Research Article

4695

The postsynaptic density and dendritic raft
localization of PSD-Zip70, which contains an N-
myristoylation sequence and leucine-zipper motifs

Daijiro Konno 1, Ji-Ae Ko 13, Shinichi Usui 12, Kei Hori 1, Hisato Maruoka 1, Makoto Inui 3, Takashi Fujikado 2,
Yasuo Tano 2, Tatsuo Suzuki 4, Koujiro Tohyama > and Kenji Sobue 1+
1Department of Neuroscience (D13), and 20phthalmology (E7) Osaka University Graduate School of Medicine, 2-2 Yamadaoka, Suita, Osaka 565-

0871, Japan

3Department of Pharmacology, Yamaguchi University School of Medicine, 1-1-1 Minamikogushi, Ube, Yamaguchi 755-8505, Japan
4Department of Neuroplasticity, Research Center on Aging and Adaptation, Shinshu University School of Medicine, 3-1-1 Asahi, Matsumoto 390-

8621, Japan

SDepartment of Neuroanatomy, lwate Medical University School of Medicine, 19-1 Uchimaru, Morioka 020-8505, Japan

*Author for correspondence (e-mail: sobue@nbiochem.med.osaka-u.ac.jp)

Accepted 28 August 2002
Journal of Cell Science 115, 4695-4706 © 2002 The Company of Biologists Ltd
doi:10.1242/jcs.00127

Summary

The postsynaptic site of the excitatory synapse, which is
composed of the postsynaptic density (PSD) attached to the
postsynaptic membrane, is a center for synaptic plasticity.

To reveal the molecular organization and functional

regulation of the postsynaptic site, we cloned a 70 kDa
protein that is concentrated in PSDs using a monoclonal
antibody against the PSD. This protein, named PSD-Zip70,

the synaptic plasma membrane demonstrated that PSD-
Zip70 was localized to the PSD and the dendritic raft. In
Madin-Darby canine kidney (MDCK) cells, exogenous
PSD-Zip70 was targeted to the apical plasma membrane of
microvilli, and its N-myristoylation was necessary for this
targeting. In hippocampal neurons, N-myristoylation was
also required for the membrane localization and the C-

terminal region was critically involved in the synaptic
targeting. These results suggest that PSD-Zip70 may be
involved in the dynamic properties of the structure and
function of the postsynaptic site.

is highly homologous to the humanFEZ1/LZTS1 gene
product. PSD-Zip70 contains an N-myristoylation
consensus sequence, a polybasic cluster in the N-terminal
region and four leucine-zipper motifs in the C-terminal
region. Light and electron microscopy showed that this
protein was localized to the dendritic spines, especially in
the PSD and the postsynaptic membrane. Fractionation of
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Introduction an NMDA-receptor—PSD-95 interaction (Kornau et al., 1995)

The postsynaptic site of the excitatory asymmetric synapse &d to identify numerous PSD scaffold proteins and their
characterized by an electron-dense structure known as theractions (Tomita et al., 2001; Sheng, 2001). We screened
postsynaptic density (PSD), which is attached to th&ybridoma cell lines producing monoclonal antibodies (mAbs)
postsynaptic membrane. The PSD, which is linked to glutamaggainst chemically digested PSD preparations and isolated
receptors, forms a postsynaptic protein lattice composed &€veral mAbs against PSD proteins. Using one of these mAbs,
numerous PSD scaffold and cytoskeletal proteins and signalinge isolated PSD-Zip45, which contains an enabled/VASP
molecules (Sheng and Lee, 2000; Kennedy, 2000; Scannevi@mology 1 (EVH1) domain at the N-terminus and leucine-
and Huganir, 2000; Xiao et al., 2000; Sheng and Sala, 200Ripper motifs at the C-terminus (Sun et al., 1998; Tadokoro et
Following synaptic activity, the postsynaptic site contributes t@l., 1999). The EVH1 domain of PSD-Zip45 interacts with the
the rapid and marked modulation of synaptic structure aneytoplasmic domain of group 1 metabotropic glutamate
function (Toni et al., 1999). Thus, the postsynaptic site plays gceptors (mGIuRs), resulting in mGIuR clustering that is
central role in synaptic plasticity. Recent studies have focusedediated through the self-multimerization of the extreme C-
on the molecular organization and functional regulation of théerminal leucine-zipper motif of PSD-Zip45 (Tadokoro et al.,
postsynaptic site in association with synaptic plasticity. Foil999). The same protein was independently isolated as
these purposes, several approaches have been introducedHtmmerlc (Xiao et al., 1998) and vesl-1L (Kato et al., 1998).
identify PSD scaffold proteins and their interactions. A typicaRecent studies further demonstrated the dynamic properties of
example is a major PSD scaffold protein, PSD-95, which waBSD-Zip45 in the dendritic spines (Sala et al., 2001; Okabe et
discovered by molecular cloning on the basis of partial aminaal., 2001). In other recent studies, two proteomic approaches
acid sequence data (Cho et al., 1992) and by using polyclonakre used to determine the molecular components and
antibodies against PSD preparations (Kistner et al., 1993nteractions of the NMDA-receptor-associated protein complex
Subsequently, the yeast two-hybrid screen was used to revéblusi et al., 2000) and the core proteins of the PSD (Walikonis
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et al., 2000). These approaches will greatly accelerate themcoding the full-length (amino-acid residues 1-601) PSD-Zip70 was

discovery of novel proteins and functions of the postsynaptigubcloned into pPGEX6P1 (Amersham Pharmacia Biotech). GST-fused

sites. PSD-Zip70 expressed . coliBL21 was isolated using glutathione-
Rafts, which are enriched in glycosphingolipids andconjugatgd Sep_harose 4B (Amersham Pharm_acia Biotech), and was

cholesterol, are discrete membrane microdomains that form @ﬁguts(;ivlgl];]gg;gsglrebmel dzviﬁLargswgiﬁeﬁb?(;tllsc;wg:jebgn;ﬁﬁfriéc‘a\t?,;:e

the “.p.'d bilayer (Simons and lkonen, .1997’ Resh, 1999)'sing a GST-PSD-Zip70-coupled Sepharose 4B gel matrix.

Specific classes of membrane proteins (e.g. GPI-linked

proteins), signaling molecules (e.g. src family kinases and G

protein subunits), cytoskeletal proteins (e.g. ERM proteins;DNA cloning and plasmid construction

scaffold proteins (e.g. GAP-43 and MARCKS), and endocytoti®z cDNA library was constructed from the cerebrum of 7-week-old

machinery-related proteins (e.g. caveolins) are anchored to lip&prague-Dawley (SD) rats using a ZAP Expl¥ssDNA synthesis

rafts and form insoluble complexes after lysis in cold detergentdt (Stratagene). The cDNA library was immunoscreened with

such as Triton X-100. Several proteins in rafts contairimAb204H, and two positive clones were isolated. The plasmids thus

combinations of N-terminal myristoylated and adjacemobtain_ed were prepared by the in vivo excision method and sequenced.

palmitoylated sites. Some proteins are singly myristoylated an?“3 wild-type PSD-Zip70 (PSD-Zip70WT) and its N-terminus (PSD-

possess an adjacent or distant polybasic cluster. Accumulatif? O\ amino-acid residues 1-255) and C-terminus (PSD-Zip70C,

id ts that th t t rol f raft arhino-acid residues 246-601) were amplified by polymerase chain
evidence suggests that the most apparent roles of raits are€, il o, (PCR) using Pfu polymerase (Stratagene) and subcloned into

membrane trafficking, signal transduction and cytoskeletalyyc tagged pcDNA3.1/Zeo(+) (modified from Invitrogen). The C-
connections (lkonen, 2001). However, rafts in neurons have n@rminus of PSD-Zip70WT and PSD-Zip70N was tagged, as was the
been well documented, with a few exceptions. Suzuki et aN-terminus of PSD-Zip70C. A point mutation of glycine to alanine
isolated dendritic rafts from the rat forebrain and providedPSD-Zip70N/G2A), and of lysine and arginine to asparagine
evidence for the localization of AMPA receptor subunits to théR26N,K27N,K32N,K33N;PSD-Zip70Nmut) and a deletion mutant
dendritic raft (Suzuki et al., 2001). Amylodpeptides (/8), B-  lacking amino-acid residues 21-40 (PSD-ZipA®4-40) were made
and y-secretase-cleaved products of amyloid precursor protem/ S|.te-d|rected mutagenesis. For. the productlon of GST-fusion
(APP) and presenilins are potent pathogens for Alzheimer%rgt%a' tk\l‘v‘zfg'\‘sﬁiggﬁ%‘”?nzsgggzg;\{rv (if’ngzs'ﬁ;?lclpah”;nﬁigé
dlsease'.l‘ee et al. detectefl, APP and presenilin-1 in the bram.Biotech) by the same method. The sequences of all the constructs
raft_ fraction and suggested the occurrence of APP processifigire confirmed by DNA sequence analysis.
during membrane transport (Lee et al., 1998). Recently, parkin,
a Parkinson’s disease-related protein, was also localized to the
brain raft fraction (Fallon et al., 2002). Analysis of myristoylation

Here, using one of our PSD mAbs, we identified andrransiently transfected COS7 cells were preincubated for 30 minutes
performed the molecular cloning of a 70 kDa protein that igvith cerulenin (2ug/ml; SIGMA) in DMEM containing fatty-acid-
concentrated in PSDs and is highly homologous to the humdfge bovine serum albumin (10 mg/ml; SIGMA). Cells were then
FEZ1/LZTS1gene product (Ishii et al., 1999). We found thatlabeled with 500uCi of [*H]myristic acid (40-60 Ci/mmol;
this protein contains an N-terminal myristoylation consensu?meIrSham Pharmacia Biotech) for 5 hours in the same medium.

. : : ) . _[3H]Myristic acid, which is supplied in ethanol solution, was
sequence a”d."?‘ distant polyba§|C qluster n f[he_ N-termin !)ncentrated undera$o that the final concentration of ethanol in the
domain in addition to four leucine-zipper motifs in the C-

- - . . .~ labeling medium was 1%.
terminal domain. Furthermore, the expression of this protein is g, immunoprecipitation3H]-labeled cells were scraped and lysed

exclusively dominant in the neurons of some cerebral areag, |p puffer (20 mM Tris, pH 7.4, 1 mM EDTA, 150 mM NaCl, 1%
including the cerebral cortex, hippocampus, olfactory bulbyriton X100, 200uM phenylmethylsulfonyl fluoride [PMSF], 10
striatum, and pons and is further localized to the PSD and th&/ml pepstatin, 1qQug/ml leupeptin and 1@g/ml aprotinin) with a
dendritic rafts. Experiments in cultured hippocampal neurong6-G needle. The samples were then spun at 10010 min at

to test how this protein is targeted to the membrane ardfC. The supernatants were precleaned withuB@f protein A-
synapse revealed that the N-terminal myristoylation and theepharose suspension (1:1 in IP buffer) and then incubated wgth 2
polybasic cluster of the N-terminal domain are required for th@ Polyclonal -anti-myc antibody pre-coupled with ~protein-A-
membrane localization and that the C-terminal domain i epharose for 3 hours at 4°C. After incubation, the Sepharose gels

. ived in th tic t i B this PSD ich ere pelleted, washed three times with TNE buffer and boiled with
involved In the synaptic targeting. because this ~eNrcn&&ns. pAGE sample buffer. In brief, one half of each sample was

70 kDa protein is likely to function primarily in neurons, andjoaded on a gel, separated by SDS-PAGE and transferred to a

especially in the postsynaptic sites, we refer to this protein afrocellulose membrane. The radioactivity was analyzed using a

PSD-Zip70 (Tachibana et al., 1999). FUJIFIX Bioimage Analyzer (BAS5000). For the quantification of
precipitated PSD-Zip70, the other half of each sample was analyzed
by Western blotting as described below. The anti-myc pAb (Santa

Materials and Methods Cruz) was used as the primary antibody.

Antibody production

The screening of the hybridoma cells producing mAbs against the PSEorthern blotting

preparations was described previously (Sun et al.,, 1998). Alorthern blotting was performed as described previously (Hayashi et
monoclonal antibody (mAb204H) produced by the hybridoma cloneal., 1999). Total RNAs were extracted from the embryonic whole
which specifically recognized a 70 kDa protein that is concentrated ibrain, neonatal and adult cerebrum and cerebellum and other adult
PSDs, was purified by a protein-A-Sepharose gel matrix and used ftssues of SD rats. 1fg of total RNA per lane were separated by
immunoscreening and western blotting. Polyclonal antibodies againstectrophoresis, transferred to nylon membranes and hybridized with
PSD-Zip70 (pAbzip70) were produced as follows: the cDNA specific probes. For the preparation of the probes, cDNA fragments
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of PSD-Zip70 were labeled witki{32P]dCTP by the random priming were microinjected through a glass capillary into the nuclei of
method. The blots were subjected to autoradiography. hippocampal neurons. After 24 hours, the neurons were fixed for
immunocytochemistry as described below.

In situ hybridization

Fresh-frozen sections of whole brains from 7-week-old SD rats werénmunocytochemistry
prepared for in situ hybridization. These sections were prepared aidter 6 or 30 days in culture, hippocampal neurons were fixed in 4%
treated as described previously (Sun et al., 1998) and hybridized wigfaraformaldehyde and 4% sucrose in PBS for 1 hour at 4°C. In some
antisense or sense probes. For the preparation of the probes, P$Bses, the neurons were further treated with methanol at —20°C for 10
Zip70 cDNAs (344-2,149 nt) were transcribed in the presence-of [ minutes. Fixed neurons were permeabilized with the blocking solution
35S)UTP using the Riboprobe system (Promega). The hybridizedontaining Triton X-100 (10% normal goat serum, 0.2% BSA, and
signals were visualized with a BAS-5000 phosphor imager (Fujifilm)0.1% Triton X-100 in PBS) for 1 hour at 37°C and incubated with
primary antibodies in the blocking solution for 2 hours at 37°C. Anti-
MAP2 (clone HM-2, SIGMA) and anti-Tau-1 (Boehringer
Subcellular fractionation, solubilization and western blotting Mannheim) mAbs were used for dendritic and axonal markers,
The subcellular and tissue distribution and developmental change ofspectively. Presynaptic and postsynaptic sites were labeled with
PSD-Zip70 were examined by western blotting. The subcellulaanti-synaptotagmin mAb produced by our laboratory (mAbSV96) and
fractions were prepared from the cerebrum of 7-week-old rats by anti-PSD-95 mAb (clone 6G6-1C9, Affinity Bioreagents),
previously described method (Wu et al., 1986). In brief, the brain waespectively. F-actin was labeled with Alexa Flitb568-phalloidin.
homogenized and spun at 14g5The supernatant (S1) was further For PSD-Zip70 staining, pAbZip70 was used. After incubation with
spun at 17,30@, and the pellet (P2) and supernatant (S2) fractionghe primary antibody, the neurons were labeled with Alexa Ptlor
were retained. The P2 fraction was further separated by sucrod88 and/or 546 secondary antibodieq¢?ml, Molecular probes) in
density gradient (0.32, 1.0 and 1.4 M sucrose) centrifugation at 82,5@0e blocking solution. After washing with PBS, the coverslips were
g for 65 minutes. The synaptosome fraction was obtained at the 1founted onto glass slides using a Prolong Antifade Kit (Molecular
M-1.4 M interface. This fraction was lysed by hypo-osmotic shockProbe). Fluorescence images were acquired using a cooled CCD
with 1 mM NaHCGQ, treated with 0.5% Triton X-100, and centrifuged camera (Roper Scientific) mounted on an Olympus 1X70 microscope
at 15,00@ for 60 minutes. The pellet was further separated by sucroseith Metamorph imaging software (Universal Imaging Corporation).
density gradient (0.32, 1.0, 1.5, and 2.1 M sucrose) centrifugation at Transfected MDCK cells were fixed in 4% paraformaldehyde in
201,800g for 120 minutes. The PSD-I fraction was obtained betweerPBS for 10 minutes at 37°C. For in vivo extraction, cells were washed
1.5 M and 2.1 M sucrose. 2@ of protein per lane were analyzed. with PBS and treated with the extraction buffer (0.2% Triton X-100,
To examine the solubilization of PSD-Zip70, the synaptosom&0 mM PIPES, pH 6.8, 100 mM NaCl, 300 mM sucrose, 1 mM
fraction was suspended with 10 volumes of 1 mM Nakl@@d MgClz, 1 mM EGTA, 200uM PMSF, 10pg/ml pepstatin, 1qug/ml
centrifuged at 17,009 for 10 minutes at 4°C. After centrifugation, 1 leupeptin and 10ug/ml aprotinin) for 1 minute at 4°C. After
mg protein of each pellet was resuspended with a 26-G needle in 56Rtraction, cells were washed with the extraction buffer without Triton
pl of extraction buffer (10 mM Hepes, pH 7.4, 1 mM EGTA, 1 mM X-100 and then fixed. The anti-myc mAb and pAb (Santa Cruz) and
MgCl2 150 mM NacCl, 20uM PMSF, 10ug/ml pepstatin A, 1g/ml an anti-ezrin mAb (CHEMICON) were used as the primary
leupeptin and 10ug/ml aprotinin) containing various additional antibodies. To stain the mitochondria, MitoTracker (Molecular
reagents as indicated in Fig. 5, rotated for 30 minutes and centrifug&ttobes) was added to the growth medium and the cells were further
at 100,000y for 30 minutes at 4°C. The pellets were resuspended icultured for 30 minutes. After labeling, the cells were fixed and double
the original volume of extraction buffer. 10 of the pellet (ppt) and stained as described above.
supernatant (sup) fractions were analyzed by western blotting.
Samples were loaded on gels, separated by SDS-PAGE and ) ]
transferred to nitrocellulose membranes. mAb204H or pAbZip7dmmunohistochemistry
were used as the primary antibodies and visualized using peroxidases prepare the sections, rat brains (7-week-old) were fixed by
conjugated secondary antibodies followed by ECL (Amershanperfusion with 4% paraformaldehyde in 0.1 M phosphate buffer and
Pharmacia). For the preabsorption of antibodies, mAb204H anflrther fixed in the same buffer for 4 hours at 4°C.ub0 sections
pAbzZip70 diluted for western blotting were preabsorbed with anwere prepared using a vibratome. These sections were pre-treated with
excess amount of purified GST-PSD-Zip70. the blocking solution as described above for 1 hour at room
temperature and incubated with pAbZip70 or control rabbit IgG (0.5
pg/ml) in the blocking solution for 36 hours at 4°C. A peroxidase-
Cells conjugated anti-rabbit 1gG antibody was used as the secondary
Hippocampal neurons were prepared from rat embryonic brains antibody, and the staining was visualized using an ABC kit (Vector).
embryonic day 18 (E18). The hippocampus was dispersed with 0.25%
trypsin in HBSS solution, and the cell suspension was plated onto 0.5 )
mg/ml poly+-lysine-coated glass coverslips at a density of 10,000Immunoelectron microscopy
15,000 cells/cth Neurons were cultured in a Neurobasal mediumAdult SD rats were perfused with a fixative containing 4%
(Life Technologies) containing 2% B27 supplement (Life paraformaldehyde, 0.01 M sodium periodate and 0.1 M lysine-HCl in
Technologies) and 0.5 mM-glutamine. Half of the medium was 0.1 M phosphate buffer. Small pieces of forebrain tissues including
changed per week. COS7 and MDCK cells were cultured in DMEMhe cerebral cortex and hippocampus were dissected out and kept in
supplemented with 10% FCS and transfected with expression vectdige same fixative for 4 hours at 4°C. After washing with 0.1 M
using Lipofectamine 2000 (Life Technologies). The cells were fixegphosphate buffer, specimens were infused with a mixture of 20%
at 16 hours (for immunocytochemistry) or 36 hours (for biochemicapoly(vinylpyrrolidone) and processed for ultracryotomy on an
analysis) after transfection. Ultracuts microtome (Reichert) equipped with FCS (Reichert)
following the method of Tokuyasu (30). Briefly, sections of frozen
] ) o specimens were collected with drops of 2.3 M sucrose, placed on a
Transfection using microinjection grid and thawed at room temperature. After blocking with 10%
Using a micromanipulator (Narishige), plasmid DNAs (5-20Quhg/ normal goat serum, they were incubated in 0.1 M Tris-buffered saline
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(TBS) containing pAbZip70 for 24-48 hrs at 4°C, then washed withpolyclonal antibody against GST-fused recombinant PSD-
TBS and incubated with goat anti-rabbit IgG antibodies conjugate@ip70 (pAbZip70), which also specifically recognized PSD-
with 5 or 10 nm gold particles (Amersham) for 2 hours at roonzip70 in the PSD-I fraction (Fig. 1A). pAbZip70 that was

temperature. Thereafter, the sections were rinsed and embedded Wifsahsorbed with GST-Zip70WT was also unable to detect any
a mixture of 1% poly(vinyl alcohol) containing 0.1% uranyl acetate, otains in the PSD-I fraction. Thus, we used pAbZip70 for all
and observed under an electron microscope (Hitachi H-7100) aft(%) ’

he following experiments, except for the molecular cloning.

drying. A rat cerebrum cDNA library (8L0° clones) was screened
with mAb204H, and two positive clones were isolated. These

Sucrose floatation gradient separation of a crude clones had identical sequences in the open reading frame

synaptosomal fraction and isolation of dendritic rafts (GenBank Accession Number AB075607), which encoded a

All procedures were carried out at 4°C. 1 mg protein of thed01l amino-acid protein with the calculatéld of 67,562 (Fig.
synaptosome fraction obtained from the rat cerebrum was suspendéB). An N-terminal myristoylation consensus sequence
with a 26-G needle in 1 ml of TNE (20 mM Tris, pH 7.4, 150 mM (MGxxxS/T) and a polybasic cluster (RKxxxxKK) were found
NaCl, 1 mM EDTA, 20QuM PMSF, 10ug/ml pepstatin A, 1Qg/ml i the N-terminus, and four leucine-zipper motifs were present
leupeptin and 1Qug/ml aprotinin) containing 1% Triton X-100 and j, the C-terminal region* (Fig. 1B). A database search revealed

rotated for 30 minutes. The sample was adjusted to 40% sucrose us : P o o
80% sucrose in TNE, placed in the bottom of a centrifuge tube an@%t the predicted amino-acid sequence of PSD-Zip70 was 89%

overlaid with 3 ml of 30% sucrose, 3 ml of 25% sucrose and 5 ml o'fjent'cal to that of the hum.anEZI/L.ZTS]gen_e pro.duct (|Sh".

50 sucrose in TNE. The sample was then centrifuged at 20¢,0008t al-, 1999), which contains multiple leucine-zipper motifs;
for 14 hours. After centrifugation, the upper 3 ml of the gradientherefore, PSD-Zip70 is a rat homologue of the human
solution was discarded and 10 fractions were collected from the toffEZ1/LZTS1gene product. Recent allelotyping studies have
The pellet fraction (ppt) was resuspended irub0f TNE, and 500 shown that the allelic loss of chromosome region 8p21-22 is
ul of each collected fraction was precipitated with tricarboxylic acidclosely associated with various human tumors (Jenkins et al.,
(TCA), resuspended in 50I of TNE and separated by SDS-PAGE 1998). TheFEZ1/LZTS1gene was identified by Ishii et al. in
preparing the synaptic plasma membrane (SPM), dendritic raft angd \q this gene to be altered in many tumors including

PSD fractions have been described previously (Suzuki et al., 2001). -
ug of each sample per lane were analyzed by western blotting. AntE ophageal, prostate, and breast cancers (Ishii et al., 1999). The

PSD-95 mAb, pAbZip70, anti-synaptophysin mAb (PROGEN), anti- SD-Zip7|O plroteir|1 tregoggizkelg b3(’j m§|bfq4Htr?nd r;AbZingl
fyn pAb (Upstate biotechnology), amtHnternexin pAb Was & closely related a aounlet in the rat cerebra
(CHEMICON) and anti-NR1 pAb (Upstate biotechnology) were usecﬁUbCQHU'ar_fracnons (Fig. _1A)- When an expression plasmid
as the primary antibodies. The methods for electron microscopy arg@rrying wild-type PSD-Zip70 was transfected into COS7
the lipid assay for the SPM, dendritic rafts and PSD were describezklls, the expressed protein also appeared as a 70 kDa doublet
previously (Suzuki et al., 2001). The PSD preparation purified by thigdata not shown). As described above, this protein contains a
method was referred to ‘PSD-II'. For electron microscopy, theconsensus sequence for N-terminal myristoylation. Indeed, the
dendritic raft preparation was fixed with 2% glutaraldehyde inN terminus of PSD-Zip70 (PSD-Zip70N) was myristoylated
HEPES/KOH buffer (5 mM, pH 7.4), spun briefly, further fixed with \\han jt was expressed in COS7 cells (Fig. 1C), but its mutant
1% osmium tetroxide, dehydrated through a graded ethanol series D-Zip70N/G2A) was not, indicating that th,e N-terminal

embedded in Epon. An ultrathin section was cut and stained wit istovlati f PSD-Zin70 in Vivo i ific. In thi
uranyl acetate and lead citrate. For negative staining, dendritic rafpyristoylation o ~£Ip /U 1N VIVO IS Specific. In this case,

suspension was dropped on a Formvar-coated grid and stained witiy'istoylated PSD-Zip70WT and non-myristoylated PSD-
4% uranyl acetate. Specimens were examined with an electradP7ON/G2A both appeared as the doublet (Fig. 1C). Although
microscope (JE-M-1200 EX; JEOL). For the lipid assay, lipids werd®SD-Zip70N also contains a candidate sequence for
extracted from the SPM, dendritic raft and PSD-II preparations anpgalmitoylation #>SKHCRAZ29), it was not palmitoylated in
separated by thin layer chromatographies (TLC). The separated lipid®0S7 cells (data not shown). These results suggest that the
were re-extracted and quantified using an enzymatic colorimetrigoublet of PSD-Zip70 may be due to post-translational
assay kit for cholesterol and sphingomyelin. modifications other than acylation. Consistent with our results,
Ishii et al. demonstrated the serine phosphorylation of the
FEZ1/LZTS1 gene product by cAMP-dependent protein

Results and Discussion kinase, which resulted in differently migrating protein bands
Cloning of a 70 kDa protein that is concentrated in the on SDS-PAGE (Ishii et al., 2001).

PSD fraction and recognized by mAb204H

Western blotting of the cerebral subcellular fractions showed . ) ) .

that mAb204H specifically recognized a closely related 70 kD&¥Nnique expression of PSD-Zip70 in the brain

doublet that is concentrated in the PSD-I fraction. A smalNorthern blotting revealed that the approximately 5.0 kb PSD-
amount of these 70 kDa proteins was detected in the ZZAp70 mRNA was already expressed in whole embryonic
fraction, which contains the light membrane and the cytosdbrains at 15 days (E15) and that its expression gradually
(Fig. 1A). mAb204H preabsorbed with GST-Zip70WT (theincreased in the cerebrum thereafter. By contrast, the PSD-
control) did not detect any proteins in the PSD-I fraction. InZip70 mRNA in the cerebellum increased abruptly between 1
our subcellular preparations, a major PSD scaffold proteirgnd 3 weeks after birth and then disappeared (Fig. 2A).
PSD-95, was also densely localized to the PSD-I fraction (Figiestern blotting using pAbZip70 showed only a trace amount
1A), suggesting that the 70 kDa protein recognized by

MADb204H is a (;omponent of the PSD' Because mAb204H Wé}%he nucleotide sequence reported in this paper has been submitted to the GenBank,
not useful for immunocytochemistry, we generated a rabbitccession Number AB075607.
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of PSD-Zip70 in the rat cerebrum using mAb204H (204H, upper panel). Each fraction was prepared as described in Matetiadsland Me
WB, Syn and mito indicate the whole brain lysate, synaptosome and mitochondria fraction, respectively. pAbZip70 recogkizad a 70
protein in the PSD-I fraction (pAb70, lower right panel). Preabsorption (pre) means that mAb204H and pAbZip70 were preatisarbed
excess amount of GST-PSD-Zip70 (lower two panels). PSD-95 is shown as a control of the subcellular fractionation (mid¢i paerel)
predicted amino-acid sequences of rat PSD-Zip70 (upper letters) and theFiAidhZTSIgene product (lower letters). The N-terminal
myristoylation consensus sequence is boxed. The four putative leucine-zipper motifs of PSD-Zip7BZAALET SIgene product are
marked in gray. The thin line and hatch marks inRB& 1/LZTSIsequence indicate identical amino acids within PSD-Zip70 and the polybasic
region, respectively. (C) N-terminal myristoylation of PSD-Zip70 in COS7 cells. Left and right panels show the autoradibgraphs o
incorporated3H] myristic acid and western blotting, using anti-myc pAb, respectively. PSD-Zip70N/G2A is mutated at the myristoylation site.
(D) Design of the PSD-Zip70 variants used for transfection.

of PSD-Zip70 protein in embryonic brains at E15-18, whereawestern blot analyses revealed the presence of PSD-Zip70
the protein expression in the cerebrum increased between 1 am&NA and protein only in the cerebrum and not in the other
3 weeks after birth and reached a plateau at 7-12 weeks (Figgsues examined (Fig. 2C,D). A long exposure of northern and
2B). The protein in the cerebellum was present at lower levelsestern blots, however, showed trace amounts of the PSD-
than in the cerebrum during all developmental stages. ThuZjp70 mRNA and protein in the cerebellum, lung, kidney and
PSD-Zip70 showed distinctly different expression patterns atomach (data not shown).
the mRNA and protein levels during brain development. This In situ hybridization of adult rat brain showed a unique
discrepant expression of PSD-Zip70 in the brain may be dudistribution of the PSD-Zip70 mRNA, in which intense signals
to extremely different turnover rates of the PSD-Zip70 mRNAwere found in the cerebral cortex, hippocampus, olfactory bulb,
and protein or to the critical regulation at the translational levedtriatum and pons (Fig. 3A). In the hippocampus, the
during development. Further studies are required to elucidateanscripts were intensely labeled in the CA2 region compared
the precise mechanism governing these discrepant expressioith the CA1 and CAS3 regions. Faint signals were detected in
patterns. other cerebral regions, such as the thalamus and brain stem.
We next examined the expression of PSD-Zip70 at thélowever, no signals were observed in the cerebellum. In
mMRNA and protein levels in adult rat tissues. Northern andontrol sections using a sense probe, no signals were detected
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(Fig. 3B). Immunostaining for pAbZip70 showed intense
labeling in the cerebral cortex, hippocampal CA2 region,
subiculum and other cerebral regions. In the cerebral cortex
and hippocampal CA2 region, immunolabeling was localized
to the soma and dendritic processes of the principal neurons
but not to glial cells (Fig. 3C-E). These immunoreactivities
were specific for PSD-Zip70, because no immunolabeling was
detected using a control IgG as the primary antibody (Fig. 3F).
These results indicate that PSD-Zip70 is specifically expressed
in the neurons of some cerebral areas.

"-"..'.""" bdade bl DL UES Postsynaptic localization of PSD-Zip70

B D Immunocytochemistry of cultured hippocampal neurons after
6 days in vitro (DIV) revealed patchy immunofluorescence for
- = B T PSD-Zip70 in the dendrites and the cell bodies (Fig. 4A1,B1).

. . . , , ) Double immunofluorescence for PSD-Zip70 and MAP2, a
Fig. 2. Expression of PSD-Zip70 mRNA and protein during brain  gengritic marker, completely overlapped in the dendrites and
development and in tissue distribution. (A,C) Northern blotting UsiNGiha cell bodies (Fig. 4A1-A3). However, PSD-Zip70 and tau

specific3?P-labeled probes for PSD-Zip70 mRNA. |2§ of total . e .
RNAs per each lane were analyzed. The two lower panels indicate protein, an axonal marker, showed distinctly different

methylene blue staining of 28S ribosomal RNAs, which was used todiStributions (Fig. 4B1-B3). These results indicated a
quantify the amounts of total RNA loaded. The positions of the 28s Preferential localization of PSD-Zip70 to the dendrite. In
and 18S ribosomal RNAs are indicated at the right. (B,D) Western cultured mature neurons (~30 DIV), numerous PSD-Zip70-
blotting using pAbZip70. 2Qg of the indicated protein samples per positive neurons were seen among some populations of
lane were analyzed. morphologically excitatory neurons but not in all excitatory
neurons. This finding may reflect the dominant expression of
PSD-Zip70 in the hippocampal CA2 region, as shown in Fig.
3A,D. In addition to the patchy fluorescence in the dendrites,
intense immunofluorescent clusters of PSD-Zip70 were
distributed along the dendrites (Fig. 4C1,D1 and E1). To
further characterize the localization of PSD-Zip70, double
staining was performed using pAbZip70 and antibodies against
pre- and postsynaptic markers or phalloidin for F-actin.
Clusters of PSD-Zip70 were colocalized with PSD-95 clusters
(Fig. 4C1-C3 and CiC3) and with many F-actin clusters
(Fig. 4D1-D3 and D1D3). High-resolution images showed
that the areas of PSD-Zip70 cluster within the dendritic spines
were much wider than those of PSD-95 clusters (Fig.-4C1
C3) and that the PSD-Zip70 clusters also partially overlapped
with synaptotagmin clusters (Fig. 4E1-E3 and'-EX),
suggesting the synaptic localization of PSD-Zip70.

To further define the synaptic localization of PSD-Zip70, we
performed postembedding immunoelectron microscopy.
Immunogold labeling for PSD-Zip70 was predominantly
observed in axospinous and axodendritic asymmetric synapses
of pyramidal neurons in the hippocampal CA2 region and
cerebral cortex. Most of the immunogold label appeared over
the perisynaptic regions of the PSD and the postsynaptic
membrane in excitatory asymmetric synapses of pyramidal
neurons in the hippocampus and cerebral cortex (Fig. 4F-I),
indicating the postsynaptic localization of PSD-Zip70.

Fig. 3. Distribution of PSD-Zip70 in the brain. In situ hybridization

(A,B) and immunohistochemistry (C-F) were performed to determine

the distribution of PSD-Zip70 mRNA and protein in the brain. Solubility of PSD-Zip70 from the synaptic membrane
Sagittal sections from the adult rat brain were hybridized with specifigraction

35S-labeled cRNA antisense (A) or sense (B) probes for PSD-Zip70. . s . . .
Ob, olfactory bulb; Cr, cerebral cortex; Hi, hippocampus; St, striatumWe examined the solubility of PSD-Zip70 (Fig. 5). Non-ionic

Po, pons; Cl, cerebellum. Immunohistochemistry of sagittal sections d&térgents (Triton or Lubrol WX), CHAPS or high salt alone

from the adult rat brain was performed using pAbZip70. The cerebradid not significantly solubilize the PSD-Zip70 from the
cortex (C), hippocampal CA2 region (D) and subiculum (E) are synaptosome membrane. A combination of non-ionic detergent

shown. The cerebral cortex in a control section using normal rabbit or CHAPS and high salt could solubilize 10-30% of the total
IgG is shown in F. PSD-Zip70, indicating that high salt is partially effective for
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Fig. 4. Synaptic localization of PSD-Zip70. (A-E) Hippocampal
neurons cultured in vitro for 6 days (DIV6, A1-A3 and B1-B3) or 30
days (DIV30, C1-C3, D1-D3 and E1-E3) were double-labeled using
pAbZip70 (left panels) and anti-MAP2 (A2), anti-tau (B2) and anti-
PSD-95 (C2 and Cpantibodies, phalloidin (D2 and Dar anti-
synaptotagmin antibody (E2 and'ERight panels show the merged
images of the left and middle panels.CB, D1-D3, and EL-E3
show higher magnifications of the boxed regions in C1-C3, D1-D3
and E1-ES3, respectively. Bar, ién. (F-) Immunoelectron
microscopy of the adult rat brain was performed using pAbZip70. The cerebral cortex (F-H, 5 nm gold particles) and therCéf2 regi
hippocampus (I, 10 nm gold particles) are shown. Bar, 100 nm.

the solubilization of this protein from the detergent-resiste ppt  sup ppt  sup
synaptosome membrane. A high concentration of Tris-H! Cont 1% Triton X100  au
which can partly solubilize the membrane cytoskeletc on +1M NaCl SoLen
including spectrin (Tanaka et al., 1991), had no effect on
solubility of PSD-Zip70. Alkaline conditions, which solubilize 1M NaCl S 0.1M NayCO3 e -
the peripheral membrane proteins, did not solubilize PS (PH11.5)
Zip70. Deoxycholate (1%, pH 9.0), which was previously us _, .
to extract the PSD proteins (Husi et al., 2000), and urea c¢ | e bubrol WX === M Tris-HCI e
release nearly a half of the total PSD-Zip70. Consistent w .
the perisynaptic localization of PSD-Zip70 in the PSD and { 1% Lubrol WX e 1% De"’:_}";ho"'a‘e [ —
postsynaptic membrane, N-lauroyl sarcosinate (NL +1M NacCl (PH9.0)
completely solubilized the protein. These results suggest 1
most of the PSD-Zip70 tightly associates with the deterge 20MM CHAPS === SM Urea wims M
insoluble compartments of the postsynaptic membrane, suc

20mM CHAPS 1% NLS pr—

the PSD, rafts, and detergent-insoluble cytoskeleton via lig M NaC) |
lipid and/or lipid-protein interactions. Hmna

1% Triton X100 e

Localization of PSD-Zip70 to the PSD and the dendritic _ o )
Fig. 5. Solubilization of PSD-Zip70 from the synaptosome membrane

rafts
. . . . . fraction. The synaptosome membrane fraction was treated with
To investigate whether PSD-Zip70 was associated with thgaction buffer with or without (cont) various detergents and salts as

membrane rafts, we performed a sucrose floatation gradiepicated on the left side of the panels. After centrifugation, the pellet
separation of the Triton-X-100-treated synaptosome fractiofppt) and the supernatant (sup) fractions were analyzed by western
modified from a previously reported method (Roper et al.blotting using pAbZip70. NLS indicates N-lauroyl sarcosinate.
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A 2000). Fyn and PSD-95 are reported to be raft-associated
1 2 3 4 5 6 7 8 9 10 ppt proteins (Wolven et al., 1997; Perez and Bredt, 1998). As

) shown in Fig. 6A, PSD-Zip70 and PSD-95 were recovered in

PSD-ZIp70 S5 s T -« both the detergent-insoluble low-density fraction (the raft

o fraction, fractions 2-4) and the pellet fraction, which probably

: . included the PSD. Fyn was mainly found in the raft fraction.
Pep-os . - ' « By contrast, synaptophysin was detected in the detergent-

i soluble fraction (fractions 7-10). To confirm the neuronal

Fyn == — -- " < distribution of PSD-Zip70, we prepared the dendritic rafts by
the method of Suzuki et al. (Suzuki et al., 2001). The dendritic
raft fraction thus obtained was homogenous in its morphology

Synaptaphysin aehe according to both negative staining and thin-sectioned electron
micrographs (Fig. 6B). Both types of imaging showed
B C membrane sacs of 200-1000 nm in diameter, to which fuzzy
- s & o structures that probably consist of proteins were attached. One
& & & of the criteria for the raft structure is a highly ordered

concentration of cholesterol and sphingomyelin in the raft
PSD-Zip70 = == M8 4 membrane (Simons and Ikonen, 1997). In agreement with this
criterion, the levels of cholesterol and sphingomyelin in the

PSD-95 et . dendritic raft fraction were much higher than those in the SPM

< and PSD fractions (Table 1). As shown in Fig. 6C, PSD-Zip70

and PSD-95 were found in both the PSD-II and the dendritic

Fyn B 4 raft fractions, and Fyn was mainly in the dendritic raft fraction.
Consistent with our previous report (Suzuki et al., 2001), the

NR1 subunit of the NMDA receptors amdinternexin were

o-internexin - 4 only detected in the PSD fraction. Thus, two different
fractionations indicated that PSD-Zip70 was localized to both

vy ¥ < the PSD and the dendritic rafts.

Targeting of PSD-Zip70 into the microvilli and the
plasma membrane of non-neuronal cells

Fig. 6. The PSD and raft localization of PSD-Zip70 in the As shown in Fig. 6, PSD-Zip70 was localized to the membrane
synaptosome fraction. (A) Sucrose floatation gradient separation of raft microdomain in the brain. We further examined if PSD-
the 1% Triton-X-100-treated synaptosome fraction was performed aZip70 is also targeted to the microvilli-like structure of the
4°C. Gradient fractions were analyzed by western blotting using  plasma membrane, which is a membrane lipid raft-rich
PAbZip70, anti-PSD-95, anti-Fyn, and anti-synaptophysin structure in MDCK cells (Réper et al., 2000), and determined
antibodies. Fraction 1 is from the top of gradient, and ppt indicates {ha critical domains of PSD-Zip70 for its localization.
T & e e efiaton, ane faclon® T The PSD-2ip70 protein was ot detecied in MDCK celts by
Y P ' P immunocytochemistry or western blotting (data not shown).

observation of the dendritic raft fraction prepared from the rat . .
forebrain. Photographs show negative staining (upper panel) and However, when myc-tagged PSD-Zip70WT or PSD-Zip70N

thin-section (lower panel) of the dendritic raft fraction. Bar, 200 nm. Was expressed in MDCK  cells cultured under serum-
(C) Localization of PSD-Zip70 in the PSD-II and raft preparations. Supplemented conditions, the immunolabeling with the anti-
The synaptic plasma membrane (SPM), dendritic raft (raft) and PSDmyc antibody was highly concentrated in structures at the
Il fractions were prepared using the method of Suzuki et al. (Suzukiapical plasma membrane and also showed a submembranous
etal., 2001)These preparations were analyzed by western blotting distribution (Fig. 7A1,B1). Double labeling for PSD-
using pAbZip?O, anti-PSD-95, anti-Fyn, aatinternexin and anti- Zip7OWT or PSD-Zip70N (with the anti-myc antibody) and
NR1 antibodies. F-actin (with phalloidin; Fig. 7A1-A3 and B1-B3) or ezrin, a
marker for microvilli-like structures (with an anti-ezrin
antibody; Fig. 7E1-E3 and EE3), revealed speckled
immunolabeling for PSD-Zip70WT or PSD-Zip70N
Table 1. Lipid contents in the subcellular fractions overlapping with the positive staining for F-actin or ezrin in
the apical structures. After in vivo extraction with Triton X-
100, PSD-Zip70N was retained in the microvilli, but its
membrane localization was abolished (data not shown). It has
ng’;/l 622-3“:’%252 ;f-gﬂ-lsl been demonstrated that such detergent-insoluble microvilli
PSD-II 145405 131410 bel_qng to a subclass of membrane ra_fts (Roper et al., 20QO).
Ishii et al. demonstrated the colocalization of cytoplasmic
Contents of cholesterol (Cho) and sphingomyelin (SM) were measured in microtubules and the exogendeiSZ1/LZTSIgene product in
the synaptic plasma membrane (SPM), the dendritic raft (Raft), and the PSDHEK 293 cells and some cancer cells and reported the
Il fractions (=3). FEZ1/LZTSidependent inhibition of cell growth mediated

Hg/mg protein
Fraction Cho SM
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Fig. 7. Localization of myc-tagged PSD-Zip70 and its deletion mutants in MDCK cells. Madin-Darby canine kidney (MDCK) cells were
transfected with myc-tagged PSD-Zip70 and its deletion and point mutant expression vectors. Expressed PSD-Zip70WT (A1-A3), PSD-
Zip70N (B1-B3, E1-ES3, and EE3), PSD-Zip70N/G2A (C1-C3) and its mutation in the polybasic region, PSD-Zip7O0Nmut (D1-D3) were
visualized with an anti-myc antibody (all left panels) and double-labeled with phalloidin (A2, B2, C2 and D2) and thenaanitibady (E2

and E2). ET-E3 show higher magnifications of the boxed regions in E1-E3. Right panels show the merged images of the left and middle
panels. Bar, pim.

through a suppression of microtubule assembly angrotein that showed the same distribution as PSD-ZipX2IN/
interaction with p3#ic2(Ishii et al., 2001). However, we found 40 (Fig. 7D1-D3). Staining the mitochondria with MitoTracker
that myc-tagged PSD-Zip70WT and PSD-Zip70N in MDCK clearly showed that the polybasic cluster mutant was localized
cells were predominantly targeted to the microvilli and theio the mitochondria (data not shown). These results indicate
plasma membrane but not to the cytoplasmic microtubuleshat both N-terminal myristoylation and the polybasic cluster
One possibility for this discrepancy may be due to a differerdre required for the targeting of PSD-Zip70 to the microvilli
cell line used; however, the exact reason is not yet known. and the plasma membrane in epithelial cells.

Many proteins have covalently attached fatty acids
(myristate and palmitate) at their N-terminus (Resh, 1999).
This is seen in src family tyrosine kinases, G protein subunit§ynaptic targeting of PSD-Zip70
endothelial nitric oxide synthase and others. Several proteinde also analyzed the synaptic targeting of PSD-Zip70 in
are singly myristoylated and possess an adjacent or distaniltured hippocampal neurons. The synaptic localization of the
polybasic cluster. Other proteins contain two or moreexogenous proteins was monitored by observing the
covalently linked palmitates at their N-terminus. In all cases¢olocalization with PSD-95. When myc-tagged PSD-Zip70WT
multiple N-terminal acylation sites or an acylation sitewas expressed, it was localized to the dendrites and the
juxtaposed to a polybasic cluster are required for the membradendritic spines. The fluorescence intensity of the PSD-
anchorage of these modified proteins. The presence of thep70WT in the dendritic spines was much higher than that in
modified proteins and additional protein-protein interactiongshe dendrites (Fig. 8A1-A3 and AA3'). PSD-Zip70C was
are further required to form the raft structure. Because PSIso localized to the dendrites and dendritic spines, but the
Zip70 is myristoylated on its N-terminus (Fig. 1D) and alsospine localization of PSD-Zip70C was slightly lower than that
contains the distant polybasic cluster (Fig. 1B), we examinedf PSD-Zip70WT (Fig. 8C1-8C3 and 8C4C3). By contrast,
whether PSD-Zip70’s localization to the microvilli may be PSD-Zip70N was ubiquitously distributed from the dendrites
mediated through N-terminal myristoylation and/or theto the dendritic spines. The fluorescence intensities of PSD-
polybasic cluster. PSD-Zip70N/G2A exclusively accumulatedZip70N in the dendritic spines and the dendrites were identical,
in the nucleus and the perinuclear region (Fig. 7C1-C3). Bguggesting the submembranous localization of PSD-Zip70N
contrast, PSD-Zip70C was diffusely distributed throughout théFig. 8B1-B3 and BtB3"). The non-myristoylated form of the
cytoplasm but was not localized to the microvilli and thefull-length protein, PSD-Zip70WT/G2A, was also localized to
plasma membrane. Deletion of amino-acid residues 21-4@ostsynaptic sites similar to PSD-Zip70C (Fig. 8D1-D3 and
containing the polybasic cluster (PSD-Zip70R1-40) D1'-D3). By contrast, PSD-Zip70N/G2A lost the
resulted in the loss of the protein’s localization to the microvillisubmembranous localization but accumulated in the nuclei and
and plasma membrane; instead, this mutant proteithe perinuclear regions (Fig. 8E1-E3). These results indicate
translocated to the mitochondria (data not shown). A mutatiothat, consistent with the results using MDCK cells, the N-
of the polybasic cluster (PSD-Zip70N/mut) resulted in aterminal myristoylation of PSD-Zip70 is required for its
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Fig. 8. Synaptic targeting of PSD-Zip70 in cultured
hippocampal neurons. Myc-tagged PSD-Zip70WT (A1-A3),
PSD-Zip70N (B1-B3), PSD-Zip70C (C1-C3), PSD-
Zip70WT/G2A (D1-D3) and PSD-Zip70N/G2A (E1-E3) were
expressed in hippocampal neurons using the microinjection
method. Expressed PSD-Zip70 variants were visualized using
an anti-myc antibody (all the left panels) and double-labeled
for PSD-95 (all the middle panels). All the right panels show
the merged images of the left and middle panelsARL,
B1'-B3, C1-C3, and D1-D3 show higher magnifications of
the boxed regions in A1-A3, B1-B3, C1-C3 and D1-D3
respectively. Bar, 1Am.

plasma membrane localization in hippocampal neurons and ti{achR) clustering. The other two neuromuscular proteins,
C-terminal domain is critically involved in synaptic targeting. dystrophin and dystrobrevin, bind to each other to form
We have identified a 200 kDa protein that is also concentratdteterodimers via their leucine-zipper motifs (Sadoulet-Puccio
in PSDs as a candidate binding partner for the C-terminat al., 1997). A few leucine-zipper proteins in the central
domain of PSD-Zip70, which mainly contains leucine-zippemervous system have also been reported. One of them is PSD-
motifs (data not shown). Therefore, these motifs may b&ip45, which is involved in the clustering of mGluRs mediated
critically involved in the synaptic targeting of PSD-Zip70 viathrough self-multimerization via the extreme C-terminal
this protein. We are currently investigating the characterizatioleucine-zipper of PSD-Zip45 (Tadokoro et al., 1999). Together,
of this 200 kDa protein and its role in the PSD. previous reports on the neuromuscular junction and our
Here, we have demonstrated that the PSD-Zip70 protein evious and present studies suggest that the leucine-zipper
exclusively and highly expressed in the neurons of restrictechotif might be a critical motif for protein-protein interactions
cerebral areas and is mainly localized to the PSD and thentributing to the postsynaptic cytoarchitecture and function.
dendritic rafts. These results suggest that the main function of The currently accepted concept is that both the PSD and the
PSD-Zip70 is likely to be carried out at its postsynaptic sitetafts are cytoarchitectural centers for receptor-linked signal
The N-terminal myristoylation of PSD-Zip70 is required for itstransduction, membrane trafficking and cytoskeletal
membrane localization, and the C-terminal domain, whicltonnections (Sheng and Lee, 2000; Kennedy, 2000; Scannevin
contains leucine-zipper motifs, is critically involved in its and Huganir, 2000; Xiao et al., 2000; Sheng and Sala, 2001,
targeting to the synapse, which is mediated through proteirsimons and lkonen, 1997; Resh, 1999; lkonen, 2001).
protein interaction. It has been well documented that thelowever, the relationship between the rafts and the PSD in
leucine-zipper motif is important for the dimerization of neurons is largely unknown, with a few exceptions. Recently,
several transcription factors, such as c-fos and c-jurseveral studies have indicated the importance of acylation for
Furthermore, this motif is also present in a variety ofpostsynaptic functions. El-Husseini Ael-D et al. reported that
cytoplasmic and transmembrane proteins, includinghe palmitoylated PSD protein, PSD-95, regulates synaptic
cytoskeletal proteins (Lupas et al., 1996). Leucine-zipperplasticity through the activity-dependent regulation of
motif-containing proteins in the postsynaptic region of thepalmitate cycling (El-Husseini Ael-D et al.,, 2002). They
neuromuscular junction have been reported and include rapssyggest that in synapses, protein acylation is not only involved
dystrophin and dystrobrevin. Rapsin, a neuromuscular 43 kDa simple membrane anchoring but also in the regulation of
myristoylated protein, is involved in acetylcholine receptorseveral cell processes, including endocytosis, that are reported



PSD and dendritic raft localization of PSD-Zip70 4705

to be raft functions. One of us previously demonstrated the kinase B (Akt) and the mitogen-activated protein kinases (ERK/p38MAPK)
localization of AMPA receptors to the dendritic rafts (Suzuki detfrmme a phenotype of visceral and vascular smooth musclelcelisl
: Biol. 145, 727-740.

et a|.3t2c(j)05|[.). Itis t\Ne|| d?.cum?[med. that AMPA recfptﬂrst.ar%ayashi, Y., Shi, S. H., Esteban, J. A., Piccini, A., Poncer, J. C. and
recruite 0 p‘?s synaplic sies in-a neurf)n's Imulation- Malinow, R. (2000). Driving AMPA receptors into synapses by LTP and
depend_ent fashion (Carroll et al,, 1999;. Sh'_ et al, 1999_; CaMKIlI: requirement for GluR1 and PDZ domain interacti®oience?87,
Hayashi et al., 2000). Furthermore, EphrinB ligands recruit 2262-2267.
GRIP fam”y members, which are AMPA_receptor_binding Husi, H., Ward, M. A., C_houdhary_, J. S., Blackstock, W. P. and Grant, S. '
proteins, into raft membrane microdomains (Briickner et al., G: (2000). Proteomic analysis of NMDA receptor-adhesion protein
1999). As demonstrated here (Fig. 6) and in previousl signaling complexesvat, Neurosci, 661-669. .

: : g. p Ykonen, E.(2001). Roles of lipid rafts in membrane transp@tirr. Opin. Cell.
reported studies (Wolven et al., 1997; Perez and Bredt, 1998)giol. 13, 470-477.
PSD-95 and Fyn are also localized to both the PSD and tlhii, H., Baffa, R., Numata, S. I., Murakumo, Y., Rattan, S., Inoue, H.,

dendritic rafts. Thus, some important postsynaptic molecules Mori, M., Fidanza, V., Alder, H. and Croce, C. M.(1999). The FEZ1 gene
are present in both structures at chromosome 8p22 encodes a leucine-zipper protein, and its expression is

P . . altered in multiple human tumorBroc. Natl. Acad. Sci. US86, 3928-
As shown in Fig. 4, PSD-Zip70 was localized to the edge of 3933 P

the PSD and/or the perisynaptic region. The significance of thisnii, H., Vecchione, A., Murakumo, Y., Baldassarre, G., Numata, S.,
localization is not clear. However, several studies report that Trapasso, F., Alder, H., Baffa, R. and Croce, C. M(2001). FEZ1/LZTS1
some neurotransmitter receptors, such as otfienicotinic gAe“E atSBPZSSS;gPE%SSSf: fggggfce”gfowm and regulates rRitosisNatl.
H H cad. SCI. )y - .

acetylcholine recept_or subunitsq I’_]AChRs) and. type | Jenkins, R., Takahashi, S., DelLacey, K., Bergstralh, E. and Lieber, M.
mGIuRs, also localize to the perisynaptic region of the (1998). Prognostic significance of allelic imbalance of chromosome arms
postsynapse (Fabian-Fine et al.,, 2001). Specificatly, 70, 8p, 16q, and 18q in stage T3NOMO prostate canGemes,
NAChRs are localized to membrane lipid rafts, and rafts are Chromosomes and Canc2t, 131-143. _ _
necessary for their maintenance in ciliary neurons (Bruses gt A, Ozawa, F, Saitoh, Y., Fukazawa, Y., Sugiyama, H. and Inokuchi,

. (1998). Novel members of the Vesl/Homer family of PDZ proteins that
al., 2001)' These reports and our data suggest that a clos ind metabotropic glutamate receptarsBiol. Chem273 23969-23975.

r6|ati0n3hip_eXi5tS_ between the dendritic rafts and pOStS_yn?‘p%nnedy, M. B. (2000). Signal-processing machines at the postsynaptic
structures, including the PSD. Taken together, the findings density.Science290, 750-754.
support the idea that the dendritic rafts may be active centefistner, U, Wenzel, B. M., Veh, R. W., Cases-Langhoff, C., Garner, A. M.,

of recruitment for some proteins to postsynaptic sites, R CEn L SN TIR S D e product cbibsophila
especially to the PSD, in addition to the generally accepted .. s’uppressor gene dig-a. Biol. Chem268, 4580-4583.

roles of rafts. The unique expression and localization of PSDkornau, H. C., Schenker, L. T., Kennedy, M. B. and Seeburg, P. H1995).
Zip70 indicate that it may be involved in the dynamic Domain interaction between NMDA receptor subunits and the postsynaptic
properties of postsynaptic structure and function. density protein PSD-9%cience269, 1737-1740.
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