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The exocyst is a multisubunit complex that has been impli-
cated in the transport of vesicles from the Golgi complex to the
plasma membrane, possibly acting as a vesicle tether and con-
tributing to the specificity of membrane fusion. Here we char-
acterize a novel interaction between the Exo70 subunit of the
exocyst and Snapin, a ubiquitous protein known to associate
with at least two t-SNAREs, SNAP23 and SNAP25. The interac-
tion between Ex070 and Snapin is mediated via an N-terminal
coil-coil domain in Exo70 and a C-terminal helical region in
Snapin. Exo70 competes with SNAP23 for Snapin binding, sug-
gesting that Snapin does not provide a direct link between the
exocyst and the SNARE complex but, rather, mediates cross-talk
between the two complexes by sequential interactions. The
insulin-regulated trafficking of GLUT4 to the plasma mem-
brane serves to facilitate glucose uptake in adipocytes, and both
SNAP23 and the exocyst have been implicated in this process. In
this study, depletion of Snapin in adipocytes using RNA inter-
ference inhibits insulin-stimulated glucose uptake. Thus,
Snapin interacts with the exocyst and plays a modulatory role in
GLUT4 vesicle trafficking.

SNAREs* are central components of the vesicle docking and
fusion machinery (1, 2). In vitro liposome fusion experiments
have shown that SNARESs alone are sufficient to catalyze fusion
but at a much slower rate than occurs in vivo (3). In vivo, vesicle
docking and fusion likely requires additional components to
tightly regulate the specificity and kinetics of membrane fusion.

The seminal work of Novick and Scheckman (4) identified
several genes necessary for secretion in yeast, collectively
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named the SEC genes. Temperature-sensitive mutations in
each of these genes block secretion of invertase and accumulate
membrane-bound organelles within the yeast cell. Six of the
SEC genes, SEC3, SECS, SEC6, SEC8, SECI0, and SECIS,
encode subunits of an evolutionarily conserved octameric pro-
tein complex known as the exocyst. Two additional compo-
nents, Exo70p and Exo84p, were subsequently biochemically
purified in complex with the exocyst proteins (5-7). Similar to
their yeast homologues, the mammalian exocyst proteins have
been implicated in the transport of vesicles from the Golgi to
the plasma membrane (8). The exocyst complex has also been
implicated in the trafficking of GLUT4 vesicles to the plasma
membrane (9). Among its proposed roles, the exocyst is
thought to function as a vesicle tether at the plasma membrane
and contribute to the specificity of membrane fusion (5).
Recent studies in the 3-cell demonstrated that the exocyst reg-
ulates the ability of insulin granules to dock with the plasma
membrane (10).

Within the cell, each step of membrane trafficking is coupled
to maintain the sequential nature and ensure the high fidelity of
the process. Emerging evidence suggests a link between the
membrane tethering and the SNARE-mediated docking/fusion
steps (11, 12). Genetic experiments in yeast are consistent with
the SNAREs acting directly downstream of the exocyst. For
example, overexpression of yeast Seclp or the t-SNAREs
Ssolp/Sso2p can bypass secretory blocks induced by mutations
in the exocyst genes (13, 14). In yeast, the exocyst associates
through Sec15p with the vesicle-bound Rab-GTPase Sec4p (7)
and acts as an effector for Sec4dp during targeting of secretory
vesicles to sites of exocytosis (15). In addition, the exocyst inter-
acts with the yeast Lgl homologue Sro7p and the t-SNARE
Sec9p (16, 17). The above data highlight the involvement of
multiple protein-protein interactions and the potential com-
plexity of the coupling mechanism between tethering, docking,
and fusion.

Exo070 is a central component of the mammalian exocyst
complex, demonstrating specific interactions with almost all of
the other subunits, including Sec5, Sec6, Sec8, Sec10, and
Exo084 (18, 19). Exo70 has recently been implicated in GLUT4
trafficking through its association with the GTP-bound form of
the Rho GTPase TC10 (9). Stimulation of 3T3-L1 adipocytes
with insulin was shown to cause an increase in the abundance of
Ex070 at the plasma membrane. Furthermore, overexpression
of an Exo70 mutant that interacts with TC10 specifically inhib-
ited insulin-stimulated appearance of HA-GLUT4-GFP mole-
cules at the plasma membrane, with no apparent effect on the
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trafficking of GLUT4 to the plasma membrane. Using RNA
interference, a follow-up study showed that Exo70 is critical for
insulin-regulated glucose uptake in 3T3-L1 adipocytes (20).
However, in both studies, the precise mechanism of Exo70
function was not defined. More recently, Exo70 has been dem-
onstrated to interact with the Arp2/3 complex in an epidermal
growth factor-dependent manner in HeLa cells. This interac-
tion was essential for the formation of actin-based membrane
protrusions and cell migration (21). Furthermore, epidermal
growth factor stimulation resulted in recruitment of Exo70 to
the plasma membrane, which is consistent with the observation
in adipocytes. These studies suggest that growth factor signal-
ing regulates Exo70 function, making Exo70 an interesting can-
didate for hormone-regulated exocytic events.

To further investigate the functional role of Exo70 in GLUT4
trafficking, we set out to identify new Exo70 interacting pro-
teins that may facilitate the tethering and docking of GLUT4
vesicles at the plasma membrane. Here we show that Exo70
interacts with Snapin. This observation is exciting, because
Snapin has previously been shown to interact with SNAP23
(22), a major t-SNARE regulating GLUT4 vesicle trafficking
(23). Furthermore, we provide evidence for a modulatory role
for Snapin in GLUT4 trafficking, possibly by coordinating ves-
icle tethering and docking through sequential interactions with
the exocyst and SNARE complexes.

EXPERIMENTAL PROCEDURES

Antibodies—Rabbit and mouse anti-Exo70 antibodies were
kindly provided by Charles Yeaman (University of Iowa) and
Shu C. Hsu (Rutgers University), respectively. The remain-
ing antibodies were commercially available and included
rabbit anti-SNAP23 and rabbit anti-Snapin (Synaptic Sys-
tem), mouse anti-Sec6 and mouse anti-Sec8 (Stressgen), rab-
bit anti-Myc (Santa Cruz Biotechnology, Santa Cruz, CA),
mouse anti-Myc and rat anti-HA (Roche Applied Science),
rabbit anti-HA (Zymed Laboratories Inc.), rabbit anti-FLAG
(Sigma), rabbit anti-14-3-3, and rabbit anti-glyceraldehyde-
3-phosphate dehydrogenase (Abcam). Anti-FLAG M2-agar-
ose was also from Sigma.

Cell Culture—COS1, 293T, and NIH3T3 cells were main-
tained in Dulbecco’s modified Eagle’s medium supple-
mented with 4500 mg/liter glucose, penicillin, streptomycin,
and 10% fetal bovine serum. Plasmids were transfected using
Lipofect AMINE 2000 (Invitrogen). Human embryonic kidney
(HEK) 293FT cells were purchased from Invitrogen, and
3T3-L1 murine fibroblasts were from the American Type Cul-
ture Collection (ATCC, Manassas, VA).

Yeast Two-hybrid Screen—Full-length rat Exo70 fused to the
Gal4 DNA-binding domain in the pGBKT7 vector was a kind
gift from Dr. Hugo Matern (Genentech, Inc.) and used as a bait
to screen a mouse embryo Matchmaker ¢cDNA library (Clon-
tech). The mated yeast cells were selected on SD minimal
medium supplemented with appropriate autotrophic factors
except for adenine, histidine, leucine, and tryptophan (QDO
plates), and putative positive clones grown on QDO were
assayed for LacZ activity according to the protocol provided
with the Matchmaker kit (Clontech). Plasmids from LacZ activ-
ity-positive clones were extracted and sequenced. The interac-
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tion of these clones was then further confirmed by individually
retransforming them back into Saccharomyces cerevisiae stain
AH109 with rat Exo70 in pGBKT7 and selected as described
above and subjected to a B-galactosidase assay according to the
manufacturer’s protocol (Clontech).

DNA Constructs—Snapin and its deletion mutants (Snapin
A1-12, A1-83, A120-136, A84-136, and A84-118) were
cloned into either the pXJ40Myc (BamHI/Xhol) or the
pXJ40FLAG (HindIII/Xhol) vector using standard recombi-
nant DNA techniques. Snapin was cloned into the EcoRI/Xhol
sites of pET-28a to generate a His-tagged construct. Exo70 and
its deletion mutants (Exo70 A384 —-653, A1-383, A100-384,
and A100-653) were cloned into the mammalian expression
vector pPDHAneo or the bacterial expression vector pGEX-4T-1
(EcoRI/Xhol). Exo70 constructs with a C-terminal HA tag were
cloned into pcDNA. The pRRL-PGK lentiviral expression vec-
tor was obtained from R. Hoeben (Leiden University Medical
Center), and the packaging vectors pMDLg/pRRE (encoding
gag/pol), pRSV-Rev (encoding rev), and pMD2.G (encoding
VSV-G) were obtained from D. Trono (Ecole Polytechnique
Fédérale de Lausanne). The Gateway-compatible lentiviral des-
tination vector pDEST/pRRL-PGK was constructed by sub-
cloning the Gateway Reading Frame Cassette B (Invitrogen)
into a unique Hpal site in the multiple cloning site of pRRL-
PGK. Various Myc-Snapin deletions in pDEST/pRRL-PGK
were obtained by first cloning into the Gateway entry vector
MCS-pDONR221 (Invitrogen) followed by recombination into
pDEST/pRRL-PGK using the Gateway LR clonase Enzyme Mix
(Invitrogen). Plasmids were transformed into One Shot Stbl3
chemically competent cells (Invitrogen). The sequence of all
c¢DNA constructs was verified.

In Vivo Binding Assays—Appropriate combinations of plas-
mids were transfected into 293T or COSI cells using Lipo-
fectamine 2000 (Invitrogen). Cells were lysed 24 h after trans-
fection in lysis buffer (50 mm Tris, pH 7.5, 140 mm NaCl, 0.1%
Triton X-100, 0.1% bovine serum albumin) for 30 min at 4 °C.
Lysates were spun at 13,000 rpm for 20 min in a microcentri-
fuge, and the supernatants were then pre-cleared for 1 h with
either protein A- or protein G-agarose beads. For immunopre-
cipitation of Myc- or HA-tagged proteins, the precleared
lysates (500 ug of protein) were incubated overnight with rabbit
anti-Myc or rat anti-HA and then captured by protein A or
protein G-agarose beads for 2 h. Total rabbit or mouse IgG
served as a control. For immunoprecipitation of FLAG-tagged
proteins, precleared lysates were incubated with monoclonal
M2 anti-FLAG beads for 2 h. Beads were then washed 5 times
with lysis buffer.

In Vitro Binding Assays—For GST pulldown experiments, 10
pg each of GST, Exo70-GST, or Exo70 A100-653-GST were
first incubated with glutathione Sepharose-4B beads
(PerkinElmer Life Sciences) in GST binding buffer (50 mm Tris,
pH 7.5, 1 mm MgCl,, 1 mm dithiothreitol) for 1 h and then
washed with GST binding buffer supplemented with 0.5% Non-
idet P-40 twice. 10 ug of His-Snapin in lysis buffer was then
added to each tube. After 2-h incubation, the beads were
washed 4 times in lysis buffer and twice in lysis buffer supple-
mented with 0.5% Triton X-100. For the in vitro competition
assays, 250 nM MBP-SNAP23 was first bound to amylose beads
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(Biolabs) in lysis buffer for 1 h. 500 nm His-Snapin was then
added together with increasing amounts either of GST, GST-
Ex070, or Ex070 (cleaved from GST using a thrombin digestion
kit, Novagen). After a 3-h incubation, the amylose beads were
washed four times, and bound proteins were solubilized in SDS
sample buffer and analyzed by SDS-PAGE and Western blot
analysis. Samples were kept a 4 °C during the manipulations,
and buffers were supplemented with protease inhibitors (Roche
Applied Science).

Cellular Fractionation—Fractionation of adipocytes was car-
ried out as described (24).

Confocal Microscopy—Immunofluorescence microscopy
was performed on COS1 cells or lentivirus transduced 3T3-L1
adipocytes seeded on glass coverslips. Adipocytes were serum-
starved for 2 h in Dulbecco’s modified Eagle’s medium at 37 °C
and 5% CO, and incubated in the absence or presence of 1 or
100 nM insulin for 20 min. Cells were then washed three times
in cold PBS, fixed with 3% (v/v) paraformaldehyde in PBS,
blocked in 2% (w/v) bovine serum albumin containing 0.1%
(w/v) saponin in PBS, and labeled with rabbit anti-Snapin and
mouse monoclonal anti-Myc antibodies. Cells were subse-
quently labeled with appropriate Alexa-labeled antibodies.
COS1 cells were fixed 24 h after transfection and labeled with
monoclonal anti-Myc or Rabbit anti-HA antibody and appro-
priate secondary antibodies. Coverslips were mounted onto
glass coverslides using Immuno-fluore mounting medium
(ICN Biomedicals Inc.). Images were acquired and analyzed
using a Leica laser scanning confocal microscope and software
(Leica Microsystems, Wetzlar, Germany).

Lentivirus Production and Transduction of 3T3-L1
Adipocytes—Concentrated Myc-Snapin and GFP control lenti-
virus stocks were prepared as previously described (25, 26).
Briefly, HEK-293FT cells were transfected at 70—90% conflu-
ency using calcium phosphate (26). One T150 flask was trans-
fected with 26 pg of expression vector, 17.4 ug of pMDLg/
pPRRE (gag/pol) vector, 13.2 ug of pRSV-Rev (rev) vector, and
9.2 ug of pMD2.G (VSV-G) vector in 20 ml of culture medium.
At 5- 6 h post-transfection, medium was replaced with 12 ml of
medium containing 6 mm butyric acid. Lentivirus was har-
vested at 24 h post-transfection. Supernatants containing the
virus were collected, cleared by centrifugation (1,620 X g; 10
min), and concentrated using Amicon Ultracel concentration
tubes (Millipore, MA). For confocal microscopy and immuno-
blotting, 3T3-L1 adipocytes grown in 24-well plates and at day
6 of differentiation were incubated for 24 h with 200 ul of
10-fold concentrated GFP or Snapin lentivirus containing 4
png/ml Polybrene. After 24 h, the medium was replaced with 1
ml of culture medium. Experiments were performed at 5 days
post-transduction.

siRNA-mediated Gene Silencing—Snapin siRNAs at a final
concentration of 10 nm were transfected into mouse NIH3T3
cells with Lipofectamine RNAiMax reagent (Invitrogen), and
cells were analyzed 48 h post-transfection. For electroporation
of selected siRNAs, 3T3-L1 adipocytes at day 5 of differentia-
tion were electroporated with either 20 nmol of control non-
targeting siRNA or Snapin siRNA. Briefly, three 10-cm dishes
of adipocytes were trypsinized and washed twice in PBS by
resuspension and centrifugation at 200 X gfor 5 min. Cells were
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resuspended in 1 ml of PBS, and this was divided between two
0.4-cm cuvettes (Bio-Rad) containing either control or Snapin
siRNAs. Cells were electroporated by delivery of one 200 V/cm,
10-ms pulse using an ECM-830 electroporator (BTX Technol-
ogies, Inc., Holliston, MA). Cells were then transferred to gela-
tin-coated 12-well plates. At 72 h post electroporation, glucose
uptake was measured, and cell lysates were prepared for West-
ern blot analysis using rabbit anti-Snapin and as a control, rab-
bit anti-14-3-3 antibodies.

Glucose Uptake Assays—2-[*H]Deoxyglucose uptake was
measured in 12-well plates using siRNA-electroporated 3T3-L1
adipocytes as previously described (27).

RESULTS

Identification of Snapin as an Exo70-binding Protein—
To identify new effectors of the exocyst subunit Exo70, a
yeast two-hybrid screen of a mouse embryo cDNA library
was performed using full-length rat Exo70 as bait. This
screen identified 37 positive clones. Seven of these cDNA
clones represented full-length mouse Snapin (accession
number AF086838). The interaction between rat Exo70 and
mouse Snapin in the yeast two-hybrid system was confirmed by
the detection of X-a-galactosidase or 3-galactosidase activity in
plate (data not shown) or liquid (Fig. 1A4) assays, respectively.

Snapin Associates with the Exocyst Complex in Vivo—To
confirm the yeast two-hybrid results and characterize the asso-
ciation between Snapin with Exo70 in vivo, HEK cells were
transfected with Myc-tagged Snapin and HA-tagged Exo070,
and their association was analyzed in coimmunoprecipitation
experiments. Immunoprecipitations with Myc antibody but not
with control IgG pulled down HA-Exo070 (Fig. 1C). Likewise, Myc-
Snapin was present in Exo70-HA immunoprecipitates.

To explore the association of Snapin with endogenous
Ex070, overexpressed Myc-Snapin was immunoprecipitated
and bound endogenous Exo70 detected using anti-Exo70 anti-
bodies. In addition to endogenous Exo70, at least two other
components of the exocyst complex, Sec6 and Sec8, were
coprecipitated with Myc-Snapin (Fig. 1B). The presence of
other exocyst subunits in the precipitated complex was not ana-
lyzed, because antibodies to these other exocyst components
were not readily available.

To further confirm the association between Snapin and
Ex070 established above, we analyzed the colocalization of
Myec-Snapin and HA-Ex070 overexpressed in COS-1 cells by
confocal microscopy. As shown in Fig. 1D, there was sub-
stantial colocalization between Myc-Snapin and HA-Exo70
in the perinuclear region of the cells as well as in punctate
structures near the plasma membrane of cellular protru-
sions. Collectively, these experiments demonstrate an asso-
ciation of Snapin with the exocyst complex by a direct inter-
action with the Exo70 subunit.

Exo70 Interacts with a Helical Domain in the C Terminus of
Snapin—Snapin contains an N-terminal hydrophobic domain
(amino acids 1-20) and two helical domains (amino acids
37-65 and 83-119), the second of which is the major binding
site for SNAP23 (22). To map the Exo70 binding domain in
Snapin, a series of FLAG-Snapin truncation mutants were gen-
erated (Fig. 24). These constructs were then coexpressed with
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FIGURE 1. Snapin interacts with Exo70. A, yeast-two hybrid 3-galactosidase
assay. Liquid culture pB-galactosidase assay using yeast carrying
pGADT7+pGBKT7 (negative control; bar 1), pPGADT7-T+pGBKT7-p53 (posi-
tive control; bar 2), and pGADT7-Snapin+pGBKT7-Exo70 (bar 3) were carried
out using o-nitrophenyl-B-b-galactopyranoside as a substrate. Absorbance at
600 nm is shown in arbitrary units (n = 3); error bars, =S.D. B, Myc-Snapin
coprecipitates with endogenous exocyst components. Equal protein
amounts of Myc-Snapin-transfected 293T cell lysates were immunoprecipi-
tated with 2 or 10 ug of rabbit IgG (control) or rabbit anti-Myc antibodies, and
immunoprecipitated proteins were analyzed by SDS-PAGE and Western blot
analysis using antibodies to endogenous Exo70, Sec6, Sec8, and a mouse
anti-Myc antibody. As a control, total cell lysate (50 wg) was also probed. IgG
heavy chains from the antibodies used to immunoprecipitate were also
detected and are indicated. C, Myc-Snapin and HA-tagged Exo70 interact in
vivo. Lysates of cells coexpressing Myc-Snapin and HA-Exo70 (left panel) or
Myc-Snapin and Exo70-HA were immunoprecipitated and bound HA-tagged
Exo70 or Myc-Snapin, respectively, detected by Western blot analysis. Rabbit
or rat IgG served as a control and total cell lysate was analyzed to monitor
expression of the different proteins. Note that when immunoprecipitated
with anti-HA antibodies, the antibodies bound to the N-terminal HA tag inter-
fered with the association of HA-Exo70 with Myc-Snapin. D, Myc-Snapin and
HA-Exo70 colocalize in COS1 cells. COS1 cells coexpressing Myc-Snapin and
HA-Exo70 were detected by immunolabeling using mouse anti-Myc and rab-
bitanti-HA antibodies, followed by fluorescently labeled secondary goat anti-
bodies and visualized using confocal microscopy. Yellow labeling in the
merged image indicates colocalization. Bar = 5 um.

Ex070-HA in COS-1 cells, and their interaction was monitored
in coimmunoprecipitation experiments. As shown above for
Myc-Snapin, FLAG-Snapin robustly interacted with Exo70-HA
(Fig. 2B). N-terminal (FLAG-Snapin A1-21) or C-terminal
(FLAG-Snapin A120-136) deletions in Snapin did not affect
binding to Exo70. A mutant containing only the C terminus
(FLAG-Snapin A1-83) could not be detected by immunoblot-
ting probably due to instability of the truncated protein (data
not shown and Ref. 22). Individual deletion of either the second
helical domain (FLAG-Snapin A84—118) or the C terminus
(FLAG-Snapin A84.-136) revealed that the presence of the sec-
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FIGURE 2. A coil-coil domain in Snapin mediates the interaction with
Ex070. A, schematic diagram of mouse Snapin and its deletion mutants.
Molecular modeling predicted the N-terminal first 20 amino acids to from a
hydrophobic domain and residues 84 -118 to form a coil-coil domain. B, coim-
munoprecipitation of Snapin and its deletion mutants with Exo70. Lysates of
COS1 coexpressing Exo70-HA and the indicated FLAG-tagged Snapin con-
structs were immunoprecipitated with M2 anti-FLAG beads, and the precipi-
tates were analyzed by Western blot using anti-HA antibodies to detect
bound Exo-70 or anti-FLAG antibodies to confirm binding of the FLAG-Snapin
protein to the M2 beads. Cell lysates were probed with the two antibodies to
monitor expression levels. Untransfected COS1 cells served as a control. The
data indicate that the coil-coil domain of Snapin (amino acids 84-118) is
required for binding to Exo70.

ond helical domain is critical for binding to Exo70. Thus, the
Ex070 binding domain in Snapin maps to the second helical
domain and interestingly overlaps with the SNAP23 binding
site (22).

Snapin Interacts with an N-terminal Coiled-coil Domain in
Ex070—To delineate the Snapin binding domain in Exo70, a
series of HA-Ex070 truncation mutants were generated (Fig.
3A) and coexpressed with FLAG-Snapin in COS1 cells for use
in coimmunoprecipitation experiments. As shown in Fig. 3B,
Snapin showed a robust interaction with the N-terminal half of
Ex070 (HA-Ex070 A384 —653), but little if any association with
the C terminus (HA-Exo70 A1-383). Further dissection of the
N-terminal half of Exo70 revealed an interaction exclusively
with amino acids 1-99 (HA-Exo70 A100-653) and not 100 —
384 (HA-Exo70 A100-385) (Fig. 3B).

The ability of the N terminus of Exo70 to directly interact
with Snapin was confirmed in vitro using pulldown experi-
ments with GST-Exo70 fusion proteins and purified His-tagged
Snapin. There was a significant interaction between GST-
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FIGURE 3. A coil-coil domain of Exo70 mediates the interaction with
Snapin. A, schematic diagram of rat Exo70 and its deletion mutants. The
N-terminal amino acids 5-36 form a coil-coil domain. B, coimmunoprecipita-
tion of Exo70 and its deletion mutants with Snapin. Lysates of COS1 coex-
pressing FLAG-Snapin and the indicated HA-tagged Exo70 constructs were
immunoprecipitated with M2 anti-FLAG beads, and the precipitates were
analyzed by Western blot using anti-HA antibodies to detect bound
HA-Exo70 or deletions, or anti-FLAG antibodies to confirm binding of the
FLAG-Snapin to the M2 beads. Cell lysates were probed with the two antibod-
ies to monitor expression levels. Untransfected COS1 cells served as a control.
An asterisk shows the position of the Exo70 A385-653 band. The IgG heavy
(HC) and light chains (LC) are labeled. The data show that the N terminus of
Ex070, including the coil-coil domain (@amino acids 5-36), is required for bind-
ing to Snapin. C, GST pulldown assay to demonstrate a direct interaction
between the N-terminal domain of Exo70 and Snapin. GST alone or the indi-
cated GST-Exo-70 proteins coupled to beads were incubated with purified
His-tagged Snapin. Bound Snapin was detected by Western blot using rabbit
anti-Snapin antibody. Deletion of the C terminus of Exo70 (amino acids 100 -
653) did not abolish its binding with Snapin, confirming a direct role of the
N-terminal coil-coil domain. Quantity and quality of the GST and His fusion
proteins used in the assay were monitored by SDS-PAGE and Coomassie Blue
staining. An asterisk shows the position of the His-Snapin band.

Ex070 and His-Snapin (Fig. 3C), whereas no binding of His-
Snapin was observed using GST alone. The GST-Ex070 A100 -
653 truncation mutant interacted with His-Snapin with a
similar efficiency as full-length Ex070, confirming the impor-
tance of the N terminus of Exo70 for the interaction.

These experiments confirm a direct interaction between
Snapin and Exo70 and map the interaction domain in Exo70 to
the N-terminal 99 residues. Interestingly, computational mod-
eling of the Exo70 amino acid sequence revealed a putative
coiled-coil domain within this region of the Exo70 N terminus.

Ex070 and SNAP23 Compete for Binding to Snapin—Because
Ex070 and SNAP23 apparently interact with an overlapping
region in Snapin (see above, supplemental data, and Ref. 22), we
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FIGURE 4. Exo70 and SNAP23 compete for binding to Snapin. MBP-
SNAP23 (250 nm) immobilized on amylose beads was incubated with a fixed
concentration of His-Snapin (500 nm) together with increasing concentra-
tions of either GST-Exo70, GST (A) or Exo70 cleaved from GST (B). Snapin
bound to the MBP-SNAP23 beads was monitored by Western blot. As a con-
trol, the amount of MBP-SNAP23 present in each reaction was also deter-
mined. The amount of His-Snapin associated with MBP-SNAP23 decreased
with increasing concentrations of GST-Exo70 or Exo70, suggesting that
Snapin and Exo70 compete for binding to SNAP23.

determined if Exo70 and SNAP23 simultaneously bind to
Snapin, or if their association with Snapin is mutually exclusive.
For this purpose, equal amounts of MBP-SNAP23 immobilized
on amylose beads were incubated with His-Snapin in the pres-
ence of increasing concentrations of GST-Ex070, GST alone, or
Ex070 cleaved from the GST moiety. As shown in Fig. 4 (A and
B), the interaction between Snapin and SNAP23 was signifi-
cantly reduced in the presence of increasing concentrations of
either GST-Exo070 or cleaved Exo70 but not GST alone. We
have been unable to detect any significant interaction between
Ex070 and SNAP23 (data not shown), consistent with the
notion that Exo70 and SNAP23 compete for the same binding
site in Snapin.

Subcellular Distribution of Snapin—The Snapin-binding
proteins Exo70 and SNAP23 have been shown to play a role in
the final stages of GLUT4 trafficking (9, 28). Snapin itself has
been previously implicated in regulated exocytic events such as
calcium-induced neurosecretion (29, 30). To investigate the
functional role of Snapin in vesicle docking/fusion we next
studied the role of Snapin in GLUT4 trafficking in adipocytes.

Snapin was readily detected in 3T3-L1 adipocytes (Fig. 5B)
and was predominantly targeted to the plasma membrane (Fig.
5,A and B). In contrast to SNAP23, but similar to Exo70, Snapin
was present in both low and high density membrane fractions
(Fig. 54) in adipocytes. Stimulation of 3T3-L1 adipocytes with
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FIGURE 5. Snapin and Exo70 localization and distribution in 3T3-L1 adi-
pocytes. A, subcellular distribution of GLTU4, Exo70, SNAP23, and Snapin.
Differentiated 3T3-L1 adipocytes, either stimulated or not with 100 nminsulin
for 30 min, were fractionated by differential centrifugation to obtain plasma
membrane (PM), low density microsomes (LDM), high density microsomes
(HDM), and mitochondria/nuclei (M/N) fractions. The presence of Glut4,
Exo70, SNAP23, and Snapin in the different fractions was monitored by SDS-
PAGE (10 ug of total protein for Exo70, Snapin, SNAP23; 2 ug of total protein
for GLUT4) and Western blot. B, immunofluorescence localization of endog-
enous Snapin and lentivirus overexpressed Myc-Snapin. Differentiated
3T3-L1 adipocytes were labeled with antibodies to Snapin and Myc, and the
localization of the proteins was visualized by confocal microscopy. Snapin is
present on the plasma membrane and possibly vesicular structures and
the cytosol. Cells transduced with a control lentivirus showed no labeling.
Bar = 2 pm.

insulin, which results in the translocation of GLUT4 to the
plasma membrane (Fig. 54), did not affect the subcellular dis-
tribution of Snapin. As previously reported for the exocyst (9),
an enrichment of Exo70 in the plasma membrane fraction was
observed after insulin stimulation of 3T3-L1 adipocytes.

Snapin Modulates Insulin-stimulated GLUT4 Trafficking—
To explore a possible functional role for Snapin in insulin-reg-
ulated GLUT4 vesicle trafficking, we next studied the effect of
modulating Snapin expression on insulin action in adipocytes.
3T3-L1 adipocytes were infected with lentivirus expressing
full-length Myc-Snapin. Despite some variability in Snapin
expression between individual cells, immunofluorescence
microscopy revealed that >90% of the cells in the culture were
expressing Myc-Snapin. Moreover, immunoblotting revealed a
protein product of the expected size for Myc-Snapin in adipo-
cytes (data not shown). The localization of Myc-Snapin was
indistinguishable from the endogenous protein indicating that
the protein was not vastly overexpressed using this approach
(Fig. 5B). Cells overexpressing Myc-Snapin did not exhibit any
impairment in insulin-stimulated glucose transport (data not
shown). We also expressed a range of Snapin mutants in adipo-
cytes using this same approach, but again we were unable to
detect any impairment in insulin action (data not shown).

We next examined the effects of reduced Snapin expression
on insulin action using RNA interference. As shown in Fig. 64,
we identified four different siRNAs that efficiently reduced
Snapin protein levels when transfected either individually or as
a pool into either NIH3T3 or 3T3-L1 cells. The expression of
control proteins, either glyceraldehyde-3-phosphate dehydro-
genase or 14-3-3 was unaffected under these conditions. As
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FIGURE 6. Silencing of Snapin inhibits glucose uptake at submaximal
insulin stimulation of 3T3-L1 adipocytes. A, identification of effective
Snapin siRNAs. Snapin expression in NIH3T3 cells (lane 1) was monitored by
Western blot 48 h after transfection with several Snapin siRNAs. Lanes 2-5, 50
nM Snapin siRNA #1, #2, #3, or #4, respectively; lane 6, 12.5 nm of each of the
four siRNAs combined. All Snapin siRNAs, alone or in combination, efficiently
silenced Snapin without affecting, as a control, glyceraldehyde-3-phosphate
dehydrogenase expression levels. B, snapin siRNA inhibits 2-deoxyglucose
uptake at submaximal insulin stimulation. The Snapin siRNA pool was elec-
troporated into differentiated 3T3-L1 adipocytes, and 72 h later the cells were
treated or not with 1 nmor 100 nminsulin and 2-[*H]deoxyglucose uptake was
measured. Basal uptake was independent of insulin stimulation and unaf-
fected by siRNAs. Submaximal stimulation (1 nm insulin) increased 2-deoxy-
glucose uptake by ~2-fold, and this was significantly inhibited by the Snapin
siRNAs as compared with a control siRNA. The inhibitory effect was no longer
significant at maximal insulin stimulation (100 nm; n = 3); error bars, =S.E.
G, silencing of Snapin in differentiated 3T3-L1 adipocytes. In parallel to the
2-deoxyglucose uptake experiment, one set of cells treated with control or
Snapin siRNA was used to monitor Snapin expression by Western blot. In
differentiated adipocytes, Snapin was silenced to a similar extent asin NIH3T3
cells, but the specific siRNA did not affect expression of 14-3-3, which served
as a control.

shown in Fig. 6B, reduced Snapin expression had no effect on
2-deoxyglucose uptake in either the absence of insulin or in the
presence of a maximum dose of insulin. However, at submaxi-
mal concentrations of insulin, where we observed an ~2-fold
effect of insulin on 2-deoxyglucose uptake in control cells,
reduced Snapin expression resulted in a blunted response.
These observations implicate a role for Snapin in insulin-stim-
ulated glucose transport in adipocytes likely by modulating the
tethering or docking/fusion of GLUT4 containing vesicles with
the plasma membrane.

DISCUSSION

Snapin was originally identified in a human brain yeast two-
hybrid screen as an SNAP25 interacting protein (29). This ini-
tial study suggested Snapin was a neuronal-specific protein,
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because a Snapin-specific antibody was unable to detect Snapin
in other tissues. It was later demonstrated by Northern blotting
and subsequent Western blotting, that Snapin is ubiquitously
expressed and in fact also can bind the SNAP25 homologue
SNAP23 (22). However, the latter study did not address the
functional significance of the SNAP23 and Snapin interaction.

In the present studies, Snapin was identified in a yeast two-
hybrid screen as an Exo70-binding protein. Snapin was shown
to associate, through Exo070, with additional exocyst compo-
nents, suggesting that it interacts with the native exocyst complex.
Buxton and colleagues (22) have previously shown that Snapin can
also form a complex with SNAP23 and Syntaxin4 in vitro. This
finding is interesting, because Snapin may represent a prime can-
didate for mediating or regulating exocyst and SNARE complex
interactions. Because SNAP23 and Exo70 appear to bind Snapin in
the same C-terminal portion, it is interesting to speculate that
crosstalk between exocyst and SNARE complexes may be trans-
ferred by sequential binding to Snapin.

In vivo binding experiments demonstrated that the Snapin
interaction is mediated through the N-terminal 99 amino acids
of Exo070. The crystal structure of yeast Exo70p was recently
published (31), and sequence alignments suggest that the mam-
malian orthologues have similar structural domains. Exo70p
consists of multiple helical bundles, which are divided into
three domains to form an elongated structure. Interestingly, the
first 99 amino acids are predominantly surface-exposed resi-
dues, which is consistent with them contributing to a protein
interaction site. The N terminus of Exo70 also serves as the
binding site for TC10, and overexpression of the N terminus of
Ex070 (Ex070-N: amino acid 1-384) in 3T3-L1 adipocytes was
shown to inhibit fusion of GLUT4 vesicles with the plasma
membrane (9). The effect of this mutant is thought to be due to
competitive displacement of endogenous Exo70 for TC10 bind-
ing sites. Based on our findings, an alternative explanation is
that the Exo70-N mutant competes for binding of Snapin on the
plasma membrane.

Experiments in chromaffin cells suggest a positive regulatory
role for Snapin in exocytosis (30). This study showed that
Snapin is phosphorylated by protein kinase A, resulting in its
enhanced affinity for SNAP25 and an increased association of
synaptotagmin with SNARE complexes. Overexpression of a
phosphomimetic Snapin mutant resulted in increased exocyto-
sis of large dense core vesicles. Earlier studies demonstrated
that overexpression of the C terminus of Snapin or injection of
Snapin peptides corresponding to the SNAP25 binding site
have a slight inhibitory effect on synaptic transmission (29). In
this study, knockdown of Snapin caused a reduction in insulin-
stimulated glucose transport. This effect was only observed at
submaximal insulin concentrations likely, because the knock-
down of endogenous Snapin was incomplete. Snapin knockout
mice have recently been described (32), and consistent with our
findings, Snapin was shown to have a modulatory role in neu-
rosecretion, because the absence of Snapin resulted in signifi-
cantly reduced exocytosis in embryonic chromaffin cells. We
speculate that reduction of Snapin may impair the dialogue
between the exocyst and SNARE complex assembly.

We did not observe any consequence of over expression of
Snapin or C-terminal truncation mutants on insulin-stimu-
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lated glucose transport in adipocytes (data not shown). This
may denote that these proteins were not expressed at suffi-
ciently high levels to observe a phenotype. This interpretation is
consistent with a more recent publication re-investigating the
role of Snapin in neurosecretion (33). In contrast to the two
prior studies, Vites and co-authors were unable to observe
defects in synaptic transmission induced by Snapin mutant
overexpression. The overexpression studies performed in the
present studies, however, do not exclude a role for Snapin in
GLUT4 trafficking, because it cannot be confirmed that over-
expression of Snapin wt¢ and/or mutants would have a domi-
nant negative effect. The presence of the endogenous Snapin
may be sufficient to allow normal GLUT4-trafficking events.
Our data thus suggest that, although Snapin may not ultimately
be required, it plays a positive role, possibly by regulating the
fidelity of GLUT4 vesicle docking. Future work will elucidate
the precise mechanism of action of Snapin in targeting, dock-
ing, or fusion of GLUT4 vesicles and explore the physiological
role of Snapin in glucose homeostasis.

The present studies have thus identified a novel interac-
tion of Snapin with the exocyst and a novel modulatory role
for Snapin in insulin-stimulated GLUT4 vesicle transport in
adipocytes.
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