribed previously. It will be shown here that there

s an alternative usage of the first exon by two forms,
amed exon r1a and r1b, respectively. Exon r1a, but
ot exon r1b, contains a part of the coding sequence
hile the start of translation for the remaining coding

equence resides in the second exon. The complete
enomic organization was resolved and data on the
emporal and spatial expression of this septins are
resented. © 2000 Academic Press

Key Words: septin; exon usage; MSF; Sint1.

Septins are a family of phylogenetically conserved
roteins (1–3) which share a common GTPase motif
nd can form homodimeric heteromers in vitro (4).
hey were first discovered in yeast (5) and subse-
uently detected in most eukaryotic organisms includ-
ng other fungi (6), fruit fly (7, 8), rat (9–12), mouse
13–16) and man (17–24), but not in plants.

Septins are involved in defining the cleavage plane
uring cell division (1), and play a direct role in cyto-
inesis from yeast to mammals (2). Recent reports on
he presence of septins in postmitotic cells (9) suggest
hat a more general role of this protein family has to be
onsidered. The detection of septins in the exocytosis
omplex of presynaptic vesicles (9) and in postsynaptic
embranes (25) gave rise to the assumption that sep-

ins rather act as active scaffolds for other proteins at
ites of membrane remodeling. Because of the presence
f a conserved GTP-binding domain, members of the
eptin family may be participants of a signaling net-
180006-291X/00 $35.00
opyright © 2000 by Academic Press
ll rights of reproduction in any form reserved.
east (26).
Clinical implications have been shown for the septin

enes MSF (MLL septin-like fusion) (17–20) and
CDCrel-1 (27) as fusion partner genes of MLL (28) in
herapy-related acute myeloid leukemia. The corre-
ponding fusion proteins are likely to affect cytokinesis
nd may play a role in the progression of the disease.
herefore, the genomic organization of both septins as
ell as differential splicing of either transcript was
xamined (19, 22). It was demonstrated that the major
ranscriptional form of CDCrel-1 in rat neocortex is a
usion transcript of the adjacent genes for CDCrel-1
nd GPIbb (platelet glycoprotein Ibb) (12).
In the human, seven homologous septin genes have

een described. One them, MSF, is alternatively
pliced resulting in MSF, MSF-A, MSF-B and MSF-C
18, 19). We report here on the alternative exon usage
f the corresponding rat septin (SLP, septin-like pro-
ein) and describe the characterization of two septin
ranscripts which were named rSLP-a and rSLP-b,
espectively. It will be proposed that these transcripts
ield proteins differing in their N-terminal sequence.
lternative splicing of non-coding sequences in the 39
egion, as reported for MSF, was not observed.

ATERIALS AND METHODS

Preparation and screening of rat DNA libraries. A cDNA library
rom cultured rat mesangial cells in lgt11 was prepared using the
ibrarian cDNA Library Construction System (Invitrogen) according
o the manufacturer’s instructions. Insert DNA of clones giving rise
o fusion proteins reacting positively in an immunoscreening proce-
ure described previously (29), was amplified by PCR using the
rimers 59-GACTCCTGGAGCCCG-39 and 59-GGTAGCGACCGC-
GC-39, subcloned into pCRII (Invitrogen) and sequenced on an Alf
xpress automatic sequencer (Amersham Pharmacia Biotech). DNA

rom clones of interest was excised with EcoRI and labeled with
-[32P]dCTP for screening using the Readiprime II Kit (Amersham
harmacia Biotech). Immunoscreenings and screenings of libraries
sing DNA probes were performed according to the Lambda library
ser manual (Clontech). Positive clones were rescreened to homoge-
eity, and inserts were subcloned as described above. The screening
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FIG. 1. Sequence of rSLP. (A) Complete sequence of rSLP-a (GenBank Accession No. AF170253). Exon r1a resides upstream of bp 434. The
eginning of exon 2 is boxed, the start codon for the translation of rSLP-a (A412..G414) is double underlined as well as the first start codon for the
ranslation of rSLP-b (A667..G669). Consensus protein sequences of the GTP-binding motif (P loop motif) are underlined. (B) Sequence of the
lternatively used exon r1b upstream of bp 308 resulting in rSLP-b (GenBank Accession No. AF173899). The beginning of exon 2 is boxed.
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FIG. 2. Multiple sequence alignment of rSLP with human and murine MSF isoforms. Lines above the columns indicate the conserved
TP binding domain (GX4GKS-DX2G-KXD). White letters in black boxes represent a complete, white letters in gray boxes a partial amino
cid identity between the proteins. Numbers refer to amino acid position of each protein.
182
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FIG. 3. Northern blot analysis of rSLP in cultivated skin fibroblasts and tissues. Northern blots were hybridized with probes comprising
xon r1a, exon r1b and a part of the 39 nontranslated sequence region, respectively. (A) Detection of rSLP-a and rSLP-b in RNA of rat skin
broblasts. RNA in lane I was hybridized with a probe comprising exon r1a. One band with a size of 3.9 kb was detected. Probing of RNA
ith exon r1b (lane II) revealed a single band of 3.8 kb. Blots were rehybridized with a GAPDH probe. Arrowheads point to 3.8 and 3.9 kb,

espectively. (B) RNA from multiple tissue sources of adult rats was hybridized with a probe comprising exon r1a. Two transcripts with sizes
f 2.7 kb and 3.9 kb were detected in heart, brain, kidney, liver and spleen but not in lung. (C) RNA was hybridized with a probe comprising
xon r1b. A single transcript with a size of 3.8 kb (indicated with an arrowhead) was detected in all examined tissues including brain and
idney from embryonic day 17. Blots were reprobed with GAPDH. (D) Hybridization with a probe comprising the sequence region C2282..C2697

f rSLP-a. Two transcripts with 3.8 and 3.9 kb were detected in cultivated rat skin fibroblasts (rSLP-a and rSLP-b). Transcripts with 3.9 kb
ere founding all examined tissues with the exception of adult brain, an additional transcript of 2.7 kb was detected in embryonic day 17
rain and kidney as well as in adult spleen and lung. (E) Relative amounts of rSLP-b in various adult and embryonic tissues. Data were
btained after Northern hybridization of RNA with exon r1b and normalization to GAPDH.
183
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f a rat genomic DNA library in lEMBL3 SP6/T7 (Clontech) was
erformed accordingly, the inserts were strategically subcloned, first
fter XhoI digestion and subsequently by the alternative use of
ither ApaI, BamHI, BglII, XbaI, XhoI or XmaI, and sequenced.

Cloning of rSLP-a1 cDNA. Total RNA from cultured rat skin
broblasts and rat tissues was isolated using the Qiagen RNeasy
idi Kit (Qiagen) according to the manufacturer’s instructions. Two
icrograms of total RNA were reverse transcribed using display
hermoRTase (Appligene-Oncor) in a volume of 20 ml according to

he manual. One microliter aliquots were subjected to a PCR in a
nal volume of 50 ml with 20 pmol of each primer, 50 mM dNTPs,
eaction buffer containing 1.5 mM MgCl2 and 2.5 U of HotStarTaq

FIG. 4. Exon composition of different rSLP transcripts. Exons a
rawn to scale, for exon lengths see Table 2. The lengths of introns h
engths of the deduced amino acid sequences for rSLP-a and rSLP-b

FIG. 5. In situ hybridization of rat kidney. (A) Overview of renal c
n Bowman’s capsules and absence in tubules (probed with antisens
owman’s capsule. (C) Detection of rSLP-a mRNA in the adventitia
arked with arrowheads. (D) Control hybridization at high magnifi
184
NA polymerase (Qiagen). The PCR program was 60 s at 94°C, 60 s
t annealing temperature and 120 s at 72°C plus a final extension for
0 min at 72°C. Further details are given in Table 1. The PCR
roducts were analysed on 1% agarose TBE-gels, subcloned into
CRII TOPO or pCR4 TOPO (Invitrogen) and sequenced. To gener-
te a template for 39-RACE-PCR, 2 micrograms of total RNA
ere reverse transcribed using 59-GACCACGCGTATCGATGTC-
AC(T22)V-39 as a hybrid primer. 39-RACE-PCR was performed as
escribed (30).

Northern blotting. Thirty micrograms of total RNA were sub-
ected to denaturing formaldehyde gel electrophoresis at 4°C over-
ight and blotted onto a nylon membrane (31). Probes were labeled

introns are symbolized by boxes and lines, respectively. Exons are
e not been determined. Coding regions in exons are filled gray. The
e represented by filled boxes above the intron/exon structure.

ex (probed with antisense transcript). (B) Presence of rSLP-a mRNA
anscript). Arrowheads point to positive cells at the parietal side of
blood vessels (probed with antisense transcript). Positive cells are

ion, probed with sense transcript.
nd
av
ar
ort
e tr

of
cat
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TABLE 1
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ith a-[32P]dCTP as described above, and hybridization was per-
ormed in Quickhyb solution (Stratagene) at 60°C. The membrane
as subsequently washed with 23 SSC/0.1% SDS (25°C, 2 min), 23
SC/0.1% SDS (60°C, 20 min) and 13 SSC/0.1% SDS (60°C, 1 h).
ignals were analyzed with the Storm 860 Phosphoimaging system

Amersham Pharmacia Biotech).

Sequencing of intron/exon boundaries. Genomic DNA was iso-
ated from cultivated rat skin fibroblasts (31), resuspended in 10 mM
ris/EDTA, pH 5 8.0 to a final concentration of 1 mg/ml. DNA was
heared by pressing several times through a 20 gauge needle and
sed as a template for PCR with appropriate primers under the
onditions mentioned above. Screening of the rat genomic library 612
kindly provided by the Resource Center and Primary Database
f the German Human Genome Project, RZPD, Berlin) with a
-[32P]dCTP labeled probe was performed according to the provider’s

nstructions.

In situ hybridization. A cDNA probe comprising nucleotides
-483 of rSLP-a in pCRII-TOPO (Invitrogen) was transcribed in vitro
rom the linearized plasmid to sense and antisense riboprobes using
igoxygenin-labeled UTP and the SP6/T7-RNA polymerase kit (DIG
NA Labeling Kit SP6/T7, Roche). Tissue sections were obtained as
escribed (32) and hybridized with the sense and antisense probes for
6 h at 58°C. The sections were then washed at ambient temperature
or 30 min each with 50% formamide in 23 SSC and 50% form-
mide/1% 2-mercaptoethanol in 23 SSC followed by a wash with the
atter solution at 50°C and a final wash with 13 SSC for 15 min at
mbient temperature.

ESULTS

loning and Characterization of rSLP-a and rSLP-b

Immunoscreening of a rat mesangial cell cDNA li-
rary yielded a clone of 197 bp (clone 1; GenBank
ccession No. AI943791) of which 51 bp were highly
omologous to a region of the human septin MSF im-
ediately downstream of the translocation breakpoint

17). An oligonucleotide probe derived from this clone
as subsequently used to rescreen the same library. A

lone of 485 bp (clone 2; GenBank AI943792) was found
hich comprised the homologous 51 bp mentioned
bove but contained a different 59-sequence. The latter
equence showed 61.9% homology to the region of MSF
ocated immediately upstream of the translocation
reakpoint. Both clones were therefore considered to
epresent either alternatively spliced variants or iso-
orms with different exon usage. Starting from the

Primers and Conditions Used for Generation

Upstream primer

59-GAGGGCGACGGGGTGAGAAA-39 59
(323..342) (1273
59-CGGAGGACGGAAATCACCAT-39 59
(802..821) (2031
59-GGGGCACCATTGAAGTTGAGA-39 59
(1907..1927) (3774
59-GTGTAGTGGGAGGGGTAGGTGTGC-39 59
(3421..3445) (adap

Note. Mismatch nucleotides in primer sequences are underlined.
185
equence information of clone 2, a full length sequence
as assembled under the conditions listed in Table 1
y using RT-PCR and 39-RACE-PCR.
The cDNA sequence (AF170253) shown in Fig. 1A

ontains 3869 bp with a deduced amino acid sequence
f 564 amino acids. This sequence was named rSLP-a
nd considered to encode rat septin-like protein-a with
predicted size of 63.8 kDa. Within the coding region

here are three consensus sequences for nucleotide
inding (33), representing a P-loop motif (34). GTP-
inding domains have been found so far in all septins.
nalysis for coiled coil regions (35), which were readily
etectable in other members of the septin family, did
ot yield unequivocally a positive result.
As stated above, the 197 bp of clone 1 contained only

1 bp which were also found in rSLP-a. Starting from
lone 1, further screenings of cDNA libraries (mesan-
ial cells, rat brain) as well as 59-RACE-PCR experi-
ents did not result in additional information, pre-

umably due to the high GC content (.70%) of this
art of the sequence. Therefore, screening of a rat
enomic DNA library in lEMBL3 SP6/T7 (Clontech)
ith clone 1 as probe was performed. The screening
ielded one positive clone, clone 3 (AF179588). The
nsert of this clone with a length of 14044 bp was
ompletely sequenced after subcloning. Computer
ased sequence analysis verified 146 bp of the probe
equence, but failed to identify the 51 bp which clones
and 2 have in common. Splice site prediction (SSPN,
ttp://www.fruitfly.org/seq_tools/) for clone 3 revealed
putative intron/exon boundary 165 bp upstream of

he probe sequence. On the basis of these data, the 311
p identified in clone 3 were considered as an exon
hich was designated exon r1b (see Figs. 1B and 3).
his conclusion was verified by RT-PCR experiments
ith RNA from rat brain and cultivated rat fibroblasts.
nly combinations of primers located within exon r1b

tself or spanning exon r1b and sequences further
ownstream of exon r1b, as supposed by the rSLP-a
ata, yielded the expected amplicons. All data were
erified by DNA sequencing. Forward primers, hybrid-
zing upstream of exon r1b in genomic clone 3 gave no

the Full-Length cDNA Sequence of rSLP-a

Downstream primer Tannealing

CTCTGCCCGACCACCAT-39 60°C
255)
GGTAGGCTTCAAAGTGGATGT-39 55.8°C

009)
CACCCCCACCAGAAGC-39 61.2°C
57)
CCACGCGTATCGATGTCGAC-39 60°C
primer for 3 9-RACE)
of

-CG
..1
-AC
..2
-TC
..37
-GA
ter
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xon 1 in rat septins and define the existence of rSLP-b
eing characterized by the use of exon r1b (see Fig. 1B).
he cDNA sequence of rSLP-b (AF173899) comprises
741 bp. As there is no start codon in exon r1b, the
pen reading frame of 479 amino acid residues begins
ith the first appropriate codon downstream the exon/
xon boundary (see Fig. 1B) encoding a protein,
SLP-b, with a predicted molecular weight of 54.4 kDa.

Multiple sequence alignments of the corresponding
uman and mouse proteins with rSLP-a and rSLP-b
evealed a high degree of conservation (up to 87% be-
ween rat and man, up to 97% between rat and mouse)
n the central portion and the C-terminus, whereas the
soforms show reasonable differences in their N-ter-

inal region as a result of the distinct exon usage in
he corresponding mRNAs (see Fig. 2). The N-terminal
egion of rSLP-a is highly conserved to MSF.

Using exon r1a and exon r1b, respectively, as a
robe, Northern blot analysis of RNA from cultured rat
kin fibroblasts showed a single band with the ex-
ected sizes of 3.9 kb and 3.8 kb, respectively (see Fig.
A). In contrast, two bands of 2.7 kb and 3.9 kb were
etected in rat brain, kidney and liver (see Fig. 3B),
hen hybridized with a probe comprising exon r1a, but
nly one band of 3.8 kb was observed when using exon
1b for detection (see Fig. 3C).

As two forms of human MSF with different 39 non-
ranslated regions are known, a probe comprising the
equence region C2282..C2697 was used for further hybrid-
zation experiments. Again, only bands of 3.8 and 3.9
b were detected in RNA from cultured rat skin fibro-
lasts, whereas a second band of about 2.8 kb was
isualized in embryonic kidney and brain as well as in
dult spleen and lung (see Fig. 3D).
As an alternative splicing of the 39 non-coding se-

uence was assumed to occur, RT-PCR experiments
ith RNA from multiple tissue sources were per-

ormed. However, carefully optimized PCR experi-
ents with a number a different primer pairs, yielded
o other amplicons from the 39 non-coding region
han the ones deduced from the sequence in Fig.
A. Forward primers used for this purpose were
9-ACTTCAAACAGCGGATCACC-39 (1718..1737), 59-TGT-
CAACGGTATTGACGTGTA-39 (1748..1769), 59-ATTTGT-
ACCTGCCTCCATC-39(2196..2215), reverse primers were
9-GTGGAATGGCCTGGTGAG-39(3740..3723) and 59-GCT-
CCTGGTGGGGGGTGGA-39(3777..3758). Thus, the exis-
ence of a short sequence, as suggested from the hu-
an MSF data, could not be verified.
As only one band was detected in hybridization ex-

eriments with exon r1b as probe and the existence of
short form could not be verified, the relative amounts

f rSLP-b in different organs and developmental stages
ould readily be quantified after normalization to
APDH (see Fig. 3C). Comparing normalized data ob-

ained from embryonic rat brain (day 17) and adult
186
he rSLP-b message in the fetal organ than in the
dult. No analogous developmental changes were
ound in kidney. It should be mentioned that there was
n about seven fold higher expression of rSLP-b in
dult spleen compared with brain (see Fig. 3E).

xon Structure of rSLP-a and rSLP-b

Screening of a rat genomic library (RZPD library
12, created by Bento Soares) using exon r1b as a
robe, yielded two positive clones (UI__p612M1536Q2
nd UI__p612E0737Q2). The complete exon structure
f the rSLP gene was resolved by sequencing PCR
mplicons using cDNA-derived oligonucleotides as
rimers. Isolated rat genomic DNA or DNA from the
wo isolated clones were used as templates indepen-
ently. Exon/intron boundaries were also obtained
y direct sequencing of the two isolated clones when-
ver PCR was not successful. The results are listed in
able 2.
The rSLP gene consists of at least 12 exons. Their

oundaries are highly conserved to the human MSF
ene (19) and show characteristic splice donor and
plice acceptor dinucleotides (36). As described above,
xon 1a and exon 1b, respectively, are unique for each
SLP variant (see Fig. 4). Exon 1a contains an appro-
riate ATG codon for the start of transcription up-
tream of exon 2 while exon 1b contains 59 UTR se-
uence only.

n Situ Hybridization of Rat Kidney

As the kidney represents an organ being composed of
n especially large variety of differentiated cells that
an be identified by light microscopy, paraffin sections
f rat kidney were subjected to in situ hybridization
rocedure. However, the high GC content of the probe
or the expression of exon r1b prevented the analysis of
he expression of rSLP-b. The strongest expression of
SLP-a was seen in cells at the parietal side of Bow-
an’s capsule and in the adventitia of blood vessels.
roximal and distal tubuli as well as mesangial cells
xhibited only weak reactivity (Fig. 5).

ISCUSSION

We describe here for the first time the complete
loning and characterization of two cDNAs isoforms of
at septins, designated rSLP-a and rSLP-b. Because of
lternative exon usage in the 59 region, the two cDNAs
ncode for two proteins, rSLP-a and rSLP-b. Only one
f the first two exons, exon r1a, contains an ATG se-
uence followed by an open reading frame. Thus, the
wo proteins have identical C-terminal sequences
hile rSLP-a is supposed to contain an additional se-
uence of 75 amino acids at the N-terminus to give a
otal of 564 amino acid residues. Our data contrast to
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hose of Fung and Scheller (10), who described two
ncomplete variants of rat septins, named eseptins.
he long form of the eseptins was considered to com-
rise the 404 C-terminally located amino acid se-
uences and the short form the 333 C-terminally lo-
ated amino acids of rSLP. Additionally, an aspartic
cid residue was located between residues 460 (glu-
amic acid) and 461 (alanine) of sequence reported
ere. It seems likely that the high GC-content of the
9-cDNA sequence was the reason for the incomplete
equence information obtained by 59-RACE as used by
ung and Scheller (10).
Analysis of the genomic structures revealed that the

ranscripts are composed from at least 12 exons. Fur-
her alternatively used exons in the 59 region may
xist, but have not yet been identified. Northern blot
xperiments showed that rSLP-a and rSLP-b tran-
cripts with the expected size could be detected in
ultures of rat skin fibroblasts, but an additional band
f 2.8 kb was detected with the same probe desig-
ated to detect only the long forms. For human MSF,
he existence of a polymorphic 39 exon has been de-
cribed, yielding a short form (MSF) and long forms
MSF-A/-B/-C). Attempts to verify a similar situation
n the rat by RT-PCR experiments with forward prim-
rs residing within or upstream of exon 11 and reverse
nd complement primers from various positions of
xon 11, were not successful. No sequences have yet
een identified that hybridized solely to the 2.7 kb
ranscript. Thus, the identity of this transcript re-
ains unclear. Our findings could be explained by al-

ernative splicing of exons containing translatable in-
ormation. This possibility has not been investigated
urther.

It also remains unclear what the function of the
ligopeptide of 75 amino acids being unique for rSLP-a
ight be. It is tempting to speculate that this extra

Exon Structure

xon Acceptor splice site Donor splice

1a 59 UTR ...GAGATCG
1b ctcc agGCCCAGTTTTGACAG... ...TTCAGACTTTGA
2 ggtc agCCTTAAAGAGATCGT... ...TCGGAACCAGG
3 ccca agCTCCGAGGTGGCTCC... ...AACATCATGGT
4 cccc agGGGCAGAGTGGCCTC... ...AGTCCATCACT
5 tctg agATATTGAAGAGAAGG... ...CAACAATGAGAA
6 gtgc agCTGGCAGCCTATCAT... ...AGCCACCGGCC
7 tttc agACTCAGGCCCCTGGA... ...CTACTTCAAACA
8 ttcc agGATCACCTCAGACCT... ...ACGAGAAGTTTC
9 ttcc agAGATGATCCCATTTG... ...GGGGCACCATTG
10 tgct agTTGAGAATACCACTC... ...GGATCTCCTTAT
11 ctgc agGACGCACATGCAGAA...

Note. Uppercase letters represent coding exonic sequences; lowerca
cceptor and splice donor dinucleotides are in bold.
187
equence is responsible for a specific targeting of
SLP-a. Computer-based searches (MOTIF, http://
ww.motif.genome.ad.jp/) for characteristic structural
otifs did not yield conclusive results. Unfortunately,

he tools to determine the localization of rSLP-a and
SLP-b on the ultrastructural level are not yet avail-
ble. From the in situ hybridization experiments, a
ighly selective expression of rSLP-a can be deduced.
nterpretation of these data will be possible when more
nformation on the function of the mammalian septins
s available. The factors that govern the expression of
he septins as a family and their different subforms
emain to be investigated.
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the rSLP-Gene

e Size

Start End Start End

rSLP-1 rSLP-b

TCACAG 433 bp 1 433
Ggt gggt 308 bp 1 308
Agt gaac 640 bp 434 1073 309 948

TTgt gagc 190 bp 1074 1263 949 1138
CGgt gagt 130 bp 1264 1393 1139 1268
Ggt aggt 82 bp 1394 1475 1269 1350
TCgt aggt 138 bp 1476 1613 1351 1488
Ggt aggg 117 bp 1614 1730 1489 1605
Ggt gagt 95 bp 1731 1825 1606 1700
Ggt actg 96 bp 1826 1921 1697 1792

Ggt gagt 52 bp 1922 1973 1793 1848
39 UTR 1896 bp 1974 — 1849 —

letters represent intronic or noncoding sequences. Conserved splice
of

sit

CA
AG

AAG
GG
CA
CT

AC
GC
GG
AA

CA

se



forms filaments and exhibits GTPase activity. J. Cell Biol. 133,

1

1

1

1

1

1

1

1

1

1

2

clones from brain which code for large proteins in vitro. DNA

2

2

2

2

2

2

2

2

2

3

3

3

3

3

3

3

Vol. 275, No. 1, 2000 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS
605–616.
5. Hartwell, L. H. (1971) Genetic control of the cell division cycle in

yeast. II. Genes controlling DNA replication and its initiation.
Exp. Cell Res. 69, 265–276.

6. Singh, G., Sinha, H., and Ashby, A. M. (2000) Cloning and
expression studies during vegetative and sexual development of
Pbs1, a septin gene homologue from Pyrenopeziza brassicae.
Biochim. Biophys. Acta. 1497, 168–174.

7. Neufeld, T. P., and Rubin, G. M. (1994) The Drosophila peanut
gene is required for cytokinesis and encodes a protein similar to
yeast putative bud neck filament proteins. Cell 77, 371–379.

8. Fares, H., Peifer, M., and Pringle, J. R. (1995) Localization and
possible functions of Drosophila septins. Mol. Biol. Cell 6, 1843–
1859.

9. Hsu, S. C., Hazuka, C. D., Roth, R., Foletti, D. L., Heuser, J., and
Scheller, R. H. (1998) Subunit composition, protein interactions,
and structures of the mammalian brain sec6/8 complex and
septin filaments. Neuron 20, 1111–1122.

0. Fung, E. T., and Scheller, R. H. (1999) Identification of a novel
alternatively spliced septin. FEBS Lett. 451, 203–208.

1. Xue, J., Wang, X., Malladi, C. S., Kinoshita, M., Milburn, P. J.,
Lengyel, I., Rostass, J. A. P., and Robinson, P. J. (2000) Phos-
phorylation of a new brain-specific septin, G-septin, by cGMP-
dependent protein kinase. J. Biol. Chem. 275, 10047–10056.

2. Toda, S., Yasushi, K., Sato, M., and Nishikawa, T. (2000) Recip-
rocal expression of infant- and adult-preferring transcripts of
CDCrel-1 septin gene in the rat neocortex. Biochem. Biophys.
Res. Commun. 273, 723–728, doi:10.1006/bbrc.2000.3003.

3. Shobuike, T., Sugano, S., Yamashita, T., and Ikeda, H. (1997)
Cloning and characterization of mouse Dhm2 cDNA, a functional
homolog of budding yeast SEP1. Gene 191, 161–166.

4. Sorensen, A. B., Lund, A. H., Ethelberg, S., Copeland, N. G.,
Jenkins, N. A., and Pedersen, F. S. (2000) Sint1, a common
integration site in SL3-3-induced T-cell lymphomas, harbors a
putative proto-oncogene with homology to the septin gene fam-
ily. J. Virol. 74, 2161–2168.

5. Xiong, J. W., Leahy, A., and Stuhlmann, H. (1999) Retroviral
promoter-trap insertion into a novel mammalian septin gene
expressed during mouse neuronal development. Mech. Dev. 86,
183–191.

6. Kinoshita, M., Kumar, S., Mizoguchi, A., Ide, C., Kinoshita, A.,
Haraguchi, T., Hiraoka, Y., and Noda, M. (1998) Nedd5, a mam-
malian septin, is a novel cytoskeletal component interacting
with actin-based structures. Genes Dev. 11, 1353–1547.

7. Osaka, M., Rowley, J. D., and Zeleznik-Le, N. J. (1999) MSF
(MLL septin-like fusion), a fusion partner gene of MLL, in a
therapy-related acute myeloid leukemia with a t(11;17)(q23;
q25). Proc. Natl. Acad. Sci. USA 96, 6428–6433.

8. Taki, T., Ohnishi, H., Shinohara, K., Sako, M., Bessho, F.,
Yanagisawa, M., and Hayashi, Y. (1999) AF17q25, a putative
septin family gene, fuses the MLL gene in acute myeloid leuke-
mia with t(11;17)(q23;q25). Cancer Res. 59, 4261–4265.

9. Kalikin, L. M., Sims, H. S., and Petty, E. M. (2000) Genomic and
expression analyses of alternatively spliced transcripts of the
MLL septin-like fusion gene (MSF) that map to a 17q25 region of
loss in breast and ovarian tumors. Genomics 63, 165–172, doi:
10.1006/geno.1999.6077.

0. Nagase, T., Ishikawa, K., Suyama, M., Kikuno, R., Hirosawa, M.,
Miyajima, N., Tanaka, A., Kotani, H., Nomura, N., and Ohara,
O. (1999) Prediction of the coding sequences of unidentified
human genes. XIII. The complete sequences of 100 new cDNA
188
Res. 6, 63–70.
1. Yagi, M., Edelhoff, S., Disteche, C. M., and Roth, G. J. (1994)

Structural characterization and chromosomal location of the
gene encoding human platelet glycoprotein Ib beta. J. Biol.
Chem. 269, 17424–17427.

2. Yagi, M., Zieger, B., Roth, G. J., and Ware, J. (1998) Structure
and expression of the human septin gene HCDCREL-1. Gene
212, 229–236.

3. McKie, J. M., Sutherland, H. F., Harvey, E., Kim, U. J., and
Scambler, P. J. (1997) A human gene similar to Drosophila
melanogaster peanut maps to the DiGeorge syndrome region of
22q11. Hum. Genet. 101, 6–12.

4. Zieger, B., Hashimoto, Y., and Ware, J. (1997) Alternative ex-
pression of platelet glycoprotein Ib(beta) mRNA from an adja-
cent 59 gene with an imperfect polyadenylation signal sequence.
J. Clin. Invest. 99, 520–525.

5. Walikonis, R. S., Jensen, O. N., Mann, M., Provance, D. W.,
Mercer, J. A., and Kennedy, M. B. (2000) Identification of pro-
teins in the postsynaptic density fraction by mass spectrometry.
J. Neurosci. 20, 4069–4080.

6. Barral, Y., Parra, M., Bidlingmaier, S., and Snyder, M. (1999)
Nim1-related kinases coordinate cell cycle progression with the
organization of the peripheral cytoskeleton in yeast. Genes Dev.
13, 176–187.

7. Menogial, M. D., Rappaport, E. F., Jones, D. H., Williams, T. M.,
Lovett, B. D., Kelly, K. M., Lerou P. H., Moulton, T., Budarf,
M. L., and Felix, C. A. (1998) t(11;22)(q23;q11.2) In acute my-
eloid 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. USA 95,
6413–6418.

8. Marschalek, R., Nilson, I., Lochner, K., Greim, R., Siegler, G.,
Greil, J., Beck, J. D., and Fey, G. H. (1997) The structure of the
human ALL-1/MLL/HRX gene. Leuk. Lymphoma 27, 417–428.

9. Hausser, H., Wedekind, P., Sperber, T., Peters, R., Hasilik, A.,
and Kresse, H. (1996) Isolation and cellular localization of the
decorin endocytosis receptor. Eur. J. Cell Biol. 71, 325–331.

0. Frohman, M. A., Dush, M. K., and Martin, G. R. (1988) Rapid
production of full-length cDNAs from rare transcripts: Amplifi-
cation using a single gene-specific oligonucleotide primer. Proc.
Natl. Acad. Sci. USA 85, 8998–9002.

1. Sambrook, J., Fritsch, E. F., and Maniatis, T. (1989) Molecular
Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, New York.

2. Schaefer, L., Hausser, H., Altenburger, M., Ugorcakova, J., Au-
gust, C., Fisher, L. W., Schaefer, R. M., and Kresse, H. (1998)
Decorin, biglycan and their endocytosis receptor in rat renal
cortex. Kidney Int. 54, 1529–1541.

3. Bourne, H. R., Sanders, D. A., and McCormick, F. (1991) The
GTPase superfamily: Conserved structure and molecular mech-
anism. Nature 349, 117–127.

4. Saraste, M. Sibbald, P. R., and Wittinghofer, A. (1990) The
P-loop—a common motif in ATP- and GTP-binding proteins.
Trends Biochem. Sci. 15, 425–430.

5. Lupas, A. (1996) Prediction and analysis of coiled-coil structures.
Methods Enzymol. 266, 513–525.

6. Senepathy, P., Shapiro, M. B., and Harris, M. L. (1990) Splice
junctions, branch point sites, and exons: Sequence statistics,
identification, and applications to genome project. Methods En-
zymol. 183, 252–278.


	MATERIALS AND METHODS
	FIG. 1
	FIG. 2
	FIG. 3
	FIG. 4
	FIG. 5
	TABLE 1

	RESULTS
	DISCUSSION
	TABLE 2

	ACKNOWLEDGMENTS
	REFERENCES

