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Amphiphysin, an SH3-domain containing protein
concentrated in nerve terminals, is believed to be in-
volved in the synaptic vesicle recycling. We have
cloned cDNAs of a novel isoform of amphiphysin (am-
phiphysin I1) by exploiting sequence information for
homologous ESTs deposited in databases. At least 9
different subtypes of the isoform with 50-60% amino
acid identity to the human amphiphysin were identi-
fied by a conventional library screening and PCR am-
plification of cDNA libraries. Each subtype probably
represents a splice variant of a single gene transcript.
Analysis of MRNA expression in various tissues by RT-
PCR showed that the isoform is ubiquitously distrib-
uted. The expression spectrum of the isoform sub-
types, however, is significantly different in several tis-
sues examined, suggesting that they are involved in
the regulation of endocytic processes that are unique

to each cell type. © 1997 Academic Press

Amphiphysin was discovered in 1992 as a protein
partially associated with synaptic vesicles and its
cDNA was first cloned from a chicken forebrain expres-
sion library (1). The human homolog of amphiphysin
was then identified as the autoantigen which is recog-
nized by sera from patients with breast cancer and
Stiff-Man Syndrome, a rare neurological disorder with
progressive muscle rigidity accompanied by painful
spasms (2, 3). Amphiphysin has an SH3 domain which
binds specifically to a proline-rich region of dynamin
(4), a GTPase directly involved in internalization of
clathrin-coated vesicles (5). A number of proteins that
have been assigned to signal transduction pathways
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possess the SH3 domain (6). In addition to the SH3-
mediated interaction with dynamin, amphiphysin has
been shown to bind AP2, the clathrin-adaptor complex,
via an unidentified region in the molecule (4, 7). Thus,
amphiphysin recruits dynamin in proximity of clathrin
coats, and the elevated local concentration of dynamin
may facilitate the self assembly of dynamin rings at
the base of budding endocytic vesicles (8). It has also
been reported that the SH3 domain of amphiphysin
interacts specifically with synaptojanin, a presynaptic
protein with inositol-5-phosphatase activity, sug-
gesting a link between phosphoinositide metabolism
and synaptic vesicle recycling (9).

We have found an autoantigen (p130) which is reac-
tive to the antibody produced in a patient with ductal
mammary carcinoma. The patient showed neurological
symptoms, mainly sensory disturbance, that are
clearly distinct from the Stiff-Man Syndrome. Recently,
however, p130 was identified also as amphiphysin
(manuscript in preparation). Since the antibody cross-
reacts with other proteins of different molecular size
on immunoblots and a number of expressed sequence
tags (ESTs) with moderate sequence homology to am-
phiphysin have been accumulated for some time in the
database, we suspected that there exist an isoform of
amphiphysin which might be cross-reactive to the pa-
tient’'s antibody. We report here the molecular struc-
ture of the isoform (designated amphiphysin I1) and
the presence of its multiple subtypes or splice variants
that showed a tissue-specific expression.

MATERIALS AND METHODS

Database search. DNA sequences homologous to the human am-
phiphysin cDNA (accession humber: U07616) were searched in the
GenBank and dbEST databases at NCBI using the BLAST algo-
rithm. Out of many EST hits, only ESTs showing 50—70% identity
were selected. Being guided by homology, 22 ESTs were aligned along
with amphiphysin, and a contig sequence (AP 111) was deduced by
merging the overlapping ESTs. Conserved features in protein se-
guences were detected in the BLOCKS database using Block
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Searcher (10). Potential coiled-coil regions in proteins were predicted
by the COILS program (11).

cDNA cloning. The cDNA libraries used in this study were hu-
man placenta ¢cDNA in Uni-Zap (Stratagene), human fetal brain
c¢DNA in pCMV-SPORT?2 (Gibco BRL), and rat brain stem/spinal cord
cDNA in Lambda Zap 1l (Stratagene). About 107 pfu of phage parti-
cles or 5 ng of purified plasmid DNA, in case of the fetal brain library,
were used as templates for PCR amplification. The Tag DNA poly-
merase (AmpliTaq Gold, Perkin—Elmer) was used mostly for PCR
under the standard conditions recommended by the supplier. PCR
products were isolated by electrophoresis in 1% agarose gels and
cloned into the pGEM-T vector (Promega). Purified plasmids were
subjected to sequencing reactions with a dye terminator/cycle se-
quencing kit (Perkin—Elmer) and sequenced on a DNA sequencer
(373A, Applied Biosystems).

Original clones of the amphiphysin isoform were obtained by PCR
amplification of the placenta library using a primer pair, 5'-GGG-
CAGTAAAGGGGTGA-3" and 5'-TGGGACCCTCTCAGTGAA-3’, de-
signed to span the whole coding region of AP I11. To further acquire
the full length cDNA, the fetal brain library was probed with a *?P-
labeled Pstl fragment (708 bp) excised from the AP 112 insert, one
of the PCR clones obtained. The colony hybridization was performed
according to a standard protocol. In the first screening, 32 colonies
out of 3 X 10° recombinants gave a positive signal. After the second
screening, only one clone was selected for further analysis. Nucleo-
tide sequencing was done as stated above with appropriate oligonu-
cleotide primers and this particular clone was identified as AP 112.

Analysis of subtype expression in various tissues. The Poly-
ATtract System 1000 and Access RT-PCR System (both from Pro-
mega) were used for mRNA purification and RT-PCR, respectively.
Tissue samples (ca. 40 mg) were obtained from a male Wistar rat (7
week old) and homogenized immediately in 400 ul of the GTC extrac-
tion buffer containing 4 M guanidine thiocyanate and 2% 2-mercapto-
ethanol in Eppendorf tubes. Following procedures were performed
according to the manufacturer’s protocol. The RT-PCR mixture (50
wl) contained the reaction buffer, 5 units each of AMV reverse tran-
scriptase/Tfl DNA polymerase, 0.2 mM dNTPs, 1 uM primers, and
10 ng of mRNA isolated from various tissues. Primers used here
were AP8 (5'-AAGAAGGATGAAGCCAAAATTGC-3'), R5 (5'-CTC-
ATGGTTCACTCTGATCTC-3"), AP10 (5'-AGATCAGAGTGAACC-
ATGAGCC-3’), and AP9 (5-GCCAGCTTTGAGTTGCAGCT-3’).
Reactions for reverse transcription and PCR were carried out succes-
sively in a thermal cycler (GeneAmp PCR System 2400, Perkin—
Elmer) using a standard program recommended by the supplier.
Resulting reaction products were separated in 1.5% agarose gels
and transferred with 0.4 M NaOH onto the Hybond-N+ membrane
(Amersham) in a vacuum blotter. Specific amplification products
were then detected by a Southern hybridization procedure using the
cDNA insert of the rat AP 114 clone as a **P-labeled probe.

RESULTS

cDNA cloning of an amphiphysin isoform. Many
EST entries were found to be 50—70% homologous to
the amphiphysin sequence when GenBank and dbEST
databases were BLAST-searched against human am-
phiphysin cDNA. These ESTs most likely to represent
partial cDNA segments of an unknown isoform of am-
phiphysin. In this report we designate the novel iso-
form as “amphiphysin 11" (AP 11) and the canonical one
as “amphiphysin I"” (AP I). The homologous ESTs were
so abundant in the database that it was possible to
construct a contig, a hypothetical cDNA (AP 111), sim-
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ply by splicing the overlapping ESTs. The contig con-
tained a long open reading frame encoding a sequence
of 607 amino acids with 49% identity to AP 1.

To actually clone AP Il cDNA we first synthesized
a pair of oligonucleotides encompassing the putative
coding region of AP 111 (1.8 kb) and used them as PCR
primers to amplify a cDNA library from human pla-
centa. The resulting PCR products (1.45 and 1.3 kb),
although significantly shorter than the expected size,
were cloned into a plasmid vector and sequenced. Anal-
ysis of the sequence for these clones, termed AP 112
and AP 113, showed that both had an uninterrupted
coding frame and were nearly identical to AP 111 except
for deletions in 3 positions (aligned in Fig. 2).

We then isolated a full length cDNA of AP 112 by
screening a human fetal brain cDNA library using a
probe excised from the AP 112 PCR clone. The cDNA
(2.1 kb) contained 5’ and 3’ noncoding regions in addi-
tion to the coding sequence which was identical to that
of the PCR clone isolated from the placenta library.
The deduced amino acid sequence of AP 112 was com-
pared with that of AP | and AP 111, together with other
AP l12-related sequences retrieved from the database
(Fig. 1). Homology between AP I and AP I is signifi-
cantly high in the N-terminal 1/3, in the central portion
between “e” and “f’, and in the SH3 domain at the C
terminus. In other regions they are largely dissimilar.
Interestingly, amphiphysin 112 is identical to BIN1, a
nuclear protein reported to be interacting with the
MY C oncoprotein (12), except that i) the 43 amino acids
between “e” and “f” are deleted in BIN1, and ii) BIN1
has an insertion of a nuclear localization signal (NLS)
composed of 15 amino acids between “c” and “d”. AP
112 and BIN1 are also highly homologous to the SH3P9,
a mouse protein containing an SH3 domain that was
recently identified by a cDNA cloning strategy involv-
ing selection of cDNA expression libraries with syn-
thetic polypeptide ligands (13). SH3P9 is probably a
mouse homolog of the human AP 113 since the se-
guences can be aligned throughout with only short gaps
and their amino acid identity is as high as 95% (align-
ment not shown).

Amphiphysin Il has multiple splice variants. These
results strongly suggest the existence of additional sub-
types in the novel amphiphysin isoform. To isolate
them, therefore, cDNA libraries from human fetal
brain and from adult rat brain stem/spinal cord were
amplified by PCR with various primers shown in Fig. 2.
More than 10 products of different sizes were isolated,
cloned, and sequenced. The predicted amino acid se-
guences revealed that most of them belong to the AP
Il family. Seven clones of these are shown schemati-
cally in Fig. 2. This comparison brings about a remark-
able implication that all the cDNA clones are derived
from a primary transcript of amphiphysin Il gene

179



Vol. 236, No. 1, 1997

Human AP IIl 1 : MAEMGSK!

Human AP II2

BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

TAGKIASNVQOKKLTRAQEKVLOKLGKADETKDEQFEQCVONFNKQLTEGTRLQKDLRTYLASVKAMHEASKKLNECLQEVYEPDWPGRDEANK I AENNDLLWMDYHQKLVDQALLTMDTYL, 130
1 : MAEMGSKGVTAGKIASNVQOKKLTRAQEKVLQKIL.GKADETKDEQF EQCVONFNKQL TEGTRLOKDLRTY LASVKAMHEASKKLNECLQFEVYEPDWPGRDEANK I AENNDLLWMDYHOKLVDQALLTMDTYL: 130

Human BIN1 1 : MAEMGSKGVTAGKIASNVQKKLTRAQEKVLOKLGKADETKDEQF EQCVONFNKQLTEGTRLOKDLRTYLASVKAMHEASKKLNECLQEVYEPDWPGRDEANK I AENNDLLWMDYHQKLVDQALLTMDTYL 130
Mouse SH3P9 1 : MAEMGSKGVTAGK IASNVQKKLTRAQEKVLOKLGKADETKDEQF EQCVONFNKQLTEGTRLOKDLRTY LASVKAMHEASKKL.SECLQEVYEPEWPGRDEANK TAENNDLLWMDYHQKLVDQALLTMDTYL 130
Human AP T 1:MADI----- KTGIFAKNVQKRINRAQEKVLOKLGKADETKDEQF EEYVONFKRQEAEGTRLORELRGYLAATKGMQEASMKL TESLHEVYEPDWYGREDVKMVGEKCDVLWEDFHQKLVDGSLLTLDTYL 125

>k kK kkkk K RkkAkkkkARARARARAKKKKK  RAkK %

va e °

kKA KK

Kk KKk ok ok KKk Kk K Kk RRKKKKK Kk kK Kk ok RkkkAK KKK kAN

b

[ [ [ [ 4 [ L4 (3
Human AP II1 131:GQFPDIKSRIAKRGRKLVDYDSARHHYESLQTAKKKDEAKIAKPVSLLEKAAPQWCOGKLQAHLVAQTNLLRNQAEEELTKAQKVFEEMNVDLOEELPSLWNSRVGFYVNTFQSIAGLEENFHKEMSKILN 260

Human AP II2 131:GQFPDIKSRIAKRGRKLVDYDSARHHYESLQTAKKKDEAKIAK-

AEEELIKAQKVFEEMNVDLQEELPSLWNSRVGFYVNTFQSIAGLEENFHKEMSKLN 229

Human BINL 131 :GQFPDIKSRIAKRGRKLVDYDSARHHYESLQTAKKKDEAKTAK:

Mouse SH3P9 131 :GQFPDIKSRIAKRGRKLVDYDSARHHYESLOTAKKKDEAKTAK - == = === == = ==

-AEEELIKAQKVFEEMNVDLQEELPSLWNSRVGFYVNTFQSIAGLEENFHKEMSKIN 229

,,,,,,,,,,,,,,,, AEEELIKAQKVFEEMNVDLOEELPSLWNSRVGFYVNTFQSIAGLEENFHKEMSKIN 229

Human AP I 126 : GOQFPDIKNRIAKRSRKLVDYDSARHHLEALQSSKRKDESRISK:
* wEE % %

hkkkkk Rk kRk ARKAKKRKRKRK K Kk

yc NS yd

-AEEEFQKAQKVFEEFNVDLQEELPSLWSRRVGFYVNTFRKNVSSLEAKFHKEIAVLC 224

Kokhk KRk AKAKK RARKKRKA KRR kAR A kKA A *k hkkk *

e

Human AP II1 261 :QNLNDVLVGLEKQHGSNTFTVKAQPRKKSKLFSRLRRKKNSDNAPAKGNKSPSPP-DG-SPAATPEIRVNHEPEPAGGATPGATLPKSPSQLRKGPPVPPPPKHTPSKEVKQEQILSLFEDTFVPELSVT 388

Human AP II2 230:QNLNDVLVGLEKQHGSNTFTVKAQP-----—-—=—=——-—, SDNAPAKGNKSPSPP-DG-SPAATPEIRVNHEPEPAGGATPGATLPKSPSQLRKGPPVPPPPKHT PSKEVKQEQILSLFEDTFVPEISVT 342
Human BIN1 230 : QNLNDVLVGLEKQHGSNTEFTVKAQPRKKSKLFSRLRRKKNSDNAPAKGNKSPSPP-DG - SPAATPEIRVNHEPEPAGGATPGATLPKSPSQ 318
Mouse SH3P9 230 : ONLNDVLVSLEKQHGSNTFTVKAQP -~ — === ========= SDNAPEKGNKSPSPPPDG-SPAATPEIR SGASPGATIPKSPSQ: 304
Human AP I 225 : HKLYEVMTKLGDQHADKAFTIQGAP~ = - =~ = em v m meoe SDSGPLRIAKTPSPP~EEPSPLPSPTASPNHTLAPA---SPAPARPRSPSQTRKGPPVPPLPKVT PTKELQQENI ISFFEDNFVPEISVT 335

*  x PETS >k * *x % * kAkk

*x * *x ok *

KKK KRRKRKRK Kk Ak Kk Kk K Kk Kkk ARKAKAKK

I
Human AP II1 389:TPSQFEAPGPFSEQASLLDLDFDPL----PPVTSPVKAPTPSGQSIPWDLWE-PTES-PAGSLPSGEPSAAEGPLLCPGPARRPSRACQPAEASEVAGGTQPAAGAQEPGETAASEAASSSLPAVVVETF 512

Human AP IT2 343:TPSQ
Human BINL 319:

PAEASEVAGGTQPAAGAQEPGETAASEAASSSLPAVVVETE 387
PARASEVAGGTQPAAGAQEPGETSASEAASSSLP. VETF 359

Mouse SH3P9  305:

PAEASEVVGG AQEPGETAASEATSSSLPAVVVETF 339

Human AP T 336 : TPSONEVPEVKKEE-TLLDLDFDPFKPEVTPAGSAGVTHS PMSQTLPWDLWTTSTDLVQPASGGSFNGFTQPQODTSLFTMQTDOSMICNLAE ~SEQAPPTEPKAEEPLAAVT PAVGLDLGMDTRAEEPVE 463
x % *

Kk K K * HhR KRk * % * ok kAKkR *

Human AP IT1 513:PATVNGIVEGGSGAGRL

X Kk K%k kK Kk K * %

529

404

Human AP II2 388:PATVNGTVEGGSGAGRL
Human BINL 360 : PATVNGTVEGGSGAGRL

376

Mouse SH3P9 340 : SATVNGAVEGSAGTGRL:

356

Human AP T 464 : EAVITIPGADADAAVGTLVSAAEGAPGEEARARKATVPAGEGVSLEEAK IGTETTEGAESAQPEAEEL EATVPQEKVI PSVVIEPASNHEEEGENEI TIGAEPKETTEDAAPPGPTSETPELATEQKPIQD 593

* *

SH3

Human AP II1 530:
Human AP II2 405:
Human BINL 377:
Mouse SH3P9 357:

—
DLPPG FMFKVQAQI‘DYTATD‘TDEDQLKAGDVVLVIPFQNPEEQDBGWLMGVKESUNNQH{ELEKCR!VF!ENFTER‘ P 607
DLPPGFMFKVQAQHDYTATDTDELQLKAGDVVLVIPFONPEEQDEGWLMGVKESDWNQHKELEKCRGVFPENFTERVP 482
DLPPGFMFKVQAQHDYTATDTDELQLKAGDVVLVIPFONPEEQDEGWLMGVKESDWNQHKKLEKCRGVFPENFTERVP 454
DLPPGFMFKVQAQHDYTATDTDELQLKAGDVVLVIPFONPEEQDEGWLMGVKESDWNQHKELEKCRGVFPENFTERVQ 434

Human AP I 594 : PQPTPSAPAMGAADQLASAREASQELPPGFLYKVETLHDFEAANSDELTLQRGDVVLVVPSDSEADQDAGWLVGVKESDWLQYRDLATYKGLFPENFTRRID 695

HRKHK  kk % % kK *

Ik KKKk

Ik kK KKKIKIK X * X kKK EK K

FIG. 1. Amino acid sequence alignment of amphiphysin isoforms. Note that AP 111 is the EST contig. Hyphenated positions are the
gaps introduced for alignment, and identical residues in AP | and AP Il1 are marked by asterisks. Sequences of other AP Il12-related
proteins, BIN1 (U68485) and SH3P9 (U60884), are also shown here. The nuclear localization signal (NLS) in BIN1 and the C-terminal
SH3 domain (SH3) are indicated. The glycine and proline residues strictly conserved in all SH3 domain-containing proteins and the insertions
characteristic of the amphiphysin SH3 are indicated by arrowheads and bars, respectively. Arrows denote putative exon—exon junctions
as in Fig. 2. Heptad repeats of hydrophobic amino acids within the coiled coil region are marked by dots.

through an alternative splicing mechanism (see Dis-
cussion for evidence). Nucleotide sequences for corre-
sponding regions of these clones and AP 111 were the
same except for a few conflicts probably due to PCR
errors and, in some cases, polymorphism. The insertion
sequence found in F5/R4-b differed from the g-h seg-
ment of other clones and AP 111, suggesting that more
than 2 alternative exons can be inserted at this posi-
tion. We have not detected a clone corresponding to AP
111 although the subtype S1/R3-a may well represent
a partial segment of AP 111 which is devoid of the NLS
exon. Since all the patterns of putative exon organiza-
tion are unique to each clone, we conclude that AP I
consists of more than 10 variants or subtypes.

Tissue-specific expression of AP 11 subtypes. Ubiqui-
tous expression of AP Il mRNA in various tissues has
already been shown by a Northern blot analysis with
BIN1 cDNA probe which should detect most of the mes-
sages for AP Il subtypes (see Fig. 5a of Ref. 12). To
investigate the expression of individual AP 11 subtypes,
poly (A)" RNA was isolated from rat tissues and sub-
jected to RT-PCR analysis (Fig. 3). The variants with
different exon organization between the primer sites

are expected to give products of different length. Two
pairs of primers were selected to amplify different
cDNA regions. With primers AP8/R5 that are targeted
to a central portion, a dominant product of the same
size (365 bp) was produced in all the tissues tested,
except for retina and skeletal muscle (marked by arrow
in Fig. 3A). In all the nerve tissues (lanes 1-5), an
additional band of 460 bp was present (double arrow-
head). These major products are likely to be generated
from the subtypes homologous to the human counter-
parts without and with the exon a-b, respectively, since
their sizes coincide well each other. A band with inter-
mediate size (435 bp) was detected only in skeletal
muscle (oblique arrow). In some tissues larger products
of 1 kb< were seen, implying that insertional events
of unknown exon(s) may occur between these primer
sites. The largest band in nervous tissues (arrowhead)
is slightly larger than that found in other tissues (open
arrowhead). The primers targeted for a C-terminal por-
tion (AP10/AP9) gave a dominant product of 248 bp
which is probably derived from a subtype with the same
exon organization as in the rat AP 114 (arrow in Fig.
3B). The 690 bp band detected in the cerebral cortex
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FIG. 2. Summary of amphiphysin Il subtypes. Shown here is a schematic representation of amino acid sequences. The uppermost
sequence shown by white bars is a hypothetical isoform Il (AP 111) reconstituted from overlapping ESTs. Putative exon—exon junctions are
labeled with roman letters and numbers inside the bar designate length of exons. Note that the bars separated by gaps actually constitute
a consecutive sequence. Wavy ends illustrate that these are the clones truncated at the position of PCR primers. Except for AP 112 and
BIN1, shaded sequences were obtained by PCR amplification of cDNA libraries either from human placenta (AP 113), rat brain stem/spinal
cord (AP8/AP9), or from human fetal brain (all the others). PCR clones are named after primers used for amplification. Location of the
primer “R1” is not shown because it resides in the 3’ noncoding region. The filled bar in F5/R4-b depicts the insertion of an alternative
exon which is absent from other subtypes. Structural domains predicted from the AP 111 sequence are shown on the top. The potential
coiled coil region shown here adopts this conformation with a probability higher than 0.9.

and the pons (arrowhead) is comparable in size to a
product expected from the hypothetical subtype AP I111.
These results are consistent with the notion that am-
phiphysin Il is expressed ubiquitously in various tis-
sues although its subtype composition shows a signifi-
cant tissue specificity.

DISCUSSION

We have demonstrated through cDNA cloning that
messages for a novel family of proteins homologous to
amphiphysin, thus termed amphiphysin 11 (AP II), is
expressed in a wide variety of tissues. Overall sequence
identity between AP 112, one of the subtypes identified
in this study, and amphiphysin | was about 59% at

the amino acid level. As shown in Figs. 1 and 2, the
colinearity between AP | and AP 11 is disrupted by 2
alternative insertions into isoform Il (between the la-
bels “a/b” and “c/d”) and by the lack of homology and
large deletion in AP Il within the region between “g”
and the SH3 domain, where a sequence divergence has
also been noted between human and chicken amphi-
physin | (3). The SH3 domain identified in AP 1 is
longer than that of other proteins because of insertions
in 2 positions (3,13). These insertions are also present
in AP Il and the amino acid sequence in the SH3 do-
main, including the invariable glycine and proline resi-
dues, is relatively conserved between the isoforms (Fig.
1). Whether the SH3 domain of AP Il also interacts
with dynamin/synaptojanin or it has different target
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FIG. 3. Tissue-specific expression of amphiphysin 11 subtypes.
Poly (A)" RNAs isolated from various rat tissues (indicated on the
top) were subjected to RT-PCR analysis with primer pairs AP8/R5
(panel A) or AP10/AP9 (panel B). After electrophoresis in agarose
gels, specific amplification products were detected by Southern blot-
ting with a probe prepared from the rat AP 114 clone. Autoradiograms
are shown here. Migration of a ladder marker fragments are desig-
nated on the right. Other symbols in this figure are explained in the
text.

proteins remains to be clarified. Other structural fea-
tures of AP | are also present in AP Il (Fig. 2, top). The
region with clustered prolines might be involved in the
binding with SH3 domains of other proteins. Although
AP 11 does not have the homologous exon in which the
hydrophobic stretch conserved in human and chicken
AP | has been located, AP Il does possess a stretch of
similar hydrophobicity right next to the SH3 domain.
Both amphiphysin isoforms contain a putative coiled
coil domain (ca. 50 amino acids) which can be involved
in protein-protein interaction. A distinct heptad repeat
of hydrophobic amino acids is discernible within this
region (Fig. 1). In some of the AP 11 subtypes, the region
is divided into 2 portions by the insertion of 31 amino
acids which is detrimental to the coiled coil conforma-
tion (Fig. 2).

The most striking feature of AP Il is the presence of
multiple subtypes that are likely to represent splice
variants. The following discussion may support this
notion. Even in the absence of knowledge on the geno-
mic sequence, every junction between putative exons
could be deduced by aligning nucleotide sequences for
the subtypes listed in Fig. 2. In 8 out of 9 exon bound-

BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

aries, the last 2 nucleotides at the 3’ ends of exons
were AG (data not shown), being consistent with the
consensus sequence formulated from many genes (14).
There is a general preference for intron insertion at a
codon boundary, as opposed to the middle of a codon,
that has been ascribed to a consequence of gene evolu-
tion through the exon shuffling mechanism (14, 15). In
6 junctional sites of AP 11, the point of intron insertion
occurs at the codon boundary. The frequency (6/9=66%)
is significantly higher than the statistical expectation
for mammalian genes (43%, Ref. 14). This trait might
be somehow related to the extensive splicing events
involved in the expression of AP Il gene. The splicing
pattern is probably conserved at least between man
and rodents.

Recent inspection of sequence databases revealed
cDNA sequences for a human AP Il variant (U87558,
Ref. 16) and a putative mouse homolog with 94% amino
acid identity (U86405). Interestingly, the human vari-
antis nearly identical to AP 111 without NLS, except for
the latter half of the “exon g-h” which differs completely
(not shown). Including the unique sequence found in
the clone F5/R4-b, therefore, this region appears to ac-
commodate at least 3 alternative exons. How many
more subtypes will be identified eventually? Our re-
sults suggest that the AP Il gene contains more than
10 exons. Assuming that every exon is dispensable and
the splicing event is independent each other, a combi-
national estimate for a total number of subtypes easily
exceeds 10°. Since some exons must be essential, this
is clearly an overestimation. However, considering the
fact that over 10 variants have been identified without
any systematic searches, we could certainly expect ad-
ditional splice variants to be found. Neurexins, a family
of cell surface proteins specific to brain, is an extreme
example of this kind since several hundreds of variants
have been suggested to be created by extensive alterna-
tive splicing (17).

The subtype expression spectrum in each tissue is
clearly different. The RT-PCR analysis unequivocally
detected subtypes that are specific to nervous tissues
and to skeletal muscle (Fig. 3A). Furthermore, the
product pattern was also different among nervous tis-
sues: the 365 bp band was negligible in retina and the
large band noted in the cerebral cortex was absent from
the cerebellar cortex which gave, instead, a smaller
product (asterisk in Fig. 3A). We speculate that differ-
ent AP Il subtypes are expressed in each cell type
through a regulated splicing mechanism. Therefore, a
subset of neurons may well express an unique form of
AP Il. In order to clarify this situation, experiments
with combinations of antipeptide antibodies that are
specific to individual exons will be required.

Although we have no information on proteins inter-
acting with AP 11, it would be reasonable to assume
that AP Il is also involved in endocytic pathways by
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interacting with dynamin in non-neural tissues where
AP 1 is not expressed. However, AP Il may have addi-
tional partners that are most likely to be subtype spe-
cific. In fact, a splice site-specific partner for neurexins
has been identified (18). Presence of AP Il subtypes
with different organizations in the putative protein-
recognition domains, such as coiled coils, is consistent
with this idea. Thus AP 11, as a family of proteins, can
serve as an adaptor for a variety of protein partners,
facilitating interaction between the partner and the
protein bound to the SH3 domain. Physiological roles
of AP 11 will be established by elucidating its partners
which may possibly include the proteins directly in-
volved in signal transduction pathways. Whether AP
Il can also be an autoantigen in some paraneoplastic
conditions remains to be demonstrated.
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