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Synopsis

Late endocytic membrane trafficking delivers target materials and newly synthesized hydrolases 

into lysosomes and is critical for maintaining an efficient degradation process and cellular 

homoeostasis. Although some features of late endosome–lysosome trafficking have been 

described, the mechanisms underlying regulation of this event remain to be elucidated. Our 

previous studies showed that Snapin, as a SNAP25 (25 kDa synaptosome-associated protein)-

binding protein, plays a critical role in priming synaptic vesicles for synchronized fusion in 

neurons. In the present study, we report that Snapin also associates with late endocytic 

membranous organelles and interacts with the late endosome-targeted SNARE (soluble N-

ethylmaleimide-sensitive factor-attachment protein receptor) complex. Using a genetic mouse 

model, we further discovered that Snapin is required to maintain a proper balance of the late 

endocytic protein LAMP-1 (lysosome-associated membrane protein-1) and late endosomal 

SNARE proteins syntaxin 8 and Vti1b (vesicle transport through interaction with target SNAREs 

homologue 1b). Deleting the snapin gene in mice selectively led to the accumulation of these 

proteins in late endocytic organelles. Thus our present study suggests that Snapin serves as an 

important regulator of the late endocytic fusion machinery, in addition to its established role in 

regulating synaptic vesicle fusion.

Keywords

late endocytic organelle; late endosome; lysosome-associated membrane protein-1 (LAMP-1); 
membrane fusion; membrane trafficking; soluble N-ethylmaleimide-sensitive factor-attachment 
protein receptor (SNARE)

 INTRODUCTION

Membrane fusion is an obligatory event at each vesicular trafficking step along the secretory 

and endocytic pathways, allowing the delivery of quantal packages of cargo between 
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different membrane compartments. Endosomes are major cargo-sorting junctions that 

employ complex protein- and cargo-recognition mechanisms to differentiate between 

distinct vesicle trafficking pathways [1]. Lysosomes are acidic organelles containing 

hydrolytic enzymes, which receive and degrade macromolecules and organelles from these 

pathways [2,3]. Studies using time-lapse confocal microscopy in living cells have suggested 

that direct fusion events contribute to the mixing of the contents of late endosomes and 

lysosomes in hybrid organelles for degradation [4].

Membrane fusion depends on the pairing of proteins known as v-SNAREs [vesicle SNAREs 

(soluble N-ethylmaleimide-sensitive factor-attachment protein receptors)] and t-SNAREs 

(target SNAREs), which contribute to the specificity of membrane trafficking [5]. 

Heterotypic fusion between late endosomes and lysosomes requires a trans-SNARE 

complex, which consists of t-SNAREs [syntaxin 7, syntaxin 8 and Vti1b (vesicle transport 

through interaction with target SNAREs homologue 1b)] and v-SNAREs [VAMP7 (vesicle-

associated membrane protein 7) or VAMP8] [6–8]. SNARE-mediated membrane fusion is 

highly regulated, as suggested by the study of synaptic vesicle exocytosis [9]. However, it 

has not been shown whether the formation of the late endocytic trans-SNARE complex on 

its own is sufficient to mediate fusion or whether additional proteins are required to regulate 

proper fusion between late endosomes and lysosomes.

Snapin was first identified as a SNAP25 (25 kDa synaptosome-associated protein)-binding 

protein that enhances the association of the Ca2+-sensor synaptotagmin I with the neuronal 

SNARE complex [10,11]. Using snapin knockout mice in combination with genetic rescue 

experiments, our previous work provided evidence that Snapin plays a critical role in 

priming large dense-core vesicles for fusion in chromaffin cells [12] and in facilitating 

synchronized fusion of synaptic vesicles in neurons [13]. In addition to its association with 

synaptic vesicles, Snapin is also present in both the cytosol- and peripheral-membrane-

associated fractions and interacts with non-neuronal SNAP23 and other protein trafficking 

machineries, suggesting a broader role for Snapin in intracellular membrane trafficking [14–

25]. However, most of these interactions were identified via yeast two-hybrid screening, and 

the physiological relevance of these diverse interactions with Snapin must be critically 

evaluated using the snapin-deficient mouse model.

In the present study, we discovered a new role for Snapin as a component of the late 

endocytic SNARE machinery. First, we show that the deletion of the snapin gene in mice 

results in a significant increase in the late endocytic marker LAMP-1 (lysosome-associated 

membrane protein-1) and the late endosomal SNARE proteins syntaxin 8 and Vti1b. Second, 

Snapin is enriched in the late endocytic compartments. Furthermore, Snapin associates with 

the late endocytic trans-SNARE complex (syntaxin 7–syntaxin 8–Vti1b–VAMP8) through a 

direct interaction with syntaxin 8, which corresponds to the C-terminal half of SNAP25. 

Altogether, our present study suggests a novel role for Snapin in late endocytic membrane 

fusion.
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 MATERIALS AND METHODS

 Materials

The rabbit polyclonal antibody against N-terminal mouse Snapin has been described 

previously [12] and was further purified with a His–Snapin affinity Sepharose column. 

Sources of other antibodies or reagents are as follows: mouse monoclonal anti-(syntaxin 8), 

anti-Vti1a, anti-Vti1b, anti-p115, anti-(cytochrome c) and anti-Rab11 antibodies (BD 

Biosciences); rat monoclonal anti-LAMP-1 antibody (Developmental Studies Hybridoma 

Bank); mouse monoclonal and rabbit polyclonal anti-HA (haemagglutinin) antibodies 

(Covance); rabbit polyclonal anti-(syntaxin 7), anti-VAMP3 and anti-VAMP8 antibodies 

(Synaptic Systems); mouse monoclonal anti-(syntaxin 13) antibody and rabbit polyclonal 

anti-calnexin antibody (Stressgen); goat polyclonal anti-EEA1 (early endosome antigen 1) 

antibody (Santa Cruz Biotechnology); rabbit polyclonal anti-(syntaxin 4) antibody 

(Alomone Labs); rabbit polyclonal anti-SNAP23 antibody (Affinity BioReagents); Alexa 

Fluor® 488- and 546-conjugated secondary antibodies (Invitrogen); goat anti-(rat IgG) (Fc 

fragment specific) (Jackson ImmunoResearch Laboratories).

 Immunocytochemistry of MEFs (mouse embryonic fibroblasts) and transfection of COS7 
cells

All animal experiments were conducted in accordance with the National Institutes of Health 

Animal Use Guidelines. MEFs from snapin wild-type and mutant mice were obtained from 

E13.5 (embryonic day 13.5) or E14.5 embryos. Each embryo was minced and trypsinized, 

and then the cells were dispersed and incubated for 1 or 2 days with high-glucose DMEM 

(Dulbecco’s modified Eagle’s medium), containing sodium pyruvate, L-glutamine, 

supplemented with 10% FBS (fetal bovine serum) and penicillin/streptomycin (1×; 

Invitrogen), until the cells became confluent. Primary cells (at passage below 7) were used 

for the experiments. COS7 cells cultured in 100-mm diameter dishes were maintained in 

DMEM with 10% FBS and 0.5% L-glutamine and were transfected with 15 µg of cDNA 

using Lipofectamine 2000 (Invitrogen). After 48 h, the cells were harvested and solubilized 

in TBS (Tris-buffered saline) (50 mM Tris/HCl, pH 7.5, and 140 mM NaCl) with 1% Triton 

X-100 and protease inhibitors (1 mM PMSF, 10 mg/ml leupeptin and 2 mg/ml aprotinin). 

Cell lysates were centrifuged at 15 500 g for 20 min at 4°C, and the supernatants were used 

for immunoprecipitation studies.

 Fusion-protein preparation, in vitro-binding and immunoprecipitation experiments

Full-length syntaxin 7, syntaxin 8 and Vti1b were added into the GST (glutathione 

transferase)-fusion vector pGEX-4T (GE Healthcare) and the His-tagged vectors pcDNA 

His (Invitrogen). GST- and His-tagged fusion proteins were prepared as crude bacterial 

lysates by mild sonication in PBS containing 1% Triton X-100, 1 mM PMSF, 10 µg/ml 

leupeptin and 2 µg/ml aprotinin. In vitro-binding experiments were performed as described 

previously [12]. Briefly, GST-fusion proteins were bound to glutathione–Sepharose beads 

(GE Healthcare) in TBS with 0.1% Triton X-100 and protease inhibitors, incubated at 4°C 

for 1 h with constant agitation, and washed with TBS with 0.1% Triton X-100 to remove 

unbound protein. Glutathione–Sepharose beads coupled to 1 µg of GST-fusion protein were 

added to Hisfusion proteins or mouse liver homogenates, and then incubated with gentle 
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mixing for 3 h at 4 °C. The beads were washed three times with TBS with 0.1% Triton 

X-100, and the bound proteins were eluted and processed for SDS/PAGE and 

immunoblotting. Co-precipitated proteins were detected with antibodies against Snapin and 

GST (GE Healthcare). HRP (horseradish peroxidase)-conjugated secondary antibodies and 

enhanced chemiluminescence reagents (GE Healthcare) were used to visualize detected 

proteins. For multiple detection with different antibodies, blots were stripped in a solution of 

62.5 mM Tris/HCl, pH 7.5, 20 mM dithiothreitol and 1% SDS for 20 min at 50°C with 

agitation, and washed twice with TBS with 0.1% Tween 20 for 15 min each time.

For immunoprecipitation experiments, solubilized crude membrane fractions from 

embryonic mouse liver or transfected COS7 cell lysates were incubated with polyclonal anti-

Snapin antibody or control rabbit IgG (Sigma) in 200 µl of TBS with 0.1% Triton X-100, 1 

mM Ca2+ and protease inhibitors, and incubated on a microtube rotator at 4°C overnight. 

Protein A–Sepharose CL-4B resin (2.5 mg; GE Health Sciences) was added to each sample, 

and the incubation was allowed to continue for an additional 3 h, followed by three washes 

with TBS with 0.1% Triton X-100. The immobilized protein complexes were processed for 

SDS/PAGE and immunoblotting.

 Light membrane preparation and immuno-isolation of late endocytic organelles

Liver tissue from E17–E18 snapin wild-type or knockout embryos was dissected out and 

homogenized in homogenization buffer (10 mM Hepes, pH 7.4, 1 mM EDTA, 0.25 M 

sucrose, and protease inhibitors). The homogenate was centrifuged at 750 g for 10 min and 

the supernatant was collected. The pellet was re-suspended in homogenization buffer by 

using a glass rod with 3 to 4 gentle strokes of the pestle of the 30 ml Dounce homogenizer 

and re-centrifuged at 750 g for 10 min. The combined first and second supernatant was 

centrifuged at 3500 g for 10 min and the supernatant was collected for high-speed 

centrifugation at 23 000 g for 20 min. The pellet was then re-suspended in homogenization 

buffer and subjected to the subsequent immuno-isolation assay. Immuno-isolation was 

performed with tosylated superparamagnetic beads (M-500 Dynabeads, subcellular; Dynal) 

as described previously [12,26]. Briefly, goat anti-rat IgG (Fc fragment specific, linker) was 

incubated for 24 h at 37°C on a rotator with M-500 Dynabeads at a ratio of 7 mg of linker 

per 107 beads in 0.1 M borate buffer (100 mM H3BO3, pH 9.5) at a final concentration of 4 

× 108 beads/ml. For this and all subsequent steps, beads were collected with a magnetic 

device (MPC; Dynal). The linker-coated beads were washed twice, 5 min each, in PBS (pH 

7.4) with 0.1% BSA at 4°C on a rotator, and incubated for 20 h in Tris blocking buffer (0.2 

M Tris, pH 8.5, and 0.1% BSA) at room temperature (25°C). After washing once for 5 min 

in PBS (pH 7.4) with 0.1% BSA at 4°C, the linker-coated beads (1.4 mg) were incubated 

with 1 mg of anti-LAMP-1 monoclonal antibody or control IgG overnight at 4°C on a 

rotator. After incubation, the beads were washed four times (5 min each) in PBS (pH 7.4) 

with 0.1% BSA at 4°C, and then re-suspended in incubation buffer containing PBS, pH 7.4, 

2 mM EDTA and 5% FBS. Light membrane fractions (~150 µg) from snapin wild-type or 

knockout embryonic liver were mixed with incubation buffer containing beads (final 

reaction volume, 1 ml) and incubated overnight at 4°C on a rotator. After incubation, the 

beads were collected with a magnetic device and washed five times with the incubation 

buffer and two times with PBS for 10 min each. After the final wash, the beads, as bound 
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fractions, were resolved by 4–12% Bis-Tris PAGE and then sequentially detected by 

Western blot with antibodies used on the same membranes after stripping between each 

application of the antibodies.

 RESULTS

 Loss of snapin selectively alters protein levels of the late endocytic marker LAMP-1 and 
late endosomal SNAREs

Our previous study showed that snapin deficiency in mice results in defective priming of 

large dense-core vesicles for fusion in chromaffin cells [12], and a reduced and 

unsynchronized release of synaptic vesicles in neurons [13]. However, impaired synaptic 

transmission is not sufficient to explain why the homozygous deletion of snapin causes 

mouse perinatal death. In addition to its association with synaptic vesicles and binding to 

neuronal SNAREs, Snapin is also widely present in cytosol and membrane-associated 

fractions of non-neuronal cells and interacts with non-neuronal SNAP23 [14], and is co-

purified as a component of BLOC-1 (biogenesis of lysosome-related organelle complex-1) 

[16]. These studies highlight a possibility for Snapin as having multiple effects on broader 

intracellular membrane trafficking events; the perinatal death of snapin homozygous mouse 

might be attributed to the defects of these trafficking processes.

To examine whether Snapin homozygous deletion and heterozygous mutants affect 

expression of a large variety of proteins involved in intracellular membrane trafficking, we 

performed immunoblot analysis of the liver homogenates of snapin wild-type and deficient 

littermates. Deleting snapin in mouse significantly increased protein levels of LAMP-1 (P = 

0.002) and late endosomal SNARE proteins syntaxin 8 (P = 0.003) and Vti1b (P = 0.024) 

relative to the wild-type littermates (Figure 1). LAMP-1 is a membrane protein located in 

both late endosomes and lysosomes [27,28]. However, snapin deficiency has no detectable 

effect on the intensity of the markers and SNAREs that are specific for other membrane 

organelles, including early and recycling endosomes (EEA1, Rab11 and syntaxin 13), ER 

(endoplasmic reticulum) (calnexin), Golgi (p115), trans-Golgi (Vti1a and syntaxin 6), 

mitochondria (cytochrome c) and plasma membrane SNAREs (syntaxin 4).

Our previous analysis of brain homogenates showed that Snapin homozygous deletion and 

heterozygous mutants did not affect expression of a large variety of proteins involved in 

synaptic vesicle exocytosis in brain homogenates [12,13]. These included SNAP25, syntaxin 

1A/B, synaptobrevin/VAMP2, synaptotagmin 1, synapsin 1, Rab3a, NSF (N-

ethylmaleimide-sensitive factor), α-SNAP, Munc-18, complexin I/II, Munc13-1 and CAPS 

(Ca2+-dependent activator protein for secretion). Selectively altered levels of the late 

endocytic marker LAMP-1, and syntaxin 8 and Vti1b, two SNARE proteins involved in late 

endocytic trafficking, suggest that Snapin may play a critical role in the late endocytic 

membrane trafficking. Deleting snapin in mice may lead to the accumulation of LAMP-1 

due to defective late endocytic trafficking or result in apparent compensatory changes in the 

expression of late endosomal SNAREs to bypass snapin deficiency.

Lu et al. Page 5

Biosci Rep. Author manuscript; available in PMC 2016 July 22.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



 Snapin associates with late endocytic compartments

Next, we asked whether Snapin associates with the late endocytic membrane. Given that 

Snapin is present in both cytosolic and peripheral membrane-associated fractions [14], 

immunostaining of cells is not an appropriate means to determine specific attachment of 

Snapin to late endocytic organelles. Instead, we performed immuno-isolation of the 

LAMP-1-containing organelles from embryonic mouse liver membrane fractions using 

magnetic beads coated with the antibody against LAMP-1. The purified membranous 

organelles were assessed by sequential immunoblots on the same membrane. Snapin was 

detected along with LAMP-1, as well as late endosomal SNARE proteins, including 

syntaxin 8 and Vti1b (Figure 2). None of these proteins was isolated with the magnetic 

beads coated with IgG control. The relative purity was further confirmed by the absence of 

markers for other membranous organelles including EEA1 (early endosomes), p115 (Golgi) 

and Rab11 (recycling endosomes).

Second, we further explored whether snapin deficiency would alter the sorting and targeting 

of late endosomal SNARE proteins that may affect late endocytic trafficking. We performed 

immunostaining of MEFs from snapin wild-type and mutant E13.5 or E14.5 embryos. MEFs 

have larger cell bodies, allowing us to analyse the late endocytic organelles in more detail. 

Confocal microscopy analysis showed no detectable changes in the co-localization of the 

LAMP-1-labelled late endocytic organelles with syntaxin 8 or Vti1b in snapin-deficient 

MEFs (Figure 3).

 Snapin interacts with late endosomal SNAREs

The resolved crystal structure of the late endosomal SNARE core complex containing 

syntaxin 7, syntaxin 8, Vti1b and VAMP8 is remarkably similar to those of the neuronal 

SNARE complex, where syntaxin 8 corresponds to the C-terminal coiled-coil domain of 

SNAP25 [7]. To determine whether Snapin interacts with late endosomal SNAREs, we 

conducted four lines of biochemical analysis. First, in vitro-binding assays showed that His-

tagged Snapin selectively interacts with GST–syntaxin 8 and GST–SNAP25, a neuronal 

SNARE protein identified as the first Snapin-binding partner [10] (Figure 4A). No direct 

interaction was detected for Snapin with syntaxin 7 and Vti1b. Second, we conducted a pull-

down study using liver homogenates. Consistently, GST–Snapin, but not GST, pulled down 

the native late endosomal SNAREs Vti1b, syntaxin 8, and VAMP8 (Figure 4B). 

Furthermore, an anti-Snapin antibody co-immunoprecipitated syntaxin 8 from co-transfected 

COS7 cell lysates (Figure 4C) and Vti1b from solubilized mouse liver crude membrane 

fractions (Figure 4D). Thus our analysis provides biochemical evidence that Snapin 

associates with late endocytic compartments, probably through its interaction with late 

endosomal SNARE proteins. By interacting with SNAP-25 or syntaxin 8, Snapin may 

regulate both synaptic vesicle exocytosis and late endocytic membrane fusion.

 DISCUSSION

The endocytic pathway is a highly dynamic system that co-ordinates multiple trafficking 

routes. The lysosome is generally considered to be the end point of the endocytic pathway 

and most of the biosynthetic and endocytic proteins are targeted to this degradative 
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compartment. Lysosomes are also required for the digestion of cytosolic components and 

organelles that are segregated during the process of autophagy [29–31]. Although the 

mechanism underlying the transfer of endocytosed materials from endosomes to lysosomes 

remains controversial, the direct and complete fusion of late endosomes with lysosomes and 

their transient fusion (‘kiss and run’) mode have been proposed as two major mechanisms 

for producing mature lysosomes [3]. However, the mechanisms regulating endosome–

lysosome fusion and lysosomal biogenesis remain unclear.

In the present study, we reveal that Snapin associates with late endocytic membranous 

organelles and interacts with the late endosome-targeted SNARE complex, thus highlighting 

its potential role in late endocytic membrane trafficking. By using a genetic mouse model, 

we further discovered that Snapin is required to maintain a proper balance of the late 

endocytic protein LAMP-1 and late endosomal SNAREs. Deleting the snapin gene in mice 

significantly and selectively accumulates these proteins in the late endocytic pathway or 

results in apparent compensatory changes in the expression of late endosomal SNAREs, 

suggesting a regulatory role for Snapin in the late endocytic membrane fusion process.

Similar to synaptic vesicle fusion events, late endocytic membrane fusion is considered to 

have three sequential steps: initial tethering, the formation of a trans-SNARE complex that 

bridges across the two organelles and final membrane fusion. Live-cell imaging, together 

with studies in cell-free systems and transfected cells, has established the role of late 

endocytic SNAREs in the fusion of late endosomes with lysosomes [6–8]. The fusion of late 

endosomes and lysosomes requires the presence of Q-SNAREs (glutamine-SNAREs; 

syntaxin 7, Vti1b and syntaxin 8) and R-SNAREs (arginine-SNAREs; VAMP8 or VAMP7). 

The structure of the four-helix bundle for the endocytic SNARE complex shares similar 

structural features with the neuronal SNARE complex [7]. Although synaptic vesicle fusion 

with the presynaptic plasma membrane is tightly primed or regulated by a number of 

SNARE-binding proteins [9], it has not been proven whether the formation of the trans-

SNARE complex on its own is sufficient for late endosome–lysosome fusion. Our 

biochemical experiments revealed the presence of Snapin in late endocytic organelles, its 

direct binding to syntaxin 8 and its association with the late endosomal SNARE complex 

both in vitro and in vivo. Our previous study [12] using snapin mutant mice illustrated that 

Snapin plays a critical role in priming the release-ready vesicle pool and facilitates synaptic 

vesicle fusion by enhancing the structural coupling of the Ca2+-sensor synaptotagmin I with 

the neuronal SNARE complex. Evidence indicates that secretory lysosomes are able to 

release their contents into the extracellular milieu via exocytosis [32,33], a process that 

occurs via the plasma membrane-targeted SNARE fusion machinery and the Ca2+-sensor 

synaptotagmin-VII [34]. Thus it is necessary to determine whether Snapin can facilitate the 

endsosome–lysosome membrane fusion through a similar priming mechanism, although the 

candidate Ca2+ sensor specific for endosome–lysosomal fusion has not yet been identified. 

Alternatively, it is possible that Snapin may participate in secretory lysosomal fusion with 

the plasma membrane by regulating the SNARE–synaptotagmin-VII interaction. Future 

studies using time-lapse imaging in live cells will provide direct evidence of whether Snapin 

can facilitate the interaction between late endosomes and lysosomes or between late 

endosomes/secretory lysosomes and the plasma membrane.
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Although melanosomes and platelet-dense granules are not endocytic vesicles themselves, 

they belong to the exocytic group of LROs (lysosome-related organelles). LROs co-exist 

with conventional lysosomes in some specific cell types, but are functionally, 

morphologically and compositionally distinct from lysosomes. Snapin was co-purified as a 

component of BLOC-1 [16]. Mutation of the BLOC-1 genes in mice displays HPS 

(Hermansky–Pudlak syndrome)-like phenotypes which are characterized by specific defects 

in melanosomes and platelet-dense granules [35–38]. It has been reported that BLOC-1 

deficiency selectively altered the targeting of the late endocytic SNARE proteins syntaxin 7 

and syntaxin 8, and Vti1b [39], and that BLOC-1 acts as the endosomal trafficking 

machinery to facilitate the traffic from early endosomes toward LROs [40,41]. The evidence 

from our genetic study suggests that loss of snapin has no detectable effect on the targeting 

of these SNAREs to the late endocytic organelles (Figure 3). In addition, snapin deficiency 

does not change the levels of early endosomal markers EEA1, Rab11 and syntaxin 13 

(Figure 1). Notably, the snapin mice with homozygous mutations are neonatal lethal, 

whereas mice deficient in BLOC-1 components are fertile and fully viable [42,36]. It is 

therefore conceivable that BLOC-1-mediated SNARE protein trafficking is likely to be 

independent of Snapin. Identification of Snapin as a component of late endocytic fusion 

machinery will provide new avenues for understanding these diverse cellular processes. 

Future studies using the snapin mouse model will provide molecular and cellular details of 

how Snapin regulates late endocytic membrane trafficking, an essential process for 

controlling protein and organelle turnover or clearance during development and 

degeneration.
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 Abbreviations used

BLOC biogenesis of lysosome-related organelle complex

DMEM Dulbecco’s modified Eagle’s medium

E13.5 embryonic day 13.5 etc.

EEA early endosome antigen

ER endoplasmic reticulum

FBS fetal bovine serum
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GST glutathione transferase

LAMP lysosome-associated membrane protein

LRO lysosome-related organelle

MEF mouse embryonic fibroblast

NSF N-ethylmaleimide-sensitive factor

SNAP25 25 kDa synaptosome-associated protein

SNARE soluble N-ethylmaleimide-sensitive factor-attachment protein receptor

TBS Tris-buffered saline

t-SNARE target SNARE

VAMP vesicle-associated membrane protein

v-SNARE vesicle SNARE

Vti1b vesicle transport through interaction with t-SNAREs homologue 1b
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Figure 1. Deletion of the snapin gene in mice selectively increases late endosomal SNAREs and 
LAMP-1
(A) Immunoblot analysis of SNAREs and markers specific for various intracellular 

membrane organelles. Equal amounts of liver homogenates (30 µg) from three littermates of 

E18.5 embryos of all snapin genotypes were sequentially detected with antibodies, as 

indicated in the same membranes after stripping between applications of each antibody. (B) 

Relative protein levels from the snapin +/+, +/− and −/− mouse livers. Protein intensity was 

normalized by p115 intensity in the same littermate and averaged from three littermates. A 

two-tailed Student’s t test for paired data was used and error bars indicate S.E.M.; *P < 0.05, 
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**P < 0.01. Note that deleting snapin in mouse significantly increases LAMP-1 (late 

endocytic marker), syntaxin 8 (Syn8) and Vti1b (late endocytic SNARE proteins) without 

detectable changes in the markers of early and recycling endosomes [EEA1, Rab11 and 

syntaxin 13 (Syn13)], ER (calnexin), Golgi (p115), trans-Golgi [Vti1a and syntaxin 6 

(Syn6)], mitochondria [cytochrome c (Cyto c)] and plasma membrane SNAREs [syntaxin 4 

(Syn4)].
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Figure 2. Snapin associates with late endocytic compartments
LAMP-1-associated membranous organelles were immuno-isolated from light membrane 

fractions of mouse livers with magnetic Dynabeads coated with anti-LAMP-1 antibody or 

normal IgG as control. The bead-bound organelles were solubilized and resolved by PAGE, 

and sequentially detected with antibodies in the same membrane as indicated. The relative 

purity of the isolated organelles was assessed by detecting the markers for late endocytic 

compartments [LAMP-1, syntaxin 8 (stx8) and Vti1b (VtiB)] and the markers for early 

endosomes (EEA1), recycling endosomes (Rab11) and Golgi (p115). Note that Snapin, 
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along with late endocytic SNAREs, was detected in the LAMP-1-containing membrane 

organelles.
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Figure 3. Intracellular localization of late endosomal/lysosomal SNAREs
Representative images showing the co-localization of LAMP-1 with Vti1b or syntaxin 8 

were captured by confocal microscopy in snapin +/+ and −/− MEFs. The colour images are 

shown in DIC (differential interference contrast) and the co-localization is indicated in 

yellow in the merged images. The boxed regions are shown at a higher magnification. Scale 

bar, 10 µm.
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Figure 4. Snapin interacts with late endosomal SNAREs
(A) Snapin binds to syntaxin 8 in vitro. GST or GST-tagged fusion proteins were 

immobilized on glutathione–Sepharose beads and then incubated with His-tagged Snapin. 

Bound protein complexes were sequentially immunoblotted with antibodies against Snapin 

and GST tag on the same membrane. Note that Snapin selectively binds to both neuronal 

SNAP25 and late endosomal syntaxin 8 (syn8), but not to syntaxin 7 (syn7) and Vti1b under 

the same conditions. (B) GST–Snapin pulls down the native late endosomal SNARE 

complex. GST or GST-tagged Snapin was immobilized on glutathione–Sepharose beads 

followed by incubation with mouse liver homogenates. Bound complexes were sequentially 

blotted with antibodies against late endosomal SNARE proteins and GST. (C) Snapin 

interacts with syntaxin 8 in COS7 cells. COS7 cells were co-transfected with Snapin and 

syntaxin 8. The Snapin–syntaxin 8 complex was immunoprecipitated (IP) by an anti-Snapin 
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antibody or control IgG followed by sequential immunoblotting with antibodies against 

syntaxin 8 and Snapin on the same membrane after stripping between the applications of 

each antibody. (D) Immunoprecipitation of late endosomal SNARE protein Vti1b with 

Snapin. The Vti1b–Snapin complex was immunoprecipitated from mouse liver crude 

membrane fractions (crude membr.) with an anti-Snapin antibody or normal rabbit IgG, 

followed by sequentially blotting with antibodies against Vti1b and Snapin.
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