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Background: A potential GTPase-activating protein (GAP) regulates the activity of Rab27B in pancreatic acinar cells.
Results:Overexpression of EPI64B specifically decreases the level of active Rab27B and enhances secretion.
Conclusion: EPI64B acts as a Rab27B GAP in pancreatic acinar cells and regulates secretion.
Significance: Deciphering functions of EPI64B can deepen our understanding in how Rab27B is regulated.

The small GTPase Rab27B localizes to the zymogen granule
membranes and plays an important role in regulating protein
secretion by pancreatic acinar cells, as does Rab3D. A common
guanine nucleotide exchange factor (GEF) for Rab3 and Rab27
has been reported; however, the GTPase-activating protein
(GAP) specific for Rab27B has not been identified. In this study,
the expression in mouse pancreatic acini of two candidate
Tre-2/Bub2/Cdc16 (TBC) domain-containing proteins, EPI64
(TBC1D10A) andEPI64B (TBC1D10B), was first demonstrated.
Their GAP activity on digestive enzyme secretionwas examined
by adenovirus-mediated overexpression of EPI64 andEPI64B in
isolated pancreatic acini. EPI64B almost completely abolished
theGTP-bound formof Rab27B,without affectingGTP-Rab3D.
Overexpression of EPI64B also enhanced amylase release. This
enhanced release was independent of Rab27A, but dependent
on Rab27B, as shown using acini from genetically modified
mice. EPI64 had amild effect on bothGTP-Rab27B and amylase
release. Co-overexpression of EPI64B with Rab27B can reverse
the inhibitory effect of Rab27B on amylase release. Mutations
that block the GAP activity decreased the inhibitory effect of
EPI64B on the GTP-bound state of Rab27B and abolished the
enhancing effect of EPI64B on the amylase release. These data
suggest that EPI64B can serve as a potential physiological GAP
for Rab27B and thereby participate in the regulation of exocy-
tosis in pancreatic acinar cells.

Pancreatic acinar cells produce a wide array of digestive
enzymes, of which the most abundant is amylase. Digestive
enzymes are stored in a specialized organelle, the zymogen
granule. Stimulation of acinar cells by secretagogues triggers

transport of zymogen granules to the plasmamembrane, fusion
of zymogen granule membrane with the apical membrane, and
the subsequent release of digestive enzymes (1, 2). A number of
Rab proteins have been identified in pancreatic acinar cells and
play important roles in intracellular membrane trafficking (3).
Rab proteins form the largest group of Ras-related small
GTPase superfamily and cycle between active GTP-bound and
inactive GDP-bound conformations. In the GTP-bound state,
Rabs can bind to a variety of downstream effector proteins and
perform specific functions related to vesicular transport. This
cyclic process is mediated by guanine nucleotide exchange fac-
tors (GEFs),4 which activate the Rabs by catalyzing the
exchange of GDP to GTP binding of G protein, and GTPase-
activating proteins (GAPs), which can induce the GTP hydrol-
ysis by facilitating the intrinsic GTPase activity and thereby
turn off signaling (4, 5). In our previous studies, Rab27B, in
addition to Rab3D, was shown to be associated with the zymo-
gen granulemembrane and play an important role in regulating
exocytosis in pancreatic acinar cells (6, 7). Rab27B was origi-
nally purified and characterized as a GTP-binding protein in
human platelets (8) and then identified as a Rab27 isoform in
humanmelanocytes (9). The other Rab27 isoform, Rab27A, is a
key regulator in dense core granule secretion, andmutations in
the Rab27A gene cause defects in granule exocytosis in cyto-
toxic T lymphocytes and melanocytes in hemophagocytic syn-
drome (Griscelli syndrome) (10) and in ashen mice (11).
Rab27B was found to be expressed in a wide range of exocytic
tissues and localized to secretory granules in the cell periphery
close to the plasma membrane (12). A number of studies have
demonstrated that Rab27B plays a critical role in the secretion
in melanocytes (13, 14), platelets (15), urothelial umbrella cells
(16), mast cells (17), pituitary endocrine cells (18), parietal cells
(19), neutrophils (20), parotid (21, 22) and lacrimal (23) acinar
cells. In addition, together with Rab27A, Rab27B was shown to
control different steps of the exosome secretion pathway (24).
The regulation of Rab27 activity has been studied by several

laboratories. Rab3GEP/MADD was shown to be a nonredun-

* This work was supported, in whole or in part, by National Institutes of Health
Grant R37DK041122 (to J. A. W.).

1 To whom correspondence may be addressed: Dept. of Molecular and Inte-
grative Physiology, The University of Michigan, 1301 E. Catherine St., 7703
Medical Sciences Bldg. II, Ann Arbor, MI 48109. Tel.: 734-764-9456; Fax:
734-936-8813; E-mail: ynhou@umich.edu.

2 Present address: 540 East Canfield, 5215 Scott Hall, Detroit, MI 48201. Tel.:
313-577-6058; E-mail: xchen@med.wayne.edu.

3 To whom correspondence may be addressed: Dept. of Molecular and Inte-
grative Physiology, The University of Michigan, 1301 E. Catherine St., 7703
Medical Sciences Bldg. II, Ann Arbor, MI 48109. Tel.: 734-647-2886; Fax:
734-936-8813; E-mail: jawillms@umich.edu.

4 The abbreviations used are: GEF, guanine nucleotide exchange factor; CCK,
cholecystokinin; GAP, GTPase-activating protein; GTP�S, guanosine 5�-3-
O-(thio)triphosphate; Rim, Rab3-interacting molecule; SHD, synaptotag-
min-like protein (Slp) homology domain; TBC, Tre-2/Bub2/Cdc16.

THE JOURNAL OF BIOLOGICAL CHEMISTRY VOL. 288, NO. 27, pp. 19548 –19557, July 5, 2013
© 2013 by The American Society for Biochemistry and Molecular Biology, Inc. Published in the U.S.A.

19548 JOURNAL OF BIOLOGICAL CHEMISTRY VOLUME 288 • NUMBER 27 • JULY 5, 2013



dant GEF for Rab27A activation inmelanocytes (25) as well as a
GEF for all four Rab3 isoforms (26). The Tre-2/Bub2/Cdc16
(TBC) domain has been a hallmark for Rab GAPs (27). Two
TBC proteins, EPI64/TBC1D10A and EPI64B/TBC1D10B/
FLJ13130, have been identified as GAPs for Rab27A inmelano-
cytes (28). The third member of EPI64 subfamily is EPI64C/
TBC1D10C/mFLJ00332, which together with EPI64 and
EPI64B was proved to function as a GAP for Rab35 (29, 30).
EPI64C shows lower similarity to EPI64 and EPI64B in the
amino acid sequence (28). Therefore, we hypothesized that
EPI64 subfamily protein(s) would possess potential Rab27B-
GAP activity in pancreatic acinar cells.
In the present study, we report the identification of EPI64B as

a GAP for Rab27B in mouse pancreatic acinar cells. Overex-
pression of EPI64B in isolatedmouse acini specifically inhibited
the activation of exogenous and endogenous Rab27B, but not
Rab3D or other closely related small G proteins involved in
secretion. CCK- and carbachol-stimulated amylase release
were enhanced by EPI64B overexpression, and this effect was
dependent on Rab27B but independent of Rab27A. EPI64B can
reverse the effect of Rab27B in CCK-stimulated amylase
release. The Rab27B-GAP activity and secretion-enhancing
effect of EPI64 were dependent on the TBC domain. These
findings indicate that EPI64Bplays a role in regulating secretion
in pancreatic acinar cells and that Rab27B turnover plays an
important role in acinar cell secretion.

EXPERIMENTAL PROCEDURES

Materials—AnRNeasyMiniKitwas purchased fromQiagen.
The plasmid expressing GST (glutathione S-transferase)-Rim
(Rab3-interacting molecule) (amino acids 1–399) fusion pro-
tein was obtained from Dr. Ronald W. Holz (University of
Michigan). The plasmid encoding GST-SHD (synaptotagmin-
like protein (Slp) homology domain) fusion protein was pro-
vided by Dr. Hisanori Horiuchi (8). Glutathione-Sepharose 4B
beads were purchased from GE Healthcare. Rabbit polyclonal
anti-Rab27B antibody was from Synaptic Systems (Goettingen,
Germany). Anti-Rab3D antiserum was a gift from Dr. Mark
McNiven (Mayo Clinic, Rochester, MN). Rabbit polyclonal anti-
TBC1D10B antibodywas purchased fromSigma (AV34521). Col-
lagenase NB8 was from SERVA (Heidelberg, Germany). All other
reagents were from Sigma.
Mice—Pancreas tissues from ashenmice (C3H/HeSnJ back-

ground) were kindly provided by Dr. Edward Stuenkel (Univer-
sity ofMichigan) (31). Rab27A/Rab27B double knock-out mice
(C57BL/6J background) were obtained fromDr. Miguel Seabra
(Imperial College London) (32). All aforementioned mice were
used between 8 and 12 weeks of age.
Isolation, Viral Infection of Pancreatic Acini, and Analysis of

Amylase Secretion—Pancreatic acini were isolated from 5–7-
week-old male ICR mice by collagenase digestion as described
previously (33, 34). Isolated acini were resuspended in Dulbec-
co’s modified Eagle’s medium (DMEM) containing 0.1% BSA,
0.02% soybean trypsin inhibitor, and antibiotics and incubated
at 37 °C in a tissue culture incubator with 5% CO2 for 16 h. The
adenoviruses were constructed and used as described previ-
ously (33, 35). Briefly, cDNAclones ofmouse EPI64 andEPI64B
genes purchased from Open Biosystems (Lafayette, CO) were

subcloned into adenoviral shuttle vector pAdTrack-CMV with
either an HA or Myc tag at the N terminus and then recom-
bined with adenoviral backbone vector pAdEasy-1. Mature
adenoviral particles were obtained and titered as described pre-
viously (33, 35). Adenovirus encoding cyan fluorescent protein
(cerulean)-tagged Rab27A was constructed as described above
from a plasmid provided by Dr. Edward Stuenkel (36). Adeno-
virus encoding Xpress-tagged Rab27B wild type (WT) was a
kind gift from Dr. Tetsuro Izumi (18). An adenovirus (GFP)
expressing both bacterial �-galactosidase and enhanced GFP
was used as control as described previously (33, 35). Control
GFP, Xpress-Rab27BWT adenovirus (3 � 106 pfu/ml), or HA-
or Myc-tagged EPI64 or EPI64B adenoviruses (2 � 107 pfu/ml)
alone, or the combination of two adenoviruses as indicated was
added to the culture medium at the beginning of the incuba-
tion. Under this condition,�95% of acini were infected as indi-
cated by their enhanced GFP expression. Overnight cultured
acini were harvested in Hepes-Ringer buffer and then incu-
bated with secretagogues. After the specified time the acinar
suspension was centrifuged for 20 s in a microcentrifuge, and
the supernatant was assayed for amylase activity using Phade-
bas reagent (Amersham Biosciences and Upjohn) as described
previously (34, 37). Secretion was expressed as a percentage of
initial acinar amylase total content or -fold increase, compared
with control basal value. The data presented are means � S.E.
Statistical significance was calculated by one-way analysis of
variance with Newman-Keuls post-test, with p � 0.05 repre-
senting statistical significance.
Pulldown and Western Blotting—Expression of GST fusion

proteins was induced in BL21 (DE3) Escherichia coli (Novagen)
at room temperature with 0.1 mM isopropyl 1-thio-�-D-galac-
topyranoside (IPTG) (GST-Rab27B) or at 37 °C with 0.2 mM

IPTG (GST-SHD and -Rim). Fusion proteins were purified
using glutathione-Sepharose beads. For GST-SHD and GST-
Rim pulldown, overnight cultured pancreatic acini were
washed with ice-cold PBS and lysed in buffer containing 50mM

Tris, pH 7.4, 150 mM NaCl, 10 mM MgCl2, 1 mM DTT, 0.2%
Triton X-100, 2% glycerol supplemented with Complete
EDTA-free protease inhibitors mixture tablets (Roche Applied
Science). Cell lysates were clarified by centrifugation at 13,000
rpm at 4 °C for 10 min, and protein concentration was deter-
mined using protein assay reagent (Bio-Rad). In most experi-
ments, 1ml (1mg/ml) of acinar lysate was incubatedwith 10�g
of GST-SHD or GST-Rim attached to glutathione-Sepharose
4B beads for 1 h at 4 °C. Beads were washed three times, and the
remaining bound proteins were eluted with 2�SDS sample
buffer and separated on SDS-PAGE. Bound Rab27B or Rab3D
proteins were detected byWestern blotting using antibodies as
indicated in the figure legends and visualized with ECL reagent
and recorded by Alpha Innotech FluorChem IS-8900 imager
(Santa Clara, CA). Results were quantitated using FluorChem
IS-8900 software (Alpha Innotech). Data are presented as
means� S.E. frommultiple independent experiments. Statisti-
cal significance was calculated by one-way analysis of variance
with the Newman-Keuls post test, with p � 0.05 representing
statistical significance.
For GST-Rab27B pulldown, experiments were performed as

described previously (38). When indicated, 30 �MAlCl3 and 10
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mM NaF were included in the GDP loading buffer to induce
GDP/AlFx-bound small GTPases. 1 ml (2.5 mg/ml) of acinar
lysate was incubated with 20 �g of GST-Rab27B or GST only
attached to glutathione-Sepharose 4B beads for 2 h at 4 °C. The
bound proteins were eluted with 2�SDS sample buffer and
separated on SDS-PAGE.
Immunocytochemistry—Immunocytochemistry on the pan-

creatic acini was performed as described previously (35).
Briefly, adenovirus-infected mouse pancreatic acini were col-
lected after overnight culture and allowed to settle in test tubes.
After being fixed with 4% formaldehyde in PBS buffer, acinar
preparations were rinsed, frozen, and cryosectioned. Primary
antibody was mouse anti-HA monoclonal antibody (diluted
1:100). Secondary antibody was Alexa Fluor 594-conjugated
rabbit anti-mouse IgG (1:200). Epifluorescence images were
captured using an Olympus BX-51 upright light microscope
equipped with an Olympus DP-70 camera and processed in
Photoshop. Confocal images were obtained using an Olympus
FluoView 500 confocal microscope.

RESULTS

Expression of EPI64 and EPI64B in IsolatedMouse Pancreatic
Acini—To detect the mRNA expression of EPI64 subfamily
members in different mouse tissues, total RNA from isolated
mouse pancreatic acini,mouse pancreas, brain, and spleenwere
extracted, and RT-PCR was performed using two pairs of DNA
primers covering different coding sequence regions of each
gene (primer sequences available upon request). Both EPI64
and EPI64B mRNA were detected in mouse pancreas and iso-
lated mouse pancreatic acini (Fig. 1A). Expression of the other
EPI64 subfamily member, EPI64C/TBC1D10C, could not be
detected in eithermouse pancreas or isolated acini (Fig. 1A). To
further confirm the PCR results, we examined the expression of
EPI64B protein in different mouse tissues using specific anti-
body. EPI64B was most abundant in liver and heart, but could
be observed in almost all tissues examined; EPI64B was
detected in both pancreas and isolated pancreatic acini (Fig.
1B). These findings indicate that EPI64 and EPI64B could serve
as a potential physiological GAP for Rab27B in pancreatic acini.
When overexpressed in isolated acini, both EPI64 and EPI64B
showed typical membrane localization, not only to the apical
membrane, but also to the basolateral membrane (Fig. 1C),
which is similar to what has been demonstrated inmelanocytes
(28). CCK treatment had no effect on this cellular localization
pattern (data not shown), indicating that apical localization or
translocation is not a requirement that needs to be met for
EPI64 and EPI64B to be functional.
Effects of EPI64 and EPI64B Overexpression on the Active

State of Rab27B and Rab3D—Todeterminewhether EPI64 and
64BhaveGAP activities on theGTP-bound state of Rab27B and
Rab3D in acinar cells, we constructed adenoviruses expressing
either HA- or Myc-tagged EPI64 and EPI64B proteins. After
also confirming the expression of tagged EPI64 or EPI64B in
isolated pancreatic acini by immunoblotting (data not shown),
we examined the effects of their overexpression on the GTP
binding state of exogenous Rab27B or Rab3D by GST-SHD
pulldown and GST-Rim pulldown, respectively, following pro-
cedures published previously (8, 33). Isolated pancreatic acini

were co-infected with Xpress-tagged Rab27B WT (7) or HA-
tagged Rab3D WT (35) adenovirus along with EPI64, EPI64B,
or GFP adenoviruses. As shown in Fig. 2A, EPI64B dramatically
decreased the exogenous GTP-Rab27B levels by 95.3 � 0.6%,
whereas EPI64 had amild inhibitory effect, only reducing active
Rab27B by 20.1 � 5.5%. In contrast, overexpression of EPI64
and EPI64B had no effect on theGTP-Rab3D levels (Fig. 2B). As
a comparison, EPI64 and EPI64B reduced the exogenous GTP-
Rab27A by 61.1% � 5.5% and 56.1% � 11.2% (Fig. 2C).

To further confirm the GAP activities of EPI64 and EPI64B
on the endogenous smallGproteins, EPI64 or EPI64Bwas over-
expressed in isolated pancreatic acini, and endogenous GTP-
Rab27B and GTP-Rab3D levels were examined by GST-SHD
and GST-Rim pulldown. Compared with GFP control, overex-
pression of EPI64B decreased the endogenous GTP-bound
Rab27B by 67.8 � 5.5%, and EPI64 expression decreased the
active Rab27B level by 19.8 � 7% (Fig. 3A). By contrast, overex-
pression of EPI64 (94.1 � 15.4% versus GFP control) and
EPI64B (103.4 � 25.7% versus GFP control) failed to affect the
endogenous GTP-bound Rab3D levels (Fig. 3B). We concluded
from these results that EPI64B had GAP activity specific for
Rab27B, but not Rab3D.
Overexpression of EPI64B Enhanced CCK-induced Amylase

Release—The ability of EPI64 and EPI64B on the active state of
Rab27B implied that it may play a role in regulating acinar exo-
cytosis. To determine the function of EPI64 and EPI64B in aci-
nar secretion, we overexpressed HA-tagged EPI64 and EPI64B
in pancreatic acini from ICR mice using adenoviruses at the
titer of 2 � 107 pfu/ml. As a function of the viral titer and
culture time, bothHA-tagged proteinswere expressed in acinar
cells in equivalent amounts as confirmed by anti-HA Western
blotting (data not shown). CCK and carbachol were used to
induce the secretion from acini. In the cultured acini with con-
trol andEPI64 viral infection, amylase releasewas stimulated by
10 pMCCK, reached amaximum at 30 pM, and showed reduced
release (supramaximal inhibition) thereafter (Fig. 4A). Basal
amylase release was enhanced in acini expressing EPI64B,
although it was not statistically significant. The full dose-re-
sponse curve was elevated by EPI64B expression compared
with GFP control and reached peak value at 100 pM CCK,
whereas EPI64 had little effect compared with control, in acini
stimulated with 30 pM and higher concentrations of CCK. Sim-
ilarly, when carbachol stimulation was studied, EPI64B-in-
fected acini had slightly higher basal level of amylase release and
exhibited stronger enhancing effect of carbachol at concentra-
tions of 1 �M and higher. EPI64 overexpression had little effect
on carbachol-induced amylase release (Fig. 4B). A lactate dehy-
drogenase leakage test demonstrated that this enhancing effect
was not due to the damage to the plasma membrane integrity
caused by EPI64B overexpression or adenoviral infection (data
not shown). EPI64B overexpression also had no effect on the
ability of acini to synthesize protein from amino acids (data not
shown).
Enhancing Effect of EPI64B on Amylase Release Is Independ-

ent of Rab27A and Dependent on Rab27B—Previous studies
have shown that EPI64B has Rab27A-GAP activity in melano-
cytes (28). Although the expression and function of Rab27A in
pancreatic acinar cells are poorly understood, we investigated
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whether the enhancing effect of EPI64B on amylase release
could be dependent on Rab27A. We overexpressed EPI64 and
EPI64B in isolated pancreatic acini from ashenmice, which are
deficient of Rab27A, and then examined the effects of the two
proteins on amylase release. All three curves peaked at 30 pM
CCK; expression of EPI64B still enhanced amylase release, and
EPI64 had little effect on the amylase secretion (Fig. 5A). Thus,
we obtained consistent results of EPI64B on CCK-induced
amylase release in both ICR and ashenmouse acini. To further
confirm the enhancing effect is through Rab27B, we overex-

pressed EPI64B or GFP in isolated acini from either Rab27A/
Rab27B double knock-out mice or control C57BL/6J mice.
EPI64B failed to show obvious effects on the amylase release in
the double KO mouse acini, while still enhancing the amylase
release in WT mouse acini (Fig. 5B). These data indicate that
EPI64B has an enhancing effect on the amylase release, and this
effect is dependent on Rab27B and independent of Rab27A.
EPI64B Can Reverse the Effect of Rab27B on the Amylase

Release—To further confirm that the enhancing effect of
EPI64B is specifically through Rab27B, we co-infected the ICR

FIGURE 1. Detection of EPI64 subfamily members in mouse pancreas and isolated pancreatic acini by RT-PCR and Western blotting. A, RNA was
extracted, and the mRNA levels of EPI64, 64B, and 64C were examined by RT-PCR for intact pancreas and acini. Two pairs of primers (P1 and P2) covering
different regions of the mRNA were used for each gene. cDNA from mouse brain or spleen was used as positive control; �-actin serves as internal control. B, total
lysates obtained from different mouse tissues and anti-TBC1D10B antibody were used for Western blotting. 293 cell lysates were used as a positive control. C,
EPI64 and EPI64B immunofluorescence was localized in isolated mouse pancreatic acini. Mouse pancreatic acini were cultured with adenoviruses encoding
HA-tagged EPI64 (A, C, and E) or EPI64B (B, D, and F) for 16 h after isolation. Acini were fixed and cryosectioned. Immunofluorescence was performed using
anti-HA antibody.
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mouse acini with Xpress-tagged Rab27B WT and EPI64B and
compared the amylase release with that of EPI64B or Rab27B
WT infected acini. The expression of EPI64B had an enhancing
effect, whereas Rab27B WT inhibited amylase release. Co-ex-
pression of EPI64B and Rab27B WT reversed the inhibitory
effect of Rab27BWT alone. The difference between co-expres-
sion and Rab27BWT alone is statistically significant at concen-
trations of 100 pM, 300 pM, and 1 nM CCK (Fig. 6). Taken
together, these data demonstrate that EPI64Bhad an enhancing
effect on the CCK-induced amylase release, and this effect is
specific through Rab27B.
Inhibiting theGAPActivity of EPI64BAttenuates Its Effects on

the Active State of Rab27B and CCK-induced Amylase Release—
To further confirm that EPI64Bpossesses Rab27B-GAPactivity
and exerts its secretion-enhancing function through the GAP
activity, we constructed mutant forms of EPI64B by replacing
the conserved arginine and glutamine required forGAP activity
with lysine and leucine (referred to as R134K andQ171L). After

co-overexpression of Xpress-Rab27B WT with EPI64B WT,
EPI64BR134K, or EPI64BQ171L in the isolated acini, theGTP-
binding states of exogenous Rab27B were examined. As clearly
shown in the GTP-Rab27B pulldown assays, compared with
wild-type EPI64B, overexpression of EPI64B R134K and
EPI64B Q171L adenoviruses demonstrated much less inhibi-
tory effects on the GTP-bound level of exogenous Rab27B (Fig.
7A). EPI64BR134K and EPI64BQ171L expression also failed to
exhibit enhancing effects on the CCK-induced amylase release
(Fig. 7B). These data indicate that the TBC domain of EPI64B is
responsible for the Rab27B-GAP activity and that the secre-
tion-enhancing effect of EPI64B is dependent on the normal
function of the TBC domain.
EPI64B Can Interact with Rab27B Only during Transition

State—Previous studies have shown that GAPs preferen-
tially interact with their target GTPases during the transition
state of GTP hydrolysis (38–40). This interaction is tran-
sient and occurs with lower affinity when wild-type GTPases

FIGURE 2. EPI64B acts as a GAP for Rab27B in mouse pancreatic acini. Acini were isolated as described under “Experimental Procedures” and co-infected
with 3 � 106 pfu/ml Xpress-tagged Rab27B WT, HA-tagged Rab3D WT, or CFP-tagged Rab27A adenovirus along with 2 � 107 pfu/ml EPI64, EPI64B, or GFP
adenovirus and then incubated for 16 h. A, GTP-Rab27B levels were examined by pulldown assay from pancreatic acinar cell lysates with GST-SHD followed by
Western blotting with anti-Xpress antibody. Bars indicate means � S.E. (error bars) from five independent experiments. B, GTP-Rab3D levels were examined
similarly by pulldown assay with GST-Rim followed by Western blotting with anti-HA antibody. C, GTP-Rab27A levels were examined by GST-SHD pulldown,
followed by Western blotting with anti-GFP antibody. Bars indicate means � S.E. (error bars) from four independent experiments. *, p � 0.05; ***, p � 0.001.
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are locked in either GDP- or GTP-bound states. However,
aluminum fluoride can bind to GDP-bound small GTPases
and form a ternary complex that is believed to mimic the
transition state of the GTPase reaction (39, 40). To examine
the physical interaction between EPI64B and Rab27B, we

overexpressed HA-tagged EPI64B in mouse acini and pulled
down the total lysates with differently preloaded GST-
Rab27B WT beads. As shown in Fig. 8, HA-EPI64B specifi-
cally interacted with GDP/AlFx-loaded GST-Rab27B, but
not GST-Rab27B bound to GDP or GTP�S, or GST beads

FIGURE 3. Effects of EPI64 protein overexpression on the active state of endogenous Rab27B and Rab3D. Isolated mouse pancreatic acini were incubated
with 2 � 107 pfu/ml adenoviruses coding for EPI64, EPI64B, or GFP, respectively, for 16 h. Acini were then lysed, and GST-SHD pulldown and GST-Rim pulldown
were performed to examine the endogenous GTP-Rab27B and GTP-Rab3D levels. Anti-Rab27B and anti-Rab3D antibodies were used for Western blotting. Bars
indicate means � S.E. (error bars) from multiple independent experiments (A, n � 7; B, n � 4). *, p � 0.05; **, p � 0.01.

FIGURE 4. Overexpression of EPI64B enhances CCK and carbachol-stimulated amylase release in isolated ICR mouse pancreatic acini. Isolated acini
were incubated with 2 � 107 pfu/ml adenoviruses coding for EPI64, EPI64B, or GFP alone for 16 h. Acini were then resuspended and incubated with various
concentrations of CCK (A) or carbachol (B) for 30 min, and amylase release was determined. Results are mean � S.E. (error bars) from multiple independent
experiments (A, n � 6; B, n � 5). *, p � 0.05; **, p � 0.01.

FIGURE 5. EPI64B enhances amylase secretion in the absence of Rab27A, but not when Rab27A and Rab27B are both missing. A, isolated pancreatic acini
from ashen mouse pancreas were incubated with 2 � 107 pfu/ml adenoviruses coding for EPI64, EPI64B, or GFP for 16 h. B, isolated pancreatic acini from
Rab27A/27B double KO or WT mouse pancreas were incubated with 2 � 107 pfu/ml adenoviruses coding for EPI64B or GFP for 16 h. Acini were then
resuspended and incubated with various concentrations of CCK for 30 min, and amylase release was determined. Results are mean � S.E. (error bars) from five
(A) and four (B) independent experiments. *, p � 0.05; **, p � 0.01, comparing Ash; EPI64B with Ash; GFP (A) or WT; EPI64B with WT; GFP (B).
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alone. These data also support a role for EPI64B as a poten-
tial GAP of Rab27B.

DISCUSSION

In this study, we have presented evidence that the TBC
domain-containing protein, EPI64B/TBC1D10B/FLJ13130, is a
potential physiological GAP for Rab27B and plays an important
role in regulating secretion in pancreatic acinar cells. Previous
studies have shown that Rab3DandRab27B are both present on
the zymogen granule membranes (6, 42) and regulate exocyto-
sis in pancreatic acinar cells (7, 33, 35). Rab3 and Rab27 sub-
families are closest to each other in the Rab phylogenetic trees
and in functions; Rab3A/B/C/D and Rab27A/B share down-
stream effectors in some cell types (43). It has been shown that
Rab3GEP, a GEF for Rab3A, exhibits GEF activity on Rab27A
and Rab27B, indicating that these structurally similar small G
proteins can be regulated by common activators (25). However,
Rab3GAP was identified as specific for Rab3 subfamily mem-
bers (44). A recent study has demonstrated that EPI64/
TBC1D10A can serve as a physiological GAP for Rab27A in
parotid acinar cells and regulate amylase release (45). We veri-
fied the expression of EPI64 and EPI64B in isolated pancreatic
acini by RT-PCR and EPI64B by Western blotting and then
made epitope-tagged EPI64 and EPI64B adenoviruses. Overex-
pression of both EPI64 and EPI64B can inhibit GTP-binding
levels of exogenous and endogenous Rab27B, but EPI64B
showed much more potent effects, whereas neither EPI64 nor
EPI64B had detectable GAP activities on either exogenous or
endogenous Rab3D.Wenext examined the effects of EPI64 and
EPI64B on the secretion. Surprisingly, overexpression of
EPI64B enhanced both CCK- and carbachol-induced amylase
releases from the isolated pancreatic acini, whereas EPI64
showed little effect. Although its function is unclear, Rab27A
can be detected in pancreatic acinar cells by RT-PCR andWest-

ern blotting (data not shown). The overexpression of EPI64B
decreased the level of GTP-bound Rab27A to an extent similar
to that with the overexpression of EPI64 (Fig. 2C), suggesting
the specificity of EPI64B GAP activity on Rab27B in pancreatic
acinar cells. By testing the effects of EPI64 and EPI64B in iso-
lated ashen mouse acini, which are deficient in Rab27A, we
confirmed that Rab27A is not involved in the secretion
enhanced by EPI64B. In contrast, overexpression of EPI64B in
acini from Rab27A/27B double KOmouse had no effect on the
amylase release, indicating that the enhancing effect of EPI64B
was dependent on Rab27B. In addition to Rab27A, Rab35 has
also been shown to be a target small G protein of EPI64B (46).
Due to different functions and limited involvement of Rab35 in
secretion in acinar cells (45), EPI64B is likely to mainly act as
Rab27BGAP at the final secretory steps in the pancreatic acinar
cells. Taken together, due to the abundance on the zymogen
granules and involvement in the exocytosis, Rab27B should be
the primary target of EPI64B in pancreatic acinar cells.
The conserved arginine and glutamine finger structures in

the TBC domain were shown to be required for the GAP activ-
ity of the TBC domain-containing proteins, and the mutations
of the two amino acids can abolish the GAP activity (28, 47, 48).
We examined the effects of the correspondingmutant forms of
EPI64B that bear the two respective point mutations. Although
the overexpression of EPI64B R134K and EPI64B Q171L both
showed modest inhibitory effects on the GTP binding of
Rab27B, the GTP-Rab27B levels were dramatically increased
compared with the overexpression of wild-type EPI64B. The
point mutations also totally abolished the enhancing effect of
EPI64B on the CCK-stimulated amylase release, indicating that
the enhancing effect is dependent on theTBCdomain andGAP
activity.
Although the activation of some small GTPases, such as

RhoA, leads to the translocation of the GTPase from cytosol to
membrane fraction (49), treatment of CCK did not cause the
redistribution of Rab27B from cytosol to the membrane. Con-
sistently, the reduction of GTP-Rab27B level by EPI64B failed
to change the localization of Rab27B, either (data not shown).
The enhancing effect of EPI64B on the amylase release in

isolated acini contradicts the widely held view that inhibition of
active secretory Rabs will decrease exocytosis. A recently pub-
lished study showed that inhibition of EPI64, either by antibody
or antisense locked nucleic acid, reduced amylase release from
parotid acinar cells (45). It has also been reported that in pan-
creatic acini, knockout of Slp1, a downstream effector of
Rab27B, increased both the numbers of zymogen granules and
amylase secretion in fasted mice (50). We have also found that
GTP�S-loaded GST-Rab27B had lower affinity than GDP-
loaded GST-Rab27B for the endogenous myosin Vc, which is a
motor protein that regulates trafficking.5 These results suggest
that ablation of the Rab27B ability to bind to its effectors may
not lead to the blockade of secretion. In addition, GAP-stimu-
lated GTP-GDP exchange may be required for Rab27 recycling
and sustained amylase release as indicated in parotid acinar
cells (45).

5 Y. Hou, X. Chen, and J. A. Williams, unpublished results.

FIGURE 6. EPI64B reverses the inhibition by overexpression of Rab27B.
Isolated ICR mouse pancreatic acini were incubated with 3 � 106 pfu/ml
Xpress-tagged Rab27B WT, 2 � 107 pfu/ml EPI64B, or GFP adenovirus alone,
or co-incubated with Rab27B WT and EPI64B adenoviruses for 16 h. Acini were
then resuspended and incubated with various concentrations of CCK for 30
min. Results are mean � S.E. (error bars) from five independent experiments.
Each value was compared with the basal level of control (GFP) acini. *, p �
0.05, comparing Rab27B WT � EPI64B with Rab27B WT alone at each indi-
cated concentration.
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The present data are not consistent with the previous finding
that constitutively active Rab27B can stimulate secretion,
whereas the dominant negative form inhibits secretion in rat
acinar cells (7). It needs to be noted that the current study was
performed in mouse acini. We have found that the overexpres-
sion of constitutively active Rab27B had mild inhibitory effect
on the amylase release frommouse acini, similar to that of over-
expressed Rab27B WT, shown in Fig. 6. Thus, we are not sure
whether this difference reflects the species or the specific con-
ditions applied in each study. In any case, we speculate that in
mouse acini, Rab27B needs to undergo a proper GTP-GDP

cycle to mediate amylase release. The overexpression of GAP
might accelerate this cycle by stimulating GTP-GDP exchange,
whereas overexpression of the mutant form sequesters the
cycle and has inhibitory effect on sustained amylase release.
The study of the Rab27A/27B double knock-out mice also fails
to support amodel in which theGTP-liganded Rab27B acts as a
stimulator as secretion was slightly enhanced in the double-KO
acini across the CCK full dose-response curve (Fig. 5B),
although this was not significant by analysis of variance. This
comparison will be tested more directly in the future by evalu-
ating freshly prepared acini from double and single knock-out

FIGURE 7. Mutating the arginine and glutamine fingers of EPI64B important for Rab GAP activity reduces the ability of EPI64B. A, isolated mouse
pancreatic acini were co-infected with 3 � 106 pfu/ml Xpress-tagged Rab27B WT and 2 � 107 pfu/ml EPI64B WT, EPI64B R134K, EPI64B Q171L, or GFP
adenovirus, respectively, and then incubated for 16 h. GTP-Rab27B levels were examined by pulldown assay from pancreatic acinar cell lysates with the
GST-SHD followed by Western blotting with anti-Xpress antibody. Bars indicate means � S.E. (error bars) from three independent experiments. ***, p � 0.001
for mutants compared with EPI64B WT. B, isolated ICR mouse pancreatic acini were incubated 2 � 107 pfu/ml EPI64B WT, EPI64B R134K, EPI64B Q171L, or GFP
adenovirus, respectively, for 16 h. Acini were then resuspended and incubated with various concentrations of CCK for 30 min, and amylase release was
determined by amylase assay. Results are mean � S.E. (error bars) from three independent experiments. *, p � 0.05 (EPI64B WT versus GFP).

FIGURE 8. EPI64B physically interacts with Rab27B in vitro only when Rab27B is in the transition state. Isolated mouse pancreatic acini were incubated
with 2 � 107 pfu/ml adenovirus coding for HA-tagged EPI64B for 16 h. GST only or GST-Rab27B WT (Rab27B) beads were pretreated with GDP, GTP�S, or
GDP/AlFx, respectively. The beads were then incubated with total lysates from acini overexpressing HA-tagged EPI64B. Western blotting of protein absorbed
to the beads was performed using anti-HA antibody. The bottom panel shows the Coomassie staining of GST and GST-Rab27B proteins used in the pulldown.
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mice. A recent study showed that EPI64 needs to bind to Slp1 to
exert its Rab8aGAP activity (41), suggesting that in some cases,
in some cell types, EPI64Bmay have other functions in addition
to its role as a Rab27B GAP.
In conclusion, in the current study, we identified EPI64B as a

physiological GAP for Rab27B in pancreatic acinar cells.
EPI64B can specifically inhibit the GTP-binding state of
Rab27B, but not Rab3D. EPI64B enhanced amylase secretion in
a Rab27A-independent way and reversed the effect of overex-
pressed Rab27B. EPI64B can also interact with Rab27B during
the transition state. All of these data indicate that EPI64B is
involved in the regulation of secretion. Future work should be
focused on unveiling themechanismof action and regulation of
EPI64B.
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