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Synaptojanin 2 is an inositol polyphosphate 5’-phos-
phatase that appears to be regulated by alternative
splicing. By screening mouse cDNA libraries derived
from either mouse day 16 embryo or adult liver, we
have identified additional synaptojanin 2 cDNAs that
represent six new isoforms of the protein. This finding,
together with other reports, indicates the presence of
eight isoforms of synaptojanin 2. Sequence analysis of
our cDNA clones suggests that there are at least two
putative initiation sites and at least six different se-
quences coding for the carboxyl-terminus of the mole-
cule. In addition, we have mapped synaptojanin 2 to
mouse chromosome 17 band A2-3.1 by fluorescence in
situ hybridization. o© 1998 Academic Press

The signaling system involving lipid molecules is a
key pathway whereby growth factor signals are trans-
duced in the cell (1). In response to a variety of stimuli,
the ubiquitous membrane inositol lipid, phosphatidyl-
inositol 4,5-bisphosphate [PtdIns(4,5)P,] is hydrolyzed,
resulting in the production of second messengers inosi-
tol (1,4,5)-trisphosphate [Ins(1,4,5)Ps] and diacylglyc-
erol. Ins(1,4,5)P; can be further phosphorylated by the
specific Ins(1,4,5)P; 3-kinase to form inositol 1,3,4,5-
tetrakisphosphate (IP,) which may also serve as a
second messenger (2, 3, 4, 5). PtdIns(4,5)P, can be addi-
tionally phosphorylated by phosphoinositide-3-OH ki-
nase [PI1(3)K] to form PtdIns(3,4,5)P; which is impli-
cated in a number of cellular processes including
regulation of exocytosis, cell adhesion and membrane
trafficking (6, 7).

The signals generated by the lipid-derived second
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messenger molecules are rapidly terminated following
the metabolism of these molecules by inositol polyphos-
phate 5'-phosphatase enzymes (8, 9, 10). This 5’-phos-
phatase family of enzymes now includes at least ten
members, all characterized by the presence of two con-
served amino acid sequences in the catalytic domain.
There is increasing evidence that these proteins have
important biological functions. For instance, the 43
kDa type | 5’-phosphatase has been shown to be in-
volved in inhibiting cellular transformation (11) while
deficiency of the oculocerebrorenal (OCRL) 5’-phospha-
tase is associated with Lowe's syndrome, a condition
affecting the lens, brain and kidneys (12, 13). In addi-
tion, Ship, a Src homology 2 (SH2)-containing inositol
polyphosphate 5'-phosphatase, has been shown to me-
diate inhibitory signaling in hematopoietic cells (14,
15). Synaptojanin 1, a 5’-phosphatase predominantly
expressed in the brain, is implicated in synaptic vesicle
trafficking (16).

Several members of the inositol polyphosphate 5’'-
phosphatase protein family are characterized by the
expression of multiple isoforms. These include Ship,
synaptojanin 1 and the recently reported synaptojanin
2. Three isoforms of Ship that migrated as 110, 130
and 145 kDa protein species differing in the amino-
terminal SH2 coding sequence have been reported (17).
The functional significance of these Ship isoforms has
yet to be determined. Similarly, synaptojanin 1 has
been detected as two protein species of 145 kDa and
170 kDa (16). Synaptojanin 1 is a protein consisting
of three domains: an amino-terminal Sacl homology
domain, a central inositol 5’-phosphatase catalytic do-
main and a carboxyl-terminal proline-rich domain (16).
The Sacl homology domain is implicated in interaction
with actin filaments (18) while the carboxyl-terminal
proline-rich domain mediates binding with the Src ho-
mology 3 (SH3) domains of a number of molecules, in-
cluding Grb2, amphiphysin and the SH3p4/8/13 family
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of proteins (16, 19, 20, 21). The two synaptojanin iso-
forms appear to be generated by the use of alternative
stop codons, with the longer 170 kDa isoform con-
taining additional proline-rich sequence motifs (22).
The closely related synaptojanin 2 (23) has also been
reported to be alternatively spliced, producing two iso-
forms that differ in the carboxyl-terminal coding se-
guence (24). This alternative splicing event appears to
be developmentally regulated (24), suggesting that the
isoforms may be involved in distinct cellular functions
during development.

In this study, we report the identification of six new
synaptojanin 2 isoforms: 2«a, 28, 2vy, 26, 2¢ and 2C.
These isoforms differ mainly in the carboxyl-terminal
coding sequences. We have also localized synaptojanin
2 by fluorescence in situ hybridization (FISH) to the
A2-3.1 region of mouse chromosome 17.

MATERIALS AND METHODS

Isolation of 5’-phosphatases expressed in C166 endothelial cells
by PCR. Degenerate oligonucleotides were designed based on two
conserved coding sequences present within the catalytic domain of
5’-phosphatases: FWFGDLNY (sense 5'-NNNTGGNNNGGNGACC/
TNNNAAC/TTA/TCT-3’) and RAPAWCD (antisense 5'-NTT/CNTG/
ANNNT/CAGNG/CT/AGGTNNNNCC-3’) (N represents any of the
four nucleotides). Total RNA from C166 cells (25) was prepared with
the RNeasy Total RNA (Qiagen) kit. First strand cDNA was obtained
using the Moloney murine leukaemia virus reverse transcriptase
according to the manufacturer’s protocol (Clontech). PCR was per-
formed with the AmpliTaq DNA polymerase (Perkin Elmer). Ampli-
fied products were subcloned into the pCR-TRAP vector (Gen-
Hunter), sequenced and identified by BLAST searches against the
gene database.

Cloning of synaptojanin 2«. One clone obtained by the above pro-
cedure contained a then novel 5'-phosphatase sequence. A 1.9 kb
mouse placenta expressed sequence tag (EST, AMGEN database)
with partial sequence identity to this clone was used to design PCR
primers for Rapid Amplification of 5’-cDNA Ends (5’ RACE) from a
mouse brain Marathon-Ready cDNA library (Clontech). An amplified
product containing a potential start ATG codon was obtained. The
5’ translated and untranslated sequence was further confirmed by
performing 5" RACE on a mouse adult heart Marathon-Ready cDNA
library (Clontech). One amplified product has identical untranslated
sequence to that obtained with the adult brain cDNA library. Two
other amplified products contained 5’ sequences present in the 243
putative isoforms.

Cloning of additional synaptojanin 2 isoforms. A 16 day mouse
embryo NEXlox cDNA library (Novagen) and an adult mouse \gt1l
cDNA library (Clontech) were screened for additional synaptojanin
isoforms. A Stul DNA fragment corresponding to nucleotide 855-
2945 of synaptojanin 2« was used as a probe to hybridize to DNA
from 1 X 10° plaques of each library.

Chromosome in situ hybridization. A mouse synaptojanin 2 geno-
mic fragment was obtained by screening a bacterial artificial chromo-
some (BAC) mouse embryonic stem cell library (Genome Systems,
Inc.) with a cDNA probe corresponding to nucleotide 1-639 of synap-
tojanin 2«. The genomic clone was verified by sequence analysis of
a Smal-digested fragment that hybridized to a probe corresponding
to nucleotide 1-594 of synaptojanin 2«. For fluorescence in situ hy-
bridization (FISH), the genomic fragment was labeled by nick trans-
lation with digoxygenin dUTP and hybridized to mouse embryo fi-
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broblast metaphase chromosomes in 50% formamide, 10% dextran
sulfate and 2x SSC. Specific hybridization was detected by incuba-
tion with fluoresceinated anti-digoxygenin antibody and counter-
staining with DAPI (4',6-diamidino-2-phenyl-indole dihydrochlo-
ride). Confirmation for chromosome 17 was obtained by co-hybridiza-
tion with a probe specific for the telomeric region of chromosome 17
(Genome Systems, Inc.).

RESULTS

Isolation of Synaptojanin 2«

In order to identify 5’-phosphatases expressed in the
C166 yolk-sac fps/fes transformed endothelial cell line
(25), we have used the polymerase chain reaction (PCR)
(26) with degenerate primers corresponding to nucleo-
tide sequences coding for amino acid residues that are
highly conserved within the catalytic domain of known
inositol and phosphatidylinositol polyphosphate 5'-
phosphatases. PCR was performed on first-strand
cDNA prepared from C166 mRNA as template. Ampli-
fied products, averaging about 250 bp in size, were
cloned and sequenced. Using this approach, we identi-
fied the expression of the putative mouse homologues
of synaptojanin 1, 51C (GenBank Accession No.
L36818) and synaptojanin 2. Subsequent searching of
the AMGEN database revealed a 1.9 kb mouse placenta
expressed sequence tag (EST) that has sequence iden-
tity to synaptojanin 2. This EST contains the putative
3’ coding sequence of the synaptojanin 2 gene, up to
and including the polyadenylation sequences. To fur-
ther extend the 5’ sequence of the novel gene, we used
the Rapid Amplification of 5’ cDNA Ends (5" RACE) on
mouse brain and heart Marathon-Ready cDNA librar-
ies. The 5" RACE was performed with a series of oligo-
nucleotide primers designed from the EST sequence.
From the deduced amino acid sequence of the primer-
extended cDNAs, we identified one putative open read-
ing frame initiating at nucleotide 283 that encodes a
protein with an approximate molecular mass of 140
kDa (1216 amino acids). The compiled 4.1 kb cDNA
sequence and its predicted amino acid sequence are
shown in Fig. 1.

The amino acid sequence of synaptojanin 2 is about
40 to 60% homologous to other members of the 5’-phos-
phatase family, the greatest being to synaptojanin 1
(16). Like synaptojanin 1, it contains an amino-termi-
nal Sacl homology domain, a central inositol 5’-phos-
phatase domain and a carboxyl-terminal proline-rich
region. Rat synaptojanin 2 (23) contains over 95%
amino acid sequence identity to our clone. There are,
however, three major differences: the presence of addi-
tional 5’ sequence indicating a more upstream initia-
tion codon, the absence of a 46 amino acid sequence
after Lys982 and no sequence homology after Lys1151.
A recently reported mouse synaptojanin 2 sequence
(24) appears to be the homologue of the above rat sy-
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FIG. 1.

AAAACCCATACACATGATGTCTGTGGGCCGAGCTATTGTCTGCGTTTCCTTTTTCGCGTG
GGTGTGAGCCAGATTGGCAAGCACAGTGTGAATGAACCAGCATGARACGGAGCCACTCGCT
TGCTGATGTCTCTCTGATGTGTTTTCCCCCCCAGCTCCGGAAGAGAAGGAAGTCATTAAA
GGACTGTATAGCAAGCTGACGGATGCCTATGGCTGCCTCGGGGAGCTGAGGTTACAATCC
GGTGGCGTCCCCTTGAGCTT TCTGETGT TGGTGACAGGCTGCATGTCAGTGGGCAGAATT

M S V G R I
CCAGATGCAGAGATCTACAAAATCACTGCCACTGAGTTGTACCCCCTGCAGGAAGAGGCC
P D A E I ¥ K I T ATE LY P L Q EE A
AAGGAAGAGGACCGCCTGCCCACCTTAAAGAAAATCCTGAGCTCAGGGGTGTTCTATTTC
K B BE D RL PTULKUIKTIULS S S GV F Y PF
GCATGGCCCAATGATGGCGCCTGCTTCGATCTGACCATCAGGGCTCAGAAACAGGGTGAT
A W P N D G A CF DL T IR RAUQZIKNOQGTD
GACGGCTCTGAATGGGGGACCTCTTTCTTCTGGAACCAGCTATTGCATGTGCCTCTGCGG
D G 8 E W G T 8 FPF WN QL L BV P L R
CAGCACCAGGTGAACTGTCATAACTGGTTGCTGAAAGTCATCTGTGGGETGGTGACCATC
Q F Q VN C HENWILL KV I CGV VTTI
CGCACAGTATATGCCTCCCACAAGCAGGCCAAGGCCTGTCTCATCTCTCGCATCAGCTGT
R T V Y A 8 H K Q A K A CULTI 8 R I S8 C
GAACGCGCAGGTGCTCGCTTCCTCACCCGTGGTGTGAACGATGATGGCCACGTGTCCAAC
E R A G A R F L T R GV NDD G EV SN
TTTGTGGAGACAGAGCAGACGATTTACATGGATGATGGAGTATCGTCCTTTGTCCAGATC
P VET E Q T I Y DD GV S S PF VQTI
CGAGGCTCCGTTCCGCTGTTCTGGGAGCAACCAAGACTTCAGGTTGGCTCCCATCATCTG
R ¢ § V P L F WEQ P R L Q V G 8 HHEL
AGACTGCACAGAGGCCTAGGGGCCAACGCTCCTGCTTTTGAAAGGCACATGGTGCTTCTG
R L B R G L 6 AN AP AUPF ERUHENUVL L
AAGGAGCAATACGGTAAGCAGGTGGTTGTGAACCTGCCGGGTAGCAGAGGCGGTGAAGAG
K E Q Y 6 K Q VV YV NUL P G S R G G EE
GTGCTCAACAGAGCCTTCAAGAAGTTGCTCTGGGCTTCTTGCCACGCGGGTGACACACCT
VL NRAPF K KL L WAS CHAGDTUP
ATGATAAATTTTGACTTCCATCAGTTTGCCAAAGGTAGGAAGCTAGAGAAATTGGAGAAC
M I N F DF H Q F A K @G RIKULEIZKTLTEN
CTGTTGAGACCTCAGTTACAGCTACACT GGGAAGACTTCGGCGTGTTTGCGAAGGGCGAG
L L R P QL Q L B WEUDUVF GV F A K G E
AATGTRAGTCCACGGTTTCAGAAAGGCACTCTGCGGATGAACTGTCTCGACTGTCTGGAT
N V 8 P R F Q K G TL RMNCLDCTL D
AGAACCAACACTGTGCAGTGCTTCATTGCTCTTGAGGTCCTTCATCTGCAGCTTGAGAGE
R T N T V Q C FI AL EV L HL QUL E S
TTGGGGCTAAATTCAAAGCCCATCATTGACCGTTTTGTGGAGTCCTTCAAAGCCATGTGG
L 6 L N S K P I I DR PF V E S F KAHNXMW
TCTCTGAATGGGCACAGCCTGAGCAAGGTGTTCACAGGGAGCAGGGCCCTGGAAGGAAAG
§ L N 6 E § L 5§ KV F T 6 8 RAL E G K
GCCAAGGTGGGAAAGCTGAAGGATGGGGCCCGATCCATGTCTCGCACCATCCAGTCCAAC
A KV G KL K DG AR SMUSIRTTIQ S N
TTCTTCGACGGGGTGAAGCAGGAGGCCATCAAGCTACTGCTAGTCGGAGATGTCTACAAT
F F D GV K Q EA I XKL L L V GD V YN
GAAGAGTCTACAGACAAAGGACGGATGCTGCTGGACAACACGGCCCTTCTGGCGACCCCC
E E S T DX G R MULUL DNTATLTLA AT P
AGGATCTTGAAGGCCATGACAGAACGCCAGTCGGAATTCACGAATTTCAAGCGCATCCAG
R I L K AMTERQS EVF TNV F KR RTI
ATTGCTGTGGGGACCTGCGAATGT GAACGGAGGAAAGCAATTCCGTAGCAATCTCCTGGGG
I AV GGTWNUVNGGI K QF R SNUILTILG
ACGGCTGAGCTCACGGACTGGCTCCTAGATGCTCCTCAGCTGTCAGGAGCAGTGGACTCC
T A EL T D WL L DA AUPIO QUL S G AV D S
CAGGATGATGGCAGTCCTGCTGACGTATTTGCCATCGGGTTTGAGGAGATGGTGGAACTG
Q b DbDG S PADV F A I GF EEMTVYVEL
AGTGCGGGAAATATTGTCAATGCCAGCACCACCAACAGGAAGATGTGGGGCGAGCAGCTT
S A G N I VN A ST T DNRIKMWGEGQTL
CAGAARAGCCATCTCCCGCTCCCATCGGTACATCCTCTTGACCTCCGCACAGCTGGTGGGC
Q KA I SRS HRYTIULILTSAOQTLV G
GTCTGTCTTTACATCTTTGTACGTCCGTACCACGTCCCGTTCATCAGAGACGTGGCCATC
v ¢L Y I F VU RPYHUV P F I RDVATI
GACACCGTGAAGACCGGCATGGEGGGAAAGGCGGGGAATAAGGGTGCTGTGGGCATCCGC
DTV KTGMOGGKAGNIKGAV G I R
TTCCAGCTCCACAGCACCAGTTTCTGCTTCGTCTGTAGCCACCTGACGGCTGGGCAGTCT
F Q L HS T S F CF V CSHULTA AGZQ S
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CAGGTGAAGGAGAGGAATGAAGACTACCGGCAGATCACGCACAAACTCTCCTTCCCTTCG
Q VX E RN E D Y R E I THKUL S F P S
GGGAGAAACATATTTTCACATGATTACGTGT TTTGGTGTGGCGATTTCAACTACCGTATT
G R N I F S HDY V F WCGDVPFNYR I
GATCTTACTTACGAAGAAGTCTTCTATTTTGTTAAACGCCAAGACTGGAAGAAACTTATG
D LT Y EEV F Y F V KR QD WI K K L M
GAATTTGATCAGTTACAGTTACAGAAATCAAGT GGAAAAATTTTTAAAGACTTTCATGAA
E F D Q L QL Q K S S8 G K I F KD F H E
GGAGCCGTTAACTTCGGACCCACCTACAAGTATGACGTTGGATCAGCTGCCTACGACACA
G AV N F G P T Y K Y DV G S A AY DT
AGTGACAAGTGCCGTACCCCAGCCTGGACAGACAGGGTGCTGTGGTGGAGGAAGAAGCAT
S D K CRTTPAWTD RV L WWR K K H
CCATATGATAAGACAGCTGGTGAACTCAACCTTCTAGACAGCGATCTAGACGGCGATCCC
P YD KT AGETLNULTULDSDUILUDTGTDTP
CAAATCAGACACACCTGGTCTCCAGGCACTCTGAAATACTACGGCCGTGCAGAGCTGCAG
Q I R H T w & P G T L K Y ¥ G R A E L Q
GCGTCTGATCACAGACCTGTGCTGGCCATTGTGGAGGTGGAGGT TCAAGAGGTGGATGTA
A S DHRUPVULAIUVEVEUVQEVDUV
GGAGCCCGGGAGAGGGTCTTCCAGGAAGTGTCCTCTGTCCAAGGCCCGCTGGATGCCACT
G A R ERV F Q E V S $§ V Q G P L DAT
GTTGTTGTAAACCTCCAGTCTCCAACCCTAGAAGAGAAAAATGAATTTCCAGAGGACCTG
v v vV NL Q $ P T UL E E K NEF P E D L
CGCACAGAACTTATGCAGACTTTGGGGAATTATGGGACGATTATTCTAGTCAGGATCAAC
R T EL M Q T LG NYGT I I LV RTIN
CAAGGGCAGATGCTGGTGACGTTTGCAGACAGCCACTCGGCTCTCAGTGTGCTGGATGTG
Q G ¢ M L VT FAD S H S AL SV L D V
GATGGTATGAAGGTGAAAGGCAGGGCCGTGAAGATTCGACCAAAGACCARAGATTGGCTA
D G M KV K GRAUV K I RUPIKTIKDWTL
GAAGGCCTGAGAGAGGAGCTTCTCCGGAAGCGAGACAGCATGGCCCCTGTGTCTCCCACT
E 6 L R EEL L RXURUDGSMAUPV S PT
GCCAACTCCTGCTTGTTGGAGGAGAACTTTGACT TCTCGAGTCTGGACTATGAGTCCGAA
A N S C L L E ENTFDVF S S L D Y E S E
GGGGATGTTCTTGAAGAGGATGAAGACTATTTAGTGCGATGGGTTTGGCCAGCCTGTAGTC
G bV L EETDEZDYULVDGTFGOQ PV V
TCAGACAGTGAGCTCGGTGGAGACAACTCTTCCGACACCATGAGCTCCTTGACACCCGLCC
S DS EL GGDDNSSDTM S S L T P A
AGCAAGTCTCCCGCCCTGGCTAAAARAGAAGCAACATCCAACATACAAAGACGACGCTCAC
S K §$ P AL A K K K QH P T Y K D D A H
CTGGTGACCTTAAAGCAGGAGCTGGAAGT TGCTGGGAATTTTCGCCACCGTTCTCCGAGT
L v T L K Q EL EV AGNTFRUHRS P S
AGGTCCCTGTCCGTTCCCAATAGGCCTCGGCCACCTCACCCACCACAGAGACCCCCCCLT
R 8§ L S V P N R P R P P H P P Q R P P P
CCAACTGGCTTAATGGTGAAGAAGTCAGCCTCAGACGCGTCCATCTCTTCTGGCACTCAT
P T GL M V K K S A S DASTI S S G TH
GGACAATATTCCATCTTGCAGACAGCGAAACTTCTCCCAGGAGCACCCCAGCAACCACCC
G QY $ I L QTAZ KTULTULZPGA?POOEPP
AAGGCTAGAACTGGAATAAGTAAACCTTACAACGTCAAACAGATCAAAACCACCAACGCT
K AR T G I 8§ K P Y NV K Q I KT T N A
CAGGAGGCAGAAGCAGCTATCCGGTGTCTCCTGGAAGCTAGCGGAGGGGTCCCGGAATCA

E A E A AI RCTLTLEA ASG GGV P E S
GCCCCAGGTGCCATACCCCTGAGAAACCAAGGGTCTTCTAAGCCAGAGGCCACCCTGGGG
A P G A I PLURNUGQGS S K PEATTULG
CCCCCAGCCCTGCCCCGCCGGCCTGCTCCAAGGGTTCCCACTATGAAGAAACCAACTTTG
P P A L P R R P A P RV P T MK K P T L
AGGAGGACAGGAAAGGTGTACTCGGGCATCTCCCAGTGCTTGCGTGAAGAGCTGCGCTCT
R R T G KV Y &8 G I S ¢ L R E E L R S
GCTGCCTGCACCCCACACGCAGT GAGTGCACAGGACTGCGGAGACCTTAACAACAGATGEG
A A CT PHA AV SAQDUCGDTULNNR R W
AGAATGCCACGTTTCTCGCACTATATTCACACAAAAAAATGGAAGAACGTATCTCTCAGT
R M P R F S HY I HT K KW KNV S L S8
TTTCAAGATCTCTGGCTAAAGTTTCGCAGATGAACTGTAGAGTACGT TGGTACAARAACG
F Q DL WL K F R R *
CATCCTTTGTCTTCGGCTTGCAAATGTTCAAGTGGTTGACGTCCACAGGAATTAGATCCC
CAATGCCTAAATCTGAAGAAACGCAGAAGTGTCAATARRACARAGGGAAGCCAAAAAAAAA
AAAAAAARAADAAARAMAAADLA
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Molecular structure of the novel synaptojanin 2« isoform. The predicted amino acid sequence is shown below the nucleotide

sequence. The Sacl homology region is in boldface italics and the conserved sequence motifs that define the 5'-phosphatase family of
enzymes are indicated in boldface. The consensus PXXP sequences that may mediate SH3 domain interaction are underlined.

naptojanin 2 isoform and shows similar sequence devi-
ation from our clone. A further Blast search revealed
the presence of a human brain cDNA (Accession No.
AB002346; 27) which has 86% nucleotide sequence
identity to our clone. The report, however, indicates
the presence of an open reading frame initiating down-
stream at Met299 of our sequence and significant se-
guence deviation after Lys1151. These three reported
sequences may thus represent differentially spliced iso-
forms of synaptojanin 2. Hence, we will refer to our

compiled sequence as synaptojanin 2«.

Cloning of Additional Synaptojanin 2 Isoforms

Northern blot analysis of synaptojanin 2 indicated
the presence of multiple transcripts (data not shown
and 23). In an attempt to isolate other putative synap-
tojanin 2 isoforms, we screened a murine liver cDNA
library and an embryo day 16 cDNA library. Nine posi-
tive clones were obtained from the mouse liver cDNA
library. In particular, three partial synaptojanin 2
cDNA clones, which we have designated as 243, 2y and
26 (3.7, 1.8 and 2.8 kb respectively), were found to have
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C3  VYSGISQCLREELRSAACTPHAVSAQDCGDLNNRWRMPRF SHY THTKKWKNVSLSFQDLWLKFRR
C4 TIVFCSNSQASQPCLLLQRHEFVRTVAAQRLTPIDASGSSV

C5 PMLPEENFEPQPVHFTMASQEMNLETPPPITATPIPPVPKPRTLOPGKGVEGRPSSGKPEPDEAPSVT

C6 GTVESPPPEAQEAPSLAPRVPPRRKKSAPAAFHLQVLONNSQVLQGLTCSSSSPPSLKPDTHPLCLOVALGTS SARSPETHGPRVTEPEAASFHGNY PDPFWSLLHHPKLLNNTWLSKSSEPLDVGSRNPERTHTEPAQVNA SLAERGLPPDHGGKDLSHWVTASNKDKRTTLGV

FIG. 2. Synaptojanin 2 isoforms. (A) Schematic of synaptojanin 2 cDNAs. Six possible variants of synaptojanin 2 were identified in this
study. The predicted carboxyl-terminal region of mouse (m)Synaptojanin 2 that vary amongst the isoforms are represented by sequence
blocks designated from C1 to C6 (see text). The sequence of the reported rat (r)Synaptojanin 2 isoform (23) is also represented here for
comparison. Numbers shown below the bars indicate the nucleotide positions of the synaptojanin 2a ¢cDNA sequence as well as positions
where putative splicing is predicted to have occurred. The last three amino acid residues at the putative splice site before C1 and the first
and last three amino acids of C2 are shown above the bars. I, and I, indicate the alternative initiation sites. S;, S, and S; indicate the stop
codons that are determined by the different carboxyl-terminal sequences. Synaptojanin 2« and the 2y have identical 3’ UTR. Similarly, 26
and 2¢ share identical 3’ UTR. (B) Predicted coding sequences of the six carboxyl-terminal sequence regions. C1, C2 and C3 correspond to
nucleotides 3229-3366, 3367—-3735 and 3736—3930 of the synaptojanin 2o« cDNA sequence, respectively. PXXP sequence motifs are in
boldface and underlined. The accession numbers for 2«, 28, 2y, 26, 2¢, 2L are AF041862, AF041857, AF041860, AF041858, AF041859, and

AF041861 respectively.

sequences that are unique in comparison to synapto-
janin 2« (Fig. 2A). Clone 24 is distinct from 2« in that
it contains a putative initiation site 252 bp upstream
from that predicted in 2« (Fig. 2A, 1,). This initiation
site and the associated 5’ coding sequence corresponds
to that reported for rat synaptojanin 2 (23). Clone 27,
however, differs from 2« by the absence of a 138 bp
(nucleotide 3228-3366; 46 amino acids) 3’ sequence,
which is hereby designated as the C1 carboxyl-terminal

sequence. Clone 26 is similarly deleted of the C1 se-
guence and contains a unique 528 bp (176 amino acids)
3’ sequence (designated as C6) that substituted for the
last 198 bp (66 amino acids) of 2« (designated as C3).

Screening of the day 16 mouse embryo cDNA library
produced three positive clones. Two of the partial sy-
naptojanin cDNA clones, which we have designated as
2¢ and 2 (3.8 and 1.4 kb respectively), were found to
contain additional unique sequence motifs. Clone 2e
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has a unique 204 bp (68 amino acids) 3" sequence (des-
ignated as C5) that is flanked by the C2 sequence at
its 5’ end and the C6 sequence at its 3’ end. It is noted
that the previously reported human brain EST (27)
carries a 3’ sequence that has 70% nucleotide sequence
identity to this C5 to C6 sequence, suggesting that this
is the human homologue of the 2¢ isoform. In addition,
the recently reported partial mouse synaptojanin 2 se-
guence (24) contains 100% amino acid sequence iden-
tity to C5 and C6, confirming that this sequence does
indeed represent an isoform of synaptojanin 2. The
clone 2¢ had yet another unique 123 bp (41 amino
acids) sequence, designated as the C4 sequence, substi-
tuting for the C3 sequence of 2a. The predicted amino
acid sequence of C4 is 92% identical to the homologous
region of rat synaptojanin 2 (23) and 100% identical to a
similar region in the recently reported mouse sequence
(24), indicating that both the latter clones are isoforms
similar to 2{. The 3’ untranslated region (3’ UTR) of
the 2 cDNA is similar to that reported for rat synapto-
janin 2. Close examination of the 3’ UTR of rat synap-
tojanin 2 reveals the presence of both C5 and C6 se-
guences following C4. The C5 and C6 sequences are in
a different reading frame from C4 and are separated
from the C4 stop codon by 26 nucleotides (Fig. 2A).

Our results therefore indicate the presence of several
potential alternative RNA splice sites in the synapto-
janin 2 gene. There may be at least one splice site at
the 5’ end, resulting in multiple initiation sites for the
gene (Fig. 2A, I, and 1,). Alternatively, the different 5’
untranslated regions (5" UTRs) may be the result of
different promoter usage. The 3’ end appears to be the
most complex as the carboxyl-terminal region of the
product is potentially encoded by at least 6 exons,
which when alternatively spliced, can produce multiple
isoforms. There are three potential splice sites in the
synaptojanin 2« sequence, at nucleotides 3228, 3367
and 3735 (Fig. 2A). It is noted that all of the clones
reported here and the isoforms reported elsewhere (23,
24) have one 3’ sequence in common, namely C2, sug-
gesting that this sequence may be important to the
function of the protein. In addition, all of the unique
sequences identified in the synaptojanin 2 cDNA
clones, except for C3 and C6, contain proline-rich re-
gions (Fig. 2B), suggesting that alternative splicing at
the carboxyl-terminus may lead to differential binding
to SH3 domain-containing proteins (28). Furthermore,
the presence of both C5 and C6 sequences after the
C4 stop codon in the 2 clone and the reported rat
synaptojanin 2 cDNA (23) suggests a possible 3’ exon
structure for synaptojanin 2 in which the C1 exon(s)
precedes that of C2 which is followed by the exon(s) of
C4, C5 and finally C6.

Chromosomal Mapping of Mouse Synaptojanin 2

In order to determine the synaptojanin 2 genomic
locus, we obtained a BAC synaptojanin 2 genomic clone
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FIG. 3. Chromosomal localization of the synaptojanin 2 gene by
fluorescence in situ hybridization. The chromosomal location of the
mouse synaptojanin 2 gene was determined by using a mouse synap-
tojanin 2 genomic fragment as a digoxygenin-labeled probe on mouse
metaphase chromosome spreads. (A) Synaptojanin 2 is located on
mouse chromosome 17. The hybridization signal produced by the
synaptojanin 2 genomic probe is indicated by the arrow. The DAPI-
stained chromosomes revealed that synaptojanin 2 maps adjacent to
the heterochromatic region on chromosome 17 on band A2-3.1. (B)
Synaptojanin 2 co-localizes with a chromosome 17 specific probe. To
verify the chromosomal localization of synaptojanin 2, a probe spe-
cific for the telomeric region of chromosome 17 was used in a co-
hybridization experiment. The signal generated by this control probe
is indicated by an arrowhead.

by screening a mouse embryonic stem cell library. Par-
tial sequencing of this BAC clone confirmed that it con-
tains the synaptojanin 2 gene. This genomic DNA was
used to map the genomic locus of synaptojanin 2 by
fluorescence in situ hybridization (FISH). The signal
specific for synaptojanin 2 was detected on chromosome
17 in 73 of 80 mouse embryo fibroblast metaphase chro-
mosome spreads analyzed (Fig. 3A). The identity of the
chromosome was confirmed by co-hybridization of the
synaptojanin 2 probe with a chromosome 17-specific
probe (Fig. 3B). DAPI staining revealed that synapto-
janin 2 maps immediately adjacent to the heterochro-
matic region on chromosome 17, corresponding to band
A2-3.1, in a region close to the mouse T-locus.

DISCUSSION

Synaptojanin 2 is an inositol 5’-phosphatase con-
sisting of an amino-terminal Sacl homology domain, a
catalytic domain and a carboxyl-terminal region that
is alternatively spliced. We report here the identifica-
tion of several synaptojanin 2 cDNA clones that differ
in both the amino- and carboxyl-terminal coding se-
guences. Our data suggest the existence of two alterna-
tive initiation sites for the gene. Initiation from these
alternative start sites results in isoforms that vary in
the expression of 84 amino acids in the amino-terminal
of the Sacl homology domain. A third putative initia-
tion site has been suggested for a human cDNA se-
guence isolated from brain (27). The human sequence
differs from the synaptojanin 2« sequence by the inser-
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tion of a 57 nucleotide sequence at nucleotide 1155 of
synaptojanin 2«. This insertion sequence contains a
stop codon, resulting in an open reading frame that
begins 298 amino acids downstream of the predicted
initiation site in synaptojanin 2«. In this case, the puta-
tive translated product lacks most of the Sacl homology
domain.

The Sacl homology domain was originally identified
in yeast in the Saclp protein and it is thought to modu-
late both the secretory pathway and actin cytoskeletal
activity (29, 30). Recent data indicate that Saclp is
associated with the endoplasmic reticulum (31) and has
a role in mediating ATP transport through the endo-
plasmic reticulum (32). To date, synaptojanin 1 and 2
are the only mammalian proteins known to contain this
Sacl homology domain. A possible role for this domain
has been suggested by the demonstration that the Sacl
homology region of synaptojanin 1 interacts with actin
in vitro (18). Hence, truncation or deletion of the Sacl
homology domain may modify the function of synapto-
janin 2.

The carboxyl-terminal sequence of synaptojanin 2 is
encoded by at least six exons. Alternative splicing of
these exons in specific combinations can result in the
expression of multiple synaptojanin 2 isoforms. We re-
port in this study the identification of six new isoforms
that differ at the carboxyl-terminus. If these isoforms
are also alternatively spliced at the amino-terminus,
resulting in initiation at either of the two potential
start sites mentioned above, then at least twelve possi-
ble isoforms can be generated. This complexity is re-
flected by the multiple transcripts that hybridized to
synaptojanin 2« probes in the Northern analyses (data
not shown and 23).

The carboxyl-terminal of synaptojanin 2 is also char-
acterized by the expression of the PXXP sequence motif
that mediates interaction with SH3 domains (28). We
have evidence that the proline-rich carboxyl-terminal
region of synaptojanin 2« have the ability to bind to
the SH3 domains of a variety of molecules in vitro (Seet,
L. F., and Dumont, D. J., unpublished data). The inter-
action with SH3 domains is likely to be critical to the
function and/or regulation of the protein. For instance,
synaptojanin 1 is thought to facilitate synaptic vesicle
recycling via its interaction with the SH3 domain of
amphiphysin, a presynaptic protein implicated in endo-
cytosis (16). It has also been suggested that synapto-
janin 1 function is regulated by similar SH3-mediated
interactions with members of the SH3p4/8/13 family of
protein molecules (19, 20, 21).

As the carboxyl-terminal isoforms of synaptojanin 2
differ in the expression of the PXXP sequence motif,
the individual isoforms may interact with distinct SH3
domain-containing molecules. This may in turn influ-
ence the cellular location, catalytic activity and possi-
bly signal transduction of the different isoforms. This
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phenomenon has been indicated for synaptojanin 1
where the additional SH3-binding domains of the 170
kDa isoform is thought to be responsible for the in-
creased membrane affinity of the protein relative to the
145 kDa isoform (22).

Finally, our FISH mapping data indicate that synap-
tojanin 2 is located on mouse chromosome 17 within
the t-complex region. This region is known to contain
many genes involved in spermatogenesis. As synapto-
janin 2 is expressed in the testes, it is possible that
synaptojanin 2 activity may affect sperm function.
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