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Abstract: Syntaxin 8 has been shown to form the SNARE complex with 
syntaxin 7, vti1b and endobrevin. These have been shown to function as the 
machinery for the homotypic fusion of late endosomes. Recently, we showed 
that syntaxins 7 and 8 cycle through the plasma membrane, and that the di-
leucine-based motifs in the cytoplasmic domain of syntaxins 7 and 8 
respectively function in their endocytic and exocytic processes. However, we 
could not elucidate the mechanism by which syntaxin 8 cycles through the 
plasma membrane. In this study, we constructed several different syntaxin 8 
molecules by mutating putative di-leucine-based motifs, and analyzed their 
intracellular localization and trafficking. We found a di-leucine-based motif in 
the cytoplasmic domain of syntaxin 8. It is similar to that of syntaxin 7, and 
functions in its endocytosis. These results suggest that in the cytoplasmic 
domain, syntaxin 8 has two functionally distinct di-leucine-based motifs that act 
independently in its endocytic and exocytic processes. This is the first report on 
two di-leucine-based motifs in the same molecule acting independently in 
distinct transport pathways. 
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INTRODUCTION 
 
In eukaryotic cells, exocytic and endocytic protein transport is mediated by 
various types of transport vesicles that move between intracellular 
compartments. These transport vesicles bud from donor membrane 
compartments and fuse with target membrane compartments [1-5].  
N-ethylmaleimide-sensitive factor (NSF) and soluble NSF attachment proteins 
(SNAPs) participate in many different transport events [6-8]. SNAP receptors 
(SNAREs) are thought to coordinate the actions of NSF and SNAPs, thus 
directing the process of intracellular vesicle fusion [3]. This hypothesis predicts 
that the docking of transport vesicles to target membrane compartments is 
mediated by the specific pairing of v-SNAREs (members of the VAMP or 
synaptobrevin family found on transport vesicles) with t-SNAREs (members of 
the syntaxin and SNAP-25 families found on target membrane compartments) 
[9-14]. The presence of many isoforms of t- and v-SNAREs that uniquely 
localize to distinct membrane compartments may provide a basis for the 
specificity of the docking step in different transport pathways [9]. Due to the 
importance of t- and v-SNAREs in the docking and fusion of transport vesicles, 
the roles of SNAREs in intracellular localization must be established to 
understand the mechanism of transport specificity. 
The efficient sorting of membrane proteins to a variety of post-Golgi 
destinations is controlled by sorting motifs, which are short specific sequences in 
the protein cytoplasmic domain [15, 16]. Two major groups of sorting signals 
have been identified. The first group has tyrosine-based motifs, which usually 
conform to the consensus YXX∅ (where X is any amino acid, and ∅ is a strong 
hydrophobic amino acid) or FXNPXY. The second group has di-leucine/di-
hydrophobic motifs, in which one of the leucines can be replaced by isoleucine, 
valine, or methionine without loss of function [17-19]. Many 
endosome/lysosome-targeting proteins that contain di-leucine-based motif(s) in 
their cytoplasmic domains have been identified. Of these proteins, tyrosinase 
[20], low-density lipoprotein receptor-related protein [21], and CD3-γ, δ chain 
[17] contain both tyrosine-based and di-leucine-based motifs. These motifs are 
also involved in targeting proteins to their destinations and in recycling proteins 
from the plasma membrane. The mannose 6-phosphate/insulin-like growth 
factor-II receptor also contains the two motifs. The di-leucine-based motif 
mediates direct transport to the late endosome, while the tyrosine-based motif 
directs transport from the plasma membrane [22]. The MHC-associated invariant 
chain contains two distinct di-leucine-based motifs. These motifs contribute 
equally and independently both to targeting proteins to larger vesicular 
structures and to recycling proteins from the plasma membrane [18, 19]. 
Syntaxins 7 and 8, members of the t-SNARE protein family, are localized in the 
post-Golgi endosomal population [23-26]. Syntaxins 7 and 8 have been shown to 
form the SNARE complex with the t-SNARE vti1b, and the v-SNARE 
endobrevin, and have been shown to function as the machinery for the 
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homotypic fusion of late endosomes [27]. We recently demonstrated that the 
cytoplasmic domains of syntaxins 7 and 8 are important for intracellular 
localization to the endosomal populations and for internalization from the 
plasma membrane. We further demonstrated that the di-leucine-based motifs of 
syntaxins 7 and 8 respectively function as signal motifs in their endocytosis and 
exocytosis [28]. However, we could not elucidate the mechanism that controls 
the recycling of syntaxin 8 from the plasma membrane, although the cytoplasmic 
domain of syntaxin 8 obviously participates in internalization. Therefore, in this 
study, to identify the polypeptide domain that directs the recycling of syntaxin 8 
from the plasma membrane, we used additional syntaxin 8 mutants, each of 
which was mutated in one putative di-leucine-based motif in the cytoplasmic 
domain. 
 
MATERIALS AND METHODS 
 
Antibodies 
Monoclonal rat anti-hemagglutinin (HA) antibody (3F10) and monoclonal 
mouse anti-c-myc antibody (9E10) were purchased from Roche Diagnostics 
Corp. Monoclonal anti-cathepsin D antibody was purchased from  
BD Transduction Laboratories. All the fluorescent secondary antibodies were 
obtained from Jackson Immunoresearch Laboratories. 
 
cDNA cloning and plasmid constructions 
A cDNA encoding the full length of human syntaxin 8 was obtained by PCR of 
human liver and kidney cDNA libraries (Life Technologies, Inc). QuikChange™ 
Site-Directed Mutagenesis (STRATAGENE) was used to generate mutations in 
the putative di-leucine-based motifs found at amino acids 52-58 (M1), 77-83 
(M2), 156-162 (M3), 177-183 (M4), and 184-190 (M5) of syntaxin 8. The M1 
mutation of syntaxin 8 contained Leu57-Leu58 → Ala-Ala substitutions. 
Similarly, M2, M3, M4, and M5 respectively contained Leu82-Leu83 → Ala-
Ala, Ile161-Ile162 → Ala-Ala, Ile182-Ile183 → Ala-Ala, and Leu189-Val190 
→ Ala-Ala substitutions. For the intracellular localization analysis, wild-type 
and syntaxin 8 mutant cDNAs were subcloned into the pcDNA3-HAN vector 
[29] for expression in mammalian cells as fusion proteins with the NH2-termini 
fused to an HA tag. For antibody uptake experiments, wild-type and syntaxin 8 
mutant cDNAs were subcloned into the pcDNA3-myc3C vector for expression 
as fusion proteins with the COOH-termini fused to three c-myc tags [28]. 
 
Cell culture and indirect immunofluorescence analysis 
Rat Clone 9 hepatocytes were cultured at 37ºC in 5% CO2 in nutrient mixture 
F12 medium supplemented with 10% fetal calf serum and containing 100 IU/ml 
penicillin and 100 µg/ml streptomycin. Clone 9 cells were grown on 8-well Lab-
Tek II chamber slides and were transfected using FuGene6™ transfection 
reagent (Roche Diagnostics Corp). Cells were incubated for 12 and 24 hours for 
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intracellular localization analysis, and for 24 hours for antibody uptake 
experiments. 
The cells were processed for indirect immunofluorescence analysis, as described 
previously [30]. Briefly, cells were fixed and permeabilized with methanol at -
20ºC for 5 minutes. For antibody uptake experiments, the cells were incubated 
with 8 µg/ml monoclonal mouse anti-c-myc antibody 9E10 for 3 hours before 
fixing. To detect HA-tagged syntaxins, the fixed and permeabilized cells were 
incubated with monoclonal rat anti-HA antibody 3F10 and subsequently 
incubated with the secondary antibody. To detect c-myc-tagged syntaxins, fixed 
and permeabilized cells were incubated with FITC-conjugated anti-mouse IgG. 
For double-labeled intracellular localization analysis, cells were fixed with 4% 
paraformaldehyde and permeabilized with 20 µg/ml digitonin. The fixed and 
permeabilized cells were incubated with 3F10 and anti-cathepsin D antibodies, 
and were subsequently incubated with secondary antibodies. The stained cells 
were observed with a confocal laser-scanning microscope (LSM 410 invert; Carl 
Zeiss). 
 
RESULTS AND DISCUSSION 
 
Syntaxin 8 internalizes from the plasma membrane by its di-leucine-based 
motif 
In order to identify the polypeptide domain responsible for the syntaxin 8 
internalization signal, we first generated several syntaxin 8 mutants and analyzed 
their intracellular localization. Fig. 1 shows the amino acid sequence of human    

 
Fig. 1. Five putative di-leucine-based motifs are present in the cytoplasmic domain of 
syntaxin 8. Human syntaxin 8 (syn8) is composed of 236 amino acid residues. The 
cytoplasmic domain contains five putative di-leucine-based motifs. These motifs contain 
di-leucine or di-hydrophobic residues (M1-M5) and acidic residue(s) (*) positioned 4 or  
5 residues NH2-terminal to the di-leucine/di-hydrophobic residues. The putative di-leucine-
based motifs were mutated as described in the Materials and Methods section. The  
N-terminal helical domains (helix a-c) and SNARE motif are underlined. The 
transmembrane domain is double-underlined. 
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syntaxin 8 [26, 31, 32]. There are five putative di-leucine-based motifs in the 
cytoplasmic domain of syntaxin 8. These motifs contain acidic residue(s) (*) 
positioned 4 or 5 residues NH2-terminal to the di-leucine/di-hydrophobic 
residues (M1-M5). However, there is no putative tyrosine-based motif in the 
syntaxin 8 cytoplasmic domain. Therefore, we generated mutants with double-
alanines at amino acids 57-58 (M1), 82-83 (M2), 161-162 (M3), 182-183 (M4), 
or 189-190 (M5) of the di-leucine/di-hydrophobic residues, respectively 
resulting in syn8-M1, syn8-M2, syn8-M3, syn8-M4, or syn8-M5. 
 

 
Fig. 2. Immunofluorescence analysis of di-leucine-based motif mutants. Clone 9 cells 
were transfected with HA-tagged wild-type (WT) or di-leucine-based motif mutants of 
syntaxin 8 (syn8-M1 to M5). After incubation for 12 hours (low-expression) or 24 hours 
(overexpression), the cells were fixed and stained with anti-HA antibody. Syn8-M2 was 
localized only to the perinuclear Golgi region in both low- and overexpressing cells.  
Syn8-M5 was efficiently localized at the plasma membrane in addition to the 
intracellular populations even in low-expressing cells. It was localized mainly at the 
plasma membrane in overexpressing cells. 
 
It has been shown that wild-type syntaxin 8 is mainly localized to 
endosomal/lysosomal populations and is minimally localized at the plasma 
membrane [25, 26, 28]. We recently demonstrated that syn8-M2 has an 
exocytosis defect, and is localized at the Golgi region, even in overexpressing 
cells, but is not found at the plasma membrane [28]. Similar results were 
obtained in this study (Fig. 2C, C'). We analyzed the intracellular localization of 
other mutants in both low-expressing and overexpressing cells. Like wild-type 
syntaxin 8, syn8-M1, syn8-M3, and syn8-M4 were mainly localized in 
intracellular compartments in low-expressing cells (Fig. 2A, B, D, E). In 
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addition to the intracellular staining, some cells were slightly stained at the 
plasma membrane (data not shown). In overexpressing cells, these mutants, 
along with wild-type syntaxin 8, were mainly localized at the plasma membrane 
(Fig. 2A', B', D', E'). These results suggest that these putative di-leucine-based 
motifs have a minor role in the internalization of syntaxin 8. Syn8-M5 was more 
effectively localized at the plasma membrane than the wild-type and other 
syntaxin 8 mutants in low-expressing cells (Fig. 2F). In overexpressing cells, 
most syn8-M5 was localized at the plasma membrane and only a small amount 
was found in the intracellular populations (Fig. 2F'). These findings suggest that 
the M5 mutation has an endocytosis defect, and that the putative di-leucine-
based motif at amino acids 184-190 of syntaxin 8 has an important role for 
internalization from the plasma membrane. Di-leucine-based motifs have been 
found to bind to the clathrin adaptor complexes AP-1, AP-2 [33], and AP-3  
[34, 35]. Both AP-1 and AP-3 adaptor complexes mediate the formation of 
clathrin-coated vesicles at the trans-Golgi network (TGN), and are involved in 
protein transport from the TGN to the endosomal/lysosomal populations. The 
AP-1 adaptor complex has also been shown to be involved in protein transport 
from the TGN to the plasma membrane. By contrast, the AP-2 clathrin adaptor 
complex mediates the formation of clathrin-coated vesicles at the plasma 
membrane and is involved in endocytosis [36]. In Fig. 2, we showed that one 
syntaxin 8 di-leucine-based motif (M5; amino acids 184-190) is involved in 
endocytosis. Therefore, it may be possible that this di-leucine-based motif binds 
to the AP-2 clathrin adaptor complex, and that syntaxin 8 internalizes from the 
plasma membrane via a clathrin-mediated pathway. 
 
Syntaxin 8 is directly delivered from the TGN to endosomal/lysosomal 
populations 
Next, we performed antibody uptake experiments to clarify the endocytosis 
defect of the syntaxin 8 M5 mutation. Since syntaxin 8 does not contain a large 
enough luminal domain for antibody binding, we transiently expressed wild-type 
syntaxin 8 and mutants in which the COOH-termini were fused to three c-myc 
tags. When these tagged proteins are inserted into a membrane, the c-myc tags 
are positioned within the lumen of the appropriate compartment [28, 37]. Thus, 
the c-myc tags are exposed on the extracellular surface of cells after exocytosis, 
and may interact with the anti-c-myc antibody in the medium. Antibody uptake 
was dependent on protein cycling through the plasma membrane since cells 
expressing syn8-M2, which has an exocytosis defect and is not localized at the 
plasma membrane, did not bind the anti-c-myc antibody (Fig. 3C). Incubation of 
the anti-c-myc antibody with cells expressing syn8-M1, syn8-M3, syn8-M4, or 
wild-type syntaxin 8 resulted in efficient labeling of intracellular compartments 
(Fig. 3A, B, D, E). This finding indicates that the di-leucine/di-hydrophobic 
residues at amino acids 57-58 (M1), 161-162 (M3), and 182-183 (M4) do not 
function as di-leucine-based motifs. As expected, incubation of anti-c-myc 
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Fig. 3. Antibody uptake in di-leucine-based motif mutants. Clone 9 cells were transfected 
with three myc-tagged wild-type (WT) syntaxin 8, or di-leucine-based syntaxin 8 mutants 
(syn8-M1 to M5). Twenty-four hours after transfection, the cells were incubated with anti-
c-myc antibody for 3 hours before fixing. Fixed cells were stained with the secondary 
antibody. Cells expressing syn8-M2 showed no staining. Cells expressing syn8-M5 were 
stained only at the plasma membrane. 

 
Fig. 4. Intracellular localization of the syntaxin 8 M5 mutant. Clone 9 cells were 
transfected with HA-tagged wild-type syntaxin 8 (WT) or syntaxin 8 M5 (syn8-M5). 
After incubation for 12 hours, the cells were fixed and stained with anti-HA and anti-
cathepsin D antibodies. Cells expressing wild-type syntaxin 8 showed localization to 
cathepsin D-positive endosomal/lysosomal populations. Cells expressing syn8-M5 also 
co-localized to cathepsin D-positive endosomal/lysosomal populations. 
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antibody with cells that expressed syn8-M5 resulted in labeling only at the 
plasma membrane (Fig. 3F). This clearly indicates that the putative di-leucine-
based motif at amino acids 184-190 (M5) functions as a di-leucine-based motif 
and is important for the internalization of syntaxin 8. In yeast, t-SNARE Vam3p 
is delivered directly from the late Golgi to vacuoles via the AP-3 dependent 
pathway [34]. However, the transport pathway(s) by which endosomal/ 
lysosomal syntaxins are delivered to their destinations are poorly understood. In 
this study, by determining the effects of mutation at amino acids 189-190 (M5), 
we found that this mutant was localized to cathepsin D-positive 
endosomal/lysosomal populations (Fig. 4) at a lesser degree than wild-type 
syntaxin 8, despite having an endocytosis defect (Fig. 3). This data suggests that 
syntaxin 8 may be delivered from the TGN to endosomal/lysosomal populations 
directly, rather than being transported to the plasma membrane and then recycled 
to endosomes. It is possible to think that the di-leucine-based motif at amino 
acids 77-83, which is involved in exocytosis from the TGN, may bind to the  
AP-1 or AP-3 complex and be delivered directly to endosomal/lysosomal 
populations. 
Combined, the results indicate that syntaxin 8 has two distinct di-leucine-based 
motifs at amino acids 77-83 and 184-190 and that these independently function 
respectively for exocytosis and endocytosis. This is the first report that two di-
leucine-based motifs in the same molecule act independently in distinct transport 
pathways.  
 
Acknowledgments. We wish to thank Dr. Ichiro Fujino, Dr. Kazuhisa 
Nakayama, Dr. Seiji Torii and Dr. Masahiro Hosaka for their helpful discussion 
and comments. We wish to thank Ayako Saito for her technical assistance. This 
work was in part supported by the grant-in-aid for scientific research from the 
Ministry of Education, Culture, Sports, Science and Technology of Japan and by 
the Japan Society for the Promotion for Science. 
 
REFERENCES 
 
1. Palade, G. Intracellular aspects of the process of protein synthesis. Science 

189 (1975) 347-358. 
2. Pryer, N.K., Wuestehube, L.J. and Schekman, R. Vesicle-mediated protein 

sorting. Annu. Rev. Biochem. 61 (1992) 471-516. 
3. Rothman, J.E. and Warren, G. Implications of the SNARE hypothesis for 

intracellular membrane topology and dynamics. Curr. Biol. 4 (1994) 220-
233. 

4. Rothman, J.E. and Wieland, F.T. Protein sorting by transport vesicles. 
Science 272 (1996) 227-234. 

5. Schekman, R. and Orci, L. Coat proteins and vesicle budding. Science 271 
(1996) 1526-1533. 



Vol. 13. No. 1. 2008         CELL. MOL. BIOL. LETT.         
 

152 

6. Clary, D.O., Griff, I.C. and Rothman, J.E. SNAPs, a family of NSF 
attachment proteins involved in intracellular membrane fusion in animals 
and yeast. Cell 61 (1990) 709-721. 

7. Graham, T.R. and Emr, S.D. Compartmental organization of Golgi-specific 
protein modification and vacuolar protein sorting events defined in a yeast 
sec18 (NSF) mutant. J. Cell Biol. 114 (1991) 207-218. 

8. Griff, I.C., Schekman, R., Rothman, J.E. and Kaiser, C.A. The yeast SEC17 
gene product is functionally equivalent to mammalian alpha-SNAP protein. 
J. Biol. Chem. 267 (1992) 12106-12115. 

9. Bennett, M.K. and Scheller, R.H. The molecular machinery for secretion is 
conserved from yeast to neurons. Proc. Natl. Acad. Sci. USA 90 (1993) 
2559-2563. 

10. Söllner, T., Bennett, M.K., Whiteheart, S.W., Scheller, R.H. and Rothman, 
J.E. A protein assembly-disassembly pathway in vitro that may correspond 
to sequential steps of synaptic vesicle docking, activation, and fusion. Cell 
75 (1993) 409-418. 

11. Söllner, T., Whiteheart, S.W., Brunner, M., Erdjument-Bromage, H., 
Geromanos, S., Tempst, P. and Rothman, J.E. SNAP receptors implicated in 
vesicle targeting and fusion. Nature 362 (1993) 318-324. 

12. McNew, J.A., Parlati, F., Fukuda, R., Johnston, R.J., Paz, K., Paumet, F., 
Söllner, T.H. and Rothman, J.E. Compartmental specificity of cellular 
membrane fusion encoded in SNARE proteins. Nature 407 (2000) 153-159. 

13. Parlati, F., McNew, J.A., Fukuda, R., Miller, R., Söllner, T.H. and Rothman, 
J.E. Topological restriction of SNARE-dependent membrane fusion. Nature 
407 (2000) 194-198. 

14. Fukuda, R., McNew, J. A., Weber, T., Parlati, F., Engel, T., Nickel, W., 
Rothman, J.E. and Söllner, T.H. Functional architecture of an intracellular 
membrane t-SNARE. Nature 407 (2000) 198-202. 

15. Trowbridge, I.S., Collawn, J.F. and Hopkins, C.R. Signal-dependent 
membrane protein trafficking in the endocytic pathway. Annu. Rev. Cell 
Biol. 9 (1993) 129-161. 

16. Sandoval, I.V. and Bakke, O. Targeting of membrane proteins to endosomes 
and lysosomes. Trends Cell Biol. 4 (1994) 292-297. 

17. Letourner, F. and Klausner, R.D. A novel di-leucine motif and a tyrosine-
based motif independently mediate lysosomal targeting and endocytosis of 
CD3 chains. Cell 69 (1992) 1143-1157. 

18. Bremnes, B., Madsen, T., Gedde-Dahl, M. and Bakke, O. A LI and ML 
motif in the cytoplasmic tail of MHC-associated invariant chain mediate 
rapid internalization. J. Cell Sci. 107 (1994) 2021-2032. 

19. Pond, L., Kuhn, L., Teyton, L., Schutze, M.P., Tainer, J.A., Jackson, M.R. 
and Peterson, P.A. A role for acidic residues in di-leucine motif-based 
targeting to the endocytic pathway. J. Biol. Chem. 270 (1995) 19989-
19997. 



CELLULAR & MOLECULAR BIOLOGY LETTERS 
 

153 
 

20. Simmen, T., Schmidt, A., Hunziker, W. and Beermann, F. The tyrosinase 
tail mediates sorting to the lysosomal compartment in MDCK cells via a di-
leucine and tyrosine-based signal. J. Cell Sci. 112 (1999) 45-53. 

21. Li, Y., Marzolo, M.P., Van Kerkhof, P., Strous, G.J. and Bu, G. The YXXL 
motif, but not the two NPXY motifs, serves as the dominant endocytosis 
signal for low density lipoprotein receptor-related protein. J. Biol. Chem. 
275 (2000) 17187-17194. 

22. Johnson, K. and Kornfeld, S. The cytoplasmic tail of the mannose  
6-phosphate/insulin-like growth factor-II receptor has two signals for 
lysosomal enzyme sorting in the Golgi. J. Cell Biol. 119 (1992) 249-257. 

23. Wong, S.H., Xu, Y., Zhang, T. and Hong, W. Syntaxin 7, a novel syntaxin 
member associated with the early endosomal compartment. J. Biol. Chem. 
273 (1998) 375-380. 

24. Nakamura, N., Yamamoto, A., Wada, Y. and Futai, M. Syntaxin 7 mediates 
endocytic trafficking to late endosomes. J. Biol. Chem. 275 (2000) 6523-
6529. 

25. Prekeris, R., Yang, B., Oorschot, V., Klumperman, J. and Scheller, R.H. 
Differential roles of syntaxin 7 and syntaxin 8 in endosomal trafficking. 
Mol. Biol. Cell 10 (1999) 3891-3908. 

26. Subramaniam, V.N., Loh, E., Horstmann, H., Habermann, A., Xu, Y., Coe, 
J., Griffiths, G. and Hong, W. Preferential association of syntaxin 8 with the 
early endosome. J. Cell Sci. 113 (2000) 997-1008. 

27. Antonin, W., Holroyd, C., Fasshauer, D., Pabst, S., Von Mollard, G.F. and 
Jahn, R. A SNARE complex mediating fusion of late endosomes defines 
conserved propaties of SNARE structure and function. EMBO J. 19 (2000) 
6453-6464 

28. Kasai, K. and Akagawa, K. Roles of the cytoplasmic and transmembrane 
domains of syntaxins in intracellular localization and trafficking. J. Cell Sci. 
114 (2001) 3115-3124. 

29. Shin, H.W., Shinotsuka, C., Torii, S., Murakami, K. and Nakayama, K. 
Identification and subcellular localization of a novel mammalian dynamin-
related protein homologous to yeast Vps1p and Dnm1p. J. Biochem. 
(Tokyo) 122 (1997) 525-530. 

30. Torii, S., Banno, T., Watanabe, T., Ikehara, Y., Murakami, K. and 
Nakayama, K. Cytotoxicity of brefeldin A correlates with its inhibitory 
effect on membrane binding of COP coat proteins. J. Biol. Chem. 270 
(1995) 11574-11580. 

31. Thoreau, V., Bergès, T., Callebaut, I., Guillier-Gencik, Z., Gressin, L., 
Bernheim, A., Karst, F., Mornon, J.P., Kitzis, A. and Chomel, J.C. 
Molecular cloning, expression analysis, and chromosomal localization of 
human syntaxin 8 (STX8). Biochem. Biophys. Res. Commun. 257 (1999) 
577-583. 

32. Hong, W. SNAREs and traffic. Biochim. Biophys. Acta 1744 (2005) 465-517. 



Vol. 13. No. 1. 2008         CELL. MOL. BIOL. LETT.         
 

154 

33. Heilker, R., Manning-Krieg, U., Zuber, J.F. and Spiess, M. In vitro binding 
of clathrin adaptors to sorting signals correlates with endocytosis and 
basolateral sorting. EMBO J. 15 (1996) 2893-2899. 

34. Darsow, T., Burd, C.G. and Emr, S.D. Acidic di-leucine motif essential for 
AP-3-dependent sorting and restriction of the functional specificity of the 
Vam3p vacuolar t-SNARE. J. Cell Biol. 142 (1998) 913-922. 

35. Höning, S., Sandoval, I.V. and 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. 17 (1998) 1304-1314. 

36. Pearse, B.M. and Robinson, M.S. Clathrin, adaptors, and sorting. Annu. 
Rev. Cell Biol. 6 (1990) 151-171. 

37. Chao, D.S., Hay, J.C., Winnick, S., Prekeris, R., Klumperman, J. and 
Scheller, R.H. SNARE membrane trafficking dynamics in vivo. J. Cell Biol. 
144 (1999) 869-881. 

 
 
 
 
 
 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
    /POL ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


