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Cab45b is a cytosolic Ca2�-binding protein reported to regu-
late zymogen secretion in pancreatic acini. We now show that
Cab45b is also expressed in pancreatic islet�-cells and interacts
there with the Sec1-Munc18 protein Munc18b. We employed
patch clamp cell capacitance measurements to show that anti-
bodies against Cab45b inhibited depolarization-evoked mem-
brane capacitance increments, suggesting an impact on �-cell
granule exocytosis, both the readily releasable granule pool and
refilling of this pool. Site-specific mutants in the Cab45b EF-
hands were used to dissect the molecular interactions involved
inCab45b function.Mutants in EF-hands 2 and 3 had no detect-
able effects on interaction of Cab45bwithMunc18b and did not
affect the depolarization-evoked calcium currents, but remark-
ably, they facilitated the complex formation of Munc18b with
syntaxin-2 and -3. As a result, these twoEF-handmutants inhib-
ited�-cellmembrane capacitance increments. This inhibition is
mediated via Munc18b because Munc18b silencing with small
interfering RNA abolished the effects of these twomutants. The
results suggest a mechanism for Cab45b action that involves
regulating the dynamic association ofMunc18bwith SNAREs to
impact �-cell granule exocytosis.

It is well established that the soluble N-ethylmaleimide-sen-
sitive factor attachment protein receptor (SNARE)2 proteins
form the coremachinery responsible for the fusion of transport
vesicles, including secretory granules, with their target mem-
branes. A number of accessory factors regulate SNARE func-
tion in membrane fusion (1). The Sec1-Munc18 (SM) proteins
constitute a family of central SNARE regulators that bind syn-
taxins to influence secretory vesicle docking and fusion directly
(2, 3). In mammals, there are seven SM proteins, of which the
Munc18 isoforms a, b, and c are involved in exocytosis at the
plasma membrane (4, 5). The Munc18 proteins were initially
proposed to function as negative regulators of membrane
fusion by inhibiting the assembly of trans-SNARE complexes.

However, recent studies suggest that theMunc18 proteins reg-
ulate the transition of syntaxin from closed to open conforma-
tion, thereby facilitating SNARE complex assembly (6, 7).
Anumber of non-syntaxin-binding partners of the SMproteins

have been identified and are suggested to modulate the SM pro-
tein-syntaxin interactions (8–11). Recently, we reported a novel
SM-binding protein, a cytosolic splice variant of the EF-hand
Ca2�-binding protein Cab45 (designated Cab45b) expressed in
pancreatic acini. Cab45b binds to Munc18b in complex with
syntaxin-2 (Syn-2) and -3 (Syn-3) and directly influences amy-
lase release from acini (12). Munc18b is thought to control
secretory functions in non-neuronal cells, such as epithelial
cells (13–15), pancreatic acinar cells (12), mast cells (16), and
kidneymedullary cells (17), whereas no function in neuronal or
neuroendocrine cells has been assigned to this protein. In this
study, we demonstrate that Cab45b is expressed in the neu-
roendocrine pancreatic islet �-cells and is associated with
Munc18b-Syn-2 and Munc18b-Syn-3 complexes. Using cell
membrane capacitance measurement, a well established
technique for monitoring exocytosis in neurons and neu-
roendocrine cells (18, 19), we further dissect the functional
domains within Cab45b (EF-hands 2 and 3) that impact the
association of Munc18b with syntaxins to influence insulin
granule exocytosis.

EXPERIMENTAL PROCEDURES

Expression Plasmids and Recombinant GST Fusion Proteins—
The constructs pGEX1�T-Cab45b-WT, -mEF1 (mutant EF-
hand 1, E25Q), -mEF2 (E70Q), and -mEF3 (E106Q) were gen-
erated aswe reported previously (12). GST fusion proteinswere
expressed in Escherichia coli and purified on glutathione-
Sepharose following the manufacturer’s instructions (Amer-
sham Biosciences).
Islet Isolation and Cell Culture—Rat islets were isolated by

collagenase digestion frommale Sprague-Dawley rats weighing
250–350 g and separated by density gradient centrifugation, as
described previously (20). Animal procedures were performed
in accordance with the University of Toronto Animal Care
Committee ethical guidelines. To obtain single islet cells, the in-
tact rat islets were dispersed in dispase II solution (Roche
Applied Science) at 37 °C for 5 min, and the single cells were
placed on glass coverslips. The dispersed islet cells were cul-
tured in RPMI 1640 medium containing 11.1 mM glucose sup-
plemented with 10% fetal bovine serum, 10 mM HEPES, 100
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units/ml penicillin, and 100 �g/ml streptomycin for 24–72 h
before experiments.
Confocal ImmunofluorescenceMicroscopy—Dispersed single

islet cells were costained for Cab45b and either insulin or glu-
cagon, and some islet cells were costained for insulin and
Munc18b. Briefly, cells were placed on glass coverslips, fixed
with 2% paraformaldehyde, and rinsed in phosphate-buffered
saline for 5 min. The cells were then treated with 0.1% Triton
X-100 in phosphate-buffered saline for 15 min, washed, and
then treated with 10% normal goat serum in phosphate-buff-
ered saline for 1 h at 25 °C. After the wash, the cells were incu-
bated with two of the following primary antibodies: rabbit anti-
Cab45b (1:100; prepared in the Olkkonen laboratory), guinea
pig anti-insulin (1:200; Sigma), mouse anti-glucagon (1:200;
Sigma), and rabbit anti-Munc18b (1:100; prepared in the
Olkkonen laboratory) for 1 h at the indicated dilution, followed
by the appropriate fluorescein isothiocyanate- or Texas Red-
conjugated secondary antiserum (1 h at 25 °C). The specimens
weremounted in glycerol and examined using an LSM510 laser
scanning confocal imaging system (Carl Zeiss, Oberkochen,
Germany).
Electrophysiology—Cells were patch-clamped in conven-

tional whole-cell configuration at 33–34 °C. Islet �-cells were
identified by cell size (�4 pF) and by their Na� current inacti-
vation properties as described previously (21). Experiments
were performed using an EPC-9 amplifier and PULSE software
from HEKA Electronik (Lambrecht, Germany) as we have
described (22). Patch pipettes had typical resistances of 3–6
megaohms when fire-polished and filled with an intracellular
solution containing 120mMCsCl, 20mM tetraethylammonium
chloride, 1 mM MgCl2, 0.05 mM EGTA, 10 mM HEPES, 0.1 mM

cAMP, and 5 mM MgATP, pH 7.3, with CsOH. The indicated
antibodies or recombinant fusion proteins were added to the
intracellular solution before experiments. Afterwhole-cell con-
figuration was established, the intracellular solution was dia-
lyzed into the cell via patch pipette for 1 min, and then the cell
membrane capacitance (Cm) or Ca2� currents were measured.
Extracellular solutions for capacitance measurements con-
tained 118mMNaCl, 20mM tetraethylammonium chloride, 2.6
mMCaCl2, 5 mMHEPES, 5.6 mMKCl, 1.2 mMMgCl2, and 3mM

glucose, pH 7.4, with NaOH. In the recordings of depolariza-
tion-evoked Ca2� currents, the following extracellular solution
was used: 100 mMNaCl, 20 mM tetraethylammonium chloride,
20mM BaCl2, 5 mMHEPES, 4mMCsCl, 1 mMMgCl2, and 3mM

glucose, pH 7.4, with NaOH. Here, we employed Ba2� to
replace Ca2� as the charge carrier to amplify Ca2� current
responses during the depolarization stimulus.
In Vitro Binding Assay andWestern Blotting—Rat islets were

lysed by sonication in binding buffer (25 mM HEPES, pH 7.5,
100 mM KCl, 1.5% Triton X-100, 2 �M pepstatin A, 1 �g/ml
leupeptin, and 10 �g/ml aprotinin), and insoluble material was
removed by centrifugation at 55,000 � g at 4 °C for 40 min. For
binding assay, the detergent extract (0.5 ml, 2.0 �g/�l protein)
of rat islets was incubated with GST (as a negative control),
GST-Cab45b-WT, -mEF1, -mEF2, or -mEF3 (bound to gluta-
thione-agarose, 400 pmol of protein each) at 4 °C for 2 h. The
samples were then washed three times with washing buffer (20
mM HEPES, pH 7.4, 150 mM KoAc, 1 mM EDTA, 5% glycerol,

and 0.1% Triton X-100), separated on 12% SDS-PAGE, and
transferred to nitrocellulose membrane. The precipitated and
separated proteins were identified with specific antibodies,
including mouse anti-Munc18a (1:1000; Transduction Labora-
tories, Lexington, KY), rabbit anti-Munc18b (1:500) (13, 14),
rabbit anti-Munc18c (1:800; a gift from Y. Tamori, Kobe Uni-
versity, Kobe, Japan), mouse monoclonal anti-Syn-1A (1:1000;

FIGURE 1. Structure of Cab45b. Cab45b consists of 130 amino acid residues
and three EF-hand motifs (EF1, Asp14–Glu25; EF2, Asp58–Glu70; and EF3,
Asp95–Glu106). Numbers indicate amino acid positions. Point mutations in the
EF-hands are indicated with asterisks.

FIGURE 2. Cab45b is present in rat pancreatic islet cells. Ai, representative
confocal micrographs of dispersed rat islet cells were costained for insulin
and Cab45b. Note that a non-insulin-staining cell is also positive for Cab45b.
DIC, differential interference contrast. Aii, the high-power magnification of Ai
shows the localization of insulin and Cab45b in rat �-cells. B, representative
confocal images show the distribution of insulin and Munc18b in rat �-cells.
C, a representative confocal image shows that Cab45b is present in islet
�-cells identified by staining for glucagon. Arrows indicate the granules. Scale
bars, 5 �m. The images shown represent three independent experiments for
each of the coimmunostainings.
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Sigma), rabbit anti-Syn-2 and -Syn-3 (affinity-purified) and
anti-Syn-4 (1:1000; Synaptic System, Goettingen, Germany), or
mouse soluble SNAP-25 (1:1000; Sternberger Monoclonals,
Baltimore, MD). To examine whether Cab45b-mEF3 is able to
bind directly to Munc18b but not Syn-3, HEK293 cells were
infected with Ad-Munc18b, and BHK-21 cells were transfected
with pcDNA3-Syn-3. GST-Cab45b-mEF1 (as negative control)
and -mEF3 (400 or 800 pmol of protein) were used to precipi-
tateMunc18b and Syn-3 fromMunc18b- and Syn-3-expressing
cell lysate extracts (650 �g of protein), respectively.
Small Interfering RNA (siRNA) Transfection—siRNAs were

purchased from Invitrogen. The sequences of siRNA against
Munc18b are as follows: sense, 5�-GCC CUG AUU GCG GAC
UUCCAGGGAA-3�; and antisense, 5�-UUCCCUGGAAGU
CCG CAA UCA GGG C-3�. For the negative control, scram-
bled siRNA (sense, 5�-CGG UUU GGG UGU GCA GUA CAA
ACAG-3�; and antisense, 5�-CUGUUUGUACUGCACACC
CAAACCG-3�) was used. INS-1E cells (gift fromC.Wollheim)
were used for siRNA (25 nM) transfection using Lipofectamine
RNAiMAX (Invitrogen). A transfection efficiency of 85–90%
was observed at 48 h, and then the cells were patch-clamped for
capacitance measurements.
Statistical Analysis—All data are presented as means � S.E.

Statistical analysis was done by Student’s t test, and significance
was assumed at p� 0.05 by using the software SigmaPlot (Sigma-
Plot 2001, SPSS Science). Patch clamp data were analyzed

with IGOR Pro 3.12 software
(Wavemetrics, Lake Oswego, OR).
The integrated Ca2� currents dur-
ing the depolarizations were deter-
mined by the software PULSEFIT
(HEKA Electronik).

RESULTS

Cab45b Is Present in Neuroendo-
crinePancreatic Islet�-and�-Cells—
Cab45 is a 42-kDa EF-hand Ca2�-
binding protein that localizes to the
Golgi lumen (23, 24). The recently
discovered short splice variant
Cab45b (15 kDa) consists of 130
amino acid residues and three EF-
hand motifs (Fig. 1) (12). Confocal
immunofluorescence microscopy
analysis of rat islet cells using an
affinity-purified anti-Cab45b anti-
body revealed strong staining of the
�-cells identified by costaining
for insulin (Fig. 2Ai). The Cab45b
fluorescence showed in part an
even, cytosolic-appearing distribu-
tion, but more intense fluorescence
was observed in the peripheral
region in proximity of the plasma
membrane, where also most of the
insulin-positive granules are local-
ized (Fig. 2Aii). In this region, the
Cab45b and insulin signals colocal-

ized substantially. In the �-cells, Munc18b displayed a promi-
nent insulin granule localization (Fig. 2B), consistent with the
notion that it may recruit part of the Cab45b on granule mem-
branes. Cab45b was also detected in the islet �-cells identified
by staining for glucagon (Fig. 2C). In these cells, Cab45b was
distributed between a cytosolic-appearing pattern and localiza-
tion on the surface of glucagon granules.
Cab45b Controls Granule Exocytosis in Rat Pancreatic

�-Cells—To address the functional role of endogenous Cab45b
in �-cells, we employed patch clamp cell capacitance measure-
ments as a surrogate marker for �-cell exocytosis. Experiments
were conducted in the presence of nonimmune rabbit IgG (100
�g/ml) as a negative control or affinity-purified antibodies
against Cab45b (100 �g/ml). We observed that the depolariza-
tion-evoked capacitance change (�Cm) was severely reduced in
cells treated with anti-Cab45b compared with the IgG control
(Fig. 3A). The total membrane�Cm in IgG-treated control cells
was 91 � 15 fF/pF (Fig. 3, B and C) in response to a train of 10
depolarizations (pulse1–10). Under the same conditions, cells
treated with anti-Cab45b demonstrated markedly weaker
capacitance responses (36 � 9 fF/pF, p � 0.01 versus control)
(Fig. 3, B and C, pulse1–10). These data suggest that Cab45b
plays an important role in regulating �-cell exocytosis. The
�Cm elicited by the first two depolarizations is thought to
approximate the capacity of the readily releasable granule pool
(RRP), whereas �Cm evoked by the subsequent depolarizations

FIGURE 3. Anti-Cab45b antibodies inhibit exocytosis in rat pancreatic islet �-cells. A train of ten 500-ms
depolarizations from �70 to 0 mV was applied to rat �-cells, and �Cm values were measured. �Cm density (in
femtofarads/picofarads) is the capacitance change normalized for cell size. A, representative capacitance
traces recorded from �-cells treated with control IgG (100 �g/ml) or anti-Cab45b (100 �g/ml). The inset shows
the electrical depolarization protocol. B, summary of the cumulative increases in cell capacitance for each
depolarizing pulse. C, summary of �Cm evoked by the first 2 pulses (pulse1–2), the last 8 pulses (pulse3–10), and
all of the 10 depolarization pulses (pulse1–10). The data shown represent the mean � S.E. from three independ-
ent experiments; each experiment included two to three cells for each group (total n 	 seven cells for IgG
control, n 	 eight cells for anti-Cab45b group).*, p � 0.05; **, p � 0.01, compared with the IgG control.
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estimates the refilling of the RRP by mobilization of new gran-
ules from the reserve pool (18, 19, 22, 25). Close inspection of
the capacitance changes in this study revealed that the �Cm
elicited by the first two depolarizations (pulse1–2) in the cells
treated with anti-Cab45b was 14 � 4 fF/pF, markedly smaller
than that in control cells (38 � 10 fF/pF; p � 0.05) (Fig. 3C). A
similar trend in the �Cm elicited by the last eight depolariza-
tions (pulse3–10) was observed (53� 10 fF/pF for control versus
22 � 6 fF/pF for Cab45b; p � 0.05) (Fig. 3C). These results
suggest that Cab45b may regulate both the �-cell RRP size and
the refilling process of the RRP.
Structural Determinants in Cab45b That Impact Munc18b-

Syntaxin Complex Formation—To identify structural determi-
nants in Cab45b that might impact granule exocytosis in rat
islet �-cells, we examined in patch clamp experiments the
actions of full-length WT Cab45b and point mutations that
inactivate each of the EF-hand domains, EF-hands 1 (E25Q,
denoted mEF1), 2 (E70Q, denoted mEF2), and 3 (E106Q,
denoted mEF3). We first examined the ability of each of these
Cab45b proteins to associate with Munc18 and islet SNARE
proteins. GST (as negative control) and GST-Cab45b-WT,
-mEF1, -mEF2, and -mEF3 were used to pull down the proteins
of interest in rat islet lysates, and the proteins associated with
Cab45b were identified with specific antibodies. Cab45b-WT,
-mEF1, -mEF2, and -mEF3 proteins were equally capable of
pulling downMunc18b (Fig. 4Ai), indicating that the inactivat-
ing mutations within the EF domains did not block Cab45b
binding to Munc18b. The Cab45b proteins did not pull down
Munc18a or Munc18c (data not shown), supporting the view
that Cab45b interacts specifically with the Munc18b isoform
(12). Syn-4, which would have bound Munc18c (26), was like-
wise not coprecipitated. We then examined the syntaxins
coprecipitated with the Munc18b-Cab45b complex. Cab45b-
WT, -mEF1, -mEF2, and -mEF3 proteins were equally capable
of pulling down Syn-1A (Fig. 4Ai) in pancreatic�-cells, indicat-
ing that the inactivating mutations within the EF domains did
not interfere with the interaction of Syn-1A with Munc18b.
Munc18b had previously been shown also to bind Syn-1A (27).
However, Munc18b in complex with GST-Cab45b-mEF2 or
-mEF3, but not GST-Cab45b-WT or -mEF1, pulled down
Syn-2 and Syn-3, but not Syn-4 (Fig. 4Ai). The results suggest
that Cab45b regulates the association of Munc18b with Syn-2
and Syn-3, thus controlling the participation of these syntaxins
in SNARE complex assembly required for exocytosis. Of note,
Cab45b-mEF3 in association with Munc18b formed a particu-
larly abundant complex with Syn-3 and, to a lesser extent, also
with Syn-2. In accordance with our previous observations (12),
GST-Cab45b-mEF3 failed to pull down Syn-3 overexpressed in
BHK-21 cells (Fig. 4B), a cell line that does not express
Munc18b, but would pull down Munc18b overexpressed in
HEK293 cells. Thus, there is no direct interaction between
Cab45b and syntaxins. Therefore, these results suggest that
Cab45b, particularly its EF3 domain, has a distinct function in
regulating the interaction of Munc18b with Syn-2 and Syn-3.
Distortion of the EF-hands 2 and 3 apparently facilitates the
complex formation of the SMproteinwith Syn-2 and Syn-3 and
could consequently influence SNARE complex assembly.
Indeed, SNAP-25 was not pulled down by these GST-Cab45b

FIGURE 4. Structural determinants in Cab45b that impact pancreatic islet
Munc18b-syntaxin complexes. Ai, in vitro binding assay with immobilized
GST-Cab45b fusion proteins and Western blotting were performed as
described under ”Experimental Procedures.“ GST (negative control), GST-
Cab45b-WT, or the EF-hand mutant proteins (GST-Cab45b-mEF1, -mEF2, and
-mEF3) were used to perform pulldown from rat islet lysates (1000 �g of total
protein), and the precipitates were Western-blotted with the indicated anti-
bodies. Blots shown are representative of four separate experiments. Rat islet
(15 �g of total protein) and rat acini (36 �g) are shown for a comparison.
Aii, Ponceau S staining of the blot demonstrates the equal loading of the GST
fusion proteins. B, both GST-Cab45b-mEF1 and -mEF3 are able to pull down
Munc18b but not Syn-3 directly. HEK293 cells were infected with
Ad-Munc18b, and BHK-21 cells were transfected with pBK-CMV-Syn-3. GST-
Cab45b-mEF1 (as a negative control) and -mEF3 (400 or 800 pmol of protein,
as indicated) were used to precipitate Munc18b and Syn-3 from Munc18b-
and Syn-3-expressing cell lysate extracts (input, 650 �g of total protein),
respectively. The total cell lysate extracts (25 �g of protein) are shown for a
comparison.
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complexes (data not shown), indicating that Syn-2 and Syn-3
bound to the Munc18b-Cab45b complexes are unable to form
complexes with cognate SNARE partners such as SNAP-25.
Functional Domains within Cab45b Are Essential for Regu-

lating Granule Exocytosis of Rat Pancreatic �-Cells—To exam-
ine whether these Cab45b structural requirements for binding
Munc18b-syntaxin complexes are of functional significance,
we performed capacitance measurements on rat islet �-cells
dialyzed with each of the Cab45b-WT and -mEF proteins.
Remarkably, the Cab45b-mEF2 and -mEF3 fusion proteins
resulted in suppression of total �Cm (pulse1–10) in �-cells (p �
0.01 versus GST control). Further analysis of the �Cm induced
by the first two (pulse1–2) or last eight (pulse3–10) depolariza-
tions revealed that both mEF2 and mEF3 profoundly inhibited
the size of RRP and the refilling process of RRP, respectively
(Fig. 5). In contrast, neither mEF1 nor Cab45b-WT caused any
change of �Cm compared with the GST control (Fig. 5), indi-
cating that a cellular excess of functionally normal Cab45b does
not interfere with granule exocytosis.
Munc18b Is Essential in Mediating the Effects of Cab45b on

Exocytosis—To confirm that Cab45b through its EF domains
regulated exocytosis specifically by its actions on Munc18b,

siRNA against Munc18b was employed on INS-1E cells to
knock down the expression of endogenous Munc18b, and
capacitance measurements were performed 48–72 h after
transfection. The results showed that Munc18b siRNA
greatly suppressed the endogenous level of Munc18b (Fig.
6A) and decreased the total �Cm compared with a scrambled
control siRNA (Fig. 6, B and C). Of note, in the cells trans-
fected with Munc18b siRNA, no differences were observed
in total �Cm among groups treated with GST, Cab45b-WT,
and Cab45b-mEF proteins (Fig. 6, B and C). These results
indicate that genetic suppression of Munc18b abolishes the
effects of Cab45b-mEF2 and -mEF3 on the capacitance
changes, a surrogate marker for exocytosis. These results
support our in vitro binding data and suggest that associa-
tion with Munc18b is required for the interference of exocy-
tosis by Cab45b-mEF2 and -mEF3.
Cab45b and Its Mutants Do Not Affect Depolarization-

evoked Ca2� Currents—Because �Cm is triggered by depolar-
ization-evoked Ca2� influx, we determined whether the
Cab45b-WT or -mEF proteins might influence Ca2� cur-
rents during the depolarization stimulus. As shown in Fig. 7,
there were no significant differences in the integrated Ca2�

FIGURE 5. Inactivation of Cab45b EF-hand 2 or -3 inhibits exocytosis in rat pancreatic �-cells. The same stimuli as described in Fig. 3 were applied to rat
�-cells to measure �Cm. A, representative capacitance traces recorded from the �-cells. Equal concentrations (1 �M) of GST (negative control), GST-Cab45b-WT,
or mutant proteins (Cab45b-mEF1, -mEF2, and -mEF3) were dialyzed into the cells for 1 min, and the �Cm was measured. B, summary of cumulative increases
in cell capacitance for each depolarizing pulse. C, summary of �Cm evoked by the first 2 pulses (pulse1–2), the last 8 pulses (pulse3–10), or all 10 of the
depolarization pulses (pulse1–10). The data shown represent mean � S.E. from four independent experiments; each experiment included 2–3 cells for each
group (total n 	 11 cells for GST control, n 	 8 cells for Cab45b-WT, n 	 11 cells for Cab45b-mEF1, n 	 8 cells for Cab45b-mEF2, n 	 10 cells for Cab45b-mEF3).
*, p � 0.05; **, p � 0.01, compared with the GST control.
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currents among groups treated with GST, Cab45b-WT, or
Cab45b-mEF, indicating that the effects of Cab45b-mEF2
and -mEF3 on membrane capacitance changes were not
caused by a change of Ca2� influx but by the exocytotic
machinery per se.

DISCUSSION

The present immunofluorescence analysis identified Cab45b
in rat pancreatic islets, in both �- and �-cells. In �-cells,

Cab45b, which is intrinsically cytosolic, was found concentrat-
ing in regions where the insulin granules are located. Further-
more,Munc18bwas found prominently localized on the insulin
granules. We have in this and a previous study (12) shown by
GST pulldown and coimmunoprecipitation that Cab45b and
Munc18b are physically associated in same protein complexes.
Moreover, our findings using the yeast two-hybrid system (12)
suggest a direct interaction of the two proteins. We therefore
find it likely that Munc18b may interact with Cab45b on the

FIGURE 6. siRNA suppression of endogenous Munc18b levels in INS-1E cells abolishes the effects of Cab45b-mEF2 and -mEF3 on exocytosis.
A, Western blot showing the effect of siRNA on Munc18b protein levels in INS-1E cells after a 48-h transfection with a scrambled siRNA or siRNA directed
against Munc18b. Antibody against �-actin was used to verify equal loading of the lanes. B, representative capacitance traces recorded from INS-1E cells
transfected with a scrambled siRNA (Bi) or Munc18b-siRNA (Bii–Bvi). Equal concentrations (1 �M) of GST, GST-Cab45b-WT, or mutant proteins (Cab45b-
mEF1, -mEF2, and -mEF3) were dialyzed into the cells for 1 min, and the �Cm was measured. C, summary of total �Cm evoked by the 10 depolarization
pulses (pulse1–10). The data shown represent the mean � S.E. from four independent experiments; each experiment included 2–3 cells for each group
(total n 	 9 cells for all groups except n 	 11 for Cab45b-mEF3). **, p � 0.01, compared with the GST treatment from cells transfected with scrambled
siRNA.
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surface of insulin granules. In this way, Cab45b is in a position
to regulate the association ofMunc18bwith its cognate SNARE
partners instrumental inmembrane fusion in�-cells. The pres-
ent data suggest that the actions of Cab45b profoundly influ-
ence the kinetics of insulin granule mobilization, priming, and
release in pancreatic islet �-cells. Cab45b is capable of binding
Munc18b but does not directly interact with syntaxins. Our
results suggest that Cab45b regulates the association of
Munc18b with Syn-2 and Syn-3, thus controlling the participa-
tion of these syntaxins in SNARE complex assembly required
for exocytosis, which we measured using �Cm as a surrogate
marker. This interpretation is supported by the fact that the
Cab45b-mEF proteins inhibited capacitance increments but
had no detectable effect on Ca2� currents during depolariza-
tion stimulus.
We were able to pull down Syn-2 and Syn-3 only with the

Cab45b-mEF2 and -mEF3 proteins and not with Cab45b-WT,
suggesting that Munc18b complexes with syntaxins are of low
abundance or unstable under steady-state conditions in the rat
pancreatic islet, and the EF2 and -3 mutants most likely have a

dominant interfering activity, possibly by causing sequestration
of syntaxins in abnormally stable complexes with Munc18b.
However, Munc18b-Cab45b-syntaxin complexes were readily
coimmunoprecipitated from pancreatic acini (12), most likely
reflecting a higher abundance or stability of such complexes in
the acinar cells.
In neurons and neuroendocrine cells, research on exocytosis

has focused mainly on the actions of Munc18a and Syn-1A (3,
28, 29). In fact, a recent report on a Syn-1A-deleted mutant
showed reduction of docked insulin granules contributing to
loss of glucose-stimulated first-phase insulin release (30).
There is also evidence for the function ofMunc18c and its cog-
nate Q-SNARE partner Syn-4 in pancreatic �-cell insulin gran-
ule exocytosis (9, 10, 31, 32) contributing to second-phase insu-
lin secretion (33, 34). Munc18b and its cognate Syn-2 and
Syn-3, although present in neuroendocrine cells, have not been
attributed a significant secretory role in these cells. In non-
neuronal cells, Munc18b and its cognate SNAREs mediate not
only fusion of secretory vesicles with the plasmamembrane (14,
15, 17, 35), but also vesicle-vesicle fusion (16, 35, 36). Impor-
tantly, limited sequential vesicle-vesicle fusion also occurs in
pancreatic islet �-cells (20, 37), and one can envision that
Munc18b with its cognate syntaxin partners may play a role in
such compound fusion events.
Cab45b or similar Cab45 variants present in neuroendocrine

cells could facilitate the conversion of closed conformation
Syn-2 and Syn-3 complexed withMunc18b to the open confor-
mation capable of SNARE complex assembly required to influ-
ence their exocytotic functions. The secretory actions of
Munc18b and its syntaxin partners may thus be enabled by
Cab45b in both non-neuronal secretory (pancreatic acini (12)
and neuroendocrine pancreatic islet �-cells. The role of Ca2�

binding by Cab45b is thus far unclear. It is obvious from previ-
ous work that Ca2� is not required for the Munc18b-Cab45b
interaction (12). Furthermore, even though the present study
shows that mutating Cab45b EF-hands 2 and 3, which are
important for calcium binding, does not inhibit the Munc18b-
Cab45b interaction, it demonstrates the functional importance
of the Ca2�-binding EF-hands 2 and 3. We find it likely that
these structural motifs, the conformation of which is putatively
affected by bound Ca2� ions, play a distinct role in controlling
the interaction ofMunc18bwith syntaxins. This hypothesiswill
be addressed in detail in future studies.
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