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Involvement of β3A Subunit of Adaptor Protein-3 in Intracellular Trafficking
of Receptor-like Protein Tyrosine Phosphatase PCP-2
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Abstract        PCP-2 is a human receptor-like protein tyrosine phosphatase and a member of the MAM
domain family cloned in human pancreatic adenocarcinoma cells. Previous studies showed that PCP-2 directly
interacted with β-catenin through the juxtamembrane domain, dephosphorylated β-catenin and played an
important role in the regulation of cell adhesion. Recent study showed that PCP-2 was also involved in the
repression of β-catenin-induced transcriptional activity. Here we describe the interactions of PCP-2 with the
β3A subunit of adaptor protein (AP)-3 and sorting nexin (SNX) 3. These protein complexes were detected
using the yeast two-hybrid assay with the juxtamembrane and membrane-proximal catalytic domain of
PCP-2 as “bait”. Both AP-3 and SNX3 are molecules involved in intracellular trafficking of membrane
receptors. The association between the β3A subunit of AP-3 and PCP-2 was further confirmed in mammalian
cells. Our results suggested a possible mechanism of intracellular trafficking of PCP-2 mediated by AP-3 and
SNX3 which might participate in the regulation of PCP-2 functions.
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It is common knowledge that tyrosine phosphorylation
plays a vital role in regulating cell growth, differentiation,
development and survival. The phosphorylation level of
tyrosine is balanced by coordinative actions of protein
tyrosine kinases and protein tyrosine phosphatases (PTPs)
[1]. PTPs are divided into two subfamilies according to
their cellular distributions: transmembrane receptor-like
PTPs and cytosolic PTPs. PCP-2, one of the human
receptor-like PTPs (RPTPs), was first identified in human
pancreatic adenocarcinoma cells by Wang et al. [2]. PCP-2
contains two intracellular phosphatase catalytic domains
and extracellular domains including an MAM domain, an
immunoglobulin-like domain and four fibronectin III-like
repeats. Between the intracellular and extracellular domains,
there is a long juxtamembrane segment that displays
homology to the conserved intracellular domain of the

cadherin family. A previous study showed that PCP-2 was
endogenously expressed at the cell surface and co-localized
with E-cadherin and β-catenin at sites of cell-cell contact
[2]. Our further investigations revealed that PCP-2 inter-
acted physically with β-catenin through its juxtamembrane
domain and significantly reduced the phosphorylation level
of β-catenin, thus playing a potential role in cell adhesion
[2−4]. Aerne and Ish-Horowicz reported that PCP-2 played
a critical role in regulating the normal functioning of the
somitogenesis clock in zebrafish [5]. Recently, a novel
role of PCP-2 was described by Yan et al., that PCP-2
was involved in repression of β-catenin-induced transcrip-
tional activity [6].

Trafficking of proteins within cytoplasm involves
formation of transport vesicles that are wrapped by various
kinds of cytosolic protein coats [7−9]. Adaptor protein
(AP)-1, AP-2, AP-3 and AP-4 are reported to be compo-
nents of these protein coats and play different roles in
protein trafficking. AP-1, AP-3, and AP-4 are related to
the intracellular sorting process of transmembrane proteins
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through the trans-Golgi network (TGN) and/or
endosomes, whereas AP-2 is involved in the rapid inter-
nalization of endocytic receptors [10−13]. AP-3 is com-
posed of four subunits named δ, β, μ, and σ. Both β and
μ subunits have two isoforms of ubiquitously expressed
isoform (β3A and μ3A) and neuronal-specific isoform
(β3B/β-NAP and μ3B) [14−16]. Each of the four subunits
displays different functions. For example, the σ subunit is
necessary for the AP-3 complex to keep its integrated
function; the δ subunit is supposed to be associated with
some regulating factors of protein coat assembly; and the
μ subunit is responsible for recognizing tyrosine-based or
leucine-based sorting signals contained within the cyto-
plasmic tails of membrane proteins [17−22]. However,
the exact role of the β3A subunit remains unclear till now,
although the β subunits of AP-1 and AP-2 were reported
to bind a leucine-based sorting motif [23−25].

The sorting nexins (SNXs), a family of cytoplasmic
and membrane-associated proteins regulating membrane
traffic, are required to form a complex machinery guiding
cellular trafficking of cell surface receptors and mediating
downstream signaling [26,27]. Generally, each SNX
protein contains one PX domain and several coiled-coil
domains, and SNX9 also has an additional SH3 domain
[28]. It was shown that both the PX domain of SNX1,
which recognized phosphatidylinositol-3-phosphate, and
its coiled-coil domains, which participated in protein-protein
interactions, were necessary for its proper function [29].
However, SNX3 only consists of one PX domain and lacks
the coiled-coil domain, which might weaken or diminish
its association with other proteins. Studies showed that
SNX1, SNX2, SNX4, and SNX6 could form heteromeric
complexes with another sorting nexin, but SNX3 could
not [27]. Also, SNX3 did not interact with any of the
receptors binding to other SNXs, which made it quite
different to other members of sorting nexins. The rela-
tionship between its unique structure and uncommon
function remains to be illustrated by further investigations.

In this paper, we provide evidence that PCP-2 interacts
with protein trafficking molecules, the β3A subunit of AP-
3 and SNX3, using the yeast two-hybrid system. We fur-
ther confirmed the interaction between PCP-2 and the β3A
subunit of AP-3 in mammalian cells. Although we failed to
detect the interaction between PCP-2 and SNX3 in COS-
7 cells, such a possibility could not be completely excluded
due to the limitations of the co-immunoprecipitation assay.
This study documents the involvement of APs and SNXs
in intracellular trafficking of receptor-like tyrosine
phosphatases, thus adding another interaction partner to
the protein trafficking molecules and presenting a possible

pathway in which the function of RPTPs is regulated.

Materials and Methods

Yeast two-hybrid assay

The Matchmaker two-hybrid system (Clontech, Moun-
tain View, USA) was used to carry out an interaction trap
assay. The juxtamembrane and membrane-proximal
catalytic domain of PCP-2 (bp 2437−3606) was amplified
using the following set of primers: 5'-CGGAATTCCCGG-
TGAACATGACCAAG-3' (forward) and 5'-GCGTCGA-
CGGAGGAATTACTCTGAGG-3' (reverse). The poly-
merase chain reaction (PCR) product was then subcloned
into pGBKT7 vector (Clontech) using EcoRI and SalI
restriction sites to create the “bait” construct. The “bait”
plasmid was transformed into yeast strain AH109, tested
for no transcriptional activation and then mated with a
pre-transformed human brain cDNA library in yeast strain
Y187 according to the manufacturer’s instructions. Posi-
tive colonies that grew on minimal medium lacking leucine,
tryptophan, histidine and adenine to keep selective pressure
of auxotrophic markers were restreaked on new plates
containing the same medium and passed through the β-gal
colony-lift filter assay. Blue colonies were selected to isolate
“prey” plasmids. Each “prey” plasmid was then co-trans-
formed with the “bait” construct into AH109 and plated
on the minimal medium mentioned above. Negative controls
were carried out to confirm the binding specificity.

Plasmids and antibodies

Full-length PCP-2 was cloned into pRK5S vector as
described previously [2]. The plasmid encoding the full-
length of the β3A subunit of AP-3 was a kind gift from
Dr. BONIFACINO (National Institutes of Health, Bethesda,
USA). The entire open reading frame of SNX3 was cloned
from human spleen using reverse transcription PCR with
primers: 5'-CGGAATTCGGCAGCAGCTACAGCGAAA-
TG-3' (forward) and 5'-CGGGATCCGGCATGTCTTA-
TTTTAGATGGAGTATAGC-3'  (reverse). The PCR
product was subcloned into pcDNA3.1-Myc/His vector
(Invitrogen, Shanghai, China) in frame with the Myc tag
using EcoRI and BamHI restriction sites. The mouse
monoclonal antibody anti-Myc clone 9E10 was obtained
from Santa Cruz Biotechnology (Santa Cruz, USA). The
polyclonal antibody of β3C1 against the C-terminal of the
β3A subunit of AP-3 was a lso provided by Dr.
BONIFACINO [15]. The JM-Ab antibody was generated
to detect PCP-2 as described elsewhere [3].
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Cell culture and transfection

COS-7 cells [purchased from American Type Culture
Collection (ATCC), Manassas, USA] were cultured in
Dulbecco’s modified Eagle’s medium supplemented with
10% newborn calf serum. PC-12 cells (ATCC) were
cultured in Dulbecco’s modified Eagle’s medium with 10%
fetal bovine serum and 5% horse serum. Other cells were
grown in their corresponding medium as indicated by ATCC.
Transient transfection of COS-7 cells was carried out using
Lipofectamine reagent (Gibico BRL, Grand Island, USA)
according to the manufacturer’s instructions. Thirty-six
to forty-eight hours after transfection, cells were washed
three times with phosphate-buffered saline and lysed.

Immunoprecipitation and immunoblotting

Cells were lysed in lysis buffer [20 mM Tris, pH 7.5,
150 mM NaCl, 1 mM EDTA, 1 mM EGTA, 1% NP-40,
0.5% sodium deoxycholate, 0.1% sodium dodecyl sulfate
(SDS), 1 mM orthovanadate, 10 μg/ml aprotinin, and 1
mM phenylmethanesulfonyl fluoride]. After centrifugation
at 13,000 g for 15 min at 4 °C, the supernatants were
transferred to new tubes and divided into several parts with
equal amounts of total protein. Each part of the superna-
tants was incubated with appropriate antibodies at 4 °C
for 3 h with rotation. Then Protein A–Sepharose was added
and the incubation was prolonged for an additional 3 h.
Sepharose beads were collected by centrifugation and
washed four times with lysis buffer. Bound proteins were
eluted from the beads with SDS sample buffer and
separated on SDS-polyacrylamide gels. For subsequent
Western blot analysis, proteins were transferred to nitro-
cellulose (Schleicher & Schuell, Dassel, Germany) by
electroblotting, blocked with 5% non-fat milk in Tris-buff-
ered saline containing 0.1% Tween-20 overnight at 4 °C,
then probed with appropriate primary antibodies. Blots were
developed using horseradish peroxidase-conjugated
secondary antibody (Calbiochem, San Diego, USA) in
combination with an ECL system (Amersham, Uppsala,
Sweden). The nitrocellulose sheets were stripped for
reprobing by incubation in 68 mM Tris-HCl (pH 6.8), 2%
SDS, and 0.1% β-mercaptoethanol at 50 ºC for 1 h.

Results

Yeast two-hybrid screening

Our previous studies revealed that PCP-2 directly inter-
acted with β-catenin through its juxtamembrane domain.

In order to identify more candidate partner proteins
interacting with PCP-2, a yeast two-hybrid assay was
carried out with the juxtamembrane and membrane-
proximal catalytic domain of PCP-2 as the “bait” protein.
A pre-transformed human brain cDNA library was assayed
and totally 6.2×106 transformants were screened. Five
hundred and thirty-seven colonies were found to grow on
the minimal medium lacking leucine, tryptophan, histidine,
and adenine. These colonies were restreaked on new
plates containing the same medium with X-gal and the
β-gal colony-lift filter assay was carried out to eliminate
false positive colonies. Totally 41 blue positive colonies
were selected for further verification. Library plasmids
were isolated from these colonies and co-transformed
with the PCP-2 “bait” construct into AH109 to retest the
protein-protein interactions. As a negative control, library
plasmids were also co-transformed with pGBKT7 vector
(Fig. 1). Finally, 12 library plasmids were selected for
sequencing. One of these plasmids encodes the β3A
subunit of human AP-3 complex from amino acid 946 to
1078, and another encodes the SNX3 from amino acid 16
to 127.

Fig. 1        PCP-2 interacted with β3A subunit of adaptor protein
(AP)-3 and sorting nexin (SNX)3 in yeast
Yeast strain AH109 was co-transformed with PCP-2 “bait” plasmid and the “prey”
plasmid of either the β3A subunit of AP-3 or SNX3, which were obtained from
screening a pre-transformed human brain cDNA library. Transformants were grown
on minimal medium lacking leucine, tryptophan, histidine and adenine, then
restreaked regularly on a new plate containing the same medium. (A) The pGBKT7
vector was co-transformed with the β3A subunit of AP-3. (B) The pGBKT7 vector
was co-transformed with SNX3. (C) PCP-2 was co-transformed with the β3A
subunit of AP-3. (D) PCP-2 was co-transformed with SNX3. Positive colonies
were robust and grew to more than 2 mm in diameter. Negative colonies were
small or did not grow.
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Endogenous expression of β3A subunit of AP-3

The expression pattern of human β3A subunit of AP-3
mRNA in various tissues and cell lines has been shown to
be ubiquitous [15]. We further examined its endogenous
protein expression in cell lines of 293, BHK-21, NIH3T3,
WRL68, HepG2, SK-HEP-1 and PC-12, and the results
were consistent with previous studies. As shown in Fig. 2,
a single band of β3A subunit of approximately 140 kDa
was detected in all the cell lines examined. The endogenous
expression pattern of PCP-2 was also examined in the same
cell lines. A 180 kDa band of PCP-2 was observed in PC-
12 cells but not in other cell lines examined. Thus the β3A
subunit and PCP-2 were co-expressed endogenously in
PC-12 cells, which might facilitate the study of their inter-
actions in mammalian cells.

genous PCP-2/β3A subunit complex in PC-12 cells might
be too low to be detected by this experiment.

Two plasmids, one containing full-length PCP-2 and the
other containing full-length β3A subunit, were co-
transfected into COS-7. Immunoprecipitation was carried
out using antibodies of either anti-PCP-2 (JM-Ab) or anti-
β3A (β3C1). The precipitates were separated on 8% SDS-
polyacrylamide gels, assayed by Western blot, and probed
with JM-Ab and β3C1 antibodies in succession (Fig. 3).
The association between the β3A subunit and PCP-2 was
confirmed by detecting PCP-2 in the anti-β3A
immunoprecipitation. However, the β3A subunit was not
detected in the anti-PCP-2 immunoprecipitation. It is
possible that the binding site of the β3A subunit in PCP-2
molecules was hindered by the JM-Ab antibody, or the
amount of binding complexes immunoprecipitated by JM-
Ab antibody was under the limitation of detection.

Fig. 2        Endogenous expression of β3A subunit of adaptor
protein-3 and PCP-2
Total protein (50 μg) from cell lysates of 293, BHK-21, NIH3T3, WRL68,
HepG2, SK-HEP-1, and PC-12 cells were separated and probed with β3C1 (anti-
β3A) and JM-Ab (anti-PCP-2) antibodies in succession. The positions of protein
markers are indicated on the left. A single band of β3A subunit at approximately
140 kDa was observed in all the cell lines, and the 180 kDa band of PCP-2 was
only detected in PC-12 cells.

PCP-2 interacts with β3A subunit of AP-3 in COS-7

The juxtamembrane and membrane-proximal catalytic
domain of PCP-2 was found to interact with the C-terminal
of β3A subunit of AP-3 in the yeast two-hybrid assay.
The co-immunoprecipitation experiment was carried out
subsequently using PC-12 cells to confirm their possible
interactions. However, we were unable to detect PCP-2 in
anti-β3A subunit immunoprecipitation in PC-12 cells, nor
could we find the β3A subunit in anti-PCP-2 immuno-
precipitation (data not shown). Considering that AP-3 might
be responsible for the trafficking of quite a lot of trans-
membrane proteins at the same time, the level of endo-

Fig. 3        Interaction between PCP-2 and β3A subunit of adaptor
protein (AP)-3
Expression vectors containing full-length PCP-2 and the β3A subunit of AP-3
were co-transfected into COS-7 cells. Total lysates as well as anti-PCP-2 (JM-Ab)
and anti-β3A (β3C1) immunoprecipitation (IP) were split by 8% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis for Western blot analysis. As indicated,
PCP-2 was co-immunoprecipitated by anti-β3A antibody. As a negative control,
the irrelevant antibody did not precipitate either PCP-2 or the β3A subunit of AP-3.

SNX3 is a putative interactor of PCP-2

SNX3 was supposed to be associated with PCP-2 from
the yeast two-hybrid assays. As SNX3 was reported to be
highly expressed in human peripheral leukocytes, spleen,
heart, and skeletal muscle [27], we cloned the entire open
reading frame of SNX3 from human spleen into pcDNA3.
1-Myc/His. Then the Myc-tagged SNX3 and full-length
PCP-2 were co-transfected into COS-7 cells and immu-
noprecipitation was carried out using anti-Myc antibody
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or JM-Ab antibody. But neither the Myc-tagged SNX3
nor PCP-2 could be detected in the complex immuno-
precipitated by another antibody (data not shown).
Consistently, several groups also failed to confirm the
interactions between SNX3 and other receptors in
mammalian cells [27,30]. Possible reasons could be that
SNX3 bound weakly or transiently to the receptors or it
was rapidly degraded after binding. We suggest that SNX3
was a putative interaction partner of PCP-2.

Discussion

It was reported that receptor-like protein tyrosine
phosphatase PCP-2 plays an important role in regulating
cell adhesion through direct interaction with β-catenin [3,
4]. In this study, we described the interaction between
PCP-2 and the β3A subunit of AP-3 both in yeast and in
mammalian cells. We also discovered the association
between PCP-2 and SNX3 in yeast two-hybrid assay. Both
AP-3 and SNX3 were involved in the trafficking of proteins
within cytoplasm. Our investigation might provide a new
clue on the mechanism of RPTPs trafficking in vivo.

Trafficking of proteins at different stages of the secretory
and endocytic pathways is mediated by various protein
coats which choose the cargo by interacting with the
cytoplasmic domains of selected transmembrane proteins
[7]. Among these protein coats, clathrin is the best
characterized. The coats also contain protein complexes
of adaptors (AP). The members of the AP family can
identify similar sorting signals within the cytoplasmic
domains of transmembrane proteins such as tyrosine-based
sorting signals, which were indicated to bind to the μ
subunits, and dileucine-based sorting signals, which might
interact with the β subunits [13,24,25]. Some membrane
proteins such as mannose 6-phosphate receptor contain
more than one sorting motif in their cytoplasmic tails [31].
This redundancy might be helpful in enhancing the binding
affinity and specificity by exposing different sorting signals
in different circumstances. As a transmembrane receptor,
PCP-2 also contains both tyrosine-based sorting signals
and dileucine-based sorting signals within its cytoplasmic
domain (Fig. 4).

The intracellular localization of AP-3 was at or near the
TGN and on endosomes. It is supposed that AP-3 mediates
protein trafficking between the TGN and endosomes/
lysosomes [14,32]. However, whether AP-3 does or does
not interact with clathrin during trafficking is still under
discussion [33,34]. It was shown that AP-3 might play a
role in the normal trafficking of CD63, LAMP-I, LAMP-

II, and tyrosinase [35−38]. Moreover, AP-3 is responsible
for targeting P-selectin to secretory granules in endothelial
cells, thus regulating the expression of P-selectin at the
cell surface [39].  In human, the mutations in β3A subunit
of AP-3 alter the trafficking of integral membrane proteins
and cause Hermansky–Pudlak syndrome, a disorder of
oculocutaneous albinism, absent platelet dense bodies, and
neutropenia [40]. The access of CD1 to lysosomes was
also disrupted in AP-3 deficient cells derived from
Hermansky-Pudlak syndrome patients, resulting in a failure
of antigen presentation [41]. Faundez and Kelly showed
that casein kinase I selectively phosphorylated the β3A
subunit at the hinge domain and inhibition of this kinase
hindered the recruitment of AP-3 to endosomes [42]. Thus
the activity of AP-3 was supposed to be regulated by a
model that phosphorylation of AP-3 changes its confor-
mation and activates its function in coating. However, it
was shown that the β3A subunit existed as a serine-phos-
phorylated protein under basal conditions [15]. So PCP-2
is not likely to contribute to the phosphorylation regulation
of the β3A subunit but rather to act as a membrane protein
being identified by the β3A subunit and then trafficked by
AP-3.

The SNX family is hypothesized to play a role in the
intracellular trafficking of plasma membrane receptors.
Previous studies suggested a possible role for SNX in
altering the number of membrane receptors expressed on
the cell surface, which might subsequently regulate their
signal transduction [43−45] . In this study, we identified a

Fig. 4        Putative sorting signals recognized by adaptor protein
complexes within cytoplasmic domain of PCP-2
The juxtamembrane domain of PCP-2 is shown in italics and two phosphatase
domains are indicated by dotted underlining. Both tyrosine-based sorting signals
YXX∅ (Y is tyrosine, X is any amino acid, and ∅ is an amino acid with a bulky
hydrophobic side chain) and dileucine-based sorting signals (both shown in shaded
and bold letters) are found in the juxtamembrane and two phosphatase catalytic
domains of PCP-2.
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new putative interaction partner of SNX3 through yeast
two-hybrid assay, PCP-2, a member of receptor-like
protein tyrosine phosphatases. Our ongoing studies will
address whether SNX3 is involved in the intracellular
trafficking of PCP-2 and regulates the expression level of
PCP-2 on the cell surface, and whether PCP-2 might
influence the structure and function of SNX3 by altering
its phosphorylation state.

Interestingly, SNX might relate to APs at least in one
case. Lundmark and Carlsson showed that SNX9
selectively bound to the C-terminal appendage domain of
the β subunit of AP-2 and might assist AP-2 at the plasma
membrane, serving as a link between cell-surface receptors
and the AP-2-coated vesicles [46]. In this paper, we
provided evidence that both the β3A subunit of AP-3 and
SNX3 interact with PCP-2, suggesting a pathway of
intracellular trafficking of PCP-2 mediated by the β3A
subunit of AP-3 and SNX3 which might regulate the
amount of PCP-2 at the cell surface. The detailed
mechanism of PCP-2 trafficking within cytoplasm and the
association, if any, between the β3A subunit of AP-3 and
SNX3 need to be further investigated.

Acknowledgement

We thank Dr. BONIFACINO for providing the plasmid
and antibody of β3A subunit of AP-3.

References

1 Ullrich A, Schlessinger J. Signal transduction by receptors with tyrosine
kinase activity. Cell 1990, 61: 203−212

2 Wang H, Lian Z, Lerch MM, Chen Z, Xie W, Ullrich A. Characterization of
PCP-2, a novel receptor protein tyrosine phosphatase of the MAM domain
family. Oncogene 1996, 12: 2555−2562

3 Yan HX, He YQ, Dong H, Zhang P, Zeng JZ, Cao HF, Wu MC et al.
Physical and functional interaction between receptor-like protein tyrosine
phosphatase PCP-2 and β-catenin. Biochemistry 2002, 41: 15854−15860

4 He Y, Yan H, Dong H, Zhang P, Tang L, Qiu X, Wu M et al. Structural basis
of interaction between protein tyrosine phosphatase PCP-2 and β-catenin. Sci
China C Life Sci 2005, 48: 163−167

5 Aerne B, Ish-Horowicz D. Receptor tyrosine phosphatase ψ is required for
Delta/Notch signaling and cyclic gene expression in the presomitic mesoderm.
Development 2004, 131: 3391−3399

6 Yan HX, Yang W, Zhang R, Chen L, Tang L, Zhai B, Liu SQ et al. Protein-
tyrosine phosphatase PCP-2 inhibits β-catenin signaling and increases E-
cadherin-dependent cell adhesion. J Biol Chem 2006, 281: 15423−15433

7 Schekman R, Orci L. Coat proteins and vesicle budding. Science 1996, 271:
1526−1533

8 Rothman JE, Wieland FT. Protein sorting by transport vesicles. Science
1996, 272: 227−234

9 Holt OJ, Gallo F, Griffiths GM. Regulating secretory lysosomes. J Biochem
2006, 140: 7−12

10 Lewin DA, Mellman I. Sorting out adaptors. Biochim Biophys Acta 1998,
1401: 129−145

11 Hirst J, Robinson MS. Clathrin and adaptors. Biochim Biophys Acta 1998,
1404: 173−193

12 Kirchhausen T. Adaptors for clathrin-mediated traffic. Annu Rev Cell Dev
Biol 1999, 15: 705−732

13 Bonifacino JS, Dell’Angelica EC. Molecular bases for the recognition of
tyrosine-based sorting signals. J Cell Biol 1999, 145: 923−926

14 Simpson F, Peden AA, Christopoulou L, Robinson MS. Characterization of
the adaptor-related protein complex, AP-3. J Cell Biol 1997, 137: 835−845

15 Dell’Angelica EC, Ooi CE, Bonifacino JS. β3A-adaptin, a subunit of the
adaptor-like complex AP-3. J Biol Chem 1997, 272: 15078−15084

16 Seong E, Wainer BH, Hughes ED, Saunders TL, Burmeister M, Faundez V.
Genetic analysis of the neuronal and ubiquitous AP-3 adaptor complexes
reveals divergent functions in brain. Mol Biol Cell 2005, 16: 128−140

17 Shim J, Sternberg PW, Lee J. Distinct and redundant functions of μ1 me-
dium chains of the AP-1 clathrin-associated protein complex in the nematode
Caenorhabditis elegans. Mol Biol Cell 2000, 11: 2743−2756

18 Mullins C, Hartnell LM, Bonifacino JS. Distinct requirements for the AP-3
adaptor complex in pigment granule and synaptic vesicle biogenesis in Droso-
phila melanogaster. Mol Gen Genet 2000, 263: 1003−1014

19 Owen DJ, Luzio JP. Structural insights into clathrin-mediated endocytosis.
Curr Opin Cell Biol 2000, 12: 467−474

20 Aguilar RC, Boehm M, Gorshkova I, Crouch RJ, Tomita K, Saito T, Ohno
H et al. Signal-binding specificity of the μ4 subunit of the adaptor protein
complex AP-4. J Biol Chem 2001, 276: 13145−13152

21 Ohno H, Aguilar RC, Yeh D, Taura D, Saito T, Bonifacino JS. The medium
subunits of adaptor complexes recognize distinct but overlapping sets of
tyrosine-based sorting signals. J Biol Chem 1998, 273: 25915−25921

22 Owen DJ, Evans PR. A structural explanation for the recognition of tyrosine-
based endocytotic signals. Science 1998, 282: 1327−1332

23 Rapoport I, Chen YC, Cupers P, Shoelson SE, Kirchhausen T. Dileucine-
based sorting signals bind to the beta chain of AP-1 at a site distinct and
regulated differently from the tyrosine-based motif-binding site. EMBO J
1998, 17: 2148−2155

24 Marks MS, Ohno H, Kirchhausen T, Bonifacino JS. Protein sorting by
tyrosine-based signals: Adapting to the Ys and wherefores. Trends Cell Biol
1997, 7: 124−128

25 Bonifacino JS, Marks MS, Ohno H, Kirchhausen T. Mechanisms of signal-
mediated protein sorting in the endocytic and secretory pathways. Proc Assoc
Am Physicians 1996, 108: 285−295

26 Kurten RC, Cadena DL, Gill GN. Enhanced degradation of EGF receptors by
a sorting nexin, SNX1. Science 1996, 272: 1008−1010

27 Haft CR, de la Luz Sierra M, Barr VA, Haft DH, Taylor SI. Identification of
a family of sorting nexin molecules and characterization of their association
with receptors. Mol Cell Biol 1998, 18: 7278−7287

28 Howard L, Nelson KK, Maciewicz RA, Blobel CP. Interaction of the
metalloprotease disintegrins MDC9 and MDC15 with two SH3 domain-
containing proteins, endophilin I and SH3PX1. J Biol Chem 1999, 274:
31693−31699

29 Zhong Q, Lazar CS, Tronchere H, Sato T, Meerloo T, Yeo M, Songyang Z
et al. Endosomal localization and function of sorting nexin 1. Proc Natl Acad
Sci USA 2002, 99: 6767−6772

30 Parks WT, Frank DB, Huff C, Renfrew Haft C, Martin J, Meng X, de
Caestecker MP et al. Sorting nexin 6, a novel SNX, interacts with the
transforming growth factor-β family of receptor serine-threonine kinases. J
Biol Chem 2001, 276: 19332−19339

31 Storch S, Braulke T. Multiple C-terminal motifs of the 46-kDa mannose 6-

D
ow

nloaded from
 https://academ

ic.oup.com
/abbs/article/39/7/540/549 by guest on 20 April 2024



546                                                                                 Acta Biochim Biophys Sin                                                                         Vol. 39, No. 7

©Institute of Biochemistry and Cell Biology, SIBS, CAS

phosphate receptor tail contribute to efficient binding of medium chains of AP-
2 and AP-3. J Biol Chem 2001, 276: 4298−4303

32 Faundez V, Horng JT, Kelly RB. A function for the AP3 coat complex in
synaptic vesicle formation from endosomes. Cell 1998, 93: 423−432

33 Dell’Angelica EC, Klumperman J, Stoorvogel W, Bonifacino JS. Associa-
tion of the AP-3 adaptor complex with clathrin. Science 1998, 280: 431−434

34 Simpson F, Bright NA, West MA, Newman LS, Darnell RB, Robinson MS.
A novel adaptor-related protein complex. J Cell Biol 1996, 133: 749−760

35 Rous BA, Reaves BJ, Ihrke G, Briggs JA, Gray SR, Stephens DJ, Banting
G et al. Role of adaptor complex AP-3 in targeting wild-type and mutated
CD63 to lysosomes. Mol Biol Cell 2002, 13: 1071−1082

36 Le Borgne R, Alconada A, Bauer U, Hoflack B. The mammalian AP-3
adaptor-like complex mediates the intracellular transport of lysosomal mem-
brane glycoproteins. J Biol Chem 1998, 273: 29451−29461

37 Honing S, Sandoval IV, von Figura K. A di-leucine-based motif in the
cytoplasmic tail of LIMP-II and tyrosinase mediates selective binding of AP-
3. EMBO J 1998, 17: 1304−1314

38 Theos AC, Tenza D, Martina JA, Hurbain I, Peden AA, Sviderskaya EV,
Stewart A et al. Functions of adaptor protein (AP)-3 and AP-1 in tyrosinase
sorting from endosomes to melanosomes. Mol Biol Cell 2005, 16: 5356−
5372

39 Daugherty BL, Straley KS, Sanders JM, Phillips JW, Disdier M, McEver
RP, Green SA. AP-3 adaptor functions in targeting P-selectin to secretory
granules in endothelial cells. Traffic 2001, 2: 406−413

40 Dell’Angelica EC, Shotelersuk V, Aguilar RC, Gahl WA, Bonifacino JS.
Altered trafficking of lysosomal proteins in Hermansky-Pudlak syndrome due
to mutations in the β3A subunit of the AP-3 adaptor. Mol Cell 1999, 3: 11−
21

41 Sugita M, Cao X, Watts GF, Rogers RA, Bonifacino JS, Brenner MB.
Failure of trafficking and antigen presentation by CD1 in AP-3-deficient cells.
Immunity 2002, 16: 697−706

42 Faundez VV, Kelly RB. The AP-3 complex required for endosomal synaptic
vesicle biogenesis is associated with a casein kinase Iα-like isoform. Mol
Biol Cell 2000, 11: 2591−2604

43 Xu Y, Hortsman H, Seet L, Wong SH, Hong W. SNX3 regulates endosomal
function through its PX-domain-mediated interaction with PtdIns(3)P. Nat
Cell Biol 2001, 3: 658−666

44 Cozier GE, Carlton J, McGregor AH, Gleeson PA, Teasdale RD, Mellor H,
Cullen PJ. The phox homology (PX) domain-dependent, 3-phosphoinositide-
mediated association of sorting nexin-1 with an early sorting endosomal
compartment is required for its ability to regulate epidermal growth factor
receptor degradation. J Biol Chem 2002, 277: 48730−48736

45 Wang Y, Zhou Y, Szabo K, Haft CR, Trejo J. Down-regulation of protease-
activated receptor-1 is regulated by sorting nexin 1. Mol Biol Cell 2002, 13:
1965−1976

46 Lundmark R, Carlsson SR. The β-appendages of the four adaptor-protein
(AP) complexes: Structure and binding properties, and identification of sort-
ing nexin 9 as an accessory protein to AP-2. Biochem J 2002, 362: 597−607

Edited by
Long YU

D
ow

nloaded from
 https://academ

ic.oup.com
/abbs/article/39/7/540/549 by guest on 20 April 2024



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


