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Membrane-associatedguanylatekinaseinverted(MAGI)-1playsaroleasascaffoldatcell
junctions in non-neuronal cells, while S-SCAM, its neuronal isoform, is involved in the
organization of synapses. A search for MAGI-1–interacting proteins by yeast two-hybrid
screening of a kidney cDNA library yielded dendrin. As dendrin was originally reported
as a brain-specific postsynaptic protein, we tested the interaction between dendrin and
S-SCAM and revealed that dendrin binds to the WW domains of S-SCAM. Dendrin is
knownto bedendritically translatedbut its functionis largely unknown.To gaininsights
into the physiological meaning of the interaction, we performed a second yeast two-
hybrid screening using dendrin as a bait. We identified CIN85, an endocytic scaffold
protein, as a putative dendrin-interactor. Immunocytochemistry and subcellular frac-
tionationanalysissupportedthesynaptic localizationofCIN85.ThefirstSH3domainand
the C-terminal region of CIN85 bind to the proline-rich region and the N-terminal region
of dendrin, respectively. In vitro experiments suggest that dendrin forms a ternary com-
plex with CIN85 and S-SCAM and that this complex formation facilitates the recruitment
of dendrin and S-SCAM to vesicle-like structures where CIN85 is accumulated.
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Membrane-associated guanylate kinase inverted (MAGI)
family is composed of three members, MAGI-1, S-SCAM
(also called as MAGI-2) and MAGI-3. MAGI-1 is localized
at tight junctions in polarized epithelial cells and at the slit
diaphragm in kidney podocytes (1–3). MAGI-1 is attached
to membrane proteins such as junctional cell adhesion
molecule 4, nephrin, megalin, endothelial adhesion mole-
cule and muscle-specific receptor tyrosine kinase (3–7). It
interacts with cytoskeleton adaptor proteins (a-actinin-4,
synaptopodin, Carom and b-catenin) and regulators for
small GTP-binding proteins (RapGEP, neuroepithelial
cell transforming gene 1 and PDZ-GEF1) (8–13).
MAGI-3 is also expressed in various tissues. The list of
reported MAGI-3-ligands includes Frizzled, Ltap, phos-
phatase and tensin homolog (PTEN), receptor tyrosine
phosphatase beta and transforming growth factor alpha
(TGFa) precursor (14–17). The message of S-SCAM is
detected only in brain and is regarded as a neuronal mem-
ber of MAGI family proteins (18). Like MAGI-1 and
MAGI-3, S-SCAM binds various proteins (N-methyl-D-
aspartate receptor subunits, d2 glutamate receptor, activin
type II receptor, b1-adrenergic receptor, neuroligin,
Dasm1, TGFa precursor, b-catenin, d-catenin, PTEN,
PDZ-GEF1 and atrophin-1) and plays a role in the assem-
bly of synaptic components (17–27). S-SCAM binds other
scaffold proteins such as PSD-95, Axin and MAGUIN/Cnk2
(28–30). These interactions suggest that MAGI family

proteins are positioned as hubs in a large protein network
at tight junctions, the slit diaphragm and synapses. There-
fore, the study of yet unidentified protein–protein inter-
actions that MAGI family proteins mediate will help our
understanding of how cell junctions are organized and
regulated.

We searched for MAGI-1–interacing proteins by a yeast
two-hybrid screening and encountered dendrin. Dendrin
was originally identified as a rat brain protein. In the
first paper, the transcript was reported as brain-specific
(31). The second paper described that it is almost exclu-
sively detected in forebrain structures (32). Its mRNA and
the protein associated with polyribosomes are detected in
dendrites, suggesting that the protein is dendritically
translated. These findings prompted researchers to spec-
ulate that dendrin is implicated in cytoskeletal modulation
of dendrites and synaptic plasticity. However, substantial
evidence to support this idea is currently missing. We
obtained dendrin from a kidney cDNA library. We con-
firmed the expression of this protein in kidney using a
specific antibody, but consistent with the preceding
reports, the expression was higher in brain than in kidney.
Since the molecular organization is well conserved among
MAGI family proteins and they share the same proteins as
ligands, we characterized the binding of dendrin to
S-SCAM. Moreover, to gain insights into the significance
of this interaction, we performed a second yeast two-hybrid
screening using dendrin as a bait. We identified CIN85 as a
putative interactor for dendrin. CIN85 is well studied, and
accumulating evidence supports that it functions as a scaf-
fold protein in endocytosis and apoptosis (33). We report
here that dendrin may link two scaffold proteins, S-SCAM
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and CIN85, and contribute to the formation of protein–
protein interaction webs at dendritic spines.

MATERIALS AND METHODS

Construction of Expression Vectors—Human cDNAs of
dendrin and CIN85 were obtained by PCR using primers
(50-gaattcctggatggcccactgttctc-30 and 50-gcggccgcctctcactgc-
ctcttcct-30 for dendrin; 50-gaattcgtggaggccatagtggagtt-30

and 50-gtcgactattttgattgtagagctttc-30 for CIN85) on
human brain cDNA (BioChain Institute Inc.). pET32a
vector was purchased from Takara Biotechnology. pClneo-
Myc, pBudCE2 and pBTM116KM vectors were described
previously (3, 18, 34). pClneoFLAG vector was generated
by ligating linkers (50-ctagccggggccatggactacaaagacgatgac-
gacaagg-30 and 50-aattccttgtcgtcatcgtctttgtagtccatggccccgg-
30) into NheI/EcoRI sites of pClneo vector (Promega). The
following dendrin and CIN85 constructs encode the indi-
cated amino acids of human dendrin and CIN85; pClneo-
Myc, pClneoFLAG and pBTM116KM dendrin-1, 2-711;
pClneoMyc, pClneoFLAG and pBTM116KM dendrin-2,
136-711; pClneoMyc, pClneoFLAG and pBTM116KM
dendrin-3, 381-711; pClneoMyc, pClneoFLAG and
pBTM116KM dendrin-4, 2-381; pClneoMyc, pClneoFLAG
dendrin-5, 136-381; pClneoMyc, pClneoFLAG dendrin-6,
2-143; pClneoMyc, pClneoFLAG and pET32a CIN85-1,
2-685; pGex4T-1 CIN85-2, 2-79; pGex4T-1 CIN85-3, 66-236;
pGex4T-1 CIN85-4, 219-393; and pGex4T-1 CIN85-5,
348-685. pBudCE-FLAG-CIN85-1-GFP-dendrin-1 vector
was prepared from pBudCE2 vector and harbors FLAG-
CIN85-1 under cytomegalovirus immediate-early promoter
and GFP-dendrin-1 under elongation factor 1a-subunit
promoter. PCR was performed using primers (50-gaattcagc-
gcccatagtggctcc-30 and 50-gtcgactctcactctctctttccc-30) on rat
brain cDNA to generate pGex4T-1 dendrin-C encoding
the C-terminal 64 amino acids of rat dendrin. pClneoMyc
S-SCAM-1, -3, pMal S-SCAM-N, -M and -C were described
previously (18, 29). S-SCAM and MAGI-1 constructs
encode the indicated amino acids of rat S-SCAM
and MAGI-1; pGex4T-1 S-SCAM-24, 1-302; pGex4T-1
S-SCAM-WW, 303-405; pGex4T-1 S-SCAM-WW1, 303-
344; pGex4T-1 S-SCAM-WW2,. 340-395; pBTM116KM
MAGI-1–8, 430-1256. Constructs used in this study were
summarized (Fig. 1).

Antibodies and Reagents—Rabbit antibody against WW
domains of S-SCAM was described previously (18). Rabbit
anti-dendrin and anti-CIN85 antibodies were raised
against the products of pGex4T-1 dendrin-C and pET32a-
CIN85. Because the C-terminal sequences of rat dendrin
and human dendrin differ, we used rat dendrin as an
immunogen, but the antibody recognizes human dendrin,
too. The following antibodies and reagents were purchased
from commercial sources: mouse monoclonal anti-Myc
9E10 (American Type Culture Collection); mouse monoclo-
nal anti-FLAG, rabbit polyclonal anti-FLAG and Hoechst
33342 (Sigma-Aldrich); mouse monoclonal anti-
synaptophysin (Roche Molecular Biochemicals); mouse
monoclonal anti-EEA1 and mouse monoclonal anti-Lamp1
(BD Biosciences Pharmingen); tetramethylrhodamine-
conjugated epidermal growth factor (EGF) (Molecular
Probes); and secondary antibodies for dual labeling
(Chemicon International Inc.).

Yeast Two-Hybrid Screening—Yeast two-hybrid
screening was performed using human kidney and brain
cDNA libraries (Clontech Laboratories Inc.) and yeast
strain L40. Histidine selection plates contained 8 mM

GKPDZ0 PDZ1 PDZ2 PDZ3 PDZ5PDZ4

-N

-M

S-SCAM

-WW

-24

-WW1

-WW2

-C

Dendrin

-2
-3
-4
-5
-6

CIN85

-2
-3

-4
-5

Cc

Cc

-1

-1

-1

-3

Myc

MBP

GST

Myc

FLAG

Pro-rich

Pro-rich
Myc
FLAG
GST

GFP

1 1277

12771

295 578

1 422

423 861

855 1221

1 302

303 405

303 344

340 395

1 711

2 711

711
711

136
381

381
136 381

2

2 143

1

2

2 79
66 236

219 393

348 685

685

685

Fig. 1. Schematic drawing of S-SCAM, dendrin and CIN85
constructs used in this study. S-SCAM, dendrin and CIN85
proteins were expressed as Myc-tagged, FLAG-tagged, glutathione
S-transferase (GST)-fusion and maltose-binding protein
(MBP)-fusion proteins. Black boxes, gray oval and white ovals
show PDZ, guanylate kinase (GK) and WW domains in
S-SCAM. Gray boxes and white ovals represent coiled-coil (Cc)
domains and proline-rich (Pro-rich) regions in dendrin and
CIN85. SH3 domains are depicted as white boxes in CIN85. Num-
bers indicate those of the first and the last amino acid residues of
each protein.
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3-amino-1,2,4-triazole and 360 mg/liter of 5-bromo-4-
chloro-3-indolyl-b-D-galactopyranoside. After 6 days of
incubation, blue colonies were picked up for further
analysis.

Cell Culture and Protein Expression—All procedures
related to the care and treatment of animals were in accor-
dance with institutional guidelines. Hippocampal neuron
cultures were performed from E18 embryos as described
previously (18). COS-7 cells were grown in cultures in
Dulbecco’s modified Eagle medium supplemented with
10% fetal bovine serum, 100 U of penicillin/ml, and
100 mg of streptomycin/ml under 5% CO2 at 37�C. COS-7
cells were transfected by the DEAE-dextran method.

Immunocytochemistry—Hippocampal neurons were
fixed with PBS containing 4% (w/v) paraformaldehyde
and 4% (w/v) sucrose for 15 min, or cold methanol for
10 min at –20�C, and permeabilized with 0.25% (w/v)
Triton X-100 in PBS for 5 min. After being blocked with
PBS containing 10% (w/v) BSA, cells were incubated with
the first antibody in PBS containing 3% (w/v) BSA over-
night, washed with PBS and incubated with the second
antibody in PBS containing 3% (w/v) BSA for 2 h. After
a wash with PBS, the samples were embedded in 95% (w/v)
glycerol in PBS. COS-7 cells were fixed with 4% (w/v) for-
maldehyde in PBS at 37�C for 15 min, blocked with 50 mM
glycine in PBS for 30 min, and incubated subsequently
with 0.2% (w/v) Triton X-100 in PBS for 15 min and
with 1% (w/v) BSA in PBS for 30 min at room temperature.
Cells were incubated with the first antibodies in PBS
containing 1% (w/v) BSA and 0.1% (w/v) Triton X-100
for 4 h at 4�C, washed with 0.1% (w/v) Triton X-100 in
PBS three times, incubated with the second antibodies
in PBS containing 1% (w/v) BSA and 0.1% (w/v) Triton
X-100 for 4 h at room temperature. After a wash with
PBS containing 0.1% (w/v) Triton X-100, the samples
were embedded in 95% (w/v) glycerol in PBS. For EGF
incorporation assay, COS-7 cells were incubated at 4�C
for 1.5 h in Dulbecco’s modified Eagle medium containing
500 ng/ml of tetramethylrhodamine-conjugated EGF and
0.05% (w/v) BSA, washed with ice-cold PBS, and incubated
at 37�C for 30 min, 3 h or 6 h. Images were obtained by use
of an Olympus IX71 CCD microscope with 40· objective.

Immunoprecipitation—COS-7 cells were co-transfected
by use of DEAE-dextran with various tagged constructs.
Cells from each 10-cm diameter plate were homogenized in
300 ml of 50 mM Tris-HCl (pH 8.0), 100 mM NaCl, 1% (w/v)
deoxycholic acid, 1% (w/v) Triton X-100 and centrifuged at
100,000 · g for 15 min at 4�C. The supernatant was diluted
with an equal volume of 25 mM Tris-HCl (pH 8.0) contain-
ing 100 mM NaCl, then incubated with preimmune serum
or anti-dendrin antibody fixed on 5 ml of protein G Sephar-
ose 4 fast-flow beads. For immunoprecipitation of endogen-
ous proteins, two rat brains were gently homogenized in
16 ml of 4 mM Hepes-NaOH at pH 7.4 containing 0.32 M
sucrose and centrifuged at 800 · g for 10 min at 4�C. The
supernatant was centrifuged at 9,200 · g for 15 min at 4�C.
The resulting pellet was resuspended in 4 ml of 20 mM
Hepes-NaOH (pH 8.0) containing 100 mM NaCl, 1% (w/v)
deoxycholic acid and 1% (w/v) Triton X-100 and centrifuged
at 100,000 · g for 30 min at 4�C. The supernatant was
diluted with an equal volume of 20 mM Hepes-NaOH
(pH 8.0) containing 100 mM NaCl and incubated with
either preimmune or anti-dendrin antibody fixed on 5 ml

of protein G Sepharose 4 fast-flow beads. The beads were
washed four times with 20 mM Hepes-NaOH (pH 8.0)
containing 100 mM NaCl and 1% (w/v) Triton X-100,
and then proteins on the beads were analyzed by
SDS-PAGE and immunoblotted with various antibodies.

Pull-Down Assay—COS-7 cells were transfected by the
DEAE-dextran method with various tagged constructs.
Cells from one 10-cm plate were homogenized in 300 ml
of 50 mM Tris-HCl (pH 8.0), 100 mM NaCl, 1% (w/v) deoxy-
cholic acid and 1% (w/v) Triton X-100, and then centrifuged
at 100,000 · g for 15 min at 4�C. For each extract, 200 ml
was incubated with 250 pmol of various glutathione
S-transferase (GST)– or maltose-binding protein (MBP)–
fused proteins fixed on 10 ml of glutathione Sepharose
beads or amylose resins. For GST-CIN85-2 and -5,
500 pmol of each construct was used. After the beads
had been washed, the proteins on the beads were immuno-
blotted with various antibodies.

RESULTS

Identification of Dendrin as a Binding Partner for MAGI
Proteins and Its Expression in Non-Neuronal Tissues—
MAGI-1 interacts with various components of epithelial
cell junctions and is involved in the organization of cell
junctions. To further clarify the role of MAGI-1 as a scaf-
fold in epithelial cells, we performed a yeast two-hybrid
screening on a human kidney cDNA library using the
C-terminal region of MAGI-1 encompassing four PDZ
domains as a bait. We obtained 24 positive clones, one of
which encoded the C-terminal 289 amino acids of human
dendrin. Originally, dendrin was identified as a brain pro-
tein and its expression in kidney was not characterized
(31, 32). We therefore raised an antibody and examined
the tissue distribution of dendrin. The antibody recognized
two bands in brain as previously reported (Fig. 2). Signals
were also detected in other tissues including spleen, liver,
kidney and placenta. This result indicates that dendrin is
not brain-specific. However, as the expression of dendrin in
kidney is lower than in brain, and MAGI family proteins
share the same proteins, for instance b-catenin, PTEN,
PDZ-GEF1 and TGFa precursor, we speculated that
S-SCAM may be a neuronal binding-partner for dendrin
(10,11,15,17,23,25,26, ). To test this assumption, we
immunoprecipitated dendrin from brain. The upper
band detected by anti-dendrin antibody was overlap-
ped by IgG that remained as an oligomer even after

Fig. 2. Tissue distributions of dendrin. Immunoblotting of var-
ious rat tissue lysates. Lysates (15 mg of total protein per lane) were
immunoblotted with anti-dendrin antibody. COS-7 cells trans-
fected with mock or pClneoMyc dendrin-1 were run as negative
and positive controls. Protein standards are indicated on the left in
kilodaltons.
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2-mercaptoethanol treatment (Fig. 3A, upper panel, aster-
isks and arrows). However, close observation revealed that
the anti-dendrin antibody indeed immunoprecipitated
endogenous dendrin. The lower band of dendrin was
more clearly detected in the immunoprecipitate (Fig. 3A,
arrowheads). We immunoblotted the immunoprecipitate
by anti–S-SCAM antibody and detected S-SCAM in it
(Fig. 3A, lower panel). Next, we examined which region
of S-SCAM interacts with dendrin. Although we obtained
dendrin using the C-terminal region of MAGI-1 in the
yeast two-hybrid screening, dendrin bound to the
N-terminal region of S-SCAM in the pull-down assay
using heterologous cells (Fig. 3B, top panel). Additional
experiments revealed that both of WW domains of
S-SCAM are capable of binding dendrin (Fig. 3B, middle
and bottom panels). To determine the S-SCAM–interacting
region, we performed a pull-down assay using GST-S-
SCAM-WW and various Myc-tag constructs of dendrin.
Among tested proteins, Myc-dendrin-2, -4 and -5 were cap-
tured by GST-S-SCAM-WW, while neither Myc-dendrin-3
nor -6 was (Fig. 3C). PPXY is a minimum consensus motif
for the major group of WW domain (35). Because Myc-
dendrin-5 harbors two PPSY and one PPPY, it is likely
that these sequences are responsible for the interaction
with S-SCAM. To resolve the discrepancy between the
results from the yeast two-hybrid screening for MAGI-1
and the pull-down assays for S-SCAM, we also performed
in vitro interaction assays using various MAGI-1 con-
structs. In the pull-down assays, dendrin interacted with
the WW domains of MAGI-1, but not with the C-terminal
region (data not shown). Although we can not completely
exclude the possibility that dendrin also binds to a different
region of S-SCAM with a lower affinity, the in vitro experi-
ments indicate that the WW domains of S-SCAM are major
interacting sites for dendrin.

Identification of CIN85 as a Binding Partner for
Dendrin and Its Synaptic Localization—Dendrin is specu-
lated to modulate the structure of dendrites based on the
translation of its dendritically localized mRNA. However,
substantial evidence for this idea is currently missing. To
elucidate how dendrin functions in brain, we performed a
second yeast two-hybrid screening on a human brain cDNA
library using the full-length, the N-terminal and the
C-terminal dendrin constructs as baits. In this screening,
we obtained one clone encoding the C-terminal 587 amino
acids of human CIN85 (also called SETA and Ruk) (33,
36–38). CIN85 is a multi-adaptor protein with three SH3
domains, a proline-rich region and a C-terminal coiled-
coil domain. Its expression in brain has been reported,
but its subcellular localization in neurons is not yet
known. We immunoblotted rat brain subcellular fractions
with anti-CIN85 antibody. Both CIN85 and dendrin were
detected in various fractions including the postsynaptic
density fraction (Fig. 4A). In the immunocytochemistry,
CIN85 showed a somatodendritic distribution, but also
formed clusters apposed to synaptophysin clusters at
synapses (Fig. 4B, arrows). As all antibodies against
S-SCAM, dendrin and CIN85 are rabbit antibodies, and
anti-dendrin antibody is not suitable for immunocytochem-
istry, we did not directly compare the localizations of these
proteins in double immunocytostaining. However, the
co-localization of CIN85 and synaptophysin supports
the notion that CIN85 is localized at synapses. To confirm

Fig. 3. Interaction between S-SCAM and dendrin.
(A) Co-immunoprecipitation of dendrin and S-SCAM in vivo. Rat
brain lysates were incubated with either the pre-immune or
anti-dendrin antibody immobilized on protein G Sepharose
beads. After the beads had been washed, the precipitates were
analyzed by SDS-PAGE and immunoblotted with anti-dendrin
and anti–S-SCAM antibodies. The lysate (20 mg of total protein)
used for immunoprecipitation was run as input control (Input).
Anti-dendrin antibody detected two bands (arrows and arrow-
heads). Asterisks correspond to IgG that remained as an oligomer
even after 2-mercaptoethanol treatment. Protein standards are
indicated on the left. (B) Mapping of dendrin-interacting
region of S-SCAM. Pull-down assays were performed using lysates
of COS-7 cells expressing Myc-dendrin-1 with various MBP
proteins immobilized on amylose resin (top panel) or GST
proteins immobilized on glutathione-Sepharose beads (middle
and bottom panels). MBP-S-SCAM-N, GST-S-SCAM-WW,
WW1 and WW2 trapped Myc-dendrin-1. (C) Mapping of S-
SCAM–interacting region of dendrin. Pull-down assays were per-
formed using lysates of COS-7 cells expressing various Myc-tagged
dendrin proteins with GST-S-SCAM-WW immobilized on
glutathione-Sepharose beads. Dendrin-2, -4 and -5 were captured
by GST-S-SCAM-WW.

934 A. Kawata et al.

J. Biochem.

 at Peking U
niversity on Septem

ber 29, 2012
http://jb.oxfordjournals.org/

D
ow

nloaded from
 

http://jb.oxfordjournals.org/


the interaction between CIN85 and dendrin, we expressed
FLAG-CIN85 alone or with Myc-dendrin-1 in COS-7 cells
and performed the immunoprecipitation by anti-dendrin
antibody. FLAG-CIN85–1 was not immunoprecipitated
by anti-dendrin antibody when expressed alone but
co-immunoprecipitated with Myc-dendrin-1 (Fig. 5A).
Next, we determined the dendrin-interacting region of
CIN85. GST-CIN85-2 with the first SH3 domain efficiently
trapped Myc-dendrin-1 (Fig. 5B). GST-CIN85-5 covering
the C-terminal region also captured Myc-dendrin-1, but
GST-CIN85-3 with the second SH3 domain or GST-
CIN85-4 with the third SH3 domain did not. In the next
set of experiments, we determined CIN85-interacting
regions of dendrin. GST-CIN85-2 bound to Myc-dendrin-5
but not Myc-dendrin-6, while GST-CIN85-5 interacted
with Myc-dendrin-6 but not Myc-dendrin-5 (Fig. 5C).
Recent detailed studies have revealed that SH3 domains
of CIN85 bind to an unusual binding motif PX(P/A)XXR
(39). Because dendrin has PRPEPR immediately after the
coiled-coil domain, we consider that this sequence may be
responsible for the interaction with the first SH3 domain of
CIN85. GST-CIN85-5 interacted with Myc-dendrin-4 and
Myc-dendrin-6, but not with other constructs, suggesting
that it binds not to the proline-rich region but to the
extreme N-terminal region of dendrin (Fig 5C, right
panel). As described above, the clone of CIN85 obtained
in the yeast two-hybrid assay lacked the first N-terminal
SH3 domain but, even so, interacted with dendrin bait.
Taking these findings together, we concluded that dendrin
and CIN85 interact with each other via multiple domains

like the interaction between CIN85 and p85 subunit of
phosphatidylinositol-3 (PI3)-kinase (40).

The N-Terminal Region of Dendrin Determines Its
Nuclear Localization and CIN85 Induces the Partial
Translocation of Dendrin—During this study, we noticed
that the full-length Myc-dendrin is accumulated in
the nucleus in COS-7 cells, while the N-terminal deleted
Myc-dendrin is distributed in the cytosol (data not shown).
As the immunocytostaining by anti-Myc antibody tends
to exhibit a background signal in the nucleus, we con-
firmed the subcellular localization of various dendrin
proteins with FLAG-tag (Fig. 6A). Dendrin has a putative
nuclear localizing signal RKRR in the coiled-coil
domain. As expected, proteins containing this sequence

Fig. 4. Subcellular localization of CIN85 in neurons.
(A) CIN85 and dendrin in the subcellular fractions of rat brain.
P1, the nuclear pellet; S1, the crude synaptosomes; S2, the cytosol
of synaptosomes; P2, crude synaptosomal pellets; S3, crude
synaptic vesicles; P3, lysed synaptosomal membranes; and SPM,
synaptic plasma membranes. SPM fraction was extracted with
0.5% (w/v) Triton X-100 (One Triton) and subsequently with
1.0% (w/v) Triton X-100 (Two Triton). Each lane contains 15 mg
of total protein. Protein standards are indicated on the left.
(B) Immunofluorescence of endogenous CIN85 and synaptophysin
in rat hippocampal neurons. Rat hippocampal neurons were immu-
nostained with rabbit anti-CIN85 and mouse anti-synaptophysin
antibodies. Bar, 10 mm. Fig. 5. Interaction between dendrin and CIN85.

(A) Co-immunoprecipitation of dendrin and CIN85 in heterologous
cells. FLAG-CIN85-1 was expressed alone or with Myc-dendrin-1
in COS-7 cells. Anti-dendrin antibody co-precipitated FLAG-
CIN85-1 with Myc-dendrin-1. Input, cell lysates; PIS IP, immuno-
precipitates with the preimmune serum; and Dendrin IP;
immunoprecipitates with anti-dendrin serum. Protein standards
are indicated on the left. (B) Mapping of dendrin-interacting region
of CIN85. Pull-down assays were performed using lysates of COS-7
cells expressing Myc-dendrin-1 with various GST-CIN85 proteins
immobilized on glutathione-Sepharose beads. The resulting com-
plexes were analyzed by immunoblotting with anti-Myc antibody.
GST-CIN85-2 efficiently trapped Myc-dendrin-1. GST-CIN85-5
also bound Myc-dendrin-1. (C) Mapping of CIN85-interacting
region of dendrin. Pull-down assays were performed using lysates
of COS-7 cells expressing various Myc-tagged dendrin proteins
with GST-CIN85-2 and -5 immobilized on glutathione-Sepharose
beads. GST-CIN85-2 interacted with Myc-dendrin-2, -4 and -5,
while GST-CIN85-5 bound Myc-dendrin-4 and -6.
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(FLAG-dendrin-1, -4 and -6) were localized in the nucleus.
S-SCAM showed a cytosolic distribution (Fig. 6B, top
panel). FLAG-dendrin-1 was translocated to the cytosol
when co-expressed with Myc-S-SCAM (Fig. 6B, middle
panel). FLAG-dendrin-6 without the S-SCAM–interacting
region remained in the nucleus (Fig. 6B, bottom panel).
This result also supports the idea that S-SCAM interacts
with the proline-rich region of dendrin. We next tested
whether CIN85 had a similar effect on the localization of
dendrin. Like S-SCAM, CIN85 was localized in the cytosol
when expressed alone (Fig. 6C, upper panel). It is notable
that vesicle-like structures were detectable (arrows).
FLAG-dendrin-1 was partially detected in the cytosol
when co-expressed with CIN85 (Fig. 6C, lower panel).
However, dendrin was still partially detected in the
nucleus (arrowheads). This result implies that CIN85 is
less potent than S-SCAM in recruiting dendrin to the
cytosol.

S-SCAM, CIN85 and Dendrin Form a Tripartite
Complex In Vitro—We have not precisely mapped which
sequences of dendrin are necessary for the interaction with
S-SCAM and CIN85. As discussed above, however, the WW
domains of S-SCAM and the SH3 domain of CIN85 are
considered to recognize different motifs. Thereby, we
speculated that S-SCAM and CIN85 can bind to dendrin
simultaneously. We expressed in COS-7 cells Myc-S-
SCAM-3 covering the WW domains and performed a pull-
down assay with GST-CIN85-2. Myc-S-SCAM-3 was not
captured by GST-CIN85-2 when expressed alone, but
was trapped in the presence of Myc-dendrin-2 (Fig. 7A).
This result indicates that the interactions of dendrin with
the WW domains of S-SCAM and with the first SH3 domain
of CIN85 are compatible with each other, even though both
interacting sequences are closely located. Moreover,
because the N-terminal region of dendrin interacts with
the C-terminal region of CIN85, three proteins are more
likely to form a complex. The immunofluorescence experi-
ments using heterologous cells also support the formation
of the tripartite complex. As shown above, the immunos-
taining of CIN85 in COS-7 cells at 37�C exhibited vesicle-
like structures, and dendrin was detected around these
structures with CIN85. The translocation of dendrin to
the cytosol under this condition was incomplete and the
recruitment of dendrin to the vesicle-like structures was
not remarkable (Fig. 6C, lower panel). S-SCAM was not
accumulated around these structures when co-expressed
with CIN85 (Fig. 7B, upper panel). However, in the pre-
sence of dendrin and CIN85, S-SCAM also came to be
detected on these structures (Fig. 7B, lower panel, arrow-
heads). Moreover, S-SCAM reciprocally enhanced the accu-
mulation of dendrin to these structures (Fig. 7B, lower
panel, arrows). The co-expression of GFP-dendrin and
Myc-S-SCAM caused some accumulation of Myc-S-SCAM
in the nucleus, while the co-expression of FLAG-dendrin
and Myc-S-SCAM did not (Figs. 6B and 7B). We speculate
that GFP-dendrin may be resistant to the nuclear export
compared with FLAG-dendrin and reversely tether
S-SCAM from the cytosol into the nucleus. In the last
set of experiments, we attempted to determine the identity
of these vesicle-like structures. We immunostained COS-7
cells expressing FLAG-CIN85-1 with anti-EEA1 and
anti-Lamp1 antibodies. However, no co-localization was
detected on these vesicles (data not shown). We also

Fig. 6. Effect of S-SCAM and CIN85 on the subcellular
localization of dendrin. (A) Nuclear localization of dendrin.
Various FLAG-tagged dendrin proteins were expressed in
COS-7 cells. Dendrin-1, -4 and -6 were mainly detected in the
nucleus. Bars, 20 mm. (B) Effect of S-SCAM on the localization
of dendrin. COS-7 cells were transfected with pClneoMyc
S-SCAM-1 alone (top panel), pClneoMyc S-SCAM-1/pClneoFLAG
dendrin-1 (middle panel) or pClneoMyc S-SCAM-1/pClneoFLAG
dendrin-6 (bottom panel). Cells were fixed at 37�C and immunos-
tained with mouse anti-Myc and rabbit anti-FLAG antibodies.
Nuclei were visualized with Hoechst 33342. Myc-S-SCAM-1 was
distributed in the cytosol (top panel). FLAG-dendrin-1 was
recruited by Myc-S-SCAM-1 to the cytosol (middle panel).
FLAG-dendrin-6 remained in the nucleus (bottom panel). Bars,
20 mm. (C) Effect of CIN85 on the localization of dendrin. COS-7
cells were transfected with pClneoMyc CIN85-1 alone (upper
panel) or pClneoMyc CIN85-1/pClneoFLAG dendrin-1 (lower
panel). Vesicle-like structures were detected (upper panel, arrows).
FLAG-dendrin-1 partially shifted to the cytosol when co-expressed
with Myc-CIN85-1, but signals still remained in the nucleus (lower
panel, arrowheads). Bars, 20 mm.
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performed an incorporation assay using tetramethyl-
rhodamine-conjugated EGF, but could find no accumula-
tion of EGF in these structures (data not shown).

DISCUSSION

In this study, we demonstrated two novel protein–protein
interactions, S-SCAM-dendrin and dendrin-CIN85. All
three proteins are localized at dendritic spines in neurons
and in vitro experiments using recombinant proteins sup-
port the interactions. S-SCAM and dendrin were
co-immunoprecipitated from brain lysates. We also
attempted to co-immunoprecipitate endogenous dendrin
and CIN85 from brain (data not shown). However, dendrin
is resistant to detergent extraction. We could recover only a
small amount of endogenous dendrin in the
detergent-soluble fraction, even with an ionic detergent
such as deoxycholic acid. Also, because of the low sensitiv-
ity of the anti-dendrin antibody, we could not show the
co-immunoprecipitation of endogenous dendrin and

CIN85. In COS-7 cells, S-SCAM strongly recruited dendrin
from the nucleus to the cytosol, as shown in Fig. 6, while
CIN85 caused a partial translocation of dendrin. These
observations suggest that the interaction between CIN85
and dendrin is looser than that between S-SCAM and den-
drin. Pull-down assays indicated that dendrin binds to the
WW domains of S-SCAM by the proline-rich region. Three
sequences in this region fit with the WW domain–binding
consensus motif. We have not determined which sequence
is recognized by the WW domains of S-SCAM, but all of
them may contribute to the interaction. Dendrin similarly
binds to the WW domains of MAGI-1 in vitro. In the initial
yeast two-hybrid screening, we used the C-terminal region
of MAGI-1 as a bait and obtained the C-terminal region of
dendrin as a prey. As yeast two-hybrid screening can detect
protein–protein interactions with higher sensitivity, the
results from pull-down assays in the presence of detergents
do not completely exclude the possibility that dendrin
interacts with MAGI-1 and putatively S-SCAM through
the C-terminal region besides the WW domains. The inter-
action between S-SCAM and dendrin may take place in a
manifold manner. We confirmed that dendrin binds to
CIN85 at more than one site. The proline-rich region
binds to the first SH3 domain of CIN85, while the
N-terminal region of dendrin interacts with the C-terminal
region of CIN85. It is known that CIN85 and p85 subunit of
PI3-kinase interact with each other using multiple
domains (39, 40). CIN85 may generally use multiple inter-
action interfaces for its binding partner, so that it can
simultaneously interact with more than one protein and
form a large complex. In vitro biochemical experiments
support the formation of a tripartite complex among
S-SCAM, dendrin and CIN85. Although we have not con-
firmed the tripartite complex in neurons, co-expression
experiments using heterologous cells suggest that these
molecules indeed form a complex in vivo.

The physiological meanings of these interactions remain
to be elucidated. In this study, we first encountered den-
drin through the yeast two-hybrid screening of a kidney
cDNA library. Dendrin has been studied as a brain protein,
but we found that dendrin is expressed in non-neuronal
tissues. MAGI-1 and MAGI-3, non-neuronal isoforms of
S-SCAM, are widely expressed in various tissues. CIN85
and its closely related isoform named CD2AP are ubiqui-
tously expressed in adult and fetal tissues (33). The inter-
action among dendrin, MAGI family protein and CIN85/
CD2AP may be conserved in various tissues. During this
study, Kremerskothen et al. independently reported the
interaction between S-SCAM and dendrin (41). They
noticed the S-SCAM–dependent recruitment of dendrin
from the nucleus to the cytosol. They also analyzed how
the message of dendrin is targeted to dendrites in neurons.
Based on these findings, they have proposed that the mes-
sage of dendrin is targeted to dendrites by its dendritic
targeting element in the 30 untranslated region and that
S-SCAM retains the translated product at dendrites and
prevents the nuclear transport. Despite this new report, it
is largely unknown which role dendrin plays at dendrites.
Our finding that dendrin links S-SCAM and CIN85 may
hint about a putative role of dendrin. Overexpression
experiments and the characterization of its binding part-
ners support the notion that CIN85 is a versatile protein
involved in different cellular functions. First, CIN85 is

Fig. 7. Dendrin forms a complex with S-SCAM and CIN85.
(A) Pull-down assays were performed using lysates of COS-7 cells
expressing Myc-S-SCAM-3 alone or both Myc-S-SCAM-3 and
Myc-dendrin-2 with GST-CIN85-2 immobilized on glutathione-
Sepharose beads. GST-CIN85-2 did not directly trap Myc-S-
SCAM-3 but captured it with Myc-dendrin-2. Protein standards
are indicated on the left. (B) Co-localization of dendrin, S-SCAM
and CIN85 in COS-7 cells. COS-7 cells were transfected with
pClneoFLAG CIN85-1/pClneoMyc S-SCAM-1 (upper panel) or
pBudCE- FLAG-CIN85-1-GFP-dendrin/pClneoMyc S-SCAM-1
(lower panel). Cells were fixed at 37�C and immunostained with
mouse anti-Myc and rabbit anti-FLAG antibodies. FLAG-CIN85-1
was detected in the cytosol but the not accumulated to these struc-
tures. When GFP-dendrin-1 was co-expressed, Myc-S-SCAM-1
came to be accumulated to the vesicle-like structures (arrowheads).
Dendrin was more remarkably concentrated than in Fig. 6C
(arrows). Bars, 20 mm.
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involved in endocytosis and degradation of activated recep-
tors including EGF receptor, Met and IgE receptor (42–44).
Second, CIN85 is shown to activate p38 MAP kinase and is
implicated in cellular stress response (45). Third, CIN85
negatively regulates PI3-kinase and interacts with
apoptosis-linked gene 2–interacting protein (37, 38). Its
overexpression causes neuronal apoptosis and enhances
tumor necrosis factor a-mediated apoptosis (38, 46).
S-SCAM directly interacts with NMDA receptor subunits
and cell adhesion molecules and is involved in the
accumulation of these proteins at synapses (18, 47). The
experiments using heterologous cells suggest that dendrin
links S-SCAM to CIN85 and accumulates it to the vesicle-
like structures. Endogenous CIN85 in COS-7 cells were
detected at similar vesicle-like structures at 37�C (data
not shown). Thereby, we speculate that these structures
are not artifacts due to the overexpression of CIN85.
Although we could not conclude that these structures
are related to the endocytic process, the complex composed
of S-SCAM, dendrin and CIN85 may be implicated in
endocytosis of synaptic membrane proteins. This is an
intriguing issue for future studies.
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